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LOI NOI PAU

Dau mé dugc con ngudi biét dén tir thai cd xua, dén thé ky XVIII,
dau md dugc st dung lam nhién lieu d& d6t chay, thap sang. Sang thé
ky XIX, ddu dugc coi nhu 1a ngudn nhién liéu chinh cho moi phuong
tién giao théng va cho nén kinh t& qudc dan. Hién nay, ddu mé da trd
thanh ngudn nang Juong quan trong nhat clia moi qudc gia trén thé
gi6i. Khodng 65 dén 70% n#ng lugng s dung di tit ¢du md, chi co 20
dén 22% nang lugng di tif than, 5 d€n 6% tir nang lugng nudc va
8 dén 12% tif nang lugng hat nhan.

Bén canh d6, hudng sif dung manh mé va cb hiéu qua nhét cda
ddu mo la lam nguyén lidu cho cong nghiép tdng hgp hod dau nhu:
san xuit cao su, chat déo, to soi t8ng hop, cac chat hoat dong bé
mat, phan bén,... tham chi ca protein.

Ngoai cac san phdm nhién liéu va san phdm hoa hoc clia dau md,
cac san phdm phi nhién liéu nhu dau mé bdi tran, nhua dudng, hic
in... cling 13 mét phan quan trong trong su phét trién cla cbng nghiép.
N&u khéng c6 ddu md bai tran thi khong thé c6 cdng nghiép dong co,
may méc, 1a nén tang cia kinh té€ xa héi.

Hiéu qua s dung dau mé phu thudc vao chat lugng clia cac qua
trinh ché& bién, trong dé cac qua trinh xac tac gilf vai tro quan trong.
Theo cac chuyén gia vé hoa dau d Chau Au, viéc dua dau moé qua cac
qua trinh ché bign s& nang cao dugc higu qua sl dung cla dau mod
l&n 5 14n, va nhu vay tidt kiem duge ngudn tai nguyén quf hi€m nay.

Cung vai sy phat trién manh mé cua cdng nghiép dau Khi trén thé
gisi, dau khi Viét Nam cling da duge phat hién tf nhitng nam 1970 va
dang trén da phét trién. Ching ta da tim ra nhiéu md chla dau véi tri
lugng tuang ddi 16n nhu md Bach H8, Dai Hung, mé Su td den, mo
Réng & ving Nam Coén Son; cac md khi nhu Tién Hai (Thai Binh), Lan



Tay, Lan D4... Pay 1a ngudn tai nguyén qui dé gidp nudc ta cé thé
buéc vao ky nguyén mdi ctia céng nghé dau khi. Nha may loc dau sé
1 Dung Quét vdi cong sust 6,5 triéu tan/ndm sip hoan thanh va dang
tién hanh dy an tién kha thi nha may loc dau s6 2 va s6 3. Do vay
hidu biét va ap dung cac khoa hoc, céng nghé tién ti€n trong linh vic
hoa diu 1a mot doi hdi cdp bach cho sy nghiép phat trién.

Tai liéu nay nhdm cung cap cac kién thitc cd ban v& hoa hoc dau
mé va khi cho sinh vién, hoc vién cao hoc nganh ¢éng nghé hity oo
hod dau ciia trudng Pai hoc Bach khoa Ha Noi va cac trudng khac.
Cac ndi dung dugc sdp xép thanh hai phan chinh: Hoéa hoc déu thé {tu
chuong | dén chuang IV) va Hoa hoc cac qua trinh ché bién dau (tir
chuang V dén chuong XV).

Tac gid xin chan thanh cam on moi gép ¥ clia ban doc vé ndi
dung va hinh thitc d8 |an tai ban sau ta liéu s& dugc hoan thién hon.

Tdc giad
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PHAN THU NHAT
DAU THO

Chuong 1
NGUON GOC DAU MO VA KHi

Dau mo va khi la nhitng khodng vat phong phd nhdt trong ty nhién,
ching ¢ mat & nhiéu noi trong long dit. D€ gidp cho viéc tim kiém cdc khu
vire chira dau khi, thi nghién ciu nguén géc, xudt xi ciua dau khi la rit quan
trong.

C6 r4t nhiéu y kién tranh luan vé qud trinh hinh thanh cdc chéit hydro-
cacbon trong ddu khi, nhung chi y&u 13 hai gid thuyé&t: gia thuyét vé ngudn
g6c vo co {goi 12 ngudn géc khodng) v nguén gdc hitu co cua diu mo.

I.1. NGUON GOC KHOANG

Theo gid thuyét nay, trong long Trdi dat cé chita cdc cacbua kim loai
nhu Al,C;, CaCs. Céc chit nay bi phan huy bdi nuéc dé tao ra CHy va CyHs:

AlyCy + 12H,O0 —» 4A1(OH); + 3CH4
C3C2 + 2H-O ——» Cd(OH}g + CgHZ
Céc chit khoi dau d6 {CHg, C,H») qua qud trinh bién déi dudi tic dung

¢cua nhiét do, dp sudt cao trong ldong dat va xic tdc 1a cdc khedng sét, tao
thanh nhitng Joai hydrocacbon ¢6 trong diu khi.

Pé ching minh cho didu dé, nam 1866, Berthelot di téng hop duge
hydrocacbon thom tir axetylen & nhiét do cao trém xic téc. Nam 1901,
Sabatier va Sendereus thyc hién phan tng hydro hod axetylen trén xiic tdc
niken vi sit & nhiét do trong khodng 200 dén 300°C, di thu duge mot loat
cdc hydrocacbon twong dng nhu trong thanh phan cua ddu, Cing véi hang
Joat cac thi nghiém nhu trén, gia thuyét vé ngudn gbc vo co cna dau mo di
duge chip nhan trong mot thoi gian khd dat.



Sau nay, khi trinh d¢ khea hoc va k¥ thuit ngay cang phdt trién thi
ngudi ta bit diu hodi nghi luan diém trén vi:

— Da phan tich dugce (bing cic phuong phdp hign dai) trong ddu thd cé
chiia cdc clorofin ¢é ngudn gac tir dong thue vat.

— Trong vb qua dét, ham lugng cacbua kim loai 13 khong dang ké.

— Cic hydrocacbon thuong gap trong cde 16p trim tich, tai dé nhiét do it
khi vugt qud 150 + 200°C (vi 4p sudt rat cao), nén khéng dut nhist dé cdn
thiét cho phan tng téng hop xay ra.

Chinh vi vay ma gid thuyé&t nguén géc vo co ngiy cing phai mo do ¢6 it
cin cu.

1.2. NGUON GOC HUU CO

D6 1a gia thuyét vé sy hinh thanh dau mo tir cdc vat 1iéu hitu co ban diu.
Nhitng vat lieu d6 chinh 13 xdc dong thue vat bién, hodc trén can nhung bi
cdc dong soéng cndn tréi ra bién, qua thdi gian dai (hang triéu ndm) dwoc
ling dong xudng ddy bién. O trong nuéc bién cé rit nhién cde loai vi khudn
hign khi va y&m khi, cho nén khi cic déng thue vat bi chét, lap tirc bi ching
phan huy. Nhiing phadn nao dé bi phan huy (nhu cdc chit albumin, cic hydrat
cacbon) thi bi vi khudn tin cong trude tao thanh cdc chét d& tan trong nudc
hodc khi bay di, cdc chdt nay s& khong tao nén diu khi. Nguoe tai, céc chit
kho bi phan huy (nhir cdc protein, chit béo, rugu cao, sip, ddu, nhua) sé& dan
ling dong tao nén I6p trdm tich dudi ddy bién; day chinh la cdc vat liéu hin
co diu tién clia ddu khi. Cidc chat ndy qua hang triéu nim bién déi s& tao thanh
cdc hydrocacbon ban dau:

RCOOR' + H,0 === RCOOH + R'OH
RCOOH —= RH + CO,
RCH,0H —» R'-CH=CH, + H,0
R'-CH=CH, + H, —* R'-CH,-CH,

Theo tdc gia Petrov, cic axit béo cia thuc vat thudng 1 cdc axit béo
khong no, s& bién déi tao ra y-lacton, sau d6 tao thanh naphten hofic aromat:

¥ 1
R-C=C-C-C-OH —» R-C-C-C-C=0
& Lo

v-lacton

10



RCCCCO-—*fj/ d’R'
Lo

Céac xeton nay ¢ thé ngung ty tao thanh cdc hydrocacbon ¢o ¢iu tric
hén hop, hoic thanh alkyl thom:

@/ ZHO [ﬁj/ __‘_Q;/C;Q ~2H0 @\—(@

R‘

Duya theo qué trinh bién déi trén, phai ¢6 hydro dé 1am no cac olefin, tao
thanh parafin. Vi ngudi ta a4 dua ra hai gid thuy€t vé su tao thanh Ha:

— Do tia phéng xa trong long ddt ma sinh ra Hj. Gia thuyét nay it co
tinh thuyét phuc.

— Do cic vi khuén yém khi dudi diy bién, ching ¢6 kha nang lam Ién
men céc chit hitu co dé tao thanh H,. Tac gia Jobell di tim thdy 30 loai vi
khusn ¢6 kha ning 1én men cdc chit hitu co tao H,. Cdc vi khudn nay thudng
gip trong nudc hé ao va ca trong 16p trim tich; d6 1a ngudn cung cip Hi cho
qud trinh khu.

Ngoai ¢dc y&u t6 vi khudn, nhiéu nha nghién ciu ¢an cho rang ¢6 hang
loat cde y€u t§ khdc nita nhiwr: nhiét d9, dp suit, thoi gian, su c¢é mit cia cic
chat xdc tic {cdc kim loai nhu Ni, V, Mo, khodng sét...) trong cdc 1ép trdm
tich s& tao diéu kién thuén loi cho phdn (ng xay ra.

Thuyét nguén géc hitu co cia ddu mo cho phép giai thich duge nhiéu
hién tugng trong thue €. Ching han nhu: ddu mé & cdc noi hau nhu déu khic
nhan, sy khic nhau dé c6 thé 1a do vat liéu hitu co ban dau. Vi du, néu vit
liéu hitu co ban ddu giau chat béo thi ¢6 thé tao ra diu loai parafinic...

Diu dwoc sinh ra rdi rdc trong cdc 16p trim tich, dugc goi 1a "dd me".
Do 4p suit & day cao nén ching bi ddy ra ngoai va budc phai di cu dén noi 6
mdi qua cdc tdng “dd chia” thudng c6 céu tric réng xSp. Sy di chuyén tiép
tue x4y ra dén khi ching gip didu kign dia hinh thuan lgi d€ cé thé & lal ddy
va tich tu thanh mé ddu; dé 1a nhitng cdi “biy”, ddu cd thé vao dugc ma

il



khong ra dugc, ¢6 nghia 1a noi d6 phai ¢6 tdng d4 chén hodc nit mudi.

Trong qud trinh di chuyén, ddu mé phai di qua cdc ting dd x6p, ¢ thé
s€ xidy ra su hdp phu (gi6ng nhu sic ky), cdc chat cé cuc (nhu nhura,
asphanten..) bi hdp phu va & lai cdc 16p d4, ket qua la ddu s& nhe hon va sach
hon. Nhung néu trong qud trinh di chuyén ddu bi ti€p xiic véi oxy khong khi,
ching c6 thé bj oxy hod din dén tao cdc hop chit chira cac nguyén to dj thé,
lam xau di chit lvgng dan.

Khi dau tich ty va nim trong cdc md ddu, qui trinh bién ddi hiu nhu it
xdy ra néu md diu kin. Trong truong hop ¢6 cic khe ho, oxy, nuée khi quyén
¢S the lot vio, s& x4y ra su bi€n chét theo chiéu huéng xdu di do phan ting
hod hoc (oxy hod, tring hop haoj...).

Ciic hydrocacbon ban didu ciia ddu khi thuéng cé phan tor lugng rit 16n
(C30 + Cy4p), thim chi cao hon. Cdc chat hifu co nay nim trong 16p trdm tich
s& chiu nhi€u bi€n déi hod hoc dudi anh huong cua nhiét d6, dp suat, xiic tic
(la khodng sét). Nguwai ta thdy ring, ¢ lin chim sau xudéng 30 mét thi nhiét
do trong 16p trdm tich tang tir 0,54 dén 1,2°C; con dp sudt tang tur 3 dén 7,5 at.
Nhu viy, & dé sau cang I6n, nhiét do, dp sudt cing tang va trong cdc iap
trim tich tao ddu khi, nhiét d6 c6 thé lén téi 100 dén 200°C va ip sudt tir 200
dén 1000 at. § diéu ki¢n nhu vay, cdc hydrocacbon ¢6 phan tir lugng 16n,
mach dai, cdu tric phic tap s& bi phan huy nhiét, tao thanh cic chat ¢ phan
tir lugng nho hon, ¢du tric don gian hon, s6 lvgng vong thom it hon..

Thoi gian dai cling 12 yéu 6 thiic ddy qud trinh cracking xay ra manh
hon. Chinh vi vay, tudi ddu cang cao, do lin chim cang sau, ddu duge tao
thanh cang chda nhiéu hydrocacbon véi trong lrong phan tw cang nho. Sau
hon nita ¢6 kha ning chuyén hoiin toan thanh khi, trong do khi metan 13 bén
vitng nhat nén ham lugng cla né rat cao. Cing chinh vi vay, khi ting chiéu
sfu cua cdc giéng khoan thim do ddu khi thi xdc sudt tim thdy kh{ thudng
cao hon.

Tom lai, vé ban chat, ddu v khi déu <6 cung mét ngudn goéc, va chinh 1a
ngudn géc hiru co. B dau ¢6 diu th thudng tim thdy khi. Ciing cé khi cdc
mé khi nam riéng biét, ¢ 18 12 do su “di cur”.
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Chuong 11
THANH PHAN HOA HOC VA PHAN LOAI DAU MO

Diu mé 1a mot hén hop rat phic tap, trong dé ¢ hang tram cdc cdu tu
khic nhau. Mbi loai ddu md dugc diac trung boi thanh phan riéng, song vé
ban chit, ching déu cé cdc hydrocacbon 12 thanh phin chinh, chi€ém 60 dén
90% trong lwong trong dau; con lai 1 cdc chat chira oxy, luu huynh, nito,
cdc phic ¢o kim, cdc chdt nhua, asphanten. Trong khi, con ¢6 chia cdc khi
tro nhu: No, He, Ar, Xe... Mot diéu ¢dn lyu ¥ 13, tuy dau mo trén thé gidi rat
khic nhau vé thinh phin hod hoc, song lai rat gin nhau vé thanh phin nguyén
t& (ham luong C duo dong trong khoang 83 dén 87%, con H tir 11 dén 14%).
Nhin chung, ddu mo ¢ing chifa nhiéu hydrocacbon, cang {t cdc thanh phin di
nguyén té, chat lugng cang tot va 1 loai dau mé dé cé gid tri kinh t&€ cao.

I1.1. THANH PHAN HYDROCACBON TRONG DAU MO

Hydrocacbon 13 thianh phan chinh cla diu, hau nhu tit cdc ¢dc loal hydro-
cacbon (loai trir olefin) déu ¢é mit trong ddu mo. Ching duge chia thanh céc
nhém parafin, naphten, aromat, hdn hop naphten-aromat. Bing c¢dc phuong
phip hod 1y, ngudi ta di xdc dinh dwge hon 400 loai hydrocacbon khdc nhau.

I1.1.1. Hydrocachon parafinic

Hydrocacbon parafinic (cdn goi 1a alcan) 1a loai hydrocacbon pho bién
nhit. Trong ddu mod, ching tén tai & ba dang: khi, long, rin. Cic hydrocacbon
khi (C; + C4), khi nim trong mo diu, do dp sudt cao nén ching dwge hoa tan
trong diu mo. Sau khi khai thac, do dp suit giam, ching thodt ra khoi dau.
Csc khi nay gém metan, etan, propan va butan goi la khi dong hanh. Trong
khi déng hanh, butan chi€m ty 1& cao (khdc v6i khi thién nhién, CHy chiém
t61 80%), ngodi ra con ¢6 mét lugng rat nhod pentan bay hoi ra cing.

Trong ddu md cé hai loai parafin: n-parafin va izo-parafin, trong dé
n-parafin chi€ém da s& (25 + 30% thé tich), ching c6 s& nguyén tur cacbon tir
C, d&n Cys. Mot diém cin chi ¥ 14 ¢dc n-parafin ¢ s& cacbon bing hoic 16n
hon Cyg, & nhiét &6 thudng ching di 1a chdt rdn. Cdc parafin niy ¢é thé hoa
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tan trong diu hoac tao thianh cdc tinh thé lo ling trong ddu. Khi ham lugng
cdc parafin ran qud cao, ddu cé thé bi déng dac, gay khé khian cho vin dé
van chuyén. Do vay, cdc chit parafin rin ¢6 lién quan dén do linh dong cla
ddn mo. Ham lugng cla ching cing cao, nhiét dé dong dic cla ddu cang
16n. Vi du, diu Minas (Indonesia) ¢6 13% parafin rdn nén & +33°C dau da bi
dong dic; con dau Libi, ¢6 10% parafin rdn, nhiét d¢ dong dac 13 18°C. Diu
mo Viét Nam ¢6 nhiét d6 déng dic khd cao: diu Bach H8 dong dac & 33°C,
dau Dai Hing dong dac & 27°C. Nhu vay, ddu Minas va ddu Bach H8 1a loai
ddu dién hinh cé nhiéu parafin rén, ngay & nhiét d¢ thuong ching ciing
khong chay 1éng. Khi bom, van chuyén duoc cédc loai ddu nay phai dp dung
cdc bién phdp nhu: gia nhiét dudng dng, cho thém phu gia, tdich bét parafin
vdn ngay tai noi khai thdc dé ha diém dong dic. Cac bién phap nay gay t6n
kém, lam ting gid thanh khai thic ddu thé. Tuy nhién, cic parafin rén tich
duoc tir dau thé lai 1a nguyén liéu quy dé tdng hop hod hoe, nhu dé diéu ché
chit tdy rira téng hop, to soi nhan tao, phan bén, chat déo...

Céc izo-parafin thudmg chi ndm & phin nhe va phdn ¢é nhiét d6 s6i trung
binh coa diu. Ching thudng ¢é cdu tric don gian, mach chinh dai, nhinh
phu it vd ngin, nhdnh phy thudng 12 nhém metyl. Cic iro-parafin cé so
cacbon tir Cs5 dén Cjp 13 cdc cdu tl rat quy trong phdn nhe coa diu md,
¢hing lam tang kha ning chdng kich no (tang tri s octan) clia xang. So vdi
n-parafin, izo-parafin ¢é ¢6 linh dong cao hon.

II.1.2. Hydrocachon naphtenic (vong no)

Naphtenic (xyclo parafin) 1a mot trong s& hydrocacbon phd bién va quan
trong trong dau mé. Ham lugng ciia ching c6 thé thay ddi tir 30 dén 60%
trong luong. Ching thudng & dang vdng 5, 6 canh, ciing ¢6 thé & dang ngung
tu 2 hodc 3 vong. Ciing ¢ trudng hop phan tich duge hop chat ¢6 dén 5 vong
ngung tu, nhung rat it. Cdc hydrocacbon naphtenic c¢é mit trong phin doan
nhe (thuong 1a mot vdng va it nhdnh phu); hodc & phan cé nhiét d6 s6i trung
binh va cao (khi d6 13 nhiing c&u tit ¢6 nhiée vong va nhanh phu dii). Mot s6
vi du vé cdc hydrocacbon naphtenic ¢6 trong ddu md nhur sau:

Q/R O/R (CHy)g—CH, (CH,),,—CH;
R

CH3
CH, CH,



Hydrocacbon naphtenic i thanh phin rit quan trong trong nhién liéu
dong co vi dau nhan. Céc naphtenic mot vong lam ¢ho xang ¢6 chat lugng
cao; nhitng hydrocacbon naphtenic mot vong ¢6 mach nhdnh dai Ia thanh
phan rat tot cla ddu nhom vi ching ¢6 d6¢ nhét cao va it thay déi theo nhiét
d6. Dic biet, chiing Ja cdc cdu tir rat quy cho nhién liéu phan luc, do ching
cho nhiét chdy cao, déng thai gid dwge tinh linh dong & nhiét do thap, diéu
nay rit phit hop khi dong co phai lam viéc & nhiét do am.

Ngoai ra, hydrocacbon naphtenic trong diu mo con 12 nguyén ligu qui
dé tir d6 didu ch€ cdc hydrocacbon thom: benzen, toluen, xylen (BTX]}, la
cic chit khéi ddu trong san xuit to sgi tong hop va chit déo.

Nhu vay, ddu mé cang chita nhiéu hydrocacbon naphtenic thi cang <6
gid tri kinh t& cao, vi tir d6 ¢6 thé san xuit duge cic san pham nhién ligu va
phi nhién liéu cé chat lugng t6t. Ching lai ¢6 nhiét do dong dic thip nén
gitr duge tinh linh déng, khéng gay khé khan tén kém cho qua trinh bom,
vin chuyén, phun nhién liéu. Trén thé gidi, dau chua nhiéu hydrocacbon
naphtenic 13 ddu mo Bacu (CHLB Nga).

I1.1.3. Hydrocacbon aromatic (hydrocacbon thom)

Hydrocacbon thom thudng gip 1a loai mot vong va dong ding cta ching
(benzen, toluen, xylen...). Cic chat nay thudng nam trong phin nhe va la cu
tir lam ting kha nang chong kich nd clia xing. Cdc chit ngung tu 2, 3 hodc 4
vong thom cé mit trong phdn c6 nhiét do soi trung binh va cao coa dau mo;
ham luong cdc chét logi nay thudng it hon.

Duéi day 12 mot s6 aromat thudng gap trong diu:

CH,
0 © @3@3 ©©
benzen toluen naphtalen
antraxen phenantren pyren diphenyl
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Khdc vai nhién liéu xing, & nhién lieu phan luc va diézen, néu him
lugng aromat nhiéu thi ching 1Am giam chat tugng cta cdc loai nhién lién dé
do kho tw bdc chdy vi tao cbce, a0 tan trong dong co. Ciing nhu hydrocacbon
naphtenic, cd¢ cdu tir aromat mot vong ¢ nhénh phu dai 12 nguyén liéu qui
dé san xuat ddu nhon cé do nhét va chi s& dd nhét cao (d6 nhot it bi bign ddi
theo nhiét do).

Céc ddu mo dien hinh chia nhiéu hydrocacbon aromatic trén the gidi 12
dau thé & dio Bornéo, Sumatra v Java cha Indonesia, hodc diau thé Dai
Hung coa Viét Nam, nhitng ddu thé nay cé chia 30 dén 40% aromat trong
phin nhe.

I1.1.4. Hydrocacbon loai hén hop naphten - thom

Loai nay rat phd bi€n trong diu, ching thudng nim & phan ¢é nhiét do
s01 cao. Clu tric cta ching rdt gin v6i cdu tric trong cdc vat liéu hiu co
ban ddu tao thanh ddu, nén dau cang cé 4o bién chat thap sé cang ¢6 nhiéu
cdc hydrocacbon loal nay.

Mot s6 hydrocacbon hdn hop naphten - thom thudng gip trong dau mo <6
¢fiu tri¢ nhu sau:

0 00 OO Qe

tetralin indan xyclohexylbenzen 1-xyclohexyl-2-phenyl etan

I1.2. CAC THANH PHAN PHI HYDROCACBON

I1.2.1. Cac chat chira luw huynh

Trong thanh phan phi hydrocacbon ¢de chit hitu co ¢chda luu huynh 12
loai hop chét phd bién nhit, ching 1am x4u di chat lugng cua ddu the. Ngudi
ta di xidc dinh dwge trén 250 loai hop chét cla lun huynh. Cac loai dau chita
it hon 0,5% luu huynh la loai ddu t6t, con dau chia tir 1 dén 2% luu huynh
tré 1én 1a ddu xau. Cic chat chia luu huynh thudng & cic dang nhu:

— Mercaptan R-S5-H
— Sunfua R-5-R’
— Disunfua R-5-S-R’
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— Thiophen (luu huynh trong mach véng)
- Luu huynh tvy do 8, H,S
I1.2.1.1. Luu huynh dang mercaptan .
Mercaptan 12 cdc hop chdt ¢6 nhém SH lién két truc ti€p véi géc
hydrocacbon, chiing khéng bén va dé bi phan huy & nhiét d6 cao:

RSH —%%4 R_sR 4 1S

RSH ~®Cs p_cH=cH, + H,S

Cidc chilt mercaptan thudng ¢6 mit & phén c6 nhiét do s6i thap (& phan
doan xdng, v&i nhiét d¢ s6i dudi 200°C), géc hydrocacbon thudng tir €+ Cs.

11.2.1.2. Luu huynh dang sunfua va disunfua

Cdc chat ndy thudng ¢6 & phan doan c6 nhiét d6 soi trung binh va cao.
Goc hydrocacbon ¢6 thé 1a mach thing, vong no hoac vong thom. Vi dy:

@S —R @ (CH,) "U S—R

Dac biét ¢ phin ¢6 nhigt do s6i cao thudng thay nhiéu lvu huynh dang
disunfua; ¢6 thé 12 do cdc chit mercaptan bi phan huy hoic dé dang oxy hod
dé tao ra disunfua theo phan tng sau:

2RSH + -0, — » R-S-S-R + HO

£

11.2.1.3. Luu huynh dang thiophen

Cic hop chat chia luu huynh dang thiophen ¢6 cdu triic mach vong, nhur:

¢ O o

thiophen benzothiophen dibenzothiophen

Thiophen la loai chét chita lvu huynh phé bién nhit (chi€m tir 45 dén
92% trong tit ca cdc dang hop chit chia lvn huynh cha dau md). Ching
thudng c6 & phin ¢6 nhiét do s6i trung binh va cao cia diu.

11.2.1 4. Luu huynh dang tw do

D6 14 lru huynh dang nguyén t6 va dang H,S. Dya vao ham lugng liu
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huynh dang H,S ¢é trong din ma ngudi ta phan ra hai loai dau: Dau chua:
lrong HoS > 3,7 ml HaS/11it ddu; ddu ngot: tugng H»S < 3,7ml HaS/11it dau.

Khi dun néng, H»S sé bay ra, gy nén an mon hé dudng &ng, thiét bi.

Trén thé gidi, diu Méhico 1a loai dau ¢é ham lugng H,S cao.

I1.2.2. Cac chat chiya nito

Cic chit chua nito thudng cé rdt it trong diu moé (0,01 dén 1% trong
lugng), ching nim & phin ¢6 nhiét d6 s6i cao; thudmg ¢é 1, 2 heic 3 nguyén
tod N. Nhitng hop chat ¢6 mot nguyén t nito thudng cé tinh bazs va 14 loai
chinh; cén cdc chat chita tir hai nguyén t nito tré 1&n thudng rat it. Cing ¢é
loai chita téi bon nguyén tir nito. Nhitng chat nay thuong cé xu hudng tao

phic véi kim loai nhu V, Ni (& dang porfirin}.

Mot s& vi du vé cic hop chit ¢hita mét nito nhu sau:

(2 J o .o
N N NN

pyridin quinolin izo-quinalin acridin
NH ; NH ’ NH : ; NH :
pyrol indol cachazol benzocachazo!

11.2.3. Cac chat chita oxy

Cic chit chifa oxy trong diu md thudmg tén tai dudi dang axit, xeton,
phenol, ete, este... trong d6 cic axit va phenol la quan trong hon ca, ching
thudng ndm O phin ¢6 nhiét d¢ so6i trung binh va cao. Cdc axit thudng cé mot
chitc va nhiéu nhat & phan nhiét do sdi trung binh, con & nhiét dé cao hon,
ham luong axit giam. Cidc phenol thuong gap ta:

CH

Q" a, N
OH

phenal crezol £ -naphtol

I1.2.4. Cic kim loai ning

Ham luong cic kim leai ¢6 trong dau thudng khéng nhiéu (phan van dén
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phéin tri¢u). Ching c6 trong c&u tric cia cdc phic co kim (dang porphirin),
chii y&u 1a phite cua hai nguyén t5 V va Ni. Ngoai ra con mét lugng rit nho
cidc nguyén t6 khic nhu Fe, Cu, Zn, Ca, Mg, Ti,...

Ham lugng kim loal ning nhiéu s& gay tr& ngai cho céc qué trinh ché
bién xdc téc, do ching giy ngd doc xic tdc. Vi vay, d6i vdi qué trinh
cracking va reforming, yéu cdu ham lugng cdc kim loai ndy khong duge qui
5 dé&n 10 ppm. Ngodi ra, phin cin cia ddu mo néu chia nhiéu kim loai ndng,
khi sir dung 1am nhién lig¢u d6t 18 s€ ¢ thé xay ra sy ¢& thing 16 do tao hop
kim ¢6 nhiét do néng chay thap. '

11.2.5. Cac chat nhya va asphanten

Nhua v asphanten la nhitng chit chia déng thoi cdc nguyén t6 C, H, O,
S, N; ¢6 phan tir lugng rit 16n (500 dén 600 d.v C try 1én). Nhin bé ngoai
chiing déu c¢6 miu xim, ning hon nude (ty trong 16n hon 1), va khong 1an
trong nude. Ching déu cé ¢du tric hé vong thom ngung tu €ao, thudng tap
trung nhiéu & phin ning, nhit la trong can diu md. Tuy nhién ciing c6 thé
phan biét duoc nhua va asphanten theo céc dic diém sau day:

Nhua Asphanten
- Trong lugng phén t: 600 + 1000 d.v C. - Trong lugng phan tir 1000 + 2500dvC

- D& tan trong dung moi hiru co. Khi tantao - Khé tan trong dung moi hitu co. Khi tan
dung dich thyc. tac dung dich keo.

- B9 thom hoa (ty s8 gitta s6 nguyén tr - DY thom ho: 0.2 + 07

cacbon nim & vong thom so vdi tdng s6 nguyén

t C trong toan phan ti): 0,14 + 0,25,

Céc chit nhua va asphanten thudng ¢6 nhiéu & phidn ning, dac biét la
phin cin sau khi chung cdt, ching déu 1am xau di chét lugng cia ddu md. Sy
cé mat cha ching trong nhién liéu s& lam cho san phdm bi sdm mau; khi
chdy khong hét s& tao can, tao tan. Trong qué trinh ché bién, ching dé gay
ngod doc xdc tac. Tuy nhién, diu mé nio chia nhiéu nhya va asphanten s€ la
ngudn nguyén ligu 16t dé san xuat nhua dudng.

Nhua va asphanten & céc loai ddu moé khae nhau vin ¢6 thanh phin nguyén
t6 gin gidng nhau. Nhya d& chuyén thanh asphanten khi bi oxy hod, do do
c6 thé coi ring, asphanten 13 san phdm chuyén hod tiép theo cua nhua. Vi
vy mi phan tir lugng cua asphanten bao gid cling cao hon cua nhya.
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I1.2.6. Nuéc lan trong diu mé (nuée khoan)

Trong diu mo, bao gi& ciing ¢6 14n mot lueng nude nhit dinh, ching tén
tai & dang nhil tuong. Cic nguyén nhin din dén sy ¢6 mat cla nude trong
dau, d6 1a: Nude ¢6 tir khi hinh thanh nén diu khi do sy kin chim cia cdc vit
liéu hitu co dudi diy bién va nuée tit khi quyén (nhu nude mua) ngdm vao
cdc mo dau.

Trong nuéc khoan chita mét lwong rat 1én cdc mudi khodng. Céc cation
. . - " N 2 T 2 — — - e
va anion thudmng gip la: Na*, Ca™, Mg>*, Fe™, K*, CI”, HCO;™, S0,%, SO,

Br, T'... ngoai ra con mot s8 oxyt khéng phan ly ¢ dang keo nhu Al,Os,
F6203, 5103

[l

C6 thé sk dung nuéc khoan dé san xudt mot s6 chit, vi dy san xudt Br, I,.

Khi khai thac dau, d€ ling, nudc s& tich ra khoi ddu. Trong trudng hop
nuGe tao thanh hé nhi tuong bén vitng, lic d6 muén tich duge hét nude phii
dung phu gia phd nhii.

Cén chi § ring, mot s6 mudi khodng trong nuée bi thuy phin tao ra
axit, gdy an mon thiét bi, bom, dudng dng, theo phan ting:

MgCly + 2H,O0 — Mg(Ol)s} + 2HCI
MgCl, + H,O —» Mg(OH)Cl + HCI

Vi viy phai nghién ctu k¥ vé nude khoan va ¢ bién phdp ngin ngira dé
phong sv in mon dé.

IL.3. PHAN LOAI DAU MO

Dau thé muén dwa vio cic qud trinh ch€ bién hodc buén bén trén thi
trudng, cin phai xdc dinh xem ching thue loai nio: ddu nang hay nhe, diu
chita nhiéu hydrocacbon parafinic, naphtenic hay aromatic, diu ¢é chua
nhiéu lIuvu huynh hay khéng? Tir d6 méi xde dinh duge gid tri trén thi trudng
vi hiéu qua thu dugc cdc san phdm khi ché bign.

C6 nhieu phuong phdp dé phan loai ddu md, song thudng dua vao chu
y&u hai phurong phdp, d6 13: dua vio ban chat hod hoc vi ban chat vat ly.

I1.3.1. Phan loai diu mo dwra vae ban chit hod hoc

Phan loai theo bin chét hod hoc ¢6 nghia 1a dya vao thanh phén cia cdc
loai hydrocacbon cé trong ddu. Néu trong ddu, ho hydrocachon nio chiém
phin chi y&u thi ddu mo s& mang tén loai.dé. Vi du, ddu parafinic thi him
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lugng hvdrocachon parafinic trong dé phai chiém 75% tro ién. Trong thuc 1€,
khong tén tai cdc loal ddu tho thuan ching nhu vay, ma chi ¢é cdc loai dau
trung gian; ching han nhu: ddu naphteno - parafinic, ¢d nghia 12 ham lugng
parafin troi hon (50% parafin, 25% naphten, con lai la céc loai khédc).

Cé nhiéu phuong phdp khac nhau dé phan loai theo ban chdt hoa hoc.
11.3.1.1. Phuong phdp cia Vién ddiu mo Nga

Phuong phdp nay phdn tich ham lugng cua timg loai hydrocacben
parafinic, naphtenic. aromatic trong phan doan ¢6 nhiét do soi tir 250 dén
300°C., két hgp véi xae dinh ham lugng parafin ran v asphanten cé trong
d4u tho (bang 11.1) réi tuy theo so liéu ¢ duge dé xdc dinh loai ddu.

Beng I1.1. Phan loai dau tho theo Vién diu mé Nga

Ham lugng hydrocacbon (%) trong Ham lugng (%)
Ho dau ma phan doan 250 = 300°C trong dau thd
parafinic naphtenic aromatic parafin ran | asphanten
Ho parafinic 48 + 61 23+ 32 15 + 25 1,15+ 10 0+86
Ho naphteno-parafinic 42 = 45 38+ 39 16+ 20 1+8 0-86
Ho naphtenic 15+ 20 61+ 78 6+ 13 vét 0+8
Ho parafino-aromato-
haphtenic 27+ 35 36 + 47 26+ 33 0,5+1 0+10
Ho aromato-naphtenic 0+8 57 + 58 20 - 25 005 0+20

11.3.1.2. Phuong phdp cua Vién ddu mo Phédp

Phuong phép nay do iy trong (4.") clia phan doan 250 + 300"C cua diu
tho, trude va sau khi xir ly v&i axit sunfuric. Sau dé dua vao kheang ty trong

dé phan loai ddu wwong tag (bang I1.2).

Bang 11.2. Cach phan loai dau tho cia Vién dau mo Phap

. T§ trong phan doan 250 + 300°C, dj’
Ho dau mo
trude xir ly vai H,80, sau x(r Iy véi H;50,
He parafinic 0,825 = 0,835 0,800 = 0,808
Ho parafino - naphtenic 0.839 + 0,851 0,818 ~ 0,828
Ho naphtenic 0,859 = 0,869 0,847 + 0,863
Ho parafino-naphteno-aromatic 0,817 + 0,869 0.813 = 0,841
Ho naphteno - aromatic 0,878 + 0,869 0,844 + 0,866




11.3.1.3. Phuong phdp cua Vién ddu mo My

Chung cit dau tho so bo, tich ra lam hat phan doan: Phan doan 250 +
275°C (1) va phan doan 275 + 415°C (2), sau dé do ty trong & 15,6°C (60°F)
coa mbi phan doan. So sdnh ching vdi cdc gid tri ty trong & bang 11.3 dé x&p
loai dau thé.

Bdng I1.3. Phan loai dau tho cla Vién diu mo M§

) 15,6
Ho dau mo Tytrong. dise
Phan doan 1 Phan doan 2

Hg parafinic < 0,8251 08762
H¢ parafing - trung gian < 0,8251 0,8767 + 0,9334
Ho trung gian - parafinic 0,8256 + 0,8597 < 00,8762
Hg trung gian 0,8256 = 0,8597 0,8767 = 0,9334
Ho trung gian - naphtenic 0,8256 + 0,8597 >0,9340
Ho parafino - trung gian > (,8502 0,8767 - 0,9334
He naphtenic > (,8602 >0,9340

I11.3.1.3. Phdn loai theo Nelson, Watson va Murphy

Theo cédc tdc gid nay, ddu mo duge dac trung bdi hé sé K, 1a mot hing
s6 vat 1y quan trong, ddc trung cho bin chat hod hoc cia ddu mé, duoc tinh
theo céng thic:

T— nhiét d6 s6i trung binh ciia ddu tho, tinh bing dé Reomuya (°R),
1°R = 1,25°C.
d— ty trong diu tho, xdc dinh & 15,6°C (60°F) so véi nude & cling nhiét do.

Gi6i han hé s6 K dic trung dé phan chia ddu mé nhu sau:

Dau mo ho parafinic: K=13+12,15
Diu md ho trung gian: K=12,10+11,5
Diu mo naphtenic: K=11,45+10,5
Diu mo ho aromatic: K =10



11.3.2. Phan loai ddu moé theo ban chat vat 1y

Csch phan loai niy dya theo ty trong. Biét ty trong, <6 thé chia ddu tho
theo ba cip.

1. Didu nhe: dy < 0,830

2. Diu trung binh: = 0,830 + 0,884
3. Ddu ning: d > 0,884

Hodc c¢é thé phan loai ddu theo 5 cip sau:

I. DAu rat nhe: d;s < (0,830

2. Ddu nhe vua: d =0,830 + 0,850
3. Dau hoi ning: d=10,850+ 0,863
4. Ddu ning: d=10,865+0905

5. Dau rit nang: d > 0,905

Ngoai ra, trén thi trudmg ddu thé gidi con st dung do °API thay cho ty
trong vi APl dugc tinh nhu sau:

Ddu tho thudng cé do °APL tir 40 (d = 0,825) dén 10 (d ~ 1).

11.4. THANH PHAN VA PHAN LOAI KHI

11.4.1. Phan loai

Khi hydrocacbon trong tu nhién duge phan loai theo nguén gde nhu dudi
day:

[. Khi thién nhién. La cdc khi chda trong cdc mo khi riéng biét. Trong
khi nay thanh phdn chi y€u 12 khi metan (CHy) (tir 93 dén 99%), con lai la
cic khi khidc nhu etan (CoHg), propan (C3Hg) va rit it butan (CyH,g).

2. Khi déng hanh. La khi nAm 1in trong ddu mo, duge hinh thanh cing
v6i diu, thanh phdn chl yé&u 1a cdc khi ndng nbu propan, butan, pentan...
{con goi la khi ddu mo).

3. Khi ngung tu (condensat). Thuc chat 1 dang trung gian giit. dau mo
vi khi (phdn cudi cha khi va phén déu cia ddu), bao gém cdc hydrocacbon
nhir propan, butan va mét s6 hydrocacbon léng khac nhir pentan, hexan,
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thdm chi hydrocacbon naphtenic va aromatic don gian. O didu ki¢n thudng,
khi ngung tu & dang 16ng. Khi ngung tu 1a nguyén licu quy dé san xuit LPG
va sit dung trong tdng hop hod ddu.

I1.4.2. Thanh phan

Dic trung cha y&u cita khi thién nhién va khi diu mé bao goém haj phén:
phin hydrocacbon va phi hydrocacbon.

1. Cdc hgp chét hydrocacbon

Chi: yéu 1a cdc khi metan vi déng ding cia né nhu: CsHg, C3Hg,
n-C4Hyp, iz0-C4H g, ngodi ra cdn mot luong it cdc hop chat Cs, Cq. Him
lugng cic ciu ti trén thay d6i tuy theo nguén géc cita khi. Vi du, trong kh{
thién nhién chda chh yéu CHy, cdc khi ning C; + Cy rit it; con trong khi
déng hanh, ham lugng cde khi C3 + €4 cao hon (bang I1.4),

Bdng 11 4. Thanh phan khi ddu md va khi thién nhién

Khf déng hanh tigu bidu Khi thign nhian tigu bidy
Thanh phén
% thé tich % khdi lurgng % thé tich % khdi lugng
Metan 51,06 35,7 92,34 894
Etan 18,52 243 1,92 3.5
Propan 11,53 222 0,58 1.4
Butan 4,37 11,1 0,30 1,1
Pentan 214 6,7 1,05 46
Phi hydrocachon 12,38 67 3,85 46

2. Cdc hop chdt phi hydrocachon

Ngodi thanh phéan chinh 13 hydrocacbon, trong khf thién nhién v khi
ddu mé con chita cdc hop chit khic nhu CO,, N, H»5, H,, He, Ar, Ne...
Trong cdc loai khi k€ trén, thudng N, chi€m phén lén. Bic biét, cé nhimng
mé khi chia heli v6i ham lugng khd cao nhu cdc md khi tu nhién & My: mo
Kandas chia 1,28% He, mé Texas chifa 0,9% He. C6 nhiing mé khi chita
nhi¢u H,S: mé Lag cia Phép chia Hy véi ham lugng 5%.

Ngudi ta c6 thé sir dung cdc md khi d6 1am nguén nguyén liéu dé sin
Xudt cdc khi tro, thu héi H,S dé phuc vu cho céng nghiép.
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Chuong I
UNG DUNG CUA CAC PHAN POAN DAU MO

Ddu mé muén st dung dugce thi phai ti€n hanh phin chia thanh ting
phan doan nho. Qud trinh phan chia dua vao phuong phip chung cat dé thu
duge cic khoang nhiét d§ soi khdc nhau. Dau tién, khi khai thac diu, do cé
s gidm dp suit nén phan doan khi duge tdch ra, thuong tir C; dén C,, ngoai
ra mot luong rit it Cs , Cq bay theo. Sau d6, tuy thude vao gidi han nhiét do

$01 ma ta thu duge cic phan doan szu:

— Phan doan naphta: nhiét do soéi nhd hon 180°C, bao gém cac thanh
phan tir C5 + Cyy, Cy;.

— Phin doan kerosen: nhiét d¢ séi tir 180 dén 250°C, chita céc
hydrocachon tir Cy| + Cy5, Ci6-

—~ Phéan doan gasoil nhe: nhiét dé s6i tir 250 dén 350°C chia cic thanh
phin Cyg + Cag, Cay.

— Phan doan gasoil nang (con goi 14 phdn doan ddu nhon), nhiét do soi
tir 350 d&én 500°C, bao gém Cy; + Cas, tham chi d&n Cyq.

— Phan doan cin gudron v&i nhiét do sai trén 500°C, gém cdc thanh
phéan ¢6 s6 nguyén tir cachon tir Cyy trd 1én, gidi han cudi cing ¢é
thé d&n Cgy.

Cac phan doan ké trén duge Ung dung trong nhiéu muc dich khdc nhau,
nhung chi yéu duge sir dung lam nhién liéu hoidc tao cdc sdn phdm hoa hoc.
Dé c6 thé sk dung vdi hiéu qua t6i da cdc sdn phim ddu mé, cin phdi nim
vitng dic diém, tinh chit cla timg phéan doan, ciing nhir cdc didu kién mdy
méce k¥ thuat lién quan d¢€n nhién liéu.

I11.1. PHAN POAN KHI

Phin doan khi bao gém cdc hydrocacbon C; + C4, mot lugng rat it Cs +
Ce. Cac khi ndy ¢6 thé khai thac tir mod khi hoic dwrge tich ra khi khoan dau.
Khi dugc ing dung trong cdc muc dich chinh 12 lam nguyén liéu cho cong
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nghiép téng hop hod diu va 1am nhién liéu dét.
IIL.1.1. Khi l1am nguyén liéu téng hop hoa daun
I11.1.1.1. Téng hop amoniac

Amoniac (NH3) 12 nguyén liéu ban ddu dé tong hop phan dam
[ NH4NO4, (NH4)»S80,4, NaNOx , (NH3,CO v.v...]. Qud trinh t6ng hop sur
dung chi yé&u 14 khi thién nhién, qua cdc giai doan sau:

Diu tién chuyén hod thanh khi tdng hep (qud trinh reforming hoi nuéc):
CH, + %03 = CO + 2H3
CHy + HO =— CO + 3H,
CO + Hgo _— ] COZ + H»
Sau khi loai bé CO la ti€p dén giai doan tong hop amoniac:
N» + 3H, — 2NH; + Q

Xic tdc cho phin Gng nay 1a cdc oxyt nhu Fe,03, Fes0y4, FeO, Al,O4,
Cr203, TiO3 v.v... Hién nay, trong c¢ong nghiép st dung xic tic Fe;0, cé
thém 1a Al;O3. Phan ting xay ra & diéu kién 4p suit cao (25 dén 100 MPa),
nhiét do 500°C.

I11.1.1.2. Tong hop metanol

Metanol la mét trong nhitng nguyén liéu va dung moéi quan trong trong
coéng nghiép hod hoc. Metanol con duge coi 1a ngudn nhién liéu 1y tudng vi
nd cé kha ning chdy hoan toan khong gay 6 nhiém moéi trudng, ngoii ra né
con Ja mot trong nhimng phu gia chitu oxy rit t6t d& pha vao xang nang cao tri
s& octan.

C6 thé tdng hop metanol bing cich oxy hod khéng hoin todn metan.
Phan (ng xdy ra theo ¢o ché chudi:

CH; — CH;" + H*
CH:® + [0] —» CH;0°

CH;0° — HCHO + H°
CH,;0® + CH; — CH3;OH + CH,°

Xic tic st dung trong qud trinh nay cé thé 1a: V,0s, BiMoO, hoic
MoQ; trén chat mang la cabosit hoac aerosit; ¢dac kim loai Fe, Ni, Cu, Pd...
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hoic cdc oxyt cua ching; hodc hén hop oxyt va kim loal.

Ngay nay, trong cong nghiép, xiic tic duge sir dung la V205, v6i nguyén
lieu 1a he CHy — O — NO; cdc diéu kién khac la nhiét d 883°K, dp suft tis
20 dé€n 100 at. Khi khong c¢6 NO (néng d6 NO bang 0%), do chuyén hod
metan chi dat 1% tai 966°K; nhung néu sit dung mét lugng rit nho NO
(0,5%), dé chuyén hod cha metan dd dat 10% & 808°K; c¢on do chon loc cua
metanol dat cuc dai khoang 24%, formaldehyt dat 45%.

Nhu vay, oxy hod trirc ti€p metan ¢é thé thu duge sén phim I3 metanol
va formaldehyt. Viéc st dung NO, nhu la chit khoi mao hodc chit oxy hod
cho phan ting di dem lai nhitng hidu qui r& rét. Thanh phan sin phim thu
duoc khi oxy hod true ti€p metan ¢ thé tham khao & bang ITL.1.

Bdng 11f.1. Thanh phan sin pham khi oxy hod metan
(Cac didu kign toi tu: Xdc tc V,06/8i0,; NO 0,3 + 0.5%; He 16 2%; CH,/Q, = 2 + 3
metan 55,8%; oxy 33,7%; nhiét d6 800°K)

Tac nhan Do chuyén |Ham lugng | Nhistdo, | Do chon loc sdn phim, % *

phan ing hoa CHy % | NO.% | " 1 7405 | HCHO | CHyOH | CHyNO,
CH,-0, 15 05 763 | 566 | 453 | 89 | 24
CH4—0,~NO 10,0 0.5 802 | 52,2 | 244 | 224 | 9.0
CHy—0,-NO, 10,0 05 808 | 609 | 245 | 273 | 91
CHy—0,-NO-NO, 10,0 0.5 806 | 56,6 | 238 | 238 | 8.0

* % ¢on lai la cac khi CO, CO,,

I11.1.1.3. Oligome hod etylen thanh nhién li¢u diézen

Etylen, propylen vi cidc olefin nhe dé dang tham gia phan Ung oligome
hod dudi tic dung cla xic tdc mang tinh axit. Dac biét Ia etylen <6 thé
chuyén hod thianh cdc san phdm c¢6 khéi lugng phan tir trong mét khoang
réng, phu thugc vao diéu kién phin dng va cdc phuong phdp xu 1y xic tic
khidc nhau.

Péi voi xtic tic Ni mang trén zeolit X (NiX), san phﬂm oligcme hod thu
duoc 12 Cy4, cdn d6i véi xiie tdc Ni trén zeolit Y {(NiY), san pham niim trong
khoang C,» dén C3s va ¢ thé tich ra dé dang qua cic mao quan cia zeolit.
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Tuy nhién, hé xidc tic NiX, NiY ¢6 nhuge diém la hoat tinh xic tic
gidm rdt nhanh, nén viéc ung dung trong thuc 1€ gap nhiéu khé khan. Hién
nay, nguoi ra st dung xic téc Ni mang trén chdt mang rin cé kha nang ion
hod nhu silica-alumina va zeolit Y, goi tit 1 NiSA, & dién kién nhiét do
phan tng 100 dén 120°C, dp sudt 35 bar. Tinh chat ciia xic tic NiSA dwoe
chi din & bang I11.2.

Bdng I11.2. Thanh phan va tinh chat cha xie tic NiSA-II

Ni 1,56% kh.l.
Al 1.6 % kh.l.
Na 0,68% kh.l.
B& mat riéng 4,25 m4g
Budong kinh mao quén 1,87 A
Thé tich rigng 0,75 cm’ig

V6i cdc diéu kién oligome hod nhu trén, hiéu sust C, tro lén dat khoang
30%. Chat lugng clia san phdm diézen thu dugc ¢6 thé xem & bang I11.3.

Bdng 111.3. Pac diém clia sdn phdm diézen thu dugc tix quad trinh oligome hod etylen

Tinh chét Phan doan Cyo trd 1én | Tisu chuin SABS 342

Thanh phan c&t

= Tt agu. °C 180 -

— T 20% 202 -

- T%s 50% 220 -

- T%si 90% 295 362 max
Tri s6 xetan 68 45 min
Piém duc, °C +1 -
Diém déng, °C =20 -4 max
Cén cachon, % kh.l. 0,11 0,2 max
D6 nhét tai 40°C, mm®s™" 2,32 22+53
Trong Iugng rigng & 15°C, g/ml 0,8036 -
Chi s& brom 84,2 -
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S6 liéu O bang T1L3 chi 16 nhiing dic tinh t6t cta diézen téng hgp bing
phuong phdp oligome hod, dac biét 1a tri s6 xetan rit cao cho thidy tinh wu
viét clla hé xuc tdc sur dung.

Ngodi cic sdn phidm nhu metanol, formaldehyt, khi téng hop, nhién liéu
diézen... tir cde khi khidc nhau c6 thé tong hop dugc vo van cic san phim hod
hoc khac nhau ¢é nhigu dng dung trong d&i s6ng, trong cong nghiép. Ban
doc c6 thé tham khido cdc dang san phim trén so &6 & hinh I11.1.

II1.1.2. Khi lam nhién liéu dét

Chuyén hod khi thanh nhién lidu d6t 1a huéng sit dung quan trong vi cd
hiéu qué cao, do dé cong nghé hod long khi da va dang dugc phit trién trén
pham vi todn ¢du.

HI1.2.1. Khi tw nhién hod long (LNG)

Y nghia quan trong ciia viéc hod 1éng khi tu nhién 1a do s giam 600 lan
vé thé tich 1am cho cong viéc van chuyén, bao quan tré nén thuan loi hon rit
nhiéu. Trong qué trinh hod long khi ty nhién, cac khi cé nhiét do soi thap s&
duge lam lanh xudng duéi diém suong cha né. Nhiét dé ngung tu tai &p sust
da cho ddi véi mai cdu tir cna khi tu nhién duge xem & bang I11.4.

Bdng 111 4. Nhiét dd ngung tu ciia mot 56 khi

) Nhigt do ngung tu (°C) tai cac ap suét khac nhau {Psi)
K 1,0 34 6,85 171 342
Metan -159 —144 -133 -92 -1
Etan -H —63 —44 155 -
Etylen -104 —80 —62 -83 -
Propan -46 -12 +12 - -
Propylen —49 -18 —56 - -

Khi tu nhién hod long dwge sit dung 1am nhién liéu trong nhiéu nganh
kinh t&€ quéc dan nhu nang lrong, cong nghiép, giao théng van tai, khi dst
dan dung, va to ra ¢6 uu thé hon hin so véi cac loai nhién liéu khéc. Chiing
han nhu trong nganh ning luong, sir dung khi tu nhién dé sdn xuit dién s&
lam giam gid thanh tir 30 dén 40%. Xdy dung nhi mdy chay bing khi dét,
vén dau tur s& gidm 20% so v&i nha mdy chay biing than. G New Zealand, tat
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¢A c4c phuong tién giao thong trén dudng phd déu diung nhién liéu LNG
LPG va da tiét kiém dwge 50% phi ton nhién ligu. Bén canh d6, khi dung
NG, tudi thg ¢na dong co tang lén gip nhiéu lin do né c6 khd ning giam
mii mon; ngodi ra gidm 6 nhiém moi trudng do gidm ding ké luong SO,
CO,, NO, trong khi thai.

[11.1.2.2. Khi ddu mé hod long (LPG)

Thanh phdn chii y&u clia LPG bao gém cic hydrocacbon parafinic nhu
propan, butan. Ngoli ra, tuy thude vio phuong phip ché bién ma trong thinh
phdn clia né con co thé ¢c6 mat mot lugng nho olefin nhu propylen, butylen.

Khi hod 16ng, thé tich cGa cdc hydrocacbon giam, vi du I lit propan léng
cho 270 1it hoi & 1 at, 1 1it butan 16ng cho 238 1t hoi ¢ 1 at. Vi vay cling nhu
NG, LPG c6 thé van chuyén, thng trit mot cich dé dang va thudn tién.

Nhiét lugng tod ra khi d6t chdy LPG rit 16n (khoang 10.500 dén 13.000
kcal/kg, tuong duang voi nhiét lugng cta 1,5 dén 2 kg than cii, 1,3 lit diu
hoa hay 1,5 lit xang). V&i nhiét lugng d6 c6 thé sir dung cho cdc 10 cong
nghiép, lam nhién liéu cho dong co dot trong thuy cho xang (trong cic loai
6t6), 1am nhién liéu dan dung. Ngay nay trén thé gidi ¢6 xu hudng su dung
LPG thay cho nhién lig¢u xang dé chay 0td, do né ¢b nhiéu wu diém hon han
so v&i cc loai nhién liéu khac 14 nhién liéu chdy hoan toan, Khong cd khéi,

khong ¢6 tro, khéng 14n cdc tap chit gdy an mon cic phuong tién bén bé
chita, khong o giy nhiém. Ham lugng khi thai doc hai nhu NO,, CO, rit it.

@ Viet Nam, nhu cdu tiéu thu LPG ngly cang tang, ¢6 thé tham khiao &
bang TIL5.

Bdng {11 5. Nhu cau va dir kién tiéu thu LPG tai Viéet Nam (tin)

Nam 1994 1985 1096 1997 2000 2010

Lugng LPG | 27.000 38.000 55.000 70.000 100.000 | 300.000

Dé sin xudt LPG, ngudi ta vira nén vira 1am lanh dén nhiét d¢ hod léng
clia chit khi. Vi du, propan hod léng & —42,1°C; izo-butan & 11°C; n-butan &
-0,5°C.

Cic dic trung c¢iia LPG thuong pham duge tham khio trong bang I11.6 va
bang II1.7.
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Bdng 111.6. Nhiét chay clia cac hydrocachon khace nhau

Hydrocacbon kcaltkg & 25°C
Etan 11.350
Etylen 11.270
Propan 11.080
Propylen 10.940
n-Butan 10.930
izo-Butan 10.900
Buten 10.800
izo-Pentan 10,730

Bang I11.1. Pac tinh 1y, hod coa LPG thuong phim

Loai LPG
Thanh phan 100% propan 100% butan | Hén hap 50% propan,
{propagas) (butagas) 50% butan

Ty trong (15°C) 0,507 0,580 0,541
Ap suat hoi, kgicm? (40°C) 13,5 3,2 9,2
Thanh phan: C, {etan) 17 0.0 0.0

Cy (propan) 96,2 0,4 51,5

C4 (butan) 1,5 99,4 47,5

Cs (pentan; 0,0 0,2 1,0
Nhiét chay, {(kcalfkg) 11.070 10.820 10.980

II1.2. PHAN POAN XANG

II1.2.1. Thanh phan hoa hec

VGi khoing nhiét d6 s6i dudi 180°C, phan doan xing bao gom cdc
hydrocacbhon tir Cs + Cg, C;. C4 ba loai hydrocacbon parafinic, naphtenic

aromatic deu c¢é mit trong phéan doan. Tuy nhién thanh phan s6 lrong cic
hydrocacbon rat khic nhau, phu thudc vio nguén géc diu tho ban dau.
Ching han, tif ho ddu parafinic s& thu dugc xang chia parafin, con tir ddu
naphtenic s& thu duge xing ¢é nhidu cic cau tir vong no hon. Cac
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hydrocacbon thom thudng ¢6 rat it trong xing.

Ngoai hydrocacbon, trong phan doan xdng con ¢6 cic hgp chat luu
huynh, nito' va oxy. Cdc chit chita lvu huynh thudng & dang hop chit khéng
bén nhir mercaptan (RSH). Cédc chit chia nito chl yéu & dang pyridin; ¢on
cidc chit chita oxy rit it, thuémg & dang phéno] va déng ding. Céic chit nhya
va asphanten déu chua cé.

II1.2.2. Xang lam nhién liéu
111.2.2.1 Pgng co xdng

D€ st dung xing 1am nhién liéu mét cdch c¢6 hidu qua uhdt, phai nim
vilng nguyén ly [am viéc ciia ddng co Xing.

Dong co xing 1 mot kidu dong co dt trong, nhim thue hién s chuyén
hod ndng lugng hod hoc chia nhién liéu khi chdy thanh ning lugng co hoc
dudi dang chuyén dong quay. Pong co xing bao gém déng co 4 ki va dong
co 2 ky, trong d6 dong ca 4 k¥ phé bign hon. Chu trinh [am viéc cita dong co
4 ky duge thé hién trén hinh I11.2.

Chu ky 1: Chu ky hit. Piston di tir diém chét trén xudng diém chét dudi,
van hit m& ra dé hit hén hop céng tdc vio xylanh (hén hop céng tic 1a hén
hop xdng v khong khi di ducc didu ché truée & bo phan ché hoa khi). Lic
nay van thai déng.

1 2 3

Hon hop S&n pham chay f- Van nap
nhién fiey va —= 2- Nén dién

khéng kh _] ‘ [_— 3- Van thai

4. Xylanh

5- Piston

B- Thanh truyén
7- Dau nhan

8- Diém chét dudl
9- Diém chét trén,

=

Hinh lL.2. Chu trinh lam viéc cla ddng co 4 ky
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Chu ky 2: Chu ky nén. Piston di tir diém chét dudi dén diém chét trén,
nén hén hop cong tac. Khi bi nén, 4p suit tang dan dén nhiét do tang, chudn
bi ¢ho qua trinh chdy tiép theo.

Chu ky 3: Chu k¥ chdy: Khi nén dién diém lira, s& d6t chdy hén hop
xdng va khong khi. Khi chdy, nhiét ning bi€n thanh ¢o ning ddy piston
xudng diém chét duéi, déng thdfi truyén chuyén doéng qua thanh truyén lam
chay mdy.

Chu ky 4: Chu ky xa: Piston lai di tir diém chét duéi 1én diém chét trén,
ddy san phim chdy qua van thai ra ngoai vi déng co lai bit ddu mot hanh
trinh mdi.

111.2.2.2. Bdn chadt cua qud trinh chdy trong déng co xdng

D¢ dong co lam viéc binh thudng thi trong xylanh, cdc mit lira phdi lan
truyén déu din, hét 16p no mdi dén 18p kia, véi téc do khodng 15 dén 40 m/s,
Né&u mat lira lan truyén véi téc do qud 16n (nghia 14 sy chdy x3y ra hiu nhu
cung mét hic trong xylanh) thi xem nhu la chdy khéng binh thudng va duge
goi 1a chdy kich né. Ban chit clia qud trinh chdy kich nd rit phic tap,
nguyén nhan chinh i do trong thanh phan nhién liéu cé chia nhiéu céc
thanh phin dé bi oxy hod {nhu s-parafin). Cdc cdu tir nay dé& tao ra cdc
peroxyt hoic hydroperoxyt, 1a tic nhan gay nén phan ing chdy chudi, lam
cho khoi nhién li¢u trong xylanh b6c chdy, ngay ¢d khi mit lira chira lan
truyén téi. Khi nhién liéu trong déng co bi chdy kich né, mit Ira lan truyén
v4i van toc rdt nhanh (¢é khi dén 300 m/s), nhiét do cao lam cho dp suat
tang dot ngoét, keém theo hién twgng néd, tao nén séng xung kich dip vao
xylanh, piston, gay nén tiéng g kim loai khic thudmg, 1am mdy bi hao tén
cong suit, dong co qua néng va tudi tho cha mdy giam nhanh,

111.2.2.3. Anh huéng cia thanh phdn nhién liéu dén tinh chdt chdy
trong dong co. Tri 56 octan

Mot trong nhitng tinh chdt quan trong nhit cia nhién liéu xang 1A phai
¢6 kha ning chéng lai su chdy kich nd. Dac trung dé goi 14 tri s6 octan.

* Tri s6 octan 12 moét don vi do quy uée ding dé dic trung cho kha nang
chéng kich né cua nhién liéu, dugc do bing phin tram thé tich cia
izo-octan (2,2,4-trimetylpentan CgH;g) trong hén hop chuin véi n-heptan
(n-C;H,¢), tuong duong véi kha ning c¢hng kich né clia nhién lidu & didu
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kién tiéu chudn. Sir dung thang chia tir 0 dén 100, trong dé n-heptan ¢6 tri s6
octan bing khéng va izo-octan duge quy wée bing 100, ¢ kha nang chéng
kich né 15t

e Cé hai phuong phap dé xdc dinh tri s octan, phuong phép nghién ciu
(goi 1a tri s& octan theo RON) va phuong phdp moto (goi 1a tri s& octan theo
MON). Diém khdc nhau cia hai phuong phdp chu y&u la do s8 vong quay
cua motg thu nghiém.

Theo RON: S8 vdong quay cua motd thia nghiém 1a 600 v/ph.
Theo MON: S6 vdng quay clia moto thir nghiém 14 900 v/ph.

Thong thudng, tri 86 octan theo RON thuong cao hon MON. Mifc chénh
léch dé phan dnh: ¢ mét mitc do nao d6 tinh chét cda nhién liéu thay déi khi
ché do 1am viéc ciia dong co thay déi, cho nén mirc chénh léch d6 con goi 1a
do nhay cua nhién liéu d6i véi ché do 1am viéc thay doi cua dong co. Muc
chénh léch giita RON va MON cang thap cang tot.

M&éi loai xing khic nhau c6 kha nang chdng kich né ciing khic nhau.
Ngudi ta thay rang:

Cic hydrocacbon phan tu nhd nhu parafin mach nhanh, cic aromat chi
chdy duoc sau khi diém hoa, ¢6 nghia 14 loai nay c6 kha ning chéng kich né tdt.

Cdc n-parafin dé dang chdy ngay ca khi mat Ira chua lan truyén 1di, gay
ra su chay kich né.

C6 thé sdp x€p kha niang chéng kich né c¢ha cdc hydrocacbon nhu sau:

Hydrecacben thom > clefin mach nhanh > parafin nhanh > naphten ¢é nhanh >
olefin mach thing > naphten > parafin mach théng > parafin mach thang ion,

Nhu vay, trong xang chita cang nhiéu hydrocacbon thom hoac izo-
parafin thi tri s6 octan cang cao. Tri s6 octan cna mét s& hydrocacbon riéng
ré ¢6 thé tham khéo & bang 111.8.

Tri sé6 octan trén ducng

Kha nang chéng kich né cua mot loai nhién liéu nao d6, ngodi sy phu
thuoce chu yéu vao thanh phan hydrocacbon, con phu thudc vao ché do lam
viée thue t& clia dong ca, tic 1a xe dang chay & t&c d¢ nhanh chuyén sang t6c
do cham, & nhitng noi dudng xau phai phanh gip, thai ti€t thay doi dot ngot
v.v... thi hién twong chdy kich né cé thé xay ra. Do viy, ngoai viéc danh gid
kha ning chéng kich nd clia hydrocacbon trong nhién liéu bing phuong phdp
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Being J111.8. Tri 53 octan ciia mot s6 hydrocachon khic nhau

Tri s8 octan D6 chénh
Hydrocacbon Theo phuong phap | Theo phuang phap lech
nghién cu (RON) méta {MON)
Céc parafin.
propan 1057 100 8.7
m-butan 93,6 8041 35
izo-butan >100 29 -
n-pentan 61,9 61,9 0
izo-pentan 823 90,3 20
Céc ofefin:
propylen 101,4 4.9 16,5
buten-2 936 86,5 131
penten-1 90,9 77,1 13,8
hexen-1 76,4 634 13,0
Cac naphtalen:
xyclopentan 100 85 15
xyclohexan 83 78,6 44
metyl xyclohexan 74,8 71 38
etyl xyclohexan 455 40,8 57
Cac hydrocachon thom:
benzen 13 11,6 14
toluen 115 102,1 12,9
o-xylen >100 100 -
m-xylen >100 >100 -
p-xylen >100 >100 -
1,3,5-trimetyl benzen >100 114 -
izo-propyl benzen 108 99,3 8,7
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MON hoiic RON, con phai ddnh gid kha nang chéng kich né cla nhi¢n lidu
bing phuong phap do sy thay déi tri s6 octan theo ché do lam viée, tic
theo su khdc nhau vé s§ vong quay clia dong co, goi 12 tri sé octan trén duong.

Tri 56 octan trén dudmg (ky hiéu 13 Oy) dugc xdc dinh theo cong thiec:

2
0s = RON - =
a
trong d6: § 12 d6 nhay, tinh bang hiéu s6 gitta RON va MON.
a 12 hé s6 (1l 4,6 + 6,2) phy thudc vao ty s6 nén cla dong co.

RG rang, loai nhién lieu ndo cé d¢ nhay cang thdp (chénh léch gilta
RON vi MON it), thi O4 cang gdn véi RON, Néu hai loai hydrocacbon cé
cing RON nhu nhau, nhung loai nao cd d¢ nhay cang thadp s€ c6 kha nang
chéng kich nd cang cao khi 1am viéc trong cdc ch€ d¢ thay d6éi khac nhau; vi
vay izo-parafin c6 nhiéu uu diém hon so véi cdc olefin va hydrocacbon thom.

Tri s6 octan theo phdn doan cdt R — 100°C

Xang bao gém nhiéu thanh phén c6 sy khdc biét 16n vé kha nang chéng
kich né. Thudmg thi cdc phdn c¢é nhigt do soi thdp (ngoai trlr izo-pentan,
benzen) ¢6 tri s octan thap so vdi xang ndi chung.

Trong moét §6 ch€ d6 1am viée cha dong o, c6 xay ra sy chia tach xang
bi hos hoi trong dong co, din dén xylanh dugc nap nhiéu thanh phdn cd
nhiét d6 s6i thap, béc hot nhanh nhung lai thigu hydrocacbon c¢é nhiét d¢ s0i
cao (¢6 kha nang ch6ng kich né cao hon). Hién tuong nay dén t6i sy kich nd
khi gia t6c va t6c o khoi diém thap, 1y do 1a khi déng co lam viéc & ché do
nay, lwong xang dua vao xylanh it va din dén c6 phin 16n cdu tr ¢6 nhiét do
s6i thip, vén c6 tri s6 octan thip trong Xang. Sy chdy kich nd nay khong gy
ra bt ky m6i nguy hiém nao, va ngudi tieu ding c6 thé nhan ra ngay.

Phuong phdp xéc dinh R — 100°C: Chung cdt miu va xic dinh RON cfiia
phin c4t c6 khoang nhiét do so6i tir ddu dé&n 100°C. D6i v6i xang thuong
phdm, R — 100°C luén nhé hon RON. Su céch biét gitta RON va R - 100°C
goi 12 ARON; gid tri nay thudng dao dong trong khoang 4 dén 12. D6i va
xang reforming xic tc, tri s6 octan phan b6 khong déng déu do cdc hydro-
cacbon thom, 1 cdc cfu tir c6 tri s§ octan cao hdu nhu nam & phén c6 nhiét
do soi cao nén ARON thudng cao. Cbdn xang cracking xic tdc, do chia nhiéu
izo-parafin nén chénh léch ARON thdp, ¢4 nghia 12 tri s6 octan phan b6 rét
déng déu trong cdc khoang nhigt do s6i cla xang.

37



111.2.2.4. Cdc phuong phdp ndng cao chdt liong ctia xdng

Phan doan xdng ldy tryc ti€p tir ddu md b rat it izo-parafin vi thom,
nhiéu n-parafin, do d6 tri s& octan rat thip (chi dat 30 dén 60), trong khi dé
yéu cdu vé tri s6 octan cho xing dong c¢o phdi 16n hon 70. Vi vay phai dung
cdc bién phdp khdc nhan d€ ning cao chét lugng cia xang. Thong thudng, dé
ning cao chat lugng cia xidng, ngudi ta diing cic phuong phip sau day:

1. Phuong phdp ding phu gia

Ban chit ciia phuong phip ndy 1a dung mét s8 hod chat pha vao xang
nhdm han ch& qud trinh oxy hod cla céc hydrocacbon & khang gian trudc
mat lta khi chdy trong déng co. Céc loai phu gia duge chia lam hai nhém:

® Phy gia chi: Bao gobm cic chat nhu tetrametyl chi (TML), tetraetyl chi
(TEL), ¢6 tdc dung phd huy céc hop chit trung gian hoat dong (peroxyt,
hydroperoxyt) va do d6 lam gidm kha ning bi chdy kich né. K&t qua 14 tri s&
octan cua xing thyc t€ duge ting 1én. Co ché€ ding phu gia chi nhu sau:

- Phan huy TML trong dong co:

4]
Pb(CHy)y, ——“» Pb + 4CH,"

t°C
Pb + 0, —C» Pbo,

- Tao chit khéng hoat déng: .
R-CH; + O; ———» R-CH,OO0H (chit hoat déng)
R-CH,00H + PbO, ——» RCHO + PbO + H,O + L0,
__.'_ﬂ

chat khong hoat dong
Két qud la bi€n cdc peroxyt hoat dong thanh cdc aldehit (RCHO) bén
vitng, lam giam kha nang chdy kich nd. Nhung déng thai PbO két tha sé bam
trén thanh xylanh, 6ng din, 1am tic duong nhién liéu va ting do mai mon.
Do vay ngudi ta ding cdc chit mang dé dua PbO ra ngodi. Cic chat mang
hay dung 1a C;HsBr hoac C;H;sCl, co ché tdc dung nhu sau;
CHsBr —°C o C,H, + HBr
2HBr + PbQ ——» PbBra + Hgo
Cic san pham PbBry, H,O 12 chit 1dng, ¢6 nhiét do soi thip sé& boc hoi
va dugce khi thai dua ra ngoai. Hén hop phu gia chi v chit mang goi 12 nwée
chi. Nude chi rdt déc nén phdi nhuém mau dé phan biét.

38



s Phu gia khéng chi

Nhu d3 phan tich & phin trén, chi 13 phu gia khi cho vao xang lam tang
tri s& octan nhiéu nhat (tt 6 dé€n 12 don vi octan). Tuy nhién, do tinh dgc hai
ma hién nay nhiéu quéc gia di ban hanh luat c&m st dung loai phy gia nay.
( Viét Nam, tir thing 7 nam 2001 d bit du chién dich khong sir dung xéng chi.

Cé mot s& giai phdp hitu higu dé dat téi tri s6 octan cao hon khi khéng
st dung chi:

— Pha tron xing c6 tri sé octan c¢ao (nhu xdng alkyl hod, izome hod...)
vio nhién liéu ¢d tri s6 octan thidp.

— Nang cdp va dua thém céc thi€t bi loc dau dé san xudt hén hop xing
¢O trl $6 octan cao.

— Su dung cic chat phu gia khéng chita chi, nhu cdc hop chit chita oxy:
etanol, MTBE, MTBA, TAME v.v_..

Trong s6 céc phu gia chira oxy néi trén, etanol va MTBE dugce str dung
v6i s6 luong nhidu nhit. Ching han nhr & My, MTBE duge pha trén t6i 15%
thé tich, etanol t&i 10% thé tich. O Braxin d3 pha tron téi 22% etanol vao
xdng trong nhiéu nim.

Bén canh viéc tang tri s& octan, hén hop ciua xang véi phu gia chita oxy
di gidp gidm thai hydrocacbon va CO tir xe ¢¢ st dung nhién liéu.

C6 thé thdy rd tri s6 octan cla mdt s& chdt chia oxy dién hinh trong
bang IIL.9.

Bing 1f1.9, Tri s6 octan cua cdc phu gia chita oxy

Phu gia chua oxy RON MON
Metanol 127 + 136 99 + 104
Etano! 120 + 135 100 + 108
Tert-butanol (TBA) 104 + 110 90 + 98
Metanol { TBA (50/50) 15 =123 96 + 104
Metyl tert-butyl ete (MTBE) 115 + 123 98 + 105
Teri-amylmetyl ete {TAME} 111 + 116 98 + 103
Etyl tert-butyl ete (ETBE) 110+ 119 95 + 104

Tu bang II1.9 ta thdy, tri s6 RON cua MTBE vao khodng 115 + 123, do d6
hén hop 15% MTBE trong xing ¢ tri s¢ octan géc 1a 87 sé& tao nén mét hén hop
¢6 tri s6 RON nim trong khoang 91 dén 92, lam tang tr 4 dén 5 don vi octan,

39



tvong duong vdi ham lugng chi tir 0,1 dén 0,15 g/l. Tuong tu, tri s6 octan cia
ctanol la 120 + 135, do d6 hon hop 10% cia etanol v6i xang ¢ tri s6 octan 1a
87 s€& tao ra hon hop c6 tri s6 RON vao khoing 90 = 92.

2. Plurong phdp hod hoc

Giai phdp pha tron véi cdc chat chia oxy dé ting tri so octan clia xang mai
chi 12 giai phdp tam thdi. Gidi phdp lau dai hon 1a phai tim cdch ché& bién hod
hoc mdi kinh t€ nhit dé tang tri s6 octan. Théng thudng phai dp dung cdc cong
nghe loc ddu tién ti€n nhét d¢ chuyén cdc hydrocacbon mach thing thanh mach
nhanh, hodc thanh hydrocacbon vong no, vong thom c6 tri s& octan cao. Cic
cong nghé loc dan bao gédm cdc qud trinh nhu: cracking xic tdc, reforming xuc
tic... s& duoc dé€ cap tdi ¢ phan thit I1.

Trong thanh phan cua xang con chita mét lugng nhé cac chat S, N, O, trong
d6 chu yéu la S. Céc chat nay khi chdy tao ra khi gay an mén thiét bi va doc hai
cho ngudi sir dung, ching han:

S + 92 = 80,
50, + %og — S0,
SOz + H.O _— H,S0,

VI vay ham lugng lwu huynh cang it cang t6t.
C6 thé tham khdo chi tieu ctia mot s6 loai xang & cdc bang sau,

Bdng H1.10. Pac diém ciia mét so loai xing

Xang nhe chung cét truc tiép Xang refor- X&ng
Céac dac tinh trdduthd | trdduthd | tordduthe ming cracking
naphtenic | trung gian parafinic
- RON ban dau 77 69 65 93 93
thém 0,5% nudac chi 87 85 82 89 a8
- Ty trong (%) 0,721 0,685 0,682 0,76 0,74
- Ap sust hoi b4o hoa
Reid (bar) 0,43 0,59 0,59 0.45 0,55
- Thanh phén cat
(ASTM);
Toséi dau 52 42 40 45 37
Tsei 10% 69 56 55 60 50
Tsai 50% 83 68 71 115 100
ss 80% 103 84 93 170 158
Tssi cusi 109 107 97 205 195
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Trén thi trudmg hién nay cdc loai xang cho 6t6 thong dung 1a Mogas 83,
Mogas 90, 92, A-76, 92. Mét s& chi tién dac trung cua xang chi va xang
khong chi xem & cdc bang I11.11 dén bang ITL.15.

Trén toan cdu, da phan cdc nudc phan cdp xang thanh 4 loai chu yéu nhu
& bang 111.13.

Bdng I11.11. Chi tiéu chat lugng cua xang chi

Chi tieu Xang chi Phuang
MON 76 RON 83 RON 80 RON 92 phap thir
1. Tri 86 octan, min
- theo phuong phap RON - 83 80 92 ASTM D 699
- theo phuong phap MON 75 - - - ASTM D 700
2. Thanh phan cét phan

doan

- 10% V, max 70 70 70 70 TCVN

- 50% V, max 115 120 120 120 2698 - 1995

- 90% V, max 180 190 190 190

- Didm s8i cudi, max 195 210 210 210

- Can cubi, % V, max 15 2 2 2

- C&n va hao hut % V, max 4,0 40 4.0 40 |
3, B0 axit, mg KOH/MO0 ml
max 30 3.0 3,0 30
4. An mén tam déng & 50°C,

3h, max 1A A 1A A
5, Ham lugng nhya thifc té,

mg/100 ml, max 50 50 5.0 50 ASTM D381
6. B 8n dinh oxy hoa, phat,

min 900 240 240 240 ASTM D525
7. Ham luong Iuu hugnh tng,

% kh.l., max 01 0,15 0,15 0,15 |ASTM D1266
8. Ham lugng chi g/l max 047 1015 0,15 0,15 ITCVNG020-95
9. Ap sust hoi bdo hoa (Reid)

4 37,8°C, kPa, max 83 | 83 83 83 TCVYN5731-93
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Bang H1.12. Chi tiéu chat lugng xang khéng chi

Xang khong chi

Chi tigu Phuong phap thir
RON 92 RON 97
1. Tri 88 octan, min
theo phuong shap RON 92 97 ASTM D2699
theo phuong phap MON -
2. Thanh phan cét phan doan, °C
- 10% V, max 70 70
- 50% V, max 120 120 TCVN 2698 - 1995
-90% V, max 190 190
- Diém s6i cudi, max 210 210
- Can ¢udi, % V, max 2,0 2,0
- Can va hao hut % V, max 4.0 4,0
3. B¢ axit, mg KOH/100ml, max 30 30 TCWVN 2695 - 1995
4. An mon tam déng & 50°C, 3h, 1A 1A TCVN 2694 - 1995
max
5. Ham legng nhya thyc t& mg/100 ml,
max 50 5,0 ASTM D381
6. B0 6n dinh oxy hea, phit, min 360 360 ASTM D1266
7. Ham lugng luu huynh téng,
% kh.)., max 0,1 0,05 ASTM D1266
8. Ham lugng chi, ght, max 0,013 0,013 ASTM D3237
9. Ap suét hei béo hoa/Reid &
37,8°C, kPa, max 83 83 ASTM D4953
10. Ham lugng benzen, %kh.1., max 5 5 ASTM D3606
11. Ham lugng MTBE, % V, max 10 10 ASTM D4815
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Bdng 171.13. Téng quan vé sy phén loai xang 6t6 trén the gi6i hién nay

Chi tieu dac trung cho sy phan loai

Phan loai
Tri 8 octan, min Ham lugng chi
1. Xang chi thong dung MON: 72 tit 0,15 + 0,8 g/l
RON : 80 N
2. Xang chi ¢6 chit lugng cao MON: 88 tir 0,15 = 0,6 gfl
RON : §2
3. Xang khéng chi ¢6 chat lugng MON: 85 max; 0,015 gfl
¢ao RON: 92
4. Xang khéng chi dic bist MOCN: khéng
RON: 95

Bdng 111.14. Mot s6 logi xing 0to dang luu hanh trén thé giéi hién nay

Phan loai

Chitigu dac trung che sif phan loai

Tri $& octan, min Ham lugng chi, g/l, max

1. Xang chi thong dung gém cac loai:

Xang A-72 MON 72 -

Xang A-76 MON76 0,24

Xang MOGAS-83 RON 83 0,15

Xing MOGAS-86 ~ RONS6 020
2.X3ng chif khéng chi chat lugng cao gém:

Xang MOGAS-80 RON 90 0,4/0,015

Xang MOGAS-92 RON 92 0,410,015

Xang Al-93 RON 93 0,4/0,015

Xang MOGAS-97 RON 87 0,4/0,015
3. Xéng khéng chi d&c bigt RON 97 0,013
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Bdng 111.15. Chi tiéu xang cia mot s6 nudc trén the gidi

Céc chi tidu cdn ban

Céc quéc gia
Tri s8 octan Ham iugng chi, g/

Chau Au
Ao MON: 82,5 = 87; RON: 91 = 98 0,00 = 0,013
Ban mach MON: 83 = 88; RON:92- 98 0,00 + 0,013
Phap MON: 85 +~ 88; RON: 92 + 97 0,00 = 0,15
Y MON: 85 + 88; RON: 95 + 97 0,00 + 0,15
Hungary MON: 82 + 85; RON: 91 =95 0,00 = 0,015
Buc MON: 82,5 + 88; RON: 91 + 98 0,013 =+ 0,015
Séc MON: 82 + 89; RON: 81 + 98 0,013 + 0,015
Bungary MON: 78 - 86, RON: 86+ 93 0,000 + 0,15
Nga MON: 76 + 85; RON: 92 + 95 0,013 + 0,37
Chéu My '
M (Bic My - BM) MON: 81+ 90; RON: 89 =+ 100 0,01 + 0,03
Canada (BM) MON: 82 + 88; RON: 91+ 98 0,01 + 0,01
Costarica (TM) MON: 80 = 85; RON; 88 - 94 0,013 + 0.2
Sanvado (TM) MON: 77 - 85, RON: 8¢ + 95 0,013 = 0,07
Jamaica {Caribe) MON: 85 + 85; RON; 95 = 95 0,005 + 0,84
Achentina (NM) MON: 75 + 86; RON: 85 =+ 86 0,000 = 0,15
Chil& (NM) MON: 81 + 85, RON: 81 + 95 0,00 + 0,34
Colombia (NM) MON: 76 + 81; RON:84 +93 0,013 + 0,13
Pé&ru (NM) MON: 82 + 88; RON: 84 + 97 0,000 + 0,46
Chiu Phi
Algiéri MON:Khéng QB; RON: 89 <100 0,001 + 0,03
Benin MON; Khong QD; RON: 83 + 95 max 0,84
Brundi MON: Khéng QD; RON: 87 + 85 may 0,84
Gabon MON: 79 — 88; RON: 85 + 93 0,15 + 0,37
CH Trung Phi MON: Khong Qb; RON: 83 < 85 max 0,84
Kenia MON: Khéng QB; RON; 87 + 95 0,25 + 0,40




Bdng I11.15. (tiép theo)

Cac quéc giz Cac ¢hi tidu can han
Tri s& octan Ham luong chi, g/

Libya MON: — + 85; RON: 94 + 98 04+08
CH. Nam Phi MON: 80 = 87;  RON: 87 + 97 0,20 + 0,40
Uganda MON: — +83; ROMN:83+93 max 0,84
Chau A

Trung Qudc MON: min 70, RON: 90 + 97 0,00 + 0,29
An Do MON: Khang QB; RON: 87 +93 0,01+ 0,42
Indonesia MON: Khong QB; RON: 88 95 0,00 =045
Nhat Ban MON: 77 = 88;  RON: 90 +100 khdng chi
Malaysia MON: 77 = 88; RON: 85+ 57 000 +«015
Pai Loan MON: 80 = 86; RON: 92+ 97 0,00 = 0,08
Han Quéc MON: 83 + 87; RON: 91+ 100 0,00-+0,13
Thai Lan MON: 76 = 84;  RON: 87 = 97 0,00 = 0,15
Singapo MON: Khéng QB; RON: 92 + 97 0,00 = 0,15

I11.2.2.5. Xing mdy bay

Xing mdy bay thudc loai xang cao cép, khong thé 1ay duge tir mot loai
xing thuin nhit ma thudng 13 hdn hgp clia mét s6 thanh phéin dic bigt nhim
thu dwoc xdng c6 phdm chét t6t. Xang mdy bay phai ¢d nhing chi tiéu can
thi€t san day.

- Tri s octan bing hoic lén hon 100; ngodi ra phai dam bao tri s&
octan khi hén hgp chdy thiéu xing, thira khong khi (hén hop nghéo) va hén
hop chéy thita xang, thi€u khong khi (hdén hop gidu). Déng co mdy bay khi
lam viéc c6 hai qua trinh: qud trinh cit cdnh bao gi¥ cling phai sir dung cong
sudt t8i da, luong xang trong hdn hop phai duge tang t6i da (goi la hén hop
gidu). Trong qué trinh bay, ¢6 lic dong co phai gidm cong sudt, lugng xang
giam (hén hop ngheo). Tri s6 octan trong trudng hop hén hop giau goi la tri
s6 phdm do. Ngudi ta thé hién tri s6 octan cua xing may bay bing phan s&,
trong d6: t s& 14 tri s6 octan, miu & 13 tri 56 phim d6. Vi du xing loai B
100/130 thi 100 14 tri s& octan, 130 13 tri s6 phdm do.
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— Thanh phin cdt phan doan cla xing mdy bay phai ldy hep (tir 40 dén
180°C) dé tranh c6 nhiéu cdu tit nhe tao niit hoi trong hé thoéng cip liéu, va
¢6 nhiéu cdu tir nang, vi khi chdy s& chdy khong hoan toan tao cin.

— Ham lugng olefin phai thdp (< 3%) dé tranh su trung hop tao nhua,
lam cho xé&ng bi bién mau va khéng bao quan duoc lau.

Xing mdy bay thudng 13 xang pha tron, vi du, xing loai B 100/130 thu
duge bang cdch tron xidng cracking xic téc v6i nhitng thanh phédn cao octan
nhu izo-octan. Xang B 91/115 14 xdng pha tron gilta xang cracking xic tdc,
xdng chung cift tryc ti€p va cdc thanh phdn cao octan. Bang III.16 cho biét
chi tiéu chat luong cha xdng mdy bay theo TOCT cia Lién X6 (cil).

II1.2.3. Cac dng dung khic cua xang

Ngoai ¢céng dung chinh la nhién lién, xing cdn duge sir dung lam dung
moi hodc nguyén liéu cho téng hop hod diu.

111.2.3.1. Xdng lam dung maéi

Phan doan xdng duge st dung lam dung méi trong céng nghiép son, cao
su, keo ddn; ngoai ra, sit dung d¢ trich ly chit béo (diu m& dong thuc vat),
trong céng nghiép huong liéu, duge liéu...

Trong cdc loai dung moi, phé bién 13 xdng parafinic (nhir hexan, heptan,
octan...) vd aromatic (nhu benzen, toluen, xylen...). Thong thudng xing dung
moéi 18y tryc ti€p tir ddu mo 1a xdng parafinic, ¢6 ham lugng hydrocacbon
thom thdp (< 5%). Nhitng dung méi ¢6 ham luong thom cao (40 dén 99%),
phai ldy tir phan doan ning ciia qué trinh reforming. Cic linh vuc ting dung
khic nhau cua xang xem & bang I11.17.

111.2.3.2. Xdng lam nguyén liéu cho téng hop hod déiu

Xang s dung 1am ngayén liéu cho tdng hop hod diu cdn goi 1a phan
doan naphta. Tir phan doan n2y ngudi ta san xuit dugc céc hydrocacbon
thom khdc nhau nhu benzen, toluen, xylen, etylbenzen. Ngoai ra, con thu
dugc cdc olefin nhe nhu etylen, propylen, butadien...

D¢ thu duge cdc hydrocacbon thom (BTX), ngudi ta sit dung céc phan
doan hep khi chung cat.

¢ Phan doan 60 + 85°C: Phan doan chita metyl xyclopentan, xyclohexan
cho hiéu sudt benzen cao nhit.
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Bing 111.16. Céc loai xing may bay theo FOCT 1012 - 54

Loal xang
Chi tieu hoa ly
B 100/130 B 95/130 B91/115 BA
1. Ham luong chi ' 2.7 3,3 2,5 2,7
2. Tri s8 octan theo MON (khdng kém) 98,6 95 a1 -
3. Tri 56 octan theo R-100 (khong kém) 100 - - -
4, Trj s§ pham do trong hén hgp gidu
{khéng kém) 130 130 115 160
5. Nhiét lugng chay, kcalfkg 10.300 10.300 10,300 10.400
6. Thanh phén cét, °C
- T° oo aau (khOng kém) 40 40 40 40
- T° 6 10% (khong kém) 75 82 82 75
- T° 541 50% (khong kém) 106 | 105 105 105
- T 46 90% {khong kém) 145 145 145 145
- T° s cusi (khong kém) 180 180 180 180
- C&n va hao hut, %, (khong kém), 2,5 25 25 2,5
7. Ap sudt hoi, mmHg (khéng kém) 240 220 220 240
8. Tri s axit tinh theo mg KOH/100 ml
xang (khéng qua) 1 1 1 2
9. Nhiét d9 két tinh ban d3u tinh theo -60 -60 -69 -6¢
°C (khéng qué)
10. Ham lugng S, % (khong qua) 0,05 0,05 0,05 0,05
11. Trj s& iét, tinh theo idt trong
100 g xang{khéng qua} 12 12 10 6
12. An man tam déng gilt nguyén | gill nguyén | gitr nguyén | gilr nguyén
13. Axit va kiém tan trong nudc khdng co | khdngcd khong ¢6 khang ¢6
14. Tap chat va nudc khongcé | khéngcd | khengcd khéng c6
15. Mau séc frong sudt | trongsudt |  trong suct trong sudt
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Bdng If1.17. Céac ing dung ciia xang dung méi

Loai dung méi | Khoang si, °C Muc dich si dung
A 40 + 100 Keo, cao su, tdy vét ma.
B 60 + 80 Trich ly dau m@, chat béo, ché tao nuds hoa
C 70 + 100 Trich ly dau m@, chét béo, cdng nghiép cao su
D 95 + 103, Khir nudc clia rugu.
E 100 + 130 Cang nghiép cao su, son, tay bén.
F 100 = 160 Cong nghiép cao su, san.
G 3075 Trich Iy huong ligu, sdn xu#t dugc ligu.
White Spirit 135 + 205 Son, vecni {thay dau thong),

¢ Phan doan 80 + 100°C: Phan doan chtta naphten Cy, cho hiéu suit

toluen cao nhit.

» Phin doan 105 + 140°C: Phin doan chita naphten Cg, cho hiéu suit
xylen cao nhit.

Nhu vy, phan doan xang cla didu mé ho naphtenic thich hop hon ca dé
san xudt hydrocacbon thom, vi ¢6 téng ham lugng naphten va thom cao,
dwge dic trung béi chudn s6:

N + 2Ar
trong d6 N ]a ham lugng naphten (%); Ar 12 ham lugng aromat (%).

Ngugce lai, phan doan xdng ciia ho parafinic lai t6t hon cho viéc san xuat
cic olefin,

Xang ding d€ ch€ bién hod hoc cdn phai rat sach, vi néu trong xing c6
nhiéu S, N, O, s& lam ngd déc xiic tdc trong qué trinh ché bién. Vi du, dé tao
ra hydrocacbon thom, phai tién hanh reforming. Xiic tac sit dung 12 kim loai
mang trén chdt mang 1a axit rdn (théng thudng 13 Pt/A1,0;3). Cic chét chia
luu huynh s& lam ngo doc trung tam kim loai. Cac chit chia nito (thudng ¢é
tinh bazo nhu pyridin, quinolin...) lam ng6 déc cdc trung tam axit. Ngoai ra,
su ¢é mit caa cdc kim loai c6 trong xdng s& 1am cho xic tdc hoin toin
khong c6 kha nang tdi sinh. Vi vay yéu cdu vé ham lugng cic chit dj thé va
kim loai ning ¢6 trong xing phai nhu sau:
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Ham lugng S < (10 +15).107% % trong lupng. -
Ham twong N < 1.10™ % trong luong.
Ham lwong Hg, Pb < 5.107% % trong luogng.

Ham luong As < 1.1077 % trong luong.

IILI.3. PHAN POAN KEROSEN

Phan doan nay cdn goti 1a ddu lira; c6 nhiét do s6i tir 180 dé&n 250°C, bao
g6m cac hydrocacbon cé s& cacbon tix Cy; dén Cys, Cq.

I11.3.1. Thanh phan hea hoc

Trong phan doan niy, hiu hét 1a cic n-parafin, rat it izo-parafin. Cic
hydrocacbon naphtenic va thom, ngoai loai ¢6 cdu tric mét vong va nhiéu
nhanh phu, con cé mat cidc hop chit hai hoac ba vong, dac biét loai naphten
va thom hai vong chi€m phdn 16n. Trong kerosen bit diu cé6 mat cdc hop
chat hydrocacbon ¢6 ¢fu tric hén hgp gilta vong thom va vdng naphten nhu
tetralin vi déng dang cla chiing. Cdc hop chit chia S, N, O tang din. Luu
huynh dang mercaptan gidm dan, xuat hién lvu huynh dang sunfua. Cdc chat
nite véi ham lugng nho, dang quinoelin, pyrol, indal.

I11.3.2. Ung dung

Phan doan kerosen sir dung chu y&u cho hai muc dich: 1aim nhién liéu
phan luc va dau hoa dan dung, trong d6 nhién liéu phan luc 13 Wng dung chinh.

111.3.2.1, Kerosen ldm nhién liéu phdn luc
* Dong co phan luc (hinh H1.3)

Nguyén 1y hoat dong cla déng co phan luc khdc v&i nguyén 1¥ lam viéc
cua dong co piston; d6 1a nhd nang lugng ddng khi dé bién d8i thanh co ning
chay tuabin.

Mady nén khi hdt khong khi va ti€n hanh nén téi dp suit cao, thudng dp
sudt tang 5, 10, 20 lan hoac cao hon, Khong khi nén duoc dua tir may nén
vio budng chiy. o) day, nhién liéu da dugc phun va bay hoi, hoa tron véi
khong khi tao thanh hén hgp chay. Sau dé tia lUra dién dvoc bat 1én mot 14n,
lam toan khdi nhién Jiéu biing chdy. Hén hgp sau khi chdy sinh cong rit
manh & tuabin va nhu vay di bién ddi noi nang dong khi thanh céng co hoc.
Co niang nhin duge trén truc tuabin ding ¢ quay mdy nén. Phin dong nang
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quan trong con lai duge din nd qua tuye va ra ngoal véi toc 46 1én tac mot
phan luc tdc dong lén dong co (tai nhiing co cfiu cong tic nhu cénh quat may
bay, roto chan vit tau thuy, truc tau hod,...) 1am dong co chuyén déng.

Nhiét dé khéng khi trude tuabin 1&n t6i 1200 dén 1300°K. Khéng khi
dugc chia thanh dong trude khi di vio budng dot. Dong khong khi ddu tién
di qua lam xody vao khu vuc voi phun 1am mat than vdi phun v ngan cén
tao cdn mudi nhién liéu. Dong khong khi thit hai drge dwa vao budng chay
qua 16 trudce trong Sng lira, dam bao chdy hén hop & 2300 d&n 2500°K réi sau
dé gidm nhiét do xudng con 2000°K. Dong khong khi thd ba dua vao budng
dét qua diy 16 sau vao viing hod tron, 1am gidm nhiét do dén gid tri bao dam
dé bén cua cinh quat tuabin.

Nhu vay, qua trinh chdy trong déng co phidn luc xay ra lién tuc trong
dong khéng khi chuyén dong nhanh; vi viy cé rdt nhiéu y&u t& anh hudng
dén muc 4o chdy hoan toan. Trong d6, yéu t6 chinh 1a: nhiet do, 4p sudt va
thanh phan hén hop.

Hinh H1.3. So d4 bubng d6t dong co phan Ivc

a. Yung phun va bay hoi; b. Ving bat chay va chay; ¢. Vung hoa trén va lam mat
s&n phdm chay. 1. V&i phun; 2. Bo lam xoéy; 3. V4; 4. Ong Iira.

* Anh hudng cua bdn chdt nhién lidu dén qud trinh chay

Do dic diém cha qué trinh chdy nhién liéu trong dong cd phéan luc, yéu cdu
d6t véi nhién lidu phan luc 12 cdn phai ¢6 16¢ do chdy cao, dé dang béc chay khi
¢ tia lira dién, ¢6 nhiét nang 16n, chdy diéu hoa, ¢ ngon lira én dinh va chdy
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hoin todan khéng tao cén.

Yéu cdu vé nhiét chdy cho nhién liéu phan lyc phai 16n hon 11.200
kcal/kg; do vay cdc n-parafin cho nhiét chdy cao hon ca (hinh 1I1.4). Mat
khdc mdy bay phan luc thudng lam viéc 6 d6 cao trén 10 kmso voi mat dat,
tai 6 nhiét do khong khi ¢6 khi xuéng téi -50°C nén yéu cau nhién ligu
phin lwc phii c¢6 do linh déng rit cao (khong bi két tinh & nhiét do thap).
Pitng vé mat ndy, cdc hydrocacbon naphtenic té6 ra wu viét hon. Con céc
n-parafin ¢6 phan t&r lugng 16n dé tao tinh thé lam tic voi phun va mit tinh
linh déng, gy nguy hiém cho may bay.

Nhiét ning khi d6t chdy cic loai hydrocachon giam theo ddy sau:
Parafin > naphten > aromat

Ngoai yéu cdu vé nhiét chdy, nhién lién cdn phai chdy hoan toan, khéng
duoc tao cde, tao tin, vi nhitng chét nay s& 1am tic voi phun. Vé mit nay thi
hydrocacbon thom khéng dat yéu cdu (tao nhiéu cdc). Mitc dé tao tan va tao
coc clia cdc hydrocacbon sip x€p theo diy sau:

Hydrocachon thom > olefin > izo-parafin, naphten > n-parafin
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D¢ dinh gia khé ning tao can cacbon. ngudi ta sir dung dai luong “chiéu
cao ngon hita khiong khéi™; a6 1a chiéu cao (6t da clia ngon lta khong cé khoi
tinh bang mm, khi d6t nhién liéu trong dén ddu tiéu chuin. Chiéu cao ngon
lira khong khéi cang cao chimg td nhién licu chdy cang hoan toan. Chiéu cac
cang thap, kha nang tao can cacbon cang 16n. Cic n- parafin ¢ho chiéu cao
ngen lira khong khéi cao nhat.

n-parafin > izo-parafin > naphten > aromat

Nhu vay, trong thanh phdn kerosen, parafin va naphten 12 cdc cau wr thich
hcp nhat cho qud trinh chdy trong déng co phan luc; ham lugng cua ching
nam trong khodng: véi parafin tir 30 d&n 60%; véi naphten tr 20 dén 45%

Khi trong nhién li¢u ¢6 nhiéu hydrocacbon thom, phai ti€n hanh 10:;11 bat
sao cho con lai khoang 20 dén 25%. Cic n-parafin ¢6 phan tir lugng 16n dé bi
ket inh, cOn tao khung tinh thé 1am cho cdc phan (r nhé chui vio trong, lam
mat tinh linh dong, do vay ciing cdn phai tich bér. Thuc t& chi cho phép hén
hop nhién li¢u phan luc bat ddu mat tinh linh dong & —60°C.

Vi1 cac mdy bay phan luc lAm viéc & trén cao, dp sudt khi quvén giam
manh, dé trénh sy béc hoi manh, tao cic nit hoi trong h¢ théng, yéu cau
nhién liéu phan lyc phai ¢é 4p suit hoi bio hoa vio khoang 21 kPa & 38°C.

Cac hop chat phi hydrocacbon chia trong phan doan kerosen dé& ¢é anh
hudng xau dén tinh chit st dung cia nhién liéu. Cac chat chia S khi chdy
tao 8Q;, SO5 gay an mdn & nhiét do thip, déng thoi con gay can bam trong
buéng dét, chil y€u la nén dién, voi phun, tuye thoat san phim chdy, gay tro
ngai cho qud trinh. Cdc ch4t chiia oxy nhu phenol, axit naphtenic déu lam
ting kha nang an mon cia thtang chia, 6ng dan nhién lieu. Cdc chat chita
nitd lam cho nhién li¢u kém &n dinh, bi€én mau. Céc kim loai ndng, nhat la
V. Ni nam trong san phdm chdy & nhiét do6 cao, khi dap vao tuabin chinh sé&
gay an mon va phd hong cdc chi ti€l cla tuabin, do viy quy dinh ham lugng
Shax 12 0,3% TL,

Hién nay ¢ Viét Nam chu y&u sir dung loai nhién liéu phan luc cua Nga.
Co6 thé tham khdo mét s6 chi tiéu cla cdc loai nhién li¢u phan lyc trong bang
ITL.18.

111.3.2.2. Kerosen lam ddu hod din dung

Tir phan doan kerosen, v&i khoang s6i 200 dén 310°C c¢6 thé san xut
dau hoa, sir dung lam ddu hoa dan dung nhu: thap sdng, dun nau. Piac tinh
quan trong la chiéu cao ngon lira khéng khéi. Dé dam bao ngon lua sang
dep, 16, déu, chiéu cao nay phai l1én hon 20 mm. Nhu viy, hydrocacbon
parafinic va naphtenic ddp tng yéu cdu nay. Nhién liéu chita nhiéu hydro-
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cacbon thom s& cho chiéu cao ngon lira khoéng khéi nhé hon 20 mm, déng
thoi ngen lia d6, tao nhiéu tan. N€u trong nhién liéu chita nhiéu luu huynh,
khong nhitng gay ddc hai truc ti€p cho ngudi st dung ma con lam cho béng
dén ma di, khong dam bio cudng d¢ chi€u sdng cla ngon lira. Chi tiéu vé
ddu hoa dan dung cua Viét Nam xem & bang I111.19.

Bdng 111.18. Cac chi tiéu cha nhién liéu phan luc

Mic qui Philipine SNG
Chitigy Ph_‘m% dnhbang | pryong Micqui | Phuong | Mic qui
chat fugng phap thir Petrohm?x phap thir dinh phap thi dnh
nhap khéu
Ty trong & 15°C, | ASTM-D1298 |0,780+0,840 [ ASTM-D1298 [0,755+0,840 | G.3900 | max 0,775
Ham lugng S, ASTM-D1226 | max(,30 | ASTMD1226 | max (.30 |G.1921 max 0,10
%TL
Diém déng ASTM-D2386 | max —47.00 | ASTM-D2386 | max—470 |G5086 | max—550
dac, "C
Nhiét 86 chép ASTM-D56 min 40,00 | ASTM-D56 min 10,0 | G.6356 min 28,00
chay céc kin,°C
Diém knéi, mm  [ASTM-D1322 | min 2000 | ASTM-D1322 | min 190 |G.433 min 25,00
An mon déng ASTM-DA30 [ 1(2W100°C)| ASTM-D130 | 1(3n50°C)
B nhét, cSt ASTM-D445 max8,0 | ASTMD445 | max80 |[G.33 min 1,25
§-20°C §-20°C §+20°C
Nhiét tri, kJkg ASTM-D4529 | min 40000 G11065| min43120
Nhya thue t& ASTM-D831 max 4,0 G.1567 max 4,0
mg/100ml
Mau saybolt ASTM-D166 | min 25,00
Thanh phan cdt | ASTM-D86 ASTM-D86 G177
- Piém sdi dau, °C max 160,00 min 135,00
- Diém cat 50%,°C max 250,00 max 225,00
- Biém s6i cusi, °C max 300,00 max 300,0 max 280,00
(@&m ot 98%)
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Bang [11.19. Chi tiéu dau hod dan dung theo tiéu chudn Viét Nam

Cac chitisu Phuang phap thi Mtc qui dinh
Mau saybolt ASTM-D1586 min 20
Axit téng, mg KOH/g ASTM-D3242 max 0,002
Chi&u cao ngon I{ra khéng khéi, mm ASTM-D1322 min 1§
Thanh phan ¢t phan doan, °C
- Didm s6i dau min 144
- Diém cat 50% min 200
- Pim ¢4t cudi min 277
- Can trung binh max 1,00
Ham lvgng luu huynh, %TL ASTM-D1266 max 0,1
Biém chdp chay céc kin, °C ASTM-D93 min 36
Luogng nhya thuc t&, mg/100 m ASTM-D38t1 max 1
Do nhét & 20°C, ¢St ASTM-D445 max 3,5
An mon déng, 2 h/100°C ASTM-D130 1
Khdi lugng rieng & 15°C, giem® ASTM-D1298 max 0,83

111.4. PHAN POAN GASOIL NHE

Gasoil nhe, con goi 1a phan doan ddu diézen, ¢é khoang nhiét do soi tir
250 dén 350°C, chia cdc hydrocacbon cé 56 cacbon tir C ¢ dén Cag, Ca.

I11.4.1. Thanh phan hod hoc

Phan lén trong phan doan niy la cdc n-parafin, izo-parafin, cdn hydro-
cacbon thom rit it. G cudi phan doan ¢6 nhitng #-parafin ¢6 nhiét dé két tinh
cao, ching 1a nhing thanh phan gay mdt tinh linh déng cta phan doan &
nhiét d6 thdp. Trong gasoil, ngoai naphten va thom hai voug 13 chu yéu,
nhilng chit c6 ba vong bét ddu tang 1én va con céc hop chit véi can triic hén
hop (gita naphten va thom).

Ham luong cdc chit chia S, N, O tang nhanh. Luu huynh chi yéu &
dang disunfua, di vong. C4c chat chita oxy (& dang axit naphtenic) c6 nhiéu
va dat cyc dai & phan doan nay. Ngoii ra cdn cdc chit dang phenol nhir
dimetylphenol. Trong gasoil di xu4t hién nhua, song con it, trong lugng
phan tr cia nhya con thip (300 =+ 400 d.v. C).
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111.4.2. Ung dung ciia phan doan gasoil

Phéan doan gasoil clia ddu mo cho yéu dwoc sir dung lam nhién liéu cho
dong co diézen; mot loai nhién liéu ma hién nay trén th€ gidi si dung rit
phd bién. D€ hién rd ban chit chdy cha loai nhién ligu nay, phai xem xét
nguyén tac lam viéc cia dong co diézen.

I11.4.2.1. Pong co diézen

Dong co diézen (hinh I11.5) ciing lam viéc theo nguyén tic 4 ky nhu
dong co xang, nhung khic dong co xang & ché:

Trong dong co xang: hén hop nhién liéu va khong khi duge bée chdy
sau khi nén dién diém lira; ¢dn & dong co diézen, hdn hop nhién liéu duge
dua vao xylanh, & d6 khong khi di dugc nén truée va di ¢d nhiét do cao,
nhién liéu s& tu béc chdy.
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Hinh HL.5. Mo hinh buéng ddt cla déng co diazen.

1- Thanh truyén: 2- Xylanh; 3- Piston; 4,7- V6i phun nhién liéu; 5- Van nap khéng khi;
8- Van thai san pham chay; 8- Biém chét trén; 9- Biém chét dudi.

Pdng co xang c6 ty $6 nén thip hon so véi ddag co diézen (ty s6 nén la

ty s6 giita thé tich ciia xylanh khi piston nim & vi tri diém chét dudi va diém
chét trén so véi phan thé tich chét & phan trén}. V6i déng co xang, ty 18 dé 1a
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tr 7/1 dén 11/1, con dong co diézen la tr 14/1 dén 17/1; vi vay dong co
diezen cé cong sudt 16n hon dong co xing trong khi tiéu hao cung mot lugng
nhién liéu.

* Nguyén Iy lam viéc: Hanh trinh dong co diézen theo 4 chu ky: huz,
nen, chdy, thai. Khi piston di tir diém chét trén xu6ng diém chét dudi, van
nap mo ra, khong khi duge hit vio xylanh: sau dé van nap dong lai; piston
lai di tir diém chét duéi lén diém chét trén. thue hién qud trinh nén khong
khi. Do bi nén, 4p sudt tang, din dén nhiet do tang, ¢6 thé tdi 500 dén
700"C. Khi piston dén gin diém chét tréen, nhién i1éu duge phun vio xvlanh
(nh& bom cao 4p) dudi dang suong, khi gap khong khi & nhiét do cao s&
bdc chdy. Khi chdy, 4p sudt tang manh diy piston tir vi tri diém chét trén
xudng diém chét dudi thuc hién qu4 trinh dan nd sinh coéng c6 ich va duoc
truyén qua hé théng thanh truyén lam chay mdy. Piston sau dé lai di 1 diém
ché&t dudi 1én diém chét trén d€ thai san pham chdy ra ngoai qua mot van thai
va t1€p tuc thyc hién hanh trinh méi.

111.4.2.2. Bdn chdt cia qué trinh chdy

Nhien li¢u sau khi phun vao xylanh khong tu chdy ngay, ma phai cé mot
thoi gian dé€ oxy hod sau cdc hydrocacbon trong nhién ligu, tao hop chat
chita oxy trung gian, ¢6 kha nang tyr b6c chdy. Khoang th&i gian dé goi la
thoi gian cam Ung hay thoi gian chdy tré. Thai gian cam ling cang ngin cang
16t, ldc d6 nhién liéu s& chdy diéu hoa.

Nhu vay, dé c6 thoi gian chdy tré ngan thi trong nhién liéu phai ¢é
nhi€u cc chdt #-parafin, vi céc cdu tir nay dé bi oxy hod, titrc 1a rat dé tu bac
chay. Con cdc izo-parafin va cdc hgp chit hydrocacbon thom rat khé bi oxy
hod nén thoi gian chdy tré dai, kha ning ty b6c chdy kém, C6 thé sdp x€p thi
tur theo chiéu giam kha ndng oxy hod (tic 1a tang thoi gian cam Ung) cua céc
hydrocacbon nhu sau:

n-parafin < naphten < n-olefin < izo-naphten < izo-parafin
< jzo-clefin < hydrocacbon thom

Nhu vay, quy luat vé dnh hudng cia thanh phin hydrocacbon dé&n tinh
¢hat chdy cua nhién liéu trong dong co diézen hoan toan nguge vai tinh chit chdy
trong déng co xang.

111.4.2.3. Tri 56 xetan
Pé dac trung cho kha nang tir béc chdy cua nhién liéu diézen, ngudi ta

sir dung dai lugng tri s6 xetan. Tri 8 xetan 1a don vi do quy udc, dac trung
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cho kha nang ty bét lifa cia nhién ligu diézen, la mot s& nguyén, cé gid tri
ding bing gia tri clia hdn hop chufin ¢6 cling kha niang tu bat chdy. Hon hop
chudn nay gém hal hydrooacbon: a-xetan (CjgHsq) quy dinh 1a 100, cé kha
nang tu bat chdy tét vd a-metyl naphtalen (C;;Hp) quy dinh 1a 0, cé kha
ning tu boc chdy kém.

Cic hydrocacbon khdc nhau déu c¢6 tri s6 xetan khdc nhau: mach thing
cang dai, tri s6 xetan cang cao; nguge lai, hydrocacbon thom nhiéu vong, tri
sO xetan thap (bang I11.20).

Bdng H1.20). Tri s6 xetan clla mdt 6 hydrocachon

Hydrocacbon Cong thic Tri 6 xetan
n-dodecan CizHzs 75
3-etyldecan CazHzs 48
4 5-dietyloctan CigHze 20
n-hexadecan {xetan) CisH34 100
7.8-dimetyl hexadecan CigHze 44
n-hexadexen (xeten} CisHas 91
5-butyl dohexen CigHae 47
n-hexyl benzen CigHz 27
n-heptyl benzen CizHao 36
n-octyl benzen Gtz 51
a-metyl naphtalen CiiHio ¢
butyl naphtalen bac 3 CiaHig 3
butyl decalin bac 3 CiqHag 24
n-dodexyl benzen CigHap 80

Phan doan gasoil chung cét tryc ti€p tir ddu mo parafinic bao gio ciing
¢6 tri 88 xetan rat cao. Vi dy, tri s& xetan cua gasoil tir ddu md Bacu: 60; ti
diu md Grosny: 75 + 80. N&i chung, gasoil khai thdc tryc ti€p tr ddu mé
khéng cdn qua qud trinh bién d6i hod hoc nie ma vin thich hop dé sir dung
lam nhién liéu diézen. Yén cdu vé tri s§ xetan cia déng co diézen téc 46
cham (dudi 500 vg/ph) chi cdn trong khoang 45 dén 50. V6i dong co diézen
chay nhanh (500 dén 1000 vg/ph) chi cin trén 50.
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Neéu trj s6 xetan cao qud s& khong can thiét vi giy lang phi nhién liéu,
mot 3§ thanh phin nhién lidu trude khi chdy, & nhiét dé cao trong xylanh bi
thi€u oxy nén phan huy thanh cacbon tu do, tao thanh muoi, theo phan ng:

[4)
C.H, LT o xC + %Hg

N€u tri s6 xetan thdp s& xdy ra qud trinh chiy kich né do: trong nhién
lieu €6 nhiéu thanh phin khé bi oxy hod, khi ltong nhién liéu phun vao
trong Xylanh qud nhi€u mdi xdy ra qud trinh ty chdy, din dén chdy cling mot
lic, gay toa nhiét manh, 4p sudt ting manh, dong co rung giat,... goi 1 chay
kich né.

Dé ting tri s6 xetan, ¢6 thé thém vao nhién licu cic phu gia thic ddy
qud trinh oxy hod nhw: izo-propyl mitrat, n-butyl uitrat, amyl nitrat... Vé&i
luong khoang 1,5% thé tich, chat phu gia c6 thé 1am ting tri s& xetan lén 15
dén 20 don vi.

HI4.2.4. Anh huong ciia cde hop chdt phi hydrocachon

Cac chat chita 8 lam cho chét lwong nhién liéu x4u di, vi khi chédy tao ra
S0O,, SO; gly an mdn manh; ngodi ra cic hop chit cua S phéan huy tao ra cin
rat cing bim vao piston, xylanh,

Cdc chit chia oxy nhur axit gay an mon; cdc mudi cla axit nay hoa tan
trong nhién li¢u lam cho nhién liéu bi€n mau, déng cin, ting d& mai mon.

Céc chit nhya khong bi chdy hoan toan, bj phan huy trén xylanh, tao
cdc, mii mdn lam gidm d¢ kin gita piston va xylanh.

I11.4.3. Xu thé hoan thi¢n phidm cap nhién liéu diézen (DO)

Hién nay, trén thé gidi c6 xu hwéng diézen hoi cdc loai dong co. Nhu
vdy, nhién li¢u diézen s& duoc sir dung ngdy cang nhiéu hon so véi nhién
liéu xang. C6 thé tham khio céc vu diém ciia dong co sit dung nhién l:éu
diézen qua cdc thong s& sau:

- Dong co diézen ¢é ty 58 nén cao hon so véi dong co xang, nén cho
cong sudt 16n hon khi sit dung ciing mot luong nhién lidu.

— Nhién ligu diézen ré hon so véi xiing do khong phai qua céc qud trinh
ch€ bién.

- Khi thai cua déng co diézen khong doc hai bing khi thai cla dong co
xdng, do nhién liéu DO khong cdn cé phu gia.
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Vi céc 1y do trén, dong co diézen va nhién liéu DO ngiy cing phdt trién
vi ¢d Uing dung rong rai.

Viéc hoan thién phim cip, chat lugng nhién liéu diézen c6 y nghia to
16n trong viéc nang cao nang sudt thiét bi, tudi tho dong co, bio vé moi
trudng sinh thdi; bao gdm cdc vin dé sau:

a. Giam t6i thidu lwgng NO, vd mudi rén trong khi thdi cua dong co
bing cdch tudn hoan khi thaj, st dung bé xic tac.

b. Giam 16i thiéu luong lwu huynh (S < 0,5%). Tham chi 6 My, Nhat,
Han Quéc: S £ 0,05% trong luong.

¢. Giam ham luong hydrocacbon thom (14 cdc ciu tir 6 tri s6 xetan thap
va doc hai) xuéng con thip hon dudi 20% thé tich.

Dé ddnh gid chit luong cia nhién liéu digzen, ngoai tri s& xetan 14 chi
tiéu chinh, cdn st dung hing loat cdc thong s6 khdc nhu: thanh phan cét, do
nhét, ty trong, ham lugng lwu huynh, nhiét d6 chép chdy... Cé thé tham khdo
chi tiéu ciia mot s6 Joai nhién lién diézen trong bang 111.21 va bang T11.22.

C6 thé san xuit nhién lien DO bing cich chung cit tryc ti€p ddu tho va
liy phan doan c6 nhiét do s6i 250 dén 350°C. Tuy nhién dé ¢6 DO cho mua
dong can phai tich bét n-parafin c6 phan tir lugng 16n dé khéng can trd dén

qué trinh phun nhién liéu (v1 cdc chit nay ¢6 do nhét qué 16n khi giam nhiét
do, 1am mdt kha nang linh’ dong).

IILS. PHAN POAN GASOIL NANG (PHAN DOAN DAU NHON)

Vé6i khoang soi tir 350 dén 500°C, phan doan nay bao gém céc hydro-
cacbon tit Co; + Cis, hodc co thé 1én 1di Cyp-

I11.5.1. Thanh phan hoa hoc

Do ¢6 phan ti lirgng 1én, thanh phan hod hoc cia phan doan ddu nhon rét
phtic tap: cdc n- va izo-parafin it, naphten va thom nhiéu. Dang cdu tric hon hop
tang (bang II1.23).

Ham lrong cdc hop chat cia S, N, O tang manh: hon 50% luong lvu
huynh cé trong ddu mo tap trung & phan doan niy, gém cdc dang nhu disunfua,
thiophen, sunfua vong... Cdc chat nito thudng & dang déng ding cia pyridin,
pyrol va cacbazol. Cdc hop chat oxy & dang axit. Cdc kim loai nang nhu V,
Ni, Cu, Pb,...; c4c chét nhua, asphanten déu cé mat trong phan doan.
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Thong thudng, ngudi ta tdch phan doan ddu nhdn bing cich chung cit
chan khong phin can ddu md, dé tranh phan huy cac chdt & nhiét do cao.

Xang
. chung et F
Dau thé & ap sudt thuemg Kerosen ( 8an pham trang
Diezen
- chimg cat .
Cén mazut koG D4u nhan

Bdng 111.23. Thanh phén hydrocacbon trong diau nhom (mo Poncacity)

Loai hydrocacbon % thé tich trong dau nhan

n-parafin 13,7
izo-parafin 8,3
Naphten 1 vong 18,4
Naphten 2 véng 9,9
Naphten 3 véng 16,5
Hydrocacbon thom 1 véng + naphten 10,5
Hydracacbon tham 2 véng + naphten 8.1
Hydrocacbon thom 3 véng + naphten 6.6
Hydracacben tham nhiéu véng ngung tu vdi cac chat

phi hydrocacbon 8.0

I11.5.2. Ung dung cua phan doan dé san xuat ddu nhon

H1.5.2.1. Céong dung cua dédu boi tron

a. Céng dung lam gidm ma sdt

Muyc dich co ban chia ddu nhon 12 boi tron giita cdc bé mit ti€p xtc cila
cdc chi ti€t chuyén dong nhim giam ma sit. Mdy méc s& bj mon ngay néu
khong c6 ddu boi tron. Néu chon ding ddu boi tron thi he s6 ma st giam tir
100 dén 1000 lan so véi ma sdt kho. Khi cho ddu vio mdy véi mot 16p du
day, ddu sé& xen k& giira hai bé mat. Khi chuyén déng, chi c6 cdc phan tir ddu
nhon trugt 1én nhau, Do d6 mdy méc lam viéc nhe nhang, it bji mon, giam
duge cong tiéu hao vo ich.

b. Céng dung lam mdt

Khi ma sit, kim loai néng 1én, nhu vay moét lugng nhiét dd duge sinh ra
trong qua trinh d6. Lugng nhiét 16n hay nho phu thudc vio hé s ma sdt, tai
trong, t6c do. Téc do cang 16n thi lugng nhiét sinh ra cing nhiéu, kim loai s&
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bi néng 1am mdy méc lam viéc mat chinh xdc. Nho trang thdi 16ng, ddu chay
qua cdc bé mat ma sdt dem theo mot phidn nhiét truyén ra ngoai, lam cho
may mdc lam viéc t6t hon,

c. Céng dung lam sach

Khi lam viéc, bé mat ma st sinh ra mun kim loai, nhitng hat rin nay s&
1am cho bé mat cong téc bi xudc, hong. Ngoai ra, ¢6 thé ¢6 cét, buyi, tap chét
& ngodi roi vdo bé mat ma sdt. Nhe ddu nhon luu chuyén tudn hoan qua cac
bé mit ma sit, cudn theo cdc tap chit dua vé cacte ddu va dwge ling loc di.

d Céng dung lam kin

Trong céc dong cd, ¢6 nhiéu chi tiét truyén dong cin phai kin va chinh
xdc nhw piston - xylanh, nhd khd nang bdm dinh tao mang, ddu nhon cé thé
g6p phdn 1am kin cdc khe hd, khong cho hoi bi rd ri, bio dam cho mdy lam
viéc binh thudng.

e. Bdo vé kim loai

B& mat miy mée, dong co khi 1am viéc thudng ti€p xic véi khong khi,
hoi nuéce, khi thai... 1am cho kim loai bi 2n modn, hu hong. Nh& ddu nhdn ¢6
thé 1am thanh mang mong phl kin 1&n bé mat kim loai nén ngan céch duge
v6i cdc y&u 8 trén, vi vay kim loai duge bao vé.

I11.5.2.2. Phan logi ddu nhon

Theo ¥ nghia st dung, ddu nhém cé hai leai chinh, d6 la:

1. Ddu nhom st dung cho muc dich b6i tron (goi 12 ddu dong ca).

2. Dau nhon khong st dung cho muc dich boi tron (ddu cong nghiep).

Trong thuc t&, ddu dong co chi€ém mot ty ¢ khd 16n trong cong nghiép
san xudt ddu boéi tron néi chung (khodng 40%) va dugc sir dung phé bién.

- Phan loai theo muc dich sir dung: cé chit S - ddu nhdn cho dong co
xang; ¢6 chit C - cho do¢ng co diezen. Trong do: SA, SB, SC, SD; CA, CB,
CC, CD: tai trong ning dan.

- Phén loai theo do nhdt (SAE):

+ ¢6 chit W: ddu mbda dong;
+ khong ¢6 chit W: ddu mia he;
+ ¢6 ca 2 nhém: diu 4 mua.

Vi du: 10W: ddu mia dong, d¢ nhét x4c dinh & -18°C; SAE 20: ddu mia
he, d6 nhét xdc dinh & 100°C; SAE 20W - 50 (d4u 4 mua) c6 y nghia: mila
déng tuong ting véi cdp 4o nhot 20, cdon mda he tuong Ung v§i cdp d6 nhét 50,

I11.5.2.3. Cdc ddc trung co bdn cia ddu boi tron

a. Dg nhét

D6 nhé6t clia mot s§ phan doan diu nhdn 1a mét dai lugng vat 1y dac
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trung cho tr¢ Iuc do ma st néi tai cha né sinh ra khi chuyén dong. Do vay
dd nhét ¢6 lién quan dén kha ning boi tron cla dau nhom.

D¢ thyc hién nhiém vu boi tron, ddu nhon phdi cé d¢ nhét phit hop, phai
bam chac [én bé mat kim loai va khong bi ddy ra ngoai, c6 nghia i né phai cé
ma sat ndi tai nho.

B0 nhét cia dau nhdn phu thuge chi y&u vao thanh phin ho4 hoc.

Céac hydrocacbon parafinic ¢6 do nhét thdp hon so véi céc loai khéc.
Chiéu dai va d6 phan nhénh clia mach hydrocacbon cang 16n, dé nhot sé tang Ién.
Céc hydrocacbon thom va naphten ¢6 d6 nhét cao. Pac biét, s6 vong

cang nhicu thi d6 nhdt cang lon. Cic hydrocacbon hén hop giita thom va
naphten cé d¢ nhét cao nhat.

Do nhét cia ddu nhon thudng duge do bing poazag (P), centipoazo (cP)
(dgi v6i do nhét dong luc), hodc stéc (St), centistSe (cSt) (d6i vé6i do nhot
déng hoc).

b. Chi 56 d6 nhot

Mot dic tinh co ban nita clia ddu nhon d6 la sy thay ddi d6 nhét theo
nhi¢t do. Thong thudng, khi nhiét d6 tang, do nhét s& gidm. Ddu nhan dugce
coi la ddu boi tron t6t khi do nhét ca né it bi thay déi theo nhiét do, ta ndi
rang ddu d6 ¢6 chi s6 do nhdt cao. Nguoce lai, néu do nhée thay déi nhiéu
theo nhiét 46, c6 nghia 12 ddu ¢6 chi s& do nhét thap.

Chi 56 do nhét (V) 1a tri s6 chuyén ding dé ddnh gid su thay déi do
nhét cia ddu boi tron theo nhiet d6. Quy wée ddu gdc parafin c6 do nhét it
thay ddi theo nhiét do, VI = 100; ho ddu géc naphten ¢6 do nhét thay déi
nhicu theo nhiét do, VI = 0. Nhv vy chi 56 do nhét 1a mot dai lugng ¢6 tinh
quy udc. Chi s6 do nhét c6 thé xdc dinh theo tieu chudn DIN 51564 (Cong
hoa Lién bang Pirc) hoic theo ticu chudn ASTM D2270 (M#¥) (hinh II1.6):
L-U
L-H"
trong d6: U la do nhdt dong hoc & 40°C ciia ddu ¢6 chi s6 d6 nhét cdn phai

tinh, mm?s;

L 1a do nhdt dong hoc do & 40°C cha mot loai dau cé chi s6 do
nhét bang 0 va cing d6 nhét dong hoc & 100°C vdi ddu can tinh
chi s8 dé nhét, mm?/s:

H 1a do nhét dong hoe do & 40°C cha mot loai ddu cé chi s6 do

VI = 100
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nhét bang 100 va cung do nhdt dong hoc & 100°C véi ddu ma ta
cin do chi s6 do nhot, mm?/s.
Néu do nhét dong hoc ciia ddu & 100°C nho hon hosc bing 70 mm?/s, thi
cdc gid tri twong dng cua L va H cin phai tra trong bang ASTM - D2270.
Bang II1.24 trich din mdt phan bang ASTM - D2270.

&

VichadaulU = x 100

b6 nhét déng hoe

)

Nhigt da, °C

Hinh I1L.6. Sy thay ddi d6 nhét clia ddu bai tron theo nhigt do,
ly gidi vé chi s6 do nhat (VI).

Bdng IT1.24. Nhitng gia tri L va H ung véi d6 nhat dong hoc ¢ 100°C

Do nhét dong hoc & 100°C, mm%s Gia tri L Gid tri H
2,0 7,994 6,394
2,1 8,64 6,894
5,0 40,23 28,49
5,1 41,99 29,49
15,0 296.5 1497
15,1 300,0 151,2
20,0 4932 229 5
20,2 5015 233
70,0 4905 1558
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Né&u dé nhét dong hoc & 100°C 16n hon 70 mm?/s thi gid tri L vA H duge
tinh nhu sau:

L =0,8353Y%+ 14,67Y - 216
H =0,1684Y> + 11,85Y - 97
trong dé Y 1a d6 nhdt dong hoc & 100°C cia dau cin tinh chi s& do nhdét,
mmzfs.
Ngoai ra, ¢6 thé xdc dinh chi s6 d6 nhét VI theo todn d6 nhu & hink I11.7.
Céch xdc dinh nhi san: Pat thuée usi 2 diém gia tri d6 nhét & 40°C va

100°C, diém cit s& 1a gi4 tri chi s& d6 nhét VI c¢dn tim.

By nhét & 40°C {104°F), St
10 20 30 4050 80 80100 150 200 300 400 600
Lo b dotbeedestonde b b en fenb e byl L |

Chi s8 49 nhdt

MR L R R AN LIRS L R L A A R A Y
0 20 40 60 80 100 120 140 180 180 200 220 240 260

Hinh I1l.7. Toén d8 dé xac dinh chi $6 do nhat VI,

II1.5.2.4. Sdn xudt ddu nhon

D¢ thuc hién duogc chitc nang béi tron t6t, ddu nhon phai ¢é d6 nhét khé
cao d€ duy tri duge mang ddu lién tyc, mat khac chi s6 do nhét phii cao dé
khi mdy méc lam viéc & nhiét do thuong, cling nhur & nhiét dé cac &6 nhét dé
it bi thay déi (c6 nghia l1a ddu phai cé chi s6 do nhét cao). PE dar dwoc muc
dich trén, nguyén liéu t6t nhat d€ san xuit ddu nhon goc la:

— Cic n-parafin sau khi di t4ch bét cdc chét ¢6 phan ti luong qua 1én dé
tranh su két tinh.
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— Cic hydrocacbon naphtenic hodc thom {t vong, ¢ nhdnh phn dai; céc
cdu tir nay 1a nguyén liéu 1y twong dé san xuft diu nhon gée, vi ching vira
cho dg nhét cao (tinh chét cua cdc vong naphten, vong thom); vira cho chi s8
d6 nhét cao (tinh chit cia nhanh phu - parafin).

Nhing phan doan diu nhon cha ho naphtenic hodc trung gian giita
naphteno - aromatic khong thé san xuét duge ddu nhim cé chit lugng t6t vi
ching ¢6 nhiéu vong thom ngung tu v6i nhdnh phy ngan, loai niy cho chi s6
dé nhdt rat thap.

Sau khi ¢6 ddu nhon g6c, dé san xudt dan nhon thuong phdm, ngudi ta
phai pha thém cdc phu gia nhim muc dich ting cudng céc tinh chit sin ¢6,
hodc tao ra nhitng kha nang ma trong dau nhan gdc chua ¢é. Cic loai phu gia
thuong la:

— Phu gia chéng oxy hod bao gém cdc din xuat cia phenol, amin nhu:

OH CH, }|I
CH;— @C CH, RN—@-R
2 6-di-fert-butyl-p-crezoi phenyl-a-naphtylamin

— Phu gia tang chi s& d6 nhot:

CH, CH,
(—CHr(I?—)n (—CH&— %—)n

CH,4 COOCH,;
poly-izo-butylen polymetacrylat

— Phu gia itc ¢ch€ in mon:

CH;
Ifl S
N
O
benzothiazol tecpen sunfua
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— Phu gia tdy rira:

SO.R SO.R
a2 a3
" SO.R “~OH

canxi sunfonat trung tinh canxi sunfonat kiém
— Phu gia ha diém déng:
OH
R\@@,R R R
R
naphtalen da dugc alkyl hoa ¢ac alkyl phenol mach dai

va nhiéu cdc phu gia khéc.
Phu gia dé pha ch& ddu béi tron phai ddp Ung dvge yéu ciu: tan trong
ddu gdc, én dinh hod hoc, khong doc hai, ¢6 tinh tuong hop va do bay hoi thap.
I11.5.3. Ung dung cGa phan doan dé san xuit cac san phém tring

Cédc san pham tring 14 tén goi cla ba loai nhién liéu Ja: xing, kerosen,
diézen. D6 14 cdc loai nhién liéu duge sit dung nhiéu nhat, quan trong nhat.
Dé lam tang s6 lugng cdc nhién lidu nay, ¢é thé ti€n hanh phan huy gasoil
ning bing phuong phdp cracking hodc hydrocracking. Véi cich nay, cé thé
bién cdc cdu tlr Cyy + Cyp thanh xang (Cs + Cyy), kerosen (Cy, + C¢), diézen
(Cys + Cap), nhu viy, ning cao duge hiéu sudt s dung cia ddn méd. Cic qud
trinh ndi trén s& duge xét k¥ & phan thi hai cia tai liéu nay.

IIL.6. PHAN DOAN CAN DAU MO (CAN GUDRON)
IIL.6.1. Tharh phan hoa hoc

Gudron 14 phdn con lat sau khi &3 phéan tich cdc phian doan ké trén, ¢6
nhiét do soi 16n hon 500°C, gém cdc hydrocacbon cé 56 nguyén tir cacbon
16n hon Cy;, gidi han cudi cling c6 thé dén Cgp.

Thanh phéin ¢la phan doan nay rdt phic tap. C6 thé chia thanh ba nhém
chinh sau:

1. Nhom chdt ddu

Nhém chit dau bao gém cdc hydrocacbon c6 phin tr lwgng [6n, tap
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trung nhiéu cdc hgp chdt thom c¢é dd ngung tu cao, ¢iu triic hén hop nhiéu
vong gilta thom va naphten; diay 1a nhom hop chat nhe nhit, ¢é ty trong xdp
xi bing 1, hod tan trong Xang, n-pentan, CS,,..., nhung khéng hod tan trong
con. Trong phan doan ¢an, nhdm dau chiém khoang 45 dén 46%.

2. Nhém chdt nhuu (edn goi la nhom malten)

Nhém nay & dang keo qudnh; gdm hai nhém thanh phin, dé la cic chat
trung tinh vi cdc chit axit.

Cidc chat trung tinh ¢6 mau den hodc nau, nhiét d6 hod ném nho hon
100°C, ty trong 1én hon 1, d& dang hoa tan trong xang, napbta. Chit trung
tinh tao cho nhua ¢6 tinh déo dai va tinh dinh k&. Ham lugng cila né anh
hudng truc tiép dén do kéo dai cua nhua; chi€m khoang 10 dén 15% khéi
luong cha can gudron.

Cic chét axit 1a chat ¢6 nhém —COOH, mau nau siim, ty trong 16n hon
1, dé hoa tan trong cloroform vi rugu etylic, chét axit tao cho nhua cé tinh
hoat dong bé mat. Khd ning két dinh clia bitum phy thuéc vio ham lugng
chat axit ¢ trong nhua; né chi chi€ém khodng 1% trong cian dau mé.

3. Nhém asphanten

Nhém asphanten 1a nhém chit ran mae den, cdu tao tinh thé, ty trong
16n hon 1, chia phdn 16n cdc hgp chat di vong ¢é kha nang hoa tan manh
trong cacbon disunfua (CS,). Dun & 300°C khong bi néng chidy mi bi chdy
thanh tro.

Ngoai ba nhém chit ciinh ndi trén, trong can gudron cdn cé cdc hop
chat co kim cua kim loai nidng, cdc chdt cacben, cacboit ran, giéng nhu coc,
mau sam, khong tan trong cdc dung moi thong thudng, chi tan trong pyridin.

II1.6.2. ﬁng dung cua phan doan cin gudron

Phan doan cén gudron dugce st dung cho nhiéu muc dich khic nhau nhw
san xuat bitum, than cdc, b6 héng, nhién liéu 46t 16. Trong cdcing dung trén,
san xuit bitum la ing dung quan trong rnthit.

I1.6.2.1. San xudt bitum
a. Thanh phdn hod hoc cua bitum

Bitum 1a hén hop phitc tap cia nhiéu loai chét, trong dé ham lugng cic
nguyén t8 thu duge nhu sau:
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Cacbon (G 80+ 87%

Hydro (H) 10+ 15%
Luu huyonh (S} 2+ 8%
Nito (N)y 05+ 2%
Oxy {0) 1 + 5%.

Trong cdc nguyén t& k€ trén, ham lwong cacbon va hydro chi€m mét ty
I¢ twong d6i 16n. Qua d6 thdy ring nhém ddu 1a bo phan chit yéu dé tao
thanh bitum.

Céc chat asphanten quyét dinh tinh rip cia bitum, cé nghia 13 mudn
bitum cang rin thi phai ¢é ham lugng asphanten cang cao.

Cdc chét nhya quyét dinh tinh déo va khd ning gin két (tinh xi ming
hod) ciia bitum.

Céc chat dan lam ting khd ning chiu dung swvong gio, ning mua cla
bitum.

Mot loai bitum t6t, chiu thoi tigt t6t, cé do bén cao thi phai ¢é thanh
phan nhu sau: 25% nhua, 15 dén 18% asphanten, 52 dén 54% dau, Ty lé
asphanten v nhya khodng 0,5 dén 0,6. Ty 18 nhya va asphanten so véi dau tir
0,8 dén 0,9.

Céan cba diu md chira nhiéu parafin rin 13 nguyén liéu xdu nhit trong
san xudt bitum. Bitum s& ¢6 d6 bén thdp, tinh gin két kém do cé nhiéu
hydrocacbon khéng phan cue. Nguge lai, can ddu md loai aromatic hoic
naphten - aromatic [a nguyén liéu rdt t6t dé san xuét bitum.

Cac bitum c6 chat lugng chua t6t cé thé duoe bién tinh dé thu duge chat
lugng cao hon bing cach oxy hod véi O, trong khéng khi & 170 dén 260°C.
Trong qué trinh oxy hod, mét s6 phan ddu s& chuyén sang nhua, nhua sé
chuyén thanh asphanten, do d6é c6 thé thay déi dugc thanh phan cua loai
bitum khong tét.

h. Mgt 6 tinh chdt dde trung ciia bitum

— D¢ xuyén kim: 1a dai lugng dic trung cho d¢ qudnh cia bitum, dwoc
tinh bang milimét chiéu sau lin xudng cla kim dit dudi moét tai trong 100 g
trong thoi gian 5 gidy & 25°C. Do lin kim cang nho, bitum cang quénh.

— D¢ ddn dai: 1a dai lugng dic trung cho tinh déo cia bitum; dugce tinh
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bing centimét khi kéo cang mot miu ¢6 ti€t dién quy dinh & 25°C vdi toc do
kéo la 5 cm/ph. Do kéo dai cang lén thi tinh déo cua bitum cang cao.

— Tinh &n dinh nhiét. Khi nhiét do thay d6i, tinh cing, tinh déo cua
bitum ciing thay déi theo. Néu su thay déi ndy cang nhé thi tinh én dinh
nhiét cia bitum cang cao.

Tinh 6n dinh nhiét ¢cua bitum phu thudc vao thanh phan hod hoc ciia né.
Ham luong asphanten trong bitum tang thi tinh én dinh nhiét cGa bitum ciing
tang; ham luong parafin tang thi tinh on dinh nhiét giam. Ngudi ta dwa ra
biéu thic sau day dé tinh tinh dn dinh nhiét cia bitum:

T=Ty-Tc

T 1a tinh én dinh nhiét cia bitum;
Twm 12 nhiét 36 hod mém cha bitum (la nhiét dé lam cho bitum
chuyén tit trang thdi déo sang trang thdi 16ng);
Tc 14 nhiét do hod cing cua bitum (12 nhiét do lam cho bitum
chuyén tir trang thai 1éng sang trang thdi rén).
T cang 16n, tinh én dinh nhiét cang cao.

— Tinh én dinh véi théi gian: La kha nang cla bitum chéng lai tic dong
¢ila moi trudng xung quanh. Do anh hudng cia thdi gian ma tinh chat va
thanh phdn chia bitum thay déi. Sy thay déi d6 goi 13 sy hod gia cla bitum.

S& di bitum hod gia 14 do sy bay hoi cia cdc chiat nhém dau, lam cho
tinh qudnh cia bitum tang lén, tinh déo gidm xuéng, bitum tré nén gion.

Tinh 8n dinh v4&i th&i gian cha cdc loai bitum diu moé tuong d6i cao.
Thudng thi sau 10 dén 15 nam sk dung, c4c tinh chit ciia né mét thay déi rd rét.

Ngoai ra dé st dung 16t bitum, cdn phdi xem xét cdc chi tiéu khdc nhu
nhiét do bdc chdy, sirc cing bé mat, trong lugng riéng...

111.6.2.2. Ung dung cia phdin doan cdn lam nhién liéu dot lo

Cé thé sir dung truc ti€p phan doan can dau mo lam nhién ligu d6t 1o,
Nhiét nang ciia nhién lién ndy vao khoang 10.000 kcal/kg. Ty 1é gitta C va H
cang thap, nhiét ning cia diu cang cao.

Né&u trong nhién liéu nay c¢6 ham luong cdc kim loat néng 16n, khi chdy
s& tao hop kim véi séit ¢6 nhiét d6 néng chay thdp, din dé€n thing lo.
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Chuong IV

CAC DAC TRUNG HOA LY VA
SUDANH GIA CHAT LUGNG DAU MO

IV.1. XAC PINH CAC PAC TRUNG HOA LY CUA PHAN DOAN
DAU MO

IV.1.1. Thanh phan chung c¢at phin doan

Thanh phin c4t 12 moét trong nhitng chi tiéw quan trong cdn phai xdc
dinh d6i vdi cdc sdn phdm tring nhu xang, kerosen, diézen. Theo thanh phin
cat phan doan ¢6 thé biét dugc cdc loai sin phim thu va khéi lwgng cia
ching. Cic phan doan ddu bao gid ciing gém rit nhiéu cic don chat khic
nhau véi nhiét do so6i thay d6i. Do vdy, dic trung cho tinh chit bay hoi
cia mét s6 phan doan 13 nhiét d6 s6i ddu (T%q; g45,) va nhiét do két thic soi
(Toséi cu()’i)-

Qué trinh chung cat duoc thyc hién trong bo chung cat tiéu chuin
Engler (hinh IV.1) nén goi 14 chung cat Engler.

. Ben dat

. Binh chung tigu chuén
. Chup bédo on

. Nhigt ké

. Sinh han 1am ianh

. Hop lam lanh

. Binh himng

= T on 4= Ly R -

Hinh IV.1. Sa d6 chung c4t dé x4c dinh thanh phan phan doan

Cho 100 ml miu vao binh (2). Gia nhiét tir tir (t6c dé gia nhiét phu
thu¢c loai sin phidm cén chung, thong thudng khoing 4 dén § ml san phim
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trong | phit). Khi cé giot chit 1dng dau tién roi xudéng binh hing thi nhiét
do6 soi lic d6 12 T4 diu. ti€p theo d6 ghi lai nhiét d6 tng vé6i 10, 20, 30 ...,
90% thé tich. B&n khi nao cot thuy ngan trong nhiét k&€ tir cyc dai tut xudng
dot ngodt thi d6 1a T%; cusi-

Vi du, chung cit mot phan doan xang cracking xiic tdc, ta thu duge cdc
$& lién nhu sau:

T°ssi adu 37°C
T, (10% V) 50
T (30% V) 75
T%ei (50% V) 100
T°,; (70% V) 120
T (90% V) 188
T°si cusi 195

Tir cdc gi4 tri trén, dung dwge d6 thi phy thuée gita % san phdm chung
¢t duoc va nhiét d6 soi (hinh IV.2) goi 12 dudng cong chung cit Engler.

é-) 196 | Tosbi cudi
oy |
i |
@ |
: |
|
100 I
|
|
50 k
Tosbi dau I
|
|

100% s&n pham

Hinh IV.2. Butng cong chung c&t Engler cia mét phan doan xang cracking xtc tac.
Mé&i mét loai nhién ligu, duge dic trung bsi thanh phin chwng cét nhat

dinh. Nhung nhin chung, néu ciing 1a xang, hodc cung 1 kerosen thi yéu cau
vé khodng nhiét do s6i gin nhu nhau.
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a. Béi v6i xang dong co:
T diu khong qua  35°C
T° o (10% V) khong qua  70°C
T (50% V) khong qué 140°C
T; (90% V) khong qua 190°C

T o1 cusi khoéng qua 205°C
b. B&i v6i nhién liéu phan lye:
TC%ei aiv khéng qua 150°C

T i (10% V) khong qud 175°C
T%.ai (50% V) khéng qud 225°C
T°.s; (90% V) khéng qua 270°C
T i cusi khong qua 280°C
c. P41 vdi nhién liéu diédzen:
T o1 diu trén 150°C
T°si (50% V) khéng qué 290°C
T o1 (90% V) khong qud 370°C

Bai véi nhién ligr diézen thudng chi quan tam nhiéu dén T (50% V)
va T4, (90% V).

* Thanh phén cdt phin doan ctia xang dong co cé ¥ nghia rit quan trong.
Nhiét do soi1 tir 10 dé€n 30% c6 y nghia quyét dinh khad nang kh&i dong ciua
dong co. Kheoang nhiét d6 d6 cang thdp, dong co cang dé khdi dong khi mdy
ngudi. Tuy nhién néu thip qud dé tao nit hoi trong hé thdng cap nhién liéu,
gay hao t6n nhién liéu. Nén T°;; 10% khong nén vuot qua 70°C.

¢ Nhiét d6 cit 50% cé y nghia quyét dinh kha nang tang téc cia dong co
(kha nang nhanh chéng dat duoc téc d6 cin thist khi ma& van tiét luu) v qud
trinh d6t néng déng co. Néu nhiét d6 cdt 50% qud cao (it hydrocacbon nhe)
khi thay déi t8c d6, lwgng nhién liéu trong mdy it, cong suit gidm, diéu
khién xe khé khan. Do vAy nhiét dé cit 50% (tir 40 dén 70%) cang thip cing
tot vi dé dang ting s vong quay cua dong co lén mic t6i da trorg thoi gian
ngin nhit. Tuy viy néu thip qud dé tac nit hoi vA gay thit thoat nhién liéu
(vi vay khong nén vuot qua 140°C).
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e Nhiét do cdt 90% cé ¥ nghia vé mit kinh t&€ Néu nhiét do cat 90%
cao, xang khong boc hoi hoan toan trong buéng d6t. Xang & trang thai long
theo xylanh lot qua xecming di vao cacte chita ddu, 1am lodng diu nhon,
giam kha nang béi tron vd gay mai mdn dong co. T, nay khong qui 190°C.

e Nhiét d6 cat cudi (can cat) ddnh gid mic do bay hoi hoan toan va lam
loing ddu nhdn. Néu nhiét do soi cudi cao qud thi ddu nhdn sé bi rira tréi
trén thanh xylanh, mai mén piston, vi thé, T%4; cus khong nén qué 205°C.

1V.1.2. Ap suit hoi bio hoa

Ap sudt hoi bdo hod 12 mot trong cdc tinh chat vat 1y quan trong cla cdc
chat 1ong dé bay hoi. Pay chinh la 4p sudt hoi ma tai 46 thé hoi can bing vdi
thé 16ng.

Ap suit hoi bio hoa Reid 1a 4p suat tuyét d6i & 100°F (37,8°C) dac trung
cho kha ning bay hoi cioa phan doan xang. D6 1a dp sudt hoi cita xang do
dugc trong diéu kién clia bom Reid & 37,8°C. Pai lugng nay cang lén, d6 bay
hoi cang cao.

Ap sudt hoi bio hod duge xdc dinh trong dung cu tiéu chuin goi 12 bom
Reid (hinh IV.3}.

Cho xang vao binh 2, néi thong véi binh 7 rdi cho vao binh 6n nhiét, sau
khi én dinh nhiét d6 (37,8°C) trong 15 phit thi m& van 5 dé ndi toan bo heé
th&ng vdi 4p k€ thuy ngan. D6 chénh léch £ s& cho biét 4p suat hoi biio hoa
cla xing can do. D6 bdc hoi cia xang cang cao, do chénh 1éch /i cang Ién.

Hinh IV.3. Bom Reid
1- Budng khéng khi: 2- Budng chira xang; 3- Binh én nhiét; 4- Ap k& thuy ngan; 5- Van.
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Tieu chudn TCVN 5690 - 92 quy dinh 4p suit hoi bdo hoa cho xang 6t6
nhu sau:

Nhign ligu Ap suét hoi bao hoa (kPa) & 37,8°C
Mogas 83 max 70
Mogas 92 max 7§
X&ng thudng max 67
Xang cao cép max 67
Xang dac biét max 74

IV.1.3. Ty trong

Ty trong Ia ty s6 gifta trong lugng riéng clia mot vat & mot nhiét do nhat
dinh va trong lugng riéng cha mot vat khac duge chon 12 chudn, xdc dinh &
cung vi tri. D61 v6i cdc loai san phdm ddu 16ng déu 14y nudc c4t & nhiét do
+4°C va 4p sudt 760 mmHg lam chufn.

Ty trong cila ddu mo, hoac mot phan doan ddu mé & nhiét do ¢ trén trong
lugng rieng cla nuéc & 4°C, ta 6 thé ghi d;. D& dé so sdnh, 1y trong dugc
biéu thi & cing mo6t nhiét d6. Phdn 16n cdc nuée déu 14y & 20°C (42°) hoac
15,6°C (tuong tng véi 60°F) so véi nudc & cing nhiét do. Khi 4y ta ghi

15,6
dlS,ﬁ .

3 mot s6 nu6c con biéu thi 1y trong bing do °API. Céng thic chuyén
ddi ty trong sang d¢ °API nhu sau:

141,5

i5,6
15,6

APl = - 1315

Vi du mot loai nhién liéu diézen c6 ty trong dg:g = 0,87, thi d6 °API s¢ la:

183 55 231,14
0,87

Ty trong ciia san phdm ddn mé thay ddi rdt nhiéu khi nhiét dé thay ddi,
nhung khong phu thugc vao 4p suat. Tuy nhién, néu dp sudt cao thi s& cé anh
hudng chat it.

C6 thé xdc dinh ty trong bing cdc phwong phdp nhu: ding phi ké, can
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thuy tinh, picnomet. Phuong phdp picnomet |3 phé bi€n nhit, ding cho bt
k& loat chit 16ng ndo. Phuong phdp niy dua trén su so sanh trong lugng clia
din véi nude cit trong ciing mot thé tich va cing nhiét do.

C6 thé tinh todn durge ty trong tir cdc thanh phidn theo cong thic:

_ dIVI +(I’3V2 +...+ ngn
B Vi+Va+.. 4V,

trong d&: d 1a ty trong cua phan doan dau cin tinh;
d)...d, 1a ty trong cua cdc thanh phan trong éng;
V...V, 14 thé tich clia cac thanh phin tuong ing.
IV.1.4. Do nhét
IV.1.4.1. Khdi niém

D6 nhét 1a tinh chit cia mot chit 10ng, dirge xem 1a ma sdt néi cua chit
ldng va can tro sy chdy cia chit 1ong. Nguyén nhéin ¢é &6 nhét 1a do 4i luc
co hoc gira cdc hat cfu tao nén chit long.

Do nhét clia ddu mo ¢ lién quan dén qud trinh bom van chuyén, su boi
tron, su phun nhién liéu trong cic dong co. D6 nhdét phu thude nhiét 4o, khi
nhiét do tang, do nhdt gidm.

IV.1.4.2. Phdn loat

1. Do nhot dong lwe {1 hode u)

Po nhét dong luc biéu thi cho cde chit 1ong dong khong ¢6 gia tdc,
dugce tinh bang cong thic:

n=1tC
trong dé: T 12 thoi gian chay cua chit long.

C 13 hing s6 nhét k€, khong phu thudc nhiét ¢ ma chi phu
thudc kich thude hinh hoc cua nhét ké.

Né&u do nhét 16n phai ding mao quan cé dudng kinh mao quan 16n; con
néu d¢ nhdt cha chit 16ng cdn do nhd, thi diing nhét k& cé dudng kinh mao
quan nho; sao cho thai gian chdy cta chét 16ng khong qud 200 gidy.

P6 nhét dong luc duge tinh bing poazo (P) hay centipoazo (cP).
1P=100cP=0,1 N.s,a"m2 =1 dyn.s/cmzz 1 g/em.s
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2. D¢ nhor déng hoc (v)
D¢ nhét dong hoc 1a ty s& gita do nhét dong lue hoc va ty trong ciia né
(cd hai déu xdc dinh & cling nhiét d6 va dp sudt):
v=—
d
trong dé: v 1a 46 nhét dong hoc, tinh bing stoc (St) hodc centistoe (¢St);
7 14 d6 nhét dong lue, tinh bing poazs (P) hoac centipoazo (cP);
d la ty trong.
1 St=1cm?s = 100 cSt; hay diing ¢St, 1 ¢St = 1 mm?%s.
Xdc dinh d6 nhét dong hoc bang cdch do thdi gian chdy clia ddu qua
nhét k&€ mao quan Pinkévic,
3. B6 nhot quy woc (do nhot Engler)
Do nhét quy ude hay do nhét bidu ki€n, cdn goi 1a dé nhét Engler; 1a ty
s6 gitlta thoi gian chay cia 200 ml miu & nhigt do thi nghigém va 200 ml nudc
cit & 20°C qua 6ng nho trong dung cu do dé nhét:

T
OEt - _~t
20 T,

trong do: °E3, 13 d6 nhét Engler & nhiét do ¢.

T, 1a thoi gian chay coa miu & nhiét do +.
T, 12 thoi gian chay ciia nude & 20°C.

Thudng do thoi gian chay cia miu ddu & nhiét d6 ¢ = 20°C.

IV.1.5. Duong cong diém soi thuc (PST)

Dé xdc dinh thanh phdn phan doan ciia ddu md, thudng tién hanh chung
cit trong bo chung c4t tiéu chudn véi cdc diéu kién quy dinh chit ché. Vi du,
s6 dia 1y thuy€t cua cot chung: 20 dén 22 dia; ty s6 héi luu = 5, tdc 46 chung
cit 14y sin phdm 3 dén 4 ml/ph, chung dén 200°C tién hanh & 4p sudt
throng, sau dé dén 320°C, chung cit trong chan khéng (p = 1 + 2 mmHg).

Qua trinh chung cft nhu vay s& cho d6 phan chia cao. Sau d6 dung dé
thi quan hé nhiét do séi ~ phan tram san- phdm chung cit so vai diu tho

(% thé tich hoic trong lugng). DS thi niy goi la dudng cong diém séi thuc
(bST).
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Tir két qua thu duge xdc dinh diém soi thue, c6 thé xac dinh thanh phin
cdc phan doan ciia ddu md ¢ nhiét do soi dén 200°C, 300°C ... dén 485°C
(hinh I'V.4).

Néi chung, dudng cong PST 12 mét dudmg cong quan trong nhat cla diu
mb. N6 cho phép dinh gid duge thanh phan cua cdc phan doan ¢é nhiét dé
01 khdc nhau. Ngoai ra c¢dn gidp cdc nha cong nghé xdc dinh phuong dn ché
bi€n dé dat yéu cdu vé chit lugng va s& tugng cdc phan doan mong mudn.

100 I e 5 [ B s St AL S SR |
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fu ] 1 1 | | 1 i 1 I 1 [ 1 I |
i g —+ A — e A e e -]
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Hinh W.4. Dudng cong chung c8t diém séi thue cla dau tho Bach HE va Dai Hung.

o Ddu tho Bach H&: & Déu tho Pai Hung.

IV.1.6. Biém anilin

Piém anilin 12 nhiét d6 thidp nhit trong diéu kién x4c dinh, anilin va san
phdm tuong dng hod tan vao nhau dé tao thanh mot hén hop déng nhét. Khi
thanh phin hod hoc khdc nhau thi gid tri cia diém anilin khic nhau.
Hydrocacbon thom ¢6 diém anilin thdp hon so véi cdc hoai hydrocacbon
khac rit nhiéu (vi hydrocacbon thom dé dang tan trong anilin hon). Trong
¢iing mot loai hydrocacbon thi diém anilin ting 1én theo trong luong phan tir.

Piém anilin thong thudng duge xdc dinh qua phuong phéap thé tich bing
nhau giita anilin va san phdm. Anilin diung dé xdc dinh phai khong ¢6 mau,
vira méi chung cat. Chi diing phéan chung cét trong khoang 10 dén 90%.

Phuong phép diém anilin thudng dwge sit dung dé xdc dinh thanh phdn
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¢ic hydrocacbon thom ¢é trong phan doan. Ham lugng hydrocacbon thom
cang 16n, diém anilin cang thap.

IV.1.7. Nhi¢t d¢ chép chay

Nhiét d6 chép chdy 1a nhiét d6 tai d6, khi phan doan ddu méd duge dét
noéng, hoi hydrocacbon sé thodt ra tao v6i khong khi xung quanh mét hén
hop ma n€u dua ngon lita dén gin ching s& bung chdy réi phut tit nhw mot
tia chdp.

Nhir vay, nhiét do chép chdy ¢6 lién quan dén ham lugng cdc san phim
nhe c6 trong phan doan. Dau cang c6 nhiéu cidu tr nhe, nhiét do chdp chdy
cang thip.

— Phin doan xiing: Nhiét 46 chép chdy khong quy dinh, thudng 13 do am.
— Phan doan kerosen: Nhiét d6 chép chay tir 28 dén 60°C, thong thuéng 40°C.

— Phan doan diézen: Nhigt d6 chép chdy cdc kin tir 35 dén 86°C, thong
thuong 60°C.

— Phan doan ddu nhdn: Nhiét d6 chép chay tir 130 dén 240°C.

C6 hai phuong phip dé do nhiét d6 chép chdy: Phuong phip céc kin va
phuong phap cée hao.

Phwong phdp cdc kin thudng dp dung d6i véi cic san phim dé bay hoi
nhu nhién liéu phin Iye, dau hod dan dung, k€ ci diezen.

Phuong phip c6c hé dp dung d6i véi cdc phan doan khong bay hoi nhu diu
nhdmn.

Phuong phdp céc kin bao givr cling cho nhiét d¢ chdp chdy thip hon so
voi phuong phép ¢éc ho.

Xdc dinh nhiét d6 chép chdy ¢ y nghia rit quan trong trong viéc tén
chlta va bao quan nhién liéu. N&u nhiét d6 chdp chdy cia nhién liéu thap, khi
bdo quan trong bé chifa ngodi troi ning néng phai dé phong c6 tia lia dién &
gin dé tranh chdy né. D6i v6i nhién liéu diézen cho xe ting, né€u nhiét do
ch6p chdy thap, c6 nghia 1a ham lugng cc cau ti nhe nhiéu, rdt nguy hiém
cho ngudi trong dé vi xe ting phai lam viéc trong diéu kién kin hoan toan.

Khi xdc dinh nhiét d6 chép chdy cha moét phan doan nio d6, thiy nhiét
d6 chép chdy thap khdc thudng, ¢6 thé nghi ring trong phan doan di 1in céc
nhién liéu nhe.
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IV.1.8. Nhié¢t do dong dic, diém van duc va diém két tinh

Dong dac 1a mot tinh chét cla ddu md va san phdm ddu md. Ching bi
mat tinh linh dong khi nhiét dé ha xudng thap. Tinh linh déng mat di 1a do
su tao thanh nhing mang két tinh parafin hoac do d6é nhét tang manh.

Mang tinh thé parafin dugc tao thanh vi trong nhiing san pham ddu mo
gdm hén hop hydrocacbon cé nhiét o déng dic khac nhau. Khi lam lanh
dén mot nhiét 46 nhat dinh, nhing parafin ¢é phéan tu lugng 16n két tinh
trude, nhitng hydrocacbon ¢é phéan tu luong nhd hon s€ chui vao khung tinh
thé d6, dn dé€n sy van duc truée khi déng dac. Thong thudng di€m van duc
16n hon diém dong dic tir 3 dén 5°C.

Su phu thuéc nhiét 46 dong dic viao ham lugng parafin duge bidu dién
qua biéu thic sau:

Todd = Ky + Kg lgC

trong d6: C 12 him lugng parafin rin ¢o trong phan doan (% trong lugng);
K, K5 1a cdc hiing s&.

Trong trudng hgp ham lugng parafin thap, su déng diac 1a do khi gidm
nhiét do, ¢ nhét ting manh lam cho ca khéi nhién liéu déng dic lai.

Nhiing dac tinh trén phu thudc rat nhiéu y&u t6 nhu: ty 1€, cidu tao céic
hydrocacbon trong san phim ddu mé, kiéu 1Am lanh, dé nhét, luong cdc chat
nhira va asphanten, ham lugng nude v.v...

Cde dinh nghia:

Diém dbng ddc: 12 nhiét do cao nhit ma san phdm dau léng dem lam
lanh trong diéu kién nhét dinh khéng con chdy duoc nita,

Diém vdn duc: 1a nhiét do ma khi san phdm dem 1am lanh trong nhiing
diéu kién nhit dinh, né bit dau vin duc do moét s6 ciu tir bat ddu két tinh.

Diém kér tinh: 12 nhiét d6 dé san pham- bit diu két tinh ¢6 thé nhin thdy
bang mét thudong.

IV.1.9. Nhiét hoa hoi

Hod hoi 1a moét tinh chat dac trung cia cde chat long. £61 vdi cde don
chdt, qud trinh hod hoi duge thuc hién & nhiét d6 va dp suit khéng déi. Vi
du, nude 561 & 100°C (dp sudt khi quyén), nudce 1dng s& bién thanh hoi chi tai
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nhiét d6 dé. Doi véi mot hdén hop gébm nhiéu chit, qua trinh hod hoi ¢é thé
thuc hién theo hai cich:

- Co dinh dp suat, ting dan nhiét do
— €& dinh nhiét d9, nhung thay déi ap suit.

Théng thudng thuc hién theo cdch ¢6 dinh 4p suit, ting dan nhiét do,
hic d6 cdc cdu tir ¢6 phan tir lugng thdp trong hén hop sé bay hoi trudc, sau
dé dén cdc cdn tr ¢ phan tit lugng 1dn hon, va két thic bing nhiét do soi
cudi cua hén hop.

Nhu vay, nhiét hod hoi 1 nhiét lugng céin thiét dé cung cdp cho don vj
trong lugng nhién liéu bién thanh hoi 6 mot nhiét d¢ va ap suit nao dé.
Nhiét hod hoi dvge do bing thé nguyén keal/kg; va <6 thé tinh duge theo
cong thic:

T
L= K}J
trong dé: L 1a nhiét hod hoi;
T la nhiét A6 s6i trung binh cla phin doan ddu mé (°K);
M la trong lugng phan tu;
K 1a hé s& ¢ dp sudt thudmg (K = 20 = 22).

Gid tri K c6 thé tra duge trong bang hodc c6 thé tinh todn theo nhiét do
$6i trung binh cia phan doan:

K=875 + 4,571 1T
trong dé T 14 nhiét 46 s6i trung binh clia phan doan diu mo.

IV.1.10. Nhiét chay

Nhiét chdy la nhiét lugng tod ra khi dét chdy mot luong (thé tich hoidc
trong lugng) nhién liéu v6i diéu kién la nhiét do ciia nhién liéu trude khi dét
va sdn phdm chdy 12 20°C. Nhiét chdy 1a mot trong nhitng dic tinh chi yéu
cua nhién liéu. Khi d6t chdy hoan todn cdc nhién liéu khi (vi du metan:
CH,), nhién liéu 16ng (nhir xidng, ddu hod, ddu mazut...) hoic nhién liéu rin
(nhu than d4) déu tao thanh CO,, HyO va toa nhiét, theo phan ing:

CH, + (x+%)02 — xCO, + %Hgo + 0
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Trong truong hop nhién liéu chita luu huynh s& tao thanh SO;:
S + 0Oy —* S50,
Nuéc tao thanh c6 thé & thé 16ng hodc thé hoi.

Gia tri nhiét lugng cao (Qcao) 12 lwgng nhiét toa ra khi nuée cé trong san
pham sau khi chdy & dang 1ong, Qcao = Q) + Q2

CxHy + (x+ %)02 — xCO, + H,O + ¢

Y
2
HoOpei — Hy0pny + Q2
Gid tri nhiét luong thip (Qmep) 13 lugng nhiét toa ra khi tit ca nudc
trong sin phdm chay & trang thai khi.

Hiéu giita nhiét lugng trén va nhiét lugng dudi chinh la lugng nhiét can
thi&t dé nudc chuyén tir trang thdi long sang trang thai hoi, nhiét lugng nay
goi 1a nhiét hod hoi cia nude.

Nhiét luong dwge biéu thi bing cach sau day:
a) Trudng hop nhién lidu khi

Né&u nhién liéu bao gom nhiéu cau tir, nhiét chdy cé thé tinh theo cong
thite thie nghiém sau day:

O.uo = 0,5M + 1,57.10° keal/m® khi (0°C)
Ounsp = 0,47 + 1,03.10° keal/m® khi (0°C)
trong dé M 1a phan tir lugng trung binh.
h) Truong hop nhién liéu long
Nhiét chdy cao duge xdc dinh bing phuong phdp d6 thi (hinh I'V.5).
Nhiét chdy thap khi tinh phai trir di lugng nhiét do hoi nde ngung tu.
Khi trong nhién liéu c6 1an luu huynh, s& tao khi SO,, SO; gay doc hai
cho ngudi st dung va giy & nhiém moi trudng. Mat khac, ¢ 1% lin huynh

lam giam di nhiét chdy 1a 85 kcal/kg nhién liéu. Vi vay, néu nhién li¢u cang
chita nhiéu lwu huynh thi nhiét ning chung ¢iia qu4 trinh cang giam manh.

Nhiét chiy phu thudc vao loai hydrocacbon, va gidm theo ddy sau:
Parafin > naphten > aromat

Nhiét chdy cla nhién liéu 16ng khoang 10.000 dén 11.300 kcal/kg.
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Hinh IV.5. B thi dung dé xac dinh gi4 tri nhiét chay cao clia nhign ligu 1dng

IV.1.11. Ham nhiét

Ham nhiét 12 toan b nhiét lrgng chita trong mot hydrocacbon riéng 1é,
hodc trong phan doan ddu md, & mét trang thai xic dinh, thuong 12 trang thai
tiéu chudn (0°C, | at). Ham nhiét dwge tinh bing keal/kg.

Vi dyu, ham nhiét cia n-hexan & 100°C va 1 at, bao gom:

— Nhiét lugng cén thiét dé dun néng 1 kg hexan t¥ 0°C lén 68,7°C
(la nhiét do s6i cua né);

-- Nhiét hod hoi cia hexan & 68,7°C;

— Nhiét dun néng | kg hoi hexan tir 68,7°C 1én 100°C.
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* Ham nhiét cua phan doan ddu mé & trang thii 1ong dwge tinh gin diing
theo céng thuc:

Hy = x (0,403t + 0,000405:%)

1
[ 1156
disg
trong d6: H la ham nhiét cha phan doan long & nhiét 46 ¢, kcal/kg;

d|3¢ 1aty trong ciia phan doan;

¢ 1a nhiet d6 (°C).
» Ham nhiét cua phin doan ddu mo & trang thdi hoi c6 thé tinh theo

cong thic:

Hy = (50,2 + 0,109 ¢ + 0,00014 %) x (4 ~ dijg - 73.8)

trong d6: A}, la ham nhiét cla phan doan % trang thdi hoi, keal/kg;

d:ss“g la ty trong cia phan doan 1éng;

f 12 nhiét do (°C).

IV.1.12, Nhiét dung

Nhi¢t dung 12 lugng nhiét cdn thi€t dé cung c4p cho mot don vi trong
lugng nhién liéu tang lén 1°C, nhiét dung dugc do bing keal/kg.°C.

Nhi¢t dung cua phan doan ddu mo phu thudc vao ty trong va nhiét do.
Ty trong cua phan doan cing 16n, nhiét dung cang bé.

» C6 thé tinh nhiét dung ciia phan doan ddu mo & pha long theo cong
thirc sau:

C, = ——— x (0,403 + 0,00087)

H 15,6
d15,6

C, 1a nhiét dung cla phin doan diu md & nhiét dé ¢, keal/kg.°C;

trong dé;

dllss'g 14 ty trong ctia phéin doan ddu mo;

't 1a nhiét do (°C).
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Chinh xdc hon, phai tinh dén anh hudng cua thanh phan hoi hoc cua
phan doan (biéu thi qua hé sd dic trung K). nén cé thé diing cang thiic khic
nhu sau:

C,=0,7072 - 0318 x d|of +1(0,00147 —0,00055 x d}3§) x (0.067K + 0,35)

trong d6 K 13 hé s6 dac trung cia phan doan.

¢ Nhié¢t dung cita phan doan ddu moé d pha hdi ¢ dp suit thudng duoc
tinh nhu sau:

40 - d\3f
Cp = TO“X (1,8 1+ 702) x (0,146 K - 0,41)
trong do: dllss‘f la ty trong cua phan doan dau mo & pha long;

t 12 nhiét do {"C);
K 14 hé s6 dac trung cia phan doan.

+ Nhiét dung mang tinh chét céng tinh:
C=Cim+Cym +... +Comy
trong dé: C,, C», Cp; 12 nhiét dung cua cdc ciu tu tugng dng;
11y, ty, wig 12 ham lugng (% TL) cla cdc cdu tir tuong ng.

IV.1.13. Ham lueng nuéc trong cac phan doan diau mo

Nhin chung, nuéc khéng hoa tan trong dau mo hodc cdc phan doan cua
ddu mo6. Nhung khi tang nhiét dé, do hoa tan cia nudce trong ddu cé the ting
lén (hinh IV.6).

Su ¢6 mat ctia nude trong mot s6 phan doan dau gdy nguy hiém cho qua
trinh st dung, ching han:

N€u trong ddu bién th&€ ¢é nudc sé lam giam do cach dién, ¢6 thé dan
dén nd tram bién thé.

Trong nhién liéu phan luc ¢6 nude s& gay nguy hiém vi khi may bay lam
viéc & do cao 16n, nhiét do ha rat thap (cé khi dén —50°C), lugng nude cod
trong nhién li¢u s& tao thanh cdc tinh thé nude dd 1am tac vdi phun, gay gidn
doan cung cdp nhién liéu.

Trong san xuat LPG. khi din n& sé ha nhiét do, nusc sé tao thanh cdc
tinh thé nho gay tac van giam 4p.
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Trong nhién liéu nhe nhw xang, ddu hod, nhién liéu phan lye, nwdc &
dang tu do, d& quan sit bang mat thudng. Trong céc san phdm ddu mé nang,
nude & dang hoa tan hoic tao nhii tvong. Nhin chung, nude tén tai gay tdc
hai x4u dén chit lugng sin phim ddu mod.

Do vay cdn phai tdch nudc ra khéi cac phan doan sao cho ham lugng
nudc cang nho cang tot.

% mol H,0 hoa tan

] | ] { [ 1

50 100 150 200 250 300
Nhigt dg, °C

Hinh IV.6. D6 hoa tan cla nuréc trong cac phan doan ddu md.
© Benzen O X&ng A Kerosen e D&u nhén

IV.1.14. Tri s6 octan

Tri s6 octan 1a dai lugng dac trung cho kha ning chéng kich nd cla
nhién liéu. C6 hai phuong phdp dé xdc dinh tri s¢ octan, d6 12 phuong phdp
nghién citu (RON) va phuong phap méte (MON).

Ban chit cha cdc phuong phép ndy 13 so sénh do bén chéng kich nd cla
nhién liéu thi nghiém va nhién li¢u tieu chuén, bidu thi bing tri s6 octan. Do
bén chéng kich né clia izo-octan qui wéc bing 100 va cha n-heptan bang 0.

Céc diéu kién dé ti€n hanh do tri s6 octan theo phwong phép nghién cifu
va phuong phdp moto duge ghi & bing IV.1.
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Ca hai phuong phdp xdc dinh tri s6 octan néi trén déu cé chung nguyén
tic 1a cho dong co chay trong didu kién tiéu chufn véi miu xang cédn do, cho
tang ty s¢ nén dén khi xay ra chdy kich né va so véi miu chudn c6 ty 1& izo-
octan / n-heptan xdc dinh. Néu miu cdn do bi kich né & ciing gidi han nén
trén thi % thé tich izo-octan trong méiu chudn chinh 12 tri s6 octan ciia miu
xdng cdn do. Vi du trj s6 octan clia mét loai xang nio dé bing 83, ¢6 nghia
la xang d6 c6 kha nang chéng kich né wong dwong véi hén hop chufn gom
83% thé tich 12 izo-octan v 17% thé tich 12 n-heptan.

Bdng IV.]. Cac diéu kién d€ do trj s6 octan

Céc théng s6 cha thi nghiém Phuang phép Phuang phap
nghién ctu (RON) mata (MON)
— 86 vong quay clia dong co thi nghiém
{va/ph) 600 + 6 009
— Nhigt d¢ sdy néng khang khi, °C 52+ 1 50+ 5
— Nhigt do hén hgp nhién ligu - khéng khi, °C - 149 + 1
~ Goc danh ira sdm (gbc danh Iira trude khi diéu chinh ty dong tir
dén diém chét trén), do 13 15+ 26
— Nhiét d6 chat [dng 1am mat xylanh, °C 100 + 2 100 + 2
— B dm tuyst d6i cla khong khi dén vao
dong ca, g H,0/ 1 kg khong khi khd 35+7.0 35+7.0

Tri s6 octan theo hai phuong phdp RON va MON 46i vdi nhién lieu
chudn khong thay déi (vi vin qui udc trong thang do tir 0 dén 100, trong dé:
izo-octan bang 100 va n-heptan bing 0). Nhung d6i vdi cde hydrocacbon
khdc nhau thi tri s octan theo phuong phdp RON thudmg cao hon MON
(xem bang II1.8).

Su sai khdc clia hai phuong phdp do & trén chil y&€u 12 do t8c do quay
khdc nhau cia d9ng co. RON ding cho cdc dng co ¢6 tai trong vi téc do
trung binh, phan 4nh ding hon tinh chéng kich né ctia xing khi dong co ¢6
van t6c va tdi trong thay déi. MON dung cho céc loai dong co cé t6c do va
téi trong 16n, phan 4nh ding hon tinh chéng kich né ciia xang khi déng co c6
tai trong vA van t8c it thay déi.
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Bdng IV 2. Tri s6 octan va thanh phan hén hop chuidn tuong ing

Thé tich cac hgp phén, %

Tri s6 octan
cla hén hgp Hén hgp 1 Hén hop 2 Hén hgp 3 izo-octan
chuén 40% izo-octan va | 60% izo-octan va | 80% izo-octan va chuin

60% n-heptan 40% n-heptan 20% n-heptan 4

40 100 0 0 0
44 80 20 Q 0
48 60 40 0 0
52 40 60 0 0
54 30 70 Q 0
58 10 80 0 0
62 0 90 10 0
66 Q 70 30 0
70 0 50 50 0
72 0 40 60 0
74 0 30 70 0
78 0 20 80 0
78 0 10 90 g
80 0 0 100 0
82 0 0 80 10
84 0 0 80 20
86 0 0 70 30
83 0 0 60 40
80 0 0 50 50
92 ] 0 40 60
94 0 0 30 70
96 0 0 20 80
98 0 0 10 a0
100 0 0 0 100
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Su chénh léch giita RON va MON goi 12 d6 nhay, théng thuong d¢ nhay
thay ddi tir 8 dén 10 don vi. D&i v6i xang t6t, do nhay khong dwge qud 10
don vi octan va cing nho cang t6t. D¢ nhay phan dnh tinh thay déi ciia nhien
1i¢u phu thudc vao déng co.

Dé x4c dinh khi nang chéng kich né clia cdc loai xang khéc nhau, hoac
timg hydrocacbon riéng r&, phai ti€n hanh so sdnh tinh chdt chdy bi kich né
clia chiing véi hai loai hydrocacbon chudn néi trén trong dong co mot xylanh
tieu chuén véi cdc diéu kién qui dinh.

D¢ do tri s6 octan, ngoai izo-octan lam chufn, ngudi ta phai chudn bi
hén hgp chudn trung gian, d6 1a:
40% izo-octan va 60% n-heptan
60% izo-octan va 40% n-heptan
80% izo-octan va 20% n-heptan

T cdc hén hgp nidy v izo-octan chudn, nhin dugc hén hop c6 tri s6
octan 1ir 40 dén 100 (bang 1V .2).

Bing cdch xdc dinh thdi diém khi nhién liéu thir nghiém bi chdy kich né
16i so sdnh véi nhién lien chudn, 6 thé tim ra duge tri s6 octan twong iing
cla nhién liéu cdn xdc dinh. Vi du, dé c6 trj s6 octan clia mét hdn hop chuin
bing 44, cdn phdi 14y 80% hén hop 1 va 20% hén hop 2.

1V.2. PANH GIA CHAT LUONG CUA DAU MO

D¢ xdc dinh gid tri cia ddu tho tren thi trudng, déng thdi dinh huéng
cho cdc qué trinh sir dung, ché bién, tinh todn cong sudt thiét bi cho nha may
loc ddu, viéc phan tich, xdc dinh cdc chi tigu cia ddu tho 12 rat cdn thi&t, C6
rdt nhiu dic tinh quan trong, trong phin rdy chi dua ra cdc tinh chat tién
biéu nhat, lién quan dén sir dung va qud trinh céng nghé ché bién chiing.

IV.2.1. Thanh phén hydrocacbon trong ddu mé

Hydrocacbon la thanh phin quan trong nhat chia ddu tho, trong diu
ching chi€m tir 60 dén 90% trong lugng. Ddn chifa cang nhiéu hydrocachon
thi cang c6 gid tri kinh t€ cao. Phu thudc vio ham lwugng cla timg loai:
parafin, naphten, aromat ma ¢6 thé san xudt dugc cdc sin phdm nhien lieu ¢6
chdt lugng khdc nhau. D4u chita naphten, aromat s& cho phép sin xudt xang
cé tri s6 octan cao. Ddu chita nhiéu n-parafin s& 13 nguén tao ra nhién lien
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diézen cé chét luong t6t, nhung néu ham lugng parafin rén cao quéd s& lam
tang diém dong dic cla ddu, gay kh6 khin cho qué trinh van chuyén, béc
r6t, phai 4p dung cdc bién phdp d€ ha diém dong, gay 16n kém. Ddu trung
gian naphteno-parafinic s& 12 nguyén liéu t6t d€ san xudt ra d4u nhdn ¢6 chi
s dd nhdt cao.

Khi khai thic dugc ddu tho, nhét thiét phai xdc dinh ham lugng va dac
tinh ctia céc loai hydrocacbon c6 trong ddu. C6 nhiéu phuong phdp dé xdc
dinh chiing, nhung phd bién 12 phuong phap hod 1§ nhu séc ky khi, phd hong
ngoai (IR) v tir ngoai (UV). Téc gid J. Brande, m¢t chuyén gia vé hod ddu
clia Cong ty tieu chudn san phdm ddu md M§ (UOP) da dua ra cdc cong thifc
b&n thyc nghiém, ap dung dé xdc dinh ham lugng Cp, Cn, C4 trong diu tho
dya vao do hdp thu clia ching trong phé hdng ngoai. Céc céng thitc dé nhu sau:

1.Cx =12 +9,8.5 (1600 cm ™)
2.Co=3,04+71e(813cm™)
Gi6i han Cp = 60%
3.Ch =362 +6,6.€ (720 cm™") - 5,9.€ (1600 cm™)
Gidi han Cp < 10%
4.Cp=299 +6,6.€ (720 cm™)
Gidi han Cy = 10 + 25%; Cp = 40 = 70%
5. Cy = 240 1g 1g [100.8 (970 cm™)} - 25,5
Cong thirc (5) it duge st dung vi budc séng trong viing 970 cm™! rét y&u
va khong 6n dinh. Vi vay, c6 thé tinh ham lugng Cy theo céng thic (6).
6. Cn =100~ (Cp + Ca)
& day e biéu thi mat d¢ quang hoc & viing c6 do day clia cuvet 12 1 mm.
le —
€= ——g I
d

d— 46 day cuvet, I mm;
Io- cudng d6 tia sing don séc truyén vao 16p vat chat;
- cudng d6 tia sdng don séc 16 ra tir 16p vat chat.

lg%n— cdn goi 12 do hdp thy va ky hiéu 1a Dy. Bing phé IR ta xdc dinh

dwgc Dy, thay vao cong thitc s& tinh duge Ca, Cn, Cp fuong ing.
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IV.2.2. Ty trong

Dua vao ty trong c6 thé so bo dénh gid ddu mé thudc loai ning hay nhe,
mitc d bi€n chdt thdp hay cac. Theo ty trong, phé bign ngudi ta chia diu
thanh ba cfp:

D4u nhe di’ < 0,830
Ddu trung binh di’ = 0,830 + 0,884
Dau ning dl® > 0,884

Dau tho cang nhe, hieu suat vi chat lugng cdc “sin phdm tring” thu
dugc khi chung c4t cing cao; ddu cang chua it S, cang mang nhiéu dac tinh
parafinic hoac trung gian naphteno-parafinic. Diu cang ning thi chda cang
nhiéu cdc chat di nguyen 16, cdc chat nhua va asphanten, khong thuan loi dé
san xudt cdc sin phdm nhién liéu va ddu nhon, nhung lai 12 nguyén liéu t6t
d€ san xudt bitum nhya dudng va céc.

IV.2.3. Hé 50 dac trung K

Hé 56 nay cho bi&t ddu md mang dac tinh cia loai hydrocacbon nao 1a
chd y&u. He s6 X dao dong trong khoang tir 10 + 13, trong d6:
Ho dau parafinic K=13+12,3
Ho ddu naphtenic K=11,45+10,5
Ho d4u aromatic K=10,5=10
Céc ho diu trung gian c6 gid tri K nim gilta cdc s6 trén. Bist dugc ho
ddu tho 1a loai gi s& c¢6 hudng sir dung hop Iy. Ching han, mot loai ddu theé
¢6 K = 12, ddu d6 s& thuéc ho trung gian naphteno-parafinic, né che hiéu
sudt va chat lugng ciia xang, kerosen, gasoil cao. Ddu nhon goc san Xudt ti

du thd ndy s& c6 chi s6 do nhét cao song chdt lrgng bitum thu dugc tir can
ddu dé s& khong t6t.

IV.2.4. Ham lugng cac hop chét chita céc nguyén ¢6 dj thé
1V.2.4.1. Cdc chdt chira luu huynh

Luu huynh 12 tap chédt chi y&u c6 trong ddu the. Chiing tén tai & nhiéu
dang: mercaptan, sunfua, disunfua, H,S, S. Can cif vao ham luong luu huynh,

ngudi ta chia ddu mo ra 1am ba loai:
— D4u mé it luu huynh " 8<0,5%
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~ Dau mo ¢6 luu huynh $=0,51+2,0%
— D4u mo6 nhiéu luu huynh S>> 2%

Ddu md chita nhiéu lru huynh thi khi ch€ bién thanh cdc sin phim
nhién liéu hodc pht nhién liéu, hAm lugng cla né ciing nhiéu l1én twong ing.
Luu huynh 1a chat gay nhiéu tdc hai: Khi d6t chdy tao SO,, SOs, gdy doc hai
va 4n mon dudng 6ng, thi€t bi. Mat khdc, khi dua ddn tho di ch€ bién hod
hoc, luu huynh s& 1a nguyén nhan 1dm ngd doc xic tdc, 1am gidm hiéu suit
va chdt lugng sdn phdm. Vi vy tuy theo yéu cdu cla cdc loai nhién lieu va
nguyén liéu cho qud trinh ché€ bi€n xiic tdic ma cdn khéng ché& sao cho ham
lwong S trong gidi han cho phép. Cdc gidi han da duge trinh bay & phén trén.

1V.2.4.2, Ham lugng nito trong déu

Cac chér chia nito trong d4u thudng it hon so véi luu huynh. Ching
thudng cé tinh bazo nén ¢é anh hudng 16n dén qui trinh loc ddu trén xic tic
axit (qué trinh cracking, reforming, alkyl ho4...), né 1a nguyén nhan gay nén
mit hoat tinh xdc tdc v g4y tao cdn trong dong co. Mat khde, do nito ¢é tinh
nhud¢m mauv manh nén né 1am cho cdc san ph&m trdng bi bién mau, vi du
kerosen khi ¢é mat nito sé ngd sang mau vang chanh, gay tam 1y bat an cho
ngudi sir dung.

*

IV.2.4.3. Cic chdt nhua va asphanten

DAu mo ¢6 nhiéu nhya va asphanten thi trong sdn phdm (nhdt 12 diézen,
ddu nphdm, cin) cang ¢6 nhiéu chat d6. N6i chung, nhya va asphanten 1a
nhitng chét cé hai. N&u trong cdc san phdm nhién liéu c¢6 nhya va asphanten
thi kha nang chdy s& khong hoan todn, tao ciin va tan, Iam téc voi phun cha
dong co. Nhua thudng 14 nhitng chat d& bi oxy ho4, s€ 1dm giam tinh 6n dinh
cla cdc san phdm ddu md. Tuy nhién ddu thé chita nhidu nhya vi asphanten
thi can gudron ciia né s€ 12 nguyén liu t6t d€ sdn xuat bitum, sdn xudt coc.
Ddi vdi loai ddu ning naphteno-aromatic, hiéu sudt bitum thu duge 14 cao
nhdt. Ty l¢ asphanten / nhya hodc asphanten / (asphanten + nhi,ra) cao thi
chit lugng bitum thu duge déu t6t. Phdn can gudron cua ddu thé Vigt Nam
¢6 téng ham lugng nhua va asphanten rat thdp (14,83%) nén khong thé sit
dung dé san xuit bitum.

IV.2.5. P6 nhét

Dua vao d6 nhét ctia ddu mo ¢6 thé tinh todn duge cdc qud trinh bom
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van chuyén. Ddu ¢6 do nhét cing cao thi cdng khé van chuyén bing dudng
6ng. D€ van chuyén duge phai tiéu hao ning lugng, nhur vay chi phi s& tang
1&n. N6i chung, ddu mang dac tinh parafinic ¢6 d6 nhdt thap hon so v6i ddu
nang (naphteno-aromatic). P6i vdi phan doan ddu mé, ching han nhu diezen,
do nhdt phii cé gid tri ddm bao cho qud trinh phun nhién liéu trong dong co
dugc thudn tién (tir 3,5 dé€n 6 cSt & 20°C). V&i ddu nhdn, d6 nhét 13 mot chi
tiéu gdn nhu quan trong nh4t nhdm dim bio cho qu4 trinh boéi tron dugc t6t.
Su thay d8i d6 nhét theo nhiét do phan dnh tinh chdt nhét - nhiét cda mot
loai ddu. Sy thay d6i ndy cang it cang t6t.
IV.2.6. Nhiét do dong dac

Nhi¢t d¢ déng dac phan dnh tinh linh dong ciia ddu & nhiét d6 thdp. Néu
nhiét d9 dong dac cllia mdt loai ddu nao d6 cao thi sé rdt khé khdn cho qua
trinh van chuyén, bom rét, phai ti€n hanh cdc bién phip dé gidm nhiét do
dong diac nhu: gia nhiét, ding phu gia gdy t6n kém. Dién nay gy anh hudng
téi gid thanh ddu tho.

C6 hai nguyén nhan din dé&n ting diém dong dic, d6 1a: ddu <6 d¢ nhét
16n va ddu c6 nhilu n-parafin rin. Trong d6 nguyén nhén thit hai 12 chi yéu. Vi
du ddu Bach HS ¢6 nhiéu r-parafin rdn nén nhiét dé déng dac 12 +33°C.

IV.2.7. Nhiét d¢ chdép chay

Nhiét do chép chdy phan dnh ham lugng cdc hydrocacbon nhe cé trong
ddu va cho biét tinh nguy hiém d6i véi hien tuong chdy nd khi bdo quin van
chuyén. Nhiét d6 chép chdy cang thdp, cing gdn v6i nhiét d6 clia méi truong
thi cang phai than trong khi bdo quéin, bdc rét. Phai cé cdc bién phdp dé
phong d€ gidm t6i da hién tugng chdy né.

Vi dy, xang c¢6 nhiét d6 chép chdy qu4 thdp (do am) nén dé bio dam an
toan cho cdc bén bé chia xing, ngudi ta thudng son nhil tring dé phan xa
nhiét, tudi mat bé, hoac x4y bé ngdm.

IV.2.8. Ham luong céc conradson {(can cacbon, dé cdc hod)

D6 ¢6c hoa conradson 1a dai lugng dac trung cho kha ning tao cc cla
phin can ddu mo. Pai lugng nady cang cao thi hiéu sudt c6c thu duge cang
cao. Mat khdc, ham lugng c6c conradson cao con c¢é nghia 12 ham lugng
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nhura va asphanten trong ddu mo s& cao, va ¢ thé st dung cén ddu mod loai
nay dé san xudt bitum nhya dudng vdi hien suft va chat lugng tdt.

Cian cacbon duge xdc dinh bang cdch lam b6¢ hoi va sau d6 phan huy
san phdm d4u md. Nhu vay, cin cacbon chinh 12 san phdm chdy cia diu
trong diéu kién thi€u khong khi. Chi tiéu nay thuong xdc dinh d6i v6i nhién
lieu DO, ddu FO, ddu nhon.

D4u thé Viét Nam 14 ddu parafinic, chi s6 c¢8c conradson cua phan doan
can gudron r4t thdp (3,44%), vay khéng thé st dung phan doan can nay 1am
nguyeén liéu cho qu4 trinh c6c hod.

I1V.2.9. Kim loai nang cé trong dau

Trong ddu md thudng cé nhidu kim loai & mic vi lugng nhu V, Ni, Na,
Co, Pb, Ti, Mg, Mn... trong d6 chii y&€u hai nguyén t6 vanadi va niken. Ham
lugng cdc kim loai trong diu phan 4nh mitc d¢ dnh hudng cla ching khi su
dung cdc phan doan 12m nhién lieu hodc nguyen lieu cho cdc qud trinh ché
bi€n xic tdc. Vi du, néu trong nhién liéu dét 15 (FO) chita nhién V, Ni, céc
kim loai ndy sé gay thing 15 do tao thanh cdc hop kim v6i sit ¢6 nhigt do
néng chay thép; con trong phin ng reforming xtic tdc, Pb, As s&€ lam xic
tdc mét hoat tinh nhanh chéng; do vy cdn phdi xir 1y dé ham luogng cdc kim
loal dat gidi han cho phép.

Ham lugng céc kim loai ning nhu V, Ni trong ddu thé dwgc xic dinh
bing phuong phédp phé hap thu nguyen tir, dya vao budc séng hdp thu cia
cdc nguyén t6 dé trong phd (goi 1a do hdp thu), suy ra dugc ndng do cia
ching, sau d¢6 tinh todn theo cong thic:

c-v
M= <
trong do: M 12 ham lugng cla V hodc Ni, (ppm);

C 12 néng do cta V, Ni, (ug/1);
V 1a thé tich dung dich pha loing;
G 12 lugng mén.

Ngoai kim loai nang, téng ham lugng kim loai néi chung con dugc danh
gid qua do tro. Khi d6t chdy cdc sin phdm ddu nang, kim loai ¢6 trong d6 s&
chuyén sang dang oxit 46 13 phin khong chdy; vi du nhu CaO, MgO, Fe,0;,
ZnO... Diu cang chia nhidu kim loai, 46 tro cang 16n.
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D61 véi ddu tho Viét Nam, ham lugng trung binh cita V va Ni so véi ddu
tho th€ gidi l1a rdt thap, ngay cé trong phdn cin gudron, lugng V ciing chi 1a
0,46 ppm, con Ni 1a 10,503 ppm, do viy ddu Viét Nam rat sach, c¢6 thé sit
dung tric 1i€p cd phdn cin dé thyc hién qud trinh cracking xic téc cin
{(RFCCQC).

IV.2.10. Tiém lugng cic phan doan ¢6 nhiét do soi khac nhau

Dva vao tiém lugng cdc phan doan cé nhiét do s6i khac nhau ta ¢6 thé
danh gid duge kha nang san xuft cdc san phdm nhién ligu va phi nhién liéu
tr ddu the. Néu tiém lugng phan doan dén 200°C cao, c¢6 nghia 1a phdn nhe
trong ddu mé nhiéu, thi loai ddu d6 s& cho phép sdn xust xang ¢é hicu suit
cao. Ti€m lugng cdc phan doan dén 350°C cao, cho phép ddnh gi4 hitu suét
cdc “sin phim trdng” cao. Vi du dfu md c6 tiém lugng phan doan dén 350°C
¢ mic trén 35% la rdt 16t dé san xudt nhién liéu cho dong co. Con néu ddu
mo cd tiém Iwong phan doan d6 it hon 30% s& 1 loai ddu it thich hop dé san
xudt cdc loai nhién liéu nay. Phdn c6 khodng soi tir 350 d€n 500°C hoic cao
hon cho phép dénh gid hiéu suit vd chét lvong ddu nhon thu duge bang
phuong phdp chung cdt hodc ch& bién.

Tém lai, d€ ddnh gid, x€p loai diu tho, ta cin phii xem xét moi khia
canh cdc dic trung vat 1y, chi tiéu ch4t lugng, trong d6 10 chi tiéu vira trinh
bay 1a quan treng hon c¢d. T cdc s6 lién phan tich duge, céng véi sy hiéu
biét cha nha cong nghe, cé thé dua ra phuong 4n st dung diu mo va cde
phan doan sao cho ¢é hiéu qua nh4t, hoac thiét 1ap dugc ché do t6i wu cho
cdc qué trinh ché bi€n ddu.
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PHAN THU HAI
CAC QUA TRINH CHE BIEN DAU THO

Chuong V
QUA TRINH CRACKING

Cracking 1a qud trinh bé gy mach cacbon - cacbon clia hydrocachon.
Trong cong ngh¢ dau md, qud trinh nay dwge dng dung dé bién d8i cdc phan
doan ning thanh cdc sdn phdm nhe, tuong tng v6i khodng so6i clia cdc san
phidm tring nhu xang, kerosen, diézen. C6 thé thuc hién phan dng dudi tdc
dung ciia nhiét do (cracking nhiét) va xic tdc (cracking xdc tic). Trong hai
phuong phdp d6, cracking xic tdc t6 ra rdt wu viét vi phan ing cé tinh chon
loc cao, tao ra nhi€u cén tir ¢ tri s6 octan cao trong xang. Luong didu mé
dugc ch€ bién bang cracking xuc tic chiém mot ty luong twong ddi 1m
(khodng 50%), ngay cang phit trién vé s¢ Juong, chét lugng va cai tién cong
nghé. Cé thé xem nhu cracking xic tdc 1a mot qud trinh chu yéu d€ san xudt
Xdng dong co thong dung.

Tuy nhién, cracking nhiét ciing ¢6 nhitng diém wu ciia nd, ching han
nhir ¢6 thé ché bi€n cdc phén can rit nang ciia ddu md ma cracking xidc tac
khoéng thue hién duogc,

V.1. CRACKING NHIET

V.1.1. Khai nié¢m

Cracking nhiét 1a qua trinh phan huy dudi tic dung caa nhiét, thuc hién
& diéu kién nhiét dé khodng 470 dén 540°C, 4p suat 20 dén 70 at. Muc tiéu
cua qud trinh nham thu héi xdng tir phin ndng, thu mét s6 olefin st dung
trong cong nghiép téng hop hod ddu. Pay 1a mot qué trinh ¢é thé sir dung
nguyén lieu tir phin gasoil d&€n can ning cia ddu, phd bién hay sl dung la
cin mazut. San phdm thu duge bao gém khi chita nhiéu olefin va xéng.
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V.1.2, Xang cracking nhiét

Xang cracking nhiét ¢é thanh phidn khdc véi xang chung cflt tric tiép
(bang V.1}.

Bdng V.1. Thanh phan cha mét so loai xéng (%trong lugng)

Leai xang Olefin Aren Naphten Parafin
1. X&ng chung cét tryc tiép (ving Tacta) 12 26 62
2. Xang cracking nhiét ti mazut 25- 35 12 - 17 5-8 40 - 45
3. Xang cracking nhiét tir gascil 40-45 |- 18-20 18- 20 20-25
4, Xang reforming nhiét 19 - 20 14 - 16 27-32 33-37

Tix bang trén c6 thé thay ring, trong xing chung cét truc ti€p, ham luong
parafin 12 chi yé&u, con trong xang cracking nhiét ¢é nhiéu olefin, trong dé
olefin ¢6 mot ndi d6i hodc aren ¢6 nhanh olefin (styren) chi€m da phin. Do
vay, xang cracking nhiét c6 tri s6 octan cao hon (60 + 68) so véi xdng chung
cat trirc ti€p (30 + 60). Tuy nhién tri s6 octan cua xing cracking nhiét van
chua ddm bao yéu cdu chat lugng cia xang théng dung (xing théong dung
phai ¢6 tri s6 octan bing hodc 1dn hon 70).

Vi xing cracking nhiét chita nhiéu olefin nén d¢ bén kém, dudi tic dung
cua 4dnh sdng, nhiét d6, cdc phan tir olefin dé bi ngung tu, polyme hoa, tring
hop hod tao nhuya din dén chdy khéng hoan toan trong xylanh. Xing chifa
nhiéu olefin d& bj bién d6i thanh mau sim. Tuy ohién loai x4ng nay ciing cé
ru diém 12 d& khdai dong may.

Him lugng luu huynh trong xing cracking nhiét dao déng trong khodng
0,5 dén 1,2% (cao gdp 5 lan cho phép d8i véi xang 6t6).

Néi chung xang cracking nhiét chwa dam bdo chit lugng s dung cho
déng co xing; thudng phadi xir 1y lam sach bing hydro hoic cho qua
reforming xic tic d€ nhan duge xing ¢é d6 6n dinh vi tri s& octan cao.

V.1.3. Cic yéu t6 anh hudng
a. Nguyén lidu

Nguyén liéu cing ning (gidi han s6i cao) thi bd bén nhiét clia nguyén
lidu cang kém, qué trinh phin huy xay ra dé& hon, dan ¢€n t6¢ d6 phan huy
nhanh, cho hiéu suit xing cang cao. Do vay, nhién liéu ning thi phan dng
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xay ra & nhiét d6 thap hon so véi nhién liéu nhe.
b. Nhiét d6, ép sudh

Néu qua trinh ti€n hanh & nhiét d6 vira phai thi qud trinh phan huy xdy
ra v4i sy thay d6i cdu tric rat it. Vi du, n€u nguyén liéu chia nhiéu parafin,
s& thu duge san phim chita nhiéu parafin, n€u nguyén lieu gasoil ¢é chifa
mot lugng 16n hydrocacbon vong thi sdn phidm thu dugc s& cé nhiéu naphten
va aromat.

Khi cracking xay ra trong pha 1éng v&i nguyén liéu nang nhu mazut,
gudron thi dp sudt khong anh hudng nhiéu.

Khi dp suat va nhiét d§ cung cao, vi tri dit mach nghiéng vé cudi mach,
diéu d6 din dén lam tang hiéu suit sin phdm khi, sin phdm léng giam.

Con néu chi ¢6 dp sudt cao thi vi tri dit mach C—C xay ra & giita mach,
dén dén hié¢u sudt san phim long ting.

c. Thoi gian lun

Thoi gian luu cua nguyén liéu trong ving phdn dng cang lau thi san
phdm tao thanh d& bi ngung tu, din dén tao nhua, tao cdc, lam giam higu
sudt xang va khi.

Nhy vay, dé ting hiéu suit san phim khi, xang, vi giam hiéu sudt phan
tng tring hop (cin, coc) thi & viing phan 1ing, nhiét dé duy tri cac va thoi

gian liru cha nguyén liéu trong ving phan ing phai ngin (bang V.2).

Bdng V.2. Cracking nhiét n-C ;H;,

Nhigt ¢ | Do chuyén | Higu sudt phdn tng (% khéi luong) Ty lg
{°C) hod (%) | san pham phan S4n pham phan huy/ trung hgp
huy {x&ng khi) tring hgp
376 52,2 55 442 1,26
400 53,5 62,2 37.8 1,65
425 50,8 724 276 2,26

T¥ bing trén ta thay, khi nhiét d6 ting lén, do chuyén hod hiu nhu xap
xi nhau, song san phidm phan huy ting, con sin phim tring hgp giam.
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Vi vay. d6i vdi mdi dang nguyén liéu khdc nhau, ta cdn nghién ciu chon
nhiét d¢ t6i vu. Thuc t€ lai cho thay ring trong cdc qud trinh cracking nhiét
cong nghiép, san pham c6c chli y&u tao thanh va lang dong ¢ ving nhiet 4o
vira phai chif khong phai & viing nhiét do 6 da.

V.1.4. Co ché
Phan iing cracking nhiét xay ra theo co ché géc tu do.

Céc hydrocacbon tham gia phan tng cracking nhu sau;

— Parafin: CiHzpyp  —» CoHyio + CoHap,
- Olefin: CnHz, —» CpHyy + CpHy,
— Alkyl thom: CeHsC;Hs — CeHg  + CoH,

— Xycloparafin;: C.H,, —» C.H>, + CoHa,

Trong cdc loai phan tng trén, dién hinh 1a cracking #-parafin, co ché
Xdy ra nhu sau;

R-CH,~CH,-CH,~CH; %% R-CH,~CH," + C"H,—CH,
R-CH,-CHy" — R* + CH,=CH,
C'H,-CH; — H' + CH,=CH,
CH:-CH,-CH,’ —» CH:* + CH,=CH,
CHj' + R—-CH,~CH,~CH,~CH; —# CH,y+ R-CH,—CH,—C *H—CH,
R-CH,-CH,-C*H-CH; ——# R-CH,’ + CH,=CH—-CH,
Nhu vay, cracking nhiét tao ra mot lugng 16n etylen, sin phdm thu duge
it nhdnh, khong nhi€u phin (ing ddng phan hod, khé thu duoe san phim

vong, vi viy ma xing thu duge tir qué trinh cracking nhiét ¢é tri s6 octan
thédp.

V.2. CRACKING XUC TAC

V.2.1. Muc dich cia qua trinh cracking xiic tac

Trong cong nghé ché bién ddu mo, cac qud trinh ¢é xtc tic chiém mot
v1 tri quan trong, trong d6 cracking xic tic 12 dién hinh. Xic tic ¢é tde dung:

— Lam giam nang luong hoat hod, tang 16c do phan tng.
— Lam giam nhiét do cdn thiét cia phan dng.
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— Tang tinh chat chon loc (hudng phan vng theo hudng c4n thiét).

Lugng diu mo6 duge ch€ bién bang cracking xic tdc chiém twong déi
I6n. Vi du, nam 1965, lugng ddu mo the gidi ché bign duge 1.500 tan/ngay
thi cracking xiic tdc chi€ém 800 tan (53%).

Qud trinh cracking xic tic duge xem 12 mot qud trinh chl yéu dé san
xudt xdng cho 0t6, mot s§ it cho mdy bay va 1a mot qud trinh khong thé
thi€u duge trong bat cif nha may loc diu nio.

Vé phuong dién dong hoc, nhimng phan tng xay ra khi cracking nhiét
déu c6 thé xay ra trong qud trinh cracking xvc tic (song khi cé xuc tdc, xic
tdc sé thuc day chon loc cdc phan ting ¢6 lgi nhu dong phin hod v phan huy
dé tao ra izo-parafin, hydrocacbon thom...).

Nho ¢6 xiic tdc ma phan iing duge thyc hién ¢ nhiét dé thap hon.

Muc dich cua phan ung cracking xic tac 13 bién d6i cic phan doan diu
mo ¢6 nhiét do cao (hay ¢é phan tit lugng 1én) thanh cdc cdu tir xadng cé char
lugng cao. Ngoai ra thu thém mot s6 sdn phdm phu khdc nhu gasoil nhe,
gasoil nang, khi (chi y&u la phan tir ¢c6 nhdnh), day 12 cdc cdu tir qui cho
16ng hop hod ddu.

V.2.2. Nguyén liéu diung cho qua trinh cracking xic tac

C6 thé dung cdc phan doan san lam nguyén liéu cho cracking xic tic:

— Cdc phan doan kerosen-x6la ciia qué trinh chung cat truc tiép.

— Phan doan x6la c6 nhi¢t dd soi 300 dén 550°C cfia qua trinh chung cat
chan khéng mazut.

— Phan doan gasoil cla qud trinh ch€ bi&n thif cap khéc.

— Phén doan gasoil nang c6 nhiét d6 s6i 300 dén 550"C.

Nhu vay, ngudi ta ¢6 thé phan nguyén liéu cho cracking xic tée ra lam
bon nhém sau:

Nhém I: Nhém nguyén liéu nhe, 1a phan doan kerosen-xola ldy tir qua
trinh chung cdt truc tiép co: \
T =260 + 380"C;

d 0,830 + 0,860;
M 190 + 220d.v C
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D6 12 nguyén liéu tot nhat dé san xuit xidng mdy bay.

Nhém 2: Phan doan gasoil ning ¢6 gidi han nhiét do s6i 300 + 500°C va:
d =0,880 + 0,920;
M=280+330dvC

Chi yé&u dé san xuft xang oto.

Nhém 3: Nhém nguyén liéu ¢6 thanh phdn phan doan rong, d6 1a hén
hop clia hai nhém trén, (nhiét do soi 210 dén 550°C), c6 thé 1dy 1l chung cat
truc ti€p hay 1a phin chiét cda qud trinh lam sach ddu nhon bing dung moi
chon loc.

Nhém nay dé€ sin xuit xing 6t6 v mdy bay.

Nhém 4: Nhém nguyén liéu trung gian 12 hén hop phan doan kerosen
nang va x6la nhe, nhiét do s6i 300 dén 430°C, d€ sdn xudt xidng 6t6 va mdy bay.

Trong c¢dc nhém nguyén liéu trén, t6t nhét va chu yéu ding cho cracking
xtc tdc 12 phan doan kerosen - x6la gasoil nang, thu duge tir chung cdt truc

ti€p. Phan doan nay cho hién suflt xing cao, it tao céc nén thoi gian lam viéc

cua xiic tic kéo dai.
V.2.3. Cac san pham coa qu4 trinh cracking xic tac

Hiéu suit va dic tinh cia cdc sin pham trong cracking xuc tic phu
thu6c vao ban chat nguyén liéu, chit luong xic tic va ché do cong nghé. Sian
phdm chinh cla qud trinh 14 xdng, ngodi ra con thu thém mét s6 san phidm
phu nhir khi, gasoil ning, gasoil nhe.

V.2.3.1. Sdn phdm khi cracking xiic tdc

Hiéu suft cia san phdm khi chiém 10 dén 15% nguyén liéu dem cracking,
c6 thé dao dong phu thudc vao diéu kién cracking. Néu cracking & diéu kién
cing (nhiét do cao, tdc dd nguyén lidu nho, bdi s6 tudn hoan xiic tic 16n) thi -
hiéu sudt s& 16m; con néu cracking & didu kién mém, hiéu suit s& thdp (bang
V.3).

Né&u nguyén liéu ¢é ham lugng luwn huynh cao thi khi cracking xic tdc
chita nhidu H,S; néu nguyeén liéu chia nhiéu nito, trong khi s& cé NH.
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Bdng V.3. Sy phu thuéc thanh phdn khi cracking xidc tie
vao nguyén liéu

Cau tir Hidu sudt (%)
Khi ding nguyén lidu nhe Khi dung nguyén liéu ning
Ha 0,80 6,65
CH, 3,20 7.0
CaHs 2,40 7.0
CoHy 0,25 7.0
CsHs 11,70 10,85
C3Hs 10,75 13,3
n-C4Hqg 5,36 7,75
izo-C4Hqg 234 19,75
n-C4Hg 12,0 11,5
izo-Cy4Hq 1,0 3,65
n-CsHys 6.3 18,55
izo0-CsH 43 16,7 18,55
Anilen 7,20 18,55
Téng 100 100

Bdng V4. Thanh phin khi cracking phu thugce vao xiic tic sir dung

Céu tir Xic tac chaa zeolit Xac tae chira aluminosilicat
H,8 49 36
H, 0,1 3.1
CH, 18 8,0

CzH, 27 69
C,Hg 1,8 28
CiHs 23,1 25,6
CsHg 79 57
n-C4Hg 16,6 16,0
iz0-C4Hg 57 101
n-CaHyg 6,4 30
i20-C4Hyq 28,1 15,2
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Theo hai bang trén, khi tir C; dén Cs chiém 70 dén 90%, trong d6 khi
izo-C4Hg la cht y&u. So v6i cracking nhiét thi khi cracking xtc tdc ning hon.

Ung dung ¢lia khi cracking xiic tdc:

— San phim propan-propen }am nguyén liéu cho qué trinh polyme hod va
cho qud trinh san xudt cic chit hoat dong bé mat.

— Phéan doan khi propan-propen, butan-buten 12 nguyén liéu cho san xuit
khi hod 16ng LPG, nguyén liéu cho alkyl hod dé nhin cdu tir ¢6 tri s6 octan
cao pha vao xing va lam khi dét dan dung, lam nguyén liéu cho téng hgp
hod dan,

V.2.3.2. Xdng cracking xuc tdc

Day 14 sn pham chinh cha qud trinh cracking xic tdc, hiéu suit xang
cracking xic tdc thudng dao déng trong khodng tir 30 dén 35% lugng nguyén
liéu dem cracking. Hiéu sudt va chit lugng xang phu thudc vio chat lugng
nguyén li¢u, xic tdc va ché do cong nghé.

— Néu nguyén liéu cé nhiéu naphten thi xdng thu dugc ¢é chat luong
cao.

— Néu nguyén liéu ¢6 nhiéu parafin thi xing thu duge cé tri s8 octan thap.

— Né&u nguyén liéu ¢é nhiéu luu huynh thi trong xang ciing ¢é nhiéu luu
huynh (thudng chiém 15% téng lugng luu huynh c6 trong nguyén liéu).

Xiang cracking xuc tdc cé cac dic trung sau:
- Ty trong 0,72 + 0,77,
— Tri s6 octan 87 =+ 91 (theo RON);
— Thanh phin hod hoc: 9 +10% olefin, 20 + 30% aren, con lai 1a

naphten va izo-parafin.

V6i cic tinh chat nhir trén, xdng cracking xic tdc ¢4 thé dung 1Am xang
mdy bay hodc xing 06t0.

Dé tang tri s§ octan cho xiing cracking xuc tic, ngudi ta pha thém nudc
cht (TEL). Xidng dung cho mdy bay thuong pha thém 2,5 d¢n 3,3 g nuéc chi
cho | kg xédng va tri s6 octan s& tang lén 10 d&n 16 dom vi.

Mirc d¢ ti€p nhan nuéc chl phu thuée vao thanh phéin hod hoc cla xang:
Néu xing cé nhiéu hydrocacbon thom va nhién luu huynh thi kha ning ti€p
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nhin nuée chi kém. Néu xang c6 ham lugng izo-parafin 16n thi mic do tiép
nhan nude ¢hi ting. Xang c6 pha chi rédt doc, gay 6 nhiém méi truomg.

V.2.3.3. Sdn phdm gasoil nhe

Gasoil nhe 12 san phim phy thu duge trong cracking xic tdc; cé nhiét do
soi trong khoang 175 dén 350°C. So sdnh v6i nhién liéu diézen thi né cé tri
s6 xetan thdp. Tuy nhién chat lugng cia san phdm nay ¢on phu thude nguyén
liéu dem cracking.

Véi nguyén liéu 13 phin doan x6la tir ddu ho parafinic thi gasoil nhe cla
cracking xtc tdc nhan dugc ¢é tri s§ xetan twong déi cao (45 + 46).

V&1 nguyén liéu chifa nhiéu hydrocacbon thom, naphten thi tri s xetan
thap (25 + 35).

Chit lugng cla gasoil nhe khong chi phu thugc vio thanh phdn nguyén
liéu ma con phu thuge vao chit lugng cia xidc tac vh ché d6 cong nghe.

- Cracking xiic tdc & diéu kién cing: hiéu suét va chat luong gasoil nhe

thap.

- Cracking xiic tdc & di€u kién mem: hiéu suit va chit luong gasoil nhe
cao.

Sin phim gasoil nhe nay thudng duge sit dung dé Iam nhién liéu diézen,
lam nguyén liéu pha vio mazut 1am tang chét lugng cia dau mazut.

Dic tinh cia gasoil nhe thu duge trong qud trinh cracking xic tdc nhu
sau:

— Ty trong 0,83 + 0,94,
— 1,7+ 2,4% luu huynh, 30 +50% hydrocacbon thom, con lai la parafin
va naphten.

V.2.3.4. §dn phdam gasoil ndng

San phdm gasoil ning 13 phdn cin con lai cBa qué trinh cracking xic
tic, ¢6 Tys; trén 350°C, d3°= 0,890 + 0,990.

San phdm nay chira mot lugng 16n tap cht co hoc. Ham luong luu huynh
cao hon trong nguyén liéu ban ddu khoang 1,5 1dn. NS duge st dung l1am
nguyén liéu cho cracking nhiét va c6c hod, hodc lam nhién liéu dé&t 1, lam
nguyén ligu san xuat bo héng, hodc quay trd lai qud trinh cracking.
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V.2.4. Xdc téc cho qua trinh cracking

V.2.4.1. Cdc loai xtic tde
Xuc tac triclorua nhom AICH;

Triclorua nhoém cho phép ti€n hanh phin ¢ng & nhiét do thiap: 200 dén
300°C, dé ché tao. Nhuge diém 1a xiic tdc bi mat mét do tao phic véi
hydrocacbon cila nguyén li¢u, diéu kién ti€p xiic giita xic tdc va nguyén liéu
khong t61, cho hiéu sudt va chat lvong xang thip.

Aluminosilicat vo dinh hinh

Ban ddu ngudi ta sit dung dat sét bentonit, song hiéu sust chuyén hod
thip. Sau d6 ding aluminosilicat téng hop, xic tic nay cé heat tinh cao hon.
Hién nay chu y&u sir dung zeolit hodc xic tic aluminosilicat chita zeolit. (3
My ¢6 t6i 80% xiic téc chita zeolit (thudmg sir dung loai xic tic c6 20%
zeolit trén aluminosilicat).

Uu diém cila loai xiic tdc chita zeolit 12 giam dugc gid thanh cba xiic
tdc, do zeolit téng hop rdt dit. D& dang t4i sinh xic tdc vi trong qud trinh
phan tng, céc tao thanh s& bam trén bé mit ciia chit mang (12 alumino-
silicat), chit khong chui vao mao quéin zeolit, diéu d6 cho phép qué trinh dét
chdy c¢8c x4y ra thuan tién va triét dé.

Hién nay trong ¢6ng nghiép s dung chii y&u 14 zeolit X, Y c6 kich
thudc mao quan rong (8 dén 10 A) d€ ohe tao xtc tde ding cho cracking céc
phén doan rong va ning. Ngoai ra con ¢6 thé sit dung loai zeolit mao quan
trung binh nhu ZSM-5, ZSM-11. Céc xiic tdc trén dugc ché tao duéi dang hat
vi cdu dé sit dung cho qui trinh cracking véi 16p gia séi (FCC) hoac dang
cdu 16n cho thi€t bi c6 16p xiic téc chuyén dong (RCC:

V.2.4.2. Vai tro cua xiic tdc cracking

Xuc tdc ¢6 tic dung 1am gidm ning lugng hoat hod cia phan ing, tir dé
dan dén tang tdc do phan wng. Vi du, khi cé mat xic tic & 400 dén 500°C,
cdc olefin chuyén hod nhanh hon 1.000 d&n 10.000 14n so véi cracking nhiét.

Ngoai ra, xic tic cdn cé tinh chon loc, né ¢6 kha nang lam ting hay
cham khéng dong déu cic loai phdn \ng, c¢6 nghia 1a huéng phan img theo
chiéu ¢6 lgi.
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V.2.4.3. Yéu cdu doi véi xiic tdc cracking

Xic tic cracking phai dam bao cdc yéu can sau day:

— Hoat tinh xiic tdc phai cao;

— Do chon loc phai cao;

— Do 6n dinh cao;

— Bén co, bén nhiét (A€ cé thé 1am viéc & nhiét do cao);
— D6 thudn nhit cao (vé ¢du tric, hinh dang, kich thudc);
— Phai bén vdi cdc tdc nhan giy ngd doc xic tic;

- Phai ¢6 kha nang tdi sinh;

— Phai dé san xuat va gid thanh ha.

Véi cdc yéu ciu trén thi zeolit hodc xic tic chita zeolit to ra cé nhiéu wu
diém hon ca.

* Xuc tac aluminosilicat vé dinh hinh

Xic tdc aluminosilicat 1a loai khodng sét ty nhién | . l

. X L -S8i-0-Al-0-5i-
hoac téng hop cd thinh phan chu yéu nhu sau: i ' {

* SiO,: 75 + 90% ?

e Al1O3: 10+ 25% S

« Bé mat rieng: 300 + 500 m*/g I
ngoai ra con c¢é H,0, tap chat Fe,05, CaO, MgO.

Xiic t4c aluminosilicat vé dinh hinh cé tinh axit, dé 1a cdc axit rdn. Cic
tdm hoat tinh nim trén bé mit xdc tdc, duge chia lam hai loai: tam Lewis va
tim Bronsted.

- Tam Lewis 1a nhitng tam thi€u hut electron cia nhom. Nhém ludn cé
xu hirréng nhan thém cip dién tir dé 1dp day quy dao p trong. Ta xét ciu hinh
electron cia nguyén tir nhém.

13AL 152252 2p 35"3p]'

Trang théi binh thudng: N 4

Trang thdi kich thich (tao lién két)
vin con mot O tréng nén ndé cd xu t t t
hudng nh4n thém cap electron.
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- Tam axit Bronsted 1a nhiing tdm khi tham gia phan ing c6 kha nang
cho proton hoat déng (H' ).

Theo co ché nhu vay, aluminosilicat chinh 12 cdc axit rin thic ddy phan
ung xay ra theo co ch€ ion cacboni. Vi viy né duoc ing dung rat rong rii
trong da s6 cdc qud trinh loc — hod diu.

V.2.44. Tdi sinh xuc tdc

Xic tdc cracking sau mot thdi gian 1am viéc bi mat hoat tinh do c&¢ tao
thanh bim dinh trén bé mit, hodc mét s6 phan tng phu tao polyme, che pha
cdc tam hoat tinh cua xie tac. PE xiic tac ¢é thé 1am viéc dvgc binh thudng,
phai tdi sinh dé khéi phuc lai hoat tinh clia né.

Bin chét cua qud trinh tai sinh 12 d6t chdy c6c bam trén bé mit. Vi du,
doi voi aluminosilicat d6t & 540 dén 680°C, qud trinh d6t chdy c¢6c xay ra
cdc phan dng sau:

2C + 0y —= 2C0 + Q
C +0, —= 200, + O
2Hy; + O — 2H,0 + @

Kha ning tii sinh ¢6 thé ddnh gis bing cudng d¢ chiy céc, cudng do
chdy c6c cdng cao, qud trinh tdi sinh xic tic cang nhanh.

Ngudi ta thdy ring, nhiét d¢ t6t nhit dé d6t chiy céc nim trong khodng
540 dén 680°C. Néu thip qud, cdc khong chiy hét, néu cao qua (700°C) xuc
téc bi thieu két, din d&n gidm bé mat, lam gidm hoat tinh cia xiic téc.

V.2.4.5. Cdc dang hinh hoc ciia xiic tdc

Xuc tdc cracking thudng duge sit dung & cdc dang sau:

— Xiic tic dang bui: ¢6 kich thu6e tir 1 dén 80 um (phdn 16n 11 40 dén 80 pm).

— Xiic tdc dang vi cdu: kich thuée hat tir 50 d&€n 150 pm. So véi xiic tdc
bui, xtic tdc vi cdu it bi mai mon, do vay xic tic it bi tén hao hon.

Cé hai loai xiic tic bui va vi cdu dugc sir dung phé bién trong hé thong
cracking v6i 16p xiic tdc gia soi.

- Xiic tdc dang cdu 16n: dwdng kinh hat xdc tic tir 3 d&€n 6 mm. Do bén
co cua loai nay rdt t6t. Trong qua trinh lam viéc it bl mai mon, it bi v&. Dang
xtc tdc nay thudng duge sit dung trong 16p xic tic chuyén dong.

— Xuc tdc dang tru: ¢ dudng kinh tir 3 dén 4 mm, chiéu cao tir 3 dén 5 mm.,
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P6 bén co kém, trong qua trinh sit dung dé bi v& vun, 1am tiéu hao xdc tdc.
Loai nay dugce su dung trong hé théng xuc tic cracking véi 16p xic tdc tinh.
Vi leai xie tic nay, do bén co hoc 1n nhat khi chiéu cao hinh tru bing
duting kinh.

V.2.5. Co ché phan fing cracking xic tac

Cé6 rdr nhiéu ¥y ki€n tranh luan vé co ché phan dng cracking xic tdc,
song phd bién nhit van la cdch giai thich theo co ché ion cacboni. Ta hiy lay
vi du dién hinh 12 phin ¥ng cracking n-alcan. Vi du:

??—C(,HM H~C7H16 H-Csﬂlg
E (kcal/mol) 36 29 24

Nhu vdy, mach cang dai d6 bén cua lién két trong mach cang yéu, quid trinh
cracking cang dé thuc hién.

Giui doan I: Giai doan tao thanh ion cacboni, vi du cracking n-hexan,
ion cacboni dugc tao thanh khi r-parafin hdp thu trén trung tam axit Lewis
clua xuc tac:

AH
CH3~CH,—~CHy~CH,y~CHy~CH; — e CHy—C*H-CHy—CH,—CHa~ CH,

+ H:‘.
L» CH;~CH,~CH'—CH,~CH,—CH,

Dién tich duong khong bao gid & cachon bédc 1.

Giui doan 2: Gial doan bi&n ddi ion cacboni tao thanh san phdm trung
gian. Su chuyén d&i ion cacboni xdc dinh b&i do én dinh cia cic ion d6. Theo
nguyén tac:

C"pdc3>C'bac2>C"bac1
D6 n dinh gidm dén, :

Ton cacboni C* tao ra & trén sé duge chuyén dai theo cic phin iing sau:
— CH;~CH,-CH"-CH,-CH,—CHj,
CH3;—CH"-CH,-CH,-CH,-CH; ——» CH3;-C"-CH,-CH»-CH,

cH,

——#  CH;~CH,—C*— CH,

CH,

_CH%
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Giai dean 3 Gial doan dut mach.

Sir ditt mach xdy ra & vi tri B so véi cacbon mang dién tich, dé tao thanh
mo6t chit trung hod vd mot ion cacboni méi ¢é s6 C nhd hon:

CH;—CI+—CH3‘J;CH3—CH3 _ditt mach, CH3—(E=CH2 + CH3;-C*H,
CH3 . CH3
H,
CH3;-C'H, —» (CH;-CH, + H*

Hién nay, nhém tic gia C. Naccache (Phdp) dua ra co ché tao san phim

trung gian la vong xyclopropan. Vi du, cracking n-hexan:

Giai doan I: Tao ion cacbhoni:

C
I

A(H)cc+cccc\..c cc;c-c-c*-c-c
n-CeH s =5 > . ~a
* c-c-C*-c-c-C ~ c-C*-C-C-C

|
xyclopropan C

Giai dogn 2: Tao san phim:

' H.
C-C*-CEC-C P, C-C=C + CC" —*» C-C + H'

C C
* Cracking alkyl benzen E (kcal/mol)

Ce¢Hs—C2H; 30

C¢Hs—CH,-CH,-CH, -CH;4 34

Ce¢H;-CH-CH,-CHj, 19
ey

Cf,HS—C]H—CH3 17,5
CH,

Vi du, cracking:
CeH~CH-CH A‘_ﬁ).. C6H5~(|3+—CH3~L CeFlg + CH'~CH,
CH, CH, CH,
CH,=CH-CH, +—H_|

(n€u dit & vi tri P thi khong thé duge vi d6 12 vong benzen)
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— Trong diy déng ding cha benzen, khi mach bén cang daii thi t6c do
diit mach xay ra cang lén va cang dé.

— Cdc nhém CHs, CsHs khié bi dit ra khot nhan thom (vi nang lugng lién
két 16n, do 86 kho tao CHs" va CaHs® (xang cracking xuc tdc chifa rdt nhiéu

hydrocacbon thom cé mach nhdnh ngin).
* Cracking olefin theo C. Naccache:

At '
R-CH=CH-CH,-CH,~CH; A, R-CH,-CH"™-CH,+CH,—CH,-R’

dat lien két B
——# R-CH,-CH=CH; + [CH2+—CH3—R’ — CH,=CH-R + H*]
Durt mach c6 thé xay ra ngay sau khi phan ing:
C=C-C-C-C + H" —» CH;—CH'-CH,—CH,~CH; —»
~—» CH;~CH=CH, + CH»=CH, + H'
hoic ciing ¢ thé tring hop trudc sau dé méi dift mach:
2C5. —» Cipo —» Cio + Ci=
Ci= —» Cy= + 4=
* Cracking xycloparafin:

Thi du, cracking xyclohexan xiy ra theo so dd sau:

A(H+) (O] +HY
——a > H, amvona vong C=C-C-C-C-C
déng phan hoi déng vong
/ H

CH, CH,
_ H+

Nhur viy, sau cracking ta c6 thé thu dugc san pham 13 vong nhéd hon, hoic
vong déi.

C6 thé so sdnh qud trinh cracking nhiét va cracking xdc tdc nhur sau:
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Cracking nhiét Cracking xric tdc
V&i n-parafin - Phin 16n thu C» olefin - Thu Cy+ Cg olefin, manh nhdnh
vd C4 + Cs mach thing
- Phan tng dong phan hoa - Ddng phan ho4 rit nhiéu.
khong nhiéu

- Khé thu san phim vong - Thu san phidm vdng, tao aren.

Voi vong no - Cracking khé khan - Cracking vong no dé dang
Véi alkyl thom - P61 mach alkyl - Tach nhém alkyl ra khoi vong
thom

* Se sdnh hai loai xic tdc su dung.
Aluminosilicat Zeolit
- La chat v6 dinh hinh - La chat két tinh
- Hiéu suit xang thu duge 55,5% - Hiéu sudt xing thu duoc 62% (tiét kiem
20% du trit diu mé)
- Ham lugng c¢6¢ 5,6% - Coe 4,1%
Zeolit lam ting téc do phan dng, rit ngin

thoi gian xur 1§ nguyén liéu

So sdnh vin téc phan tng khi st dung hai loai xiic tdc trén:

Cracking Aluminosilicat (13% Si)  Zeolit ¥ (chiiu Re) Ty lé
1n-CigHay 60 don vi 1000 don vi 17 lan
CH C,H;
140 2370 17
245

C”-H5 190 2420 13
CH; CH,
©O® 205 053 i

V.2.6. Cac phan ing kém theo qua trinh cracking xiic tac

V6i ngoyén ligu la parafin, phan tit luong cia parafin cang thap thi su
phan huy xay ra cang kém. Ngoai phan ting chinh 12 dit mach C-C, ¢on kém
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theo qua trinh dehydro hod:

. — CH,; + GCzHg (60%)
CiHyp ——=28H | o He + CoH, (30%)
—» C4Hy + H, (10%}

V6l nguyén liéu 1a olefin, ngodi cracking, con c¢6 cdc phin tng triing
hop. Vi du:

2CH3—CH2—CH=CH2 e CH3—(CH2)5—CH=CH2

— = - —
CHp,=CH, + CH»=CH, CH,=CH-CHy~CHy
— CH3=CH—CH=CH2 + Hg

Phan ting déng phan hoa:

- CH3‘—92 CHQ
CH,=CH-CH,~CH; —— CH,

— CH;-CH=CH-CH,
Phan dng két hop H, tao parafin:

R-CH=CH,  —2p R-CH,~CH,

Phan dng khép vong, sau d6 ¢6 thé bi khit H, thanh aren:

CH>=CH-CH,~CH,-CH,—CH; ——» O — ™ @
3CH9 CH') — @ + SH*}

Véi nguyén liéu 14 naphten:

CH,—CH,—CH;
— + GHg + H,
O —Q - =
CHS
@ — J
o (Lo
—_—
CH,
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V&i nguyén lidu 1a cdc hydrocacbon thom, phan {ing chinh 12 cracking:

crackin nhiét. CH3
¥ o}
@,CHZ—CHZ—CH3 — + CH=Ch,

cracking xuc tic
cracking xdo tie @ + CHy~CH=CH,

:l II3

C—CH,—CH;  +°C, xdc tic

| —— + CH,=C—CH;,—CH,
CH, - -

C}13
Mach alkyl cang dai va dé phan nhdnh cang nhiéu thi viéc khir géc alky]
cang dé vi lién két d6 kém bén.
Phan 1tng kém theo 13 phan iing déng phan hoi:

CH,

CH3 CH3
@ £°C, xtic tic @/ CH,
—_—
CH, ,

CH;
hodc phan bd lai:

CH,
1) - -
t C, xic tic @ + @
CH; CH,

Ciing ¢6 kha ning xay ra phan ing khép vong:

CH,—CH,— CH,—CH,4 ©
tOC, XUe Hic
— + 5H,

phenantren

CH,

%]

CH,
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Ngoai ra con xay ra phan dng ngung tu va tao cdc:

coo  ©ooo
OO0 = 500 ™ o

V.2.7. Cac yéu t6 anh hudng dén phan dng cracking xiic tac

C6 rdt nhidu y&u t6 anh hudng d€n phan itng cracking, sau diy chi néu
mot s6 y&u t& dién hinh.

- Nguyén liéu: T6t nh4t 1a phan doan kerosen-xola gasoil nang thu duogc

tir chung ¢4t tryc ti€p (nhiét do so6i clia phan doan 260 + 350°C, 4 = 0,830 +
0,920).

— Nhiet do thich hop: 450 + 520°C 14 thich hop nhit dé tao xing.

— Ap suft 1,4 ¢én 1,8 at, & diéu kién nay cracking xay ra trong pha hoi.

- Xiic tdc: Zeolit Y (16 x8p 16n, Si/Al cao).

— T6c¢ d6 nap liéu 0,5 + 2,5 don vi thé tich nguyén liéu trong 1 gid.

— Boi 56 tudn hoan ciia xidc tdc: Khi ting boi s6 tudn hoan cha xic tac
thi thin gian lru cia nguyén liéu trong viing phan 1ing giam, hoat tinh trung

binh cta xdc tdc tang 1én, lam cho hiéu sufit xdng, khi, cling ting. Con lugng
cdc bam trén bé mit xtic tdc san 1an tudn hoan s& giam xudng.

V.2.8. Su tién bo cha cracking xic tAc trong cong nghé loc hos diu

Trude day, qud trinh cracking xde tdc thudng duge thuc hién trong thiét
bi v6i 16p xiic tdc ¢d dinh, nhu vay rdt khé tdi sinh xdc tdc khi né mét hoat
tinh. Khi ché€ tao xic téc, cin phai tinh dén cdc y&€u t§ nhu hoat tinh, thoi
gian 1am viéc cha xic tdc. Vi vy khé cé thé ché tao duge mot xic tic via
dam bao dugc hoat tinh cao, vira ¢ thoi gian 1am viéc dai.

Ngiy nay, st dung chd y&€u qud trinh cracking véi 16p xic tdc gid soi
(FCC). Véi c6ng nghé ndy, cho phép nang cao dwgc nang sudt thi€t bi, sk
dung duge nguyén liéu x4u hon mi vin thu dugc san phidm cé chét lugng
cao, xtc tdc dwoc tdi sinh mot cach dé dang.
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V& cong nghe, 4p dung cong nghé diéu khién tu dong cé thé 16i wu hod
qué trinh, nhanh chéng ph4t hién sy mat hoat tinh xéc tdc nén kip thii diédu
chinh duge hoat dong cla thiét bj.

Mot véan dé nan gidi thudng x4y ra trong qué trinh cracking xdc tdc 1a
tao c8c trén bé mit 1am giam hoat tinh xdc tdc. Do vay, hién nay ngudi ta
thweng cho them mot lugng rdt nhd kim loai qui d€ thic ddy phin éng oxy
hod (d6t chdy) hoan todn dén CO,, trdnh tao CO la nguyén nhan lam giam
hoat tfnh xic tic v 6 nhi€m moi trudng. Xic téc sir dung la zeolit Y trao déi
vdi cdc cation kim loai 44t hi€ém. Xdc tdc FCC trong cong nghiép 1a loai hat
vi cdu, bao gém 35% trong luong zeolit Y phdi trén véi chat nén gém SiO,
lam chat két dinh va d4t sét. Chét nén 1am cho xiic tdc c6 ty trong thich hop
va tang stc dé khang cua zeolit véi cdc chédt ngd doc. Mat khéc, ch4t nén con
l1am ting d¢ bén nhiét cia xic tdc, 1am gidm gi4 thanh va d& t4i sinh xdc tac.

Cong ngh¢ FCC v6i thoi gian ti€p xic ngin, thdi gian ti€p xic cda
nguyén li¢u va xidc tdc khodng 2 gidy, d¢ phan tung chi xdy ra trong 6ng
ding, trdnh duge cdc phan dng cdp 2 (ngung tu tao cbc).

V.3. HYDROCRACKING
V.3.1. Y nghia

Hydrocracking 12 qud trinh bé gy mach C-C c6 sy tham gia cfia hydro,
vi vay san phdm thu dugc hdu hét 1a cdc hydrocacbon no. Qud trinh ndy dugc
itng dung ddu tién vio nam 1935 & Ditc, sau d6 & My.

Xudt phdt tlr thyc t& cdc phuong tién giao thong van tdi ngay cang phat
tri€n manh, doi hoi lugng nhién liéu ngdy mot ting, ma san luong cdc san
phdm tring chung c4t duge tit ddu mod déu c6 han, didu nay di thic ddy cdc
qué trinh ch€ bién nhim tang sdn lugng nhién liéu tix phdn can phat trién
theo, trong d6 hydrocracking 13 mét qué trinh quan trong, ¢6 hiéu qua nh4t
dé xir 1y céc phan doan can ning thinh nhien lieu cho déng ¢o hoic sin
phdm trung gian cho cong nghiép téng hop hod diu. Téc do qud trinh
hydrocracking tang rdt nhanh, thé hién qua céc s6 liéu & bang V.5.

Qud trinh hydrocracking 1a qud trinh ding xic tdc, ¢é dp suéit va nhiét
do cao.

Mac di hydrocracking 14 mét qud trinh cé tir lau doi, nhung cho dén
ngdy nay né vin dugc hoan thién va phdt trién. Tinh wu viéc clia cOng nghé
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ndy la ngoai xdng dong co con thu duoc cie sdn phdm khdc nhu nhién lieu
diezen, nhién liéu phan Iyc, phén can cé thé san xudt nhién liéu d6t 1d. Him
lugng lwru huynh trong san phdm rdt thdp; ham lugng hydrocacbon thom
giam; va dac biét hdu nhu khong c6 benzen (< 1%).

Bdng V.5. Qua trinh hydrocracking 6 My

Nam 1962 1964 1966 1968 1973
Cdng sut ché bién nguyén
ligu (10° t&n/nam) 1 4,5 14,2 42,6 455
$6 thiét bi 5 13 26 40 45

V.3.2. Xic tac
Lich sir phat trién xic tdc hydrocracking duge khéi luge nhu sau;

- Pdu tién xic tic duge ding 1a W/ ddt sét, Xdc tdc nay cé hoat tinh t6t
va sir dung ¢6 hieu qué trong qué trinh hydro hod xang. Song ¢6 nhuoc diém
la r&t nhanh bi m4t hoat tinh khi ¢é mat cdc ch4t nito.

- Nim 1937 hing Esso ché tao xiic tic sunfit W/dat sét ¢6 bé sung HF.

- Niam 1939 d€ nhan dugc xdng c6 kha nang chéng kich né cao, & chau
Au di dung xic tdc hai chitc nang: hydro hod va cracking. Vi dy, hing
Imperical Chemical Industry dd ch€ tao Fe/ddt sét c6 bé sung HF. Xic tdc
nay rdt phd bi€n & Anh d€ sin xudl xang mdy bay.

Ngay nay xic tdc Ni, Pt, Pd mang trén aluminosilicat v6 dinh hinh hoac
oxyt nhém, hodc zeolit (mdi nhét 12 zeolit Y) 12 nhilng xdic tdc rat phé bién.

Céc xiic tAic mdi ch€ tao ngay nay c6 hoat tinh cao, th¥i gian lam viéc
dai (thuong 1én hon 3 nam), dé tdi sinh.

Dac tinh ctia mot s8 xidc tdc duge dva ra & bang V.6.
V.3.3. Ban chit hoa hoc cua qua trinh hydrocracking

Hydrocracking xdc tdc duge dic trung bing cdc phan ung cit dit lién
két C-C, c6 cic loai chinh nhu sau:
1. Cracking alcan thanh cdc phdn ti nhé hon:
R-CH,~CH,~-R’ + H, — RCH; + R’CH;

2. Phan fing hydrocracking alkyl thom:
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CHZ_R

@ +H2—-—-©+R—CH3

3. Khir vong naphten:

O + H — GHy,

P61 véi cdc nguyen liéu nang chia nhidu vong thom, trong qué trinh
hydrocracking, xdy ra phan ung rat dién hinh 13 phan chia thanh cdc vong
nho, hodc tao mach nhénh, cqu tric hé, 14 nhitng c4u tit cé trj 56 octan cao.

GeHis 2H, CeHys 4H,
Celt +

13\©/ GHs O\Cle
‘—HL’ CeHy4 + ©/ s

(c6 cflu triic CHy~CH,~CH,~CH-CHj)
CH,

Bdng V.6. Hoat tinh ciia mot s6 xiic tac hydrocracking

Xic tc Hoat d9 (% t!]é tich) theo higu suét
s&n pham sbi dén 250°C
Ni (7%) trén d4t sét + HF 68
NiS {7% Ni) trén d&t sét + HF 81
NiS (6% Ni) trén Al,O; - SiO; tng hop 66
Co0 (2% Co + 7% MoO) 5
Co0 (2% Co + 7% MoO;) trén Al O, + HF 8
Pt (0,21% Pt) trén Si0, - Al,03 tdng hop 25
Pd (0,21% Pd) trén SiO, - Al,04 téng hop 92
Pd (0,5%) trén zeolit dang axit 96
(phadn Ung thyc hign & p = 75 at)

118



Phan ng trén di tao ra etylbenzen, izo-hexan, déu 13 nhitng cfu tir rat

t6t cho xang.

Ngoai cdc phdn ung trén (13 cdc phan ing chinh) con cdc phan uUng 1am
bdo hoa olefin va aromatic, phan dng hydrocracking 1dm sach céc chit S, N,
O trong nguyén ligu.

Hydrocracking 1a phan ing c6 tod nhiét va hdu nhu khong ¢é su thay déi
thé tich. Phin tng ti€n hanh dudi 4p suit hydro v6i muc dich no hod cdc sin

phdm va tranh ngung tu tao cSc 1am giam hoat tinh xic tic.

Hiéu iing nhiét cha qué trinh vao khoang 1 dé€n 0,55 kcal/lit H,.

Céc phan Ung lam bdo hoa lién két thudng 1 cdc phan ing tod nhiét
nhiéu hon (bang V.7).

Bdng V.7. Hiéu ing nhiét cua cdc phan ing

Loal bhan & Nang legng hoat hoé trung binh
oal phan fng kealmol keallllt H
A. Hydrocracking:
- parafin
RH + H, —> RH + RH 11+ 14 0,49 + 0,625
- naphten
O’R+ Hy — O + RH 10+ 12 0,45 + 0,54
- aromat _
R
@’ ¢ H, — ©+ RH 10+ 11 0,45 + 0,49
B. Hydro hod:
- olefin
CnHzn + HZ ——iire CnH2n+2 2?‘3‘ 3 1,2+ 1.4
- aromat
@’R+ H, — O’R 48+ 52 071+ 0,77
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Bdng V.8. Nhiét phan iing clia cdc qua trinh khac

Nang lugng hoat hod
Phan tng
kealimol nglieu |  kealimolH, kcalt H,
A. Cac dan xust luu huynh (HDS):
- Mercaptan:
R-8H + H, —= RH + H,$ 17,0% 17,0% 0,76
12,5 12,5 0,56
- Thicete
R-S-R'+2H, — ™ RH + R'H + H,$ 27 13,5 0,60
34x* 17,0% 0,70
- Thiophen
E-j—R+ Ho—= RH + H.S 65 16,25 0,72
$ 2 2z
- Disulfua
RSSR' + 3H, —*RH +R'H + 2H,S 50 16,7 0,75
42% 14,0% 0,62
B. C4c hgp chat amin:
RNH; + H, — RH + NH; 19 19 0,85
C. D&n xudt chita oxy:
- Rugu
ROH+H, — RH + H,0 24 24 1,07
- Phenol
OH
R’@r tH R@ +HO 16+ 16+ 0,71
- Ete:
ROR'+2H; —* RH+RH +H,0 47% 23,5* 1,08

* Cac gia tri nay Ia tinh toan theo mdi lign két (& 298°K), con céac gia ti khac dugc tinh toan &
700°K. Thé tich H, do & digu kign tieu chudn (0°C, 760 mm Hag).
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V.3.4. Co ché cva qua trinh hydrocracking

Phan dng hydrocracking xay ra theo co ché€ tuong tu nhw cracking xdc
tic, theo co cfu ion cacboni, tuy nhién do ¢d mat cia hydro nén cd nhiing
diém khdc biét sau:

» Trong san phidm khi chita rit it CH, va CyHg, chi c¢6 propan va butan,
khong ¢6 olefin. Trong phan doan C,4 rét gidu izo-butan.

e Trén xic tdc, olefin vi cdc san phdm cracking bi hydro hod nén tranh
duoc hién tugng tao can, nhua va céc.

e Hydrocacbon thom bi hydro hod dén naphten tuong tng din dé€n dé bj
cracking hon, do viy lam cho xang c¢6 tri sd octan giam.

¢ Alkyl benzen bi hydro hod thanh naphten tuong dng, nén tri sé octan
thap hon alkyl benzen.

Do vay, xang clia qué trinh hydrocracking thudng phai pha theém phu gia
hoac phai qua ché bi€n reforming dé ¢6 duge xdng t6t hon.

Co ché€ cla qué trinh hydrocracking nhu sau:
3

+ —
e R-CHy CH; —2¢, R_CcH-CH; 72, R-CH; + CH,
2 3
_ AH) + +5H,
e CH=CH-CH; —2®), CH,_C*H-CH, ~2—2» CH;-CH; + CH,

M +
« R-CHyCHyCHy-CHy-CH; —j> R-CH=CH-CH,-CH,-CH; 020

ditt mach
—_—

+ 3 vi * ¢
R—CH-CH,~CH,~CH,-CH, <h¥énvi R-C-CH/CHy-CH; =
! 2

CH;
R—lFH—CH;; + CH.,-CH,4
CH;
Nhin vio co ch€ trén ta thdy, tr nguyén liéu ban ddu 12 mach thing, di
bién déi thanh cdc cdn tir nhod, ¢6 cdu tritc mach nhanh. Diéu nay din dén

tang tri s6 octan cla xang. Tuy nhién, tri s& octan cla xang hydrocracking
vin kém hon xang cracking xic tdc do céc san phim thu dugc Ia no.

V.3.5. Nguyén liéu

Cé6 thé chon nguyeén liéu cho qud trinh hydrocracking 12 phan doan rong,
tir xang nang tGi can ddu ning, cdc nguyén ligu ddu cé nhigt do so1 cao hon
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so vdi nguyén li¢u trong cracking xic tdc. Tuy nhien, kha nang lam viéc cla
Xudc tdc con phu thudc vao chat fugng va ngnén gdc cla nguyén liéu,

¢ T nguyén liéu 1a phdn c4l ligroin, nhan dugc nhiéu céc san phdm khi.

* Tir nguyen liéu gasoil nhe, nhan nhidu xang.

* Tr phdn c4t chan khong nhan nhién lieu phan luc.

¢ Tlr phin c4t cin, nhan nhién liéuw néi hoi.

Nguyén li¢u nhi€u luu huynh dé cracking hon so véi ddu it luu huynh, vi
cdc hop chdt chita S d& bi cracking chism dén 30 + 50%.

bac biét, v6i he xic tic méi ngay nay, cé thé thuc hién hydrocracking
v6i phin cidn nang nhat. Dac di€m cia phdn can nay [4 chia nhiéu hydro-
cacbon thom da vdng. Néu nhu trong cracking xic téc, nhiing hydrocacbon
thom ny rdt khé cracking va dén dé€n tao céc, thi trong diéu kién cé mdt cla
hydro, ching dugc hydro hod din dén tao vong no, réi sau d6 bj pha vdng dé
tao nén cdc hydrocacbon nhe hon. Nhu vay, két qua I han ché qud trinh tao
cdc va trdnh duge sy m4at hoat tinh cda xie tic. Céc hydrocacbon thom cang
c6 nhiéu vdng ngung ty thi cang dé bi cracking.

_,.‘,

+H, -CHm

Cd nhu vy, ham lugng céc s& gidm dén.
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Cic nguyén liéu x4u, baoc gém nhing hop chdt chia S, N, O, dud: ap
suét ¢6 mat hydro, ching cling bi hydro hod tao nén cdc san phdm khi H,S,
NH;, H,O thoat ra; con lai phdn hydrocacbon 12 nhitng h¢ da vong hén hgp
ti€p tuc bi bién déi theo hudng néu trén.

Cac kim loai nang cé trong d4u thudng & dang phic co kim. Néu trong
gud trinh cracking xiic tdc thi cdc chédt ndy gy ngd déc xic tdc, con trong
qud trinh hydrocracking, cdc phifc nay lai tr& thanh céc trung tam hoat tinh
phu dé thuc hién phan ing hydro hod, cho nén qud trinh hydrocracking la
qué trinh linh hoat nhdt, sit dung b4t cit dang nguyén li¢u nio, k€ ci nguyen
liéu can clia ddu naphteno-aromatic chita nhi€u nhya va asphanten.

V.3.6. San phim thu

Muc dich cfia qud trinh hydrocracking trong cdc nha may loc diu la thu
xang cé cht lugng cao tr phdn cin nang. Xang hydrocracking sau khi pha
them phu gia hosic mot s6 thanh phin cao octan s& ddp \ing yéu cdu cia xang
6 to thong dung.

Tuy nhién, ngoai san phim chinh 12 xing cdn thu dugc cdc sin phim
khéc, ma ty lugng chia chiing phu thudc vao ngubn nguyen li¢u ban dau, xic
tdc, ch& d6 cong nghé thuc hién qud trinh. Thong thudng, qui trinh
hydrocracking duge thuc hién & 290 + 400°C, 4p sudt 1,2 + 2 psi (8,275 +
13,8 kPa).

Bdng V.9. Nguyén li¢u va sin ph&m dién hinh
clia qua trinh hydrocracking

Nguyén lidu San phém
Kerosen, diu hod X&ng
Piazen chung cét tryc X&ng, nhign ligu phan hye
Gasoil ct khi quyén X&ng, nhién liéu phan lyc, diézen
Gasoll cat chan khong X&ng, nhién lidu phén lyc, didzen, ddu nhan
FCCLCO X&ng
FCC HCO Xang, san pham ngung tu
Phan c6c¢ nhe X3ng, sdn phdm ngung ty

123



Néu st dung nguyen lieu 13 diu nédng, gidng nhu cia qué trinh cracking
xuc tdc, s& thu dugc hiéu suft cic phan doan theo nhiét d¢ séi nhu sau
(% thé tich trén nguyen lieu).

Bdng V.10. Hiéu suét cac phan doan san phim
(% thé tich trén nguyeén liéu)

Céc phan doan san phdm % thé tich trén nguyan lidu
Butan 52
C, - 68°C 8,8
65 + 180°C 31,8
180 + 275°C 33,8
> 275°C 35

Nhv vay, mac dit ¢6 géng thi sin phdm d4u tién, sin phdm chinh clia qu4
trinh la xang ciing chi thu dwogc khodng 40% th€ tich trén nguyén liéu. Dac
di€m cla xang nay 13 hdu nhu khong chita olefin, do vy d6 bén oxi ho4 (chu
k¥ cam ing) rét cao.

Qud trinh hydrocracking dvge thuc hién trén céc codng nghé khic nhau,
chu yéu & My, Phép.

BdngV.11. Céc cong nghé hydrocracking dién hinh

Céng nghé Céc hang (cong ty)
izomax Chevren va UOP
Unicracking Unocal
Shell Shell
BASF - IFP hydrocracking Francais Petrole
Unibon UcP
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Chuong V1
QUA TRINH REFORMING

V1.1. CO SG HOA HOC

Qua trinhg reforming bao gém mét loat cdc phdn ¢ng nham 1am thom
hod cdc san phdm ddu mo, tang tri s6 octan ctia xdng va cung c4p ngudn khi
hydro cho cong nghé 1am sach ddu mo.

VI.1.1. Phan (ng dehydro hoa

1. Dehydro hoa xycloalcan tao hydrocacbon thom:
500 c
~<500°C
CHy _seoc, ;| -
T<500°C 2

Day la phan dng chinh cha qué trinh reforming. G 500°C, nang lugng dé
tao benzen 1a 51,6 kcal/mol, con dé tao xyclohexan 1a 72,1 kcal/mol, vi vay
& 500°C chi tao benzen. N&u tang nhiét 49, gidm 4p sudt, ham lugng hydro-
cacbon thom s€ ting lén.

2. Dehydro hod din xudt vong S canh (xyclopentan) thanh hydrocacbon

thom:
Yy ®
—_—

3. Dehydro hod parafin tao olefin:
CgHso N CoH;g + H;

4. Dehydro hod déng vong parafin hodc olefin tao hydrocacbon thom:

CH

n-C7H g e O 3 4 4H,
CH,

n-CoH;g  —» ©, + 3H,
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VL.1.2. Nhém phin ing izome hos

Nhém phan iing bi€n ddi hydrocachon mach thing thanh mach nhdnh
bao gém:

— Izome hod n-parafin thanh izo-parafin:
n-C;Hyq — 2-metylhexan
— Hydro izome hoa:
Hepten-1 + Hy; ——» 2-metylhexan

— Izome hod alkyl xyclopentan thinh xyclohexan:

Q/CH3 — O

— Izome hoi alkyl thom:
CH, CH,

s

VI1.1.3. Phan {ng hydrocracking

Day la nhém phan dng khéng mong mudn cita qué trinh reforming, cidc
hydrocacbon ¢6 trong phan doan bi gy mach va tao thanh cdc hydrocachon
no ¢6 sé cacbon nthod hon:

CoHayy + Hy —» GCiHj; + CiHy
CHyy + Hy —» CH, + CgHig
GHzz + Hy —— CuHypno + CHapeo
O cac diéu kién nhat dinh c6 thé xay ra cracking siu, tao khi vi san
phim nhe. :
VI.1.4. Nhom phan iing tach cic nguyén t6 di thé

Néu trong nguyén li¢u c6 cdc chit chua S, N, O, s& xay ra phan dng tach
cic nguyén t& di thé d6 ra khdi phan doan.

-~ Hydrodenito hod:

@ + SHZ — C5H|2 + NH3

N
pyridin
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— Hydrodesunfua ho4 (tich luu huynh):

[ | + 4H, — CsHy; + HZS
S” ™ CH,

a-metyl thicfen
— Téch oxy:
ROH + H; —— RH + HO
Chinh vi vy, ma xic tdc cho reforming phii dam bao thic ddy nhing
qu4 trinh vua néu trén.
VI.1.5. Phan dng ngung tu tao céc
Pé 14 phian ing khéng mong muén, vi nd 1am giam hiéu sndt xing, déng

thdi c6c tao thanh sé gay ngd doc xic tdc. Cdn phai c¢é nhilng gidi phdp dé
han ch€ t6i thiéu phin Gng nay.

V1.2. MUC DICH CUA QUA TRINH REFORMING
Reforming 12 mot trong nhitng qué trinh quan trong trong cdc nha mdy
ché& bién ddu md, né nham:
— San xudt xang ¢6 tri s6 octan cao (khong cdn pha chi).

— San xuét hydrocacbon thom (benzen, toluen, xylen, goi tét 1a BTX
lam nguyén liéu cho téng hop hoé ddu).

— Thu khi H; (12 nguén thu H; nhiéu va ré hon 10 d€n 15 14n so vdi
phuong phdp khac), vi Hy dugc dng dung trong nhiéu qui trinh lam sach san
ph4dm d4u md, ché bién ddu, trong cdc qué trinh khic clia cong nghiép hod hoc.

Trong cdc muc dich trén thi viéc tang trj s6 octan d€ xang c¢6 chat lugng
t6t 12 vo cing quan trong. C6 thé minh hoa bing vi du, khi tang tri s6 octan
cia xang tir 66 1én 88 thi chi phi xang cho mot nam gidm di 22%, s6 610 yéu
cdu dé thuc hién cing mot cong viéc giam di 12%.

VI1.3. XUC TAC REFORMING
VI.3.1. Lich sir phat trién

Céc chft xiic téc sit dung trong qud trinh reforming déu la cdc chat xic
tac ludng chitc nang. Lich sir phét trién xic tdc nhur sau:

Trude day ngudi ta st dung cdc chét xic tic oxyt nhu MoO, / Al,Os.
Loai xtic tdc ndy ré tién, bén véi luu huynh, song c6 nhuge diém 12 hoat tinh
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khong cao, nén qui trinh reforming phai thuc hién & ché dd ciing (van tdc
thé tich thdp, vao khodng 0,5 h™", nhi¢t do cao, vao khoang 340°C), & didu
kién nay cdc phan ing hydrocracking xay ra manh. D& taing do chon loc cla
qud trinh phai duy trl 4p sufit thdp (14 + 20 at). Nhung sy giam dp sudt lai
thic ddy qud trinh tao c6c, do vay khong kéo dai dugc thoi gian lam viéc cua
xic tde. V1 cdc 1y do trén nén hién nay khéng sit dung loai Xiic tdc nay.

Xic téc PI/AL O3 (Al;03 goi 12 axit rén): Xdc tdc nay duge sir dung cho
dén nam 1970. Ham lugng Pt trong xdc tdc tir 0,3 dén 0,8% trong lugng,
nhi¢t do phdn tng 1a 500°C, 4p sudt tir 30 dén 35 at. Sau mot thoi gian lam
vi¢c, hoat tinh clia xdc tdc gidm do do axit clia Al,O5 giam, vi vy phal tién
hanh clo hod d€ tang do axit,

Ngay nay, ngudi ta di cai ti€n xic tdc reforming bing cdch bién tink
xdc tac (khi cho thém mét kim loai (bimetal) hodc thay d6i ch4t mang, vi du,
P1/510;; P1/Si0,-Al1,03; Pt-Re/Si0,-Al;05; Pt-Sn/Si0,; Pr-Ir/axit rdn).

Muc dich cho thém kim loai vao 12 dé 1am tang hoat tinh xic tdc ho’ ¢
gidm gi4 thanh xdc tdc. Vi dy, khi cho them Sn (1/2 lugng), heat tinh xic tdc
khong tang, nhung gid thanh lai giam di; khi cho Re thi hoat tinh tang vi Re
¢6 vai trd Jam phén tén déu cdc nguyén tit Pt trén bé mat axit rén.

Xuc tdc st dung cho reforming trong cong nghiép hién nay 13 0,3% Pt +
0,3% Re mang trén y-Al;03, véi dien tich bé mat khodng 250 m%/g, dugc bé
sung cdc hgp chdt halogen hitu co. Him lugng halogen (clo, flo) khéng ché
trong khoang 0,5 dén 1% trong lugng.

* Vai trd xiic tic hai chifc nang:

Xde tdc Pt/Al,O3 dugc goi 1a xiic tdc hai chic nang (hay luéng chiic),
trong dé:

- Pt mang chic nang oxy hod khir, xic ti€n cho phan wng hydro ho4,
dehydro hod dé tao hydrocacbon vong no va vong thom. Ham lugng Pt vao
khoang 0,3 d&n 0,8% trong lugng. Yéu cdu Pt phii phan tin déu trén bé mat
cdc axit rdn. Do phén tdn cing cao thi hoat tinh cla xic tdc s& cing cao,
higu suét xang thu duge cao va chit lugng xang thu duoc t6t hon.

- Al,O3 1a chdt mang c6 tinh axit, déng vai trd chifc nang axit - bazo,
thic ddy phan ¢ng izome hod, hydrocracking. Ciing c¢6 thé ding hén hop cic

128



oxyt nhu Al;O - SiO;. C6 thé sir dung y-Al,03 hoic 13-Al,03, bé mat rieng
dao ddng trong khoang 200 dén 300 mzfg. Ché4t mang Al;O; cdn phai tinh

khi€t (ham luong Fe va Na khong qud 0,02% trong lugng). D€ clo ho4 xuc
tdc, ngudi ta thudng st dung cdc hop chat nhu C,H4Cl;, CH,CL.

V1.3.2. Cac yéu cau déi voi xic tac reforming

Dé ¢6 mat xiic tdc reforming t6t thi xic tdc d6 cdn cé hoat tinh cac d6i
v&i cdc phan wng tao hydrocacbon thom, ¢§ di hoat tinh d6i véi cdc phan
ting déng phan hod parafin va ¢é hoat tinh thdp vdi phdn fing hydrocracking.
Ngodi ra con thé hién qua cdc chi tidu sau day:

— Xiic tde phai ¢é d¢ chon loc cao.
— Xic tdc phai c¢6 do bén nhiét va kha ning tdi sinh t6t.

— Xlc tdc phai bén d6i véi cdc chat gay ngd doc, nhu cac hgp chdt cha
S, N, O; nudc, mudi cia cdc kim loai ning va cdc tap chat khdc.

— Xic tdc phéi cé do 6n dinh cao (khd ning bdo todn hoat tinh ban ddu
trong sudt thoi gian 1am viéc).

— Xitc tdc c6 gid thanh ha, d& ché tao.

Thong thudong, ngudi ta dinh gia chat lugng cla xiic tic reforming thong

qua cdc chi tiéu: ham lugng Pt, bé mit riéng cta ch4t mang, do bén... Bang

VI.1 cho bi&t mot s& dac trung cia xiic tac reforming.

Bdng VI.I. Mot s6 dac trung cia xiic tdc reforming

X(e tac,
Céc chis6 AI1-64 8815 RY-302 | RD-150 R-16
{Lién X& ¢0) | CHLB e France My - Bic My

Pt (% trong luong) 0,6 <065 0,35 0,58+0,62 0,37 0,55
Puéng kinh hat (pm) 1,8 . 2,2 1,5 1,5+3,0
Bé& mat rigng (m2/g) 180 - 240+280 160 +200
Chi 6 d& bén (kg/mm) 2097 - 1,2 -
Puang kinh 18 {A) . . 40+120 40-120 80+100
Thé tich 18 (ml/g) . . - 0,75+0,88
Chét kich hoat cio flo clo clo elo

Chii y. Tal cd cde xdc tac trén déu chita Re (0,5% trong luong) trén chdt mang Al Os.
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VIL.3.3. Nguyén nhan lam giam hoat tinh xic tic

Sau mot thoi gian lam viéce, hoat tinh xic tic bi giam dang ké. Muén
nang cao hiéu qua sit dung cia xic tdc nhidm gidm gia thanh sdn phim thi
xic tic d6 phai dugc t4i sinh. D€ ¢ bién phdp khéi phuc lai hoat tinh cha
xtc tic mot cdch hiru hiéu, phai xuat phit tir nguyén nhan gay nén sy mét
heat tinh cua xuc tdc.

V1.3.3.1. Anh hudng ciia su tao coc

Trong qud trinh phdn ¥ng luén k&¢m theo qud trinh tao c8c. Céc A6 s&
bdm dinh trén bé mat xuc tdc, lam bit di cdc trung tam hoat tinh, ngan cich
su ti€p xdc cla tic nhan phan Ung vdi xic tdc 1am giam dén hoat tinh cta né.

V1.3.3.2. Anh hudng déc hai ciia cdc chdt chiva liru huynh

Cac hop chadt cita lvu huynh lam ngd doc trung tdm kim loai (Pt), lam
anh hudng khong t6t dén chic nang khir hydro va vong hod. Trong cic chit
chita luu huynh, mercaptan (RSH) lam gidm manh nhat hoat tinh xidc téc.
Khi hoat tinh xuc tdc gidm, khong nhitng lam gidm hiéu suat xing, ma ca
chit lugng xdng cling giam theo. Diac biét lvu huynh & dang H-S con gay in
mon thi€t bi. Do vdy cdn phai 1am sach luu huynh ngay tir khi dua nguyén
ligu vdo qud trinh reforming. Ham luong luu huynh trong nguyén liéu cho
phép tir 0,01 d¢n 0,07% trong lugng.

V1.3.3.3. Anh hudng déc hai ciia cdc hop chdt chira nito

Cdc chit chita nito thudng cé tinh bazo, s& trung hoa cic tim axit, lam
giam d¢ axit cua chit mang, lam x4u di cdc chi tiéu clia xdng reforming. Vi
viy ham lugng nito cho phép khong vuot qua 107% trong luong.

Bing V1.2. Anh hudng gay déc xic tic cha cac hop chat nity

Chi tigu Xue tac chua Xuc tac sau khi
bi ng6 doc bi ngd déc

Ham lugng chat nito trong nguyén lieu (mg/l) 1-2 6-7
Hiéu suat xang reforming (% TL) 89 85
Tri s6 octan:

- Theo phugng phap moéto (khdng pha chi) 93 89,5

- Theo phuang phap nghién ¢iu (c6 pha 0,8 ml

nude chi{ 1 lit) 96 5 92,5
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VI.3.3.4. Anh hudng déc hai ctia nude

Nu6c c6 mat trong nguyén liéu s& pha lofing cdc trung tam axit, 1am
giam dé axit cia chdt mang, dong thoi gay 4n mon thiét bi. Ham Iwong nudc
cho phép khong duge vuot qué (10 + 20).107%% trong luong.

VI.3.3.5. Anh hudng déc hai ciia céc kim loai

Cdc hop chit ciia chi (Pb), asen (As) gay ngd doc xic tdc rit manh.
Ngudi ta thdy rang, néu c¢é 0,5% Pb thi xic tdc s& khéng cé kha ning téi
sinh. Vi viy ham luong cho phép cia chi trong xic tdc 14 0,02 ppm va clia
asen 12 0,01 ppm.

VI.3.4. Cac bién phap tai sinh xic tiac

Duva vao cic nguyén nhén gay mat hoat tinh xdc tic di néu & trén, trong
cong nghiép dp dung céc bién phdp sau day dé tdi sinh xiic tdc:

VI.3.4.1. Phuong phdp oxy hod

Ban chit cia phuong phép 13 d6t chdy c6c bdm trén bé mat xic tdc bing
oxy cua khong khi & nhiét d6 300 d&n 500°C. D61 véi cdc xiic tic bi mat
hoat tinh, sau khi tdi sinh, s& dat dugc hoat tinh xdp xi ban ddu. Nhung sau
nhiéu lan tdi sinh, hoat tinh s& giam.

VI.3.4.2. Tdi sinh bang phuong phdp khir

Khi trén bé mat xiic tdc tich tu nhiéu luu huynh, c6 thé s& khong loai bd
duge bing cich dét, thi s& tiép tuc loai bod bang phuong phip khir, (bing
hydro duéi dp sudt 20 at, 10% H,) hic &y luu huynh s& bi khir thanh H.S va
do d6 ham lugng cua né gidm xudng chi con 0,03 dén 0,05% trong lugng. Vi
du, véi xudc tic AII-56 cua Nga, sau khi kht, hoat tinh xiic tic ting 1&én 56
lan nhiéu hon so véi tdi sinh bang phuong phap oxy hod.

V1.3.4.3. Tdi sinh bing phuong phdp oxyclo hod

Theo thoi gian 1am viéc, luong clo trén chit mang bi madt dan; ngudi ta
phii cho thém clo & dang cdc hop chit hitu co vao ving phan ing theo
nguyén liéu. Ngoai ra con ti€n hanh cle hod chat xidc tic trong giai doan
nung cla qud trinh tdi sinh xic tdc, hic nay c¢6 thé cho clo vio & dang khi.

Vi du, xdc tic Al,O; da 1am viéc 15.000 gid, cho xic tic ndy tii sinh
bang phwong phidp oxy hod véi hén hop nito - oxy ¢é ham lugng oxy tir 1 dén
1,5% thé tich, & diéu kién 7 d&n 10 at va tang ddn nhiét do 1én 500°C. Xic
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tdc sau khi di d6t cdc, dem clo hod & diéu kién dp sudt khi quyén trong moi
trudng khong khi, chia 0,4 dén 0,5% thé tich clo, sao cho clo khi duge bio
hod trong xidc tdc. Két qua sau khi clo hod thidy him lugng clo trong xdc tdc
tang tir 0,07 dén 0,8 % trong luong, con ham luong sit gidm tir 1,0 xuéng
con 0,15% trong lugng. Viéc giam ham luong Fe trong xdc tdc 1a do di xay
ra phan ing sau:
o .
2Fe,03 + 6Cl; —2Cu 4FeCl; + 30,

Clui y: Ham luogng clo trong xic tic khong nén cao qud, vi du, néu clo
chi€ém 1,4% trong lwong thi kha nang phan huy ting 1én manh, diéu d6 din
dén ting hi¢u suat khi, diéu ndy khéng mong muén d6i véi qud trinh
reforming. Qua thuc nghiém thdy ring, ch& do tdi sinh xic tic bing clo nhuw
sau:

- T8¢ d6 thé tich nap khong khi (h™1) 1000
- Nhiét do (°C) 500
- Th&i gian tdi sinh (h) 6

- Nong dé clo trong khong khi (% trong lugng) 0.4 +0,5
Ham lugng clo trong xic tdc t6i vu nhit trong khoang 0,8 dén 0,9% trong
lugng.

V1.4. CO CHE PHAN UNG REFORMING
C6 thé tém tit cdc phin (ng chinh cia qud trinh reforming nhu sau:
naphten ———m aren +  H,

n-Cy, —m aren + H,

H-C'; > fSO-Cj
n-Cq  —™  benzen + H

Ning lugng hoat hod cia cdc phan ng ¢é cdc gid tri trong khoang 20
dén 45 kcal/mol:

CH, CH;
— O + 3H, £, =20 kcal/mol

n-C — > jz0-C,; E, =25 kecal/mol

n-C, —» XC +C E, = 45 kcal/mol
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@ —»  6¢ Ex =30 kcal/mol

Ta xét so d8 reforming n-hexan:

A e AR AN

X ("'Hl)
)
S
NN —"’( ” VAVA V4
AlM l A, déng vong
@G Ny u NN O
—_— —_— —_— —_—

(-Ha) . ;
tao ion cacboni

+ Hz O - 3Hz

~HY
M — trung tam kim loai; A — trung tam axit

Theo so d6 nay ta thdy, tir n-hexan, san qué trinh reforming da thu dugc
izo-hexan, xyclohexan, benzen, metyl xyclopentan. T4t ca cdc chit nay déu
la cdc cdu tr cao octan, vay ¢6 nghia 1A thu duge xdng ¢é tri s6 octan cao.

Ngoai cdc phan ing chinh & trén, con xdy ra mot lugng dang ké cic
phan fing hydrocracking:

CiHaee + Hy = CyHono + CHypws
Vidu: CgHzg + H2 — C4Hln + C5H12

Céc hydrocacbon ¢6 phan tir lugng 16n d& bi hydrocracking hon céic
hydrocacbon ¢6 phan tir Iugng nhé. Cdc phan ng ndy mot mat cling ¢é
tdc dung tich cyc lam tang hiéu suft xang va tri s6 octan clla xang (do tao ra
izo-parafin). Nhung néu phin #ng thyc hién & dién kién cing, céc
hydrocacbon ¢6 phén ti lugng nhod cling bj hydrocracking, lam cho hi¢u sudt
khi va c8c tang len, do vay lai c6 tac dung tiéu cye.
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D6 axit cua xic tic ¢4 anh hwdng lén dén phan ting hydrocracking: Do
axit cang 16n thi phan ung hydrocracking Xdy ra cang manh, tir dé giaj thich
tal sao ngudi ta khong ding aluminosilicat lam chat mang ma duang Al,Os,
{Al,03 ¢6 d6 axit nhd hon).

* Cdc phdn tng phu di k¥m theo qu4 trinh reforming ciling ¢6 nhimg anh
huong loi hai nhdt dinh.

Phan ng hydro hod cic hgp chit chita O, N, S, dé dang xay ra trén xiic
tac ¢6 hoat tinh hydro hod & nhiét do 300 dén 500°C va dp sudt 14 d&n 70 at,
tao thanh cdc hop chdt H,S, NH;, HyO ¢6 thé tach duge ching ra khéi san
phim:

RSH + H; — RH + H,S

Khi ham lueng S ¢6 trong nguyén ligu tir 0,1 dén 0.5% trong luong, cé
thé 1am sach nguyén liéw dén 0,01 + 0,05% bing cich thuc hién cdc phan
ung trén.

Cac phan ing tring hgp hydrocacbon khdéng no tao ra cdc olefin va
polyolefin 12 diéu khéng mong muén:

trimg h
Parafin —— ™ olefin e, polyolefin

Nhiét do cang cao lugng olefin tao ra cang nhi¢u, din dén phan (ng
trung hop cang ting.

Phan ung ngung tu tac c6c gay anh hudng khong t5t d6i véi xic tdc:

O —

Phan ung hydrocracking tao khi xay ra khi tang 4p sudt hydro cé thé
lam han ché phin itag ngung tu va tao céc. Tuy nhién, néu ap suit Hy qud
16n, phan ng hydrocracking lai xay ra manh vi can bang cdia phin ing
xyclohexan tao thanh benzen s& chuyén dich vé bén tréi, tic 1a gidm bét ham
tugng hydrocacbon thom. Vi nhiing 1y do trén, phai lya chon diéu kién, ch&
do reforming cho thich hop dé han ché¢ san phim phu khéng mong muén.

VLS. NGUYEN LIEU VA SAN PHAM THU CUA QUA TRINH
VI.5.1. Nguyén liéu

Nguyén liéu cia qud trinh reforming 1 cdc phan doan xing chung cat
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truc tiép, ¢d gidi han s6i tir 60 d&€n 210°C, xdng cha qud trinh cracking nhiét
hoiic ¢6 thé sir dung phan doan xing clia qud trinh thit cap.
Tuy thudc vio muc dich cla qué trinh reforming xic tdc dé nhan xing

cé tri s6 octan cao hay nhan cdc hydrocacbon thom riéng ré ma chon gidi
han séi cua phan doan xang lam nguyén liéu khadc nhan.

Dé sin xudt xdng cé tri sd octan cao, ngudi ta dung phan doan xing cé
giéi han soi tir 85 dén 180°C, phin doan nay cho phép san xuat xing cé tri
$8 octan cao va han ché€ tao cBc.

D€ san xudt cdc hydrocacbon thom riéng r&, ngudi ta sit dung cac phan
doan xang hep:

e D¢ sin xudt benzen diing xang c6 nhiét dd s6i 62 + 85°C;
¢ D€ san xuat toluen diing xang cé nhiét 46 séi 85 + 120°C;
e D€ san xuit xylen ding xdng ¢6 nhiét d6 s6i 120 + 140°C.

V1.5.2. San pham thu

San phiam thu cla qua trinh reforming bao gém xang ¢é tri s6 octan cao,
cdc hydrocacbon thom va khi H,, trong d6 xang cd tri s6 octan cao la san -
phim quan trong nhit.

a. Xing 6 tri s& octan cao

Chit lugng xang phu thudc vao chat lugng ciua nguyén liéu va phu thude
vao xic tic. Bang VI.3 dua ra vi du vé su phu thudc chit lugng xang vao thanh
phén nguyén liéu.

Tir bang V1.3 ta thay, n€u xang ¢d cung tri s§ octan thi xdng nhan dugce
tir nguyén liéu ¢é ham luong parafin thip cé thanh phan phan doan nang hon
so vdi xang nhin duge tir nguyén lién ¢é ham lugng parafin cao,

Tuy thudc vao nguyén liéu ban déu va ché d6 cong nghé cua qud trinh,
cé thé nhan duge xang ¢6 tri s6 octan cao, cé thé dat tir 100 d&n 105.

Thanh phin cua xang reforming xuc tdc nhu sau: olefin khong qui 3%,
naphten khong qud 10%, ¢on lai 14 izo-parafin va aromat.

58 liéu trén cho thdy, xang reforming xic tdc cé chit lugng rit cao, dic
biét ham luong olefin thidp (<3%) cho phép st dung lam xdng maiy bay. Tuy
nhién nhuge diém cia xang nay la tri s6 octan phin b& khéng déng déu
* trong khip khoang nhiét do soi cla xing, do viy thudng phai pha trén thém
céc thanh phin nhe ¢6 tri s6 octan cao vio xing dé nang cao chi tiéu nay.
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Bdng VI.3. Tinh chdt cla xang reforming

Cac théng s8

Ham lvgng parafin trong nguyén ligu (%)

65% < 40%

Trong lugng rigng & 20°C (gfem™) 0,785 0,783 0,796 0772
Thanh phan phan doan (°C)

- Nhiét d¢ séi dau 48 42 58 58
- Nhiét do s6i 10% 82 76 97 110
- Nhigt dé s&i 50% 135 137 141 141
- Nhiét d¢ soi 90% 172 170 171 168
- Nhiét do séi cudi 202 214 189 205
Thanh phan hea hoc (% trong lugng)

- Hydrocacbeon khéng ne 2,2 0.9 1.0 0,5
- Hydrocacbon thom 58,0 654 62 68,5
- Parafin + naphten 388 33,7 37 31
Tri s octan

- Phuang phap méto MON 80 85 80 85
- Phuang phép nghién citu RON &8 95 89 95

b. Sdn phdm hydrocachon thom

Céc hydrocacbon thom nhin dugc tir qué trinh reforming xic tdc la
benzen, toluen, xylen (goi tat [a BTX), dugc ding 1am nguyén liéu cho téng

hop hitu co hod dau.

- Tir benzen, diéu ch€ duge phenol, 12 nguyén liéu cho cong nghiép san
xuit sgi polyamit, capron.

- T m-xylen, didu ch€ duoc p-xylen, lam nguyén lién sin xuat soi

nilon polyeste.

- Tir m-xylen di€u ché dugc o-xylen, la nguyén lieu dé téng hop

anhydric phtalic.

San pham BTX dong lam nguyén liéu cho tong hop hod ddu phai ¢6 do
tinh khiét cao, khong 1in tap chat, nén théng thuong phai tich thanh cdc ciu

ti riéng biét. C6 thé tach bing cdc phuong phap:
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 Phan chia (chung cat ding phi)
¢ Dung chat hdp thu sau d6 két tinh dé tich.

¢. Sdn phdm khi chita rydro

Trong khi reforming xdc téc chia 70 dén 90% thé tich hydro, khi nay
duge st dung mét phdn dé tudn hoan lai thigt bi phan ing, mot phan dua ra
khoi hé théng 1am sach, réi st dung cho mét s6 qud trink nhu hydrocracking
dé€ san xuat ddu nhon.

Pay la nguon thu hydro ré tién, khi qud trinh reforming xiic tic phat
trién thi thic ddy cdc qud trinh st dung Ho phdt trién theo. Théng thudng
ham luong H, thu duge tir 81 dén 93% (thé tich).

VL.6. CAC YEU TO ANH HUGNG PEN QUA TRINH REFORMING
XUC TAC
VL6.1. Anh huéng cha nguyén liéu

Tuy theo muc dich cua qud trinh reforming ma chon nguyén liéu cho
thich hop.

Dé nhan xing c6 tri s6 octan cao: chon nguyén ligu c6 nhiét dé sdi trong
khodng 85 dé&n 180°C. N&u nhiét do soi thap hon 85°C (nguyén liéu nhe) thi
khi b1 hydrocracking sé& tao nhiéu khi, 13 san phdm khéng mong muén ciia
qud trinh. Néu chon xdng c6 nhi¢t do s6i dén 220°C s& ddn dén phan tng
trung hop tao ¢de bim trén xue tdc, lam gidm hiéu qua cla xic téc.

n (%)
xang & 9
a0
85 -
1
80 el

7% - /
70
| 1 ! i |

20 30 40 50 80
Téng s thom + napten (%)

o

Hinh V1.1, Anh huéng thanh phén hydrocacbon clia nguyén ligu dén hisu sust xang.
1- Phan doan 85 + 105°C; 2- Phan doan 105 + 180°C.
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Ngoai ra, thanh phdn hydrocacben trong nguyén li¢u ciing cé anh hudng
rdt 16n, néu téng ham lugng naphten va aromat cang nhiéu thi hiéu sudt xang
cang cao (hinh VI.1).

D¢ nhan hydrocacbon thom BTX lam nguyén li¢u cho téng hop hitu co
hod ddu ngudi ta chon x4ng nguyeén liéu c6 nhiét d6 s6i hep.

VL.6.2. Anh hudng cia ap suat

Qud trinh reforming déu ¢6 kém theo qu4 trinh tang thé tich nhu khir
hydro cuia naphten, vong ho4.

Theo quan diém nhiét dong hoc, 4p sufit cao s& can trd céc phan ing
tang thé tich, ¢6 nghia 1a can trd sy tao thanh hydrocacbon thom. Nhung néu
dp sudt thdp thi phin tng cracking xdy ra manh, dén dén tao c6c¢ nhidu, vi
vdy ngudi ta phai khéng ché€ 4p suft cao vira phai, dé ham luong hydro-
cacbon thom cao, d6ng thdi tranh tao nhiéu cée.

Trude day v6i cong nghe xiic tdc c6 dinh, qud trinh reforming thudng
duge tién hanh & 4p sudt 30 + 40 at d€ trdnh tao c6c. Ngdy nay vdi cong
nghé xic tdc chuyén dong va tdi sinh lien tyc c6 thé thyc hién phan dng & 4p
sudt thap, tr 3 + 4 at. V§i diéu kién ndy, can bing phin ng chuyén dich vé
phia tao nhi€u hydrocacbon thom, 1am cho xang ¢6 tri s& octan cao.

Ap suft trong he théng &nh hudng dén hi¢u suit tao hydrocacbon thom va
tri s& octan clia x4ng, ngoai ra cdn anh hudng dén viéc tao ra hydro va thoi
gian lam viéc cita xic tdc (bdng V1.4),

Bdng V1.4. Anh hudng cla 4p sust 16l cdc chi tidu cha xang

Chi tiéu 35 at 49 at 63 at
1.Hiéu suat s3n phadm tinh theo nguyen liéu
- Xdng da khir propan 02,6 92,9 93,2
- Xang vai ap suat hoi bao hoa, % V 855 95,7 96
(520 mmHg)
2. Hydro m¥m® (% TL) 1.4 1,0 0.6
3. Bac tinh cla xdng v6i 4p sudt haoi bio hoa
(520 mmHg)
4. Tri s6 octan theo phuong phap 85,1 84,1 84,8
nghién ciu RON
5. Ham luang hydrocackon thom (% V) 53,9 479 454
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Trong diéu kién 1am viéc cla qud trinh khéng déi, khi ting dp sudt thi
van toc cac phan itng hydrocracking va khir alkyl sé ting 1én, trong truong
hop nay can bing s& chuyén dich vé phia tao parafin.

Khi giam 4p sudt trong hé thdng, din d&€n giam dp suit riéng phdn cita
hydro, lam ting mdc do thom hod ciac hydrocacbon parafin va naphten.

V1.6.3. Anh hudng clia nhiét dé

Quad trinh reforming xic tdc ti€n hanh trong diéu kiém nhiét do nam
trong giéi han tir 470 dén 525°C. Khi diéu kién dp sust va tdc do thé tich
khong d6i, néu giam nhiét do s& din dén tang hiéu suit xang, gidm higu sudt
khi, giam viéc tao cbc¢, déng thoi lai gidm hwgng hydrocacbon thom.

Nguoge lai, néu tang nhiét d6, din dén ting sy tao thanh hydrocacbon
thom, giam hiéu sudt xang, gidm néng d6 hydro trong khi tudn hoan (vi khi
nhiét d6 cao, thuan loi cho cdc phan tng hydro hoa va khit hydro vong hod)
tao hydrocacbon thom. Song bén canh dé cling ting cuong cac phan ing
hydrocracking lam cho hiéu suit khi ting Ién, do vay mic d0 hod cdc ciing
tang.

Nhuw vay, khi nhiét d6 tang thi luong hydrocacbon thom tao thanh ciing
ting lam cho tri 58 octan cua xang tang. Nhung nhiét d6 ciing chi ting dén
gi6i han cho phép, néu tang qud cao thi viéc tao cdc ting, dan dén giam hoat
tinh va gidm thdi gian 1am viéc cha xdc téc.

Bdng VI.5. Su phy thugc hiéu sust va chdt lugng clla san phdm
reforming x{ic tic vao nhiét do

Chi tigu Nhiét do (C )

_ 435 450 465 480
Hidu sust xang da kh{ propan 98 96,8 95 91,6
Ham lugng phan doan c6 T°, dén 100°C, %V 34 36 44 46
Ap suat hoi bao hoa cla xdng {mmHg) 310 350 430 580
Tri 56 octan theo phugng phép nghién clu
{khéng pha nuéc chi) 87,5 74 80,5 89
Ham lugng hydrocacbon tham trong xéng, %V 19 27 35 45
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V1.6.4. Anh huong cda luu lugng nguyén liéu

Khi ting luu luong nguyén liéu hoac giam lugng chat xic tdc trong céc
thiét bi phdn dng, s& lam gidm thoi gian ti€p xic cha cdc chat tham gia phan
ing va chit trung gian véi chat xic téc, 1am tang hiéu suat Xxang va tang ham
luong hydro trong khi tudn hoin, giam hiéu suat hydrocacbon thom, din dén
tri s6 octan gidm.

Vi khi tang t&c @6 thé tich (tang luu luong) cédc phan ung khir hydro cia
naphten, hydrocracking cdc parafin nang, déng phan hod butan va pentan sé&
cht€m uu th€ va xdy ra nhanh hon. Con cic phan ting ddi hoi thai gian 16n
nhu khtt hydro - vong hod parafin, khir alkyl va hydrocracking cdc hydro-
cacbon nhe s& xdy ra y&€u hon. Tir phan tich trén ta thiy rang:

Néu muc dich clia qué trinh reforming xtc tdc 1a dé nhan BTX, qua
trinh phai tién hanh & diéu kién thai gian lvu cia nguyén liéu trong ving
phan tng ngin, ¢6 nghia la 8¢ do thé tich khi st dung nguyén liéu phai 16n,
nhi¢t d¢ sir dung trung binh, 4p suft thap (10 dén 20 at).

* Hiéu fng nhiét ciia qud trinh

Céc phan ing chil yéu cia qud trinh reforming xic t4c la phan dang khi
hydro cua cdc parafin va naphten thanh hydrocacbon thom. Céc phin ing
nay kém theo su thu nhiét.

Ngoai ra, con phén dng hydrocracking, cdc phan ing nay tod nhiét. Hiéu
ing coa qud trinh duge xdc dinh béi d6 sau cka cac loai phan ing trén
(nhitng phan Gng khdc khong déng ké).

Do c4c phin wng khir hydro cdc naphten xay ra nhanh hon nhiéu so véi
khir hydro vdng hod nén hiéu ung nhiét phu thudc chi yéu vao ham lugng
cdc naphten trong nguyén liéu. Nhing dén giai doan cudi, khj cdc phan (ng
thom hod dau hau nhu d3 can bang thi vai trd cla phin ing hydrocracking
quyét dinh hi¢u ung nhiét & giai doan nay. Ngudi ta nhin thdy nhiét do giam
di r3 rét & cdc thiét bi phan dng cudi trong heé thong reforming xic téc.

V1.7. TIEN BO VE CONG NGHE REFORMING XUC TAC

Trudce day, qud trinh reforming xiic tic dwge thuce hién trong thiét bi véi
16p xdc tdc ¢8 dinh. Cong nghé ndy cho ning suat thiét bi rat thdp, khi xtic
tdc bi mit hoat tinh (do ¢6c tao thanh tich tu trén bé mat xic tdc) thi phdi
dimg phén ung lai dé tdi sinh. Diéu ndy ddi hdi khi ché tao xic tic phai chu
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¢ d€n nhiéu théng s6 nhu: hoat tinh, thoi gian lam viéc, va nhir vay s€ khong
chon duge mot xic tac ¢é hoat tinh cuc dai.

Ngay nay, qua trinh reforming khong ngimg duge céi 1i€n, phér trién ca
vé xic tac va cong nghé nham nang cao hiéu suar va chét lugng xang.

V¢ xuc tdc, xu hudng phat trién xuc tac da kim loai, thém cdc nguyén 6
dat hi€ém nhu Re vao dé tang do phan tdn cua Pt. dan dén ting tri s6 octan
cua xing reforming.

Vé cong nghé, chuyén sang cong nghé reforming véi 16p xiic 1ic chuyén
doéng c6 tai sinh lién tuc xic tac, dién hinh la cong nghé cua UOP. Vdi cach
nay. nang suat thiél bi dat 161 da, xic tdc ludon duge tdi sinh nén dam bao
hoat tinh trong sudt qua trink phan Ung. xang thu dugce ¢é tri s6 octan rat
cao. Mit khdc, v6i cong nghé va xie tdc ngdy cang cai tién cna UOP, ¢é thé
thue hién phan ung reforming & diéu kién dp sudt thap 3.5 - 4 at ma van
tranh duge tao cdc. Ap suat thap thi su tao hydrocacbon thom s& nhiéu hon
dan dén xang cob tri s0 octan s€ cao hon.

Tir nam 1990 trg lai ddy ngudi 1a con phdt trién thém cong nghé New
Reforming vd&i xiic tdc zeolit, nhim chuyén hod céc parafin va olefin nhe
thanh hydrocacbon thom, la c¢dc cdu 1t cao octan v nguyén liéu cho tong
hop hod dau. Tét cd cdc ti€n bo trén di tao co so thiic day nén cong nghiép
dau khi phat trién ngay cang manh mé,

VL.8. CAC PHUGNG PHAP NGHIEN CUU PAC TRUNG CUA
XUC TAC

Pé xdc dinh cdc tinh chat cha xic tic, nham ch€ tao dugc mot loai xic
t4c 161 wu, sir dung hop 1y va ¢6 hiéu qua, thong thuong phai nghién citu céc
van dé sau day:

Xéac dinh do phéan tdn cua Pt trén chat mang. Do phan tdn cang cao, hoat
tinh xtic tac cang cao.

¢ Do phan tdn duge xdc dinh bang phuong phdp hidp phu theo so do
hap phu Macben, diing chat hap phu ia CO.

e Xdc dinh bang phé héng ngoai IR: ding chat do 1a CO. dua vao
lién két hdp phu cla CO véi Pt d€ bi€t duge s& phan tir CO hap phu.
tir dé chi ra dugc lién k€t kim loai - cacbon (bang V1.6), cd nghia la
xdc dinh dugc do phan tin cua Pr
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Xdc dinh trang thdi hod tri cua xdc tdc bang phuong phdp dung phéd

Réntgen,

Xdc dinh bé mat riéng cua xuc tdc bing phuong phép sic ky khi.

Bing Vi.6. Xac dinh do phan tin Pt bing phuong phap IR,
dang chit do §a CO

Kim loai Chdtmang | Do dai bude song {cm™ ) Cau tric
Pt 8i0, 2075 Pt =C =0
1850 N
p 770 |
Pd SiC, 2050 Pd=C=0 i
Pd |
1800 Pd>0=o |
1830 i
Ni Si0, 2030 Ni=C=0 '
Ni
1805 Npe
N~ ¢ 9
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Chuong VI1
QOUA TRINH IZOME HOA

VIL.1. KHAI NIEM

[zome hoa la qud trinh nham bién déi cdc hydrocacbon mach thang
thanh mach nhdnh. Qud trinh nay thudng dp dung dé nang cao tri s octan
clia xang. Mat khdc, ciing 12 phuong phap dé tao ra cdc cdu tir cao octan pha
vao xdng nhdm nang cao chat lugng.

Dac biét, phan itng ¢6 ¥ nghia quan trong trong loc ddu la izome hod
n-butan thanh izo-buten, 13 cdu tit ban ddu dé téng hgp MTBE lam phu gia
tai tao lai xing, D4y 1a phan iing vira 1some hod, vira dehydro hod.

CH-
. 1

CHy=C-CH: + CH;OH e CH3-C-O-CH
CH- CHs

Ngoai ra, isome hod con bao gém phan iing bién doi vi tri nhém thé
trong vong benzen.

VIL2. XUC TAC QUA TRINH IZOME HOA

Xiic tic cho qud trinh izome hod thuoc loai xiic tac thiic diy phan (ng
tao thanh ion cacboni, tirc 4 cdc xdc tac ¢ tinh axit. C6 thé chia thanh 3
nhém xic tac sau.

VIL.2.1. Xiic tac pha long

Trude day ngudi ta ding xiic tic axit Lewis nhu AlCl;, duge hoat hod
bidng HCI. Gdn day ngudi ta ding xiic tdc trén co s& AlBr; va hén hop AlCI;
+ SbCla, wu di€m cia xiic tdc méi nay 12 cé hoat tinh cao, & nhiét do 93"C da
hau nhu chuyén hod hoan toan cic parafin Cs =+ Cg thanh izo-parafin. Nhuoc
diém cha xuc tic nay 1a mau mat hoat tinh, do chon loc thap va dé tu phin
huy. D¢ axit manh cla xic tdc dé gy an mon thiét bi.

Ngoai ra con ¢6 thé ding mot s6 xic tic axit sau day:

H.PO, & 26 + 135°C; CgHsSO-H & 76"C dé izome hod buten-1 vao buten-2;
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H3POy/chat mang 1a dat nung & 325 + 360"C dé izome hod n-alken vio i-o-alken.
VII.2.2. Xiic tac axit rdn

BeO : bién do1 xyclohexen thanh metyixyclopenten & 450°C.

Cr,04: bién dé1 hexadien-1,5 thanh hexadien-2,4 & 225 + 250°C.

ThO, : izome ho4 olefin & 398 + 440°C.

TiO; : bién d6i heptylen thanh metylxyclohexen ¢ 450°C.

AlLOs - Crp0a, AlOs - Fes 0z, ALO; - Co | Al;O5 - MnQ, (it ca déu
co ty 1 theo trong luong 14 4 : 1): izome hoa metylbutylen & 294
+ 370°C.

AlyO4 - Mo,Os : bién doi #-pentan thanh izo-pentan & 460°C.

Cry0s - Fe;Oz @ chuyén vi ndi doi, ndi ba trong hop chit khong no (9
220 + 300°C) ma khong thay d6i cau triic mach cacbon.

MoS. : bién doi n-parafin thanh izo-parafin, xyclohexan thanh metyl-
xyclopentan.

Al;05 - V50s5: bién d6t xyclohexen thanh metylxyclopenten.

Zeolit cdc loai: isome hod hydrocacbon thom.

VIIL.2.3. Xiic tic ludng chire
b6 1a cdc loai xic téc tuong te nhu xic tdc reforming Pi/Al,Ox. Vdi xiic tdc
nay c6 theé tao ra ngay R* & 50°C (nhiét dé phan ting néi chung nhé hon 150°C).
Sau nay ngudi ta ding xiic tdc Pt/mordenit. hodc Pt/zeolit khic, V&i xic
tac d6, phan ung phai thye hién ¢ 250°C. Nhung pho bién vin la loai xic tic
Pt/Al;O4, ¢c6 7% Cl, trén xiic tdc. Dung CCl, dé clo hoa.
Su khdc nhau gifta xtic tdc izome hod va x(c tdc reforming & ché:
- Xic tdc¢ reforming Pt/ Al,O4.Cl (Pt 0,3%, lugng clo it}.
- Xuc tdc 1zome hod Pt/ Al,05.C1 (Pt 0.3%, lugng clo nhiéu hon).

Reforming Izome hod
Cl
7
Al —Cl Al
Cl
lirc axit y&u hon iuc axit manh kon

{1 nguyén tr Cl cho 1 nguyén ur Al) (2 nguyén tir Cl cho | nguyén ur Al
- Chat mang Al,O4 thudug & dang y va ).
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Zeolit 1A moét trong cdc axit rin, nd ¢6 dic tinh rat quy 1a: d6 axit cao, 16
x6p 1én, 1a mét ray phan ti, do vay cho phép ta tich duge cdc phan tr ¢é
kich thudc khdc nhau. T6t hon ca 1a ding xidc tic zeolit ZMS-5 cua hing
Mobile Oil (M¥).

Maét s6 dic trung cla hé xiic tic izome ho# duoc thé hién & bang VIL 1.

Bang VILI. Pic trung cha xic tic izome hod

Xac tac Nhiét dd phan ang khi s dung
Friedel - Crafts AICI;, AlBry 80 -~ 100°C pha 16ng, gay an mon thiét bi
Oxyt Al,Q4, Cr,04, BeQ 200 + 450°C
PtAl,O4 350 = 500°C
Pt/AI;O4 clo hoa 80 + 150°C
Pt/zeolit 250 + 300°C pha hai
Pt (0,3%) / mordernit 250 + 270°C
Ptizeolit-X
Pdizeolit-Y 300 + 330°C
Pt/Z5M-5

Do xtc tic izome hod cdn lyc axit manh hon nén st dung zeolit, ¢con qua
trinh reforming chi sit dung Al,Q3 ¢6 luc axit y&u hon .

VIL3, CO CHE PHAN UNG IZOME HOA

Cic qua trinh ché bién ddu ¢6 thé duge thye hién trong pha 16ng hodc pha hoi.
Qua trinh thuc hién trong pha long véi xic tac Friedel - Crafts (AICl3) &
nhiét do 80 + 100°C it duge phé bién.

Qud trinh thyc hién trong pha hoi 12 qud trinh rét pho bign véi xic tac
oxyt, axit rian hoac xic tdc ludng chic & nhiét d6 cao, do vay ta xét co ché
cua qud trinh nay.

VII.3.1. Izome hod n-parafin

Qua trinh izome hod bao gém n-parafin thanh rzo-parafin va n-parafin
thanh izo-olefin.

Vidul:
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Phan tng bién d8i n-butan thanh izo-butan va izo-buten cé thé Xay ra
theo hai cidch sau:

Cdch I Cdch 2:
CH;-CH,~-CH,—CHj,4
A{H"D } ~H, trung tdm axit M ‘ ~H,
CH,-C" H- CH—,—CH3 -« AH) CH;~CH=CH-CH,
;CHm
CH,-CH=CH- CH3 CH— H N _"‘CH3—CH C*H,
CH _— -
3
co ché xyclopmpan CTE'
CH_]—CH‘—CH‘_I, M., + H, CH3—C+ -CH;
I - |
CH3 ~H CH3
A(H*)l—H
CH3~CI=CH3
CH;

Cao ché xyclopropan méi gidi thich duge sy tao thanh izo-parafin va izo-alken.
Theo co ché trén, xyclopropan khi m& vong tao thanh C* bic [, t6c do
tao thanh C” bac 1 rét nhd, sau d6 chuyén sang C* bac 3 véi t6c do rét 1én:
/CH,

=
+

;7 H K
CHS_CI'I_-_- CH2

!

CH3-(,;H -CH,"* CH3—(IS —-CH, %» CH;—(T“H—CH3+ H*

CH; CH; CH,

Ngodi cdch phdn ing trén, cdn xay ra phan ng tao dime (co ché ludng
phan ti):

C-C-C'-C + C-C-C-C —» C-C-Cic—Ct-c-¢ Smmchl e

f &

C-(l'.‘—C
C
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Trong hai co ché trén, co ché ludng phan tir

. : 1
dé xay ra hon. Tuy nhién sin phadm trung gian i )\/k/\
cua co ch€ nay (dime) ¢é kich thuwdc 16n. Néu x3p

chdt xic tidc cé 18 x6p nhd hon kich thudc cha |

dime thi phan ifng nay khong xay ra duge. Do

vay muén tang d¢ chon loc, phai chon xic tic ¢é kich thudc phit hgp. Xic
tic thudng dung trong céng nghiép 12 zeolit Feriorit (c6 4 = 5 A, do axit
tuong durong do axit cia ZSM-5).

fzo-butan la cidu tir rit quan trong vi tir d6, bing cdch dehydro hod thu
izo-buten, 12 nguyén liéu dé sin xu&t MTBE. So dé phan ting nhu sau:

a-butan -—» f{-o-butan — izo-buten .C}Iif{_p MTERBE

Phin tng c6 thé xay ra trén xdc tdc axit ran, dién hinh 12 zeolit. Vi du
trong bang VIL.2 cho biét, vdi xiic tic la zeolit mordenit, ¢ chon loc cla
izo-butan cé thé dat t6i 74%.

Being VI1.2. Izome hod n-butan trén mordenit & 250°C va 1 at

Thdi gian treng déng {phit) 5 20 25

D6 chuyén hoa (%) 60 22 15
Bo chon loc (%):

izo-butan 49 65 7d

Cs 35 22 21

Cs 16 13 5

Nhiéu nha nghién cdu chi ra ring, oxyt zirconi dugc sunfat hod ¢é thé
izome hod butan thanh izo-butan & nhiét do tir 100°C dén 150°C (bang VII.3).

2
Bdng V1.3, Izvme hod n-butan trén xic tic SO, /ZnOQ, trong dong nite

Nhiét d& phan Gng (°C) 150 250
Higu suat (%) izo-Cqy | Cy Cs iz0-Cy Cy Cs
Théi gian treng déng (phat):
5 247 75 1 36,5 8.6 472
20 17.9 0.7 0 23,9 2.2 1,2
35 15,5 06 0 19,6 1.4 1.4
50 14,4 05 0 16,8 11 0,7
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Khi thém Fe vA Mn vao oxyt zirconi 1am tang ddng ké hoat tinh xdc tic,
nhung khong cii thién thoi gian lam viéc c¢la xic tdc. Ngwoc lai, thém Pt
lam tang dé chon loc thanh izo-butan vi ¢d thoi gian lam viéc cla xic tdc
(bang VIL4).

Bing VII 4. 1zome hod n-butan trén xic tic Pt/SO, /ZrO, trong dong hydro

CulH, Thei gian phan Ung (phut)
Mau (g.h/mol) 5 35 85
X Si X S X $
51 33 88 25 91 24 92
PUSOZIZr0, | 14 32 91 31 95 33 95
143 33 100 37 100 37 100

(*) X : d0 chuyén hod;  S;: d6 chon loc

Vidu2:

Izome hoi:

Co ché phan (ng nhu sau: Giai doan 1 tao olefin, xic ti€n cho qud trinh
nay 1a cac tam kim loai trong xic tic Pt. Sau d6 ti€p dén giai doan 2 la qud

#-hexan ——» j-p-hexan

trinh ddng phin hod, xay ra trén cdc taim axit Lewis:

CH;~CH,~CH,~CH,-CHy-CH; =8> CH;-~CH=CH-CH,-CH,-CHj %H;-

CH;3—C*H-CH,-CHy—CH,-CH; —2» CHy~CH- -~ CH-CH,~CH, A,

‘CH-_;'
A + M!+H‘!
CH;~GH-CHy-CHy-CH; —"-» CH;-G"-CHy-CH,-CH; ———»
CH,* CH;,
—* CH;3-GH-CH,-CH,~CH,

CH,

Tém lai, xGc tic cho izome hod tuong tu nhu xic téc cho reforming, xic
tdc hai chitc nang, vi izome hod thudng xay ra qua hai giai doan:
Giai doan !: Tdch hydro (ldc nay vai trd xic tdc 14 tam kim loai M).

Giai doan 2: DPéng phan hod (vai trd xuc tdc la cac tam axit A).
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VI1.3.2, Izome hoa cdc hydrocacbon thom

Mot s6 qué trinh izome hod khdc ¢6 ing dung trong hod diun 13 izome
hod cdc hydrocacbon thom, chi y&u la mr-xylen tao p-, o-xylen la cidc san
phim cé gia tri cho tdng hop hod ddu.

Pé izome hod alkyl benzen, vai trd cia cdc axit rin rit quan trong, ta
hdy xét cic théong s6 sau:

Kich thirdc dong hoc cia cdc phian

o-, m-xylen 63A

p-xylen 57 A
benzen 6 A
toluen 57A

Kich thuée 16 x6p cia mdt sé zeolit:

Loai nho Sabasit Erionit
3,6 A 3,6 A

Loai trung binh ZSM-5 ZSM-11
54-57A 5.1A

Loai 1dn Y,Z Mordenit
7.4 A 6,7 A

Trong qud trinh izome hod, thuwdng xdy ra cdc phan dng sau:

1. Phan tng ddng phan ho4:

N CH3
CH3
Sl &
CH3

toc dé tao hai déng phan nhu nhau.
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Ca ché:

CH3 CI-l3 CH3
-, - O™
i —
CH;
H;
-H*“ﬁ H —H*1L+ H' —H+“+H+
CH, CH, CH,
H
H H
CH
cH, H H ?
2. Phan dng phan bé lai:
CH,4 CH,
(1) ,
CH, CH, .
3
S O
CH, CH, CH, Ch;
CH; CH,
Co ché phan dng phan bd Jai m-xylen dugc bién dién nhu sau:
+
CH, + CH,
@ L @ +  H,
CH, CH,
. H
CH, CH, CH,
+ P ] ]
CH; CH,
CH, CH, CH,
+
CH,
CH,
= +
CH, CH;
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+

CH, CH,
CH, CH,

CH3 CH3

D6 chon loc cdc loai sidn phim & trén phu thudc vao xidc tdc. Vi dy,
mudn thu duge p-xylen, phai chen xiic tic cé kich thude 16 x6p phit hop vdi
kich thudc dong hoc cla phéin tor p-xylen, d6 14 zeolit loai mao quan trung
binh ZSM-5. Thuc nghiém cho biét ring, trén zeolit ZSM-5, t6¢ d6 khuéch
tan clia p-xylen nhanh hon 100 14n so véi cdc ddng phan octo va meta. Nhém
zeolit mao quéin trung binh 1a loai t6t nhat 461 véi qud trinh izome hod, vi
véi loai xiic tdc nay s& tranh duge cdc phan iing khong mong doi, d6 1a phan
ing ngung tu. Con néu sit dung zeolit cé mao quan Ién thi ¢ thé thu duge cd
san phdm phan bd 1ai hodc sin phdm ngung tu.
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Chuong VIII
QUA TRINH POLYME HOA

(cén goi la oligome hoa)

VIIL.1. KHAI NIEM

Polyme hod 1a qud trinh trung hop hai hay nhiéu phan ur. C6 hai loai
phan iing trung hop, dé la:

1. Trang hop hai hodc ba phan tir khi dé tao ra xang (phan ting nay codn

go1 la oligome hoa).

2. Trung hgp nhi€u phan tlf tao cde vat liéu hitu co nhu chit déo. cao su v.v...

Trong phén nay, chu y&u xét phan ng oligome hod tao xang co tri sd
octan cao. Nguyén liéu ban ddu la khi propylen - butylen thu duge tir qua
trinh cracking xuc tdc, hodc khi ddu mo. Phan (g xay ra nhu sau:

Cdc phan tng: E (trung binh):
2C3Hy == C¢H|> 370 kcal/kg
3C:Hg == CyHy
2CHy === iz0-CgH4 (izo-octan} 220 kcal/kg
Cédc chat thu duoc (CgHy,, CoH x, CgHig) 12 cdc cdu tir long, nam trong
161 han nhiét do soi cua xidng. Ching c6 cau tao mach nhdnh nén ¢é 1ri o
oclan cao, thudng sir dung dé pha vao cdc loai xang nhim ning cao chat lugng.

Ngoai ra, ¢6 thé polyme hod tao diézen: 10C,H, —» CaoHao.

VIIL2. XUC TAC VA CO CHE CUA PHAN UNG TAO XANG

Ciing nhu cdc qud trinh ché& bién hod ddu khéc, polyme hod xay ra theo
co ché ion cacboni, nén xic tic 1a céc axit. Thudng sir dung axit H3PO; hoac
HiPO,/chat mang. Ngay nay, trong cong nghiép c6 thé sir dung cdc axit rén
nhu Al;Os, aluminosilicat, zeolit. Phan mg dugc tién hanh & nhiét do 150 dén
200°C va 4p suét 50 den 80 at, xiy ra theo hai giai doan:
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- Giai doun I: Proton hoa:

CH;-CH,-CH=CH, + H®* —% CH;~CH,~C H-CHjy

- Giai dogn 2: K&t hop vai olefin:

CH,
CH3-CH,~CH'—CH, + CH,=C—-CH, —» CH3—CH3—CIH—CH3 ~C"—~CHj,
cu, Ci,
CH,

|
__‘H—+"‘ CH3—CH2—CH—CH=(|:-CH3
CH,

Ngoai cdc san phdm trén coén nhan duge hén hop cac polyme khdc (vai
st chuyén roi dién tich drong (+) & cdc nguyeén tir cacbon khdc nhau, tham
chi trong sdn phidm con nhian dugc ca trime). Hén hop céc chit nhu vay sé
1am cho xing ¢6 chét lugng tSt (tir cdc cdu tir c6 gid tri thidp hon).

D6 axit cla xic tdc ludn gir vai trd quan trong, vi vay cdc yéu té lam
anh hudng dén do axit cla xdc tic déu phai quan tam.

Néu lueng H,>O trong nguyén liéu qud gidi han cho phép din dén gidm
dé axit cua xdc tic,

Sy ¢6 mat cdc hop chit bazo nhu NH; cing 1am ngé doc xtc tdc (vi xtc
tac 14 axit).

Sr ¢6 mit cua hop chit oxy va butadien trong nguyén liéu, tham chi
cing lam giam hoat tinh xic tc, do din dén sy ling dong clia cic hop chat
khdc nhu gudron trén bé mat xdc tic.

Xig¢ tdc axit photphoric rit khé tdi sinh, song b lai, thoi gian lam viéc
cia xic tdc khd dai, ning suit clia xic tic dat t6i da 600 dén 2000 1it
polyme cho | kg xiic tic,

Chii y: Ngudi ta khong dung etylen 1am nguyén liéu polyme hod trén
xtc tdc axit photphoric vi né dé tao thinh ion cacboni bac 1, din dén tao

n-alcan.

Quad ftrinh polyme hod kh{ butylen con luén xdy ra k&m theo qué trinh
izome hoa C4. Theo ¢o ché sau day:
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C
+ —r |
C=C-C-C +s c_c-c'-¢ 555 ¢ ccocct-c-C

dit lien ket 1
C C C

I H* axit f . |
C-C-C "T C-C'-C = (C-C-C' + C=C-C-C

Xing thu duge ti qud trinh ndy goi 13 xang polyme ho4 (polymerat); cé
tri s6 octan cao (khodng 97 theo RON va 83 theo MON). Ngiy nay, trong
mot s6 nha mdy loc ddu vin tdn tai cong nghé polyme hod, xem nhw 12 mét
giai phdp tao ra cdc thanh phin cao octan cho xing.

VIIL.3. POLYME HOA TAO NHIEN LIEU DIEZEN

Ngay nay, viéc tim ra ngudn nguyén liéu méi dé téng hop ra nhién lieu
diézen la nhu cdu cdn thi€t va cdp bdch. Mot trong cdc bién phdp c¢6 hiéu qua
la oligome hod etylen, mot loai khi khi thu duge véi mot lugng 16n tir quéa
trinh cracking nhiét.

Sin phim oligome hod 12 cic anken C10* duoc hydro hod d€ cho cic
ankan tuong dng, 1a cdc cdu tir qui trong hdn hgp nhién lien.

Vi du:
H
10CH, —— CyHyy —> CaoHaz

Co ché phan \ing nhw sau:
* =CH
CH,=cH, 2%) cu,-cn, Y= cn,-cH, CH,-CH, v.v...
VI d6i v6i phén tlr etylen, d& dang tao thanh ion cacboni bac 1 nén két
qua 13, polyme thu duge chii y&u ¢6 mach thing, 12 cdc cu tir ¢6 trj s6 xetan
cao.

Xiic tdc sir dyng cho qud trinh nay thudng 1a Ni, mang trén Al,O;, SiO,
hodc cac zeolit. Thue nghiém chi ra ring, n€u xic tdc Nifzeolit X thi sian
phdm oligome hod dat duge 1a C),, cdn d6i v6i xiic tic Nifzeolit Y thi san
phdm ndm trong khodng C;; + Cys5 va c6 thé téch ra d& dang qua céc mao
quan cua zeolit sau khi phdn ¢ng hoan thanh.,

Phan itng oligome ho4 etylen thuémg ti€n hanh & nhiét do cao (120 + 300°C),
dp sudt khoang 335 bar (35,69 at).
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Chdt lugng clia nhién liéu digzen thu duge bing phuong phdp nay thé
hién trén bang sau VIII.1.

Bdng VIiI.1. Pac diém cia diézen oligome hod

Tinh chit ‘Phan d?an Crot Tiéu chuin
(diézen cligeme hod) SABS 342
Thanh phdn cit:
20% 202 -
50% 220 -
90% 295 362 max
Tri s6 xetan 68 45 min
Piém duc +1 -
Piém dong, °C -20 ~4 max
Cén cacbon, % kh6i lugng 0,11 0,2 max
DY nhét tai 40°C, mm2s™" 2,32 32+53
Khéi lugng riéng tai 15°C, giml 0,8036 ~
Chi s& brom 84,2 -

Tieu chuidn SABS 342 1a hé théng titu chudn qui dinh cho chit lugng
nhién lidu diézen. S6 liéu trén bang cho thfy, diézen oligome hod ¢6 tri s¢
xetan rét cao. Tuy nhién, chi s& brom cdn kh4 cao 12 do lugng san phdm
khong chuyén hoa trong qué trinh hydro hod cdn khé 16n, din dén su kém 6n
dinh cla nhién lidu,

VIIL4. CAC YEU TO ANH HUGNG DEN QUA TRINH
POLYME HOA
VIIL4.1. Anh huéng ciia thoi gian phan dng

Thoi gian phéan ng dugce bidu dién qua t6c do truyén nguyén litu (thé
tich nguyén liéu truyén qua trong 1 gi& trén mot don vi trong lugng xic tac).

Dé nhan sian phdm polyme ¢6 tri s8 octan cao, cdc qud trinh cong nghiép
déu ding d&n t6c do truyén tix 0,12 dén 0,46 m3/h.kg (hinh VIII.1).
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100
90

Do chuyén ho4,%

1 1 ! 1 1 1 1 1 l 1 -

1.2 3 45 67 8 910
T&c 8¢ truyén nguyén ligu, I/h.kg xdc tac

Hinh Vii.1. Quan hé giTa d¢ chuyén ho4 va t8c do truyén nguyeén lidu
VIIL.4.2. Anh hudng ciia nhiét do

Nhiét d6 cao lam t6c do cha phan ing ting l&n, din tGi tang mic do
chuyén hod cita qu4 trinh.

Nhung néu tang nhiét d¢, ciing d&n dén tao nhya, dé& ling dong trén xiic
tac lam giam hoat tinh va thoi gian lam yi¢c cha xic tdc.

Trong cong nghiép thudng sir dung khodng nhiét d6 tir 170 dén 225°C.

VIIL.4.3. Anh hudng cia ap su4t

Khi qua trinh dugc thue hi¢n trong pha hoi, 4p suft ¢é anh hudng manh
dén thoi gian phan dng.

O ap sudt cao, s tao ra pha ngung ty va c6 tdc dung ddy cdc polyme
ning ra khoi bé mat xic tdc, ngan ngira sy m4t hoat tinh xic tdc. Néu dp sudt
thdp qud thi ngugce lai s& tao thanh cdc polyme nang, ling dong trén bé mat
xtic tdc va ]am mat hoat tinh. Trong thyc t& phan ing thyc hién & p = 25 + 28 at.

VIIL4.4. Anh hudng ciia hoat tinh xdc tc

Viéc duy tri hoat tinh cita xic tic dat duge bing cich didu chinh do 4m
cita nguyen lieu, ham lrgng nuéc cdn dwge duy tri trong giGi han sao cho
“néng d¢ tu do” cta P,O5 trong xic tdc tir 16 dén 18% (“ndng do tv do” clia
P»0s dugc biéu thi bing phdn tram axit photphoric dwgc téch ra bing nudc
lanh trong di€u ki¢n phdng thi nghi¢ém). Lugng nuéc trong nguyén lieu dé
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cho néng d6 P,05 dugc nhu vay phu thuoe vao nhiét do; rong khodng nhiét
d6 tir 200 dén 210°C, ham lugng nuéc cho phép (3.5 + 4,0).1072 %,

VIIL.5. NGUYEN LIEU CHO QUA TRINH POLYME HOA

Nguyén lieu cho qud trinh polyme hod 14 phan doan propylen, butylen
(14y trong khi cracking xiic tic hodc tir phan doan khi cha ddu mo) réi thyc
hién phan dng dehydro hod. Tu hai loai khi ndy, khi tring hgp sé& tao ra
hydrocacbon mach nhénh 1A cfu tir ¢6 tri s6 octan cao trong Xang.

Né&u muc dich clia qud trinh polyme hod 1a thu nhién liéu diézen thi
ngudi ta sit dung khi etylen, vi sin phdm polyme thu duge 13 hydrocachon
mach thing, cé tri s§ xetan cao.

Nguyén lién trude khi dwa vao polyme hod phai duge lam sach khdi tap
chét, sdy kho, déng thai phai loai hét cdc chdt chia S, N, O dé trdnh giy ngd
d0c xic tdc va 1am x4u di chat lugng san phdm thu.
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Chuong IX
OQOUA TRINH ALKYL HOA

IX.1. KHAI NIEM
Alkyl hod la qué trinh dua thém g&c —R vio phan ti chat hitu co, chi
y€u bao gébm hai loai phan 1ing sau:

1. Alkyl hod alcan, nhim tao ra Xang c6 tri s6 octan c¢ao. Pay la muc
dich chi y&u trong c¢ong nghé loc hod ddu. Tir cdc cdu tir ban diu 1a
khi (C4H,o va C4Hy) ta thu dugc xdng (izo-CgH ) 6 tri s& octan 13 100.

2. Alkyl hod hydrocacbon thom. Phan ing nay sir dung dé diéu ché céc
alkyl benzen, 1am nguyén liéu cho téng hop hoa diu.

Qué trinh alkyl hod chi€m 20% thé tich ddu md dvwa vio ché bién vi la
mot qua trinh quan trong trong cdc nha may ché& bién diu khi.

1X.2. ALKYL HOA ALCAN

Alkyl hod alcan 1a qud trinh pho bi€n nhét d€ tao ra xang alkyl ho4 (con
goi 1a alkylat). Trong cdc loai alcan chi c6 izo-alcan tham gia phan tng. Téc
nhan alkyl hod thudng sir dung 12 olefin hodc ruou, trong dé olefin la chi yéu.

Dé phin (ing c6 do chen lge cao, thudng 14y ty Ié giita izo~parafin va olefin bing
hodc 16n hon 5 : 1, nhiét d6 phan iing tir —15 dén +45°C va phai khudy tron manh.

Xét phan ing:

f:0~C4H]0 + C4Hg _— f:O-Cngg

Phan tng xay ra theo co ché ion cacboni, qua céc giai doan sau day:

. s (Ijﬂa
CH,~ CH—CH, AL, CH3—(|3+—CH3 T OH,—C—CH,~C—CH,
CH3 C}13
+ CH,~CH-CH,
CH,
CH,—CL-CH; + CHy—C—CH,—CH—CH,
CH, 3 CH;
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Xic tidc dung trong qud trinh alkyl hod théng thudmg bao gém céic loai
sau day:

1. Xic tic H,SOy, HF:

Trong cong nghiép, thuing sir dung H,SQy tir 90 dén 99% hoac HF. Néu
st dung hai axit trén, can lwu y dén ty 1é olefin/ize-butan sao cho olefin 1a
nho nhat (ty 1é 1/5), vi cdc olefin hoa tan t6t trong axit H,SOy, tao diéu kién
cho cic phan {tng phu xdy ra (nhw phan ing tring hgp), cdn izo-C4H;p lai
hdu nhu khong hoa tan trong H,SO4, HF, do dé phai khudy tron manh dé
néng dé izo-C4H,p trong khéi phan ting dat cuc dai.

2. Xic tdc AlCl; + HCL:

Xic tdc AICI; + HCI cho phép phan tng thirc hién & nhiét do thap (—15
dén +25°C), dé ché rao, cho san phdm cé it nhdnh phu.

3. Xic tdc BF; + HE:

Phan @ng trén xic tic nay thuong thuc hién & nhiét d6 cao hon (40 +
45°C), tao nhiéu san phdm phu cla qué trinh izome ho4.

4. Céc zeolit ¢é mao quan rong, ty 1& Si/Al cao nhu: zeolit USY, zeolit B.

* USY (Si/Al = 13,6):

Véi xic tdc nay, su mat hoat tinh x4y ra rat nhanh, khi ting thoi gian
phan iing, chat lugng alkylat giam (ty s6 cua 2,2,4-TMP trong phan doan Cg
gidm). Mat khdc, trén xic tdc di mét hoat tinh, chi c6 oligome hod xay ra.

e Zeolit B:

Zeolit § ¢6 tic dung gin gi6ng nhu USY, tuy nhién, néng do6 cha 2,2,4-
TMP trong phan doan Cg 12 nhd hon, ching td ring sy khuéch tdn cia san
phdm bi gidi han bdi kich thuéc clia mao quan.

Cic xiic tdc sit dung va diéu kién phan ing duoc ghi 6 bang IX. 1.

Thanh phdn san phdm thu dugc thé hién & bang IX.2.

Trong cic san phdm trén, izo-pentan tao thinh véi s6 lugng it nhit.

Trong céng nghiép, d€ alkyl hod, ngudi ta sir dung hdn hop ba déng
phan cua butylen:

CH,=CH-CH,-CH; ; CH3;-CH=CH-CH; ; CH,=C-CH;
|
CH;

Sir dung izo-buten s& thu dugc sin phdm ¢6 nhiéu mach nhdnh (2,2,4-

trimetyl pentan), day 12 cu tir ¢6 tri s& octan cao (dén. 100).
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Bdng IX.1. X1c tac sit dung trong qua trinh alkyl hoa

Xac tac Nhiét do Ghi ¢chu
AlCl; + HCI ~15°C + 0°C |S&n ph&m trung gian Ia 2,3-dimetylbutan khang bj
izome hoé
AIC(; + HCI 25°C S&n phdm 2,3-dimetylbutan bj izome hoa manh

hodc A|C|3 + CgHaCl
BF3 + HF + H,0 40 + 45°C  [Izome hoa rét manh 2,3-dimetylbutan

Ni + HF + BF;, 20 + 30°C | X3y ra phan (g phan b6 lai va izome hoa
HzS0, 5 10°C  [Phan tng alkyl ho4 xay ra manh, ngoai ra con co
HF 20 + 50°C thé xay ra izome ho4

Bdng IX.2. 8in phdm tao thanh trong qua trinh alkyl ho4

izo-parafin Olefin 8&n pham chinh
izo-butan Propylen 2,3-; 2,4-dimetylpentan:
2,2,4- trimetylpentan; 2,3-dimetylpentan
izo-butan Buten-1 2,2,4- trimetylpentan ; 2,5-, 2,4-dimetylhexan
Buten-2 2,2,5-trimetylhexan; 2,3-dimetyipentan; 2-metylpentan
Diizo-buten 2,2.6-trimetylheptan
izo-pentan Propylen 2,3-; 2,4-; 2,5-dimetylheptan; izo-hexan

2-metylbutan | Buten-2-diizo-buten |2,2,6-trimetylheptan; izo-pentan

Vigc ting dung cdc axit nhw H,S04, HF lam xic tic cho phép thuc hién
cdc phan tng alkyl hod véi hiéu suft cao; nhung cdc tiéu chudn ngay cang
chat ché v& moi trudng dang thdc diy viec nghién cdu tim ki€m cdc axit rin
dé thay th€ axit H,SO,, HF.

* Chdt lugng xdng alkyl hod

Xang thu dugc tir qud trinh alkyl hod (con goi 12 alkylat) c6 chdt lugng
rdt cao: Tri s6 octan trén 95, chifa r4t it olefin vi hydrocacbon thom, trong
thanh phdn chifa chil yé&u la cdc izo-alcan (izo-octan). Xang alkyl hod con cé
nhiét chdy cao. Thudng sir dung alkylat dé pha vao cdc loai xing khic nhau
nhim nang cao chdt lugng, dic biét 1 pha vao xdng médy bay dé ning cao
nhiét tri.
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IX.3. ALKYL HOA BENZEN VA CAC AREN KHAC

Trong phan ung alkyl hod benzen va déng ding, thudng diing tac nhén
alkyl hod la etylen hodc rvgu. Qud trinh nay nhdm thu dirge cdc alkyl
benzen, [a nguyén liéu cho tong hop hod diu. Cdc phan (ng xay ra nhv sau:

CHy
O + CH=CH, "% @

CH,

CH3

San pham thu duge chit yéu 14 cic déng phin octo va para.

C6 thé xdy ra alkyl hod tiép tuc:

CH, CH,
+ CH,=CH, H @' CoH;
GH CH,

Néu alkyl hod bing propylen thi ¢ thé xdy ra hai trudng hop:

1. Tao cumen (I):

@ + CH, —» @ \CHs W

2. Tao san pham déng vong (II):

3 CH,
@ + 2CH, —» (|}L, (II)

Ngoii olefin, ¢6 thé alkyl hod bing rugu:

C(,HsCH'_J, + CH;0OH —» C6H4(CH3)2 + H.0O
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Xic tidc cho phan dng alkyl hod hydrocacbon thom thudmg chia lam cic
nhdm sau:

+ Céc axit long H,S0,, HF.
+ AlCL,.

+ Mot s6 oxyt SiO,;, Al>O3; hodac oxyt duge sunfat hod nhu
$0,%/Zr0, ; S0,>7/TiO.

+ Zeolit.

+ Xiic tic chita zeolit.

Trong cédc loai trén, cdc xdc tdc rin té ra cé uvu the hon, d6 chon loc clia
san phim alkyl hod Cg khodng 98%, tich sin pham dé dang, han ch€ dugc sy
tao thanh hydrocacbon nang.

Cic loai zeolit khdc nhan s& xiic ti€n phan ng véi téc do khic nhau.

Khi so sanh toc d¢ phan dng izome hod va alkyl hod trén cdc zeolit khic
nhan ngudi ta thay:

Zeolit HY H-mordenit H-Z8M-5
Tde do phan ing izome hoé 20 70 1000
va alkyt hoa

Tir s6 liéu trén ta thdy, zeolit ZSM-5 1a loai t6t hon ca khi sir dung 1am
xUic tdc dé alkyl hod benzen va toluen. D& chon loc clia san phdm p-etyl
toluen trén ZSM-5 14 cao nhit.

Dé han ch€ san phim ngung tu (IT), cdn phai chon xic tic ¢é 16 xap
trung binh, khdng ché thai gian lun clia tadc nhan phan dng trén xic tic nho.

IX.4. CAC YEU TO ANH HUGNG

Cé6 rat nhiéu y&u t8 anh hudng dé€n qua trinh alkyl hod, trong dé dnh
hudng ciia xdc tdc 1a cha yéu.

— D61 véi cdc xdc tAc axit rin s& c6 dnh hudng cua do xdp, kich thuéc 16
x68p, su phit hgp cha kich thuée phan tir sin phdm v dudng kinh 16 x6p cia
x1ic tac.

— boi véi cdc xic tdc 1ong ¢6 cdc yéu td anh hudng sau:
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» Nhiét d6 phan dng: Néu ting nhiét d6, do nhdét clia tdc nhan va cla
xic tdc giam, tao dicu kién khudy trén t6t hon. Song khi nhiét d6 cao, phan
ung phu loai polyme hod vi oxy hod lai ting do t6¢ dé hai phan ng nay
manh hon alkyl hed, vi thé€ do chon loc clia qué trink gidm xuéng, do vay
phai ti€n hanh & nhiét do thap.

¢ Néng d6 axit: HySOy sir dung dé alkyl hod phan doan C4 c6 néng do
88 dén 98%. Tri s6 octan cla xang alkyl ho4 dat cyc dai khi néng do H,SO,
dat 95 dén 96%. O ndéng dé nay, vira thudn tién cho qud trinh alkyl hod, va
ca phan dng d6ng phan hod, cho nhiéu 2,2, 4-trimetylpentan 12 cdc ciu tit cé
tri sG octan cao.

Néu dung H,SO4 qui dzflc', xtic tac & <o tinh oxy hda cao, nhung néu
dung H»50, qud lodng, qud trinh van chuyén H" bi khé khan din dén gidm
toc dé phan ing.

V1 vay trong cong nghiép, d€ alkyl hod izo-alcan, thudng sir dung H,SO,
98%, HF + AICl3; con dé alkyl hod benzen va déng ding, sir dung zeolit
hodc xic tic chita zeolit, trong d6 ZSM-5 dugc st dung phd bién hon ca.
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Chuong X
QUA TRINH THOM HOA CAC ALCAN VA OLEFIN NHE

X.1. Y NGHiA

Cic alcan nhe (Cy + C4) 13 thanh phin chd yéu cua khi thién nhién va
khi ddu md. Truéc day ching chi duge sit dung cha y&u dé lim nhién liéu, dé
san xufit khi tu nhién hod long LNG (tir CH,) hodc khi ddu mo hoa long LPG
(tir C3Hg va C4H|p). Cong nghiép ché€ bién diu ngay cang phét trién dian dén
lugng LNG va LPG du thira trén thi tredng, diéu d6 goi ¥ cic nha khoa hoc
phai chi ¥ dén cdc hudng khde khi sir dung khi.

T nam 1996 tra lai day, cdc chuyén gia hod ddu cua Phap, My da thanh
cong trong viéc nghién citu chuyén hod cdc alcan nhe thanh hydrocacbon
thom nhir benzen, toluen va mét s6 din xudt khdc. Cac chit nay 12 cdc ciu tir
cao octan, déng thdt 13 nguyén liéu cho téng hop hod diu.

Trong s6 cic phan ting chuyén hod alcan nhe, phan ng bién ddi metan
thanh benzen cé y nghia to 16n, vi ngudn Khi ty nhién rit déi dao, trén thé
gi6i ngay nay 43 phdt hién ra nhiéu mo khi méi. Mat khac, cdc qud trinh ché
bi€n dan nbu cracking ciing tao ra mét luong 1on khi C; + C4. Vi vay thom
hod alcan, olefin nhe s& la mét hudng ch€ bién dau khi rdt cé y nghia vé ly
thuyét ciing nhu thuc té.

X.2. XUC TAC VA CAC LOAI PHAN UNG THOM HOA
X.2.1. Xsic tac

Xic tic sir dung cho qua trinh thom hoa thuéng 14 cdc loaj nhu:

CrO3/AL,05 Mo/HZSM-5
H-ZSM-5 Mo/HZSM-22
H-ZSM-5 c6 them Ga,0; hoic ZnO Pt/A1,O;
K>MoO,/HZSM-5 Pt-HZSM-5
Mo/HZSM-5 c6 thém chit kich hoat Zn-Pd-ZSM-5
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Cdc oxyt thém vao nhu Gay0s, ZnO 12 cdc chit kich hoat t6t, xdc tién
thém c¢ho phén ing dehydro hod, tao diéu kién cho phan ting déng vong xay ra.

X.2.2. Qua trinh thom hoa metan
X.2.2.1. Xuc tdc

Phan #ng chuyén hod metan thanh benzen 13 qué trinh quan trong va cé
y nghia trong thyc tién, nham bién khi thién nhién (1 cidu tir tir trude dén
nay hau nhu chi dung 1am nhién liéu) thanh cic hydrocacbon thom hitu ich,
Xuc tdc cho qud trinh nay thudng ding 12 molipden mang trén zeolit axit,
chu yéu la Mo/HZSM-5, dugc diéu ché tir dung dich dam dic amoni
paramolypdat [(NH4)¢Mo702], duoc ngdm tim trén zeolit & nhiét do 85°C
sau d6 nung. C6 thé cho thém cdc chat kich hoat kbhdc nhau dé ting cudng
hoat tinh xic téc. Xic tdc diéu ch& dugc ¢6 dang MoQ3/HZSM-5.

Phdn Gng chuyén hod metan thinh benzen trén xic tic Mo/HZSM-5 xay
ra chu y&u & nhiét d6 cao (bang X.1).

Bdng X.1. Chuyén hoa CH, thanh C¢Hg & cdc nhiét do kKhac nhau

_ D6 chuyén hoa Thanh phan hdn hgp (% trong lugng}
Nhle'[ dO (DC) cla CH (u/)
447 CeHg H, CH,
527°C (800°K) 25 2 0,5 97,5
763°C (1036°K) 13.8 11,2 2,6 86,2
927°C {1200°K} 40 32,8 74 60

Tir bang trén ta thdy ring, & nhiét d6 thap (~500°C) mirc d6 chuyén hod
hdu nhu khong ding ké. O nhiét d6 cao (~900°C), do chon loc benzen méi
dat duoc khodng 30%.

Do chuyén hod va d6 chon loc cua phin tng thom hod ¢dn phu thudc
vao ham lugng Mo trén zeolit. Ngudi ta thay ring, khi ham lugng Mo 1a 4%,
d6 chuyén hod clia metan dat 6% va dé chon loc cla sin phém chinh: benzen
12 38%. Khi gidm ham lugng Mo giam xuéng con 2% ciing & 4p sudt va nhiét
d6 nhu xic tdc chita 4% Mo (700°C, | at), thi do chuyén hoa cina CH, tang
dén 10%, con do chon loc thi tang manh (dat =~ 70%), (hinh X.1).

Véi xic tic Mo/HZSM-5, ngoai sdn phdm chinh 12 benzen (70%), con cé
cic sin phdm phu khdc nhu naphtalen, toluen, CO, hydrocacbon Cy + C3.
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Hinh X.1, D6 chuyén hoa CH, va dd chon loc CgHg trén xdc tac 2% Mo/HZSM-5 & 700°C, 1 at

Theo moét s6 cdc tdc gid khdc, khi thém kali vao xic tic trén, dudi dang
K>MoO,/ZSM-5; phan ting thyc hién & 800°C (1073°K) véi dp sudt 1 at, thu duge
d6 chuyén hod metan: 13%, cdn d6 chon loc benzen 12 75% (hink X.2, X.3).

Pic biét thdy ring, sy ¢6 mit cia K c6 tdc dung nit ngan thdi gian hoat
hod cia xiic tdc: chuyén hod cia CHy va d6 chon loc cila CgHg dat cuc dai ngay
sau 10 dén 15 phit ddu cia phan ing (cdn trén cdc xic téc khdc phai sau vai giv).
Céc kim loai kiém khic ciing ¢6 téc dung twong ty va gidm theo day K > Na > Li.

B0 chuyén hod, %
I o
I

[ %)

-
—_

0 ] | ] ]
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Hinh X.2. Chuyén hea metan trén K,MoO/ZSM-5 & cac nhiet do khac nhau
1) & 923°K (650°C) ; 2) § 973°K (700°C) ; 3) & 1073°K (800°C)
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Hinh X.3. D6 chon loc cla cac san pham tran K,;MoO,/ZSM-5
1) etylen C,H, ; 2) etan C,Hg ; 3} benzen CgHg .

Cic tac gia P. Meriaudeau, C. Naccache trong cdc cong trinh nghién ciu
cita minh di cho ring, n€u cho thém chét kich hoat vdi mét ham lugng nhd

cling lam thay d6i d6 chon loc cua benzen trong qué trinh thom hod metan
{(hinh X.4).

Tir hinh X.4 cho th4y ring, viéc bb sung Pt, Pd, Cr déu din dén tang do
chon loc ciia benzen, trong d6, thém 0,6% Pt do chon loc ting manh nhat.

Ciing theo cdc tic gid trén, néu thay zeolit HZSM-5 biang HZSM-22 thi
hoat tinh xiic tic tang manh (c6 thé ting lén 4 14n). Do chon lgc cla benzen
¢6 thé dat t6i 83% sau 24 gi¥ phan ing (bang X.2).

Cé thé cho ring, xic tic Pt+Mo/HZSM-22 13 xidc tic t6t nhdt hién nay
déi vdi phan tng thom hod metan.

Pé nang cao tinh ning cia xic tdic Mo/HZSM-5, Linsheng Wang dd cho
thém Co, Fe nhu 14 mot chat kich hoat, duge loai xic tdc méi Co-Mo/HZSM-
5, Fe-Mo/HZSM-5. Ngoai ra, 6ng con cho thém CO vao hén hgp khi metan
nguyén liéu, didu d6 di din dén tang kha ning &n dinh cla xdc tdc va ting
do chon loc cia benzen 1én téi 75 dén 85%, cdon d6 chuyén hod cia CHy 12
10 dén 13% (hinh X.5).
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Hinh X.4. D6 chon loc cla benzen trén cac xic tac 4% Mo/HZSM-5
cd cac chét kich hoat khac nhau

a} co thém 0,6% Pt; d) cé thém Ga (Al/Ga = 8,2);
b} c6 0,6% Pd; e} thém 0,6% Pd; 0,6% Ni:
¢) khang c6 chét kich hoat;  f) them 0,6% W;

(mau d& so sanh) g) thém 0,6% Cr.

Bdng X.2. Do chon loc sdn phdm coa phan tng thom hos metan

Xic tc Théi gian Bé chon loc Bo chon lgc Céc,
phan (ng CeHs . % naphtalen, % %
4% Mo + 0,6% Pt 8 b5 13 16
H-Z8M-5 (Si/Al = 26) 24 £5 8 15
4% Mo + 0,6% Pt 8 78 4 5
H-Z3M-22 (Si/Al = 15) 24 83 3 2

X.2.2.2. Co ché phan itng

C6 nhi¢u gia thiét vé co ch€ phan ing thom hod metan. Pin tién, ndi vé
vai tro cua xuc tac, Lunsford J. H. va cong su cho ring: MosC i chit xdc tdc

cho phan ing, né duge tao thanh trong giai doan ddu khi Mo phén irng voi
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CH, & 700°C. Két qua phd tia X chi ra ring, Mo™ ban ddu (xdc tic méi diéu
ché ra ¢é dang MoO3/HZSM-5) bi gidm hod tri xuéng Mo, sau dé tao thanh
Mo,C (hinh X.6). Trén pho Rontgen xuit hién vang pic dac trung cho Mo,C,
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Hinh X.5. B¢ chon loc cla benzen trong phan (ng thom hed metan
trén xuc tac Co-MofHZSM-5 ¢b thém CO

Hinh X.6.

Ph8 XPS cla xic tac Mo/ZSM-5
(x0r ly & 700°C)

a) trong déng khi O,, 0,5 gio
b) trong CH,, 10 phat

c) trong CHy, 30 phat

d) trong CH,, Z gio

e) trong CH,, 10 gic.
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Tir két qua trén phé cho thdy, ddu tién chua ¢6 CHy, pic dic trung cho
Mo™*® it manh, khéng ¢6 pic dic trung cia Mo,C. Khi tang ddn thdi gian trong
dong khi CHy, cudng d6 pic dic trung cho Mo,C ting ddn, pic cha Mo*® mat
d4n. C6 nghia 13 Mo*® da bién déi thanh Mo,C I trang thdi x1ic tic cho phan Ung.

Dé tao thanh benzen, theo tdc gia Lunsford J. H., etylen (C5H,) la chét trung

gian tao ra trong qud trinh nay; sau d6 oligome vong hoi tao benzen:

Mo,C

6CH, 3CH, + 6H, —H 5 CH, + 9H,

Giai doan oligome hod duge xiic téc bdi cdc tam axit trén zeolit, chinh vi vay
ma Mo/HZSM-5 hoat dong nhu mét xic tic ludng chitc nang,

Mot cong trinh nghién cu khidc cha P. Meriaudeau cho ring, C,H, 1a
san phdm trung gian cha phan dng chuyén hod metan trén xdc tic
Mo,C/HZSM-5. D€ tao thanh C,H,, 6ng gia thiét ring trén Mo,C, cdc phin
tt CHy bi tich hydro d€ tao thanh [CH;), [CH,], [CH], ma trong dé dang
trung gian [CH] 12 phé bi&n nhit, din d&n tao ra C,H,. Phan tir C,H, cé thé
chuyén hod theo hai huéng:

a. Trung hop tryc ti€p tao benzen:

3CH, —> Gl

b. Két hgp véi Ha tao CoHy, 161 qud trinh xdy ra nhur co ¢hé di néun & trén.

Téc gia A. Szoke lai cho rang, véi xic tic Ko-MoO,/ZSM-5, buéc diu
tién cla qud trinh chuyén hod CH, c6 thé 12 mét qué trinh dehydro hod ¢é
tic nhan oxy:

CH, + [O] -«—» [CH3] + [OH]
2[CH] -—= H,O + [O]
Hodc xay ra qud trinh téch mot nguyén tir H trén tam kim loai.
CH, <+— [CH3] + [H]
va sau d6 tiép tuc tach ddn H:
(CH;] <— [CH;] + [H]
[CH;] -+—» [CH] + [H]
[CH] <—»C + H
Sau Khi tao thinh cic chét trén, xay ra phn dng cap doi:
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2[CH,] =+—» C;H;
Z[CHl - CzHg
hodc 2[CH;] #—» CyHg -—» CH, + H»

C,H,4 va C5H, tiép tuc oligome vong hod dé thu ducgc benzen.
X.2.3. Qua trinh thom hoa etan

Qud trinh chuyén hod etan thanh cdc hydrocacbon thom dugc thuc hién
trén xdc tac lubng chic nhu Zn.Pd/H-ZSM-5. Ngudi ta thiy ring, néu do
chuyén hod vao khodng 50% thi cé thé dat hiéu suit thom 1a 30%. Cdc san
pham thu duge khi thom hod etan dugc thé hién & bang X.3.

Bdng X.3. Sy phan b6 hydrocacben thom trong phan ting
chuyén hoa etan trén xic tiac Zn-Pd-ZSM-5

D6 chuyén ho4 etan, % 48,4
Hiéu suit hydrocacbon thom, % 28,9
Phan b4, %:
Benzen 52
Toluen 30
Xylen + etylbenzen 5
Naphtalen 12
Cac loai khac 1

(*) Didu kign phén tng: T = 873°K; p = 20 kPa.

X.2.4. Qui trinh thom hoa propan
Trong qua trinh thom hod cic alcan nhe thi thom hod propan 13 dé hon ca.

Co ché chuyén hod propan d3 dwgc nghién citu trén cdc xidc tdc khdc
nhau nhu: Ga,03/H-ZSM-5, ZnO/ZSM-35 hodc Pt. Me/ZSM-5. Ba loai xiic tic

d6 rat ¢6 hiéu qua dé chuyén hod propan thianh hydrocacbon thom. Bang X.4
chi ra rang, thém Ga;0; hoiic ZnO cai thién mét cach rd rét hoat tinh va do

¢hon loc cla xiic tdc.

C6 thé bidu dién co ché phan Ung thom hod propan bing cic giai doan
sau day.
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Giai doun I: Hoat hod propan:

/
T GH, + 3¢

CH,—CH,, —» CH, + H'

+
CH, —H |:CH3— CH,—CH

¥ CH, + CH,—CH,'
3
H J

Nhu viy, giai doan ddu tién 12 hoat hod propan, tao ra propylen, etylen,
hydro va metan. Do d6 ¢6 sy mat mat mét phan propan thanh metan ngay ¢
giai doan dau tién.

Giai doan dehydro hod & trén ciing c6 thé duge thuc hién trén trung tam
kim loai (Zn, Ga, Pt).

Giai doan 2. Alkyl hod:

— + _A CH,
CH=CH-CH, + H' —» CH,~CH~CH, — i»

—> iy~ CH-CHy- CH—CH,
CH3

Giai dogn 3: Péng vdng va dich chuyén hydro:

CH
+ - 3
[CH3—CH~CH2—CH—CH3:[ —H » CH, —> @/

I

- — -
CH, 2CH,

v v

CH, 2CH,
Téng cong:  2C3Hg + 3CH, —* CgHy + 3C,H,
Mdi mét phan tir CgHg twong tng ba phan tir alcan.

Mot phin ing nhu th€ cé kha nang xdy ra trén bAt ky mét axit rin nao.
Nhung r6 rang, do nhiét d6 cao, sy céc hod s& xay ra nhanh. Chi c6 trén xic
tdc zeolit ¢6 mao quan trung binh nhu ZSM-5, phin tng méi cé thé X4y ra mi
khong bi mait hoat tinh mot cdch nhanh chéng. Nhung ciling phai tdi sinh xtc

172



tic mot cich thudng xuyén.

Ngudi ta d3 ching minh ring, dehydro hod propan thanh propen ¢é dé
chon loc cao trén Ga,0Q3/HZSM-5.

Cic nghién ctitu chinh xdc hon di cho phép lam sing to dac tinh cda xdc
tac ludng chitc clia giai doan chuyén hod propan nhi sau:
e Trén xiic tic axit, giai doan két hgp H™ 1a quyét dinh.
s Trén Ga,y0s3, su tdch H, 12 giai doan quyét dinh.
¢ Trén Ga,04/H-ZSM-5 thi:
Gu-0y/HZ + C;Hg —» C3;H;" Il{‘

0-Ga-O-H"ZSM-5
l+H:
C3Hg + Ga,0y/HZSM-54— C3H;" + 0-Ga-Q-ZSM-5

Sir dung xic tic ludng chitc ning gém mot axit (H"), mot oxyt Ga,0s,
cho phép rit ngin cic giai doan chim cua phan tng.

Bdng X.4. Chuyén hoa propan trén xiic tac zeolit

Cac thong sé Xic tac
H-ZSM-5 Zn-Z3M-5 Ga-ZSM-5

D6 chuyén hoa propan, % 56,3 72,5 85,5
Hiéu suat hydrocacbon thom, % 16,9 36,1 61,7
Phan bé san pham, %

- CHy + CoHg 43,0 42,3 22,7

- CoHg + C4Hg + CyHy 21,8 7.0 4.4

- C4Hyg 41 0.7 04

-Cs 1.1 0,1 0.4

- Hydocachon thom 30,0 499 721
Phan bé hydrocacbon tham

- Benzen 254 422 40,2

- Toluen 46,2 36,8 40,2

- Xylen + etyibenzen 260 14,1 126

- Cq 24 6.9 6,5

(*) Diéu kién phan ¢ng: T = 823°K; p = 101 kPa
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X.2.5. Qua trinh thom ho4a n-butan va izo-butan

Phan iing thom hod butan thwdng duge thyc hién trén xic tic ludng chitc
nhu Zn-ZSM-5. Do chon loc cia hydrocacbon thom thuong khong cao, chi
khoang 20 dé&n 25% (hinh X.7 va X_.8). N&u chi ¢6 xic¢ tdc axit thi hiéu qua
cua qud trinh lai cang thip, do vay phan ing nay it ¢é ¥ nghia.

X.2.6. Qua trinh thom hod pentan va n-hexan

Thom hod pentan va n-hexan thudng thuc hién trén xic tic H-ZSM-5.
Trong phan ung nay, sy phan b san phdm phu thugc nhiéu vao thai gian tiép
xde. Ham lugng hydrocacbon thom thu dwge khodng gian 50% (hinh X.9).
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Hinh X.7. Do chon loc san phim
phu thugc vao do chuyén hoda n-butan
trén Zn-ZSM-5

(773°K va 34,2 kPa)
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Hinh X.9,

Anh hu@ing clia thai gian tiép xtc d&n dd chuyén hoa va higu sust
hydrocacbon trong phan @ng chuyén hoé n-hexan trén H-ZSM-5,

Di&u kien phan tng: T = 773%, p = 101 kPa.
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Chuong X1
QUA TRINH PHA TRON TAO SAN PHAM

XI.1. Y NGHIA

Ngay nay, hdu hét cic san phdm dfu mo déu la pha tron, chir khong thé
ldy truc ti€p tir mot qué trinh ndo d6. Pha tron nhdm nhidu muc dich khac
nhau

- Pha ch€ nham lam tang mot s6 tinh chét clia sin phdm cudi nhu: 4p
sufit hoi bdo hoa, tri s6 octan, ty trong, d¢ nhét, chi s¢ d¢ nhét... nham déap
ting tiéu chufin vé chi tiéu k¥ thuat vd thod man ch4t lugng cha sin phdm.

- Lam tang sy linh hoat céa h¢ théng lgi nhuan thu dugc tir nha mdy loc
ddu: trong nhd mdy loc ddu san xudt ra cdc sdn phdm trung gian co s&. Tu
cdc san phdm nay c6 thé tron 14n v6i nhau tao thanh cic sin phdm cudi cé
tinh chdt khdc nhau. Myc dich cling 12 d€ sir dung nhitng thanh phin ¢ sdn
d€ tao ra san phdm v&i chi phi t6i thidu va lgi nhuan 6i da. Vi du mot nha
mdy loc ddu cong suit trung binh c6 thé bdn ra 1 ty galon xang méi nam,
néu i€t kiém 1% cent cho mai galon thi két qua 12 19i nhu4n tang thém mbi
nim s& vao khodng 100.00 USD.

- Hién nay, cdc nha mdy loc ddn déu sir dung day chuyén diéu khién tu
dong bang méy tinh d€ pha ch€. Céch pha ché nay goi I pha ché tuyén tinh.
Miy tinh st dung cdc chuong trinh tuyé€n tinh dé t6i uu hod diéu kién pha
tron dé lya chon cdc thanh phdn pha trén nhim sin xuft ra cdc sin phdm véi
thé tich theo yéu cdu va chi phi thdp nh4t.

- Céc sin phdm thudng duge pha tron d6 13: xang, nhién ligu phan luc,
nhién liéu diézen, ddu tai nhi¢t, ddu nhon. Trong cdc sin phdm trén, xang va
ddu nhon 1a hai loai duge pha ché phé bién nhat

XI.2. PHA TRON TAO XANG

Pha ché tao xang nham ning cao trj s6 octan, diéu chinh 4p suat hoi biao
hod, ngoai ra con diéu chinh mot s6 cdc tinh chat khac nhu ty trong, do
nhdt...
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XIL.2.1. Pha tron dé tang tri s6 octan

Dé tang tri s6 octan, ngudi ta thudng pha trén vio xdng cdc thanh phidn
cao octan nhu alkylat, izomerat, polymerat, butan, cdc hydrocacbon thom
riéng 1¢... Ngodi ra cdn ¢6 thé pha thém phu gia. D€ tranh 6 nhidm moi
truong, ngay nay cac loai phu gia hay sir dung 12 cdc chdt oxygen: metanol,
etanol, MTBE, MTEBA...

Phuong phip pha ch€ duge thuc hién tuyén tinh va dua theo céng thirc
B(ON), = 3 B,(ON),
i=1
trong dé: B, - tdng ham lugng xang pha trén;
(ON), - tr1 s8 octan yéu ciu;
B; - ham lugng cdu tir i;
(ON), - tri s6 octan cla cu tir i.

Ngudi ta xdc dinh tri 58 octan thu duge bing phuong phdp thir nghiém
dong co mot xylanh CFR.

X1.2.2. Pha trén dé diéu chinh ap suét hoi biio hoa

Trong nhiéu trudng hop, xing thu duge tir cdc qud trinh loc ddu 13 xang
nang, cé ip suft hoi bio hoa nhd (vi du dién hinh 12 xang reforming xic
tdc). D& khéc phuc nhuge diém nay, ngudi ta thudng pha thém céc phén nhe
vio dé tang 4p sudt hoi bdo hoa, dim bio chi tieu vé phdn c4t phan doan dé
¢6 thé khai dong dong co & didu kién nguodi. C4c thanh phin nhe d€ pha tron
thudmng la condensat dd duge izome hod, izomerat tir naphta nhe. Tuy theo
tinh chat clta xang gdc¢ ban ddu va yéu cfu vé dp sudt hoi bdo hoa clia san
phdm cuéi ma ty 1¢ pha tron sé& khdc nhau.

Mot phuong phép khac hay sir dung va rdt c6 hiéu qua 46 1a pha (rén
them n-butan véi phan doan c¢6 nhiét d6 soi 193°C d€ tao cho xang cé ap
sudt hoi bdo hea (RVP) dat yéu cdu. Lugng n-butan c4n ding dugce tinh theo
cong thic sau:

M, (RVP) = Y M,.(RVP),

i=]
trong dé: M, - téng lrong mol pha trén;
(RVP), - 4p snét hoi bio hoa Ried clia sin phdm, Psi;
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M; - s6 mol ciha céu tlr 1;
(RVP), - 4p sult hoi bdo hoa cua céu tlr i.
Vidu: RVP yeh cdu: 10 Psi
n-butan: MW = 58
RVP =52
Lugng n-butan cdn ding 1a :
(2,17g).(5,38) + M.52 = (2,178 + M, yian) - 10
11,723 + 52,0M = 21,79 + 10M
42,0M = 10,067
M, putan = 240 mol
BFD Ib/hr MW  mol/hr
n-Butan 1,64 13,92 58 240
Téng 10 Psi RVP ctia xang =21 + 1,64 = 22,64
Theo 1y thuyé&t, dé pha tron sin phdm c6 RVP dat yéu cdu cdn phai biét
khéi lwgng phan tit (KLPT) trung binh cla céc thanh phdn. Mac di c6 nhiéu
cdch dé€ tinh todn KLPT trung binh nhu dua vdo nhiét d¢ s6i, trong lugng
riéng va hing s6 dic trung K, nhung phuong phép thuc nghiém cla cong ty
Chevron 12 thuan tién hon ca. Chi sé 4p sudt hoi pha trén (VPBI) phu thudc
vdo RVP clia cdc ddng nguyén lieu pha tréon. RVP clia hén hop tao thanh sau

pha trn c6 thé tinh gén ding bing téng thé tich cic thanh phén pha rén véi
VPBI céc thanh phidn d6. Phuong trinh nhir sau

RVPyp, pha tron = ZV;(VPBI);
Trong trudng hop thé tich butan pha trén d€ dat RVP thoi min yéu cdu
dinh trudce sé duge xdc dinh theo phuong trinh sau:
A(VPBI), + B(VPBI), — W(VPBI), = (Y + W) (VPBI),,
trong d6: A - lugng cu tir a;
. W - luong n-butan.
Y=A+B+C+.. -—> Lugng cdc cfu tlr cdn lai, trit n-butan
(VPBI),, 12 VPBI tuong tng véi RVP yéu clu.
Vi du: Cin RVP 12 10 Psi thi (VPBI) , = 17.8
17,821+ W) = 174,070 + 138W
(138 - 17,8)W = 373,8 - 174,070
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120,2W = 199,730
W = 1,660 bbl butan yéu ciu.

Téng lugng x4ng ¢ RVP 10 Psi 1a 21+1,66 = 22,66 BPCD.

Mic dd k&t qua nay c6 sai s so vdi k&t qud & vi du trén (22,64) nhung

vin chdp nhan duge trong diéu kién hoat dong binh thudng clia nha méy loc ddu.

C6 thé tham khao cdc thong s6 cla thanh phin pha trén xang & bang

XL.1.
Bdng XI.1. Tinh chit cha cdc ciu tir pha ¢rén xédng
TT | Thanh phén RVP, Psi MON RON APt
1 }iC, 71,0 92,0 93,0
2 {nGC, 52,0 92,0 93,0
3 | iCs 19,4 90,8 93,2
4 | nCs 14,7 72,4 715
5 |G 6.4 78.4 79,2
§ | Xang nhe (Cs - 180°F) 11,1 61,8 66,4 78,6
7 | X&ng nhe izomerat 13,5 81.1. 83,0 80,4
8 | Xang néng: 1.0 58,7 62,3 48,2
9 Hydrocrakat C; + Cq 15,5 85,5 89,2 86,4
10 | Hydrocrakat 190 + 250°F 1.7 75,8 79,0 55,5
11 | Hydrocrakat ndng 1,1 67,3 67,6 49,0
12 | X&ng cdc ho4 36 60,2 67,2 57,2
13 | X&ng cracking nhigt Cy+ 1,1 68,1 76,8 551
14 | X&ng FCC 200 + 300°F 1.4 77.1 92,1 49,5
15 | Reformat, 94 RON 2.8 84,4 94,0 45,8
16 | Reformat, 98 RON 2,2 86,5 98,0 43,1
17 | Reformat, 100 RON 32 88,2 100,0 41,2
18 | Alkylat, C,~° 4,6 95,9 97.3 70,3
19 | Alkylat, C5° 1,0 88,8 89,7
20 | Polymerat 8,7 84,0 - 96,9 59,5
21 | Aromatic 11 94,0 107.0
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X1.2.3. Nguyén liéu dé pha tron

Nguyen liéu dé pha ché xiang bao gém phan doan xang g&c nao dé va
cac thanh phdn pha trdn, trong d6 c¢6 phu gia. D4u tién phdi biét dugc tri s6
octan theo yéu ciu cin pha ché, sau dé tinh todn lugng nguyén liéu cdn thiét
dé pha ch& thanh xang ¢é. Cdc ch4t trong thanh phdn pha ché thutng la:
reformat, FCC gasoline, hydrocrackat, polymerat, izomerat, alkylat, Ngoai ra
cbn ¢d n-butan, cdc phu gia oxygen nhu etanol, metanol, MTBE... n-butan
cho vao ngoai tdc dung diéu chinh 4p suflt hoi bdo hda, né con déng gép
dang ké vao viéc tang tri 58 octan clla xang thu duge.

XI1.3. PHA TRON TAO NHIEN LIEU PHAN LUC VA DIEZEN

XI1.3.1. Muc dich

Phan doan kerosen va phan doan gasoil nhe chung cat tir diu thé thong
thudmg da dap ng yéu cdu vé chiéu cao ngon lira khong khéi va tri sd xetan
dé sin xudt nhién liéu phin luc, ddu hoi dan dung va nhién liéu diézen. Tuy
nhién, d€ ¢6 san phim thuong phdm, cdn nhiéu cdc chi tieu khac cdn diéu
chinh, chdng han nhu thinh ph4n c4t phan doan, ty trong, d& nhét, kha nang
chdng oxy hod, kha nang chéng tich dién... Vi vay viéc pha tron 12 rit cin
thiét. P61 v4i nhién liéu diézen, ngoai cdc muc dich trén, viéc pha trén con
nham d4p Gng tiéu chudn vé luu huynh cha nhién liéu.

X1.3.2. Nguyén liéu

a- Nhién liéu phdn luc

Nhién liéu phan luc duge pha ché tir cdc ngudn nguyen ligu sau:

- Phan doan kerosen thu tir thdp chung cdt khi quyén da xir Iy hydro;

- Phan doan naphta nang ( 350 + 400°F) tir thap chung c4t khi quyén;

- Phan doan nhién liéu phdn lyc (400 + 525°F) tir qud trinh hydrocracking;

- Céc loai phu gia khic nhau, trong dé ¢6 phu gia chéng tich dién, phu
gia chdng tdc dong cla vi sinh vat,

Cic thanh phdn trén va phu gia duge tinh todn mot cdch chi ti€t réi duge
pha ch€ truc tuy&n dé tao ra san phdm yéu cdu.

b- Nhién liéu diézen

- Phan doan gasoil nhe tir thdp chung c4t khi quyén d& x{r 1y luu huynh
bang hydro;
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- Phan doan diézen tir qud trinh hydrocracking;
- Phan doan gasoil nhe, san phdm phu tr qud trinh cracking xic tdc;
- Phan doan diézen thi c4p thu duge tir nhiet phan ddu nhon thai;

- Céc loai phu gia, trong d6 ¢6 phu gia tang tri s6 xetan, phu gia giam
khdi thai den, phu gia chéng tao cin trong dong co, phu gia phan tin...

Trong ca hai loai sin phdm trén (nhién liéu phan luc va nhién lieu
diézen) cin phai chd ¥ dén ham lugng aromatic vi ham lugng Ity huynh sac
cho dam bao chi tieu cho phép. D6i véi phan doan diézen thi cip, bing
phuong phdp xi 1y hydro (hydrotreating) ¢6 thé giam ham luong luu huynh
xudéng dudi 0,05%, giam olefin v aromatic va tang di€m anilin d&€n 89°C.

XI1.4. PHA TRON TAO DAU NHON
X1.4.1. Muc dich

Déu boi tron dong co goi tat 12 ddu nhdn, 12 san phdm dién hinh tao ra
do qud trinh pha trén. Véi nguyén liéu ban ddu 12 ddu géc duoc xir 1§ dac
biét d€ dat duge chiat lugng theo yeu cau, thudng phii pha them céc loai phu
gia khic nhau dé tao ra hodc tang cudng cic tinh chdt mong muén. Trudc
day, khi cong nghiép ddu mé chua phdt trién, ngudi ta ¢6 thé sir dung truc
ti€p ddu gdc, thim chi ddu thyc vat dé boi tron. Tuy nhién tinh chdt cia né
s€ nhanh chéng suy giam va bién d8i. D€ khic phuc vin dé nay vi tang
cuong kha nang béi tron, thudng phai pha thém cdc thinh phin khic nhu cdc
cdu tir ¢ d nhét cao, moét hay nhiéu loai phu gia v.v... D€ xdc dinh ding
chiing loai phu gia, hAm luogng cdc chdt pha ché, cdn phii xuat phét tir céc
chi tiéu chdt lugng cin phai ¢6 ciia dfu nhon nhu: d6 nhét, chi s§ d6 nhét,
kha ning chéng oxy hod, diém chdp chdy, do axit... ma s& dugec xem xét &
phin duéi day.

X1.4.2.Céac chi tiéu chit lwrong cta ddu nhon cdn dat

Dé pha ché tao ddu nhém thuong phdm, cdn phii dua vio céc chi tidu cdn
¢6 clia né dé tinh todn lugng cdc thinh phédn pha ché€. Thong thudng 1a cdc
chi tiéu chinh cdn phai dat 1a: do nhét, chi s6 d¢ nhét, kha nang ch6ng oxy
hod, diém chdy, diém chép chdy, nhiet do s6i d6 axit v.v... Cic chi tieu dé
¢dn duoge ki€m tra tryc tyén d€ didu chinh kip thoi lugng chit pha ché.
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a- B¢ nhot

La dac trung quan trong nhit cha dfu nhon, 12 dai lugng do lyc can noi
tai cia nd v6i dong chay. Do nhét cang cao thi ddu cang dac va i6p mang
ddu bdm vao bé mat cang day. Phu thuge vao muc dich sit dung ma 16p mang
ddu phidi méng va chay ty do hay day vi ¢6 sic can chiy 1én. Tir mot loai
déu thé cho truée, phan doan cé di€m s6i cang cao thi cé d6 nhét cang cao.
Vi vy, d6 nhét clia hén hop nguyen lign ¢S thé chon bdi phan doan chung
cat.

b- Chi 56 d¢ nhot

Su thay déi d¢ nhét theo nhiét d¢ dugc thé hién qua chi s6 d6 nhét VI
cta ddu. Chi s6 do nhot cang cao, sy thay déi d6 nhét theo nhiét 46 cang it.
Chi s6 d6 nhdt clia d4u ty nhién thay d6i theo thanh phédn clia ddu tho. Chi s6
d6 nhét c6 gid tri am va bang khong v6i ddu tho naphtenic va c6 gid tri
khodng 100 v6i ddu tho tir ho parafinic. Ddu duge x& dic biét va chita phu
gia c6 th€ c6 chi s6 d6 nhét 130 vA cao hon. Phu gia nhu polyizobutylen va
polymetacrylic thugng duge tron 14n v6i nguyeén liéu 12 ddu nhon gée dé tang
chi s6 d9 nhét cho ddu nhon. Diu nhdn dong co phéi tao thanh 16p 1 mong
& nhiét 46 thap d€ khai dong v 4l nhét d€ dong co 1am viec & nhiét do cao
(80 + 120°C)

¢- Diém chdy mém

Nhiét d¢ thip nhft (c6 thé ting them 3°C) tai d6 quan st duge ddu chay
mém trong dién kién thi nghiém tién chudn. D&i v6i ddu déng co, nhigt do
chiy mém thap rat quan trong d€ khdi dong dé dang va d€ ddu cé di d6 nhdt
cdn thiét trong nhitng ngay troi lanh. Ngudi ta chia ra hai loai di€ém chay
mém: diém chdy mém nhét va di€m chdy sdp. Diém chiy nhét dat duge tir tir
khi nhié¢t d¢ ha thdp hon va do nhdt cla ddu tang dén khi né khoéng chay
duge trong diéu kién thi nghiém tiéu chudn. Diém chiy sdp xuit hieén dot
ngot khi nhitng tinh thé sdp cla parafin két ta tr dung dich va djc lai. Phu
gia tdc dong t4i tinh ch4t cha tinh thé sdp c6 thé duge sit dung d€ ha thdp
diém chdy ciia ddu parafinic.

d- Khd ndng chéng oxy hod

Nhiét 4o cao trong qua trinh van hanh clia ddng co d6t trong s€ 1am tang
t6c do oxy hod clia ddu dong co. Didu nay diac biét ding v6i diu trong
pitston, noi ma nhiét d¢ c6 thé len t6i 500 + 700°F (260 + 400°C). Qué trinh
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oxy hod gay nen sy hinh thanh c6c va chét asphantic tir ddu parafinic va can
ddu tir ddu g6c naphtenic. Phu gia chéng oxy hod nhu c4c chat dang phenol,
k&m dithiophosphat duge tron vao déu dé ngin chin qud trinh oxy hod va
dnh huwdng cla né.

e- Diém chép chdy

Diém chép chdy cla ddu it quan trong v6i hoat dfng cta déng co va
duge ding chii yéu d€ x4c dinh thinh phén hydrocacbon dé bay hoi trong
ddu. C6 thé sir dung di€m chép chdy dé phan biét hai loai dfu cing ¢6 do
nhdt trung binh, nhung duge tao thanh tlr hai cdch khic nhau; Cich 1: Pha
trén ddu cé d9 nh6t 16n va ddu ¢6 d¢ nhét bé; cdch 2: 1y ddu twr phan
doan c¢6 d6 nhét trung binh. Di€m chdp chdy thip cho bidt ¢§ su bay hoi
hydrocacbon nhiéu trong qué trinh sir dung. Pidm chép chdy lién quan dén
su bdo quin tén chita d4u trong cdc diéu kién nh4t dinh.

f- Nhiét d¢ soi

V6i mot loai ddu tho cho trudc thi nhiét do s6i cing cao, khéi luong
phan tir ciia cdc thanh phdn trong phin doan d6 cang 16n va do nhét cang
16n. Khoang nhiét d¢ s6i va do nhét cha mot phan doan 12 nhan t& 16n nhit
trong viéc chon hén hop nguyen lidu ddu nhon trong chung c4t chan khong.

g- D¢ axit

Su an mon kim loai phu thugc 16n vio sy tdn céng cla axit vio né.
Nhitng axit hifu ¢o duge hinh thanh tir sw oxy hod hydrocacbon ctia ddu trong
diéu kién van hanh cha dong ca va do axit sinh ra trong qué trinh chdy. Din
nhon dong co ¢ chifa cdc chdt dém (hay phy gia) d€ trung hoa cic axit gay
in mon. Thong thudng phy gia phin tdn vi phy gia tdy rita ciing c6 chia
nhitng ch4t kiém dé trung hod céc axit déc hai. H6n hop nguyen licu ddu
nhdm tir ddu tho parafinic ¢6 tinh én dinh nhiét va d¢ bén oxy ho4 tot, do axit
thfo hon so v6i ddu nhon tir ddu tho naphtenic. Chi s6 trung tinh duoc sir
dung d€ do d¢ axit hitu co trong ddu. Chi s6 ndy cang cao thi d¢ axit cang
16n.

XI.4.3. Cong doan san xu4t ddu nhon géc

Pay cong doan quan trong nh4t trong sin xudt ddu béi tron, né quyét
dinh tinh chit st dung cla ddu nhdn. San khi chung cit ddu thé & 4p suit
thuding dé thu céc san phdm tring, cin cdn lai (goi 14 can mazut) duoc chung
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ti€p trong chan khéng (dp suft tir 10 + 40 mm Hg) s& thu dugc cdc phin doan
ddu nhon khdc nhau, tit diu nhén nhe, ddu nhon trung dén ddu nhon ning
tuy theo muc dich sit dyng. Cac phéan doan thu duge cén phai xir 1y d€ tich
cdc thanh phdn khéng cé lgi nhu nhua, asphanten, hydrocacbon thom da
vong, sdp, luu huynh, nito v.v... Cdc qud trinh x{ 1y nhim thay ddi cde tinh
chét sau:

* Giam xu hudng tao cin cacbon —— Khir asphaten bing dung moi
* Tang cudng chi s6 do nhdt — Chiét bing dung moi, hydrocracking
* Ha thdp diém vin duc va diém chdy mém — Loai sdp bing dung moi

* Cai thién mau sic va tinh khdng oxy hod: Tach tap chét clia ddu tho
bing hydro, xtr 1y bdng dat sét

* Ha thdp d6 axit hitu cd —— XU 1y bang hydro, xit 1y bing d4t sét

Mac di ¢ nhiing tdc dung chinh cha qud trinh xit 1¥ nhu da néu, ciing
¢6 nhitng inh hudng thi cdp kém theo. Ching han, tic dung chinh cha qui
trinh tdch sdp bing dung moi 12 dé ha thap diém vidn duc va diém chiy mém
cla diun, nhung qud trinh nay cing lam gidm nhe chi s6 d¢ nhét cla ddu. Vi
1y do kinh t&, chudi xi 1¥ thudng dugc sdp x€p nhu sau: Tdch asphan, chiét
bang dung moi, tach sdp, xlr 1y cudi (hydrocracking).

a- Tdch asphan bing propan

Propan cé tinh chét dic biet 1A trong khodng nhiét do tir 100 dén 206°F
{40 dén 96,8°C) asphanten v nhua hdu hét déu khong tan trong propan, con
hydrocacbon thi hdu nhu tan hoan toan. Lgi dung tinh chat nay, nguvi ta
thuong 14y 4 d€n 8 phédn thé tich cha propan trén v6i 1 phdn thé tich ddu.
Ddu cang nang thi ty 1& propan/ddu cang phai 16n. H8n hop ndy cho vao thép
trich ly nguge dong. Phdn nhuya, asphanten khong tan trong propan dugc tdch
rieng. Cdc cfu tir ddu nhon s€ tan vao propan, cho bay hoi propan sé€ thu
duge ddu nhdn sach.

b- Trich ly bing dung méi

Phuong phdp trich ly bang dung méi thudng sit dung dé tdch cdc chat
nhu hydrocacbon thom da vong, nhua, asphanten. Cé ba loai dung moi hay
duge su dung, dé la: Phenol, furfurol, #-metylpirolidon (NMP). Muc dich
cla trich ly 12 tang cudng chi s6 do nhdt, giam khuynh huéng tao can
cacbon, cai thién mau ciia ddu: 1am cho ddu ¢6 mau sdng hon. Ban chét cha
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phuong phdp la dung moi hoa tan cdc cdu tir cdn tdch loai, nhung khéng hoi
tan ddu nhon.

* Sw dung dung méi furfurol

Dung méi furfurol ¢6 d¢ hoa tan chon loc cling khd cao, dit tién, va it
d6c hai hon phenol. Thong thudng chon ty 18 furfurcl/ ddu tir 2,1/1 d&n 4,5/1
cho nguyén li¢u 13 ddu nhe hay ddu ning. Do furfurol dé bi oxy hod nén khi
tro thudng duge s dung trong hé théng d€ 1am gidm qué trinh oxy hod va
polyme hod. Qud trinh tich dwge thuc hién trong thi€t bi nguge dong gia
ddu va furfurol. Nhiét d¢ lam viéc ctia thép trich ly dao déng tir 30°C dén
60°C tir dinh t6i ddy. Diu c6 d6 nhét cdng 16n thi nhiét d6 cing phai cao.
Dung méi furfurol dwge tai sinh sau mdi giai doan. Luong furfurol m4t mat
chi khoang it hon 0,2% KL.

* St dung dung méi phenol

Dung mo6i phenol ¢6 hoat tinh hoa tan chon loc cao, ré tién, nhung doc
hai. Do vay qud trinh trich 1y phai dugce thuc hién trong hé thong tudn hoan
kin. Trich ly bing phenol ciing gi¢ng nhu furfurol, nhung viéc thu hdi
phenol dé hon furfurol. Cédc thong s6 cong nghé cha qué trinh trich ly bing
phenol fa: Qud trinh thyc hién trong thdp trich ly dia dém hoac 16. Ty 1&
phenol/ddu tir 1,1/1 dén 2,5/t phu thudc vao do nhét cia nguyén ligu ddu
goc. Do nhét cira ddv cang cao thi lugng phenol cang nhiéu. Phenol c6 dac
diém 12 c6 thé hod tan mot luong nhd parafin, naphten; vi vay ngudi ta
thudng thém nude tir 3 dén 8% dé han ch€ su hoa tan d6. TV 1& phenol m4t
mdt khoang tir 0,02% dé&n 0,04%.

* S dung dung moi NMP

Dung moéi nay ¢6 hoat tinh cao d€ tich thom da vong va cdc chét cé cue.
Phuong phép ding NMP dé thay th€ cho phenol do vin dé an toan véi stic
khoé va méi truong khi st dung phenol. NMP ¢é tinh chat khdc so véi
phenol nhu: Nhiét d6 séi cao hon (22°C), nhiét d6 chdp chdy thip hon
(64°C), hoa tan hoan toan trong nudc, khéng c¢6 di€m dang phi v6i nudce, do
nhét thdp hon 69% so voi phenol. Lugng NMP thu héi duge nhiéu hon phenol.
Ham luong m&t mat chi vao khoang 20% dén 50% lugng phenol mat mat.

c- Tdch sdp

T4t c4 cdc nguyén lieu san xuft ddu nhon trir ddu tho naphtenic, phai
duge tich sdp, néu khong nd sé& khong chay duge & nhiét d¢ mong mudn.
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T4ch sdp 1a qud trinh quan trong va khé khan trong qud trinh sin xust ddu
nhon. C6 hai phuong phdp ngdy nay dugc sir dung. Mot phuong phép su
dung qud trinh 12m lanh dé két tinh sdp v dung moi hoa tan phdn ddu dé loc
sdp ra khoi ddu. Phuong phédp tha hai 12 st dung qué4 trinh hydrocracking dé
bé gly cdc phan tir sép thanh hydrocacbon nhe. C6 hai dung méi chinh duge
st dung trong qud trinh tdch sdp bing dung moi, dé 1a xeton va propan.
Ngoai ra cdn sir dung hén hop nhu metyl etyl xeton (MEX) véi toluen. Dung
mdj ¢6 vai trd pha lodng cho phan doan dfu c¢6 khéi luong phan tir 16n dé
lam gidm d¢ nhét ctia hén hop va 1am cho qud trinh bom, loc d& dang hon.
Khoang 85% dung moi duge st dung 13 xeton vd 15% dugc sir dung la
propan. Cé thé tham khao wu nhugc diém cla céc dung méi xeton vi propan
theo cic s4 lieu sau:

* Propan

- Phé bién, ré va dé& thu héi hon.

- Lam lanh tryc ti€p duge thuc hién bing hoi dung méi do dé giim chi
phi ddu trr va bdo dudng bé mat 1am lanh.

- Ty 1¢ loc cao ¢6 thé dat duge do propan ¢6 d¢ nhét thip & nhiet do rat
thap.

- Loai asphaten va resin trong nguyén liéu.

- Chenh léch nhiet d9 16n gilta nhiét d¢ loc va nhiét d6 chay mém cla
diu thuong phdm (tir 15°C dén 25°C).

* Xeton

- ft chenh lech nhiét do gilta nhi¢t d6 loc va nhiét do chiy mém clia ddu
tdch sdp (t&r 5°C dé&n 10°Q).

- Nhiét d¢ chay mé&m thap hon.

- Thu héi duge phdn 16n nhiét lugng nhd trao déi nhiét,
- It cdn 1am lanh hon.

- Yéu c4u lam lanh nhanh.

- Ty 1& lgc t6t nhung kém hon propan.

Sau day la cdc dic trung cha qud trinh tdch sdp bing cdc dung moi khic
nhau,
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* Tdch sdp bdng xeton

Phuong phdp rong rai duge sit dung Id hén hgp MEK-toluen. Trudc day
ngudi ta st dung MEK-benzen, tuy nhién do sy doc hai cia benzen ma ngay
nay khong s&t dung hén hop nay nita. Dung moéi duge trén véi nguyen lién rdi
ha nhiét do xudng gidi han cdn thiét, théng thudng 13 -21°C. Ban sdp duge
cho vao thing quay dé tdch tinh thé sdp. Sau d6 dung moéi duge thu héi tir
nudc loc va sdp bang cdch gia nhiét va giai doan ti€p theo 12 chung hoi nuéc.
Diu da dugc tdch sdp phai qua cong doan cubi cling d€ cdi thién mau sic va
én dinh mau.

* Tdch sdp bangpropan

Khic v6i tdch sdp bdng xeton, propan vira 1a chit hoa tan vira 1a chét
lam lanh truc ti€p. N6 hoa tan pha ddu, vi vy né & trang thai long va déng
vai trd chdl mang trung gian sau khi sdp k&t tinh. V&i vai trd chét lam lanh,
né lam lanh ddu bing cdch bay hoi. T6c d6 lam lanh trung binh 1,5°C méi
phiit (thong thuding 4°C cho nhitng phiit ddu va 1°C cho nhitng phit cudi cla
qué trinh). Trong qua trinh 1am lanh bing propan, t6c d¢ lam lanh dugc gidi
han d€ tranh s6c nhiét. Ty 1¢ propan/ddu thudng trong khodng 1,5/1 dén 3/1
tuy theo ddu nang hay ddu nhe.

Nguyen liéu ddu cé sdp duogc tron lén voi propan, duge lam mat téi 27°C
va dugc nap vao thiét bi 1dm lanh theo mé, 12 noi ma qud trinh lam lanh duge
diéu khién bdi su bay hoi propan. Thudng mét 30 phiit dé 1am lanh dén nhiét
d6 thich hop. Chu trinh dugc sdp x&€p d€ khi mot thiét bj l1am lanh mot mé thi
& thiét bi khac huyén phi dic duge duge thdo ra dé dva vao thiing loc. Sdp
dugc tich ra khdi ddu trong thiing loc quay. Ba loc dugce rira véi propan lanh
trong thing loc dé thu héi t6i da dung moi.

d- Xt Iy cudi: Hydrocracking

Hydrocracking nhdm 1am gidm kh6i lugng phan tit trung binh cia dédu
nhon. Né phd huy cdu tric da vong tao cdc vong nho hon. C6 hai phuong
phdp hydrocracking chon loc dé loai sép ra khoi ddu. Mot phuong phép dung
mot xidc téc duy nh4t dé€ [am gidm diém chdy mém; phuong phép con lai sir
dung ca hai xic tdc d€ gidm diém chiy mém va tang tinh bén oxy hod cho
san pham.
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D& lam gidm di€m chiay mém, ci hai phuong phép déu st dung zeolit
téng hgp. Zeolit nay (leai mao quén trung binh c¢6 dudng kinh 6 A) ¢6 hoat
tinh cracking chon loc #-parafin va it gay phin wing véi izo-parafin. Phan iing
xay ra trong thi&t bi ¢§ 1ép xiic tdc ¢6 dinh vdi cac diéu kién sau: Nhiét d8
phan itng 290 + 370°C, 4p sust 300 + 2000 Psi, 4p sudt rieng phin H, 1a 250
+ 1500 Psi. Hi¢u sudt cho ddu tdch sdp nhiéu hon tir 0 d&n 15% so véi tich
sdp bing dung moi.

Uu diém cha phuong phdp tich sip bing hydrocracking chon loc so véi
tich sdp bing dung méi nhu sau;

- Tao ra sdn phdm c6 diém chay mém thap va diém duc thap tir nguyén
lieu parafinic.

- Chi phi déu tu thap,

- Tang hiéu sudt cla nguyén lidu co ban cho san xuat ddu nhon.

- Khéng cédn cdc xr 1y ndo tiép theo.

X1.4.4.Cong doan pha ché phu gia tao san phdm cudi

Sau khi thuc hién cdc qud trinh xi 1y dé tao ddu géc, cdn phai cong doan
1i€p theo, d6 12 pha ché€ phu gia dé tao ddu thuong phdm. Thudng thi ngudi ta
pha ch¢ nhi€u loai phu gia khdc nhau, méi loai tang cudng mot hay vai tinh
chdt nhat dinh. Qu4 trinh pha ch€ phai tuan theo tiéu chudn quy dinh, vi dy
nhu ASTM, GOST, DIN hoac TCVN. Qu4 trinh pha trén thudng duge thuc
hién trong thi€t bi gia nhiét c6 khudy hodc thuc hién tryc ti€p trén dedng Sng
va phan tich tryc tuy€n d€ diéu chinh thanh phdn pha ché& 1a ddu g&c va phu
gia. Dudi day 1a mot s6 phu gia dién hinh ding dé pha ché.

a. Phu gia chéng oxy hod

Cdc chdr chéng oxy hod thudng sit dung 12 cdc ankyl phenol, céc
aminophenol, cic din xudt cta photpho vi cdc chat co kim khic. Co ché
hoat dgng clia cdc phu gia chéng oxy hod 13 1am ngit mach phan Gng day
chuyén ctia cdc peroxyt, cdc gdc tr do, duge tao ra bdi sy oxy hod cdc n-RH,
thay cdc g6c hoat dong bing gdc clia phu gia 6n dinh va hdu nhu khong hoat
dong, khong tham gia vao phan Gng oxy hod theo co ch€ g6c chudi. Luong
phu gia dua vao tuy thudc vao titng nhém va chi€ém khoang 0.5 + 3%.

C6 thé dua ra mot vai chat phy gia loai ndy nhu san:
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2,6-di-tert-butyl-p-crezo phenyl-a-naphtylamin

Ngoai ra, ¢ thé st dung cdc ddn xudt cha kém: Kém dialkylditio-
photphat.

Leai phu gia chéng oxy hod ndy cé tinh nang hoat dong & nhiét dé cao,
duge sir dung phé bién trong ddu doéng co.
Cé thé md 1a co ch& phan Gng ¥c ch€ qué trinh oxy hod nhu sau:
RH + O, — ROOH
ROOH — RO’ + "OH
Hoac — R' + "OOH
R* —> ROO'
ROO" + InhOOR — ROOH + Inh’
Inh® + ROO* —Inh OOR (hgp chét khong hoat dong)
(trong dé InhOOR 14 phu gia nhu phenol, amin).
Theo co ché nhu trén, phu gia ¢6 tic dung gidm mitc do oxy hed cua diu
nhon va kéo dai chu k¥ cadm tng. Trong qud trinh Gc ch€ oxy hod, phu gia s&
bi tieu hao. Do d6, sau mot thai gian sir dung, ¢6 thé phai bd sung them loai

chit ndy. Khi ddu nhon thai cdn tai sinh, chitc ning cita cdc phu gia hdu nhu
hét tac dung. Do vay sau khi tdi sinh cdn bé sung phu gia méi hoan toan.

b. Phu gia tdng d¢ nhot
Cac phu gia nhém nay théng thudng bac gém polyme:

T T
(~CH=C, (~Cly €y
CH, COOCH,
poly-izo-butylen polymetacrylat
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Cdc poly-izo-butylen ¢6 trong lugng phan t& tir 10.000 + 20.000. Cic
polymetacrylat ¢é cdc nhdnh alkyl ¢6 s& nguyén tir cacbhon tir 4 + 22 vd mach

polyme c¢6 12 + 18 nguyén tit cacbon. Ham lugng phu gia cho vao c6 thé lén
téi 10%.

Co ch€ 1am ting d6 nhét clha cdc polyme ndy nhu sau: cdc polyme tén
tai & dang xodn chit trong d4du géc lanh (1A dung méi c6 kha ning hoa tan
kém) va dudi ra thanh dai dai trong cdc ddu g6c néng (12 dung moi cd kha
nang hod tan t6t hon). Dang trdi rong cha phan tir polyme s& 1am tang do
nhét cha ddu. Khi ting d¢ nhdét theo kiéu nay, sé 1am gidm t6¢ do thay déi
d6 nhdt theo nhiét d9, ¢ nghia 1a cai thién duge ca chi s§ do nhét VI

c. Phu gia chéng an mon

Dé chéng sy &dn mdn , thudng sit dung cdc loai chdt clia lru huynh, nitg.
photpho... Tac dung chi y&u caa cdc chat phu gia nay 14 tao trén bé mat kim
loai cdc 16p mang mdng bao vé khot cdc chdt xam thuc. Bao gém trong cédc
phu gia chdng an mon la cdc chat phu gia chdng gi. Co ch& & day 1a ngan
chan phan dng dién hod trén bé mat kim loai. Cdc chdt phy gia chéng gi
thudmg 13 cdc chit ¢6 hoat tinh bé mat nhi ddu khoédng nitro ho4, ddu khodng
sunfua ho4, mot s6 x4 phdng trén co s& axit béo t8ng hgp. Cic chit chéng an
mdn dién hinh 12 benzothiazol va tecpen sunfua.

CH,
I;I S
QL > N
N7 CH; CZ—(H,
Benzothiazol Tecpen sunfua

Ngoai ra con mét loai cdc phu gia khdc.
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Chuong XI11
QUA TRINH HYDRO HOA, DEHYDRO HOA

XII.1. KHAI NIEM

Hydro hoa baoc gém cdc phan iing sau:

1. Hydro ho4 cdc lién k&t khéng no (lién két doi, lién két ba) thanh no.

2. Hydro hod cédc hop chat nitryl (R—CN} thanh amin.

3. Hydro hod gdy mach (hydrocracking).

4. Hydro hoé d€ tich cdc nguyén t& di thé (S, N) ra khdi chat hitu co

(hydrodesunfua hod va hydrodenito hod).
Trong cdc phan ung trén, hydrocracking, hydrodesunfua va hydrodenito
ho4 ta dd xét & phin chuyén hod xic tdc hydro.

Trong phin nay ta chi dé cap dén hydro hod céc lién két khong no (lién
két doi, lien két ba) thanh hop chat no va hydro hod cdc hgp chat nitryl
{R—CN) thanh amin.

Mot 56 ddc diém:

Phan iing hydro ho4 ¢ thé ti€n hanh trong pha long ciing nhu trong pha
ran, vi du:

Hydro hoa ddu thyc vat thanh m& tién hanh trong pha long.

Hydro hod nitryl thanh amin ti€n hanh treng pha hoi:

R-CN +2H, —# R-CH,-NH,

Mot s6 qud trinh tién hanh ngay trong thiét bi cao dp & 200°C, 4p suat

50 bar.

Hydro 12 chét khi tao gidi han nd v6i khéng khi & 4% va 74% thé tich,
do vay cdn dé phong va ngan ngira kha ning nay.

X1L.2. XUC TAC HYDRO HOA

Phin 16n cdc xdc tic hydro hod déu 1a cac kim loai chuyén tiép va céc
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kim loai quy hiém nhwv Pd, Pt, Rh, Ru, hoiac Co, Ni, Fe.

Cic kim loai nay thudng duge mang trén cic chit mang, hodc dong két
tha vdi cdc axyt kim loai duge sir dung lam chat mang.

Ngudi ta thudng diéu ché xiic tic hydro hod bang cic phuong phdp sau day:
1. Phan huy mudi hitu co :

Thudng phan huy cdc mudi hitu co nhr mudi focmiat hay axetat, oxalat... &
200°C. Vi du, dé diéu ch€ niken ngudi ta phan huy formiat niken... xidc tac
nay thuong dung cho phan img hydro hod diu béo (diu khéng no} thainh ma.

2. Khit mudi cua kim loai trong dung dich.

3. Khtr muéi hodc oxyt kim loai truc tiép bang hydro. Pay 14 phuong
phdp phé bién nhit d€ diéu ché€ xic tdc.

Co cac dang xic tic sau:
1) Xiie téc ngam tdm: Vi du, dé diéu ché xdc tic Ni/Al,O; ta lam nhu sau:

- Diéu ch€ oxyt nhom:

NaOH ay nung
AI(NO;3); mj" AI(OH)3_"' — Y m“' Al>O4

- Tam dung dich Ni(NQj3)> (tuy theo néng do can) 1én Al,O5 duge Ni(NO4), /
Al,O3. Sau dé nung xic tac trén & 400°C duoc Ni1O/ALO;.

- Khu Ni bing Hs (hén hop Ha + Na) ¢ 120°C duge Nif Al,Qs.

- Cac chat mang duoce st dung 1a SiO, ; TiO, ; MgO ; Al,O;.

2) Xite tdc dong két tua:

Ngudi ta thdy rdng, xdc tic duge diéu ch€ bing phuong phap déng két
tha ¢6 d¢ déng déu cao hon, bé mat riéng 16n hon. Trude day xic tdc niy
ducc diéu ché bing céch:

Liy dung dich hén hop Ni{NO3)s vd AI(NO3); dem két tua bing dung
dich NaOH (hoic NH4OH) & mo6i truong pH = 8 + 9, nhiét d6 phong, thu
duge hién hop Ni(OH), va AI(OH);; rira sach bing nudce cit, dem siy & 80°C
trong 14 gid; nung ti€p & 400°C trong 5 gid, thu dwge NiO.Al,Os; khit bing
Hs (hén hgp Hy + Ny} & 120°C; cudi ciing thu duge Ni/Al,O4.

H" )
NiQ.Al,05 ___HB"' NI/A]203



Ngay nay ngudi ta nhin thiy ring, cho thém cdc oxyt kim loai khic thi
hoat tinh xic tic hydro hoa ting 1én, ¢6 thé lay ba oxyt kim Joai, hodc bén
oxyt kim loal. Vi du:

Ni/MgO /ALO;  Ni/Fes0,/Gas0; Ni/MgO/G,04/ Al>O;
Ni/Fe,041/Al505 Ni/Fe10+/Al,04 hoic
Ni/MgO /Crs0;  Ni/MgO /Ga,0; Pt/Mg/Al

Nhing xtc¢ tic nay ciing duge dicu ch& bang phuong phdp déng két tua
nhu trén (theo lugng tinh todn d6i v&i cdc oxyt kim loai), phd bién dung ty lé:
Ni/Mg/Al = 50/15/35;
Ni/Mg/Ga/Al = 50/15/17/18 hoidc = 10/15/25/10
Qua s6 ligu thyc nghiém clia phong thi nghiém xdc tic Vién Han lam
Khoa hoc Phip thdy rang, cdc oxyt kim loai déng két tha véi Ni ciing ¢6 vai
tro rat Ién trong viée nang cao hoat tinh cia xdc tde. Ching han:
V6i phan tng  RCN + 2H, —# RCH,NH; xic tdc cho phan ing nay
14 Ni, song néu ¢6 mat Al,03, Cro0; , do chuyén hod ting manh; con néu c6
mit cta Gas03, s& lam cho d6 chon loc ting manh.
Do vay, ngudi ta ti€n t6i ché tao xic tic hydro hod bing cdch déng két
tua hén hop oxyt kim loai NiO.Mg0.Al,03.Ga,03, sau d6é khir bing H, s&
duge Ni.MgO.Al,O05.Cry05 hode Ni.Mg0.A1,05.Gas05.
Bé mit riéng cua xidc tic ciing anh huong t6i do chuyén hod cha phan ing:
Ni0.Mg0.Ga;05 < NiO.MgO.Fe,03 < NiO.MgO.Al,05 < NiO.Mg0.Cr,0;
98,65 m%/g 195,24 m¥%g 220,34 m%/g 302,63 mY/g
K&t qua cna phan img hydro hod nitryl thanh amin cho biét xic tdc:

H,
NiO.Mg0.Cr;0; —5» Ni.MgO.Crs05

¢6 hoat tinh cao hon. Con Ni.MgO.Cr,05.Gay05 ¢6 do chon loc rét cao.

Loai xdc tic Ni.MgO.Cry05.Ga,0;3 vira cho d¢ chuyén hod nitryl cao,
vira cho d6 chon loc cao, ¢ nghia la hoat tinh xic tic cao, vi vay bit ddu
duoc sit dung & Phip nhu 12 mot phiat minh méi.

Xic tic Pt it duge ding hon vi Pt dit, va lai véi Pt, hoat tinh xic tdc
hydro hod ciing khong cao hon Ni, trong mot s& trudng hop hoat tinh con
thip hon Ni, do vay da s6 cdc phan dng hydro hod sit dung Ni.
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3) Xiic tdce oxyt :

Mot s6 oxyt kim loai nhu MgO ; Cra0; ; FesO3 ; ZnO ; MoO, ; WO,
hoiic hén hgp hai oxyt ZnQ.Cry03 va Cu0.Cr.0; déu ¢6 thé 1am xic tic cho
qud trinh hydro hod, trong hai loai (xtdc tdc kim loai va xic tdc oxyt) thi xic
tdc kim loai 1a xiic tic dién hinh hon, méi loai ¢ tinh chit xic tic cho cic
loai phan (ng nhét dinh. Ta s& xét & phan sau.

4) Xiic tde niken Reney:

Niken Reney la mét xic tdc duge Murray Reney tim ra niim 1925 - 1927
va tir ddy 1a moét loai xidc tdc duge st dung rong rdi trong qud trinh hydro
hod. Xic téc niken Reney duge ing dung trong cong nghiép dé san xuit cic
chdt nhu hexametylen diamin (dé sin xudt ra to soi tdng hop), san xudt ra
xyclohexan, toluen, diamin ,

Xic tdc nay duge su dung trong cong nghiép hoa ddu v&i mét sé luong
rat 16n (trén}000 tan/ nam) & Phdp.

Ni 1a xic tdc ré tién, d& ki€m, nd xic tac trong qué trinh hydro hoa tat
ca cdc lien k&t khong no nha: —-C=N; -C=C- ; -C=C- ; =C=0, vong thom,
hop chat nitro (R—NO,) va m¢t s6 khac. Xic tac niken Reney ¢6 dé 6n dinh
cao, ngay ca khi diéu ché khong dugc cdn than thi né vin cé heat tinh cao,
khi vio nudc né tao huyén phil réi bi lang dong, c6 thé tich ra khéi phan Gng.

Xic tdc niken Reney 1a xidc tdc bao gom Ni—Al (50% trong luong), dugc
st dung rét pho bién do c6 hoat tinh cao. C6 thé thay thé Al bing céc kim
loai khdc nhu: Ni - kim loai kiém, NiZn, NiMg, NiSi. Tuy nhién Ni-Al vin
14 xiic tdc tot nhat so vdi cdce xiic tic khic,

Néu ham lugng Ni trong xidc tdc khoang 59% sé& tao thanh hgp kim véi
cong thitc NisAls. Véi ham luong Ni 42% xdc dinh bdi cong thite NiAl. Néu
Ni < 28% tuong 1ing véi céng thiic NiAls.

Nhuge di€m cla xic tdc ndy 13 rit dé v& (khong bén) vi né khong thé
tiép xuc véi khong khi (khi ti€p xic véi khéng khi né bi chay), do dé khi
dung né trong dung dich hitu co dé gay ra hod hoan. Nhuoc diém nita ia khé
tai sinh.

Xic tic niken Reney, ngoai hop kim Ni-Al coén c¢6 nhitng thanh phin
khac nhu NiZn, NiMg, NiSi , Ni - dat hi€m, nhitng chit hop kim NiZn, NiMg
khé san xuit vi kha nang bay hoi cia nhiing kim loai niy rat manh, do vay
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s& mat mot lugng ddng ké cac kim loai nay, trong khi dé NiSi khé bi pha
huy. bot Ni nhén duge kém hoat dong.

San xudt hop kim Ni+Al (¢é 50% Ni):

Dé sdn xudt trén quy mé 16n, ngudi ta diing maot 10 cam iing cé nhiét do
700°C, cdc hat Ni + Al cho vao 15 s& néng chiy. Qud trinh hoa tan Ni trong
Al toa nhiét manh, nén phai cdn than kéo ban cdc hat kim loai vi nhiét dé rat
cao (gdn 2000°C).Tan dung nhiét tod ra d€ dot chdy, do viy cin 1o tu déng,
it thao tdc. Ciac chit ndng chay & trong chén, duoc déng nhat khi khudy bang
dia grafit, 1am lanh bing cdch thdi khong khi vao (khéng ¢é hoi nuéce, vi lic
iy H,O tdc dung vai Al giai phong Hy giy nd). Hop kim duoc dap ra dé
dang, dudi dang bot, dé dé tdc dung vdi NaOH (lic niy Al hoa tan) con lai
Ni la xic tic cho phan ing hydro hod.

2NiAl + 20H + H, O — A4,0; + 2H; + 2Ni

Hop kim NiAl chia it hon 60% Ni dé dang tdc dung hon véi NaOH theo
phan Ung nay. Néu Al cang nhiéu thi cang dé dang phd huy hgp kim. Pha
Ni,Aly bi phd huy khi dun d&n 50°C.

Ngoai diéu kién chan khéng, nhiéu khi ngudi ta con pha lodng khéi
phan ung bang khi tro, diéu d6 ciing ddn dén gidm dp suat riéng phin cla
phan ng, 1dm giam san phdm phu.

Phan itng hydro hod va dehydro hod phu thuéc rat nhiéu vao dp suat (vi
12 phén 1ing gidm va ting thé tich), diéu d6 duoc chi ra & hinh XI1.] va XI1.2.
A
50

2, chuvén hoa

25 -

1 | L 1 1 A 1 1 L |
-

02 050 07 10 p (kglcm?)

Hinh XI1.1. Sy phy thugc cla higu sudt chuyén hoa n-butylen
thanh butadien vao ap suat & °C = 860°C C,Hy — ™ C,Hg + H,
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Dehydro hod 1a qué trinh tang thé tich nén dp suft thap sé tao diéu kién
cho d¢ chuyén hod ting. Con hydro hod 13 phan tng gidm thé tich, nén phai
ti€n hanh & dp suft cao hon va nhiét do thdp, tir 100 dén 350°C (hinh XII.2).

3
S 1001
.:: -
S
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2t
= sk

[ 1 n 1 | 1 L n | 1 -
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Hinh XI1.2, Sy phy thudc higu suit chuyén hoa cda phan ing

3H,
CgHg — CgHy;

va0 4p SUAL, & 200°C vaty 18 CeHg : Ky = 1: 3.

Trong cong nghiép ngudri ta thudng ti€n hanh phan ing 6 p=15+5
kg/em?, (° = 300 = 400°C

Vi phan dng hydro hod, mot yéu (6 khdc dé tang cudng 46 chuyén hod dé 1a
duH,. Viduy:

CeHe + 3H2 —— C6H]2

Néutysémolla l:3thin=957%;nfutysémollal: 10thin=99,5%.

5} Xitc tdc hén hop kim loai

Ngay nay, cdc xiic tdc hén hop dugc st dung phé bign do dac tinh néi
tréi cia ching nhu: hoat tinh cao, dé tai sinh, it bi ngd doc. Cdc hén hgp hay

duge s dung [a: Co-Mo/Al,05; Ni-Co/A1,04; Ni-Co-Mo/Al,05. Chiing duge
diéu ch€ d4u tién duéi dang NiQ, CoO... sau d6 khir d&€n kim loai bang H,.

XIL3. HOA HOC VA CO CHE PHAN UNG HYDRO HOA VA
DEHYDRO HOA

Phan tng hydro hod va dehydro hod 13 phan {ing thuan nghich, trong 46
hydro hod 1a qud trinh toa nhiét, dehydro hod 14 qué trinh thu nhiét, Vidu:
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R‘—CHQ—CH3 === R*-CH=CI'IZ + H,

Nhu vay d6i v6i phin ing thuan (hydro ho4) can bing s& chuyén dich vé
phia phai (phia thudn) khi nhiét d¢ gidm. Con khi tang nhiét do s& thuln tién
cho qua trinh dehydro hoa.

Trong phan ung hydro hod c6 téch nuéc, can bing thudng duoc dich
chuyén vé phia phai nhiéu:

RCOOH + 2H, === RCH,0H +H,0 AG =~5,1 keal/mol

Dac bi¢t d6i v6i phan ing hydro hod hgp ch4t nitro thanh amin hoic
hydro hoa rugu thanh hydrocacbon, 1a céc phan ting khong thuan nghich:
RNO, + 3H; —= RNH; + 2H,0
RCH,OH + H; —= RCH; + H,0
Qud trinh dehydro hod 12 quéd trinh thu nhiét nén cdn phai tién hanh &

nhi¢t d6 cao hon so véi hydro hod (khoang 200 + 650°C), trong dé: dehydro
hod rugu, amin: 200 + 400°C; dehydro ho4 hydrocacbon: 500 + 650°C.

Dehydro hod v6i su tang thé tich (tdich H,) nén khi gidm 4p sudt s& dan
dén tang hi¢u suflt chuyén hod, vi vay dehydro hod thudng ti€n hanh & 4p
sudt gdn bing 4p suat khi quyén, nhiéu qué trinh thyc hién & 4p sudt chan
khong.

Vi dy, & 595°C, chuyén ho4 etylbenzen thinh styren khi 4p sudt ! at cho
hiéu suft 40%, khi 4p sudt 0,1 at thi cho higu suit 80%.

Cd ché phan ing:
Xuc tdc e6 vai trd kich hoat tic nhan Hy. Ching han so d8 hydro hod:

H
CHy; —3» C,Hg c¢6 xic tdc (K) nhu nhau:

Giai doan 1: K
K + H, == K...H, ==K-H..H == 2K-H
Giai doan 2: |
K + CH,=CH,; ==K...CH,=CH, == K-CH;=CH, é (sz—('I‘Hz
K K
Gial doan 3:
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('sz—CHZ + H CH;

K I![ II( :-? (Isz Hj;:({ CH»-CHx»
X
Co ¢h€ phin ting hydro hod hgp chdt cacbonyl khéc so v&i co ché trén:
T
CH3—(iZ|—CH3 + K == CH;—CI—CH;; — (:}13—(%1{-(:}[3 + K
0 K OH

Khad nang tham gia phan ting hydro ho4 va dehydro hoa nhu sau:

olefin > axetylen > hgp chét thom
aldehit > xeton > nitryl > axit hitu co

* Tinh lya chon cia phdn tng hydro hod va dehydro hod
Tinh lya chon phu thudc vao sy phét tri€n phan ing song song va n6i tiép:
RCOOH T, RCHO +_Hz’" RCH,0H e, RCH
-H,0 208 1o 3
+H, +H, +H,
R-C=N — R-CH=NH — R-CH,-NH, — RCH; + NH;4

+H, +H,
CH=CH —>» CH,;=CH; —=» CH;3;-CH;

@ o [ ] 2 o, Tl ol Ol vy

Mait khic, & mot s6 chat hitu co ¢6 thé ¢6 nhém chitc hodc néi doi ma ta
cdn hydro hod mot trong cdc nhém d6. Vi du:

+2H,
—H,0

+H
——» RCH,-CH,—~(CH,),~COOH

RCH=CH-(CH,),-CH,0H
RCH=CH-(CH,),~COOH — '

3JH
~ "2 CH, OH

C5H5—OH - ]

+2H,

“Ho~  CeHe
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Tinh chon loc clia phan ng phu thudc vao nhidu y&u t6: xde téc, nhiét
do v.v...

Ngudi ta thdy ring, cdc xdc tdc kim loai (Pd, Pt, Ni) khong c6 kha ning
hoat hod cic phén tlr phan cyc vd nhém chite, vi vdy cdc xeton khéng no,
axit hifu cd, dén xuét hydrocacbon thom duge hydro ho4 lien két C=C va giit
nguyén nhém chitc phan cyc. Vi du:

R

R
OH : CH
O™ wae (Y

Mat khdc cdc xdc tdc oxyt lai ¢6 khd nang hdp thu cdc nhém chirc, vi
vay trén xic tdc ndy s& xay ra hydro hod v6i sy bao toan lién két C=C;

_ _ + 2H, xdc tdc oxit
R-CH=CH-COOH “Ho

» R-CH=CH-CH,OH

Ngodi ra, sy lya chon con phy thude vao nhiét d6. § nhiet do thdp
thudng xay ra hydro hod lién két khong no mach hd. Nhiet do cao 1am cho
chuyén hod sau hon va s& xay ra hydro hod lién két doi trong vong benzen
hodc nhém chitc.

XIL.4. UNG DUNG CUA QUA TRINH HYDRO HOA VA
DEHYDRO HOA

1. Phan ting hydro hod thudng Gng dung dé€ hydro hod ddu béo thanh
m@. Qud trinh di dugc Ung dung rong rai trong cong nghiép. Vi du:

H
C,7H33COOH leéc’ C{7H35sCOOH
axit oleic axit stearic
Hydro hod hgp chat nitril thanh amin:
2H
R-CN ——2» RCH,NH,

Phan (ing nay con dung d& diéu ché€ diamin, 1a bdn nguyén liéu cho téng
hop 1o soi:

4H
CN-(CH,);~-CN —» NH,—(CH,)¢-NH,

Ngay nay, qud trinh hydro hod cdn st dung dé€ 1dm sach cdc sdn phim
ddu mo, nhu hydro hod 1am sach d4u nhdn, hydro hod dé€ khir hydrocacbon
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thom nhim gidm lugng cdc chét ndy trong nhién liéu phan luc, nhién lidu
diézen.

Dic biet trong boi canh bao v¢ moi trudng, cdc tiéu chudn vé nhién li¢u
sach ngay cing duoc tht chit thi qud trink hydro hod nham khir benzen cé
trong xdng la m¢t trong nhitng phuong phdp lam gidm benzen Xxudng con
dudi 1%, ddp ung tiéu chuin ASTM. Qu4 trinh khir aromatic thudng dwoc
thue hién & 370 + 400°C v6i 4p suat hydro 14 1500 Psi (10,3 MPa).

2. Phan tng dehydro hod thudng duge \ing dung trong cdc qud trinh sau:

- Khir hydro cla rugu, san xudt duge aldehit va xeton.

- Khtr H; cha etyl benzen, sdn xudt styren (xidc tdc oxyt).

- Khir H; clia parafin, sian xudt butadien (xiic tdc oxyt).

- Hydro hod lam sach ddu nhur hydrodesunfua, hydrodenito.

3. Dehydro ho4 alcan:

Chuyén hod cédc alcan thanh olefin twong {ng 12 mot bién phdp cé thé
lam tang chat lugng cla cdc alcan nhe. TU olefin, cé th&€ sdn xuat ra ddu
nhdn t8ng hop bing phén tng oligome ho4, san xudt hydrocacbon thom lam
ting chit lugng cha xang, hodc 13 nguyén lieu cho téng hop hod ddu.

Xic tdc dehydro hod alcan thudng duge st dung 1a:
+ Cr;03, Al;O3 dudi dang hat rat nho (< 100 pm).

+ Pt, Sn, Th/AL,O; (xic tdic cha UQOP), day 14 kiéu xic tdc st dung dé
dehydro hod n-alcan mach dai (C;g + Ci4).

Gin day, xudt hién loai xic tdc Pt.In/silicalit. Day 14 loai xdc tdc rét t6t
doi v6i phan Ung dehydro hod cdc alcan nhe. Co ché 13 do su ¢é mat cla cédc
hat hop kim r4t nho Pt, In (¢ < 10 A) ndm trong cdc héc clia silicalit (ZSM-S
khong nhém) s& 1am cho mao quan clia zeolit bi nhd di, khong gian hep xung
quanh cdc hat kim loai can trd su hinh thanh ¢6c¢ (ph4n tU 16n céng kénh),
chinh vi viy ma hdu nhu chi xay ra phan ing tdch H, d¢€ tao thanh olefin.
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Chuong XIII
LAM SACH CAC SAN PHAM DAU MO

XIIL.1. Y NGHIA CUA QUA TRINH

Cic phan doan ddu mo sau khi chung cdt, phdn 16n chua su dung duoc
ngay, boi vi trong dé cdon chia cdc tap chit khong ¢6 lgi cho viéc sir dung
nhu: nhua, cdic chit chifa S, N, cdc axit, cic chit chita oxy khdc.

Do vay truée khi dua vao st dung phan doan ndo dd, ddu mo cén phai
duogce lam sach.

Phuong phdp 1am sach phy thudc vio ban chét ciia cdc san phim diu md
vi muc dich st dung ti€p theo. Ching han nhu:
s Phan doan cé chuta axit naphtenic va cdc axit khdc, thi ching dugc
tich bang kiém.
¢ Cic chat chda S 0 dang axit (hau hét cdc phan doan déu ¢d) thi ¢6
thé 1am sach bing kiém hoac hap thu bing cdc dung méi khic nhau.
Néu S & dang H)S hodac mercaptan, sit dung phuong phip lam sach
bang kiém hodc chit oxy hod khir. Con néu S & dang thiofen, sunfit,
disunfit thi sir dung phuong phdp hydrocracking.

s Xang cracking nhiét ¢6 chita nhiéu cac hgp chét S ¢dn 1am sach nhu
trén, ngoai ra con chia cic hgp chit khong no, dé polyme hod tao
nhra nén 1lam sach biing H,SOy hoic cdc chit hidp phu.

o Cic phan doan nang c6 chira nhua, asphanten, polyxyclo thi lam sach
bang trich ly, hip thy hoic xu 1y bang hydro.

Dua trén co so qud trinh c¢é thé chia cic phuong phdp lam sach ra 1am
hai loai:

— Lam sach bang phuong phap hod hoc
~ Lam sach bing phuong phdp hod 1¥.
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XIIL.2, LAM SACH BANG PHUGNG PHAP HOA HOC
XIIL.2.1. Lam sach bing H,S0,

Alcan, xycloalcan ¢ nhiét do binh thudng khéng tic dung véi H,SO,,
aren tac dung vdi H,SO4 & mife do thap theo phan Gng sau:
CeHg + H,SO; —m C6H5503H + H,0O
2CHg + H,S0; —» C6H5502C6H5 + 2H-,0
Néu qud trinh lam sach khéng cdn loat aren, ngudi ta 4p dung dién kién
mém, nhiét d6 thap, néng do H,S0, loing. H,SO,4 chit yéu tic dung v&i alken

hodc hop chit khong no khic & néng do H,SO4 63%, nhiét 36 phong, khi d6 s&
loai dugc alken dé dang:

R-CH=CH, + HjSO; —» R-CH-CH,

0SO0;H
hoic 2R-CH=CH; + Hp80; ~— R-CH-0-S0,-O-CH-R
CH, CH,

Ngoai ra, néu cho san phim trén tic dung véi nuée thi sé thu duge ruou:
0
R-CH-CH; + H,0 K, R-CH-CH; + H,SO
OS0;H OH

* Phan éng 1am sach H,S:
Lam sach H,S cling bang H,SO, theo phan ing sau day:
HyS + HsS04 —» S + H,;80; + H,0
H,S0; — SO, + H.O

H,S + H,S0, — S + 50, + 2H,0

* Lam sach mercaptan véi axit H,SQy:

RSH + HgSO4 RS‘M"S()2 + Hzo

OH”
RS
OH>502 + RSH —» §:>so2 + H,O0

RS~
RS~

2RSH + H,S04 — RSSR + S0, + 2H,0

S0, —* RSSR + SO,
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Hop chit disunfit ndy rat dé hoa tan trong H>SQy, do vay ta di loai duoc
mercaptan ra khoi phan doan.

Ché do cong nghé dé 1am sach bing H,SO, phu thudc vao muc dich cla
qud trinh lam sach:

- D¢ tdch nhya nhim nang cao chit lugng cia xdng, tich hop chit
cua S, ding H,S0, 93%.

— Dé tach aren, dung H,SO, 98% hoic oleum.
— Dé tdy mau xing hoac loai cic chit nito, ding HySO4 95% hay thip hon.
- D€ loai alken, ding H,SO, 2 60%.

Nhiét dé ti€n hanh qua trinh 1am sach tir 50 dén 85°C.

XIIL.2.2. Lam sach bing kiém

Phuong phap 1am sach biang kiém duogc dp dung nhim:

- Lam sach cdc hgp chit axit hoic H,S, nhu axit naphtenic, axit béo,
phenol ¢é mat trong cdc phan doan dau mo.

— Lam sach axit tao ra trong qui trinh 1am sach bang axit nhu trén, nhu
H-S0, du, sunfoaxit cua hgp chit thom, ete sunfoaxit.

Cic phan tng xay ra trong qud trinh lam sach bang kiém nhw sau:
RCOOH + NaOH —» RCOONa + H,0
C¢H;sOH + NaOH —» CgH;ONa + H,0
(C;Hs50),80; + 2NaOH —» 2C,H;OH + Na.SO,

Sau d6 rira bing nudc, cdc mudi tao thanh s& tan, ¢6 thé tach ra khéi pha
khong tan la xang.
Cic hop chat luu huynh axit:
H)S  + NaOH —» NaHS + H-0
H,S + 2NaQH —» Na,S + H,0
Na,S +  Ha)S —-#  2NaHS

RSH + NaOH —> RSNa + H,0

Tuy nhién, cdc chit mercaptan rdt khé rira bing kiém vi tinh axit ctta
mercaptan giam khi tang chiéu dai mach cacbon, do vay véi cdc mercaptan
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¢6 khoi luong phin ti 16n, ngudi ta thudng cho oxy hod bing oxy ciia khong
khi dé tao disunfit:

2RSH + O, — RSSR + H,O,
2RSH + H,0, —* RSSR + 2H,0
4RSH + 0, —# 2RSSR +2H,0

Céc disunfit khéng tan trong nude, tan trong H,SO4.

XIIIL.2.3. Lam sach bing dung dich hip thy

Ngudi ta thuong st dung dung dich monoetanolamin, phenolat natri
hodc kali photphat:

2NH»(CH,CH;0H) + H,S == (CH,CH,OHNH;),S
monoetanclamin
C¢HsONa + H,S === C¢H;O0OH + NaHS
K;PO, + H,S =— K,;HPO, + KHS
Ngoai ra, dung dich moneetanolamin ¢dn hip thu CO,:

NH.(CH,CH,OH) + CO; + H, 0 =— (CHQCHQOHNH:;)HCO_:,

XII1.3. LAM SACH BANG HAP PHU VA XUC TAC
XIIL3.1. Lam sach bing chit hap phn

C6 thé su dung mot sé chat tu nhién nhu: dat sét, aluminosilicat,
silicagel d€ hap phu cdc c4u tif cin loai trong cic phén doan dau mé (dé6 1a
cdc phan t c6 cug).

Trong cdc nha mdy ché bign ddu, cic chat hap phu ké trén ding cho céc
muc dich sau day:

- Loai bo cdc chit khong ¢6 loi.

— Téach parafin rédn (c&u tir két tinh 1am giam do linh dong cia ddu).
— Lam sach hydrocacbon thom.

— Loai nhua, asphanten. polyxycloaren, cdc chat chija oxv, axit,

Chat hdp phu thuong dugc chon 13 Aluminosilicat téng hop cé kich
thude hat 0,25 dén 0,5 mm, zeolit téng hop, dat sét thién nhién, bentonit...
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Lam sach bang hap phu 12 mot qud trinh gidn doan qua 1p chit hap phu
dé ¢4 dinh.

XII1.3.2. Lam sach bing xic tac

Lam sach bang xiic tic 1a phuong phdp dugc st dung nhim ning cao
chit luong cta phan doan ddu mo, bao gém cac loai sau day:

e Lam sach hop chit cia S (duéi dp sudt H, vad xic tic
Mo-Co/Al,05 , Ni-Mo/Al,O5 (kiéu hydrocracking).

e Lim sach cdc hop chiat khong no: Xuc tic aluminosilicat (xem qua
trinh hydrocracking). Phan ing nay thudng su dung d6i véi xdng cracking
xlic tac (cho qua 16p aluminosilicat), nhiét do: 425 + 475°C, & nhiét do nay
chi cé hydrocacbon khong no hip phu. Phuong phdp ndy nhim lam giam bét
olefin ¢6 trong phan doan.

e Phd bién itng dung phuong phip Merock, dé 13 phuong phdp khir xuc
tAc cdc mercaptan trong cdc khi ning va phan doan ddu. Mercaptan chuyén

thanh sunfit, téi xir Iy bing phuong phip oxy hod bang khong khi trén xiic
tic trong moi truong kiém:

4RSH + O, — 2RSSR + 2H,0
Xuc tde dwoce sir dung 1A mudi Co.
XIIN.3.3. Lam sach bing dung moi chon loc

Lam sach bing dung moéi chon loc 13 phwong phdp duge dung phé bién
trong qud trinh san xuat ddu boi tron, dung dé loai nhya, asphanten, gudron,
polyxycloaren.

Dung méi chon loc duoc sit dung la rugu, aldehit, xeton, amin, hop chit
nitg, ete, este. Vi du;

* dé loai asphanten: diing nitrobenzen (C¢HsNO,), phenol (C¢Hs;OH),
furfurol (C4H3OCHO), xylen (C¢H4(CH4)).

e dé loai parafin: ding hén hop xeton v&i benzen va toluen;
dicloetan; cacbamit (NH,},CO.

e dé tach aren: dung tetraetylen glycol, sunfolan, propylen cacbamat.
Yéu ciu déi véi dung moi trong qud trinh nay nhy sau:

- €6 tinh chon loc cao & khoang nhiét dé rong.
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— Phai khong hod tan nguyén liéu, chi hoa tan chat c¢dn tach trong
nguyén liéu.

~ Nhiét d6 s61 cua dung moi phai thap hon nhiéu so vdi nhiét do so61 cia
hén hgp.

— Dung moi phai ¢é nhiét hod hoi thap.

Qud trinh lam sach phai & nhiét do khong vuot qud nhiét do s61 clia hén
hop (0 diéu kién do ton tai hén hgp hai pha).

Sau day la mot s8 vi du v€ qué trinh lam sach bang dung mo6i chon loc:

1) Loai asphanten ciia gudron

Qua4 trinh xay ra trong cot dudi dp suat, vugt qua dp suat hoi bdo hoa
cua propan. Pdu trén cia ¢t cho dung dich dé loai asphanten. Con tir dudi
cot lén cho dung dich ciia asphanten can tach trong propan.

Trong cong nghiép, ngudi ta thudng st dung dung moi chon loc dé tich
nhua va asphanten ra khoi dau nhon gde. C6 hai cdch:

- Dung phenel, furfurel: Cic dung moi nay hoa tan nhya, asphanten.

- Dung propan long: Dung méi nay hea tan ddu nhdn, khéng hoi tan
nhya va asphanten. Vay sau khi cho bay hai propan sé thu duge dau nhon
sach.

2) Loat parafin

Céc parafin ¢é phan tir lugng 1dn thudng lam mat tinh linh dong cta
phan doan dau heac dau thd, vi vay tdch parafin 13 nhim ha nhie1 do déng
rdn (nang cao tinh linh dong cha san pham). Cdc parafin ran tach ra ciing la
nhilng nguyén liéu qui dung trong tdng hop hod dau.

Pé thuc hién qud trinh ndy, ngudi ta thudng sir dung tinh chat cha
cacbamit {mochevin) tao véi parafin phitc chat khong tan.

Deé tach parafin con sir dung cdc dung moi khéng phan cuc nhu propan
léng va phan doan hep naphta cia xdng, ngoat ra cdn ding dung moi phan
cuc nhu axeton, metyletyl xeton, dicloetan. Cic hydrocacbon rdn tan (6t
trong dung mo: khong phan cuc, con dung méi phan cuc hoa tan hoan toan
phin 16ng cia phan doan.
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Chuong XIV

ZEOLIT VA YAI TRO XUC TAC CUA NO
TRONG LOC - HOA DAU

XIV.1. TONG QUAN VE ZEOLIT

Zeolit la cdc aluminosilicat tinh thé ¢é kich thudc mao quin (pore) rit
déng déu, c¢ho phép ching phan chia (ray) cdc phan tir theo hinh dding va
kich thudc xac dinh. Thanh phdn hod hoc cla zeolit nhu sau:

(M+)x.(AIOZ)K.(Si02)y.ZH20
trong dé: M 14 cation bu trit dién tich khung;
z 1a s6 phan tir nude két tinh trong zeolit.
Pon vi cdu tric co ban cia zeolit 14 ¢cdc td dién TO, , vdi T 14 Al hodc Si.

C6 thé biéu dién don vi cdu tric ¢o ban cla zeolit nhu sau:

~. (@)~
gi** A

T dign [Si0y) Tit dien [AIO,]

Viéc thay thé ddng hinh Si** bing A1** trong cdc tir dién SiO, din dén
du mét don vi dién tich am & AlO,". Dién tich am dur duge c¢in bing boi su
c6 mat clia cation M™, goi 14 cation bii trir dién tich khung.

Nguoi ta tim thiy khoang 40 cdu triic zeolit tu nhién khic nhau. Trong
khi dé sy phat trién cha vat liéu ndy trong cdc [inh vire nhu: hdp thu, phan
tich, qud trinh xvc tdc... dem lai nhiing khd ndng 16n nh& cdc phwong phép
tong hop zeolit dang dugc thuc hién trong phong thi nghiém. Hién nay cé
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khoang 200 loai zeolit tdng hgp, tuy nhién méi chi ¢é6 mot lugng nhd trong
$6 do diroc su dung trong céng nghiép.

Tinh chat chinh cua cdc zeolit dugc thé hién bdi c¢iu tric va hinh thai
clia ching, tic 12 sir sdp x&p trdt ty cua cdc tir dién, phin thé tich réng, su
ton tai cdc mao qudn va cdc 16, kich thudc céc 16 va cdc mao quan. Ngoii ra
tinh chit ciaa cdc zeolit con phu thude vao ty 1& Si/Al; (hoidc Si04/A1,04) va
cdc cation bt (K™, Na*..)).

Quy luat Lowenstein chi ra ring, trong cdu triic zeolit khéng tén tai lién
két dang Al-O-Al ma chi ¢6 dang lién két Si—O-S8i va Si—O-Al, vi vay ty lé
Si/Al trong kKhung ¢du tric déu lén hon hoic bing 1.

XIV.1.1. Phan loai zeolit

Dua vio diac trung va tinh chat sit dung cua zeolit, ngudi ta phan loai
zeolit theo hai hudng chinh sau:

1. Phan loai zeolit theo kich thude mao quan

Phan loal theo kich thudc mao quan rat thuan tién trong viéc nghién ciu
ing dung zeolit, theo cich nay ta chia zeolit 1am ba loai:

¢ Zeolit cé mao quan rong: dudng kinh mao quan 1én hon 8 A.
* Zeolit ¢6 mao quan trung binh: dudng kinh mao quan tir 5 A dén 8 A.
= Zeolit c6 mao quin nhé: dudng kinh mao quan nhé hon 5 A.

2. Phan loai zeolit theo ty 1& Si/Al

Phan loai theo cach nay cho ta biét vé nhitng bi€n déi tinh chat caa
zeolit. Zeolit duge chia thanh ba loai sau:

- Loai gidu Al: Theo quy tic coa Lowenstein thi ham luong Si trong
zeolit luén Ién hon ham lugng Al, ¢6 nghia la ty & Si/Al ludn 1én hon hoic
bang !. Trong loai gidu Al gém c¢6 c¢dc zeolit sau: zeolit 3A, 4A, SA
(faurazit) véi cdc dang tuong ing 3A (K*A), 4A (Na“A), 5A (Ca>*A). Quan
trong nhit trong loai zeolit giau Al ta NaX véi ty 1é¢ SifAl tu 1,1 dén 1,2,
Mao quan cia zeolit nay tuong déi 1én (8 A),

- Loai ¢é ham lwgng Si trung binh: Véi zeolit loai nay ty 1& Si/Al tir 1,2
dén 2,5. Ta ¢6 cac zeolit thuée ho nay [a zeolit Y, X.

- Loai giau Si: Loai zeolit nay ¢6 ty 1& Si/Al > 2.5, twong d6i bén nhiét, nén duce
st dung trong nhiéu qud trinh xtc tdc cé diéu kién khic nghiét, tieu biéu cua zeolit
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loai nay la ZSM-5, ZSM-11... Ty 1& Si/Al cua cédc zeolit nay xdp xi 100,
dudng kinh mao quan tir 5,1 A dén 5,7 A. Theo Naccache, ciu tric khung
cua ZSM thudng cé khoang 10 nguyén tir Al tuong tng v6i 1000 nguyén tir
Si trong mang.

XIV.1.2. Cau tric cua zeolit

Zeolit ¢6 cdu tric tinh thé, su khac nhau trong mang tinh thé cia cic
loai zeolit la do diéu kién téng hop, thanh phin nguyén liéu, su trao déi cdc
cation kim loai thay thé tai cic nit mang tao nén.

Theo Naccache va nhiéu tic gia khdc, viéc tao thanh khung ciu tric
zeolit 1a do méi lién két —Si-O-Si— hodc —Si—-O-Al- tao ra. Xung quanh
méi ion Si** 1a 4 nguyén tr O tao thanh khung ti dién TO, , trong d6 c6 mot
s6 ti dién vi tri Si** dwoc thay thé bing AI’* tao ra ti dien AlO,~. Khung ti
dién c¢6 dang nhu trén hinh XIV.1.

T dién co ban nay c6 dién tich am con du va né dugc bu trir bing céc
cation trao déi nhu K, Na®, Ca**, Mg®*, NH,*, H... Cic ti dién SiO,* va
AlO4>” duoc lién két véi nhau mot cich diac biét qua dinh oxy tao thanh
nhiing don vi cau tric co ban goi la sodalit. Nhu vay vién gach dé tao thanh
tat ca cdc zeolit 1a sodalit c6 cdu tao khung Si—Al nhu hinh bat dién cut
(hinh XIV.2).

Hinh XIV.1. T(r dién dugc tao thanh bdi Hinh XIV.2. C4u tric khéng gian
4 nguyén tir oxy phan bd xung quanh clia bat dién cut.
nguyén tu silic hoac nhom.,
Tai cdc dinh cia bat dién cut 1a cdc ion Si** va AI**, c4c dién tich duong
nay la tam cua ti dién TO4. Xung quanh méi dinh clia mét sodalit luén ¢6 4
ion O™, céc ion nay la cdu néi gilta cic nguyén tir Si va Al trong sodalit
hodc gilra cdc nguyén tir Si va Al thudc cic sodalit khac nhau.
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T cdc méi lién két giita cdc ti dién TO, lai tao thanh cdc 6 mang hinh
hoc co s& ¢6 dang nhu & hinh XIV.3.

0 QO
=
o O &

Hinh XIV.3. Cac 6 mang co sd.

XIV.1.3. Mot so zeolit tiéu biéu
a) Zeolit A

Zeolit A la loai zeolit téng hop cé ciu
tao khdc véi zeolit tu nhién, cau tric cua né
¢6 dang mang lu6i lap phuong don gian
tuong tu nhu kiéu lién két trong tinh thé
muoi NaCl, véi cdac nit mang luéi la cac bat
dién cut (hinh XIV.4). 0

Déi véi zeolit A, ty s6 Si/Al = | nén
s6 nguyén tu Si va Al trong mdéi mot don
vi sodalit bang nhau. Vi vay véi mébi bat
dién cut dugc tao boi 24 tf dién c6 48 nguyén tir oxy lam cau néi, vay
con du 12 dién tich am. D€ trung hoa hét cdc dién tich am nay phai ¢6 12
cation hod tri 1, vi du nhu Na® hodc 6 cation hod tri 2 (Ca®*). Trong
truong hop zeolit A thi ¢6 12 cation Na® nén cong thic chung cia zeolit
A la: Naj[(AlO2)2.(Si03);2].

Hinh XIV.4, C4u tric khong gian cla
t€ bao mang tinh thé zeolit A.
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Cic sodalit lién két véi nhan gua mit bon canh tao thanh mot ciu tric
hoan chinh ¢é dang nhu trén hinh XIV .4,

Vay cong thic chung cia mot don vi zeolit A hoan chinh 1a:
N396A1965i960384-271—l20

Trong qua trinh lién két, gira cdc sodalit A tao thanh cidc hdc 16n va céac
hée nhéd, hoc 16n duoe coi 1a phdn thé tich gii han gita 8 sodalit trong mot
6 mang, con hdc nho 1a phdn khong gian rdng trong sodalit. Theo Naccache
v mot s tdc gid khac thi héc 16n cla zeolit A (con goi 12 héc a) ¢ thé coi
12 dang hinh ciu cé dudng kinh héc 1a 11,4 A. Dwdng kinh héc nhd (con goi
12 hée B) khoang 6,6 A. Méi héc 16n cia zeolit A théng véi 6 héc 1dn bén
canh qua cdc clta s& 8 canh (goi 14 cira sé héc 16n) cé kich thude 4,2 A.
Ngoai ra mdi héc 16n con thong véi 8 h6c nho qua cic cira sé 6 canh véi
kich thudc clra s6 nho 12 2,2 A.

Thé tich ciia méi hée 16n 13 150 A% va coa méi hée nho 1a 77 A°. Do su
thong gitta cac hoc B va ¢ tao thanh cdc kénh ndi. Viéc tao thanh kénh lam
tang thé tich tr do cua zeolit khodng 50% tong thé tich chung. Do vay do
x6p cua zeolit A rat cao nén ¢6 thé hip phu dugc cdic chit ¢é dudng kinh
phan tr hodc ion nhé hon dudng kinh clta s6 dé vio cac héc hdp phu cua
zeolit. Day chinh 1a hién tugng ray phan tir cua zeolit A.

b) Zeolit dang X, Y

Trong cau tric zeelit dang X, Y, cic sodalit ¢é hinh dang bit dién cut
duoc sip x€p theo kiéu tinh thé kim cuong
(lap phuong tdm mat) (hinh XIV.5).

M&i nit mang ludi cia zeolit X, Y déu
12 cdc bdt dién cut vi mbi bdt dién cut d6
lai lién k&t vdi 4 bat dién cut khiac & mat 6
canh thong qua lién két cau oxy. 56 mit 6
canh c¢ita bdt dién cut la 10, do vay luén tén
tai 4 mit 6 canh con tréng cia mébi bat dién

cut trong zeolit X, Y.

S e dién SiQ4 hoidc AlO4 trong méi
Hinh XIV.5. C4u trdc khong gian

) . cla tinh thé zeolit NaX hodc NaY
nguyén tu oxy la 348 nguyén tu. kidu faurazit,

t€ bao co ban cua zeolit X, Y la 192, s6
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Viéc phan biét gila zeolit X vi Y dua vio ty sé giita SifAl. Trudng hop
Si/Al = 1 dén 1,5 ta ¢é zeolit X, néu ty s6 Si/Al = 2, ta cé zeolit Y.
Cong thitc hod hoc cua mot t€ bao co sd cic loal zeolit nay nhu sau:
Zeolit X: Nagg[(AlO2)ge. (Si05) 106]. 260H,0
Zeolit Y: Nasg[(A1045)56.(8i02)36].260H,0

Ciing mot ty s6 giita Si/Al nhung dang faurazit tu nhién thi ngoai Na® ra
con ¢6 cac ion Ca™, Mg?""... do d6 cong thitc faurazit ty nhién cé dang:
(Nag.ca.Mg)go.[(.AIOZ)(,().(SiOg)|32].260H20
va {Nay.Ca.Mg)3g.[{A1O3)s56.(5105)136].260H,0

Nhu viy ta nhan thiy zeolit Y gidu silic hon so v&i zeolit X mac du téng
cdc ion Si** va AI** khong déi, bing 192 va bing s6 nit mang clia mot t& bao
coU s&.

Mot tinh chét quan trong ta cling dé nhin thay 12 ty s& Si/Al anh huong
dén do bén cua zeolit, ty s6 ndy cang én thi dd bén co nhiét cang cao. Do
vay zeolit Y bén hon zeolit X.

Do su tao thanh lién k&t gifta cdc mat cua zeolit X, Y khidc véi zeolit A,
nén héc o cla ching ciling ¢é kich thudc khic véi hdc o cia zeolit A. Dudng
kinh héc o ¢ia zeolit X, Y khodng 12,7 A. Mat khac, do lién k&t & cdc mit 6
canh nén t6n tai ba dang cira sé twong Ung v&i cdc mat thong nhan cha cédc
héc a va B. Khi hai héc o thong nhau, cira sé la 7,8 A. Trudng hop héc o
théng v&i héc B, clta sé gdm 6 nguyén tir oxy, kich thuéc khodng 2.2 A.
Truong hop théng gitta hai hée B va B, cua s6 ciing cé 6 nguyén ti¥ oxy va
kich thude khoang 2,2 A.

¢) Zeolit mordenit

Mordenit {a mot loai zeolit trong d6 ty s6 gifra Si/Al > 5, né thudc loai
khodng ngh&o nhom. Trong tinh thé cia mordenit ¢é cic ion Na* va dang
cflu tric cua nd khd dac biét.

Cong thitc hod hoc cla mordenit 6 dang hydrat nhu sau:

Nag.Alg.Si40.095.24H20

Mit xich co ban diu tién cua sy tao thanh tinh thé dang mordenit la su
tao vong lién két cha 5 nhém nguyén tr TO, (T la Al hoac Si). Hinh XIV.6

mo ta dang mit xich « (a c6 kich thuéc x4p xi 18,13 A).
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O
(a)
(b)

Hinh XIV.6. Dang ¢au trac mordenit,

Tir cdu tric (a) qua cdu ndi oxy tao thanh cadu trac phic tap hon (dang b)
véi kich thuéde (b) = 29,43 A.

Cdu tric (c) 1a dang co ban tao thanh mét don vi doc lip cua tinh thé
zeolit mordenit.

Cira 58 16n ciia mordenit tao thanh tir vong gdm 12 nguyén tir oxy, kich
thude clta s6 12 59 A dén 7,1 A. Cira sé nhd do chinh cdu trdc (a) tao thanh
v6i kich thuée tir 2,7 A dén 5,7 A.

Do cau triic nhu vay nén trong mordenit tén tai nhiéu kénh néi, d6 x&p

cua mordenit tuong d6i cao, 40% thé tich. Do vay mordenit ¢é nhiéu tng
dung trong thuc té.

d} Zeolit ZSM-5 va ZSM-11

Zeolit ZSM-5 va ZSM-11 thudéc ho zeolit mao quan trung binh, kich
thude mao quan tuong ing 1a 5,3 A va 5,7 A. Ty 1& Si/Al trong ho zeolit
ZS5M kha cao, trong ciu tric khung cha ZSM chi ¢é khoang 10 nguyén ti
Al/1000 nguyeén tu Si & mit mang. Do vay zeolit ZSM-5 v ZSM-11 kh4 bén
thuy nhiét. Trong dang tinh thé ngam nuéc, cong thic chung cia ZSM-5 va
ZSM-11 nhu sau:

Na,,.Al,.Sigs_,.O)g2.16H50

Sodalit cua zeolit ndy ¢6 dang (a). Trong dang (a) ta thiy c¢d 5 va 8 tif
dién TO, lién két tao thanh vong co s& (hinh XIV.7).

Trong zeolit ZSM-5, (a) ¢6 kich thude 20,1 A dén 20,7 A. Tu 3 mit xich
(a) tdng hop duoc cdu trisc (b) (hinh XIV.8),
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CAu tric mao quan Mao quan théng
xuc tac i

Hinh XIV.8. C&u truc ZSM-5 va ZSM-11.

Kich thuéc cua (b) tir 19,90 A dén 19,85 A.

Tir (b) téng hop duge t&€ bao co ban cua tinh thé zeolit ZSM-5 (c). Kich
thudc cua t€ bao co sd (c) tir 13,40 A dén 13,36 A.
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Cdu tric chung cua hé théng mao quan ZSM-5 cé dang hinh elip véi

kich thudc mao quan khoang 10 A. Cic cita 8 trong zeolit ZSM-5 gém cé:
Cira 6 16n (1) 51 Adens,7 A
Cira s6 nho (2) 54 A déns.6A.

Céc cita s6 nay tao thanh de su lién két cia 10 nguyén tir oxy trong
TO,.Vay ta nhan thdy kich c@ cira s§ 1én va nhé cia ZSM-5 twong duong
nhau, do d6 d6 chon loc cha xidc tdc ZSM-5 rit cao.

Cau tric cua ZSM-11 twong ty nhu ZSM-5, (ctra sé tao thianh do 10
nguyén tir oxy trong TOy4 lién két lai, kich thuéc mao quan xip xi 10 A)
nhung hé théng mao quan cua ZSM-11 ¢6 dang hinh sin, cira sé ciia ZSM-1 1
kich thude tir 5,1 A dén 5,5 A. Céc cira s6 cia ZSM-11 déng déu hon ZSM-5,
do vay d6 chon loc cia ZSM-11 cao hon hin so véi cdc loai zeolit khic,

Ngoai mot s& loai zeolit co ban trén, cdn ¢6 rat nhiéu zeolit ciing khd
thong dung nhu & bang XIV.1.

Bdng XIV.1. Cac loai zeolit xiic tdc st dung trong loc hoi dau

Loai zeolit Kich thudc mao quén Khang gian Kiéu cdu tric | Kich thude vong
Z8M-5 53x586 51x55 3 chiéu MFI 10T
Z8M-22 55x%54 1 chiéu TON 10T
Mordenit 65x 7,0 26x57 2 chigu MOR 8 va 10T
Beta 65x70 75x567 3 chidu BEA 12T
usy 74x74 3 chigu FAU 127
Theta 1 42x54 35x48 2 chigu FER 10 va 8T
RhO 36x36 RHO 8T
MCM-41 40 x 8,5 1 chigu M4418 tuy diéu kién
tdng hap
SAPO-11 83x38 1 chiéu AEL 10T
VPI-8 13 1 chiéu 18T
KL TA1x71 1 chiéu LTL . 12T
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¢) Zeolit AIPO va SAPO

AIPO hay con goi la aluminophotphat, 1a mét loai zeolit méi duge
Wilson téng hgp nam 1978, AIPO thuéc loai zeolit vi mao quan, kich thuse
mao quan cé the thay déi tuy thude vao thanh phdn cda cdc nguyeén liéu va
diéu kién tong hop (kich thuée mao quan xip xi 0,8 nm).

Diém khdc biét ndi bat gita aluminophotphat vi cdc zeolit thudng
(aluminosilicat) 14 thanh phéin ciia cdc cdu tir trong khung zeolit.

Véi zeolit thudng, cdu tric tinh thé ¢é dang:

0 0 0 0
4 \AlZ \Si/ \Al/" \Si/o\
/N /N /N 7N
1 799 9

Do Al ¢6 hod tri (34) nén [AlO5] ¢6 dién tich (-1), tucng ty Si ¢6 hoa
tri (4+) nén cdu tric rdt gon clia mot mit xich chita Si trung hoa vé dién
[Si0,]°. Téng dién tich cha mét khung co ban trong zeolit bing chinh s&
nguyén ta Al trong khung. Chinh gid tri dién tich nay anh huéng quan trong
dén su manh y&u coa lyc axit Brondsted trong zeolit.

Trong cau tric AIPO, nguyén t6 Si durge thay thé bang photpho taj c¢dc
nit mang. Photpho ¢6 hod tri (5+) do d6 khi xem xét mét cau trdc rit gon ta
nhin thay {PO,]" ¢é dién tich (+1). Cau tric tinh thé AIPO ¢6 dang:

O 0 0 0 0
/ N S
7 Nar \P*r/ Al” \3*/ N
VRN SN N SN
I0 (])o 0? o

O 0
I | | !

Nhw vay téng dién tich cia mot mét xich co ban [AlO,].[PO,] bing 0
(mét xich trung hoa di¢n). Diéu nay din t6i su phan ly cia H' tai cdc tam
axit giam, hay ndi mot cich khdc lye axit clia cdc tam axit y€u. Vay AIPO
thudc loai zeolit c6 dé axit y&u, hoat tinh cia né thap.
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Bdng XiV.2. Mot 56 loai AIPO sir dung hién nay

AU e Kich thu?c $6 vong %V cac chat trong zeolit
mao quan 0, H,0
AIPO-5 08 12 018 0.3
AlPO-11 061 10 011 0,18
AlPO-14 0.41 8 0,19 0,28
AIPO-16 0,3 6 0 0,3
AIPO-17 0.46 8 0.2 0.28
AIPC-18 0,46 8 027 0,35
AIPG-20 03 6 0 0,24
AIPO-31 0.8 12 0,09 017
AIPO-33 041 8 0,23 0,23

AIPO duge tong hgp tir nguyén liéu chida nhém, photpho va cdc tic nhan
hitn ¢o tao ¢fu tric (tic nhan hitu co ¢6 thé 1a cdc amin hoac NH,OH).
Thanh phan chu yéu cia AIPO la: R, Al,05, P05 H>O, trong dé R 13 amin
hoac NH,™.

Téng hop AIPO tuong tu tong hop zeolit aluminosilicat thudng, nhung
thay vi tao gel aluminosilicat ta duge gel aluminophotphat. Qu4 trinh téng
hop bat ddu vé6i su té hgp clia mot s6 phan ti nhat dinh tir boemit hodc gia
boemit (d6 1a mot phan tr aluminohydrat hoat déng va axit photphoric trong
nudc) tao gel aluminophotphat. Sau dé miu dugc nung & 500°C dén 600°C,
th&i gian nung 48 gid, thanh phan R va H>O duge tich ra tao thanh cdu tric
vi mao qudn cua zeolit AIPO. Kich ¢& tinh thé cua zeolit AIPO tuy thude vio
ché d¢ nhiét khi nung, thdi gian két tinh, néng 4o cla tic nhan hitu co. Sau
khi nung ta thu duge AIPO ¢6 ciu tric khung trung hoa vé dién va thé hién
tinh axit yéu,

AIPO it ¢ tng dyng trong thuc 1€ do hoat tinh thdp, do d6 ngudi ta cai
tién dé ting hoat tinh ciia n6 1én bing cdch thay thé cdc nguyén t& kim loai
khdc vdo c¢dc nit mang tinh thé cha zeolit AIPO. Cic kim loai thay thé
thuong 1a kim loai da hod tri nhu Co, Mn, Fe, Be, Zn... loai zeolit nay duoc
ky hiéu 1a MeAIPO. C6 thé thay d6i nhiéu kim loai khdc nhau, v6i muc dich
chinh lam thay d6i dién tich trong khung mang tinh thé, déng thai dim bao
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cdc tinh chit co iy quy bdu cua AIPO.

Trong truong hop thay Al trong khung bang Si, ta duge ho zeolit mdi cé
hoat tinh xdc tic cao, do bén co nhiét tét, goi 12 zeolit SAPO.

Viéc thay thé cdc vj tri Al & nit mang ctia AIPO ¢6 thé xay ra nhu sau:

/\ \/\/\/\

Al
/\ /\ /N /\
P SR AR

|

O 0N 0
v
T

—C

pr—

P'i'

9

Zeolit SAPQ tuy c6 dién tich tdng cong trong moét don vi miét xich co
ban trung hoa nhung do anh huéng cia cdc nguyén tir Si ndm ngin cich giita
Al va P nén hoat tinh cua SAPQ 16n hon nhiéu 14n so vdi AIPO,

Trong khung coa zeolit SAPO thudng duy tri ty 1& nguyén tir (Si-Al/P = 1.
Hieén nay ¢6 mot s6 nghién citu sir dung kim loai kiém thém vao thanh phin
SAPO dé¢ nang cao hoat tinh cla xic tdc.

Céc ing dung cia SAPO trong cong nghiép:
* Oligome hod cdc olefin;
¢ Lam xiic tic cho phdn ing izome hod parafin;

e Lam xuc tic cho qud trinh alkyl hod hydrocacbon aromatic va izome
hod xylen;

¢ Chuyén hod metanol thanh hydrocacbon aromatic.
XIV.1.4. Tinh chit axit bé mat
X1V.1.4.1. Khdi niém va su hinh thanh cdc tim axit trong zeolit

Khdi niém ve do axit bé mat cha xdc tdc ran xudt phdt tir qua trinh quan
sit thue nghiém. Mot s6 phan dng duge xiic tdc boi chét rin cho san phim
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gin gidng v&i qud trinh su dung cdc axit thong thudng. Cic nha khoa hoc
thira nhéan riing cdc tinh chat axit cda nhiéu xic tdc va chil y&u 1 cdc zeolit
chinh 12 ngu6n hoat tinh xic tdc cla chiing trong cdc phan iing xdy ra theo co
ché cacbocation, nhir phan ing cracking, polyme hod, izome ho4, alkyl hoa...

Tinh chit axit cia zeolit thuc chat bit nguén tir cdu tric dic biét va
thanh phan hod hoc cia né. Nhu di dé cap trong phan ciu triic va thanh phin
clia zeolit, mdi don vi [AlO;] hodc [FeO,] mang mdt dién tich am, dwoc
trung hod bing cation hod tri, thudng 1a Na’ hodc cao hon. Khi thay thé ion
Na* nay bing cdc cation kh4c s& 1am xuft hién proton trong zeolit.

Trong zeolit c6 hai loai tdm axit: Mot loai ¢6 kha nang cho proton (tam
axit Bronsted), mét loai ¢é kha niang nhan cép electron (t4m axit Lewis). Céc
tam axit nay dugce hinh thanh theo nhiéu cach khic nhau.

& T uxit Bronsted

Céc nhém hydroxyl chinh 13 nguén cung cdp proton chi y€u d€ tao nén
cdc tim axit Bronsted. Cic nhém OH™ hinh thanh trong qud trinh phan giai
ciac ion amoni hoac alkyl amoni tao ra proton lién két v&i cdc nguyén tir oxy
clia cdu tric mang ludi, hodc do sy phin Iy clia phan t& nudc hdp thu béi
trirdmg tinh dién ciia cdc cation trao déi da hod trj theo cdc so d6 sau:

0\ 0\ /0 0\ /0\ 0

AlT 5§ B Al Si + RNH,
S N 7N SN /N
O O O O O O

(n—13*
M(H>0),, M(OH) m-1 H
O

0\ /O\ /O\ VARN H.O ({ /0\ /O\ /O\ /O
/Sl AlT  5i Al — Si AlT S Al

NS N SN/ SN N SN /N
0 O O O O O O O

Tam axit Bronsted ciing cé thé hinh thanh tr qud trinh trao déi cdc
cation kim loai kiém bang ion H" cha axit (vi du axit HCi). Tuy nhién qud
trinh xu 1y axit nay chi dugc dp dung vé6i cdc zeolit bén trong méi trudmg
axit (tic 1A ty s& Si/Al cao):
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Na*Mord + HCl — H-Mord + Na'Cl”

Qud trinh trao déi cla zeolit v&i cdc cation da hod tri nhw: cdc kim loai
kiém thd, kim loai chuyén tié€p, dat hiém ciing thm xu4t hién dang proton ho4
MHZ. Cac cation ndy duge trao déi dudi dang ngam nudc Re(H,0),. Dudi

tic dung 1on hod coa cdu tric zeolit cic dang nay sé& chuyén tir Re3+(H20)
thanh [Re(OH),] H* vi nhu vay 13 di xuét hién proton.

Qua trinh ion hod cdc ion hoa tri 2 (Ca, Mg, Ba) va hoéa tri 3 (Ga, La)
trao ddi trong zeolit c6 thé biéu dién theo so d6 dudi day:

0 0 0
Re>*.2H,0 e NG —_— 3+
e’ . 2 + 3 1 /A] - RE(OH) 2H20
o’ Yo o7 No

/D 0\/0 0\‘/0 O\/O

S Si Al =
0/ \0 0’ \0 o” No o No
- o P O P o_,0 o 0
Re(OH); H' + | i AT |+ 2) st Al
o° v o o d Yo o Do

Ngoai ra sau khi khir hydro, cdc zeolit da trao d6i ion v&i ion kim loai
chuyén tiép nhu Ni, Cu, Co hay kim loai qui Pt, Pd, Ru, Ir... ciing sé tao ra
cdc dién tich am du va dugc trung hoa bang céc cation H'. Qu4 trinh xay ra
nhu sau:

— Trao ddi ion véi Pt:
NaZ + Pt(NH3),”* === PyNH,),**Z + Na*
— Khir hydro:
Pt(NH;)4™ + H, — Ptkimloai/H" zeolit + NH;
o Tam axit Lewis

Cac tam nay dugce hinh thanh tir qud trinh tich nhém hydroxyl c¢ia zeolit
khi x@t 1y nhiét:
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o 0] O O /0 O O\ +/0

SME N == Wf N7 N Si + H,0
_ +
AN AL AN A A 2
c ¢ o 0 00 00 00 O

J nhigt 49 cao (trén 400°C), trude hét xay ra qud trinh di chuyén proton,
sau d6 tich hydroxyl ciu tric ra duéi dang H,0, theo chu trinh sau:

i
o_ ,oH 0 o_ 0 l/o
5 Al — Si A
/N N VN2
O 0O 0O O O O 0O (9]
H oo H H H
| | \ /
O 0O 00 O 0 0O O 00 0 O
N /NN IN T NSNS IN s
Si Al Si 1 5§ Al Si Al
AN AL AA NN N AN
o 0 bo © o o 0o 0o 09 b
H H
\ /
0
O\ 7 \AI/O O\s”r Al/o H-O
1 1 + A
AR AN 2N 2
o 0o o oo o o o

XIV.1.4.2. Co ché hinh thanh cacbocation trén xiic tic zeolit

Trong nhiéu phan @ng hod hoc, qua trinh chuyén hod hydrocacbon trén
xidc tAc zeolit axit xay ra qua giai doan hinh thanh hop chit trung gian 13
cacbocation. Céc cacbocation duge chia thanh hai loai:

— lon cacbenium: trong dé cacbon mang dién tich duong cé hod tri 3

— lon cacbonium: trong d6 cacbon mang dién tich duong ¢6 hod trj 5.

Cdc cabocation ndy duge tao thanh trong mao quan ciia zeolit trén céc
tam axit theo diing quy luét nhu trong méi trudng léong. Ching ¢6 thé hinh
thanh tir qué trinh: ¢dng hgp mét proton (hodc cation) vdo mét phan tir hop
chdt chua no, tich loai mét electron khoi phan tif trung hoa hay phan cit di
ly phan tir, tu¥y thude vao ting loai phdn dng khic nhau.
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1. D6i vai phan ing cracking xiic tde parafin:

Hién nay cé mot vai co ché duge sir dung dé gidi thich sy hinh thanh cdc
hydrocacbon trong thanh phdn clia sin phim qua hai loai cacbocation: ion
cacbenium va ion cacbonium.

Hop chit trung gian jon cacbenium duwge hinh thanh tr qud trinh proton
hod olefin (1an trong nguyén lidu hoac sinh ra do dehydre hod) trén tam axit
Brénsted hoic tich H' ra khoi parafin nhd tim Lewis:

tdm axit Bronsted

R,-CH=CH-R, + HZ R,-CH,~C*'H-R, + Z~

R,~CH,~CH,-R, + L~ @mxitlewss o ¢y, C*H-R, + HL

Cic jon cacbenium bi cit mach & vi tri f so v6i C*, sau dé tao olefin,
hodc tham gia chuyén hydrua tao ion cacbenium mdéi. Ion nay ciling tham gia
cit lien két f§ tuong tu.

chuyén H*
RI—CHQ—C'—H—‘Rg + R3;-CH,-CH»,-R,

R,~CH,~CH,-R,
+ R3;-CH,-C'H-R,
R;~CH,-C*H-R, ¢itlienkétf —p.* . CH,=CHR,
Dé giai thich sy ¢6 mit cia H,, CHy, C3H, trong thanh phan san phim,

Dessan di dua ra mot co ché khac vai su hinh thinh ion cacbonium trén tam
axit Bronsted:

]

+
R,-CH,—CH-»-R, + HZ R(—-CH,-CH;-R, + Z~

— 0\,

R; + CH;~CH,-R, R,—CH,-CH-R, + H,

2. Phan ung alkyl hod hop chdr thom

Phan ting nay xay ra theo co ché electrophyl (Sg) qua ba giai doan véi su
hinh thanh cacbocation do olefin két hop v6i tam axit trong zeolit:

ZeolO H* + CH,=CH, — » ZeolO” C*H,-CH;

Sau d6 cacbocation nay tdn cong vao nhan thom tao phitc m:
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ZeolQ~ C+H3‘*CH3 + @ — 26016

Phitc ndy khong bén nén chuyén thanh phitc 8, sau dé tich proton va tao
alkyl thom:

H CHz - CH3

C;H;
- -+
ZeolO ~—» ZeolOH +

3. Phdn ting phdn bé lai hydrocachon thom

C6 mot vai co ché duge tng dung d€ phan tich phan dng nay. Trong dé
cé mdt ¢o ché dwoc chip nhian roéng rdi hon cd 12 co ch& hinh thanh
cacbocation benzylic.

Qua trinh hinh thanh cacbocation benzylic xay ra do sy tdn céng cla
mot 1on hydrua va tao ra mét phin ti hydro:

CH, CH,

@ + Zel H == @ Zeol™ + H,

Sau dé moét phan to hop chit thom Khic tin coéng vao cacbocation
benzylic tao hop chit trung gian cha phan dng dang diphenyl metan:

% Q= QWO

1 == y Zeol
Zeol H

3 CH,

Dang diphenyl metan ti€p tuc bién déi, phan chia tao ra san phim cuéi
la benzen vi cac xylen khdc,

Nhu vay, d¢ axit c¢iia zeolit ¢6 vai tro rit quan trong trong xtic tdc, nhat
la d6i véi phan ing cracking xic tdc. Ngudi ta nhan thdy ring, khi luong
SiO; cang nhiéu, lugng Al,O; cing it thi d6 axit cla zeolit cang tang. Tuy
nhién ty s& S10»/Al»04 ciing chi ting dén mot gidi han nhét dinh d€ tranh
phd v@ ciu tric cha zeolit.
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XIV.1.5, Tinh chit chon loc hinh ding

Ngoai tinh chat axit bé mat da tao cho zeolit 14 mot xuc tdc axit pho
bién, zeolit con ¢é dac tinh rat qui vi nd la mot loai vat liéu mao quan, nd cod
tinh chon loc hinh ddng do6i véi cdc chat phan tng. C6 thé ¢6 ba loai chon
loc hinh ddng:

— Chon loc hinh ddng do kich thude chat phdn iing
— Chon loc hinh ddng do kich thudc san pham

— Chon loc hinh ding theo trang that trung gian.

Phan 1dn cdc xiic tdc cé tinh chat chon loc hinh ddng la cdc zeolit,
dutng kinh mao quan cua cdc zeolit phu thudc vao s& lugng tif dién 510, tao
clra 56 mao quan ldn.

Bdng XIV.3. Pubng kinh mao quan cia mot sé zeolit

Loai mao guan Dudng kinh mao quan (A) Loai zealit
nhé 36-4.2 erionit
trung binh 57 Z5M-5
lem 59-74 Mordenit
78-127 Zeolit Y

Thuc t€, mao quan ¢6 dwdng kinh nho hon mét it so vdi gid tri cho trong
bang do su sap xép cdc ti dién Si0,.

Vé€ nguyén tic, mot phan tir mudn phan ng trong cdc zeolit cdn phai
qua cdc giai doan sau:
~ Hép phu trén bé mit ngoai xvc tdc;

— Khuéch tdn qua cdc cira sé vao mao quan va tién vé phia tam hoat
tinh;

- Hap phu trén cdc tam hoat tinh bén trong mao quan va tap hgp chat
trung gian cua phan iing;:

— Phan tng;
— Giai hap phu va khuéch tdn ra khol mao quan.

Trong cdc giai doan nay, cé thé nhan thdy kha nang khuéch tdn cua cic
phéan tir trong mao quan zeolit ¢6 anh hudng rat 16n dén tién trinh phan tng,
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cu thé la né déng vai trd chi yéu dinh huéng cdc phan dng xic téc.

Mit khdc, khd nang khuéch tin vira phu thugce vao ban chit phan tir lai
vira phu thuge vao kich thudc cia hé mao quan trong zeolit, do tinh chat
chon loc hinh déng cua zeolit quyét dinh. Véi cau tric cdc mao quan dac biét
v rit déng déu, zeolit chi cho phép cdc phan tw ¢6 kich thude nho hon cia 6
di vao va thodt ta khoi cdc mao quan cia nd.

) Chonloc chdr phan ting

Cidc tim xic tdc ndm trong cdc khoang hodc mao quan c¢é dudng vao bi
gi6i han bai kich thuée clra s6. Nhu vay, chi ¢6 cdc chat phén tng ¢6 kich
thude nhd hodc gin bing dudng kinh cdc clta s6 ndy mdi ¢6 thé khuéch tin
vao trong cdc mao quan dé dén cdc tam hoat déng va tham gia phén ing.

| EEmmmEE
SNTNNS s
/\/\(Q

Co ché chon foc chat phan tng
h) Chon loc sdn phiam
Chi ¢6 cdc san phadm phan dng c6 kich thudc nhd hon mao quin méi ¢6
thé khuéch tdn ra ngodi cdc 16 x6p dudi dang cdc san phim cudi ciing,
Cdc san pham céng kénh khic, néu ¢é tzo thanh trong qua trinh phan
dng thi cling s& bién dai thianh cdc phan tir nhé hon hodc ngung tu lai, bit
chat ¢de mao quan 1am mat hoat tinh xdc tdc,

Loai chon loc nay rit thich hop cho nhitng phan dng cdn chon loc san
phdm mong muén trong s6 cdc déng phan cia né. Vi du, chon loc dang para
trong phan iing alkyl hod toluen. Sy alkyl hod toluen s& tao ra ba déng phan:
octo, merd, va para-etyl toluen. Chi ¢ para-etyl toluen c¢6 thé tich nhd hon,
do vdy, né khuéch tdn nhanh hon ra ngoai mao quan nén luén cé mit trong
hén hop san phim. Do dé do chon loc hinh déng dsi véi pura-etyl toluen
tang lén. O bén trong mao quin, do qud trinh izome hod xady ra nhanh, nén
ndng dé cua ba izome tién téi ndng 46 cin bang nhiét dong hoc, d6 chon loc
dadi vdi para-etyl toluen s& phu thudc vao ty sé cia téc dé khuéch tdn va téc
d¢ izome hoi ¢na ba déng phan.
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Co ché chon loc s4n pham
) Chon loc hop chét trung pian

Sir chuyén hod chit phan ing A thanh sin phim P xdy ra qua mot trang
thai trung gian ¢é cdu tric va kich thudc xdc dinh.

Néu dang hop chit trung gian cia phdn dng qua 1én so v4i dudng kinh
cdc mao quan thi phan iing khong thé xay ra ngay ca khi cdc chit phan tng
va san phdm mong mudn nhét ¢é thé khuéch tdn dé dang ra ngoii 16 x8p. Chi
cé phdn ng nio cé kich thude cia hgp chit trung gian va trang thdi chuyén
ti€p phit hop véi kich thude mao quan cla zeolit méi c6 thé xdy ra.

Chang han, né€u san phim trung gian 13 jon cacbenium nhiéu nhéanh,
hodc néu co ché hinh thanh né 14 phan ing ludng phan tir vé chuyén dich
hydrua hay la phan Ung ludng phan tir phan b§ alkyl thom, khéng thé xiy ra
kht khodng khong gian trong mao quin qué nhd, qud chit hep, phan iing theo
co ché nhu trén 13 khéong xay ra.

W

Co ché chon loc trang thai chuyén tidp

Mot hiéu Gng rdt quan trong cua khdi niém d¢ chon loc hinh ding 1a:
“kich thudc cha trang thai chuyén ti€p” duge chi ra trong trudng hop nghién
ciru vé phan (ng izome hod va cracking cac parafin nhe.
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Qua trinh izome hod # -butan trén zeolit mao quan 16n dién ra theo co
ch€ ludng phan tir. Trén cic xic tdc ndy, sidn phdm cta phan iing chi'yéu la
izo-butan, propan, va pentan.

Trén zeolit HZSM-5, khéng gian tu do trong cdc mao quan khong da dé
cho phép mot phan tng ludng phén tir xay ra va trude hét 1a su hinh thanh
trang thdi chuyén tiép trong ludng phan tir. Do su han ché nay ma téc do
phan Gng izome hoa izo-butan trén zeolit HZSM-5 s& nhé hon 100 14n so véi
H-meordenit, cho du hai zeolit ndy ¢6 do axit twong duong nhau.

Nhu vay dé chon loc hinh ddng theo chit phan ing hoic sdn pham phan
ting s& thay déi theo kich thudc hat. Hat zeolit cang 16n thi d6 chon loc cang
16n d6i v&i cdc chat phan fing hodc san pham {t ¢céng kénh. Nguoc lai, do
chon loc theo hinh dang cua cdc trang thdi trung gian 1a mét hiéu dng thuin
hod hoc, cdc san pham trung gian khé dich chuyén, dé diang bao quanh cic
tam hoat tinh. Do viy do chon loc nay s& khong phu thuoc vao kich thude
hat zeolit.

XIV.2. UNG DUNG CUA ZEOLIT TRONG LOC - HOA DAU

Viéc tim ra zeolit vi téng hgp duge ching di tao nén budc ngoat 16n
trong cong nghiép hod hoc, dic biét trong nganh coéng nghiép dau khi. Viéc
ang dung zeolit khong nhitng 1am tang vé€ ca s6 lugng, chit lugng cla cic
san pham ddu khi ma cdn gép phdn nang cao hiéu suat cia céc qud trinh ché
bi€n mot cach ding ké.

Luong zeolit sir dung trong loc hod ddu ngay cang ting vé ca s& luong,
chung loai va khéi lugng su dung. Dudi day 1a mot s6 théng ké vé su dung
zeolit trong cdc cong doan loc hod dau.

Bdng XIV 4. Lugng xuc tic zeolit st dung trong loc - hod dau

Qua trinh tinh ché Xuc tac Lugng xuc tac sit dung
1978 (Tin) 1985 (Tin)
Cracking xdc tac Zeolit 280.000 350.000
Alkyl hos Zeaolit 175.000 240.000
Hydrocracking Zeolit 19.000 46.000
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Ly do dé zeolit tr& thanh mot xic tic cuc ky thanh cong trong loc hod
dau la do nhitng dic tinh néi trdi cba né so véi cdc loai xiic tic khdc nhu:

 Zeolit ¢6 bé mit riéng I6n do d6 c6 kha nang hidp phu cao. Tinh
chit hdp phu cia zeolit ¢6 thé dvoc khéng ché va thay déi tuy thuoc
vao tinh chit bé mit wa nuede hodc ky nudc cua vart lién,

e C6 thé diéu chinh duge luc axit va néng d6 tam axit trong zeolit
cho philt hop véi ting phan iing cu thé.

¢ Kich thuéc cna edc mao quan (kénh, ranh) cdc héc 16 cha zeolit phir
hop véi nhiéu loai phan tir ¢6 kich ¢& tir 5 A dén 12 A. Mit khic
trong mao quan coa zeolit tén tai mét dién trudng manh nén cdc
phan tir tham gia phan tng dugc hoat hod trong mao quan, téc do
phan dng s& nhanh.

Cdu tric mao quan ciia zeolit tao ra d6 chon loc hinh déng, nghia 12 chat
tham gia phin Wng, trang thii trung gian va cdc san phim phan ing phai
thich tng v&i khéng gian cho phép clia mao quan, do dé ¢6 thé han ché duoc
¢de phan Ung phy, thuan lgi cho viéc tac thanh san phdm mong mudn.

» Zeolit 1a vat ligu tuong d6i bén nhiét va bén thuy nhiét. Bing cich
bién tinh thich hop, ngudi ta c6 thé ché tao cdc loai xic tic hoat dong tot
trong nhitng diéu kién phan #ng khic nghiét.

* Bing viéc thay thé, thém bdt mét s6 thanh phan vi lugng trong nguyén
liéu tong hop, c6 thé 120 ra nhing loai zeolit méi ¢6 cdu tric phi hop yéu
cdu cha cdc qua trinh trong loc - hod diu.

Cic qud trinh cong nghe sir dung xdc tdc zeolit thudng don gian hon cdc
xic tic khdc va cé thé giam bét sy 6 nhidm méi trudng.

Do nhitng dac tinh wvu viét nhu vay nén zeolit di trd thanh loai xic tdc
khong thé thi€u dugc trong cong nghé loc hod ddu. N6 duge sir dung trong
hau hét céc cong doan quan trong nhu:

» Cracking xdc tdc. e Oligome hoa alken.
+ Alkyl hoa. e Thom hod cdc alkan, alken.
* [zome hod.

Hién nay, zeolit chi€m t6i 95% tong luong xiic tic trong loc va hod ddu.

Ngoai ting dung chinh nhu trén, zeolit cdn sit dung che cic muc dich
khac nhur:
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» Diung lam kho khong khi va ciac chit (kha nang lam khé cua zeolit
c6é thé dat 16i lugng dm con xdp xi 0,1 + 0,3 gam hoi 4m / gam
chat).

» Ding dé tinh ché chit 16ng, khi, tich cdc hén hop hydrocachon,

¢ Lam chat mang trong tac nhan luu hod cao su va chit déo.

» Lam hat trao d8i ion dé tdch déng vi phdng xa trong coéng nghé hat
nhan.

X1V.2.1. Zeolit trong phan dng cracking xie tac

Cracking xic tac 18p s6i FCC la cong nghé sir dung xiic tac zeolit 1dn
nhit ¢ My, xuc tdc cracking chiém 42% luong xudc tac st dung trong loc ddu.
Zeolit lam xiic tdc cho qud trinh ny la loai zeolit Y siéu bén (USY). Ly do
dé lua chon loai zeolit nay 1a do:

» Zeolit USY c6 do bén nhiét cao (phan Ung cracking xic tdc tién
hanh & diéu kién nhiét d6 cao).

e USY c6 kich thuée 16 x8p 160, nhu vy cdc phan tir ddu nang <6 thé
chui lot qua va xay ra phan dng.

Ngoai ra, cé thé diing zeolit X, Y, ZSM-5, ZSM-11 chita cdc nguyén t&
dat hiém hay & dang da trao ddi ion, thay Na® bing cic cation hod tri +2 nhu
Ca, Re, s& lam thay ddi dac trung cdu tric cla zeolit: kich thudc 16 x8p ting
1én, do axit tang 1en, d6 bén nhiét tang lén.

Zeolit NaA bén dén nhiét dé 650°C.
Zeolit NaY bén dén nhiét dé 700 + 750°C.
Zeolit CaY bén dén nhiét do 800°C.
Zeolit LaY bén dé€n nhiét do 850°C.

Do bén nhiét coa zeolit s& tang khi ham lugng SiO; ting, hay tiang kich
thuée ciita cdc cation kim loai.

Zeolit c6 hoat tinh cracking ldn, vi thé ngudi ta ding né & dang hén hop
v6i xic tic v6 dinh hinh hay aluminosilicat tinh thé va duoc goi 1a xic tdc
chifa zeolit. Trong san xudt xic tdc, ngudi ta thudomg tron 10 dén 20% (khsi
lugng) zeolit, vdi hop chit nhu vay, xic tic ciing di cé hoat tinh manh, hon
hin xdc tdc aluminosilicat théng thudng.
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Trong cong nghiép, ngudi ta ché tao xic tdc chita zeolit & hai dang
chinh: xidc¢ tic dang cdu va xic tic dang bot.

T xiic tdc dang bot va sau dé cai ti€n thanh xic tdc dang cdu, thudng
duge dp dung cho qud trinh cracking lép soi (FCC), con xiic tic dang cau vai
kich thuéc hat tit 3 dén 5 mm thi ding cho qud trinh xdc tic 16p chuyén
dong.

Xic tdc chita zeolit ¢6 wu diém 13 gid thanh ha, dé& ding tdi sinh (d6t
chdy céc¢) vi ¢¢ tao thanh s& bidm trén bé mit chit mang chit khong & trong
mao quan cia zeolit.

Ngodi ra, ¢6 thé tang hiéu qui xic tdc clia zeolit biing cdch sir dung chit
nén.

§ cdc nha mdy loc dan hién dai, yéu ciu ché€ bién cic ngudn nguyén
liéu ngay cang nhiéu hon véi su gia ting khéng ngimg phin can sau chung
¢dit khi quyén, nén viéc sit dung xdc tdc zeolit ngiy cing phd bién va cé tim
quan trong.

Viéc tang lugng cacbon conradson trong nguyén liéu da lam gidam do
chuyén hod vi nhiét do hoan nguyén phai tang va phai gidm ty s§ xic tic / ddu.
Vin dé d6 c6 thé duge cai thién néu lua chon xiic tdc c6 ty s6 zeolit / chat
nén thich hop, dé dat duoc phan ddy cracking circ dai ma khong lam ting
luong khi kho hay cée.

Mat khic, chiit nén ciing c¢é thé duge diéu chinh dé cé dwoc bé mit
riéng, do axit va su phdn bé kich thréc mao quan phi hop.

Cic hat xtc tdc cua qud trinh FCC bao gém chu y&u khodng 35% (trong
lugng) zeolit Y, phdi liéu v&i mot chat nén gém Si0O, déng vai trd chit két
dinh va Al,O; d€ cracking cdc phan ti 16n. Chit nén thudng bao gém ca dit
sét dé 1am cho x(c tdc ¢6 ty trong thich hgp.

Mot trong cdc vai trod cua chit nén 1a tang stc dé khdng cla zeolit d6i
vdi cdc chit ngd doc kim loai. Tang ham lwong cia chit nén ciing 1am ting
kha nang bén thuy nhiét cua xdc tic.

Kha nang ti€p nhan cia nguyén liéu vio bé mit va di vao bén trong clia
xic tdc phuy thudc vao kich thuée phan tor cua hydrocacbon, su phan bd cic
mao quan cua xuc tic, sy thong thodng cua cdc 161 vdo mao quin, va phu
thudc vao thoi gian ti€p xudc gilta xuc tic va nguyén lién v.v...
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Cic mao quan Ién ¢6 hoat tinh thip va bé mét nhod nhung cé kha niang
hoat dong nhuv ngudi din dudng, van chuyén cdc phan tir dén cdc tam xic tic
trong cidc mao quan nhd hon. Viéc cai ti€n kha ning ti€p nhan nguyén liéu
d6i véi xic tac FCC 1a mot van dé thoi su dit ra trong cdc cdng trinh nghién
citu hién nay. N6 giip cracking phdn cin t6t hon, khd nang chéng ngé déc
xuc tdc tot hon, cai thién hé s& khai thic caa cong doan FCC va gidm cic
phan @ng phu, cdc phan dng tdi cracking.

Ngudi ta di nhédn thdy ring, hé sd khai thdc ¢6 thé dwge nang lén gip
doi nho cau tric mao quan thodng (md&) hon, né khéng chi tic dong dé€n kha
ning khuéch tdn trong cdc hat xiic tic ma cdn ting cwdng kha ning giai
phong chét khoi bé mat xic tdc nhanh hon,

Kha nang khuéch tin ciia cdc phan tir duge cai thién con lam gidm thoi
gian luu ciia cdc sin phidm trong mao quan xic tdc. Do 46, cdc phin ing
phu, cdc phan iing tdi cracking ciling giam. Xuc tac ¢6 cu tric rat mé ¢d kha
nang ti€p nhin nguyén liéu cao giip cho ¢dc ty cracking va do vay ma gidm
su tao coc. Con trong cdc 10 phin Ung, néu thoi gian ti€p xic ngin thi xic
tdc dé bi tao cée vi khong di thoi gian dé chuyén tién t6 tao cc dén tip xiic
v6i cic tam xic tdc, ma né lai bi chuyén ho4 tiép do viy ham luong céc tang lén.

Hién nay, ¢ M§ va moét s6 nudc khic sir dung xic¢ tic zeolit mao quan
si¢u rong (UWP) phoi lidu véi zeolit Y. Cic dic trung cla loai xic tic nay
xem bang XIV.5.

Can ¢t vio ham lrong xang thu duge, thdy ring day 1a mét loai xiic tic
cracking rit tét.

X1V.2.2. Ung dung cua xiic tac zeolit trong qua trinh atkyl hoa

Trudc diy, phan ing alky! hod duge tién hanh véi xic tic axit nhu HF,
H,S80,. Cic xic tic nay giy 6 nhiém mo6i trudng vd in mon thiét bi. Ngay
nay, UOP di sir dung xidc tdc rdn nhu:

— Di thé hed xuc tdc HF (mang trén chdt mang ran).

- Sir dung xtic tdc chita zeolit loai CaNiY, LaHY, nhat 14 zeolit Y <6
chita canxi va cdc nguyén t6 d4at hiém.

Khi ding xtc tdc chira zgolit thi diéu kién céng nghé cua phan ing ¢é
khdc hon: nhiét dé cao v dp suat cao hon so v&i khi diing HF, nhung uu
diém chia né 1a it phan ting phu v dé€ tich xuc tdc, san phdm tao thanh tinh
khiét hon.
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Bdng XIV.5_ Bic trung cha xic tac FCC tiéu chudn, phdi liéu
v6i zeolit mao quan siéu rong UWP (MCM)

Céc thong s8 Xlc tac FE]C Xug¢ tac phéi
tieu chuan ligu MCM
Thanh phan hoa hoc

Y-zeolit {% trong lugng) 35 35

UWP zeolit {% trong lugng) - 10

Chat nén heat déng 10 -

Phan tich vat Iy

Bé mit ban dau (m*ig) 237 344

Thé tich mao quan (mlg) 0,11 0,174

Bé mat sau khr hoat tinh Ni (m?fg) 137 164

Thé tich mao quan sau khi khit hoat tinh Ni (mzfg) 0,053 0,073

Do chon loe Ung vdi 8% chuyén hod

Xang {% trong lugng) 43,7 43,8

LCO {% trong lugng) 17.9 16,0

Phan day (% trong lugng) 14,1 16,0

Céc (% trong lugng) 24 26

Mét s6 quy trinh cong nghé dung zeolit hién nay dang duge thuc hién dé
san xuit etylbenzen vi day 12 alkylat quan trong nhat (90% lugng etylbenzen
ding d€ san xudt styren). Phan tng alkyl hod benzen bing etylen sir dung
zeolit H-ZSM-5, & diéu kién nhiét do 450°C, 4p suit 2 dén 3 MPa, ty s& mol
benzen / etylen 1a 5 : 20.

Alkyl hod toluen bing etylen ding xdc téic ZSM-5 bién tinh, thu dwoc
p-etyl toluen v&i do chon loc rat cao (97%), do chuyén hoi toluen cao.

Qua trinh di phan toluen chon loc cia hing Mobil sir dung tinh thé 16n
H-ZSM-5 & 455 + 475°C, p = 2 + 4 MPa, tao ra ham luong p-xylen 82 + 90%
& 30% chuyén hod. Vigc sit dung tinh thé 16n 13 cdn thigt vi ci ba déng phan
cua xylen duge hinh thanh trong ¢dc mao quan, nhung nhd kha ning khuéch
tdn 16n coa p-xylen so véi hai déng phan kia nén san phdm mong muén la
p-xylen thodt ra khoi tinh thé. Con hai déng phan kia nim lai trong zeolit
budc phai chuyén hod thanh p-xylen. Nhiét @6 cua qui trinh cdn cao vi nang
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luong hoat hod cua phan ung di phan 16n.

Phan ting di phan toluen dé thyc hién vi né khong doi hoi thém moét tac
nhan alkyl hoi nao, déng thoi san phdm xylen vi san phim phu benzen déu
c6 gia tri.

Alky! hoa benzen bing propylen:

CH—CH,
@ + CHy —» (1:H
3

Phan ung x4y ra trong pha hoi. San phdm thu dvgc 1A cumen, ding dé
diéu ché phenol v axeton. Xic tac st dung 1a zeolit Y & 200°C. P6 chon loc
dat 70 dén 90%.

Co thé thyc hién phan Gng trong pha 1dng, lic nay xic tic si dung la
zeolit B vi ZSM-12, chiing ¢6 tinh én dinh cao hon va d6 chon loc t6t hon so
vGi zeolit Y.

XIV.2.3. Zeolit trong qua trinh izome hoa

Dé thuc hién c6 hiéu qua phdn dng izome hod cic alcan, hién nay phd
bi€n st dung xiuc tdc ludng chitc. Trong dé Pt déng vai trd chic ning oxy
hoa - khir (xic tién cho phan lng hydro hod, dehydro hod). Zeolit-12 MR
(cira s6 vong 12 canh) cé mao quin 16n, cé chic nang axit. Ngoai zeolit-12
MR, ZSM-5 1a nhifng xic tdc phd bién nhat, cdn cé6 Mordenit, SAPO-11,
zeolit B, Pt-H-mordenit. C6 thé tham khao cdc xiic tdc izome hoi & bang
XIv.6.

X1V.2.4, Xic tac zeolit trong phan itng thom hoa alcan

Muc dich cia qud trinh ]a tao ra cdc hydrocacbon thom la nhiing cdu t
co tri s6 octan cao cla xing, ngodi ra }a nguyén liéu cho tdng hop hod dau.

Cdc xic tdc sir dung 14 H-ZSM-5, Ga-H-ZSM-5, Ni-H-ZSM-5, Zn-H-
ZSM-5, Mo/ZSM-5, Ag-H-ZSM-5. Ngoai ra, ¢6 thé ding cdc loai khic nhu
Pt/zeolit 3.
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Tat ca cdc xdc tdc trén déu cho d6 chuyén hod va do chon loc cua
hydrocacbon thom rit cao. Céc s68 liéu dd duge phan tich k§ & phén trén.

Bing XIV.6. D6 chon loc cia phan ing izome hoa n-octan trén

xuc tac Pt mang trén cac chat mang khac nhau

I-Cq 2M:C; | Cy+ G I-C, DM-Cq
Chat mang Nhiégt dé Do 3M-C; Cy n-Cs | Bochonloc
chon lge (ty 56 mol) (%tr.1.)
Si0,-Aly 04 371 06,4 0,67 0,95 0,96 8,5
HY 257 96,8 0,71 0,64 35 12
ZSM-5
(80SI0,/A1;03) 260 56,6 1,54 2.1 1,2 1.8
ZS8M-5
{650SI0-/A104) | 343 58,4 0.88 12 0,98 5,6
Na-beta 367 74,3 0,70 0,68 1,7 10
SAPO-11 331 94,8 1,07 1,0 0,92 2.3

XIV.2.5, Xiic tac cho qua trinh hydrocracking

Cong nghé 6t6 vA mdy bay phat trién di doi héi phai ting nhanh vé s&
lugng ciing nhu chit lugng clia nhién liéu dong co va ddu béi tron. Diéu d6
di thic ddy cdc qud trinh ch€ bién c6 hiéu qud nhu: cracking xic tdc,
reforming xuic tdc, alkyl hod va izome hod phdt trién, ciing nho ddng luc do
ma qud trinh hydrocracking phat trién véi nhip do nhanh.

Bang hydrocracking, ¢6 thé ché bién hiéu qua cdc dang nguyén lién cin
va phan ¢4t ddu mé thanh nhién liéu, d4u boi tron, dong thoi con cho phép
nhan nguyén liéu cho cdc qud trinh ché bién hod diu va loc dan.

Sau qud trinh FCC thi hydrocracking 13 qud trinh sit dung luong zeolit
1ém thi hai.

Qud trinh ndy c6 lién quan dén phan ng cracking vi phan ing hydro
hod - khir. Chife oxy hod - khir cha xic téc 6 tdc dung tang téc cic phan dng
hydro hod - kh{r hydro, chitc axit ¢6 tic dung thiic ddy cdc phan ting xiy ra
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theo c¢o c¢ché& ion cacboni: phan tng dong phin hed va phan ung hydro-
cracking.

Thong thudng, chic axit duge tae ra 1d do do axit caa cdc chdt mang
Al2Q5, aluminosilicat, zeolit.

Chiic hydro hod gém cic hon hop sunfit niken va Mo hedc W, hay ciing
c6 thé 1a cdc kim loai qui nhu Pt, Pd.

Hiéu suit cuc dai cha cdc sdn phdm c6 ich duge dam bao boi su chon lya
xiic téc phit hop hodc bing cdch han ché do bién déi sau cla nguyén liéu va
tufin hoan ngudn nguyén liéu chua bi bién déi.

Pé dat duoc hidu qua cao, xic tdc cia qud trinh hydrocracking can phai
cé kha niing cracking manh && cé thé dam bao bién déi duge cdc cdu tu khé
chuyén hod nhit ¢ia nguyén liéu. Péng thoi xic tdc cling phai ¢6 kha ning
izome hoa cao dé ting I)?. 1& giita izo-parafin va n-parafin trong san phdm cuéi.

Hon nita xic tdc hydrocracking cdn phai c¢é hoat tinh hydro hoa nhat
dinh d€ no hod cdc phin t nhd, dwge tao ra trong qua trinh phén itng.

Gin day, viéc sir dung xiic tiac zeolit dang dugc phé bign réng rii nhim
ning cao hoat d¢ cia xdc tdc, tdng tinh chiu dung cua xic tic d6i véi su ngd
doc ctia cdc hop chit phi hydrocacbon, déng thoi 1am giam qud trinh tao cdc
bdm trén bé mat xiic tdc.

Cac zeolit ¢é kich thuéc mao quan 1én, vi du, faurazit (loai X va Y)
dugc sur dung rong rii nhat, mordenit ciing da duoc ing dung trong qua trinh
hydrocracking cdc phan doan nhe hon, vi du phan doan naphta.

Gan day, céc zeolit ¢6 kich thuéc mao quan trung binh, vi du loai
Pentasil, diac biét 13 ZSM-5 ciing da duge so dung cho qua trinh hydro-
cracking cdc nguyén liéu nang nhu ho parafinic.

Do qud trinh hydrocracking ¢é lién quan dé€n ca chiuc axit va chite kim
loai, nén hoat tinh va d¢ chon loc ciia chit xic tic phu thudc vao ban chit va
tinh chét cha cdc chirc nay. Xic tic phdi c6 khi ning lya chon dé dam bado
duoc nhitng ddi hoéi cha san phdm mong mudn tir ngudn nguyén liéu ban diu.

Cédc chit xiic tdc véi do axit khdc nhau dd duogc diéu ché€ bang cdch sir
dung cdc zeolit nhu: USY, ZSM-5, Pentasil ferrosilicat va silic - nhom -
photphat (SAPO). Chitc nang kim loai duge thir nghiém d6i voi cdc kim loal
nhu Pt, Pd, Ni-W.

235



Cac diac tinh caa xdc tdc zeolit xem & bang XIV.7.

Bdng XIV.7. a) Dac trung hoi 1y clia cac zeolit
sir dung trong hydrocracking

Zeolit Ty 50 SitAl Kich thuéc Loai mao quén Thé tich mac
mao quan (A) quan (cm¥g)
usY 5,7 8.0 3D 0.48
Z3M-5 82,0 5,6 2D 0,18
{Fe)-ZSM-5 88,0 5.6 20 0,18
SAPO-5 0,1 80 1D 0,30

b) Zeolit c6 bé sung kim loai

Chat xuc tac da bd sung Zeolit Chuce n&ng kim loai
kim loai (ham lvgng, % treng lugng)

Pt-Y usy Pt (0,3)

Pd-Y usy Pt (0,3)

Ni/W-Y usy NiQ {6,0); WO3 {15,0)
Pt-ZSM-5 Z8M-5 Pt (0,3)
Pd-Z8M-5 ZSM-5 Pt {0,3)
Ni-ZSM-5 ZSM-5 Pt (0,3)
Pt-(Fe}-ZSM-5 (Fe)-Z8M-5 Pt (0,3)

Pt-SAPQO SAPQ-5 Pt (0,3}

Trong cdc xic tdc trén, c6 thé sip x&p theo tht tyr ting ddn cua céc trung
tim axit nhu sau;

SAPO < (Fe)-ZSM-5 < ZSM-5 < USY

Hoat tinh cia cdc zeolit d6i véi qud trinh hydrocracking ddu md duge
sdp x€p theo thif tu tang din nhu sau:

SAPO < Fe-ZSM-5 < USY < ZSM-5

Nhu vay, zeolit USY va ZSM-5 t4 ra 14 cdc xic tic t6t hon ¢i cho qud
trinh nay.
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Chuwong XV
SO LUGC VE DAU MO YA KHi CUA VIET NAM

XV.1. KHAI QUAT CHUNG

Hang nam, thé gidi st dung mét lugng nhién ligéu rat 16n: hon 3 ty tan
diu va hon 2 ty tin khi. Trong dé6 M§¥ s dung 800 triéu tan didu, ¢dn Viét
Nam: Tir nam 2001 tr6 di da dua lugng su dung nhién liéu lén 12 triéu
tan/nam.

Trit luong diu mo trén thé gidi tinh dén 1996 c6 thé khai thiac duoe 135
ty tdn. Cho d&€n ngay nay, vin thudng xuyén phat thién ra cic moé ddu mdi,
thém vao d6, cong nghé khai thic va ché€ bién dau ngay cing phit trién cho
phép khing dinh ring, ngudn nguyén lieu div khi vin rit déi die vi san
lugng ddu khi dua vao s dung ngdy mot nhiéu thém.

$ Viéet Nam hién c6 ba mé diu quan trong dang duge khai thac, dé 1a:

— Mo Bach H6: Bit ddn khai thac tit 1986. Téng san lugng khai thac dat
trén 30 triéu tin. San lirgng khodng 7 + 9 triéu tdn/nam. C6 thé khai thic vai
ba nam nita, sau dé s€ giam dan.

— Mo Roéng: Biat ddu khai thac tir 1994, song sin lwong chua nhiéu, dat
12.000 dén 18.000 thing / ngly.

— M6 Dai Hung: Bit dau khai thdc tr 10/1994, san luong 32.000
thiing / ngay (5.000 tan/ngay).

Nhu vay téng sin lugng ddu thd cd ba mé trong nam 1994 1a 7 triéu tan,
nam 1995 1a 8§ triéu tdn. Tir nam 2000 hreng khai thac duge 1én 161 20 triéu
tdn/nam.

V¢é khi hydrocacbon, hién nay ¢6 hai mé dang dvge khai thdc:

— Mo Tién Hai (Théi binh): 12 mé khi thién nhién trong d4t lién, dirgc
khai thdc tir nam [981. Pay 12 mé khi nho, hang nam cung cdp 10 dén 30
triéu mét khéi khi cho céng nghiép dia phirong.

— Mb Bach H4: la dang khi déng hanh di kém khi khai thic ddu. Khi
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khai thic moéi tan ddu ¢ thé thu dwge 180 dén 200 m3 khi déng hinh.
Tiém nang ddu khi 6 Viét Num

Nim 1994 trong Bdch khoa toan thu dau khi thé giéi di dua con s& trit
luong 6 thyc va xé€p ddu khi Viét Nam vio vi tri thit 6 trong 7 nudc chau A -
Thai Binh Duong (bang XV.1).

Thye té gin day, nhiéu mo khi 16n da dwge phat hién nhu md Lan Tay,
Lan D6 do hing BP phat hién, trit lugng uéc tinh 57 ty m® khi thién nhién.
Ciing theo tinh todn cua hing BP, trit luong tiém ning khi cia Viét Nam
khodng 300 dén 400 ty mét kh6i. Nhu vay cé nghia rang s& c¢6 su thay déi
ddng k€ trong bing xé&p hang nay.

Theo Petro Viét Nam, cin cif vao két qua khdo sdt clia cdc céng ty nude
ngoai trong thoi gian gan day, du kién trir luong tiém nang ddu khi Viét Nam
c6 thé dén 5 dén 6 ty tan. Petro Viét Nam dang dat muc tiéu dua sin luong
dau khi vao nam 2000 Ién 20 triéu tdn dau quy déi. Trong d6 sin lugng cuc
dai s& dat 34 dén 40 triéu tdn/nim trong giai doan sau nam 2000, kéo dai dé&n
nam 2010.

Bdng XV {. It lwong dau khi clia mét s6 nude
(theo Biach khoa toan thu diu khi the giéi 1994)

54 Tén nudc Dau Khi Tdng dau va khi qui d6i
T (ty thang) 1000 ty fest khai {t¥ thiing dau)

1 Malaisia 43 76,7 18,5

2 tndonesia 58 84,4 18

3 Oxtraylia 18 18,3 5,3

4 Brunay 1.4 14,0 4.0

5 SNG 0.3 15,0 3,1

6 Viét Nam 1,2 37 1.9

7 Thai Lan 0,2 85 18

XV.2. PAC PIEM DAU THO VIRT NAM

Ddu thé Viet Nam thuge hg ddu parafinic. Trong s6 cdc mo diu dang
khai thdc hién nay 0 Viét Nam, quan trong nhit 12 md d4u Bach HS va mo
Dai Hung. Diu tho khai thdc thuong mai tir hai mé niy chiém 80 dén 90%
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téng sdn lugng ddn thé & Viet Nam trong thdi gian qua va ngay ca hién nay.
Vi viy, diu tho Bach HS va Dai Hing dwge xem nhu hai loai ddu tiéu biéu
rthat clia Viét Nam, do d6 thong qua cdc nghién c¢itu vé diu mo Bach Hé va
Pai Hiing ta c6 thé rit ra nhitng tinh chat dac trung quan trong.

XV.2.1. Dau thé Viét Nam thuéc loai nhe vira phai

Ty trong ciia ddu thé Viét Nam ndm trong khoang 0,830 = 0,850; din
Bach Hé ty trong 0,8319 (36,6°APl), didu thé Dai Hung ty trong 0,8403
(36,9°API). Trén thé giGi ¢é nhiing loai ddu nhe hon nhu ddu Angiéri
d = 0,830 va c6 nhing loai ddu ning hon nhv dau Vénéxuéla o = 0,948. Dic
tinh nay quyét dinh téng hiéu sudt san phdm tring (xing, kerosen, diézen)
trong ddu th6é cao hay thap. Ddu cang nhe, téng hiéu suit sin phdm tring
cing cao va ddu d6 cang ¢é gia tri cao. DSi v6i ddu thé Viét Nam, tdng hidu
sudt san phdm tring chiém ti 50 d&n 60% khéi lwvgng ddu thé. Chang han khi
chung cit ddu thé tir moé Bach H va mé Dai Hung cho thdy tiém luong céc
phan doan nhu & bang XVI.2.

Bdng XV.2. Hiéu suit ¢ac san phim cit truc tiép tir dau tho Viet Nam

Céc phan doan Higu sudt, % V tur dau thé
Bach Hé Pai Hung
Naphta 17 .81 22 65
Kerosen 1391 14,70
Do 19,51 2715
Can {chung khi quyén trén 345°C) 48,27 39,45
Can {chung chan khong trén 350°C) 14,2 5,0

Qua thuc t€ san xudt cia Sai gon Petro v&i ddu thé Bach HE, chi bing hé
thi€t bi chung cat khi quyén ciing di thu dwgc hiéu sust cdc sidn phim nhu
sau:

Naphta : 17,2% khoi lugng
Kerosen: 7,0% khdéi lugng

DO : 28,5% khoi lugag
FO : 45,8% khdai lugng
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XV.2.2. Dau thd Viét Nam 12 loai diu sach, chifa rat it ciac doc tg,
rat it hru huynh, nito, kim loai ning

Vé ham lwong luu huynh (S), ddu thé Viét Nam chita rat it Trong déu
thé Bach H& chi chia 0,03 dén 0,05% liu huynh, dan thé Pai Hung chia
0,08%. Nhimg loai ddu tho it luu huynh nhirr vdy trén thé€ gidi rit higm.
Trong khi d6 ddu tho ¢é luu huynh va nhiéu lru huynh (trén 2% S) gap rat
nhiéu & Trung Pong.

Khi dau thé chua dwéi 0,5% S di dwge 1iét vao dan tho it luu huynh va
¢6 gid tri cao trén thi trudng thé gisi. Nguyén nhan 13 do chi phi dé san xuit
cdc sin phdm dat chét luong cao theo quy dinh vé ham luong luu huynh, d6i
v6i dadu it luu huynh thdp hon nhiéu so v&i ddu tho c¢é ham luong hru huynh
cao. Truong hop véi ddu the Bach Ho cia Viét Nam, khong cén phai ding
qué trinh xir 1y gi thém ma cdc san phdm nhu xing, kerosen, DO, FO vin dat
dugc chit lugng cao vi ham luong S nhé hon nhiéu so véi dinh mic nhir s6
liéu & bang XV.3.

Bdng XV.3. Ham lugng § trong cic sin pham chung cit truc ti€p

. . 2 Ham lugng S, % khdéi lugng
Céc san pham -
Mifc guy dinh San pham thir dau thé Bach Hé
Naphta 0,25% 0,0007
Kerosen 0,1%% ; 0,25%** 0,00t4
0o 0.1 0,0166
FO 25 0,09

* Quy dinh cho xang; ** DAu hod dan dyng; *** Nhién liéu phan lyc.

Ham lugng cdc kim loai ning, cdc hop chét chifa nito trong ca diu the
Bach H3 va ddu tho Dai Hing déu rit thap.

Cic kim loai ning 6 hai, 1am giam chét lugng va gia tri coa dau tho,
thudug quan tam nhit 14 niken va vanadi. Trong diu thé Bach H3, ham lugng
vanadi chi ¢6 0,09 ppm va ham luong niken ciing chi cé 2,64 ppm. Trong
diu the Dai Hiang ham lugng vanadi chi ¢6 0,15 ppm va ham lwong niken
chi cé 2,54 ppm. Trong khi d6, trong mot s6 loai ddu thé trén the gi6i ham
lugng cdc kim loai ndng nay lén dén hang nghin ppm, nhu dau thé cia
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Vénéxuéla chita dén 1350 ppm.

Cac hop chit hitu co chira nito trong ddu thuéc loai chét c6 hai, gay ngod
doc nhi€u xdc tdc khi ché bi€n ddu thé, hodc lam cho san phdm kém én dinh
khi ton chifa, vi vay lam gidm gid tri cila ddu thé. Trong ddu thé Bach H8,
kam lugng nito chi ¢é 0,04%, trong ddu the Dai Hing ham lugng nito cling
rat thap, chi ¢6 khoang 0,03%.

Cdc chat nhua, asphanten trong ddu thé Viét Nam it, nén khong thé s
dung dé sdn xuit nhuya dudng (bitum) hodc than cSc c6 chat lwgng va hiéu
qua kinh té. Mit khdc, khi ch€ bién ddu tho bing cdc qué trinh ¢6 sir dung
xic tac, cic chit nhua va asphanten mau chéng 1am héng xiic tic, hon nita
nhitng chat nay ¢ mat trong san phdm s& lam san phdm kém &n dinh, lam
sim mau, ha thdp chit lwgng sdn phdm. Vi viy khi ché bién nhiing loai dau
tho chita nhiéu chat nhya va asphanten bit buéc phai xit Iy nguyén licu bang
cich chung cat chan khong (trudng hop nguyén liéu cho san xuat diu nhon)
diéu nay éay t6n kém va gidm hiéu qua kinh t&.

D&i v6i ddn thé Bach HS, ham lwong cdc chit nhira v asphanten rat
thap, chi ¢6 1,97% nhva, 0,77% asphanten, chi s§ c6c conradson 0.86%.
Trong khi d6, & trong ddu tho Dai Hang, hAm luong cdc chat nhwa va
asphanten ¢6 cao hon, 7,55% nhua va 2,5% asphanten, chi s& ¢Gc conradson
2,50%. Tuy vay ca hai loai ddu the Bach H6 va Dai Hung déu thuoc loai dan
tho chita it cdc chit nhwa va asphanten.

Vi vay déu tho Bach H8 va Pai Hung duoc xem 1 loai ddu sach, it luu
huynh, it kim loal nang, it nito, it cdc chdt nhua va asphanten nén chiing
thudc Joai dau tho cé gid tri cao trén thi trudng thé gidi. Theo nghién ciu
cha Vién ddu moé My UOP, cin chung cit khi quyén cia ddu tho Bach HS va
Dai Hung déu c¢6 thé sir dung tryc tigp lam nguyén liéu cho qud trinh
cracking xdc tdc ma khong cdn xir 1§ bing chung cdt chan khéng rit tén
kém, diéu nay cd ¥ nghia rat quan trong trong viéc giam toi thiéu ddu tw cho
x4y dung cdc nha miy loc ddu. Mat khéc ciling vi dau the Viét Nam sach nén
phan doan FO cua n6 chiia ham lwgng vanadi rdt nho, nén ditng 1am nguyén
liéu cho cdc 10 cong nghiép rat thich hop va khong gay 6 nhi€ém méi trudng.
Tuy nhién ca hai loai ddu Bach HGS va Pai Hing déu khong thé sir dung dé
san xudt nhua dudng hodc than céc, néu muén cé sin phim niy bit buoc
phai tron véi cdc loai ddu thé c6 ham lugng cdc chit nhya va asphanten cao.
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XV.2.3. Dau tho Viét Nam chita nhiéu hydrocacbon parafinic, dic
biét chira nhiéu hydrocachon n-parafinic Cqy + Cyy

Céc hydrocacbon n-parafinic Cyg + Cyg duge goi chung 14 parafin, cé rdt
nhiéu trong diu thé Bach Hé va Dai Hung. Trong diu thé Bach Hé him
lugng parafin lén d€n 29% con trong dau thé Pai Hing ciing dén 17,8%.
Trén thé gidi, nhitng loai dau thé chira trén 6% parafin dd thudc loai diu
nhiéu parafin. Su ¢é mat parafin véi ham luong rat cao trong ddu thé di lam
cho ddu the Bach HS va Dai Hiing giam hin d6 linh déng & nhiét do thap,
tham chi ngay ca & nhiét d6 thudng. Diém dong cia ddu tho Bach Hé 14 33°C
va dau Dai Hung 12 27°C. Do vay dd xuat hién khé khan khi bsc 16t, tén
chiia, dic biét khi van chuyén trong dudng 6ng din ddu khai thic ngdm dudi
day bién, budc phai cho cédc chit phu gia ha diém dong. Mat khdc, kbi ché
bié€n, cac parafin niim trong san phim ciling gay anh huéng twong tu, rd nhat
la cac loai nhién liéu cung cidp cho cdc xit fanh. Vi vay mudn thu dugc san
phim dat chit lugng yéu cdu, phii 4p dung cdc céng nghé va thiét bi chuyén
biét dé loai bo parafin. Him lugng parafin rit cao trong ddu thé Bach HS va
Pai Hung 13 nhuoe diém chinh, dnh huéng dén gia ca khi mna bdn trén thi
trudng.

Tuy nhién, xét dén phuong dién khdc, parafin khong phai 13 nhimg tap
chat ¢é hai, parafin Cjy + Cy & dang 16ng 12 nguyén liéu rat tot dé sian xuat
nhiéu hod chidt trung gian quan trong nhu cac ruou béo, axit béo, chat hod
déo, dung méi, dic biét trong san xuit cic chit hoat ddng bé mait va chit tay
rita khong anh hudng dén méi trudng, do c¢6 thé bi phan huy sinh hoc khi
nam trong nuéc thai. Parafin Csg + Cyp & dang rén, duge sit dung lam diém,
my phdm, gidy sdp bao géi thuc phdm, chit cdch dién, sin phim y t& Mat
khdc trong khi ch€ bién cdc phdn nhién liéu phan lre, diézen hay dau nhon,
do ¢6 chita nhiéu n-parafin nén ching phai dwge loai b6t d€ bao dam yéu ciu
vé diém déng cia san phdm. Mot diém déng chi ¥ la cdc parafin rin tap
trung nhiéu trong phdn cin (55%), trong khi 46 him lugng asphanten lai
thdp: chi 0,9% trong cén, do vdy ma phan can tit ddu thé Viét Nam khéng
thuan 1¢gi d€ san xuat bitum. Tuy nhién néu chiing ta tich hét céc parafin rin,
phdn ddu con lai cé thé ding 1am diu géc pha ch€ dau nhon loai t6t. Nhitng
$6 liéu vé diu tho Viét Nam dugce trinh bay & cic bang XV.4, XV.5, XV.6.

242



Bing XV 4. Sy phan bo cdc n-parafin 16ng trong phan doan s6i thip

n-parafin % V trong phéan doan
180 + 350°C 200 + 320°C 240 + 350°C

Cio 0,817 0,317

Ci1 0,085 0,327 2,987
Cqs 3,460 4,448 6,610
Cia 4,482 5,155 5,304
Ciq 4,599 6,104 6,286
Cis 4,750 5636 5,844
Cis 3,736 4,343 4,489
Car 3,890 3.018 3,094
Cyg 1,949 1,237 1,277
Cig 1,296 0,303 0,294
Cao 0,500 0,118 0,098
Cy1 0,204 0,028 {,046

Bdng XV.5. Su phan bd cac r-parafin trong cac phan doan soi cao

% V trong phan doan

n-parafin
300 + 350°C | 350 + 400°C 400 + 450°C 450 = 500°C
1 2 3 4 5

Cis 50

Cys 14,3

Cis 13,3

Ci7 22,1

Cig 15,2

Cie 10,8 0,2

Cao 59 0,7 0.1 0.1
Cs1 43 3,2 1,1 08
Cz 31 8,6 40 29
Ca 2,3 15,3 3,5 76
Cas 15 16,9 13,2 118
Czs 14 16,7 16,8 15,8
Cos 0,5 13,3 16,1 15,5
Co7 0,5 10,2 12,0 11,9
Cyg 6.3 7.4 7.8
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Tiép theo bdng XV.5

1 2 3 4 5
Cog 4.2 5,9 6,4
Cao 2.4 4,3 4,9
Cay 1.3 3,6 42
Caz 0,6 2,6 33
Ca3 0,1 1,8 2,5
Css 1.1 1,9
Css .5 1,5
Cyg 1,3
Bdng XV.6. Pac diém d4du tho Viét Nam
C4c chi tigu Déu Bach H8 D&u Pai Hing
1 2 3
Tj trong, °API va d)o 38,6 - 0,8319 36,9 - 0,8403
Luu huynh, % kh.l, 0,03 + 0,05 0,08
piém déng dic, °C 33 27
D6 nhot & 40°C, ¢St 9,72 3,61
Bé nhét & 50°C, ¢St 6,58 2.94
D6 nhét & 60°C, ¢St 4,73 2,94
Can cacbon, % kh.!. 0,65+ 1,08 0,70
Asphanten, % kh.l. 0,05 0,07
Wax, % kh.. 27 26
VINi, ppm 202 22
Nitd, % kh.. 0,067 0,028
Mudi NaCl, mgf! 22 -
D6 axit, mgKOH/g 0,05 0,27
Naphta nhe (40 + 95°C)
Hiéu suat so véi du thé, % kh.l. 2,3 5,55
Khé&i lugng riéng & 15°C, kgl 0,6825 0,7185
Luu huynh, % kh.l, 0,004 0,001
Parafin, % kh.l. 75,2 515
Naphten ... 18,4 288
Thom... 6,4 19,7
n-parafin... 42,0 21,4
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Tiép theo bdng XV .6.

1 2 3

Naphta néng (95 + 175°C)
Hiéu suat so v&i diu thd, % kh.l. 12,3 17,1
Khéi lugng riéng & 15°C, kg/l 0,7505 0,7955
Luu huynh, % kh.l. 0,001 0,003
Parafin, % kh.i. 59,0 29,3
Naphten ... 31,2 275
Tham... 9.8 43,5
n-parafin,.,. 33,7 13,5
Kerosen (149 + 232°C)
Higu sudt so v8i ddu thd, % kh.. 14,35 14,70
Khai fugng rigng & 15°C, ko/l 0,7785 0,8155
Luu huynh, % kh.l. 0,001 0,007
B¢ axit, mgKOH/g 0,041 0,143
Chiéu cao ngon Iita khéng khéi, mm 35 17
Tham, % kh.l. 13,0 32,7
Gasoil {232 + 342°C)
Hiéu suit so vai ddu thd, % kh I, 23,05 27,15
Kh&i lvgng rigng & 15°C, kg/l 0,818 0,852
Luu huynh, % kh.l. 0,016 0,068
D9 axit, mgKOH/g 0,01 0,21
Tri 58 xetan 47,6 48,8

Cac chi tidu Déu Bach H D4u Pai Hing
Can
Khodng nhiét do, °C 342 | 369 509 | 550 | 42 369 509 |} 550
Hiéu suattrendauthe, %V | 52,35] 4675 | 178 | 142 | 3945 | 3365 | 7.0 50
Khai lugng rieng & 15°C, kgt | 0,868 | 0,872 | 0,905 | 0,811 0,878 | 0,882 | 0,968 | 0,990
Lt huynh, % kh.l. 004 | 0045 | 0065 [ 007 | 012 | 012 | 027 | 031
Sap, % kh.l. 49 50 47 54 55 38
Nitg, ppm 530 | 640 | 1210 | 1350 | 490 550 | 1600 | 1900
Asphanten, % kh.t. 05| 005 | 005 [005| 016 | 049 | 085 | 11
B9 axit, mg KOH/g 0,05 0,23
ViNi, ppm 212 22 22 22 22 202 21§15
Hop chat no, % kh.l. 75 58 85 15
Hop chét thomn, % khl, 21 15 9 53
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XV.2.4. So sanh dic tinh dau tho thé gi6i v6i dau thé Viét Nam

Dugi day s& giGi thiéu dic tinh diu tho cia moét s& khu vyc trén the giéi
tuong d6i dic trung nhat dé so sdnh véi ddu tho Viet Nam.

— Hé¢ dau mo Sahara (Angiéri) bao gom diu cia cdc moéd El-Agreb,
Hassi-Messaoud, Essider, Zarzaitinc va Edjelech. Hé ddu mo nay la loai dau

nhe, it lvu huynh, it parafin rdn, it asphanten.

— Hé diu moé Vénéxuéla, la loai ddu ndng, nhiéu luru huynh, nhiéu

asphanten.

Bdng XV.7. Dac tinh cia didu mé Sahara

Bac tinh cla dau tho El-Agreb Hassi- Essider | Zarzaitine | Edjelech
Messaoud

Diu thé:

Ty trong d) 0,788 0,802 0838 | 0816 | 0,845

Nhiét d6 dong dac, °C —48 —45 +5 -30 —15

D6 nhét Engler & 20°C 1,16 1,12 2,3 1,56 1,96

Luu huynh, % TL 0,11 0,13 0,47 0,04 0,06

Asphanten, % TL 0,11 0,12 - 0,05

Parafin ran, % TL 1,85 18 3.42

Bdng XV 8. Cac tinh chat phan doan chinh ciia didu moé Sahara

Céac chitidu El-Agreb Hassi- - Essider
Messaoud
1 2 3 4

Xang nhe:
- Khoéng s6i, °C Cs— 100 Cs - 100 Cs - 85
- Higu suat, % V 17,0 17,2 6,4
- Ty trong d,’ 0,685 0,680 0,654
- Luru huynh, % TL 0,0003 0,0008 0,011
- Tri 8 octan ban dau (nghign c(u) 58 61 68,5
- Tri 38 octan d& pha ¢hi {sghién cuu) 78 80 84,5
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Tiép theo bdng XV 8.

1 2 3 4
Xang nang:
- Khodng séi, °C 100 + 200 100 + 180 85+ 175
- Hidu sudt, % TL 29,6 20 18,2
- Ty trong d, 0,764 0,761 0,742
- Luu huynh, % TL 0,001 0,0016 0,028
- Tri s6 octan ban dau (nghién ¢tu) 56 39 50
- Trj s§ octan d4 pha chi (nghién ciu) 53 60 62,5
Kerosen:
- Khoang sbi, °C 200 + 260 180 + 260 175+ 250
- Hidu suat, % V 134 18,1 15,0
- T§ trong d," 0,809 0,808 0,805
- Nhit do deng dac ~42 45 47
- Ham lugng hydrocacbon thom, % V 18 19 12,8
- Chiéu cao ngon Ilra khang khdi, mm 17 21 25
Gasoil:
- Khodng sai, °C 260 = 360 260 = 360
- Higu suat, % V 171 17,7
-Ty trong d,’ 0,849 0,853
- Nhigt do dong dac ~90,14 18
- Lru huynh, % TL 57 62
- Tri s6 xetan
Can (c6 nhigt do soi ndm trén gasoil):
- Hidu sudt, % V 20,8 22,6
-T§ trong d, 0,920 0,918
- P4 nhét Engler 4 50°C 12,7 11,8
- Nhigt d6 dang dac 27 -
- Asphanten, % TL 0,76 0,52
- Luu huynh, % TL 0,34 0,33
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Tiép theo bdng XV 8.

4

DAu nhén:

- Higu suat, % v

- Parafin rdn, % TL
- Lvu huynh, % TL

195
9,2

- Higu sut, % v

- Ty trong dls

- B9 nhét Engler & 100°C
- Nhiét d6 dong dac

- Asphanten, % TL

- Luu huynh, % TL

Cén (co nhigt d9 sdi nam trén diu nhan):

39
0,972
60
+33
3,76
0,41

Bdng XV.9. Pac tinh didn mé Vénéxuéla

Biéc tinh cla dau tho
va cac phan doan

Cumarebo

Tialuana

Larosa

LaguniLLas

Bachquero

Boscan

1 2

4

5

B

DAu thé:

- Ty trong dls

- Nhiét 46 déng déc
- B9 nhét Engler

0,790

- Asphanten, % TL
- Parafin ran, % TL

0,948

4,4 (371°C)
- Luu hugnh, % TL 01 1,63

0,904

28 (20°C)
15

0,906
-9
69 (35°C)
2,16
11,1
25

0,923
4
36 (60°C)
27
64
1

0,997
+13

55
16,1

Céc phan doan;
Xing nhe:

- Khodng s6i, °C C5—100
- Ty trong d:s

= Luu huynh, % TL

Cs—100
0,700

C5—100
0,715

Cs—100
0,709
0016

Cq—100
0,709
0,02

55-100
0,736
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Tiép theo hdng XV.9

1 2 3 4 5 6 7
Xang ning:
- Khodng séi, °C 100 + 180 100 + 200 {100 = 200| 100+ 221 | 100+ 200 | 10+ 200
- Higu suat, % V 25,0 14,0 12,5 74 3.5 38
-Tytrong d 0,780 0,767 0,807 0,796 0,808
Kerosen:
- Khodng séi, °C 180 + 260 200 + 260 [200+ 260| 200+ 275 | 200+ 250 | 200+ 270
- Hiéu suat, % v 215 9,0 9.2 12,6 486 5,8
-Tytrong d) 083 | 0833 | 0854 0,854 0,858
- Nhist do dong déic 80 36
-Hydrocacbon tham 21
- Chiéu cao ngon Ia
khang khoi, mm 18 17
- L huynh, % TL 0,30 0,30 0.45
Gasoil:
- Khodng s6i, °C 260+ 360} 260+ 360 | 260+ 360| 177 - 399 | 250 = 371 | 275+ 360
- Higu suat, % V 16,0 19,0 16,8 31 201 12,6
-Tytrong d)” 0888 | 0883 0,89 0,910 0,903
- Nhiét da dong diic 45 -3
- Luu huynh, % TL 1 12 1 153
- Tri 56 xétan 37 35
Can, gasoil:
- Higu suét 13,5 515 50,0 70,7
- Ty trong d 0987 | 0985 1016
- D6 nhét Engler 76 (99°C)
- Nhiét d6 dong dic +12
- Asphanten, % TL 86
- Luu huynh, % TL 245 32
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Tiép theo bdng XvV.9.

1 2 3 4 5 6 7
Dau nhém:
- Higu suat, % vV 32,4
- Parafin rn, % TL
- Luu huynh, % TL 25
Can, ddu nhén:
- Hiéu suat 17,3 30,0 46,9 383 75,0
-Tytrong 1083 | 1017 | 1018 | 1,049 1,036
- Asphanten, % TL 13,7
- Luu huynh, % TL 32 38

— Qua dic tinh cla diu thoé clia mot s6 md dau trén thé gidi nhu hé diu
mo Sahara (Algiéri), hé ddu md Trung Péng, hé ddu md Vénéxuéla, so voi
dic tinh ddu thd Viét Nam, dién hinh 12 hai mé ddu Bach HS va Dai Hing, ta
thiy diu thé Viét Nam thudc loai: it fwu huynh, it nhya va asphanten, it nito,
vanadi va niken, nhiéu parafin, thuéc loai trung giita d4u nang va ddu nhe.

Nhung d€ so sdnh, ddnh gid mot cdch téng quat vé chat luong diu tho
cia hai mé Bach HS va Dai Hiing, ngudi ta di skt dung hai phwong phap dé
so sdnh va phan loai theo muc dich si dung.

Phuong phap cua Vién V.N.LLN.P (Lién x¢ cit) (bang XV.10).
Phuong phap cia Vién khodng san My (bang XV.11).

Phuong phép nay dua vao ty trong cla hai phin doan ¢o s& 1 dai dién
cho cdc phan nhe va dai dién cho cdc san phim nang cia déu.

Phan doan I: 250 + 275°C chung cdt & 760 mmHg

Phan doan TI: 275 + 300°C chung c4t & 40 mmHg, xem bang XV.11.
Theo phuong phéip nay, dau thd duge chia thanh 9 loai:
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Loat 1: PP
Loai 2: PT
Loai 3: TP
Loai 4: TT
Loai 5: TN

Loai 6: NT
Loat 7: NN
Loai 8: PN
Loai 9: NP



Bdng XV.10. Tiéu chudn phan loai diu thé cia Lién Xo cit

Chi tieu chat lugng X&p loai Gia tri gidi han chi tigu chat lugng
Ham iutgng luu huynh, % TL Loai 1 <{,50
Loai 2 0,51+ 2,00
Loai 3 > 2,00
Téng lugng chung cét c6 nhigt 4o sdi Kidu 1 > 55
dén 350°C Kidu 2 44,90 + 54,90
Kidu 3 < 45
Tiém nang ddu nhdn (cb chi s6 nhét Nhém 1 > 25,00 (45,00
Vi = 90), %TL theo dau Nhom 2 15,0 + 24,9 (30 + 44,9)
Nhom 3 <15,0(30,0)
Chi $6 nhét cla dau nhan Phan nhom 1 > 85
Phan nhém 2 90 -~ 95
Phan nhom 3 < 85
Tdng lveng parafin, % TL trong dau | ft parafin <15
trung parafin 1,51 = 6,00
nhiéu parafin > 6,00

Bdng XV.11. Tiéu chuén phéan loai ddu tho ciia Vién khodng sin My

Pac diém déu Ky higu T§ trong dyy"

Phan doan | Phan doan Il
Parafin P < 0,825 < 0,878
Trung gian T 0,825 + 0,860 0,876 + 0,943
Naphten N > 0,860 > 0,943

Theo cich phin chia trén thi:

e Diu tho Bach Hé thudc loai 1/3 (theo bang x&p loai Lién X6 cii)
va thuoc loai 2/9 (theo bang x&p loai cua M¥).

o Dan tho Pai Hung thudc loai 1/3 (theo bang x€p loai Lién X6 cii)
va thudc loai 5/9 (theo bang x&p loai cia My).
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Nhu viy néu so sdnh ddu thé ciia mé Bach HE véi diu the ciia cic md
dau trén the gidi thi ddu tho cia mé Bach HS 13 loai déu cé gia tri cao trén
thy trudng ddu md (¢6 vi tri 1 hoic 2 trong cdc bang phan loai). Riéng d&i
véi ddu tho Dai Hing thi cdn phai nghién ciru ti€p dé ¢6 thé xép loai met
cidch chinh xdc.

XV.3. KHA NANG SAN XU;‘}'T NHIEN LIEU VA CONG NGHIEP
TONG HQOP HOA DAU DI TU DAU MO VIET NAM

Tir diu mo, bing cdc qud trinh ché bién hod hoc ¢6 thé tao ra hiang loat
cdc san pham quy gi4 nhu:

Cdc sdn phdm ning hiong: Nhitng san phdm nay duoge si dung dé lam
chdt d6t va nhién lieu déng co nhu: diy hoa, dau FO, xing, ddu diézen,
diu cho mdy bay phéan luc.

Cdc sdn pham phi ndng lugng: Nhitng san phim nay khéng sir dung nhu
mot dang ning lugng ma duge sir dung vio cdc muc dich khdc nhu ddu nhon,
m& boi tron, nhua dudng (bitum).

Cdc ydn phdm hod hoc: Nhitng bn thanh phim thuge loai cdc hoa chat
trung gian nhu axit, rugy, aldehit, xeton... vi cdc thinh phim hod hoc cung
cip cho sdan xuit hoic tiéu dung, nhu cdc loai chat déo, cao su, soi hod hoc,
phan bon, cdc chat hoat dong bé mat, thusc nhudm v.v...

Né1 chung, phin ddu khi ding d€ sin xudt cic sin phdm ning lugng
chi€m ty 18 cao: trén 90% san luong diu khai thic duoc trén thé gidi; trong
khi d6, phdn dau khi danh cho sdn xust cdc san phim hod hoc chi chigém 5
dén 6%, nhung di cung cdp dén 90% cdc san phim hitu co phuc vy doi séng.

XV.3.1. Kha nang san xuat nhién liéu

Dau tho Bach H6 va Dai Hing thuéc loai dau nhe, ddu sach, ddu
parafinic cho nén cdc phan doan cua diu tho Bach H6 va Dai Hung rit thich
hop d€ sin xuat cac loai nhién liéu cho dong co.

1. Phén doan naphta 12 phan doan quan trong nhit cta diu the. Trong
ddu thé Pai Hing, téng ham luong naphten va aromat 13 65,5% TL, véi tri s6
octan RON = 61,95; trong khi 86 dau thé Bach H4 tong lugng (A + N) chi cé
37,07% TL, vdi tri s6 octan RON = 45. Nhur vay, ddu thé Bach HE c6 chat
lugng kém hon chat lwgng dau the Pai Hing khi sir dung phan doan nay lam
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nguyén iiéu cho qud trinh reforming xic tdc d€ sdn xuét xing chat iuong
cao, cling nhu dé san xuit BTX lam nguyén lién cho ¢éng nghiép hod dau.
Tuy vay, phan doan naphta ¢ia cd hai loai diu thé déu dat yéu cdu chat
Iong 1am nguyén liéu cho qui trinh reforming xtc tdc v d€ san xudt xing
chdt lugng cao nhd ham lrong loru huynh trong phén doan rit thap (dudi
0,001% TL).

2. DSi v6i phan doan jet/kero, ci hai loai dau tho Bach Ho va Dai Hung
déu c6 chit lugng cao trén phuong dién ding dé san xuét ddu hod lam nhién
liéu dan dung va sinh hoat, vi chiéu cao ngon Ita khong khoét dai: 30 mm dai
véi ddu Bach Hé va 20 mm d6i véi ddu Pai Hing. Tuy nhién, trén phuong
dién sir dung lam nguyén liéu ch€ tao nhién liéu cho mdy bay phan luc thi
phan doan niy ciia ddu Bach Hé khong thuan loi bing ddu thoé Dai Hang vi
diém ké&t tinh cao: —39°C 481 véi ddu Bach Hé va —47°C dé&i véi ddu the Dai
Hiing, trong khi yéu cdu cha nhién liéu phan luc khong duge cao hon —47°C.
Muén ché€ tao nhién liéu cho mdy bay phan luc, buéc phai ip dung cong
nghé tach parafin ra khoi phan doan va sin phim.

3. D61 v6i phan doan gasoil nhe, cd hai loai dde tho Bach Hé va Pai
Hiing déu c6 chat lugng rit cao trén phuong dién sit dung dé san xuét nhién
litu cho dong co diézen téc d6 nhanh, thé hién & tri s6 xetan cao: 65,85 dai
véi ddu the Bach HS va 47 d6i véi ddu the Dai Hung; trong khi yéu cau cho
nhién liéu déng co diézen chi cdn tri s6 xetan 1a 45. Ciing nhy thé hién &
ham lugng luu huynh va ham lugng cdc conradson rét thdp. Tuy vay, vin dé
tich parafin dé ha diém déng cha phan doan va san phdm nay dé dat yéu cdu
ciia nhién liéu diézen cling bat budc ddt ra cho cd hai loai dan thé Bach Hé
va Pai Hiing. Mat khdc parafin léng thu dugc trong qud trinh tich ra khoi
phan doan va sin phdm l& nguyén liéu rat t6t cho san xudt cic chit hoat
déng béd mat vi cic n-parafin phan bd trong phan doan nay, tip trung nhiéu
nhat vio Ci3 + Cy3.

4. Phan doan gasoil ning (chan khéng) cla hai loai ddu thé Bach Hé va
Pai Hung déu Ih nguyén liéu t6t cho qua trinh cracking xic tic, ciing nhir
qud trinh san xudt ddu nhdn géc, nhe him luong cdc chidt gy doc xdc tdc rat
thip, nhu lvu huynh, nito, kim loai ndng, cdc conradson va ham luong
parafin cao. Mit khac, phin doan gasoil chan khoug va can chung cit clia ¢a
hai loai ddu tho déu 1 nguyén liéu tdt d€ san xnit ddu nhdn géc ¢6 chi sd
nhét cao, voi diéu kién phai dua vao ¢ong nghé loai boé sdp (dewaxing), trong
trudng hop d6, s& thu dwoc sdp 14 mot san phdm cé gid tri.
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5. Phin cin chung cdt khi quyén cia ci hai loai ddu the déu cé dac
trung chung 1a ham lugng sdp cao, hiam lwgng luu huynh, kim loal nang, céc
conradson thap, tuy vay cin chung cit khi quyén cia dau tho Bach HS cé
chat luong cao ding ké so véi ddu tho Pai Hang. Trén phuong dién sv dung
14 nhién liéu 46t 16 FO (Fuel Oil), phin ¢in cla ca hai loai ddu tho nay déu
rat ly tuong vi ham luong luu huynh réit thap, dudi xa micc yéu cau 1a 0,5%
TL (can ddu Bach H6 12 0,05% va ¢in ddu the Pai Hang 12 0,14% TL), déng
thi khong bl nguy co lam thing 16 do ham luong vanadi rat thip. Tuy nhién,
vi ham lugng parafin cao d3d lam cho diém dong cla c4 hai loai ddu thé nay
déu cao, ngay c¢a 6 nhiét d6 binh thuémg di déng ciing, vi viy phai cé bién
phdp ham ndng trude khi s dung. Trén thi trudng the gidi, can diu the Viét
Nam dugc goi 1a LSWR (Low Sulfur Wax Residue) c¢é gid tri rit cao hién
nay vi nhitng dac tinh néi trén.

XV.3.2. Cic san phdm ciia nganh téng hop hoa dau di tir ddn mo

Cdc san pham hod hoc duge t8ng hop tir diu khi con duge goi 12 cde san
phidm hod ddu. Cdc sdn phdm nay vo cling da dang va phong phu, ¢chiém dén
90% ciic san phim hitu co ma con ngudi ¢é thé san xudt dwoc.

Nguén nguyén liéu dé san xudt ra cdc san pham hod ddu 1a khi thién
nhién, khi hod long, phin doan xang tho (naphta), tham chi ¢on ¢o thé s
dung ca phan doan ¢in hode sir dung toan b ddu thé. Tuy nhién phan doan
cang nhe, cong nghé ché bién cang it phitc tup, dé chon loc cang cao, hiéu
qua kinh t€ cang 1én. Chinh vi vay, trén thé gidi dé san xudt cic sin phim
hoa ddu, pho bién nhit va kinh t€ nhit hién nay déu dira viio khi hydrocacbon
(khi thién nhién va khi dong hanh) va cdc phan doan nhe cla ddu tho (phan
doan xang thé hay naphta).

Trude tién, ta xem xét Iinh vyc 1ing dung cua khi. Tir khi thién nhién ciu
Viét Nam, ¢6 thé san xuat ra khi hod léng LPG, LNG, tir 46 sdn xuit ra dién
ning. Ngodira, c6 thé san xudt ra khi téng hop, 1A nguyén liéu ban diu dé diéu
ché ra ddu téng hop, metanol, phan dam va cdc sin phdm khdc (hinh XV.1).

Phuong huéng sir dung cic san phim coa nhi mdy loc diu cho cong
nghiép ¢6 thé 16ng hop hod ddu ¢6 thé chia thanh hai cum:

a) Cunr sdn xudt olefin

Nhu cdu vé polyolefin & Viet Nam du kié€n s& ting truéng manh dé dip
tng v6i nén cong nghiép san xudt vat lieu xdy dung v bao bi. Olefin vi sén
phim ¢é thé thu duge tir phan xudng cracking xic tic cla nhi mdy loc diu.
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Hién nay dang cé xu huéng t5i da hod san xuit olefin nhe tir cracking xdc
tic va nhd dé thu duge propylen véi hiéu suat cao.

b) Cum sdn xudt aromar

Cum san xufit nay thudng duge thiét k€ dé san xudt cic san phim sau:
Benzen, toluen, o-xylen, m-xylen va p—xyle.n; trong d6 benzen va p-xylen ¢o
nhu cdu nhiéu uhit. Thi trwdng chinh cho cdc sdn phidm nay la:

» p-xylen la nguyén lién quan trong dé sin xuat terephtalic axit (PTA),
12 hoa chit trung gian d€ san xudt sgi polyeste (PET).

e o-xylen dugc diing dé s&n xuat anhydric phtalic réi sau d6 sin xuat ra
hat nhua polyeste va cdc tdc nhan hod déo.

e Benzen 11 hod chit ¢o ban dé sin xudt ra mot s& san pham quan trong

nhu etylbenzen, xyclohexan, cumen, phenol, nitrobenzen v.v...

Du dodn nim 2010 nhu cdu vé& p-xylen én t6i 250 nghin tin/nam.

Khi thien nhién

Khi téng hgp Dien
F \
| Metanol | |Céc san pham khéc\

Hoa chat

[ Nhien ligu LPG, LNG |

Dau tdng hgp

: Nhign ligu

_.Déu nhén

L Xéngw? iPhén dam

........... b3

Hinh XV.1. Cac kh& ndng Ung dung cla khi thién nhién cda Viét Nam

* Naphta duge xem 12 phan doan cé gid tri cao nhit cua dau tho va 6
nhu ciu rdt 16n trén thi trudng, do vira diing d€ san xuit xang, vira ding dé
sén Xudt ra cdc san phdm hod ddu, d& phuc vu cho ddi séng con ngudi va hiu
hét moi linh vuc hoat dong cua nén kinh t€ quéc dan.

Tir phdn #-parafin ¢é phan tir lvong 16n tich ra tif phan doan ning ¢6 thé
sir dyng ldm nguyén lieu dé san xuat nén, sdp, chat tdy rira t8ng hop, thude
nhudém v.v...

Nhu viy sin phdm cda nhd mdy loc diu s& ddp ing duge hiu hét cic
linh vuc téng hop hod ddu, gép phdn md ra mot ky nguyén méi vé cong
nghiép dau khi cua nudc nha.
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XV.4. DPINH HUONG CONG NGHE CHE BIEN DAU THO VIET NAM
XV.4.1. Xu huéng anh hwéng dén sir la chon cong nghé

Ngay nay, nganh céng ngh¢ loc hod ddu dang chiu rdt nhiéu cdc yé&u 6§
tdc dong dén xu hudng phét trién cha céng nghé. Sy lua chon phuong phép
ché€ bi€n ndo d6 phéi tinh todn mot cich toan dién cic y€u 6 anh hudng thi
mdt ¢6 hiéu qua cao. C6 rit nhiéu tic dong, & day chi dua ra cdc mot s6 tic
dong chili y&u: '

* Tiéu chudn vé moi trudng trén thé gidi ngay cang khét khe

-Yéu clu xang ¢6 tri s6 octan cao, khong sir dung phu gia chi, thanh
phdn benzen phai nhod hon 1%.

- Nhién li¢u di¢zen phai c6 ham lugng luu huynh thap, nho hon 0,05% :
tri s6 xetan 16n hon 45,

* Sy thay ddi co cdu vé sdn phdm loc ddu

- Nhu cdu san phdm nhe tang len (LPG, xang, nhién liéu phan luc, nhién
lieu digzen).

- Nhu céu vé nhién li¢u d6t 16 (FO) gidm do du thita, do nguén khi thign
nhien ngay cang nhidu c6 thé thay th€ nhién ligu nay.

- Céc san phdm hod ddu cling ngly cing cin nhidu vé s6 luong va chat
lugng.

* Sw bién doi vé thi truimg

- Thi trudng ddu mé ngiy cang md rong do su canh tranh, do vay su
chénh léch gié gitta cdc noi sé giam di.

- Cdc nha mdy che bi€n ddu lac hau m4t ddn, thay vac d6 12 cdc nha may
hién dai, hi¢u qua ché& bién s& tang lén.

XV.4.1. Dinh huong ché bién diu tho Viét Nam

Tir cac tdc dong trén, din d€n quan diém va phuong phip ché bi¢n diu
tho cia nude ta cling thay ddi. Ddu thé Bach hé va Dai hiing thuoc loai ddu
ngot nhe, rdt sach, ham lugng lwu huynh cuc thép, loai hiém trén thé gisi,
ham lugng nhya va asphanten thap, kim loai nang nhu V, Ni r4t thdp. Tuy
nhién 12 loai ddu nhi€u parafin rin (sdp), c6 nhiét d6 déng dac cao nén khé
khin trong vdn dé b6c rét van chuyén, lam anh hudng d&€n mét s§ chi ticu
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cla sin phdm, nh4t 12 nhién liéu diézen va nhién liéu phan luc nhw chi tigu
vé di€ém dong dac.

V6i cdc dac diém nhu trén, ddu tho Viét Nam néu ch€ bién nong, goi 12
hydroskiming (la qud trinh chi bao gém chung c4t khi quyén, phan doan
naphta duge xir 1y bang hydro sau d6 qua qud trinh reforming xic tdc d€ sin
xudt xang 0t6), lwgng cian con lai dén 51,78% KL. Con néu thuc hién qud
trinh ch€ bi€n sau (12 quéd trinh sau chung c4t bao gém c6ng nghe cracking
xuc tde hién dai (FCC), cGc hod, hydrocracking, cracking xic tic can truc
ti€p RFCC) thi can con lai chi dén 6,44% KL). C6 thé so sanh k&t qua cla
cdc qud trinh ch€ bién & bang sau:

Bdng XV.12. So sinh hiéu suit san phdm ché bi€n ciia ddu thé Viét Nam

T Tén san pham Ché bién nong Ché bién sau | Ché bi&n sau
hydroskiming Hydrocracking RFCC
1 Nhién liéu khi C,-C,, %KL | 0,15 017 1,40
2 LPG, %KL 1,22 2,35 6,61
3 Xang 0 to, %KL 15,69 19,33 33,13
4 | Nhién ligu phan Iyc, %KL | 3.85 20,91 392
5 D&u hod dan dung, %KL 0 0 0
B Nhign lieu diezen DO, | 27,30 43,65 48,50
%KL
7 Nhign ligu d6t 1o FO, %KL | 51,78 13,59 6,44

Tir sy so sdnh trén cho thdy, ddu tho Viet Nam nén thuc hién qui trinh
ch& bién sau. Mat khic, dé phdt huy uu diém chia ddu ngot nhe, nhiéu parafin
cia nudc ta thi trong twong lai, ¢é thé pha tron ddu Bach HS vi Dai Hing véi
ddu chua. Hén hop ddu chua-ngot 1am gidm chi phi d4u vao s& tang higu qua
khi ch€ bi€n, vi ddu chua c6 gi4 thanh ré hon ddu ngot nhe. Khi pha trén, s&
dung hoa dugc cdc y&u t& ma vin dam bdo chét lugng sdn phdm yeu cdu, lai
c6 nguyén lieu dé san xudt bitum nhua dudng.
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PHU LUC
DON VI PO NHIET PO

Pon vi do nhiét d6 la do. Tuy thudc d6 16n cla 4o, vi tri clia diém khéng
v.v... ngudi ta ding cdc thang nhiét d¢ khic nhau: Thang nhiét dong luc hay
thang Kelvin (°K), thang Celsius (°C}), thang Réaumur (°R), thang Farenheit
(°F) v.v... Trong hé SI, ngudi ta 1dy thang °K, trong thang thirc dung qudc t&€
dugce cong nhan nim 1948 ngudi ta ky hiéu bing °C,

Cic thang ¢6 °K va °C déu 12 thang bdch phan, trong d6 quing nhiét do
chinh (giita nhiét dd néng chay cua nuée di va nhiét do soi cia nude) 1a 100 4o.

- 1°K = 1°C (do). .
0°K 1a khéng 46 tuyét d6i, con 0°C 12 nhiét d6 néng chay cua nude da.
Nhié&t d6 trong thang nhiét dong luc (GK) duogc k¥ hiéu bing chit T, trong
¢dc thang khic bang chir t.

°C °R °F °K
Nhiét do s6i cla nude " 100 80 212 373,15
Nhiét d& nong chdy cta nude dg t» 0 0 32 273,15
Khéng 46 trong thang Farenheit -17.8 -14.2 0 2564
Khéng do tuyét déi 273,15 218,56 -459,78 0

Quan hé gid tri gitia cde thang nhiér do khac nhau nhie sau:

1°C = 0,8°R = 1,8°F = 1°K
1°R = 1,25°C = 2,25°F = 1,25°K

1°F = 0,556°C = 0,445°R = 0,556°C
1°K = 1°C = 0,8°R = 1.8°F

Céng thite tinh d6i nhiét dé giita cdc thang nhi sau:
D4i °C thanh °R, °F va °K:

n°C = fg—nf*R - [%n + 32] OF = (n + 273,15) °K

' 4p sust thudng (760 mmHg).
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DEi °R thanh °C, °F va °K:
- op — é o 2 o - E o
n°R = Tn°C = [411 + 32) F [411 + 273,15] K
D3i °F thanh °C, °R vi °K
nF = 2(1-32)°C= 2 (a-32) R = E (11—32)+273,15] oK
D3 °K thanh °C, °R va °F :
n°K = (n - 273,15)°C = % (n—273,15) °R = [%( —273,15)+32] °F

Ghi chii: n - cing mot s8 & vé trdi va vé phai clia mdi dang thic.

PON VI LUC

Bon vi luc (P) truyén cho mot don vi khéi lugng (m) mot gia téc bing
mot don vi 4o dai (1) chia cho binh phuong ciua don vi thai gian (s)

m-i
P=-=
h)
Miutan (N) Dyn (dyn) Kildgam luc {kG) Gam lyc (G)
1 kg.m/s® 1 g.cmis? 1 kg.9,80665 m/s? 1 9.9,80665 m/s?
1 10° 0,101972 101,972

10°° 1 1,01972.107% 1,01872.107°

9,80665 980,665 1 1000
0,980665.102 980,665 0,001 1

Ghi chii: | pound luc (Ibf) = 4,44822 N,

PON VI CONG

Don vi cong sinh ra bdi mét don vi lue khi chuyén doi diém dat cia né
mot don vi Ao dai theo phuong cia lyc d6.
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Jun {} Kil&jun Ec Kildgam lyc Oat gidr Kilboat gidy Calo
(N.m) (k) (ec) mét (kG.m) (Wh) (kwh) (cal)

1 0,001 107 1,02.107" | 2,78.107* | 2,78.1077 0,239
1000 i 1010 102 2,78.107" | 2,78.107 239
10~7 10—10 1 102.10% | 2,78.10°" | 2,78.107" | 239,108
981 | 981.107% | 9,81.10 1 272107 | 2,72.10°" 2,344

3,6.10°% 3.8 3,6.107 367 1 0,001 860

36.10% | 3,6.10° | 36.10" | 367.10° 1000 1 860.10°

4486 |4,186.107%| 1,182.107 0,427 1,162.407% | 1,162.10°° 1
Ghi chut:

i. Khi din nd tir thé tich V, dén thé tich V, tai mot 4p sudt p khong déi, thyc hién

mot coéng A = p(Va — V). Trong sich bido con gip don vi do cong do la
lit.atmatphe (Larm); | Latm = 101.33 J = 0,10133 &J = 10* ¢m’.1,0133.10°
dynfem® = 1,0133.10° e = 10,333 kG.m = 0,0282 Wh = 2,82.107° kWh = 24.2

cerl.

12

633 kcal.

3. bdi

vai

kildgam (luc).mét

ngusi

ta dé

nghi

. Cén gap don vi do cong | mi luc gig = 2650 J = 2,7.10° kG.m = 0,736 kWh =

ding ponde  (p)

1 ponda = 9,80665 kg.n?/s* = 9,80665 N.n; | kilopondo (kp) = 9806,65 N.m.

DON VI CONG SUAT

Don vi cong sudt 1a cong suit cha moét don vi cong sdn ra trong mét don
vi thoi gian.

Qat Kildoat (k

(juntronévpgiay) (kilejuntron(g??;iay) KG.mis calls keallh Ma o

1 0,001 0.102 0.239 0860 |0,00136 -

1000 1 102 239 860 | 1,36
9,81 19.81.102 1 2345 844 1001333
41868 4,1868.10° 0,127 1 36 | 0,0057
1,163 1,163.10-2 0,1186 0,278 1 0,00158
7355 0,763 75 176 633 1 J
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Ghi chi:

1. Mot ma lyc hay con goi 12 ngua dugce ky higu 12 HP. Mot mi liyc & Anh va My
du'c;f'c k¥ hiéu la h.p va bing 745,7 W = 76,05 kG.m/s = 1,014 HP = 10,7
kecal/ph.
1 foot-pound {luc) (ft-1bf)/s =
0,00182 h.p.

BTU 1a don vi nhiét cia Anh, | BTU = 2,930.107* kWhk = 0,2930 Wh
0,252 keaf = 1055 J = 107,56 kG.m.

[

1,3558 W = 0,3238 cal/s = 0,77 BTU/ph

I

PON VI AP SUAT

DPon vi dp suat 1a dp sudt trén mot don vi bé mit, do tdc dung ciia mot

trong tai bing mét don vi luc phan b déu khip trén né.

—

Niuten trén|  Bar (b) Milimet Milimét | Mét nude kGiem? Ap}suét
mét vudng { (10° Aim?) | thuy ngan | nudc (mH,0) | atmotphe | chuan hay
(1 N.m%) (mmHg) | (mmH,0) | (4e¢) | k¥ thudt (af) ap sufit vat
(OUC) (40C} [y (atm)
1 107 0,0075 | 0,10197 10197 [ 1,0197.10°% | 9,87.40°%
108 1 750,06 10197 10,197 1,0197 0,987
133,322 | 13322107 1 13,595 | 0,013585 | 0,00136 0,001316
9,80665 | 98,0665.10°° | 0,07356 1 0,001 1074 9,678.10~*
9806,65 | 980665.10°% | 73,56 1000 1 0.1 9.678.10°2
08066,5 | 980665.10% | 73558 10000 10 1 0,9678
101325 1,01325 760 10332 10,332 1,0332 1
Ghi chii

- Ap sudt chudn 13 4p sudt ciia mot cot thuy ngan cac 760 mm tinh tir ddy

ndm ngang cia c6t véi trong luong riéng cla thuy ngan 13,5950 ke/cm®
va gia t6c chufn cua sy roi tu do 980,665 cm/s>.

. P = Pa— Pv P 12 4p sudt du; p, - 4p sudt tuyét d6i; py, 12 4p sudt khi quyén

(do dugce biang dp k&) p, > py. Khi do dp sust du p bing atmotphe k¥ thuat,
doi khi atmétphe duge ky hiéu 13 af, (py, = py — pa; pn 12 dp sudt chan
khong, p, < pp) .

Atmotphe k7 thuat at; | at = 1 kG/em® =

0,980665 bar = 735,56 mmHg
=9,81.104 N/m* = 1 m ' kg.s72 = 10 mH,0.

. Ap sudt chudn la 4p sudt tuyét d6i bing 1 atm; con goi la atméphe chudn

(hay atmotphe vit 1y);
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L atm = 1,01325 bar = 1,0332 at = 760 mmHg = 10,33 mH.0.
4. Con gép don vi 4p suat bar; :
1 bar = 1 dynjfem® = 0,1 N/m* =750 mmHyg & 0°C.
5. Con gip don vi toro;
ltorr =1t mmHg=0,1 cm . 13,596 g/(.‘m3 . 981 emfs® = 1333,2 bar.
6. Con gap don vi 4p suit pascan (Pa);
1 Pau=10 dyn,r"i:.'m2 =0,0075 mmHg = 1 Nim?;
1 MPa = 10® Pa = 10,197 kG/cm?
7. Ap suat khi quyén & ngang mit bién 1a 1 atm = 760 mmHg = 10,33 mH»0.

PON VI bO NHGT

B¢ nhét dong luc p (theo thuidt ngit truée kia 13 d¢ nhét tuyét dSi i) tinh
bing N.s/m>
I N.s/m? =1 kg/ms (Vi trong hé SL: 1 N = 1 kg.m/s?)
Thudng gap don vi do 12 poazo (P): . '
1 poazo = 0,1 N.s/m?> = 1 dyn.sfem® = | glem.s
Do nhét cua nuée & 20,2°C bing | cP (centipoaza) = 0,01 P (poazo) =
1 mPa.s

D6 nhét déng hoc v 1a ty s6 giita do nhét dong luc cua chat 1ong va ty trong
cia né (v = p/p) duge tinh bing m’/s. Pon vi théng dung cha do nhét
dong hoc 14 stoe (S1), 1 St =1 em?/s = 107* m?/s = 100 ¢St (centistéc).

D6 nhét ty doi 1a ty s6 gilta 46 nhdt cha chat 1ong va d6 nhdt cla chit 1éng
chudn (thuémg 1a nwdc) & cing nhiét d6 hoac & 0°C (hé s6 nhét cla nude &
0°C1a 1,79 cP, 0 20°C 12 1,002 cP.

Ghi cha.

1) Trong mot s6 nganh k§ thuat ngudi ta goi d¢ nhdt ty déi la dé nhét riéng
2) Trong sich bio con gip thuit ngix d6 nhdt riéng (1)

Ne = M- 1 Mg do nhét ty d6i; my =—F
12-P2

t;. o) - th&i gian chay va ty trong cla chit nghién citu.
ta, p2 — thei gian chay va ty trong cia chit chudn.

Do nhét ciing tinh bing cdc don vi k¥ thuit, thit nguyén cia ching la
kG .sim?, don vi k¥ thuit clia dé nhét = 1 kG.s/m®> = 98,1 P; 1 P = 0,0102
don vi k¥ thuét.

262



Pai luong nghich dio cha do nhét goi 12 do lvu (thudmg tinh bing poazo

nghich dao) k¥ hiéu 1a i/p ;
| poazo nghich dio = 10 m?/N.s = 10 m.s/kg.

Trong k¥ thuit ngudi ta dung rong rdi nhét k€ Engle dé xac dinh do nhét quy
uéc, tinh bing do Engle (°E). S5 dd Engle 13 ty s6 gilia thdi gian chay
(bing gidy) clia 200 ml chdt khdo st va thoi gian chdy (bing giay) cia
200 ml nude & 20°C .

Cich ghi: Egg: chit s§ & trén ghi nhiét 46 khi xdc dinh thdi gian chay cha
chdt 16ng khao sit; chit 58 & dudi chi nhiét dé ciua nudc khi do.

- Tuong quan gitta °E va d6 nhét p (hay 1) tinh bing poazo:

p= [00731E-(0,63/E)].p trong d6 p 12 khéi lwong rieng, g/em®.
- Twong quan giita °E va d6 nhét dong v, tinh bing cm?/s:
v =0,0731F - (0,631/E)

°f 1 2 3 4 5 75
v 00100 | 04147 | 0,1983 0,2766 0,3529 0,5398
°f 10 15 20 30 40 50
v 0,7247 | 10928 | 14588 2,1909 2,9224 3.6537

pOI TY TRONG d! CUA CHAT LONG VE 4t

Trong cdc sdch tra cifu, ngudi ta thudng ghi ty trong cla chit long dai
véi nude & 4°C (dj). Vi viy trong nhiing trudng hgp ma ty trong clia chit
1dng (d) duge xac dinh & nhiét &6 (1) gidéng nhiét dd cho trong bang tra ciu,
con dung cu dung d€ xic dinh d lai cho gid tri & (vi du dise, dyp, V.v...)
thi cdn chuyén df vé dj.

Chuyén d; vé dj theo cong thic sau:

dy = d; = d;(1 - D)
D — 1ty trong cita nude ¢ nhiét dé ¢

Vidu, tacé dyy = 1,2160 thi d8i thanh:

d; = 1,2160 - 12160 x 0,0018 = 1,2160 - 0,0022 = 1,2138
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t°C -0 °C 1-D °C 1-D °C 1-D
0 0,00013 13 0,00060 176 0,0013 22 0,0022
4 0,00000 14 0,00073 18 0,0014 23 0,0024
10 0,00027 15 0.00087 19 0.0016 24 0.0027
" 0,00037 15,8 0,00097 20 00018 25 .| 0,0029
12 0,00048 16 0,0010 21 0.0020 30 0.0044
12,5 0,00054 17 0.00127

QUAN HE GIUA PON VI ANH VA PON VI HE MET

Don vi do d6 dai

1 mile (doc 12 mailo, ky hiéu 12 mile) = 1760 yard = 1,609 &nm:

1 nautical mile (doc 14 noticon maile) = 1,853 im

| yard (doc la yado, ky hiéu yd.) = 3 foot (fut, ft.) = 36 inch (inhse, in.)

1 yard = 0,9144 m; | foot = 30,48 ¢m; 1 inch = 25,400 mum.

1 square mile {sque mailo, sq. mile) = 640 acre = 258,99 ha
I acre (4ycro, A) = 4840 square yard = 0,4047 ha

Bon vi do bé mdt

1 square yard (sq. yd.} = 9 square foot = 0,8361 m>
1 square inch (sq. in.) = 6,42 ¢m”

Don vi do thé tich

1 cubic yard (kinbic yado, cu. yd.) = 27 cubic foot = 0,7646 m*
I cubic foot (cu. ft.) = 1728 cubic inch = 0,02832 m”
| cubic inch (cu. in.) = 16,387 cm®

Bon vi do dung tich chdt [dng

| gallon (galon, gal ) = 4 quaft {(cuoto, qt.) = 8 pint (painto, pt.)

1 barrel (beron, bbl.) (M§) = 31,5 gallon = 1,59/
(Anh) 1 gallon = 4,546 I; 1 quart = 1,136 /; 1 pint = 0,586 /
(My) 1 gallon = 3,785 /; 1 quart = 0,946 [; 1 pint = 0,473/
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QDXB xuft ban s6: 160/QDXB-NXB KH&KT c4p ngay 29/07/2008
In xong va ndp lvu chiéu quy 111 nam 2008
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