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LOI NOI DAU

Dau mo dudc con ngudi biét d&n tir thai ¢d xua, dén thé ky XVIII,
dau mé dugc st dung lam nhién ligu dé gt chay, thap sang. Sang thé
ky XIX, dau dugc coi nhu la nguén nhién figu chinh cho moi phuong
tién giao théng va cho nén kinh t& qudc dan. Hién nay, dau mé da trd
thanh nguén nang lugng quan trong nhat ciia moi qudc gia trén thé
gidi. Khoang 65 dén 70% nang lugng sit dung di tir dau mo, chi cé 20
dén 22% ning Judng di tir than, 5 dén 6% tir nang lugng nudc va
8 d&n 12% tU nang lugng hat nhan.

Bé&n canh dé, huéng st dung manh mé va ¢6 hiéu qué nhat cla
dau md |13 lam nguyén liéu cho céng nghiép tdng hop hoa dau nhu:
sin xudt cao su, chat déo, td sdi tdng hop, cac chét hoat déng bé
mat, phan bén,... tham chi ¢a protein.

Ngoai cac san phdm nhién liéu va san phdm hoa hoc cla dau mo,
cac san pham phi nhién liéu nhu ddu mé béi tron, nhua duong, héc
in... cling & mdt phan quan trong trong sy phat trién clia edng nghiép.
N&u khdng cé dau md béi tron thi khong thé c6 cong nghiép dong co,
may moéc, la nén tang cta kinh té xa hoi.

Hiéu qua s dung ddu mé phu thudc vao chét lugng cla cac gua
trinh ché bién, trong dé cac qua trinh xuc tac gilr vai tro quan trong.
Theo cac chuyén gia vé hoa dau & Chau Au, viéc dua ddu mo qua cac
quéa trinh ché bién s& nang cao dugc hidu qua s dung clia ddu mo
1&n 5 |an, va nhu vay tiét kiém dude ngudn tai nguyén qui hiém nay.

Clng véi su phat trién manh mé clia cong nghiép dau khi trén thé
gidi, dau khi Viét Nam ciing da duge phat hién nhirng nam 1970 va
dang trén da phat trién. Chung ta da tim ra nhiéu mé chifa dau vai trit
lUgng tudng d8i 16n nhu md Bach HE, Dai Hung, md Réng g ving
Nam Cén Son: cac md khi nhu Tién Hai {Thai Binh), Lan Tay, Lan



Pa... Day 1a ngudn tai nguyén qui dé giup nudc ta cb thé budc vao ky
nguy&n mdi cla cong nghé déu khi. Nha may loc dau s6 1 Dung Quat
vdi cong suat 6,5 triéu tdn/nam sép hoan thanh va dang tién hanh du
an tién kha thi nha may loc ddusé 2.Do vay hidu biét va ap dung cac
khoa hoc, cong nghé tién tién trong linh vic hoa dau la mét doi hoi
cdp bach cho su nghiép phat trién.

Tai lidu nay nham cung cdp cac kién thitc cd ban vé hoa hoc dau
mo va khi cho sinh vién, hoc vién cao hoc nganh céng nghé hiu cd
hoa dau cla trudsng Dai hoc Bach khoa Ha N&i va cac trudng khac.
Céac ndi dung dudc sip x8p thanh hai phan chinh: Déu thé (i chuong
| dén chuong V) va Hoa hoc céac qué trinh ché bién dau (tir chudng V
dé&n chuang XV). :

Tac gid xin chan thanh cdm dn moi gép ¥ clla ban doc vé néi
dung va hinh thic dé Ian tai ban sau tai liéu s& dugc hoan thién han.

Tdc gid
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PHAN THU NHAT
DAU 'THO

Chuong 1
NGUON GOC DAU MO VA KHi

Diu mé va khi 12 nhitng khodng vat phong phid nhat trong ty nhién,
chiing ¢6 mit & nhiéu noi trong long ddt. DE gitp cho viée 1im ki€m cdc khu
vue chita ddu khi, thi nghién citu ngudn goc, xudt xit cua dau khi 1a rit quan
trong.

C6 14t nhiéu y kién tranh luan vé qué trinh hinh thanh cédc chat hydro-
cacbon trong ddu khi, nhung chl yé&u 13 hai gid thuyét: gid thuyét vé ngudn
gdc vo co (goi 1 ngudn géc khodng) vi nguén gée hitu co cua dau mo.

1.1. NGUON GOC KHOANG

Theo gia thuyét nay, trong long Trdi dit cé chia cic cacbua kim loal
nhir A14Cs, CaC,. Cic chdt nay bi phan huy bdi nudc d€ tao ra CHy va CoHo:

ALC; + 12H,0 — 4AI(OH); + 3CH,
CaC, + 2H20 — Ca{OH), + CgHg
Cic chat khdi diu d6 (CH,, CHa) qua qud trinh bién d6i dudi tic dung

clia nhiét do, dp sudt cao trong long dat va xic tic 1a cdc khoang sét, tao
thanh nhitng loai hydrocacbon ¢6 trong diu khi.

Dé ching minh cho diéu dé, nim 1866, Berthetot di téng hop duoc
hydrocacbon thom tir axetylen & nhiét d6 cao trén xidc tdc. Nam 1901,
Sabatier va Sendereus thuc hién phan (ng hydro hod axetylen trén xuc tdc
niken vi sit & nhiét do trong khoing 200 dén 300°C, da thu duoc mot loat
cdc hydrocacbon tuong ing nhu trong thanh phin cia dau. Cing voi hang
loat céc thi nghiém nhy trén, gia thuyét vé ngudn gdéc vo co cua diu md di
duoc chip nhan trong mat thoi gian khd dal.



Sau ndy, khi trinh dé khoa hoc va k¥ thuat ngay ciang phdt trién thi
ngudi ta bat ddu hoai nghi luan diém trén vi:

- D3 phin tich dwoc (bing cic phuong phap hién dai) trong ddu tho ¢d
chia cdc porphyrin ¢é ngudn gde tir dong thyc vat.

— Trong vo qua dit, ham luong cacbua kim loai 12 khong ding ké.

— Cic hydrocacbon thudng gap trong cdc Iép trdm tich, tai dé nhiét dé it
khi vugt qud 150 + 200°C (vi dp sudt rit cao), nén khong di nhiét do cén
thiét cho phan iing téng hop xdy ra.

Chinh vi viy ma gia thuyét ngudn géc vé ¢ ngdy cang phai md do ¢6 it
cin cd.

1.2. NGUON GOC HUU CO

D6 la gia thuyét vé sy hinh thinh didu mo tir cdc vat lidu hitu ¢co ban diu.
Nhitng vat liéu dé chinh 12 xdc dong thuc vat bién, hodc trén can nhung bi
cdc dong song cudn troi ra bién, qua thoi gian dai (hang triéu nim) duoc
ling dong xudng diy bién. O trong nude bién c6 rat nhiéu cde loai vi khuan
hi€u khi va yém khi, cho nén khi cic dong thuc vat bi chét, lap titc bi ching
phin huy. Nhitng phin nao dé bi phin huy (nhu cic chat albumin, cac hydrat
cacbon) thi bi vi khudn tin cong trude tao thanh cdc chit dé& tan trong nuée
hodc khi bay di, cic chit nay s& khong tao nén dau khi. Nguoge lai, cdc chit
kho bi phan huy (nhu cdc protein, chat béo, rugu cao, sip, diu, nhua) sé din
ling dong tao nén 16p tram tich dudi ddy bién; diy chinh 13 cdc vat ligu hiu
co dau tién cua diu khi. Cic chat ndy qua hang triéu nam bién ddj s& tao thanh
ciic hydrocacbon ban dau:

RCOOR' + H,O0 =— RCOOH + R'OH
RCOOH —» RH + CO,
RCH-OH — R'-CH=CH, + H,O
R'-CH=CH,; + H, — R'-CH,;-CH,
Theo tic gia Petrov, cic axit béo cia thuc vat thuong 1a cic axit béo
khong no, s& bi€n ddi tao ra y-lacton, sau d6 tao thanh naphten hoic aromat:
A\ .
R-—C=C-(|3|-C-OH — R_(]:___(_:_C___cho
0

y-lacton
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Cic xeton nay cé thé ngung tu tao thanh cdc hydrocacbon c6 cilu truc
hén hop, hoic thanh alkyl thom:

O
- —_— —
O R_“

0 (H
Rl
Dira theo qu4 trinh bién d8i trén, phai ¢6 hydro dé lam no cdc olefin, tao
thanh parafin. Va ngudi 1a di dwa ra hai gid thuyét vé sy tao thanh Ha:

— Do tia phéng xa trong long dar ma sinh ra Ha. Gid thuyét nay it cd
tinh thuyét phuc.

_ Do céc vi khudn y&ém khi dudi ddy bién, ching ¢6 kha nang lam lén
men céc chat hiru co dé tao thanh H,. Tdc gia Jobell 43 tim thiy 30 loat vi
Khudn cé kha ning lén men cdc chit hifu ¢o tao H,. Céc vi khudn nay thuong
gip trong nudc hd ao va ca trong 19p trim tich; dé 1a ngudn cung ¢ip Ha cho

qué trinh khir.

Ngoai cdc yéu to vi khuén, nhiéu nha nghién ctu con cho rang ¢6 hang
loat cic yéu t& khdc nira nhu: nhiét do, 4p sudt, thai gian, sy ¢6 mat cia cic
chat xic tac (cic kim loai nhu Ni, V, Mo, khodng sét...) trong cdc 16p tram
tich s& tao diéu kién thuan l¢i cho phan dng xay ra.

Thuyét ngudn goc hitu co cha ddu md cho phép giai thich duwoc nhiéu
hién tugng trong thuc té. Ching han nhu: diu mo & céc noi hdu nhu déu khic
nhau, sy khic nhau dé ¢6 thé 1a do vit liéu hitu co ban du. Vi dy, néu vat
jizu hitu co ban dau giau chit béo thi c6 thé tao ra diu loal parafinic...

Diu duoc sinh ra rai rdc trong cic 16p tram tich, duge goi la "da me”.
Do dp suit o diy cao nén chiing bi ddy ra ngoai va budc phai di cu dén noi o
méi qua cac ting “dd chia” thudng c6 cdu tric rong x0p. S di chuyén tiép
tuc xay ra dén khi ching gap diéu kién dia hinh thuén lot dé c6 thé & lai day
vi tich tu thanh m& diu; d6 la nhing cdl “bdy”, diu co thé vao duogc ma
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khong ra duge, ¢é nghia ]a noi d6 phai c6 ting dd chin hodc niit mudi.

Trong qud trinh di chuyén, diu md phai di qua cdc tAng dd x6p, cb thé
s&€ xay ra sy hap phu (gidng nhu sic ky), céc chdt ¢é cuc (nhu nhua,
asphanten..) bi bdp phu va & lai cdc 16p d4, két qui 1a dau s& nhe hon va sach
hon. Nhung néu trong qua trinh di chuyén diu bi ti€p xic véi oxy khéng khi,
chiing c6 thé bi oxy ho din dén tao cic hgp chit chia cdc nguyén td di thé,
lam x&u di chdt luong dau.

Khi diu tich tu vi nim trong cdc mé diu, qud trinh bién déi hdu nhu ft
xay ra néu mé diu kin. Trong trudng hop cé cdc khe hé, oxy, nude khi quyén
¢6 thé lot vao, sé xay ra su bién chit theo chiéu hudng xdu di do phan ing
hod hoe (oxy hod, trung hop hoa...).

Cic hydrocacbon ban dau cia dau khi thudng ¢é phéan tir luong rat 1én
(Cag + Cag), tham chi cao hon. Cic chét hitu co ndy nam trong 1ép tram tich
s& chiu nhiéu bién déi hod hoc dudi dnh hudng cla nhiét do, dp suit, xic tic
(12 kxhodng sét). Ngudi ta thdy ring, cff lin chim sau xudng 30 mét thi nhiét
do trong 16p trdm tich ting tir 0,54 d&n 1,2°C; con dp suat tang tir 3 d&n 7,5 at.
Nhu vay, & d0 sau cang lén, nhiét d6, aAp suat cang tang va trong cac 16p
trdm tich tao ddu khi, nhiét dd cé thé 1én 16i 100 dén 200°C va dp suit tir 200
dén 1000 at. O diéu kién nhwr vay, cdc hydrocacbon ¢é phan tir lvong 16n,
mach dai, ciu tric phifc tap s&€ bi phan huy nhiét, tac thanh cdc chilt cé phan
tir lugng nho hon, ciu tric don gian hon, s6 lvgng vong thom it hon...

Thoi gian dai ciing 13 yéu t8 thic ddy qud trinh cracking xay ra manh
hon. Chinh vi vy, tudi ddu cang cao, d6 lin chim cang sau, diu duoc tao
thanh cang chida nhiéu hydrocacbon véi trong luong phan tu cang nho. Siu
hon nira <6 kha ning chuyén hoan toan thanh khi, trong dé khi metan 1a bén
viing nhat nén ham lugng cia né rit cao. Cling chinh vi vay, khi tang chiéu
sdu cla cdc giéng khoan tham do diu khi thi xdc suit tim thdy khi thudng
cao hon.

Tém lai, vé bin chat, ddu va khi déu ¢6 cling mét ngudn gée, va chinh [a
nguén géc hitu co. O dau ¢ diu thi thudng tim thiy khi. Ciing cé khi cdc
mo khi ndm riéng biét, ¢ 1€ 1a do sy “di cu”.



Chuong 11
THANH PHAN HOA HOC VA PHAN LOAI DAU MO

Diu md 1a mot hén hop rdt phic tap, trong dé c6 hang tram cdc cédu tuf
khéc nhau. M&i loai diu mé dugc dic trung bdi thanh phan riéng, song vé
ban chat, ching déu ¢6 cdc hydrocacbon la thanh phin chinh, chi€ém 60 dén
90% trong lwgng trong dév; con lai Ia cde chit chita oxy, liru huynh, nito,
cdc phuc cd kim, cdc chit nhua, asphanten. Trong khi, ¢on ¢ chia cic khi
tro nhu: N, He, Ar, Xe... Mot diédu can luu ¢ 13, tuy ddu mo trén the gidi rat
Kkhic nhau vé thanh phan hod hoc, song lai rit gin nhau vé thanh phin nguyén
t& (ham lugng C dao dong trong khoang 83 dén 87%, con H tir 11 dén 14%).
Nhin chung, ddu mé cang chia nhiéu hydrocacbon, cang it cac thanh phin di
nguyén t&, chit lugng cing t6t va 12 loai dau md d6 cé gid tri kinh t& cao.

I1.1. THANH PHAN HYDROCACBON TRONG DAU MO

Hydrocacbon 1a thanh phén chinh cua déu, hau nhu tit cc cac loai hydro-
cacbon (loai trir olefin) déu cé mit trong ddu mo. Ching duge chia thanh cdc
nhém parafin, naphten, aromat, hén hop naphten-aromat. Bing cic phuong
phdp hod 1y, ngudi ta di xac dinh duge hon 400 loai hydrocacbon khic nhau.

11.1.1. Hydrocacbon parafinic

Hydrocacbon parafinic (con goi 13 alcan) la loai hydrocacbon phé bién
nhét. Trong ddu md, ching ton tai & ba dang: khi, 1dng, rin. Cic hydrocacbon
khi (C, + Cs), khi nim trong mé diu, do dp suit cao nén ching duge hoa tan
trong dau mo. Sau khi khai thic, do dp suat giam, ching thoat ra khoi dau.
Cac khi ndy gém metan, etan, propan va butan goi 1a khi déng hanh. Trong
khi déng hanh, butan chigm ty 1é cao (khdc vdi kh{ thién nhién, CHy chiém
161 80%), ngoii ra con c6 mot luong rit nhé pentan bay hoi ra ¢ing.

Trong diu md ¢é hai loai parafin: n-parafin vi jco-parafin, trong do
n-parafin chiém da 86 (25 + 30% thé tich), ching ¢ $6 nguyén tir cacbon tir
C, dén Cy5. Mot diém cdn chi ¥ 14 cic n-parafin c6 s6 cacbon biing hoac 1én
hon Cyg, & nhiét do thuong chiing 4 la chilt rin. Cic parafin ny co thé hoa
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tan trong ddu hodc tao thanh cic tinh thé 1o limg trong dau. Khi ham lugng
cdc parafin rén qud cao, ddu ¢4 thé bi dong dic, gay kho khin cho vén dé
van chuyén. Do vay, cdc chat parafin rdn c6 lién quan d&n d¢ linh dong cua
ddu mé. Ham luong cia ching cang cao, nhiét do dong diac cua dau cang
160, Vi du, dau Minas (Indonesia) c¢d 13% parafin rin nén & +33°C dédu di bi
dong dic; con diu Libi, ¢é 10% parafin réin, nhiét 46 dong dac 1a 18°C. Diu
mo Viét Nam ¢6 nhiét do dong dic khd cao: ddu Bach H8 dong dic & 33°C,
ddu Dai Hung dong dac & 27°C. Nhu viy, diu Minas va dau Bach Hé 1a loai
diu dién. hinh c6 nhiéu parafin rin, ngay & nhigt do thuong ching cling
khong chay long. Khi bom, véin chuyén dugc cdc loai ddu nay phai dp dung
cdc bién phdp nhu: gia nhiét dudng éng, cho thém phu gia, tich bot parafin
rén ngay tai noi khai thic dé ha diém dong dac. Cac bién phdp nay gay tén
kém, 1am ting gid thanh khai thdc dau tho. Tuy nhién, cdc parafin ridn tich
duge tir ddu thod lai [a nguyén liéu quy dé téng hop hod hoc, nhu dé diéu ché
chat tdy rira téng hop, to s¢i nhan tao, phan bén, chit déo...

Ciéc izo-parafin thudng chi ndm & phén nhe va phédn cd nhiét ¢ sél trung
binh cha diu. Ching thudong ¢é cau triic don gidn, mach chinh dai, nhinh
phu it va ngén, nhdnh phuy thuong la nhém metyl. Cic izo-parafin cé s6
cachon tit Cs dé€n Cpp 12 cac cdu tir rdt quy trong phin nhe cua dau mo,
ching lam tang kha nang chéng kich nd (ting tri s6 octan) clia xang. So vOi
n-parafin, izo-parafin ¢ d¢ linh dong cao hon.

11.1.2. Hydrocacbon naphtenic (vong no)

Naphtenic (xyclo parafin) Ia mot trong s@& hydrocacbon phé bién va quan
trong trong diu mo. Ham lugng cla ching ¢6 thé thay déi tir 30 dén 60%
trong lugng. Chiing thudng & dang vong 5, 6 canh, cling ¢6 thé & dang ngung
tu 2 hodc 3 vong. Ciing ¢6 trudng hop phan tich duge hop chit c6 dén 5 vong
ngung tu, nhung riit it. Cic hydrocacbon naphtenic ¢6 mit trong phan dean
nhe (thuong 1a mét vong vi it nhdnh phu); hoidc & phan ¢é nhi¢t do so1 trung
binh va cao (khi ¢6 1a nhiing c&u ti ¢6 nhiéu vong va nhdnh phy dai). Mot s6
vi du vé cic hydrocacbon naphtenic ¢6 trong diu mo nhu sau:

j R : R (CHy) g~ CH, (CHy) y—CH,
R

CH;
CH, CH,
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Hydrocacbon naphtenic la thanh phédn rdt quan trong trong nhién liéu
dong c¢o va ddu nhon. Cac naphtenic mot vong lam cho xang c6 chit luong
cao; nhitng hydrocacbon naphtenic mot vong ¢6 mach nhdnh dai la thanh
phén rat t6t cda ddu nhdm vi ching ¢6 do nhdt cao vi it thay déi theo nhiét
do. Dic biét, ching 1a cde céu 1t rat quy cho nhién liéu phan luc, do ching
cho nhiét chdy cao, déng thoi gitr duge tinh linh dong & nhiét d6 thap, diéu
nay rat phit hop khi ddng co phdi 1am viéc o nhiét do am.

Ngoai ra, hydrocacbon naphtenic trong diu moé con 1a nguyén ligu qui
dé tir dé diéu ché cic hydrocacbon thom: benzen, toluen, xylen (BTX), la
cdc chit khai ddu trong san xudt to soi téng hop vi chit déo.

Nhu vy, ddu md cang chira nhiéu hydrocacbon naphtenic thi cang cé
gid tri kinh t&€ cao, vi tr dé co thé san xudt duge cdc san phim nhién lién va
phi nhién liéu cé chat lugng t&t. Ching lai ¢6 nhiét d6 dong dic thip nén
giit dwge tinh linh déng, khong gy khé khin t8n kém cho qud trinh bom,
van chuyén, phun nhién liéu. Trén the gidi, dau chira nhiéu hydrocacbon
naphtenic 1a dau mé Bacu (CHLDB Nga).

I1.1.3. Hydrocacbon aromatic (hydrocacbon thom)

Hydrocacbon thom thudng gap 12 loai mot vong va déng ding cla ching
(benzen, toluen, xylen...). Cic chdt nay thudng nim trong phin nhe va i cdu
tr 1am ting khi nang chéng kich né cia xdng. Cdc chit ngung tu 2, 3 hodc 4
vong thom c6 mat trong phdn c6 nhiét do soi trung binh vi cao cita ddu mo;
ham lugng cic chét loal nay thudng it hon.

I
Duéi diy 1a mot s§ aromat thuong gip trong dau: !
CH,
o o 4
CH;
benzen toluen xylen naphtalen
antraxen phenantren nyren diphenyl
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Khac véi nhién liéu xang, & nhién liéu phan lyc va diézen, néu ham
jugng aromat nhiéu thi ching lam giam chat lugng cila cdc loai nhién liéu dé
do kho tu boc chdy va tao ¢dc, tao tan trong dong co. Cing nhu hydrocacbon
naphtenic, cac cAu tir aromat mot vong c6 nhanh phu daj 1a nguyen liéu qui
d4é san xudt ddu nhon ¢ do nhdt vi chi s6 do nhdt cao (46 nhdt it bi bién ddi
theo nhiét do).

Céc dau md dién hinh chia nhiéu hydrocacbon aromatic trén thé gidi 1a
diu tho & dao Bornéo, Sumatra va Java ciia Indouesia, hodc diu tho bai
Hung cua Viét Nam, phiing diu thé nay 6 chita 30 dén 40% aromat trong
phin nhe.

IL.1.4. Hydrocacbon loai hén hop naphten - thom

Loai nay rat pho bién trong ddu, chung thuong pam & phin cé nhiét do
61 cao. Ciu tric cla ching rit gin voi cau tric trong cac vat ligu huu co
ban diu tao thanh dau, nén dau cang ¢6 do bién chét thap s& cang ¢6 nhiéu
céc hydrocacbon loai nay.

Mot s6 hydrocacbon hén hop naphten - thom thudmg gip trong dau md ¢b
ciu tric nhu sau:

0 0 OO OweO

tetralin indan xyclohexylbenzen 1¢xyclohexyl-2-pheny1 etan

11.2. CAC THANH PHAN PHI HYDROCACBON

1L.2.1. Cac chat chira lua huynh

Trong thanh phén phi hydrocacbon, cdc chat hifu co chia luu huynh la
loai hop chit phé bién nhit, chiing 1am xdu di chat luong ¢ha diu tho. Ngudl
ta di xéc dinh duge trén 250 loai hop chit ciia lua huynh. Cic loai diu chia
{t hoa 0,5% luu huysh 13 loai dau tét, con diu chita tir | dén 2% luu huynh
crés 16n 13 ddu x&u. Céc chat chita Tru huynh thudng O ¢dc dang nhu:

— Mercaptan R-S-H
— Sunfua R-S-R’
— Disunfua R-S-5-R’
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- Thiophen (luu huynh trong mach vong)
~ Luu huynh ty do S, H,5 3
I1.2.1.1. Luu huynh dang mercaptan .

Mercaptan 13 cdc hop chit ¢6 nhom SH lien két truc tiép véi goc
hydrocacbon, ching khong bén va d& bi phan huy & nhiét dé cao:

srsi %€, R-S-R + HS

rRsH 0%, R—_CH=CH, + HS

Cic chit mercaptan thudmg ¢6 mit & phan ¢6 nhigt do sdi thip (& phin
doan xang, véi nhiét do soi dudi 200°C), gbc hydrocacbon thudmg o €+ Cy.

11.2.1.2. Luu huynh dang sunfua va disunfua

Céc chit pdy thudng cé ¢ phan doan ¢6 nhiét do soi trung binh va cao.
Géc hydrocacbon c6 thé 12 mach thing, vong no hodc vdng thom. Vi du:

Caall ORIV

Pic biet & phin c6 nhiét do s6i cao thwong thiy nhiéu luu huynh dang
disunfua; c6 thé 1a do cdc chit mercaptan bi phan huy hodc dé dang oxy hod
dé tao ra disunfua theo phan ng sau:

WSH + 0, —» R-S-S—R + HO

11.2.1.3. Luu huynh dang thiophen

Cic hop chit chira luu huynh dang thiophen cé ciu tric mach vong, nhu:

g Oy OO

thiophen benzothiophen dibenzothiophen

Thiophen 1a loai chat chita lwu huynh phé bién nhit (chiém tu 45 dén
92% trong tit ci cdc dang hop chdt chira Ivu huynh cta ddu mo). Ching
thuong c6 & phin c6 nhigt do soi trung binh va cao cla dau.

[1.2.1.4. Luu huynh dang fu do

Pé 1a luu huynh dang oguyén t§ vi dang H,S. Dua vao ham luong Tuu
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huynh dang H,S ¢6 trong ddu ma nguoi ta phan ra hai loai dau: Ddu chua:
luong H,S > 3,7 ml H>S/11it dau; déau ngot: Tugng H,S < 3,7ml HpS/11it dau.

Khi dun néng, H,S s& bay ra, gy nén &n mon hé dudmg &ng, thiét bi.

Trén thé gidi, ddu Méhicd 1 loai diu c6 ham lugng H,S cao.

IL.2.2. Cac chat chifa nito

Cic chit chita nito thudng cé rét it trong diu mo6 (0,01 dén 1% trong
lwong), ching ndm & phda cé nhiét do s6i cao; thudng ¢6 1, 2 hoidc 3 nguyén
tir N. Nhitng hop chit ¢é mot nguyén ti nito thudng cé tinh bazo va 1a loai
chinh; con cédc chat chifa tir hai aguyén tu nito trd 1én thuang rat it. Cling co
loai chita t16i bon nguyén tur nito. Nhing ¢hit nay thudng ¢é xu hudng tao
phitc véi kim loai nhu V, Ni (& dang porfirin).

Mot s6 vi du vé cic hgp chér chira mot nito nhu sau:

pyridin quinelin izo-quinolin acridin
pyrol indol cacbazo! benzocachazo!

11.2.3. Cic chat chita oxy

Céc chat chia oxy trong ddu mo thudng tén tai dudi dang axit, xeton,
phenol, ete, este... trong d6 cac axit vd phenol 1a quan trong hon cd, ching
thudng nam & phan ¢é nhiét do s6i trung binh va cao. Céc axit thuong cé mot
chie va nhiéu nhat & phin nhigt do soi trung binh, con & nhiét dé cao hon,
ham ligng axit gidm. Céc phenol thuong gap la:

@ OH @CHS OH
OH
phenot crezol J-naphtol

11.2.4. Cac kim loai nang

Ham lwong cdc kim loai cé trong diu thudng khong nhiéu (phin van dén
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phan triéu). Ching c6 trong céu tric cua cdc phic co kim (dang porphirin),
chii yéu 12 phic cia hai nguyén t6 V va Ni. Ngoai ra ¢dn mot lugng rat nho
cac nguyén 16 khic nhu Fe, Cu, Zn, Ca, Mg, Ti,...

Ham lwong kim loai nang nhiéu s& giy trd ngai cho cic qud trinh ché&
bi€n xdc tdc, do ching giy ngd doc xic téc. Vi vay, d6i vol qud trinh
cracking va reforming, yéu cdu ham lugng cdc kim loai nay khong dugc qua
5 d&n 10 ppm. Ngoai ra, phén cin cila dau mo né€u chita nhiéu kim loai nang,
khi st dung 1am nhién lidu 46t 10 s& c6 thé xay ra su ¢& thung 1o do tao hop
kim c¢6 nhiét do néng chay thap.

I1.2.5. Cac chat nhua va asphanten

Nhua va asphanten 1a nhiing chit chia dong thai cic nguyén t6 C, H, O,
S, N; ¢6 phan tir lugng rat 16n (500 dén 600 d.v C tr& 1én). Nhin bé ngoai
ching déu ¢6 mdu xim, ning hon nudc (ty trong 16n hon 1), va khéng tan
trong mréc. Ching déu ¢ cau triic h¢ vong thom ngung ty cao, thudmg tip
trung nhiéu & phan nang, nhit 13 trong cin didu md. Tuy nhién ciing ¢ thé
phén biét dugc nhua va asphanten theo cic dic diém sau day:

Nhua Asphanten
- Trong lugng phan tir: 600 + 1000 d.v C. - Trong lugng phan tlr 1000 + 2500 d.v C
- D& tan trong dung méi hiu ¢g. Khi tan tao - Kho tan trong dung mél hiu co. Khi tan
dung dich thye. tao dung dich keo.

- B6 thom hoa (ty s6 giia s6 nguyen tir - DO tham hod: 0.2 + 0.7.
cacbon ndm & vong thom so véi tng s6 nguyén
tir C trong toan phan td): 0,14 + 0,25.

Cic chit nhya va asphanten thudng ¢6 nhiéu & phan ning, dac biét Ia
phén ciin sau khi chung c&t, ching déu lam x4u di chit luogng cuia ddu mo. Sy
¢6 mat cia ching trong nhién li¢u s& lam cho sin phidm bi sdm mau; khi
chiy khong hét s& tao can, tao tan. Trong qud trinh ché bién, ching dé giy
ngd doc xdc tic. Tuy nhién, ddu mo nao chia nhiéu nhua va asphanten s& ia
ngudn nguyén liéu t5t d€ san xuit nhya dudng.

Nhua va asphanten & céc loai ddu md khic nhau vin c6 thanh phin nguyén
t3 gin giéng nhau. Nhya dé chuyén thanh asphanten khi bi oxy hog, do d6
¢6 thé coi ring, asphanten l1a san phdm chuyén hod tiep theo cia nhya. Vi
vay ma phan tir lugng cha asphanten bao gid ciing cao hon ctra nhua.
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11.2.6. Nudc 1an trong dau mé (nude khoan)

Trong diu md, bao gidy ciing c6 1dn mot lugng nude nhat dinh, ching ton
tai & dang nhil tuong. Cac nguyén nhan din dén su cé mat cua nudc trong
diu, do6 1a: Nude cé tir khi hinh thanh nén dau khi do sy lin chim cla cdc vat
lieu hitu co dusi ddy bién va nude tir khi quyén (nhu nudc mua) ngdm vao
cic mod dau,

Trong nuée khoan chita mét lugng rit 16n cdc mudi khodng. Cic cation
va anion thuong gip 1a: Na*, Ca®*, Mg>", Fe**, K*, CI", HCO5, S04, 5057,
Br, T ... ngoai ra cdon mot s6 oxyt khong phan ly & dang keo nhu Al,O3,
Fe,03, Si0;.

C6 thé sit dung nudc khoan dé sin xudt mot s& chit, vi du san xudt Bry, 1o
Khi khai thic dau, d€ ling, nuéc s& tich ra khéi ddu. Trong trudng hop

nuéc tao thinh hé nhil tvong bén ving, Juc d6 mudn tich duge hét nude phai
dung phu gia phd nbi.

Can chd ¥ ring, mot s mudi khodng trong nudc bi thuy phan tao ra
axit, gay in mbdn thiét bi, bom, dudng dng, theo phan dng:
MgCl, + 2H,0 — Mg(OH),{ + 2HCI
MgCl, + H;0 — Mg(OI)Cl + HQ

Vi vy phai nghién citu k¥ vé nuée khoan va ¢6 bién phdp ngan ngira dé
phong sy an mdn do.

IL.3. PHAN LOAI DAU MO

Diu thé mudén dua vio cic qud trinh ch€ bign hoac buodn bin trén thi
trudng, cdn phai xac dinh xem ching thuge loai ndo: diu nang hay nhe, diu
chita nhiéu hydrocacbon parafinic, naphtenic hay aromatic, dan ¢é chira
nhidu luu huynh hay khéng? Tir d6 méi xdc dinh dwoc gid tri trén thi trudng
vi higu qua thu dirge cdc san phdm khi ché bi¢n.

C6 phiéu phuong phdp dé phan loai ddu md, song thudng dya vao chu
y&u hai phuong phép, d6 1a: dua vio ban chat hod hoc va ban chat vat ly.

11.3.1. Phan loai ddu m6 dua vae ban chat hod hoc

Phan loai theo ban chét hod hoc ¢é nghia la dua vio thanh phédn cua céc
loai hydrocacbon cé trong dau. Néu trong diu, ho hydrocacbon nao chiém
phin chi yéu thi ddu md s& mang tén loai do. Vi du, ddu parafinic thi ham
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1wrong hydrocacbon parafinic trong d6 phai chi¢m 75% tra 1én. Trong thue té.
khong t6n tai cdc loai ddu thé thuan chung nhu vay, ma chi ¢6 cdc loai dau
trung gian; chang han nhu: dau naphteno - parafinic, ¢ nghia 1a ham lugng
parafin troi hon (50% parafin, 25% naphten, con lai la cdc loay khac).

Cé nhiéu phuong phap khidc nhau dé phan loai theo ban chdi hod hoc.
I1.3.1.1. Phuong phdp cia Vién ddu mo Nga

Phuong phdp nay phan tich ham luong cia timg loai hydrocacbon
parafinic, naphienic, aromatic trong phan doan cé nhiét do soi tir 250 dén
300°C, két hop v6i xac dinh ham luong parafin rdn va asphanten c6 trong
dau tho (bang I1.1) réi tuy theo s& ligu ¢6 duge d€ xdc dinh loai dau.

Bing {/.1. Phan loai dau tho theo Vién dau mo Nga

Ham lugng hydrocacbon (%) trong Ham lugng (%)
Ho dau mo phan doan 250 + 300°C trong dau tho
parafinic naphtenic aromatic parafin rén | asphanten
Ho parafinic 46 + 61 23+ 32 15+ 25 1,15+ 10 0+6
Ho naphteno-parafinic 42 + 45 38-+39 16 = 20 1+6 0=6
Ho naphtenic 15 + 20 61+76 6+13 Vet 0+6
Ho parafino-aromato-
naphtenic 27+ 35 36 + 47 26 =33 05+1 0+10
Ho aromato-naphtenic 0+8 57 + 58 20+ 25 0+05 0+ 20

11.3.1.2. Phuong phdp cia Vién ddu mé Phdp

Phuong phdp nay do ty trong (d.") cua phan doan 250 = 300°C cla dédu
thé. trude va sau khi xir 1y vdi axit sunfuric. Sau dé dya vio khoang Ly rong
dé€ phan loai ddu tuong tng (bang I1.2).

Bdang i1.2. Céch phan loai diu tho cia Vién dau mé Phap

L Ty trong phan doan 250 + 300°C, d,’
Ho dau md .
trudic xU Iy véi H,S0, sau X ly véi H;30,
Ho 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 817 + 0,869 0,813 + 0,841
Ho naphtenc - aromatic 0,878 + 0,869 0,844 + 0,866

21



I1.3.1.3. Phuong phdp cua Vién dau mé My

Chung cdt dau thod so b, tich ra laim hai phan doan: Phan doan 250 +
275°C (1) va phan doan 275 + 415°C (2), sau d6 do ty trong & 15,6°C (60°F)
cua moéi phéan doan. So sanh ching voi cic gid tri ty trong & bang 11.3 dé xé&p
loai diu thé,

Bdng I{.3. Phan loat ddu thé cda Vién ddu md M§

Ho dau mé ¥ treng, d,];f
Phan doan 1 Phan doan 2

Ho parafinic < {,6251 0,8762

Ho parafino - frung gian < {,8251 0,8767 +~ 0,8334
Ho trung gian - parafinic 0,8256 + 0,8597 < 0,8762

H trung gian 0,8256 + 0,8597 0,8767 + 0,9334
Ho trung gian - naphtenic 0,8256 + 0,8597 > 00,9340

Ho parafine - trung gian > 10,8502 0,8767 - 0,8334
Ho naphtenic > 10,8602 > 0,9340

11.3.1.3. Phdn loqi theo Nelson, Watson va Murphy

Theo cdc tdc gid nay, ddu md dwge dic trung boi hé s§ K, 12 mot hing
s0 vat 1y quan trong, dic trung cho bdn chat hod hge cua dau mo, duoc tinh
theo cong thic:

T— nhiét do so6i trung binh cua ddu tho, tinh bing dé Reomuya (°R),
1°R = 1,25°C.

d— 1y trong ddu tho, xdc dinh & 15,6°C (60°F) so véi nude & cling nhiét do.
Gi6i han hé s8 K dic trung d€ phan chia ddu mo nhu sau:
K=13+12,15

K=1210+11,5

K=1145+10,5

K=10.

Ddu mé ho parafinic:
D4u mo ho trung gian:
Ddu mo naphtenic:

D4u mo ho aromatic:
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11.3.2. Phan Joai dan mé theo ban chat vat 1y

Cach phan loai nay dua theo ty trong. Biét ty trong, €O thé chia dau thd

theo ba ¢ap.
1. Diu nhe: dis < 0,830
5 Déu trung binh:  d = 0,830 + 0,884
3. Ddu néng: d > 0,884

Hoic c6 thé phan loai diu theo 5 cip saw

1. Déu rat nhe: di¥ <0,830
7. DAn nhe vua: d=0,830+0,850
3. DAu hoi ning: d =0,850+ 0,865
4. Dau ning: d = 0,865 + 0,905
5, DAu rat ndng: d > 0,905

Ngoii ra, trén thi truong ddu the gidi con sit dung do °API thay cho o
trong va "AP1 dugc tinh nhu sau:

(41
oapr= A 1315
156

15,6

Déu tho thudng ¢o do °API tir 40 (d = 0,823) aén 10 (d = 1).

11.4. THANH PHAN VA PHAN LOAL KHi

11.4.1. Phan loai

Khi hydrocacbon trong tv nhién duoe phan loai theo nguén gbe nhu dudi
day:

1. Khi thién nhién. L2 cic khi chia trong cdc mo khi rieng biét. Trong
khi nay thanh phin chd yé€u 12 khi metan (CH,) (tir 93 dén 99%), con lai 1a
cdc khi khic nhy etan (C,Hg), propan (C5Hy) va rét {t butan (C4H,p)-

2. Khi dong hanh. La khi aim l4n trong ddu mo, duge hinh thanh cling
vGi diu, thinh phén chit yéu 1a cdc khi nang nhu propan, butan, pentan..
(con goi la khi dau mo).

3. Khi ngung tu (condensat). Thuc chit 13 dang trung gian gila diu mo
va khi (phédn cugi cua khi va phdn ddu cua diu}, bao gdm cic hydrocacbon
nhu propan, butan vi mot s0 hydrocacbon long khic nhu pentan, hexan,
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tham chi hydrocacbon naphtenic va aromatic don gian. $ diéu kién thuong,
khi ngung tu & dang 16ag. Khi ngung tu la nguyén liéu quy dé san xuat LPG
va st dung trong téng hop hod dau.

11.4.2. Thanh phan

Dac trung chl yéu cta khi thién nhién va kh{ ddu mé bao g6m hai phan:
phin hydrocacbon va phi hydrocacben.

1. Cdc hop chdt hydrocacbon

Chi y&u la cdc khi metan va déng dang cba né nhu: CsHg, CiHg,
n-CaHyo, izo-C4H g, ngoai ra cdn mot jugng it ¢dic hgp chit Cs, Cg. Ham
luong cdc cAu tir trén thay d6i tuy theo ngudn géc coa khi. Vi dy, trong khi
thién nhién chua chu y&u CHy, cdc khi ndng Cs3 + Cy rdt it; con trong khi
déng hanh, ham luong céc khi C3 + C4 cao hon (bang I1.4).

Bdng 11.4. Thanh phan khi ddu mo6 va khi thién nhién

Khi d8ng hanh tigu bidu Khi thien nhién tiéu biéu
Thanh phan
% thé tich % khéi lugng % thé tich % khdi lugng |
Metan 51,06 357 92,34 89,4
Etan 18,52 243 1,92 3.5
Propan . 11,53 22,2 0,58 14
Butan 4,37 1.1 0,30 1.1
Pentan 214 8,7 1,05 46
Phi hydrocacben 12,38 6.7 3.85 46

2. Cdc hop chdt phi hydrocacbon

Ngoai thanh phan chinh 1a hydrocacbon, trong khi thién nhién va khi
diu mo con chita cdc hop chit khdc nhu CO,, N, HsS, Hy, He, Ar, Ne...
Trong cic loai khi ké trén, thudng N chiém phdn 1éu. Dac biét, cé nhitng
md khi chia heli v6i ham lugng khd cao nhir cdc mé khi tu nhién & M§: méd
Kandas chita 1,28% He, md Texas chiva 0,9% He. C6 nhimng mo khi chia
nhiéu H.S: md Lag ctia Phép chita Hy v&i him luong 5%.

Ngudi ta c6 thé sit dung cdic mo khi dd lam ngudn nguyén li¢u dé san
xudt cdc khi tro, thu héi HaS dé phuc vu cho cong nghiép.

24



Chuwong I
UNG DUNG CUA CAC PHAN DOAN DAU MO

Diu md mudn sit dung duge thi phai ti€n hanh phin chia thanh timg
phan doan phoé. Qud trinh phan chia dua vao phuong phip chung cét dé thu
duwwe cic khoang nhiét do so1 khic nhau. Dau tién, Khi khai thic ddu, do co
su giam dp sudt nén phan doan khi dugc tich ra, thuong tur C; dén C4, ngoai
ra mot luong rat it Cs , Cg bay theo. Sau dé, tuy thude vao gidi han nhiét dé

s61 ma ta thu duge cic phan doan sau:

— Phan doan xing: nhiét d6 soi nhd hon 180°C, bao gém cdc thanh
phfil’l tr Cy + Cyp, Ci.

— Phan doan kerosen: nhiét do soi tir 180 dén 250°C, chia cdc
hydrocacbon tir C;; + Cys, Cye.

— Phan doan gasoil nhe: nhiét d¢ s6i tir 250 dén 350°C chira cdc thanh
ph.’j.]'l C16 + Cgu, C?.l-

— Phan doan gasoil nang (con goi 13 phan doan ddu nhan), nhiét do $Oi
tir 350 d&n 500°C, bao gém Cay + Cas, tham chi dén Cyy.

— Phéan doan cin gudron véi nhiét do soi trén 500°C, gém cdc thanh
phdn ¢6 s& nguyén t cacbon tir Cy; trd 1en, gisi han cudi cung cé
thé dén Cyp.

Cic phan doan ké rén duge dng dung trong nhiéu muc dich khdc nhau,
nhung chi yéu duge st dyng Jam nhién liéu hoic tao céc san pham hod hoc.
D& ¢6 thé sir dung véi hidu qué t6i da cdc san phdm ddu mo, cin phai nim
vitng dic diém, tinh chit cia timg phan doan, clng nhir cdc diéu kién mdy
mée k¥ thuit lién quan dén nhién ligu.

II1.1. PHAN POAN KHI

Phan doan khi bao gém cdc hydrocacbon C; + C4, mot lugng rit it Cs +
C¢. Cdc khi nay ¢6 thé khai thdc tir mé khi hodc dwgc tich ru khi khoan dau.

Kh{ duge dng dung trong cdc muc dich chinh la lam nguyén li¢u cho cong
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nghiép téng hop hod diu va lam nhién ligu dot.
IT1.1.1. Khi lam nguyén li¢u téng hop hoa dau
II1.1.1.1. Téng hop amoniac

Amoniac (NH3) 1i nguyén licu ban diu dé téng hop phan dam
[ NH4NOz, (NH43,80,, NaNO, |, (NH;),CO v.v. .. Qud trinh t(‘ing hap st
dung chil y€u 1a khi thién nhién, qua cdc giai doan sau:

Dau tién chuyén hoa thanh khi téng hop (qus trinh reforming hot nudc):
CH4 + %03 = CO + 2H2
CH, + H,0 == (CO + 3H,
cCO + H,O0 =—= CCO; + H,
Sau khi loai bo CO l1a ti€p dén giai doan téng hop amoniac:
N, + 3H2 I 2NH3 + Q

Xuc¢ tac cho phan ing nay 1a cic oxyt nhr Fe,05, Fe;0y, FeO, Al,Q5,
Cr;0;, TiO; v.v... Hién nay, trong céng nghiép sir dung xic tic Fe;04 ¢6
thém 1a Al,O;. Phan ung xdy ra & diéu kién dp suit cao (25 dén 100 MPa),
nhiét d6 500°C.

11.1.1.2. Téng hop metanol

Metanol [d mét trong nhiing nguyén liéu va dung méi quan trong trong
cong nghiép hod hoc. Metanol con duge coi Ia ngudn nhién ligu 1y tudng vi
né cé kha nang cl'rzi-b#hoﬁn toan khong gay 6 nhi€ém méi trudng, ngoii ra né
¢on 1a mét trong nhitng phu gia chia oxy rit t6t dé pha vio Xang ning cao tri
sO octan,

C6 thé tdng hop metanol bing cich oxy hod khéng hoan toan metan.
Phan ting x4y ra theo co ché chubi:

CHy —» CH;" + H*
CH;" + [0] ——» CH;0"

CH;0° —» HCHO + H°
CH;0" + CH, — CH;0H + CH;°

Xic tdc sir dyng trong qud trinh ndy 6 thé la: V.05, BiMoO, hoac
MoQ; trén chat mang 13 cabosit hojc aerosit; cdc kim loat Fe, Ni, Cu, Pd...
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hoiic cdc oxyt cua ching; hodc hén hop oxyt va kim loai.

Ngay nay, trong cong nghiép, xic tic duge sit dung 13 V,0s, vd1 nguyen
licu 13 he CH, — Oy — NO; cdc didu kién Kkhac 1a nhiet do 883°K, dp sudt tir
20 dén 100 at. Khi khong cé NO (ndng do NO bing 0%), do chuyén hod
metan chi dat 1% tai 966°K; nhung aéu st dung mot luong rit nho NO
(0,5%), do chuyén hod cla metan da dat 10% o 308°K; con do chon loc cua
metanol dat cuc dai khoang 24%, formaldehyt dat 43%.

Nhu vay, oXy hod truc ti€p metan co thé thu duge san phdm 13 metanol
vi formaldehyt. Viéc sit dung NOy ahu 13 chat khoi mao hodc chit oxy hod
cho phan tng di dem lai nhiing hieu qua rd rét. Thanh phin san phim thu
duge khi oxy hod tryc ti€p metan c6 thé tham khao o bang 1.1

Bdng [11.1_ Thanh phin san phim khi oxy hod metan
(Cac diéu kign t6i uu: Xug tac V,05/810,; NO 0,3 + 0,5%; He 16,2%:; CHy0y = 2+ 3;
metan 55,6%:; oxy 33,7%; nhiét 4o 800°K)

[_ Tac nhan Bé chuyén |Ham lugng Nhigtdo,| Bo cheon loc san phém, % *
phan (ng ho& CHy, % | NOx, % K Téng | HCHO | CHyOH | CHING,
CH4-0; 1.5 0.5 763 56,6 | 493 89 2.4
CHy-03-NO 10,0 0,5 802 522 | 241 | 221 9.0
CHy~0,-NO; 10,0 05 808 609 | 245 | 27.3 9.1
| CHi0,-NO-NO; | 100 05 | 806 | 566 | 238 | 238 | 90 |

* % con lal la cac khi CO, CO;.

111.1.1.3. Oligome hod etylen thanh nhién liéu diézen

Etylen, propylen va céc olefin nhe dé& dang tham gia pban ung oligome
hod duéi tac dung cla xlc thc mang tinh axit. Pac biét la etylen cb thé
chuyén hod thanh cic san phim c6 khéi lugng phan tir trong mot khoang
rong, phu thudc vao diéu kién phan dng va cdc phuong phép xir 1y xuc tdc
khic nhau.

Déi véi xiic tic Ni mang trén zeolit X (NiX), sin phdm oligome hod thu
duoc 12 C5, con d6i véi xiic tac Ni trén zeolit Y (NiY), san phim ndm trong

o

khoang Cy» dé€n C35 va c6 thé tich ra d& ding qua cdc mao quan cua zeolit.
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Tuy nhién, hé xic tdc NiX, Ni¥ ¢éd n
giam rat nhanh, nén viéc iing dung trong thuc t& gip

nay, ngudi ta su dung xiic tac

huge diém 1a hoat tinh xic tic

nhiéu khé khan. Hién

Ni mang trén chdt mang rin c6 kha nang ion

hod nhu silica-alumina va zeolit Y, goi tit 1a NiSA, & dién kién nhiét do
phan Gng 100 dén 120°C, 4p suat 35 bar. Tinb chit cua xic tic NiSA duge

chi din & bang 111.2.

Bing 11.2. Thanh phén va tinh chit cia xtic tac NiSA-IN

Ni

Al

Na

Bé& mat rieng

Dudng kinh mao quan
Thé tich riéng

1,56% kh.!.
16 % kh.l.
0,68% kh.1.
4,25 m*g
187 A
0,75 cm’fg

Vi cic didu kién oligome hod nhu trén, hiéu sudt C;

30%. Chit luong cua san phim dié

Bdnyg H1.3. Dac diém cia san pham di

zent

o trdr len dat khoang

hu duoc ¢6 thé xem & bang 111.3.

¢zen thu duoce tir qui trinh oligome hod etylen

Tinh chat

Phan doan Cyq trd 1&n

Tieu chudn SABS 342

Thanh phan cat
~ Tsiase C
~ T4 20%
- T%a 50%
— T%4i 90%

Tri 54 xetan

Piém duc, °C

piém dong, °C

Can cacbon, % kh.l.

Do nhot tai 40°C, mm.s™
Trong lugng rigng & 15°C, g/m!

180
202
220
295
68
+
20
0,11
232

0.8036
84.2

@I 53 brom

362 max
45 min

-4 max
0,2 max
22+573
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S6 lieu & bang I111.3 chi rd nhitng dic tinh t6t cta diézen téng hop bing
phuong phip oligome hod, dic biét 14 tri s6 xetan rét cao cho thdy tinh uu
viét cua hé xic tic str dung.

Ngoiai cdc san phim nhu metanol, formaldehyt, khi téng hop, nhién ligu
diézen... tir cdc khi khic nhau c6 thé tdng hop dirge vo van cdc sin pham hod
hoc khdc nhau ¢6 nhiéu ing dung trong doi sdng, trong cong nghiép. Ban
doc c6 thé tham khio cdc dang san phdm trén so d6 & hinh 1111

I11.1.2. Khi Yam nhién Hén dot

Chuyén hod khi thanh nhién liéu d6t 1a huéng st dyng quan trong va cd
hiéu qué cao, do d6 cong nghé hod long khi da va dang duge phat trién trén
pham vi todn cau.

I11.1.2.1. Khi tu nhién hod long (LNG)

Y nghia quan trong ctia viéc hod ldng khi tu nhién 14 do s giam 600 lan
v& thé tich 1am cho céng viéc van chuyén, bao quan trd nén thuan lgi hon rat
nhiéu. Trong qud trinh hod 16ng khi tir nhién, cdc khi cé nhiét d6 so1 thap sé
duge 1am lanh xuéng dudi diém suong cta né. Nhiét d¢ ngung tu tal 4p sudt
da cho d6i v&i médi cdu tir cua khi tu nhién dirge xem & bang I11.4.

Bdng 111 4. Nhiét do ngung tu cia mot so khi

' Nhigt d& ngung tu (°C) tai cac &p suat khac nhau (Psi)
Ko 1.0 3.4 8,85 171 34,2
Metan -158 -144 ~133 -92 -71
Etan -91 63 —44 155 -
Etylen ~104 -80 —62 -8.3 -
Propan -46 -12 +12 - -
Propylen —49 -18 -56 - -

Khi tu nhién hod 16ng dugc st dung {am nhién liéu trong nhiéu nganh
kinh t&€ qudc dan nhu ning lugng, cong nghiép, giao thong vin tai, khi dot
dan dung, va td ra ¢6 wu thé hon hin so v&i cac loat nhién lieu khdc. Chang
han nhu trong nganh ning lugng, s dung khi ty nhién dé san xudt dién s&
lam giam gid thanh tir 30 dén 40%. Xay dung nha may chay bang khi dét,
von ddu tu sé giam 20% so vél nha may chay bang than. O New Zealand, tit
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cd cic phuong tién giao thong trén dudng phé déu diing nhién liéu LNG,
LPG va 43 tigt kiém dugc 50% phi t6n nhién liéu. Bén canh d6, khi ding
LNG, tudi tho clia déng co ting 1én gip nhiéu 14n do nd c¢6 kha nang gidm
mail mdn; ngodi ra gidm 6 nhiém moéi trudng do gidm dang ké luong SO,,
CO,, NO, trong khi thai.

I11.1.2.2. Khi déu mo hod long (LPG)

Thanh phdn chit y&€u caa LPG bao gém cdc hydrocacbon parafinic nhu
propan, butan. Ngoai ra, tuy thugc vao phuong phap ché bi€n ma trong thanh
phédn ctia né con ¢é thé cé mat mot lugng nho olefin nhu propylen, butylen.

Khi hod ldng, thé tich ciia cdc hydrocacbon giam, vi du | lit propan long
cho 270 lit hoi & | at, 1 lit butan 16ng cho 238 lit hoi & 1 at. Vi vay ciing nhu
LNG, LPG c¢6 thé van chuyén, tang trit m&t cach dé dang va thuan tién.

Nhiét lugng toa ra khi dét chiay LPG rit 16n (khoang 10.900 dén 13.000
kcal/kg, tvong duong véi nhiét luong cia 1,5 dén 2 kg than cui, 1,3 lit dau
hoa hay 1,5 lit xdng). Vé&i nhiét luong d6 c6 thé st dung cho céic 10 cong
nghiép, lam nhién liéu cho dong co dot trong thay cho xiang (trong cic loaj
6td), 1am nhién lién dan dung. Ngay nay trén thé gidi ¢é xu hudng st dung
LPG thay cho nhién liéu xang dé€ chay 6t6, do né cé nhién wu diém hon hin
so v@i cdc loai nhién liéu khic 1 nhién liéu chdy hoan toan, khéng cé khéi,
khong c6 tro, khong 1in cdc tap chat gy dn mon cdc phuong tién bén bé
chira, khong 6 giy nhiém. Ham Tugng khi thai doc hai nhe NO,, CO, rit it.

( Viét Nam, nhu cdu tiéu thu LPG ngay cang ting, ¢é thé tham khio &
bang III.5.

Beng I11.5. Nhu cau va du kién tiéu thu LPG tai Viét Nam (1an)

Nam 1994 1995 1996 1997 2000 2010
Lugng LPG [ 27.000 38.000 55.000 70.000 100.000 | 300.000

Pé san xuat LPG, ngudi ta vira nén vira 1am lanh d€n nhiét dé hod long
cua chat khi. Vi du, propan hoa 1dng & —42,1°C; izo-butan & 11°C; n-butan &
-0,5°C.

Céc dic trung cla LPG thuong phim duge tham khdao trong bang {I1.6 va
bang 111.7.
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Bung H1.6. Nhiét chdy cia cic hydrocacbon khic nhau

Hydrocacbon kcalikg & 25°C
Etan $1.350
Etylen 11.270
Propan 11.080
Propylen 10.940
n-Butan 10.930
izo-Butan 10.900
Buten 10.800
izo-Pentan 10.730

Bing 111.1. Pac tinh 1y, hoa cta LPG thuong phiam

Loai LPG
Thanh phan 100% propan 100% butan | H&n hop 50% propan,
(propagas) (butagas) 50% butan
T§ trong (15°C) 0,507 0,580 0,541
Ap suat hoi, kgicm” (40°C) 13,5 3,2 9,2
Thanh phan: G, (etan) 1.7 0,0 0.0
Cs (propan) 96,2 0.4 51,5
C, (butan) 15 93,4 475
_ Cs (pentan} 0.0 02 1,0
Nhiét chay, (kcalikg) 11.070 10.920 10.980

IIL.2. PHAN DOAN XANG

IIL.2.1. Thanh phan ho4 hoc

V6i khoang nhiét dé s6i dudi 180°C, phin doan xiing bao gém cdc
hydrocacbon tir C5 + Cjg, Cj;. Ca ba loai hydrocacbon parafinic, naphtenic,
aromatic déu ¢é mit trong phin doan. Tuy nhién thanh phin s6 lugng cic
hydrocacbon rit khdc nhau, phu thudéc vio ngudn géc dau thé ban dau.
Ching han, tir ho ddu parafinic s€ thu dugc xidng chia parafin, con tir ddu
naphtenic s& thu dugc xing ¢6 nhiéu cdc ciu tir vong no hon. Céc
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hydrocacbon thom thudng ¢é rit it trong xing.

Ngoai hydrocacbon, trong phan doan xing cdn ¢é cdc hgp chdt luu
huynh, nito vi oxy. Cdc chat chia luu huynh thudng & dang hop chat khong
bén nhu mercaptan (RSH). Cdc chit chira nito chu yéu & dang pyridin; ¢on
cdc chat chita oxy rat jt, thudng & dang phenol v dong déng. Cac chdt nhua
va asphanten déu chua co.

I11.2.2. Xang lam nhién li¢u
111.2.2.1. Déng co xdng

Dé sir dung xang lam nhién liéu mot cch ¢ hiu qua nhét, phai ndm
vitng nguyén 1y 1am viéc ciia déng co xing.

Pong co xang 1 mot kiu dong co dot trong, nhim thuc hién su chuyén
hod nang luong hoa hoc cia nhién ligu khi chdy thanh nang lugng co hoc
duéi dang chuyén dong quay. DPdng co xang bao gdm dong co 4 ky va dong
co 2 k¥, trong d6 déng co 4 k¥ phd bi€n hon. Chu trinh lam viéc cua dong co
4 ky duwoc ihé hién trén hinh I1.2.

Chu ky 1= Chu k¥ hit. Piston di tir diém chét trén xudng diém chét dudi,
van hit mé ra dé hit hdn hgp cong tdc vao xylanh (hén hop cong tic la hén
hop xing vi khong khi di duge diéu ché trude & bo phan ché hoa khi). Lic
niy van thai déng.

1 2 3
HGn hap N /_ San phém chay 1-Van nap
nhién liéy va — A 2- Nén dién

khong khi ] [

4 3- Van thai

4- Xylanh

5- Piston

6- Thanh truyén
7- Dau nhan

8- Biém chét dudi
9- Diém chét trén.

Hinh 1.2, Chu trinh [am vigc clia dong co 4 ky
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Chu ky 2: Chu k¥ nén. Piston di tir diém chét dusi dén diém chét irén,
nén hén hop cong tac. Khi bi nén, 4p suit tang dan dén nhigt d6 tang, chudn
bi che qua trinh chiy ti€p theo.

Chu k3 3: Chu k¥ chdy: Khi nén dien diém l¥a, s& 46t chdy hoén hop
xang va khong khi. Khi chdy, nhiét ning bi€n thanh co ning ddy piston
xudng diém chét dudi, dong thai truyén chuyén dong qua thanh truyén 1am
chay mdy.

Chu ky 4: Chu k¥ xa: Piston lai di didm chét dudi lén diém chét trén,
diy san phdm chiy qua van thdi ra ngoai va dong co lai bat dau mot hanh
trinh méi.

111.2.2.2. Bdn chdt ciia qud trinh chdy trong dong co xdng

pé dong co lam viée binh thudng thi trong xylanh, cdc mat lua phai lan
truyén déu din, hét 16p no mai dén 16p kia, véi téc do Khoang 15 dén 40 m/s.
Né&u mat lira lan truyén véi tée do qué }én (nghia 1a su chdy xay ra hau nhu
cling mot lic trong xylanh) thi xem nhu la chdy khéng binh thudng va duge
goi 1a chdy kich nd. Ban chat ctia qua trinh chdy kich né rat phitc tap,
nguyén phan chinh 1a do trong thanh phdn nhién liéu cé chia nhiéu cic
thanh phan dé bi oxy hod (nhu n-parafin). Cic ciu to nay dé tao ra cic
peroxyt hodc hydroperoxyt, la tdc nhan gay nén phan dng chdy chuéi, lam
cho khéi nhién liéu trong xylanh bdce chdy, ngay c¢a khi mat lira chua lan
truyén téi. Khi nhién Jiéu trong dong ¢o bl chdy kich né, mat lira lan truyén
véi van toc rit nhanh (cé khi dén 300 m/s), nhiét do cao lam cho dp suat
ting dot ngot, kem theo hién tugng nd, tao nén séng xung kich dap vao
xylanh, piston, gay nén ti€ng gd kim loai khdc thudmng, lam mdy bi hao ton
cong suit, dong co qué néng vi tndi tho clia may giam nhanh.

111.2.2.3. Anh huéng cita thanh phdn nhién li¢u dén tinh chdt chdy
trong déng co. Tri s6 octan

Mot trong nhitng tinh chit quan trong nhit ciia nhién lidu xang 12 phai
¢6 kha ning chong lai sy chdy kich né. Dic trung do goi 1a i1 $6 octdn.

* Tri 56 octan la mot don vi do quy uéc dung dé dac trung cho kha nang
chéng kich né cha nhién ligu, duge do bing phan tram thé tich cla
i-o-octan (2,2,4-trimetylpentan CgH,g) trong hén hap chuin vé&i n-heptan
(n-C7H,g), tuong duong voi khi nang chéng kich né cla nhién ligu & diéu
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kién tiéu chuan. Str dung thang chia tir O d&€n 100, trong dé n-heptan ¢6 tri s6
octan bang khéng va izo-octan dugc quy u6c bang 100. c6 kha ning chéng
kich no tor.

¢ C6 hai phuong phdp dé€ xdc dinh tri s6 octan, phueng phap nghién ciu
{goi 1a tr1 s6 octan theo RON) va phuong phdp moto (goi 1a trj s6 octan theo
MON). Diém khéc nhau cia hai phuong phdp chii yéu la do s¢ vong quay
cua moto thir nghiém.
Theo RON: 86 vong quay cia méto thir nghiém 13 600 v/ph.
Theo MON: S6 vong quay cia moto thir nghiém 13 900 v/ph.

Thong thudng, tri s6 ocian theo RON thuding cao hon MON. Mifc chénh
léch d6 phan dnh: & mot mitc d¢ nao d6 tinh chét cha nhien liéu thay déi khi
ché& do 1am viéc cha dong co thay doi, cho nén mifc chénh lech dé con goi la
d6 nhay cua nhién ligu d8i v&i ché do 1am viéc thay déi cta dong co. Muc
chénh léch gifta RON va MON cang thip cang tét.

M&i loai xang khdc nhau c6 kha ning chdng kich nd cling khidc nhau.
Ngudi ta thay ring:

Cédc hydrocacbon phan tir nhd nhu parafin mach nhanh, cdc aromat chi
chdy duge sau khi diém hoa, ¢6 nghia 12 loai nay c¢6 kha nang chdng kich nd tét.

Cédc n-parafin dé dang chdy ngay cé khi mat llra chua lan truyén t6i, gay
ra sy chay kich nd.

C6 thé sdp x&€p kha nang chéng kich né cita cic hydrocacbon nhr sau:

Hydrocachon thom > olefin mach nhanh > parafin nhanh > naphten c6 nhanh >
olefin mach thang > naphten > parafin mach thang > parafin mach thing ién.

Nhu vay, trong xdng chia cang nhiéu hydrocacbon thom hoic ize-
parafin thi tri s6 octan cing cao. Tri s& octan cia mot s& hydrocachon riéng
1& 6 thé tham khdo & bang II1.8.

Tri 56 octan trén duong

Khi nang chéng kich né cta mot loai nhién liéu nao d6, ngoai su phu
thuge chii y€u vao thanh phan hydrocacbon, con phu thudc vao ché do fam
viéc thue 1€ cua dong co, tic 1a xe dang chay d t6c do nhanh chuyén sang toc
do cham, & nhitng noi dudng x4u phai phanh gdp, thoi tigt thay doi dot ngot
v.v... thi hién tugng chdy kich no ¢6 thé xay ra. Do vay, ngoai viéc danh gis
khd nang chong kich né cla hydrocacbon trong nhién liéu bing phuong phap
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Bing 111.8. Tri s¢ octan cia mot s hydrocacbon khac nhau

Tri s0 octan

Hydrocacbon Theo phuang phap | Theo phuang phap Pe cneat
lach
nghién cliu (RON) mota {(MON}
Céc parafir
oropan 1057 100 57
p-butan 9356 a0 35
izo-butan >100 49 -
n-pentan 619 619 0
jzo-pentan 92,3 0,3 20
Céc olefin:
propylen 1014 849 16,5
buten-2 996 86,5 131
penten-1 90,9 771 138
hexen-1 764 834 13,0
Céac naphtalen:
Xyclopentan 100 85 15
xyclohexan 83 786 4,4
metyl xyclohexan 748 71 38
etyl xyclohexan 465 40,8 57
Céc hydrocacbon thom:
benzen 13 11,6 14
toluen 115 1021 129
o-xylen >100 100 -
m-xylen >100 >100 -
p-xylen >100 >100 -
_ 1,3.5-trimetyl benzen >100 114 -
izo-propyl benzen 108 993 8,7
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MON hoac RON, con phai ddnh gid kha ning chéng kich né c¢na nhién ligu
bing phwong phdp do sy thay doi tri s6 octan theo ¢h& do lam viéc, tic la
theo su khdc nhau vé s6 vong quay cia dong co, goi 1a i s6 octan trén diong.

Tri s6 octan trén dudng (ky hiéu la Og) duge Xac dinh theo cong thic:

2
O, =RON - =
d a
trong dé: S 1a do nhay, tinh bang hiéu sé giita RON va MON.
« 1a hé s6 (tir 4,6 + 6,2) phu thudc vao ty s& nén cia dong co.

R& rang, loai nhién liéu ndo ¢é 46 nhay cang thip (chénh léch gitta
RON va MON it), thi O4 cang gin v&i RON. Néu hai loai hydrocacbon c6
cing RON nhu nhau, nhung loai nao ¢6 do nhay cang thip s& cé kha nang
chong kich nd cang cao khi 1am viéc trong cdc ché d¢ thay déi khdc nhau; vi
vy izo-parafin ¢6 nhiéu wra diém hon so v6i cdc olefin va hydrocacbon thom.

Tri $6 octan theo phan doan cdt R — 100°C

Xiang bao gdm nhiéu thanh phan ¢6 su khéc biét 16n vé kha nang chéng
kich nd. Thudng thi cdc phdn c¢é nhiét dd séi thip (ngoai trir izo-pentan,
benzen) cé tri s6 octan thip so v4i xdng ndi chung.

Trong mot s6 ché do lam viéc cha dong co, ¢ xay ra sy chia tich xing
bi hod hoi trong dong co, din dén xylanh duge nap nhi€u thanh phin cé
nhiét do s61 thap, bdc hoi nhanh nhung lai thi€u hydrocacbon ¢é rhiét do soi
¢ao (c6 kha nang chéng kich nd cao hon). Hién twong nay din t6i sy kich nd
khi gia téc va téc do khdi diém thap, 1y do 12 khi dong co lam viéc ¢ ché déo
nay, lugng xang dua vao xylanh it va din dén c6 phan 16n cdu tir ¢6 nhiét d6
s6i thap, vén ¢6 tri 56 octan thap trong xang. Su chdy kich nd nay khong gay
ra bit ky m&i nguy hi€m nao, va ngudi tiéu ding c6 thé nhin ra ngay.

Phuong phip xdc dinh R — 100°C: Chung ¢4t miun va xdc dinh RON cna
phan cit ¢ khodng nhiét d6 soi tir ddu dén 100°C. D6i v6i xing thuong
phim, R — 100°C luén nhé hon RON. Sy cich biét giita RON va R — 100°C
goi 1a ARON; gid tri ndy thudng dao dong trong khoing 4 dén 12. D6i vai
xang reforming xtc tac, tri s6 octan phin bé khong déng déu do cdc hydro-
cacbon thom, 12 cdc ciu tir ¢6 tri s& octan cao hdu nhu ndm & phin ¢6 nhiét
d6 soi cao nén ARON thudng cao. Con xdng cracking xtc tic, do chra nhiéu
izo-parafin nén chénh léch ARON thip, c¢é nghia 1a tri 56 octan phan bé rit
déng déu trong cic khodng nhiét d6 s6i cua xang.
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111.2.2.4. Cdc phuong phdp ndng cao chat luong ciia xdng

Phan doan xang 14y tryc tiép tit ddu mé ¢d rédt it izo-parafin va thom,
nhiéu n-parafin, do dé tri s6 octan rat thap (chi dat 30 dén 60), trong khi do
yéu cdu vé tri s8 octan cho xing dong co phai 16n hon 70. Vi viy phai diing
céc bién phap khdc nhau dé nang cao chét lugng cua xang. Théng thuong, dé
nang cao chat lugng clia xang, ngudi ta dung cdc phuong phip sau day:

1. Phicong phdp dang phu gia

Bin chit cha phuong phiap ndy 1a diing mot s6 hod chat pha vao xang
nhim han ché qud trinh oxy hoa cia cdc hydrocacbon & khong gian trude
mit lira khi chdy trong dong co. Céc loai phy gia duge chia [am hai nhém:

e Phu gia chi: Bao gém cic chit nhu tetrametyl chi (TML), tetraetyl chi
(TEL), c6 tic dung phd huy cdc hop chat trung gian hoat dong {peroxyt,
hydroperoxyt) va do d6 lam giam kha nang bi chdy kich nd. K&t qua la tri s&
octan cla xing thuc t&€ duge tang kén. Co ch€ ding phy gia ¢hi nhu sau:

~ Phan huy TML trong dong co:

Pb(CHy); ——== Pb + 4CH;'
L1}
Pb + O —S» PLO,
- Tao chiit khéng hoat déng:

R-CH; + O — R—-CH,O0H (chit hoat dong)

[ —

R-CH,O0H + PbO, —» RCHO + PbO + H,O + %02
chat khong hoat déng

Két qua 12 bién cdc peroxyt hoat dong thanh cdc aldehit (RCHO) bén
virng, 1am gizm kha ning chdy kich né. Nhung déng thai PbO két tia s& bim
trén thanh xylanh, 6ug din, 1am tic dudng nhién liéu va ting do mai mon.
Do vay ngudi ta dung cdc chit mang dé dua PbO ra ngoai. Cac chit mang
hay diing 13 C;H;sBr hoac C;H;Cl, co ché tdc dung nhy sau:

C,HsBr —Cp C,H; + HBr
2HBr + PbO — PbBr, + H,0

Cic sin phim PbBrs, H2O 12 chit léng, c6 nhiét do soi thip s€ boc hoi
va duoe khi thai dua ra ngoal. Hén hgp phu gia chi va chdt mang goi la mude
chi. Nudc chi rdt doc nén phai nhuém mau dé phan biét.
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» Phuy gia khdng chi

Nhu da phan tich & phén trén, chi 1a phu gia khi cho vao xing lam ting
tri 56 octan nhiéu nhat (tir 6 d&€n 12 don vi octan). Tuy nhién, do tinh doc hai
ma hién nay nhiéu quéc gia da ban hanh luat cim s dung loai phu gia nay.
O Viet Nam, tir thang 7 nam 2001 di bit ddu chién dich khong st dung xang chi.

C6 mot s6 giai phap hitu hiéu d€ dat t6i tri s octan cao hon khi khong
stt dung chi:

— Pha tron xdng c6 tri s§ octan cao {nhu xang alkyl hod, izome hod...)
viio nhién liéu cd tri s octan thip.

- Nang cdp va dua thém cdc thi€t bi loc ddu dé sdn xuat hon hop xing
¢ tr1 s6 octan cao,

— 8ir dung cdc chit phu gia khéng chita chi, nhu cdc hop chit chira oxy:
etanol, MTBE, MTBA, TAME v.v...

Trong s cic phu gia chia oxy néi trén, etanol vd MTBE dugc sir dung
véi s6 luong nhiéu nhat, Chang han nhu & My, MTBE duoc pha tron téi 15%
thé tich, etanol tdi 10% thé tich. O Braxin di pha tron t6i 22% etanol vao
xdng trong nhiu nim.

Bén canh viéc tang tri s& octan, hén hop cia xdng véi phu gia chifa oxy
da gidp gidm thai hydrocacbon va CO tir xe ¢¢ sir dung nhién liéu.

C6 thé thdy 3 tri s6 octan clia mot s& chit chira oxy dién hinh trong
bang I11.9.

Bdng 1.9, Tri sd octan cua cic phu gia chia oxy

Phu gia chira oxy RON MON
Metanol 127 = 136 99+ 104
Etanal 120 + 135 100 + 106
Tert-butanct (TBA) 104 = 110 80+ 98
Metanol / TBA (50/50) 115+ 123 96 = 104
Metyl tert-butyl ete (MTBE) 115 + 123 98 + 105
Tert-amylmetyl ete (TAME) 111+ 116 a8 = 103
Etyl tert-buty! ete {ETBE) 110 + 119 g5 + 104

Tir bang IIL9 ta thay, tri s6 RON cia MTBE vio khodng 115 + 123, do d6
hén hop 15% MTBE trong xang c6 tri s& octan géc 1a 87 s& tao nén mét hon hop
¢6 tri s6 RON nim trong khoang 91 dén 92, lam ting tir 4 dén 5 don vi octan,
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tuong duong v6i ham luong chi ur 0,1 dén 0,15 g/l. Tuong ty, 1ri s& octan cua
etanol 1a 120 + 135, do d6 hén hop 10% cla etanol vdi xang cd tri s6 octan la
87 s& tao ra hén hop ¢6 tri s§ RON vao khoang 90 + 92.

2. Phuong phdp hod hoc

Giai phép pha tron véi cdc chat chita oxy dé tang tri s6 octan cia xang mdi
chi 1a gidi phdp tam thosi. Gidi phdp lau dai hon la phai tim cdch ché bién hod
hoc méi kinh t& nhat dé tiang tri s@ octan. Thong thudng phai dp dung cdc cong
nghé loc ddu tién tién nhat dé chuyén cac hydrocacbon mach thang thanh mach
nhanh, hodc thanh hydrocacbon vong no, vong thom ¢é tri s6 octan cao. Cic
cong nghé loc ddu bao gém cdc qué trinh nhu: cracking xic téc, reforming xic
tdc... s& dugc dé cép tdi ¢ phian thi IT.

Trong thanh phan cla xang cdn chita mot lugng nho cdc chdt S, N, O, trong
dé chil y&u 1a S. Cdc chit nay khi chdy tao ra khi gay an mon thiét bi va doc hai
cho ngudi st dung, chang han:

S + 02 pam SOg
50, + %og — SO
SO3 + H,O — H»50,

Vi vay ham lugng luu huynh cang it cang tot.
C6 thé tham khéao chi tidu cia mot s6 loai xdng O cdc bang sau.

Bang I11.10. Dic diém cua mot s0 loai xang

X3ng nhe chung cat tryc tiép Xang refor- Xang
Cac dac tinh trdduthe | tudduthe | tirdautho ming cracking
naphtenic | trung gian parafinic
- RON ban dau 17 69 65 93 93
them 0,5% nude chi 87 85 B2 99 o8
- T§ trong (4% 0,721 0,685 0,682 0.76 0.74
- Ap sudit hoi bdo hod
Reid {bar} 0,43 0,59 0,59 0,45 0,55
- Thanh phéan cat
(ASTM):
Tosbi dau 52 42 40 45 37
Tsoi 10% 69 56 55 60 50
s 50% 83 68 71 115 100
61 90% 103 84 93 170 158
Ts0i cusi 109 107 97 205 195
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Trén thi trudng hién nay cdc loai xang cho 6t thong dung 1a Mogas 83,
Mogas 90, 92, A-76, 92. Mot s& chi tiéu dac trung cha xdng chi va xdng
khong chi xem & cdc bang 111 d€n bang II1.15.

Trén toan ¢du, da phin cdc nude phan cdp xing thanh 4 loai chu y&u nhu

& bang I11.13.

Bdng HI.11. Chi tiéu chat lrong cilia xang chi

Chi tieu Xang chi Phuang
MON 76 RON 83 RON 80 RON 92 phap thir
1. Tri s8 octan, min
- theo phuong phap RON - 83 a0 92 ASTM D 699
- theo phuang phap MON 75 - - ASTM D 700
2. Thanh phan cét phan
doan
- 10% V, max 70 70 70 70 TCWN
-50% V, max 115 120 120 120 2698 - 1995
- 90% V, max 180 190 190 190
- Biém sdi cudi, max 195 210 210 210
- Cén cudi, % V, max 1.5 2 2 2
- Can va hao hut % V, max 40 | 498 4,0 40
3. Bo axit, mg KOH/100 ml
max 3.0, 30 30 ... 30 |
4. An mon tdm déng & 50°C,
3 h' max 1A 1A 1A A
5. Ham lugng nhya thye t€,
mg/100 ml, max 50 50 5.0 5,0 ASTM D381
6. D 6n dinh oxy hod, pht,
min 900 240 240 240 ASTM D525
7. Ham luong luu huynh tng,
% K., max 01 | 015 | 015 | 0.5 |ASTMD1266 |
8. Ham lugng chi g/l max 017 0,15 0,15 0,15 |TCVN8020-95
9, Ap suit hoi bao hoa (Reid}
& 37,8°C, kPa, max 83 83 83 83 TCVYN5731-93
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Bing I11.12. Chi tiéu chit lugng xang khong chi

Xang khdng chi

Chi tiéu Phuang phép thit
RON 92 RON 97
1. Tri 6 octan, min
theo phuong phap RON 92 a7 ASTM D2699
theo phugng phap MON - -
2. Thanh phan cat phan doan, °C
- 10% V, max 70 70
-50% V, max 120 120 TCVN 2698 - 1995
- 80% V, max 190 190
- Diém s8i cudi, max 210 210
- Can cudi, % V, max 20 2,0
- Can va hao hut % V, max 4.0 4.0
3. Bg axit, mg KOH/00mI, max 3,0 3.0 TCVN 2695 - 1995
4. An mén tdm déng § 50°C, 3h, 1A 1A TCVN 2694 - 1995
max
5. Ham lugng nhuya thyc té mg/100 ml,
max 5,0 50 ASTM D381
6. Bo 5n.dinh oxy hoa, phut, min 360 360 ASTM D1266
7. Ham lugng luu huynh téng,
% kh.l., max 0,1 0,05 ASTM D1266
&, Ham lugng chi, gfl, max 0,013 0,013 ASTM D3237
9. Ap suat hoi bao hoa/Reid &
37,8°C, kPa, max 83 83 ASTM D4953
40. Ham lugng benzen, %Kkh.l., max 5 5 ASTM D3606
11. Ham lugng MTBE, % V, max 10 10 ASTM D4815
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Bidng 111.13. Téng quan vé sy phan loai xang 6td trén thé gi¢i hién nay

-

ChT tigu d&c trung cho sy phén loai

Phan leai :
Tri s8 octan, min Ham lugng chi
1. Xang chi thang dung MON: 72 tr 0,15+ 0,8 g/
L RON ; 80 ]

2. Xang chi c6 chat lugng cac MON: 86 tr 0,15+ 0,6 g/l
RON : 92

3. Xang khong chi ¢6 chat luang MON: 85 max: 0,015 gil
cao RON : 92

4. Xang khéng chi dac bigt MON: khéng

RON: 95

Bing I11.14. Mot s6 loai xang 6t6 dang luu hanh trén thé gidi hién nay

Phan loai Chi tieu d3c trung cho sy phén logi
Tri 58 octan, min Ham lugng chi, gfl, max

1. Xang chi thdng dung gdm cac loai:

Xang A-72 MON 72 -

Xang A-T6 MON76 0,24

Xang MOGAS-83 RON 83 0,15

Xang MOGAS-86 RON 86 020
2.X&ng chil khéng chi chat lugng cao gém:

Xang MOGAS-20 RON 90 0,4/0,015

Xang MOGAS-92 RON 82 0,410,015

Xang Al-83 - RON 93 0.4/0,015

Xang MOGAS-97 RON 97 ~ ) 0,4;’0,01_5
3. Xang khong chi dac biét RON 97 0013
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Bing I11.15. Chi ti¢u xing cia mot §6 nudc trén thé gidi

Cac chi tidu can ban

Céac qudc gia
Tri s6 octan Ham lugng chi, g/l

Chau Au
Ao MON: 82,5 ~ 87; RON: 91+ 98 0,00 = 0,013
Ban mach MON: 83 = 88; RON: 92 + 88 0,00 + 0,043
Phap MON: 85 + 88; RON: 82 + 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
Bue MON: 82,5 = 88; RON: 91 + 98 0,013 = 0,015
Séc MON: 82 = 8%; RON: 91 + 98 0,013 = 0015
Bungary MON: 78 + 86; RON: 86 + 93 0,000+ 0,15
Nga MON: 76 ~ 85 RON: 92 + 85 0,013+ 037
Chiau My
M§ (Bac My - BM) MON: 81 + 90; RON: 89 + 100 0,01 = 0,03
Canada (BM) MON: 82 - 88; RON: 91+ 98 001 + 0,01
Costarica (TM) MON; 80 + 85, RON: 88 + 94 0,013 + 0,2
Sanvado (TM) MON; 77 = 85, RON: 87 + 95 0,013 + 0,07
Jamaica (Caribe) MON: 85 + 85; RON:95 =95 0,005 + 0,84
Achentina {(NM) MON: 75 + 86; RON: 85 + 96 0,000 = 0,15
Chila (NM) MON: 81 = 85; RON:81 +95 0,00 + 0,34
Colombia (NM) MON: 76 + 81; RON:84 + 93 0,013 = 0,13
Péru (NM) MON: 82 + 88; RON: 84 + 97 0,000 + 0,46
Chau Phi
Algigri MON:Khong QD; RON: 89 +100 0,001+ 0,03
Benin MON: Khdng QD; RON: 83 + 95 max 0,84
Brundi MON: Khéng QBb;, RON: 87 + 95 max 0,84
Gabon MON: 79 - 88; RON: 85+ 83 0,15+ 0,37
CH Trung Phi MON: Khong QD; RON: 83 = 95 max 0,84
Kenia MON: Khéng QB); RON: 87 + 95 0,25 =+ 0,40
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Bdng Il 15. (tiép theo)

Cac quéc gia Cac chi tidu can ban
Tri s8 octan Ham lugng chi, g/l

Libya MON: - + 85; RON: 94 = 88 0,4+0,8
CH. Nam Phi MON: 80 + 87; RON: 87 + 97 0,20 = 0,40
Uganda MON: — + 83; RON:83+193 max 0,84
Chau A

Trung Quéc MON: min 70; RON: 90 + 97 0.00-+0,29
An Do MON: Khong QB; RON: 87 +93 0,01 +042
Indonesia MON: Khdng QD; RON: 88 +95 0,00 = 045
Nhat Ban MON: 77 - 88; RON: 90 =100 khéng chi
Malaysia MON: 77 ~ 88; RON: 85 + 97 0,00 = 0,15
Bai Loan MON: 80 + 86; RON:92 + 97 0,00 = 0,08
Han Quac MON: 83 = 87; RON: 91 +100 0,00 +0,13
Thai Lan MON: 76 = 84;  RON: 87 = 97 0,00+ 0,15
Singapo MON: Khong Qb; RON: 92 + 97 0,00+ 0,15

I11.2.2.5 Xdng mdy bay

Xiang mdy bay thuoc loai xing cao cap, khong thé 1y duogc tir mot loai
xdng thudn nhit ma thudng 12 hén hop cua mot sd thanh phan dic biét nhim
thu dugc xang c¢6 phim chit t6t. Xing mdy bay phai c6 nhiing chi tiéu cdn
thiét sau day.

— Tri s6 octan bing hoic 16n hon 100; ngodi ra phdi ddm bio tri s6
octan khi hén hgp chdy thi€u xang, thira khong khi (hén hop nghéo) va hén
hop chay thira xang, thigu khéng khi (hén hop gidu). DPong co may bay khi
lam viéc ¢6 hai qud trinh: qua trinh ¢t cdnh bao gi¥ cling phii sir dung cong
sudt t&i da, lugng xidng trong hén hop phai duge tang t61 da (goi 1a hén hop
giau). Trong qud trinh bay, c¢d lic dong co phai giam cong sudt, lugng xang
gidm (hén hop nghéo). Tri s6 octan trong trudng hop hén hop giau goi 13 tri
s& phdm do. Ngudi ta thé hién tri s§ octan cla xang mdy bay bing phan sd,
trong dé: tir 6 12 tri s octan, miu s& 12 tri s6 phdm d¢. Vi du xing loai B
100/130 thi 100 14 tri s& octan, 130 1a tri s3 phim do.
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~ Thanh phédn ¢t phan doan cia xdng mdy bay phai 14y hep (tir 40 dén
180°C) dé tranh ¢6 nhidu c&u tir nhe tao ndt hoi trong hé théng cép ligu, va
¢6 nhiéu ciu tir nang, vi khi chdy s& chdy khong hoan toan tao can.

— Ham lugng olefin phii thip (< 3%) &€ trdnh sy trang hop tao nhua,
lam cho xang bi bién mau va khong bao quan dugc lau.

Xing méy bay thudng 12 xdng pha tron, vi du, xdng loai B 100/130 thu
dugc bing cdch tron xdng cracking xiic tdc véi nhitng thanh phin cao octan
nhu izo-octan. Xing B 91/115 14 xdng pha tron gilta xang cracking xuc tac,
xing chung cét truc ti€p vi cdc thanh phdn cao octan. Bang 111.16 cho biét
chi tiéu chat luong cta xfing mdy bay theo TOCT cua Lién X6 (ci).

111.2.3. Céac itng dung khac cia xiang

Ngoii cong dung chinh 14 nhién lién, xang con duge st dung lam dung
méi hoac nguyén lidu cho tdng hop hod dau.

111.2.3.1. Xdng lam dung moi

Phan doan xing dugc s dung 1am dung madi trong ¢dng nghiép son, cao
su, keo ddn; ngoii ra, sit dung dé trich ly chat bée (ddu m& dong thuc vat),
trong ¢dng nghiép huong li¢u, duge lidu...

Trong céc loai dung mai, phd bién 1a xing parafinic (nhu hexan, heptan,
octan...) vi aromatic (nhu benzen, toluen, xylen...). Théng thudng xing dung
moi 14y truc ti€p tix ddu mod 1a xang parafinic, ¢ ham lvgng hydrocacbon
thom thdp (< 5%). Nhitng dung moéi ¢6 ham lugng thom cao (40 dén 99%),
phai 14y tir phan doan ning cta qud trinh reforming. Céc linh vyc {ng dung
khic nhau cla xdng xem & bang II1.17.

111.2.3.2. Xdng lam nguyén liéu cho tong hop hod ddu

Xiang st dung lam nguyén liéu cho téng hop hod diu con goi 1a phan
doan naphta. T phan doan ndy ngudi ta sdn xuit duge cic hydrocacbon
thom khdc nhau nhu benzen, toluen, xylen, etylbenzen. Ngoii ra, con thu
dugc cic olefin nhe nhu etylen, propylen, butadien...

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

o Phan doan 60 + 85°C: Phan doan chifa metyl xyclopentan, xyclohexan
cho hiéu sudt benzen cao nhat.
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Bdng HI 16. Cac loai xiing may bay theo TOCT 1012 - 54

Chi tidu hod 1y Loal X809
81001130 B 85/130 B 914115 BA
1. Ham lugng chi 27 33 25 2.7
2. Tri s6 octan theo MON (khéng kém) 98,6 95 91 -
3. Tri 56 octan thee R-100 (khéng kém) 100 - - -
4. Tri s& pham do trong hén hop gidu
(khong kém) 130 130 115 160
5. Nhiét lugng chay, kcallkg 10.300 10.300 10.300 10.400
6. Thanh phén cét, °C
- T% oi g3y (khdng kém) 40 40 40 40
- T% ¢ 10% (khong kém) 75 82 82 75
- T° 54 50% (khong kém) 105 105 105 105
- T 55 90% (khong kém) 145 145 145 145
-T° oi cusi (khOng kém) 180 180 180 180
- C3n va hao hut, %, (khdng kém), 2,5 2.5 25 25
7. Ap suét hoi, mmHg (khong kém) 240 220 220 240
8. Tri s6 axit tinh theo mg KOH/100 mt
xang (khéng qua) 1 1 1 2
9. Nhiét dé k&t tinh ban déu tinh theo 60 —60 -69 60
°C (khéng qua)
10. Ham lugng 8, % (khong qua) 0,05 0,05 0,05 0.05
11. Tri s6 idt, tinh theo i0t trong )
100 g x8ng (khéng qué) 12 12 10 8
12. An mon tdm déng qilt nguyén | gitr nguyén | gilt nguyén | giit nguyén
13. Axit va kiém tan trong nudc khéng cé | khéngcéd khong oo khéng cb
14. Tap chat va nudc khéngco | khéngcd | Khonged khang co
15. Mau sic frongsudt | trongsudt | frongsudt | trongsudt
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Bdng I11.17. Cic Ung dyng ciia xang dung mdi

Loai dung méi | Khodng s6i, °C " Muyc dich s dung
A 40 = 100 Keo, cao su, tay vét md.
B 60 + 80 Trich ly d&u ma, chit béo, ché tao nuéc hoa
C 70 = 100 Trich ly dau ma, chat béo, cong nghiép cao su
D 95 = 103 Khir nusde cla rugu,
E 100 + 130 Cang nghiép cao su, son, tAy ban.
F 100 = 160 Cang nghiép cao su, son.
G 30+ 75 Trich ly huang liéu, sdn xuat dugc lidu.
White Spirit 135 + 205 Son, vecni {thay dau thang).

¢ Phan doan 80 = 100°C: Phan doan chda naphten C;, cho. higu suit

toluen cao nhit.

¢ Phan doan 105 + 140°C: Phan doan chita naphten Cg, cho hiéu suat
xylen cao nhit.

Nhu vay, phan doan xang cda ddu md ho naphtenic thich hop hon ca dé
san xudt hydrocacbon thom, vi ¢é téng him lugng naphten va thom cao,
dugce dic trung bdi chudn s8:

N + 2Ar
trong ¢é N 12 ham lugng naphten (%); Ar 1a ham lugng aromat (%).

Ngugc lai, phian doan xidng ciia ho parafinic lai 16t hon cho viéc sdn xuat
cic olefin.

Xang dung dé ch€ bign hod hoc cdn phai rit sach, vi néu trong xing c6
nhidu S, N, O, s& 1am ngd doc xic tdc trong qud trinh ché bién. Vidy, dé tao
ra hydrocacbon thom, phai tién hanh reforming. Xtc tdc st dung la kim loal
mang trén chit mang la axit rdn (thong thudng ia Pt/Al;03). Céc chit chia
luu huynh s& 1am ngod doc trung tam kim loai. Cédc chit chia nito (thudng ¢
tinh bazo nhu pyridin, quinolin...) 1am ngd déc céc trung tdm axit. Ngoai ra,
sif ¢6 mat cha cdc kim loai ¢6 trong xang sé lam cho xuc tic hoan toan
khong ¢6 kha ning tdi sinh. Vi viy yéu cdu vé him luong cac chit di thé va
kim loai ning c6 trong xdng phai nhy sau:
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Him luong S < (10 =15).107* % trong lwong. .
Ham lugng N € 1.107% % trong lugng,

Ham luvgng Hg, Pb < 5.10°% % trong lirgng.
Ham lugng As < 1.107 % trong luong.

TIL3. PHAN POAN KEROSEN

Phin doan nay con goi la ddu lira; ¢6 nhiét do s6i tiy 180 dén 250°C, bao
gom cdc hydrocacbon ¢6 s6 cacbon tir C;; dén €5, Cyq.

ITL.3.1. Thanh phin ho4 hoc

Trong phin doan ndy, hdu hét la cdc n-parafin, rat it izo-parafin. Cic
hydrocacbon naphtenic va thom, ngoai loai cé ciu triic mot véng va nhiéu
nhdnh phy, cdn ¢6 mat cdc hop chit hai hodc ba vong, dic biét loai naphten
va thom hai vong chiém phén 16n. Trong kerosen bt diu ¢é mat cdc hop
chat hydrocacbon ¢6 cdu triic hén hgp giita vong thom va vong naphten nhw
tetralin vi déng ding cia ching. Cic hop chét chia S, N, O tang dan. Luu
huynh dang mercaptan gidm dan, xuat hién luu huynh dang sunfua. Cidc chit
nito véi ham lugng nho, dang quinolin, pyrol, indot.

IIL.3.2. Ung dung

Phan doan kerosen sir dung chil y&u cho hai muc dich: 1am nhién lidu
phan lrc va dau hoa dan dung, trong d6 nhién liéu phan luc la itng dung chinh.

I11.3.2.1. Kerosen lam nhién li¢u phdn lice
*Dong co phdn lye (hinh 111.3)

Nguyén ly hoat dong ciia dong co phan luc khic véi nguyén ly lam viéc
cua dong co piston; dé 1a nhd ning luong dong khi dé bién déi thanh co nang
chay tuabin.

Mady nén khi hiit khong khi vi ti€n hinh nén téi ap sudt cao, thudng 4p
suat tang 5, 10, 20 1an hodc cao hon. Khéng khi nén dugc dua tlr may nén
vao budng chay. O day, nhién li¢u dd dugc phun va bay hoi, hoi tron véi
khong khi tao thanh hén hop chay. Sau dé tia lira dién dwoc bat lén mot lin,
lam todn kh&i nhién liéu biing chdy. Hén hop sau khi chdy sinh cong rat
manh & tuabin va nhu vay a4 bién déi noi ning dong khi thanh céng co hoc.
Co niing nhin duge trén tryc tuabin ding dé quay mdy nén. Phin dong ning
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quan trong ¢on lai duge dan nd qua tuye va ra ngoai vdi téc dd 16n tao mot
phin lyc tic dong lén dong co (tai nhiing co cdu cong tic nhu cinh quat miy
bay, 16to chan vit tau thuy, truc tau hed,...) Tam doéng co chuyén dong.

Nhiét d¢ khong khi trude tuabin 1én téi 1200 dén 1300°K. Khéng khi
duge chia thanh dong trude khi di vao bubng dst. Dong khong khi dau tién
di qua lam xody vao khu vyc vdi phun 1am mét than voi phun vi ngin can
tao can mudi nhién li¢u. Ddng khéng khi thit hai dwoc dua vao bubng chdy
qua 15 trude trong 6ng lita, ddm bao chay hén hop & 2300 dén 2500°K réi sau
d6 gidm nhiét do xuéng con 2000°K. Dong khong khi thit ba dua vio buéng
dot qua ddy 16 sau vao ving hoa trén, lam giam nhiét d6 dén gid tri bao dam
dd bén cita cdnh quat tuabin.

Nhir vay, qud trinh chdy trong dong co phin luc xay ra lién tuc trong
dong khong khi chuyén dong nhanh; vi vdy cd rit nhiéu yé’u t6 anh huwong
dén mitc do chdy hoin toan. Trong 46, yé&u t& chinh la: nhiét do, dp suit va
thanh phin héa hop.

Hinh 111.3. Se d6 budng d&t dong co phan lyc

a. Vang phun va bay hai; b. Ving bét chay va chdy; ¢, Vung hoa tron va lam mat
sdn pham chay. 1. Voi phun; 2. B lam xo4y; 3. Vé; 4. Ong I0a.

* Anh hudng ciia bdn chdt nhién liéu dén qud trinh chdy

Do déac di€m cia qua trinh chdy nhién liéu trong doéng co phan luc, yéu cdu
doi voi nhién liéu phan lue 1a cdn phai ¢6 t8c do chdy cao, dé dang b6c chdy khi
¢6 ua lra dién, c6 nhiét nang 16n, chdy diéu hoa, c6 ngon Iira én dinh va chay
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hodn toan khoéng tao cin.

Yéu cdu vé nhiét chiy cho nhién liéu phan lyc phai 1én hon 10.200
kcal/kg; do vay cdc n-parafin cho nhiét chdy cao hon ca (hinh III.4). Mat
khdc mdy bay phan lyc thudng lam viéc & do cao trén 10 kmso véi mat dat,
tai d6 nhiét dé khong khi c6 khi xudng téi —50°C nén yéu cau nhién licu
phan luc phai ¢é do linh dong rat cao (khong bi két tinh & nhiét do thép).
Pitng vé mit niy, cdc hydrocacbon naphtenic to ra vu viét hon. Con cic
n-parafin ¢6 phan tir lugng 1én dé tao tinh thé 1am tic voi phun va mdt tinh
linh dong, gy nguy hiém cho mdy bay.

Nhiét niang khi d6t chdy cdc loal hydrocacbon giam theo diy sau
' Parafin > naphten > aromat

Ngoai yéu ciu vé nhiét chdy, nhién liéu con phai chdy hoan toan, khong
dwoc tao ¢Bc, tao tan, vi nhitng chat sdy s€ lam tic vdi phun. Vé mat nay thi
hydrocacbon thom khong dat yéu cdu (tao nhi¢u coc). Mic d¢ tao tan va tao
¢6c cia cic hydrocacbon sip xé&p theo day sau:

Hydrocacbon thom > olefin > izo-parafin, naphten > n-parafin
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Deé dénh gid khé ning tao can cacbon, ngudi ta sit dung dat luong “cliiéu
cao ngon lua khéng khoi™; d6 1a chiéu cao t6i da clia ngon lira khong ¢é khoi
tinh bang mm, khi d&t nhién li¢u trong dén ddu tiéu chudn. Chiéu cao ngon
lira khong khéi cang cao chimg to nhién liéu chdy cang hoin toan. Chiéu cao
cang thap, kha nang tao can cacbon cang 1én. Céc n-parafin cho chiéu cao
ngon lira khdng khéi cao nhat.

n-parafin > izo-parafin > naphten > aromat

Nhu vay, trong thanh phan kerosen, parafin vi naphten 1a cdc cdu tir thich
hop nhét cho qud trinh chdy trong dong co phan lyc; ham luong cia chiling
nam trong khodng: v&i parafin tir 30 dén 60%: v6i naphten tir 20 d&n 45%.

Khi trong nhién li¢u c6 nhiéu hydrocacbon thom, phai ti€n hanh loai b6t
sao cho con lai khoang 20 dén 25%. Cdc n-parafin cé phan 1l luong 16n dé bi
ket tinh, cOn tao khung tinh thé 1am cho cdc phan tir nhé chui vao trong. lam
mdt tinh linh dong, do vay ciing cdn phaj tich bét. Thuc t&€ chi cho phép hén
hop nhién liéu phan lyc bat ddu m4t tinh linh déng & —60°C.

Vi cadc mdy bay phan lyc lam viéc & wrén cao, 4p suat khi quyén giam
manh, dé trdnh sy bdc hoi manh, tao cdc nut hoi trong hé théng, yéu ciu
nhién li¢u phan lyc phai c6 4p suat hoi bio hoa vio khoang 21 kPa & 38°C.

Céc hgp chét phi hydrocacbon chifa trong phan doan kerosen dé c¢é anh
huong xidu dén tinh chat s dung cla nhién ligu. Cic chal chifa S khi chay
tao SO, SOz gay 4n mon & nhiét do thap, déng thdi con gay can bam trong
buéng dét, chu y&u la nén dién, vdi phun, tuye thodt san phim chdy, gay tro
ngal cho qud trinh. Cic chat chia oxy nhu phenol, axit naphtenic déu 1am
tang kha nang an mon cua thung chia, dng dan nhién licu. Cac chdt chia
nito lam cho nhién li¢u kém dn dinh, bién mau. Cdc kim loai nang, nhat 1a
V. Ni ndm trong san pham chdy & nhiét d¢ cao, khi dap vio tuabin chinh sé
gdy dn mon va phd hong cdc chi i€t clia tuabin, do vay quy dinh ham lugng
Siax 12 0.3% TL.

Hi¢n nay & Viet Nam chi) y€u st dung loai nhién liéu phan luc cia Nga.
C6 thé tham khao mot s6 chi tiéu ctia cdc loai nhién liéu phan luc trong bing
[I1.18.

111.3.2.2. Kerosen lam ddu hod ddin dung

Tu phan doan kerosen, vt khoang s6i 200 dén 310°C cé thé san xuat
diu hoa, sit dung lam dadu hoa dan dyng nhu: thip sdng, dun ndu. Dic tinh
quan trong 1a chiéu cao ngon lira khong khéi. P& dam bao ngon lira sang
dep, 15, déu, chiu cao nay phéi ldn hon 20 mm. Nhu vay, hydrocacbon
parafinic va naphtenic ddp {ng yéu cdu nay. Nhién liéu chita nhiéu hydro-
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cacbon thom s& cho chiéu cac ngon lira khéng khéi nhoé hon 20 mm, déng
thoi ngon lita dd, tao nhiéu tan. Néu trong nhién lidu chita nhidu luu huynh,
khong nhing gay doc hai truc tiép cho ngudi sir dung ma con lam cho béng
dén mo di, khong dam bao cudng do chi€u sing cia ngon lira. Chi tiéu vé
ddu hod dan dung cia Viét Nam xem & bang II11.19.

Bang [11.18. Cac chi tiéu cita nhién lieu phan luc

Murc qui Philipine SNG
Chifigu Phuong | dinbang | prong [ Micqui | Puong | Micau
chat lugng phép thir Petrolimex phap thir dinh phap thir dinh
nhap khiu
Tytrong & 15°C, [ASTM-D1298 [ 0.780-0840 | ASTM-D1298 0,755+0,840 [ G.3900 | max 0,775
Ham lugng S, ASTM-D1226 | max0,30 [ ASTM-D1226 | max030 |G.1921 max 0,10
%TL
Biém dong ASTM-D2386 | max—47,00 [ ASTM-D2386 | max—470 |G.5066 | max —550
dic, °C
Nhigt do chdp ASTM-D36 min4000 | ASTM-D56 min 100 1 G.6356 min 28,00
chay odc kin,“C |
Diém khoi, mm  |ASTM-D1322 | min 20,00 | ASTM-D1322 | min 190 |G433 min 25,00
An mon déng ASTM-D130 [ 1(2t/100°C)| ASTM-D130 | 1 (3n/50°C)
b6 nhét, ¢St ASTM-D445 max80 | ASTM-D445 | max80 .1G.33 min 1,25
§-20°C d-20°C +20°C
Nhiét tri, kJfkg ASTM-D4528 | min 40000 G.110685] min43120
Nhua thuc té ASTM-DB31 max 4,0 G.1567 max 4,0
mg/100mi
Mau saybolt ASTM-D156 min 2500
Tharh phancit  [ASTM-D86 ASTM-D8B G277
- Diém s6i dau, °C max 160,00 min 135,00
- Didm cét 50%, °C max 250,00 max 225,00
- Dim s6i cudi, °C max 300,00 max 300,0 max 280,00
' (ciém cat 98%)
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Bang 111.19. Chi tiéu diu hoa dan dung theo tiéu chudn Viét Nam

’7 Cac chi tidu Phuong phéap thi Mutc qui dinh
Mau saybolt ASTM-D156 min 20
Axit tdng, mg KOH{g ASTM-D3242 max 0,002
Chiéu ¢ao ngon Idta khong khai, mm ASTM-D1322 min 19
" Thanh phan cét phan doan, °C
- Diém s0i dau min 144
- Diém cat 50% min 200
- Didm cét cudi min 277
- Can trung binh max 1,00 i
Ham lugng luu huynh, %TL ASTM-D1266 max 0.1
Pidm chdp chay cdc kin, °C ASTM-D83 min 36
~Lugng nhira thyc t&, mg/100 ml ASTM-D381 max 1
Po nhét & 20°C, ¢St ASTM-D445 max 3.5 “
An mén déng, 2 h/100°C ASTM-D130 1
Khai luong rieng & 15°C, glem’ ASTM-D1298 max 0,83

I1L.4. PHAN DOAN GASOIL NHE

Gasoil nhe, con goi 1a phin doan diu diézen, cé khoang nhiét do so1 tur
250 dén 350°C, chita cdc hydrocacbon c6 6 cacbon tir Cyg d&n Cag, Ca1-

IT1.4.1. Thanh phan hoa hoc

Phin 16n trong phan doan nay la cic n-pasafin, izo-parafin, con hydro-
cacbon thom rat it. $ cudi phan doan c6 nhiing n-parafin c6 nhiét dé két tinh
¢ao, ching 1a nhimg thanh phan gay mit tinh linh déng clua phan doan &
nhiét do thip. Trong gasoil, ngoai naphten va thom hai vong 12 cha yéu,
nhitng chit ¢ ba vong bat diu tang lén va con cdc hop chat véi ciu triic hdn
hop (giita naphten va thom).

Ham luong cic chit chda S, N, O tang nhanh. Luo huynb chi yéu &
dang disunfua, di vong. Cic chit chita oxy (& dang axit naphtenic) ¢é nhiéu
va dat cyc dai ¢ phin doan nay. Ngoai ra con ¢ic chit dang phenol nhu
dimetylphenol. Trong gasoil di xudt hién nhya, song con it, trong lugng
phan tir cia nhya con thap (300 + 400 d.v. C).
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I11.4.2. Ung dung cua phan doan gasoil

Phan doan gasoil cia ddu mé chu yéu dugc sit dung 1am nhién liéu cho
dong co diézen; mot loai nhién lieu ma hién nay trén thé gidi sir dung rat
phé bién. Dé hiéu rd bin chdt chdy cta loai nhién liéu nay, phai xem xét
nguyén tic 1am viéc cla dong co diézen.

I11.4.2.1. Pong co diézen

Pong co diézen (hinh IIL5) ciing lam vi¢c theo nguyén taic 4 ky 1
dong co xang, nhung khdc dong co xang & cho:

Trong d6ng co xang: hén hop nhién liéu va khong khi dugc bée
sau khi nén dien diém lita; con & dong co diézen, hén hop nhién lig

dua vdo xylanh, & d6 khong khi da duoc nén truéc va da cé nhiét «
nhién liéu s& tu boc chay.

5 6
rr sy
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Hinh 11.5. Md hinh budng dét clia dong co di

1- Thanh truyén; 2- Xylanh; 3- Piston; 4,7- Voi phun nhién ligu; ¢
6- Van thai san phdm chay; 8- Diém chét trén; 9- Dié:

Pong co xang c6 ty s6 nén thap hon so v6i dong ¢
ty s6 giita thé tich cia xylanh khi piston nam & vi tri «
chét trén so v6i phan thé tich chét & phan trén). Vai ¢



tir 7/1 dén 11/1, con dong co diezen 1a tir 14/1 dén 17/1: vi vAy dong co
diézen c6 cong sudt 16n hon dong co xing trong Khi tieu hao cung mot lugng
nhién lidu.

* Nguyén ly lam viéc: Hanb trinh dgng co diézen theo 4 chu k¥: hat,
nén, chay, thai. Khi piston di tir di€m chét trén xudng diém chét dudi. van
nap md ra, khong khi duoc hit vao xylanh: sau d6 van nap déng lai; piston
lal di tir diém chét dudi lén diém chit trén, thuc hién qué trinh nén khong

. Do bi nén, 4p suat tang, ddn dén nhiét do ting, cd thé 161 500 dén
700”0 Khi piston dén gan diém ché&t trén, nhién lieu dugc phun vao xylanh
(nhd bom cao 4p) dudi dang suong, khi gap khong khi ¢ nhiét do cao s€ 1y
béc chdy. Khi chay, 4p sudt tang manh ddy piston tir vi tri di€m chét trén
xuéng diém chét dudi thye hign qud trinh dan nd sinh cong ¢é ich va dudc
truyén qua hé théng thanh truyén lam chay may. Piston sau dé lai di tir di¢m
chét dudi tén diém chét trén dé thai san pham chdy ra ngoai qua mot van thai
va tiép tuc thuc hién hanh trinh mdi.

111.4.2.2. Bdn chdt cua qud trinh chay

Nhién liéu sau khi phun vio xylanh khong ty chdy ngay, ma phai c6 mot
thoi gian dé oxy hod sau cdc hydrocacbon trong nhién liéu, tao hop chal
chira oxy trung gian, cé kha ning tu béc chdy. Khoang thoi gian dé goi la
thoi gian cam wng hay thoi gian chay tré. Thoi gian cam (tng cing ngan cang
161, Liic d6 nhién liéu sé chay di¢u hoa.

Nhu vay, dé c6 thoi gian chay tré ngin thi trong nhién liéu phai ¢¢
nhiéu cac chat n-parafin, vi cdc cau t ndy dé bi oxy hod, tic la rdt dé 1y boc
chdy. Coén cdc izo-parafin va cac hop chat hydrocacbon thom rat khé bi oxy
ho4 nén thisi gian chdy tré dai, kha nang ty béc chay kém. C6 the sap xép tha
tu theo chiéu giam khi nang oxy hod (tic la tang thoi gian cam (ng) cua cac
hydrocacbon nhu sau:

n-parafin < naphten < n-olefin < jzo-naphten < fzo-parafin
< jzo-olefin < hydrocachon tham

Nhu vay, quy luat vé anh hudng cua thanh phin hydrocacbon dén tinh
chiit chdy cta nhién liéu trong dong cc diézen hoan toan nguge voi tinh chat chay
trong dong co Xang.

I1H1.4.2.3. Tri s6 xetan

Dé dic trung cho kha nang tu boc chdy cha nhién licu diezen, ngudi ta

sir dung dai lugng tri s6 xetan. Tri s§ xetan 13 don vi do quy udc, dac trung
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cho kha ning tu bat 1ira cta nhién liéu diézen, 1A mot s6 nguyén, ¢é gid il
diing bing gid tri cia hén hgp chudn cé cing kha nang ty bat chay. Hén hop
chudn nay gém hai hydrocacbon: n-xetan (C,¢Hsq) quy dinh la 100, ¢6 kha
ning tu bat chday t8t vd a-metyl naphtalen (C,(Hp) quy dinh 1a 0, ¢é kha
niang ty b&c ¢chdy kém.

Cic hydrocacbon khdc nhau déu ¢6 tri s6 xetan khdc nhau: mach thang
cang dai, tri s6 xetan cing cao; ngugc lai. hydrocacbon thom nhiéu vong, tri
s xetan thip (bang I11.20).

Bing 1120 Tri s6 xetan cua mgt s hydrocachon

) Hydrocacbon Cong thae Tri 88 xetan
n-dodecan CigHas 75
3-etyldecan Ciahae 48
4 5-distyloctan CizHag 20
n-hexadecan (xetan) CisH34 100
7 8-dimetyl hexadecan CigHas 41
n-hexadexen (xeten) CagHas 91
5-buty! dohexen C1gHsz 47
n-hexyl benzen CieHsz 27
n-heptyl benzen CigHao 36
n-octyl benzen CigHzz 51
a-metyl naphtalen Cratag 0
butyl naphtalen bac 3 CiaHie 3
butyl decalin bac 3 CagHas 24
n-dodexyl benzen CigHao 60

Phan doan gasoil chung ¢it tryc tiép tir dau mo parafinic bao gio cling
6 tri s8 xetan rit cao. Vi duy, trl sd xetan cuia gasoil tir ddu mo Bacu: 60; tir
diu mo Grosny: 75 + 80. Noi chung, gasoil khai thdc truc ti€p tir dau mo
khong can qua qué trinh bién déi hod hoc ndo ma vin thich hop dé sir dung
lam nhién liéu diézen. Yéu ciu vé tri s6 xetan cia dong co diézen toc do
cham (dwdi 500 vg/ph) chi can trong khoang 45 dén 50. V&i dong co diézen
chay nhanh (500 d&€n 1000 vg/ph) chi cdn trén 50.
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Né&u tri s6 xetan cao qua s& khong can thiét vi gay lang phi nhién li¢u,
mot s6 thanh phin nhién liéu trude khi chiy, & nhiét do cao trong xylanh bi
thiéu oxy nén phan huy thanh cacbon tu do, fao thanh mudi, theo phan dng:

CHy —5» xC + %Hg

Né&u tri s6 xetan thip s& xay ra qud trinh chdy kich nd do: trong nhién
liu ¢6 nhiéu thanh phin khé bi oxy hod, khi lugng nhién lidu phun vao
trong xylanh qud nhiéu méi xay ra qud trinh ty chdy, din dén chiy cung mot
lic, gay toa nhiét manh, dp suit ting manh, déng co rung gilt,... goi i chay
kich né.

D¢ tang tri s6 xetan, c¢é thé thém vdo nhién lieu cdc phu gia thic day
qua trinh oxy hod nhu: izo-propyl mitrat, n-butyl nitrat, amy! nitrat... V&i
luong khodng 1,5% thé tich, chat phu gia co thé }am ting tri s6 xetan lén 15
dén 20 don vi.

I11.4.2.4. Anh hudng ciia c¢de hop chdt phi hydrocachon

Céac chat chia S 1am cho chét luong nhién liu xdu di, vi khi chdy tao ra
%05, SO; gay an mén manh; ngodi ra cdc hgp chit cua S phan huy tao ra cin
rdt cirng bdm vao piston, xylanh.

Cic chit chita oxy nhy axit gy dn mon; cic mudi cla axit nay hoa tan
trong nhién ligu 1am cho nhién liéu bién mau, déng cin, tang d6 mai mon.

Céc chat nhua khéng bi chdy hoan toan, bi phan huy trén xylanh, tao
céc, mai mon lam giam do kin gifta piston va xylash.

111.4.3. Xu th& hoan thién pham cdp nhién liéu diézen (DO)

Hién nay, trén thé gidi cé xu huéng diezen hod cic loai dong co. Nhu
viy, nhién liéu diézen s& duge su dung ngay cang nhiéu hon so véi nhién

licu xing. C6 thé tham khao cdc wu diém cua dong co sit dung nhién ligu
diézen qua cdc thong s6 sau:

- Dong co diézen c¢6 ty s6 nén cao hon so vdi déng co xang, nén cho
cong suit 16n hon khi st dung ciing mot lugng nhién li¢u.

— Nhién liéu diézen ré hon so véi xing do khong phai qua cdc qué trinh
ché bién.

— Khi thai ctia dong co diézen khong doc hai bang khi thdi cua dong co
xing, do nhién liéu DO khong cén ¢6 phu gia.
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Vi ¢dc 1y do trén, dong co diézen va nhién li¢u DO ngay cang phat trién
va ¢é ung dung rong rii.

Viéc hoan thién phim cdp, chét luong nhién liéu diézen c6 ¥ nghia to
16n trong viéc nang cao ndng suit thiét bi, twdi tho dong co, bio vé moi
truéng sinh thai; bao gém cdc van dé sau:

a. Giam t6i thi€u luong NO, va mudi rin trong khi thii cla dong co:
biang cdch tuin hoan khi thai, sir dung bo xiic tdc.

b. Giim t6i thiéu luong lru huynh (S < 0,5%). Tham chi & My, Nhat,
Han Qudc: S £ 0,05% trong luong.

c. Giam ham luong hydrocacbon thom (1a cdc cdu tir ¢6 tri s& xetan thip
vd doc hai) xuéng con thap hon dudi 20% thé tich.

Dé danh gid chat luong cha nhién liéu diézen, ngoai tri s8 xetan 13 chi
tiéu chinh, con sir dung hang loat cdc thong s6 khdc nhu: thanh phan cit, do
nhét, ty trong, ham lwgng lwu huynh, nhiét do chép chiy... C6 thé tham khaa
chi tiéu cua mot s6 loai nhién lién diézen trong bang T11.21 va bang II1.22.

C6 thé san xuat nhién liéu DO bing cich chung ¢at truc 1i€p diu tho va
14y phan doan c¢6 nhiét d6 s6i 250 dén 350°C. Tuy nhién dé c6 DO cho mua
dong cdn phai tdch bét n-parafin ¢6 phan it lugng 16n dé khong can trd dén
qua trinh phun nhién lig¢u (vi cdc chit nay cé d6 nhdt qud 1én khi giam nhiét
d6, lam mit kha nang linh’dong).

I1L5. PHAN POAN GASOIL NANG (PHAN POAN DAU NHON)

V&i khodng soi tir 350 dén 500°C, phan doan nay bao gém céac hydro-
cachon tit Cy; + C35, hodc ¢é thé 18n téi Cyy.

I11.5.1. Thanh phan hoa hoc

Do cé phan tir luong I6n, thanh phan hod hoc cia phan doan diu nhon rat
phtc tap: cic - va ico-parafin it, naphten va thom nhigu, Dang cau trdc hén hgp
tang (bang II1.23).

Him lugng cdc hop chat cia S, N, O ting manh: hon 50% lugng luu
huynh cé trong ddu md tép trung & phan doan niy, gém cdc dang nhu disunfua,
thiophen, sunfua vong... Cdc chit nito thudng & dang déng dang cia pyridin,
pyrol va cacbazol. Cdc hop chit oxy & dang axit. Cic kim loai ning nhiur V,
Ni, Cu, Pb,...; cdc chit nhwua, asphanten déu ¢6 mit trong phén doan.
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Thong thudng, ngudi ta téch phan doan ddu nhdn bing cich chung cdt
chan khong phdn can diu mé, dé trdnh phan huy cdc chat & nhiét do cao.

Xang L
chung cét , :
Dau tho 3 ap sudt thuamg Kerosen San pham tring
Diezen |
chung cat 2 :
Can mazut Shankhong Dau nhén

Bdng 111.23. Thaph phan hydrocacbon trong dau nhon (mo Poneacity)

Loai hydrocacbon - % thé tich trong dau nhan

n-parafin 137
izo-parafin 8.3
Naphten 1 vong 18,4
Naphten 2 vong 9,9
Naphten 3 vong 16,5
Hydrocacbon thom 1 vong + naphten 10,5
Hydrocachon thom 2 vong + naphten 8.1
Hydrocachon thom 3 vang + naphten 8.6
Hydrocacbon tham nhiéu veng ngung tu vai cac chat

phi hydrocacbon 8,0

111.5.2. Ung dung ciia phan doan dé sin xuat diu nhon

[11.5.2.1. Cong dung ciia ddu béi tron

a. Cong dung lam gidm ma sat

Muc dich co ban ctia ddu nhon 1a boi tron giira cdc bé mat ti&p xdc cua
cic chi tiét chuyén dong nhim gidm ma sdt. Mdy méc s& bi mon ngay néu
khong c6 ddu boi tron. Néu chon ding déu boi tron thi hé sd ma sdt giam tr
100 d&n 1000 ldn so v6i ma sit kho. Khi cho ddu vio mdy véi mot 1ép di
day, dau s& xen k& giita hai bé mat. Khi chuyén dong, chi c6 cic phan tir ddu
nhém truot 1én nhau. Do d6 may moc lam viéc nhe nhang, it bi mon, giam
dugc cong tiéu hao vo fch.

b. Céng dung lam mat

Khi ma sit, kim loai néng 1én, nhu vay mot lugng nhiét da dugc sinh ra
trong qud trinh d6. Lugng nhiéet 16n hay nho phu thuge vao hé¢ s& ma sdt, tai
trong, téc do. T6c do cang 1n thi lugng nhiét sinh ra cang nhiéu, kim loa s&
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bi néng lam mdy moéc lam viéc mét chinh xdc. Nho trang thai long, ddu chay
qua cdc bé mat ma st dem theo mdt phin nhiét truyén ra ngoai, lam cho
may mdc 1am viéc tot hon.

c. Céng dung lam sach

Khi lam viéc, bé mit ma sit sinh ra min kim loai, nhirng hat ran nay sé
lam cho bé mat cong tac bi xudc, hong. Ngodi ra, c6 thé cé cdt, buyi, tap chat
& ngodi roi vao bé mit ma sit, Nhy déu nhdn luu chuyén tudn hoan qua céc
bé mat ma sat, cudn theo cdc tap chit dua vé cacte ddu va dugc ling loc di.

d. Céng dung lam kin

Trong cdc dong co, c6 nhiéu chi tiét truyén dong can phai kin va chinh
x4c nhw piston - Xxylanh, nho khi nang bdm dinh tao mang, d4du nhon c6 thé
g6p phan lam kin cdc khe hd, khong cho hoi bi 1o ri, bao dam cho mdy lam
viéc binh thudng.

e. Bdo vé kim loai

Bé mit may mdc, déng co Khi 1am viée thudng ti€p xdc véi Khong khi,
hoi nude, khi thai... lam cho kim loai bi n mon, hir hong, Nho dau nhon cé
thé lam thanh mang mong ph kin 1én bé mat kim loal nén ngén cich dugce
vdi cac y&u t6 trén, vi vay kim loai duge bao v¢.

II1.5.2.2. Phdn loai ddu nhon

Theo ¥ nghia sit dung, ddu nhon ¢ hai leai chinh, d6 la:

1. Ddu nhan sir dung cho muc dich (goi 1a ddu ddng co).

2. Ddu nhan khong sir dung cho muc dich boi tron (ddu cong nghi¢p).

Trong thuc t&, diu dong co chi€m mot ty 1¢ khd 16n trong cdng nghiép
san xudt diu boi tron néi chung (khoidng 40%) va duge su dung pho bién.

- Phan loai theo muc dich sir dyng: ¢6 chir § - ddu nhdn cho dong co
xing; ¢ chit C - cho dong co diézen. Trong do: SA, SB, SC, SD; CA, CB,
CC, CD: tai trong nang dén.

- Phan loai theo d¢ nhét (SAE):

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

Vi du: 10W: ddu mia dong, do nhdt xdc dinh & 18°C; SAE 20: ddu mua
h&, do nhdt x4c dinh ¢ 100°C; SAE 20W - 50 (ddu 4 mia) ¢6 ¥ nghia: mua
dong tuong {mg v6i cAp do nhét 20, con mia he tuong img voi cAp 46 nhdt 50.

I11.5.2.3. Cdc ddc trung co bdn cia ddu béi tron
a. B¢ nhat

D6 nhdt cha mot s6 phan doan ddu nhon 12 mot dai lugng vat ly dac
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trung cho trd luc do ma st ndi tai clia né sinh ra khi chuyén dong. Do viy
do nhét ¢6 lien quan dén kha nang boi tron cha ddu nhon.

D¢ thye hién nhiém vu boi tron, ddu ahon phai ¢6 do nhdt phi hgp, phai
bam chéc 1én bé mat kim loai v khong bi ddy ra ngoai, ¢6 nghia la nd phai ¢é
ma st noi tai nho.

Do nhét clia ddu nhon phy thuge chi yéu vao thanh phin hod hoc.

Céc hydrocacbon parafinic ¢6 do nhdt thip hon so véi cic loai khdc.
Chiéu dai va d6 phan nhdnh clia mach hydrocacbon cing 16n, do nhét s€ tang lén.

Céc hydrocacbon thom va naphten ¢6 do nhét cao. Dac biét, sO vong
cang nhiéu thi do nhét cang 16n. Cic hydrocacbon hén hop gilra thom va
naphten ¢6 d¢ nhdt cao nhit.

Do nhdt cia ddu nhdn thudng duge do bing poazo (P), centipoazo (cP)
(46i voi do nhét dong luc), hoac stdc (St), centistde (¢St} (d61t véi do nhat
dong hoc).

b. Chi 56 dé nhot

Mot dic tinh cd ban nifa cta ddu nhon d6 1a sy thay d&i d6 nhdt theo
nhiét do6. Thong thuong, khi nhiét do tang, do nhot s& giam. Ddu nhon duoc
coi 1a ddu boi tron t6t khi ¢6 nhét clia nd it bi thay doi theo nhiét d¢, ta néi
ring ddu dé cé chi s6 do nhét cao. Nguoce lai, néu d¢ nhdt thay déi nhiéy
theo nhiét 46, c6 nghia 1a ddu c6 chi s6 do nhét thap.

Chi s dé nhot (VI) 1a tri s6 chuyen ding dé dénh gid su thay d6i do
nhét cla ddu boi tron theo nhiét d6. Quy udc ddu gbc parafin c¢6 49 nhot it
thay déi theo nhiet do, VI = 100; ho ddu gdc naphten ¢6 d nhdt thay ddi
nhiéu theo nhiét do, VI = 0. Nhu vay chi s6 do nhét 1a mét dai luong c6 tinh
quy uéc. Chi s6 do nhét ¢ thé xdc dinh theo tiéu chuin DIN 51564 (Cong
hoa Lién bang Duc) hodc theo ticu chuan ASTM D2270 (M$) (hinh IIL.6):

L-U
Vi = I H
trong dé: U 1a do nhét dong hoc & 40°C cia ddu cd chi s6 do nhét cdn phai
tinh, mmZ/s;
L 1a d6 nhdt dong hoc do & 40°C cha mot loai ddu cd chi s¢ do
nhét bing O va ciing do nhdt dong hoc ¢ 100°C v6i ddu cdn tinh
chi s8 do nhdt, mm?/s:
H 13 do nhét dong hoc do & 40°C cia mot loai ddu cé chi s6 do

x 100
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nhét bing 100 va cing do nhét ddng hoc ¢ 100°C v4§i dan ma ta
cin do chi s6 do nhét, mm?/s,
Néu d6 nhét dong hoc ciia ddu & 100°C nhoé hon hoac bing 70 mm/s, thi
cic gid tri tuong Ung cua L va H cdn phai tra trong bang ASTM - D2270.
Bang 111.24 trich déin mot phan bang ASTM - D2270.

'y

L-U

Vicladau U= v x 100

Bd nhdt déng hoc

|
L H (vl = 100) =~
]

L >

49 100
Nhigt do, °C
Hinh 1IL6. Sy thay A8 d& nhét cda dAu bai tron theo phigt 0.
ly gidi vé& chi s0 d& nhét (V1.

Béing I11.24. Nhimg gid tri L va H (g véi do nhét dong hoc § 100°C

F Do nhot dong hoc & 100°C, mm’/s Giatril GiatriH
2,0 7,994 6,394
2.1 8,64 6,894
5.0 40,23 28,49
5.1 41,99 29,49
15,0 296,5 149,7
15,1 300,0 151.2
20,0 4932 229.5
20.2 501,5 233
70,0 4905 1558
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Nén do nhét dong hoc & 100°C 1én hon 70 mm?/s thi gia tri L v H duoc
tinh nhu sau:

L =0,8353Y" + 14,67Y — 216
H=0,1684Y>+ 11,85Y — 97

trong dé Y la do nhét dong hoc & 100°C cha ddu cdn tinh chi s& do nhét,
mmgfs.
Ngoai ra, ¢6 thé xic dinh chi s6 do nhét VI theo todn d6 nhu & hinh TIL7.
Cich xdc dinh nhy sau: Dat thude nGi 2 diém gid tri do nhét o 40°C v
100°C, diém cht s& 1A gid tri chi s6 d¢ nhét VI can tim.

P4 nhot & 40°C (104°F}, ¢St

10 20 0 4051 60 80100 150 200 300 400 600
Uiyt chowlodonbb o i e ot b
25 3
4 5
f o8 ,
Dpnhdfdfgooc 0 30 40 50

(2120,:)' ¢St

Chi 58 49 nhdt
I—I'|Ill|]l||1{l|l|l]11i'|lil'|Illjl1l]I‘Ili'i]’['[”ﬁ]]“]
0 20 40 GO B0 100 120 140 160 180 200 220 240 260

Hinh I1.7. Toan ¢8 dé xac dinh chi s8 4 nhat Vi,

111.5.2.4. Sdn xudt ddu nhon

Dé thuc hién duge chifc ning boi tron t6t, ddu nhon phai c¢6 dé nhdt khi
cao dé duy tri duoc mang dau lién tuc, mat Kkhic chi s6 do nhét phai cao dé
khi miy méc lAm viéc @ phiét do thudmg, ciing nhu & nhiét do cao do nhét do
it bi thay ddi (c6 nghia 1a ddu phai ¢6 chi s6 do nhdt cao). Dé dat ducc muc
dich trén, nguyén liéu tot nhét aé san xuat ddu nhan gée la:

— Cic n-parafin sau khi 4@ tich b6t cac chét cé phan tir lugng qud 16n dé
tranh su k&t tinh.
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— Cic hydrocacbon naphtenic hoac thom it vong, c6 nhanh phu dai; cac
ciiu tir nay 12 nguyén ligu 1y tudng dé san xudt dau nhon géc, vi ching vira
cho do nhét cao (tinh chat ciia cdc vong naphten, vbng thom); vira cho c¢hi s&
A6 nhét cao (tinh chét cia nhanh phy - parafin).

Nhitng phan doan diu nhom cua he naphtenic hodc trung gian gida
naphteno - aromatic khong thé san xuit duge ddu nhon c6 chit lugng tat vi
chiing ¢6 nhiéu vong thom ngung tu voi nhanh phu ngdn, loai ndy cho chi s&
d6 nhot rit thap.

Sau khi c6 diu nhdn gde, d€ sin xuit diu nhon thuong phdm, ngudi ta
phai pha thém cic phu gia nhim muc dich tang cudng cdc tinh chit sdn cd,
hodc tao ra nhitng kha nang ma trong ddu nhan gdc chua 6. Cédc loai phu gia
thuong la:

— Phu gia chdng oxy hoa bao gém cdc dan xudt ctia phenol, amin nhur:

o @ S '@

2.6-di-tert-butyl-p-crezol phenyl-a-naphtylamin

— Phu gia tang chi s6 do nhét:

c, c,
(—CH,— |C I (—CH;- Cl —In
CH, COOCH,4

poly-izo-butylen
— Phu gia ¥c ché€ an mon:

H
l

N\N
@ 4
N

benzothiazol

polymetacrylat

CH35

S
cHy ¢Z—cH,

tecpen sunfua
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— Phu gia tdy ruvra:

Ca/SOSR C(1/3031_2

“S50,R “~OH
canxi sunfanat trung tinh canxi sunfonat kiém
- Phu gia ha diém dong:
OH
R\@g, R R R
R
naphtalen da dugc alkyl hoa cac alkyl phenol mach dai

va nhiéu cdc phu gia khdc.
Phu gia d€ pha ché€ ddu boi tron phdi ddp dng duge yéu cau: tan trong
ddu gdc, én dinh hod hoc, khong doc hai, c6 tinh tuong hop va do bay hoi thip.
111.5.3. Ung dung ctia phan doan dé san xuit cac san phim tring

Céc san phdm trang 14 tén goi cla ba loai nhién ligu 1a: xang, kerosen,
diézen. P6 1 cdc loai nhién liéu dwrge sir dung nhiéu nhat, quan treng nhat.
Pé lam ting s6 lugng cic nhién liéu nay, c6 thé tién hanh phan huy gasoil
nang bing phuwong phdp cracking hodc hydrocracking. V&i cach nay, cé6 thé
bign cac cdu tir Cyy + Cyo thanh xing (Cs + Cyy), kerosen (Cy; + Cyg), diézen
(Cy6 = Cap), nhu vay, ning cao dugc hié¢u sudt sir dung cia dau mo. Cac qua
trinh ndi trén s& dugc xét ki & phan thit hai cia tai liéu nay.

I11.6. PHAN POAN CAN DAU MO (CAN GUDRON)

II1.6.1. Thanh phan hoa hoc

Gudron 1a phdn con lai sau khi di phan tich ciac phan doan ké trén, ¢6
nhiét do soi 1én hon 500°C, gém cdc hydrocacbon ¢6 s8 nguyén tif cacbon
16n hon Cy,, gidi han cudi cling ¢6 thé dén Cgp.

Thanh phan cta phan doan ndy réat phic tap. €6 thé chia thanh ba nhém
chinh sau:

1. NRkém chdr ddu

Nhém chit ddu bao gédm c¢dc hydrocacbon cé phan tir lugng 16n, tap
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trung nhiéu cdc hop chat thom ¢ d6 ngung tu cao, ¢Au tric hda hop nhiéu
vong giita thom va naphten; day 1a nhém hop chat nhe nhit, ¢6 ty trong xdp
x1 bing |, hoa tan trong xing, n-pentan, CSs...., nhung khong hoa tan trong
cén. Trong phan doan cin, nhom diu chi€m khodng 45 dén 46%.

2 Nhom chdt nhua (con goi la nhém multen)

Nhém nay & dang keo quénh; gom hai nhém thanh phin, dé 1a cdc chat
trung tinh va cdc chit axit.

Cic chit trung tinh ¢6 mau den hodc nau, nhiét d6 hod ném nho hon
100°C, ty trong 16n hon 1, dé dang hoa tan trong xing, naphta. Chat trung
tinh tao cho nhua c6 tinh déo dai vi tinh dinh két. Him lugng cua né anh
huéng tryc tiép dén do kéo dai cla nhua; chiém khoang 10 dén 15% khdoi
luong cla can gudron.

Cic chat axit 13 chédt ¢6 nhém —COOH, mau niu sdm, ty trong lén hon
1, d& hoa tan trong cloroform va rugu etylic, chat axit tao cho uhua ¢6 tinh
hoat dong bé mat. Kha ning két dinh ciia bitum phu thudc vao ham lrong
chit axit ¢6 trong nhya; né chi chigm khoing 1% trong cin diu mo.

3. Nhém asphanten

Nhém asphanten }a nhom chat rin mau den, cu tao tinh thé, ty trong
16n hon 1, chia phin 1én cdc hop chat di vong ¢6 kha ning hoa tan manh
trong cacbon disunfua (CSs). Pun & 300°C khong bi néng chdy ma bi chdy
thanh tro.

Ngoai ba nhém chit chinh néi trén, trong c¢an gudron con ¢6 cic hop
chat co kim cua kim loai nang, cdc chit cacben, cacboit rin, gidng nhy céc,
mau sim, khong tan trong cdc dung mai thong thudmg, chi tan trong pyridin.

11L.6.2. Ung dung ciia phan doan cin gudron

Phan dean can gudron dugc sit dung cho nhiéu muc dich khic nhau nhu
san xuat bitum, than c&c, bé héng, nhién lieu 46t 1d. Trong cdc dng dung trén,
<An xuét bitum 12 tng dung quan trong nhat.

111.6.2.1. Sdn xudt bitum
a. Thanh phdn hod hoc cita bitum

Bitum 1 hén hop phic tap caa nhiéu loai chat, trong d6 ham lugng cdc
nguyén t6 thu duge nhu sau:
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Cacbon () 80+ 87%

Hydro (H) 10 = 15%
Luu huynh  (85) 2+ 8%
Nito Ny 05+ 2%
Oxy (O 1 + 5%.

Trong cdc nguyén té ké trén, ham luong cacbon va hydro chi€ém mét ty
1&¢ tirong d&i 16n. Qua d6 thiy ring nhém dau la bo phan chu y&u dé tao
thinh bitum.

Cic chat asphanten quyét dinh tinh rin cioa bitum, ¢é nghia 13 muén
bitum cing rdn thi phai c6 ham lugng asphanten cing cao.

Cédc chat nhya quyét dinh tinh déo va khd ning gin két (tinh xi ming
ho#) cua bitum,

Cic chat dau lam tang kha nang chiu dung suong gid, ning mua cia
bitum.

Mot loai bitum tét, chiu thoi tiét t6t, cé d6 bén cao thi phai ¢é thanh
phin nhuv sau: 25% nhua, 15 dén 18% asphanten, 52 d&n 549 dau. Ty lé

asphanten vi nhya khoang 0,5 dén 0,6. Ty 1& nhua vi asphanten so vdi diu tir
0,8 dén 0,9.

Cin cua ddu md chita nhiéu parafin rin A nguyén liéu xau nhdt trong
sin xuit bitum. Bitum s& ¢6 do bén thap, tinh gin k&t kém do cé nhidu
hydrocacbon khong phan cuc. Nguoc lai, cin diu mo loai aromatic hodc
naphten - aromatic 12 nguyén Héu rit t6t dé san xudt bitum.

Cic bitum ¢é chat lugng chua t6t ¢6 thé duge bign tinh dé thu dugc chat
luong cao hon bing cdch oxy hod véi O, trong khéng khi & 170 dén 260°C.
Trong qud trinh oxy hod, mét s6 phin ddu s& chuyén sang nhua, nhua s&
chuyén thinh asphanten, do d6 cé thé thay déi duge thanh phan cla loai
bitum khong tét.

h. Mot 56 tinh chdar ddc trung ciia bitum

— Péd yuyén kim: 1a dai lugng dic trung cho dd quanh cha bitum, duge
tinh bing milimét chiéu sau lin xuéng cua Kim dit dudi mot tai trong 100 g
trong thai gian 5 giay & 25°C. Do lin kim cang nho, bitum cing quédnh.

- D¢ ddn dai: 1a dai lugng dac trung cho tinh déo cta bitum; duge tinh
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bing centimét khi keo cang mot mau c6 tiet dién quy dinh & 25°C vdi t6c do
kéo 1a 5 cm/ph. Do kéo dai cang 16n thi tinh déo chia bitum cang ¢ao.

_ Tinh én dink nhiér. Khi nhigt do thay déi, tinh cing, tinh déo cha
bitum ciing thay déi theo. Néu su thay déi nay cang nho thi tinh én dinh
nhiét cla bitum cang ¢ao.

Tinh &n dinh nhiét ctia bitum phu thuge vao thanh phin hod hoc cua né.
Ham luong asphanten trong bitum tang thi tinh 4n dinh nhiét cua bitum ciing
tang; ham lugng parafin tang thi tinh én dinh nhiét giam. Ngudi ta dua ra
bidu thitc sau day dé tinh tinh én dinh nhiét cla bitum:

T= T\.1 - TC

T 1a tinh 8n dinh nhiét cua bitum;
Ty 12 nhiét do hod mém cita bitum (12 nhiét do lam cho bitum
chuyén tir trang thai déo sang trang thii 1ong);
Tc 1a nhiét d6 hod ctmg cla bitum (12 nhiét do lam cho bitum
chuyén tir trang thai long sang trang thidi rin).
T cang 1on, tinh 4n dinh nhigt cang cao.

_ Tinh n dinh voi thot gian: La kha niang cha bitum chéng lai tdc dong
cua mol trudng xung quanh. Do dnh hudng cua thoi gian ma tinh chidt va
thanh phin cla bitum thay d8i. Su thay aéi 46 goi la su hod gia clha bitum.

S& di bitum hod gia 1a do su bay hoi ctia cic chit nhom dau, 1am cho
tinh quinh cua bitum tang lén, tinh déo giam xudng, bitum trd nén glon.

Tinh én dinh véi thdi gian clia cac loai bitum ddu moé tuong dai cao.
Thuong thi sau 10 dén 15 nam sit dung, cdc tinh chat cia nd méi thay doi 1o rét.

Ngoai ra aé sit dung 18t bitum, can phal xem x€t céc chi tieu khic nhv
nhiét do boc chdy, suc cang bé mat, trong lugng riéng...

111.6.2.2. Ung dung ctia phdn doan cdn lam nhién li¢u dot 1o

Cé thé su dung trye ti€p phan doan can dau md lam nhién liéu daot 1o.
Nhiét nang cua nhien liéu ndy vao khoang 10.000 kcal/kg. Ty 1¢ gifta CvaH
cang thip, nhiét nang cua ddu cang cao.

N&u trong nhién liéu nay ¢6 ham lugng céc kim loai nang 16n, khi chdy
s& 1a0 hop kim véi G4t cé nhiét do néng chay thip, din dén thing 10.
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Chuong IV

CAC PAC TRUNG HOA LY VA
UDANH GIA CHAT LUQNG DAU MO

Iv.1. XAC DINH CAC PAC TRUNG HOALY CUA PHAN DOAN
DAU MO

IV.1.1. Thanh phan chung cat phan doan

Thanh phén cit 12 mot trong nhitng chi tién quan trong can phai xéc
dinh d6i véi cdc san phdm tréng nhu xang, kerosen, diézen. Theo thanh phin
cit phan doan co thé biét duge cic loai san pham thu va khoi luong cua
ching. Cic phan doan diu bao gidy ciing gém rat phiéu cdc don chat khic
nhau v&i nhiét do soi thay d8i. Do vay, dic trung cho tinh chit bay hoi
cha mot s6 phan doan Ja nhiét do s6i ddu (T ase) vA nhiét do két thic soi

(Tos()i cudi)
Qué trinh chung cét dugc thyc hién trong bo chung cat tiéu chudn
Engler (hinh IV.1) nén goi 1a chung cat Engler.

1. Dén dst

2. Binh chung tidu chufn
3. Chup béo on

4, Nhigt ké

5. Sinh han lam lanh

6. Hop 1am lanh

7. Binh himng

Hinh IV.1. S d8 chung cét dé xac dinh thanh phén phan doan

Cho 100 mi miu vao binh (2). Gia nhiét tu tir (t6c 4o gia nhiét phu
thuoc loal san phidm cdn chung, thong thuong khoang 4 dén 5 ml san pham
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frong 1 phit). Khi c6 giot chat long diu tién roi xudng binh hing thi nhiét
do soi lic 4o 1a T.6; ddu» HIEP theo a6 ghi lai nhiét 46 tng véi 10, 20, 30 .
90% thé tich. Dén khi nao ¢t thuy ngan trong nhigt K€ tir cuc dai tut xudng
dot ngot thi dd la T 61 cusi-

Vi du, chung cit mot phan doan xing cracking xuc tic, ta thu duge cic
6 liéu nhu sau:

T’soi dtu 37°C
T%si (10% V) 50
T (30% V) 75
T (50% V) 100
T (70% V) 120
T®0i (90% V) 188
T’s6i cuéi 195

Tir cac gid tri trén, dyng duge d6 thi phu thuoe gifra % san phdm chung
cat dugc va nhiét do sol (hinh IV.2) goi 12 dudng cong chung cat Engler.

195 Tl st aud

L

o |
i |
o |
= |
= |
i
100 |
'|
50 }
Tosﬁi daull {

|
l L L 1 L L L 1 L l

20 40 60 80 100% s&n phdm

Hinh IV.2. Buéng cong chung ¢4t Engler chia mot phan doan xdng cracking xUc tac.

Mé&i mot loai nhién liéu, duge dic trung bai thanh phan chung cit nhat
dinh. Nhung nhin chung, néu cung 12 x#&ng, hodc cung la kerosen thi yéu ciu
vé khodng nhiét do soi gin nhy nhau.
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a. D6l véi xang dong co:
T61 diu khong qua 35°C
T ., (10% V) khong qud 70°C
T°,, (56% V) khong qud 140°C
T°,0i (90% V) kKhong qud 190°C
T% 61 cusi khéng qui 205°C
b. D6i v6i nhién lieu phan luc:
T o1 diu khong qui 150°C
T° . (109 V) khong qud 175°C
TC.; (504 V) kKhong qud 225°C
T 4 (90% V) khong qud 270°C
T i cudi khong quéd 280°C
¢. Boi v6i nhién ligu diézen:
T o1 diu trén 150°C
T°,4; (50% V) khong qud 290°C '
T°,s: (90% V) khong qué 370°C

Déi véi nhién lidu diézen thudng chi quan tdm nhidu d&n T4 (50% V)
VA T (90% V).

» Thanh phén cdt phan doan cta xdng dong co c6 ¥ nghia rit quan trong.
Nhiét do soi tir 10 dén 30% ¢6 v nghia quyét dinh kha nang khdi dong cua
dong co. Khoang nhiét do dé cang thap, dong co cang dé khoi dong Khi mady
nguoi. Tuy nhién néu thip qud d& tao nit hoi trong hé théng cdp nhién ligu,
iy hao ton nhién liéu. Nén T°..; 10% khong nén virot qua 70°C.

e Nhiét do cit 50% c6 ¥ nghia quyét dinh kha nang ting téc cua déng co
(kxhi ning nhanh chéng dat duge téc do cin thigt khi m& van tiét luu) va qua
trinh dat néng dong co. Néu nhigt do cat 50% qud cao (it hydrocacbon nhe)
khi thay ddi t6c do, luong nhién liéu trong may it, cong suat giam, diéu
khién xe kho khian. Do vdy nhiét do cit 50% (tir 40 dén 70%) cang thap cang
16t vi dé dang tang s& vong quay cia ddng co 1én mifc t6i da trong thai glan
ngin nhét. Tuy vay néu thap qua dé tac nit hoi va gay that thodt nhién ligu
(vi vay khong nén vuot qui 140°C).
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o Nhiét do cit 90% cé ¥ nghia v& mat kinh 1€ Né&u nhiét do cat 90%
cao, xing khong bée hoi hoin toan trong buéng dét. Xang & trang thii long
theo xylanh lot qua xecmang di vao cacte chia ddu, lam loing diu nhon,
giam kha nang boi tron va gay mii mon dong co. Ty ndy khong qud 190°C.

e Nhiét do cit cudi (¢an cit) dinh gid mdc 4o bay hoi hoan toan va lam
loing diu nhon. Néu nhiét do soi cudi cao qud thi din nhon s& bi raa troi
trén thanh xylanh, mai mon piston, vi the, T.oi cusi kKhong nén qui 205°C.

IV.1.2. Ap suit hoi bao hoa

Ap sudt hoi bio hoa 1% mot trong cdc tinh chat vat 1y quan trong cla cdc
¢chit 1éng dé& bay hoi. Day chinh 1a 4p suat hoi ma tai do thé hoi can bing vl
thé 16ng.

Ap sudt hoi bdo hoa Reid la dp suat tuyét d6i & 100°F (37,8°C) dac trung
cho kha nang bay boi cua phan doan xdng. D6 1a 4p sudt hoi cha xdng do
duge trong diéu kién ciia bom Reid & 37,8°C. Dai lugng nay cang 16n, do bay
hoi cang ¢ao.

Ap suat hoi bio hod duge xdc dinh trong dung cu tiéu ¢hudn goi 1a bom
Reid (hinh IV.3).

Cho xing vao binh 2, noi thong v&i binh / réi cho vao binh 6n nhiét, sau
khi én dinh nhiét do (37,8°C) trong 15 phit thi m& van 5 dé noi toin bd hé
théng véi dp k€ thuy ngan. D6 chénh léch & s& cho bi€t dp sudt hoi bio hoa
¢iia xang cdn do. Do boc hol cua xing cang cao, do chénh lech /i cang 1dn.

Iak
oyt

1

R

Lyl

Hinh V.3, Bom Reid
1. Budng khang khi; 2- Budng chia xang; 3- Binh &n nhiat; 4- Ap ké thuy ngan, 5- Van.
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Tiéu chuin TCVN 5690 — 92 quy dinh 4p sudt hoi biio hoa cho xing 6t6
nhu sau:

Nhién ligu Ap sudt hoi béo hoé (kPa) & 37,8°C
Mogas 83 max 70
Mogas 92 max 75
Xang thudng max 67
Xang cao cép max 67
Xang dac bigt max 74

IV.1.3. TY trong

Ty trong 13 ty s6 giita trong lrong riéng ciia mot vat & mot nhiét do nhat
dinh va trong lwgng riéng cia mot vat khic duge chon 13 chuin, xac dinh @
clng vi tri. DPoi véi cdc loai sin phdm dau long déu 14y nudc cit & nhiét do
+4°C va 4p suat 760 mmHg 1am chuén.

Ty trong ciia ddu mo, hodc mot phan doan diu mod & nhiét 4o r trén trong
luong riéng ciia nudc & 4°C, ta cé thé ghi 4, va trong he CGS biéu thi bing
g/em®. Dé d& so sdnh, ty trong diugc biéu thi & cing mot nhiét do. Phin 16n
cac nwde déu 1ay & 20°C (d:}o) hoic 15,6°C {tuong ung v&i 60°F) so véi nudc

& cuing nhigt do. Khi dy ta ghi d/3 .

3 mot s6 nude con bidu thi ty trong bing do °API. Céng thitc chuyén
d6i ty trong sang d¢ “API nhu sau:

141,5

15,6
d15,6

®API =

- 1315

Vi du mét loai nhién liéu diézen ¢6 ty trong dlissg = 0,87, thi d6 "API s& la:

141,5
0,87

- 1315 =131,14

Ty trong ctia san phidm ddu mé thay d6i rit nhiéu khi nhiét do thay déi,
nhung khéng phu thudce vio 4p sudt. Tuy nhién, né€u 4p suit cao thi s& cé anh
hudng chiit it.

C6 thé xdc dinh ty trong bang cidc phuong phdp nhu: dung phi k€, can
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thuy tinh, picnomet. Phuong phip picnomet la phé bign nhit, diing cho bat
ké loai chit 16ng nao. Phuong phdp nay duya trén sy so sianh trong lugng cua
diu véi nudce cit trong cling mot thé tich va cling nhiét do.

C6 thé tinh todn duge ty trong tif cdc thanh phan theo cong thic:

AV +dyVy ot dyY,
T V4V Y

trong 46: d 12 ty trong cha phéin doan diu cin tinh;
dy...d, 14 ty trong cua cdc thanh phén tuong dng;
V...V, 1a thé tich cila céc thanh phin tuong ung.
I1V.1.4. Do nhét
IV.1.4.1. Khdi niém

Do nhat 12 tinh chét ciia mot chit long, duge xem 14 ma sét noi cua chat
16ng va can tré sy chiy clia chat 1ong. Nguyén nhan c6 do nhét 1a do 4i lyc
¢0 hoc giita cdc hat cfu tao nén chit long.

Do nhét ciia diu md c6 lién quan dén qua trinh bom vén chuyén, su boi
tron, su phun nhién liéu trong cdc dong cd. Po nhét phu thude nhiét do, khi
nhiét 4o ting, do nhdt giam.

I1V.1.4.2. Phdn loai

1. D6 nhor dong lie {n hode )

D¢ nhét dong lgc biéu thi cho cdc chit long dong khong ¢o gia toc,
duoc tinh bing cong thic:

n=1C
trong do: 1 1 thoi gian chiy cia chdt long.

C 1a hiing s6 nhét k&, khong phu thuoc nhiét 46 ma chi phu
thuoc kich thude hinh hoc caa nhét ke,

Néu do nhét 16n phii ding mao quan c6 dudng kinh mae quan I6n; con
néu do phét cila chit 1dng cdn do nhd, thi ding nhét k€ cé duong kinh mao
quan nhd; sao cho thyi gian chay clia chit I6ng khong qua 200 giay.

Db nbét dong luc duge tinh bang poazo (P) hay centipoazo (cP).
1 P=100cP=0,1 N.s/m>= 1 dyn.sfem” = | g/fem.s
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2. D6 nhot dgng hoc (v)

Do nhdét dong hoc ta ty s6 giita 4o nhét dong luc hoc va ty trong ctia né
(ci hal déu xdc dinh & cling nhigt dd va dp suat):
v= -
d
trong d6: v 1a dd nhét dong hoc, tinh bing stoc (St) hodc centistoc (cSt);
1 1a do nhét dong luc, tinh bing poaza (P) hodc centipoazo (<P);
d 1a trong lugng riéng, g/cm3.
[ St = 1 cm¥s = 100 cSt: hay diing cSt, 1 ¢St = | mm7/s,
Xac dinh d6 nhdt dong hoc bing cach do thoi gian chay cua dau qua
nhét k€ mao quan Pinkévic.
3. D¢ nhét quy wice (d6 nhot Engler
Do nhot quy uée hay do nhdt bidu kién, con goi 1a do nhét Engler; 1a ty
s6 gifta thoi gian chay ctia 200 ml miu & nhiét do thi nghiém va 200 ml nudc

cit & 20°C qua Sng nho trong dung cu do do nhét:

ot T
Eyy = —
0=
trong do: °E% 12 do nhét Engler & nhiét do ¢

1, 1 thoi gian chdy cha méu d nhiét 86 1.
t, 11 thdi gian chay clia nuée & 20°C.

Thudng do thai gian chdy ciia miu ddu & nhiét do ¢ = 20°C.

IV.1.5. buong cong diém soi thue (DST)

Pé xac dinh thanh phan phan doan cua ddu mo, thudng tién hanh chung
¢it trong boé chung cdt tiéu chuin v6i céc didu kién quy dinh chat ché. Vidu,
s6 dia 1y thuyét cita cot chung: 20 dén 22 dia; ty s6 hoi luu = 5, t6c 46 chung
c4t )iy san phim 3 dén 4 ml/ph, chung dén 200°C tién hanh & dp sudt
thudmg, sau dé dén 320°C, chung cit trong chan khong (p = 1 + 2 mmHg).

Qud trinh chirng cat nhu vay sé& cho do phan chia cao. Sau do dung dé
thi quan hé nhigt 4o soi - phin trim san phidm chung cidt so véi diu thoé

(% thé tich hoic trong juong). D6 thi ndy goi la dudng cong diém séi thuc
(BST).
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Tir k&t quéa thu duge xdc dinh diém soi thuc, ¢6 thé xdc dinh thanh phan
céic phan doan ctia ddu md ¢6 nhiér do soi dén 200°C, 300°C ... d&n 485°C
(hinh TV.4).

Néi chung, dutmg cong DST la mét dudng cong quan trong nhit cua dau
ma. N6 cho phép danh gid dugc thanh phan cia cic phan doan cé nhi¢t do
s6i khac nhau. Ngoii ra con giip cdc nha cong nghé xdc dinh phuong in ché
bién d€ dat yéu cdu vé chit lrgng va s6 lugng cdc phin doan mong mudn.

07T T T 7 T 7 3
(1) I 1 1 : i ] : 1 | 1 ] | l|
S [V R St el e ooy Sty Sk s S Sk mint =
SRS N IR A N A ]
6 80 ] ] 1 1 1 | 1 1 ] 1
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Hinh IV.4. Buéng cong chung cAt diém séi thyc cla dau the Bach HS va Pai Hung.
e DAu tho Bach HE; A Dau tho Bai Hing.

IV.1.6. biém anilin

Diém anilin 12 nhiét do thap nhat trong diéu kién xdc dinh, anilin va san
pham tuong (ng hoa tan vao nhau dé tao thanh mot hon hop dong nhat. Khi
thanh phdn hod hoc khdc nhau thi gid tri cha diém anilin khdc nhau.
Hydrocacbon thom cd diém anilin thip hon so véi cdc hoai hydrocacbon
khic rdt nhiéu (vi hydrocacbon thom dé dang tan trong anilin hon). Trong
cung moét loai hydrocacbon thi diém anilin tang 1én theo trong lugng phén tu.

Diém anilin théng thudng duge x4c dinh qua phuong phip thé tich bing
nhau giffa anilin vd san phdm. Anilin ding dé xdc dinh phai khong ¢6 mau,
vira méi chung cit. Chi diing phan chung cit trong khodng 10 dén 90%.

Phuong phép diém anilin thudng duge si dung dé xdc dinh thanh phin
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cdc hydrocacbon thom c¢é trong phin doan. Ham luong hydrocacbon thom
ciing 16n, diém anilin cang thap.

IV.1.7. Nhiét do chép chay

Nhi¢t d6 chép chdy Ia nhiét d¢ tai d6, khi phan doan ddu méd duge dat
néng, hoi hydrocacbon sé thodt ra tao véi khong khi xung quanh mét hén
hop ma n€u dua ngon lia dén gin ching s& bung chdy 16i phut tit nhu mot
tia chép.

Nhur vay, nhiét d6 chép chdy ¢6 lién quan dén ham lugng cic sin phém
nhe ¢6 trong phan doan. Dan cang ¢6 nhiéu ciu tir nhe, nhiét do chép chiy
cang thip.

— Phin doan xing: Nhiét do chdp chdy khong quy dinh, thudng 1a d6 am.
— Phan doan kerosen: Nhiét d6 chép chay tir 28 dén 60°C, thong thuong 40°C.

— Phan doan diézen: Nhiét d6 chép chdy c¢d¢ kin tir 35 dén 86°C, thong
thudmg 60°C.

— Phan doan ddu nh&n: Nhiét d6 chdp chay tir 130 dén 240°C.

C6 hai phuwong phip dé do nhiét d6 chép chay: Phuong phip coc kin va
phuong phédp céc hé.

Phuong phédp coc kin thudmg dp dung d6i v6i cac sin phdm dé bay hoi
nhu nhién liéu phan luc, ddu hod dan dung, k€ ca diezen.
Phuong phédp c6c hé dp dung d6i véi cdc phan doan khong bay hoi nhu diu

nhon.

Phuong phdp c¢6c kin bao gior ciing cho nhiét 4o chép chdy thap hon so
véi phuong phip ¢dc ho.

Xdc dinh nhiét g chép chdy ¢6 ¥y nghia rit quan trong trong viéc tén
chifa va bao quan nhién liéu. N&u nhiét d6 chép chdy cla nhién lidu thap, khi
bdo quan trong bé chifa ngoai trdi ning ndéng phai dé phong ¢o6 tia lira dién &
gan d¢ trinh chdy nd. P6i v6i nhién liéu diézen cho xe ting, néu nhist do
chép chdy thép, c6 nghia 1a ham lugng cdc ciu tir nhe nhiéu, rdt nguy hiém
cho ngudi trong d6 vi xe ting phai 1am viéc trong diéu kién kin hoin toan.

Khi xdc dinh nhiét d6 chép chdy clia mot phan doan nao d6, thiy nhiét
d6 chdp chdy thap khic thudng, ¢é theé nghi ring trong phan doan di 1in cdc
nhién liéu nhe.
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I'V.1.8. Nhiét do @dong dac, diém van duc va diém Két tinh

Dong dic 1a mot tinh chat cita ddu md va sin phdm ddu md. Ching bj
mat tinh linh dong khi nhiét d6 ha xuéng thdp. Tinh linh déng mat di 12 do
sy tao thanh nhiimg mang két tinh parafin hodc do do nhét taing manh.

Mang tinh thé parafin dugc tao thinh vi trong nhimg san phdm ddu mo
gom hén hop hydrocacbon ¢é nhiét d6 déng dac khdc nhau. Khi lam lanh
dén mét nhiét d6 nhit dinh, nhimg parafin ¢6 phan tir lvong Ién két tinh
trede, nhing hydrocacbon ¢ phan tir lugng nhd hon s& chui vao khung tinh
thé d6, din dén sur vdn dyc truée khi dong dic. Thong thudng diém vin duc
16n hon diém déng dic tir 3 dén 5°C.

Sy phu thu¢e nhiét @6 dong dac vao ham lugng parafin dwge bidu dién
qua biéu thitc sau:

Todd = Kl + KgIgC

trong d6: € 1a ham lugng parafin rin ¢6 trong phan doan (% trong lwong);
Kl, Kg la cac héng 50.

Trong trudng hop ham lugng parafin thdp, sy déng dac 1a do khi giam
nhiét do, do nhét ting manh 1am cho ca khéi nhién liéu dong dic lai.

Nhitng dic tinh trén phu thudc rdt nhiéu yéu 16 nhu: ty lé, cdu tao cac
hydrocacbon trong san phdm ddu mo, kiéu lam lanh, d¢ nhét, luong cdc chat
nhya va asphanten, ham legng nuée v.v...

Cdo dinh nghia.

Diém dong ddc: 1a nhiét do cao nhdt ma sdn phim ddu léng dem lam
tanh trong diéu kién nhit dinh khong con chay duoc nita.

Diém vdn dyc: 12 nhiét d6 ma khi sin phdm dem lam lanh trong nhitng
diéu kién nhat dinh, né bit ddu vidn duc do mot s& cau tir bit ddu két tinh.

Diém két tinh: 12 nhiét 0 dé san phdm bit ddu keét tinh c6 thé nhin thay
bing mit thudng.

IV.1.9. Nhiét hoa hoi

Hod hoi la mét tinh chit dic trung clia cdc chét léng. P&i véi cic don
chit, qui trinh hoa hoi dugc thuc hién & nhiét do va 4p suat khong déi. Vi
du, nudce soi & 100°C (4p sudt khi quyén), nuée 1dng s& bign thanh hoi chi tai
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nhiét dé d6. PSi véi mét hon hop gom nhiéu chdt, qua trinh hod hoi ¢6 thé
thuc hién theo hai cich:

— C6& dinh &p suat, tang dan nhiét do
~ C& dinh nhiét 4o, nhung thay ddi ap suat.

Thong thudng thuc hién theo cach c6 dinh dp sudt, ting din nhiét do,
lic dé cac cdu tir ¢6 phan tir lugng thip trong hén hop s& bay hoi trudce, sau
a6 dén cic cdu tir ¢é phan tir lugng 16n hon, vi két thic bing nhiét 46 s61
cudi clia hén hop.

Nhu vay, nhiét hod hoi 1la nhiét luang cdn thiét dé cung cip cho don vi
trong lugng nhién liéu bién thanh hoi & mot nhiét do vi dp sudt ndo do.
Nhiét hoa hoi dugc do bing thu nguyen keal/kg; va ¢é thé tinh dugc theo
cong thie:

T
L=K i
trong d6: L 14 nhiét hod hot;
T 12 nhiét d6 s6i trung binh cia phan doan dian mo ("K);
M 1i trong lwgng phan ti;
K 12 hé s6 & dp suét thuong (K =20 = 22).

Gid tri K ¢6 thé tra dugce trong bang hoic ¢ thé tinh todn theo nhiét do
soi trung binh ¢iia phan doan:
K=28,75+ 4571 1gT
trong d6 T 13 nhiét do soi trung binh ctia phan doan diu mo.

1V.1.10. Nhiét chay

Nhiét chdy 12 nhiét luong toa ra khi dé&t chidy moét lugng (thé tich hoac
trong lugng) nhién ligu véi diéu kién la nhiét do cla nhién li¢u trude khi dét
vi sin phdm chdy 1a 20°C. Nhiét chay l2 mot trong nhitng dac tinh cha yéu
cda nhién liéu. Khi dét chdy hoan toan cic nhién lidu khi (vi dy metan:
CH,), nhién liéu long (nhy xang, dau hoa, diu mazut...) hodc nhién ligu ran
(nhu than d4) déu tao thanh COs, H,0 va toa nhiét, theo phan tng:

CH, + (Hii)o2 —— xCO; + %Hgo +Q

82



Trong trudng hop nhién li¢u chira luu huynh s& tao thanh SO,:
S + O —» S0,
Nuéc tao thanh ¢ thé & thé 16ng hoac thé hoi.

Gid tri nhiét lwvgng cao (Q,,) 12 luong nhiét tod ra khi nude cé trong san
phdm sau khi chdy & dang léng, Q.o = O, + Ox:

Y 1,0 + g,
5
+ O

Gid tri nhiét luong thip {Quap) 12 lvong nhiét tod ra khi tit ca nudc

CH, + (x + %)o2 — > xCO, +

H>0p,4 — H305,,

trong san phdm chdy & trang thaii khi.

Hi€u gilta nhiét lugng trén va nhiét lugng dwdi chinh 12 lvong nhiét cin
thigt d¢ nwde chuyén tir trang thai 1dng sang trang thai hoi, nhiét luong nay
goi la nhiét hod hot clia nuée,

Nhiét lvong duge biéu thj bang cich sau day:
«) Truong hop nhién liéu khi
Néu nhién liéu bao gém nhiéu cdu ti, nhiét chdy cé thé tinh theo cong
thire thuc nghiém sau day:
Qcao =0,5M + 1,57.10° keal/m® khi (0°C)
Qunap = 0,47 + 1,03.10 keat/m® khi (0°C)
trong d6 M 12 phan ti lugng trung binh.
h) Truong hop nhién Héu ldng
Nhi¢t chiy cao duge xdc dinh bing phuong phip dé thi (hinh IV.5).
Nhieét chay thdp khi tinh phai trir i lugng nhiét do hoi nudc ngung tu.
Khi trong nhién liéu ¢6 14n lun huynh, s& tao khi SO, SO; gay doc hai
cho nguwoi sir dung va gay 6 nhiém moi trudng. Mit khic, cd 1% luu huynh

lam Crmm di nhiét chdy 1a 85 kcal/kg nhién lidu. Vi vay, néu nhién liéu cang
chita nhiéu luu huynh thi nhiét nang chung ctia qud trinh cang gidm manh.

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

Nhiét chdy cia nhién liéu 16ng khodng 10.000 d&n 11.300 kcal/kg.
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Hinh IV.5. B4 thi dang dé x&c dinh gia tri nhigt chay cac cla nhién ligu 18ng

IV.1.11. Ham nhiét

Ham nhiét ]a toan bo nhiét lugng chita trong mét hydrocacbon riéng 1€,
holc trong phan doan diu mo, & mot trang thdi xdc dinh, thudng 1 trang thdi
tiéu chudn (0°C, 1 at). Ham nhiét duge tinh bing kcal/kg.

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

— Nhiét luong cin thiét dé dun néng 1 kg hexan tir 0°C lén 68,7°C

(1a nhiét do s6i cita né);

— Nhiét hod hoi cia hexan & 68,7°C;

— Nhiét dun néng 1 kg hoi hexan tir 68,7°C lén 100°C.
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* Ham nhiét cua phan doan dau mé & trang thdi 10ng dwoc tinh gin ding
theo cong thic:

H = x (0,403¢ + 0,0004057%)
156
156
trong dé: Ay 12 ham nhiét clia phin doan 16g & nhiét do ¢, keal/kg;

dl';‘g la ty trong cua phan doan;
t la nhiét do (°C).

¢ Ham nhiét cia phin doan ddu md & trang thdi hoi ¢6 thé tinh theo
cong thic: :

Hy = (50,2 + 0,109 1 + 0,00014 1% x (4 - d|2§ - 73,8)

trong dé: Ay, 1a ham nhiét cua phan doan ¥ trang théi hoi, keal/kg;

(11155.,3 la ty trong cua phan doan long;

¢ 1a nhiét do (°C).

IV.1.12. Nhiét dung

Nhiét dung 12 lugng nhiét c¢idn thiét dé cung cap cho mot don vi trong
lugng nhién liéu tang 1én 1°C, nhiét dung duge do bing kcal/kg.°C.

Nhiét dung cua phan doan diu moé phu thudc vio ty trong va nhiét do.
Ty trong clia phan doan cing 16n, nhiét dung cang bé.

o C6 thé tinh nhiét dung ctia phan doan ddu mé & pha long theo cong
thifc sau: '

1
C, = x (0,403 + 0,00081)
[ 156
15,6
trong ddé;
Ct 1a nhiét dung clta phan doan ddu mod & nhiét d6 ¢, keal/kg.°C;
) ills,ﬁ

56 laty trong cia phan doan ddu md;

¢ 12 nhiét d6 (°C).
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Chinh xdc hon, phai tinh dén anh hudng cuia thanh phan hod hoc cua
phan doan (biéu thi qua hé s6 dac trung K). nén ¢6 thé ding cong thiic khdc
nhu sau;

€ =0.7072- 0318 x d}3§ +1(0,00147 - 0,00055 x d|3€) x (0.067K + 0.35)
trong d6 K 1a h¢ sd dac trung cua phan doan.

* Nhiét dung cua phan doan diu moé & pha hoi ¢ 4p suit thudng duge
tinh nhu sau:

40 - di3¢
trong do: 428 1a 1y treng cia phan doan ddu mo o pha long;
156 P g

7 1a nhiét do (°C):
K 1a heé sd dac trung cua phan doan.
e Nhiét dung mang tinh chit cong tinh:
C=Cim+Cymy +... +C,my,
treng dé: 'y, €5, € 1a nhiét dung cua cdc ciu 1 tuong gng;

niy, g, #r, L& ham lugng (% TL) cta cdc cdu ur tuong ng.
IV.1.13. Ham lugng nudce trong cac phan doan dau mo

Nhin chung, nudc khong hoa tan trong ddu mo hodc cdc phan doan cla
dau md. Nhung khi tang nhiét do, do hoa tan clia nude trong diu c6 thé tang
lén (hinh TV.0).

Su ¢é mat cua nudc trong mot sO phan doan dau gay nguy hiém cho qud
trinh st dung, chéng han:

Néu trong ddu bi€n thé ¢é nude s& lam gidm do cich dién. ¢6 thé dan
dén no tram bién the.

Trong nhién liéu phdn luc cé nudc s& gay nguy hiém vi khi mdy bay lam
viéc & do cao 16n, nhiét do ha rdt thdp (c¢6 khi d&€n -50°C). luong nudc cb
trong nhién liéu s& tao thanh cdc tinh thé aude d4 1am tic vdi phun, gay gidn
doan cung cdp nhién lidu,

Trong san xuat LPG, khi ddn nd s& ha nhiét dé, nudc s& tao thanh cic
tinh thé nho gay tac van giam 4p.
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Do viy cdn phdi tdch nuéc ra khdi cic phan doan sao cho ham luong
nudc cing nho cang tot. '

50
30
20
10

% mol H,O hoa tan

0,05
0,03
0,02

| I ! 1 I |
50 100 150 200 250 300
Nhigt dg, °C

Hinh IV.6. Do hoa tan clla nudc trong cac phan doan dau md.
O Benzen O Xang A Kerosen o Dau nhdn

IV.1.14. Tri sé octan
Tri s§ octan 1a dai lwgng dédc trung cho khé nang chéng kich né cna

nhién liéu. C6 hai phuong phap dé xdc dinh tri s6 octan, d6 1a phuong phip
nghién ciu (RON) va phuong phdp moto {MON).

Ban chit cila cdc phwong phap nay 14 so sénh do bén chong kich né cla
nhién liéu thi nghiém va nhién ligu tiéu chudn, biéu thi bang tri s6 octan. Do
bén chaong kich né cia izo-octan qui udc biing 100 vi cla n-heplan bing 0.

Cic diéu kién @€ ti€n hanh do tri 56 octan theo phuong phap nghién ciu
va phuong phap moéto duge ghi ¢ bing IV. 1.

Ci haj phuong phdp xdc dinh tri s6 octan ndi trén dén cé chung nguyén
tic 1a cho dong co chay trong diéu kién tiéu chuin véi miu xidng can do, cho
tang ty s nén dé&n khi xay ra chdy kich né v so véi miu chudn cé ty 1¢ izo-
octan / n-heptan xdc dinh. N€u mau céin do bi kich nd & cung giéi han nén
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trén thi % thé tich izo-octan trong mau chudn chinh 12 tri s6 octan cia mau
xang cin do. Vi du tri s6 octan ctta mot loai xang nao dé bang 83, c6 nghia
la xang d6 ¢6 kha nang chéng kich né tuong duong véi hdn hop chuin gém
83% thé tich 14 ize-octan va 1 7% thé tich 12 n-heptan.

Bdng IV 1. Cac diéu kién dé do trj so octan

Cac thong s6 clia thi nghigm Phuang phap Phuang phép
nghién ciru (RON) mota (MON)
— 54 véng quay cUa déng co thir nghiém
{vg/ph) 6006 900 +9
— Nhigt do say nong khang khi, °C 52 + 1 50 + 5
— Nhigt d& hén hap nhién ligu - khéng khi, °C - 148 = 1
- Goe danh Ilra s6m (g6c¢ dénh iia trude khi diéu chinh ty dong tir
d&n diém chét trén), 4o 13 15+ 26
— Nhiét do chat 1dng lam mat xylanh, °C 100 £ 2 100 + 2

— Do 4m tuyet déi clia khong khi dAn vao
dong co, g H,0/ 1 kg khong khi kho 3,5+70 35+ 7.0

Tri s6 octan theo hai phuong phdp RON va MON déi vdi nhién liéu
chudn khong thay déi (vi viin qui udc trong thang do tir 0 dén 100, trong d6:
izo-octan bing 100 va n-heptan bang 0). Nhung d6i véi cdc hydrocacbon
khiac nhau thi tri s& octan theo phuong phdp RON thudng cac hon MON
(xem bang II1.8).

Su saj khac cla hai phuong phap do & trén cha y&u la do t6c 46 quay
khéc. nhau cia déng co. RON ding cho céc déng co ¢6 tai trong va téc do
trung binh, phan 4nh ding hon tinh chéng kich né cla xang khi dong co ¢6
van t8¢ va tai trong thay déi. MON diing cho cic loai dong co ¢é tdc do va
tai trong 16n, phan dnh ding hon tinh chéng kich né ctia xang khi déng co c6
tai trong va vén tdc it thay déi.

Su chénh léch giita RON va MON goi 14 d¢ nbay, thong thudng do nhay
thay d8i tir 8 dén 10 don vi. Ddi vdi xing t6t, d6 nhay khong duge qud 10
don vi octan va ciing nhd cang t6t. D6 nhay phan dnh tinh thay d6i ciia nhién
liéu phu thudc vao déng co.
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Bdrg IV.2. Tri s6 octan va thanh phin hén hgp chudn tuong img
—
Tri 85 octan Thé tich cac hop phan, %
clia hén hop Han hop 1 Hén hgp 2 Hén hgp 3 izo-octan
chusn 40% izo-octan va | 60% izo-octan va | 80% izo-octan va chuén

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

40 100 0 0 0

44 80 20 0 0

48 60 40 0 0

52 40 60 0 0

54 30 70 0 0

58 10 90 0 0

62 0 a0 10 0

66 0 70 30 0

70 0 50 50 0

72 0 40 60 0

74 0 30 70 0

76 0 20 80 0

78 0 10 a0 0

80 0 ! 100 0
a2 Q 0 90 10
84 0 0 ao 20
86 0 0 70 30
88 0 0 60 40
20 0 0 50 50
a2 0 0 40 60
94 0 0 A0 70
96 0 0 20 80
98 0 0 10 90
| 100 0 0 0 100
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Pé xic dinh kha nang chéng kich nd cua cdc loai xang khic nhau, hoac
titng hydrocacbon riéng ré, phai tién hanh so sdnh tinh chat chdy bt kich no
cla chiing véi hai loai hydrocacbon chuan néi trén trong dong co mot xylanh
tieu chudn véi cdc diéu kién qui dinh.

Pé do tri s6 octan, ngoai izo-octan lam chuan, ngudi ta phai chuan bi
hén hgp chuan trung gian, dé la:

40% izo-octan va 60% n-heptan
60% izo-octan va 40% n-heptan
80% izo-octan va 20% n-heptan

Tir ¢cdc hén hop nay va izo-octan chuin, nhan duge hén hop cd tri s8
octan tir 40 dén 100 (bang 1V.2).

Bing cdch xdc dinh thoi diém khi nhién liéu thir nghiém bi chdy kich no
réi so sanh v&i nhién liéu chuadn, cé thé tim ra duge tri s6 oclan tudng Ung
cua nhién léu cdn xéc dinh. Vi du, dé cé tri $6 octan ciia mot hdn hop chuin
bang 44, cin phai ldy 80% hén hgp 1 va 20% hén hop 2.

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

Dé xdc dinh gid tri clia dau tho trén thi trudng, déng thisi dinh hudng
cho cdc qud trinh sur dung, ché bién, tinh todn cong suat thiét bi cho nha may
loc ddu, viéc phén tich, xdc dinh cdc chi tiéu cia diu tho la rat can thiet. C6
rdt nhiéu dic tinh quan trong, trong phan nay chi dua ra cdc tinh chat tieu
biéu nhét, lién quan dén sir dung va qud trinh cong nghé ché bién ching.

IV.2.1. Thanh phan hydrocacbon trong dac mo

Hydrocacbon la thanh phdn quan trong nhit cia dau tho, trong dau
ching chiém tir 60 dén 90% trong luong. Ddu chita cang nhiéu hydrocacbon
thi cang cé gi4 tri kinh t€ cao. Phy thudc vdo ham lugng cua timg loai:
parafin, naphten, aromat ma ¢é thé san xuat dugc cdc san pham nhién ligu co
chat lugng khac nhau. Dau chifa naphten, aromat s& cho phép san xuédi xang
¢4 tri s8 octan cao. Ddu chita nhi€u #-parafin s& la ngudn tao ra nhién li¢u
diezen c6 chat lugng t6t, nhung néu ham lugng parafin rdn cao qud s& lam
ting diém dong dac cha diu, giy khé khin cho qud trinh van chuyén, bdc
rét, phai dp dung cdc bién phip dé ha diém dong, gay tdn kém. Dau trung
gian naphteno-parafinic s& 1a nguyén liéu tSt d¢ san xudt ra ddu nhdn cé chi
s0 dé nhdét cao.

90



Khi khai thac duoc ddu tho, nhat thigt phai xdc dinh ham lugng va dic
tinh cia céc loai hydrocacbon cé trong diu. C6 nhidu phuong phip de xdc
dinh ching, nhung phé bién 1a phwong phdp hod 1y nhu sdc ky khi, pho hong
ngoai (IR) va ti ngoai (UV). Tic gid J. Brande, mot chuyén gia vé hod dau
cia Vien ddu mo My (UOP) di dua ra cdc cong thirc ban thue nghiém, ap
dung dé xdc dinh ham lugng Cp, Cn, Ca trong diu thé dua vae do hip thu
cua ching trong phé héng ngoai. Cac céng thic d6 nhu sau:

1. Cq = 1,2 + 9,8.€ (1600 cm™)
2. Cp=30+71e(813cm™)
Gisi han Ca = 60%
3.Ch = 36,2 +6,6.8 (720 em™y - 5.9.¢ (1600 em ™)
Gidi han Ca < 10%
4. Cp=1299 + 6,6. (720 em™)
Gidi han Ca = 10 + 25%; Cp =40 + 70%
5. Cp =240 1g 1g [100.£ (970 em D] - 25,5

Cong thic (5) it dugc st dung vi budc song trong ving 970 cm’ ' rét y€u
v khong 8u dinh. Vi vay, ¢6 thé tinh ham luong Cy theo cong thiic (6).

6. CN = 100 - (Cp + CA)

( day € biéu thi mat do quang hoc & viing c6 do day cia cuvet 12 1 mm.

d— &6 day cavet, 1 mm;
fo— cudng 46 tia sang don séc truyén vao 16p vat chal;
I— cudng do tia sang don sic 16 ra tir 16p vat chat.
lg—?— ¢on goi 1a do hdp thu va k¢ hiéu 1a Do. Bang phéd IR ta xéc dinh
duge Dy, thay vio cong thic s& tinh duge Ca, Cn, Cp tuong ung.
Iv.2.2. Ty trong

Dusa vio ty trong ¢6 thé so by dinh gid dau mé thudc loai nang hay nhe,
mitc ¢6 bign chat thdp hay cao. Theo 1y trong, phd bi€n ngudi ta chia diu
thanh ba cdp:
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Diu nhe di® < 0,830
Ddu trung binh d)® = 0,830 + 0,884
Diu ning dl® > 0,884
Déu the cang nhe, hiéu sudt va chit lugng cdc “san pham tring” thu
dirge khi chung cit cing cao; ddu cang chia it S, cang mang nhiéu dic tinh
parafinic hodc trung gian naphteno-parafinic. Ddu cang néng thi chita cang
nhidu cdc chat di nguyén t&, cdc chit nhya va asphanten, khong thuan lgi dé
san xudt cdc san phdm nhién liéu va ddu nhon, nhung lai 12 ngoyén ligu tot
dé san xuit bitum nhua dudng va céc.
1V.2.3. Hé s6 dic trung K
He s6 nay cho biét diu md mang dac tinh cba loai hydrocacbon nao la
ch y&u. Hé s6 K dao déng trong khoang tir 10 + 13, trong do:
Ho déiu parafinic K=13+125
Ho dau naphtenic K=11,45+10,5
Ho diu aromatic K=10,5+10
Cdc ho din trung gian cé gid tri K nim giifa cdc s6 trén. Bi€t duge ho
dédu tho 14 loai gi sé c6 hudng st dung hop 1¥. Ching han, mét loai ddu tho
¢6 K = 12, ddu d6 sé& thude ho trung gian naphteno-parafinic, né cho higu
sudt va chdt luong cha xang, kerosen, gasoil cao. Ddu nhon g6c san xudt tir
ddu tho nay s& b chi s6 d6 nhdt cao song chit fugng bitum thu dwge tu ¢in
ddu a6 sé khong tot.
1V.2.4. Ham lrong céic hop chit chira cdc nguyén to di thé
IV.2.4.1. Cdc chdt chiva luu huynh
Luu huynh 14 tap chat chd yé€u cé trong ddn thé. Ching tén tai ¢ nhiéu
dang: mercaptan, sunfua, disunfua, H,S, S. Can ¢if vio ham lugng luu huynh,
ngudi ta chia ddu mo ra 1am ba loai:
— Ddu mo it luu huynh 5<0,5%
— DAu mo ¢6 luu huyoh 5=0,51+2,0%
— Diu mo nhiéu luu huynh 5S> 2%

Diu mo chira nhiéu leu huynh thi khi ché bién thanh cdc sin phdm
nhién liéu hoic phi nhién liéu, ham lirgng cua né ¢ling nhiéu 1én tyong iing.
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Luu huynh 13 chit gay nhiéu tdc hai: Khi dot chdy tao SO,, 8O3, gy doc hai

v 4n mdn dudng ong, thiét bi. Mat khdc, khi dua ddu tho di ché bién hod

hoc, luu huynh sé 14 nguyén nhan 1am ngd doc xic tdc, lam gidam hiéu suat

va chdt lwgng san pham. Vi vay tuy theo yéu cdu cla cdc loai nhién liéu va

nguyén liéu cho qud trinh ché bi&€n xic tdc ma cin khéng ché& sao cho ham

luong S trong giGi han cho phép. Céc gidi han di dvoce trinh bay & phan trén.
1V.2.4.2. Ham luong nito trong diu

Cic chat chifa nito trong diu thudng it hon so véi luwu huynh. Chiing
thudmg cé tinh bazo nén ¢6 anh hudng 16n dén qud trinh loc dau trén xic tac
axit (qud trinh cracking, reforming, alkyl hod...), né 1a nguyén nhan giy nén
mit hoat tinh xuc tac vi gy tao cdn trong dong co. Mat khac, do nito ¢é tinh
nhuém mau manh nén né lam cho cdc sin phim tring bi bi€n mau, vi du
kerosen khi ¢d mit nito s€ nga sang méu vang chanh, gay tam ly bat an cho
nguoi st dung.

1V.2.4.3. Cdc chdt nhya va asphanten

D4n md ¢é nhiéu nhua va asphanten thi trong sidn pham (nhdt 1a diézen,
ddu nhon, cin) cang ¢6 nhiéu chit dé. Néi chung, nhua vi asphanten 12
nhifng chit ¢6 hai. N&u trong céc san phdm nhién liéu ¢ nhya va asphanten
thi kha nang chdy s& khong hoan toidn, tao cin va tan, lam tic vdi phun cla
dong co. Nhua thudng 1 nhitng chit d& bi oxy hod, s€ 1am gidm tinh 6n dinh
cha cdc sin phim ddu mé. Tuy nhién diu thé chita nhiéu nhua va asphanten
thi cin gudron cha né s€ 1a nguyén ligu tot dé sdn xuat bitum, sin xudt cde.
D&i v6i loai ddu nang naphteno-aromatic, hiéu suat bitum thu duge la cao
nhit. Ty 1& asphanten / nhua hoac asphanten / (asphanten + nhua) cao thi
chat luong bitum thu duge déu t6t. Phan can gudron cua dau thé Viét Nam
¢6 téng ham luwgng nhya vi asphanten rat thap (14,83%) nén khong thé st
dung dé san xudt bitum. '

1V.2.5. P4 nhot

Dira vio d6 nhét clia ddu méd cé thé tinh todn duwge cdc qud trinh bom
van chuyén. Dau c¢é d6 nhét cang cao thi cing khé van chuyén bing dudng
ong. Dé van chuyén duge phai tiéu hao ning lugng, nhu vay chi phi s& ting
1én. Néi chung, ddu mang dic tinh parafinic ¢é dé nhdét thap hon so véi ddn
néng (naphteno-aromatic). Di véi phan doan ddu mé, ching han nhu diézen,
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45 nhdt phii c6 gid tri dam bio cho qud trinh phun nhién liéu trong dong co
dugc thuan tién (1 3,5 dén 6 cSt & 20°C). Véi ddu nhon, do nhét 13 mot ¢hi
tiéu gin nhu quan trong shit nhim dim bao cho qué trinh boi tron duce tot.
Sy thay d6i do nhét theo nhigt do phan dnh tinh chit nhét - nhiet cha mot
loai ddu. Sy thay d&i nay cang it cang tot.

IV.2.6. Nhiet do dong dac

Nhiét d6 dong dac phan dnh tinh linh déng cia ddu & nhiét do thip. Néu
nhiét do doéng dac cua mot loai diu nac dé cao thi s€ rit khé khan cho qua
trinh van chuyén, bom rot, phai tién hanh cdc bien phap dé giam nhiér do
dong dac nhu: gia nhiét, ding phu gia gay ton kém. Diéu nay gy dnh hudng
tGi gia thanh dau tho.

C6 hai nguyén nhan din dén tang didm dong dic, 46 1a: ddu c6 do nhdt
16m va diu ¢6 nhiéu n-parafin rin. Trong d6 nguyén nhan thi hai 1a cha y&u. Vi
du dau Bach H6 ¢6 nhiéu a-parafin rin nén nhiét 4o dong dic 1a +33°C.

IV.2.7. Nhié¢t do chép chay

Nhiét d6 chép chdy phan anh ham luong cdc hydrocacbon nhe ¢6 trong
dau va cho biét tinh nguy hiém 461 v6i hién tugng chdy nd khi biao quan van
chuyén. Nhiét do chép chay cang thap, cang gin v6i nhiét do cila moi truong
thi cang phai than trong khi bao quan, bdc rét. Phai c6 cdc bign phip dé
phdng dé giam t8i da hi¢n tuong chay nd.

Vi du, xang c6 nhiét dé chop chay qua thap (46 am) nén dé bao dam an
toan cho cdc bén bé chita xdng, nguwdil ta thuong son nhii tring dé phan xa
nhiét, tudi mat bé, hodc xay bé ngam.

IV.2.8. Ham lugng cdc conradson

Do c6c hod conradson la dai lugng dic trung cho kha ning tao cdc cua
phin can diu mo. Dai lugng nay cang cao thi hiéu suat ¢dc thu duge cang
cao. Mit khdc, ham luong ¢cdc conradson cac con cé nghia 1a ham lwong
nhua va asphanten trong diu mo sé cao, va ¢6 thé sit dung can dau mo Joai

nay d€ sin xuat bitum nhua duong véi hiéu sudt va chit lugng 1ot

Déu tho Viet Nam la ddu parafinic, chi s6 c6c conradson cua phin doan
cin gudron rat thip (3,44%), vay khong thé sit dung phin doan can nay jam
nguyén liéu cho qué trinh coc hod.
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1V.2.9. Kim loai ning c6 trong dau

Trong diu mé thudng ¢é nhiéu kim loai & mic vi lugng nhr V, Ni, Na,
Co, Pb, Ti, Mg, Mn... trong dé chi yéu hai nguyén t§ vanadi va niken. Ham
luong céc kim loai trong diu phan #nh mic do anh hudng ctia ching khi su
dung cic phan doan lam nhién lieu hoac nguyén ligu cho cdc qud trinh ché&
bi€n xic tac. Vi du, néu trong nhién liéu dst 10 (FO) chia nhiéu V, Ni, cic
kim loai niy sé gay thung 15 do tao thanh cdc hop kim v6i sat c6 nhiét do
néng chiy thip; cdn trong phan img reforming xic tic, Pb, As s& lam xuc
tic mat hoat tinh nhanh chéng; do vy cAn phai xir 1y dé ham luogng cdc kKim
loai dat gi6i han cho phép.

Him luong céc kim loai ning nhu V, Ni trong ddu thé dirge xdc dinh
bang phuong phap phd hép thy nguyén tu, dira vao budc séng hip thu cia
cdc nguyén té do trong phé (goi 1a do hap thy), suy ra duge nong do cua
chiing, sau d6 tinh todn theo cong thic:

M=
G .
trong dé: M 1a ham luong cia V hodce Ni, (ppm);

C 12 néng do cua V, Ni, (pg/l);
V 1a thé tich dung dich pha loding;
G 1i lugng miu.

DG v6i ddu tho Viet Nam, ham lugng trung binh caa V va Ni so véi dau
tho thé gidi 1a rat thip, ngay ca trong phin cin gudron, lugng V cing chi la
0,46 ppm, con Ni 1a 10,503 ppm, do vay ddu Viét Nam rat sach, cé thé si
dung truc tiép ca phan can dé thuc hién qud trinh cracking xiic tic cdn

(RFCC).

1V.2.10. Tiém lrgng cic phan doan ¢6 nhiét dj soi khac nhaw

Dua vio tiém lwgng cde phan doan ¢6 nhiét d6 so1 khdc nhau ta cé thé
dinh gid duge kha ning sdn xudt cdc san phdm nhién liéu va phi nhién ligu
tir ddu tho. Néu tiém luong phan doan dén 200°C cuo, ¢6 nghia 1a phin nhe
trong diu md nhiéu, thi loai diu do s& cho phép san xudt xang cé hidu sudt
cao. Tiém luong cic phan doan dén 350°C cao, cho phép ddnh gid hi¢u sudt
cdc “san phim tring” cao. Vi du dau md cé tiém lugng phan doan dén 350°C
& muc trén 35% la rit t6t d& san xudt nhién liéu cho dong co. Con néu diu
md ¢6 tiém luong phan doan d6 it hon 30% s& la loai ddu it thich hop dé€ sin
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Xuiit c4c loai nhién lidu niy. Phin c6 khodng séi tir 350 dén 500°C hoic cao
hon cho phép ddnh gid hiéu sudt vd chit lwgng ddu nhon thu dvge bing
phuong phidp chung cat hoic ché bign.

Tém lai, dé danh gid, xép loai ddu thé, ta cin phai xem xét moi khia
canh cdc dic trung vat ly, chi tiéu chit lugng, trong dé 10 chi tiéu vira trinh
bay 1a quan trong hon ca. Tir cdc s& liéu phan tich duoc, ¢cong véi sy hiéu
biét cta nhi céng nghé, ¢é thé dua ra phuong dn st dung ddu md va cdc
phan doan sao cho ¢6 hiéu qua nhit, hodc thiét 1ap duge ché do t6i wu cho
cdc qud trinh ché bién dau. '
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PHAN THU HAI

CAC QUA TRINH CHE BIEN DAU THO

Chuong V
OUA TRINH CRACKING

Cracking 13 qud trinh bé gady mach cacbon - cacbon cua hydrocacbon.
Trong cong nghé diu mé, qud trinh nay dugce dng dung dé bién d6i cic phan
doan nang thanh cic san phdm ohe, tuong dng v&i khodng s6i cua cdc san
phim tring nhu xang, kerosen, diézen. Cé thé thire hién phan dng dudi téc
dung cla nhiét do (cracking nhiét) va xic tac (cracking xuc tdc). Trong hai
phuong phédp dé, cracking xuc tdc td ra rat wu viét vi phan dng cé tinh chon
loc ¢uo, tao ra nhiéu cdu tw co tri s octan cao trong xing. Lwgng dau mo
dugc ché bién bing cracking xic tdc chi€ém mot ty lugng tuong do6i 1dn
{(khodng 50%), ngay cing phat trién vé s6 lugng, chat lugng va cai ti€n cong
nghé. Cé thé xem nhu cracking xic téc 1a mot qud trinh chi yéu dé san xudt
xang dong co thong dung.

Tuy nhién, cracking shiét ciing ¢6 nhing diém uu ciia né, ching han
nhu 6 thé ché bién cdc phan cin rit nang cia diu md ma cracking xdc tdc
khong thuc hién dugce.

V.1. CRACKING NHIET

V.1.1. Khdi niém

Cracking nhiét 1a qud trinh phan huy dudi téc dung ciia nhiét, thuc hién
& dién kién nhiét do khoang 470 dén 540°C, 4p suit 20 dén 70 at. Muc tiéu
clia qud trinh nhiim thu héi xidng tu phdn nang, thu moét s¢ olefin su dung
trong cong nghiép téng hgp hod diu. Day 1a mét qué trinh ¢ thé sit dung
nguyén liéu tir phdn gasoil dén can ning cna ddu, phd bi€n hay su dung la
can mazut. San pham thu duge bao gdm khi chita nhiéu olefin va xing.
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V.1.2. Xang cracking nhiét

Xing cracking nhiét ¢é thanh phin khdc véi xang chung cit truc tiép
(bang V.1).

Bdng V.I. Thanh phin cia mét s6 loai xang (%trong luyng)

Loai xang Olefin Aren Naphten Parafin

1. Xang chung cat truc tiép (vang Tacla) 12 26 62
2. %ang cracking nhiét t4 mazut 25-35 12-17 5-8 40 - 45
3. X&ng cracking nhigt tu gasoil 40-45 | 18-20 15 - 20 20-26
4. Xang reforming nhiét 19-20 14 - 16 27-32 33-37

Tir bang trén ¢6 thé thiy ring, trong xing chung ¢4t truc tiép, ham lugng
parafin 1a chi yé&u, con trong xang cracking nhiét ¢6 nhiéu olefin, trong dé
olefin ¢6 mot noi doi hoac aren c6 nhdnh olefin (styren) chiém da phin. Do
viy, xang cracking nhiét cé tri s6 octan cao hon (60 + 68) so v6i xdng chung
cit truc ti€p (30 + 60). Tuy nhién tri s& octan cua Xang cracking nhiét vin
chua didm bao yéu cdu chat lugng cia xing thong dung (xang thong dung
phai c6 tri s octan bing hodc 16n hon 70).

Vi xing cracking nhiét chita nhiéu olefin nén d6 bén kém, dudi tic dung
clia 4nh sang, nhiét d6, cdc phan tr olefin dé bi ngung tu, polyme hod, triing
hop hod tao nhua din dén chdy khong hoan toan trong xylanh. Xang chua
nhiéu olefin d& b bién ddi thanh mau sdm. Tuy nhién loai xang nay ciing ¢6
vu diém 12 dé khoi dong mdy.

Ham luong luu huynh trong xang cracking nhiét dao doéng trong khoang
0,5 dén 1,2% (cao gdp 5 lan cho phép doi v6i xang 610).

Néi chung xang cracking nhiét chua dam bio chat lugng s dung cho
dong c¢o xang; thuong phai xit ly lam sach bing hydro hodc cho qua
reforming xtic tic dé nhin duoc xing ¢6 do du dinh va tri s8 octan cao.

V.1.3. C4c yéu to anh hudng
a. Nguyén liéu

Nguyén liéu cang nang (gi6i han so6i cao) thi bd bén nhiét cua nguyén
lidu cang kém, qud trinh phéan huy xiy ra dé hon, din dén t6c do phan huy
nhanh, cho hiéu suflt xing cang cao. Do vay, nhién liéu nang thi phan {ng
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xdy ra & nhiét d6 thip hon so véi nhién ligu nhe.
b. Nhiér 49, dp sudt

Néu qud trinh ti€n hanh & nhiét d6 vira phai thi qud trinh phan huy xay
ra v6i su thay déi cau tric rat it. Vi dy, néu nguyén li¢u chia nhiéu parafin,
s& thu dwge san phdm chda nhiéu parafin, néu nguyén liéu gasoil cé chita
mot luong I6n hydrocacbon vong thi sin pham thu dwge s& ¢é nhiéu naphten
va aromat.

Khi cracking xay ra trong pha 16ng véi nguyén liéu nang nhu mazut,
gudron thi 4p sudt khong anh huéng nhiéu,

Khi dp sudt va nhigt d6 cling cao, vi tri dit mach nghiéng vé cudi mach,
di€u d6 dan déu lam tang hiéu suat san phdm khi, sin phim léng giim.

Con n€u chi cé dp sudt cao thi vi tri dit mach C-C xay ra & giita mach,
din dén hiéu suit sin phim 1ong tang.

o. Thei gian luu

Thoi gian luu chia nguyén liéu trong ving phan tdng cang lau thi sin
phdm tao thanh dé bi ngung tu, din dén tao nhua, tao céc, lam gidm higu
sudt xing va khi.

Nhu vay, dé ting higu suét sin phdm khi, xang, v gidm hiéu suit phan
ung trung hop {(cin, cdc) thi & ving phin dng, nhiét d6 duy tri cao va thoi
gian luu cia nguyén liéu trong ving phan tng phai ngén (bang V.2).

Bing V.2. Cracking nhiét n-C4H,,

Nhigtd6 | Do chuyén | Higu suat phan (ng (% khdi lvgng) Ty le
(°C) hod (%) | gaq pham phan S3n pham phan huy/ trang hop
huy {x&ng khi) trung hop
375 522 85 44 2 1,26
400 83,5 62,2 378 1,65
425 50,8 724 2786 226

Tir bang trén ta thdy, khi nhiét d6 tang lén, do chuyén hos hdu nhr xap
xi nhau, song san phdm phan huy ting, cdn san phidm tring hop giam.
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Vi vay, d&i véi mbi dang nguyén liéu khdc nhaw, ta can nghién cttu chon
nhiét d6 t8i wu. Thuc t€ lai cho thdy rang trong cdc qué trinh cracking nhiét
cong nghiép, san phim coc chit y&u tao thanh va ling dong ¢ vimg nhiét do
vira phai chit khong phai & viing nhiét 49 t16i da.

Vv.1.4. Co ché
Phéan ting cracking nhiét xay ra theo co ch€ goc tu do.

Céc hydrocacbon tham gia phan ting cracking nhu sau:

~ Parafin: CiHzpee  — CoHomer + CoHy,
- Olefin: C,H;, — CoHyn + CHy,
— Alkyl thom: CeHsC;Hs —» CgHg + CiHy

— Xycloparafin: C.H,, —» C Hy,, + CyHy,

Trong cdc loai phan iing trén, dién hinh 1a cracking n-parafin, co ch&
xay ra nhu sau:

R-CH,;~CH,—-CH,-CH} Ve, R-CH,-CH,;" + C'H,-CHa,
R-CH,-CH," —» R* + CH,=CH,
C'H,-CH; — H' + CH;=CH,
CH;-CH,-CH," —» CHi:" + CH3;=CH,
CH-* + R—CH,-CH,-CH,-CH; — CH,+ R-CH;-CH,-C “H-CHx-
R-CH,-CH,-C'H-CH: — R-CH,;" + CH,=CH-CH;
Nhu vay, cracking nhiét tao ra mot lugng 16n etylen, san pham thu dugc

it nhanh, khong nhiéu phan tng déng phan hod, khé thu dugc san pham

vdng, vi vdy ma xang thu duge tir qué trinh cracking nhiét ¢é tri s6 octan
thap.

V.2. CRACKING XUC TAC

L J
Vv.2.1. Muc dich cua qua trinh cracking xic tic

Trong cong nghé ché bién ddu mo, cdc qud trinh ¢é xuc tdc chiém mot
vi tri quan trong, trong d6 cracking xuc tdc 1a dién hinh. Xic tdc ¢6 tdc dung:

— L.am giam nang lugng hoat hod, ting 8¢ do phan tng.

— LAm giam nhigt 46 cén thiét cha phan ing.
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— Tang tinh chit chon loc (hudng phan g theo hudng can thigt).

Luong ddu mod digc ch€ bién bing cracking xic tic chi¢ém tuong doi
160, Vi du, nam 1965, lugng ddu mo thé gisi ché bién duge 1.500 tdn/ngay
thi cracking xuc tac chiém 800 tan (53%).

Qui trinh cracking xudc tac duge xem 13 mot qud trinh chu yé€u dé san
xuil xang cho 6td, mot s6 it cho mdy bay va 1a mot qud trinh khong thé
thi€u duge trong bt cit nha mdy loc dau nao.

vé phuong dién dong hoc, nhing phan ¥ng xay ra khi cracking nhiét
déu c6 thé xay ra trong qud trinh cracking xtc tdc (song Khi ¢6 xuc tac, xuc
téc sé& thic ddy chon loc cac phan ting c6 lgi nhu dong phan hod va phén huy
d€ tao ra izo-parafin, hydrocacbon thom...).

Nh& ¢é xic tic ma phan img duge thuc hién & nhiét do thap hon.

Muc dich cua phan {ing cracking xiic téc la bi€n doi cdc phan doan dau
mo cé nhiét do cao (hay ¢6 phan tu luong 16n) thanh cdc cdu 1l xang c6 chat
lugng cac. Ngoai ra thu thém mot s6 san pham phu khac nhu gasoil nhe,
gasoil nang, khi (chi y&u 12 phan tir c6 nhdnh), day 1a cdc cdu tir qui cho
tong hop hod diu.

V.2.2. Nguyén liéu dung cho qua trinh cracking xudc tic
C6 thé dung cic phan doan sau lam nguyen lieu cho cracking xdc tac:
— Céc phan doan kerosen-xola clia qué trinh chung cat tryc ti€p.

_ Phan doan xola c6 nhiét do soi 300 dén 550°C clia qud trinh chung cat
chan khong mazut.

_ Phan doan gasoil ciia qud trinh ché€ bién thu cdp khéc.
_ Phén doan gasoil nang c6 nhiét do s61 300 dén 550°C.
Nhu vay, ngudi ta cd thé phan nguyeén li¢u cho cracking xic tac ra lam
bén nhom sau: '
Nhém 1+ Nhém nguyén liéu nhe, 12 phan doan kerosen-xola 1ay tir qua
trinh chung cat tryc tiép co:
T, = 260 + 380°C;
d =0,830+ 0,860,
M = 190+2204~vC
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D6 12 nguyén liéu t6t nhat dé san xuit xang may bay.

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

Chi y&u dé sdn xuat xing 6t0.

Nhém 3: Nhém nguyén lién c¢6 thanh phin phan doan rong, d6 1a hén
hgp cliia hai nhém trén, (nhiét d6 s6i 210 dén 550°C), b thé 1y tir chung cat
truc ti€p hay 14 phin chiét cia qud trinh lam sach diu nhon bing dung moi
chon Ioc.

Nhém nay dé san xudt xing 6t6 vi mdy bay.

Nhém 4: Nhom nguyén liéu trung gian 14 hdn hop phan doan kerosen
ning vi xola nhe, nhiét do s6i 300 dén 430°C, dé sdn xuat xang 6td va may bay.

Trong cdc nhém nguyén liéu trén, t6t nhat vi chu yéu ding cho cracking
xlic tdc 12 phan doan kerosen - x6la gasoil nang, thu duge tir chung cit truc
11€p. Phan doan nay cho hiéu suat xang cao, it tao cdc nén thoi gian lam viéc

cua xuc tac kéo dai.
V.2.3. Cic sdn pham cla qna trinh cracking xiic tic

Hiéu suit va dic tinh coa cdc san pham trong cracking xic tic phu
thudc vao ban chit nguyén liéu, chit lugng xic tic va ché d¢ cong nghé. San
phdm chinh ciia qud trinh 12 xang, ngodi ra con thu thém mot s& san phim
phu nhu khi, gasoil nang, gasoil nhe.

V.2.3.1. Sdn phdm khi cracking xtic tdc

Hiéu suit cha sin phdm khi chi€m 10 dén 15% nguyén liéu dem cracking,
c6 thé dao dong phuy thude vao diéu kién cracking. Néu cracking & diéu kién
citng (nhiét d6 cao, té¢c dd nguyén liéu nhd, bdi s6 tudn hoan xic tic 1én) thi
hiéu sudt s&€ 16n; con néu cracking & diéu kién mém, hiéu suit s& thap (bang
V.3).

Néu nguyén liéu ¢é ham lwong luu huynh cao thi khi cracking xiic tic
chita nhiéu H,S; néu nguyén lidu chita nhiéu nita, trong khi s& ¢ NHj.
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Bang V.3. Sy phu thugc thanh phan khi cracking xuc tac

vao nguyén lién

Cau td - Higu suat (%)
Khi ding nguyén liéu nhe Khi dung nguyén liéu nang
Hy 0,80 6,65
CH, 3,20 7.0
C,Hsg 2,40 7.0
CoH, 0,25 7,0
CsHs 14,70 10,85
CsHs 10,75 13,3
n-Catio 5,36 7.75
iz6-CsH1g 234 18,75
n-CqHe 12,0 11,5
fzo-C4Hg 1.0 3,65
n-CsH 6,3 18,55
iz0-CgH4z 15,7 18,55
Anilen 7.20 18,55
L Téng 100 100 |
Bing V 4. Thanh phén Khi cracking phu thuc vao xue tic sit dung
[ cauw Xiic t4c chita zeolit Xdc tac chira aluminosilicat
H,3 48 38
H, 0,1 3.1
CH, 1.6 8,0
CoHy 2,1 6,9
CaHsg 1.8 2.8
CqHs 231 25,6
CsHs 79 5,7
n-C4Hg 16,6 16,0
iz0-C,Hg 57 10,1
n-CiH1o 6.4 30
izo-CaHig 281 15,2
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Theo hai bang trén, khi tir C3 dé€n Cs chiém 70 dén 90%, trong &6 khi
izo-C4Hg 1a chi yé&u. So véi cracking nhiét thi khi cracking xie tdc nang hon.

Ung dung caa kbi cracking xde tdc:

— 84n phim propan-propen lam nguyén liéu cho qua trinh polyme hod va
cho qud trinh san xudt cdc chat hoat dong bé mit.

— Phan doan khi propan-propen, butan-buten 1a nguyén liéu cho san xudt
khi hod 1éng LPG, nguyén liéu cho alkyl hod dé nhan cdu ti cé tri s6 octan
cao pha vio xing va lam khi dét dan dung, 1am nguyén liéu cho téng hgp
hod dau.

V.2.3.2. Xdng cracking xiic tdc

Pay la san phidm chinh cba qud trinh cracking xdc tdc, hiéu sudt xing
cracking xdc tic thurong dao ddng trong khoang tir 30 dé€n 35% lugng nguyén
litu dem cracking. Hiéu suat va chat lhirong xdng phu thuéc vao chat lrong
nguyén lieu, xiic tic va ch& do cong nghé.

- Néu nguyén lidu ¢é nhiéu naphten thi xing thu duge ¢6 chit lugng
cao.

— Né&u nguyén liéu ¢6 nhiéu parafin thi xing thu duge ¢ tri s6 octan thip.

— Néu nguyén liéu c6 nhiéu luu huynh thi trong xdng cling ¢6 nhiéu luu
huynh (thudng chiém 15% téng iugng lvu huynh ¢6 trong nguyén liéu).

Xang cracking x1ic tic ¢é cdc dic trung sau:
— Ty trong 0,72 + 0,77,
— Tri 88 octan 87 + 91 (theo RON);
— Thanh phdn hod hoc: 9 +10% olefin, 20 + 30% aren, con lai la

naphten va izo-parafin.

V6i cdce tinh chdt nhu trén, xing cracking xdc tdc cé thé dung 1am xang
miy bay hodc xing 6to.

D¢ tang tri s6 octan cho xang cracking xic tdc, ngudi ta pha thém nude
chi (TEL). Xing dung cho mdy bay thudng pha thém 2,5 dén 3,3 g nudc chi
cho 1 kg xdng va tri s& octan s& ting 1&n 10 dén 16 don vi.

Mitc d¢ ti€p nhian nude chi phu thudc vao thanh phan hod hoc cua xidng:
Néu xang cé nhiéu hydrocacbon thom vi nhiéu luu huynh thi kha nang tiép
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nhin nude chi kém. Néu xing ¢6 ham lugng izo-parafin 1dn thi mic do tiép
nhin nudc chi tang. Xang c6 pha chi rit doc, gay 6 nhiém moi truong.
V.2.3.3. Sdn phdm gasoil nhe
Gasoil nhe la san phdm phu thu duge trong cracking xiic tic; ¢é nhiét do
soi trong khodng 175 dén 350°C. So sdnh v&i nhién ligu diézen thi né cé tri
sd xetan thip. Tuy nhién chit lugng clia san phdm niy con phu thudc nguyén
liéu dem cracking.
V&i nguyén ligéu 1a phan doan xola tir ddu ho parafinic thi gasoil nhe cia
cracking xic tic nhan dugc ¢ tri 88 xetan tirong ddi cao (45 + 46).
V&i nguyén liéu chiva nhiéu hydrocacbon thom, naphten thi tri s6 xetan
thip (25 + 35).
Chit ltuong cua gasoil nhe khéng chi phu thugéc vae thanh phan nguyén
liéu ma con phu thude vao chat lugng cita xic tdc va ché do cong nghé.
- Cracking xlc tdc & diéu kién cing: hiéu suit va chdt lugng gasoil nhe
thap.
- Cracking xdc tdc & diéu kién mém: hiéu sudt vi chat lugng gasoil nhe
cao.
Sén phim gasoil nhe nay thudng duge st dung dé 1am nhién liéu diézen,
lam nguyén liéu pha vao mazut lam tang chat lwgng coa dau mazut.
Dic tinh cla gasoil nhe thu duge trong qua trinh cracking xiic tdc nhu
sau:
-~ Ty trong 0,83 + 0,94.
- 1,7 + 2,4% luu huynh, 30 +50% hydrocacbon thom, con lai 1a parafin
vi naphten.
V.2.3.4. Sdn phdm gasoil ndng

San phidm gasoil ning 14 phin cin c¢bn lai cla qua trinh cracking xic
tic, ¢6 Tyo; trén 350°C, d7° = 0,890 + 0,990.

San phim nay chita mot lugng 1én tap chit co hoc. Ham lwgng luu huynh
cao hon trong nguyén liéu ban ddu khoang 1,5 lin. N6 duge sit dung lam
nguyén liéu cho cracking nhiét va ¢8c hod, hodc lam nhién lién d6t 1o, lam
nguyén liéu san xudt bé hdng, hodc quay trd lai qua trinh cracking.
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V.2.4. Xuc tac cho qua trinh cracking
V.2.4.1. Cac loai xiic tdc

Xic tic triclorua nhom AlCI;

Triclorua nhom cho phép ti€n hanh phan ing & nhigt d6 thip: 200 dén
300°C, d& ché tao. Nhuge diém I xdc tic bi mit mdt do tao phic véi
hydrocacbon ¢iia nguyén liéu, diéu kién tiép xic giira xic tdc vit nguyén ligu
khong t6t, cho hiéu sudt va chdt lugng xdng thip.

Aluminosilicat vo dinh hinh

Ban ddu nguoi ta sit dung dit sét bentonit, song higu sudt chuyén hoa
thap. Sau d6 diing aluminosilicat téng hop, xiic tdc nay ¢6 hoat tinh cao hon.
Hién nay chi yé&u sir dung zeolit hoic xic tic aluminosilicat chita zeolit. e}
M cé téi 80% xic tic chifa zeolit (thudng sir dung loal xic tic c6 20%
zeolit trén aluminosilicat).

Uu diém cla loai xic tdc chifa zeolit 1a giam duge gid thanh cia xic
tic, do zeolit téng hop rat dit. D& ding tdi sinh xic tdc vi trong qud trinh
phan (ng, c6c tao thanh s& bdm trén bé mat cia chit mang (la alumino-
silicat), chit khong chui vao mao quan zeolit, diéu d6 cho phép qui trinh dét
chdy cOc¢ xay ra thuan tién va triét dé.

Hién nay trong cong nghiép sir dung cha yéu la zeolit X, Y ¢& kich
thudc mao quan rong (8 dén 10 A) dé ché tao xic tic diing cho cracking cdc
phan doan roug va ning. Ngoai ra con ¢4 thé s dung loal zeolit mao quan
trung binh nhu ZSM-5, ZSM-11. Céc xic tdc trén duoe ché tao dudi dang hat
vi cdu dé si dung cho qud trinh cracking véi 16p gia soi (FCC) hoidc dang
¢iu 1én cho thiét bi cé 16p xiic tic chuyén dong (RCC).

V.2.4.2. Vai tro cuia xiic tdc cracking

Xiic tdc ¢6 tic dung 1am gidm ning lugng hoat hod cua phan gng, tit d6
-din dén ting 16¢ 46 phan ttng. Vi du, khi c6 mit xic tic ¢ 400 dén 500°C,
cde olefin chuyén hod nhanh hon 1.000 dén 10.000 lan so v&i cracking nhiét.

Ngoai ra, xtic tdc con ¢6 tinh chon loc, néd ¢é kha ning lam ting hay
cham khong déng déu cde loai phan dng, cd nghia Ia hudng phan (ng theo

chiéu cé loi.
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V.2.4.3. Yéu cau doi vdi xiic tdc cracking

Xic tdce cracking phai dam bao cac yéu cau sau day:

— Hoat tinh xic tic phai cao;

— Do chon loc phii cao;

— Do 6n dinh cao;

— Bén co, bén nhiét {d€ ¢6 thé 1am viéc & nhiét do cao);
— Do thuin nhat cao (vé cau tric, hinh dang, kich thudc);
— Phai bén vdi cic tdc nhan gdy ngd dde xic tic;

— Phai ¢6 khi ning tai sinh;

— Phai dé san xuat va gid thanh ha.

V&i cac yéu ciu trén thi zeolit hoic xic tic chifa zeolit to ra ¢é nhiéu vu
diém hon ca.

* Xyic tdc aluminosilicat vo dinh hinh

Xic tde aluminosilicat 1a loail khodng sét ty nhién i l

\ . L -Si—-0-Al-0-Si-
hodc tong hop ¢6 thanh phan chi yé&u nhur sau: | v |

* Si05: 75 + 90% 10

s Al,O;: 10 + 25% S

o Bé mit riéng: 300 + 500 m*/g |
ngoai ra con c¢6 H,O, tap chit Fe,03, CaO, MgO.
Xiic¢ tdc aluminosilicat v6 dinh hinh cé tinh axit, d6 1a cdc axit rdn. Cic

tAm hoat tinh nim trén bé mit xdc tdc, dugc chia 1am hai loai: tam Lewis va
tam Bronsted.

- Tam Lewis 1i nhirng tam thi€u hut electron cua nhém. Nhom tuon ¢é
xu huéng nhan thém cap dién tw dé 1ap ddy quy dao p trong. Ta xét cau hinh
electron cua nguyén tir nhom.

AL 152257 2;)6 357 3p!

Trang thdi binh thudng: v 4

Trang thdi kich thich (tao lién két)
vin con mdt O tréng nén nd ¢é xu t tt |

huéng nhin thém cap electron.
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- Tam axit Bronsted 13 nhiing tdm khi tham gia phan éng cé kha ning
cho proton hoat déng (H" ).

Theo co ché nhu vay, aluminosilicat chinh 1a cdc axit ran thac ddy phan
dng xay ra theo co ché ion cacbeni. Vi viy né duge tng dung rat rong rii
trong da s6 cdc qud trinh loc — hod dau.

V.2.4.4. Tdi sinh xtic tdc

Xtc tdc cracking sau mot thdi gian 1am viéc bi mét hoat tinh do ¢éc tao
thinh bam dinh trén bé mat, hodic mot s6 phéan ding phu tao polyme, che phu
¢cdc tam hoat tinh cia xic tic. D& xic tdc c6 thé 1am viéc duge binh thubng,
phai tii sinh d€ khéi phuc lai hoat tinh clia né.

Ban chit cia qud trinh téi sinh 13 d6t chdy cdc bdm trén be mat. Vi du,
d6i véi aluminosilicat dot & 540 dén 680°C, qud trinh d6t chdy cdc xdy ra
¢dc phan ng sau:

2+ 0, —» 200 + Q
C + 0, —» 200, + @
2H, + Oy — 2H,0 + Q

Kha nang tii sinh ¢ thé danh gid bang cudng d6 chdy céc, cudng do
chidy cdc cang cao, qué trinh tdi sinh xtc tic cang nhanh.

Ngudi ta thdy ring, nhiét d¢ t6t nhit dé d6t chdy c6c nam trong khoang
540 dén 680°C. N&u thap qud, coc khong chdy hét, néu cao qud (700°C) xic
tic bi thiéu két, din dén gidm bé mat, lam giam hoat tinh cia xic tdc.

V.2.4.5. Cdc dang hinh hoc ctia xiic tdc

Xiic tdc cracking thudng duge s dung & cdc dang sau:

— Xdc tdc dang bui: ¢6 kich thuée tir § dén 80 pm (phdn 16n 1a 40 dén 80 pm).

— Xic tac dang vi cdu: kich thude hat tir 50 @€n 150 um. So véi xic tac
bui, xtic tAc vi cAu it bi mai mén, do vay xdc téc it bi ton hao hon.

Ca hai loai xdc tic bui va vi cdu dugc sit dung phé bién trong hé théng
cracking véi 1dp xitc tdc gia soi.

_ Xic tic dang <du 16n: dudng kinh hat xiic tdc tir 3 dén 6 mm. Do bén
co cla loai nay rat tét. Trong qua trinh 1am viéc it bi mai mon, it bl v&. Dang
xiic tic nay thudng dwoc st dung trong 19p xuc tac chuyén dong.

— Xdc téc dang tru: ¢6 dudng kinh tir 3 dén 4 mm, chiéu cao tir 3 dén 5 mm.
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D¢ bén co kém, trong qud trinh sit dung dé bi v& vun, Jam tiéu hao xic tdc.
Loai niy dugc s dung trong hé thdéng xuc tic cracking véi 16p xiic tdc tinh.
V6i loai xiic tc nay, do bén co hoc 16n nhit khi chiéu cao hinh tru bing
duong kinh.

V.2.5. Co ché phan iing cracking xiic tac

C6 rdt nhiéu y ki€n tranh luin vé co ch€ phin dng cracking xic tic,
song pho bién nhit vdn 14 cdch giai thich theo co ché ion cacboni. Ta hiy ldy
vi du dién hinh la phan ting cracking r-alcan. Vi du:

H-C6H]4 H~C7H16 ”'CSHIS
E (kcal/mol) 36 29 24

Nhu vay, mach cang dai d6 bén cia lién két trong mach cang y&u, qua trinh
cracking cing dé thuc hién.

Giuai doasn I Gial doan tao thanh ion cacboni, vi du cracking n-hexan,
lon cucboni dugc tao thanh khi #-parafin hdp thu trén trung tam axit Lewis
cua xuc tdc:

AH
CH3~CHy~CH,-CH,—CHy—CH; —20 S CH,—C*H-CH,—CH,—CH,—CHj

+ Hz
L—» CH;~CHy—CH'— CH,-CH,—CH,

Dién tich duong khong bao gic o cachon bde 1.

Giui doun 2. Giai doan bién ddi ion cacboni tao thanh sin phim trung
gian. Sy chuyén d&i ion cacboni xdc dinh bdi d6 6n dinh cia cic ion dé. Theo
nguyén tac:

C'bac3>C bac2>C"bac1
Do 8n dinb gidm dan. :
Ion cacboni CT tao ra & trén s& duge chuyén dai theo céc phan ting sau;
— CH;3-CH,-CH"-CH,-CH,-CH,
CH;~CH"~CH,-CH,—CH,~CHy —— CH;3;-C*~CH,-CH,-CH,4
o,

- CH3—CH3—CI+~ CH,~CH,
CH,
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Giar doan 3 Gial doan dut mach.

Su dut mach xdy ra & vi tri B so véi cacbon mang dién tich, dé tao thanh
mét chat trung hoa vi mét ion cacboni méi ¢é s6 C nhé hon:

CH;—([Z+—CH3\L,CH2—CH3 it mgeh CHy-C=CH, + CH;-C'H,
CH; CH;
H
CH;-C'H, —%*» CH;-CH; + H'

Hién nay, nhém tic gia C. Naccache (Phip) duva ra co ché tao sin pham

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

Giai dogn I: Tao ion cacboni:

C
o CeHL, fl::,) C-C*-C-C-C-C \c (i )9 C- c/vc-c_cl*—c-c
: C-C-C*-C-C-C TR CCt-C-C—C
xycloprapan (IZ
Giai doan 2: Tao sin phim:
c-cr-cic-c NPy e o+ o0 —Em o 4 W
¢ ¢
* Cracking alkyl benzen E (kcal/mol)
CgHs—C,Hs _ 50
CgHs—CH,—CH,—CH, —CHj 34
C¢Hs—CH-CH,—CH, 19
CIH3 '
C(,HS—C]H—CH;; 17,5
CH;
Vi du, cracking:
CoHs=CH-CH “ﬁi:*l.. C(,HS—CJ*—CH3$> CoHe + ('.;H*—CH;
CH; CH; CH;
CH,=CH-CH; M

(n€u dut & vi tri B thi khong thé duoc vi d6 13 vong benzen)
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- Trong dily déng ding cla benzen, khi mach bén cang dai thi toc do

dist mach xay ra cang 1én va cang dé.

C,H;s khé by dit ra khoi nhan thom (vi nang luong lién

— Ciic nhom CHa,
hiéu

k&t 16n, do dé kho tao CH;* va CoHs" (xing cracking xuc tdc chifa rit n
hydrocacbon thom ¢6 mach nhanh ngin).
# Cracking olefin theo C. Naccache:
R—CH=CH-CH,-CH;-CHj 392» R-CH»- CH*—CHZTECHZ—CHTR
ditt lien ket B

— —» R-CH.-CH=CH, +| CH,'~CHy-R' —#* CHz=CH-R + H*
Put mach co thé xay ra ngay sau khi phan ing:
c=C-C-C-C + H' —» CH;—CH'-CH,—CH,-CH; —*
— » CHy;~CH=CH, + CH,=CH, + 1"

hoiic ciing ¢6 thé trung hop trudc sau do md&i dat mach:
2Cs. —» sz —- C3= + Ci=

Cpe —% C3= + Gy

# Cracking xycloparafin:

Thi du, cracking xyclohexan xay ra theo so dé sau:

_AHD
O - H" O du‘t vbng C=C-C-C-C-C

l déng phan hod l dong vonyg

CH, CH,
O é

Nhir vay. sau cracking ta ¢0 thé thu duoc san phim 12 vong nho hou, hodc

vong doi.

C6 thé so sdnh quda trinh cracking nhiét v cracking xuc tic nhy saw:
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Cracking nhiét Cracking xtic tidc
Véi n-parafin = - Phan Ién thu C; olefin - Thu C; + € olefin, manh nhdnh
va Cy + Cs mach thﬁng

- Phan ing déng phan hod - Pong phan hod rit nhiéu.

khong nhiéu
- Khé thu san phdm vong - Thu sin pham vong, tao aren.
Vi vong no - Cracking khé khan - Cracking vong no dé dang
Vi alkyl thom - P&i mach alky] - Tdach nhém alkyl ra khoi vong
thom

* So sdnh hai loai xdc tde su dung.
Alwminosilicar Zeolit
- La chat vé dinh hinh - La chat két tinh
- Hiéu suat xang thu duge 55,5% - Hiéu suit xang thu dugc 62% (tiér kiém
20% dy trif dau mo)
- Ham lugng co¢ 5,6% - Coc 4,1%
Zeolit 1am ting t&c¢ do phan ng, rit ngin

thoi gian xu 1y nguyén liéu

So sdnh vin t6¢ phan ing khi sit dung hai loai xic tic trén:

Cracking Aluminosidicat (13% Si)  Zeolit ¥ {chiiu Re) Tylé
1-CgHs4 60 don vi 1000 don vi 17 lan
C.H C,H;
140 2370 17
.,HS
C?HS 190 2420 13
CH; C.H,

@O@ 205 953 4,7

V.2.6. Cic phan ing kém theo qua trinh cracking xic tic

V&i nguyén liéu 1a parafin, phan tw lugng cta parafin cang thap thi sy
phéan huy xay ra cing kém. Ngoii phan tng chinh la diit mach C-C, cén kém
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theo qua trinh dehydro hod:
o —» CHy + CsHe (60%)
CsHyo (Coxlotle Ly C,He + C.Hy (30%)
—» C4,Hy + Hy  (10%)

Véi nguyén liéu 1 olefin, ngoai cracking, con cé cdéc phan Gng trung
hop. Vi du:

?.CH}—CH:—CH:CHZ _— CH:},"(CHQ)S—CH:CHZ
—» CH,=CH-CH,-CH;
— CHZZCH—CH:CHZ + Hz

CHZZCHZ + CH2= CH2

Phan ¢ng déng phan hod:

—> CH;—CI=CH3
CHQICH'—CHZ—Cﬂg | CH3

% CH,-CH=CH-CH;

Phan ing két hop Hj tao parafin:

R_CH=CH, —m R-CH,-CH;

Phin Gng khép vong, sau d6 c6 thé bi khir Hy thanh aren:

CH,=CH-CH,~CH,-CH,~CH; ——> O —

3CH2=CH3 —_ @ + 3H,

V&i nguyén liéu la naphten:

CH,—CH,—CH,
- + GHy + Hy
5 O
CH3
@ — U
G L
—_—
CH,
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V&i nguyén ligéu 1a cic hydrocacbon thom, phin Gng chinh la cracking:
CH;
CH,=CH,
@CHTCIE— CH, @ GG
@ + CHy CH=CH,
CH,

|

C_CHZ—‘CH3 1°C. xiic tic

! ST - + CH,=C—CH;—CH,
CH, Yy

CH,

cracking nhigt

cracking xdc tdc

Mach alkyl cang dai va dg phan nhdnh cang nhidu thi viéc khir géc alkyl
cang dé& vi lien két d6 kém bén.

Phin tng kem theo la phan Gng dong phan hod:

CH, CH;
@ _tCxbetic %, xic tic @CH3
CH,
CH,
hodc phan bo lai:
CH, CH, CH,

[

el
Q T .
t C, xic tic @ + /@
CH; CH,

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

CH,—CH;— CH,—CH; @
17, xiic téc
—_— O + 51—12 .
Ckl?.-_ CHg_- CHg_ CH3 ©

phenantren

CH;
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Ngoii ra con xdy ra phan itng nguag tu va tao coc:

000 GO0
OO0 = 500 ™ &b

V.2.7. Cac yéu té6 anh huéng dén phan ¢ng cracking xiic tac

C6 rdt nhidn y&u 18 anh hudng dé€n phan ing cracking, sau day chi néu
mot s8 yéu 18 dién hinh.

— Nguyén liéu: Tét nhit 13 phan doan kerosen-xdla gasoil nang thu duge
tlr chung cat truc ti€p (nhiét do s6i clia phan doan 260 + 350°C, d = 0,830 +
0,920).

" — Nhiét dé thich hop: 450 + 520°C la thich hop nhat dé tao xing.
— Apsudt 1,4 dén 1,8 at, & didu kién nay cracking xdy ra trong pha hoi.
- Xdc tac: Zeolit Y (16 x6p 16n, Si/Al cao).
— Toc do nap ligu 0,5 + 2,5 don vi thé tich nguyén liéu trong 1 gio.
— Boi s6 tufin hoan cha xtc tic: Khi ting bdi s§ tuin hoidn cila xic tic
thi thai gian lvu cla nguyén liéu trong viing phan ting giam, hoat tinh trung

binh cua xic tic tang lén, hiéu sudt xang, khi, ciing tang. Con luong céc
bam trén bé miit xdc tdc sau lan tudn hoan s& giam xudng.

V.2.8. Sir tién bo cua cracking xic tic trong cong nghé loc hoa dau

Trudc day, qud trinh cracking xic tic thudng diroc thuc hién trong thiét
bi vé&i 1dp xuc tdc ¢d dinh, nhi vay rat khé tdi sinh xic tdc khi né mat hoat
tinh. Khi ¢hé tao xic tdc, cin phai tinh dén cdc yéu t6 nhu hoat tinh, thoi
gian 1am viéc cla xdc tic. Vi viy khé c6 thé ché tao duge mot xic tdc vira
dam bao dugc hoat tinh cao, vira ¢d thoi gian lam viée dai.

Ngiy nay, su dung chu y€u qua trinh cracking véi I6p xic tdc gia séi
(FCC). Vé6i cong nghé nay, cho phép ning cao duge nang suat thiét bi, s
dung deoc nguyén lidu xdu hon ma vin thu duge sin phdm cé chit luong
cao, Xxuc tdc duge tdi sinh mot cich dé dang.
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Vé cong nghe, 4p dung cong nghé diéu khién ty dong c6 thé t8i wu hod
qud trinh, nhanh chéng phit hién su mit hoat tinh xic tdc nén kip thoi diéu
chinh dugc hoat dong cuia thiét bi.

Mot vin dé nan giai thudng xay ra trong qud trinh cracking xuc tic la
tao ¢6¢ trén bé mat lam giam hoat tinh xiic tdc. Do viy, hién nay ngudi ta
thwong cho thém mot lugng rat nhd kim loai qui dé thic day phan dng oxy
hod (dot chdy) hoan toan dén CO,, trénh tao CO la nguyén nhan lam giam
hoat tinh xic tAc va 6 nhiém moi trudng. Xuc tic st dung 1a zeolit Y trao déi
véi cdc cation kim loai dat higém. Xic tic FCC trong céng nghiép la loal hat
vi chu, bao gém 35% trong luong zeolit Y phdi troén véi chit nén goém SiO;
lam chét két dinh va d4t sét. Chit nén Yim cho xic tdc cd ty trong thich hop
va ting siic dé khdng clia zeolit v6i cac chdt ngo doc. Mat khic, chat nén con
lam ting do bén nhiét ciia xlic téc, lam gidm gid thanh va dé tai sinh xdc tdc.

Cong nghé FCC v6i thoi gian ti€p xic ngdn, thai gian ti€p xidc cua
nguyén liéu va xiic tdc khodng 2 giay, dé phan ung chi xay ra trong ong
dirng, tranh duge-cac phan {tng cdp 2 (ngung tu tao c&c).
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Chuong VI
OUA TRINH REFORMING

VI.1. CO SO HOA HOC .

Qua trinhg reforming bao gém mot loat cdc phin tng nhim lam thom
hod céc san phim ddu mo, tang fri s6 octan clia xing va cung cap ngudn khi
hydro cho céng nghé lam sach ddu mo.

VI.1.1. Phan itng dehydro hoa

1. Dehydro hod xycloalcan tao hydrocacbon thom:

O & 0 -
<500°C 2
CH, sooc -

TZs500°C 2

Day 12 phan ng chinh cia qué trinh reforming. ( 500°C, niang lugng dé
tao benzen la 51,6 kcal/mol, cdn dé tao xyclohexan 1a 72,1 keal/mol, vi vay
& 500°C chi tao benzen. N&u tang nhiét do, gidm dp suat, ham lwong hydro-
cacbon thom sé tang 1én.

2. Dehydro hod din xudt véng 5 canh {xyclopentan) thanh hydrocacbon

thom:
Y ®
—

3. Dehydro hod parafin tao olefin:

CgHag —> CoHyig + Ha

4. Dehydro hod déng vong parafin hoéc olefin tao hydrocacbon thom:

CH,
n-C7Hg —_— + 4H,
CH,
H—C?H|4 — + 3H2
o
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V1.1.2. Nhém phin dng izome hoa

Nhém phan ing bién 4éi hydrocacbon mach thing thanh mach nhdnh
bao gom:

_ 1zome hoda n-parafin thanh izo-parafin:
n-C+Hyg — 2-metylhexan
~ Hydro izome hod:
Hepten-1 + H» —* 2-metylhexan

— Tzome hod alkyl xyclopentan thanh xyclohexan:

Q/CH3 o O

- Izome hod alkyl thom:
C,Hs CH,
CH,

VI1.1.3. Phan ing hydrocracking

Pay la nhom phén dng khéng mong mudn cha qué trinh reforming, cic
hydrocacbon ¢6 trong phan doan bi gy mach va tao thanh cde hydrocacbon
a0 ¢d 6 cacbon nho hon:

CoHay + Ho —» GHio F CaHio
Cotlyy + Hy —» CHy =+ Gillis
CHyss + Ha —  Calome ¥ CpHapi2
3 cic didu kién nhat dinh ¢6 thé xay ra cracking siu, ta0 khi va san
pham nhe. :
V1.1.4. Nhém phan (ng tich cac nguyén to di thé

Né&y trong nguyén liéu ¢6 chc chit chia S, N, O, s& xdy ra phén img tach
cdc nguyen t6 di thé dé ra khéi phan doan.

- Hydrodenitd hod:

@ + 5H, ——» CsHpp + NH

N
pyridin
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— Hydrodesunfua hod (téch luu huynh):
U\ + 4H, —= CCsHjp + HsS
S “CH,4
a-metyl thiofen
— Tdch oxy:
ROH + H, —» RH + H,0

Chinh vi vay, ma xdc tic cho reforming phai dam bao thic ddy nhing
qua trinh vira néu trén.

2. MUC PiCH CUA QUA TRINH REFORMING

Reforming 14 mot trong nhitng qud trinh quan trong trong ciic nhi mdy
ch& bién dau mo, né nhiam:

— San xuat xdng co tri s& octan cao (khéng can pha chi).

— Sdn xudt hydrocacbon thom (benzen, toluen, xylen, goi tit 1a BTX
lam nguyén liéu cho téng hop hod diu).

— Thu khi H (1a nguén thu H, nhiéu va ré hon 10 dén 15 lan so véi
phuong phip khic), vi H; duge tng dung trong nhiéu qud trinh 1im sach san
pham ddu mo, ch€ bién ddu, trong cdc qud trinh khic cia cong nghiép hod
hoc.

Trong cdc muc dich tren thi viéc tang tri s& octan dé xang ¢6 chit luong
t6t 12 v6 cling quan trong. Cé thé minh hoa bang vi du, khi ting tri s6 octan

cua xang tir 66 1én 88 thi chi phi xidng cho mét nam giam di 22%, s6 6t6 yéu
cdu dé thuc hién ciing mét cong viée giam di 12%.

VL.3. XUC TAC REFORMING

VI.3.1. Lich sir phat trién

Cac chat xuc tdc su dung trong qud trinh reforming déu I3 cdc chat xuc
tic ludng chic nang. Lich sir phat trién xtc tic nhu sau:

Trude day ngudi ta si dung cdc chit xiic tic oxyt nhu MoQ, / Al,O;.
Loai xic tic niy ré tién, bén v4i luu huynh, song ¢6 nhuge diém 1a hoat tinh
khong cao, nén qud trinh reforming phai thyc hién & ché do cing (van t6c
thé tich thap, vao khoing 0,5 h', nhiét d6 cao, vao khoang 340°C), & diéu
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kién nay cdc phan iing hydrocracking xay ra manh. Dé ting do chon loc cua
qud trinh phai duy tri dp sudt thap (14 + 20 at). Nhung su giam dp suat lai
thic ddy qud trinh tao ¢6c, do vay khéng kéo dai duge thai gian lam viéc cua
xic tdc. Vi cdc 1y do trén nén hién nay khong sir dung loai xtic tac nay.

Xic tic Pt/Al,O1 (Al,O3 goi 13 axit rin): Xiic tdc ndy dwoce sit dung cho
dén nam 1970. Ham lugng Pt trong xic tac tit 0.3 d&n 0,8% trong lugng,
nhiét @6 phan tng 13 500°C, dp sudlt tir 30 d&€n 35 at. Sau mot thoi gian 1am
viéc, hoat tinh clia xic tdc giam do do axit clia AlyO5 giam, vi vay phai tién

hanh clo hod dé tang do axit.

Ngay nay, ngudi ta di cai tién xiic tdc reforming bing cdch bién tinh
xtc tdc (khi cho thém mot kim loai (bimetal} hodc thay d6i chat mang, vi du:
Pt/SiQ5; Pt/Si05-A1,05; Pt-Re/Si0,-A1,03; Pt-Sn/Si0s; Pt-Ir/axit rin).

Muc dich cho thém kim loai vao 1a dé lam ting hoat tinh xidc tdc heic
giam gid thanh xdc tdc. Vidu, khi cho thém Sn (1/2 Turgng), hoat tinh xuc tic
khong ting, nhung gid thanh lai giam di; khi cho Re thi hoat tinh ting vi Re
¢é vai trd 1am phan tdn déu cdc nguyén t{r Pt trén bé mart axit rin.

Xuc tic st dung cho reforming trong céng nghiép hién nay la 0,3% Pt +
0,3% Re mang trén y-Al,Os, v6i dién tich bé mat khoang 250 m'!/g, duoc bd
sung cac hop chat halogen hitu co. Ham lugng halogen (clo, flo) khéng ché
trong khoing 0,5 dén 1% trong luong.

* Vai tro xic tdc hai chite ning:

Xic tic Pt/Al,0; duge goi la xdc tic hai chic nang (hay ludng chic),
trong dé:

- Pt mang chirc nang oxy hod khir, xic ti€n cho phan ung hydro hod,
dehydro hod dé tao hydrocacbon vong no va vong thom. Ham lugng Pt vao
khodng 0,3 dén 0,8% trong Juong. Yéu cdu Pt phii phin tin déu trén bé mat
cdc axit rin. Do phan tdn cang cao thi hoat tinh cla xic tic s& cang cao,
hiéu suat xiang thu dugc cao va chit lugng xang thu duge tt hon.

- Al,O3 1a chat mang cé tinh axit, déng vai tré chife ning axit - bazd,
thic diy phan dUng izome hod, hydrocracking. Ciing ¢6 thé diing hén hop céc
oxyt nhu Al,O3 - Si02. C6 thé sit dung y-Al,0; hodc 1-Al;O03, bé mat rieng
dao dong trong khoang 200 dén 300 mz,’gA Chéat mang Al,O4 cin phai tinh

120



khiét (him luong Fe vi Na khong qud 0,02% trong lugng). D€ clo hod xic
tic, nguoi ta thudng s dung cac hop chat nhu CoH,Cl,, CHyCL

VI.3.2. Cac yvéu cdu d6i véi xuc tac reforming

Dé ¢6 mot xic tac reforming t8t thi xic tdc d6 ¢in ¢ hoat tinh cao d6i
véi cdc phan ung tao hydrocacbon thdm c6 du hoat tinh d6i v6i cde phan
irng déng phan hod parafin v ¢6 hoat tinh thap véi phan tng hydrocracking.
Ngoai ra con thé hién qua cdc chi tiéu sau day:

— Xic tdc phai ¢6 do chon loc cao.

— Xiic tac phai cé d6 bén nhiét va kha nang tii sinh tot.

- Xdc tac phai bén déi véi cdc chat gay ngd doc, nhur cdc hop chat coa

S, N, O; nudc, mudi cha cdc kim loai nang va cdc tap chit khac.

— Xiic tdc phai ¢é do én dinh cao (khd nang bdo toin hoat tinh ban diu

trong sudt thai gian lam viéc).

— Xiic tdc ¢6 gid thanh ha, dé ché tzo.

Thong thudng,

ngudi ta danh gia chat lugng cia xic tic reforming théng

qua cic chi tiéu: him lugng Pt, bé mat riéng cila chit mang, do bén... Bang
V1.1 cho bi€t mét s& dic trung cua xic tic reforming.
Bing V1.1 Mot 86 dac trung cha xic tic reforming
Kuc tac
Cac chis6 AT1-64 8815 RY-302 | RD-150 R-16
{Lign X0 c} | CHLE birc France My - Bic My

Pt (% trong lugng) 06+0565 0,35 0,58+0,62 0,37 0,55
Puéng kinh hat (um) 18 - 2,2 15 15:3,0
B& mal rieng (m2/g) 180 240280 . 160 +200
Chi s6 d¢ bén (kg/mm) =087 1.2 - -
Buang kinh 13 (A) . . 40:120 | 40-420 | 80+100
Thé tich 13 (mlig) - - 0,75+0,88
Chét kich hoat clo flo cio clo clo

Chut ¥ Tt i cde xiic tic trén déu chira Re (0,5% trong lugng) trén chit mang AlLO;.
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V1.3.3. Nguyén nhin lam giam hoat tinh xuc tac

Sau mot thisi gian lam viée, hoat tinh xdc téc bi giam ding ké. Mudn
nang cao hiéu qua su dung ctia xGc téc nhim giam gid thanh san pham thi
xiic iac d6é phai duge tdi sinh. Dé c¢6 bién phdp khoi phuc lai hoat tinh clba
xtic tAc mot cdch hitu hiéu, phai xudt phat tir nguyén nhan gy nén sy mit
hoat tinh cila xic tdc.

V1.3.3.1. Anh huéng cia su tao coc

Trong qud trinh phan Gng ludn kém theo qud trinh tao coc. Coc do sé
bam dinh trén bé mat xdc tdc, lam bit &i cdc trung tam hoat tinh, ngan cich
sir ti€p xtic cia tac nhan phin (ng véi xic tic 1am giam din hoat tinh cia nd.

V1.3.3.2. Anh huéng déc hai ctia cdc chdt chira Iun huynh

Cic hop chat cla luu huynh lam ngo doc trung tam kim loai (Pr), lam
anh hudng khong tét dén chic nang khir hydro va vong hod. Troag cac chat
chia luu huynh, mercaptan (RSH) lam giam manh nhdt hoat tinh xdc tac.
Khi hoat tinh xic tdc giam, khong nhifng lam gidm hi¢u suit xang, ma ¢d
chit lwong xing ciing giam theo. Dic biét lvu huynh & dang HaS con gy in
mén thiét bi. Do vay cin phai lam sach luu huynh ngay t khi dwa nguyén
liéu vio qud trinh reforming. Him lwong lwu huynh trong nguyén liéu cho
phép tir 0,01 dén 0,07% trong lugng.

V1.3.3.3. Anh hudng déc hai cua cdc hop chdt chita nito

Céc chit chita nito thudng cé tfnh bazo, s trung hoa céc tam axit, lam
giam dé axit cua chF(t mang, lam x4u di cic chi tidu cha xang reforming. Vi
viy ham lugng nito cho phép khong vuot qud 10~*% trong luong.

Bang VI.2. Anh hudng gay doc xic tae chia cdc hop chat nitg

Ch tieu XGe tae chua Xuc tac sau khi
bi ngd dée bi ngd doc
Ham lugng chat nito trong nguyén figu {mgil) 1-2 6-7
Higu suat xang reforming {% TL) 89 85
Tri & octan:
- Theo phuong phap méta (khong pha chi 83 89,5
- Theo phuong phap nghién ciu (co pha 0.8 ml
nude chi/ 1 it 96 5 92 5 J




VI.5.1 4. Anh hudng déc hai cia nudc

Nude ¢6 mit trong nguyén liéu s&¢ pha lodng cic trung tam axit, lam
gidm do axit cua chat mang, déng thth gay an mon thigt bi. Ham luong nude
cho phép khong duge vuol qua (10 = 20). 107%% trong luong.

v1.3.3.5. Anh hudng doc hai cita cac kim loai

Céc hop chat coa chi (Pb), asen (As) gdy ngd doc xic tdc rit manh.
Ngudi ta thiy ring, néu ¢6 0,5% Pb thi xic tic s& khong cé khi ning td]
sinh. Vi vay him lugng cho phép cha chi trong xdc tic 1a 0,02 ppm vi clia
asen 12 0,01 ppm.

VL.3.4. Cac bién phap tai sinh xic tac

Dua vao céc nguyén nhin gy mit hoat tinh xi¢ tdc did néu & trén, trong
cong nghiép dp dung cdc bién phép sav day dé tai sinh xdc tic:

VI.3.4.1. Phuong phdp oxy hod

Ban chit cita phuong phép 1a dot chdy cdc bam trén bé mit xic tdc bang
oxy cna Khoéng khi & phiét ¢o 300 dén 500°C. P61 v céc xic tac bl mat
hoat tinh, sau khi tdi sinh, sé& dat duoc hoat tinh xdp xi ban diu. Nhung sau
Shiéu 1dn tdi sinh, hoat tinh s& giam.

V1.3.4.2. Tdi sinh bing phuong phap khi

Khi trén bé mit xGc tac tich tu nhiéu lwu huynh, cé thé s& khong loai bo
duoc bang cach dét, thi sé tiép tuc loai bé bang phuong phap khir, (bing
hydro duéi ap suat 20 at, 10% Ha,) lic ay luu huynh s& bi khi thanh H,S va
do dé ham luong cla nd giam xuéng chi con 0,03 dén 0,05% trong luong. Vi
du, vdi xuc tdc AT1-56 clia Nga, sau Khi khir, hoat tinh xdc tic tang ién 56
}in nhiéu hon so vdi tai sinh bing phuong phdp oxy hod.

VI.3.4.3. Tdi sinh bdng phuong phdp oxyclo hod

Theo thoi gian lam viée, lugng clo trén chit mang bi mat din; ngudi ta
phai cho thém clo & dang cdc hop chat hiu co vao ving phan ing theo
nguyén liéu. Ngoii ra con tién hanh clo hod chit xic téc trong giai doan
nung clia qud trinh i sinh xtc tic, ldc nay cd thé cho clo vio o dang khi.

Vi du, xic tic Al,O3 dd lam viéc 15.000 gid, cho xuc tac niy tdi sinh
bing phuong phip oxy hod v&i hén hop nito - oxy ¢6 ham lugng oxy tir | dén
1,5% thé tich, © diéu kién 7 dén 10 at vi ting ddn nhiét 4o lén 500°C. Xic
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téc sau khi di dot coc, dem clo hod & diéu kién &p sudt khi quyén trong moi
truong khéng Khi, chira 0,4 dén 0,5% thé tich c¢lo, sao cho ¢lo khi duge bio
hoa trong xic tic. K&t qua sau khi clo hod thdy ham lugng clo trong xic tic
tang tir 0,07 dén 0,8 % trong lwgng, con ham luong it giam tur 1,0 xudng
con 0,15% trong lugng. Viéc giam ham lugng Fe trong xdc tdc 1a do di xay
ra phan Ung sau:

2Fe,0; + 6C1, —2Ew 4FeCly + 30,

Chii y: Ham luong clo trong xdc tic khdng nén cao qua, vi du, néu clo
chi€m 1,4% trong luong thi khd nang phan huy tang lén manh, diéu d6 din
dén tang hiéu suit khi, diéu nay khong mong muén ddi v6i qud trinh
reforming. Qua thuc nghi¢m thiy ring, ché do tdi sinh xtc tic bang clo nhu
s

- Téc do thé tich nap khéng khi (h™") 1000
- Nhiét do (°C) 500
- Thoi gian tdi sinh (h) 6

- Néng d¢ clo trong khong khi (% trong lugng) 0,4 + 0,5
Ham luong clo trong xiic tdc 161 wu nhit trong khoang 0,8 dén 0.9% trong

luong.

VL4. CO CHE PHAN UNG REFORMING
Cé thé tém tit cac phan dng chinh cia qud trinh reforming nhu sau:
naphten ——» aren + Ha
n-C, —» aren + H»
n-C, —®> iz0-Cq
n-Cq —»  benzen + H»

Nang luong hoat hod cia cdc phan iing ¢6 cdc gia tri trong khoang 20
dén 45 kcal/mol:

—_— @f + 3H, E, =20 kcal/mol

n-Cy —» jz0-Cy E = 25 kecal/mol

n-C —» TC G E, = 45 kcal/mol
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O —® e E . = 30 keal/mol

Ta xét so d6 reforming »-hexan:

A \ M
NN ———» — + H*
+ (+ Ha)

7y
N
L A _
S am| A
M
AN —
(—Ha}

AlM lA, déng vong
NN e Oy O
— — LA —

{—Ha) . )
tao ion cacboni

M M
+ H'_sl - 31-12'
n*

M - trung tam kim joai; A — trung tam axit

Theo so d6 nay ta thiy, tir n-hexan, sau qua trinh reforming da thu duge
izo-hexan, xyclohexan, benzen, metyl xyclopentan. Tat ca céc chit nay déu
13 cdc c&u i cao octan, vay cé nghia la thu duge xang ¢6 1rl & octan cao.

Ngoai cdc phan dng chinh & trén, con xdy ra mot lugng ddng ké cic
phan ng hydrocracking:

C|1H2|1+2 + Hy —» CmH2m+2 + CpH2p+2

Vidu: CoHng + Hy —» CsHyg + Cs;H,»

Cac hydrocacbon cé phan tu luomg Ién dé bi hydrocracking hon cic
hydrocacbon ¢6 phan tir luong nhd. Cdc phan img nay mot mit clng o
tdc dung tich cuc lam tang hiéu suat xang va tri s& octan cla xang (do tao ra
izo-parafin). Nhung néu phdn ing thuc hien & diéu kién cing, cdc
hydrocacbon ¢6 phan tu lvong nhd ciing bi hydrocracking, lam cho hiéu sudt
khi va c6c tang 1én, do vay lai ¢6 tdc dung tiéu cyc.
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Do axit cua xdc tdc cé anh hwdng 16n dén phan dng hydrocracking: Do
axit cang 16n thi phén ng hydrocracking xay ra cang manh, tit dé giai thich
tai sao ngudi ta khong ding aluminosilicat lam chat mang ma ding Al,O,,
(Al,03 ¢6 do axit nho hon).

* Cdc phan ttng phu di k&m theo qud trinh reforming cang ¢ nhitng anh
huwdng 1oi hai nhat dinh.

Phin tng hydro hod cdic hgp chidt chita O, N, S, dé dang xay ra trén xuc
tdc ¢6 hoat tinh hydro hod & nhiét do 300 dén 500°C va dp sudt 14 d&n 70 at,
tao thanh cdc hop chit H,S, NH;, H,0 6 thé tich duge ching ra khai san
phim:

RSH + H; — RH + H,S

Khi ham lugng S ¢é trong nguyén lidu ti 0,1 dén 0,5% trong lwong, ¢o
thé lam sach nguyén liéu dén 0,01 + 0,05% biing cach thuc hién cdc phan
trng trén.

Cdc phan img tring hop hydrocacbon khong no tao ra cic olefin va
polyolefin 14 diéu khéng mong munon:

img h
Parafin ——7— olefin SLLLL L P polyolefin

Nhiét dé cang cao lugng olefin tao ra cang nhiéu, din dén phdn Ung
trung hop cang tang.

Phan ¢ng ngung tu tao cSc gay anh hudng khéng t6t d6i véi xiic tdc:

O — b

Phan tng hydrocracking tao khi xdy ra khi tang dp sudt hydro c¢é thé
lam han ché phan dng ngung tu va tao ¢d¢c. Tuy nhién, néu dp sudt H, qud
tén, phan dng hydrocracking lai xay ra manh vi c¢in bing cia phan dng
xyclohexan tao thinh benzen s& chuyén dich vé bén trii, tic 12 gidm bdt ham
lugng hydrocacbon thom. Vi nhitng 1§ do trén, phai lua chon diéu kién, ché
do reforming cho thich hop dé han ché€ san phdm phu khéng mong muén.

VL5. NGUYEN LIEU VA SAN PHAM THU CUA QUA TRINH
VI.5.1. Nguyén liéu

Nguyén lién cila qud trinh reforming la cdc phan doan xdng chung cat



trye tiép, €6 gidi han soi tir 60 dén 210°C, xang cha qué trinh cracking nhiét
hoic c6 thé sit dyng phan doan xang ¢hia qud trinh thi cdp.

Tuy thudc vac muc dich ctia qua trinh reforming xic tic dé nhan xidng
¢6 tri s6 octan cao hay nhan cdc hydrocacbon thom riéng ré ma chon gidi
han s6i cla phan doan xang jam nguyén lidu khdc nhau.

D& san xudt xing co tri s6 octan cao, ngudi ta ding phin doan xing cod
gi6i han soi tir 85 dén 180°C, phan doan nay cho phép san xuft xang ¢ tri
<& octan cao vi han ché tao coe.

Pé san xudt cdc hydrocacbon thom riéng ré, nguoi ta st dung cdc phan
doan xing hep:

« Dé san xuit benzen diing xing ¢ nhiét do soi 62 = 83°C;
o D sin xudt toluen diing xang c6 nhiét do s6i 85+ 120°C;
o D¢ san xudt xylen diing xdng c¢6 phigt do s6i 120 + 140°C.

Vv1.5.2. San pham thu

San phdm thu cia qud trinh reforming bao gém xang ¢6 tri sO octan cao,
cic hydrocacbon thom va khi Ha, trong d¢ xdng ¢o tri 6 octan cao la sdn
pham quan trong nhat.

«. Xdng ¢6 tri 36 octan cao

Chat luong xdng phu thude vio chit luong cia nguyén lieu va phu thude
vho x(c tic. Bang V1.3 duara vi du vé sy phu thuoc chat luong xang vao thanh
phin nguyén li¢u.

Tir bang V1.3 ta théy, néu xang c6 clng tri s6 octan thi xang nhan dwgc
tir nguyén liéu co ham luong parafin thap ¢6 thanh phédn phan doan ndng hon
so v6i xang nhian dugc tir nguyén ligu ¢6 ham lugng parafin cao.

Tuy thude vio nguyeén liéu ban ddu va ché do cong nghé cua qud trinh,
¢6 thé nhan duge xang ¢o trj s¢ octan cao, ¢0 thé dat tir 100 dén 105.

Thanh phin cta Xang reforming xuc¢ tdc nhu sau: olefin khong qui 3%,
naphten khong qud 10%, con lai 12 ize-parafin va aromat.

S6 licu trén cho thdy, xang reforming xtc tdc c6 chat lugng rat cao, dac
biét ham luong olefin thip (<3%) cho phép sir dung lam xang may bay. Tuy
nhién nhuoe diém cha xang nay la tri s6 octan phan bo khong déng déu
trong khap khoang nhiét d6 soi cila xang, do vay thudng phal pha tron thém
céc thanh phin nhe c6 tri 56 octan cao vio xang dé ning cao chi tiéu nay.
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Bing V1.3, Tinh chit cua xang reforming

C4c thong sd Ham lugng parafin trong nguyén ligu (%)
65% < 40%

Trong lugng rigng & 20°C (glcm”) 0,785 0,783 0,796 0,772
Thanh phan phan doan (°C)

- Nhiét d¢ soi dau 49 42 58 58
- Nhiet dé soi 10% 82 76 a7 110
- Nhiét d6 s6i 50% 135 137 141 141
- Nhiét do soi 30% 172 170 171 168
- Nhiét do sot cubi 202 214 199 205
Thanh phén hoa hoc (% trong lugng)

- Hydrocacbon khéng no 2,2 0.9 1,0 3.5
- Hydrocacbon thom 59,0 65,4 62 68,5
- Parafin + naphten 388 337 7 3
Tri s& octan

- Phuang phap moto MON 80 85 30 85
- Phuong phap nghién ciu RON 83 95 a9 95

b. Sdn phdm hydrocachon thom
Cic hydrocacbon thom nhan dugc tir qua trinh reforming xic tdc la
benzen, toluen, xylen (goi tat 1a BTX), dugc ding 1Am nguyén lidu cho téng
hop hitu co hod dau.
- Tir benzen, diéu ché duge phenol, la nguyén liéu cho ¢ong nghiép san
xudt sgi polyamit, capron.
- Tt m-xylen, diéu ché& duge p-xylen, lam nguyén liéu san xudt soi
nilon polyeste.
- Tir m-xylen diéu ch&€ duogc o-xylen, la nguyén liéu dé téng hop
anhydric phtalic.
Sin phim BTX ding 1am nguyén liéu cho tong hgp hod ddu phai ¢6 do
tinh khiét cao, khong 14n tap chit, nén thong thudng phai tich thanh cdc ciu
tir rieng biét. CS thé tich bing cdc phuong phap:
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e Phan chia (chung cét ding phi)
o Ding chat hip thy sau d6 két tinh dé tach.
. Sdn phdm khi chita hydro
Trong khi reforming xidc tac chia 70 dén 90% thé tich hydro, khi nay
duoc sit dung mot phin dé tudn hoan lai thiét bi phin ¢ng, mot phin dua ra
khoi he théng 1am sach, 16i sir dung cho mot s8 qud trinh nhu hydrocracking
dé€ san xudt ddu nhon.
Day 14 ngudn thu hydro ré tién, khi qud trinh reforming xdc tdc phat
trién thi thic ddy céc qud trinh s dung Hy phdt trién theo. Thong thudng
ham luong Ha thu dwoc tir 81 dén 93% (thé tich).

VL6. CAC YFU TO ANH HUONG PEN QUA TRINH REFORMING
XUC TAC

VI1.6.1. Anh hudng ciia nguyén liéu

Tuy theo muc dich cua qua trinh reforming ma chon nguyén liéu cho
thich hop. '

Pé nhin xang ¢6 tri s6 octan cao: chon nguyen lié¢u c6 nhiét do soi trong
khoang 85 dén 180°C. Né&u nhiét do s0i thap hon 85°C (nguyén liéu nhe) thi
khi bi hydrocracking s& tao nhiéu khi, 1a san phdm khéng mong mudn cua
qui trinh. N&u chon xang cé nhiét d6 soi dén 220°C s& din dén phan (ng
trung hop tao ¢dc bdm trén xdc tdc, lam gidm hiéu qua cua xdc tic.

n (%}

xang 4 5
90
85 -
80
7%

wnr

! | | ] | -

Téng s8 thom + napten (%)

Hinh V1.1. Anh hudng thanh phén hydrocacbon cta nguyén figu dén hiéu suét xang.
1- Phan doan 85 + 105°C; 2- Phan doan 106 + 180°C.
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Ngoai ra, thanh phin hydrocacbon trong nguyén liéu ciing ¢4 anh huéng
rit 16n, néu téng ham luong naphten va aromat cang nhiéu thi hiéu suat xang
cang cao (hinh VI.1).

D€ nhan hydrocacbon thom BTX Iam nguyén liéu cho téng hop hitu co
hod dau nguoi ta chon xang nguyeén liéu c6 nhiét do soi hep.

VI.6.2. Anh huéng ciia Ap suat

Qua trinh reforming déu ¢6 k&ém theo qué trinh ting thé tich nhu khi
hydro ctia naphten, vong hod.

Theo quan di€ém nhiét dong hoc, dp sudlt cao s& can tr& cdc phan tng
tang thé tich, ¢é nghia 1A can tré& sur tao thanh hydrocacbon thom. Nhung néu
dp sudt thap thi phan \ing cracking xay ra manh, din dén tao ¢Sc nhiéu, vi
vdy nguoi ta phai khéng ch€ dp suft cao vira phii, dé ham lugng hydro-
cacbon thom cao, déng thdi tranh tao nhiéu céc.

Ap sudt duge quyét dinh bdi hoat tinh vi d6 chon loc cha xic tdc. Vi dy,
néu trede day sk dung xdc tic Mo/Al>O3 , p = 15 + 20 at, ngay nay diing xic
tic Pt/Al,05 duy tri p = 20 + 40 at trong hé théng ma hoat tinh tao hydro-
cacbon thom vin dim bio.

Ap suit trong hé thong anh hudng dén hiéu suat tao hydrocacbon thom va
tri s6 octan cua xing, ngoai ra ¢on inh hudng dén viéc tao ra hydro va thoi
gian lam viéc cna xuc tic (bang VI.4).

Bdng V14, Anh hudng ciia 4p suit ti cac chi tidu cila xang

Chi tiéu 35 at 49 at 63 at
1.Hi¢u sudt san phém tinh theo nguyén lieu
- Xang da khit propan 92,6 829 932
- X&ng vai ap suat hai bio hoa, % V 95,5 85,7 96
(520 mmHg)
2. Hydro m%m?® (% TL) 1.4 1,0 0.6
3. Bac tinh cla xang v&i ap suat hoi bao hoa
{520 mmHg)
4. Trj 6 octan theo phuong phap 85,1 841 848
nghién citu RON
5. Ham iugng hydrocachon thom {% V) 53,9 479 454
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Trong diéu kién lam viéc cda qud trinh khong déi, khi ting ap suft thi
van téc cdc phan ing hydrocracking va khi alkyl s& ting 1én, trong truong
hop nay can bing s& chuyén dich ve phia tao parafin.

Khi gidm &p suvdt trong hé thong, din dén gidm 4dp suft riéng phan cua
hydro, lam tang muic 46 thom hod cic hydrocacbon parafin va naphten.

VI1.6.3. Anh huéng ctia nhiét do

Qua trinh reforming xdc tdc tién hanh trong diéu kién nhiér do niam
trong giéi han tir 470 dén 525°C. Khi diéu kién dp sudt va toc do thé tich
khong déi, néu giam nhiét do s& din dén ting hi¢u sudt xang, gidm hiéu sudt
khi, giam viéc tao cc, dong thoi lai giam lugng hydrocacbon thom.

Nguge lai, néu tang nhiét d6, ddn dén ting su tao thanh hydrocacbon
thom, giam hiéu sufit xang, gizm néng d6 hydro trong khi tudn hoan (vi khi
nhiét d6 cao, thuan lgi cho cdc phan ¥ng hydro hod va khir hydro vong hod)
tao hydrocacbon thom. Song bén canh 46 ciing ting cudng cic phan dng
hydrocracking 1am cho hi¢u suat khi ting lén, do vay muc dod hod cde cling
ting.

Nhu vay, khi nhiét d6 ting thi lugng hydrocacbon thom tao thanh cling
ting 1am cho tri s6 octan ciia xang tang. Nhiung nhiét d6 ciing chi tang dén
gi6i han cho phép, néu ting qud cao thi viéc tao cdc ting, ddn dén giam hoat
tinh va gidm thoi gian lam viéc cua xic tac.

Bing V1.5. Sy phu thuge hiéu suit vi chit lugng cia sin phdm
reforming xic tac vao nhiét do

Chi tiéy Nhigt do ('C )

435 450 465 480
Hiéu suat xang da khi propan 98 96,8 95 91,8
Ham luong phan doan ¢6 T°, dén 100°C, %V 34 36 41 46
Ap sudt hai bao hoa cla xdng (mmHg) 310 350 430 590
Tri 6 octan theo phuong phap nghién ciu
{khong pha nudc chi) 67,5 74 80,5 89
Ham luong hydrocachon thom trong xang, %V | 19 27 35 45
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VI1.6.4. Anh hudng cia lvu lugng nguyén liéu

Khi tang luu lugng nguyén liéu hodc giam lugng chat xic tdc trong cdc
thiét bi phan tng, s& lam gidm thdi gian ti€p xdc cua cdc chit tham gia phan
ing va chat trung gian véi chit xde téc, lam tang hiéu suat xang va tang ham
luong hydro trong khi tuéin hoan, gidam hi¢u suat hydrocacbon thom, dan dén
tri s6 octan giam.

Vi khi tang t6c do thé tich (tang luu lugng) céc phan dng khit hydro caa
naphten, hydrocracking cic parafin nang, déng phan hod butan va pentan sé
chi€m wu thé va xay ra nhanh hon. Con cdc phan dng doi hoi thoi gian 16n
nhu khir hydro - vong hoéa parafin, khir alkyl va hydrocracking cac hydro-
cacbon nhe s& xay ra yéu hon. Tt phén tich trén ta thay rang:

Né&u muc dich clia qud trinh reforming xdc tic la dé nhan BTX, qud
trinh phai tién hanh & diéu kién thdi gian luu cua nguyén li¢u trong viing
phén ag ngin, c6 nghia 12 tdc do thé tich khi sir dung nguyen liéu phai lén,
nhiét do sit dung trung binh, dp sudt thdp (10 dén 20 at).

* Hi¢u itng nhiét cia qud trinh

Céc phan Gng chl yéu cua qua trinh reforming xic tac la phan tng khir
hydro cia cdc parafin vi naphten thanh hydrocacbon thom. Cic phdn iing
nay kém theo sy thu nhiét.

Ngoai ra, con phan éng hydrocracking, cdc phan ing nay toa nhiét. Hiéu
fing clia qué trinh duge x4c dinh boi do san cha cic loai phan (ng trén
(nhifng phan ttng khdc khong déng ké).

Do cdc phan ¢ng khit hydro cdc naphten xdy ra nhanh hon nhiéu so véi
khir hydro vong hod nén hiéu dng nhiét phu thuge chu y&u vao ham luogng
cdc naphten trong nguyén ligu. Nhung dén giai doan cudi, khi cic phan dng
thom hod diu hiu nhu dd can bing thi vai troé cta phan (ng hydrocracking
quyét dinh hiéu ing nhiét & giai doan nay. Ngudi ta nhan thdy nhiét 40 giam
di 18 rét & cdc thiét bi phan dng cudi trong hé théng reforming xuc tdc.

VL7. TIEN BO VE CONG NGHE REFORMING XUC TAC

Trude day, qud trinh reforming xic tdc duoge thyc hién trong thiét bi véi
1ép xic tic ¢& dinh. Cong nghé nay cho ning suat thiét bi rit thdp, khi xdc
tac bj mit hoat tinh (do ¢Bc¢ tao thanh tich tu trén bé mat xic tdc) thi phai
dirng phan Gng lai dé tai sinh, Diéu nay doi héi khi ¢hé tao xuc tic phat chd
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y dell nnicu thong & nhu: hoat tinh, thiji gian lam viéc. va nhu vay s€ khong
chon dugc mét xic $ac ¢6 hoat tinh cuc dai.

Ngay nay, qud trinh reforming khong ngimg duoc cAi tién, phat trién ca
vé xiic tac va cong nghé nham nang cao hi¢u sudt va chit luong Xang.

Vé xic tac. xu huong phét trién xic tic da kim loai, thém cdc nguyén té
d4t hi€m nhu Re vao d¢é ting do phan tan cua Pt, dan dén tang tri sO octan
cta xang reforming.

Vé cong nghe, chuyén sang cong nghé reforming v&i 18p xic tac chuyén
dong co6 tdi sinh lién tuc «tc tdc. dién hinh 1a cong ngh¢ cua UQP. V6i céich
nay, nang sudt thi€t by dat t61 da, xic téc ludn duge tdi sinh nén dam bao
hoat tinh trong sust qua trinh phan ¢ng, xang thu duoc c6 tri s6 octan rat
cao. Mit khéc, v6i cong nghé va xic tdc ngay cang cai ti€n cla UOP, 6 thé
thuc hién phan ing reforming & didu kién 4p sudt thdp 3.5 - 4 at ma van
tranh dugc tao coc. Ap suit thip thi sy 1ao hydrocacbon thom sé& nhiéu hon
dan dén xang co tri sO octan s€ cao hon.

Tir nam 1990 tro lai diy ngudi ta con phdt trién thém cong nghé New
Reforming v6i xuc téc zeolit, nham chuyén hod cdc parafin va olefin nhe
thanh hydrocacbon thom, la cde ciu 1 cao octan va nguyeén ligu cho téng

hop hod ddu. Tdt ca cic tién bo trén da tao cd so thic ddy nén cong nghiép
dAu khi phat trién ngay cang manh mé.

V1.8. CAC PHUONG PHAP NGHIEN CUU PAC TRUNG CUA
XUC TAC

Pé xic dinh céc tinh chat cda xic tac, nhim ché tao duge mot loal Xic
téc 161 uu, sir dung hop 1y va cd hiéu qua, thong thudng phai nghién c\u cac
van dé sau day:

X4c dinh do phan tdn coa Pttrén chat mang. D¢ phan tdn cang cao, hoat
tinh x1ic tdc cang cao.

» Do phan tan duoge xdc dinh bing phuong phip hdp phu theo so dd
hap phu Macben. diing chat hap phu 1a CO.

e Xdc dinh bang phé héng ngoai IR: ding chit do 1a CO, dua vao
lien k&1 hap phy cha CO véi Pt dé bi€t duge s6 phan tir CO héap phu.
vit d6 chi ra duge lien két kim loai - cacbon (bang V1.6), ¢ nghia la
x4c dinh duge do phan tan cua Pt.
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Xdc dinh trang thai hod tri cba xidc tic bang phuong phdp diing

Réntgen.

Xic dinh bé mat riéng cva xic téc bing phuong phap sac ky khi.

Bdng V1.6. Xac dinh do phan tan Pt bang phuong phap IR,

dung chat do 132 CO

pho

Kim loai Chitmang | D6 dai busc séng {em ™) Cau tric J
Pt Si0; 2075 Pt =C =0
Pt
1850 Pt> c=0
Pd §i0, 2050 Pd=C=0
Pd
1900 pd> c=0
1830
Ni Si0; 2030 Ni=C=0
Ni
1905 N‘i> c=0
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Chuong VI1I
QUA TRINH 1ZOME HOA

VIL1. KHAI NIEM

Izome hod 13 qua trinh nham bién déi cdc hydrocacbon mach thing
thanh mach phianh. Qud trinh nay thudng dp dung dé nang cao tri 56 octan
cla xang. Mat khéc, ciing la phuong phdp dé tao ra cdc cdu 1r cao octan pha
vio xdng nhim nang cao chat lugng.

Dac biét, phan iing ¢6 ¥ nghia quan trong trong loc diu la izome hod
n-butan thanh izo-buten, 1a cdu wr ban ddu dé tong hgp MTBE lam phu gia
tai tao lai xang. Day la phan ung vira isome hod, vira dehydro hoa.

G
CH,=C-CH; + CH:OH AL CH3-C-0-CH;
CH; CH,

Ngoai ra, isome hod con bao gém phédn wng bién déi vi tri nhém thé
trong vong benzen.

VIL2. XUC TAC QUA TRINH IZOME HOA

Xic tdc cho qué trinh izome hod thuoc loai xic tic thic day phan ing
tao thanh ion cacboni, tiic la cdc xiic tdc c6 tinh axit. C6 thé chia thanh 3
nhoém xdc tic sau.

VIL.2.1. Xuc tac pha long

Trudc day ngudi ta ding xic tic axit Lewis nhu AlCls, duoe hoat hod
bing HCL. Gan day ngudi ta dung xic tdc trén co s§ AlBr3 va hén hop AlCl,
+ SbCls, uu diém clia xiic tdc mdi nay la ¢6 hoat tinh cao, & nhigt do 93"C da
hiu nhu chuyén hod hoan toan cdc parafin Cs + Cq thanh /ze-parafin. Nhuge
diém ciia xiic tac nay 1a mau mat hoat tinh, do chon loc thip va dé ty phan
huy. Do axit manh cila xic tdc dé gay an mon thi€t bi.

Ngoai ra con ¢6 thé diing mot 8§ xuc tac axit sau day:

H;PO, & 26 + 135°C; CgH;sSO5H ¢ 76°C d¢ izome hod buten-1 vao buten-2;
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H1PO,/chat mang 1a d4t nung & 325 + 360°C dé izome hod n-alken vao izo-alken.
VII.2.2. Xuc tac axit ran

BeO - bi€n déi xyclohexen thanh metylxyclopenten ¢ 450°C.

Cr,O4: bi€n d6i hexadien-1,5 thanh hexadien-2,4 6 225 + 250"C.

ThO, : izome hoé olefin & 398 + 440"C.

TiO, : bién déi heptylen thanh metylxyclohexen ¢ 450°C.

Al,O5 - Cra0s , AlyO4 - Fey03 . AlOs - Co AlOx - MnO, (1t ca déu
¢ ty lé theo trong luong 1a 4 : 1): 1zome hod metylbutylen 0 294
= 370"C.

Al,O; - Mo,05 : bi€n déi n-pentan thanh izo-pentan & 460"C.

Cr,04 - Fe,0+ : chuyén vi n6i doi. n6i ba trong hop chat khong no (6
220 + 300°C) ma khong thay d6i cdu iric mach cacbon.

MoS: : bién d8i n-parafin thanh izo-parafin, xyclohexan thanh metyl-
xyclopentan.

Al,O3 - V,0s: bién ddi xyclohexen thanh metylxyclopenten.

Zeolit cic loai: isome hod hydrocacbon thom.

VIL.2.3. Xiic tiac ludng chirc
D6 1a cdc loai xlc tdc trong ur nhu xtc tac reforming Pt/Al,O5. Vi xic tac
nay c6 thé 120 ra ngay R* 0 50°C (nhiét do phdn ung n6i chung nho hon 150°C).
Sau nldy ngudi ta dung xdc tic Pt/mordenit, hodc Pt/zeolit khac. Va1 xuc
tac d6, phan ting phai thyc hieén & 250°C. Nhung pho bién van la loai xiic tdc
Pt/AL,O4 , ¢6 7% Cl, trén xuc tdc. Ding CCly dé clo hod.
Su khdc nhau gilta xtc tac izome hod va xdc tac reforming & cho:
- Xiic tac reforming Pt/ Al,03.Cl (Pt 0,3%, lugng clo it).
- Xiic tdc izome hod Pt/ Al,0+.Cl (Pt 0.3%, lugng clo nhiéu hon).

Reforming {zome hod
Cl
Al—Cl Al <
™~
Cl
luc axit yéu hon luc axit manh hon

(1 nguyén tir Cl cho 1 nguyén tir Al) (2 nguyén ur Cicho I nguyén twr Ab
- Chit mang Al,O thudng o dang y va 1.

136



Zeolit 14 mét trong cdc axit rin, né c6 dic tinh rat quy la: do axit cao, 14
x6p lém, 1& mot ray phan tir, do vay cho phép ta tich duge cdc phan tir ¢é
kich thude khdc nhau. T6t hon ca 1a dung xuic tic zeolit ZMS-5 cua hiing
Mobile Oil (M¥).

Mot s& diic trung cia hé xic tic izome hod dugc thé hién & bang VIL 1.

Bdng VII.I. Pic trung cua xic tic izome hod

Xuc tac Nhiét do phdn tng khi s dung
Friedel - Crafts AICi,, AlBry 80 = 100°C pha l6ng, gay dn mon thiét bi
Oxyt Al O3, Cr04, BeO 200 + 450°C
P1/AI,C4 350 = 500°C
PtAIL,Oz clo hod 80 + 150°C
Ptizeolit 250 + 300°C pha hai
Pt {0,3%) / mordernit 250 + 270°C
Pt/zeolit-X
Pdfzeolit-¥ 300 + 330°C
Pt/ZSM-5

Do xic tac izome hod cdn luc axit manh hon nén sir dung zeolit, cdn qua
trinh reforming chi st dung Al>Oj c6 luc axit y&€u hon .

VIL3. CO CHE PHAN UNG 1ZOME HOA

Céc qud trinh ché bién ddu ¢ thé duoc thirc hién trong pha 16ng hoic pha hoi.

Qua trinh thyc hién trong pha long véi xic tac Friedel - Crafts (AlCl3) &
nhiét do 80 + 100°C it duoc phd bién.

Qud trinh thuc hién trong pha hoi 12 qud trinh rit phé bién véi xdc tac
oxyt, axit rdn hodc xtc tdc ludng chic & nhiét do cao, do viy ta xét co ché
cia qud trinh nay.

VIL.3.1. Izome hod n-parafin

Qud trinh izome hod bao gdém w-parafin thianh ize-parafin va a-parafin
thanh izo-olefin.

Vidul:
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Phan Gng bién d8i n-butan thanh izo-butan va izo-buten c6 thé xay ra

theo hai céch sau:

Cdch I: Cdch 2:
CH;-CH,—CH;-CHj
A(HD| -H; trung tam axit M{—H2
CH,-C'H-CH,—CH; = AH ) CH,;—CH=CH-CH;

A(H)lﬂq \ . /

N~ CH-CH-C'H

CH;—CH=CH-CHj3 y
CH;— CH--- CH,
co ché xyclopropan CT3
CH:;-CH'—CH} M, + H, CH3"C+ -CH-
| - 1
CH, —H CHj;
A(H+}l—H
CH3—CI=CH2
CH,

Co ché xyclopropan méi gidi thich dugc su tao thanh izo-parafin va izo-alken.

Theo co ché trén, xyclopropan khi md vong tao thinh C* bac 1, téc do

tao thinh C* bic 1 rat nhd, sau d6 chuyén sang C* bac 3 véi toc do rat 16n:

’ N

STTC AR

CH3-C1H-CH;—@—- CH3—(13+—CH3 M CH;—(%H CH; + H*

+H,
CH, CH, CH;

Ngodi cich phdn iing trén, con xiy ra phan ing tao dime (co ché ludng

phantu)
C-C-C*-C +cccc—>ccc+cc _c_¢ SmmehB e,

l ¢
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Trong hai co ché trén, co ché ludng phan ti

dé xay ra hon. Tuy nhién san phdm trung gian < M\
cha co ché niy (dime) c6 kich thudc 16n. Néu  ygp

chit xuc tic c6 16 x&p nho hon kich thuéc cua 1 l

dime thi phan ung nay khong xay ra dwge. Do

viy muén tang do chon loc, phai chon xic tdc ¢é kich thudc phu hep. Xuc
tic thudmg dung trong cong nghiép 1a zeolit Ferjorit (¢6 d = 5 A, do axit
tuong duong do axit clia ZSM-5).

[-o-butan 12 cdu tu rit quan trong vi tir d6, bing cach dehydro hoa thu
i-o-buten, 13 nguyén ligu dé san xudt MTBE. S d3 phan gng nhu sau:

. . CH.OH
n-butan —w izo-butan —— ™ izo-buten ——— MTBE
2 H

Phan ing c6 thé xdy ra trén xic tic axit rén, dién hinh 2 zeolit. Vi du
trong bang VIL.2 cho bigt, vai xdc tac la zeolit mordenit, d6 chon loc cua
i—o-butan cé thé dat t6i 74%.

Bing Vi1.2. Izome hod n-butan trén mordenit & 250°C va 1 at

[ Thoi gian trong déng (phit) 5 20 25
Pa chuyén hoa (%) 80 22 15
D& chon loc {%):

izo-butan 49 65 T4
Cs 35 22 21
Cs 16 13 5

Nhiéu nha nghién cttu chi ra rang, oxyt zirconi duge sunfat hod c6 thé
izome hod butan thinh izo-butan & nhigt do tir 100°C dén 150°C (bing VIL3).

Bing V1.3, 1zome hod r-butan trén xic tic SOT!ZHOZ trong dong nito

Nhiét 36 phan (g (°C) 150 250 ]
Hieu sudt (%) izo-C4 | Gs Cs iz0-Cy Cs Cs
Thoi gian trong dong (phat):
5 247 7.5 1 36,5 886 4.2
20 17,9 0,7 0 239 2.2 1,2
35 19,5 0% 0 19.6 1.4 1,4
50 14,4 05 0 16.8 1.1 0,7
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Khi thém Fe va Mn vao oxyt zirconi lam tang ding ké hoat tinh xuc tdc,
Ai thién thoi gian 1am viéc cua xic tac. Nguge lai, thém Pt

nhung khong ¢
ua xic tac

lam tang &6 chon lpc thanh i—o-butan va ca thai gian 1am vige ¢
(bang VIL.4}.
Bang VII.4. Jzome hod n-butan trén xic tic Pt!SOi_inOZ trong dong hydro

CulH, Thai gian phén ung (phit) |
Mau (g himo!) 5 35 65
X S X 5 X 5
511 33 88 25 91 24 92
PS80, 1210, | 1N 32 91 31 95 33 g5
113 33 100 37 100 37 100

(*) X : d6 chuyén hod, S do chon loc

Vidu 2:

Izome hoa: n-hexan ——» i-o-hexan

Co ché phan ding nhu sau: Giai doan | tao olefin, xiic tigén cho qué trinh
nay la cdc tam kim loal trong xic tic Pt. Sau d6 tiép dén giai doan 2 12 qua
trinh déng phén hod, xdy ra trén ¢ic tam axit Lewis:

CHy—CH,—CH,y~CH,—CH,~CH; == CH3—CH=CH-CH,-CH,-CH, T':_‘l—»

A CI_Is_CH - _;_ -FH_C}IZ_CH3 ....-'L’

CH,~C"H-CH,~CH,~CH,-CH; —£-» H-
\CH
A - M,+H,
CH;~CH-CHy-CHa~CHy > CH3=G ~CHy-CH,~CH; >
CH,' CH,
—> CH3-GH-CH,-CH,~CH;

CH,

Tém lai, xiic tic cho izome hod twong ty nhu xiic tac cho reforming, xdc¢
tdc hai chic ning, vi izome hod thuong x4y ra qua hai giai doan:
Giai doan 1: Tdch hydro (ldc nay vai trd xidc tdc 1a tam kim loai M).

Giai doan 2: Déng phan hod (vai trd xic tic 1 cde tam axit A).
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VIL3.2. Izome hoa cac hydrocacbon thom

Mot s6 qud trinh izome hod khac cé ing dung trong hod diu la izome
hoa cdc hydrocachon thom, chlii y&€u 14 m-xylen tao p-, o-xylen 1a cédc san
phim c¢ gid tri cho tdng hop hod dau.

Dé izome hoa alkyl benzen, vai trd cua cdc axit TAn rat quan trong, ta
hiy xét cdc thong s6 sau:

Kich thudc dong hoc cla cic phin e

o-, m-xylen 6,3 A

p-xylen 57A
benzen 6 A
toluen 5,7 A

Kich thuée 16 x6p ciia mot s6 zeolit:

Loai nhd Sabasit Erionit
3,6 A 3.6 A

Loai trung binh ZSM-5 Z5M-11
54-57A 5,1 A

Loal 1én Y. Z Mordenit
74 A 6,7 A

Trong qué trinh izome hod, thudng xay ra cdc phan Ung sau:

1. Phan éng déng phan hod:

CH}
CHB
CH, -
Ol — j
CH,
CH3

t6¢ d6 tao hai déng phéan nhur nhau.
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CH;
-H' L+H —141‘1L+H4 hH*1+H*
CH, CH, CH,
H
_— H _ CH3
H H
CH
CH, H 3
2. Phdn itng phan bé lai:
CH, CH,
CH, CH, >
CH;
Co Qo
CH, CH, CH;  CH,
2
(2)
CH; CH,

Co ché phan tng phan bd lai m-xylen dugc biéu dién nhu sau:

+
CH, + CH,
o” e g™ .

CH,4 CH,
H
O - 0T, -
+
CH, CH,
CH, CH, CH, .
CH,
CH,
= +
CH, CH,
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CH, CH,
CH, CH, )
+ H2 —— + H
CH,4 CH,4

bo chon loc cdc loai sdn phdm & trén phu thudc vio xic tic. Vi du,
muén thu duoc p-xylen, phai chon xic téc ¢é kich thude 16 x6p phi hop véi
kich thusc dong hoc ciia phin tir p-xylen, d6 la zeolit loai mao quan trung
binh ZSM-5. Thuc nghiém cho biét ring, trén zeolit ZSM-5, tdc do khuéch
tan cua p-xylen nhanh hon 100 1dn so v6i cic dong phén octo va meta. Nhoém
zeolit mao quan trung binh 1a loai t6t nhat d6i vdi qud trinh izome hod, vi
v6i loai xic tac ndy sé& trinh dwgc cdc phan dng khong mong dgt, d6 1a phan
ing ngung tu. Con néu sl dung zeolit ¢6 mao quan 16n thi ¢ thé thu duge ca
san phim phan b6 lai hoac san phdm ngung tu.
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Chuong VIII
QUA TRINH POLYME HOA

{con goi la oligome hoa)

VIIL.1. KHAI NIEM
Polyme hod la qud trinh tring hop hai hay mhiéu phan t1. C6 hai loai
phan ing tring hop, dé la:
I. Trung hop hai hoac ba phan tir khi dé tao ra xang (phan tGng nay con
gol 12 oligome hod).
2. Trung hgp nhiéu phén tir tao cdc vat ligu hitu co rhur chat dée, cao su v.v...

Trong phén nay, chu y&u xét phan ing oligome hod tao xang ¢6 tri s6
octan cao. Nguyén liéu ban dau Ja khi propylen - butylen thu ducc tir qua
trinh cracking xic tdc, hodc khi ddu moé. Phan (ing xdy ra nhu sau:

Cic phan tng: E (trung binh):
2C:H, === CgH,» 370 kcal/kg
3CiHg === CyHy
2C4Hy === iz0-CyH 4 (izo-octan) 220 kcal/kg
Céc chat thu duge (CgH),, CoHyy, CyHyg) 12 cdc cau tr long, nam trong

g161 han nhiet do s6i cua xang. Ching cd cau tac mach nhank nén cé tri s
octan cao, thudng sit dung dé pha vao céc loa: xang nham nang cao chat luong.

Ngoai ra. c6 theé polyme hod tao diézen: 10C,H, — C,Hy,.

VIIL.2. XUC TAC VA CO CHE CUA PHAN UNG

Ciling nhu céc qua trinh ché bié€n hod ddu khdc, polyme hod xiy ra theo
co ché ion cacboni, nén xtc tac 1a cdc axit. Thudng sir dung axit HyPO, hoac
H:PO4/chat mang. Ngay nay, trong cong nghiép ¢6 thé sir dung cdc axit rin
nhu AL, Os, aluminosilicat, zeolit. Phan iing dugc tién hanh & nhiét do 150 dén
200"C va 4p sudt 50 dén 80 at, x4y ra theo hai giat doan:
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- Giai doan {: Proton hoi:
CH;-CH,—CH=CH, + H' —# CH;-CH,-C"H-CH;,
- Giai dogn 2 K&t hop véi olefin:
CH,
CH;—CH>~CH"—CH; + CH2=$—CH3 —> CH3—CH3—(1,H—CH3—(T—CH3

CH, CH;
CH;
— CH3-CH3—CIH—CH=C|—CH3
CH;

Ngoai cdc sdn pham trén con nhan duge hén hop cic polyme khdc (véi
sut chuyén rot dién tich duong (+) § cdc nguyén tit cacbon khdc nhau, tham
chi trong san phdm con nhan duge ca trime). Hén hop cdc chit nhu viy s€
[am cho xing ¢6 chit lugng 16t (tir cdc ciu tir ¢6 gid tri thap hon).

D6 axit cia xdc tac luén giit vai trdo quan trong, vi vdy cac y&u t6 lam
4nh huong dén do axit cha xic tdc déu phai quan tam.

Né&u luong H,O trong nguyén liéu qud gidi han cho phép din dén giam
dé axit clia xde tdc.

Su ¢é mit ¢dc hgp chit bazo nhy NHj cling lam ngo doc xide tac (vi xuc

tac 1a axit).

Sy ¢é mit ciia hop chit oxy va butadien trong nguyén liéu, tham chi
ciing 1am gidm hoat tinh xic tic, do din dén su ling dong cla cdc hop chat
khic nhu gudron trén bé mat xic tdc.

Xic tdc axit photphoric rit khé tdi sinh, song bl lai, thot gian lam viéc
cha xdc tiac khd dai, ning sudt cha xdc tdc dat 16i da 600 dén 2000 lit
polyme cho | kg xic tic.

Chii y: Ngudi ta khong dung etylen lam nguyén liéu polyme hod trén
xdc tac axit photphoric vi ré dé tac thanh ion cacboni bac 1, din dén tao

n-alcan.

Qua trinh polyme hod khi butylen con luon xay ra kem theo qud trinh
izome hoa C4. Theo co ché sau day:
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C
+ —r |
c=c-c-¢ > ccctc e C . cC—C—C-C*—C-C

dist lién ke‘:‘tl
C C C

} H+ axit —

| |
C-C-C <4 — c-C¢*-C¢ = C-C-C" + ¢=C-C-C

VIIL3. CAC YEU TO ANH HUONG PEN QUA TRINH
POLYME HOA

VIIL.3.1. Anh hudng cia thoi gian phan Gng

Thoi gian phan ing duge biéu didn qua téc do truyén nguyén liéu (thé
tich nguyén liéu truyén qua trong 1 gio trén mot don vi trong lugng xuc tac).

Pé nhan san phdm polyme ¢ tri s6 octan cao, ¢dc qua trinh cong nghiép
déu ding dén t6c do truyén tir 0,12 dén 0,46 m3,fh.kg (hinh VIII.1).

100 -

Pa chuyén hoa, %

1 1 b 1 1 1 I | ! -

1 2 3 45 6 7 8 910
Téc do truyén nguyén ligu, 1/h.kg xdc tac

Hinh VIIL1. Quan hé giira d& chuyén ho4 va t6c d6 truyén nguyén ligu

VIIL.3.2. Anh huéng cia nhiét do

Nhiét d6 cao 1am t6c do coa phan (ng tang lén, din tdi ting mic do
chuyén hod cua qud trinh.

Nhung néu ting nhiét do, cling din dén tao nhya, dé ling dong trén xdc
tdc lam giam hoat tinh va thoi gian lam viéc cua xdc tac,

Trong cong nghiép thudng sit dung khodng nhiét do tir 170 dén 225°C.
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VI1L3.3. Anh hudng ciia ap suat

Khi qud trinh dugc thyc hién trong pha hoi, 4p suit ¢6 anb hudng manh
dén thoi gian phan ting.

( 4p sudt cao, s€ tao ra pha ngung tu vi cd tdc dung day cdc polyme
ning ra khoi bé mat xic tic, ngan ngira sy mat hoat tinh Xxi¢ tac. Néu 4p suat
thip qud thi nguge lai s& tao thanh cdc pelyme ning, ling dong trén bé mat
«ic tdc va Jam mdt hoat tinh. Trong thyc t€ phan ing thyc hien & p =25 + 28 at.

VIIL.3.4. Anh hudéng cha hoat tinh xic tac

Viéc duy tri hoat tinh ciia xic tac dat dugc bing cach diéu chinh do am
cua nguyén lidu, ham lugng nudc cin duge duy tri trong gidl han sao cho
“néng do ty do” cha P>0s trong xtc téc tir 16 d€n 18% (“ndng 4o ty do” cua
P,Os dugc biéu thi bing phén tram axit photphoric dugc tich ra bang nudc
lanh trong diéu kién phong thi nghiém). Lugng nudc trong nguyén liéu dé
cho ndéng do P,Os duge nhu vay phu thudc vae nhiét do; trong khoang nhiégt
A6 tir 200 dén 210°C, ham lugng nude cho phép (3,5 + 4,0).107 %.

VIIL4. NGUYEN LIEU CHO QUA TRINH POLYME HOA

Nguyén liéu cho qud trinh polyme hod 13 phan doan propylen, butylen
(}ay trong khi cracking xc tic hodc tir phan doan khi cua diu mo 16i thuc
hién phan ung dehydro hod). Tir hai loai khi nay, khi trung hgp sé€ tao ra
hydrocacbon mach nhdnh 12 cdu tir co tri s6 octan cao trong xang.

Né&u muc dich cha quéd trinh polyme hod 1a thu nhién liéu diézen thi
ngudi ta sit dung khi etylen, vi san phdm polyme thu dugc 13 hydrocacbon
mach thing, c6 tri s6 xetan cao.

Nguyén liéu trudc khi dua vio polyme hod phai dugc lam sach khoi tap
chat, sdy kho, déng thdi phai loai hét cic chit chia S, N, O dé tranh giy ngé
doc xic tic va 1am xdu di chét tuong san pham thu.
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Chuong IX
QUA TRINH ALKYL HOA

IX.1. KHAI NIEM
Alkyl hod la qua trinh dua thém géc —R vao phin tr chat hitu co, chi
yéu bao gom haj loai phan ting sau:
l. Alkyl hod alcan, nhdm tao ra xdng ¢o tri s6 octan cao. Py 1a muc
dich chu yéu trong cong nghé loc hod diu. Tir cic can tif ban ddu la
khi (C4H,p va C4Hg) ta thu dugc xang (izo-CgH g) ¢6 tri s6 octan ta 100,
2. Alkyl hod hydrocacbon thom. Phin ng nay sir dung dé diéu ché cic
alkyl benzen, lam nguyén liéu cho téng hop hod diu.
Quad trinh alkyl hoa chi€ém 20% thé tich ddu mo dwa vao ché bién va 1a
moét qud trinh quan trong trong cdc nhi may ché bi€n ddu khi.
IX.2. ALKYL HOA ALCAN
Alkyl hod alcan 1a qud trinh phd bi€n nhat dé tao ra xang alkyl hod (con
goi la alkylat). Trong cdc loai alcan chi ¢é izg-alcan tham gia phan ing. Tdc
nhén alkyl hod thudng st dung 1a olefin hoac ruou, trong d6 olefin 1a cha yéu.
Dé phin ting ¢4 dé chon loc cao, thudmg 14y ty 1¢ giifa /zo-parafin va olefin bang
hodc Ién hon 5 : 1, nhiét d6 phan (ng tir —15 dé€n +45°C va phai khuay trén manh.
Xét phan tng:
f:O-C4H10 + C4H8 _— f:O—CgHIS

Phan ing xay ra theo co ché ion cacboni, qua ¢dc gial doan sau day:

(FH3 (EH3
+ CH,=C-CH
CHy—CH—CH, Ay CHS—(F+—CH3 L N CHS—(’T*—CHz—?LG{3
CH, i CH, CH, CH,

+ CHy~CH—CH

h o |
CH3—$+—CH3 # CHy~C—CH; CH-CH;  CHy~C—CH,—CH—CH, + H'
CH, CH, CH, CH, CH,
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Xiic tic diang trong qué trinh alkyl hod thong thutng bao gém cédc loai
sau day:

1. Xic tac HaS0,, HE:

Trong cong nghigp, thuong sit dung H,SO0; tit 90 dén 99% hoic HF. Néu
str dyng hal axit trén, cda luu v dén ty 1é olefin/izo-butan sao cho olefin 1a
nho nhat (ty 1& 1/5), vi céc olefin hoa tan t&t trong axit H,S0,, tao digu ki¢n
cho cdc phan tng phu xay ra (nhu phan ung tring hop), con izo-C4Hjp 1ai
hiu nhu khong hoa tan trong HySO4, HF, do dé phai khudy tron manh dé
néng 46 izo-C4H g trong khoi phan ¥ng dat cue dai.

2. Xic tac AlCl; + HCL:

Xdc tic AlCl; + HCI cho phép phan tng thuc hién & nhiét do thip (15
dén +25°C), dé ché tao, cho san phim cé it nhdnh phu.

3. Xic tic BFy + HF:

Phan ing trén xdc tdc nay thudng thuc hién © nhiét do cao hon (40 +
45°C), tao nhiéu san phim phu cla qué trinh izome hod.

4. Cac zeolit ¢é mao quan rong, ty 1& Si/Al cao nhit: zeolit USY, zeolit B.

¢ USY (Si/Al = 13,6)

V6i xic tac nay, su mit hoat tinh xay ra rdt nhanh, khi ting thoi gian
phan ing, chat luong alkylat gidm (ty s cta 2.2,4-TMP trong phan doan Cq
giam). Mat khdc, trén xiic thc da mat hoat tinh, chi c6 oligome hod xay ra.

e Zeolit f:

Zeolit B c6 tac dung gén gigng nhw USY, tuy nhién, néng d6 cna 2,2,4-
TMP trong phan doan Cg Ia ahd hon, ching t ring sy khuéch tin cua san
phdm bi gi6i han boi kich thuéc clia mac quan.

Céc xuc téac sit dung va dieu kién phan Gng dugc ghi & bang 1X.1.

Thanh phéan san phdm thu dvgc thé hién & bang IX.2.

Trong céc san phdm trén, izo-pentan tao thanh véi s6 lugng it nhit.

Trong cong nghiép, dé alky! hod, ngudi ta s dung hén hop ba dong
phan cta butylen:

CH,=CH~CH;~CHj3 CH;—-CH=CH-CH; ; CH3=('IJ—CH3
CH;

Sit dung izo-buten s& thu dugc sin phdm c6 phiéu mach nhénh (2,2,4-

trimetyl pentan), day 12 c&u tir ¢6 tri s6 octan cao (d4€n.100).
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Bdng IX.I. Xiic tdc st dyng trong qui trinh alky! hoa

hodc AICI; + CoHCl

| xuctac Nhiet 46 Ghi chi
AICly + HCI _45% = 0°C |S&n phdm trung gian la 2,3-dimetylbutan khéng bi
izome hoa
AIC!, + HCI 2590

San pham 2,3-dimetylbutan bi izome hoé manh

BF; + HF +H,0 | 40+ 45°C

Izome hoa rt manh 2,3-dimetylbutan

X4y ra phan Gng phan DG lai va izome hoa

Phan (ng atkyl hoa x3y ra manh, ngoai ra con co

Ni + HF + BF; 20 + 30°C
HyS80, 5= 10°C
HF 20 + 50°C

thé xay ra izome hod J

Bdng 1X.2. San pham tao thanh trong qua trinh alkyl hoa

jzo-parafin Olefin San phém chinh
izo-butan Propylen 2.3-; 2,4-dimetylpentan;
2.2 4- trimetylpentan; 2,3-dimetylpentan

izo-butan Buten-1 2,2 4- trimetyipentan ; 2,5-, 2,4-dimetylhexan
Buten-2 2 2 Strimetylhexan; 2,3-dimetylpentan; 2-metyipentan
Diizo-buten 2,2 B-trimetylheptan

-fzo-pentan Propylen 2.3-: 2,4-: 2 5-dimetytheptan; izo-hexan

@etylbuian Buten-2-diizo-buten | 2,2 B-trimetytheptan; izo-pentan

Viéc ttng dung cdc axit nhu H,SO,, HF lam xiic tic cho phép thirc hign

cac phan tng alkyl hod véi hidu sudt cao; nhung cdc tiéu chudn ngdy cang
chit ché vé moi truomg dang thic ddy viéc nghién cttu tim ki€m cdc axit rin
dé thay thé axit H,S0,, HF.

* Chdt hwong xdng alkyl hod

Xiang thu duge tit qud trinh alkyl hod (con goi 12 alkylat) ¢6 chdt luong
rat cao: Tri s6 octan trén 95, chita it it olefin va hydrocacbon thom, trong
thanh phdn chita chl y&u la cdc izp-alcan (izo-octan). Thudng su dung

alkylat d€ pha vao cic loai xdng khdc nhau nhim naag cao chat lugng.
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[X.3. ALKYL HOA BENZEN VA CAC AREN KHAC

Trong phan ng alkyl hod benzen va déng ding, thuong dung tdc nhan
alkyl hoa 1a etylen hoac rugu. Qud trinh ndy nham thu duoc cac alkyl
benzen, l1a nguyén lig¢u cho tdng hop hod ddu. Cic phin dng xay ra nhu sau:

CHy
O - e = O

CH, CH,

@ + CH=CH, R s S @/ GH;

San pham thu duge chi yéu la cic déng phan octo va para.

C6 thé xay ra alkyl hod tiép tuc:

CH, CH,
+ CHy=CH, L @’ CH;
G, CH,

Néu alkyl hod bing propylen thi ¢6 the x4y ra hai trudng hap:

1. Tao cumen (I}:

CH/CH3
\CH
@ + GHy —— @ 3 m

2. Tao san phdm déng vong (II):

CHCHy~
©+2C3H6—+ @( L2
CH,
CHZ_Cﬂz/

Ngoai olefin, ¢6 thé alkyl hod bing ruou:

C6H5CH3 + CH30H — C6H4(CH3)3 + Hzo
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Xuc tac cho phan tng alkyl hod hydrocacbon thom thudmg chia lam cdc
nhém sau:

+ Cac axit léng H,S0Q,, HF.

+ AlCH;.

+ Mot s6 oxyt Si0;, Al,O3; hodc oxyt duge sunfat hoa nhu
80,7/Z105 ; S0, /TiO,.

+ Zeolit.

+ Xic tic chita zeolit.

Trong cdc loai trén, cde xdc tdc rin td ra ¢6 vu thé hon, dé chen loc cia
san phdm alkyl hod Cg khoang 98%, tich san phdm d& dang, han ché duge su
tao thanh hydrocacbon ning.

Cac loai zeolit khdc nhau s& xic ti€n phan dng vdéi t6c do khic nhau.
Khi so sinh t&c dé phan iing izome hod va alkyl hod trén cdc zeolit khic
nhau ngudi'ta thay:

Zeolit HY H-mordenit H-ZSM-5
Toc do phan ung izome hoa 20 70 1000
va alkyl hoa

Tir 6 lidu trén ta thay, zeolit ZSM-5 1a loai t6t hon ci khi sit dung lam
xiic tic d€ alkyl hod benzen va toluen. Do chon lgc cia sdn phim p-etyl
toluen trén ZSM-5 12 cao nhat.

Dé han ché san phdm ngung tu (II), can phai chon xiic tdc c¢6 16 x&p

trung binh, khdng ch& thoi gian lun cla tdc nhan phan Gng trén xic tdc nho.

IX.4. CAC YEU TO ANH HUGNG

C6 cdt nhién y&u t& anh huéng dén qua trinh alkyl hod, trong dé dnh
hrdng cia xde tde 1a cho yé&u.

— D6i véi cdc xtc tdc axit rin s€ c6 dnh hudng cita do x8p, kich thude 16
x6p, su phd hop cla kich thude phan tir san phdm va dudng kinh 18 x&p cia
xUc tdc.

— D61 véi cdc xdc tdc long c6 cdc y&u t6 anh hudng sau:

152



e Nhiét do phan ng: N&u ting nhiét do, do nhdt cua tic nhan va cua
xiic tdic giam, tao diéu kién khudy trén tét hon. Song khi nhiét d¢ cao, phan
iing phu loai polyme hod va oxy hod lai ting do téc d¢ hai phdn iing niy
manh hon alkyl hed, vi th€ 86 chon loc cua qud trinh giam xudng, do vay
phai tién hanh & nhiét do thip.

e Nong d6 axit: HaSOy st dung dé alkyl hod phan doan Cy4 ¢ néng do
%8 dén 98%. Tri s& octan cna xiang alkyl hod dat cuc dai khi néng do H.SO,
dat 95 dén 96%. O néng d6 niy, vira thuan tién cho qui trinh alkyl hod, va
ca phan tng déng phan hod, cho nhiéu 2,2 4-trimetylpentan [a cdc cilu tr ¢6
tri 56 octan cao.

Néu ding H.50,4 qua daf\c', xd¢ tde s€ ¢é tinh oxy hda cao, nhung néu
ding H,SO4 qui lodng, qud trinh van chuyén H' bi khé khin din dén giam
t6¢ do phan ing.

Vi vay trong céng nghiép, dé alkyl hod izo-alcan, thudng st dung H,50,
98%, HF + AlICl;; con d€ alkyl hod benzen v déng ding, sit dung zeolit
hodc xic tic chita zeolit, trong dé ZSM-5 duge s dung phd bién hon ca.
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Chuong X
QUA TRINH THOM HOA CAC ALCAN VA OLEFIN NHE

X.l. Y NGHIA

Céac alcan nhe (C; = C4) 13 thanh phin cha yéu cha khi thién nhién va
khi dau mo. Trude day ching chi duge su dung chi yéu dé€ lam nhién liéu, dé
san xudt khi tu nhién hod long LNG (tir CH,) hoac khi ddu mo hod 1ong LPG
{tir C3Hyg va C4H g). Cong nghiép ché bién ddu ngay cang phat trién din dén
lugng LNG va LPG du thira trén thi truedng, diéu d6 goi v cdc nha khoa hoc
phai chi ¥ dé€n cac hudng khédc khi sir dung khi.

Tir nam 1996 trd lai ddy, cdc chuyén gia hod ddu cia Phap, M§ di thanh
céng trong viéc nghién citu chuyén hod cac alcan nhe thanh hydrocacbon
thom nhu benzen, toluen va mot s6 dan xudt khdc. Cic chét nay la cac cdu to
cao octan, déng th&i 12 nguyén ligu cho téng hop hod diu.

Trong s& cdc phan ung chuyén hod alcan nhe, phan ing bi€n déi metan
thanh benzen c¢é ¥ nghia to 1én, vi nguén khi tu nhién rit doéi dao, trén thé
gidi ngdy nay di phdt hién ra nhiéu mo khi méi. Mit khae, cdc qud trinh ché
bi&n déu nhu cracking ciling tao ra mot lugng 16n khi C; = C4. Vi vay thom
hod alcan, olefin nhe s& la mot hudng ché& bién dau khi rdt cé y nghia vé 1y
thuyét cing nhu thuc t&.

X.2. XUC TAC VA CAC LOAI PHAN UNG THOM HOA
X.2.1. Xii¢ tic

Xiic tac s dung ¢ho qud trinh thom hod thuong la cdc loai nhu:

CrO4/Al;05 Mo/HZSM-5
H-ZSM-5 Mo/HZSM-22
H-ZSM-5 ¢é thém Ga, 04 hodc ZnO Pt/Al,O4
K>MoQ,/HZSM-5 Pt-HZSM-5
Mo/HZSM-5 ¢é thém chit kich hoat Zn-Pd-ZSM-5
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Cic oxyt thém vao nhu Ga;0s3, 700 1a cic chdt kich hoat t&t, xuc rién
thém cho phan Ung dehydro hod, tao diéu kién cho phan dng déng vong xdy ra.

X.2.2. Qua trinh thom hoa metan
X.2.2.1. Xic tdc

Phan dng chuyén hod metan thanh benzen 13 qua trinh quan trong va cé
¥ nghia trong thyc tién, ohim bign khi thién ahién (1a cdu tir tir trude dén
nay hiu nhu chi ding lam nhién liéu) thanh céc hydrocacbon thom hitu ich.
Xic tic cho qua trinh nay thuong diing 12 molipden mang trén zeolit axif,
chi yéu 1la Mo/HZSM-5, dugc diéu ché tir dung dich dam dic amoni
paramolypdat [(NH4)gM07024], dwgc ngam tim trén zeolit & nhiét do 85°C
sau d6 nung. C6 thé cho thém céc chit kich hoat khdc nhau dé tang cuong
hoat tinh xic tic. Xic tic didu ché duoc cé dang MoO3/HZSM-5.

Phén ting chuyén hod metan thanh benzen trén xiic tic Mo/HZSM-5 xay
ra chil yéu & nhiét do cao (bang X.1).

Bdng X.1. Chuyén hod CHy thanh C;H, & cdc nhiét 4o khac nhau

. o Po chuyén hod Thanh phan hén hgp (% trong lugng)
Nhitdo (C) | cia CH, (%)
' Cos | o CHq
527°C (800°K) 2,5 2 05 97,5
763°C (1036°K) 13,8 11,2 2.6 86.2
927°C (1200°K) 40 32,6 74 60 |

Tir bang trén ta thdy ring, & nhiét 4o thip (~500°C) mitc do chuyén hod
hau nhu khong dding ké. 3 nhiét do cao (~900°C), d6 chon loc benzen mdi
dat dwge khodng 30%.

Po chuyén hod va do chon lgc cha phan iung thom hod con phu thudc
vio ham luong Mo trén zeolit. Nguoi ta thay ring, khi ham lvong Mo 1a 4%,
d6 chuyén hoa ciia metan dat 6% va d6 chon loc ciia san pham chinh: benzen
13 38%. Khi giam ham luong Mo giam xudng cdn 2% ciing & ap sudt va nhiét
@6 nhu xic téc chifa 4% Mo (700°C, 1 at), thi do chuyén hod cua CHy tang

dé&n 10%, con do chon loc thi tang manh (dat = 70%}, (hinh X.1).

Véi xic tic Mo/HZSM-5, ngoai san phém chinh 12 benzen (70%]), con cé
cdc san phim phu khac nhu naphtalen, toluen, CO, hydrocacbon Cy + Cs.
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Hinh X.1. B3 chuyén hoa CH, va d5 chon loc CgHg trén xdc tac 2% Mo/HZSM-5 3 700°C, 1 at

Theo mét s6 cdc tdc gia khdc, khi thém kali vio xdc tic trén, dudi dang
K Ma0,/ZSM-5; phan img thyc hién & 800°C (1073°K) véi dp sudt 1 at, thu duagc
do chuyén hoa metan: 13%, con d6 chon loc benzen la 75% (hinh X.2, X.3).

Dac biét thdy ring, sy c¢6 mit ciia K c6 téc dung rit ngén thdi gian hoat
hod cia xiic tdc: chuyén hod cia CHy v do chon loc clia CgHg dat circ dai ngay
sau 10 dén 15 phiit ddu cua phan dng (¢on trén cic xdc tdc khac phii sau vai gid).
Cic kim loai kiém khdc ciing c¢6 tdc dung twong ty va gidm theo day K > Na > Li.

[=2]
1

Bo chuyén hoa, %
<9

0 ] ] ] ]

40 80 120 160 200
Thdi gian, phat

Hinh X.2. Chuyén hoa metan trén K;Mo0,/ZSM-5 & céc nhiét d6 khac nhau
1) & 923°K (650°C) ; 2) & 973 (700°C) ; 3) & 1073°K (800°C)
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Hinh X.3. Do chon loc cla c4c s&n pham trén K,Mo0,/ZSM-5
1) etylen C;H, ; 2) etan C;H; ; 3) benzen CgHg .

Cic tac gia P. Meriaudeau, C. Naccache trong cdc cong trinh nghién citu
cua minh dd cho rang, néu cho thém chat kich hoat véi mot ham luong nhd
ciing lam thay déi d6 chon loc clia benzen trong qua trinh thom hod metan
(hinh X.4),

Tir hinh X.4 cho thdy rang, viéc bé sung Pt, Pd, Cr déu din dén tang do
chon loc ciia benzen, trong d6, thém 0,6% Pt do chon loc ting manh nhit.

Ciing theo cdc tdc gid trén, néu thay zeolit HZSM-5 bing HZSM-22 thi
hoat tinh xic tdc ting manh (c6 thé ting 1én 4 1dn). Do chon loc cla benzen
¢6 thé dat t6i 83% sau 24 gi& phan tng (bang X.2).

C6 thé cho ring, xic tdc Pt+Mo/HZSM-22 la xic tdc t6t nhit hién nay
déi voi phan dng thom hod metan.

Dé nang cao tinh ning cia xdc tdc Mo/HZSM-5, Linsheng Wang di cho
thém Co, Fe nhu 1a mét chdt kich hoat, duge loal xiic tic méi Co-Mo/HZSM-
5, Fe-Mo/HZSM-5. Ngodi ra, éng con cho thém CO vio hén hgp khi metan
nguyén liéu, diéu d6 di din dén ting khi nang dn dinh clla xiic tic vA ting
do chon loc cua benzen 1én t6i 75 dén 85%, con do chuyén hod cia CH, 12
10 d&n 13% (hinh X.5).
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Ap sudt tao thanh benzen, torr

4] 1 | | ! ! | | 1
0 10 20 30 40 50

Thoi gian phan tng, gic
Hinh X.4. D6 chon loc clia benzen trén céc xdc tac 4% Mo/HZSM-5
¢6 cac chat kich hoat khac nhau

a) c6 thém 0,6% Pt; d) c6 thém Ga {AliGa = 8,2);
b) ¢6 0,6% Pd:; e) thém 0,6% Pd; 0,6% Ni;
¢) khong c6 cht kich hoat; 1) them 06% W,

{mAu dé so sanh) g) them 0,6% Cr.

Bding X.2. Do chon loc sin phim clia phan dng thom hod metan

Xiic tho Thdi gian Do chon lge D9 chon loc ] Coc,
phan ing CeHg . % naphtalen, % %
4% Mo + 0 6% Pt 8 55 13 16
H-ZSM-5 {SifAl = 26) 24 65 8 15
4% Mo + 0,6% Pt 8 78 4 )
H-ZSM-22 (SifAl = 15) 24 83 3 2

X.2.2.2. Co ché phdn itng

Cé nhiéu gia thiét vé ¢ ché phan ¢ng thom hoi metan. Pdu tién, néi vé
vai trd ciia xtic tic, Lunsford J. H. va cong sy cho ring: Mo,C la chit xuic tdc

cho phan ing, né dugc tao thanh trong giai doan diu khi Mo phan tng véi
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CH, & 700°C. Két qua phé tia X chi
ché ra c6 dang MoO3/HZSM-5) big

ra rang, Mo*® ban dau (xic tdc moi diéu
iam hoa tri xuéng Mo, sau d6 tao thanh

Mo,C (hinh X.6). Trén phd Rontgen xuit hién vung pic dic trung cho Mo,C.

o]
=]

40

Ligng benzen hinh thanh, gfs

0 |

MorHZSM-8 + GO
CoMo/HZSM-6

Mo/HZSM-5
| {

CoMofHZSM-5+ CO

—

0 1000

2000 3000 4000 5000 6000

Thdi gian, phit

Hinh X.5. Do chon loc cOa benzen trong phan ung thom hoa metan
trén xuc thc Co-Mo/HZSM-5 co thém CO

Hinh X.6.

Phé XPS cla xuic tac Mo/ZSM-5

(x{r Iy & 700°C)

a) trong dong khi Og, 0.5 gig

)
b trong CHy, 10 phtt
¢) trong CHy, 30 phat
d) trong CHy, 2 9i0

)
g) trong CH,, 10 gid.

Cudng dd pic N(E)E

Mc-/' e
|

240

235 230 225
Nang lugng, eV
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Tu‘ két qud trén pho cho thay, dau tién chua ¢é CHy, pic dac trung cho
Mo™*® rat manh, khéng ¢ pic dic trung cia Mo,C. Khi ting ddn thdi gian trong
dong khi CHy, cudng do pic dac trung cho Mo,C tang dén, pic cia Mo™® mat
dén. C6 nghia 1a Mo*® da bien d6i thanh Mo, C la trang thai xtc tic cho phan iing,

Dé tao thinh benzen, theo tic gla Lunsford J. H., etylen (C,H,) 1a chat trung

glan tao ra trong qué trinh nay; sau d6 oligome von g hod tao benzen:

6CH, ~Lp 3CH, + 6, —H m CH, + OH,

Giai doan oligome hod duge xiic téc bdi cic tim axit trén zeolit, chinh vi viy
ma Mo/HZSM-5 hoat dong nhu mot xic tic ludng chic ning.

Mot céng trinh nghién citu khic cha P. Meriaudeau cho ring, CoH, 1a

sdn phdm trung gian cda phan ing chuyén hod metan trén xic tdc
Mo, C/HZSM-5. D€ tao thanh C>H,, 6ng gia thiét rang trén Mo,C, cdc phan

td CHy bi tich hydro dé tao thanh [CH;], [CHA], [CH], ma trong dé dang
trung gian [CH] la pho bién nhit, din dén tao ra C:Hs. Phin tr C,H5 ¢6 thé
chuyén hod theo hai huéng:

a. Trung hop tryc ti€p tao benzen:
3CH, — > CH,
b. Két hop véi H, tao C;Hy, 161 qud trinh x4y ra nhu co ché dd néu & trén.
Tdc gid A. Szoke lai cho ring, véi xic tic KiMoQ4/ZSM-5, bude din
tien cila qud trinh chuyén hod CHy c6 thé la moét qua trinh dehydro hod cé
tic nhan oxy:
CHy + [{O] «—» [CH3] + [OH]
2[OH] <«—» H,O + [O]
Hodc xay ra quad trinh tich mét nguyén tir H trén tim kim loai.
CHy <+— [CH;] + [H]
va sau do tiép tuc tich dan H:
[CH;] < [CH,] + [H]
[CH;] -=—» [CH] + [H]
[CH -+ C + H

Sau khi tao thanh cdc chat trén, xdy ra phan ing cap doi:
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2[CH,] -—» C,H,4
J[CH] <—» CsH,
hoac 2{CH;] -+—» C-Hg 4—» CHy + H->

C,H, va CoH; ti€p tuc oligome vong hod dé thu duoc benzen.
X.2.3. Qua trinh thom hoa etan

Qui trinh chuyén hod etan thanh céc hydrocacbon thom duge thyc hién
trén xic tic ludng chéc nhu Zn.Pd/H-ZSM-5. Ngudi ta thdy rang, néu do
chuyén hod vao khodng 50% thi co thé dat hiéu suit thom 1a 30%. Cédc sin
phdm thu dugc khi thom hod etan duge thé hién & bang X.3.

Bdng X.3. Su phan bé hydrocacbon thom trong phan dng
chuyén hod etan trén xic tdc Zn-Pd-ZSM-5

P chuyén hoa etan, % 484
Hieu su&t hydrocacbon tham, % 28,9
Phan bd, %:
Benzen 52
Toluen 30
Xylen + etylbenzen 5
Naphtalen 12
Cac loai khac 1

(*) Diéu kién phan img: 7 = 873°K; p = 20 kPa.

X.2.4. Qua trinh thom hea propan
Trong qui trinh thom hod cdc alcan nhe thi thom hod propan la dé hon ca.

Co ché chuyén hod propan dd dugc nghién ciu trén cdc xic tic khic
nhau nhu: Gay03/H-ZSM-5, ZnQ/ZSM-5 hodc Pi. Me/ZSM-3. Ba loai xtic tdc
a6 rat cé hieu qua dé chuyén hoa propan thanh hydrocacbon thom. Bang X.4
chi ra ring, thém Ga;O3 hedc ZnO cai thién mot cich 10 rét hoat tinh va do
chon loc cla xugc tac.

C6 thé bidu dién co ché phan iing thom hod propan bang cdc giai doan
sau day.
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Giai doan [: Hoat hod propan:
+ + — +
CHy 1 l:CH3—CH2—CH3:|+ o M CHmCH,
|

H \LC3H6 +3H+

Nhu vay, giai doan diu tién 13 hoat hod propan, tao ra propylen, etylen,
hydro vd metan. Do d6 cé su mat mat mét phdn propan thanh metan ngay &
giai doan ddu tién.

Giai doan dehydro hod & trén ciing c6 thé duoc thuc hién trén trung tam
kim loai (Zn, Ga, Pt),

Giai doan 2: Alkyl hod:
+ e C.H
CH=CH—CH; + H —» CH;-CH-CH, —>‘»
+
I
CH,
Giai dogn 3: Déng vong va dich chuyén hydro:

-+ + CH3
{CHFCH_CHz_ CH- CH3] > CcH, —» @/
|

s v
QO w O <=
' v

CH, 2CH,
Téng cong: 2C3He + 3CHy —™ C¢Hg + 3C;3H;
M6i mot phan tir CgHg tuong ng ba phan ti alcan.

Mot phan ing nhu th€ ¢6 kha ning xay ra trén bit ky mot axit rdn nao.
Nhung r6 rang, do nhiét dé cao, su cdc hod s& xay ra nhanh. Chi ¢é trén xic
tdc zeolit ¢6 mao quan trung binh nhu ZSM-5, phin iing méi ¢ thé xay ra ma
khong bi mdt hoat tinh mot cich nhanh chéng. Nhung ciing phai tai sinh xtc
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tac mot cach thuong xuyén.

Ngudi ta da chiing minh ring, dehydro hod propan thanh propen co do
chon loc cao trén Ga,O3/HZSM-35. '

Cic nghién ciru chinh xdc hon di cho phép lam séng 16 dic tinh cua xtc
tac ludng chae cua giai doan chuyén hod propan nhu sau:
o Trén xiic tdc axit, giai doan k&t hop H' 1a quyét dinh.
e Trén Ga,0;, s tich Hj 12 giai doan quyét dinh.
e Trén Ga,03/H-ZSM-5 thi:
Ga,0,/HZ + C3Hg —™ C:H," }II_

0-Ga—0-H"ZSM-5
. l-'-H"_[
CHy + GaOy/HZSM-5+— CiH;' + 0-Ga-O-ZSM-5

Sir dung xic tic ludng chifc nang g6ém mot axit (H"), mot oxyt Gay0s,
cho phép nit ngén céc giai doan cham clia phan ifng.

Bdng X4. Chuyén hoa propan trén xuc tac zeolit

Céac thong sé Xac tac
H-ZSM-5 Zn-Z3M-5 Ga-ZSM-3

Po chuyén hoé propan, % 56,3 725 85,5
Hiéu suat hydrocacbon thom, % 16,9 36,1 61,7
Phan b6 san phim, %

. CHy + CoHg 430 42,3 22,7

- CyHy + CyHg + C4Hsg 21,8 7.0 4.4

- CsHyg 41 07 0,4

- Cg 11 0,1 0.4

- Hydocacbon tham 30,0 499 721
Phan b& hydrocachon thom

- Benzen 25,4 422 40,2

- Toluen 46,2 6.8 40,2

- Xylen + etylbenzen 26,0 141 12,6

-Cq 24 6.9 6.5

(*) Biéu kién phén Ung: T=823°K, p = 101 kPa
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X.2.5. Qua trinh thom hoda n-butan va izo-butan

Phan {ing thom hod butan thudng duge thuc hién trén xic tde ludng chite
ohu Zn-ZSM-5. D6 chon loc ciia hydrocacbon thom thuwdong khong cao, chi
khoang 20 dén 25% (hinh X.7 va X.8). Néu chi ¢6 xiic tdc axit thi hiéu qua
cha qud trinh lai cang thép, do vay phan ing nay it ¢6 y nghia.

X.2.6. Qui trinh thom hoa pentan va n-hexan

Thom hod pentan vi n-hexan thuong thuc hién trén xic tic H-ZSM-5.
Trong phén tng nay, su phan bo san phim phu thudc nhiéu vao thdi gian tiép
xiic. Ham lugng hydrocacbon thom thu duge khoang gin 50% (hinh X.9).

g0

40

Bo chon lge, %

aromat
20

20 ¢
03 n‘;CQ 2
LiznCyl 0
0 20 40 60 80 100 0 20 40 60 80 100
D4 chuyén hod, % D6 chuyén hoa, %
Hinh X.7. B0 chon loc san phém  Hinh X.8. Do chon loc sén pham
phy thudc vao do chuyén hoa n-butan phu thuoc vac 4o chuyén hoa
trén Zn-ZSM-5 " jzo-butan trén Zn-ZSM-5
(773%K va 34,2 kPa) (773%K, 8 kPa)
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Hinh X.9.

Anh hudng cia thai gian tiép xtic d&n do chuyén hoa va higu suat
hydrocacbon trong phén (ng chuyén hoa n-hexan trén H-ZSM-5.

Pidu kién phan dng: T = 773°K, p = 101 kPa.
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Chuong X1

QUA TRINH CHUYEN HOA XUC TAC
CO SU THAM GIA CUA HYDRO

{CAC QUA TRINH XU LY: HYDROCRACKING;
HYDRODESUNFUA; HYDRODENITO;
LAM SACH SAN PHAM DAU, XU LY NAPHTA)

X1.1. HYDROCRACKING
X1.1.1. Y nghia

Hydrocracking 12 qua trinh bé gay mach C-C ¢4 su tham gia cua hydro,
vi yay san pham thu duge hdu hét 12 cic hydrocacbon no. Qua trinh nay duge
¢ng dung ddu tién vao nam 1935 ¢ Dic, sav d6 o M¥.

Xu4t phét tir thuc 1€ cdc phuong tién giao thong vin tal ngay cang phat
trién manh, ddi hoi lugng nhién liéu ngay mot tang, ma san lugng cic san
pham tring chung cit duoc tir ddu mo déu cd han, diéw nay da thic day céc
qué trinh ch€ bi€n nhim tang san lwong nhién liéu (r phan can phat trién
theo, trong dé hydrocracking 12 mot qua trinh quan trong, c6 hiéu qua nhat
dé xir ly cac phan doan cdn nang thanh nhién liéu cho dong co hoac san
phim trung gian cho céng nghiép téng hgp hod dau. Téc do qud trinh
hydrocracking tang rat nhanh, thé hién qua cdc so liéu g bang XI.1.

Bdng XI.1. Qu4 trinh hydrocracking ¢ My

Nam 1962 1964 1966 1968 1973
Cong suit ché bién nguyen
ligu (106 tan/nam) 1 45 14,2 42,6 455
54 thiét bi 5 13 26 40 45

Qua trinh hydrocracking 14 qud trinh dung xuc tdc, ¢6 ap suat va nhiét

do cao.
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XI1.1.2. Xic tac

Lich sir phdt trién xdc tdc hydrocracking duoc khéi luge nhu sau:

- PAiu tién xic tdc duge ding 1a W/ dit sét. Xiic tdc nay co hoat tinh 16t
va sir dung ¢ hiéu qua trong qua trinh hydro hod xang. Song ¢6 nhugc diém
la rat nhanh bi mét hoat tinh khi c6 mat cdc chat nito.

- Nam 1937 hang Esso ch€ tao xic tic sunfit W/dit sét c6 bé sung HF.

_ Nam 1939 d€ nhan duoc xang c6 kha nang chéng kich né cao, & chau
Au di ding xic tdc hai chiic ning: hydro hoa va cracking. Vi du, hing
Imperical Chemical Industry da ché tao Fe/ddt sét ¢6 bé sung HF. Xuac tac
nay rt phé bién & Anh d€ san xuit xang mdy bay.

Ngay nay xic tic Ni, Pt, Pd mang trén aluminosilicat vé dinh hinh hoac
oxyt nhém, hodc zeolit (m6i nhat 1a zeolit Y) la nhitng xdc tac rdt phé bign.

Cic xic tic mdi ché tao ngiy nay cé hoat tinh cao, thoi gian lam viéc

dai (thuomg 16n hon 3 nam), dé téi sinh.

Pic tinh cia mot s6 xidc tdc duge dua ra & bang XI1.2.

Bing XI.2. Hoat tinh ctia mét s6 xikc tac hydrocracking

Xdc tac

Hoat d0 (% thé tich) theo higu sudt
s&n pham sbi dén 250°C

Ni (7%) trén dat sét + HF

Ni$ {7% Ni) trén dat sét + HF

NiS (6% Ni} trén Al,O; - SiO; tdng hp
CoO (2% Co + 7% MoO;)

Pt (0,21% Pt) trén Si0, - AlL,O; tﬁng hge

Pd (0,5%) trén zeolit dang axit
{phan Ung thyc hién & p =75 at}

o0 (2% Co + 7% MoOy) trén Al,O; + HF

Pd (0,21% Pd) trén Si0; - Al,0 téng hgp

68
81
66

25
92
96

XI.1.3. Ban chit hoa hoc cta qua trinh hydrocracking

Hydrocracking xidc tdc duge dic trung bing cdc phan tng cit diit lién

ké't_C—C. ¢6 cic loai chinh nhu sau:

|, Cracking alcan thanh cdc phén tr nho hon:
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R—CHz—CHg—R, + Hz —_— RCH3 +

2. Phin itng hydrocracking alkyl thom:

CH,—R

+H2—r©

3. Khir vdng naphten:

O + Hy — CHy,

Ngoiii cdc phan dng trén (12 cdc phan ing chinh) con céc phan tng lam
bdo hoa olefin vi aromatic, phan ¢ng hydrocracking lam sach cdc chat S, N,

O trong nguyén lidu.

Hydrocracking 12 phan éng ¢6 tod nhiét va hdu nhu khéng ¢6 sur thay doi
thé tich. Phan ttng ti€n hanh duéi dp suft hydro vdi muc dich no hod cdc san

R’CH,

phim va tranh ngung tu tao ¢dc lam giam hoat tinh xic téc.
Hiéu itng nhiét cia qué trinh vao khoang 1 dén 0,55 kcal/lit H,.

Cic phan #ng lam bdo hoa lién két thudng 13 cdc phan Ung toa nhiét

nhiéu hon (bang XI.3).

Bdng XI.3. Hiéu ing nhiét ¢ila ciac phan ing

’7 Loai phan tng Nhiét phan tng trung bl,nh
kcal/imol keal/lit H,
A. Hydrocracking:
- parafin
RH + H, —» RH + R'H 11+ 14 0,49 + 0,625
- naphten
R
U + Hy —» O + RH 10 + 12 0,45 + 0,54
- aromat R
@’+ ", — @+ RY 10 + 11 0,45 = 0,49
B. Hydro hoa:
- olefin
CaHan ¥ Hz  CoHanez 27 + 31 12+14
- aromat
R R
@’ APT— O’ 48 + 52 0.71 + 0,77
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Bdng Xf 4. Nhiét phan ong cha cdc qua trinh khac

Nhiét phan (ng

Phdn ing
kealimol ng.fidu keatfmal H, keallt H,
A Cac dan xudt lvu huynh (HDS):
- Mercaptan;
R-8H + H, — RH + H,8 17.0% 17.0% 0,76
12,5 12,5 0,56
- Thicete
R-S-R'+2H; — ™ RH+ R'H + H;8 27 13,5 0,60
4= 17,0% 0,70
- Thiophen
R
[Sj + 4H; — R'H + H;8 65 16,25 0,72
- Disulfua
RS8R’ + 3H,—RH + R'H + 2H,5 50 16,7 0,75
42* 14.0% 0,82
B. Céc hgp chat amin:
RNH, + H, —® RH + NH; 19 19 0,85
C. Dan xuat chia oxy:
- Rugu
ROH+H, — RH + H,0 24 24 1,07
- Phenol
o7, -
R +H, R +H,0 16 16% 0,71
- Ete:
ROR' + 2H, RH + R’'H + H,0Q 47* 23 5% 1,05

* Cac gia tri nay Ja tinh toan thee méi lién két (& 298°K), con cac gia tri khac duge tinh toan
& 700%. Thé tich H, do & diéu kién tiéu chudn (0°C, 760 mm Hg).
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XI.1.4. Co ché ciia qua trinh hydrocracking

Phan ung hydrocracking xay ra theo cd ché tuong tu nhu cracking xuc
téc, theo co cdu ion cacboni, tuy nhién do ¢6 mat cta hydro nén co nhing
diém khdc biét sau:

« Trong san phim khi chira rav {t CHy va CoHs, chi c6 propan va butan,
khong ¢6 olefin. Trong phéan doan C4 rt giau izo-butan.

« Trén xic téc. olefin va cac san pham cracking b1 hydro hod nén tranh
duge hién tugng 1ao can, nhya va cdc.

« Hydrocacbon thom bi hydro ho4 dén naphten tuong ng dan dén dé
bi cracking hon, do vy lam cho xéng c6 tri s6 octan giam.

» Alkyl benzen bi hydro ho4 thanh naphten tuong Ung, nén tri s0 octan
thap hon alkyl benzen.

Do vay, xang clia qua trinh hydrocracking thutng phai pha them phu gia
hogc phai qua ché bign reforming dé c6 duoc xang 161 hon.

Co ché clia qud trinh hydrocracking nhu sau:

+ ;
e R-CH,CH, —281» R-C'H-CH; *2M R-CH. + CH,

o

t

tull;-r

+

- - H?
- CH2=CH—CH3 ——A(E-lb CH_‘;—C+H—CH?. - CH_‘;-CH; + CH,

e R-CH,~CH;~CH,~CH,~CH; —> R—CH=CH_CH,—CH,~CH; 23

R-CH-CH,~CH,~CH,-CH; 2% R—(.'?‘CHE?CHTCH-‘ d—ilnj
CHs
R-CH-CH; + CH:-CH,
CH;
X1.1.5. Nguyén li¢u

C6 thé chon nguyén liéu cho qud trinh hydrocracking 1 phan doan réng,
tir xang nang 1di can ddu ndng, cdc nguyen lieu dau c6 nhiét do sdi cao hon
<0 v6i nguyén liéu trong cracking xtic tdc. Tuy nhién, khd nang lam vigc cua
xdc tic con phu thudc vao chét luong va ngudn géc cua nguyén ligu.

o Tir nguyén liéu 1a phan cat ligroin, nhan duge nhiéu céc san pham khi.

o Tir nguyén liéu gasoil nhe, nhan nhiéu xang.

e Tir phan cdt chan khéng nhan nhién liéu phan lyc.

e Tir phén cdt can, nhan nhién liéu nodi hoi.
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Nguyeén liéu nhiéu lru huynh dé cracking hon so véi dau it luu huynh, vi
cdc hop chit chia S dé bi cracking chiém dén 30 = 50%.

Dic biet, vdi hé xic tdic mé ngay nay, ¢6 thé thuc hién hydrocracking
véi phidn cdn nang nhat. Dic diém cba phan can ndy la ch@a nhiéu hydro-
cacbon thom da vong. N&u nhu trong cracking xtc tdc, nhimg hydrocacbon
thom nay rat khé cracking va din dén tao cde, thi trong dién kién cé mat cua
hydro, chiing duge hydro hod dén dén tao vong no. rdi sau d6 bi pha vdng dé
tao nén cac hydrocacbon nhe hon. Nhu vay. két qua 12 han ché qua trinh tao
¢6¢ va trinh duge sy mat hoat tinh cla xuc tac. Céc hydrocacbon thom cang
¢6 nhiéu vong ngung ty thi cang dé bi cracking.

-
. Hzl_cﬁ

4 Oy 0%
y

©©© o

Ct nhu vay, ham lugng cd¢ s& gidm dan.

Cdc nguyén liéu xdu, bao gom nhiing hop chit chira S, N. O, dudi ap
sudt ¢6 mat hydro, chiing ciing bi hydro hod tao nén cic san pham khi H»S,
NH;, H,O thoat ra; con lai phan hydrocacbon la nhifng hé da vong hon hop
1i€p tuc bi bién déi theo hudng néu trén.

Céc kim loai ning c6 trong ddu thudng & dang phic co kim. Né&u trong
qué trinh cracking xdc tdc thi cdc chat ndy gay ngd déc xic tdc, con trong
qué trinh hydrocracking, céc phtrc nay lai trd thanh cac trung tam hoat tinh
phu dé thuc hién phan Ung hydro hod, cho nén qud trinh hydrocracking la
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qué trinh linh hoat nhét, sir dung bét cit dang nguyén lidu nao, ké cd nguyén
liéu can cta ddu naphteno-aromatic chita nhidu nhua va asphanten.

X1.2. HYDRODESUNFUA HOA (HDS)

Hydrodesunfua hod 12 qué trinh nham loai S ra khéi hop chét chia luu
huynh, nhy vay sé lam gidam duge S trong phan doan va lam sach nguyén
liéu. Qué trinh nay bao gém céc phan Ung sau day:

V&i hop chit mercaptan:
R-SH + H, —» RH + H.S
V&i hop chit thiofen:

U]+ n, —> c=CC=C +HS

S
CH:’._ C}'Iz'_ CI‘I3
—— ©/ + H,S
,CH

3

Sau qué trinh hydrodesufua hod, S dugc tach ra khoi cac cdu tir chira S,
lam gidu xang, ngoai ra con lam sach § dén ham lugng cho phép. Luu huynh
dang tu do (S) ciing ¢6 phan dng tuong ty:

S + H», —_—* H-S
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* Xite tde cho qud trink hydrodesunfua hod

Xiic tdc t6t nhdt cho qua trinh nay 14 ¢dc kim loai Co ; Mo ; Ni-Mo
mang trén axit ran.

- Qué trinh hydrodesunfua dugc itng dung dé€ khir luu huynh cia céc hop
chat sau day :

1. Mercaptan RSH

2. Disunfua RSSR’
3, Sunfua RSR’
4. Thiofen

J. uJr
S S
0 Qg
s~ S
6. Dibenzothiofen
0. QT
S ’ S
7. Benzonaphtothiofen
I

Xde tdc cho qué trinh hydrodesunfua hod duge dua ra & bang X1.5.

5. Benzothiofen

- Xtc¢ tic cho hydrodesunfua hod benzothiofen: Co-Mo/y-Al,O3 & 400°C.

- Xic tic cho hydrodesunfua hoa sunfua hoac disunfua: Ti; V; Cr; Mn;
y-Al,O4 ; &400°C.

X1.3. HYDRODENITG HOA (HDN)

Hydrodenito hod 1 qud trinh tdch cic nguyén ti nito ra khdi dau, bao
gém cdc phan (ng co ban sau:

173



C5H5N + 2H2 —_— CngN
CsHyN + 2H, —» (CsH; NH,

CSH”NHQ +

- Quinolin

Hg —_— C_-;H]g + NH';

+ [—[2 + 1—12 %H? + [—1 CSH?
——
N nhanh

1,2,3 4-tetra o-propyiamhn

hydroqum

|

olin

H»

m m h, (I CHy i, O/CHT

56,7 8-tetrahydro decahydro
quinelin quinolin
- Acridin

2 @O0 (O

1,2,3.4-tetra hydro 1,2.3.4,56,7,8-0cta
acridin hydro acridin

SO0 - o i

acridin

1.2,

+H2 @‘D +H2 m
N N

3.4.9,10 4a,9a-octa hydro acridin perhydro acridin
! &
2000 O
N NH,
H Hzl
perhydra acridin



San phdm cudi cung 13 cdc hop chit hitu co khéng chda nito.
Xic tic cho qua trinh nay thudng su dung la hé:
Ni-Mo- SJ"AI')O3 s CD—MO;"A1703 Ni- MO;"’AE')O3 ; Ni- W,I'"Al')03

* Co ché cua phdn iing hydrodenito hod
CH;-CH,-CH»-NH, + B-H" —» CH3—CH2—CH2—N+H3 + B”
B + CH3—CH2—CH2—N+H3 — BH + CH3"CH=CI'12+ NH3_-'

+ H,
—= CH3—CH2"CH3

hodc:
I || [ | 2 CH,~CH,~ CH,~ CH~ NH, —»

A{H )
AwD), CH;~CH;~CHy~CH,-N'H; —* CH;-CH,-CH=CH, + NH;

Sau day 12 mot s& phan tng hydrodenito hod c¢6 dng dung trong loc ddu
dé khir nito cia cdc hgp chat khdc nhau:

”NH“ + Hy ——» [NH] RIS CH;p + NH;

pyrol

CH,— CH3
=) N
indol

+l-[,.J
SwoRl N ewo k"
NH NH

cacbazol

+H,
— —- + NH,
NH,
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g s

N

pyridin

quinclin

| B
Nt NH T

izoguinolin

+ H,
— Q ~ e CH, + NH,
H

@QH? + NH,

CHs
+ NH,
CH,

Tat ca cic phan ing chuyén hod trén, truéc khi tich NHj, déu qua giai

doan trung gian tao amin.

Bdng X{.5. Xiic tac ¢ho qua trinh hydrodesunfua hod thiofen

A0c tac

% mol trong san pham hydrocachon

butadien 1-buten | cis-2-buten | trans-2-buten |  buten
MoS 69 425 22,3 19,2 88
MoS,+ 1%Co 8,4 55,6 14 17.4 47
MoS; tir MeS; dun & 400°C 7.2 399 16,7 235 12,7
-2, tir MoS3dun & 700°C 40 285 22 36,5 9,5
Co-MolAl,O54 2,2 47,5 19,8 243 6.2
Cr,0, 7.7 313 11,8 118 374
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Chuong XI
OUA TRINH HYDRO HOA, DEHYDRO HOA

X1I.1. KHAI NIEM

Hydro hod bac gém cdc phan dng sau:

1. Hydro hod cic lién két khong no (lién két doi, lién két ba) thanh no.

2. Hydro ho4 cic hop chit nitryl (R—CN) thanh amin.

3. Hydro hod gy mach (hydrocracking).

4. Hydro hoa dé tich cdc nguyén t& di thé (S, N) ra khoi chat hitu co

(hydrodesunfua hod va hydrodenito hod).

Trong cdc phan dng trén, hydrocracking, hydrodesunfua va hydrodenito
hod ta da xét & phan chuyén hod xic tic hydro.

Trong phin nay ta chi dé cap dén hydro hod cic lién két khong no (lién
k&t déi, lien két ba) thanh hop chit no va hydro hod cdc hop chit nitryl
(R-CN) thanh amin.

Mot 56 ddc diém:

Phan ftng hydro hod c6 thé ti€n hanh trong pha long ciing nhu trong pha
rin, vi du:

Hydro hod diu thyc vat thanh md tién hanh trong pha long.

Hydro hod nitryl thanh amin ti€n hanh trong pha hoi:

R-CN +2H, —» R-CH,-NH,

Mot s6 qud trinh ti€n hanh ngay trong thiét bi cao dp & 200°C, dp suat
50 bar. ,

Hydro 12 chat khi tao gidi han n6 v6i khong khi & 4% va 74% thé tich,
do vay cdn dé phong va ngin ngira kha ning nay.

XIL.2. XUC TAC HYDRO HOA

Phin 16n cdc xic tic hydro hod déu 12 cdc kim loai chuyén ti€p va cdc
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kim loai quy hi€ém nhu Pd, Pt, Rh, Ru, hoac Co, Ni, Fe.

Céc kim loai ndy thudng dugc mang trén céc chit mang, hodc ddng két
tha v&i cdc oxyt kim loai duge su dung lam chat mang.

Ngudi ta thuomg diéu ché xiic tic hydro hod bing céc phuong phip sau day:
1. Phan huy mudi hitu ¢¢ :

Thudmg phan huy cdc mudi hitu co nhu muéi focmiat hay axetat, oxalat... &
200°C. Vi du, dé diéu ché niken ngudi ta phéan huy formiat niken... xic tic
nay thudmg dung cho phan ing hydro ho4 ddu béo (dau khong no) thanh mo.

2. Khir mu6i cia kim loai trong dung dich.

3. Khir mu6i hoac oxyt kim loai tryc tiép bing hydro. Dy 12 phuong
- phap phd bién nhat d€ di¢u ché xic tdc.

C5 hai loai xiic tac:
1) Xiic tde ngam tdm: Vi du, € diéu ché xic tac Ni/Al,O5 ta 1am nhu sau:

- Piéu ché oxyt nhom:

NaOH rira _sfxy_’_ nung
AINO3);3 W A{OH); ——» W Al2Os

- Tim dung dich Ni(NQ3); (tuy theo néng do cdn) lén AlO3 duge Ni(NO3),/
Al;03. Sau dé nung xdc tdc trén & 400°C dwge NiO/Al,Os.

- Khir Ni bing Hy (hén hop Hy + N») & 120°C duge Ni/ AbOs.

- Céc chat mang duge st dung 12 Si0» ; TiO; ; MgO ; Al,O3.

2) Xic tde déng két tia:

Ngudi ta thdy ring, xic tic duoc diéu ché bing phuong phip dong ket
tia c6 do déng déu cao hon, bé mat riéng 16n hon. Truée diy xdc tdc nay
duge diéu ché bang cdch:

L4y dung dich hén hop Ni(NO3)» vi AI(NO;); dem két toa bang dung
dich NaOH (hoac NH4OH) & moi truong pH = 8 + 9, nhiét d6 phong, thu
duge hén hop Ni(OH), va Al(OH)3; rira sach bing nudc cat, dem sdy O {0°C
trong 14 gid; nung ti€p & 400°C trong 5 gidy, thu duge NiQ.A1,03; khi bing
H, (hén hop Ha + No) & 120°C; cusi ciing thu duge Ni/ALO.

H, .
NiO.A],O4 W Ni/A1,O4
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Ngiy nay ngudi ta nhin thdy rang, cho thém céc oxyt kim loai khéc thi

hoat tinh xuc tdc hydro hod tang lén, c6 thé idy ba oxyt kim loai, hodc bon
oxyt kim loai. Vidu:

Nl/MgO /A1203 Ni/FCgO}/GaZ()g Nl]'MgO]'Gago::,/ A1203
Ni/F8203fA1203 Ni/F€203/A1203 hOf;lC
Ni/MgO /Cr,05  Ni/MgO /Gay0s Pt/Mg/Al

Nhitng xuc tic pay ciing duge didu ché bing phuong phap dong két tha

nhu trén (theo luong tinh toan d6i véi cdc oxyt kim loai), phd bién ding ty lé:
Ni/Mg/Al = 50/15/35;
Ni/Mg/Ga/Al = 50/15/17/18 hoac = 10/15/25/10

Qua s6 ligu thuc nghiém ctia phong thi nghiém xuc tdc Vién Han lam
Khoa hoc Phép thiy rang, cdc oxyt Kim loai déng két tua véi Ni ciing ¢ vai
trd rit 16n trong viéc nang cao hoat tinh clia xic ac. Chéng han:

V&i phan ing RCN + 2H,—* RCH,NH, xuc tdc cho phan {ng nay
1a Ni, song néu c6 mat Al203, Cr20s, do6 chuyén hod tang manh; con néu co
mit cua Gay0s, s&€ lam cho do6 chon loc tang manh.

Do vay, ngudi ta ti€n téi ché tao xidc tic hydro bod bing cdch dong két
tiia hén hop oxyt kim loai Ni0.Mg0.A1,03.Gax03, sav dé khir bang Hs, s
ducgc NlMgOAlZO3Cl’303 hoac NlMgOAlgo::,Gngg,

Bé mat riéng ciia xdc tdc ciing anh hudng t6i d6 chuyén hod cla phan ing:

NiO.Mg0.GaO3 < NiO.MgO.Fe,05 < NiO.MgO.ALO;3 < NiO.Mg0O.Cr;04

98,65 m*/g 195,24 mYg 220,34 m’/g 302,63 m*/g

Ké&t quéa cia phén ing hydro hod nitryl thanh amin cho biét xic tdc:

H,
NiO.Mg0.Crs0; 5> NiMgO.Cra0s

¢6 hoat tinh cao hon. Con Ni.MgO.Cr203.Gax03 ¢6 d6 chon loc rit cao.

Loai xic tic Ni.MgQ.Cr,03.Ga,03 vira cho do chuyén hod nitryl cao,
vira cho d6 chon loc cao, ¢6 nghia 12 hoat tinh xGc tac cao, vi vay bat diu
duoc siv dyng & Phdp nhu 12 mot phat minh moL.

Xic téc Pt {t duge ding hon vi Pt dit, va lai v6i Pt, hoat tinh xic tic
hydro hoé ciing khong cao hon Ni, trong mot s8 trusng hop hoat tinh con
thap hon Ni, do vay da s6 cac phan ing hydro hod st dung Ni.
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3) Xiie tde oxyt :

Mot s6 oxyt kim loai nhu MgO ; Cr,0; ; Fe,03 : Zn0 ; MoO; ; WO
hoac hén hop hai oxyt Zn0.Cr,03 va Cu0.Cr,05 déu cé thé lam xdc téc cho
qu trinh hydro hod, trong hai loai (xtic tdc kim loai va xic tdc oxyt) thi xuc
tac kim loai 11 xic téc dién hinh hon, méi loai ¢ tinh chat xic tac cho cdc
loai phan ng nhat dinh. Ta s& xét & phan sau.

4) Xitc tde niken Reney:

Niken Reney la moét xiic tdc duogc Murray Reney tim ra nam 1923 - 1927
va tr ddy 1a mot loai xic tdec duoce sit dung rong rii trong qua trinh hydro
hod. Xic tac niken Reney duoc ng dung trong cong nghiép dé sian xudt cdc
chit nhu hexametylen diamin (dé san xudt ra to sgi tdng hop), san xudt ra
xyclohexan, toluen, diamin

Xiic tdc nay duge sit dung trong cong nghiép hod dau véi mot s6 lugng
r4t 16n (trén1000 tAn/ nam) & Phap.

Ni 13 xtc téc ré tién, d& ki€m, né xiic tdc trong qué trinh hydro hod tat
ca cdc lien két khong no nhu: —C=N; ~C=C-; —C=C- ; =C=0, vong thom,
hop chat nitro (R—NO,) va mét s6 khde. Xic tic niken Reney cé do 6n dinh
cao, ngay ca khi diéu ché khong dugc cén than thi né van ¢6 hoat tinh cao,
khi viio nudc né tao huyén phit réi bi ling dong, c6 thé tich ra khoi phan fing.

Xiic tac niken Reney la xic tic bao gdm Ni-Al (50% trong luong), duge
sit dung rat phd bién do ¢6 hoat tinh cao. €6 thé thay thé Al bang cdc kim
loai khic nhu: Ni - kim loai kiém, NiZn, NiMg, NiSi. Tuy nhién Ni-Al van
14 xic tac t6t nhat so véi cdc xic téc khdc.

Né&u ham tuong Ni trong xic tdc khodng 59% s€ tao thanh hop kim véi
cong thic NisAly. V6i ham lugng Ni 42% x4c dinh bdi cong thirc NiAl. Néu
Ni < 28% tuang dng vdi cong thirc NiAls.

Nhuoc diém cha xic téc nay 1a rit dé v& (khong bén) vi né khong thé
tiép xic vdi khong khi (khi ti€p xiic véi khong khi né bi chdy), do dé khi
dung né trong dung dich hiu co dé gay ra hoa hoan. Nhuoc diém nifa 1a khé
tdi sinh.

Xic tic niken Reney, ngodi hgp kim Ni-Al con ¢6 nhitng thanh phdn
khéc nhu NiZn, NiMg, NiSi , Ni - ddt hi€m, nhing chit hop kim NiZn, NiMg
Khé san xuét vi khi ning bay hoi cia nhiing kim loai nay rit manh, do vay
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s& mat mot luong ddng ké céc kim loai nay, trong khi d6 NiSi khé bi pha
huy, bot Ni nhan duge kém hoat dong.

Sin xu#t hop kim Ni+Al (cé 50% Ni):

Dé san xuft trén quy mo 16n, ngudi ta diing mot 15 cdm ing ¢4 nhigt do
700°C, cic hat Ni + Al cho vao 10 s& néng chidy. Qué trinh hoa tan Ni trong
Al toi nhiét manh, nén phai cdn than kéo bin céc hat kim loai vi nhiét d6 rét
cao (gin 2000°C).Tan dung nhiét tod ra dé d6t chay, do viy can 1o tu dong,
it thao téc. C4c chit néng chiy & trong chén, duge déng nhit khi khudy bang
diia grafit, ]am lanh bang cach thdi khéng khi vao (khong ¢6 hoi nude, vi hic
4y H,O tic dung véi Al gidi phéng Hy gay né). Hop kim duge dap ra dé
dang, dudi dang bdt, dé dé tdc dung v6i NaOH (lic nay Al hod tan) con lai
Ni 1 xiic tic cho phan {ing hydro hod.

INIiAl + 20H + H,0 — AlLO; + 2H, + 2Ni

Hop kim NiAl chia it hon 60% Ni dé dang tic dung hon v6i NaOH theo
phin ng niy. N&u Al cang nhiéu thi cang dé ding phd buy hop kim. Pha
Ni,Al; bi ph4 huy khi dun dén 50°C.

Ngoai diéu kién chan khong, nhiéu khi ngudi ta con pha lodng khdoi
phan ing bing khi tro, diéu d6 ciing din dén gidm 4p suét riéng phin cua
phéan ing, 1am gidm san phim phu.

Phin ¢ng hydro hoa va dehydro hod phu thudc rit nhiéu vao dp sudt (vi
12 phan Gng giam va tang thé tich), diéu dé duoe chi ra & hinh XII.1 va XIL.2.
A
80 ™

% rhuvén hoa

25

L | L 1 1 1 1 I ] { e

0,2 050 07 10 p {kg/cm?

Hinh XI1.1. Su phu thutc cla hidu suat chuyén hoa n-butylen
thanh butadien vac ap suit & £°C = 860°C C;Hg — ™ CuHg + H,
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Dehydro hod 1a qua trinh tang thé tich nén 4p sudt thip s& tao didu kién
cho d6 chuyén hod ting. Con hydro hoa 12 phan ting giam thé tich, n2n phai
ti€n hanh & 4p suit cao hon va nhiét dé thap, tir 100 dén 350°C (hinh XI1.2).

1

100

T T T I Ll

% chuyén hoa

;m
=
I

1 4 i 1 L I 1 1 1 P
o

5 10 15 20 p (kaicm?d

Hinh XIi.2, Sy phu thudc higu sudt chuyén hod clia phan g
3H
CeHg ——» CgH1z

va0 &p sufit, 3 200°C va ty 18 CgHg 1 H, = 11 3.
Trong cong nghiép ngudi ta thuong ti€n hanh phin tng &p=1,5+ 5
kg/em?, £ = 300 + 400°C
Vi phan ing hydro hod, mét yén t§ khic dé tang cudng d6 chuyén hoi d6 la
du H;. Vidy:
C(,H6 + 3H3 — C(,H[g

Néu ty s6 mol 12 [ : 3 thi 1) = 95,7%; néu ty s6 mol 1 1 : 10 thi 1 = 99,5%.

XIL3. HOA HOC VA CO CHE PHAN UNG HYDRO HOA VA
DEHYDRO HOA

Phan tng hydro hod va dehydro hod la phan ing thuan nghich, trong 46
hydro hod la qua trinh tod nhiét, dehydro hod 12 quid trinh thu nhiét. Vi du:
R—CHg‘*CH3 _— R—CH=CH2 + Hg
Nhu vay d6i véi phan tng thuan (hydro hod) cén bing s& chuyén dich vé
phia phai {(phfa thuan) khi nhiét d6 gidm. Con khi tang nhiét d6 s& thuan tién
cho qud trinh dehydro hod.
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Trong phan ung hydro hod <6 tich nudc, can bing thudng dwge dich
chuyén vé phia phai nhiéu:

RCOOH + 2H, = RCH,OH + H.O AG==5,1 kcal/mol

Pic biét 461 vai phan ing hydro hoa hop chat nitro thanh amin hodc
hydro hot rugu thanh hydrocacbon, la cic phin dng khong thuan nghich:

RNO, + 3H, — RNH, + 2H;0
RCH,OH + H, —» RCH; + H,0O
Qué trinh dehydro hod la qué trinh thu nhiét nén cdn phai tién hanh o

nhiét d6 cao hon so voi hydro hod (khoang 200 + 650°C), trong d6: dehydro
hod nrou, amin: 200 + 400°C; dehydro hod hydrocachon: 500 + 650°C.

Dehydro hoé v6i sy tang thé tich (tach H») nén khi gidm 4p suat s& dan
dén tang hiéu sudt chuyén hod, vi vdy dehydro hod thudug ti€én hanh ¢ dp

suit gin bing dp suit khi quyén, nhiéu qua trinh thuc hién & dp sudt chin
khong.

Vi du, & 595°C, chuyén hod etylbenzen thanh styren khij dp suat 1 at cho
hieu sudt 40%, khi 4p suat 0,1 at thi cho hiéu suat 80%.

Ca ché phan Ung:
Xic téc c6 vai trd kich hoat téc nhan H,. Ching han so d6 hydro hoa:

H,
C,H, —» Clg ¢6 xic tic (K) nhu nhau:

Giai doan I: «
+
K + Hy, == K...Hz == K-H...H = 2K-H

Giai doan 2:
K+ CH‘J-—CH‘J =K. CH’)—-CH‘! _— K- CH{—‘—'CH') —_— CHa—ClH*)
|

K K
Giui doan 3:
CH,-CH, + H CH;, _
| | = ] % CH3-CH3
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Co ché phan ting hydro hod hop chat cacbonyl khac so v&i co ché trén:

O
| H,
CHS—(ﬁ—CHg + K =— CHg—(I:—CH:; _L*CHS_(EH_CHB + K
O K OH

Kha nang tham gia phan ung hydro hod va dehydro hod nhu sui::
olefin > axetylen > hop chit thom
aldehit > xeton > nitryl > axit hitu co
* Tinh lita chon cua phdn iing hydro hod va dehydro hod
Tinh lwa chon phu thudc vio su phat trién phin tng song song va néi ti€p:

+H +H, +H

RCOOH =™ RCHO — RCH,OH —p&~ RCH;

+H, +H, +H,
R-C=N — R~CH=NH —» R~CH,-NH, — RCH; + NH;

+H, +H,
CH=CH -—-—» CH:}_ICHE—LD- CH3—CH3

+3H, +H, +H,
O — O —=» nCeHyy — CH,; GHy vov...

Mit khdc, 0 mot s6 chit hitu co ¢6 thé ¢6 nhém chitc hodc ndi d6i ma ta
can hydro hod mot trong cdc nhém dé. Vi du:
+2H,
[-H,0
RCH=CH~(CH,),~COOH —| *

RCH=CH-(CH,),~CH,OH

+ H,
——» RCH>—CH,—(CH,),~COOH

+ 3H,
——2» CgH, OH
CeHs=OH — .

—H,0

Tinh chon loc cha phan éng phu thugc vao nhiéu y€u t6: xiic tdc, nhiét
dé v.v...
Ngudi ta thay riing, cdc xic tdc kim loat (Pd, Pt, Ni) khong ¢é kha nang
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hoat hod cdc phan t& phan cyc va nhém chic, vi vay cic xeton khong no,
axit hitu co, dan xudt hydrocacbon thom duge hydro hoa lién két C=C va giir
nguyén nhém chic phan cye. Vidu:

R

R
OH : OH
Pt
©/ ¢ 3H, e O,

Mat khic cdc xic tdc oxyt lai ¢6 khd nang hip thu cdc nhém ¢hie, vi
vay trén Xdc tc nay sé xay ra hydro hod vdi su bao toan lién k&t C=C:
+ 2H, xiic tdc oxit

R-CH=CH-COOH o » R-CH=CH-CH,OH

Ngoai ra, sy lya chon con phu thudc vio nhiét do. (3 nhiét 4o thap
thudmg xay ra hydro hod lién két khong no mach h&. Nhiét do cao lam che
chuyén hod sau hon va sé xdy ra hydro hod lién két dai trong vong benzen
hoidc nhom chiic.

XIL.4. UNG DUNG CUA QUA TRINH HYDRO HOA VA
DEHYDRO HOA

1. Phan tng hydro hod thuong Ung dung dé hydro hod dau béo thanh
md. Qua trinh di dvge iing dung rong rii trong cong nghiép. Vidu:

2

H
C}7H33C00H W C17H35COOH
axit olei¢ axit stearic

Hydro hod hop chit nitril thanh amin:
2ZH,
R-CN —» RCH,NH,

Phin ng nay con ding dé didu ché diamin, 12 bin nguyén liéu cho téng
hop to sqgi: il
CN—(CH,),~-CN —— NH,—(CH,)s-NH>

2. Phin (mg dehydro hod thuong dugc ing dung trong cdc qud trinh sau:
- Khir hydro cha rugu, san xudt dugc aldehit va xeton.

- Khir H, clia etyl benzen, san xudt styren (xdc tac oxyt).

- Khir Hy cha parafin, san xuét butadien (xidc tdc oxyt).

- Hydro hod lam sach ddu nhv hydrodesunfua, hydrodenito.
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3. Dehydro hod alcan:

Chuyén hod cdc alcan thanh olefin tuong ttng la mot bién phap co thé
lam tang chit lugng ca cdc alcan nhe. Tu olefin, ¢ thé san xudt ra diu
nhom téng hop bing phan ng oligome hod, sin xufdt hydrocacbon thom lam
tang chit lugng cla xang, hodc la nguyén liéu cho tong hgp hod diu.

Xiic tic dehydro hod alcan thudng duge sit dung fa:

+ Cr,05, Al,Q dudi dang hat rét nhé (< 100 pm).

+ Pt, Sn, Th/A1,03 (xtic tic cua UOP), day 12 kiéu xic tdc st dung dé
dehydro hod n-alcan mach dai (Cio + Cja).

Gdn day, xudt hién loai xic tic Pr.In/silicalit. Day 12 loai xdc tdc rdt 16t
d6i véi phan ing dehydro hod céc alcan nhe. Co ché 1 do sy ¢6 mat cia cic
hat hop kim rat nho Pt, In (¢ < 10 A) nim trong cic héc cia silicalit (ZSM-5
khong nhom) s& lam cho mao quan cba zeolit bi nhé di, khong gian hep xung

quanh cdc hat kim loai cdn tr& sy hinh thanh c6c (phan ti 16n cdng kénh),
chinh vi vay ma hdu nhu chi xay ra phan dng tach Hy d€ tao thanh olefin.
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Chuong X111
LAM SACH CAC SAN PHAM DAU MO

XII1.1. Y NGHIA CUA QUA TRINH

Cic phan doan ddu md sau khi chung cét, phan 1én chira st dung duge
ngay, bdi vi trong dé ¢on chifa cédc tap chit khong <6 lgi cho viéc s dung
nhir: nhua, cac chét chita S, N, cédc axit, ¢cdc chit chida oxy khac.

Do vay trude khi dua vio su dung phan doan nio dé, diu md cin phai
duogc 1am sach.

Phuong phéap lam sach phu thuéc vao ban chat cha cdc sin phim ddu mo
vi muc dich str dung tié€p theo. Ching han nhu:

e Phan doan ¢6 chita axit naphtenic va cdc axit khac, thi ching dugc
tach bing kiém.

e Cidc chit chia S & dang axit (hdu hét cdc phan doan déu cd) thi ¢
thé 1am sach bing kiém hodc hdp thy bing cdc dung méi khdc nhau.
Néu S & dang H,S hodc mercaptan, sit dung phuong phip lam sach
bing kiém hoidic chdt oxy hod khu. Con néu S & dang thiofen, sunfit,
disunfit thi st dung phuong phdp hydrocracking.

« Xang cracking nhiét ¢6 chita nhiéu cdc hop chit S cdn 1am sach nhu
trén, ngoai ra con chifa cdc hop chit khdng no, dé polyme hod tao
nhua nén lam sach bang H,SO, hoidc cdc chit hap phu.

» Cac phan doan nang cé chiéa nhya, asphanten, polyxyclo thi lam sach
bing trich ly, hdp thu hoic xir 1y bang hydro.

Dua trén co s& qué trinh ¢6 thé chia cdc phuong phép lam sach ra lam
hai loai:

— Lam sach bing phuong phép hod hoc

— Lam sach bing phuong phap hod ly.
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XIIL.2. LAM SACH BANG PHUONG PHAP HOA HOC
XII1.2.1. Lam sach bang H,80,

Alcan, xycloalcan & nhiét do binh thuong khong tic dung véi H,SQ,,
aren tdc dung véi H,S50,4 ¢ midc 46 thip theo phaniing sau:
C¢Hg + H,80y —» CHSO3;H + H,0
2C¢Hs, + Hs50, —» C¢H;SO.C¢Hs; + 2H,0
Néu qua trinh 1am sach khong can loai aren, ngudi ta 4p dung diéu kién
mém, nhiét do thidp, ndng d6 H,S0, lodng. H,S0, chi yéu tic dung véi alken
hodc hgp chit khong no kKhic & nong dé H»SO4 63%, nhiét dd phong, khi do sé
loai duge alken dé dang:

R-CH=CH, + H;S0, — R-CH-CH;

0SO;H
hodc 2R-CH=CH, + H;S04 —# R-CH-0-50,-O-CH-R
CH, CH;

Ngoai ra, néu cho sin phdm trén tic dung véi nudc thi sé& thu duge ruou:
R-CH-CH; + H0 s0-70°c, R-CH-CH; + H,S0;
0O50;H OH
* Phan tng lam sach H,S:
Lam sach H,S ciing bing H,SO, theo phan ing sau day:
H-S + H,50, —» 5 + H,S50; + H,0
H,50; — 50, + H,0

H>S +H2504 —* S + 80, + 2H,0

* Lam sach mercaptan vd§i axit H,SQOy:

RSH + H,S0, —™ RS)so,, + H,0
OH 2
RS
OH)SO2 + RSH —» §§>soz + H,0O
RS~go. —» RSSR + SO
Rs/ 2 2

JRSH + H,S0, —* RSSR + SO, + 2H,O
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Hop chit disunfit nay rat dé hoa tan trong H,S0,, do vay ta di loal dugc
mercaptan ra khoéi phan doan.

Ché d6 cong nghe dé lam sach bing H,SO4 phu thude vio muc dich cla
qué trinh lam sach: |

— D& tich nhya nhim nang cao chit luong cha xang, tich hop chat
cua S, dung H,SO, 93%.

— Pé tach aren, dung H>S04 98% hoac oleum.
— Pé ty miu xing holc loai cdc chét nito, ding H>SO;4 95% hay thip hon.
— P8 loai alken, ding H580, 2 60%.

Nhiét d6 tién hanh qud trinh lam sach tir 50 dén 85°C.

XII1.2.2. Lam sach bang kiém

Phuong phdp 1am sach bing kiém dugc dp dung nham:

- Lam sach cdc hgp chit axit hoic HsS, nbu axit naphtenic, axit béo,
phenol ¢6 mat trong cdc phan doan dau mo.

— Lam sach axit tao ra trong qud tyinh lam sach bing axit nhu trén, nhu
HAS0, du, sunfoaxit cua hgp chit thom, ete sunfoaxit.

Cic phan dng xay ra trong qua trinh lam sach bang kiém nhu sau:
RCOOH + NaOH —+» RCOONa + H»0
C¢HsOH + NaOH -—— C(gH;ONa + H,0
(CyH50)280; + 2NaOH —= 2C,Hs;OH + NagSO4

Sau d6 rira biing nudc, cic mudi tao thanh s& tan, c6 thé tdch ra khoi pha
khéng tan 1a xang.
Céc hop chat lua huynh axit:
H.S + NaOH —» NaHS + H,0
H,S + 2NaOH —= NaS + H0

Na,S +  HaS ——  2NaHS
RSH + NaOH —* RSNa + H,0

Tuy uhién, céc chit mercaptan rat khé ria bang kiém vi tinh axit cia
mercaptan giam khi tang chiéu dai mach cacbon, do vay voi cdc mercaptan
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6 khoi luong pban tir kdn, ngudi ta thudng cho oxy hod bang oxy cua khong
khi dé tao disunfit:

>RSH + O, ~—* RSSR + Hi0»
JRSH + H,0, —™ RSSR + 2H;0

ARSH + O, —* 2RSSR +2H,0

Cac disunfit khong tan trong nudc, tan trong HaS04.

XI11.2.3. Lam sach bang dung dich héip thu

Nguoi ta thuong stt dung dung dich monoetanolamin, phenolat natri
hoic kali photphat:

INH,(CH,CH,0H) + HaS == (CH,CH,OHNHj3)»3
monoetanclamin
C¢HsONa + HoS == C¢HsOH + NaHS
K.PO4 + H2S == K,HPO, + KHS
Ngoai ra, dung dich monoetanolamin cdn hap thu COx:

NH,(CH,CH,OH) + COp + HiO == (CH,CH,OHNH;)HCO;3

XII1.3. LAM SACH BANG HAP PHU VA XUC TAC
X111.3.1. Lam sach biing chat hidp phu

Cé thé sir dung mot s& chit tu nhien nhu: dit sét, aluminosilicat,
silicage] d€ hdp phu céc cau tir cdn loai trong cac phan doan diu mo (dé la
cac phan tir ¢6 cyc).

Trong cic nha mdy ché bien ddu, cac chat hip phu ké trén ding cho céc
muc dich sau day:

— Loai bd cdc chat khong co loi.

- Tach parafin rén (cdu t két tinh lam giam dé linh dong cua dau).
_ Lam sach hydrocacbon thom.

— Loai nhya, asphanten, polyxycloaren, cic chit chita oxy, axit.

Chat hdp phu thudng duge chon 1a: Aluminosilicat tdng hop cd kich
thuéc hat 0,25 dén 0.5 mm, zeolit tdng hop, dat sét thién nhién, bentonit..
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Lam sach bang hap phu 12 mot qua trinh gidn doan qua 16p chat hap phu
dé c6 dinh.

XII1.3.2. Lam sach bing xiic tic

Lam sach bing xic tdc 14 phuwong phip duoc sir dung nhdm nang cao
chit lugng cua phan doan dau mo, bao gém cic loai sau day:

e Lam sach hgp chdt cia 8§ (dudi 4p svwit H, va xidc téac
Mo-Co/Al,O5 , Ni-Mo/Al,03 (kiéu hydrocracking).

e Lam sach cdc hgp chdt khong no: Xic tic aluminosilicat (xem qua
trinh hydrocracking). Phdn tng nay thudng su dung déi voi xdng cracking
xiic tdc (cho qua Idp aluminosilicat), nhiét do: 425 + 475°C, & nhiét d¢ nady
chi cé hydrocacbon khong no hip phu. Phuong phdp nay nhiim lam gidm bét
olefin c¢6 trong phan doan.

e Phd bién tng dung phuong phip Merock, dé la phuong phdp kho xic
tdc cAc mercaptan trong cdc khi ning va phan doan ddu. Mercaptan chuyén
thanh sunfit, réi xir 1y bdng phuong phdp oxy hod bang khong khi trén xic
tAc trong mdi trudmg kiém:

4RSH + 0, —» 2RSSR + Z2H-»0
Xiic tic duge su dung 1a mudi Co.
XII1.3.3. Lam sach bing dung méi chon loc

Lam sach bing dung méi chon loc 12 phuong phap duge dung phd bién
trong qua trinh sin xufit ddu boéi tron, ding d€ loai nhya, asphanten, gudron,
polyxycleoaren.

Dung méi chon loc duge sit dung 1a ruou, aldehit, xeton, amin, hop chit
nito, ete, este. Vi du:

e dé loai asphanten: dung nitrobenzen (C¢HsNO,), phenol (CgH;0H),
furfurol (C4H;OCHO), xylen (C¢H4(CH3)1).

s dé loai parafin: ding hén hop xeton vGi benzen vi toluen;
dicloetan; cacbamit (NH;},CO.

» d€ tich aren: ding tetraetylen glycol, sunfolan, propylen cacbamat.
Yéu ciu ddi v4i dung moi trong qud trinh nay nhu sau:

— C6 tinh chon lge cao & khoang nhiét do rong.
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— Phai khong hoa tan nguyén liéu, chi hoa tan chat can tdch trong
nguyeén liéu.

_ Nhiét do soi cita dung moi phai thap hon nbiéu so v&i nhiét do soi cla
hon hop.

- Dung moi phai c6 nhiét hod hoi thip.

Qua trinh 1am sach phai ¢ nhi¢t 46 kKhong vuat qué nhiét do soi ctia hon
hop (& didu kién d6 19n tai hon hop hai pha).

Sau day la mdt s6 vidu vé qué trinh lam sach bang dung mdi chon loc:
1) Loai asphanten ctia gudron

Qué trinh xay ra trong cot dudi dp sudt, vuot qui &p suat hoi bdo hoa
ciia propan. Ddu trén cua ¢t cho dung dich dé loai asphanten. Con tir dud
cot lén cho dung dich cha asphanten can tich trong propan.

Trong cong nghi¢p, ngudi ta thuong st dung dung moi chon loc dé tach
nhua vi asphanten ra khéi ddu nhom gdc. C6 hai cich:

- Dung phenol, furfurol: Cac dung moi nay hoa tan nhya, asphanten.

- Dung propan long: Dung moi nay hoa tan ddu nhan, khéng hoa tan
nhua vi asphanten. Vay sau khi cho bay hoi propan s& thu dugc dau nhon
sach.

2} Loai parafin

C4c parafin ¢6 phan tir luong I6n thudng lam mdt tinh linh dong cua
phan doan dau hodc ddu tho, vi vay tach parafin 12 nham ha nhi¢t d6 déng
rdn (nang cao tinh linh dong cia san pham). Cdc parafin ran tich ra ciing la
nhitng nguyén liéu qui dung trong tong hop hod dau.

Dé thyc hién qua trinh ndy, ngudi ta thudng st dung tinh chat cua
cacbamit (mochevin) tao vgi parafin phiic chit khong tan.

pé tach parafin con sit dung cdc dung moi khoéng phan cuc nhu propan
long va phan doan hep naphta cha xang. ngoai ra con dung dung moi phan
cuc nhu axeton, metyletyl xeton, dicloetan. Cac hydrocacbon ran tan tot
trong dung moi khéng phan cyc, con dung moi phan cuc hoa tan hoan toan
phan i6ng cia phan doan.
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Chuong X1V

ZEOLIT VA VAI TRO XUC TAC CUA NO
TRONG LOC - HOA DAU

XIV.1. TONG QUAN VE ZEOLIT

Zeolit 1a cAc aluminosilicat tinh thé ¢é kich thudc mao quan {pore) rat
déng déu, cho phép ching phin chia (ray) cdc phan t¥ theo hinh ddng va
kich thuée xac dinh. Thanh phan ho4 hoc cua zeolit nhu sau:

(M),.(A104),.(Si02),.zH,0
trong d6: M la cation bu trix dign tich khung;
z 13 s6 phan 10 nudc két tinh trong zeolit.
Pon vi ¢du triic cd bin caa zeolit 1a ¢ac ttt dién TO, , v6i T 1a Al hoic Si.

C6 thé biéu di&n don vi ciu tric co ban cia zeolit nhu sau:

® F @)
() @) —o—)
Sit" @ A @

TG dien [Si04) T dign [AIO]

Viéc thay thé déng hinh si** bang A’ trong cdc i dién SiO4 din dén
dir mot don vi diéa tich am @ AlO,”. Pién tich am du duge can bing boi su
¢6 mat cha cation M*, goi 1a cation bu trir dién tich Khung.

Ngudi ta tim thay khoang 40 ciu tric zeolit tu nhién khdc nhau. Trong
khi dé su phat trién cia vat liéu nay trong cdc linh vue nhu: hap thy, phan
tach, qué trinh xdc tdc... dem lal nhing khi nang 1én nhd cdc phuong phap
téng hop zeolit dang duge thuyc hién trong phong thi nghiém. Hién nay co
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khodng 200 loai zeolit tong hop, tuy nhién mdi chi ¢6 moét luong nho trong
s6 d6 duoe sir dung trong cong nghiép.

Tinh chit chinh cita céc zeolit duge thé hién béi cdu tric va hinh tha)
cha ching, tc 1a sy sdp xép trat ty cla cdc t dién, phin thé tich roéng, su
tén tai cdc mao quan va céc 18, kich thude cac 16 vi cdc mao quan. Ngodi ra
tinh chat cha céc zeolit con phu thudc vao ty 1& Si/Al; (hoac S105/A1,05) va
cde cation b (K, Na®..).

Quy luat Lowenstein chi ra ring, trong cdu tric zeolit khong ton tai lién
két dang Al-O-Al ma chi ¢6 dang lién két $i—0-Si v Si-0O-Al, vi vay ty 1&
Si/Al trong khung cau tric déu ldn hon hodc bing 1.

XIV.1.1. Phan loai zeolit
Dva vao ddc trung va tinh chét sir dung cua zeolit, ngudi ta phan loai
zeolit theo hai huéng chinh sau:
1. Phan loai zeolit theo kich thude mao quan
Phan loai theo kich thudc mao quan rit thueén tién trong vié¢ nghién citu
ling dung zeolit, theo cdch nay ta chia zeolit lam ba loai:
e Zeolit c6 mao quan rong: dudng kinh mao quan lén hon 8 A.
e Zeolit ¢6 mao quan trung binh: dudng kinh mao quan tix 5 AdéngA.
e Zeolit ¢é mao quan nho: dudng kinh mao quan nho hon 5 A.
2. Phan loai zeolit theo ty 1& Si1/Al
Phan loai theo cdch miy cho ta biét vé nhitng bién déi tinh chat cua
zeolit. Zeolit duge chia thanh ba loai sau:

- Loai gidu Al: Theo quy thc cha Lowenstein thi ham lwong Si trong
seolit ludn 16n hon him lugng Al, ¢6 nghia la ty lé Si/Al luodn ldn hon hoac
bing 1. Trong loai giau Al gém ¢6 cac zeolit sau: zeolit 3A, 4A, S5A
(faurazit) vdi cdc dang tuong tng 3A (KTA), 4A (Na'A), 5A (C32+A). Quan
trong nhat trong loai zeolit giau Al 1a NaX véi ty lé Si/Al tr 1,1 dén 1.2
Mao quan cua zeolit nay tuong i 16n (8 A).

- Loai ¢6 ham lugng Si trung binh: Véi zeolit loai nay ty 1& Si/Al tir 1.2
dén 2.5. Ta c6 céc zeolit thude ho nay la zeolit Y, X.

- Loai gidu Si: Loai zeolit nay ¢d ty 1¢ SifAl > 2.5, tuong d6i bén nhigt, nén duoc
st dung trong nhiéu qud trinh xuc téc ¢6 didu kien khic nghiét, tiéu bién cla zeolit
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loai nay la ZSM-5, ZSM-11... Ty 1& Si/Al cua cdc zeolit nay xép xi 100,
dudong kinh mao quan tir 5,1 A dén 5,7 A. Theo Naccache, cau tric khung
ciia ZSM thudng c6 khoang 10 nguyén tir Al tuong (ng v6i 1000 nguyén tur
Si trong mang.

XIV.1.2. Ciu tric cua zeolit

Zeolit ¢6 ciu tric tinh thé, su khdc nhau trong mang tinh thé cia cic
loai zeolit 1a do diéu kién téng hop, thanh phan nguyén liéu, sy trao déi cac
cation kim loai thay th€ tai cdc nit mang tao nén.

Theo Naccache va nhiéu tic gia khéc, viéc tao thanh khung cau tric
zeolit 12 do méi lién két —Si—O-Si— hodc —Si-O-Al- tao ra. Xung quanh
méi ion Si** 12 4 nguyén tir O tao thanh khung t& dién TO, , trong d6 ¢6 mot
s6 tir dién vi tri sitt duoc thay thé bang AI’* tao ra tir dién AlO,". Khung tu
dién c6 dang nhu trén hinh XIV.1.

Tt dién co ban nay cé dién tich am con du va né duge b trir bang cdc
cation trao déi nhu K*, Na*, Ca®*, Mg, NH,*, H'... Céc tit dién SiO,* va
Al10,> duoc lién két véi nhau mot cich dic biét qua dinh oxy tao thanh
nhitng don vi cdu tric co ban goi la sodalit. Nhu vay vién gach dé tao thanh

tit ca cdc zeolit 1a sodalit ¢é6 ciu tao khung Si—Al nhu hinh bat dién cut
(hinh XIV.2).

Hinh XIV.1. T« dién dugc tao thanh bdi Hinh XIV.2. C4u trac khong gian
4 nguyén tir oxy phan bé xung quanh clia bat dién cut.
nguyén ti silic hodc nhom.
Tai céc dinh cua bat dién cut 1a céc ion Si** va AI’*, cdc dién tich duong
nay la tam cuia t dién TO4. Xung quanh méi dinh cia mot sodalit luén c6 4
ion 0%, cdc ion nay la cdu néi gilta cdc nguyén ti Si va Al trong sodalit
hoac giita cdc nguyén tir Si va Al thudc cdc sodalit khic nhau.
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Tir cdc mai lién két gilta cac tir dién TO4 lai tao thanh cidc 6 mang hinh
hoc co s& c6 dang nhu & hinh XIV.3.

=HRe -
5 & o
< g &

Hinh XIV.3. Céc 6 mang co sd.

XIV.1.3. Mot sé zeolit tiéu biéu
a) Zeolit A

Zeolit A 1a loai zeolit tdng hgp c6 cau
tao khdc véi zeolit tu nhién, cdu tric cua né
c6 dang mang luéi lap phwong don gian
tuong tu nhu kiéu lién két trong tinh thé
muoi NaCl, véi cdc nit mang luédi la céc bat
dién cut (hinh XIV.4).

D6i v6i zeolit A, ty s6 Si/Al = 1 nén
s6 nguyén tu Si va Al trong méi mot don
vi sodalit bang nhau. Vi vay v4i mbi bat
dién cut dugc tao boi 24 tir dién c6 48 nguyén tu oxy lam cédu néi, vay
con du 12 dién tich am. D€ trung hoa hét cdc dién tich 4m nay phai c6 12
cation hod tri 1, vi du nhu Na* hoic 6 cation hod tri 2 (Ca®*). Trong

trudng hop zeolit A thi ¢6 12 cation Na' nén céng thitc chung cua zeolit
A la: Naj3[(AlO,)12.(Si02)12].

Hinh XIV.4. C4u tric khéng gian clia
t6 bao mang tinh thé zeolit A.

196



Cic sodalit lién k&t vdi nhau qua mat bon canh tao thanh mdt cdu tnic
hoan chinh ¢6 dang nhu trén hinh XIV.4.

Vay cong thirc chung cila mot don vi zeolit A hoan chinh la:

N396A1963i9603 34.271‘120

Trong qua trinh lién két, gita cac sodalit A tao thanh cd¢ héc 1on va cac
héc nhé, hée 16n duoe coi 1a phédn thé tich gidi han gitta 8 sodalit trong mot
& mang, ¢on hdc nhé la phan khong gian réng trong sodalit. Theo Naccache
vi mot 88 tic gia khdc thi héc 16n cua zeolit A (con goi la hée a) ¢6 thé coi
12 dang hinh ciu ¢6 dudng kinh héc 14 11,4 A. Pudng kinh héc nhé (con goi
1a héc B) khoang 6,6 A. Mdi héc 16n cha zeolit A thong véi 6 héc 16n bén
canh qua cdc clta s& 8 canh (goi 14 cira sé hdc 16m) cé kich thude 4,2 A.
Ngoai ra méi hoc 16n con thong véi 8 héc nhd qua cdc clra s6 6 canh véi
kich thuée cira s6 nho 1a 2,2 A

Thé tich cia méi héc 16n 12 150 A® va ciia mdi hée nhéd 1a 77 A°. Do su
thong giita cdc hdc B va o tao thanh cic kénh n6i. Viéc tao thanh kénh lam
tang thé tich tu do cia zeolit khodng 50% tdng thé tich chung. Do vay do
xGp cua zeolit A rdt cao nén c¢6 thé hap phu duge céc chit cé dudng kinh
phan tl hodc ion nhd hon dudng kinh cla s8 dé€ vio cic héc hdp phu cla
zeolit. Pay chinh la hién tugng ray phan tir cia zeolit A.

b) Zeolitdang X, Y

Trong cau triic zeolit dang X, Y, cdc sodalit ¢6 hinh dang bat dién cut
dugc sip x&p theo kiéu tinh thé kim cuong
(1ap phuong tdm mat) (hinh XIV.5).

M4i nit mang ludi cua zeolit X, Y déu
{4 cdc bat dién cut vi mdi bdt dién cut d6
lai lién két véi 4 bat dién cut khdc & mit 6
canh thong qua lién két cdu oxy. S6 mait 6
canh cia bat dién cut 1a 10, do vay luén tén
tai 4 mit 6 canh ¢bn tréng cha mdi bdt dién

cut trong zeolit X, Y.

S6 titr dién Si04 hodc AlO,” trong mdi _
Hinh X1V.5. Cau trdc khdng gian

‘ i clia tinh thé zeolit NaX hodc NaY
nguyén tu oxy la 348 nguyén tu. kidu faurazit.

t€ bao co ban cia zeolit X, Y 1a 192, s6
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Viéc phan biét giita zeolit X va Y dua vio ty & giia Si/Al. Trudng hop
Si/Al = 1 d&n 1,5 ta cd zeolit X, néu ty sd SifAl = 2, taco zeolit Y.
Cong thic hod hoc cua mot t& blo co & cdc loai zeolit nay nhu sau:
Zeolit X: Nagg[( AlO2)g4. (S102) 106 260H0
Zeolit Y: Nasg[{AlO1)56.(5102)136].260H,0

Cung mot ty s& giita Si/Al nhung dang faurazit tu nhién thi ngoai Na” ra
Py PR 2 2 s a - - - -
cdn cé cac ion Ca™t, Mg~ ... do d6 cong thie faurazit ty nhién ¢é dang:

(Nas.Ca.Mg)10.[(A102)60-(S102)132]. 260H,0
va {Nag.Ca.Mg)30.[(A103)56.(5103} 136]-260H,0

Nhu vay ta nhan thdy zeolit Y giau silic hon so v&i zeolit X mac di téng
cic jon Si** va AIP" khong déi, bing 192 v bang 56 nit mang cua mot t& bao
CU S0

Mot tinh chét quan trong ta cing dé nhan thdy 1a ty s6 Si/Al dnh hudng
dén do bén cua zeolit, ty s6 niy cang 16n thi do bén co nhiét cing cao. Do
vay zeolit Y bén hon zeolit X.

Do su tao thanh lién két gitta cdc mat ciia zeolit X, Y khic vdi zeolit A,
nén héc o cha ching ciing ¢6 kich thude khdic véi hée o cua zeolit A. Duong
kinh héc o cha zeolit X, Y khoang 12,7 A. Mat khic, do lién ket ¢ cdc mit 6
canh nén tén tai ba dang cua 58 tuong Gng vGi cac mat thong nhau cua cac
hoc o va B. Khi hai hdc a théng nhau, cira sé 12 7,8 A. Truéng hop hoc «
thong véi hdc B, cira s6 gém 6 nguyén tir oxy, kich thude khodng 2,2 A.
Truong hop thong giita hai héc B va B, cira sé clng ¢6 6 nguyén tu oxy va
kich thuée khoang 2,2 A.

¢} Zeolit mordenit

Mordenit 12 mot loai zeolit trong do6 ty s6 giira Si/Al > 5, né thudc loai
khodng nghéo nhom. Trong tinh thé cia mordenit ¢é cac ion Na’ va dang
céiu triic ¢ia nd kha dac biét.

Cong thitc hod hoc cua mordenit & dang hydrat nhw sau:

N&g.Alg‘Si;m.Or;(,.zf-]-Hgo

Mit xich co ban ddu tién cia sy tao thanh tinh thé dang mordenit 12 su
- tao vong lién két ctia 5 nhém nguyén tit TO4 (T 14 Al hoac Si). Hinh XIV.6
mé ta dang mit xich « (a ¢6 kich thude xap xi 18,13 A).
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Hinh XIV.6. Dang cAu fric mordenit.

Tir ¢iu tric (a) qua ciu ndi oxy tac thanh cauv tric phifc tap hon (dang b)
véi kich thude (b) = 29,43 A.

Ciu tric (¢) la dang co ban tao thanh mot don vi doc lap cia tinh thé
zeolit mordenit.

Cira s& 16n ciia mordenit tao thanh tir vong gom 12 nguyén tir oxy, kich
thude cira s6 11 5.9 A dén 7,1 A. Cira s nhd do chinh cdu tric (a) tao thanh
v6i kich thude tir 2,7 A dén 5.7 A,

Do ciu trie nhu vay nén trong mordenit t6n tai nhiéu kénh néi, do xop
ciia mordenit tuong d6i cao, 40% thé tich. Do vay mordenit ¢6 nhiéu dng
dung trong thuc té.

d) Zeolit ZSM-5 va ZSM-11

Zeolit ZSM-5 via ZSM-11 thuéc ho zeolit mao quan trung binh, kich
thuéc mao quan tuong ing 1a 5.3 A va 5,7 A. Ty lé Si/Al trong ho zeolit
ZSM khd cao, trong cdu tric khung clia ZSM chi ¢é khoang 10 nguyén tur
A1/1000 nguyén tir Si & nit mang. Do vay zeolit ZSM-5 va ZSM-11 khi bén
thuy nhiét. Trong dang tinh thé ngam nudc, cong thitc chung cua ZSM-5 va
ZSM-11 nhir sau:

Na,.Al,.Sigg_..0192. 16H-O

Sodalit cta zeolit nay cé dang (a). Trong dang (a) ta thiay ¢d 5 va 8 ut
dién TOy lién két tao thanh vong co s (hinh XIV.7).

Trong zeolit ZSM-5, {a) ¢6 kich thudée 20,1 A dén 20,7 A. Tir 3 mit xich
(a) téng hop duge cdv tric (b) (hinh XIV.8).
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Cau tric mao quan Mao quan théng

'i"\‘l

Hinh XIV.8. CAu tric ZSM-5 va ZSM-11.

Kich thudc cia (b) tir 19,90 A dén 19,85 A.

Tir (b) téng hop dugce t€ bao co ban cua tinh thé zeolit ZSM-5 (c). Kich
thude clia t& bao co s& (c) tir 13,40 A dén 13,36 A.

200



Cau tric chung cia hé théng mao quan ZSM-5 cé dang hinh elip vo1

kich thuéc mao quan khoang 10 A. Cac cita 56 trong zeolit ZSM-5 gém co:
Ciasdlén(l) 5,1 Adéns57A
Cirasdnkd (2)  54Adéns56A

Cic clra s6 nay tao thanh do sy lién két cia 10 nguyén tir oxy trong
TO,.Viy ta nhan thiy kich ¢& cla s6 16n va nhé coa ZSM-5 tuong duong
nhau, do d6 46 chon lo¢ clia xdc tdc ZSM-5 rit cao.

Ciu tric ctta ZSM-11 tuong tiu nhu ZSM-5, (clra s6 tao thanh do 10
nguyén ti¥ oxy trong TOy lién két lai, kich thudc mao quan xdp xi 10 A)
nhung hé théng mao quan ciia ZSM-11 ¢6 dang hinh sin, cira s8 ciia ZSM-11
kich thudc tir 5,1 A dén 5,5 A. Cic cira s8 ctia ZSM-11 déng déu hon ZSM-5,
do vy do chon loc cua ZSM-11 cao hon han so véi cdc Joai zeolit khic.

Ngoai mét s6 loai zeolit co bin trén, con ¢é rit nhiéu zeolit cling kha
thong dung nhu ¢ bang XIV.1.

Bdng XIV.1. Cac loai zeolit xic tac st dung trong loc hod dau

Loai zeolit Kich thuic mao quan Khong gian | Kiéucdutric { Kich thudc vong
ZSM-5 53 x 5,6 51x55 3 chiéu MFI 107
Z8M-22 55x54 1 chiéu TON 10T
Mordenit B.5x70 26x57 2 chidu MOR 8 va 10T
Beta 65=x70 75x57 3 chiéu BEA 12T
usy T4x74 3 chiéu FAU 12T
Theta 1 42x54 35x448 2 chiéu FER 10 va 8T
RhO 36x36 RHO 8T
MCM-41 40x85 1 chigu M4415 tuy digu kién
tdng hop
SAPQO-11 63x39 1 chiéu AEL 10T
VP!-5 13 1 chiéu 18T
KL T4=x71 1 chiéu LTL 12T
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e) Zeolit AIPO va SAPO

AlIPO hay con goi 1a aluminophotphat, 1a mét loai zeolit méi duogc
Wilson téng hop nim 1978, AIPO thudc leai zeolit vi mao quan, kich thude
mao quin ¢6 thé thay déi tuy thudc vao thanh phin ciia cdc nguyén lidu va
dicu kién tong hgp (kich thudc mao quan xip xi 0,8 nm).

Diém khdc biét néi bat gita aluminophotphat va cdc zeolit thudng
(aluminosilicat) 1 thanh phin coa cdc cdu t trong khung zeolit.

Véi zeolit thudng, cau tric tinh thé ¢6 dang:

0 0 0 o) 0
- \AIZ \Si/ \Al/" \51/ ™~
/N SN N N
A A 0 B U B

Do Al ¢6 hod tri (3+) nén [AlO,] ¢ dién tich (—1), twong tu Si ¢6 hod
tri (44) nén cdu trdc rit gon cla mot mit xich chia Si trung hoa vé dién
[Si0,]°. Tdng dién tich ciia mét khung co ban trong zeolit bing chinh sé
nguyén tr Al trong khung. Chinh gi# tri di¢n tich ndy dnh hudng quan trong
dén s manh yé&u coa luc axit Brondsted trong zeolit.

Trong cau tric AIPO, nguyén t& Si duge thay thé bing photpho tai cdc
nit mang. Photpho ¢6 hoa tri (5+) do d6 khi xem xét mét cdu tric rit gon ta
nhan thay [PO,]" ¢6 dién tich (+1). Ciu triic tinh thé APO ¢4 dang:

%) 0 0 0 0
/ NS
4 \Al‘ \P"'/ Al” \9*/\
/N SN N /N
AIALAT

Nhu viy t6ng dién tich cia mét mit xich co ban [Al0O,].[PO-] bing 0
(mat xich trung hoa dién). Diéu ndy ddn t6i sy phan ly cia HY tai cdc tam
axit giam, hay néi mot cdch khdic hre axit cla cde tam axit yéu. Vay AIPO
thudc loai zeolit ¢6 do axit yéu, hoat tinh cla né thap,
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Bdng XIV 2. Mot s0 loai AIPO st dung hién nay

’7 AU trie Kich thujdc $6 vang %V cac chat trong zeolit
Mao quan 0, H,0
AIPO-5 0.8 12 0,18 0.3
AIPO-11 0.64 10 0.11 0.16
AIPO-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
AIPO-18 0,46 8 0,27 0,35
AIPO-20 0.3 5 0 0,24
AIPO-31 0.8 12 0,09 0,17
AIPO-33 0,41 8 0,23 0,23

AIPO diwoc téng hop tir nguyén li¢u chita nhom, photpho vi cic tic nhan
hitu co tao cdu tric (tdc nhan hifu co cé thé 11 cdc amin hoic NH4OH).
Thanh phén chi y&u cia AIPO Ia: R, Al,05, P205. H,0, trong d6 R Ja amin
hoic NHy™.

Téng hop AIPO tuong tu téng hop zeolit aluminosilicat thudng, nhung
thay vi tao gel aluminosilicat ta dugc gel aluminophotphat. Qud trinh téng
hop bt ddu véi su t6 hop cua mot 56 phdn tir nhat dinh tir boemit hodc gia
boemit (d6 1a mot phan tir aluminohydrat hoat dong va axit photphoric trong
nwdc) tao gel aluminophotphat, Sau do6 miu duce nung & 500°C dén 600°C,
thoi gian nung 48 gio, thanh phin R va H,0 duoc tdch ra tao thanh cdu tric
vi mao quan cia zeolit AIPO. Kich ¢& tinh thé cla zeolit AIPO tuy thudc vao
ché& do nhiét khi nung, thei gian két tinh, néng do cla tic nhan hitu co. Sau
khi nung ta thu duoc AIPO ¢d cdu tric khung trung hoa vé dién va thé hién
tinh axit yéu.

AIPO it ¢ ing dung trong thuc t€ do hoat tinh thip, do dé ngudi ta cai
tién &€ tang hoat tinh cia né 1én bang cdch thay thé cdc nguyén tir kim loal
Khac vio cdc nit mang tinh thé cua zeolit AIPO. Cdc kim loai thay thé
thuong 12 kim loai da hod trj nhir Co, Mn, Fe, Be, Zn... loai zeolit nay dugc
ky hieu 1a MeAIPO. C6 thé thay ddi nhiéu kim loai khdc nhau, vGi muc dich
chinh 1am thay déi dién tich trong khung mang tinh thé, déng thoi dam bao
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¢de tinh chit co 1y quy bau cua AIPO.

Trong trudng hop thay Al trong khung bang Si, ta dugc h@ zeolit mdi co
hoat tinh xic tdc cao, d¢ bén co nhiét tét, goi la zeolit SAPO.

Viéc thay thé céc vi iri Al & niit mang cia AIPO ¢4 thé x4y ra nhu sau:

/\ \/\/\/\

Al
/\ /\ /N /\
O O O )

—0Q

0 0 0 0 0
e \Al'/ N \Si/ \P"‘/ N
VRN / /N SN

Zeolit SAPO tuy cé dién tich téng cong trong mot don vi mit xich co
ban trung hoa nhung do anh hudng ciia cac nguyén tir Si ndm ngan cich gilta
Al v P nén hoat tinh clia SAPO 16n hon nhiéu lin so v&i AIPO.

Trong khung cia zeolit SAPO thudng duy tri ty 1¢ nguyén tu (Si-AD/P = .
Hién nay c¢é mot s6 nghién citu sir dung kim loai kiém thém vao thanh phan
SAPO dé nang cao hoat tinh cua xdc tic.

Cic iing dung cua SAPO trong cong nghiép:
e Oligome hod cic olefin;
o Lim xic tdc cho phan itng izome hod parafin;

» Lam xtc tdc cho qué trinh alkyl hod hydrocacbon aromatic va izome
hod xylen;

¢ Chuyén hod metanol thanh hydrocacbon aromatic.
X1V.1.4. Tinh chit axit bé mat
X1V.1.4.1. Khdi niém va sy hinh thanh cdc tdm axit trong zeolit

Khai niém vé d¢ axit bé mat cha xdc tdc ran xuat phdt tir qud trinh quan
sét thuc nghiém. Mot s6 phin tng dugc xic tic boi chat rin cho san pham
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gin giong v6i qud trinh sir dung cdc axit thong thudng. Cac nha khoa hoc
thira nhan ring cdc tinb chat axit ¢ia nhiéu xic tdc va chii yéu 1a cac zeolit
chinh 12 nguén hoat tinh xic tic cua ching trong cic phan ¢ng x4y ra theo co
ché cacbocation, nhi phdn tng cracking, polyme hod, izome hoa, alkyl hoa...

Tinh chat axit caa zeolit thuc chdt bit ngudn tit cfu tric ddc biét va
thanh phin hod hoc cia né. Nhu di dé cap trong phdn ciu tric va thanh phén
cua zeolit, mdi don vi [AlO,] hodc [FeO;] mang mot dién tich am, dugc
trung hoa bing cation hod tri, thudng }a Na* hoiac cao hon. Khi thay thé ion
Na' nay bing cic cation khdc s& lam xuit hién proton trong zeolit.

Trong zeolit ¢é hai loai tam axit: Mot loai ¢é kha niang cho proton {tam
axit Bronsted), mot loai ¢6 kha nang nhin cip electron (tam axit Lewis). Cac
tam axit niy duoc hinh thanh theo nhiéu cich khac nhau.

o Tam axit Bronsted

Cic nhém hydroxy! chinh 12 aguén cung cép proton chu y&u dé tao nén
c4c tam axit Bronsted. Céc nhém OH™ hinh thanh trong qud trinh phéan giai
cdc ion amoni hodc alkyl amoni tao ra proton lién k&t v&i cdc nguyén iy oxy
cla cdu tric mang ludi, hodc do s phan Iy cua phén to nude hip thu boi
trudng tinh dién ¢ha cdc cation trao ddi da hod tri theo cdc so dd sau:

)
R-N H:) f11

0\ /O\ /0 O\ /O\ 0
AlT Si —_— Al Si + RNH,
/s N7 N Ve /s -
O O O O O O
(m-1)"
M(H,0) 1, M(OH) mot k
QO O
NS N 2N /O\ HO ({ /0\ /0\ /0\ 7/
/Sl AlT Al — Si Al~ i Al
N/ N SN/ 7/ 7/ VAR NEVARN
O Q O

Tam axit Bronsted ciing c¢é thé hinh thanh tir qud trinh trao doi cic
cation kim loai kiém bing ion H” clia axit (vi du axit HCI). Tuy phién qud
trinh xir 1§ axit ndy chi dwoc dp dung véi cic zeolit bén trong moi trudng
axit (tire 12 ty so SifAl cao):
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Na™Mord + HCl — H-Mord + Na'Cl”

Qua trinh trao déi clia zeolit véi cdc cation da hod tr1 nhu: cdc kim loai
kiém thé, kim loai chuyén ti&p, dit hi€ém ciing lam xudt hién dang proton hod
MHZ. Céc cation nay duoc trao d6i dudi dang ngam nuéc Re(H,0),. Dudi
tdc dung ion hod clta ciu tric zeolit cac dang nay s€ chuyén tir Re*'(H,0)
thanh [Re(OH),] H* vi nhw vay 12 dd xuét hién proton.

Qua trinh ion hoa cdc ion hod tri 2 (Ca, Mg, Ba) va hod tri 3 (Ga, La)}
trao ddi trong zeolit ¢6 thé biéu dién theo so d6 dudi day:

3+ E / N\ /— 3+
e’ 2H,O0 + 3 /1 Al === Re(OH)".2H,0
o’ Yo o/ Mo

o 0 o o o .,O
/0 / s /
+ Marc e | Vs Al =
0/ \o d o of No o o
+ /0 N /0 o_ 0 o ,0
Re(OH)," H® + / \ / + 2 /Si\ Al
o \o g Yo o o

Ngoai ra sau khi kha hydro, cic zeolit dd trao déi ion vé&i ion kim loai
chuyén tiép nhu Ni, Cu, Co hay kim loai qui Pt, Pd, Ru, Ir... ciing s€ tao ru
ciéc dién tich am du va duge trung hoa bang cdc cation H*. Qu4 trinh xdy ra
nhu sau:

— Trao ddi ion véi Pt:
NaZ + Pt(NH;);>* === PyNH3)},'Z + Na'
— Khit hydro:
Pt(NH3);* + H, —* Ptkimloai/H" zeolit + NH;
® Tinm axit Lewis

Céc tam nay dugc hinh thanh tir qud trinh tich nhém hydroxy! cua zeolit
khi xtr 1y nhiét:
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0O O O
O\AI{O\S‘/O O\AIZO\ ; \A g'/ H,O
= +
/ N/ l\ VAN /Si\ v K Ve 1\ 2
O O O O CO0O 00 CO0 O

O nhiét d6 cao (trén 400°C), trude hét xdy ra qua trinh di chuyén proton,
sau d6 tdch hydroxyl cén tric ra duéi dang H,O, theo chu trinh sau:

i
o_ ,OH 0 o_ 0 0
Si Al == Si Al
o o O 0 o) 0 O o)
H— »H H H
I | N\ /
O O, 00 O O O 00 O O
N /N7 N/\ 7/ N/ NTNIN
S Al S i Si Al Si Al
NN ANAN VNN AN N
o o o) 0 o) o 0
H H
\/
O\S'/O\Al/) O\S‘+ Al/o H,O
1 1 +
VAENIZ2RN RN /N .
o O O 0 o 0 0

X1V.1.4.2. Co ché hinh thanh cacbocation trén xiic tic zeolit

Trong nhi¢u phin tng hod hoc, qua trinh chuyén hod hydrocacbon trén
Xdc téc zeolit axit xdy ra qua giai doan hindr thanh hgp chdt trung gian 1a
cacbacation. Cic cacbocation duge chia thanh hai loai:

— Ion cacbenium: trong d6 cacbon mang dién tich dwong ¢6 hod tri 3

— Ien cacbonium: trong dé cacbon mang dién tich duong ¢é hod tri 5.

Cac cabocation nay dwgc 1ao thanh trong mao quan cia zeolit trén céc
tim axit theo ding quy luat nhv trong méi trudng long. Chiing ¢6 thé hinh
thanh tir qud trinh: ¢cng hgp mot proton (hoac cation) vio mét phan tr hgp
chat chua no, tdch loai mét electron khéi phan tir trung hoa hay phan cit di
ly phén ti, tuy thudc vao timg loai phan ing khdc nhau.
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1. Déi véi phdn ting cracking xic tde parafin:

Hién nay c¢6 mot vai co ch€ duge sir dung dé giai thich sy hinh thinh cic
hydrocacbon trong thanh phan ciia san phdm qua hai loai cacbocation: ion
cacbenium va ion cachonium.

Hop chit trung gian ion cacbenium dugec hinh thanh tir qud trinh proton
hoa olefin {lau trong nguyén 1iéu hodc sinh ra do dehydro hos) trén tam axit
Bronsted hoidc tdch H* ra khoi parafin nho tam Lewis:

tam axit Bronsted
[ —— S,

R,-CH=CH-R, + HZ

R(-CH;~C*H-R> + Z~

R;-CHy~CH,-R, + [~ ‘'dfaxitlewis p  cH,-C'H-R, + HL

Cédc ion cacbenium bi cit mach & vi tri B so véi C*, sau dé tao olefin,
hoic tham gia chuyén hydrua tac ion cachenium méi. lon nay cling tham gia
cit lién két B tuong tu.

chuyén H'
R|—CH>-C'H-R, + R3-CH,-CH,-R, R,~CH,—CH,-R,
+ RS—CHz—CH—Rq.

R3-CH,~C*H-R, SMlenkétf R+ . CH,=CHR,

D¢ gidi thich sy ¢6 mat clia Hy, CHy, C;H, trong thanh phan san phém,
Dessan dd dva ra mdét co ch& khdc véi su hinh thanh ion cacbonium trén tam
axit Bronsted:

to

+
RI—CHZ‘—Cﬂg—Rz + HZ =——= R]——CHQ_-CH:;—RZ + Z
+ / \ +
R] + CH3—CH2—R2 Rr‘CHg—CH—Rg + Hz
2. Phdan wng alkyl hod hop chdt thom

Phdn (ng nay xdy ra theo co ché electrophyl (Sg) qua ba giai doan véi sy
hinh thanh cacbocation do olefin két hop véi tam axit trong zeolit:

ZeolO"H" + CHp=CH; —»  ZeolO™ C'H,-CH;

Sau d6 cacbocation nay tin cong vao nhan thom tao phic n:
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ZeolO™ C'Ho—CH3 + @ — ZeolfJé

Phitc nay khéng bén nén chuyén thanh phifc 8, sau d6 tich proton va tao
atkyl thom:

_ —+ .
ZeolO ——» ZeolOH + @

3. Phdn ting phdn b6 lai hydrocachon thom

Cé mot vai co ché duge ting dung dé phan tich phidn dng nay. Trong dé
¢6 mot co ché dugc chdp nhan réng tdi hon cd 13 co ché€ hinh thanh
cachocation benzylic.

Qu4 trinh hinh thanh cacbocation benzylic xay ra do su tdn cong cua
mot ion hydrua va tao ra mot phan tit hydro:

+

CH, CH,

—— + -
@ + Zeol H = @Zeol + H,

Sau d6 modt phan tir hop chat thom khac tén cong vdo cacbocation
benzylic tao hop chit trung gian cua phan ing dang diphenyl metan:

CHZ"‘—\ CH, _
Zeol - —_— H ZCOl
CH, CH,

Dang diphenyl metan ti€p tuc bign déi, phan chia tao ra san pham cudi
12 benzen va cdc xylen khdc.

Nhu vay, do axit ciia zeolit ¢o vai trd rit quan trong trong xic tdc, nhat
1a d6i véi phan ing cracking xic tic. Ngudi ta nhan thdy rang, khi luong
Si0, cang nhiéu, luong Al,O5 cang it thi do axit cua zeolit cang tang. Tuy
nhién ty s& Si0,/A1,0O3 cling chi ting dén mot giol han nhét dinh dé trdnh

pha v& cfu tric cha zeolit.
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XIV.1.5. Tinh chat chon loc hinh dang

Ngoai tinh chat axit bé mat di tao cho zeolit 1a mot xic tac axit pho
bién, zeolit con cé dac tinh rat qui vi né la mot loai vat liéu mao quan, no co
tinh chon loc hinh ddng d6) v6i cdc chat phan ing. Co thé ¢6 ba loai chon
loc hinh ding:

_ Chon loc hinh déng do kich thudc chat phan ung

_ Chon loc hinh ddng do kich thude sin pham

— Chon loc hinh déng theo trang thai trung glan.

Phin 16n cdc xic tdc ¢é tinh chédt chon loc hinh dang la cdc zeolit,
dutng kinh mao quan cua cac zeolit phu thudc vae sd lugng 1 dién SiOy4 tao
clra s& mao quan 16n.

Bang XIV.3. Dudng kinh mao quan ciia mot 56 zeolit

Loai mao quan Puéng kinh mao quan (A) Loai zeolit
nhd 36-42 erianit
trung binh 57 ZSM-5
lgn 59-74 Mordenit
7.8-127 Zeolit Y

Thuc (&, mao quan ¢6 duong kinh nho hon mét it so vdi gid tri cho trong
bang do st sap x&p cdc tf dién Si0,.

Vé nguyén tic, mot phan tit mudn phan tng trong cdc zeolit can phai
qua cac giai doan sau:
— H&p phu trén bé mat ngoat xuc tac:

~ Khuéch tin qua cic cira s6 VAo mao quan va 1ién vé phia tam hoat
tinh;

~ Hip phu trén cac tam heat tinh bén trong mao quan va tap hop chat
trung gian ctia phan éng:

— Phan ing;
— Giai hdp phu va khuéch tan ra khoi mao guan,

Trong céc giai doan nay, 0 thé nhan thay kha nang khuéch tdn cuia céc
phan ti trong mao quan zeolit ¢4 anh hudng rat 16n dén ti€n trinh phan tng,

210



cu thé 12 né ddng vai tro chi yéu dinh hudng céc phan ng xlc tdc.

Mat khic, kha ning khuéch tdn vira phu thudc vao ban chét phan tir la
vira phu thuéc vao kich thude ciia hé mao guan trong zeolit, do tinh chat
chon loc hinh ding cua zeolit quyét dinh. Vé&i céu tric cdc mao quan dac biét
vi rit déng déu, zeolit chi cho phép céc phan tl ¢6 kich thude nho hon cita s6
di vao va thodt ra khoi cdc mao quan cua nd.

) Chon loc chdt phan iing

Ciic tam xiic tic naAm trong cac khoang hoic mao quan c6 dudng viio bi
gi&i han b&i kich thudc cua sé. Nhu viy, chi ¢6 vdc ¢hat phan tng ¢o kich
thudc nho hoac gin bang duwdng kinh cic cira s8 ndy méi c6 thé khuéch tin
vio trong cdc mao quan A& dén cdc tam hoat dong va tham gla phan ung.

A
Y

Ca ché chon loc chat phén ung
h) Chon loc sdn pham

Chi ¢6 cac san phdm phén itng c6 Kich thuée nhd hon mao quan mdi ¢
thé khuéch tan ra ngoai cac 16 x6p dudi dang cac san phidm cudi cing.

Céic san phdm céng kénh khidc, néu c6 tao thanh trong qué trinh phan
ng thi ciing sé bién ddi thanh céc phéan tir nho hon hodc ngung ty lai, bit
chat cdc mao quan lam mAt hoat tinh xuic tdc.

Loai chon loc nay rit thich hop cho nhifng phan dng cin chon loc sdn
phdm mong mudn trong s& céc déng phan cua né. Vi du, chon loc dang para
trong phan ng alkyl hod toluen. Su alkyl hoa toluen s€ tao ra ba d6ng phan:
octo, meta, va pard-etyl toluen. Chi ¢6 para-etyl toluen <6 thé tich nho hon,
do vay, né khuéch tan nhanh hon ra ngoii mao quan nén [udn c6 mat trong
hén hop san pham. Do dé do chon loc hinh dang déi véi para-etyl toluen
tang lén. O bén trong mao quan, do qua trinh izome hod xay ra nhanh, nén
noéng do caa ba izome ti&n 161 néng do can bing nhiét déng hoc, do c¢hon loc
d6i véi para-etyl toluen s& phu thuge viio 1y s6 cla téc do khuéch tdn va toc
d6 izome hod cia ba déng phan.
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Ca ché chon loc sén phém

¢) Chon loc hop chdt trung gian

Su chuyén hod chit phan ung A thanh san pham P xay ra qua mot trang
thai trung gian ¢é c4u tnic va kich thude xdce dinh.

Néu dang hop chét trung gian cia phan g qua Ién so véi dudng kinh
¢dc mao quan thi phdn dng khong thé xay ra ngay ca khi cdc chat phan ng
vil san pham mong mudn nhit ¢6 thé khuéch tin dé dang ra ngoai 16 x&p. Chi
¢6 phin ng nao c6 kich thude cira hop chit trung gian va trang thai chuyén
ti€p phlt hop v6i kich thude mao quén cia zeolit méi ¢6 the xay ra.

Chéing han, néu san phdm trung gian 13 ion cacbenium nhiéu nhanh,
hodc néu co ch€ hinh thanh né 1a phan ng ludng phan tir vé chuyén dich
hydrua hay 12 phan \ing ludng phan tir phan bs alkyl thom, khong thé xdy ra
khi khodng khong gian trong mao quan qui nhé, qué chat hep, phan tng theo
co ché nhu trén 12 khong xay ra.

%//////////////////W////////%

o .

Ca ché chon loc trang thai chuyén tiép

Mot hiéu ng rdt quan trong cia khdi niém d6 chon loc hinh ddng 1a:
“kich thudc ciia trang thdi chuyén ti€p” duoc chi ra trong trudng hop nghién
citu vé phan ing izome hod va cracking cdc parafin nhe.
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Qué trinh izome hod n -butan trén zeolit mao quan lén dién ra theo co
ché ledng phan . Trén cdc xic tdc ndy, san phdm cia phan ing chiyéu 1a
izo-butan, propan, va pentan.

Trén zeolit HZSM-5, khéng gian tu do trong cic mao quan khong du dé
cho phép mot phan fng ludng phin tir xay ra va trudc hét 12 su hinh thanh
trang thdi chuyén tiép trong ludng phan ti. Do sy han ché nay ma tdc do
phén tng izome hod izo-butan trén zeolit HZSM-5 s& nh6 hon 100 lan so véi
H-mordenit, cho di hai zeolit nay ¢ d6 axit twong duong nhau.

Nhu vay do chon loc hinh déng theo chét phan ting hodc sin phdm phan
ttag s& thay ddi theo kich thudc hat. Hat zeolit cang 16n thi do chon loc cang
lén d6i véi cdc chdt phin ing hodc san phdm it céng kénh. Ngucgc lai, d6
chon loc theo hinh dang cia cdc trang thdi trung gian la moét hiéu dng thuan
hod hoc, céc san phdm trung gian khé dich chuyén, dé dang bao quanh cic
tam hoat tinh. Do vdy d6 chon loc nay s& khong phu thudc vao kich thwée
hat zeolit.

XIV.2. UNG DUNG CUA ZEOLIT TRONG LOC - HOA DAU

Viéc fim ra zeolit va téng hop duge ching di tao nén budc ngoit 16n
trong céng nghiép hoa hoc, dic biét trong nganh cong nghiép dau khi, Viéc
x’rhg dung zeolit khéng nhimg 1am ting vé ca s6 lugng, chat luong cua cic
san phim ddu khi ma con gép phin nang cao hiéu suft cha cdc qud trinh ché
bién mot cach dang ké.

Luong zeolit st dung trong loc hod ddu ngly cang tang vé ci s6 luong,
ching loai va kh&i lugng sir dung. Dudi day la mot s6 théng ké vé sur dung
zeolit trong cdc cong doan loc hod dau.

Bing XIV 4. Lugng xic tic zeolit sit dung trong loc - hod dau

Qua trinh tinh ché Xuc tac Lugng xdc tac s dung
1978 (T/n) 1985 {T/n)
Cracking xdc tac Zeolit 280,000 350.000
Alkyl hoa Zeolit 175.000 240.000
Hydrocracking Zeolit 19.000 46.000
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Ly do dé zeolit tro thanh mot xiic tic cuc ky thanh cong trong loc hod
dau 1a do nhiing dac tinh ndi troi cha no so voi ¢éc loal xic tdc khdc nhu:

e Zeolit c6 bé mat riéng 16n do 46 c6 kha nang hip phu cao. Tinh
chit hip phy cua zeolit ¢6 thé ducc khong ché va thay déi tuy thude
vio tinh chit bé mat wa nude hodc ky nudc ciia vat ligu.

o C6 thé diéu chinh duge lyc axit va néng do tam axit trong zeolit
cho phil hop v6i timg phan ing cu theé.

e Kich thudc cia cdc mao quan (kénh, ranh) cdc hoc 16 cua zeolit phu
hop v6i nhiéu loai phan tir ¢6 Kich c& tir 5 A dén 12 A. Mat khic
trong mao quan cia zeolit tén tai mot dién trwdng manh nén cac
phan tu tham gia phan tng dugc hoat hod trong mao quén, téc do
phan Ung s& nhanh.

Ciu tric mao quan cua zeolit tao ra do chon loc hinh ddng, nghia la chat
tham gia phan ung, trang thai trung gian va ¢dc san phim phan dng phai
thich dng véi khong gian cho phép cua mao quan, do d6 ¢6 thé han ¢hé duoc
¢Ac phan ing phy, thudn Joi cho viéc tao thanh san phadm mong muon.

s Zeolit 12 vat liéu tuong 45i bén nhiét va bén thuy nhiét. Bing cdch
bién tinh thich hop, ngudi ta co thé ché tao cdc loai xi¢ tdc hoat dong 16t
trong nhimg diéu kién phan ttag khic nghiét.

o Bing viéc thay thé, thém b6t mobt s& thanh phan vi lugng trong nguyén
lieu tdng hop, c6 thé tao ra nhimg loai zeolit méi ¢6 cdu tric phl hop yéu
cAu cha cac qua trinh trong loc - hod dau.

Cic qud trinh cong nghé sit dung xtc tdc zeolit thudng don gian hon cic
«iic tac kbic va c6 thé gidm bot su 6 nhiém moi trudng.

Do nhimg dac tinh uu viét nhu vay nén zeolit da trd thanh loal xtc 1éc
khéng thé thiu dugc trong cong nghé loc hod dau. Né duoc su dung trong
hiu hét cdc cong doan quan trong nhu:

» Cracking xic tac. e Oligome hod alken.
» Alkyl hod. « Thom hod cédc alkan, alken.
e [zome hod.

Hién nay, zeolit chiém t61 95% téng lugng xic tic trong loc va hod dau.

Ngoal ting dung chinh nhu trén, zeolit con str dung cho cdc muc dich
khac nhur
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o Ding lam kho khong Khi va céc chdt (kha nang lam kho cua zeolit
¢ thé dat t6i lugng &m con xdp X 0.1 = 0,3 gam hai dm / gam
chdt).

» Dung dé tinh ché ch4t 1ong, khi, tdch cdc hén hop hydrocacbor.

e Lam chat mang trong tc nhan luu hod cao su vi chit déo.

« Lam hat trao doi ion dé tach déng vi phong xa trong cong nghé hat
nhin.

XIV.2.1. Zeolit trong phian ¥ng cracking xic tac

Cracking xic tic ldp <61 FCC 1a cong nghé su dung xudc tac zeolit 16n
nhat & My, xtc tic cracking chiém 42% luong xtc tic st dung trong loc dau.
Zeolit 1am xtc tac cho qui trink nay 1a loai zeolit Y siéu bén (USY). Ly do
dé luya chon loai zeolit nay 1a do:

e Zeolit USY ¢c6 do bén nhigt cao (phan dng cracking xdc tdc tién
hanh & diéu kién nhiét do cao).

e USY c6 kich thuéc 16 x&p 16n, nhu vay céc phan tir ddu nang ¢6 thé
chui lot qua va xay ra phan dng.

Ngoai ra, c6 thé dung zeolit X, Y, ZSM-5, ZSM-11 chifa cdc nguyen t6
44t hiém hay & dang di trao d6i ion, thay Na* bing cdc cation hoa tri +2 nhu
Ca, Re, s& 1am thay d6i dac trung ciu tric cha zeolit: kich thude 16 x6p tang
lén, do axit tang lén, d¢ bén nhiét ting lén.

Zeolit NaA bén dén nhiét do 650°C.
7eolit NaY bén dén nhiét do 700 + 750°C.
Zeolit CaY bén dén nhiét 4o 800°C.
7eolit LaY bén dén nhiét do 850°C.

Do bén nhiét cna zeolit s& tang khi ham luong Si0, tang, hay tang kich
thide clua cac cation kim loal.

7eolit ¢6 hoat tinh cracking 16n, vi thé& ngudi ta ding né & dang hén hop
véi xuc tiac vo dinh hinh hay aluminosilicat tinh thé va dugc goi 1a xic tac
chita zeolit. Trong san Xuat xic tdc, ngudi ta thudng tron 10 dén 20% (khdi
lwogng) zeolit, vGi hap chat nhu vay, xic tdc ciing d3 ¢6 hoat tinh manh, hon
hin xic tic ajuminosilicat thong thudng.
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Trong cong nghiép, ngudi ta ché tao xdc tdc chia zeolit & hai dang
chinh: xic tac dang cdu va xic téc dang bot.

Tir xdc tdc dang bt va sau d6 cal tién thanh xuc tic dang cdu, thudng
dugc ap dung cho qua trinh cracking 16p s6i (FCC), con xiic tic dang cdu vdi
kich thude hat tir 3 d€n 5 mm thi diing cho qué trinh xdc tic 1dp chuyén
dong.

Xiic tdc chita zeolit ¢6 vu diém 1a gia thanh ha, dé dang tai sinh (dét
chdy cdc¢) vi cc tao thanh s& bim trén bé mit chit mang chu khoéng & trong
mao quan cia zeolit.

Ngoai ra, ¢6 thé tang hiéu qua xdc tic cla zeolit bing cdch sir dung chit
nén,

O céc nha mdy loc dan hién dai, yéu cdu ché bién céc ngudn nguyén
liéu ngay cang nhiéu hon véi sy gia ting khong ngliing phin cin sau chung
cit khi quyén, nén viéc slt dung xiic tic zeolit ngdy cang phd bién va c6 tim
quan trong.

Viéc ting luong cacbon conradson trong nguyén lién did lam giam do
chuyén hod vi nhiét do hoan nguyén phai tang v phai gidm ty s6 xic tic / ddu.
Van dé dé c6 thé dugc cii thién néu lya chon xic tic ¢ ty s6 zeolit / chat
nén thich hop, dé dat dugc phdn ddy cracking cuc dai ma khong 1am tang
luong khi khé hay céc.

Mt khac, chat nén ciing cé thé dugc diéu chinh d€ ¢6 duogc bé mit
riéng, dd axit va sy phin bo kich thuéc mao quan phit hop.

Cic hat xic tdc cua qud trinh FCC bao gdm chu y&€u khodng 35% (trong
lugng) zeolit Y, phéi lidu vdi mot chit nén gom SiO, déng vai tro chit két
dinh vd Al,O; d€ cracking cdc phéan tir 16n. Chat nén thudng bao gdm ci dat
sét d€ 1am cho xuc tdc ¢6 ty trong thich hop.

M6t trong cdc vai trd cia chit nén 13 ting sitc dé khing cua zeolit dai
v&i cic chit ngd doc kim loai. Tang ham lugng cita chat nén ciing 1am ting
kha nang bén thuy nhiét cla xuc téc.

Kha nang ti€p nhan cia nguyén liéu vao bé mat va di vio bén trong cua
xic tac phy thuéc vao kich thrde phan tir cia hydrocacbon, su phan bd cic
mao qudn cua xidc tic, su thdng thodng cua cic 161 vio mao quan, va phu
thudc vao thoi gian tiép xtc gilta Xuc tdc va nguyén ligu v.v...
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Cac mao quan 16n cé hoat tinh thip va bé mat nho nhung c¢6 kha nang
hoat dong nhu ngudi din dudng, vin chuyén cdc phan 1 dén cdc tam xuic féc
trong cdc mao quan nhd hon. Viéc cai tién kha nang ti€p nhan nguyén liéu
dGi véi xiic tac FCC 12 mot van dé thoi su dat ra trong cic cong trinh nghién
cttu hién nay. N¢ giip cracking phdn can 6t hon, khi nang chong ngd doc
«iic tac t6t hon, ci thién hé s8 Khai thdc ¢ha cong doan FCC va giam cic
phan (ng phu, cdc phan ¥ng tai cracking.

Ngudi ta 83 nhan thiy rang, hé 5§ khai théc ¢6 thé duge nang 1én gap
do6i nhd cdu trilc mao quan thodng (md) hon, n6 khong chi tic dong d€n kha
ning khuéch tan trong cdc hat xGc tdc md cbn ting cuong kha nang gidi
phéng chat khoi bé mat xic tac nhanh hon.

Kha nang khuéch tdn cia cdc phan 1t duge cAi thién con lam gidm thoi
gian luu cha cdc san phdm trong mao quan xdc tic. Do d6, cdc phan Ung
phu, cdc phan Ung tai cracking ciing gidm. Xdc tic ¢é cdu tric rat mé cé kha
ning tiép nhan nguyén li¢u cao giip cho c&c ty cracking vi do vay ma giam
sy tao cdc. Con trong cac 10 phan ing, néu thoi gian tiép xiic ngan thi xuc
tdc dé bi tao cOc vi khong du thoi gian dé chuyén tién t& tao cbe dén tiép xuc
vGi cdc tam xic tac, ma né lai bi chuyén hod tiép do vdy ham lrong cBc tang lén.

Hién nay, ¢ My va mot <& nuwée khic s dung xic tic zeolit mao quan
siéu rong (UWP) phoi liéu véi zeolit Y. Cdc dic trung cia loai xuc tdc nay
xem bang XIV.5.

Cin cd vio ham luong xang thu duoc, thay rang ddy la mot loai xic téc
cracking rit tot,

X1V.2.2. Ung dung cda xic tac zeolit trong qua trinh alkyl hoa

Truée day, phan tng alkyl hod duge tién hanh vé&i xidc tdc axit nhu HF,
H,S04. Cédc xic tic nay giy o ahiém moi trudmg va an mon thiét bi. Ngay
nay, UOP di sit dung xiic tic rin nhu: _

— Di thé hoa xtc tic HF (mang trén chat mang rén).

— Sit dung xic tic chia zeolit loai CaNiY, LaHY, nhdt 1a zeolit Y co
chita canxi v cdc nguyén t& dat higm.

Khi dung xic tac chia zeolit thi diéu kién cong nghé cha phin ing o
khic hon: nhiét dé cao va ap suat cao hon so véi khi ding HF, nhung wu
didm ciia 06 1a it phin éng phu va dé tich xde tac, san phdm tao thanh tinh
khiét hou.



Bdng XIV.5. Dac trung ciia xiic tac FCC tiéu chudn, phaoi liéu
véi zeolit mao quan sién rong UWY (MCM)

Cac thong s6 Xic tac FEIC Xuc tac phdi
tieu chuén ligu MCM
Thanh phan hod hoc

Y-zeolit {% trong lugng) 35 35

UWP zeolit {% trong luang) - 10

Chat nén hoat dong 10 -

Phan tich vat ty

B& m3t ban dau (m?lg) 237 344

Thé tich mao quan (m?gy | 0,11 0,174

Bé& mat sau khir hoat tinh Ni (m’fg) 137 164

Thé tich mao quan sau khi khir hoat tinh Ni - (m’/g) 0,053 0,073

P6 chon loc_ng vdi 68% chuyén hoé

Xang (% trong lugng) 43,7 43,8

LCO {% trong lugng) 17.9 16,0

Phan day (% trong luong} | - 141 16,0

Cdc (% trong luagng} 24 26

Mot s& quy trinh cong nghé dung zeolit hién nay dang duwge thyc hién daé
san xuit etylbenzen vi ddy 1a alkylat quan trong nhit (90% luong etylbenzen
diing dé€ san xuit styren). Phan dng alkyl hod benzen bing etylen su dung
zeolit H-ZSM-5, & diéu kién nhiét do 450°C, dp suit 2 dén 3 MPa, ty s6 mol
benzen / etylen 1a 5 : 20.

Alkyl hod toluen bing etylen dung xuc tic ZSM-5 bién tinh, thu duoc
p-etyl toluen vé6i d6 chon loc rit cao (97%), dé chuyén hod toluen cao.

Qui trinh di phan toluen chon loc cia hing Mobil st dung tinh thé 16n
H-ZSM-5 & 455 + 475°C, p = 2 + 4 MPa, tao ra ham legng p-xylen 82 + 90%
& 30% chuyén hod. Viéc sl dung tinh thé 16n 14 cdn thiét vi ca ba déng phan
ciia xylen duge hinh thanh trong cdc mao quan, nhuyng nhd kha ning khuéch
tin lén cia 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 hoa thanh p-xylen. Nhiét d6 cia qué trinh cén cao vi ndng
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lwroug hoat hod cua phan iing di phan 16n.

Phan tng di phan toluen dé thuc hién vi né khong ddi hoéi thém mot tic
nhan alkyl hod ndo, déng thoi san phdm xylen va san phim phu benzen déu
c6 gia tri.

3
0-0—3¢ -0
CH3

Alkyl hod benzen bing propylen:

frcth
@ + CH, —» &u,

Phan dng xay ra trong pha hoi. San pham thu duoc la cumen, ding dé
diéu ché phenol va axeton. Xiic tdc st dung la zeolit Y & 200°C. B chon loc
dat 70 dén 90%.

C6 thé thire hién phan \ng trong pha 1éng, lic niy xic tic sir dung la
zeolit B va ZSM-12, ching c6 tinh n dinh cao hon va d6 chon loc 16t hon so
vai zeolit Y.

XIV.2.3. Zeolit trong qua trinh izome hoa

Dé thuc hién c6 hiéu qua phan Ung izome hoa cdc alcan, hién nay phd
bién sir dung xic téc ludng chic. Trong d6é Pt déng vai trd chdc ning oxy
hod - khir (xtdc tién cho phan Wng hydro hod, dehydro hod). Zeolit-12 MR
(¢ira 56 vdng 12 canh) ¢6 mao quan én, ¢6 chirc ning axit. Ngoai zeolit-12
MR, ZSM-5 la nhiing xiic tdc phd bi€n nhit, con ¢é Mordenit, SAPO-11,
zeolit B, Pt-H-mordenit. C6 thé tham khio cdc xic tic izome hod & bang
Xiv.6.

X1V.2.4, Xuc tac zeolit trong phan iing thom hoa alcan

Muc dich clia qud trinh la tao ra ¢dc hydrocacbon thom 1a nhitng ciu tir
¢O trl s6 octan cao clia xang, ngeai ra la nguyén liéu cho téng hop hod dau.

Céc xic tic su dung la 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 cic loai khic nhu
Pt/zeolit 3.
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Tit cA cdc xic tdc trén déu cho d6 chuyén hod va do chon loc cua
hydrocacbon thom rét cao. Cic s liéu di duge phan tich k§ & phan trén.

Being XIV.6. Po chon loc cia phan ing izome hoa n-octan trén

xic tac Pt mang trén cic chiat mang khac nhau

I-Cq M:C; | Cy+Cs I-Cy DM-Cq
Chatmang | Nhietdo | Do 3M-C; Cq n-C4 | Bochonloc

chon loe {ty s& mol) (%tr.l.)

Si0,-Al0, 371 06,4 0,67 0,95 0,96 8,5

HY 257 96,8 0,71 0,64 3.5 12

Z8M-5

(80SIO /A1, O3) 260 56,6 1,54 2.1 1.2 18

Z8M-5

(650Si0,/A1;05) [ 343 58,4 0,88 1.2 0,98 5.8

Na-beta 367 74.3 0.70 0,68 1.7 10

SAPO-11 331 94,8 1,07 1,0 0,92 23

X1V.2.5. Xiic tic cho gua trinh hydrocracking

Cong nghé 6t6 va mdy bay phat trién di ddi hdi phii tang nhanh vé s6
Juong ciing nhu chét lugng cla nhién }iéu dong co va ddu béi tron. Diéu d6
di thac ddy cdc qud trinh ché bién cé hiéu qud nhw: cracking xic tdc,
reforming xuc tdc, alkyl hod va izome hod phit trién, cling nh& dong luc do
ma qué trinh hydrocracking phat trién véi nhip do nhanh.

Bing hydrocracking, <o thé ché bién hiéu qua cic dang nguyén liéu can
va phén c¢it ddu mo thanh nhién liéu, dau béi trom, dong thoi con cho phép
nhéan nguyén liéu cho cdc qud trinh ch€ bién hod ddu va loc dau.

Sau qua trinh FCC thi hydrocracking la qud trinh s dung lugng zeolit
16n thit hai.

Qu4 trinh nay ¢é lién quan dén phan ing cracking va phan iing hydro
hod - khir. Chitrc oxy hod - khir ciia xiic téc c6 tic dung tang tdc cdc phan tng
hydro hod - khit hydro, chitc axit ¢ tdc dung thac day cdc phan ung xdy ra
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theo co ché ion cacboni: phan i@ng dong phan hod va phin ing hydro-
cracking.

Thong thudng, chic axit dwge tao ra 12 do d6 axit c¢na cdc chat mang
Al,Q3, aluminosilicat, zeolit.

Chic hydro hod gdm céc hén hop sunfit niken vi Mo hoic W, hay ciing
¢6 thé 14 cdc kim loai qui nhu Pt, Pd.

Hiéu suat cyc dai clia céc san phdm c6 ich duge ddm bao boi su chon lua
xdc tdc phit hop hoac bing cdch han ché do bi€n ddi sau cia nguyén liéu va
tuin hoan ngudn nguyén liéu chua bi bi€n déi.

Dé dat duoc higu qua cao, xdc téc cua qud trinh hydrocracking can phai
¢6 khi ning cracking manh dé ¢6 thé dim bao bien d8i duge cac cdu tir khé
chuyén hod nhét ciia nguyén ligu. Ddng thoi xic tdc cing phai ¢6 kha ning
izome hod cao &€ tang ty 1& giita izo-parafin va n-parafin trong san phdm cudi.

Hon nifa xic tic hydrocracking cdn phai c6 hoat tinh hydro hod nhat
dinh dé no hod cdc phin tif nho, dwoc tao ra trong qua trinh phan ing.

Gan day, viéc sit dung xic tic zeolit dang duge phd bién rong rii nhim
nang cao hoat d¢ cla xiic tdc, ting tinh chiu dung coa xic tic d6i voi su ngd
dodc cua cdc hgp chit phi hydrocacbon, déng thii 1Am gidm qud trinh tao céc
bam trén bé mit xic tic.

Cic zeolit ¢6 kich thudc mao quan 16n, vi du, faurazit (loar X va Y)
duge st dung rong rii nhat, mordenit ciing da dwge ting dung trong qué trinh
hydrocracking c4c phan doan nhe hon, vi du phan doan naphta.

Gin day, cac zeolit ¢6 kich thudc mao quin trung binh, vi du loai
Pentasil, diac bigt 1a ZSM-5 ciing da duoc sit dung cho qud trinh hydro-
cracking cdc nguyén liéu nang nhu ho parafinic.

Do qué trinh hydrocracking c6 lién quan dén ¢4 chic axit va chic kim
loai, nén hoat tinh va do chon loc cla chit xdc tac phu thude vae ban chit va
tinh chat ciia cic chifc ndy. Xtc tdc phai c6 kha nang lua chon dé dam bio
dwge nhitng doi hoi cua san phim mong muén tir ngudn nguyén li¢u ban dau.

Céc chit xtc tic véi dé axit khdc nhau d& dwgc diéu ch€ bang cdch st
dung céc zeolit nhw: USY, ZSM-3, Pentasil ferrosilicat va silic - nhom -
photphat (SAPQ). Chiic ning kim loai dugc thir nghiém dai v6i cdc kim loai
nhu Pt, Pd, Ni-W.
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Cic dic tinh cia xdc tic zeolit xem & bang Xiv.7.

Bing XIV.7. a) Pac trung hoa 1y cua cac zeolit

sir dung trong hydrocracking

Zeolit Ty s8 SifAl Kich thusc | Loai mao quan | Thé tich mao
mao quan (A) quan {cm/g)
usy 51 80 K1 0,48
ZSM-5 82,0 56 2D 0,18
(Fe)-ZSM-5 88,0 56 2D 018
SAPO-5 0.1 80 10 0,30

b) Zeolit ¢ bo sung kim loai

Chit xac tac da bd sung Zeolit Chite nang kim loai
kim loai (ham lugng, % trong lugng)

Pt-Y usy Pt (0,3)

Pd-Y usy Pt (0,3)

NIfW-Y usy NiO (5,0); W03 (15.0)
Pt-ZSM-5 ZSM-5 Pt (0,3)
Pd-ZSM-b Z3M-5 Pt (0,3)
Ni-ZSM-5 ZSM-5 Pt (0,3)
Pt-(Fe)-ZSM-5 (Fe)-Z8M-5 P1(0,3)

P{-SAPO SAPO-5 Pt (0.3}

Trong céc xic téc trén, ¢6 thé sap x€p theo that t

tAm axit nhu sau:

i ting dan cla cdc trung

SAPO < (Fe)-ZSM-5 < ZSM-5 < USY

Hoat tinh

shp x&p theo thd ty tang dén nhu sau:

SAPO < Fe-ZSM-5 < USY < ZSM-5

Nhu vay, zeolit USY vi ZSM-5 16 ra 1a cic xic tdc t6t hon ca cho qua

trinh nay.
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Chuong XV
$G LUGC VE DAU MO VA KHi CUA VIET NAM

XV.l. KHAI QUAT CHUNG

Hang nam, thé giéi st dung moét luong nhién liéu rat 1én: hon 3 ty tan
diu v hon 2 ty tan khi. Trong dé M§ su dung 800 triéu tdn dau, con Viét
Nam: Ti nam 2001 trd di dad dua luong sir dung nhién liéu lén 12 trigu
tdn/nam.

Trit lugng ddu md trén thé gidi tinh den 1996 ¢6 thé khai thac duoc 135
ty tin. Cho dép ngay nay, van thudng Xuyén phét thién ra cic mo diu mdi,
them vao d6, cong nghé khai thac va ché bién ddu ngay cang phat trién cho
phép khing dinh ring, nguén nguyén li¢u dau khi vin rat déi dao va san
lugng dau khi dua vao s dyng ngay mot nhiéu thém.

(3 Viet Nam hién c¢é ba mé ddu quan trong dang duge khai thic, 46 la:

— Mé Bach H4: Bit ddu khai thic tir 1986, Téng san lwong khai thdc dat
trén 30 triéu tan. San lugng khoing 7 + 9 triéu tdn/nam. C6 thé khai thac vai
ba nam nita, sau d6 s& giam dan.

— Mo Réng: Bit ddu khai thic tir 1994, song san lugng chua nhidu, dat
12.000 dé&n 18.000 thang / ngay.

~ M6 Dai Hing: Bt ddu khai thic tir 10/1994, san lugng 32.000
thiing / ngay (5.000 tan/ngay).

Nhu vay téng san lugng ddu tho ¢ ba mo trong nam 1994 1a 7 triéu tan,
nam 1995 1a 8 triéu 1an. Tir ndm 2000 luong khai thac dugc 1én 81 20 tricu
tan/nam.

Vé khi hydrocacbon, hién nay ¢6 hai mo dang duoge khai thic:

_ Mo Tién Hai (Thai binh): 12 mo khi thién nhién trong dit lién, duoc
khai thdc tir nam 1981. Day 13 mé khi nhd, hang nam cung cip 10 dén 30
triéu mét khoi khi cho céng nghiép dia phuong.

— Mé Bach Hé: 1a dang khi déng hanh di kem khi khai thac dau. Khi
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khai thic mdi tan ddu cé thé thu duge 180 dén 200 m? khi déng hanh.
Tiém ndng dau khi ¢ Viét Nam

Nam 1994 trong Bach khoa toan thu diu khi thé gidi di dua con sé trit
lugng 6 thue va x€p ddu khi Viét Nam vao vi tri thi 6 trong 7 nuéce chau A -
Thdi Binh Duong (bang XV.1).

Thyc t&€ gan diy, nhiéu mo khi lén d3 duoc phit hién nhu mé Lan Tay,
Lan Do do hing BP phit hién, trit luong udc tinh 57 ty m® khi thién nhién.
Ciing theo tinh todn coa hing BP, trit luong tiém ning khi clia Viét Nam
khoing 300 d&n 400 ty mét khdi. Nhu vay ¢é nghia ring s& cé su thay déi
dang ké trong bang x&p hang nay.

Theo Petro Viét Nam, cin cit vao k&t qua khdo sdt clia cdc cong ty nudc
ngoai trong thoi gian gan day, du kién tri luong tiém nang dau khi Viét Nam
¢6 thé dén 5 dén 6 ty tin. Petro Viét Nam dang dat muc tiéu dua sin luong
diu khi vao nam 2000 1én 20 triéu tin dau quy do6i. Trong d6 san luong cuc
dai sé dat 34 dén 40 triéu tin/nam trong giai doan sau nim 2000, kéo dai dén
nam 2010.

Bdng XV.I. Trir lugng diu khi cia mot sd nude
(theo Bich khoa toan thu ddu khi thé gidi 1994)

86 Tén nudc Diu Khi Téng dau va knf qui ddi
T {ty thing) 1000 ty feet khéi {ty thung dau}

1 Malaisia 43 76,7 18,5

2 Indonesia 58 64,4 18

3 Oxtraylia 18 18,3 53

4 Brunay 1.4 14,0 40

5 SNG 0,3 15,0 3.1

8 Viat Nam 1.2 37 1,9

7 Thai Lan 0.2 85 1,8

XV.2. PAC PIEM DAU THO VIET NAM

Diu thé Viét Nam thudc ho diu parafinic. Trong s6 cdc mo dau dang
khai thdc hién nay & Viét Nam, quan trong nhit 13 mo ddu Bach Hé va méd
Pai Hang. Dau thd khai thac thuong mai tir hai mé nay chi€ém 80 dén 90%
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téng san lugng ddu thé & Viét Nam trong th&i gian qua va ngay ca hién nay.
Vi vay, ddu tho Bach H8 va Dai Hiang dugc xem nhu hai loai dédu tiéu biéu
nbét ciia Viet Nam, do d6 théng qua cdc nghién citu vé ddu md Bach HS va
Dai Hiing ta ¢6 thé rit ra nhing tinh chit dac trung quan trong.

XV.2.1. Dau thé Viét Nam thudc loai nhe vira phai

TY trong cba ddu thé Viét Nam nim trong khoing 0,830 + 0,850; dau
Bach Hé ty trong 0,8319 (36,6°API), diu tho Dai Hung ty trong 0,8403
(36,9°API). Trén thé gidi ¢ nhing loai ddu nhe hon nhu ddu Angiéri
d = 0,830 va c6 nhitng loai diu nang hon nhy diu Vénaxuéla d = 0,948. Dac
tinh nay quyét dinh tdng hiéu suat san phdm tring (xang, kerosen, diézen)
trong dau tho cao hay thdp. Ddu cang nhe, téng hiéu suft sin phim tring
cang cao va ddu dé cang cé gia tri cao. D6i voi ddu tho Viet Nam, téng higu
sudt san phim trang chiém tir 50 dén 60% khdi luong dau the. Ching han khi
chung cit ddu tho tir md Bach H va mé Dai Hung cho thiy tiém luong céc
phan doan nhu & bang XVIL.2.

Bdng XV .2. Hiéu suit cic san phém cét tryc tiép tir ddu tho Viét Nam

Cac phan doan Hidu suft, % V tit ddu thd
Bach Hé Pai Hung
Naphta S 17,81 22,65
Kerosen 13,91 14,70
DO 19,51 27,15
Can (chung khi quyén trén 345°C) 48,27 39,45
Can (chung chan khdng trén 350°C) 14,2 50

Qua thuc té san xudt ciia Sai gon Petro véi ddu the Bach HS, chi bang hé
thigt bi chung cat khi quyén ciing di thu duoc hiéu sudt cdc san pham nhu
sau:

Naphta : 17,2% khéi lugng
Kerosen: 7,0% khoi lugng

DO : 28,5% khdi lugng
FO : 45,8% khdi lugng
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XV.2.2. Diu thé Viét Nam 1a loai diu sach, chua riit it cac doc to,
rat it lus hoynh, nito, kim loai nang

Vé ham luong lwu huynh (S), diu tho Viét Nam chita rt it. Trong dau
thé Bach Hé chi chia 0,03 dén 0,05% luu huynh, diu thé Pai Hung chita
0.08%. Nhitng loai ddu thé {t luu huynh nhu vay trén thé gidi rat hi€m.
Trong khi d6é ddu tho co juu huynh vi nhiéu lvu huynh (trén 2% S) gap rat
nhiéu & Trung Pong.

Khi diu tho chia dusi 0,5% S di duoc liét vao din thd it lxu huynh va
¢é gia tri cao trén thi truong thé€ gidi. Nguyén nhin 1a do chi phi d€ san xnat
cdc san phdm dat chat lugng cao theo quy dinh v& ham lugng luu huynh, doi
v&i ddu it luu huynh thip hon nhiéu so v6i diu thé ¢6 ham lugng luu huynh
cao. Trudng hop véi diu the Bach H6 cua Viét Nam, khong cin phai ding
qué trinh xir 1y gi thém ma céc san phdm nhu xing, kerosen, DO, FO van dat
dugc chét hrgng cao vi ham luong S nho hon nhiéu so véi dinh mic nhu sé
liéu & bang XV.3.

Bdng Xv.3. Ham lugng S trong cdc san pham chung cét tryc tiép

Fcéc sn phém Ham lugng S, % kh(zi lugng
Muc quy dinh San pham thir dau tho Bach H3
Naphta 0 25* 0,0007
Kerosen 0,1%% ; (,25%%* 0,0014
DO 01 0,0168
FO 25 0,09

* Quy dinh cho xang, ** DAu hod dan dyng; #+% Nhién ligu phan lyc.

Ham lugng cdc kim loai nang, cac hop chdt chita nito trong ¢a dau thd
Bach Hé va ddu tho Dai Hung déu rét thip.

Céc kim loai ning c6 hai, 1am giam chét lugng va gi4 tri cha dau tho,
thudng quan tam nhét 13 niken va vanadi. Trong d4u thd Bach H4§, ham lugng
vanadi chi c6 0,09 ppm va ham luong niken ctng chi cé 2,64 ppm. Trong
diu tho Dai Hang ham lugng vanadi chi ¢6 0,15 ppm va ham lugng niken
chi c6 2,54 ppm. Trong khi do, trong mot 56 loai ddu théo trén thé gidi ham
lwong cdc kim loai nang nay lén dén hang nghin ppm, nhu diu tho cua
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Vénéxuéla chia dén 1350 ppm.

Céc hop chit hitu co chifa nito trong diu thudc loai chit ¢6 hai, gay ngoé
doc nhiéu xic tdc khi ché bi€n ddu tho, hodc 1am cho sin phdm kém &n dinh
khi tén chita, vi vay 1am gidm gia tri ciia ddu thé. Trong ddu thé Bach Hé,
ham lugng nito chi ¢6 0,04%, trong dau tho Pai Hing hiam lugng nito ciing
rdt thip, chi cé khoang 0,03%.

Céc chit nhua, asphanten trong ddu tho Viét Nam it, nén khong thé su
dung dé san xudt nhua dudmg (bitum) hodc than c¢6c ¢6 chat lugng v hidu
qua kinh t&€. Mit khdc, khi ché bién ddu thoé bing cdc qua trinh cé sir dung
xic tdc, cdc chit nhuya vi asphanten mau chéng lam héng xidc tic, hon nira
nhitng chédt nay ¢6 mat trong sén phim s& lam sdn phdm kém én dinh, lim
sdm mau, ha thdp chat lugng san phim. Vi vay khi ch€ bién nhitng loai ddu
thé chita nhiéu chit nhya va asphanten bit budc phai xit 1y nguyén liéu bang
cdch chung cat chan khong (trudmg hop nguyén liéu cho san xuit dau nhon)
dicu nay gay t6n kém va giam hiéu qua kinh t&.

D&i v6i din the Bach HS, ham lugng cdc chdt nhya v asphanten rit
thip, chi ¢6 1,97% nhwa, 0,77% asphanten, chi s6 ¢6c conradson 0,86%.
Trong khi d6, & trong dau thé Pai Hung, ham lugng cic chat nhua va
asphanten c¢d cao hon, 7,55% nhua va 2,5% asphanten, chi s& cdc conradson
2,50%. Tuy vy ¢4 hai loai ddu thé Bach Hé va Pai Hung déu thudc loai diu
thé chita it cdc chit nhua va asphanten. :

Vi vay diu thé Bach HS va Pai Hing dugc xem 12 loai ddu sach, it luu
huynh, it kim loai nang, it nito, it cdc chat nhya va asphanten nén ching
thudc loai dau thod cé gid tri cao trén thi trudmg thé gidi. Theo nghién ciu
cla Vién diu mé M¥ UOP, cin chung cit khi quyén cia ddu tho Bach Hé va
Dai Hing déu ¢6 thé st dung truc ti€p lam nguyén liéu cho qud trinh
cracking xic tdc ma khong cdn xu ly bing chung cit chin khong rét tén
kém, diéu nay c6 ¥ nghia rdt quan trong trong viéc gidm t6i thiéu déu tu cho
xay dung cac nhi méy loc ddu. Mat khac ciing vi dau tho Viét Nam sach nén
phan doan FO ciia n6 chia ham lugng vanadi rat nho, nén dung lam nguyén
liéu cho cdc 1d cong nghiép rit thich hop va khong giy 6 nhiém moi trudng.
Tuy nhién ca hai loai ddu Bach H8 va Dai Hung déu khong thé sit dung dé
sdn xudt nhua dudng hoic than ¢dc, néu muén ¢é sin phdm ndy bit buodc
phai trén véi cic loai ddu thé 6 ham lugng cic chit nhua va asphanten cao.
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XV.2.3. Diau tho Viet Nam chita nhiéu hydrocacbon parafinic, dac
biét chira nhiéu hydrocacbon n-parafinic Cyp + Cyo

Céc hydrocacbon n-parafinic C g + Cso duge goi chung la parafin, ¢6 rdt
nhiéu trong dau the Bach HG vi Pai Hing. Trong diu tho Bach Hé ham
luvong parafin lén dén 29% con trong ddu tho Dai Hong ciing dén 17.8%.
Trén thé gidi, nhimg loai ddu thd chia trén 6% parafin di thuéc loai ddu
nhiéu parafin. St ¢6 mit parafin véi ham lugng rat cao trong dau tho di lam
cho dau thé Bach H6 va Dai Hung gidm han do linh dong & nhiét d¢ thip,
tham chi ngay ca & nhiét do thudng. Diém dong ctia ddu the Bach HS la 33°C
va dau Dai Hing 13 27°C. Do vay di xudt hién khé khan khi bdc rét, ton
chita, dic biét khi van chuyén trong dudng 6ng din d4u khai thdc ngam dudi
ddy bién, budc phai cho cic chdt phu gia ha diém dong. Mait khdc, khi ché
bién, cdc parafin nim trong san phdm ciing gy anh hwdng tuong ty, rd nhat
Ta cdc loai nhién liéu cung cip cho cic xif lanh. Vi vy mudn thu dwgc san
ph4m dat chat lugng yéu cau, phai dp dung cic céng nghé va thiét bi chuyén
biét dé loai bd parafin. Ham lugng parafin rit cao trong ddu tho Bach Hé va
Pai Hung 12 nhuge diém chinh, inh hudng dén gid ca khi mua bén trén thi
trudng.

Tuy nhién, xét dén phwong dién khdc, parafin khong phai 1a nhing tap
chat ¢6 hai, parafin Cjo + Cyp & dang 16ng 13 nguyén ligu rét t6t dé san xuit
nhiéu hod chat trung gian quan trong nhu cédc rugu béo, axit béo, chit hod
déo, dung moi, dic biét trong san xuft cdc chét hoat dong bé mit va chit tdy
rira khong anh hudng dén moi trudmg, do cé thé bi phan huy sinh hoc khi
nim trong nudc thai. Parafin Cag + Cy4o 0 dang ran, duge sit dung lam diém,
m$ phém, gidy sdp bao géi thyc phdm, chat cdch dién, san phim y t&. Mat
khdc trong khi ch€ bi€n cdc phan nhién liéu phan luc, diézen hay dau nhom,
do ¢é chia nhiéu n-parafin nén chiing phai duge loai bét d€ bio dim yéu ciu
vé diém dong cda san phim. Mot diém déng chi ¥ 12 céc parafin rin tap
trung nhiéu trong phdn can (55%), trong khi dé ham lugng asphanten lai
thap: chi 0,9% trong cin, do vdy ma phin can tir ddu tho Viét Nam khong
thuéan loi dé san xudt bitum. Tuy nhién néu ching ta tdch hét cdc parafin rin,
phdn ddu con lai ¢6 thé ding lam ddu g&c pha ch€ ddu nhon loai t6t. Nhitng
36 liéu vé ddu tho Viét Nam duoge trinh bay & cic bang XV.4, XV.5, XV.6.
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Bdng XV 4. Sy phan bg cic n-parafin long trong phan doan soi thip

p-parafin % V trong phan doan i
180 + 350°C 200 + 320°C 240 + 350°C
Cig 0.817 0,317
Ci 0,885 0,327 2,087
Ciz 3,480 4,448 6,610
Cia 4,482 5,155 5,304
Cis 4,569 6,104 6,286
Cis 4,750 5,636 5,844
Cae 3,736 4,343 4 489
Cir 3,890 3,018 3,004
Cia 1,949 1,237 1,277
C1o 1,296 0,303 0,294
Cao 0,500 0,118 0,008
Ca1 0,204 0,028 0,046 B

Bdng XV.5. Sy phan b cdc n-parafin trong cac phan doan séi cao

n-parafin % V trong phan doan
300 = 350°C [ 350 + 400°C 400 = 450°C 450 + 500°C
1 _ 2 3 4 5

Cia 50

Css 14.3

Cyg 13,3

Cy7 22,1

Cis 15,2

Cis 10.6 0.2

Cao 5,9 0.7 0.1 0.3
Ca4 4,3 3,2 14 0.8
Ca 3.1 8,6 4,0 2.9
Cas 2,3 15,3 9.5 76
Cos 1.5 16,9 13,2 11,8
Cas 1,4 16,7 16,8 15,6
Cas 0.5 13,3 16,1 15,5
Ca7 05 10,2 12,0 119
Cog 6.3 7.4 78
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Tiép theo bang XV.5

1 2 3 4 5

Cag 4,2 59 6.4
Cao 24 43 49
Cs1 13 36 4,2
Caz 0.6 26 3.3
Cas 0,1 18 2.5
Cas 1.1 19
Cas 0,5 15
Cas 1.3

Bdng XV.6. Pac diém dau tho Viét Nam

Céc chi tigu Dau Bach HE Déu Dai Hung
1 2 3

T§ trong, °API va djoe 38,6 ~ 0,8319 36,9 — 0,8403
Luru huynh, % kh.t, 0,03 +0,05 0,08
Piém dong dac, °C 33 27
DO nhat & 40°C, cSt 9,72 3,61
P nhét & 50°C, cSt 6,58 2,94
B6 nhét § 60°C, cSt 4,73 2,94
Cén cachon, % kh.l. 0,658 +108 0,70
Asphanten, % kh.l. 0,05 0,07
Wax, % kh.l. 27 26
VINi, ppm 212 212
Nitd, % kh.l. 0,067 0,028
Mudi NaCl, mg/! 22 -
Do axit, mgKCH/g 0,05 0,27
Naphta nhe (40 + 95°C)
Hiéu sust so voi dau the, % kh.l. 2,3 5,55
T§ trong & 15°C, kgl 0,6825 0,7185
Luu huynh, % kh.l. 2,001 0,001
Parafin, % kh.l. 752 515
Naphten ... 18,4 288
Tham... 6,4 19,7
n-parafin... 42,0 214
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Tiép theo bang XV 6.

1 2 3 ]

Naphta nang (95 + 175°C) .
Hieu suAt so voi d3u thd, % kh.l. 12,3 17,1
Ty trong & 15°C, kgl , 0,7505 0,7955
Luu huynh, % kh.l. 0,001 0,003
Parafin, % kh.l. 59,0 295
Naphten .. .2 275
Thom... 98 435
p-parafin... 337 13,5
Kerosen (149 - 232°C)
Hieu sudt so vdi dau tho, % kh.l. 14,35 14,70
Ty trong § 15°C, kg/l 07785 0,8155
Luu huynh, % kh.i. 0,001 0,007
Po axit, mgKOH/g 0,041 0,143
Chiéu cao ngon Kra khong khoi, mm 35 17
Thom, % kh.l. 13,0 32,7
Gasoll {232 - 342°C)
Higu suat so véi dau thd, % kh.l. 23,05 27,15
Ty trong & 15°C, kg/l 0,818 0,852
Luu huynh, % khl. 0,018 {0,068
Po axit, mgKOH/g 0.01 0,21
Tri 56 xetan 47,6 48,8

Chc chi tigu D4u Bach HE D4u Dai Hung
Can
Khodng niiét 46, °C 342 | 369 | 509 | 550 | 342 | 368 | 509 | S50
Higu sudt tren dau tho, % V 5236 | 4675 | 178 | 142 | 3945 | 3365 70 50
Khéi lugng riéngc'!15°C‘ kgh| 0,868 | 0.872 0905 [0811| 0878 | 0882 0,968 10,990
Luu huynh, % kh.\. 004 | 0045 | 0065 | 007 0,12 0,12 027 | 031
Sap, % khl. 49 50 a7 b4 b5 38
Nita, ppm 590 640 1240 | 1350 | 490 550 1600 | 1900
Asphanten, % kh.l. 006 | 005 | 005 | 0057 036 0,19 085 | 1.1
Pa axit, mg KOH/g 0,05 023
ViNi, ppm 212 202 212 212 2(2 22 21 | 2415
Hop chét no, % kn.J, 75 58 85 15
Hop chét thom, % kh.l. 21 15 9 53
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XV.2.4. So sanh dac tinh dau thé thé gii véi dau thé Viét Nam

Duéi day s& gi6i thiéu dac tinh dau thé cia mét s khu vire trén thé gidi
tuong d6i dac trung nhét A€ so sdnh véi ddu tho Viet Nam.

- Hé diu md Sahara (Angiéri) bao gém ddu cua cdc mo El-Agreb,
Hassi-Messaoud, Essider, Zarzaitinc va Edjelech. Hé dau mo nay la loai ddu

nhe, it lvu huynh, it parafin rin, it asphanten.

- Hé ddu md Vénéxuéla, 12 loai ddu ndng, nhiéu luu huynh, nhicu

asphanten.

Bdng XV.7. Pic tinh ¢a ddu mé Sahara

Bac tinh ¢la dau thd El-Agreb Hassi- Essider | Zarzaitinc | Edjelech
Messaoud

Dau thé:

Ty trong d, 0,788 0,802 0,838 0,816 0,845
Nhiét d¢ dang dac, °C -48 —45 +5 -30 ~15
P nhét Engler & 20°C 1,16 112 2.3 1,56 1,96
Luu huynh, % Tt 0,11 0,13 0,47 0,04 0,06
Asphanten, % TL 0,11 0,12 - 0,05
Parafin ran, % TL 1,85 1,8 342

Bdng XV.8. Cac tinh chit phan doan chinh cilia ddu mo Sahara

Céc chi tidgu El-Agreb Hassi- Essider
Messaoud
1 2 3 4

X&ng nhe:
- Khoding sbi, °C Cs— 100 Cs - 100 Cs - 85
- Higu sudt, % V 17,0 17,2 6.4
-Tytrong d, 0,685 0.680 0,664
- Luu huynh, % TU 0,0003 0,0008 0,011
- Tri 6 octan ban dau (nghién ctu) 58 61 69,5
- Tri 8 octan da pha chi {pghién citu) 78 80 84,5
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Tiép theo bdang XV 8.

| § 2 3 PR
Xang nang:

- Khoang soi, °C 100 + 200 100 = 180 85 = 17%
- Hiéu sudt, % TL 29,6 20 18,2

- Ty trong d,’ 0,764 0,761 0,742

- Luw huynh, % TL 0,001 0,0016 0,028

- Tri s6 octan ban dau {nghién ciry) 56 39 50

- Tri $6 octan da pha chi (nghién ciru} 53 60 62,5
Kerosen:

- Khodng sbi, °c 200 + 260 180 = 260 175 = 250
- Hiéu sut, % V 134 18,1 15,0
_T§trang d, 0,809 0,808 0,805

- Nhiet d6 dong dac 42 45 —47

- Ham lugng hydrocacbon thom, % V 18 19 12,9

- Chiéu cao ngon Ia khéng khoi, mm 17 21 25
Gasoil:

- Khoang s6i, °C 260 + 360 260 + 360

- Hiéu sudt, % V 171 17,7

- Ty trong dy 0,849 0.853

- Nhiet do dong dac -90,14 -16

- Luu huynh, % TL a7 52

- Tri s& xetan

Can (co nhidt 46 sbi n3m trén gasoil):

- Higu sudt, % V 208 22,6

- Ty trong d, 0,920 0,918

- Bo nhot Engier & 50°C 12,7 11,8

- Nhiét d¢ dong dac +21 -

- Asphanten, % TL 0,76 0,62

- Luu huynh, % TL 0,34 0,33 l
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Tiép theo bang XV .8.

4

Dau nhon:
- Hiéu suat, % V
- Parafin rén, % TL

- Luu huynh, % TL

18,5
9,2

- Higu suat, % V

- Ty trong d:s

- Nhi&t do déng dac
- Asphanten, % TL
- Luru huynh, % TL

Can (c6 nhiét 4o soi nam trén dau nhan):

- D6 nhét Engler & 100°C

3.9
0,972
80
+33
3,75
0,41

Bdng XV 9. Pic tinh ddu mé Vénéxuéla

Bic tinh cla dau tho
va cac phan doan

Cumarebo

TiaJuana

Larosa

LaguniLLas

Bachquero

Boscan

1

2

3

4

5

8

Dau tho:

. 15
- Tytrong d,
- Nhiét d¢ dong dac
- Bé nhét Engler
- Luu huynh, % TL
- Asphanten, % TL

- Parafin ran, % TL

0,790

011

0.948

44 (37°C)
1,63

0,904

28 (20°C)
15

0,906
-9

89 (35°C)
2,16
11,1
25

0,923
4
36 (60°C)
27
64
1

0,997
+13

55
16,1

Cac phan doan:
Xang nhe:

- Khoang séi, °C

- Ty trong dls

- Luu huynhb, % TL

Cg~100

C5—100
0,700

C5—100
0,715

Cs-100
0,709
0,016

Cs—100
0,709
0,02

55-100
0,736
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Tiép theo bdng XV .9

1 2 3 4 5 3 7
Xang nang:

- Khoang sdi, °C 100 = 180 100 = 200 | 100 + 200| 100+ 229 | 100+ 200 | 10+ 200
- Higu sudt, % V 26,0 140 125 74 35 38
-Tytrong d, 0780 | 0767 | 0807 0,796 0,808
Kerosen:

- Khoang s6}, °C 180 = 260| 200 = 260 |200 = 260| 200+ 275 | 200+ 250 | 200+ 270
- Hitu sudt, % V 215 9.0 9.2 126 46 58
-Tytrong d, 0835 | 0833 | 0854 0,854 0,858
- Nhigt 4o déng dac -60 38
Hydrocacbon thom 21

- Chiéu cao ngon lra

khong khoi, mm 18 17

- Luu huynh, % TL 0,30 0.30 045

Gasoil:

_Khodng s6i,°C  |260+360| 260 + 360 260+ 360) 177+ 399 | 250+ 371 | 275+ 360
- Hidu suat, % V 16,0 18,0 16,8 31,1 20,1 126
-Tytrong d, 0888 | 0883 0,89 0,810 0,903
- Nhigt o dong déc —43 ~31

- Luu hugnh, % TL 1 12 1 153

- Tri 54 xétan 3 35

Can, gasoil:

- Higu sufit 135 515 50,0 707

~Tytrong d,” 0987 | 0985 1016

- Do nhitt Engler 76 {99°C)

- Nhiet 4o dong dac +12

- Asphanten, % TL 8.6

- Luu huynh, % TL 2,45 32
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Tiép theo bang XV 9.

1 2 3 4 5 ] 7
Dau nhén:
- Higu sust, % V 324
- Parafinrin, % TL
- Luu huynh, % TL 26
Can, diu nhén:
- Hiéu suét 17,3 30,0 469 38,3 75,0
- Tytrong d 1083 | 1017 | 1018 1,049 1,036
- Asphanten, % TL 13,7
- Ly huynh, % TL 32 38

_ Qua dac tinh ciia ddu tho cita mot s6 mé diu trén thé gidi nhy he dau
md Sahara (Algiéri), hé ddu mo Trung Pong, hé ddu mo Vénéxuéla, so véi
dic tinh ddu the Viét Nam, dién hinh 13 hai mé dau Bach Hé va Dai Hung, ta
th&y diu thé Viét Nam thudc loai: it lvn huynh, it nhya va asphanten, it nito,
vanadi va niken, nhiéu parafin, thudc loai trung giita ddu nang va diu nhe.
Nhung dé€ so sinh, dédnh gid mot cich téng qudt vé chat lugng ddu tho
clia hai md Bach Hé va Pai Hung, ngudi ta da sit dung hai phuong phép dé
so sdnh va phan loai theo muc dich sir dung.
Phuong phéap cia Vién V.N.LLN.P (Lién x6 ¢ili) (bang XV.10).
Phuong phép ctta Vién khodng sian My (bang XV.11).
Phuong phap nay dua vio ty trong cia hai phan doan co s6 1 dai dién
cho cic phédn nhe va dai dién cho cdc san phdm nang cua diu.
Phan doan I: 250 + 275°C chung cat & 760 mmHg
Phan doan II: 275 + 300°C chung ¢4t & 40 mmHg, xem bang XV.11.
Theo phuong phip nay, ddu tho dugc chia thanh 9 loai:

Loai 1: PP Loai 6: NT
Loai 2: PT Loai 7: NN
Loai 3: TP Loai 8: PN
Loai 4: TT Loai 9: NP
Loai 5: TN
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Bdang XV 10. Tiéu chudn phan loai ddu thé caa Lién Xo ci

Chi tiéu chit lvong X&p loai Gi4 tri giéi han chi tiéu chat lugng
Ham lugng luu huynh, % TL Loai 1 <{0,50
Loai 2 0,01+ 2,00
Loai 3 > 2,00
Téng lwgng chung cat cé nhiét 4o soi Kiéu 1 > 55
dén 350°C Kidu 2 44,90 + 54,90
Kiéu 3 < 45
Tiém nang dayu nhan {co chi s nhét Nhéom 1 > 25,00 (45,00
V1= 90), %TL theo déu Nhom 2 15,0 = 24,9 (30 + 44.9)
Nhém 3 < 15,0 (30,0
Chl 56 nhét ctia dau nhéan Phan nhém 1 > 95
Phan nhém 2 80 + 95
Phan nhém 3 < 85
Téng lugng parafin, % TL trong ddu | it parafin <15
trung parafin 1,51 + 6,00
nhiéu parafin > 6,00

Bdng XV 11. Tiéu chuén phan loai ddu thé cua Vién khoang san My

Pic diém dau Ky hiu Ty trong dgg*r

Phan doan | Phan doan Il
Parafin P < 0,825 < 0,876
Trung gian T 0,825+ 0,880 0,876 + 0,943
Naphten N > 0,860 > 0,943

Theo cidch phan chia trén thi:

e Diu thé Bach Hé thudc loai 1/3 (theo biang x&p loai Lién Xo cii)
va thudc loai 2/9 (theo bang x&p loai cua M¥).

¢ Diu thé Dai Hung thuoc loai 1/3 (theo bang x&p loai Lién X6 cii)
vi thudc loai 5/9 (theo bang xép loai cua My).
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Nhu vay néu so sinb dau tho cla md Bach Hé véi dau thod cla cdc mod
dau trén thé gidi thi diu the cua md Bach HE 13 loai ddu c6 gia tri cao trén
thi trudng dau md (c6 vi tri | hodc 2 trong cdc bang phan loai). Riéng dé6i
v&i ddu the Dai Hing thi cin phii nghién ctu tiép dé c6 thé x&p loai mot
cdch chinh xac.

XV.3. KHA NANG SAN XUAT NHIEN LIEU VA CONG NGHIEP
TONG HOP HOA DAU PI TU DAU MO VIET NAM

Tir diu mo, bang cdc qud trink ché bién hod hoc ¢6 thé tao ra hang loat
céc san phim quy gid nhar:

Cdc sdn phdm ndng lugng: Nhing san phdm nay duoe su dung d&é 1am
chat d6t va phién lidu dong co nhy: dau hoa, diu FO, xang, dau diézen,
ddu cho mdy bay phan luc.

Cdc sdn phdm phi ndng hugng: Nhimng san phdm nay khong st dung nhu
mot dang ndng lugng ma duge st dung vio cic muc dich khic nhu ddu nhon,
md bbi tron, nhua dudmng (bitam).

Cdc sdn phdm hod hoe. Nhimg bén thanh phdm thudc loai cdc hod chit
trung gian nhu axit, ruon, aldehit, xeton... va cdc thanh phﬁm hod hoc cung
¢Ap cho san xudt hodc tiéu diing, nhir cdc loai chat déo, cao su, sgi hod hoc,
phin bén, cdc chat hoat déng bé mat, thude nhudm v.v...

Néi chung, phan ddu khi ding dé san xuit cac san phim nang lugng
chi€m ty 1& cao: trén 90% san lugng dau khai thic duge trén thé gidi; trong
khi d6, phan ddu khi danh cho sin xuit céc san phdm hod hoc chi chiém 5
dén 6%, nhung di cung cip dén 90% cic sin phim hitu co phyc vy doi sdng.

XV.3.1. Kha nang san xuft nhién li¢u

Diu thé Bach HS va Dai Hing thudc loai diu nhe, ddu sach, déu
parafinic cho nén cdc phan doan clia ddu tho Bach HS va Dai Hung rét thich
hop dé san xudt cdc loai nhién liéu cho déng co.

1. Phan doan naphta 13 phan doan quan trong nhit cia diu thd. Trong
diu thé Dai Hing, tong ham luong naphten vi aromat 12 65,5% TL, vdi tri s&
octan RON = 61,95; trong khi dé diu tho Bach Hé téng lugng (A + N) chi cé
37.07% TL, véi tri s6 octan RON = 45. Nhu vay, dau tho Bach Hé c6 chat
luong kém hon chit Jugng dau tho Dai Hung khi st dung phan doan nay lam

238



nguyén liéu cho qud trinh reforming xiic tic dé san xust xing chit lugng
cao, cling nhut d€ san xuidt BTX lam nguyén liéu cho cong nghiép hod diu.
Tuy vay, phan doan naphta cla cd hai loai ddu thé d€u dat yéu cdn chét
lwong lam nguyén liéu cho qud trinh reforming xic téc va dé san xuit xang
chit lugng cao nhd ham luong lwu huynh trong phan doan rdt thip (duéi
0,001% TL).

2. Doi v6i phan doan jet/kero, ¢4 hai loai dau thé Bach Hé va Dai Hing
déu c6 chat lugng cao trén phuong dién ding dé san xudt diu hoa 1am nhién
liéu dan dung va sinh hoat, vi chiéu cao ngon lira khong khéi dai: 30 mm d6i
véi ddu Bach Hé va 20 mm d6i v6i dau Dai Hung. Tuy shién, trén phuong
dién sit dung 1am nguyén liéu ché tao nhién liéu cho mdy bay phan lyc thi
phan doan niy clia ddu Bach HS khong thuin loi bing diu tho Dai Hiang vi
diém két tinh cao: —39°C d6i véi ddu Bach Hé va -47°C da6i véi diu the Dai
Hung, trong khi yéu cdu cia nhién liéu phan luc khéng duge cao hon ~47°C.
Muén ché tao nhién liéu cho mdy bay phian luc, bugc phai 4p dung cong
nghé tich parafin ra khéi phan doan v sén phdm.

3. D6i v6i phan doan gasoil nhe, ca hai loai ddu tho Bach Hé va Dai
Hiing déu cé chit luong rdt cao trén phrong dién sur dung dé san xuat nhién
licu cho dong co diézen t6c do nhanh, thé hién & tri s§ xetan cao: 65,85 d6i
v6i ddu tho Bach HS8 va 47 d6i véi dan tho Pai Hung; trong khi yéu cdu cho
nhién liéu dong co diézen chi cdn tri s& xetan 1a 45. Ciing nhy thé hién &
ham luong lwu huynh va ham lugng c8c conradson rit thdp. Tuy vay, vin dé
tdch parafin dé ha diém dong ciia phan doan va san phim niy dé dat yeu céu
chia nhién liéu diézen ciing bit buoc dit ra cho ca hai loai ddu tho Bach Hé
va Pai Hung. Miat khdc parafin long thu duoc trong qud trinh tich ra khéi
phan doan va sdn phdm 12 nguyén lidu rat t6t cho san xuéit cdc chit hoat
dong bé mat vi cdc n-parafin phian bS trong phan doan nay, tp trung nhiéu
nhat vio Ci3 + Cy3.

4. Phan doan gasoil ning (chan khong) cda hai loai ddu tho Bach HE va
Pai Hing déu 13 nguyén lidu 6t cho qua trinh cracking xic tic, cling nhu
qué trinh sidn xuét ddu nhdn gdc, nhd ham lugng cdc chat gay doc xiic tac rat
thdp, nhu luu huynh, nito, kim loai ning, c6c comradson va ham lugng
parafin cao. Mat khac, phan doan gasoil chian khong va can chung ¢t cua ca
hai loai ddu tho déu 13 nguyén liéu t6t d€ san xuat ddu nhon géc ¢é chi s8
nhét cao, véi didu kién phai dya vao cong nghé loai bd sdp (dewaxing), trong
truémg hop d6, s& thu duge sdp 13 mét san phim cé gid tri.
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5. Phian can chung cit khi quyén clia cd hai loai ddu thé déu ¢ dic
trung chung 12 ham lugng sdp cao, ham lwong lua huynh, kim loai ndng, ¢oc
conradson thdp, tuy vday cin chung cat khi quyén cta ddu thé Bach HS cé
chit lugng cao ding ké so véi didu tho Pai Hung. Trén phuong dién sir dung
la nhién liéu d6t 16 FO (Fuel Qil), phidn cin cua ca hai loai ddu the nay déu
rat 1y tuéng vi ham luong luu huynh rat thap, dudi xa mic yéu cau la 0,5%
TL (can diu Bach Hé 12 0,05% va can diu tho Dai Hung 14 0,14% TL), déng
thai khong bi nguy co lam thung 16 do ham lrong vanadi rat thip. Tuy nhién,
vi ham lrong parafin cao dii 1am cho diém déng cla cd hai loai diu thé nay
déu cao, ngay ca & nhiét dé binh thudng da dong cing, vi vay phai ¢é bién
phdp ham néng trudc khi sit dung. Trén thi trudng thé gidi, can diu thé Viét
Nam duge goi la LSWR (Low Sulfur Wax Remdue) ¢ gid tri rat cao hién
nay vi nhitng dic tinh noét trén.

XV.3.2. Cic san phdm ciia nganh tong hop hoa dau di tir ddu mo

Céc san pham hod hoc duge téng hop tit ddu khi con duge goi 1a cdc san
phim hod ddu. Cdc san phim nay v6 ciing da dang va phong phi, chiém dén
90% cédc san pham hitu co ma con ngudi cé thé san xudt duoc.

Nguén nguyén liéu dé sin xuit ra cdc sdn pham hod dadu la khi thién
nhién, khi hod 1éng, phin doan xing thé (naphta), thaim chi cdn cé thé su
dung ca phian doan can hodc su dung todn bé diu thé. Tuy nhién phan doan
cing nhe, ¢éng nghé ché bién cang it phic tap, do chon loc cang cae, hiéu
qua kinh t& cang Ién. Chinh vi vay, trén thé gidi dé sin xuat cdc san phdm
hoa ddu, phd bién nhat va kinh t€ nhit hién nay déu dya vao khi hydrocacbon
(khi thién nhién va khi déng banh) va cdc phan doan nhe cla dau thé (phin
doan xang thé hay naphta).

Trudc tién, ta xem xét 1inh vuc tng dung cua khi. Tir khi thién nhién cua
Viét Nam, ¢6 thé sin xuit ra khi hod léng LPG, LNG, tir d6 san xudt ra dién
nang. Ngoaira, c6 thé san xudt ra khi téng hop, 1a nguyén liéu ban ddn d€ diéu
ché ra diu téng hop, metanol, phan dam va cdc san pham khdc (hinh XV.1),

Phuong huéng st dung cdc san phidm cla nha mdy loc diu cho.cong
nghiép cé thé téng hop hod diu ¢6 thé chia thanh hai cum:

a) Cum sdn vudt olefin .

Nhu ciu vé polyolefin & Viét Nam dy kién sé ting trudmg manh dé ddp
ing v&i nén cong nghiép san xuat vat liéu xay dung va bao bi. Olefin va san
phdm ¢é thé thu dvge tir phan xudng cracking xiic tdc cla nha mdy lec ddu.
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Hién nay dang c6 xu huéng t6i da hod san xudt olefin nhe tir cracking xic
tdc vi nhd d6 thu duge propylen véi higu sudt cao.

b) Cum sdan xudt aromat

Cum sén xuit nay thudng duge thiet k& dé san xuft cdc san phdm sau:
Benzen, toluen, o-xylen, m-xylen vi p-xylen; trong dé benzen va p-xylen cé
ahu ciu nhiéu nhat. Thi trudmg chinh cho céc sdn phim nay la:

e p-xylen 1a nguyén liéu quan trong dé san xuit terephtalic axit (PTA),
12 hod chét trung gian dé sin xuat soi polyeste (PET).

~» o-xylen dugc dung dé sin xuft anhydric phtalic réi sau dé san xuét ra

hat nhua polyeste va cic tic nhin hod déo.

« Benzen 12 hod chat co bin dé san xudt ra mét s6 san phidm quan trong
nhu etylbenzen, xyclohexan, cumen, phenol, nitrobenzen v.v...

Du doan nam 2010 nhu cdu vé p-xylen 1én téi 250 nghin tdn/nam.

r

Khi thi&n nhign

Y
Khi tdng hop

[Nhien figu LPG, LNG |

LR T T

Hinh XV.1. C4c kha ndng ing dung cla ki thién nhién cla Viet Nam

* Naphta duge xem 1a phan doan ¢6 gid tri cao nhit cta dau tho va cd
nhu cdu rit 16n trén thi trudng, do vira dung d€ san xufit xang, vira diing dé
sin xuat ra cdc san pham hod ddu, dé phuc vy cho doi séng con ngudi va hiu
hét moi Iinh vuc hoat doéng cia nén kinh t& qudc dan.

Tir phin #-parafin c6 phan t& luong t6n tich ra tit phan doan ning cé thé
sit dung 1am nguyén liéu dé san xudt nén, sép, chit tdy rita téng hop, thudc
nhudm v.v...

Nhu vay san phim cia nha mdy loc diu s& ddp dng dugc hdu hét cdc
[inh vuc téng hop hod dau, gép phin m& ra mot ky nguyén méi vé cong
nghiép ddu khi ciia nuéc nha.
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PHU LUC
DPON VI DO NHIET PO

Don vi do nhiét d6 12 do. Tuy thudc 46 16n cia d9, vi tri cua diém khong
v.v... nguoi ta diing cdc thang nhiét do khac 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 14y thang °K, trong thang thuc dung qudc té
duge cong nhin nim 1948 ngudi ta k§ higu bing °C.

Cic thang ¢6 °K va °C déu la thang bdch phan, trong 46 quing nhiét 46
chinh (giita nhiét do néng chay clia nude dé va nhiét do soi cua nude) 12 100 do.
19K = 1°C (d6). 4

0°K 12 khong d¢ tuyét d6i, con 0°C1a nhiét d6 néng chay cia nude di.

Nhiét d6 trong thang nhiét dong luc (°K) duge k¥ hiéu bing chit T, trong
cdc thang khac bang chir t. '

OC OR DF DK
Nhiét d6 sai cla nude 100 80 212 373,15
Nhi&t 46 néng chay cla nugc da 0 0 32 273,15
Khong do trong thang Farenheit -17.8 -14,2 0 255,4
Khéng a6 tuyét ddi -273,15 —218,56 —459,76 0

Quan hé gid tri giita cdc thang nhiét d6 khdc nhau nin¢ sau:

19C = 0,8°R = 1,8°F = I°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 thire tinh d6i nhiét d¢ giita cdc thang nhi sau:

P3i °C thanh °R, °F va °K:

n°C = -‘sln"R = (%n + 32) °F = (n + 273,15)°K

9§ 4p sudt thudmg (760 mmHg).
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P4i °R thanh °C, °F va °K:

0_20_?_ 0'—§ o
nR—4nC—(4n+32) r-(4n+2’?3,15] K

P&i °F thanh °C, °R va °K:
0°F = %(n ~32)°C = % (0-32)°R= E(n—szﬁ 2?3,15] oK

D3i °K thanh °C, °R va °F:
n°K = (n — 273,15)°C = % (n-273,15)°R = [% (@-273.15)+ 32} oF
& vé trdi va v€ phai cha méi dang thic.

Ghi chii: n - cung mot s8

DON VI LUC

Don vi luc (P) truyén cho mét don vi khéi lugng (m) mot gia t6c bing
mét don vi 4o dai (1) chia cho binh phuong cia don vi thdi gian (8)

m-l
P==5
b
Niuton (N} Dyn (dyn) Kilogam Iyc (kG) Gam lyc {G)
1 kg.mis? 1 g.cmis® 1 kg.9,80665 mis? 1 .9,80665 mis’
1 10° 0,101972 101,872
10 1 1,01972.10°° 1,01972.107°
9,80665 980,665 1 1000
0,980665.107% 980,665 0,001 1

Ghi chit: 1 pound lyc (Ibf) = 4,44822 N. -
PON VI CONG

Don vi cong sinh ra béi mot don vi lye khi chuyén doi diém dit cua nd

mot don vi 46 dai theo phuong cha lyc do.



Jun (J) Kilojun Ec Kilogam lyc | Qat gio Kildoat git Calo
(N.m) (k) (ec) | mét (kG.m) (Wh) (kWh) (cal)

1 0,001 107 102407 | 27810 | 2,78.107 0,239
1000 1 101 102 278107 | 2,78.107 239
107 10-10 1 102.10° | 278107 | 278107 | 2.39.10°8
9 81 981,107 | 9,81.107 1 2724073 | 272.10°¢ 2,344

3,6.10° 3.8 3,6.101 367 1 0,001 860

36106 | 36.10° | 36.10% 367.10° 1000 1 860.10°

4186 |4,186.107%| 1182407 | 0127 1.162.107% | 1,162,107 1
Ghi chit:

1. Khi dan nd tir thé tich V| dén thé tich V' tai mdt ap sudt p khong d6i, thuc hién

mot cong A = p(Vy — V). Trong sich bdo con gap don vi do céng dé la
0,10133 &J = 10° em®.1,0133.10°
=242

lit.atmétphe (Latm)y; 1 Latm = 10133 7 =
dynfem® = 1,0133.10° ec = 10,333 kG.m = 0,0282 Wh = 2.82.107° kWh
cal.
2. Con gip don vi do cong 1 mi lye gig = 2650 J = 2,7.10° kG.m = 0,736 kWh =
633 keal. .
D&i véi kildgam (luc).mét ngudi ta dé nghi ding pondo (p);
1 pondo = 0,80663 kg.mzf".\‘z =9,80665 N.nm, 1 kilopondo {kp) = 9806,65 N.m.

3.

PON VI CONG SUAT

Don vi cong sudt 12 cong sudt chia mot don vi céng sdn ra trong mot don
vi thol gian.

Qat Kitboat (k
(jun tronéngiay) (kil6jun lron(g l:V)gifa\,*) kG.mis calls kealih Ma lyc
1 0,001 0,102 0,239 0,850 | 0,00136 -

1000 i 102 239 860 1,36
9,8t 9,81.107° 1 2,345 8.44 0,01333
4,1868 4,1868.107° 0,127 1 3,6 0,0057
1,163 1,163.10°° 0,1186 0,278 1 0,00158
735.5 0,763 75 176 633 1
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Ghi vlui:

1. Mot ma lic hay con goi 1a ngya duoc ky higu la HP. Mot md lyc & Anh va My
duge ky higu la h.p va bang 7457 W = 76,05 kG.mfs = 1,014 HP = 10.7
kcal/ph.

2. | foot-pound (luc) (ft-1bf)/s = 1,3558 W = 0,3238 cal/s = 0,77 BTU/ph =
0,00182 h.p.
BTU 1a don vi nhiét cia Anh, 1 BTU = 2,930,107 kWh = 0,2930 Wh
0,252 keal = 1055 J = 107,56 kG.m.

DON VI AP SUAT

Pon vi dp sudt 1a dp sudt trén mot don vi bé mat, do tic dung cua mot
trong tai bing mot don vi lyc phan bd déu khip trén né.

Nulnwenl Bar(o) | Milimet | Milimet | Metnuec | kGiem® | AP sudl
métvusng | (10% Aim?) | thuy ngan | nude (mH,0) | atmotphe | chuan hay
(1 N.m?) {mmHg) | {mmH,0) (4°C) | K¥ thuét (af) | 4P Suét vat

(0°C) (4°C) ly (atm)
1 107° 0.0075 | 0,10197 10197 | 1,0197.10°%| 9,87.107°

105 ¢ 750,06 10197 10,197 10197 0,987
133,322 | 13322107 1 13,505 | 0,013595 | 0,00136 0001316
080665 | 98,0665.10° | 0,07356 1 0,001 1074 9.678.107
9806,65 | 98066,5.10°| 7356 1000 1 0.1 9,678.1077

98066,5 | 980665.107° | 735,56 10000 10 1 0,9678

101325 1,01325 760 10332 10,332 1,0332 1
Ghi chi:

. Ap suit chuin la 4p sudt clia mot ¢t thuy ngan cao 760 mm tinh tir day

nim ngang cla c¢ot véi trong lugng riéng clia thuy ngan 13,5950 kgfem®
va gia t6¢ chudn cia sy roi ty do 980,665 cmfs>.

2.p = Py — Pvs p la dp sudt du; p; - 4p sudt tuyét ddi; py 1a dp sudt khi quyén
(do duoc bing dp k&) p, > pp- Khi do dp suat du p bing atmotphe k§ thuat,
doi khi atmotphe duge ky hiéu 1a af, (pn = Pb — Pas Ph 1a 4p suit chan
khong, p, < o) -

Atmotphe k§ thuat at; 1 af = 1 kG/em?® = 0,980665 bar = 735,56 mmHg
- 0.81.104 N/m* = 1 m “kg.s™2 = 10 mH»0.
3. Ap sudt chudn la dp sudt tuygt doi bang | utm; con goi 1a atmophe chuin

(hay atmoiphe vt 1y);
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1 atmr = 1,01325 bar = 1,0332 ar = 760 mmHyg = 10,33 mH»0.
4. Con gip don vi dp suit bar; :
1 bar = 1 dynfem® = 0,1 Nim? =750 mmHg & 0°C.
5. Con gap don vi toro,
1 torr = 1 mmHg=0,1 cm . 13,596 gfc'm:’ . 981 cmifs? = 1333,2 har.
6. Con gap don vi dp sudt pascan (Pu);
l Pa=10 dyn,’rmz =0,0075 mmHg =1 Njm?;
1 MPa = 108 Pa = 10,197 kG/jcm?
7. Ap sust khi quyén & ngang mit bién 13 1 atm = 760 mmHg = 10,33 mH,0.

PON VI PO NHOT

Do nhdt dong luc p (theo thuat ngir trude kia la do nhét tuyét d6i ) tinh
bing N.s/m?
| N.sfn* = 1 kg/ms (vi trong hé SI: 1 N = 1 kg.m/s)
Thwémg gip don vi do 1a poazo (P): _
| poazo = 0,1 N.s/m® = 1 dyn.s/em® =1 glem.s
D¢ nhét cha nudc & 20,2°C bling 1 c¢P (centipoazd) = 0,01 P (poazo) =
| mPa.x

Do nhét dong hoc v 1a ty s& gida do nhdt dong lue cia chat long va ty trong
cia né (v = u/p) duge tinh bing m?/s. Pon vi thong dung cia do nhét
déng hoc 1a stoc (S, 1 Sr =1 em*s = 1074 m?/s = 100 ¢St (centistoc).

D6 nhét ty doi 14 ty s6 gitia do nhdt cua chat iong va do nhdt cua chit long
chuan (thudng 12 nudc) & cung nhiét do hodc & 0°C (hé s6 nhdt ciia nude &
0°C 14 1,79 c¢P, & 20°C 12 1,002 cP.

Ghi chit:

1) Trong mét s6 nganb k¥ thudt ngudi ta goi dd nhdt ty déi la do nhdt riéng
2} Trong sich bie con gap thuit ngit d6 nhét riéng (n,)
N =Mwe— 1  MNyg do nhot ty déi; ntd=:'_—g:
t,, p; — th&i gian chdy va ty trong cla chit nghién ciru.

ta, P2 — thdvi gian chdy va ty trong cGa chit chudn.

Do nhét cing tinh bing cdc don vi ky thuat, thd nguyén cia ching la
kG .sfm>, don vi k¥ thuat cia do nhét = 1 kG.s/m>=98,1 P; 1| P=0,0102
don vi k¥ thuat.
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Pai luong nghich ddo ciia d6 nhét goi la d§ Juu (thuong tinh bing poazo
nghich dao) k¢ higula 1/p;

1 poazo nghich dao = 10 m2N.s = 10 m.sfkg.

Trong k¥ thudt ngudi ta diing rong réi nhét k& Engle dé xdc dinh d6 nhdt quy
wéc, tinh bing do Engle (°E). S8 d6 Engle 13 ty s& gitta thoi gian chay
(bing gidy) cha 200 ml chét khio sit va thdi gian chiy (bang gidy) ciia
200 m! nude & 20°C.

Cach ghi: E3: chif s6 & trén ghi nhiét do khi xdc dinh thdi gian chdy chia
chiét léng khao sdt; chit s6 & dudi chi nhiét dé cia nude khi do.

- Tuong quan giita °E va do nhét p (hay n) tinh bing poazo:

W= [DO731E —(0.63/E)].p trong d6 p 1a khéi lugng riéng, g/cn’

- Tuong quan giita °E vi d¢ nhot dong v, tinh bing cm’/s:

v =0,0731E - (0,631/E)

°E 1 2 3 4 5 7.8
v 0,0100 0,147 0,1983 0,2766 0,352% 0,5398
°E 10 15 20 30 40 50
v 0,7247 1,0928 1.4588 2,1909 2,9224 3,6537

PO1 TY TRONG d! CUA CHAT LONG VE d}

Trong ¢dc sdch tra citu, ngudi ta thudng ghi ty trong cia chit 1ong ddi
v@i nude & 4°C (dy). Vi vy trong nhiing trudng hop ma ty trong cia chit
16ng (d) duge xdc dinh & nhigt do {r) giong nhiét do cho trong bang tra cifu,
con dung cu ding dé xdc dinh d lai cho gid tri df (vi du di338 | dag Vv
thi can chuyén & vé dj.

Chuyén d vé dj theo cong thic sau:

dy = d —d (1 - D)
D -ty trong cla nudc ¢ nhiét do ¢
Vi du, ta ¢6 d = 1,2160 thi d6i thanh:

dy =1,2160 — 12160 x 0,0018 = 1,2160 — 0,0022 = 1,2138
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°C 1-D °C t-D °C 1-D C t-D
0,00013 13 0,00060 17,6 0.0013 22 08,0022
0,00000 14 0,00073 18 0,0014 23 0,0024
10 0,00027 15 0,00087 19 0,0016 24 0,0027
1 0,00037 15,6 0,00097 20 0.0018 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

Bon vi do dg dai

|1 mile {(doc 1a mailo, ky hié.u la mile} = 1760 yard = 1,609 knr;

| nautical mile {doc¢ 1a noticon maile) = 1,853 km

| yard {doc 1a yado, k¥ hiéu yd.) = 3 foot (fut, ft.) = 36 inch (inhso, in.)

| yard = 10,9144 n1; 1 foot = 30,48 ¢m; 1 inch = 25,400 mim.

I square mile (sque mailc, sq. mile) = 640 acre = 258,99 e
I acre (4ycro, A) = 4840 square yard = 0,4047 hu

Don vi do hé mdt

| square yard (sq. yd.) = 9 square foot = 0,8361 m>

|l square inch (sq. in.) = 6,42 o’

Don vi do thé tich

I cubic yard (kiubic yado, cu. yd.) = 27 cubic foot = 0,7646 n°
|l cubic foot (cu. ft.} = 1728 cubic inch = 0,02832 m
| cubic inch {cu. in.) = 16,387 cm°

Pon vi do dung tich chdt long

1 gallon (galon, gal.) = 4 quart (cuoto, qt.) = § pint (painto, pt.)

| barrel (beron, bbl.) (M¥) = 31,5 gallon = 1,597
(Anh) | gallon = 4,546 [; | quart = 1,136 /; [ pint = 0,586/
(M%) 1 gallon = 3,785 1; 1 quart = 0,946 /; 1 pint = 0,473/
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