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MO DAU

Cong nghé ché bién diu mé duoc xem nhu bdt dau ra doi vao nam 1859
khi ma Edwin Drake (My) khai thdc duge ddu the. Lic bdy giv luong déu
thé Ehai thac duge con rdt i, chi mot vii nghin lit ngay va chi phuc vu cho
muc dich thép sang. Nhitng chi mot nam sau d6, khong chi riéng 6 My ma
¢ cd cde nude khde nguoi ta cing di tim thdy dén. Tit d6 sdn lugng diu khai
théc ngay cang duve tang lén rét nkanh. Ching ta c6 thé théy ré didu nay
tit cdac sd liéu cho dudi day.

Luong dou thé (khong ké khi dot) dé khai thac dugc trén thé gio:

Niam Sdn Iuong (triéu tdn)
1860 0,1
1880 4,2
1800 19,9
1920 56,9
1930 286,5
1345 354,6
1950 524,8
1955 770,1
1960 10515
1965 1503,2
1970 2336,2
1975 2708,1
1980 3067,1
1985 3624,0
1980 3700
1994 3003,4
1995 2982,5
1897 riéng d Viét Nam 10,1

Tit cac 86 lidu trén cho thdy, thé gidi dd khai thdc va ché bién mot so
lugng dbu khéng I v vdi t6e do tang trudng hang thip nién rdt nhanh {tdng



gap dél trong khodng 10 nam cho dén nam 1980),

Nganh cong nghiép déu do tang trudng nhanh da tré thanh nganh cong
nghiép miai nhon cia thé ky 20, Dac biét tit sau Dai chién Thé gioi 11, céng
nghiép dau khi phat trién nhém dap itng hai mue tidu chinh la:

- Cung cdp cdc "sdn phdm nang lugng" cho nhu cau vé nhién licu dong
ca, nhién liéu cong nghiép va cdac san phdm vé diu ma boi tron.

- Cung cép ecac hoa chat co bdn cho nganh tong hop hoa déu vé héa hoc,
tgo ra sy thay déi lon vé co cdu phdt trién ede chung logi sdn phdm cia
nganh hoa chét, vat lieu. Hoa dau dd thay thé dan héa tharn dd va viugt lén
cong nghiép ché bién than.

Cong nghiép ché bién diu phat trién manh la nho cde ddc tinh quy riéng
ciia nguyén lidu dau mé ma nguyén liéu tit than hode cic khodang chdt khaic
khong thé co, do la gia thanh thdp. thugn tién cho qua trinh ty dong hoa,
dé khéng ché cac didu kién cong nghé va c6 cong sudt ché bién lon, sdn phdam
thu ditge c6 chét litong cao. it tap chdt va dé tinh ché, dé tqo ra nhiéu chiing
loal sdn phdm dap ing moi nhu ctu cia cae nganh kinh té quéc dan.

Nhitng san phdm nang liwong tic dau khi dé su dung, dé dicu khién ty
dong, lai sach s6, hau nhi khong co tro xi. Do vay, ngay noy sdn phdm ning
litong dau mo dd chiém téi 707 téng s6 nang luong tiéu thu trén thé gidi.
Trong tuong lai gan, ty trong nang ligng do dau khi cung cdp cdé giam di
mat chiit (con khodng 60 dén 65%), mot phan do nguoi ta dd tim kiém va ap
dung cde ngudn nang luong moi nhi nang luong hat nhan, mot phan do xu
thé tang muc tiéu ché bién déu cho sdn xudt cdc hoa chit co ban, nhing dauw
khi hién vdn la nguon nguyén liéu chii yéu cung cdp nang luong cho theé gigi.

Trong sd edc sdn phdm nang ligng dau mo. trudge hél phdi ké toi nhicn
licu xang. Xang cho dong co ngay nay dd dioc nang cdp rdt nhiéu vé chaf
livang, hoan tean dap ring duge cdc yéu cGu clia dong co cd tv s6 nén cao,
hoat dong on dinh trong moi didu kién, khéng ¢d hodac rat it doc t6 co hai
cho nguol st dung va mdi fruing. Tiép theo la cdac nhién licu phdn luc va
nhién tiéu diezel. Cae dang nhicn lidu nay dd gép phan phat trién cdc déng
co ¢ kich thude gon nhing lgi c6 cong sudt lon, cé tdi trong cao, hiéu sudt

nhiét hicu ding cao hon nhién so vdi déng co xang trive day cé citng kich
thieoe.

Nhién licu cong nghiép tit dau khi ciing ¢é nhidu ddc tinh quy ma ede
dang nhién lidu khde nhi than da khong thé 6 duge, do la gin thanh ré. dé



van chuyén va bdo quédn, dé hicn dai hog va tu dong hoa trong su dung, it
tap chdt va ¢é nhiét ning cao.

Bén canh cac sdn phdm nang luong, cac sdn phdm phi nang luong nhu
cic loal dan ma boi tron va cdc loqi diu céng nghiép ciing chiém phan quan ~
trong khong kém. Tdt cd cde may méc hay ndi ding hon la moi chi tiét chuyén
dong tir rdt nhé (cac chi tét trong dong hd) dén edc chi tiét khong 1o trong
may nang can cdu déu can cé dau boi tron. Nguoi ta vi déu md béi tron nhu
la ngudn mau nong trong dong co, thidu no cic dong co khong thé lam viéc
binh thuong dige. Da sé cde sdn phdm déu ma b6f tron déu duge ché tgo ti
dau mo.

Céce sin phdm héa chét co bdn tit cong nghiép dau ¢6 do tinh khiét cao,
gid thanh ha, nén cé chi 56 kinh té€ cao. Ching dé gop phitn lam tang nhanh
cde mdt hang nhu yéu phdm cho cdc nén kinh té quéc din, tit cac vat dung
hang ngay nhit vdi soi, chdf déo, nhia, dén cac logi thudc nhudm, phan bon,
thude nd, thudc tric sau... déu duge ché ra tit déu khi vd ngay nay dd chiém
fai 90% téng s6 cdac hap chdt hitu ca trong cdng nghiép hoa chdt.

O Viét Nam, déu khi dd duge phat hién va ngay 26/6/1986, tin dauw diu
tién da khai thac diuoe tic mo dau Bach H6. Tiép theo nhiéu mo déu khi 6
them luc dia phia Nam dd di vae khai thée nhie moé Dai Hung, mo Rong,
mé Rang Doéng, cée mo khi nhu Lan Tay, Lan Do.. Nam 1994, ching ta dé
khai thae duoe 6,7 triéu tin dau, nam 1995 dd khai thic duge 7,5 triéu tan,
nam 1997 ching ta dd khai thace toi 10,1 triéu tin dau khong ké khi va du
kién ndam 2000, sdn luong déu khi ctia ching ta cé thé dat 25 dén 30 triéu
tdn dau quy déi (ké cd khi ).

Nhir nitde ta dé bat dan tién hanh xdy dyng nha may ché bién dauv ddu
tién voi cong sudt € triéu tdn nam. Pong thoi hang logt cac dy dn vé st dung
va ché bién khi déng hanh ciing nhiy chudn bi xéy dung nha may ché bién
dow thit 2 dang duwoc phé duyét. Nhu vgy nganh cong nghiép ché bién dau
khi nude ta dang bude vao thdi ky moi, thoi ky ma cd nude ta dang thyc hién
muc fiéu cong nghiép héa, hién dai héa. Chac chan sy dong gop ciia nganh
dau khi trong cong cudc cong nghidp hoéa ddt nudc sé rét co y nghia, khong
nhitng chi bang cac chi tiéu kinh té cu thé ma nganh cong nghiép mii nhon
niy con la ngudn déng vién tinh than cia toan Ddng, toan dan ta va nhdt
la cdc thanh vién dang hoat déng trong nganh dau khi, hang hdi lao déng
sang tao, gop phan xdy dung ddt nudc dé sau vai thap nién tot sanh ngang



cdc nude tién tién trong khu vuc va trén thé gidi.

_ Céng nghé dau khi trén thé gidi ngay cang phat trién va ludn luon duge
cdi tién. D€ ddp ing nhu ciu dao tgo va cdp nhdt céng nghé ché bién diu
khi cho sinh vién, chiing t6i bién soan t4p gido trinh nay. Tuy dad c6 nhidu
¢6 gang, song khoéng tranh khéi nhitng thiu soét. Vi vy tac gid rét cém on
sy dong gop chan thanh cia qui ban doc dé khi téi bin gidgo trinh sé duge
hoan chinh hon.

Thc gia



Phan thu nhét

DAU KHi - NGUON NGUYEN LIEU CHUA
HYDROCABON QUAN TRONG CHO CONG NGHIEP

Chuang 1
TINH CHAT HOA LY CUA DAU KHi

Trong thién nhién, dAu mé nam & dang chat 16ng nhdn, dé bat chdy. Khi
khai thac, & nhiet d6 thudng nd cd thé & dang ldng hoac déng dac, ¢6 mau
tit ving dén den; con khi hydrocacbon thudng & dang hoa tan trong dau (khi
ddng hanh), hay & dang bj nén ép trong cac mé khi (khi thién nhién).

Dau khi khong phai la mot don chdt ma 1a mot hén hgp rit phic tap cia
nhidu chét (cd tdi hang tram chit). Su khdc nhau v& s6 lugng cling nhu ham
lugng cha cac hop chdt cd trong dau khi ddn dén sy khédc nhau vé thanh phin
ciia dAu & cac mo khac nhau va so v8i cac khodng chdy khac.

1.1. THANH PHAN HOA HOC CUA DAU KHi
1.1.1. Thanh phin nguyén t8 cua dau khi

Tuy trong dau cd chia tdi hang tram hgp chat khic nhau, nhung cdc
nguyén t6 cd ban chia trong diu khi phan ldn la cacbon C v hydro H (C
chiém 82- 87%, H chiém 11- 14%). Ngoai cac nguyén t6 chinh trén, trong dau
khi con cé mat cée nguyén t8 khde nhu htu huynh 8 chiém 0,1 dén 7%, nitg
N chiém 0,001dé&n 1,8%, oxy O chiém 0,05 dén 1,0%, va mot lugng riét nho
(tinh bing phén triéu) cc nguyén t8 khdc nhu halogen (clo, iod), cac kim loai
nhu niken, vanadi, volfram... So sanh véi cac khodng chay khac nhu than da
thi ham luong cta C va H trong d3u khi cac hon nhidu (bang 1-1).



B J-1 Thinh phiin nguyén t§ cia mot 8§ Khodng chiy

Nguyan t3
G, % H, %
Khodng chay
Dau khi 82 — a7 - 14
Da dau 70 - 76 g
Than bin ! 55 — 60 6 ‘i
Than nau 74 — 75 s
Than da 80 — 8t 55

1.1.2. Thanh phdn hoéa hoc cua diu khi

Cac hop chdt cd trong dau khi chd y&u 1a cdac hgp chdt hitu co, d6 1a
nhung hydrocacbon cda thién nhién. Bén canh cac hap chit chinh nay con co
cdc hgp chat khang thuoe hydrocachon, d6 1a cac chat ngoai €, H trong phan
to con cd mat cac nguyén t6 khac nhu S, O, N hay cd kim loai.

1.1.2.1 Hydrocacbon - thanh phin chi yéu ctia diu khi

Thanh phan cd ban cla dau khi la cdc hop chit hydrocacbon. Trong dau
thé, edac hgp chat nay o6 thé chiem tdi 90%. trong luong caa dau, con trong
khi thién nhién co thé t6i 98% + 99%. Hau nhu tat ca cac loai hgp chit
hydrocacbon déu cé mat trong diu, chi trit hydrocacbon olefinic 1a khong co
trong hAu hét cic loai dau thé hoac néu o6 thi ham lugng cing rit nhd. S6
nguyén tu¢ cacbon ¢d trong mach cd tit 1 cho tdi 60 hoac c6 thé cao han. Sau
day la nhing trink bay so ludge vé cdc loai hydrocachon phé bién nhat trong
thanh phén dau khi.

a. Hydrocacbon parafin RHP

Cdc hydrocacbon parafin cd cong thic tdng quat 1a C.H,,,, trang d¢
n la s8 nguyén ti cacbon od trong mach. Cae hydrocacbon nay ta loai
hydrocacbon no va ¢ tén goi tan ciung bang -an. Vi du nhy metan CH,,
etan C,H,  propan C.H butan C,H,y hexan C H,,, heptan C.H,, .. Ve
cdu truc, hydrocacbon parafin ¢d hai loai, loai cdu tric mach thang con goi
1a n-parafin va loai ¢d cdu tric mach nhanh can goi la iso- parafin. O disu
kien binh thuéng (nhiét do 25°C, ap sudt khi quyén), cdc parafin mach
thang chia tit 1 tdi 4 nguyén ti& cacbon trong phan t¥ déu nam & thé khi.



Cac n-parafin ma phan ti chda tie 5 toi 17 nguyén tit cachon nam @ thé
16ng, con cac parafin chua tir 18 nguyén tu cachon trd 1én nam & dang tinh
thé ran. Nhu vay trong dau mé, cac hydrocacbon parafin ¢¢ ton tai ¢ ca ba
dang: khi, l6ng va ran.

Nhiing hydrocacbon parafin ¢ thé khi, khi nam trong mo dau, do ap suat
cao, chiing hoa tan trong dau. Sau khi lay ra khéi ma diu, do giam dp suat,
ching thoat ra khoi diu tac nén khi déng hanh (véi nghia 1A khi di cung theo
dau), co thanh phan gom metan, etan. propan. butan va mot Iugng nha pentan,
trong do hydrocacbon C, va C, chiém phin chu yéu. D&i voi khi thién nhién
thi thanh phAn eiing bao gom cic cflu tif trén nhung phan C, lai chiém cha
yéu, con C, dén € co rat i

Cac hydrocachon parafin C, + C,; nam trong phian nhe (trong xang) cta
dau, v8i cAu tric nhanh 1A nhing ciu tu tot ¢ta nhién licu xang, vi lam cho
xang cd kha nang chéng kich né cao. Trong khi dd. cic n- parafin lai ¢d tac
dung x4u cho kha nang chéng kich nd (n-C, da ed tri 30 octan bang 0). Nhung
hydracachon parafin cd =6 nguyén ti cdc bon tu C,, dén €, nam trong phan
nhién liéu phan lyc va nhién liéu diezel, khi ¢d ¢iu truc thang lai 1a cac cdu
tit ¢6 ich cho nhién lidu vi ching co kha nang ty bée chay tot khi tron vai
khong khi bi nén trong dong co. Trong ché& bién héa diu, nhitng hydrocachon
parafin chia trong phén nhe cia dau hay trong khi dang hanh iai la nguyén
lieu rit tot cho qua trinh san xuét olefin thdp nhu etylen, propylen, butylen
va butadien, do la nhung nguyén liéu "co 53" cho tdng hop hda hoc dé san
xudt chit déo. sgi haa hoe, cao su nhan tao. Nhiing #- parafin co 50 nguyen
tit cacbon cao tit C; trd 1én & nhiét do thudng thudng & dang tinh thé ran
trong dau. Néu ham lugng can cie hydrocacbon leai nay du lan, ching co thé
lJam cho toan bd dau thé bi dong dac, mdat han tinh linh déng, gay khd khan
vide khai thae, van chuyén va bio quan. Khi do ngudi ta phai ap dung cac
bién phap ky thuat chuyén biét va cong nghé phic tap d¢ xi 1y nham muc
dich loai cac parafin ran dén muc do can thiét, sao cho san pham co du do
linh déng trong diéu kién s dung, Cac parafin ran tdch ra nay, rdt may ching
lai 11 nguyén liéu quy cho cdc qua trinh ché bi¢n, san xudt cac san pham tiéu
ding nhu nén, gidy sap, diém hay cac vat liéu chéng tham. Né&u dem oxy hda
chung, ngudi ta nhan dude cac axit béo va alcol cao, d¢ 14 cac nguyén liéu
quy 4é téng hgp cac chat hoat dong bé mat la loai chit co nhiéu ing dung
trong thyuc t& conyg nehiép.



b. Hydrocacbon naphtenic RH, {con goi la cycloparafin

Loai hop chat nay o6 céng thie tdng quat la C.H,.. Nhitng hydrocacbon
loai nay thudng gap la loai mét vong, trong dd chiém phin cha yéu 1a loai
vong 5 va 6 canh. Loai vong naphten 7 canh va 16n hon rat it gap trong dau.
Nhitng naphten ed tir hai hay ba vong ngung ty ciing it g£ap, nhung loai
naphten ngung tu vdi hydrocacbon tham hay ¢d mach nhanh parafin dai lai
hay gap trong dau mé. Loai nay, do bi anh hudng cua cic vong hay nhanh
bén dai nén tinh chait thuin chung ciia naphten khéng con nguyén nita ma
dd mang tinh chat lai hgp giita ching nén goi la hydrocacbon lai hgp.
Hydrocachon lai hgp cd s8 lugng 18n & phan co nhiét da séi cao cta dau ma,

Hydrocacbon naphtenic mot vong la thanh phan quan trong trong nhién
lidu ddng cd, nd c¢d tinh chéng kich né cao cho xang, hydrocacbon naften mot
hay hai vong ¢ mach nhanh parafin dai 1a nhitng cfu ti 14t t6t cho nhién
liéw phan luc va nhién liéu diezel, va n&u mach nhanh parafin dai lai phan
nhanh thi do lai la cdc cdu t& t6t cho dau béi tron vi ching cd tinh chéat nhat
nhiét tot, chi s§ nhat cao.

¢. Hydrocacbon thom RH A (hydrocacbon aromatic)

Hydrocacbon thom cd cong thic téng quat la C.H, ., €6 cdu tric vong
& canh, dac trung 14 benzen va cdc din xudt o mach alkyl dinh bén. Nhitng
hydrocachon thom nhigu vong ngung tu ciing gap trong diu mé nhung véi
ham lugng thdp hen.

Hydrocacbon thom 14 edc cdu tit cg tri 6 octan cao nhit nén ching la
nhitng cdu t& quy cho xang. Nhung néu ching ¢d mat trong nhién liéu phan
lye hay nhién ligu diezel lai lam giam chét lugng cla cdc loai nhién liéu nay.
Nhitng hydrocacbon tham 1 hay 2 vong ¢d mach nhanh alkyl dai va cd ciu
tric nhanh cling 14 nhitng cdu ti quy dé san xudt dau nhin o chi s8 nhét
cao, Nhitng hydrocacbon thom da vong ngung tu cao hoac khong cd nhanh
parafin dai lai 1a nhitng cqu t@ ¢ hai trong sin xuat diu nhon 6 chi s6 nhét
cao, cling nhu trong cdc qu4 trinh ch& bién o6 xic tdc, do ching nhanh chdng
gay doc chat xic tac.

1.1.2.2. Nhitng thank phiin khic (thanh phin phi hydrocacbon) trong diu mé

Nhitng hop chét phi hydrocacbon thudng hay gap trong dau khi 1a CQ,,
H,S, N,, He, Ar... (trong khi thién nhién) va cdc hgp chét cda lwu huynh,
nitd, oxy, cdc chit nhua, asphanten va kim loai trong dau mo.
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b. Hydrocacbon naphtenic RH, (con goi la cycloparafin)

Loai hop chdt nay cd cong thde tdng quat la C,H,,- Nhitng hydrocacbon
loai nay thutng gap la loai mot vong, trong dd chiém phan chi yéu la loai
vong 5 va 6 canh. Loai vong naphten 7 canh va 16n hon rat it gap trong dau.
Nhing naphten c6 tit hai hay ba vong ngung tu cling it gap, nhung loai
naphten ngung ty vdi hydrocachon thom hay c¢é mach nhanh parafin dai lai
hay gap trong didu mé. Loai nay, do bi anh hudng cha cdc vdong hay nhanh
bén dai nén tinh chit thuin ching cia naphten khong con nguyén nita ma
did mang tinh chAdt lai hgp giita ching nén goi 14 hydrocacbon lai hgp.
Hydrocacbon lai hgp e6 s6 lugng 1dn & phan c6 nhiét dd s6i cao ciia dau ma.

Hydrocacbon naphtenic mét vong la thanh phan quan trong trong nhién
liéu dong cd, nd c6 tinh chéng kich nd cao cho xing, hydrocacbon naften mét
hay hai vong ¢6 mach nhanh parafin dai la nhitng cdu tit rat t6t cho nhién
liéu phan lyc va nhién liéu diezel, va néu mach nhanh parafin dai lai phan
nhanh thi dd lai 14 céc cdu ti t6t cho dau boi tron vi ching 6 tinh chat nhét
nhiét tot, chi s§ nhét cao.

¢. Hydrocacbon thom RH a (hydrocacbon aromatic)

Hydrocachon thom c6 cong thde tdng qudt 1a C.H,, cd cdu tric vong
6 canh, dae trung la benzen va cdc din xudt c¢6 mach alkyl dinh bén. Nhitng
hydrocacbon thom nhidu vdng ngung tu ciéng gap trong dau mo nhung voi
ham lugng thap hon.

Hydrocachon them 1a cde cdu tit ¢d tri sé octan cac nhat nén ching la
nhitng cdu t quy cho xang. Nhung néu ching ¢6 mat trong nhién lidu phéan
I¢c hay nhién liéu diezel lai lam giam ch4t lugng cta cdc loai nhién ligu nay.
Nhitng hydrocacbon tham 1 hay 2 vong ¢6 mach nhanh alkyl dai va cd ciu
tric nhanh ciling 14 nhitng efu ti quy d€ san xuit diu nhdn cd chi sé nhot
cao. Nhitng hydrocacbon thom da vong ngung tu cac hoac khong ¢6 nhanh
parafin dai lai 1a nhitng cdu ti ¢d hai trong san xudt dau nhon cd chi 85 nhot
cao, cing nhu trong cic qud trinh ché bién 6 xie tae, do chving nhanh chdng
gay doc chidt xde tdc.

1.1.2.2. Nhitng thanh phin khic (thdnh phin phi hydrocacbon) trong diu mé

Nhing hop chdt phi hydrocacbon thudng hay gip trong dau khi Ia CO,,
H,S, N,, He, Ar.. (trong khi thién nhién) va cdc hgp chat caa luu huynh,
nito, oxy, cac chdt nhya, asphanten va kim loai trong diu md.
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a, Céc hop chdt hitu co chita luu huynh

Céc hgp chat hitu co chia lwu huynh 14 loai hop chat kha phé bién trong
dau. Ngudi ta phat hién trong dau cd khodng 450 cac hgp chat khac nhau,
thi cac hgp chét chia luu huynh da chi®m t6i 380 hop chdt. Phd bién la céc
hop chidt nhu H,S, mercaptan (RSH), disunfua, sunfua vong... Ndi chung cédc
hgp chédt chda luu huynh trong dau 1a cde chat ed hai, vi trong khi ché& bign
ching thuding tao ra cac hgp chdt 4n mon thiét bi, gay 6 nhiém manh moi
trudng do khi chdy tao ra SO, gy ngo doc xic tdc va lam giam chdt lugng
cla sn phdm ché bién. Vi thé, néu ham lugng 8 cao hon gidi han cho phép,
nguoi ta phai ap dyng cdc bién phip xi Iy t6n kém. Do vay ma ham lugng
cia hop chét luu huynh duge coi 1a mét chi tiéu d4nh gid chit lugng dau thé
va san pham dau.

b. Céc hgp chdt nito

Cac hgp chat nito ¢d trong dau khi thuding 1a nhitng hop chét loai pyridin
(dang bazd nito) va cdc hgp chdt nito trung tinh loai dong dang cia pyrol,
indol hay cacbazol... Cdc hop chat nito cd thé chifm téi 3% trong dau. Tuy :
vGi 86 Iugng nhé hon cic hgp chét luu huynh, nhung cdc hop chat nite ciing
la nhitng chat ed hai, rat doc cho xiic tac trong qua‘\'trinh ché& bién, déng thai
ching phan tng tao nhya, lam t6i mau san phdm trong thdi gian bao quan.
Khi cé mat trong nhién liéu, cac hop chat nito chdy tao ra khi NO, 1a nhing
khi rdt déc, gdy an mdn manh. Do vay ciing nhu cac hgp chat luu huynh, khi
ham lugng cdc hgp chat nite vugt qua gidi han cho phép, ngudi ta ciing phai
tién hanh loai bd ching trudc khi dua dau thé hay phan doan diu vio qua
trinh ché bién.

e. Cde hgp chdat chia oxy

Cac hgp chit chita oxy c¢6 trong dau ¢ dang cdc axit hitu cd, phd bién la
axit naphtenic, phenol, keton va ete. Cdc hgp chit nay thudng tap trung &
phan cd nhiét do soi trung binh va cao cia diu tho. Cic axit naphtenic chu
yéu la loai vong 5 hay 6 canh. Ngudi ta cing cd tim thdy cédc axit hitu co
mach thang vdi s§ nguyén td cacbon. tif 20, 21 trd lén. Ham lugng cac axit
naphtenic chi€m khodng 0,01 d&n 0,04%, do6i khi 1én dé&n 1,7%, con ham luong
ctta phenol rat it, chi khoang 0,001 dén 0,05%.

d. Cac hop chdt cao phén ti

Do 12 nhom cdc chat nhya, asphan, cacben va cacboit. Cac hgp chdt nay
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thudng gap ¢ phan o nhiét do s6i cao cua dau. Vé cdu tric, nhia va asphan
déu 14 hé vong thom ngung ty cao, nhung trong lWwong phan ti cia nhya nho
han asphan va do ngung tu cing thap hon. Ngusi ta thuong phéan chia nhom
cdc hop chit cao phan tit thanh cic nhdm nhé nhu sau:

_ Nhua trung tinh !a loai co kha nang tan trong xang nhe, pentan hay
trong etepetrol;

. Asphan khong ¢ kha nang tan trong etepetrol, nhung c¢é thé tan trong
benzen nong;

_ Cacben chi tan trong pyridin hay sunfua cacbon;

. Cachoit 14 hdp chat khong tan trong bat k¥ dung moi nae.

Trong dau mo, ham lugng nhua vi asphan dao dong trong gidi han kha
yong: nhua cé thé tu 4 dén 18%, con asphan cd thé tit 0 dén 6%.

Nhirng hop chiit nhia, asphan néu cd trong san phim dau sé lam giam
chit ldgng cia san pham, lam cho san phdm ed mau téi sam, dé tao céc, tao
can mudi khi chay. Trong qua trinh ché bién cd xic tac, nhya va asphan sé
gay ngod doc xuce tac, lam gidm hoat tinh cva xuc tac. Chung chi co ich khi cd
mat trong phan can ding lam nguyén lidu d€ san xudt bitum (nhua dudng)
hoac dé sin xuat cbc dau mo, vi khi d6 chung cho san phdm cc chét lugng
tot.

Cac kim loai ¢d trong dau dudi dang ciae phie chat co kim va chi 6 =6
lugng nhd, phd bién 1a hop chat coa niken, vanadi, ngoai ra cdn cd cac kim
loai khdc nhu sat, chi, dong... vdi s6 ldong it han. Cde kim loai chia trong
dau 1a thanh phén ed hai, chdng gay ngo dbe xie tac trong ché bién, gay an
mon kim loai, lam giam dé chiu nhiét cGa thiét bi khi ching cd mat treng

nhién liéu dat 1o,

1.2 CAC DAC TINH VAT LY QUAN TRONG CUA DAU THO
1.2.1. Ty trong

Khéi lugng riéng cua dau la trong luong cta 1 lit dau tinh bang kilégam.
Ty trong cha dau la khéi lugng cta dau so voi khoi lYong ciia nudc d cung
mot thé tich va o nhiét do xac dinh. Do vay t§ trong sé cd gié tri diung bang
khéi lugng riéng khi coi trong lugng cfia nude & 4°C bang 1. Trong thuc té,
ton lai cic hé thong do ty trong sau: d " a,ls, dlﬁ‘“'s-" thay theodon vi Anh,

My la Sl‘gr 60/60VF); do APT (APL = (141,5/5.g60°F/60F)- 131,5), trong dd chi



s bén trén d 13 nhiét d6 caa dau trong lGc thi nghiem. con chj s¢ hén dudi
la nhiét dé cia nuge khi thi nghism. Ty trong cta dau dao dong trong khodng
rong, tuy thuoc vao loai dau va co iri 56 tir 0,8 dén 0,99, Ty trong cta dau
tuy la con s6 don gian, dé xac dinh, nhung 1a thong s¢ vat Iy rat quan trong
trong ddanh gia chat luong dau tha va trong thi trudng buon bin day tha,

1.2.2. Dd nhét cua daw va san phim day

Bo6 nhat dac trung cho tinh Iuu bign ecga dau clng nhu ma st néi taj ctia
dau. Do vay, dé nhdt cho pheép dinh gid kha nang bom vin chuyén va ché
bién dau. Quan trong han, do nhdt ciia san pham dinh gia kha nang béi tron.
ta0 mu sudng nhién lieu khi rhun vao déng co, o dst. ¥ nhot thuiong dugc
do bang dung cu chugn riéng va cd hai loai phd bién 1a d6 nhot biey kién ("E)
va do nhét dong hoe ( ¢Sty

1.2.3. Thanh phan phan doan

Nhu tren da de cap. dau md khong phai la mot don chat ma 1a mot hén
hop phite tap cia nhisy chiat nén khong ¢6 nhidt 46 56i ¢ dinh. Tai nhiet do
nao dd eiing eo hap chat cg nhiét do soj Wong ung thoat ra khi tién hanh
chung cat. Do VAy Ung vai méi loai dau tho, thanh phian thoat ra a cic nhiégt
do tuong ing khi chung cit sé khic nhau, Mhisng cong bigu dién tuang quan
gira thanh phan cit va nhiét do =01 goi 1a dudng cong chung cat. Nhu vay,
méi mot loai dau thé se g duing cong chung cAt riéng. Khi nghién edu dag,
ngudi ta thuang xac dinh hai loai duting cong chung cdt sau:

1 Buong cong chung cat don gian, hay con goi la duong cong chung cat
Engler, duong cong chung cdt ASTM. D6 Ia dudng cong bidyu dién quan hé
giua nhiét dé s6i va % thé tich khi chung it dau trong dung cu chuin hda
mang tén Engler, khi chung cat khong cd tinh luyén, khéng e hoi luy, Duiing
cong nay dung dé danh gig kha nang su dung ¢da sin pham dau hay phin
doan dau.

2. Duong cong chung cat dicm soi thue NST. 1a duding cong chung eat
nhan duoe khi tién hinh chung eit dau the trong thiét bi chung cd tinh luyen
v hoi luu, oo kha nang phan chia tuong ung vai so dia ly thuyét idn hon 10
va ty 36 hodi luu R = 5 Nk co hai heu va tinh luyén ma duiing cong nay
phdn danh chinh xac hon su phan bé titng hop chit vai nhi¢t do $oi cda chung.

Hinh 1-1 cho thay dutng cong ching cit didm so6i thuce eta mot =6 loai
dau thé dién hinh. T duong cong chung cit cho thay, ré rang la cic loai dau
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khdc nhau § ciing khoang nhiét dé so6i nhu nhau, hiéu suit cdc san ph&m
chung cdt nhin dugc khdc nhau rd rét. Nhing chit trong ciing mot khoang
nhiét d6 s6i nao dd sé hop thanh mét phén doen va cé ham ltgng nhat dinh.
Sy phan b§ v& ham lugng cdc phin doan trong dau tho goi la thank phin
phan doan cha dau ths. Ndi cach khde, thanh phan phan doan la hiéu suit
{% thé& tich) phan cit cla diu tai cdc khodng nhiét d6 s6i khac nhau.

Nhin chung, diu thé 6 thé chia thanh nhidu phéan doan khéc nhau. Trong
thuc t€ ngudi ta thuong 4p dung hai kiu mé hinh cst phan doan nhu sau:

* Theo cach thi nhét, dau tho duge chia thanh ba phan doan: phan doan
nhe; phan doan trung binh va phan doan nang,

Phan doan nhe 1 phan doan bao gbm cac céu tif cd khoing nhiét dé soi
tir nhiét dé thudng 28°C dén 30°C téi 180- 200°C, con goi 1a phan doan xang
thd hay naphta. Phan doan nay chia hydrocachen tir Cs tai C,y, & phan doan
nay chua cd hydrocachon lai hgp ma chi ¢6 cic hydrocachon thuan ching
mang dac tinh parafin, naphten hay aromat. Trong ch& bién, phan doan nay
dudc dung lam nguyén liéu d€ sin xust nhisn liéu xang cho dong cd hay diung
dé€ san xudt nguyén liéu cg 86 cho téng hop héa dau va hda hoe, hoic dung
1am dung moéi.

Phan doan trung binh la phan doan cd nhiét dé soi tit 200 dén 350°C.
Trong phan doan nay ¢ mat hydrocacbon tir Cio tdi Cy. V& cdu tric cia
hydrocacbon, & phan doan nay da xut hién cdc hgp chét lai hop, tuy véi s6
lugng chua nhigu. Phan doan nay duge ding lam nguyén lidu d€ ché tao nhién
liéu phan lyc va nhién liéu diezel hay lam nguyén liéu cho qua trinh cracking.

Phan doan nang la phan doan ¢d nhist do sdi trén 350°C. Phan doan nay
chia hydrocacbon tit C,y dén C,,, vdi cdu truc bj lai hop phic tap. Phan doan
nay duge dung d€ ché tao nhién ligu nang {(cic loai FO), chd tac diu nhon
cho méy mde déng co, ch& tao nhua dudng hodc lam nguyén liéu cho qua trinh
cracking, hydrocracking.

* Theo cdch thit hai, ngudi ta dya vao tén cdc san phdm ché bién, khi dg
dau tho dude chia thanh cac phan doan nhu sau:

- Phan doan khi bao gém cdc hydroeacbon tit C, téi Cy

- Phan doan xang gdm cac hop chét cé khodng nhiét do soi tir 28+ 30°C
tai 180°C;

- Phan doan kerosen gom cac hop chit c6 khoang nhiet dé s6i tit
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180- 260°C (300"C).

. Phan doan gasoil gom cdc hop chdt cd khoang nhiét do soi tu 250 dén
AR00C.

- Can chung cdt 0 Ap sudt thudng hay eon goi 1a mazut co nhiét do =oi
trén 300°C.

- Phan doan dau nhin gom cic chdt ¢d nhiét dé s6i trong khoang ti 350
dén H000°C.

- Phan doan gudron, bitum c¢ nhiét d6 s61 trén 500C.

Cac phan doan xang, kerosen, gasoll 1a cac sin phdm ¢d mau sding nén
con goi 1A san pham trang va chung cat d ap suat khi quyén. Con phan doan
dau nhon phai tién hanh chung et d chan khong. Vai cac loai dau tha khic
nhau. hiéu sudt cic phan dogn trén rit khac nhau. Ngay trong cung mot mo
diu, diu tho khai thae & cac do sau khie nhau cing co thanh phan phan doan
khac nhau. Hinh 1-1 cing dua ra vi du vé cich chia thinh cde phan doan
dau it dau tho.

1.2.4. Nhiét do s6i trung binh

Nhiét do s6i trung binh cua dau the va eac phan doan dau ed quan hé
vai cac tinh chét vat 1y khic nhy ty trong, do nhat, ham nhiét va trong luong
phan tr cua dau. Do vay no la mot théng s6 quan trong duge st dung trong
danh gia va tinh todan cong nghé ché bién dau. Tit duting cong chung cAt, ta
dé dang xac dinh dugc nhiét do s6i trung binh thé tich, hay trong lugng. Bang
cac do thi chuyén déi. ta cd thé xac dinh duoc nhiét do =6i trung binh mol,
nhiét do =61 trung binh

1.2.5. H&é sé dac trung K

Hé =6 dac trung K duge dung dé phan loai dau tho, tinh toan thist k&
hay chon ditu kién cong nghé ché bien thich hap. Cang nhu nhi¢t dd =0i trung
binh. K cd quan hé vdi cic thong s6 vt 1y quan trong khac nhu ty trong.
trong lugng phan t{ va ci tri 30 octan hay xetan cta san phiam dau. K dugc
xiie dinh theo cong thite saw

T )

L
B0 FAGOF

d day:

T . phict do soi trung binh tinh theo do Hankine I

11]
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R = ¢ (°F} + 460
Cd thé tra ¢ trén db thi hodc tinh theo céng thie sau:

- t L5 A t (rn
t, = £ + 9 . Y0 10%%
170 + 0,075.¢,
t, (nhiét dg soi trung binh thé tich °F) = (t5,, + 2t.,, + t;,,)/4.

+ 1,53 1.

Mot s8 tinh chédt dac trung cia diu thé Bach H8 Viet Nam va dau tha
Arabian Medium nhu sau:

No Arabian Medum Bach H&
1 AP 305 40,5
2. {60/60°F) 0.8723 08224
3. Dudng cong chung cé&t & hinh 11 khi ¢8t cd 15 dia.
4. Ap sufit hdi, kG/cm? 0,450 0,208
5. 8, %w: 25 0,03
6. Nitd, %w, 0,131 00365
7. Digm déng dic, °C -35 +35
8. Cachon Conradson 5,86 0,74
9. Sap parafin, %w: 21 185
10. Vanadi (niken), ppm 38(10) 3.

1.3. CAC SAN PHAM TRONG LOC DAU

Dudi day tdm tat cac sdn phadm dau khi thu duge trong cong nghé loc
dau.

Khi

LPG (kh héa Idng)

Xang Ot6

Xang may bay

Xang cbng nghiép

Nhign ligu phan ljc

Chat dét dan dung

Dung m&i pha son {white spirit)

San phdm nhe

[TTTTTT]

— Mhién lidu diezel
—— DAu nhon coc s
San phdm trung binh —}—— Diu nhdn may
Dau tuabin

—-— DAu thay IJc
— Déu nhdn khéac
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— - D&u cbng nghidp

-—— Diy nhdon dbng co
| San phdm nZing___§  DBu hdp s, banh ring
| DAu loai khac
Sdn phim ning: | Sép mBm (wax)
| Diu cidt got kim loai
- Diu cin FO
Petrolactum

—— Céc diu méd
— | M3 bdi tron
__ Asphan

Luu haynh

San phim rém;




Phan tha hai

CAC QUA TRINH CHE BIEN VAT LY
TRONG LOC DAU

Trong cong nghé lién hgp ché bién dau, ngudi ta thudng chia ra hai khéi
qua trinh ché& bién chinh: cac qua trinh ch& bi&n vat ly va cac qua trinh chg&
bién héa hoc. Cédc qué trinh ché bién vat Iy 1a nhém céac qua trinh ma trong
dé thanh phan cda cdc cfu ti cd trong dau thd khong he bi bién ddi, chung
chi duge phan chia don thuin thanh cic nhdm c6 tinh chdt gan giéng nhau
bang cach ap dung cac phuong phap phan chia vét Iy nhu chung cét, hdp phu,
hoa tan bing dung moi hay két tinh. Cdc qua trinh ché bién hda hoc, nguge
lai, 14 cdc qua trinh lam thay d8i cdc hgp chét cd trong dau thanh cdc cdu ti
mong muén nhd dp dung cdc didu kién bién ddi héa hoc khae nhau nhu nhiét
dd, 4p suéit, tdc nhan phan Gng hay tdc dung cia chét xuc téc. Cac cdu ti cd
trong dau tho sé bi bién d8i, khdc véi cac cdu til cd trong nguyén liéu ban
dau ca vé& s6 lugng va thanh phan. Trong phdn nay, ching ta d& cap dén cac
qué trinh ch& bién vat ly chinh thudng duge 4p dung trong cong nghiép ché
bign diu.

Chuong 2

CHUAN BI NGUYEN LIEU DAU KHI
' TRUGC KHI CHE BIEN

Dau thé via khai thdc & mé lén, ngoai phiin chi y&u 1a cac hydrocacbon
nhu da gidi thiéu & trén, trong dau con lén nhigu tap chat nhu tap chdt co
hoc, dit d4, nuéc va cd mubi khoang. Ching ldn vao dau khi va phd bién la
nim & dang nhi tuong nén khd tach § didu kign binh thudng. Néu khéng
tach cdc tap chét nay, khi van chuyén hay tbn chia va dac biét 1a khi chung
cdt dau, ching sé tao can bin va céc hop chit an modn, pha héng thiét bi,
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lam gidm cong suét ché bién. Vi thé trudc khi dua vao ché bién, dau thé can
phai dugc cho qua céc budc xit ly khdc nhau.

2.1. ON DINH DAU NGUYEN KHAI

Dau nguyén khai con chia cac khi hoa tan nhu khi dong hanh va cac khi
phi hydrocachon. Dai b phén ching dé tach ra khi giam ap suat trong lic
phun ra khéi gi&ng khoan. Nhung do sao vin con lai mdt lugng nhit dinh
lin vao trong dau va cin phai tach ti#p trude khi dua ching vao ché bién
nhim muc dich ha thdp ap suat hoi khi chung cat dau thé va nhan thém
ngudn nguyén lisu cho ché bién héa dau, vi ring cac khi hydrocacbon nhe
(C,+ C, 14 ngudn nguyén lidu quy cho qud trinh san xudt olefin nhe. On
dinh dau thyc chdt 1a chung cit tach bét phan nhe. Nhung d& tranh bay hoi
ca phan xang, tét nhat la tién hanh chung c&it & ap suét cao, khi dé chi cd
che cfu tif nhe han C, bay hoi con cdc phén tit tu C; trd 1én van con lai
trong dau.

2.2. TACH CAC TAP CHAT CO HOC, NUOC, MUOI
2.2.1. Tach bang phuong phap ca hoc
2.2.1.1. Ling

Ban chét ctua phudng phap lang 1a dya vao sy khéc nhau vé ty trong cua
dau va cac tap chdt nhu dit di, nudc va mudi. N&éu dau cd cac tap chit nay,
khi d& ling lau ngay, cdc tap chét sé€ tach ra va lang xudng tao thanh hai l6p
r6 Tét va cd thé tach ra dé dang.

Téc do ling cua cac hat duge tinh theo cong thuc Stockes. Ap dung khi
kich thuéc hat 16n hon 0,5 gm:

rid, — dyg
18y

trong da:
V - van téc ldng, cm/s
r - dudng kinh cta hat;
d,, d, - ty trong cua hat va cia dau tuong ung;
g - gia tSc trong trudng;
n - 46 nhat dong hoc clia hén hop.
T cong thic nay ta thiy, néu kich thudc hat cang bé, su chénh léch vé



ty trong cang it, d6 nhot cia hén hop cang 16n thi téc d¢ ling cang nho va
nhu vay, d€ phan chia thanh cac 16p riéng biét ddi hoi thdi gian cang lon.

D& tang t6c do lang, ngudi ta thuang dung bién phdp gia nhiét d€ giam
dé nhéot. Nhigt dé thudng duge duy tri trong khoang tit 50 dén 60°C d€ tranh
mit mat dau do bay hoi. N&u duy tri qua trinh ¢ 4p sudt cao, ta ¢ thé nang
cao nhiét d¢ d€ tang tée d6 ldng ma khéng s¢ mét mat vi dp sudt hoj lic nay
th&p hon so véi trudng hgp dung ap sudt thdp.

2.2.1.2. Ly tém

Ly tam la phuong phap hay duge ding dé tach nudc va cac tap chit dat
da. Lyc ly tam cang 1dn, cang cd kha nang phan chia cao cc hat cd ty trong
khac nhau khéi dau. Lyc ly tam ty lé v6i binh phuong s8 vong quay ly tam
cda roto, nén s6 vong quay cang lén, hidu quad tach cang cao. Trong cbdng
nghiép thudng ding mdy ly tam véi s6 vong quay ti 3500 dén 50.000
vong/phut. Nhung néu s6 vong quay cang 1én thi viec ch& tao thiét bj cang
khé khan va khéng thé ché tao thist bi vai cong sust lon. Do vay, linh vue
ap dyng ctia phuung phdp nay cing bi han ché

2.2.1.3. Phuong phdp loc

Dé tach nude va cac tap chdt d4t dd khoi dau ¢ thé dung phuong phap
loc khi ching ta cho thém véo dau mét chdt d& th&m nude, d& giit nude va
tdch chiing ra. Cac ch&t nay thude loai cdc "chit trg loc”. Vi du trong thuc t&,
ngudi ta dung bong thity tinh d& loc nudc khéi dau.

Phuong phap loc tuy don gian va 6 thé dat hiéu qua cao, nhung giap phai
khd khan 1a phdi lién tuc thay th& mang loc do bdn hay quéd tai ma déi khi
viéc thay thé& cing rdt t6n kém va phidc tap.

2.2.2. Céc phuong phap khac

2.2.2.1. Tich nhia twong nude trong diu bing phirong phdp héa hoc

Ban chit cia phuong phap 13 cho thém mét chdt hoat dong be mat d&
phd nhd tuong (cdon goi 1a chdt khi nha). Khi cic didu kién thao tdc nhu
nhiét dé, Ap suét, rung dong... dude chon & ché d6 thich hgp thi higu qua cia
phuong phap ciing rit cao. Song khd khan 1a phai chon duge chit hoat dong
bé mat thich hgp, khéng gay hau qua khd khan cho ch& bién sau nay, cing
nhu khong phan hiy hay tao méi trudng an mon thiét bi.
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Hlnh 2-2. S0 d8 céng nghd khd nude, mubi béng dién

2.2.2.2. Phuong phdp dang dién truwirng

Dung dién truong dé phd nhd, tdch mudi khéi dau 12 mot phuong phap
hién dai, cong suédt 1dn, quy md cong nghisp va dé tu dong hda nén cdc nha
may ché& bién diu cé cong suit lon ddu dp dung phuong phédp nay.

Vi ban thédn céc tap chdt di ]a cde hat dé nhiém dién tich, do vay néu ta
ding luc dién trudng manh s& lam thay ddi dién tich, tao didu kién cho cac
hat dong tu hay phéat tri€n lam cho kich thudc lon 1én va nhu vay chung dé
bi tach ra khoéi diu.

Tuong tdc giita dién truong va cic hat lam che cde hat tich dién va ldng
xudéng. Nguyén tdc nay duge dp dung d€ tich mudi, nudc ra khéi dau tha.
Dau thd duge gia nhiét trude trong cac thiét bi trao déi nhist rdi duge tron
voi mét lugng nudc sach d€ tac thanh nhi tuong chida mubi. Lyc hat giita
cac hat tich dién lam cho céc hat 16n lén, ngung tu thanh hat cd kich thuéc
16n va ching d& tach thanh 16p nude ndm phia dudi 16p dau, Trong thue t&,
ngudi ta pha thém nudc vao dau vii lugng tit 3 dén 8% so vdi diu thd va cd
thé€ cho thém hda chét rdi cho qua van tao nhi. Sau khi da qua thigt bj trao
d&i nhiét & nhigt d6 130 + 150°C, muéi trong diu thé duge chuyén vao nha
tuong va khi duge din van khodng cdch giita hai dién cuc cd hiéu dién thé tir
26.000 V trd 1én, ching tich dién, va vao nhau va tang dan kich thuée, cubi
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cung tach thanh I6p nude ndm phia dudi lép dau. D€ ngan ngia sy bay hoi
dau do ti€p xic & nhidt dd cao, ap suft trong thiét bi tdch mudi dudc giit &
ap sudt tit 9 dén 12 kG/em?. Bo phén an toan duge bd tri ngay trong thist
bi. Khi tach mot béc, ngudi ta ed thé tach 90 + 95% mudi, con n&u dp dung
tach hai bac, sé nang hiéu suft tdch muéi lén 99%.

Thiét bi tdch muéi va nude thudng cé dang hinh try hay hinh cu. Dang
hinh tru loai ndm ngang duge si dung phd bién hon do dé ch& tao, lap dat
va tén it kim loai hon. Thiét bj thudng cd kich thudc nhu sau: dutng kinh 3
dén 5 m, chidu dai 18 d&n 20 m, dung tich thudng tit 100 dén 150 m3 va cd
thé chiu duge ap sudt 18 dén 20 kG/cm?.

Nguyén Iy cfu tao cua thigt bi tdch mudi bing dién dugc thé hién ¢ hinh
2 -1 va sd dd tach & hinh 2 -2,
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Chuong 3
CHUNG CAT DAU THO

3.1. Y NGHIA CUA QUA TRINH CHUNG CAT DAU THO

Trong céng nghiép ché bién dau, diu thé sau khi da duge x1t ly qua cac
qué trinh tach nude, mudi va tap chat c¢ hoc, duge dua vao chung cat. Cac
qua trinh chung c4t dau ¢ ap sudt khi quyén AD (Atmospheric Distillation)
va chung cdt trong chan khong VI (Vacuum Distillation) thugc v& nhém cac
qué trinh ché bign vat ly. Chung cit & ap sudt khf quyén AD vdi nguyén licu
la dau thé déi khi con goi la qud trinh CDU (Crude oil Distillation Unit), con
chung cit VD dung nguyén lidu la c4n caa qud trinh chung cdt AD, trong
thyc t& d6i khi con goi 1a can chung cdt (can thoé hay mazut). Tuy theo ban
chdt caa nguyén litu vaA muc dich cada qué trinh ma ching ta sé 4p dung
chung c4t AD, VD, hay két hgp c4 hai AD-VD (goi t4t la A-V-D). Cdc nha
may hién dai luén ludn dang loai hinh cong nghé A-V-D. Cac so 48 nguyén
Iy chung c4t duge trinh bay trén cac hinh 3 - 1,3-2,3-3va3-4.

Trong cdc so 46 chung c4t nay ta cd thiét bi trao ddi nhiét I, 1o dét 2,
thiét bi lam lanh 3, thap chung cit 4, thip tdi bay hoi 5, b€ chia 6 va
thap chung cdt chan khdng 7. Nguyén liéu dau la dau thé 7, véi cde san phdm
ra la xang 11, khi 171, xang nang IV, hdi nude V, kerosen VI, gasoil nhe VII,
gasoil nang VIIT, can AD IX va céc loai dau nhan X, XI... hdi nudc V duge st
dung trong cdc sd d6 chung cit AD va két hgp AVD.

Khi 4p dung loai hinh cong nghé AD, chung ta chi chung c4t dau thé véi
muc dich nhan cdc phan doan xang (naphta nhe, naphta nang); phan doan
kerosen; phan doan diezel (nhe, nang) va phan can con lai sau chung cat. Khi
mudn chung ct sau thém phin can thé nhim muc dich nhan cac phan doan
gasoil chan khéng hay phan doan diu nhon, nguoi ta ding chung cit VD.
Phan doan gasoil chan khéong la nguyén lidu cho qui trinh ché bién d€ nhan
thém xang bing qua trinh cracking. Phan doan d&u nhan duge ding d€ che
tao cdc sdn phm didu m& bdi tran. Con phin can cda chung cat VD goi la
phan doan can gudron, duge ding d€ ché& tao bitum, nhua dudng hay lam
nguyén liéu cho qus trinh céc héa san xuit céec diu moé. Nhu vay, tiy theo
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thanh phan cia dau mo, nguyén liéu va muc dich ch& bién ma ngudi ta 4p ~
dung loai hinh cong nghé chung cit thich hop.

3.2. CO SO LY THUYET CUA QUA TRINH CHUNG CAT

Qua trinh chung cét diu 1a mét qua trinh vat 1¥ phan chia dau thd thanh
cdc thanh phan goi 1a cde phan doan. Qua trinh nay duge thue hién bang cac
bién phap khac nhau nhim tdch cdc phin dau theo nhiét d¢ séi cda cdc cdu
tit ¢ trong diu ma khdong lam phan huy ching. Hei nhe bay 18n, ngung tu
thanh phan 1ong. Tiy theo bién phap ti&n hanh chung cft ma ngudi ta phan
chia qua trinh chung cdt thanh chung don gian, chung phic tap, chung cat
nh& cdu td bay hoi, hay chung cdt trong chan khoéng. .

3.2.1. Chung don gidn

Chung don gian la qua trinh chung cét duge tién hanh bang cach bay hoi
dan din, mdt lan hay nhigu lan, mét hdn hop chit 1éng can chung.

3.2.1.1. Chung bay hei diin din

S0 db chung bay hoi dan dan duge trinh bay trén hinh 3 - 5a, gom thist
bi d6t ndng lién tuc hén hop chit ldng trong binh chung I tit nhiét d6 thép
tdi nhiét dd so6i cubi khi lién tuc tdch hoi sAn phdm va ngung tu hoi bay ra
trong thiét bi ngung tu 3, cudi cung thu san phdm long trong bé chia 4.

Phuong phip chung nhu vay thuong duge Ap dung trong phoéng thi
nghiém, vi du chung Engler va khi dd ching ta nhan duge duding cong chung
cdt Fngler tuong ding nhu dd d& cip trong chuong 1.

3.2.1.2. Chung cdt bing cdch bay hoi mét Lin

S0 db chung cdt theo phudng phdap nay duge trinh bay trén hinh 3 - 5b.
Phuong phép nay con duge goi 1a bay hdi can bing. Hén hgp chit 16ng duge
cho lién tuc vao thiét bi dun s6i 2, ¢ day hdn hgp duge d6t nong dén nhiét
d4¢ xac dinh v § 4p sudt p cho trude. Pha 1éng - hoi duge tao thanh va dat
dén trang thdi cin bang, d diéu kién do lai duge cho vao thigt bi phan chia
mot Han trong thisét bi doan nhiét 5. Pha hai qua thiét bi ngung tu 3 réi vao

"bé chita 4, tit d6 ta nhan duge phan c4t; phia dusi thiét bj 5 la pha long duge
tach ra lién tuc va ta nhan dudc phan can. Ty 18 gifta lugng hoi duge tao
thanh khi bay hoi mot lan véi lugng chit long nguyén liéu chung ban dau
dugc goi 14 phén chung cat (goi tit 1a phin chung).
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Chung cat bay hoi mét 1an nhu vay sé cho phép nhan dugc phan chung
c¢ét 1on hon so voi bay hoi dan dan ¢ cung mét didu kién vé nhiét dé va ap
sust. Uu diém ndi bat nay cha qué trinh chung cdt cho phép dp dung trong
dieu kién thuc t& chung cat dau. Tuy véi nhiét do chung bi giéi han, nhung
vaAn cho phép nhan duge mot lugng phan cat 1on hon.

3.2.1.3. Chung cdt béng bay hoi nhitu lin

Day la qua trinh gom nhigu qud trinh chung bay hoi mét lan ndi tiép
nhau & nhiét d6 tang cao dan (hay & 4p suit thap hon) d&i voi phan cdn. Trén
hinh 3 -5c trinh bay sd dd chung hai 1an. Phin can cia chung lan mot la
nguyén liéu cho chung Ian hai sau khi dugc dot ndng dén nhiét dd cao hon.
Tit dinh cia thiét bi chung lan mét ta nhan dude san phdm dinh, con & day
cla thist bi chung lan hai ta nhan dugc phan céan.

Phuong phap chung cit dau bang bay hoi mét 1an va bay hai nhigu lin
cd v nghla rét 16n trong thuc t& cong nghiép ché bién dau & cac day chuyén
hoat déng lién tuc. Qua trinh bay hoi mot lan duge dp dung khi ddt nong dau
trong céc thiét bi trao déi nhiét, trong 10 Ong va tiép theo qud trinh tach pha
hoi khoi pha long & bo phan cung cép, phan phoi cia thap tinh luyén. Hinh
3 -5 trinh bay sd lge cdc sd 48 chung cit don gian.

Chung cAt don gian, nhat la v6i loai bay hoi mot lan, khong dat dugc db
phén chia eao khi cin phan chia rd rang cac cAu tU thanh phan cia hén hop
chét 16ng. D€ nang cao kha nang phéan chia mot hén hop chét 1éng, ngudi ta
phai tién hanh chung cdt ¢6 hodi lvu hay chung cdt cd tinh luyén - do 14 chung
céit phidce tap.

3.2.2. Chung cét phirc tap

3.2.2.1. Chung cit cé hii luu

Chung cit cd hdi lun la qué trinh chung kbi ldy mot phian chit long ngung
tu tit hoi tach ra cho quay lai tuéi vao dong hoi bay 1én. Nho co su tiép xuc
ddong déu va them mot lan nita gitta pha long va pha hoi ma pha hdi khi tach
ra khéi hé théng lai duge lam gidu thém ciu tw nhé (cé nhiét do soi thap hon)
so véi khi khong cdé hdi htu, nhd vday ma cd do phan chia cao hon. Viéc hoi
luu lai chét léng duge khong ché bang bo phan dac biét va duge bd tri phia
trén thigt bi chung. '

3.2.2.2. Chung cdt cé tinh luyén

Chung cit cd tinh luyén con cho dé phan chia cao hon khi k&t hgp véi
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Hinh 3-5. Cac so db chung cit don gian

a. Chung din din b. Chung bay hdi mdt ln, c. Chung bay hdi rhidu fan
hoi luu. Cd sd cha qua trinh tinh luyén 13 sy trac d§i chdt nhiéu lan vé ca
hai phia giita pha léng va pha hoi chuyén dgng nguoc chiéu nhau. Qua trinh
~nay dugc thuc hién trong thap (cot) tinh luyén. D& dam bio sy ti€p xdc hoan
thién hon gitta pha hoi va pha 16ng, trong thdp dude trang bi cac "dia hay
dém”. D6 phan chia mot hén hgp cac cdu t trong thap phu thudc vao s6 1an
tiép xGc gita cdc pha (s6 dia ly thuyét), vao lugng hoi luu & mdi dia va hoi
lwu & dinh thap.

Cong nghé hién dai chung cét sd khdi dau tho dua vao qua trinh chung
cdt mot 1an va nhidu lan cd tinh luyén. Qua trinh tinh luyén xay ra trong
thap chung c&t phan doan cd b6 tri cdc dia. Hinh 3 -6 mo ta sy hoat dong
ciia thdap tinh luyén.
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Pha hui V| bay lén tit dia thi » lén dia thd n-1 dude tiép xde véi pha
léng L | chay tit dia n-1 xuéng, con pha léng L, tit dia n chay xudng dia
phia dudi n+1 lai tiép xtc vdi pha hei V... bay tit dudi lén. Nho qua trinh
ti€p xdc nhu vay ma qud trinh trao d6i chdt xay ra t&t hon. Pha hoi bay lén
ngay cang duge 1am giau thém céu ti nhe, cdn pha 16ng chay xudng phia dudi
ngay cang chda nhigu cfu t¥ nang. 54 lan tiép xdc cang nhidu, qua trinh trao
ddi chit cang dugc tang cudng va két qua phan tach cia thap cang t6t, hay
noi cach khdc, thap cd d6 phan tach cang cao. Dia trén cing cé hbi luu dinh,
con dia duéi ciing cd hdi luu ddy, nhes ¢ hdi luu dinh va ddy ma lam cho thap
hoat déng lién tuc, dn dinh va ¢d kha nang phéan tich cao. Ngoai dinh va day,
néu cin ngudi ta con thiét k& hdi luu trung gian, bing cdch l4y san phim
léng & canh sudn thap cho qua trao d6i nhiét lam lanh rdi quay lai tuéi vao
thap. Khi ldy san phdm canh sudn cta thap, ngudti ta trang bi thém cdc bo
phan tdch trung gian canh sudn thap. Nhu vay, theo chigdu cao cla thép tinh
luyén, ta sé nhin dugc cic phan doan c6 gigi han s6i khac nhau tay thude
vao ché d§ cong nghé chung va dau thé nguyén lidu ban dau.

3.2.3. Chung céat trong chén khong va chung cit véi hoi nuwée

Hon hgp cace cdu tit ¢f trong dau thé thudng khong bén, dé bj phan huy
khi ting nhiét dé. Trong sd cdc hop chdt dé bi phan hiy nhiét, nhait la cac
hgp chdt chida luu huynh va cdc chat cao phan ti nhu nhya... cic hop chat
parafin kém bén nhiét hon cac hgp chit naphten va cdc naphten lai kém bén
nhiét hon cdc hgp chat thom. D6 bén nhiét cda cdc cau tit tao thanh dau
khéng chi phu thuéc vao nhiét do ma con phu thude ca vao thai gian tiép xde
¢ nhiét d¢ dé. Trong thuc t& chung cat, ddi vai cdc phan doan cd nhiét do sdi
cao, ngudi ta can tranh sy phan hily nhiét ching khi 46t néng. Tuy theo loai
dau thd, trong thyc t& khéng nén dot nong qua 400 + 420°C voi dau khong
¢6 hay cé chita rt it luu huynh, va khéng qud 320 + 340°C voi dau cé va
nhiéu lvu huimh.

Sy phan hiy khi chung cdt & lam x&u di tinh chdt cta san ph&m, nhu
lam gidm d6 nhét va nhiét do bat chdy cée kin cla ching, giam d6 b2n oxy
hoa. Nhung quan trong hon 1a ching gay nguy hiém cho qua trinh chung cit
vi ching tao thanh cdc hop chdt 4n moén va lam tang ap sudt cua thap. DE
gldm muic d6 phan hiy, thoi gian luu cua nguyén liéu & nhiét do cao cling
cain phai han ché&. Vi dy trong thuc t& chung c4t, thdi gian luu cta nguyén
litu dau (phan doan can chung cit khi quyén) & ddy thap AD khéng 16n hon

31



5 phut va phan doan gudron khi chung chan khéng VD chi vao khoang tu 2
dén 5 phit.

Khi nhiét do séi caa hén hgp & ap sudt khi quy&n cao hon nhiét do phan
hay nhiét cta ching, ngudi ta phai dung chung cdt trong chan khéng VD hay
chung cdt vai hoi nudc dé tranh phan hiy nhi¢t. Chan khong lam giam nhiét
d6 sbi, con hoi nude cing cd tdc dung tuong ty nhu diung chan khéng: gidm
ap sudt riéng phan cta cfu tit hén hop lam cho ching sbi & nhigt 49 thdp
hon. Hoi nuéc dude ding ngay ca trong chung cat khi quy&n. Khi tinh luyén,
hoi nuéc duge dung dé tai bay hoi phan doan cd nhiét do soi thidp con chia
trong mazut hay trong gudron, trong nhién liéu va dau nhan. Ké&t hop ding
chan khéng va hoi nuéc khi chung c4t phan cén sé cho phép dam bao hiéu
qua tach sau hon phan doan diu nhin (6 thE dén 550 =+ 600°C).

Tuy nhién, tac dung cia hoi nuéc 1am tac nhan bay hoi con bi han ché,
vi nhiét luong bay hoi khdc xa so vdi nhiét d¢ dét ndng chdt long. Vi th€ néu
tang lugng hoi nuée thi nhiét do va ap suit hoi béo hoa ciia dau gidm xudng,
va su tach hoi ciing giam theo. Do vay, lugng hoi nudc oo hidu qua tSt nhat
chi trong khoang tir 2 dén 3% so v6i nguyén liéu dem chung cit, khi s6 cép
tiép xie ly thuyst 1a 3 hoac 4. Trong diéu kién nhu vay, lugng hdi dau tach
ra tit phan doan mazit dat tdi 14 dén 23%, Khi chung voi hoi nude, s6 lugng
phan doan tach ra dugc ¢ thé tinh theo phuong trinh sau:

My py
18P - p,

zZ
¢ day:
G va z - s6 luong hoi dau tédch duge va lugng hoi nude;
M, - phan tu lugng cla hoi dau;
18 - phan ti luong cua nudc;
P - 4p suét tong cong cta hé;
P; - 4ap sudt riéng phan cia dau & nhiét d6 chung.
Nhiét d6 cta hoi nudc cin phai khong thip hon nhiét d6 cua hoi dau dé

tranh san phim diu ngam nude. Do vay, ngudi ta thudng dung hoi nude cd
nhiét d6 trong khoang 380 dén 450°C, ap sudt hoi tu 0,2 dén 0,5 MPa.

Cong nghé chung cdt dau vai hoi nude ed nhidu yu didm, ngoai viéc gidm
ap suit hoi riéng phan ctta dau, nd con tang cudng khudy tron chdt léng,
tranh tich nhiét cuc bo, tang dién tich b8 mat bay hoi do tao thanh nhiing
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tia vi cdc bong bdng hoi. Nguoi ta cing diung hoi nude d€ ting cudng dét
nong can dau trong 1o ong khi chung cat trong chan khoéng. Khi d¢ dat duge
muic do bay hdi 16n cho nguyén lidu dau, trdnh vA ngan ngita qud trinh tao
coc trong cac dng dot nong. Tiéu hao hoi nude trong trudng hgp nay khodng
0,3 dén 0,5% so vdi nguyén ligu,

Trong mot vai trudng hop, chang han khi can nang cac nhiét do bat chdy
cua nhién liéu phan lyc hay diezel, ngudi ta khong ding chung cidt vdi hol
nudc ma dung qud trinh bay hoi mot lan d€ tranh tao thanh nhd tuong nudc
b&n trong nhién liéu.

3.3. SAN PHAM CUA QUA TRINH CHUNG CAT

Khi tién hanh chung cit sa khdi dau mé, ching ta nhian dugc nhiéu phan
doan va san phdm dau. Ching duge phan biét vdi nhau bdi giéi han nhiét dé s6i
{hay khoang nhiét dé chung), bdi thanh phan hydrocachon, dd nhdt, nhigt dé
chdp chdy, nhiét d0 dong dac va boi nhidu tinh chat khdc co lién quan dén viée
stt dung ching. Dudi day sé ndi dén cac sAn phdm cla qud trinh chung cit.

a. Khi hydrocabun

Khi hydrocacbhon thu duoc cht y&u la C,, C,. Tiy thude cong nghé chung
cdt, phan doan C;, C, nhdn dugce & thé khi hay da dugce nén héa ldng. Phan
doan nay thudng duge dung lam nguyén liéu cho qud trinh phan tach khi dé
nhan céc khi riéng biét cho cdc qud trinh ché bién tiép, thanh nhitng hoa chat
cd ban hay duge dung lam nhién liéu dan dung.

b. Phin doan xing

Phan doan xang cd nhiét do s6i tit 30 + 35°C tdi nhiét do 180°C, duogc
tinh c4t tiép d€ nhan cdc phan doan hep nhu 30+62°C; 62+85°C; 85+105"C;
1065+ 140°C hay phan doan rong 85+140°C dung lam nguyén liéu cho qua
trinh izome hda, reformig xic tac véi muc dich nhan xang hay nhan
hydrocacbon tham loai benzen (B), toluen (T), xylen (X), hoac lam nguyén li¢u
cho cracking nham san xudt cdc olefin thap nhu etylen, propylen, butylen va
butadien. Ngoai ra phan doan xang cén dude dung lam dung mdi nhu dung
mobi parafinic (etepetrol) cho céng nghiép trich ly tinh dau, pha ché my phidm.

c. Phan doun kerosen

Phan doan kerosen cd nhiét do so6i trong khoang 120-240°C, duge dung
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lam nhién liéu cho dong co phan lyc. N&éu ham luong luu huynh hoat dong
(mercaptan) cao, ngudi ta phai tién hanh lam sach nhy xi 1y bang hydro.
Phan doan 150-280°C hay 150-315°C tut cac loai dAu it luu huynh duge ding
lam dau hoa dan dung, con phan doan tir 140 dén 200°C thudng duge ding
lam dung mai (white spirit) cho cong nghiép son.

d. Phgn doun diezel

Phan doan diezel 1a phan dean o nhiét do soi it 140 dén 360°C (380°C),
dugc ditng lam nhién liéu diezel. Khi nhén nhién liéu nay ti dau mo cd nhidu
luu huynh, ngudi ta cling phai khit cac hop chat ltu huynh bang hydro hda
lam sach. Phan doan 200- 320°C (340°C) tir dau mo chia nhiéu hydrocacbon
parafin con phéi tién hanh tach n-parafin, n-parafin tich duge sé dung dé
sAn xuit parafin long.

e. Phiin doan mazul

Phan doan can mazut la phan doan can chung cét khi quyén, duge dung
lam mhién liéu dét cho cdc 16 cong nghiép hay duge st dung lam nguyén liéu
cho qud trinh chung cit chan khong dé nhan cac cdu t dau nhon hay nhan
nguyén liéu cho qua trinh cracking nhiét, cracking xdc tac va hydrocracking.

f. Phir doan diu nhon

Phan doan 350-500¢C; 350- 540°C (580°C) dugc goi 1a gasoil chan khong.
Puge st dung lam nguyén liéu cho quéd trinh cracking xic tac hay
hydrocracking. Cén cac phan doan dau nhan hep 320-400°C; 300- 420°C,
400- 450°C; 420-490°C; 450- 500°C duge dung lam nguyén liéu cho san xuat
cac loai ddu nhdn boi tron khac nhau.

g. Phin doan gudron

Phan doan gudron l1a phan can cua qua trinh chung cdt chan khong, dude
diing 1am nguyén li¢u cho qua trinh c6c hoa dé san xudt cée hoac duge dung
dé ché tao bitum céac loai khac nhau hay dé ché tao thém phan dau nhan
nang.

Phan doan xang, kercsen, diezel, duge goi 14 cdc "san phdm tréng", vi
ching chua bi nhudm mau, phin con lai goi la san phdm "den”. Do vay loai
dau mé nao cd trit lugng cac san phim trang cao (con goi la tiém lugng san
phdm) thi d6 la loai dau rat tot cho qua trinh ché bién thu céc san phdm vé
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nhién liéu. Chinh vi th& ma tiém lugng san phdm tridng dudc xem la mot
trong nhitng chi tiéu danh gia chat luong cta dau ths. '

3.4. CHE PO CONG NGHE VA SO PO CONG NGHE CHUNG CAT
DAU

3.4.1. Céc thong sd cdng nghé anh hudng dén qué trinh chung cat

Cidc y&u té cong nghé o6 anh hudng truc tiép téi hidu sudt va chat lugng
cia qua trinh chung cdt 1a nhiét do, ap suat va phuong phap chung cit.

Ché& d% cong nghé chung cdt phu thude nhiéu vio chit lugng déu thé ban
dau, vao mue dich va yéu ciu cla qua trinh, vao ching loai san phidm can
thu va phai cd day chuyén cong nghé hgp ly. Vi vay khi thiét k& qua trinh
chung cat, ching ta phdi xét kj va két hgp diy du tdt ca cdc y&u tdé dé qui
trinh chung cat dat hiéu qua kinh t& cac nhédt. Sad dbo nguyén ly lam viéc caa
thap chung cat duge trinh bay trén hinh 3 -7. Céc yé&u t6 céng nghé chung
cdat dau chinh la cdc yéu t6 4nh hudng tdi qua trinh lam viéc cia thap chung
cdt. Sau day ching ta s& xét dén cdc yéu td nhu vaiy.

3.4.1.1. Ché dé nhiét cua thdp chung luvén

Nhist do 14 théng s6 quan trong nhat cta thap chung cat. Bang cdch thay
doi ché da nhiét cua thap, sé digu chinh dudc chit luong va hiéu sudt cta san
phidm. Ché d6 nhist cha thdp gom nhiét dé cia nguyén lidu vao thap, nhiét
dd dinh thdap, nhiét dé trong thdp va nhiét dé day thap.

Nhiét d9 cia nguyén lieéu (dau thd) vao thdp chung duge khéng ché tuy
thec ban chft cha loai dau thd, muc d9 cin phan tdach san phdm, dp sudt
trong thap va lugng hoi nude dua vao day thdp, nhung chi yéu la phai tranh
duge sy phan hay nhiét cda nguyén lidu d nhiét do cao. Do vay, nhiét do lo
ong d6t ndng phai dude khdng ché chat cha.

Nhiét do day thap chung luyén phu thude vao phuong phdp bay hai va
phan hai luu ddy. Néu bay hoi phan hoi luu day bang mét thiét bi dot nong
riéng biét (reboiller), thi nhiét do ddy thap sé dng vdi nhigt do boc hai can
bidng & Ap sudt tai day thap. Néu boe hoi bang cach dung hoi nude qua nhiét
thi nhiét dé ddy thap sé thdp hdn nhiét dé ving nap liéu. Nhiét d6 day thap
phai chon t8i uu, tranh sy phan huy cdc cdu ti ndng, nhung lai phai du dé
tach hét hoi nhe khoi phan can day.

Nhiét do dinh thdp duge khéng ché nhim dam bao duge sy bay hoi hoan
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toan san phdm dinh ma khong gay ra SU cudn theo cac phian nang khac. Musn
vay, ngudi ta phai dang hdi luu dinh thap. D& tach xang khéi csc phan doan
khac, nhiét do dinh thap chung khi chung cit ¢ dp sudt khi quyén can gii
trong khoang 100 + 120°C. Vsi thip chung chan khéng, khi 4p su4t chung
1a 10 dén 70 mmHg thuiing nhiét da khong qud 120°C d¢ tach hét phan gasoil
nhe con lan trong nguyén ligu.

Dung hbi luu s6 tao disu kien phén tach t6t hon. Hai luu dinh thap thuong
¢d hai dang, hai hyu nong va hodi luu ngusi.

Hoi lwu néng duge thuc hién bang cdch cho ngung tu mét phan hoi san
phdm dinh & nhiét ds s6i cua ng, sau d6 cho tudi trd lai dinh thap. Nhu vay,
chi can cdp mot lugng nhiét di dé bsc hoi. Tiac nhan lam lanh ¢6 the ding
nudc hay chinh san pham lanh. Lugng hbi Iuu nong duge tinh theo cong thue
nhu sau:

R =

A
T
g day:

B - ludng hbi luu nong, kgt;

@ - nhiét lugng hoi luu can lay dé bée hoi, keal/h;

i - nhiét ngung ty cta san pham 1éng, keal/kg.

Do thist bi hoi luu néng kho lip rdp va gap nhidu khg khan cho viéc vé
sinh, dac biét la khi cong sudt cha thap lgn, nén loai nay ngay nay it phd
bién.

Hoi Juu ngusi la loai duge thue hién bang cach lam nguoi va ngung tu
toan bo san phdm dinh rdi tusi trd lai dinh thap. Khi dd lugng nhiét can thist
d€ cdp cho phan hdi vu bao gom nhiét can d&€ dun nong no dén nhiét do soi
va nhiét lugng cin dé€ hda hdi. Do vay lugng hdi lwu ngusi sé duoc tinh bdi
cong thite sau: )

Q Q
Ry =— =

4 — qlEI _’: + & - t)C

g day:
Rng - lugng hoi luu ngusi;
@ - lugng nhist hdi luu cén;

g,," - ham nhiét cta hoi;
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4., - lugng nhiét cia 16ng hoi luy;

i - hhiét lugng phan hoi cén;

C - nhiét dung cha san pham hoi luy;

t;, t, - nhiét dd cia hoi va cua léng tuong dng.

Hoi luu ngudi duge st dung rong rai vi lugng hoi luu thudng it, lam tang
6 rang chdt lugng ma khong lam giam nhiéu nang sudt cia thap chung.

Ngoai hoi luu dinh, ddy, ngudi ta con st dung hoi luu trung gian dé ting
chit lugng cla cdc sin phdm canh sudn va diéu chinh nhiét d6 trong thap.

3.4.1.2. Ap sudt cia thip chung

Khi chung cit dau mé & dp sudt khi quy&n, ap suit tuyét doi trong thap
thusng cao hon mot chit so véi ap sudt khi quyén, va & mbi mot phan ldy
san pham ra, ap suit ciing ¢6 khdc nhau, phu thudc vao viée tang hay giam
nhiat 46 san phdm lay ra khoi thap. Ap suét trong thap chung cdt dugc khdng
ché bang bé phan didu chinh 4p sudt dat & thiét bi ngung tu

Khi chung ¢ dp sudt chan khéng, ap suat dude khéng ché trong khodng
tir 10 dén 70 mmHg. Do chan khong cang sau, cang cho phép chung sau han,
song néu ap sudt qud thdp sé kho ché tao thist bi véi cong suit ldn.

Sy lam viéc &n dinh cta thap chung phu thudc nhidu vao Ap sudt trong
thap. Digu nay thay ro trong phan dudi day.

3.4.1.3. Nhing diém cin cha ¥ khi diéu chinh, khi'ng ché ché d¢ lim viéc

cia thip chung cift

D& duy tri sy 1am viéc 6n dinh cta thap chung cdt, ching ta can phai
ndm viing cdc nguyén tdc sauw

1. Ditu chinh &p sudt trong thap sé lam thay doi diém so6i cda chat long.

2. N&u 4p sudt tang 1én, chit léng sb6i & nhiét d cao hon. Né&u ap suat
tang cao qua, lugng chat léng trong thap sé nhigdu va nhu vay sé dan dén hién
tuong "sac" thap, lam giam hiéu qua phéan tach.

3 N&u cac diéu kign khac trong thap 1a c¢d dinh, thi san pham dinh, san
phdm canh sudn va san phim ddy sé trd nén nhe hon néu 4p sudt trong thap
tang léen.

4. N&u nhiét do day qua thap, san phim ddy sé chia nhizu phan nhe hon.

5. N&u nhiét do cdp lidu vao thap qua thap, lugng hoi trén cac khay chia
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dia sé nho, nhu vay phan 1ong sé nhidu va ching chay xudng phia duéi vao
bd phan chung sé cang nhidu.

6. Véi so dd chung cit c6 sit dung thiét bi reboiler, néu nhidt dé cua
reboiler qua thdp sé khong tach hét phan nhe trong can va lam tang lugng
can.

7. Né&u nhiét do dinh qué cao, san phdm dinh s& qua nang va ¢d nhigu
san phdm hon so véi thist k& va nguge lai, néu nhiét do dinh qua thédp, sdn
phdm dinh s& qua nhe va & cd it sin phém hon.

8. Nhiét do can thiét dé tach phan doan diau tho nang sé cao hon so vai
tich dau thd nhe.

9. Chti ¥ nhdt 1a nhiét do dinh thap, trénh nhiét 46 qua cao do lam lanh
khong di (vi du, do mat nude lam lanh), din dé&n thay déi ché d¢ hoi huu,
anh hudng nhidu d&n chét lugng san pham.

1.4.1.3. Cdc logi thdp chung

Mudn cd hiéu qua phan tach tét, qua trinh ti€p xuic pha trong thap tinh
luyén phai duge xay ra dong déu, triét d&. Do vay, ngudi ta phai trang bi cac
co cdu bén trong thap nhim dat duge muc dich nay. Trong thuc t& thudng
ch& tao thap vdi cac loai dia khac nhau nhu dia chup, dia ludi, dia dém, dia
long méang hay dia xupap... Cdu tac cia cdc loai dia cd thé tham khao 6 cae
tai lidu riéng.

Phin phia trén dia nap lidu cia thap thyc hién qua trinh lam tang ndng
dd cva cac cdu tu nhe trong pha hdi nén duge goi la phAn tinh luyén. Con
phan phia dudi dia nap lidu ciia thap thuc hién qua trinh tach pha hoi khaéi
pha long va lam tang ndng do clia cdu ti nang trong can chung nén duge goi
1a phan chung. Do vay phan ddy thap phai cung cip thém nhiét hay phai dua
thém tdc nhan bay hoi vao. Mic do phan téch tét hay khong tdt phu thude
vao 86 dia dudc bé tri trong thap va lugng hoi luu. Néu s8 dia ly thuyst qua
it thi tach khong ré rang, nhung néu s6 dia qua l6n thi dan dén chigdu cao
cla thap qua 16n, gay kho khan cho ché tao lap rdp, tang von dau tu, trong
khi chl can dat do dé phan tdch dé nhan céc phan doan dau.

Trong thyc t& ton tai cac loai thap nhu dudi day.
a, Thap dém
Trong thap dém, ngudi ta bé tri csc ngan cd chia dém vdi hinh dang
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hoic 13 hinh vanh khuyén, hoac hinh tru cd tdm chan d€ tang dién tich beé
mat tiép xie gita pha hoi va pha long. Nhuge di€m cta thap dém 1a qua trinh
tiép xuc gilta hai pha long hoi khong t6t, khang déng déu & toan bdo dém theo
tiét dién ngang cta thap. Nhung néu dudng kinh thap nhé hon 1 mét, thi
thap dém cung cd hiéu qua tuong duong nhu céc loai thap khde. Vi vay, loai
thap dém hay dugc dung trong cdc day chuyén ¢ cdng sudt thip, do d& ché
tao va vén dau tu khéng cao.

6. Thap vdi cde loai din chup
Loai thap nay duge st dung kha phd bign trong céng nghé chung eit dau
moé va cac phan doan dau. Cae dia chup c¢d nhiéu loai, ching khac nhau bdi

cdu tao va hinh dang cua chup, nham tang cudng sy ti€p xuc pha trong thap
nhy dia hinh chit S, dia xupap...

¢. Thap véi dia ldong mang, dic uéi hay dia sang

Loai thap nay rit thich hgp cho chung cat cdc can nang hay san pham
cé do nhét cao. Vé cdu tao va hinh dang chi tiét cia cdc loai dia, cd thé tra
ciiu trong cdc tai liéu tham kho.

3.4.2. Lua chon so dd cdng nghé va ché dd cdng nghé cua qua
trinh chung cét

Viée chon sg db eong nghé va ché do cong nghé chung cit trude hé&t hoan
toan phu thuéc vao ciac dac tinh cia nguyén lidu va muc dich cta qud trinh
ché& bién.

a. Vi diu md cd chia lugng khi hoa tan thdp (0,5 dén 1,2%), trit ldong
xang thip (12 dén 15% phan doan cd nhiét do sbi dén 180°C) va hidu suit
cac phan doan cho tdi 350°C khéng ldn hon 45% thi thuan tién nhit va cling
phit hgp hon ca 14 nén chon so d6 chung cdt AD vdi bay hoi mot 1an va mot
thap tinh cdt. So db céng nghé dang nay duge trinh bay trén hinh 3 -8,

- b. V6i dau mdé chia nhidu phan nhe, tiém lugng san phdm trang cao
{60+65%), chita nhidu khi hoa tan (> 1,2%), chita nhigu phan deoan xang
{20+30%), thi nén chon so db chung cdt AD véi bay hoi hai 1an. Lan mét tién
hanb bay hoi so bé phan nhe va tinh cdt ching & thdp so bg, con lan hai tién
hanh chung cdt phan dau con lai (hinh 3 -9). Nhu vay & thdp chung so bé,
ta tach dugc phan khi hda tan va phin xang ¢d nhiét d6 séi thip ra khéi dau.
D& ngung tu hoan toan hdi bay lén, ngudi ta phai tién hanh chung cit ¢ ap
sudt cao hon (khoang 0,35 d&n 1,0 d&n MPa). Nhit 4p dung chung hai lan ma
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ta cd thé giam duge dp suit trong thap thi haj dén dp sudt 0,14 - 0,16MPa
va nhan duge tir dau tho lugng san pham trang nhidu hon. Con chung cit &
ap sudt thdp khi dung nguyén ligu la can caa chung cat AD duge diung véi
muc dich heac nhan nguyén lidu cho cracking xiic tic hay hydrocracking (hinh
3-11) hoac nhan nguyén liéu cho sin xuit diu nhon boi tron (hinh 3-12).

Su d6 chung cat dau tho voi thép bay hei so bo rdt phd bién trong cac nha
may ch& bién dau cta Lién bang Nga va Tay Au. So da nay cho phép dat duge
d0 sau chung cit can thiét va linh hoat hon khi lién két cac khai AD va VD véi
cdc loai nguyén liéu dau thd khac nhau. Hinh 3 -10 va 11 trinh bay so d6 chung
cdt AD co hai cot phan doan vai muc dich ldy nguyén lidu cho reforming xudc tdc
ma khéng ldy nguyén liéu cho san xuit BTX. Con hink 3 -13 trinh bay sa db
cong nghé chung cit A-V-D ¢6 két hap cac qua trinh khir nude, khir mudi bang
dién véi muc dich nhan nguyén liéu dé san xuit BTX

Nguyén 1y hoat déng cua so db & hinh 3 - 13 nhu sau:

Nguyén li¢u dau thé cing vdi chat khit nha tuong dude dua vao dét néng
trong cdc thiét bj trao déi nhiét I, sau dd di vao thiét bi khi nudec va mudi
bang dién 2. Dau sau khi d4 tach nude va muodi dude dua vio thiét bi trao
d6i nhiét I va cho vao thap tach so bo 3. Tai day, ngudi ta tién hanh tdach
phan 18n cac cAu tit nhe eta xang va toan bo khi khéi dau, Ra khoi dinh thap
3, khi hydrocacbon va xang nhe dudc ngung tu trong cac thidt bj lam lanh
ngung tu bang khoéng khi va bang nudc 4 réi vao thung chita 5, moét phan
chdt ldng ngung tu cho tusi hdi luu lai thap 3. Khi va xang tir thiét bi 5 duge
dua vao thap khit butan /4. Dau thoé da duge tach bat xang tu ddy thap 3
dudce cho qua 16 dét ndng 6. Sau khi qua 1o d6t, dau cd nhiét dé cao dude chia
thanh hai dong: mot dong nhé dugc cho quay lai day thap 3 dé dizu chinh
nhiét d6 dap thap, con dong chinh cho vao thap AD s6 7. Hdi khi bdc lén tir
dinh thap dudc qua cdc thiét bi ngung tu lam lanh +6i vao thung chiia 5 va
cung vGi san pham dinh cta thap 3 vao thap khit butan 74. T dia tha 8 dén
dia thd 16 - 18 va dén dia thy 28 - 30 cha thap chung cit AD, ngudi ta tach
ra ba phan doan canh sudin: 180- 220°C; 220+ 280°C va 280- 350°C. Méi phén
doan dude qua tach hdi phu riéng biét 8. Hoi nude qué nhiét cing duge dua
vao diy cda thap chung cdt dé tach hét cdc cfu ti cd nhist do soi thiap. Tit
day thdp chung cdt AD s6 7, la phan can rong {(con goi 1a can tho hay mazut)
dude qua 16 dng gia nhiét d€ lam nguyén lidu cho thap chung chan khéng VD
s6 10,
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Hinh 3-13. Chung c&t AVD c6 nhan nguyén liBu cho sin xudt BTX

1 Thiét bj trac d8i nhigt 2. Knd rmufi nudc biing didn; 3. Thap chung so bgd. Lam lanh
ngung ty 5. BS chila; 6, 9, 15. L& dng; 7. CBt phén doan chinh & ép sult khi quyén; 8.
C6t téch phy 10. Thap chung chin khdng, 1. Hé thdng tao chdn khéng, 12. Thit bj tach
kb 13. B& ling, 14. Thép khi butan; 16 + 19. Thap phan chia xing20. Thiét bi d6t néng;
l- Nguy&n liu; - Ch&t khd nhii; - Nudc sach; IV- Hdi mide; V- Nude va mudi; VI- Xang
nhe va khii VI- Diu dé tach xdng nhe; VIi- X&ng nang 1X- Phan doan dén 180°C; X-
Phan doan 180-280°CXI- Phén doan 280 - 350°C; XI- Hoi nude; XI- Mazat; XIV- Khi XV-
Hoi diu XVI- Nudc ngung XVI- Gasoil chdn khdng nhe, XVIl- Phin doan diu nhdn rfng;
XIX- DBu nhdn s&m mau XX- Gudran, XXI- Xdng chua 8n dinh; XXI- LPG; XXl ®Khi G4

Cz2; XXW- Phan doan Cs- 62°C; XXV- Phan doan 62 - 105°C; XXVI- Phan doan &2-

B5°C: XXVI- Phin doan 85- 05°C; XXVIl- Phan doan 105- H¥OPC; XXIX- Phén doan 140

- 180°C.
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Phan gasoil chdn khong tach ra dau tién tir thap 10, sau khi lam lanh,
mét phan duge quay lai tudi hoi luu dinh. San pham k& dd 1a phan doan dau
nhon roéng, cdon san phdm tiép theo la phan doan t6i mau hon. San pham day
la can gudron, sau khi tach ra, dugc lam lanh va cho hai luu ddy thap dé€ digu
chinh nhiét d¢ cta ean trong khoang 320 + 330°C. D& tranh sy phan huay &
day thap VD s6 10 va 1o 6ng 9 cing nhu cac thiét by béc hoi phu tro, ngudi
ta cho hai nude quda nhiét vao. Hén hgp hoi hydrocachon va hoi nudc tach ra
tir dinh thap chung VD s6 10 duge qua hé théng tao chan khéng sau khi da
duge ngung tu trong thiét bi 4 rdi vao thiét bi tach hai 72. Pha hoi duge bam
chan khong 11 hit theo, con pha léng cho qua thung chua 13 dé phan tach
riéng diu va nudc. _

Xang chua an dinh tir thist bi 5 cho qua trao d8i nhiét 1 va di vao 8n
dinh trong thap khi butan I4. Phan C, + C, tich ra ¢ dinh thdp, qua lam
lanh va dugc chia lam hai phan, mét phan cho hai luu con mét phan duce
phan chia trong thigt bi phin chia khi thanh khi ngung tu (LPG) va khi kho
(€, + C,).

Xang da khu butan duge che qua chung eit tiép trong cdc thdp 16, 17,
18, 19 thanh cdac phan doan hep: C. - 62°C; 62 - 85'C; 85 - 105°C; 105 -
1409C; 140 - 180vC va 85 - 180C, dimg lam nguyén liéu che cdc qud trinh
san xudt benzen, toluen, xylen, hay dé san xuit xang cd tri 56 octan cac bang
qua trinh reforming xic'tae.

Ché& dé cong nghé cua diay chuyén nhu sau:

Thidét &) khir nuéc vi mudi: Cap 1 Cip 2
Nhigt 46 dau, °C: 135 125
Ap sudt, MPa 12 1,1
Tiéu hao hdi, % so voi diu 5 3
. Co8t thch 3o bd
Nhigt d6, °C:

- cp lidu 205

- dinh cét 155

- day cbt 240

- tudi héi luu 70
Ap sufit, MPa 05
Chi a8 hdi Iiu, kg/kg 0.6/1
. Cot chung AD,

Nhigt db. °C:
- cap liéu 365
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- dinh cét

- tai cia ra cia phan doan: 180- 230
- cda ra tudi hdi Iuu 1

- ca ra cua phén doan 230- 280
- tUol hBi luu 2

- cuya ra cia phin doan 280- 360

- day thap

- tai thiét bj chia

Ap suit, MPa

- tai dinh thap

- 4 thiét bi chia

Chi s8 hoi luu, kaskg

Tiéu hao hdi, % so voi phan doan
180- 230°C

230- 280°C

280- 360°C

> 360°C

. Thép chung chidn khang VD

Nhigt do, °C:

- cap lidu

- dinh ot

- tai cda ra cla gasoil nhe

- tai cda ra cJa phan doan dau nhdn réng
- tai cda ra cia phdn doan dau t& mau
- tai day thap

Ap sudt chan khéng ¢ dinh thap, kPa
. Thép khu butan

Nhigt da, *C

- cip ligu

- tal dinh thap

- tai day thap

- thung chda

Chi s8 hdi luu, kg/kg

Ap sult, MPa

- dinh cét

- thing chua

., Che cdt phadn chia xéng 16

Nhigt d8, °C

- cAp ligu 154
- dinh 134
- day 202
Chi sd hdi Uy, kg/kg 13/1

146

196

216

246
260
312

342
&0

0.25
0.20
1441

0.5
25

395
125
195
260
300
352

145
75
190
55
3541

11
105
17 18

150 ns
132 82
173 135
2,411 41

9

m
96
127
221
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Ap suit MPa
- dinh thip 0,45 013
- thing chda 042 0.10

P#e tinh cda thidét bj trong so d8 chung c¥1:

035
03z

020
o1

Thi&t bj Dudng kinh, m S& din Khodng cdch
giim cée dia

Thap chung sd bi: 5 24 800

- phin chung 12 60D
- phidn cat 12 600
Thap AD:

- phan dinh 5 15 700

- phin gida 7 23 700

- phan day 7 5 700
Cot khd butar:

- phin dinh 28 P 600

- phan day 36 9 600
Cit chung xang:

6 26 60 600
17 40 60 600
8 386 &0 600
15 28 80 600
Cot chung VD«

- phan dinh 64 4 600
- phan gilda g 500

- phan day 45 4 600

Can bang vat chit cia day chuyén edng nghé chung cdt A-V-D vdi dau
chia nhigu phin nhe, cong suat 6 dén 8 triéu tan/nam nhy sau:

Mguyédn lidu vao

Dau thé, % 100
San phim ra, % so vdi diu thé

- phan doan dén 180°C 13,13
- phén doan dé&n 180- 220°C 737
- phan doan dén 220- 280°C 10



. phan doan dén 280- 350°C

- phan doan gascil chan khéng nhe
- phan doan diu nhdn rgng

- phén doan gudron

Thép téch butan vd chung cdt xéng:

05
12
22
28

Nguyén lidu vio

% so v&i diu

Ciu tir ¢é ich téeh ra khdi dav
% so v&i clu tf ¢ ich

Phin doan dén 180°C
Sén phim ra

Cz - Ca
Ca - C4
Cs - 62°C
62 - 105°C
105 - 140°C
140 - 180°C

1913

023
113

267
628
4,61
4.1

100

100
0
937
922
309
852

90,1

925
a2
a3
938
8g.2
955




Chuong 4
SAN XUAT DAU NHON TU DAU MO

4.1. GI01 THIEU CHUNG

Dau m# nhdn cd tim quan trong rit 1on trong viéc béi tron cdc chi tiét
chuyén déng, giam ma s4t, giam mai mon va 4n mon cac chi tiét, tdy sach
bé mat, tranh tao thanh cdc 16p can bin, tan nhiét lam mat va lam khit cdc
bo phan can lam kin... Trong s6 cde chic nang k€ trén thi chitc nang béi tron
la chde nang quan trong nhadt cia dau mé nhon. Boi tron la bién phap lam
giam ma sat d&én mitc thdp nhit, bang cach tao ra giita bé mat ma sdt mot
lap chat dude goi la chdt boi tron. Chat bdi tron cd thé & dang léng (dau
nhém) hay dang dac (md), hay & dang rén... Trong s6 dd, chiém da phan la
dang long, dang dac chiém phan thi hai, con chat boi tron dang ran thudng
chi€m r4t it va chi ap dung trong mot vai trudng hop riéng biét nhu boi tron
cac 8 truc ¢d nhiét d6 rat cao hodc trong chan khong, nhitng ndi nay khéng
thé dung dau hay md boi tron duge. Chinh vi th& dau nhon la vat lisu boi
tron chd y8u trong cong nghiép va trong k¥ thuat hién nay.

Khi st dung ding diu m& nhdn sé tao nén su ngan ciach gita cdc bé& mit
ma sat, 1Jam giam t6i da ma sat, tranh mai mon va cd kha nang lam mat néu
dau dude chay hdi luu qua cac chi tiét nay.

Nguyén liéu chi yéu d€ san xudt dau md nhon la dau ms, chinh xéc la
tif cac hydrocacbon ciia dau mé. Do gid thanh san xuit th4p nén cac san phim
dau md nhon duge sit dung rit phd bign trong cac loai chat boi tran. Vé ban
chét, dau bdi tron bao gdm céc cdu tit dau nhan gde (con goi la dau gée) duge
tron thém cac phu gia d€ cai thién va tang cudng cac tinh nang si dung cho
dau nhdn. Trong chuong nay, ching ta dé cip dén cac van dé cd lién quan
dén qua trinh san xuédt dau gdc tif dau mé.

4.2. THANH PHAN VA TINH CHAT CUA PHAN DOAN DAU NHON

T cac phan doan dau thé thich hop cho san xuat dau géc sé cho phép
chiing ta tao ra duge cac san phdm mong mudn véi gia thanh sin xudt thdp.
Do vay, thanh phan chinh cta phan doan dau nguyén lidu chn dude khao sat
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k¥, nhdm muc dich nhan dau géc cd chdt lugng cao. Cac hgp chit cd mat
trong nguyén liéu gdm cdc loai sau:

- Parafin mach thdng vA mach nhanh.

- Hydrocacbon naphten don vong hay da vdng cd hodc khdng chita mach
nhéanh alkyl

- Cac hydrocacbon thum don véng hay da vong ed hosc khong chia mach
nhanh alkyl.

- Cac hgp chat lai hgp ma chil y&u la loai lai hgp giita naphten va parafin,
gitta naphten va hydrocacbon thom.

- Céc hop chit dji nguyén td chia oxy, nitd, luu huynh.

Tinh chdt quan trong nhat cfia dau nhon 1a 4o nhét va tinh chédt nhat
nhiét cta nd (hay dai lugng dac trung 1a chl s6 dd nhét), tic 1a tinh chat it
thay dfi dé nhdt theo nhiét d6. Cde tinh chdt nay chu y&u duge quyét dinh
bdi thanh phin cha cac hgp chét hydrocacbon chia trong dau gée.

Nguyén liéu chinh d& san xudt diu nhon Ia phan doan can sau chung cét
khi quyén c6 nhiét do6 séi trén 300°C. Trong phan doan nay cd chua céc hop
ch&t hydrocacbon vdi s6 nguyén tl cacbon tit 21 cho dén 40 hay cao hon. Do
vay nhitng hydrocachon trong phan doan nay cdé trong lugng phén td 1dn va
co cdu tric phdc tap, dac bigt la dang hydrocaebon lai hgp tang 1én rdt nhizu.

Loai hydrocacbon r- parafin, iso- parafin thudng cé s8 lugng {t hon so véi
naphten hay hydrocacbon thom va dang lai hop, ngay cd & diu théhoparafinic |
didu nay van ding. Cdc iso- parafin lai ¢d s8 lugng it hon n-parafin, ching
¢6 dac di€m 1a cd cdu tric mach chinh dai, it nhanh phu va cdic nhanh chi 1a
cic nhom metyl. '

Cdc hydrocacbon naphten 1a loai chifm da s6 trong phin doan nay, sd
vong naphten ¢d thé€ cd tit 1 dén 4 (cing cd loai dAu da ph&t hién thiy naphten
cd s8 vong dén 7 hodc 9). Xung quanh vong naphten thudng c¢é nhanh phu la
cdc nhém metyl va dong ding. Nhitng loai naphten 1 hay 2 vong cé nhanh
phu 12 cdc hydrocacbon parafin dai, nhinh phu thudng 12 mach alkyl thing
hodc nhdanh va thudng it nhanh.

Cdc hop chat thom & phan doan dau nhén thudng gip la leai 1, 2 hay 3
vong thom, cén loai nhiéu vong thom ngung tu lai tap trung chi y&u ¢ phan
can gudron. Dai bd ph&n cdac hgp chidt thom & phan doan dau nhim la loai lai
hgp, lai hgp naphten va hydrocacbon thom hay parafin.
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Cac hop chdt phi hydrocacbon nhu cdc hop chét chita cac nguyén t8 oxy,
nito, luu huynh cing chi&m phan 16n trong phan doan dau nhon. Csc hop
chédt chia kim loai ciing gap trong phan doan nay. N6i chung cdc hap chat
phi hydrocachon 1a cdec chat co hai, ching tao ra mau sdm cho san phdm, lam
giam d¢ &n dinh oxy hda cla san phém. Vi th& trong qua trinh san xudt dau
nhdn, ngudi ta phai 4p dung cdc bién phap khdc nhau d& loai ching ra khdi
dau gée.

Khi nghién citu cde tinh chdt st dung cta phan doan dau nhon, ngudi ta
thay edc hgp chdt n- parafin véi phan tit lugng 16n thudng 14 parafin rdn (con
got la sdp), ching lam gidm dé linh dong cha dau nhon nén ham lugng cla
ching cing phai gidm tdi mic can thist, dac biét vai cac dau bdi tron lam
vigéc @ nhiét d6 4m. Nhung cdc iso- parafin lai 14 thanh phan rit tot trong diu
bsi tron vi chung cd d6 nhét thich hgp va tinh chdt nhat nhiét rit tét. 86 lisu
& bang 4-1 cho thdy, néu mach cang dai nhdanh phu & vi tri ddu mach va lai
cd nhanh thi ching ¢d chi 56 nhét dac biét cao va dd la cac cdu tit thich hop
nhét trong thanh phian cia dau gdc cd chit lugng cao.

Bdng 4- I Chi 56 dé nhét cha izo-parafin Cz; va €24

Hydrocacbon S& nguydn ti cacbon trong phén ti. | Chi =8 d8& nhét.
2- metyl eicozan 21 165
3- metyl eicozan 21 146
4- metyl eicozan 21 145
5- metyl eicozan 21 140
2- metyl tricozan 24 170
2.2- dimetyl docozan 24 163
24- dimetyl docozan 24 144
24.6- trimetyl heneicozan 24 118

Céac hydrocacbon naphten hay hydrocacbon thom 1 vong hoac 2 vong vdi
mach nhéanh parafin dai khi cd cing nhiét do séi thi d6 nhét cing xdp xi
nhau. Khi tang chiéu dai nhanh, d¢ nhdt tang lén ré rét va chi sd nhét cing
t8t, déac biét la khi mach nhanh alkyl lai phan nhanh. Con ddi voi cac naphten
va hydrocacbon thom nhiéu vong hosc loai lai hgp naphten - hydrocacbon
thom thudng cd d6 nhdt rit cao, song chi s§ nhdt lai rat thdp. Nhu vay cdc
hgp chit nay khong phai la cdu tt ¢an thiét che dAu géc d€ ché tao dau boi
tran chat lugng cao. Mat khde trong qud trinh bdo quan hay lam viée, cdc
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hgp chit nay cé xu hudng tao nhya manh, lam giam nhanh chdng tinh nang
st dung cua dau nhon.

Nhu vay, chi cd cac hop chit hydrocacbon véi cdu trde gom naphten hay
hydrocacbon thom 1 vong c6 nhanh izo- parafin dai va cac izo- parafin méi la
phitng céu tit 1y tudng cho dau béi tron, vi ching khong chi ¢ d¢ nhat dam
bao ma con cé chi s6 d§ nhdt cao, cho phép ché tao dude dau nhon cd chdt
lugng cao. Trong trudng hop can san xudt dau nhom cd chat lugng cao, 1o
rang ching ta can phai tién hanh loai bo cac hop chit khéong thich hop ra
khéi dau nhdn nguyén ligu. D6 la cac hydrocacbon nhigu vong, cac hgp chét
di nguyén t8 va ngay ca n-parafin cd trong lugng phan ti 16n. Bang 4 -2 cho
ta biét nhirng thanh phan nao ¢ trong phan cdt chan khong tiu dau tho 1a
cac chu tit o6 lgi va cdc cliu ti nao cd hai cin phai loai bo khi san xuft dau
nhom. Céc loai ddu thd khédc nhau s& cho thanh phdn phan doan ddu nhom kKhac
nhau va chi nhimg phan doan ddu nhom cba ddu mo ho naphteno-parafinic
parafino-naphtenic hay parafinic ¢6 kha nang san xudt dudgc diu g&c co chit
lugng cao. Nguge lai tit dau moé ho naphten hay aromatic khd cd kha nang
ché& tao dau nhat cd ch} s6 nhat cao. Trong truong hop dd néu mudn san xuit
dau nhon cd chi s§ nhdt cao, ngudi ta phai pha thém mot lugng 16n cac phu
gia dé lam tang chi 56 nhot, nhu vay gia thanh sé& cao han. Nhiing phu gia
nay thudng la cac polyme nhu polyisobutylen, polymetacrylat, polyme cha
estevinylic, polyalkylstyren.

4.3. CONG NGHE SAN XUAT DAU NHON GOC

Viéc tach cac thanh phan khéng mong muén trong san xudt dau gtic duge
thyc hign nhd céc qué trinh loc dau s& che phép san xufit dau gdc chét lugng
cao, ngay ca voi phan doan dau nhon ctia dau tho chua thich hop cho san xudt
d5u nhon. So do cong nghé chung d¢ san xuat dau nhon gdc tit dau mo thudng
bao gom cac cong doan phy chi ra & hinh 4 -1, gdm cac qué trinh chinh sau:

- Chung chan khong nguyén lidu edn mazut; '

. Chiét tach, trich ly bang dung méi;

. Téch hydrocacbon ran (sap hay petrolactum};

. Lam sach lan cuéi bang hydro hda.

Qué4 trinh tach asphan bang dung mdi propan thudng dude ap dung dé
san xust dau nhyn cd do nhdt cao tit nguyén liéu can gudron cung dudge x8p
vio qué trinh chiét, trich ly bang dung méi.
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Idng 4 - 2. Thanh phin cia phian doun ¢dt chin Khong

w-parafin -

Tach sép S4p

izo-parafin -

Naphten mdt veng va akylhenzen . __ | piy gle

Naphten va hydrocacbon thdm haj wong_______

| ;

Naphten va hydrocacbon thom da vong___. Trich Iy bing dung méi

.

Cac hgp chat phi hydrocacbonJ Phln chit thu duoe

4.3.1 Chung cét chan khdng

Tu s0 db chung (hinh 4 - 1), ta thdy cong doan trong sin xuit ddu nhon
g6c l1a chung chan khéng dé tach lay cac phan doan riéng biét dya vao khodng
nhiét do s6i hay d6 nhat. Nguyen liéu caa qué trinh nay 1a phan cin cda qua
trinh chung cit khi quyén AD (con goi 12 mazut). Do d6 muc dich cha cong
doan nay la digu chinh dé nhot va nhiét da chép chdy cia phan doan dau gdc.
So db chung chan khéng duge trinh bay trén hinh 4 -2.

Chung c4t chan khoéng cho phép nhan cac phan doan dau bbi tron e6 do
nhdt khdc nhau. Phan dau nhe nhat, ¢é d6 nhot nhé nhat thu duge & dinh
thap va phan doan nang nhit thu duge tir ddy thap. Trong cdc phan doan sé
co mat tat cA cde cu t¥ cd trong nguyén lidu caa loai ddu mé dem chung
cdt. Dé dang thdy rang cdc diu mé do khde nhau vé thanh phin cde cdu ti
nén ching khéng cho phép nhan cdc phan doan dau bsi tron vai chét lugng
mong mudn. Nhung nho céng nghiép ché bién dau hién dai, ngudi ta cé thée
thu dugc dau ge chat lugng tst tit bat ky dau tho nao, song gia thanh san
ph&m sé rat khac nhau va sé cang cao néu nguyén liéu khong thuan lgi. Dau
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Mazu?

Chung cdt chin khéng

Dau cdt nhe

Dau cdt trung

Diau cdt nang

™.

S

Phan chiét =+

Criét bidng dung
mbi

Can gudron

/

|

- —

Tach asphan
béng propan

i T

Dau c&t nhe Dau cdt trung

D3u cat nang Dau cin

S

Tach sap

l

Lam sach bing Hz

l

Duu gdc

N
-

—— = Sép

Hinh 4-1. 86 d6 cong nghé san xudt diu goc

thé t8t nhit cho viée san xuit diu gdc la cac phan doan diu nhdn cd chia
nhigu hydrocacbon naphten va hydrocacbon thom 1 vong cd nhédnh parafin
dai phan nhdnh va cdc izo-parafin. Con dau tho x4u nhat la leai dau chua

nhigu hydrecacbon da vong va hydrocacbon thom ngung tu cao.

Khi chung cdt chan khong, do nhot 14 ham s6 cia khoang nhiét dd séi va
cling la ham s cua trong lugng phan td. Do nhot 1a mot tham s6 quan trong,
béi vi khi chung cit chan khéng, kho cé thé digu chinh chinh xac nhiét do
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cat nhu trong chung cit khi quyén. Do vay nhigu khi khong dam bao tuyat
ddi chinh xac nhiét d6 chdp chdy ctia phan doan dau nhan nao dé. DE digu
chinh théng s6 nay, ngudi ta phai ti€n hanh tich cac cdu ti¥ cd nhiét do soi
thdp bang cach chung cuén theo hoi nude trong cdc thap bay hoi phuy.

4.3.2 Cac qua trinh trich ly, chiét tdch bing dung mai

Muc dich clia qu4 trinh trich ly 14 chiét tach cac cdu tit khéng mong mudn
chia trong cdc phan doan dau nhidn ma bang chung cidt khong thé loai ra
duge. Cac cdu tli nay thudng lam cho dau nhan sau moét thai gian bao quan
hay s dung bi bién ddi mau sdc, tang 46 nhét, xudt hién cic hop chit co
tinh axit khong tan trong dau, tao thanh can nhya va can bitn trong dau.

Nguyén 1y cua qud trinh tach bang dung méi la dua vao tinh ch4dt hoa
tan chon loc clia dung moéi duge st dung. Khi tron dung moéi véi nguyén liéu
¢ dieéu kién thich hgp, cac cdu ti trong nguj_/:én liéu sé duge phan thanh hai
nhom: nhom cdc cdu td hdoa tan t6t vao dung moi tao thanh pha riéng vdi
tén goi la pha chiét (extract), con phan khoéng hoa tan hay hoa tan rat it vao
dung maéi goi la rafinat. San phdm cd ich cd thé hoac nam trong pha extract
hay pha rafinat tiy theo dung moi s dung. Nhung trong thuc t& ngudi ta
quen goi pha chda sAn phim la rafinat con pha cin phai loai di la pha extract.
Dua vio ban chit etia dung méi ma ngudi ta chia thanh dung méi cd cuc va
dung moi khong cyc hay dung méi hén hgp, nhung cho di 14 loai nao, dung
moi duge chon phai thdéa man cdac yéu cau sauw:

- Phai cd tinh hoa tan chon lgc, tidc 14 phai cd kha nang phan tach thanh
hai nhém cédu i4: nhdm cd 1gi vA nhém khéng cd 10i cho dau gde. Tinh chit
nay con dude goi 1a dé chon loc cua dung méi.

- Phai bén vé hda hoc, khong phan dng vdi cac edu tit cia nguyén liéu,
khong giy an mon va dé sd dung.

- Cd gia thanh ré, dé kiém.

- Co nhiét do s6i khdc xa so véi cac cdu tlt can tich d&€ dé dang thu hoi
dung moi, tiét kiém dudc niang luong.

Ba loai dung moi ¢6 cuec dé tach phan hydrocacbon thom va cin nhua ra
khoi cac phan doan dau nhon cdt hién dang duge sd dung phd bién dd 1a
phenol, furfurol va N- metylpirolydon. Con dé tach cic hgp chét nhua asphan
trong phan doan gudron, phd bién 14 dung propan long.
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4.3.2.1. Qud trinh khir asphan trong phin ciin gudron

Do trong gudron ¢6 chia nhiéu céc cdu tit khong cd loi cho dau géc, nén
néu dua tryc ti€p vao trich ly sé khong cho phép dat chat luong va higu qua
mong mudn,chinh vi th& ngusi ta thudng tién hanh khit asphan truéc. Trong
san xudt dadu nhdn, phd bién dung propan long dé khit chdt nhuya- asphan
trong phan doan gudron.

Muc dich céia qua trinh nay 1a ngoai viéc tach cdc hgp ch&t nhua- asphan
con cho phép tach ¢i cac hgp chdt thom da vong, da lam gidm do nhét, chi
86 khic xa, d6 c6e héa va nhan dude dau nhdm nang cd do nhdt cao cho diu
gac.

a. Ca sé Iy thuyét cha qud trinkh

Co =6 Iy thuyét ciia qua trinh 1a cdc hgp chdt nhya, asphan chi€ém phan
chd yéu trong can gudron, ching la cac hygp chit cé kha nang hoa tan kém
trong dung méi khéong cuc. Nho tinh chit nay,nguoita chon dung méi parafinic
dé tach ching. Dung mdi tao didu kién cho qua trinh déng tu cdc chit nhua
-asphan va hoa tan chon loc hydrocacbon. Trong dung moi parafinic, kha nang

hda tan cde hgp chdt hydrocacbon cd thé sip xép theo thy tu giam dan nhu
sau:-

Naphten,parafin > Hydrocachon thom mét vong > Hydrocachon thom da
vOong.

Do vay trong qua trinh khit asphan, dong thdi da xiy ra hai qud trinh:
dong tu, lang cac chdt nhua asphan va trich ly cac hgp chit hydrocacbon. N&u
tang dan trong lugng phan td cia dung méi khéng cyc, 58 lam ting kha ning
hoa tan clia dung méi va nhu vay sé lam gidm d6 chon loc. Chinh vi th€ ma
trong thuc té&, propan léng la dung méi thich hgp nhét cho qua trinh nay.

Propan long la mét chat long khong mau, khong mii nhung déc v8i thian
kinh trung weng cia ngudi va dong vat. O digu kién binh thudng nd 1a chat
khi va cd ty trong 4,°Y = 0,5. Propan 16ng cd mét tinh chait dac biét 1a trong
khoAng nhiét dé tit 40°C dén 60"C, no hoa tan rit tét parafin, nhung dé haa
tan sé& giam khi tang nhiét do, & nhiet do hoa tan téi han cda propan (96,8°C)
tat cd cac hydrocacbon déu khong tan trong propan. Trong khoang nhiét d¢
tit 40-96,8°C, cac chit nhua - asphan hau nhu khong tan trong propan, vi
thé tinh chdt nay s8 quyét dinh ch& d6 céng nghé khd asphan béang propan
long.
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b. Cdc théng sé cong nghé.

Céc thong s6 cong nghe trong qué trinh khit asphan trong gudron gom
nhiét d9, ty 16 dung moi trén nguyén liu va dac trung cua nguyén lidu.

+ Nhiét d6 4nh hudng rdt manh dén kha riang hoa tan cia propan. Khi
nhiét do cao hon 50°C, kha nang hoa tan gidm di, lam hiéu suat phan rafinat
giam xudng, nhung lai cai thién dugc chat lugng ciia san phd&m nhu giam do
nhét, d6 cbec hoa, ting mau sing hon. Trong thuc t&, qua trinh khit asphan
duge ti€n hanh vai ch& d6 nhiét do nhu sau:

- nhiét dé dinh thap trich ly: 75 - 85°C;

- nhiét dé day thap trich ly: 50 - 60°C.

Né&u tang nita nhiét do dinh thap, thi hiéu sudt phan khi asphan qua nho
méc du chat lugng cd cao hon nhung ciing khong dat chi tiéu kinh té. Vi thé
nhiét dé dinh thap chi cho phép nhé hon hay bang 85°C.

Nhiét do day thap trich ly néu giam thdp sé tao digu kién hoa tan ea cdc
hgp chdt hydrocacbon thom va nhua, do dé nhiét do day thap nhé nhat chi
la 4QvC.

« Ty lé giita propan/mguyén liéu

Do dong thoi xay ra hai qua trinh: lang, déng tu edc chit nhua asphan
va trich ly cac cdu td hydrocacbon ma ty 1é giita dung moi propan va nguyén
lidu 14 thdng s6 quan trong. Khi khio sit anh hudng cha ty 1& dung mbéi/nguyén
liéu cho thay, cd ton tai di€m thich hop ma tai dd dat duge ty 18 nhd ma chat
lugng dau nhon thu duge 1la tét nhat hinh 4-4).

Tai viing ty lé propan/nguyén liéu cdn thap, proepan cd tdc dung chd yéu
la chdt déng tu nhya -asphan, nén trong khoang nay kha ning hoa tan va
dé chon loc cia dung moi thay ddi giéng nhau. Nhung khi tang ty 1é
propan/nguyén liéu xudt hién didm chuyén, lic nay kha nang hoa tan tang
nhanh cén dé chon loe lai tang rat cham, tuc la chung nghich bién.

Khi tang nhiét d¢ trich ly, propan e¢d day dd cac tinh chdt clia dung moi
chon lgc. Nhung néu tang nhidt do tir 90°C dén nhiét do hoa tan tdi han va
trong khodng ty 1 propan/nguyén liéu thay ddi tir 1/1 dén 10/1, sé khong thay
xuit hién diém chuy&n dac bigt v khong ton tai ty 16 t8i vu nhu khi nghién
citu ¢ khodng nhiét dd thap hon 85°C. Do thi & hinh 4-4 cho thdy r6 digu
nay.

Ngoai ra, ty 1é propan/nguyén liéu thich hgp cdn phu thude vao chat lugng
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cia nguyén liéu dAu nhon. N&u gudron cia nguyén liéu chda nhiéu
hydrocacbon nang nhu chit nhua - asphan thi ty 1¢ dung méi propan/nguyén
lidu can thap (chi tir 2/1 dé&n 3/1 tinh theo khéi lugng). Nhung néu gudron
chita it chdt nhya - asphan thi ty 18 dung moi can phai cao hon (ti 4/1 dén
6/1) dé€ dat duge do cc hda nhu nhau (do coc hda = 1%).

Qua nghién ciu, Bodarenko da thiét lap duge mét cong thice thuc nghiém
dé tinh gan dung hiéu sudt phan khi asphan phu thugc vao chit lugng cia
nguyén liéu nhu sau:

Y = 94 — 4X + 0,1iX — 10)?
trong do:

Y - hiéu sudt {%) cla dau nhon da khi asphan voi do coc hoa 1,1+1,2%;

X - do céc hda cua gudron nguyén liéu (thuong X = 4 + 18%).

« Ap sudt trong thap trich ly

D& dam bao propan d trang thai 1éng thi d4p sudt trong thap trich ly phai
duge duy tri 6 mic 36 - 42 at (— 3,6 - 4,2 MPa). Néu ap suit qua cao, ty
trong clia propan Idn va lam tang d6 hoa tan cta nd, nhu vay sé€ lam dd coe
hda tang, mau san pham sam hon va d¢ nhdt cao hon.

Sa db nguyén ly tich asphan bang propan 1dng dugc trinh bay trén hinh
4 -5

A q\ 2r a0
W
s}
1 =
N 5
L ki \Q
IR 3 &
B 8 ° L
3 N °
°C
2 f’: /,92,///
R s
L%
w0
oy

toc 5/1 10/1
Fi'lé propan/RH

Hinh 4-3. Hinh 4-4.

62



n3 BunBu Bugy 1eyl -IA Ueudsy -A BUBEH Al ©pRU BH -i neY ugAnbN
-1 ‘Bug) wedosd - Al youy 0O OL ueydse QUi fow Bunp uaw 100 6 lueydse Uy
oW Bunp yoel 100 8 ‘uoer Bugl iq 181U £ Yeuyes Yy igur Bunp uopl ‘9 :Buou 1gb o1
' 4euye: p oW Bunp U 0D ¢ 'ueu Ae € ey Aeq i el 2 wedosd epyo yug |

Bug uedoid Bugg ueydse Yopl Op PS P HULH

i m%
¥

I+xr

63



Nguyén liéu gudron dugc ti€p xuc vdi propan lohg 16n gip 5 dén 8 lan
tinh theo thé tich nguyén li¢u & nhiét do trich Iy thich hop da chon truéc.
Rafinat gém dung méi va 15 dén 20% khéi lugng dau. Dau eang nhe thi lugng
propan phai cang 16n. Pha extract chia tir 30 dén 507, kh.l propan, con lai
& khéi lugng asphan. Do khong phai 1a dung dich extract ma la mot nhii
tuong ctia nhya va asphan trong propan. Propan duge dua vao day thap,
chuyén doéng nguge lén dinh, nguge chizu vsi nguyén liéu va hoa tan phan
dau nh¥n ti nguyén lidu rai mang theo lén dinh thap. Cac hgp chdt nhya -
asphan duge di ra ti¥ ddy thap. Phan rafinat va extract déu duge cho qua céc
thap riéng biét d€ tach dung mai. Propan tach ra duge cho quay trg lai tusn
hoan trong hé thong d¢ su dung tiép.

Cong nghé tach asphan bang propan 1éng ¢ thé ti€n hanh mot cdp hay
hai cdp tuy theo muc dich muén tsch triét dé hay khong phian dau nhon can
chita trong gudron nguyén lidu. Qua trinh hai cdp khae voi qua trinh mét cdp
1a cd hai thap trich ly va ba thap tach dung méi (tdch rafinat 1 va 2 va tach
extract), dong thai san pham sé 1a rafinat 1 va 2.

Ngay nay ngudi ta da thiét ké cac day chuyén vdi céng sudt tinh theo
nguyén lieu dat tdi 450 nghin dén 650 nghin t4n nam.

Vi nguyén liéu la gudron ti dau mé ta cg bang can bang vat chit cua
qud trinh khi asphan 2 c4p nhu & bang sau day:

Gurdon tir diu

Nguydn ligu Tay Xibia Uzbekistan
Clp 1

Nguyén ligu vao, %

- Gudron 00 100
- Propan 500 700
Cong 600 800
San phim ra, %

Rafinat 433 650
- propan 400 610
- asphan 33 40
Extract 67 150
- asphan &7 60
- propan 00 90
Cong 600 800
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cidp 2
Nguyén lidgu vao, %

Dung dich asphan cép t B7 150
- asphan 67 60
- propan 00 90

Propan 200 150

Céng 367 300

San phim ra, % .

Dung dich rafinat 2: 217 161
- dau phon ] B
- propan 209 155

Dung dich extract cdp 2 150 145
- asphan 59 57
- propan N 88

Céng a7 300

4.3.2.2. Cic qud trinh trich ly bing dung méi chon loc

a. Cong dung

Céc qué trinh nay cd nhiém vy tdch cdc hop chit hydroecacbon thom da
vong, cac hop chdt nhya asphan bang cdc dung moi cé cuc nhim cai thién
thanh phan hda hoc cta dau nhdn. Cae qua trinh nay ducc xem nhy la cac
qua trinh lam sach chon loc dau nhon,

b. Co so Iy thuyét

Céc hgp chdt nhya va hydrocacbon thom da vong la céc hop chit cd hai,
khéng mong mudn cd méat trong dau nhn. Su cé mat ching khong nhiing
lam cho chdt lugng dau kém di, chi s6 nhét thdp ma ching con lam cho mau
dau rit x&u. Cac hgp chdt nay bang phuong phap chung cdt khong thé loai
bo duge. Lam sach dua vao tinh chét hoa tan chon loc cua dung méi cd cuc,
cho phép san xuit ra duge dau goe chat lugng cao tir bat ky dau tho naoc. Vai
trd quan trong trong qua trinh lam sach chon loc la tinh chat cua dung moi,
d6 1a tac dung cia luc van der Waals (luc dinh hudng, cam dng, phan tan)
x4y ra giita dung mdi va cdc hgp chat phan cyc can phai tach di trong dau
nhém. Y&u t6 quan trong cia quda trinh lam sach chon loc la dd chon loc va
kha nang hda tan cia dung méi.
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D6 chon loc 1a kha nang phan tach ré rang cdc cdu ti nguyén lidu vao
rafinat, baoc gém cdc hgp chdt ¢d ich nhu iso- parafin, naphten, lai hgp
parafin- naphten va cac hdp chdt thdm mot vong, con phan trich ly (extract)
chi chda cdc cdu ti ¢é hai nhu 1a cac hgp chét da vong, nhya asphan va mot
lugng rdt nhd cdc hgp chat cd Igi.

Khd nang hoa tan cia dung moi 1a dai lugng duge thé hién bang lugng
dung moi can thiét d€ hoa tan mot lugng xdc dinh edc cfu ti cla nguyén
liéu, hay ndi cdch khdc 1a trong didu kién dé nhan rafinat cé chdt lugng xdc
dinh, lugng dung méi can thiét cang it d€ nhan duge cling mot rafinat ch&t
lugng tuong dudng, thi kha nang hda tan clia dung méi cang 1n. Vé nguyén
ly, do6 chon loc va kha nang hoa tan 1a hai dai lugng nguge nhau, tiang chi
tiéu nay sé din t6i 1am gidm chi tigu kia.

Cing cin nhé réng, dé chon loc va kha nang hda tan ctia mdi mot dung
mdi khong phai 14 dai lugng 6 dink ma ching phu thudc vao thanh phin héa
hoc cua nguyén lidu.

D6 hoa tan ctia hydrocacbon trong dung mdi ed cuc khéng chi phu thude

vao ciu tric cia hydrocachon ma con phu thuge vao nhiét d6 va thudng tuan
theo moét s6 quy luat sau:

1. Khi tang s6 vdng trong phan ti hydrocacbon thi d6 hoa tan tang.
2. Khi tang chitu dai mach alkyl, d6 hoa tan gidm xudng.
3. D6 hoa tan giam khi tang s6 nguyén tit cacbon trong naphten.

4. D9 héa tan cta hydrocacbon thom sé l6n hon naphten khi ¢6 cing s6
nguyén t cacbon trong vong.

5. Hydrocacbon lai hgp naphten - thom cd do hoa tan cao hon so vdi cac
naphten cd ciu tric tuong tu.

6. Hydrocachon parafin cd do hda tan nhé nhét.

Nhu trén da ndi, ngay nay ngudi ta dang st dung ph8 bién ba leai dung
méi cd cue d€ tach cdc hgp chit nhua va thom da ving ra khéi nguyén liéu
diu nhon 13 phenol, furfurol va N- metylpyrolidon (NMP}. Mét s8 tinh chét
ctia cac dung méi nay duge trinh bay trong bang 4 -5.

O cac nha may & Lién bang Nga, dung moéi chu y&u dung cho qud trinh
lam sach chon loc 1a phenol. Phenol ¢6 kha nang hoa tan cao, tao digu kién
thuidn loi cho lam sach nguyén lidu dau nhorn, nhat 14 loai ¢d ehita nhiéu can
va dd nhdt cao, dbng thdi dung moi nay cing ré tién va dé kiém.
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Bdng 4 - 5. Mgt sG tinh chiit cda cdc dung mai

Chi tidu Phenol Fufural NMP

Khéi lugng riéng & 20°C, kg/m? 1060 . 1159 1033

Nhigt a8 sét °C 181 162 204

Nhigt d§ néng chdy, °C +41 -39 -24
Nhidt d5 t8i han, °G 419 396 N
Nhigt d bit chay cée hd, °C 79 59 )
Ap sufit téi han, Mpa 807 53 104 )

D5 nhdt ddng hoe & 50°C, Pas 324 15 0.4

Nhigt bay hdi, kJ/kg 4459 4500 4931
Nhigt néng chay, kJ/kg 1214 - - T

Nhigt dung, kd/kg.°K 2,039 159 167 -

Cac nha may khic trén thé gisi lai hay dung qui trinh lam sach bang
furfurol do it d¢c hai han so v6i phenol. Vi tuy ¢d kha nang hoa tan kém han
phenol, nhung dung méi nay lai ¢é 46 chon loc cao hon. Digu nay sé cho hiéu
qua 16n hon khi ding furfural 4 lam sach phin c4t chia nhigu hydrocacbon
thom. Tinh oxy hda manh va dé tao nhya khi cd mat khéng khi va nude 1a
nhuge di€m chinh cia dung moi furfurol. D& tranh qua trinh oxy hda nd,
trong cong nghiép ngudi ta hay ap dung cac bién phip sau: Bao quan furfurol
trong moéi trudng khi tro; kifm tra chat ché nhist d6 trong hé théng dun néng
vat tai sinh dung méi, hay khu khi so bé khdi nguyén lidu trude khi tién hanh
trich ly, hoac ciing ¢6 th thém chit chéng oxy hda dae biét vao furfurol.

Do kha ning hda tan cdc chdt nhya cia furfurol kém nén dung moi nay
chi 4p dung d6i véi nguyén liéu dau nhén cd chét lugng cao, nghia 14 nguyén
ligu chita it nhya va cdc hgp chét da vang. Do vay, ngay nay cac qua trinh
nay da duge thay thé bang dung méi NMP cé kha nang hoa tan t6t hon, cd
dd chon loc cao hon va nhét 13 o6 d6 doc hai nhé han.

Trong qua trinh lam sach bang phenol hay NMP, ngusi ta phai giam kha
nang hoa tan cia cdc dung méi nay d€ tang dé chon loc ciia ching bing cach
cho thém chdt gidm kha nang hda tan (con goi la chdt chéng hda tan). Disu
nay lam cho qud trinh trich ly hoan thién hon va md rong thém kha nang
chon digu kién cong nghé t&i wu cho qua trinh lam sach.
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¢. Cdc so 46 ciéng nghé
c.l. Sg db cong nghé lam sach chen loc biang phenol

Sag db cong nghé lam sach chon loc bang phenol duge trinh bay trén hinh
4 -6, gdm cac bo phan chinh sau:

Tron d€ hdp thu nguyén liéu véi hdn hgp hoi déng phi cia phenol - nudc;
trich ly va tai sinh phenol tit cde dung dich chigt va dung dich rafinat.

Nguyén lidu qua thiét bj trao d8i nhiét 1 dugc dua vao dinh thap hép
thu 4, & day nguyén ligu duge ti€p xuc nguge dong vdi hén hgp hoi ding
phi phenol-nudc di ra tit thap 16. Hoi nudc bay ra tit dinh thap 4 duge
dua vao bd phan chuén bi hdi ding phi phenol- nuéc hoac thai ra ngoai
khong khi tuy theo so db. Nguyén liéu tit cot h&p thu 4 qua thi&t bi lam
lanh 5 rdi dua vao thap trich ly 6. Phenol duge dua vao tit dinh thdp 6 14y
tl b€ chda 3 qua thi&t bi gia nhigét 8. Nudc - phenol tit b€ chia 20 dugce
cho vao day thap trich ly 6. Nhiét d6 cua thap 6 duge didu chinh bing nhiét
dd clia nguyén liéu vao va nhiét d¢ cta phin tulin hoan ddy sau khi qua
trao d8i nhiét & thiét bi 9.

T4i sinh dung dich rafinat duge thuc hién hai c4p & cac thist bi 11 va 12.
Khi ra khdi thdp 6, rafinat tu chiy qua thiét bi trac d8i nhiét 10, 13 va 1o
d6t 74 tdi vao thap bay hoi 11. Hoi phenol tach ra & dinh thdp 11 dugce cho
qua lam lanh, ngung tu & cdc thiét bi 1 va 2 rdi vao b€ chia 3. Con dung
dich rafinat chda khoang 5 d&€n 6% phenol tit dday thap 11 duge cho qua thép
tach 12. Hoi nudc qua nhiét duge cho vao diy thiét bj 12 dé tach hoi phenol
edn lai. Hoi phenol - nudc bay ra tit dinh thap 12 duge cho qua lam lanh 22,
ngung tu va cho vao b€ chia 23. Rafinat cho qua trao ddi nhigt 13 rdi vao
bé chia sin phdm.

Tai sinh extract duge thue hién & ba cfp. DAu tién dung dich extract tit
ddy thap 6, duge bam 7 cho qua trao d8i nhiét 15 rdi vao thdp lam khé 16.
Hoi ding phi phenol - nuéc tdch ra & dinh thap 16 duge din veé cot h&p thu
4 hodc qua thiét bi lam lanh 19 r3i vio bé chda 20. Dung dich chiét di tach
dm tit day thap 16 dugc qua trao di nhiét 17 r8i duge bom qua 1o 18 va vao
thap bay hai 21. Hoi phenol tich ra & dinh thép 21 qua 17 rdi trao d8i nhist
15, sau dd dugc lam lanh  cdc thist bi 1 va 2 rbi vao bé chita 3. Hoi phenol’
con lai dudc tach hét trong thap 24. Phan bay ra tit dinh thdp 24 1a hén hgp
phenol - nude, con phan ddy 1a phan chiét IV duge cho ra khdi day chuyén.

Trong cac ddy chuy2n hién dai cng suft 16n, ngudi ta thudng ding so
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dd trich ly hai hay ba dong. Sd dd loai nay con cho phép ché bién cac dang
nguyén liéu khac nhau

c.2. Bo db lam sgeh chon loc bang furfurol
So db lam sach chon loc bang furfurol ¢6 edc bd phin chinh sau:

Tdch g0 bo khi trong nguyén liéu; trich ly; tai sinh furfurol tir pha rafinat
va pha chiét. Hinh 4 -7, trinh bay so db cia day chuyén lam sach chon loc
bang furfurol.

Khac véi so d6 dung phenol, trong sg db diung furfurol khéng cd thap hép
thu, nhung lai ¢6 thip tach khi cia nguyén lieu. B8 phan khi khi nhidm tach
khéng khi hda tan trong nguyén liéu dau nhdn do khang khi nay c6 thé oxy
hda tao nhua furfurel. Hoat déng cua day chuyén nhu sau:

Nguyén liéu duge bom 1, cho qua thiét bi trao d6i nhiét 2, & day nd dudc
d3t néng dén nhiét doé 130 + 140°C rdi vao thiét bi tach khong khi 3. Thi&t
bi nay la mét hinh tru thang ding cd b tri eac dia bén trong. Thist bi tach
khong khi 8 lam vide & ap sudt chan khéng (ap suit du khodng 9,5 dén
10 kPa). Nhiét do6 khi khi 1a 120 dén 130°C, khong khi dugc tach cing voi
hdi nude. Sau dé nguyén liéu da khd khi duge bom 4 cho qua thiét bi trao
d8i nhiadt 5 rdi vao thdp trich ly 6.

Vi ring khi 1am sach bang furfurol, ngudi ta khong dung chit chéng hoa
tan (chét lam giam kha ndng hoa tan cta dung mdi} nén dé€ nang cao kha
nang trich ly, ngudi ta cho tuiin hoan phin gia rafinat vao day thap. So do
cia bd phian nay gdm bom tuadn hoan 30, bé lang gid rafinat 31 va thiét bj
lam lanh 32, ddng thoi diung thap tiép xac dia quay cd hidu sudt cao.

S& cdp tai sinh furfurol ti cac dung dich & céc sd dé cadng nghé khdc nhau
ciing khdc nhau. Vi du & so db trén hinh 4 -7, dé€ tai sinh phan rafinat nguoi
ta dung hai cdp, con d€ tai sinh phan chiét ngudi ta dung bén cép.

Sa db lam sach dung dung mai NMP khong khédc nhigu so véi so db cong
nghé ding phenel hay furfurol. T cdc day chuyén cdé sfn, chi thay déi doi
chiit 1a cd thé dung cho dung mdi NMP. Qu4 trinh st dung NMP thay phenol
va furfurol la k&t qua cua yéu cdu bao vé moi trudng, sdic khée va an toan.

d. Ché dj cong nghé

Khi tién hanh qua trinh lam sach bing dung méi chon loe, ngoai thanh
phin hda hoc ctia nguyén liéu va cla dung moi, can phai xdc dinh cdc dieu
kién cong nghé cia qué trinh nhu ty 1¢ dung moimguyén lidu, ché do nhiét
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d6 va cac chat pha thém vao dung mai.
- Ché dg nhiét d¢

Nhiét d¢ ti€n hanh qua trinh, trude hét duoe chon dua vao dai lugng nhiét
do tan 1An hoan toan nguyén lidu vao dung mdi va nhiét dé d6 goi la nhiset
dd héa tan tdi han cda dung mai (KTS). Nhiét do trich by cAn phai nhé hon
nhiét d6 K'TS. Nhiét dd hoa tan tdi han cda dung méi d6i vi phan doan diu
nguyén liéu phu thuéc vao thanh phin cua phéan doan va vao ty 18 dung
mdi/nguyén lidu. Dang phy thudc giita KT8 va ndng d6 cda dung moi thuong
co dang nhu dé thi & hinh 4 -8.
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Khi bist KTS, ving lang rafinat can chon thap hon nhiét do nay tit 5 dén
15°C (nhiét d6 dinh thap trich ly). D€ tao dong lyc trich ly, cAn cd sy chénh
léch nhiet do dinh va ddy thap trich ly trong khoang tit 5 dén 30°C. Nhiét 46
nay duge diéu chinh biang nhiét do edp liéu cia nguyén litu va dung moi vao
thap trich ly ciing nhu nhiét d¢ cia dong tuain hoan.

- Ty lé dung méilnguyén lidu

Ty 1& dung mbl/ nguyén lidu cing 1a thong s6 co ban cua qué trinh trich
ly, vi cung v0i ch& do nhiét, nd xac dinh hiéu sudt va chit lugng cua rafinat.
Tay theo yéu chu vé chit lugng ctia rafinat ma thong s6 nay cd th& thay ddi
trong mét pham vi rong (xem bang 4 -5}

Dic trung thay déi cia cac théng s6 cdng nghé co ban cla qua trinh trich
ly bing dung moi chon loc duge bi€u didn & cdc dd thi trén hinh 4 - 8.

Su phu thudc cua hién sudt rafinat vao ty 1& dung moi/nguyén liéu va
nhiét do trich ly cd thé biu dién bang phuong trinh thyc nghiém sau:
ig (160 — R) = {a + 8T) 1gS + T + d
g day: ’

R - higu sudt rafinat;

T - nhiét do trich ly, °C;

S - ty 1& dung moéi/nguyén lidu;

a, b, ¢, d - cac hang s8 thuc nghigm.

Viéc b8 sung chdt 1am giam kha nang hoa tan cta dung méi vao ving
trich ly tiy thude vao chat lugng cia diu nhdn nguyén litu. N&u nhiét d6 hoa
tan tdi han cia nguyén ligu (KTS) cang thdp thi ¢6 thé bd sung chit lam
giam kha nang hoa tan nhiéu hon va cing cho hidu qua cao han. D61 khi ciing
6 thé bé sung chit giam kha nang hoa tan vio viung rafinat. Nhos cd céc chat
giam kha nang hoa tan ma lam sy phan pha t6t hon, gidm kh4 nang tao
thanh 16p nhi tuong ben gitta hai pha.

Vi du v& cac thong sd cong nghé va can bang vat chdt cia qua trinh trich
ly bang phenol va furfurol véi cac nguyén liéu khac nhau duac trinh bay ¢
cdc bang 4 -5 va 4 -6.

4.3.3. Quéa trinh tach séap

Sap 1a mot hén hop ma chia yéu 1a cac parafin phan tit lon va mot lugng
nhé cdc hydrocacbon khdc cd nhiét 46 ndng chay cao (chung dé k&t tinh &
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Bdng 4 - 5. Ch& di cong nghé cia qua trinh trich ly

Nguyén liju
Cée thing s8 p
v Diu nhdn cdt D4u nhdn khd asphan
(TU dau thé ving Thy Xibiri, nhiBu luu huynh)
Dung mii phenol phenol
Ty 1& dung méi/nguyén ligu (V/V) 15 + 2:1 2+ 25:1
Nhigt d6 thap trich ly, °C:
- dinh thép 73 -76 78 - 88
- day thap 65 - 68 72-78
Dung dich nudc - phenol, % so
vdi phenol:
- vag dinh thép 1-3 1-2
- vA0 day thap 2-4 2-4
Td diu md Bakinski

Oung mbi furfurol furfurol
Ty 1& dung méi/nguyén ligu (V) 281 35/
Nhigt d9 thap trich ly, °C:
- dinh thap 15 130
- day théap 70 85

nhiét dd thip) va kém hbda tan vao ddu nhon ¢ nhiét d§ thap. Vi thé ching
can phai tach ra khoi ddu nhon. Trong thue té, da phin diu gée ché tao ti
dau moé déu phai qua khau tdch sap, xit 1y tach parafin, chi ngoai trit mét khi
méa ham lugng cha parafin khéng cd anh hudng tdi dd linh déng cha déu nhin
(khi lam viée & cde nude vung nhiét déi hay lam viéc & nhiét d6 cao hon nhist
do binh thudng). Tach parafin 12 mot khau quan trong va khd khan trong
qué trinh san xuit dau nhon géc. C6 hai loai quy trinh cong nghé hién dang
duge st dung trong cong nghiép san xuit ddu nhon. Quy trinh thd nhat 13
lam lanh d& két tinh sdp va diing dung méi d€ hoa tan phin dau da cho phép
loc nhanh tach sap khéi ddu nhén. Quy trinh thd hai 13 cracking chon loc dé&
bé gdy parafin tac sdn phidm. Qua trinh ndy con duge goi 1a qua trinh tdch
parafin diung xdc tdac. Tuy theo mifc d6 khit parafin ma ngudi ta cd thé phén
thanh qué trinh khi parafin binh thuding hay qua trinh khit parafin triét d&.
Trong qua trinh khd parafin binh thudng, ngudi ta nhan duge sin phidm co
nhiét d¢ dong dac tir - 10 dén - 15°C (- 18°C). Con & qud trinh téch triét dé
(tach sdu), sin phdm diu nhin gdc thudng cd nhiét d6 déng dac tir - 30°C
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Bing 4 - 6. Cin bling viit chit cha qué trinh trich ly bing phenol vi furfurol

Nguyén figu
D3u nhdn cAt Dau nhdn khd asphan
(TU diu Tay Xibiri, nhibu
Uy huynh

Vao thap, %:

- nguyeén lidu 100 100
- furfurol 200 260

Téng cong 300 360
Ra khdi thap, %:

Dung dich rafinat: 64 1
- rafinat 56 60
- furfurol 8 1"

Dung dich chiét: 236 289
- phan chigt 44 40
- furturol 192 249

Téng céng 300 360

» Khi ding dung méi I3 furfurol va nguyén liéu tU diu tho Bakinski

VAo thap, %:

- nguyén liégu 100 00
- furfurol 370 450

Tdng cbng 470 550

Ra khéi thap, %:

Dung dich rafinat: 85 78
- rafinat 75 &5
- furfurol L¢ H

Dung dich chigt: ass 474
- phan chigt 25 as
- furfurol 360 439
Tényg ebng 470 550

va thdp hon. Can nhé ring parafin ciing 13 cfu t& cd chi s3 nhét t6t, nén
mic dé tach qud sAu parafin la digu khéng can thigt. Hon nita, chi phi d&
tach triét d&€ parafin t6n kém hon nhidu. Do dg trong cong nghiép, ngudi ta
chi tién hanh tach vita du d€ dap Ung nhu ciu can thiét, roi sau dd ngudi ta
pha thém phu gia chéng dong cho dau gic.

4.3.3.1. Qud trinh tich sip bing phuong phdp két tinh

Khi tién hanh lam lanh phan doan dau nhon, sap duge tdch ra do ching
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bi k&t tinh. Nhu vay bing cach két tinh ¢d thé xd ly dau nhdn chda sap. Qua
trinh nay dua vaoc nguyén ly két tinh parafin ran bang cach lam lanh, sau dd
tach chung khéi diu nho loe hay ly tam. Trong cdc day chuydn san xuit trudc
day, diu dugc lam lanh & cde dan lanh, sau dd hén hop dac chia dau va sdp
duge chuyén qua bd phan loc ép Ap suidt. Tai day nhitng tinh th€ siap duge
git lai, con dau nhon duge chay qua. Khi 18p sdp da da day, xA 4p va thdo
cdc banh sap thd ra. Phuang phdap nay cd cdc nhude di€ém sau:

- Lam viéc gian doan va rdt nhiéu khau phai dung tdi ap sudt;

- Do nhét ctia dau tdach sap lén, gay tré ngai cho qua trinh loc, dae bist
1a vdi cac loai diu ed do nhdt cao;

- Khong dp dung duge cho nguyén liéu 1a dau cén vi tach sap khong triét
dé, do cac vi tinh thé parafin duge tao ra trong qua trinh khéng thé tich ra
bang loc.

4.3.3.2. Tdch sdp bing dung méi chon loc

D& khAc phuc cde nhuge diém trén, nguvi ta st dung dung moi d&€ tang
ds linh dong cia dau nhén. Do sap cing ¢é thé hoa tan vao dung moi, nén
phai tién hanh & nhiét do thdp va phai chon dung moi thich hop. Véi dung
méi ¢d do chon loc cao, ¢ thé thu duge phin loc cd d¢ nhot thdp ngay & nhiét
d6 két tinh sap. Nhd vay cd thé két tinh duge moi thé loai sap va lai dé tach
ra bang loc. Do nhét ciia hén hop thdp con cho phép thay qua trinh loc gian
doan bang qua trinh loc chan khong lién tuc cd hiéu qua kinh t& cao. Mt
dung madi tich sip tot phai théa man cdc yéu ciu sau:

- it (hay khéong) hoa tan sép;

- Hoa tan tét dau nhon & tai nhiét do két tinh sap;

- S4p & dang tinh thé Ién d€ dé tach bang loc;

- Cd nhigt do s6i thdp d€ dé tach khdi dau, tiét kiém nang lugng;

- Dung mdi phai dé ki€m, ré, khong doc hai va khong gay an mon;

Ty lé dung mdi/nguyén liéu diu thip d€ gidm chi phi van hanh.
Ngudi ta con sit dung hén hop dung moi sao cho thich hop vdi tung loai
dAu nhdn nguyén liéu khac nhau. Mét s6 loai dung méi hay duge st dung
trong phudng phip nay gom dung méi chinh la céc keton, hydrocacbon thom
va cac dan xuit clo hitu co. Dung hén hgp hai loai dung moi cho hiéu qua tét
hon. Vi vay phd bién nhit la ding dung moéi keton - hydrocacbon thom, vi
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Bdng 4 - 7. Cac tinh chiit cha dung méi ding d& tich sip
Chi tidu Axston MEK MIBK Tolusn | Diclostan Matylen
clorua

Khéi tugng phén tf 58 72 100 92 99 85
Khéi lugng rigng & 25°C, kg/m® | 7885 7997 8623 1250 1330
Nhigt d& s&, °C 56 80 " 1 B4 40
Nhigt d8 néng chay, °C - 95 - BB - 85 - 95 - 353 - 967
Hén hop ding phi véi nudc
co;
- nhiét d§ s8i, °C . 73,45 87.9 84,1 381
- nhi&t d& néng chdy, °C - 95 - 86 - 85 - 95 - 353 - 96,7

du nhu hé&n hop cGa metyletyl keton (MEK) véi toluen hay MEK vdai
metylizobutylketon (MIBK). Mét s6 tinh chéit co ban cia cdc dung moi tach

sap ¢d cho trong bang 4 -

7.

So dd cong nghé tich sap dang dung mdi duge trinh bay trén hinh 4 -9,
gdm ba cong doan: Pha trén dau nhan cin tach sip voi dung moi rdi lam
lanh; loc hén hop da lam lanh d€ tach sap; tai sinh, thu hdi dung moi dé su

dung lai.

liey X .
Thiél bi két fink

Dung mi phe locng

lam sack

Diu tacksdp

Py L o
SN
es| i@
B3 |
T3 3
- Iy

] §
= =

Thiét by

P

1 sqp waf

Phin loc fank

Durtg mide rua lank

lamn lanf b8 axit —a=
L
! 1 U

HE thitg lam lank | 1ol cpim

khdrg gy

Sdp vot

Sdp mém

Hinh 4-9. S0 dd cdng nghé tach sap ding dung mbi chon loc.
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Thér khi’

g
bank sdp

Hinh 4-10. Nguyén Iy lam viéc cla tréng loc

Hoat dong cua sd dé nhu sau: Dau nhan va dung méi duge tron vai nhau
theo ch& dd cong nghé chon trude & thiét bi tron (vi du nhu & hinh 4 - 9) rdi
sau d¢ qua thiét bi lam lanh (& day tdc nhan lanh c6 thé ding amoniac,
propan, etan hay etylen). Hén hgp lanh gom sap va dung moi duge dua vao
bo phan loc quay chan khong hinh tréng dé€ loc tach sdap két tinh. Bé phan
loc quay chan khong la thiét bi hinh tru dude boc bdi mot. Itéi kim loai hoac
luéi bang chidt déo. Tréng quay cham quanh truc nam ngang, phan dudi di
qua b€ chia hinh tru to hon tréng loc, noi d€ dau va sap duge dan vao. Tréng
loc duge chia thanh nhidu ngan bdi cac véch ngan di tir tam ra ngoai thanh,
mé&i ngan dugc néi vai bo phan hut chan khong nhdy 6ng néi § dudi tréng. Khi
tréng quay, nhitng dng nay néi véi mdi ngan nhit dinh. Ngudi ta tao chan
khong bén trong tréng. Khi ngan nao dd di qua hon hop sap diu thi dau va
dung moi th&m qua 16p so boc va ludi roi vao bén trong theo &ng ndi ra khoi
tréng. Sap bi giit lai, tao thanh 18p bam trén bé mat vai lgc va bi don ra xung
quanh do chuyén déng quay cta trong. Ldp banh sap nay sau dd qua bg phan
ria bing dung mdi lanh rdi duge chuyén qua b phan lam kho va cudi cung
sap tach ra bing cach thdi nhe mot ludng khi tit trong trong ra phia ngoai,
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ddy banh sdp ra bang chuygn trudc khi né cham téi dao nao clia tréng loc.
Dung méi duge thu hbi va tai sinh tir phan sap va phan loc rdi lai dude dua
tré lai chu trinh. Hinh 4 - 10 m6 t4 nguyén ly cdu tao vi hoat dong cia tr8ng
loe. '

Trong cdc day chuydn sidn xuit hién dai, nguoi ta thudng dung loc hai
cAp dé tach triét d€ sdp va tranh dau lan vao sdp. D€ tai sinh dung méi,
thudng ngudi ta tién hanh chung cit va chung theo hai nudc & 3 dén 4 thdp
chung.

Ché d6 cong nghé

Céc y&u té co ban cta qua trinh tdch sap bang dung mdi bao gom: chit
lugng nguyén lidu, thanh phan dung méi, ty 1&¢ dung moi/nguyén liéu, toc do
lam lanh va nhiét d6 loc.

Die trung anh hudng cia cdc thong s6 co ban nay dén hiéu suét dau tach
sap, téc d6 loc va nhiét do dong dic da duge trinh bay trén cac d& thi hinh
4-3vad-4

« Chat lugng cua nguyén liéu

Chét lugng cia nguyén liéu sé quyét dinh ¢ac yéu t6 cong nghé khac va
tuan theo mot s6 quy luat sau:

1. Nhiét d6 soi va do nhdt ctia nguyén lidu cang 16n, cang khé tach hoan
toan cac parafin rén, téc do loc cAng nho va nhiét d6 déng dac cla dau nhan
da tach sap sé cang cao. Vi thé qua trinh tach sap v&i dau can sé ¢ toc do
loc nhé hon va nang suét thiét bi thip hon.

2. D4 nhét va ham lugng hydrocachon rén trong nguyén liéu cang 16n thi
cang doi hdi phai tang lugng dung moi pha lodng.

3. Thanh phan phan doan cua nguyén liéu cang hep thi t8c 46 loc cing
nhu liéu sust dAu nhén sé cao hon va ham lugng diu con lai trong sap mém
ciing nho hon.

- Thanh phén dung moi

Ham luong keton trong dung méi keton- thom (theo thé tich) thuding dugc
khéng ché nhd sau: Trong hén hop MEK- toluen la 40 dén 60%, con trong véi
axeton- toluen 1a 25 dé&n 40%. Khi s& dung keton va hén hgp MEK va MIBK,
ham luong keton theo ty l& thé tich la 3/1.

« Ty l¢ dung moéifnguyén lidu vi ché db pha lodng
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Dau cang nhdt, ham lugng parafin rdn cang nhiéu thi ty 1é dung madi cang
ldn. Ty 1¢ thich hop phai duge xéac dinh bang thuc nghiém. Khi tach sap nguyén
liéu can, ngudi ta thuong pha loang mot lan va cho dung méi vao ngay & thiét
bi trao d8i nhiét. Con khi tach sap la phan dau cét, ngudi ta chia luqng dung
mbi ra lam mot s6 lan (tu 3 dén 4 lan), lan dau ¢ thiét bi trac d6i nhiét hay
tron, lan tiép theo d thiét bi loc.

Thong thudng dé pha loing nguyeén liéu trude cdp loc thi nhat, ngudi ta
ding dung mai lanh, con dé pha loéng cho cdp loc thi hai, co thé dung ngay
phan rafinat. D€ rifa sdp, ngudi ta diang dung moi "kho".

« Nhiét do lam lanh cudi (nhiét doé lo’c)

Nhiét do loc can phai giit thdp hon nhiét d6 dong rén cia dau can tach
sap khoang ti 5 - 10°C dé qua trinh tach sap dat hiéu qua tét.

Ngoai cdc qua trinh vira k€ trén, trong cong nghiép tach sdp ngudi ta con
ap dung cdc dung mdi khac nhu axeton hoac propan. Qua trinh dung propan
chi kh#c qua trinh khit asphan la nhiét do lam lanh d€ két tinh sap dat duge
do su bay hoi tung phan propan trong hén hop propan - dau - sip. Con qua

Mdy re€n ] Khi tudn hedn
Hydro 1

Phén nhe
—

P o
3
5]
oy
oy
£ 5
£ =
2 2
IO x
]

Déir rhdn j

T la 5;15,'

Hinh 4.41. S0 d& céng ngh2 hydro hda 1am sach
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trinh tich sdp bang xde tac chua duge ap dyng rong rai ma con dang & giai
doan nghién cttu v3 thi nghiém ban céng nghiép.

4.3.4. Qua trinh lam sach bing hydro

Qua trinh tinh ch& sdn phdm dau da tach sap la qua trinh cAn thist nham
loai bé cdc chdt hoat dong vé mat héa hoc, ¢ Anh hudng dén dd mau cia
dau gée. Vi dy, cdc hop chét nito cd Anh hudng rdt manh dén mau sic cing
nhy d¢ bén mau eta dau gée, vi th& phai loai bé ching va dé chinh 1a yéu
chu cha qua trinh tinh ch& bang hydro.

Sd d6 ctia qua trinh lam sach bing hydre duge trinh bay trén hinh 4 -11.
Nguyeén lié¢u tiép xic véi hydre trong didu kién ed xic tac va nhiét do, ap suit
cao. Théng thudng sd dung nhiét do 300 - 370°C, ap suat 40 dén 60 at (4
dén 5 MPa). Da s8 cdc qua trinh lam sach bang hydro thudng dung xuc tde
coban - molipden (Mo - Co). Nguyén liéu diu nhdn con chia cdc hgp chit cia
cac nguyén t5 O, N, 8 duge chuyén hda thanh nude, amoniac va sunfuahydro
(H,8). Cdec hydrocacbon tham mét phan bi hydro hda thanh naphten. Tinh
chit chia dau nhtn sau khi hydro héa lam sach duge thay déi nhu sau:

Lam gidm dé nhét o - 2
Lam tang chi s6 nhat 0-2
Hea thdp nhiét dé doéng dge, °C 0 - 2
Tang sang mau (dd) 1-2

4.3.5. Xu huedng cai tién cong nghé san xudt dau gdc

Cong nghé san xudt ddu gbc vira nédu la cong nghé truyén théng va ngay
cang duge cai thién nhdm tao ra san phdm cd chit lugng cao hon, higu suit
16n hon va kinh t€ hon. Mot trong nhiing hudng cai tién la 4p dung cic qua
trinh x4 1y bang hydro, cg xic tdc, chang han nhu qu4 trinh hydrocracking
va hydroizome hda.

Nho qu4 trinh hydrocracking cho phép san xudt duge loai ddu nhén co
nhiét dé déng dac thdp va chl s6 do nhdt rat cao. Tuy theo didu kién coéng
nghé ngudi ta chia hydrocraéking thanh ba loai sau:

1. Hydrocracking khe khat ti€n hanh & 4p sudt hydro rdt cao, tit 200 d&n
250 at (20 dén 25 MPa).

2. Hydrocracking véi do khe khat vira phai tién hanh & ap sudt hydro tu
100 dén 150 at.
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Goiivleoeracking & digu kién mém tién hanh 8 Ap sudt hydre tir 30 dé&n
VUt

Qui trinh avdeocracking hay dung 14 loai 1 v& 2, cdn hydroeracking mém
chinh 14 qud trinh hydro hoa lam sach vita néu trén.

Khi tién hanh hydrocracking d¢ san xudt daw nhon, ngudti ta lam thay
d6i thanh phan hoa hoe va ciu trde ctta nguyén liéu theo hudng tang cac
hydrovacbon ed chi 88 nhdt cao, nhiét 4o dong dac thap va 46 6n dinh oxy
hda cao, Nha ¢ mue 4.1 d4 néu, sin pham chinh cua qua trinh sé& la cac hgp
chit mat vong loail naphten hay hgp chat thom cd mach nhdnh alkyl dai phan
nhanh hoac cic izo- parafin tu C,) d&n C,) ¢d cdc nhanh phan nhdnh. Vi thé
khi tién hanh qua trinh hydrocracking, ngoai cdc phan dng hydrogenolyse cac
hop chat di nguyén td nito, oxy, luu huynh, cde phadn ¥tng mong mudn cin
xdy ra la:

1. Hydro hda cac hgp chédt thom da vong thanh naphten:

Chi s6 nhot = -60 = +20
Nhigt d6 dong dae > +50°C < +20°C

2. Tiép tuc dehydro khit vong cac naphten da vong, hydrocacbon thom va
hydrocacbon lai hgp loai naphten thom thanh hydrocacbon don vong:

R __ R, R R R R
1 (m 2 % : g 7 P
R, \Rn + RS/ \Rlo

Gni sd nhdt 20 10 - 140
Nhigt dd déng dic +20°C < 0°C

3 Hydroizome hda cdc hydrocachon parafin:

—(I— -Clo (’m_*(f""cm
C. /C\
¢, C,
0 nmdt 125 19
Coln dérg dac, 10 -40°C

Nhae e bpeng gquit trinh ab i oding xdy ra, da ddng thoi nang cao tri s6



nhét va gidm nhiét dé dong dac cua dau nhon.

Nguyéen liéu cho qua trinh hydrocracking 14 phan dau nhdn cdt, phin dau
nhon da tach nhua -asp'hanvéhﬁnh(_jp ciia chiing. Do kha nang linh dong cua
qua trinh ma ngudi ta co thé ding nguyén lidu véi dd nhdt rdt cao. San pham
nhan duge sau hydrocracking dude dung dé ché& tao dau gdc. Dac diém ndi
bat nhdt cta dau géc nhan duge bang phuong phap nay 1a cé mau séc dep va
chi 6 nhat rat cao. Vi du hiéu sudt va céc tinh chét cna dau gbc nhan duge
bang hydrocracking phan doan can da khit asphan nhu sau:

Chi tisu Qué trinh hydrocracking I
ché dd khe khit ¢h do vita phai 4‘
Higu sudt, % so vdi nguyén lidu 60 41

D6 nhdt 3 100°C 8.1 54 ‘
Chi s nhot _ 125 133 |

pé cfc hoa, % 0,009 0,005
Mau sic 1 05 ‘
1

Tiy theo so db san xudt ma san phim hydrocracking cd thé dugce dua di
chung cit v khi parafin thanh cac phan doan dau gbc.

Nguyén liéu cho qua trinh hydroizome hda thudng dung 1a cac parafin
mém (sap) hoac phan doan cét truc tiép tu dau thd chia nhidu parafin vdi
ham lugng lun huynh khong ién hon 0,03 + 0,04%. San phim chinh cda quéa
trinh hydroizome hda la cac izo- parafin, sau d6 cling duge dua vao chung cét
va tach parafin rdn dé nhan dau gdc ¢ chdt lugng cao. Dau nhon hydroizome
hda ¢6 chi s6 nhdt t6t va do tiép nhan phu gia tot.

Mat s6 tinh chit cia dau nhon nhan duge tif qua trinh hydro-izome hda
v8i cac nguyén lidu khac nhau nhy sau:

Nguydn lidu DHu eflt it nhét D8 nhét 1én ]
Chi 1idu cta san phdm ‘
Ty trong 8 20°C, kg/im® 818 832 :
Chi s8 khic xa » 9 20°C 14580 14630 ‘
Nhigt d& dong dic, °C - 52 -8 ‘
06 nhét & 100°C, eSt 33 7.0 ‘
Chi sé nhét 143 144

]

Ché do cong nghé cua qua trinh hydrocracking va hydro-izome hsa
nhu sau:



Théng =& Hydrocracking Hydrolzoms héa
Nhigt db, °C 350 - 420 360 - 440
Ap suft, MPa 0-25 4-7
T8c dd thé tich, h™' 04 - 18 05 - 15
B&i s6 tulin hoan hydro, m®/m? 800 - 2000 1500 - 2000
Tiéu hao H, s¢ véi nguydn ligu, % 02 -2 05 -1

Nhu vay cic qud trinh moi nay da cho phép san xuét tii nguyén liéu co
chdt lugng thdp thanh dau nhon gdc cd chit lugng rdt cao véi gia thanh co
thé chdp nhan duge.

4.3.6. Phan loai diu gbc

Dua vao d6 nhot va nhdt 13 chi s6 nhot, ngudi ta phian dau nhon géc
thanh céc loai nhu sau:

Dau g6c cd chi s6 d6 nhét cao HVI
Dau géc cd chi s6 do nhét trung binh MVI
Dau géc c6 chi s6 d6 nhdt thép LvIl

Hién nay ciing chua cd su quy dinh théat ré rang vé chi sé 40 nhdt cla
cac loai ndi trén. Trong thuc t& chdp nhéan 13 néu chi s8 nhét (V1) cta diu
nhiin cao hon 85 thi dudc goi 1a d&u cd chi s§ do nhét cao. N&u chi s6 d¢ nhat
thap hon 30 thi du d6 xé&p vao loai cd chi 86 dé nhét thép, con dau MVI ndm
gita hai gidi han dd. Nhung trong ché& bién dau, tif cong nghe hydrocracking
¢é thé tao ra duge loai dau géc e chi s6 d6 nhdt rdt cao (> 140). Cac loai
dau gbc nay dugc x&p vao loai cd chi s6 d6 nhot rét cao (VHVI) hay siéu cao
(XHVID). Dau LVI duge san xudt tit ddu mé ho naphten, né duge dung khi ma
chi s6 d6 nhdt va d6 6n dinh oxy hda khéng phai la chi tiéu chinh duge chu
trong nhidu. Dau géc MVI dugc san xudt tit phan cét cia diu
naphteno- parafin, nhung khéng can tach chiét sau. Con dau goe loai HVI
thudng dugce san xudt ti dAu ho parafin qua tach chiét sdu bang dung moi
chon lge va tach sap.
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Phan thi ba
CAC QUA TRINH CHE BIEN HOA HOC

Chuong §
QUA TRINH CHE BIEN NHIET

5.1. GIOI THIEU

Trong cong nghiép ché& bién dau khi, cic qua trinh ch& bi€n thuin tay bdi
nhiét da duge dp dung tit 14u nhém ché bién céc phan doan d&u khdc nhau
thanh céc san phdm ¥ng (xang, FO), khi va cfc. Cac san ph&m khi cé chda
nhidu olefin rdt thich hop cho cong nghé téng hop hda dau va hda hoc.

Dua vao nguyén liéu, san ph&m cin thu va digu kién chinh cia qué trinh
(nhiét d8, ap sufit), ngudi ta chia cac qud trinh ché bién nhiét thanh cac qud
trinh cracking nhiét; vibreking; céc hda; cracking hai (cdHn goi 1a pyrolise}.

Bang 5 - 1. trinh bay cac qua trinh ciing nhu cac didu kién cong nghé va
san ph&m chinh ctia qué trinh.

Bang 5 - 1 Céc qua trinh ch€ bi€n nhigt véi céc didu kién cong nghé va san
phim cia ching

Qué trinh Nguyan libu | Sén phdm chinh | Nhigt d8, °c |Ap sufft, kg/em?
Cracking hdi atan axetylen 00 - 1400 02 -05
Cracking hoi etan etylen 800 - BSO 02 -2
Cracking hoi . propan - butan | atylen - propylen 770 - 8OO 02 -2
Cracking hdi xamng nhe etylen - propylen 720 - 770 05 -2
Cracking hdi gasoi nhe etylen - propylen 720 - 750 05 -2
Cracking nhiét gasoil nhe xang 469 - 510 20 - 70

Céc héa cin ning clc 480 - 530 1-10

Vibreking cdn ning giam d8 nhét 440 - 480 20-70 B
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Qua trinh cracking nhiét cho phép nhan thém xing va xang la san phém
chinh ctia qua trinh. Trong khi d6 qua trinh cdc hda thi cée dau mo la san
ph&m chinh. Con & qua trinh pyrolise thi san ph&m chinh lai 1a khi chia cac.
olefin, diolefin hay éxetylen,

Céc qua trinh duge tién hanh véi cac ché d6 cong nghé khde nhau va
nguyén liéu dung cing khac nhau. Trude khi nghién cdu cdc qud trinh cu thé,
chung ta d& cap t6i viAn dé chung nhét, d6 14 co sd ly thuyét cda cdc phan
dng x4y ra khi ché bi&n nhiét v6i nguyén lidu 1a hydrocachon

5.2. CO SO LY THUYET CUA QUA TRINH CHE BIEN NHIET

Qud trinh chuyén hda hoa hoc cac hydrocacbon ctia mot phan doan dau
dudi tdc dung ctia nhiét 1a mét qué trinh hét sic phite tap. Phic tap do thanh
phin clia céc cdu ti trong phan doan. Vi thé trong qua trinh da didn ra nhidu
phan Ung ma ching ta kho cd thé ki€m soat néi. Do vay trong cac cong trinh
nghién ciu, da tién hanh nghién ciu sy bi€n ddi cua titng loai hydrocacbon
riéng lé, roi ti cac k&t qua nhan duge, cho phép phan doan, két luan cdc anh
hudng déc trung nhat clia cdc thong sd cong nghé tdi cdc phan Wng clia cac
hydrocacbon.

5.2.1. Su bién ddi cuia cdc hydrocacbon parafin

Cic hydrocacbon parafin 1a loai no, trong phan ti chi cd hai loai lién két
chinh, dd la lign k&t C — C va lién két C ~ H. Lian k&t C — C kém ben nhiét
hon lién két C — H, nén dudi tic dung cia nhiét & nhiét do cao sé xay ra su
phan hiy, dit mach lién két C — C trude. Khi d6 tao thanh cde hydrocacbon
¢6 trong lugng phan ti nhd hon. Vi du:

CnH2n+2 CmH2m + CpH2p+2‘

Né&u phan tr parafin mdi tao thanh con ¢é mach di dai, nd lai bi phan
hity tiép. Chi khi 83 nguyén ti cacbon trong phan ti nhé hon 4, lic nay parafin
kha bén va kho bi dit lién k&t C—-C, nén khi ddé co thé xay ra su dit lién két
G - H tao thanh hydro. Vi du:

CoH,gyy — Gyl + H,

Vi tri ddt mach C — C phu thuéc nhidu vao digu kién tién hanh qua trinh
nhu nhiét d6, ap sudt va thai gian luu cda hén hgp phan dng & nhist do do.
0 nhiét do cang cao va 4p sudt cang thap, vi tri dit mach cd xdc suit lon la
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3 hai dau mach. Do vay ma ¢ didu kién nay thudng cho san phim khi nhigu
hon. Nhu vay, néu mudn nhéan nhigu san phdm khi chda olefin, ta phai chon
nhiét d¢ cao va ap sudt thap. Nhung ¢ digu kién nhiét doé vita phai (450 -
530°C) va ap sudt cao thi vi tri dit mach lai c6 xdc sudt 1dn la & gita mach.
Do vay ma & didu kién nay sé tao didu kién thuan lgi d& tang hiéu sudt san
ph&m long, giam bt hidu sudt khi. Do 1a co sd quyét dinh didu kién cong
nghé khac nhau gida cracking nhiét va pyrolise. Co ché ciia qua trinh dudgc
shidu nha nghién cdu cong nhan dd la cd ché gde-day chuysn do Rice d@
xuéng. Theo thuyét nay, co ché& phan huy céc hydrocachon parafin xay ra qua
cdc giai doan sau:

1. Tao gfic tw do

Do lién k&t C — C kém bén, g nhiét d6 cao nd bi tach va tac ra gbe tu
do:

. R-R — R + R’
Vi du:

C.H,, C,'H, + Cy'H,

O didu kién 4p su&t thudng va ohigt do lin hon 600°C. chi 6 cac goe ",
*CH; hay *C,Hq 1a co kha nang ton tai trong khoang thei gian ngan trude
khi ching va cham vao nhau va gay nén phan ung hda hoe. Chn eic goc 1on
hon, rdt khong bén, ching lap tdc bi phan huy tao ra cie goe nho vi dong
thoi tao ra olefin. Vi du: -

CSH, — CcH, + "CH;
— CH,, + B

Trong khoang thyi gian nhét dinh (phan nghin giay) ndng do cac goc tu
do tang lén rdt nhanh.

2. Céc phdn iing ctia gfc ty do trong giai doun phit trién chudi

G6c tu do phan dng vdi nguyén liéu ban dau va tao thanh géc mdi:

RH + H* — H, + R’
RH + R — RH + R

Do do bén cia géc tu do bac 3 > bac 2 > bac 1 ma sy tach nguyén tu
H & nguyén li¢u sé wu tién trude tién la cac izo-parafin, sau dd moi dén
n-parafin.

Cac gbc 16n rdt dé bi phin huy thanh céc gc nhé va do vay tao ra hudng
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phan ing m6i. Chinh vi th€ ma ngusi ta goi la phan dng day chuyén phan
nhanh.

Cac géc ty do cd kh4 nang phan dng 16n hon nhidu 1an kha nang phan
Ung truc tiép cia hydrocacbon nguyén liéu. Nang lugng hoat hda cia cdc phan
Ung giita cac géc tu do chi vao khodng 10 dén 20 keal/kmol, nghia la nha hon
nhigu lan nang lugng hoat hda cla phin 1¥ng phan hiy true tigép. Cac s6 lidu
trong bang 5 -2 cho thdy r5 didu nay. Chinh vi thé ma sin phim cudi l1a hén
hop s4n phdm chia cac phan Ung giita cdc gdc tu do vdi nhau va véi nguyén
lidu.

Bing 5 - 2. Cor c¢hé phan hiy mhiét C2il;, (theo Rice)

C,H, 2CH,* E = 84 keal /mol
CH*; + C,H, ~— CH, + C,H,’ E = 8 keal /mol
C,H,* C,H, + I E = 40 keal /mol
H* + C,H, C,H:* + H, E = 7 keal /mol
H* + C,Hy —— C,H, E = 0 keal /mol

3. Giai dogn dicng phdn ing

Khi téc do tao thanh bang téc d6 mat di cla cac géc tu do, phan dng
chudi coi nhu két thuc. Su mit ciac goc ty do c6 th€ do cdc gbc va cham vdi
nhau, phan Wng v6i nhau tao thanh phan td trung hoa;

R* + H* —— RH
R* + R,"— R; - R,
2H* — H,
Vi du v6i nguyén liéu la etan, phan dng dit mach cd thé trinh bay nhu
sau:
H* + C,H;" — C,H
2C,H"  —— CH),
H* + CH;* — CH,
2H* H

2
5.2.2. Su bién ddi cua cdc hop chit olefin
Trong dau thé ban dau, ham lugng olefin khong dang ké, nhung duéi tac
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dung c@a nhiét d¢ cao, cac hop chat olefin s& dude tao thanh. Ching ed kha
nang phan @ng cao hon so véi paraphin. Hydrocachon olefin bién dgi da dang
hon va cing phu thudc rdt nhigu vao digu kién tidn hanh phan wng (nhiét da,
ap suit). O didu kién nhiét do thdp va ap sudt cao, cac hydrocacbon olefin c6
trong lugng phan ti thdp dé bj trung hgp. Phan dng trung hgp cang manh
néu ap suit cang tang cao. Nhung néu tang nhiét d9 thi téc do phan tng
trang hop lai gidm xudng, nhudng ché cho phan ng phéan huy. Va néu thei
gian luu trong ving phan dng cang lau, thi sy phan hay xdy ra cang manh
ligt. Co ch& phan hiy olefin clng giéng nhu co ch& phan hiy parafin, nhung
phan dng thuan lgi la dit mach lién k&t C — C & vi tri Bs0 vai noi dobi.

Ngoai phan ding trung hdp, phan hiy, cic hydrocacbon olefin ~on tham
gia cac phan dng ngung tu, alkyl hda véi cac hydrocacbon naphten hay
hydrocachon thom tao ra edc hgp chiit cao phan ti va cudi cung 1a tao thanh
nhua va céc.

5.2.3. Sy bién ddi cua hydrocacbon naphten

RH naphten cé d6 bén nhiét cao hon so véi parafin cd ciing s6 nguyén tir
cacbon trong mach. Céc bién dgi dac trung cia hydrocachon naphten & nhiét
dd cao la thuong xay ra edc phan \ng uu tién theo thi tu sau:

- Khi nhanh alkyl

- Khit hydro tao olefin vong va sau dd tiép tuc tac thanh hydrocachon
thom.

- Phén huy vong dbi véi cdc naphten da vbong thanh naphten don vong.

- Khtt naphten don vong thanh parafin va olefin hay diolefin

Nhu vay, ré rang 1A cdc naphten khi tham gia phan dng phan hdy nhiét,
san phdm tao thanh cd dac trung "no" hon so voi parafin, va cd xu hudng tao
thanh nhidu cdc phan tit o trong lugng trung binh, nghia la cho phép tao
nhidu sdn phém léng hon so vdi nguyén liéu la parafin.

5.2.4. Sy bién ddi cua hydrocacbon thom

O nhiét dé cao, sy bi&n ddi cia hydrocacbon thom xay ra theo quy luat
531

- Kh{t nhianh alkyl

- Cde gbc thom ngung tu véi nhau, khit hydro tao thanh géc mdi cd phan
td lugng ldn hon va nhidu vong thom hdn, cudi ciing phat trién thanh hgp
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chit cao phan ti goi la cacboit hay con goi 1a cSc. Nhu vay cde ddu mé khac
v6i cacbon nguyén t8 & chd ching 12 hé vong thom cd dd ngung tu cao. Cée
tao ra thuimg ldng dong, bam vao thanh 6ng phan Wng hay thiét bi trao d6i
nhiét, lam gidm téc d¢ truydn nhiét cing nhu gidm nang suét cia bom, tang
chi phi van hanh. Néu nhu qud trinh cia ching ta khéng nhim muc dich san
xudt coe thi su ¢d mat ctia hydrocacbon thom da vong Ia hoan toan khéng cd
loi cho qua trinh.

5.3. CAC QUA TRINH CONG NGHE CUA CHE BIEN NHIET

Trong cong nghé loc dau, ngudi ta thudng ap dung cac qué trinh eracking
nhiét, e6c héa, vibreking, con qua trinh pyrolise (con goi 1a cracking hoi) duoe
ap dung trong cong nghé hda dau nhim sdn xuit olefin. Do vay & phan gido
trinh nay chl d& cap dén cdc qua trinh cla cong nghé loc dau.

5.3.1. Qué trinh cracking nhiét

Cracking nhiét, vibreking, c6c hda la eic qua trinh bién d8i nguyén lidu
dau mo dudi tac dung cia nhiét do cao thanh cdc san phdm rén, long va khi.
Thanh phan vé sé lugng cing nhu chit lugng cta san phdm cudi duge quyét
dinh bdi cac théng s6 cong nghé cua qua trinh nhu nhiét dj, 4p sudt, thoi
gian phan Ung. Qua trinh bién d6i nguyén ligu la mot qua trinh rdt phuc tap,
trong dd xay ra hang loat cdc phan ung vita néi ti€p vita song song. Trong
cac qué trinh ché bién nhiét khit cdu tric, cd hai vAn dé quan trong can phai
giai quyét, dd 14

- Ngin ngita sy tao thanh céc trong 6ng phan Uing hay trong cdc thiét bj
trac déi nhiét;

- Dam bao hiéu qua s& dung cao cdc trang thiét bi trong day chuy®n.

Muén vay, cdc nghién cdu da tap trung nghién cdu vé dong hoc va cd ché
clia qua trinh. Ddng thdi trong nghién cdu cling nhu trong thi€t k& quéi trinh,
ngudi ta phai diing nguyén lidu 1a cac "cfu tu gid" tuong duong hoac la vé
thanh phin hoa hoc hoac la v thanh phin cong nghd dé co thé han ché bot
su phic tap do thanh phan cta nguyén liéu dau. Khi dd hinh thanh hai nhém
ly thuyét: "nhém cong nghé" va "nhém hda hoc”.

Theo quan diém ciia "nhom cong nghé”, cac clu ti riéng biét dung trong
tinh toan thi&t ké 12 cac hgp chit: khi, phan doan x4ng, can cracking va cdc.
Phuong phdp "nhom cong nghé" sit dung so do sau dé miéu ta qué trinh
uracking nhiét:
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A-fsp-f. g
A L, R
g day:
A - nguyén liéu cracking;
B - san phdm xang;
G - san pham khi;
R - ecan cracking va cdc.
Téc d6 cic gial doan chia qua trinh duge bifu dién.bz‘mg cac phuong trinh
sau (vdi gid thiét tdt ca cac giai doan 14 don phéan tu):

Mzk(a—[x+z+y])
di

ﬂ = kila ~ [x + 2 + D
d¢

dz

T

& day:
a - s6 mol clia nguyén liéu ban dau A;
x, ¥y, 2 - 58 mol cia A da bién d8i thanh xang, cdan cracking cdc tudng dng;
k - hang s6 t6c do bi&n d6i A thanh xidng va khi;
k| - hang sb tdc do bién déi A thanh can cracking va coc;
k, - hang s6 tdc d bién ddi xang thanh khi;
¢t - thoi gian phan dng.
Tit cdc phuong trinh trén, ta tim duge:
a.k

x o= TE (a2 atkrky
k+ k- &
k
y o= IEL o gtkriy)
k + k

x+y + 2z =all — etktk]]
Thai gian ing toi khi dat hiéu suit xang cyc dai sé la:
Inlk + k&) - Ink,
4+ ko~ Ry

tmax'
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Phuong phap khac duge ding d€ miéu tA qua trinh cracking nhiét fa
phuong phap thanh phin nhém hda hoc. Khac vdi phuong phdp nhdm cong
nghé, phuong phap thanh phan nhém hda hoc doi héi mét s6 lugng ldn cdc
phép phan tich vé thanh phan hda hec cia nguyén liéu, va né duge dp dung
khi nghién eitu sau qu4 trinh cracking nhiét. K&t qua nhan duge tit phuong
phap nay rat thuan lgi khi miéu ta qua trinh cracking can dau. Phuong phap
nay da duge trinh bay kha chi tigt & gido trinh "Huong din tinh todn cong
nghé cac qua trinh ché& bién daw”.

5.3.1.1. Thiong s6 cong nghé cia qud trinh
a. Nhiét do

Nhitng théng s& cong nghé quan trong nhdt anh huéng dén qua trinh
cracking nhiét la nhiét do, 4p suit va thdi gian phan dng. Khi tang nhiét dg,
téc do cracking tang lén theo quy luat ham s6 mi. Trong khoang nhiét dé
chon trudc, su thay ddi cac théng s vé nhiét do va thoi gian phan Wng cd
tac dung tuong hé l4n nhau. Dé gitt cho d¢ siu bién d6i 13 nhu nhau, khi
tang nhiét dé, can thiét phai gidm thoi gian phan dng. Dai lugng nhiét do
phan tng la thong s rdt quan trong. Khi tang nhiét do, téc do phan hiy ting
lén, va nguoe lai khi gidm nhiét d¢ téc d¢ phan dng trung hop lai tang 1én.
Giam nhiét do cracking sé lam giam tdc do cua cdc phan dng da tu. Nhu vay,
dé tang hiéu sudt cac san pham phan hiy (khi, 1éng) va gidm hiéu sudt cac
san pham da tu (can nhya, cdc) can thiét phai giit nhiét 46 phan ing cao dng
voi thoi gian phan @ng thich hgp. D6 la nhiém vu chinh cita qua trinh cracking
nhiét; cdn ddi vdi qua trinh cée hoa, & day san phdm chinh 1a e6c, thi qua
trinh c6 hiéu suét t6t chi khi nhiét d¢ phan ing nam trong khodng nhiét dé
vita phai.

b. Ap sudt

Ap sudt xac dinh trang thai pha cla hé cing nhu chigu hudng va tde do
cta phan Wng. Ap suit khi cracking phan doan gasoil nhe cin phai dam béo
trang thdi 16ng cua tac nhan phan \ng, bdi vi trang thai long tao digu kién
tdt cho qua trinh trao ddi nhiét, khéng xay ra sy qua nhiét cue bg, sy tao cde
la cyc tiu, con hiéu suit xdang 13 cuc dai. Néu cracking can nang, can phai
giit cho hé théng ¢ trang thai pha hén hgp hoi - 1éng. Nhiét do cang cao, ap
sudt cang thdp thi pha khi sé cang nhiéu, téc do dong trong 15 6ng sé cang
16n va cho phép giam sy liang dong cdc trong cac dng xodn cda 10. Nhung
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trong qud trinh vibreking, anh hudng cla 4p sudt khong 1dn, tang ap suit chi
o6 tdc dung lam tang mot chit it nang suidt cla thiét bi. Ap sudt cao thudng
lam tang ndng d6 cla cdc tic nhan tham gia phan Ung trong pha hoi, diéu
d6 sé tao digu kién cho cac phan dng két hop nhu phan ing polyme hoa, alkyl
hda va hydro hda,

e. Nguyén lidu

Nguyén liéu clia cracking nhiét phd bién nhit 14 phan doan mazit cua
chung cét truc tiép, phin doan gasoil nang clia qua trinh cracking xuc tac
hay can nang cia qua trinh 1am sach. Chét lugng cla nguyén liéu 1& mdt
thong s6 quan trong xdc dinh chét lugng ctia san phdm. Khi diéu kién cracking
khong thay ddi, n&u ta dilng nguyén liéu cd thanh phin cét khdc nhau sé cha
k&t qua khac nhau. Khi tang giéi han nhiét d6 séi cia nguyén lidu, téc do
phan @ng ciing tang lén. Didu nay dugc chi ra & bang 5 -3.

Bdng 5 - 3. Anh hwdémg giél hun nhiét do so6i cia phan doan d€n hign suit xing
khi cracking nhiét.

Mguysn lidu Gi&i han 38i, °C Hidu suflt x&ng, % kh.|
Phén doan ligroil 180 - 220 121
Phin doan kerosen 220 - 270 149
Phén doan gasoil 270 - 300 158
Phin doan xola 300 - 350 180

Dbng thoi, ham lugng cdc hydrocacbon trong nguyéen litu ¢d dnh hudng
quyét dinh dén chdt lugng sin phim. Digu nay da néu @ phan co 6 1y thuyét,

5.3.1.2. So d0 cong nghé

So d5 cong nghé cia qud trinh cracking nhiét phu thudc vao muc dich
cia qua trinh, phu thudée vao nguyén liéu duge st dung va cac yéu cau vé
chit lugng san ph&m. Phd bign réng rai nhét 1a s d6 cong nghé véi hai 1o
d6t. So dd nay dugc trinh bay trén hinh 5 -1. So dé duge dung linh hoat dé&
cracking can diu hoac § ch& d¢ mém (vibreking) hoac d ché& 46 cidng (cracking),
hodc néu cracking phin cit cung véi myc dich vira nhan xang va vita nhan
phan doan gasoil chia nhigu hydrocacbon them lam nguyén liéu cho qua trinh
san xudt cacbon mudi (black carbon).

Hoat dong cta sg dd cong nghé nhu sau:
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Nguyén liéu la phan ddu nang duge bom 14 cho qua thiét bi trao d6i nhiét
12, vao & phan bén dudi cia thap tinh c4t 8, dong thdi cho vac & phén dinh
cua thiét bi bay hoi 4p suit thap 9. T thigt bi 9, nguyén liéu duge tron véi
phan doan gasoil nang va duge dua vao ddy thdp 8. Dong nguyén liéu va phan
tuan hoan duge trdn vdi nhau roi nhi bom I8 cho qua 1o dét nguyén lidu
niang 1, sau dé vao budng phan dng 3. Phan doan gasoil thu duge d dia "diéc"
cua thap 8 nhd bom 19 cho qua 16 d6t 2 d€ cracking sau va tiép tuc vao thiét
bi phdn ng 3. Tt thiét bi 3, san pham di vao thist bi bay hoi ap suit cao 4,
& day phan nang cracking dudc tdch ra va duge cho vao day thdp bay hai ap
suit thap 9, tir thi€t bi nay sé tach duge phan doan gasocil. Phin nang dugc
ngung tu va cho quay lai tuéin hoan ciing vl nguyén liéu, con phin nhe tach
ra & dinh thdp 9 duge cho qua thigt bi trao ddi nhiét sau dd di ra khéi day
chuyén.

Dong hoi tu dinh thiét bj 4 duge cho vao thap 8 Tu dinh thap 8, tich ra
phan khi va xang, sau dd dude lam lanh & cac thist bi 5, va tiép theo duge tach
trong thiét bi tach khi 7. Khi tach ra duge dan dén day chuyén phan tach khi,
cbn xang duge cho vao cét 6n dinh xang, cudi cung vao bé chia xing.

Ché do cong ngheé cua day chuy®n cracking nhiét loai hai 16 d6t nhu sau:

Nhigt dd, °C Ap suft, MPa

Lé dbt 1t - vago 400 - 410 40 - 55

- ra 450 - 490 22 - 27
Lo d6t 2 - vao 380 - 390 40 - 45

- ra 540 - 550 22 - 28
L& phdan dng 3 470 - 500 15 - 25
Thiét bi bay hdi 4p sult cao &

- dinh thép 415 - 430

- day thap 410 - 420
Thap tinh cit & 08 - 12

- dinh thap 1[0 - 210

- gida thap 275 - 320

- day thap 380 - 410
Thap bay hoi 4p sudt thdp 015 - 035

- dinh thép V0 - W5

- gida 290 - 210

- day 380 - 410
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Trén thé gioi phd bign 13 cdc day chuyén cracking véi cong suit dat tu
600 ngan tdn/nam dén 1.800 ngan tdn/nam theo nguyén li¢u. Con vdi day
chuyén vibreking thi cong suét thudng cao hon va dat tit 800 ngan dén 2.000
ngan tdn/nam.

Thiét bi chinh caa day chuysn la o dét, thiét bi phan dng va cdt tinh cat.
Sau day chi xét mot vai thi€t bi chinh.

1. Lo dng

Trong day chuyén cracking nhiét, ngudi ta hay dung lo ong hai bac: bic
xa-d6i htu loai budng. So d cdu tric cua 1o gom co hai buéng bic xa va mét
bubng ddi luu. Trong bubng bic xa, nhién liéu duge dot chdy, cdp nhiét cho 1o
Ngudi ta b tri cdc 6ng phia trén va phia duéi ngon lia dé€ nhan truc tiép nhist
bitc xa, con & budng dsi luu 1a nhan nhiét cha khi khoi cha yéu do truyén nhiét
d6i Iuu. Trong budng bic xa,  phia trén pha-ken ctia ngon la, nguoi ta bd tri
khoang 26 8ng véi duong kinh 127 va 10 mm, & phia dudi ngon 1a, ngudi ta
b6 tri khoang 30 ong. Trong budng ddi lvu cd khoang 84 6ng. Bé mat dét ndng
t8ng cong khoang 900 m?2. D& dot, ngudi ta bé tri 18 voi dot doc theo chieu dai
cia budng buic xa, duge nap liéu nhién ligu khi hay long.

2. Cét tinh cdt

Cot tinh cdt 1a mot thigt bi hinh tru thang ding duge ché tao tii- thép
cacbon phia ngoai, con phia trong duge 16t bing thép mém, bén trong thap
o6 b6 tri cac dia va duge chia lam hai phan bdi mot dia "diéc”. Phan phia trén
lam nhiém vu chung luyén con phan mém phia dudi chi chung tach cdc cdu
tit nhe chiia trong edn nang. Vo ngoai con cd 1ép cach nhiét va céc clia dé
kiém tra sy lam viéc ciia thap, d€ lam vé sinh, lap rap va thay thé cae dia.
Khéac vdi cot tinh cat dau thod, thap tinh cdt nay Jam viée & didu kién 4p sudit
cao (0,8 dén 1,0 MPa).

5.3.1.3. Sdn phdm ctia qud trinh cracking nhiét

San phdm khi chia nhigu hydrocacbon olefin va cd thé con cé H,S5, sé
dude din vao khéi phan tach khi dé tdch riéng hydrocacbon parafin va olefin
diing thich hop cho cac muc dich khac nhau, nhu lam nguyén liéu cho tng
hdp hay lam nhién liéu.

San phdm xang cd tri s0 octan ti 55 dén 70 (MON sach, khéng pha chi),
chia nhigu olefin nén thuong phai qua giai doan xi 1y bang hydro héa lam
sach va cho qua reforming xuc tac dé nhan xdng cd tri s octan cao va 6 do
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gn dinh t6t. Gasoil thudng duge diing lam nguyén liéu d€ ché tao mubdi cacbon,
hay d€ ché tao cac loai nhién ligu FO khéc nhau. Con néu dem hydro hda lam
sach chon loc sé duge dung d€ ché& tao nhién liéu diezel. Can cracking nhiét
thudng dugc ding lam nguyén liéu dé ché tao FO hay nguyén liéu cho qui
trinh cdc hoa.

Can bang vat chat tieu bidu cia qua trinh cracking v6i hai 1& d6t nhu sau:

Nguyén ildu vio, X Cracking nhijt Vibreking
- phén doan > 350°C {diu Rormakinski) 00

- phan doan > 460°C (dBu Arlanski) 100
- phin doan gasoil cua cracking xuc téc 100

Sdn phim ra, %:

- kihi hydrocachon 35 107 23
- LPG 38 23 30
- xéng 19,7 233 67
- kerosen - gasail 53 285

- céan cracking 67,9 355 880
Téng 100 100 100

5.3.2. Qua trinh cdc hobda

Qua4 trinh c6c héa nhim san xudt cbc dau md tif cac nguyén liéu 1a cédn
ning nhu cin gudron, cdn etia qua trinh cracking nhiét hay can eta qud trinh
cracking xuc tdc. Qud trinh nay dugc tién hanh & didu kién ap suft khong
cao va nhiét do tit 450 dén 520°C. San phdm chinh la c6c, duge dung cho
cong nghiép luyén nhom, ché& tao dién cue, cho cac nganh cong nghiép khac
nhu ¢ong nghé dién tv, vién thong... Ngoai ra ta cing thu duge cic san phdm
khac nhu khi, xang va gasoil céc hda.

Qué trinh céc hda 12 mot dang ciia qua trinh cracking nhiét, Su tao thanh
cdc 1a do cac phan Ung ngung tu cac hydrocacbon tao thanh cac hgp chit cao
phan ti ¢6 d6 ngung tu vong thom cao. Nhu vay, néu nguyén lidu co chua
nhisdu vong khong no, nhitu vong thom ngung tu ¢é mach bén dai, la cdc cu
ti dé& tham gia phan ¥ng ngung tu, s& cho hiéu sudt va chdt lugng coe t6t
nhit. Kha nang tao c6c va hiéu sudt cbc duge danh gia théng qua dai luong
goi la do cée hda Conradson. B c6c hda cia nguyén liéu cang cao, cang cho
phép nhin nhidu cde hon.
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5.3.2.1, Cdc céng nghé cdc héa

Trong thuc té&, cac day chuyén cong nghé céec hda duge phén loai thanh:
c8c héa gian doan; ce hda ban lién tuc (con goi 1a cdc hda cham) va cdc hoa
lién tuc trong "ldp s6i" cda cac hat cée.

a. Céc héa gidn doan

Céc hda gian doan 1a loai c§ dién nhat. So db cong nghé cua loal nay rit
don gian. Day chuyén gom mot thiét bj chinh la ndi cée hda, thudng cé dang
hinh tru dat ndm ngang véi dugng kinh tir 2 dén 4 m va chidu dai c6 thé téi
10 + 12 m. Nguyén litu duge cho vao ndi cdc hda, rdi duge dét truc tiép dé
ridng dan nhiét d6 nham tach phan nhe va tao céc. Khi dat tdi nhiét do khoang
450 - 460°C, hic nay bat dau c6 su gidm nhiét d6 do qué trinh tach phén nhe
két thae, Khi dd ngudi ta van tiép tuc cép nhiét, nhiét do & day ndi cée co
thé dat t6i 700 - 750°C. Khi quan sat thdy nhist d6 bat dau gidm, ngudi ta
ditng cdp nhiét, tit voi d6t va duy tri thém mét thoi gian nia dé hoan thién
qud trinh tao cée. Sau dd ndi céc héa duge lam lanh dén nhiét do 250°C va
ti#n hanh thdo cfe. Chu ky lam viéc cia qui trinh khoang 25 dén 35 gid.
Nang suit t6i da cua mét ndi cdc vao khoing 5 tdn cée.

b. Quad trinh céc héa chim

Loai cdng nghé nay duge dung kh4 phd bién va rong rii trén thé gisi.
Qua trinh c¢d kha néang nhan duge lugng cde 16n hon so vdi loai so dd trén.
Trong sa d& loai nay phai cd it nhdt hai budng phan ng (budng cdc hda),
mot budng lam nhiém vy phan dng cdn budng kia trong thdi gian théo do
¢Bc, sau dd lai thay thé& cho nhau.

Nguyén liéu duge dét nong lién tuc trong 10 6ng dén nhiét d6 480 - 520°C,
ap sufit dat tdi 2 kg/cm? rdi duge nap vao budng céc héa. Budng céc hda c6
cdu tao hinh try, thadng dung. Nguyén lieu duge giit trong budng céec hoa vai
thoi gian da d€ tach hai hydrocacbon nhe va tao ¢6c. Khi budng da duge nhap
did mudc can thiét, nguyén liéu lai duge chuyén sang bubng khac. Nhu vay so
dd hoat dong theo ki€u ban lién tyc (nap lidu lién tyc va thdo cbe gidn doan).
S0 dbé cong nghé qud trinh cde hoa chim duge trinh bay trén hinh 5 - 2. Hoat
dong cia day chuydn céng nghé nhu sau: _

Nguyeén lieu dugc chia lam haj dong, nhd bom bom qua eic thist bi trao
dBi nhiét dua vao 16 6ng I rdi tit dd dua thdng vao cot tinh cdt, Tai day
nguyén li¢u duge tiép xtc vdi san phdm hoi khi tit budng cdec hoa sang véi
nhiét dé khoang 425°C, nguyén liéu duge d8t ndng tdi 400°C. SAn phidm nang
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va phan tuan hoan dudce tron cing véi nguyén lidu mdi tao thanh nguyén liéu
cho vao budng céc hda. Tir day cdt 3, nguyén ligu duge bom qua 1o dng 2 d&
nang nhiét dd lén 510°C va tiép tuc dugc nap vao budbng coc hda 4 dang 4]
trang thai sin sang lam viéc (trong chu ky nap liéw). Csc bubng khac dang
chda c6c hay dang thdo d& cée.

Dé& nhan céc véi ham lugng "chit bée" thadp va do bén cd hoc cao, ngudi
ta dua vao bubng mot lugng nhiét bs sung nhd chét tai nhiét la gasoil nang.
Gasoil nang tit day cia cét tach duge bom qua lo d6t 1, & day nd duoe dét
d&n nhist do 510 - 520°C, qua van tron véi nguyén liéu cdc hda va dude nap
vao budng cdc hoa. Tai dinh c6t 3, khi va hoi xéng cung vai hoi nudc dude
cho qua thiét bi 1am lanh bang khong khi, tiép theo lam lanh bing nuéc &
thist bi 8 toi nhigt do 40°C sau do dua téi thist bi tach khi 9. Nudc tu day
thigt bi tach khi duge cho vao bé chia 10, tift d6 bom qua cdc thiét bi trac
ddi nhiét dén nhiét do 150°C rdi vao 1o I va 2. (Gasoil nhe tit cdt tach hai 11
dude bom qua thiét bi trao d6i nhiét, sau d6 qua thiét bi 1am lanh rdi ra khoi
day chuyén lam sian phdm. Phin gasail ning tit day cot 11 dugec bom qua
thi&t bi trao ddi nhiét, vao thiét bj dun ndng dé cdp nhiét cho day thdp 8n
dinh rdi cing duge cho qua thiét bi d6t d&€ san xuit hoi nudc véi ap suat tu
1,0 dén 1,4 MPa, sau dé duge lam lanh trong thiét bi ngung tu rdi dua ra
khéi day chuyén.

Khi béo (C; — C,) tu thiét bi phan tach khi 12 cing duge dua ra ngoai
lam san pham. Xang chua én dinh duge bom, mot phiin 16n dua vao thiét bi
trao ddi nhiét sau dd cho vao cot 6n dinh 13. Tai day, dudi 4p suit 0,6 MPa
qua trinh khi butan duge thue hién. Hdi thoat ra tiu dinh thiét bi 13 duge
cho qua thiét bi lam lanh va sau dd hén hgp duge dua di phan tach khi 17
dé nhan C|, C,. Khi tach ra & cot én dinh duge dua ra ngoai. Xang da &n
dinh tir thap 13 duge cho qua thiét bi trao d8i nhiét, thit bi lam lanh rdi dua
b& chiia.

Trude khi d& cde, budng cbe lic dau duge 1am lanh dén 400°C bang hoi
nude. Hoi tach ra duge dua vao thap tach 3, sau d6 lam lanh bang khéng khi
va bang nudc rdi dua vao bé chda 16 dé tach cac hydrocacbon nang. Tifp
theo cdic trong bubng dugc thdo do bing phuong phap thay luc, nudc tach ra
khoi cée & thigt bi ling loc 16 dugce dua trd lai chu trinh.

Ch& d6 céng nghé ciia budng cde hda gdm céc thong g8: nhist d6 nguyén
litu ra khdi dng xoan cua 1o dét, 4p sudt trong budng cde. \cac thong & cong
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nghé ciia day chuyén cd cho trong bang 5-5.
c. Cdc héa lien tuc
C8c hda lién tuc cd hai loai céng nghé, dé la:

. Loai c8c hoa vdi chuyén dong clia céc hat cdc trong thiét bi thing ding,
cfc sAn phdm cd kich thudc hat lan. Qud trinh nay con goi la céc hda tiép
xic.

. Loai ding thist bi 16p s6i, & day chuy®n nay cfc sin phdm thudng cd
dang hat nhd hay dang hét.

Bdng 5 - 5. Ch€ d4) cong nghé cha cic hda chfm & Nga va M7,

Nguyén lidu i L Nga N My
: C#&n cracking C#n ddu mé

Théng & T Gudren ! Diu Ty Xibia | California | Trung déng |Cracking nhiét
Ty trong 09540 1040 09861 09840 1083
Ham ludng S, % 051 24 16 038 0556
D6 cdc héa ¢80 210 96 13 86
Hidu suft san phdm, % '
- khi 91 50 120 65 181
. xéng 10,4 30 157 %0 09
- gasoil phe 24,7 292 352 56,5 21
- gasail ndng . a7s. 278 55 '
- cfc 18,0 350 216 210 599
Didu kidn lam viéc:
. NNt dé ra khéi | _
B dét, 0°C | 47 505 496 488 502
. Ap sufit trong 08 04 | o4 0,2 034
budng cfc, MPa

c.l. Ddy chuyén céng nghé ctia qud trinh cdc hoa tiép xiic

Day chuyén loai niy dugce trinh bay trén hinh 5 - 3. Hoat dong cla day
chuy&n nhu sau:

Nguyén liéu duge 46t ndng trong thi€t bj trao déi nhiét 10, duge tron vii
phiEn tudn hoan tii thip chung cdt 13, r6i duge bom qua 1o 6ng 9. Nhiét do
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dit nong trong 1o dat t&i 400°C. Hén hop nguyén lidu sau khi ra khoi 1o dét
duge cho vao 16 phan dng I d€ tién hanh cfc hda, ngudi ta nap lién tuc chit
tai nhiét la cac hat cfe cd nhiet do 540 - 580°C, kich thudc hat tir 3 dén 12
mm vao bubng phdn Ung. Do ti€p xic v4i cac hat cfe cd nhiét dd cao, nguyén
liéu sé& tham gia cdc phan dng cracking, c6c hda. Céc tao thanh bam vao cac
hat ¢6c mang nhiét Jam cho kich thude cia ching tang lén. Thoi gian luu cta
cac hat c8c trong thiét bi phan dng phu thude vao ché& dé nhiét, Ap suft trong
thiét bi va thudong & trong khoang tir 6 dén 10 phut, khi 4p suét trong thiét
bi la 1,5 at va nhiét do bang 510 - 520°C. Céc chuy&n dong xudng &ng dén
4, v6i cho qua phan loai 6 d€ tach cdc hat cd kich thudc 1dn hdn 12 mm, sau
dd cho qua thi&t bi ]am ngudi 8 rdi ra ngoai lam san pham. Coc cd kich thudc
nho duge cho qua 16 dét 7 d€ nang nhiét roi lai dude dua vao bunke 2. San
phdm hoi duge cho qua thigt bj trao ddi nhiét 12, vao cot tinh cdt 13 va qua
cac cbt tai bdc hoi 16, 17, 18 dé phan tach thanh cdc san phdm: khi, xang,
gasoil nhe, gasoil nang va can. Can dude cho tuin hoan lai chu trinh.

¢.2. Qud trinh cdc hoa lop sdi

Céng nghé cdc hda 1ap sdi ap dung qud trinh 18p s6i cla céac hat coc cd
nhiét d6 cao, vao khoang 480 - 540°C trong 10 phan Wng. Hinh 5-4 trinh bay
so db cong nghé ciia qua trinh nay. Nguyén liéu duge phun tron véi céc trong
16p s6i cia cdc hat cdc cd nhiét do cao tit 16 d6t sang, khi dd sé& xAy ra céc
phan iing cracking, c6c hda. Céc tao thanh bam vao cac hat lam kich thuée
cia chung tang lén va céc dude tach khoi hoi hydrocacbon nhd bé phan ria
va cac xyclon. Hoi san phdm dugc cho qua cot tach d€ phan chia thanh cac
phan doan: khi, xang, gasoil nhe, gasoil nang va phan tuan hoan. Con cbe ti
1o phén ing duge cho qua 15 46t {(cing hoat dong & 1op sai) d€ nang nhiét do
tdi 600 - 620°C, bang cach dét khoang 15 dén 20% céc va cho quay lai 1o
phan Ung. Mot phan cde duge cho qua thiét bi tach, lAm ngudi va di ra ngoai
lam cfc san pham.

Qua trinh c6c hda 1dp s6i thudng dat duge nang suét rdt cao, cd thé toi
900 ngan t4n cdc/mam. Can bang vat chat va ch& do cong nghe cla qué trinh
c8c hda lién tuc dién hinh dugc trinh bay trong bang 5 -6 va 5 - 7.
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Bdng 5 - 6. Qud trinh c8c hda ti€p xie

Ning suit MNguyin lidu Hi$u suillt sdn phim, % kh.L
Ty trong| D6 cée Khi Xang Gasoil Cén
16 tan cBc/ngay 101 19 19,8 16,2 535 19,5
70 tdn céc/ngay 1055 24 14 125 496 265
900 ngan tin cdc/ndm | 1028 20 14,6 200 430 224

Bdng 5 - 7. Qué trinh cic héa Iép s6i

L Ché do cong nghé
a. Thift bi phdn ung:

Nhigt d& idp séi, “C 520 - 540
Ap sudt, at 14 - 16

Téc dd khéng gian nap lidu, kg/kgh 06 - 10
Théi gian Mu cda cfc trong 13 phan dng, phot 6 - 12

Thdi gian luu cua hdi san phdm

trén 1dp sdi, s 0 - 20

Tdc db hoi én 18p s&i. mfs o - 05

Bai s tuln hoan cdc, kgtkg nguyén ligu 65 - BO
b Thifr bi dBt cdc:

Nhigt db & 18p sdi, °C 600 - 620
Ap sudt, at 12 - 16
Thdi gian Wu cida cde, phit 6 - 12

T6c d6 khi chay trén Idp s6i m/s 05 - 07
Téc dé khdng gian trong ugng. kg/kgh 30 - 40
Tiéu hao khéng khi kg/kg céc 1n- 12

2. Hidu suér san phém cha qué trinh cic hoa Idp soi:

Nguyén ligu: Cin ning chung c&t chan khéng ¢6 céc dic tinh:
32°AP1 ham ludng Wu huynh 58% khi d@ cdc héa 285%

San pham, % kh!

- khi nhe 129
- Ca - 430°F 14,4
- 430 - 850°F 10,2
- 650 - 975°F 73
- ¢éc tdn/thing nguyén lidu 0,05
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Riéng hiang Exxon Research &Engineering tinh dén nam 1996 da xay
dung 13 day chuyén loai coc hda 1dp sbi co nang suat dat tdi 35.000 thing/ngay
(tudng dudng v8i nang sudt cia day chuydn cracking xie tac FCC),

5;79 khoy
\/\/
V% K 6{15
L Y ki
¥ N A

2

L&
- J6F cde j
— - Reaclar L/

4

Thap .
churg cdf

Khéng khi’

Hinh 5.4. Qua trinh cdc héa Idp sdi
b Nguyén higu; 1- Xang va khi ll- Gasoil nhe: V- Gasocil ndng
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Chuong 6
QUA TRINH CRACKING XUC TAC

Muc dich cta qua trinh cracking xtc tdc la nhdn cic cdu td c6 chi s6
octan cao cho xdng o6to hay xang may bay tir nguyén liéu 14 phan cat nang
hon, chi yéu la phan cat tit qua trinh chung cit tryc tiép AD va VD cua dau
tho.

Qua trinh cracking xuc tac da duge nghién cidu tif cudi the ky XIX, nhung
méi dén nam 1923, mot ky su ngusi Phép tén la Houdry méi d€ nghi dua
qu4 trinh dp dung vao coéng nghiép. Nam 1836, nha may cracking x1c tac dau
tién clia Cong ty Houdry Process Corporation duge xay dung & Mg, Cho dé&n
nay, sau hon 60 nam phat tri€n, qua trinh nay ngay cang dude cai tidn va
hoan thién, nhim muc dich nhan nhidu xang hon v6i chat lugng xang ngay
cang cao hon va tif nguyén lidu oo chat lugng ngay cang kém hon. Dong thai,
ngoai muc dich nhan xang, ngudi ta con nhan duge ca nguyén liéu co chit
luong cao cho eong nghé tdng hop hoa dau va hda hoc.

Nguyén Iy cla qué trinh cracking xuc tdc cd the midu ta bang sd db sau:

NGUYEN LIEU —» CHUAN Bf — LO PHAN UNG — SAN PHAM QUA

XU LY CHUNG TACH
XUC TAG ) XUC TAC
DA LAM VIEC . DA TA SINK

LG TA SINH XUC TAC

Qua trinh cracking xtc tac thudng duge tidn hanh & didu kién cong nghé
sau: Nhiét d6 470 - 550°C; 4p sudt trong ving ldng cda Id phan ing 0,27 MPa;
tdc do khong gian thé tich truyén nguyén ligu tuy theo day chuy&n cong nghe,
¢6 thé tit 1 dén 120 m*m*h. Xac téc cracking thuong dung 1a xie tic zeolit
mang tinh axit. sin phdm céa qua trinh la mgt hén hop phic tap cla
hydrocacbon cac loai khac nhau, chi ¥&u }a hydrocacbon cd s8 cachbon tit 3
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tré lén, vai cdu tric nhanh.

Qua trinh cracking xuc tac 12 mot qua trinh khéng thé thigu duge trong
bAt ky nha may ché€ bifn dau nio trén thé gisi, vi qua trinh nay la mot trong
cde qud trinh chinh d& san xudt xéng cd tri s6 octan cao.

6.1. CO SO LY THUYET CUA QUA TRINH

Trong diéu kién ti&n hanh qua trinh cracking xuc tde, mét s8 lvgng lén
cdc phdn dng hda hoc xay ra va chung quyét dinh chit lugng, hiéu sudt cia
qué trinh. Do la:

- Phan dng phan hiy cat mach C—C, phan ing cracking;

- Phan dng dong phan hda; )

- Phan Jng chuyén vi hydro, phan dng ngung tu, polyme hda va phan
ing tao cde. :

Sy tao ede trong cracking xic tac la khong mong muédn, vi ¢fe tao ra
thuong bam trén be mat caa xic tae, lam gidm hoat tinh va thoi gian lam
vige cla xiic tac.

Hiéu ing nhidt cia cic phan dng trén khdc nhau vé diu cing nhu vé gid
tri. Da s6 cdc phan dng phan hiy la cac phdn dng thu nhiét manh, con cac
phan Wng dong phan hda, chuyén vi hydro, polyme héa va phan dng ngung
tu la cac phan Ung tdéa nhiét yéu. Hiéu ¥ng nhiét tdng cdng cia qud trinh
cracking xac tac la thu nhiét, vai gia tri thay dgi ti 100 dén 400 kd/kg nguyén
lisu, tiy theo ban chit clia nguyén lidu duge st dung trong qui trinh.

Cd ch€ cia qui trinh cracking xudc tde 1a cd ché ion cacboni. Cd sd cia
ly thuyft nay dya vao cac tam hoat tinh 1a cae ion cacboni, ching duge tao
ra khi cdac phdn td hydrocacbon clia nguyén ligu tac dung vdai tam axit cia
xtic tac loai Bronsted (H') hay Lewis (L). M6t cdch tdm tét, thuyét nay dua
ra cdc giai doan cd ban nhu sau:

a. Giai dogn tge ion cacboni

- Tut hydroecachon parafin:
— *C H + H

noo2ntd

an2n+2 + H — +CnHlm:’-
—= *C H + C

m-T2m+
CH,,., + L(H) — *CH, | + LH
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- TU olefin:
CnHZn + HY — +CnH2n+]
¢H,, + L — *C H,,, + LH

- Tit hydrocachon naphten:

Khi hydrocachon naphten tic dung véi tdm axit ca xidc tdc hay cde ion
cachoni khdc, sé tao ra ion cacboni mdi tuong tu nhu qua trinh xay ra déi veéi
parafin.

- Tu hydrocacbon thom ngudi ta quan sat thay su két hgp truc ti&p cua

H* vao nhan thom:
CH, + H* -CHZ—CH3

o

Cac hydrocacbon thom ¢d mach bén du dai thi sy tao thanh ion cacboni
cling gidng nhu truéng hgp ctia parafin.
b. Cac phdn dng cia ion cacboni
Ion cacboni duge tac ra tit giai doan trén lai nhanh chdng tham gia vao
cac phan dng bién d6i khdc nhau nhu:
- Phan ing dong phin hda:
R-C-Cc-C-Ct—C-Ct~-C-C-R
- Phan dng cracking theo quy tdc 8 {(cAt mach & vi tri 8 so véi cacbon
mang dién): (2)
Ri—C4+C—C~CLR >R ~ C = C'= C + C'—R + *CH,
(h ¢
e
C
Vdi ba vi tri 8 (1, 2, 3) ¢ trén thi xdc suat didt mach & vi tri 1 16n hon @
vi tri 2 va 16n hon & vj tri 3. Dong thoi ion cacboni lai nhanh chdng tdc dung
vdi olefin hay vdi parafin theo phan ing van chuyén ion hydrit:
*CH,, + CH, — CH, + *C H

2m 2mt |

"CHpny + Ctlamer— CiHpny + "Clany,
Cac ion méi nay lai c¢d thé tham gia cdc phan dng déng phan hda,

cracking, alky hda hay ngung tu. Bign ddi cia ion cacboni ti€p dién cho dén
khi nd cd cdu tric bén viing nhét, ¢ dé bén cao nhét. Co thé sap xép dg bén
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clia cdc ion cacboni theo thyd tu sau:
Ion cacboni bac 3> Ion cachoni bac 2 >Ion cachoni bac 1

Vi du:
Rl-(?*—R.2>R1—C+—R2>R—C—C+
R,

D6 bén ciia ion cacboni sé quyét dinh mice do tham gia cdc phan dng tiép
theo cfia chiing. Vi ion cacboni bac 3 ¢d dd bén cao nhit nén s& cho phép nhan
hiéu suit cao cdc hgp chét izo- parafin, Chdt luong san phdm duge quyét dinh
bdi cac phan Wng cia ion cacboni ma dac biét 1a cac phan ing phan hay, dong
phéan hda va chuyén vi hydro,

c. Giai doan ding phdn wng

Giai doan nay x4y ra khi cac ion cacboni két hdp véi nhau, hodc ching

nhudng hay nhan nguyén ti hydro cia xic tac d€ tao thanh cic phan t@ trung
hoa.

6.2. CRACKING XUC TAC CAC HUP CHAT HYDROCACBON RIENG
LE VA PHAN DOAN DAU MO

6.2.1. Cracking xuc tdc hydrocachon parafin
Cac hgp chat parafin la thanh phan quan trong cia phan doan gasoil
Cac nghién cdu qua trinh cracking xie tdc parafin s& cho phép tién hanh mo
hinh hda céc hién tugng chung cia qua trinh.
Nang lugng hoat hda cia phan dng cracking parafin gidm dan néu chigu
dai mach hydrocachon parafin tang. Vi du:
n-CHy,, n-CHy, n-CiHy
E, kcal/mol 36 29 24
Vi vay khi cracking, mach hydrocacbon parafin cang dai, cang dé bi bé
giy. Vi du khi cracking xic tac cac parafin d nhigt dé 550°C nhu sau:
n-CHy,  nCH) nCpHy  nCiHy
% cracking 1 3 18 42
Su phan nhanh va s6 lugng nhanh ctia parafin ¢6 vai trd rdt quan trong
trong qua trinh eracking. N6 cd lién quan d&n kha nang tao ion cacboni va
do dd sé quyét dinh téc do tao thanh san phdm. Digu nay dudc ching minh

tit cac s8 lidu % chuyén hda parafin C, khi cracking trén xic tac aluminosilicat
nhu dudi day:
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% chuyén hda

C-C-C—C=-C-C , 14
C-C-C-C-C 25
C
C-C-C-C~C 25
C
€=G-G-¢ %
C C
¢
C-C-C-C 10
C

Khi cracking n-hexan & nhiét do 550°C trén xdc tde axit, sy phén bé cdc
san phd&m x4y ra nhu sau:
H, CH, C, C, Cy Cs
LAY 9 12 19 49 8,5 1,6
Sy phin bs nay khong d6i xing nhau qua C,. Sy cd méat mdt lugng lén
H, va metan cho thdy rang, cing mét lie xay ra nhigu phan ing, ¢d thé cd
cA phan iing cracking nhiét ciing vdi cac phan @ng caa jon cachoni nhu da
néu d trén. Phan ing chinh tao sAn pham sé phu thude vao tuong quan giita

phan dng cracking (theo quy tic §) va phan dng van chuyén hydro cia ion
cachoni,

+RH —= RH + 'R,
R+

—- +R2 + olefin

Do eracking xuc tac ma lam gidam kich thude ciia ion cacboni *R. C4c ion
ed kich thudc nhé nhu *CH4 hay *C,H; sé khd tao ra (do cdt mach & vi tri
p so véi cacbon mang dién tich). Vi thé trong san phd&m uu tién tao ra C,; hay
C4 nhigu hon C,| va C, so v6i qu4 trinh cracking nhiét.

6.2.2. Cracking xtic tdc hydrocachon olefin

Hydrocacbon olefin cd mat trong hén hgp phan tng la do phan ung
cracking parafin, naphten hay alkyl thom. Hydrocacbon olefin la nhitng hgp
chdt hoat dong hon, trong giai doan dau tién cua qua trinh, ching tham gia
phin ¥ng tao ion cacboni bdi qua trinh hip thy mét proton vaoc lién két dai.
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Ion eacboni viia tao ra sé bj cracking theo quy téae f, khi dd tao thanh mét
olefin nhe hon vA mét ion cacboni bac 1, ion nay cd th& dé& lai proton trén b
mat cia xuc tdc hay ¢ thé déng phan hda thanh ion cachoni bae 2. Vi duy:
R—CH=CH—CH2-—CH2—R|+H+——>
R-CH2—+CH-CH2—CH2—R] —_—
R—CI-12—CH=CH2++CH2—CH2—Rl
— CH; - *CH, - R, ———»Ri—CH=CH2+H2

Cac hop chit olefin nhe C, + C; vira duge tao thanh it tham gia vao phan
Ung cracking, chung thudng tham gia vao phan Ung van chuyén hydro va
phdn dng da tu, két qua la din dén tao ra parafin hay cdc. Khi cracking cdc
olefin tit Cg trd 1én, ngoai phan wing cit mach theo quy tdc B, ngudi ta con
quan sat thdy cé xay ra phan dng dime hda. Vi dy khi cracking penten da
quan sat thiy cic phan dng sau:

H +C=C-C-C=-C —>

— CH;, - *CH - CH, - CH, - CH,—
—> CH; - CH = CH, + *CH, - CH,
2C¢= > Cpm 67 + G

07: —_— C‘.i= + C,~

Chinh vi x4y ra cdc phan Ung trén ma trong san phdm c6 ty 1& C;/C,
bang 2. Phan ing cracking penten 1a phan Uing ludng phan ti, trong khi ds
phan ung cracking hepten lai 1a phan @ng don phan tu, nghia la khong cd su
canh tranh cia phan dng dime héa:

C,m — C37 + C,~ véi (CyCy = 1)

Con déi vai hexen, tdc d6 cia qua trinh don phan td khong nhanh hon
so v6i qua trinh ludng phan ti. Ty 1é cia tdc d6 phan dng don phan ti/phan
ung da phan tit d6i voi penten, hexen, hepten tuang Gng bang 0 : 0,2 ; 7,.
Gia tri nay cho thay téc do cracking olefin C, lén hon nhigu lan so véi tée
dd cracking n-heptan (la parafin). So v6i qua trinh eracking nhiét, tée do
phan ing cihia olefin trong eracking xic tac 16n hon rét nhizu.

Ngoai phan Ung cat mach, olefin con tham gia phén dng déng phan hda:

CHy - ¢ = CH,
CH, = CH - CH - CH3{ CH, |
CH, - CH = CH - CH,

Téc dé phan iing dong phan hda tang khi trong lugng phan tf cha olefin
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ting. Cac olefin cdon tham gi{:l phan dng trung hop tao ra phan tu cd trong
luang 16n han:

2CH, - CH, - CH = CH, — CH,(CH,); — CH = CH,
— CH, = CH -~ CH, ~ CH,
— CH, = CH - CH = CH,
Cac olefin con phan tng véi hydro dé tao thanh parafin:

R - CH =CH, + H, — R - CH, ~ CH,

Cac olefin trong qua trinh cracking xic tdac con tham gia phan ng ngung
tu, ddng vong tao hydrocachon thom da vong va vong thom da tu la cde.

6.2.3 Su bi&n ddi cua cédc hydrocachon naphten

San pham bac 1 cha qud trinh cracking xuc tdc naphten 1a olefin ¢d ciing
s6 nguyén tit cacbon. Vi du véi xycloparafin C; va C,, sdn phdm dau tién quan
gat thay 13 propen va buten tuong dng. Cdc naphten cd mach bén dai hon
thuong bi cat nhanh tao xyclohexan va olefin. Sau do vong naphten cd thé ki
khit hydro d& tao thanh hydrocacbon thom. Dac trung phan bo san pham khi
cracking naphten la tac thanh mdt lugng 16n cac hop chit c¢é nhanh va
hydrocachbon thom so v&i cracking parafin:

R— _R_E_R Ton cachoni bi ddng phan va
L, _— . .
R_O +H Q cracking - izo- parafin

& day L la tam axit Lewis; H la tam axit Bronsted.

Nhin chung, san phim cracking naphten cé dac trung "no" hon so vdi khi
cracking parafin. Trong san phdm, do phan dng trén xic tdc ma hydrocacbon
cd s6 nguyén td ldn hon 3 chi®m phian cha y&u. Vi vay khi cracking xtce tdc
cac hop chit naphten s& cho nhidu sdn pham ldng hon, nghia la hiéu suit
x4ang s6é cao hon. Do dd ngudi ta cho rang naphten 14 thanh phén 1y tudng
nhit cda nguyén liéu cracking xuic tac.

6.2.4. Sy bién d&i cua hydrocacbon thom

Trong qué trinh cracking xuc tde, cdc hgp chat alkyl thom do vong thom
c6é do bén cao hon nén trudc tién sé xay ra qud trinh cdt nhanh alkyl. Nhung
toluen cé dé bén rdt ldn, vi khong thé tach nhdm metyl hay etyl trong didu
kién cracking. Mach alkyl cang dai, thi cang dé€ bj bé gay va néu mach alkyl
lai ¢ nhanh thi tée d6 cat nhanh con 1dn hon. Digu nay dé dang giai thich
khi xem xét ndng lugng hoat hda cia cac hydrocacbon thom:
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Logl hydrocacbon thom Niéng lugng hoat héa, kealimal

CgHs — CzHs 50
CeHs — CaHa 34
CgsHs ~— CHa—CHz — CHa

ClHa 19
CeHs —(|: — CHgz

CHa 17,5

Vi du khi cracking xiic tac propylbezen, phan dng xay ra nhu sau:
¢ H,—CH,-CH,—CH,— CH, + CH,-CH = CH,
Con khi cracking nhiét lai xay ra theo huéng khac:
C H,-CH,-CH,~CH;— C,H-CH; + CH, = CH,

Cac phan dng khdc xay ra trong qua trinh eracking xuc tac hydrocachon

thom bao gom:

- Dbng phan hda. Vi du:

para-xylen == meta-xylen -—s- ortho-xylen

- Phan ting khép vong tac ra hydrocacbon tham da vong va cudi cung
cac hydro cacbon thom da vdng tham gia phan dng ngung tu tao coe.

Trong diéu kién cia cracking xtc tac, céc bign d8i cia hydrocacbon riéng
18 ¢d thé tédm tat nhu sau:

——-
Parafin —+—

a—

Olefin ———

——=i—

Naphten —f—=

Olefin va parafin

QOlefin va hydro

izo- parafin

Cac hgp chdt olefin cd trong lugng nphan t thip
Parafin va dien

Parafin hay naphten va hydrocacbon thom
Polyme, cdc

Olefin

Cyclohexan va olefin

Hydrocacbon thom

Olefin
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Hydrocacbon thom Parafin va alkyl thom ed mach bén ngén

(alkyl thom) 1 . Dbng phan hda, chuyén vi nhom alkyl
' L . San phim ngung ty, cdc

Ngoai ra con xay ra cac phan ifng bac 2 nhu:

Naphten + Olefin

Hydrocachon thom va parafin
Hydrocacbon thom + Olefin ——— San phdm ngung ty, cBe

6.2.5. Cracking xuc tac phén doan déu méo

D& cracking xtc tidc phan doan diu md, do qua trinh rdt phic tap, nén
thye t& khéng thé miéu ta t&t cd cdc phén dng hda hoc xay ra trong qui
trinh. Do d6 ngudi ta thudng dua ra so db khéo sat cdc hudng phan dng chinh
trong qua trinh cracking xvc tac. Vi du khi nguyén liéu 1a phan gasoil chung
cdt chan khong, ta cd thé dung so do hinh 6-1:

Gasoi!
Lco HCO
Xdnr
g\ C‘&_ vad khi’
Coc
Hinh 6-1.

LGCO- phén doan dau nhe cuia cracking xuc tagc
HCO- phan doan diu ning cua qud trinh cracking xdc tdc.

Nhin so d8 phan dng ching ta thiy rang, cdc san phdm phu la LCO va
HCO can phai tao digu kién thuan loi dé ching chuyén hda ti€p thanh xang,
dong thdi ¢6 ging han ché qué trinh tao khi va céc. Su hinh thanh cée la
khéng mong mudn, vi cc bam trén tam hoat tinh cta xic tac, dén dé&n lam
giam hoat tinh clia xic tdc. San phdm céc dude tao ra la mot h¢ vong thom
cd do ngung tu cao, nén khac vai cacbon tu do. Su hinh thanh céc cd thé do
cdc nguyén nhan sau:

- Do ban chét cua nguyén liéu cracking;

- Do chét xtic tac cda qud trinh cd do chon loc khong cao:
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- Do ché€ d¢ cong nghé chua t8i vu.

Céc dude tao thanh trong qua trinh co thé phan chia thanh ba phan chinh
la:

- Lugng cdc da phan iing hda hoc;

- Lugng céc do hdp phu hda hgc trén bé mat xuc tac;

- Lugng céc do nguyén nhan nha hip phu cham va ty 1¢ % tuong Ung
gita chung la: 55-75/10- 20/5- 10.

V& dong hoc, cracking xic tac la mét thi du di€n hinh vé xdc tac di thé.
Qua trinh cracking xic tdc ¢6 thé xay ra qua dic giai doan sau:

« Qua trinh khuéch tan nguyén liéu dén bé mat cla xidc tdc (khuéeh tan
ngoai);

« Khuéch tan hoi nguyén liéu d&n cdc tam hoat tinh trong 16 x8p cla xuc
tae. {khuéch tan trong);

« H4dp phu nguyén lidu trén tam hoat tinh;

« Cac phan 1ing hda hoc;

« Nha hdp phu san phim phan Ung ra khéi bé mat hoat tinh cua xuc tac;

» Khuéch tan hoi san phdm ra khéi viing phan dng.

Téc do chung cta qué trinh s& duge quyét dinh bdi giai doan nao cham
nhit.

Phan dng xay ra trong viung dong hoc hay viing khuéch tan, hoan toan
phu thugc vao ban chéit cia chit xic tac duge st dung, phy thudc vao ban
chit ciia nguyén liéu va vao ch& do cong nghé cia qua trinh. Cac nghién ciu
da cho thay, néu qua trinh cracking xic tic nguyén liéu la gasoil nhe {nguyén
lieu méu} trén xuc tac dang ciu khi kich thudc hat xte tdc tu 3 dén 5 mm
va nhiét do la 450 =+ 500°C, thi phan dng xay ra & ving trung gian gita dong
hoc va khué&ch tan. Cén khi cracking 16p soi (FCC) cda xtc tde d nhiét 4o 480
dén 530 C thi phan dng xay ra ¢ vung déng hoc.

T6c do cha phan ing cracking xuc tdc, trong da s6 cac truong hgp duce
miéu tad bang phuong trinh bac 1 cd dang:

k=v,nlnl —x) — (0 - Lx
38 day: '
k - téc d6 caa phan dng, mol/g.h;
v - téc dé truyén nguyén liéu, mol/h;

o
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n - s6 mol san phdm duoc tao thanh tit 1 mol nguyén liéu;
x - muc do chuyé'n'hda, phan mol;
D6i vai phan doan dau trén xie tic zeolit, phuong trinh bac 1 lai cd dang

5a1t:

0

k=

1 — x

Vo~ t8c do thé tich khéng gian truysn nguyén liéu, m3/m3 h.

6.3. XUC TAC CRACKING

Phén dng cracking xitic tde chu yéu xdy ra trén b& mat cta xuc tdc. Chidu
cia phan @ng phu thuée rit nhidu vio ban chit cia xuc tae, cling nhu phu
thudc vao chat lugng nguyen lieu va cde thong sd céng nghé cda qud trinh.
Trong qua trinh, ¢8c tao ra s& bam trén ba mit cda xde tac, ]Jam giam hoat
tinh cia nd. Vi thé viec khoi phuc lai hoat tinh ctia xic tdc bing qud trinh
tai sinh xte tac cing 1a mot van dé hét sue quan trong, can duge giai quyét
déi véi xic tdc cracking cong nghiép.

Xie tdc dude dung trong cracking thudng Ia xuc tdc rin, x8p, ¢6 ngudn
g6c thién nhién hay t8ng hop, v6i ba mat riéng lon. Xde tde cracking dAu tién
duge diing 12 d4t sét thién nhién o6 tinh axit (vi du loai montmorillonit). Sau
dé duge thay thé& bang xuc tic aluminosilicat cg d6 hoat tinh va dé chon loc
cao hon. Xic tac nay da ting duge sit dung trong cong nghiép cracking sudt
30 nam. Dén cudi thap nién 60 cua the ky XX, nguvi ta da chuyén sang cha
¥&u ditng xic téc chda zeolit.

6.3.1. Zeolit va xdc tic chira zeolit

Zeolit 1a hgp chit cta alumino- silic, 14 chdt tinh th& cd cdu tric dac biét.
Céu tric cta ching duge dac trung bing mang cac 16 réng, ranh, rdt nhé
théng véi nhau. Cac chét zeolit duge ché tao ciung vdi cdec xdc tac
alumino-silicat hay vdi d4t sét thien nhién, rdi sau dd dugc xd 1y bang cac
phuong phép dac biét hgp thanh xte tdc chia zeolit. Xiic tdac chia zeolit nay
6 hoat tinh cao, cd d6 chon loc t6t va gid thanh viia phai, vi thé ching duge
sit dung r4t réng rii.

V& thanh phan hda hoc ctia zeolit, ngudi ta co thé€ bi€u dién bang cong
thidc phan ti nhu sau:

116



2 i
M;O.Al.203x 8i0,y H,O

g day x > 2 va n 1a hda tri clia cation kim loai M.

Vé cdu tao, zeolit duge tao thanh tif cdc don vi cfiu tric cg ban goi la don
vi cdu trie sodalit (hinh 6 -2). Néu cée don vi ndy ndi vdi nhau theo cdc mat 4
canh ta c6 zeolit loai A. N&u néi véi nhau theo mat 6 canh, ta cd zeolit loai X
hay Y, cd cdu tric tuong tu nhu faurazit (hinh 6 - 3). Ngay nay ngudi ta di chg
tao duge hang tram loai zeolit, ching duge dac trung bdi kich thude cac "cita sd"
khac nhau. Vi dy déc trung cia mot s§ loai zeolit duge dung ph6 bign trong
cracking xdc tac duge dan ra trong bang 6 - 2.

Bing 6 - 2. Pic trung co ban cha mdt vdi loal zeolit

Znolit Thanh phiin héa hoe budng kinh 18 trung binh, A
A Na,0.Al,04.28i0,45H,0 36 - 39

X Na,0.Al,0,25810,,8H,0 7.4

Y Na,0.Al,0,.48810,.89H,0 7.4

Mordenit Nag(Al,04)g{5i0,), 4.24H,0 67 - 7.0(29 - 57}

ZSM 5 va M 54 - 56

Khi ché tao xic tac cracking, ham lugng natri (Na) cin phai giam t8i cuc
ti€u, bdi vi sy ¢ mat cia Na & nhiét do cao va c6 mat hoi nude s& lam gidm
di dang k€ hoat tinh cling nhu d6 chon loc cda xic tac cracking. Khi thay thg
Na bdng cac cation kim loai hda tri idn hon hay bang 2, thi du nhu canxi

Hinh 6-2. Don vi cdu tric cd ban cla zeolit.
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(C'a), reni hay cdc nguyén t& d4t hiém, s6 lam thay d8i dac trung cdu tric
cha zeolit: kich thudc 16 duge ting lén, ddng thoi khi dd lai tao ra edc tam
axit lam hoat tinh cla xuc tdc tang lén. Ngudi ta cho thay rang, zeolit chia
oxyt silic cang nhidu, lugng oxyt nhom cang it thi d6 axit ciia ng cang tang,
Duong nhién khi tang ty s& oxyt silic/oxyt nhom, khéng duge ddn dén pha
hiy céu tric cta zeolit. Hay néi cdch khac la ty s8 nay cing chi ting dén
mdt gidi han nhat dinh.

Tinh chat hdp phu cla zeolit xudt hién sav khi ching duoe tich &m, boi
vi trong qu4 trinh téng hop, céc 15 réng cta tinh thé bi chat day bdi cac phan
ti nude. Nudc c6 thé tdach khéi tinh thé khi ta sy khé zeolit dén nhist do
tu 300 dén 350°C. Lic nay mang luéi tinh thé cita zeolit vAn dude bao toan.
Sau khi dehydrat, zeolit ed dung lugng hép phu rit 1dn.

Zeolite A Zoolite. XY

Hinh 8-3, Céu tric cia zealit A va X, Y

Do bén nhidt cao cling la mot dae trung rit quan trong cua zeolit. Thi
du zeolit NaA ban dé&n 650°C; NaY bén dé&n 700 = 750°C; CaY dé&n 800°C;
LaY dén 850°C. D¢ bén nhiét cla zeolit tang khi ting ham lugng 5i0, hay
tang kich thude cua cac cation kim loai.

Qua trinh cracking xic tde thudng dung zeolit loai X, Y ¢d chia cde
nguyén t6 ddt hi€m hay & dang dé trao d8i ion va duge xd ly bang cac phuong
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phép dic biét, ddng thoi két hop vdi cdc hop phan lam tang do bén co, bén
nhiét hay digu chinh kich thuéc 16 x8p. Zeolit cd hoat tinh cracking 1dn, vi
th& ngudi ta thudng ding né & dang hén hogp vai xic tdc vo dinh hinh hay
aluminosilicat tinh thé va dudc goi 14 xde tde chia zeolit. Trong sin xudt xdc
tac, ngudi ta thudng tron 10 dén 20% kh.l zeolit, va vdi hgp phén nhu viy,
xuic tdc cling da rdt hoat dong, hon hdn xuc tac aluminosilicat thong thudng.
Hon nita, cdc chi tiéu kinh té€ ciing dat t6t hon.

Trong cong nghisp, ngudi ta ch& tao xic tdc chia zeolit & hai dang chinh:
Xic tic dang ciu va xdc tde dang bot. Xdc tdc dang bdt va sau do cdi tién
thanh xic tdc vi cdu thudng duge 4p dung cho qué trinh craking 16p soi (FCC),
con xic tdc dang chu voi kich thude hat tit 3 dén 5 mm thudng duge diung
cho qué trinh cracking xtc tde chuyén dong (TCC). Ngoai yéu ciu v& dd hoat
tinh cao, xiic tdc cracking con phai ddp dng cac yéu chu khic, nhu phai bén

‘phiét, bén co, khéng gay an mdn hay mai mon thist bi ciing nhu ddm bao dé

khusch tin nguyén lidu tdi cdc tAm hoat tinh va sdn ph&m tit b8 mit ra bén
ngoai. Dam bao sy khuéch tin cia oxy tdi bé mit xic tic dé dé dét clc trong
qué trinh tai sinh, dong thoi gid thanh chép nhan duge. Xuit phat tit cde yéu
chu trén, ngudi ta phai chon cdc hgp phan thich hgp dé ché tao xue tac.

Vi trong zeolit c6 hai loai kich thuéc 16 xép: kich thuée "cita s8" va kich
thude 16 16n, khi dua ching vao trén vdi aluminosilicat, ching ta sé digu chinh
duge cdu tric 16 cia ching dé nhan duge kich thude 1§ trong gioi han thich
hgp nh4t, nham tang dé chon loc cia xuc tac. Vi du, trong xic tac chia zeolit
loai A, kich thudc 15 ctia né khéng vugt qua 4 dén 5 A. Trong céc 16 nhu vay,
propylen ¢ thé chuyén qua tu do, nhung diéu d6 lai khong xay ra di véi
izobutylen. Do dd trén xic tdc nhu vy, cd thé tién hanh qua trinh polyme
hda chon loc propylen ¢ trong hén hop véi izobutylen ma khong can phai
phan tach ching Hay tit zeolit véi kich thude 5 A cd thé dung lam xde tac
d& cracking chon loc n- parafin cd trong hén hop véi izo- parafin, vi trong didu
kién dd, izo- parafin bi cracking khong dang ké.

Ke tée chia zeolit loai X va Y ¢é kich thude 16 khoang 8 dén 10 A dudc
diing d& cracking nguyén liéu ¢d thanh phan phan doan réng (vi du gasoil).
Khi d6 cac phan td 16n clia nguyén liéu van cd thé dé dang toi b2 mit cia
xtc tdc, con cdc phan ti nhd hoan ed thé tiép xic vdi cac thm hoat tinh 4 bé
mat trong cia xic tac. Vi cée 1a cdc hop chét cao phan ti nén ching thuang
tap trung & b mit ngoai cla xdc tac va do vay tao dieu kién thuan lgi cho
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qud trinh d6t chay cée khi tai sinh xuc tdc,

6.3.2. Thanh phan va tinh chét cua xic tac cracking coéng nghiép

Zeolit loai X, Y, ZSM 5 hay 11 1a loai ¢6 cac tinh chat thich hgp nhat cho
qud trinh cracking xic tdc. Kich thudc 15 16n cla ching x4p xi 10 A s6 cho
phép khuéch tan dé dang cac phén tif cia nguyén lieu vao bs mat 16 x3p cia
ching cing nhu khuéch tan sin phdm ra ngoai. Vi vay chung duge sit dung
d€ ché tao xtc tde cracking cong nghiép. Thong thudng, céc zeolit nay Ia loaj .
dd trao ddi cation (H*, NH,* hay cation da héa tri), két hop vdi cac phuong
phap xu Iy thich hgp va phéi tron vei aluminosilicat v6 dinh hinh. Loai xac
tde nay cd dé hoat tinh cao hon hang tram lan va cg d¢ chon loc cao hon so
voi xiic tdc aluminosilicat thuin khiét. Hisu suit xang tang lén it nhat la
20%, trong khi d6 hidu sudt cée va khi lai giam khi tién hanh qua trinh
cracking ¢ cing mét dizu kién.

O Lién bang Nga, phd bién ]a ecde loai xuc tdc chia zeolit duge ché tao
bdi BHUHHI va TPO3HHH (IUEOCKAP-2 va 2a) con trén thé gidi cae chat
xtc tac cracking duge nhigu héng san xudt dg la: Grace, Engel Grard, Mobil,
Filtrol, Akzo, Crossfiel, Catalystics... Cac dac trung co ban cia xie tac
cracking la: thanh phan, trong lugng rot, cdu trie x8p, 4% hoat tinh, thanh
phén ¢ hat va d6 bén. Csc y&u cau ky thuat nay caa xic tac FCC dugc trinh
bay trong bang 6 - 3.

6.3.2.1. B§ hoat tinh cia xic tic cracking

Co nhiéu phuong phap danh gia hoat tinh cta xic tac cracking. Nhung
vé ban chit, cde phuang phdp co ban 13 gidng nhau, ddu dya vao thist bi
chuin héa va nguyén lidu miu cung cdc didu kién céng nghé cua phong thi
nghiém, d€ xdc dinh hidu suit cic san phdm: xdng, phan cat, khi, ¢8c. Vi muc
dich cta cracking 13 nh4n xéng, nén phudng phdp diing hiéu sust xang thu
dude d&€ danh gia d6 hoat déng clia xuc tic 86 dan gian hon. Do vay, d6 hoat
tinh cha xdc tde thudng duge bidu didn théng qua chi s6 hoat tinh, d¢ Ja gia
trl cua hiéu sufit xang (%kh.1.) khi cracking nguyén liéu miu trong digu kién
phong thi nghiém. Hoat tinh cta xdc tac phu thudc vac cac tinh chat Iy, hoa
cla xidce tdc, ma trude hét la phu thuée vao thank phan héa hoe cia xtic tac
cung nhu phy thuéc vao dieu kién cong nghé cta qua trinh. Trong thuc t&
s4n xuit, dya vao dé hoat tinh cia xﬁ;: tdc, ngudi ta phan xdc tdc thanh cdce
loai nhu sau:
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- Xuc tde ¢6 do hoat tinh cao: hidu sudt xang>45%;
- Xuc tic ¢d do hoat tinh trung binh: higu suat xang tit 30 dén 45%;
- Xde tdc c6 d0 hoat tinh thdp: hiéu sudt xang nhd han 30%.

Bdng 6 - 3. Tinh chit cia xie tie FCC

Thanh phan héa hec, %

oxyt nhdm 13
oxyt silic a7
oxyt cdc nguyén td dit hiém 2 -4
oxyt Na 002 - 02
Treng lugng rét, g,’cm3 08 - 0%
D6 hoat tinh &n dinh 55 - 60
D6 hoat tinh theo ASTM 75 - 80
D6 bén do mai mon, % 94 - 96
Thanh phan cd hat, % '

- dén 20 um <2 -3
- dén 40 am 6 - 25
- dén 100 um o6 - 98
B& mat risng, mZ/g 400 - 450

Mot khai niém quan trong la hoat tinh én dinh cha xtc tdc. Xdc tac méi,
trong didu kién cracking thudng ¢é do hoat tinh cao. Theo thdi gian lam viée,
d6 hoat tinh gidm dan téi mot gid tri n dinh. Laic nay ngudi ta coi do la do
hoat tinh 6n dinh cla xuc tdc hay hoat tinh bén, hoat tinh can bang. Sau mot
thoi gian lam viée kéo dai nia, dé hoat tinh cta xdc tdc bi gidAm xudng do
cdc tao ra che pht nhanh céc tdAm hoat tinh ena xde tac.

6.3.2.2. Pé chon loc cuu xiic tic

Kha nang cla xic tdc lam tang tdc dd cac phan ing cd lgi, dbng thai lam
giam t6c d6 cdc phan Ung khéng mong mudn duge goi 1a d6 chon loc cla xic
tac. Trong qua trinh cracking, d§ chon loc cla xic tdc quyst dinh kha nang
tao cdc sAn phim cd gid tri cla né, dd l1a cac clu tit ctia xang cd chi s6 octan
cao. Ngudi ta ¢6 thé danh gia do chon loc bang céch xéc dinh ty 1& gilia hiéu
sudt xang va cde (hay khi) & cing mot do sau bién d8i. Xic tac thusng dude
danh gid dong thii d6 hoat tinh va d¢ chon loc cla nd so v3i xtc tdc mau khi
tién hanh cracking trong cing mot digu kign. Ty s6 giita hidu sudt xang/codc
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(hay khi) cang cao, thi do chon loc cta xic tdc cang cao. Sau mét thdi gian
lam viée, elng giéng nhu do hoat tinh, 48 chon loc cha xte tdc ciing bi giam.
Diéu dd x4y ra do cd nhitng thay ddi v& tinh chét céa xuc tic trong digu kién
lam vige.

6.3.2.3. Nhitng thay di tinh chdl cua xic tdc khi lam viéc

Xie tac cracking trong qua trinh lam viée bi giam hoat tinh va dd chon
loc. Hién tugng nay ngudi ta goi la qua trinh tro hdéa xdc tde. Qud trinh trg
hda cang nhanh, néu ta tién hanh qua trink ¢ digu kién cong nghé khd khan;
do khe khat tédng, vi du d nhiét do qud cao, thdi gian ti€p xic qua dai, nguyén
lidu x4u; ngoai ra cdn xdy ra cdc qud trinh khdc lam tang téc d¢ tro hda.
Ching ta cé th€ phan qua trinh tro hda xic tdc 1am hai qua trinh chinh, dd
la: su tro hoa do tdc dung cia cac chdt lam ngd doc xie tac va su tro hda do
tac dung lam thay d6i cdc tinh ch4t 1y, hda ecia xic tdc. Nguyén nhan cia sy
trd hda xic tdc ¢ thé la do:

- Tac dung cia cdc doc t6 nhu NH,, CO,, cia cdc hop chat luu huynh
ma dae biét 1a H,S & nhigt do cao.

- Sy tich tu cac kim loai nang dugi dang céc oxyt lam thay d8i chiic nang
cua xuc tac. '

- Su tac dong ciia nhiét d6 cac va hoi nuée...

Céc hgp chit khi tde dung téi xdc tac cd thé chia thanh ba nhém: Nhom
khong tac dung véi xic tac & nhiét do thap hon 620°C nhu CO, CO,, NH,..;
nhdm lam giam hoat tinh cda xuc tde nhung khong 1am giam d6 chon lge nhu
hoi nude va nhém lam gidm dé chon loe cha xuc tac (H,S & nhiét d6 1dn hon
425 °C; NH,, 50,, 80, ¢ nhiét d6 16n hon 620°C). Tu kinh nghiém thao téc
cdng nghé cracking cho thay, do hoat tinh ctia xuc tac ¢ thé duge duy tri
néu ta thém hoi nuéc vao nguyén lisu, hay viéc xu ly trudc va sau khi tdi
sinh xic tde. Thém hoi nude khi ché& bién nguyén lidu cd lvu huynh sé 6 tic
dung 4m vi khi d6 lai lam tang qud trinh an mon thiét bi va san phim cuaa
qua trinh an mon lai lam nhiém bdn xic tac, ddn tdi lam giam d6 hoat tinh
va d6 chon loe cla xiic tac.

Tac dung ddng thoi cia nhigt do cao va cda hoi nude lam gidm d6 hoat
tinh tdng cong cda xic tac. Khi 4p dung qua trinh & lép sdi (FCC), do can
phai duy tri digu kién d€ cdc it lang dong trén xic tdc va xic tac khong bi
qud nhiét khi tdi sinh, ngudi ta phai dua vac mé6t lugng nhé hoi nude. Hon
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nita, ciing cAn phai tranh sy tao c6e qua it, vi dieu dé dan t6i phd vd can
bang nhiét ciia hé 10 phan dng va tai sinh, do nhiét tao ra trong qua trinh
tdi sinh khong dt d€ bu nhiét thu vao cta cac phan dng cracking trong 1o
phan dng. Ham lugng cGc trén xic tac khi ra khoi 15 phan dng phu thude vao
lugng xic tac tuin hoan trong hé théng. DEi véi da s8 cac qua trinh FCC,
khi ding xic tde chda zeolit, lugng c6c tao ra thuding chi€m vio khoang 1,3
dén 1,8% kh.l xtc tde, con sau khi tai sinh 14 0,1 + 0,05% khl.

Cac hgp chidt co kim va cac hdp chat chia nito trong nguyén lidu dau la
cdc phan tlit iam gia hda nhanh x1ic tac. Nhigu nghién citu da chi ra rang, su
¢6 mat caa cdc hop chét nitd trong nguyén lidu lam giam hiéu suit xang va
cac "san pham trang". Vi du khi ham lugng nitd ting ti 0,1 d&n 0,4% kh.],
higéu suat xang bj giam di tdi hai 1an, cdn higu suft gasoil nhe cling bi gidm,
dong thoi lam tang hiéu sudt can ning va gasoil nang. Khi tang nhist d8, tdc
dung cd hai cua cdac hgp chit nito gé giam.

Su ngd dée xic tdac bdi cdc kim loai cing da duge nhigu nghién cdu dé cap
téi va chi ré cd ch€ tic dyng cda ching dén hoat tinh cia xtc tde. Sy giam
nhanh nhét hoat tinh cla xic tdc xay ra trong lac tiép xdc cla cac dée td voi
xtic tdc. Khi lang dong cdic oxyt kim loai nang trén xic téc sé dén tdi lam gidm
do sau cracking va gidm hiéu sudt xang do tang nhanh qua trinh tao cde.

Khi ham lugng cac hgp chdt luu huynh trong nguyén liéu tang, ham lugng
cac kim loai nang nhu niken va vanadi cing ting theo, vi da phan ching déu
tap trung & phan can nang va phan doan nhya - asphan. Vi dy, trong dau
mé ¢é lvu huynh thi cd tdi 90% phuc chét porphirin chia vanadi, ¢bn trong
dau it luu huynh la phidc vai niken.

6.3.2.4. Tdi sinh xiic tdc

Xiic tdc bi mat hoat tinh trong qua trinh phan dng do nguyén nhan chinh
la céc tao ra bam trén bé mat hoat dong clia xic tdc. Vi thé dé tai sinh xic
tde, ngudi ta cAn phai tién hanh d6t cde bang khong khi ndng trong 1o tai
sinh. K&t qua cia qua trinh dét chay coc s& sinh ra CO va CO,. Cac phan
1iing chdy nay t6éa nhidu nhiét. Ngoai ra con cd phan dng khi cac hgp chat
luu huynh. Cac phan dng xay ra khi tdi sinh xic tde cd thE miéu ta nhu sau:

¢+ 0,— CO, Q = 33,927 + 34,069 MJ/kg
C + 1720, CcoO 10,629 + 10,314 MJ/kg
co + 12 O,— CO, 23,660 + 23,765 Md/kg
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H, + 1/2 6, — H,0 1210,043 + 1210,252 MdJd/kg
S + 0, — 80, 9,132 + 9,222 MJ/kg
80, + 1/2 0,— 50,
MeO + 80, —— MeS0,
MeSO, + 4H, —— MeO + H,3 + 3H,0
Nhiét lugng téa ra duge dung dé& cap nhiét cho xic tac mang vao 16 phan
Ung, ngoai ra con dudc tin dung d€ san xuit hoi nudc dung trong nha may.
Nhiét do tai sinh phu thuoe nhidu vao chat xic tic dude diung va loai 1o
tai sinh. Mic d¢ tai sinh cn phai khéng ch& chat ché dé khong chi dAm bao
d6 hoat tinh cta xuc tic ma edn dAm bao van dé vé sinh méi trudng, vi thé
khong nén ed mat CO trong khi khdi thai. Hon nita, qua trinh chay cing
khong dé xdy ra @ nhiét do qua cao hay tich nhiét cuc bg dan tdi pha hay xic
tac. Sau khi tai sinh, ham Iuong ¢6c cdn lai trén xuc tac phai la cuc ti€u d€
khsi phuc téi da do hoat tinh ctia xde tac.

6.4. NGUYEN LIEU CUA QUA TRINH CRACKING XUC TAC

Nguyén liéu co ban cho qué trinh cracking xtc tac 1a phiin 4t chan khéng
cia cian dau tho khi chung cat khi quyén. Ching thutng chia 5 dén 10%
phan doan s6i d&n 350°C va cd nhiét d¢ sbi cudi toi 520 - 540°C. Trong nhisdu
truomg hgp, ngudsi ta cing ¢6 thé dung cA phan doan nhe cia chung cét khi
quyén, phan doan kerosen - gasoil cia cracking nhiét hay coc hda va cd thé
ca phan rafinat cta qud trinh khi asphan mazut va gudron trong san xuit
dau nhon heac 14 phan doan mazut cia dau it kim loai. Cac ddc trung quan
trong nhdt ctia nguyén liéu cd dnh hudng quyét dinh dén cic chi tiéu cia qua
trinh cracking la thanh phan phan doan; hang sé dac trung K, thanh phan
nhém hydrocacbon, ham lugng nhya - asphan, ham lugng cac hgp chit nito,
luu huynh, kim leai va d6 céc hda.

Khi cracking trén xic tac chda zeolit, do cé do hoat tinh cao ma anh
hudng cia thanh phan phan doan cia nguyén liéu khéng phai la y&u t6 quan
trong. Quy luat thong thudng la khi tang phéan nhe (hay con goi 14 dd nhe)
cha nguyén liéu, hiéu sudt hydrocacbon loai C,, C, va xang déu tang lén, cdn
hi¢u sudt H, va cbc gidm xubng. Néu nguyén liédu la phan cat chan khong cd
it phan doan nang (<14 - 15%) sé lam tang tri s§ octan ca xang cing nhu
hiéu sudt xang. Con néu tang ham luong nhua - asphan va kim loai sé lam
xdu di cac chi tiéu cia qua trinh.
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Hang s8 dac trung K dugc diang dé phian loai ddu mé va cdc phan doan
d&u theo thanh phan hda hoc. Khi st dung nguyén lidu cracking véi K co gia
tri cao sé cho phép tang cdc chi tiéu cha cracking xuc téac.

Cédc hop chat phi hydrocachon 1a cac chdt ¢6 hai cho cracking xtc tac,
ching khong chi gay doc cho xiic tdc ma cdn chuy€n vao san phdm, lam giam
chat lugng cda san phdm. Vi du su phan b6 clia hgp chit luu huynh vao san
phim cracking nhu sau (% kh.l so véi nguyén ligu): H,S: 20 dén 30; xdng: 2
dén 5; phan doan soi trén 195°C: 30 dén 60; c8c: 5 dén 10.

Nguyén lidu cang nang, cang chia nhidu asphan va kim loai, khi cracking
can phai qua xU 1y bang hydro hda lam sach d€ nhan duge nguyén litu cd
chét higng cao cho qua trinh eracking xie tdc.

Trong cong nghigp cracking xic tac, ngudi ta cd thé sit dung mot trong
cde nhdm nguydn li¢u sau:

Nhom 1. La nhdm nguyén iiéu nhe c6 tén la phan doan kerosen - sola
nhan duge tit qua trinh chung cdt tryc tidp va 6 giéi han séi tit 210 dén
360°C. Chung g ty trong trung binh la tir 0,860 dén 0,830. Trong lugng phan
ti trung binh vao khoang 190 + 200. D4y 1a nhom nguyén liéu tét nhat dime
dé€ san xudt xang 6t6 va xang may bay.

Nhom hai: L4 nhom nguyén liéu 14y tit phan doan gasoil chung cit chan
khong cd nhiét d8 =6i tit 300 dén 500 (hay 550°C). Nhom nay c6 cac dac trung
1a ty trong trung binh tir 0,880 dén 0,920, trong lugng phan t trung binh ti
280 dé&n 330,

Nhoém ba: La nhom nguyén liéu cd thanh phan ecdt rong, cd gidi han soi
tit 210 dén 500°C.

Nhém b6n: La nhém nguyén lidu cd nhiét do s6i tit 300 dén 450°C,

Trong s6 cdc nhém nguyén liéu k& trén thi nhdm gasoil chan khéng la
phé bién nhat trong qud trinh cracking xdc tdc. Trong nhilng nam gin day,
khi nguyén liéu t6t ngay mdt can dan va nhdt 1A khi ché& tao duge xic tdc
cracking mdi va cong nghé mdi cd hibu qua hon, ngudi ta tign tdi si dung
nguyén liéu ngay cang ning hon, chit lugng x4u hon ma vén cho phép nhin
duge xang véi nang sudt cao va chdt luang t&t. D6 1a xu huéng cai tién qud
trinh cracking xtc tac trong hién tai va trong tudng lai.

6.5. SAN PHAM CUA QUA TRINH CRACKING XUC TAC
Chdt lugng cta san phdm cracking xuc téc thay déi trong mot khoang
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rdt rong va phu thudc vao nhidu y&u td nhu loai nguyén liéu, loai xic tic va
‘cdc thong s8 cong nghé cta qua trinh. Trong thyc t& qua trinh cracking xuc
tac thuong nhan duge cac sin pham sau.

a. Khi hydrocacbon: % kh.l.

C, C, 10 - 25
C, 25 - 30
C, 30 - 50
C 10 - 20

San phdm khi duge dua dén bd phan phéan tdch khi. Sau khi phan doan,
khi kho dugc sit dung lam nhién liéu khi, con phan doan propan - propylen
va butan - butylen duge dung lam nguyén ligu cho qu4a trinh alkyl héa hay
nguyén liéu dé tong hop héa dau va hoa hoc. Phan doan Cg duge pha vao
xang. Trong phan doan C,, ham lugng propylen cd thé dat téi 70 + 80%.
Trong phan doan C,, ham lugng buten 1a 45 + 55%, ham lugng izo-butan la
40 + 60% va ham lugng n-butan nhd, chi vao khoang 10 + 20%.

b. Phan doan xang

Phan doan xang & cac day chuyén cong nghé cia Lién Bang Nga thudng
co nhiét do =61 cudi la 195°C, con & cde nude khde thay d8i, cd th€ 1a 204 hay
220°C. Phan doan nay la cdu ti co ban d€ ch€ tao xang thuong phidm cho 6

td6. Cdc tinh chdt ddc trung cia phan doan nay duge trinh bay trong bang
6 -4.

Bing 6 - 4. Dic trrng cua xfing cracking xfic tic

4?8 072 - 077 Thanh phin hydrocackon, %:

Ham lugng S, % khl. oo - 02 Hydrocacbon tham 25 - a0
Tri s8 octan {sach) Olefin 15 - 30
RON 87 - 95 Naphten 2 -10

MON 78 - 85 Parafin 35 - 60

{izo-parafin chi8m phin chinh)

¢. Phan dogn séi eao hon 195°C

Phan doan nay duge chia thanh:

- Phan doan 195 - 350°C va ph#in cén cd nhiét dd cao hon 350°C
Phén doan 1956 - 270°C diung dé€ ché tao nhién liéu kerosen

- Phan doan 195 - 350 ding d& ché tgo nhién lidu diezel
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- Phan doan 270 - 420°C lam nguyén ligu d& san xuit cachon k¥ thuat

- Phan doan lén hon 350°C hay 16n hon 420°C duge ding lam FO hay
nguyén [iéu cho qui trinh cdc hda.

Thanh phan va tinh chét dac trung caa phan doan kerosen - gasoil duge
trinh bay & bang 6 -5. :

Bdng ¢ - 5. Thanh phiin va tinh chat cia phan dogn kerosen- gasoil

Phén dogn cé nhidt 93 edi, °C
Chi tisu 195 - 270 270 - 350 | 350 - 420 > 420
420 086 - 095| 086 - 097 | 096 - 099] 100 - 110
Nnigt dd déng dac, °C 40 - B0 | -20 - 50 0 - 45 0 - 25
Tii s xetan 20 - 35
Tri s8 i8t, gr100g 0 - 20 5 - 10 3-5
Hydrocacbon thom, % Vv 60 - 80 80 - 75
96 cfc héa Conradson, % khi 005 - 10 5-10

6.6. CHE PO CONG NGHE CUA QUA TRINH CRACKING XUC TAC

Anh hudng dén cac chi tiéu lam viéc cia qua trinh cracking xiic tdc khong
chi 1a nguyén liu va chét xic tdc ma con od cde thong s6 cong nghé clia qua
trinh. Cac thong s6 cong nghé bao gdm: nhist ds, ap sudt, t8c do nap liéu
khéng gian thé tich hay trong lugng (con goi la téc 46 nap liéu riéng), boi s6
tuéin hoan xic tdc va mdc d§ bién d8i hay d6 sau chuyén hda.

6.6.1. Mrc db chuyén héa C

D81 vdi hydioeacbon tink- khiot: khi- tham gla phan vnyy mde df chuyéo
hda duge do bing lugng sdn ph&m tao thanh theo thai gian. Nhung déi véi
phan doan phic tap nhu phan doan diu maé, trong cracking xic tdc, ngudi ta
lai do lugng xéng 14 san ph&m chinh va san ph&m phu nhu khi va cfec. Né&u
g0i ¥ 14 % theé tich cua san phdm v6i di€m s6i cudi cao hon diém séi cudi cia
xang, thi d¢ chuy&n hda C duge tinh theo bifu thic:

' C =100 — y

Duang nhién cach xdc dinh nhu vay chua sat véi thuc t&. D& hiéu chinh
theo sy bién déi hda, ly trong qua trinh tao xing va khi, ngudi ta xac dinh
muc d6 bién d8i theo céng thic sau:
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C = 100 — y(100 — 2),
0 day z ]a % xang cd trong nguyén liu.

Trong qua trinh cracking xvc tdc, ngoai mic do bién ddi, con cd cdc théng
s8 quan trong khac.

6.6.2. T6c dd nap liéu riéng

Téc d9 nap ligu rieng (hay tdc d6 khong gian nap lidu) la ty s0 giua lugng
nguyén lidu duge nap trong mot don vi thdi gian trén lugng xdc tac trong
reactor (hay ti 1& v& thé tich cta chung) va dugc ky hiéu bing M/H/M hay
V/H/V (V/V/H).

Nép p la ap sudt trong reactor va duge tinh bing at thi do chuyén hda
C cd lién quan vdi M/H/M theo bigu thde:

C pK
100 - ¢ M/HM
Phudng trinh bi€u dién trén 4p dung rdt duing voi trudng hop xde tdc cd
dinh, & day khong x4y ra sy chuyén dong réi hay sy xdo trén cta hoi nguyén
liéu va sdn phdm. Trong trudng hop cracking xic tac vai 1op soi cta xue tdc
(FCC), d6 chuyén hda C lai pha hgp véi cong thie sau:
C p.K

M/H/M

C
10001 ——— )2
100

g day K la hang s68 tdc d¢ tdng cong cia qua trinh.

84 B
70 }- N
) -
60 = -
% st
S0t A 0
N 40 — 1
&
e \ 8
&
20 &
7
10 -2
¢ 6204 o0& a8 7 23 —_— AN P
08T shim ‘ 5 p, ¢ a 10
Hinh 6-4. Anh hudng cua téc dé X/RH
nap lidu riéng Hinh 8-5. Anh hudng cda ty 18 X/RH
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Anh hudng cta téc do nap liéu riéng, ty 1& X/RH duge trinh bay trén hinh
G-4vab6-5

Khi tang téc dd nap liéu riéng, sé lam giam do chuyén hda (1l cong thic
trén va hinh 6 -4). Con khi giam tdc do nap lidu riéng thi d6 chuyén hda
tang, vi ring téc d6 nap liéu 1a dai lugng nguoc v6i thai gian phan dng. Khi
sit dung xdc tac ¢6 40 hoat tinh cao, ta cé thé tdng téc do nap lieu va nhu
vay sé tang dudc néng sudt cda thigt bi.

Trong thuc t&, néu ding xic tc aluminosilicat v6 dinh hinh, téc dd nap
licu thé tich chl dat ti 4 dén 5 h”. Nhung néu dung xic tac chia zeolit, téc
do nap liéu thé tich 1a 80 dén 120 h~! khi tinh trong 6ng ding cua reactor va
tit 20 d&n 30 h! khi tinh trong 16p s6i cia reactor.

Khi tang téc do nap lidu, néu ta tang nhiét dd phan ing, sé tang tri s6
octan ciia xang va tang hiéu suit olefin trong khi. D¢ 1a phuong phép chinh

dé disu khién ché& d6 san xudt propylen va buten trong qua trinh cracking
xuc tac.

6.6.3. Ty 1& gira lugng xuc téc/nguyén ligu (X/RH) hay bdi s& tuan
hoan xuc tac

Khi ding xiic tac chia zeolit, cho phép giam ty 18 X/RH xuéng con 10/1
<o vdi xtic tdc v dinh hinh 1a 20/1. N&u khi dung céng nghé xudc tdc chuyén
dong vai kich thudc hat xuc tac tit 3 dén 5 mm, ty 1& X/RH con thdp hon
nita, chi khoang 2 d&n 5/1.

Khi thay ddi ty 16 X/RH sé lam thay d8i nhiét dé cla reactor, thay d6i
thoi gian luu cta xdc téc trong reactor va 1o tai sinh, ddong thai cling 1am
thay déi ca lugng cdc bam trén xdc tac trong mot chu trinh.

N&u & ché do on dinh, tang ty 1&é X/RH sé lam tang d6 chuyén hda, tang
hiéu sudt cdc/nguyén lidu, nhung ham lugng cbc bam trén xuc tac lai giam
xudng. Digu nay dugc giai thich 1a do ligng cdc da duge dan ra & mot lugng
xie tac 16n hon. Khi giit téc do nap ligu M/HM la khong ddi, néu tang ty 18
X/RH thi thosi gian tiép xtc giita xvc tac va nguyén liéu giam, va nhu vay 4o
hoat tinh trung binh cla xdc tdc tang lén. D6 1a 1y do dat hiéu qua cao cha
qué trinh v6i xic tic l1dp soi (FCC). Nho dat hiéu qua cao ma cho phép giam
kich thude cua thiét bi. Nhung dé dang nhan thiy ring, néu tang cao qua
muc d6 tuin hoan xic tac, sé lam &nh hudng dén qua trinh tdch hoi bam
trén xlc téc va lam anh huéng dén qua trinh tdi sinh 4 1o tai sinh va cac

129



trang thiét bi kem theo.

6.6.4. Nhiét dd trong reactor

Nhiét do phan ng trong reactor thuing dat tit 480 d&n 550°C. Khi tisn
hanh tang nhiét 46, lic dau hiéu suit Xang tang va sau dd dat dén cuc dai
rdi gidm xuéng. Digu nay ]a do qud trinh phan hiy tang, lam phan hay ca
cde cdu tif xang vita duge tao thanh. Khi tang nhiét dé, phan dng phan hiay
tang nhung dong thdi cac phan \ing bac 2 nhu dehydro cing tang, lam tang
hig¢u suat hydrocacbon thom va olefin. Khi dd trong san pham khi, ham lugng
C, - C; tiang, con C, gidm, ty irong va tri s6 octan ciia xang tang lén. Cac
s0 liéu trong bang 6 -6 va hinh 6 -5 cho thay ré diéu nay.

Tu 58 liéu cda bang 6 - 6 thay rang, hidu suit xiang gidm nhanh & nhist
d6 cao (470°C), can hiéu sudt khi va céc tang, nhung riéng hiéu suat céc &
nhiét d6 cao thyc t& la khong thay ddi (470 - 500°C).

6.6.5. Anh hudng cua ap suét

Anh hudng ctia 4p sudt dén hiéu sudt va chat hugng xang ctia qua trinh
cracking dugc trinh bay trén hinh 6 -6.

Khi tang aAp suat, hiéu suat xang tang lén, hiéu suit khi C, - C; giam,
ham lugng olefin va hydrocacbon thom gidm, ham lugng hydrocachon no tang
va do vay chdt lugng cia xang gidm (tri s6 octan NO giam).

Bang 6 - 6. B8 chuyén héa €, hiév sudt san phim vd thanh phin RII cfia xiing
phy thude vio nhiét do phin dmg

- | ;'
Nhiét l P I Xang. Khi i(:a'cf Can I Mit mat  RH no| RHa | RHa
ds. °C % khl., iong | % kh.li% kh.l.i - - % V| %V %V
400 645 ' 815 | 402 | ms a7 323 32 668 77 | 253
420 702 767 487 160 45 | 270 : 28 619 ' 85 | 296
435 1 720 744 491 B2 48 | 253 | 28 565 | 96 | 339
450 | 755 | 699 | 475 222 58 ' 224 ‘ 21 ' 508 | 108 | 384
a70 ' 744 | 619 | 38 ‘205 les 225 28 ' 396 | 139 465
485 749 | 597 | 332 | 326 178 247 24 | 286 150 | 564
500 ' 738 ' 525 33 | 371 72 L2100 32 286 18 | 564
| | | |

Cde s0 litu nhan duge khi dung nguyén ligu 1a phan doan 230 - 350°C
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véi cac dac trung nhu sau: t¥ trong 0,861 kg/dm?; 8 = 1,6%; kim loai 9,6.10™;
nhiet dd déng dac = 6°C; thanh phan RH % khl.: RH no {RHp + RH,) =
85; RH, = 11; RH = 4. Ché& do nhiét do phan dng thay ddi tit 400 dén
500°C; toc d6 nap liéu thé tich V/V/H = 0,71 h™l.

sV NO
5or \_ 00 | | 50
X ]
i\j 95 | 70
40 90 &
Q.
C ™
5
;30 — 0;&1
30 p—— — =13 ' B : !
:/ 85 . [P E— 58
&0
. o
® , | &0 8 425 456 475 SO0 525 °0
i |
0 a5 1a 15 28 25 3¢ &)

ES) z
@ kg/lem

Hinh &-8. SU phu thubc cua higu sudt san phdm cracking vae céc théng s céng nghé

6.7. DAY CHUYEN CONG NGHE CRACKING XUC TAC

6.7.1. Lich su phat trién céng nghé cracking xuc tac

Nam 1936, day chuy®n cracking xdc tdc dau tién duge dua vao cbng
nghiép ché bién dau, hoat déng theo phuong thic gian doan voi 1dp xdc tac
¢é dinh do ky su ngudi Phap tén la Houdry thiét k& Vi con ton tai nhiéu
nhuge diém nhu hoat dong gian doan va rit phdc tap trong van hanh, nhit
12 khi chuyé&n giao giita hai chu ky: phan @ng va tai sinh xuc tac trong cung
mét thiét bi. Day chuydn nay da duge nhanh chéng cai tién va hién chi con
mang ¥ nghia lich st clia qua trinh cracking xdc tac.

Nam 1941, xuit hién qua trinh cracking vdi l0p xuc tac chuyén dong thay
th& cho qua trinh Houdry. Viée tién hanh cracking va tai sinh xuc tac da dudge
thyc hién & cac thigt bi riéng biét: thiét bi phan vng (reactor) va thiét bi tai
sinh (regenerator). Xic tac tir thiét bi phan dng vao thiét bi tdi sinh va nguge
lai hoac bing tu chay, hode bang cudng bic; xuc tdc da lam viéc cd chia cée
chuyén dong vao 1d tai sinh, con xuc tdc da tai sinh vao 16 phan ng tao thanh
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‘mét chu trinh lien tye. Cac day chuyén loai nay kha phd bign. Xac tac thudng
cd dang hat hinh ciu vai dutng kinh tit 3 d6n 5 mm. Day chuy¥n cracking
xic tdc loai nay & Nga cd tén 1a loai 43 -1 va 43 - 102, con 3 cdc nude khac
¢ tén la Thermofor (TCC) hay Houdry Flow. Cac day chuyén cang v8 sau
cang lién tuc dugc cai tign so vai cde day chuy®n ban diu & khau van chuyén
xuc tde (da dung vin chuyén bang hoi thay cho van chuyén bang co hoc). Sg
dd cong nghé qua trinh cracking xic téc dang chu chuyén ddng tiéu bifu; 43
- 102 va TCC duge trinh bay trén hinh 6 -7 va hinh 6 -8,

Nam 1942, day chuyen cracking xtc tdc 16p s6i (FCC) dau tien da dudc
dua vao hoat déng vdi cong sudt 12.000 thung nguyén litu/ngay. Loai day
chuygn nay cd tén la Up Flow (model D) duge trinhk bay trén hinh 6 -9. Trong
day chuy®n nay, xic tic duge dua ra tir dinh cda 1o phan iing va 1o taj sinh.

Sau dd, vao nam 1944 ngudi ta da tang dudng kinh ctia cac thist bi phan
uUng va tai sinh, qué trinh tdch hoi san ph&m duge thyc hién ngay trong thiét
bi phan dng, tdi sinh xdc tac & dang tang so6i va qud trinh théi ciing ngay
cang duge cai ti€n d€ cho xic tac chuyén dong tir phia dudi va lay ra ngoai
d ddy thiét bi. Day chuyén ed thiét bi hoat déng nhu viAy mang tén la Dow
Flow model II (hinh 6 - 10), va d6 1a dang nguyén thiy cta loai thiét bj phan
Ung va tdi sinh 16p s6i hién dai ngay nay. Tiép theo, ngudi ta ciing cai tién
cd hinh dang ctia xde tde. Xic tae phd bign 14 leai cd dang hinh vi ciu, nén
giam dugce sy mét mat xdc tac hay su mai mon thiét bi, néng cac hiéu qui
tdch cia cdc xyclon.

Trong day chuyén model I, ty 18 xde tac/nguyén liéu dau (X/RH) chi dat
gi6i han cuc dai la 3, nhung ¢ mode! I1, t¥ 16 X/RH da od the tang lén tir 3
dén 10. Dén nam 1946, model III 1a loai can bing ap sudt da dugce thist k&
bdi haing M.W Kellog, hinh 6 -11.

Nam 1947, hiang UOP da thiét ké loai FCC trong do thi&t bi phén tdng
va thiét bi tai sinh chdng lén nhau trén ciing mét truc (hinh 6- 13). Dén nam
1951, loai Orthor Flow diu tién ctia M.W. Kellog xudt hién. S8au d¢ hang
Standard - Qil (New dersey) da thiét k& mot loai FCC moi goi la model TV,
d6 1a cai ti€n cia model II va day chuy®n cong nghé cia model IV diau tién
dp dung trong coéng nghiép vao nam 1952 (hinh 6- 12).

Cang véi thai gian, FCC ngay cang duge cai tién d& cd duge hisu suit,
chét ludng xang cao hon va cd thé ding nguyén liéu ngay cang nang hon, véi
chat lugng nguyén ligu ngay cang xdu hon. Qua trinh FCC cta mot s6 hang

132



eong nghiép dang din dau trong linh vyc nay duge luge td nhu dudi day.
a. Qud trinh cia UOP.

Cai ti€n cong nghé caa UOP c6 thé téng quat hda theo sd dd: ti loai thi&t
bi chéng 1én nhau trén mot truc chuyén sang loai b& tri canh nhau, dén loai
dét chay ro6i dén chuyén hda can nang [Stack type — Side by side type —
Combuser type » Residue cracking FCC (RCC)]. Chuy&n hoa can ning (RCC)
clia UOP 1a qua trinh dugc phat tri€n béi cong ty Ashland Qil Co. Chinh hang
UOP da thist k& hai loai FCC: loai dét chay hoan toan va loai tai sinh hai
c4p nhu s6 d6 @ hinh 6 -14 va hinh 6 -15. Khi nguyén liéu ngay cang nang hon
thi loai tai sinh hai cdp rat thich hop va 1 loai dude ua chon cho cdng nghiép.
CAa hai loai nay cing da duge trang bi cdc by phén lam lanh xic tdc d&€ didu
chinh nhiét d6 ciia 1o tai sinh. Loai d6t chdy trong day chuyén FCC 1a loai két
hop gitia tai sinh don cdp v6i phuang phap d6t chay hoan toan cdc va CO. Con
& loai tdi sinh hai edp cia RCC thussng cd hai buéng dét riéng biét, trong budng .
cip 1 cla 1o tai sinh, chi dét chay mot phin va dén cdp thi hai mdi dat chay
hét. Khi khéi tit cic cip tai sinh hoac duge tron v6i nhau, hoje di ra ngoal riéng
biét nhit & qua trinh don cdp. Nhu vay, loai FCC va RCC chi khédc nhau & 1b tai
sinh xdc téc, cdn & 1o phan dng 12 hoan toan giéng nhau.

b. Qud trink cia Kellog

Sy phat trién qua trinh FCC cua Kellog cd th& téng quat nhu sau:

Tu qué trinh Ortho-Flow = Ortho-Flow model F - Ultra- Ortho-Flow =
Cracking can nang HOC.

Van chuyén xic tac d day chuyén Ortho- Flow theo huéng thing ding,
do dd tién loi la cd thé dung van chan d& didu khi€n qud trinh tuin hoan
xic téc. Model F duge céng b6 vao nam 1976, dd duge cai tién nhidu vé cong -
nghé va thiét bi: cracking x4y ra ¢ toan bo &ng ditng cia reactor (Riser), he
théng cyclon dugc b tri  ngay ciia ra cua Ong ding, quéd trinh chdy hoan
toan dugc chon cho qud trinh tdi sinh xidc tac. Trong 1o tai sinh, xdec tdc va
khong khi sé tiép xuc ngugc dbﬁg nhau. : _

Model RFCC (HOC) duge trinh bay trén hinh 6 -16. Déc diém chinh cta
no la: hé théng cyclon ciing dat ngay & cita ra cua 6ng ding, voi phun nguyén.
litu duoc cai tién d€ tang cudng qua trinh tiép xuc giita nguyén ligu cracking
va xtic tdc. B6 phan lam ngudi cing dude thay ddi tur loai dat & phia "pha
loang” chuyén sang bé tri ¢ phia "pha dac” trong 16 tai sinh, d€ trdanh an mon,
mai mon trang thidt bi bdi xic tac va tang t6c do truyén nhiét. Hinh dang
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ctia bs phan lam ngudi xtc tic duge thist k& bdi hang Kellog ciing tuong tu
nhu ciua UOP, chi khac la kigu bé tri cdc 8ng trao ddi nhiét dat nguge chidu
lai. Nha mdy RFCC cla Kellog mdi nhat dude xay dung d Nhat BAn vao nadm
1993.

c. Qud trink ctia hang Shell

Shell e nhigu ddng gép trong viée phat tri€n cracking xie tdc phén can
nang (RFCC) va day chuyén RFCC dau tién cua Shell duge xay dung § Anh
nam 1988. Day chuy®én thu hai don gian hon duge x4y dung d Singapore nam
1990, day chuygn RFCC thd ba cta Shell duge xay dung & Australia nam
1992,

Qud trinh Shell LRFCC (Long Residue FCC) dung dé cracking xie tdc
18p sb6i cAn nang réng cing cd bd phan lam ngudi xde tac dé tranh sy dét
chdy qua nhiét xte tdc. Mo hinh nay duge trinh bay trén hinh 6 - 17.

d. Qua trink IFP - Total v Stone & Webster

Hai hing cong nghiép IFP-Total va S & W da hgp tdac d&€ thist k& qua
trinh RFCC v8i tai sinh xuc tac hai cdp. Qud trinh IFP-Total cracking can
nang mang tén "R.2.R Process". N clng dudc trang bi bd phan lam ngudi
xue tiac va ¢6 hé théng ki€ém tra digu khi€n nhiét d6 hdn hagp cia khéi 16 phan
ing (MTC) va day chuyén "R.2.R Process” ciia IFP da dudc xay dung d Nhat
Ban tif nam 1987, dén nam 1992 di xiy dung nha may thd ba. So dd cla
qua trinh R.2.R dugc trinh bay trén hinh 6 - 18

e. Qud trinh Exxon

Hon ndm mudi nam lién tuc nghién eltu va cai tié€n cong ngheé FCC, Exxon
da dua ra model IV cia FCC va ngay nay loai III.R. Flexi- cracking la loai
mdi nhdt c¢ta hang (hinh 6 -19). Day chuyén leai nay ¢d th€ dung nguyén
litu hosc 1a phin c8t chan khong hoac 14 phan can néng.

6.7.2. Day chuyén céng nghé cracking xuc tac tiéu biéu

Trong phin nay, ching t6i dé cap tdi mdt vai loai day chuy&n cong nghé
cracking theo lich st phét trién cla ching va sé di sau md ta qua trinh FCC
cia UOP.

6.7.2.1. Ddy chuyén cracking véi lép xic tic chuyén dong, xic tdc dang ciu

a. Day chuyén 43-102 ctia BHUUHI (USR)

Day chuyén nay dugc trinh bay trén hinh 6- 7.
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Minh 8-11. S0 d3 FCC Model Il \ *

19. Khi vén chuydn
2 Ludi phan phdk

3, Lo t4i sinh; 4. Khéi & '
5. Xyclon; 6. San phim: O Y
7. L& phan \ng; [] Y
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Hinh 8-12. SO db coéng nghd FCC Model 1V,
1 Khi - Hoi nudc; 2. Ld ta sinh; 3. Khi khéi; 4. Xyclon; 5. Nguyén ligu; 6. Ld phan dng;
7. Cot phan doan, 8 Xing va khii 9. HBi iuu dinh; 6. HBi luu; 11 C8t bay hoi phy, 12,
Gasoil nhe; 13. Gasoil nang, 14. Cin
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Ché 46 cong nghé va hiéu sudt san pham cia qu5 trinh 43-102 nhu &

bang 6-8.

Bdng 6 - 8. Ch& 4 cong nghé vi hién suit sin xu

qui trinh 43.102

it san phlim cia

Bic trung

No.1 Ne.2 No.3
Nhigt d§, °C
- trong reactor 475 - 480 470 - 500 445 - 450
- trang R t4i sinh 660 - 680 B30 - 690 650 - 68D
Ham ligng cédc, %
- xUc tac chua t& sinh 19 - 23 13 - 14
- xic tdc di tai sinh 07 - 09 03 - 04 02 - 05
Higu sudt san phém, okh).
- khi (dén C4) 138 176 13
- xéng di khd butan 254 298 273
- gasoil nhe 283 364 337
- gasoil ndng 216 12,8 221
- MAt mat 38 33 39
D% chuyén héa, % khi 451 50,7 4438

b. Day chuyén TCC ctia Socony.Mobil 0il Co, (My)

Day chuyén cong nghé loai TCC eta hang Socony Mabil Oil duge trinh
bay trén hinh 6 -8, Ch# dg cong nghé va dac tinh cua

6 -9

qud trinh nhu & bang

Ridng 6 - 9. Ché do cong nghé va dic tinh cha qud trinh TCC (Socony Mohil Oil)

Nguyén li@u 13 ciin diu Kirkuk. lrak,
Ning suft cla reactar

Lugng xuc tac tulin hoan

Nhiét dd xic tAdc vao reactor
Nhigét dd eda nguyén iidu vao

Téc d6 nap lidu thé tich

Ty & xic tac/nguyén liey

B& hoat tinh cla xic tac

1800 m3mngay

350 t&n/h

535°C
410°c
11 p!
6

30
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Tudn hoan nguyén ligu

Lugng tudn hoan/nguyén fidu mdi 0 25 05

San phim:

Khi kho %khl. 3,65 447 5,30
Ca olefin %V 524 6,42 750
1n-Ca %V 4,19 513 607
1z20-Cq EAY 8.71 10,21 11,71
Ca alefin %W 4,40 516 581

-Gy EAY 233 273 313

Xidng (C4) %Y 4166 4786 54,06
Qasoi! nhe %V 2162 2427 14,13
Gasoil ndng %V B73 547 500
Cée %kh. 578 7,31 884
D& chuyén hoa 59,65 7026 BO,87

6.7.2.2. Diy chuyén céng nghé xiic tdc lap ~ii (FCC)
Téng quat, day chuygn cong nghé FCC goém cac bd phan chinh sau:

a. Reactor

b. Tai sinh va t4n dung nhiét ctia khi khdi

c. Phan doan phan chia san phdm.

Day chuyén FCC hién dai vdi thoi gian ti€p xlec ngan dude trinh bay trén
hinh 6 - 20. Hoat dong eta day chuyén nhu sau:

a. B¢ phgn reactor - ong diing

Nguyén liéu mdi tit bé chia nguyén liéu 1 duge cho qua thiét bi trao déi
nhiét 6ng chiim, nguyén liéu mdi c6 thé duge tron vai phian tudn hoan (HCO)
2 vi can ddy 3, sau dd cho qua 1b d6t néng nguyén liéu cracking. Nguyén liéu
cracking 5 duge tiép xdce v6i xic tdc nong da tai sinh 6 & diy cda ong dung,
khi d6 nguyén liéu bay hai cung vdi hén hgp cia hoi nong va xuc tac duge di
len phia trén tai dinh cia éng ding, ddng thdi xay ra cac phan ung eracking
xuc tdc. HAu hét nguyén liéu déu tham gia phan ting va chuyén hda trong
ang dL’In.g, con reactor duge dung nhu mét thist bi tach xic téae va hoi
hydrocacbon. Mét b phan duoge thist k& dac biét, ba tri & gan van chan, dung
hoi nude dé théi xuc tdc va dau, lam nhu vay sé han ché dén mec téi da hien
tugng tron quay trg lai cha xdac tdc va hai khi da lam viéc. Ving éng ding
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va bo phan tich hoi cla reactor duge thist k& cho qué trinh FCC véi thoi gian
tidp xuc ngén gilta xic tac va dau duge trinh bay chi ti€t trén hinh 6 -21.
Sau khi tach khéi xuc tde, hoi san ph&m néng 7 duge chuyén t6i cot phan
doan. Xuc tac da lam viéc 8 duge cho qua ving tach hoi (cdn goi la bd phan
vita xGe téc) bang cach théi hoi nudc vao. Bo phén rita khong chi lam nhiém
vy dudi hét hydrocacbon hip phu trén xic tac ma con 1am toi cde hat xic tdc
dé€ ching khong dinh vao nhau trudc khi sang 16 t&i sinh. Can didu chinh mot
t6c d6 hoi thich hop cho nhiém vu nay. Can thi6t phai kifm tra chit ché thoi
gian luu cia xic tac trong b6 phan ria dé tranh phai dung qué nhidu khéng
khi trong lo tai sinh. Ap sufit trong reactor duge khéng ch& bing bd phén
dizu chinh ap suét cta cot phan doan. '

b. Lo tai sinh va khéi tan dung nhist cia khot o

Xic tac c6 chia ce (cdc bam trén xidc tac) 8 duge chuyén qua van didu
khi€n va khéng ché bdi bd ki€m tra mic xic tac trong 1o phan ing, sau dé
di vao 16 taj sinh (hinh 6-22). Xic tic vao 1& téi sinh theo hudng tiép tuyén véi
thanh 1o. Muc dich chinh cia t4i sinh la d6t chay c8c bam trén xuc tac da
lam viéc bang oxy cia khong khi, khi d6 tao thanh CO, CO,, hoi nudc, nho
vay ma tra lai bé mat hoat tinh cho xtc tac. Sau khi nén, -khong khi d& d6t
duge cho vao day 1o tai sinh, qua ludi phan phdi dé tron cé hiéu qua khong
khi va xuc tac. St chdy cang xay ra trong 16p sbi va d& dat duge didu dd, te
d6 ctia khong khi phai dat 16n hon 1 m/s. Xdc tac da tai sinh duge chuyén

“vao 6ng ding sau khi da dugc dudi sach khi qua mét van 14 ma su hoat dong
cta van nay duge khéng ché, didu khién ty déng nhd bo phan didu chinh nhist
d6 ciia reactor, roi sau d¢ xdc tac dude tron véi nguyén lidu cracking va hoan
thanh mot chu trinh. Ddng thoi ngudi ta théo xuec téac bdn da gia héa ra, bs
sung xtc tdc moi d€ dam bao d6 hoat tinh 8n dinh cua xic tac theo thoi gian
iam viec. '

Khi cia qué trinh chay cdc va cic hat xuc tac chuyén déng tut “pha déc”
vao "pha loang" ¢ dinh 1o t4i sinh, qua hai cfip xyclon d€ giit lai cac hat xic
tsc va tach khi. Sau dd, khi khdi duge qua budng lang dé tach tiép bui xic
tac, roi qua bd phan téan dung nhigt 12, tiép theo khi khdi duge lam sach bui
xic tac bang loc dién rdi di ra ngoai theo 6ng khoi. Hinh 6 -22 mbo ta day du
céc chi tiét quan trong cia thi&t bi 1o tdi sinh.

c. Bo phan phan chia sén phim

Hoi san phim 7 dude nap vao cot phan doan chinh dé chia thanh cdc san
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phdm khic nhau: xang va phan
nhe hon duge cho qua bd phan
ngung tu roi vao thiét bi tach
khi. Sau khi tach khi, ta nhan
dugc phan doan C, C, 0 s6 18,
cdc san phdm nay cd thé dude
dung lam khi nhién liéu cho day
chuyén. Phan doan C;, C, chya
nhiéu propylen va buten & 17

| 1
!

duge ding lam nguyén lidéu cho i :
day chuyén alkyl hda va san Van “iC’ [
: 1

phdm ti€p theo la xang da khu :
' I

1

I

[

f

|

|

butan & I8,

Tit cot phan doan chinh, ta
cdn nhan duge cac phan dean san
ph&m nhu naphta nang sé 19, R
LCO s6 20 va HCO 8 21. PhAn  tgch &H
HCO c¢d thé cho tuin heoan lai
6ng ding cha reactor qua dudng
22, va cudi clng 14 phin diu can Xie tde / riai o T D vi
da duge lam sach khoi bun xic o5 /omr viée xe fdc
tac 24. Mot phan san pham dinh
ciua thi&t bj tdach bin xdc tac
cling dude cho tufin hoan cung vai HCO.

6’";15 af;.:fn_g

Hinh 8-2v. Cdu tao 1d phin {ng

Day chuyén FCC & USR ciing dugc 4p dung rong rai, vi du day chuyén
loai 43-107. Can bang vat chdt va diéu kién cong nghé clia mét s6 day chuyén
cracking xtc tac dugc trinh bay & bang 6 - 10,

6.7.3. Hudng phat trién va céi tién cua FCC trong loc diu

Tu thap nién 90 trd lai day, qua trinh FCC vdn khong nging dugc cai
tién ca vé cong nghé va xic tac d€ tao cho FCC trong tuong lai phu hop véi
yéu cau caa céng nghé loc - héa dau, dong thyi cho phép sit dung dugce nguyén
liéu nang hon, nhiém ban hon, nghia 1a véi chit lugng nguyén liéu ngay cang
xau han. Tt mue tiéu dd, cac nha thiét k& va cong nghe da dat ra cde nhiém
vu chinh sau:

1. Cai tién vé cong nghe d& thich dng vdi nguyen lieu cd chat luong x4u
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ma hi¢u sudt xdng hay phdn cft vin dat cuc dai, gidm lugng céc, nang cao
chat lugng cua xang.

2. Ché tao v cai tién chat xic tdc cd do ben nhiét, bén co cao, bén véi
cac doc t6, cd hoat tinh cao va dn dinh, dé& tai sinh va ¢ thoi gian lam viéc
lau dai hon.

3. Chon lya cac thong s8 lam viéc t6i wu bing cac cong nghé digu khién
va ki€m tra tién tién, hién dai.

4. Cai tién cdc trang thiét bi cing véi cong nghé d€ khéng nhiing nang
cao chdt lugng san phdm ma con cho phép két hgp san xudt céc nguyén li¢u
cho t&ng hop hda dau va hoa hoe. V{ du nhu nhan etylen, propylen, buten...

Chi trong vong vai chuc nam trd lai day, ngoai vide hing cao, cai tién va
dp dung xtc tdc mai cd hiéu qua (bang 6 - 10) ngudi ta da thist k& cac day
chuyén FCC hién dai san xust duge khong nhitng nhidu xang vai chét lugng
cao hon ma cdn cho phép nhén cdc nguyén lidu cho tdng hgp héa dau. Thanh
céng dd, trude hét phai k€ t6i cac qua trinh FCC véi thai gian cracking ngan
va siéu ngian (MSCC), hay cac qua trinh cracking sau (DCC). Sau day s& mo
td van tdt mét vai qua trinh vita néu.

6.7.4. Cac qué trinh FCC cai tién

6.7.4.1. Qud trink cracking sdu (DCC)
S0 do qua trinh cracking DCC duge trinh bay trén hinh 6-23.

_Sdn phdrn

Khi' kbdr

ﬂ. Tach sdn phdm
s ——

Khi® khdi

vid xdc tde Nap liéu Lg tdisirh
is I'a'c#; hya’r-ocacbon Sah phé;??
fdisinh—>
Khé‘eg - g durg . . .
khi” —- LG phan ung
G'r:;rg darr___ ' o Khi'ndng
xuic fdc S ~=—_Nop liéu
op e Y kréng knit
Hinh &-24. Qu4 trinh cracking cye nhanh
Hinh 6-23. Qué trinh cracking sfu (RGO vdi thdi gian ed milgidy (MSCC)
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Qua4 trinh DCC c6 thé cracking chon loc nguyén liéu gasoil d€ nhén olefin
C, dén C., xang chifa nhigu hydrocacbon thom c6 tri sé octan cac va phan
doan san phidm cdt. DCC ¢ hai loai hinh cong nghé: DCC loai 1 va DCC loai
TI. Loai I 1a ch& do san xuit propylen, con loai II cho iso-olefin 1a chu yéu.

Bdng 6 - 10. Cin biing vit chit va didu kiégn thao tic cda FCC.

Chd d8 cdng nghé

Déy chuylin 43-107 (Ngn)!

| UQP (M¥)
Nhigt d8, °C ! |
- trong reactar | 500 - 530 | 485
- trong l& tai sinh 630 - 670 | 607
Ap suft: ‘ ‘
- trong reactor i 02 - 03 MPa ' 630 g/om?
- trong & tai sinh ‘ 024 - 034 MPa | 700 giem?
Ty 1@ xac tac/nguyén lhigu, | '
{tdn/tdn nguyén hdu) i 4 -7 ‘ 6.2
Hé s8 tulin hodn nguy8n idu, |
{kg/kg nguyén ligu mdi) 1 - 12 | {tbc db nap

| | lieu MMM} 29

Higu suft san phim, %V '
Kh khd | 29 - 31 | 45 - 5
o ‘ 50 - 60 I 6 -8
C4 0 - 12 ! 12 - 14
Xang C, - 185 °C | 46 - 48 i ag - 50"
Gasoil nhe - 18- 13 ' 2 -8
Gasoil ndng - ‘ a8 -1 | 8 - 10
Céc %khl. 35 - 45 4 -6

« Ia xang ldy 1 Cy dén 220 °C

Béang 6- 11 dua ra cac s6 liéu vé phan b6 san phim caa DCC so véi FCC.
Tit 26 liéu cua bang 6- 11 cho thay, nhd DCC ma ta cd thé nhan nhigu olefin
hdn va rat thich hop cho qué trinh téng hop hda dau. Nam 1997 g Trung
Qude da tién hanh xay dung day chuyén cracking DCC, trong dd day chuyén
thi 3 theo thiét k& ctia Stone & Webster Engineering. Corp.

6.7.4.2. Qud trinh MSCC (UOP)

So db cta qua trinh MSCC dude trinh bay trén hinh 6-24.

Qu4 trinh nay ding nguyén liéu cd thé la gasoil cit hay can nang cung
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v6i hé thdng phan dng cd thdi gian phan dng cuc nhé (cd miligiay). Qua trinh
MSCC st dung xic tdc FCC cai tién va cho cdc san phdm cd gia tri cao. Khi
k&t hop vai x 1y nguyén lidu bing qud trinh 3D diung dé tach kim loai va
cac hop chi&t nhya asphan c¢én cho nhigu sin phdm hon nhu:

- Olefin nhe cho alkyl hda, polyme hda vA este hda;

_ LPG dimg truc tiép cho hoa dau;

- Xang cao octan;

- Cac cdu tit pha tron d& ché tao nhién liéu ¢4t va nhién liéu can (FO).

Hdng 6 - 11. Phin bd sin phiim khi cia DCC so véi FCC

Sén phdm, %kh.l pccC.l pcce.i FCC
Etylen €1 2.3 09
Propylen 205 14,3 £8
Butylen 4.3 4.6 10
iso butylen 54 6.1 33
Amylan - a8 85
fz0-Cg = - 6.5 43
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Churong 7
QUA TRINH REFORMING XUC TAC

Reforming xuc tac la mot trong 8 cdc qua trinh quan trong cua cOng
nghiép ché bién dau. Vai trd cta qua trinh nay khéng ngiing duge tang lén
do nhu cau vé xang cd chét Wong cao va nguyen liu cho qua trinh téng hop
héa dau ngay mot nhigu. Qua trinh nay cho phép san xuit cde cdu ti cd trl
&6 octan cao cho xang, cac hgp chit hydrocachon them (B, T, X) cho téng hagp
hoa dau va hoa hoc. Ngoai ra, qué trinh cdn cho phép nhan dude khi hydro
k¢ thuat (ham lugng H, toi 85%) voi gia ré nhat so v8i cdc qua trinh diéu
ché& hydro khac. San phdm hydro nhan duge ti qua trinh reforming du cung
cdp cho cac qua trinh lam sach nguyén liéu, xit 1y hydro céc phan doan san
phdm trong khu lién hap loc hda dau.

Qua trinh reforming thuong dung nguyén Jiéu 1a phan doan xang ed tri
s& octan thap, khong dG tiéu chudn cia nhién lieu xang cho dong cd xang.
D6 1a phan doan xang cia qua trinh chung cat truc tigp dau thé, hay ti phén
doan xdng cla cracking nhiét, coc hod hay vibreking . Qua4 trinh reforming
diung xuc tac da chue nang: chitc hydro- dehydro héa do kim loai dAm nhiém
(chu yéu la };latin Pt), duge mang trén chat mang axit (thudng ding &4 gama
oxyt nhom y- Al,Qs5, 48 tang tdc cac phan Ung theo co ché ion cacboni nhu
izome hoa, vong hda va hydrocracking}.

71. CO SO HOA LY CUA QUA TRINH

Reforming xtuc tac 1a qud trinh bién ddi cac thanh phan hydrocacbon cua
nguyén liéu ma chil yéu 12 naphten va parafin thanh hydrocacbon thom c6 tri
6 octan cao. So do cac phén ung chinh trong qua trinh reforming c6 thé bidu
dién nhu & hinh 7 -1.

Nhu vay nhitng phan Gng chinh xay ra trong qud trinh reforming bao
gom céac phan ung sau:

Dehydro hda cac hydrocachon naphten; dehydro vong hda cac hydrocachon
paraphin; dong phan hda va hydrocracking.

Trong didu kién tién hanh qua trinh reforming con xay ra cac phan Ung
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Dehydro véng hoa Dehydro hda

n-parafin 2 Alkyl Cyclo -« == Hydrocacbon tham
Hydro hexan
cracking

San phdm Déng phan héa
cracking

Hydrocracking

fzo-parafin — == Alky} Cyclopentan
Dehydro vong hda

Hlnh 7-1. Cac phan ung chinh trong qua trinh reforming
phy, tuy khéng lam anh hudng nhigu dén can bang clia cac phan ing chinh,
nhung lai ¢d Anh hudng 1on dén do hoat dong va do bén cia xtc tiac. D6 la
cdc phan 1ing:
» Phan tng phan huy va khi cic hop chdt chda oxy, mito, luu huynh
thanh H,S, NH,, H,0.
+ Phan tng phan hiy cac hop chét chia kim loai va halogen;

» Phan ing ngung tu cha cac hgp chét trung gian khong bén nhu olefin,
diolefin vdi hydrocachon thom, dén dén tao thanh cac chét nhua va cic bdm
trén bé mat cua xic tac.

Vi th& d6 phat trién qud trinh reforming xuc tac, ngudi ta can phai khéic
phuc dudge qué trinh tao eéc trén xuc tdc, hay it nhat phai han ch& toi muc
t6i da qua trinh tac céc. Trong thuc t& san xudt, ngudi ta da ap dung cac
bién phap khac nhau nhu ding dp suit va ndng d6 hydro cao hoac tién hanh
t4i sinh lién tuc xidc tac {qua trinh CCR).

7.1.1. Dac diém cua céc ﬁhén irng chinh trong qué trinh reforming

7.1.1.1. Dehydro héa naphten thanh hydrocacbon tham

R R
O/ -~ ©/ + 3H, (+50 keal/mol)

Day la phan dng thu nhiét manh. Khi tang nhiét do va giam ap suit, hidu
suit hydrocacbon thom sé tang lén. Theo cac s6 lidu va cac nghién ciu da
cong bé déu cho thdy, viéc tang ty sé H,/RH nguyén lid¢u c6 anh hudng khong
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nhigu d8n can bang cla phan 1ing dehydro hda naphten va sy Anh hudng nay
cd thé€ b lai bang viéc tang nhiét do clia qua trinh. Khi ham lugng cua
hydrocachon naphten trong nguyén liéu cao, qua trinh reforming sé lam tang
ré rang ham lugng caa hydrocachon thom. Do dd cho phép ta lua chon va xi
Iy nguyén liéu dé cd thé dat muc dich meng muén: hoac tang hydrocacbon
thom cd tri s6 octan cao cho xdng, hoac dé nhan hydrocacbon tham riéng biét
(B, T, X). Su tang tri s§ octan cia xang ciing con phu thuéc vao ham lugng
n-parafin chua bi bién d8i chita trong san phdm vi ching ¢d tri 86 octan kha
thap (NO cua rn-heptan bang 0). Vi vay, ngoal phan ing dehydro hda naphten,
ciing can phai tién hanh cac phAn ing khac sao cho dam bic duge hidu qua
clia qua trinh reforming.

Phan Ung dehydro hda naphten, trong dd déc trung nhat la phan dng
dehydro hda xyclohexan va dan xuit clia nd, cd téc do kha lon khi ta ding
xdc tde ed chia Pt. Nang lugng hoat hda ciia phan dng nay nhé, chi vao
khodng 20 kcal/mol. Phan ttng ddng phén hda naphten vong 5 canh thanh
vong 6 canh lai 14 phan dng cd hiéu ing nhiét thap (5 keal/mol), nén khi tang
nhiét d6 thi can bing chuyén dich v& phia tac véng naphten nam canh. Vi du
phan ing déng phan hda cla metyl xyclopetan va xyclohexan:

CH,
- -

Tai nhiét d4 500°C, ndng dd cian bang clia metyl xyclopentan 1a 95%, cdén
clia xyclohexan chi 14 5%. Nhung do téc do phan dng dehydro hda xay ra
nhanh ma can bang ctia phan dng dong phan héa cd digu kién chuyén hda
thanh xyclohexan va trong phan dng, ndng dd cia naphten chua bi chuyén
héa chi con 5%. Nhu viay, nhd phan ing dehydro héa naphten cd téc dé cao
ma trong qud trinh reforming ta sé nhidn dugc nhidu hydrocachon thom va
hydro. Do phan dng thu nhiét manh, nguti ta phai tién hanh phéan ing néi
tiép trong nhidu reactor d& nhan duge do chuyén hoa cao can thiét.

7.1.1.2. Phdn iing dehvdre vong héa n-puarafin

Phuong trinh tdng quat cla phan dng dehydro vong hda n-parafin nhu
sau:

R
R-C-C-C-C-C-C == @ + 4H, (AQ=60 kcal/mol)
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Phan dng dehydro vong hoa n-parafin xdy ra khd hon so vdi phan dng
cta naphten. Chi ¢ nhiét do6 cao mdi c¢6 thé nhan duodce hiéu suit hydrocacbon
thom dédng k€. Khi tang chidu dai mach cacbon trong parafin, hing s6 can
bang tao hydrocacbon thogm cing duge tang lén, digu dd thé hién 4 sé lieu
trong bang 7-1.

Bang 7 - 1 Anh hwing clia nhiét dd vi chidu dii mach cachon téi biing s& can
hiing cia phin (dmy dehydro vong héa parafin

Phin Gng a00°K e00°K 800°K
n-CgHy, = CgHg + 4H, 3g210-"? 067 asen®
n-CyHg = CyHg + aH, 654.107'° 3177 9,03.10°

n-CgHyg = CgHg CoHg + aH, 7181010 3954 117107
n-CgHyg = CgHg CgH, + 4H, 14210°° 6502 181107

Khi ting nhiét d6, hing s8 can bang cia phan dng dehydro vong hda
parafin tang lén rat nhanh, nhanh hon so vdi cd phan 1ing dehydro hoa
naphten. Nhung tde d6 phan tdng dehydro vong hda lai r4t nhay vdi su thay
ddi 4ap sudt hoac ty s6 H,/RH nguyén liéu. Digu nay thdy r6 & hinh 7 -2 va
7 -3. Nang lugng hoat déng ella phan dng thay ddi tit 25 dén 40 kcal/mol khi
dung xic tic Cr,0,/Al,0,, con khi dung xdc tac Pt/Al,0, la tir 20 dén 30
keal/mol. Téc do phan dng tang khi ting s6 nguyén ti cacbon trong phan tu
parafin, didu d6 din tdi ham lugng hydrocacbon thom trong sian phdm phan
Ung cling tang lén. S6 lidu trong bang 7 - 2 th€ hién ré diéu nay.

Bdng 7 - 2. Dehydro vong héa parafin trén xie tie Pt logi RD.1S0 & didu ki¢n
M= 496°C, p = 15 kG/em?. Téc do khong gian thé tich truyén
pguyén liégu VIV hing 2.0-2,6. T <6 HyRI = 5

Nguydén ligu Hydrocacbon thom, % I 08 chuyén héa, %V
kh.l.inguydn li§u

#-CoHg 398 57.0

#-CaHa g €602 670

Dehydro vong hoa parafin dé€ tao hydrocacbon thdm l4 mét trong nhing
phan ing quan trong nhat clia reforming xuc tdc. Nho phan ing nay ma cho
phép bign déi mét luogng 18n cac hop chdt cd tri s6 octan thdp cda nguyén
lidu thanh edc hydrocacbon thom 1a cac cdu ti ¢d tri s6 octan cao (Vi dy, NO
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cua n- C, = 0, cdbn NO cia toluen = 120). Phan {ing nay xay ra uu tién tao
thanh cdc din xudt clia benzen vdi s6 lugng euc dai nhom metyl dinh xung
quanh, néu nhu nguyén liéu cho phép. Chang han & 465°C, néu nguyén lidu
1a 2,3-dimetyl hexan thi cho higu sust cla o-xylen 12 lon nhét. Nguge lai, néu
nguyén liéu 1a 2,2- dimetyl hexan thi phén dng x&y ra khé hon, va néu nguyén
lidu 1a 2,2 4- trimetyl pentan thi phan (ng vong hda xay ra con khd hon niia.
Nhung néu ta tang nhigt do 1én trén 510°C, thi hiéu sudt hydrocacbon thom
tit cac hop chét trén lai tang 1&n nht phan Ung dong phan hda lam thay ddi
cdu trac cia mach alkyl.

A2 mol

1 g mol _ o

Benzen

106

80

(34

Hinh 7-2. Cén bing »-Ce-benzen trong Hinh 7-3. Can bing »-Cy-toluen trong
phan (ng dehydro ving hda phan ung dehydro véng hda

7.1.1.3. Hydroizome hba
Ngudi ta thusng chia phan ing hydroizome hda thanh hai loai:
a. Phdn iing izome hoa n-parafin.
n- parafin —== izo-parafin + AQ = 2 kcalimol
Phan dng dat can bang trong vung lam viéc ctia reactor d digu kién 500°C
voi xic tic Pt/ALO, nhu saw:
Vi n-C, 1a 30%; n-Cs la 40%; n-C, la 60%.

Cac phan Ung nay co vai tro quan trong trong qud trinh reforming xic
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tac vi:
- V6i cac n-parafin nhe, su izome hda lam cai thién tri 88 octan. Vi du
NO cua n-C; 12 62, trong khi d6 NO ciia 1z0-C; 1a trén 80,

- V6i céc n-parafin cao hon C,, phan ung izome hoa dé& xay ra, nhung
nd chi lam tang khong nhigu NO vi con ¢d mat cdc n-parafin chua bién dgi
trong san phdm phan dng. Vi du »- C, ed NO=0; con trimetyl butan cd NO
= 110 va hén hgp C, & didu kién can bang clia phén ding izome hda chi co
NO = 55. Do dd ma phén ng izome hda t6t nh4t nén tién hanh vai n-parafin

nhe (C¢ hay C.). Vi khi d¢ san phdm cd NO cao hon so vdi khi tién hanh
izome §da n- parafin cao hon.

b. Phdn ung dehydroizome héa cdc alkyl xyclopentan

R _R!
U —-— + AQ = 4 + 6 keal/mol
\‘ .
_ Ri
O + 3H, + AQ = —50 keal/mol

Phan ing nay di duge dé cap 4 trén.
7.1.1.4. Hydrocracking parafin va naphten

- D&i véi parafin, thudng xay ra cdc phan ing hydrocracking va
hydrogenclyse:

R-C-C-R; + H; == R—CH,(is0o) + R,~CH,(iso) + AQ = 11 keal/mol
R-C-C-R, + H, == R,-CH, + CH, (phan ing hydrogenolyse)

- Vai néphten: '

R,

J

” + Hy = R4H ———= RH + R;H + ZAQ=20 kecal/mol

{ =

- Ngoai ra ciing con cd phan @ng hydrodealkyl hda cdc hydrocacbon thom:
@—R + H) == C(’H{’ + RH + AQ = 12-13 keal/mol.
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San phidm ctia qua trinh la cac hop chét izo- parafin chiém phan chu y&u
va vi phan \ing cling x4y ra theo co ché ion cacboni nén san phdm khi thusng
chia nhigu C,, C, va Cg, rdt it C, va C,. Nhung néu tang nhiét do cao hon
nita thi sé tang ham lugng C, va C,, vi liic nay t6c d6 phan dng hydrogenolyse
sé canh tranh vdi téc dd phan idng cracking xuc tdc. Khi d6 metan sé duge
tao ra vdi 8§ luong dang k& Tac dung cua cdc phan dng nay trong qua trinh
reforming la da gop phan lam tang NO cho san phdm, vi da tao ra nhidu
izo-parafin. Nhung can ldu y la cac phan ding nay lam giam thé tich san
phdm léng va dong thai cing Jam gidm hiéu sudt hydro (vi tiéu tdn hydre cho
phdn dng).

7.1.1.5. Phdn wtng tuo cfc

Sy tao edc trong qud trinh reforming 14 khéng mong muén, nhung do su
tuong tac cda olefin, diclefin va cdc hdp chit thom da vong ma tao thanh cdc.
C8c sé khd tao ra néu ta thao tdc & didu kién nhiét 4o thdp, ap sudt caoc va
ty 1¢ H,/RH cao. Phin uing tac céc la mat loai phan dng phuc tap, cac nghién
cifu va thuc t& san xuit déu cho thidy, sy tao cde phu thudc vaoe nhidu yéu t4:

- Nhiét d¢ phan dng;

- Ap sudt cta hydro

- Do nang caa nguyén liéu va chinh la cdc hgp chiat phi hydrocachon,
olefin va cac hgp chat thom da vong l1a cac hop chdt da gop phan thuc ddy
nhanh qua trinh tao céc.

D& han ché su tac edc, ngudi ta phai st dung 4p suat hydro vita da sao
cho cée chi tao ra khodng 3 dé&n 4% so voi trong lugng xic tac trong khoang
thoi gian tir 6 thang dén 1 nam. Nhung cin nhd rang, néu tang ap suit hydro
sé lam can trd qua trinh tao thanh hydrocacbon thom de can trd phan ing
dehydro hda. Didu nay doi héi cac nha sdn xudt xie tae phai chu y digu khién
cac chic hoat tinh cta xtc tac dé gdp phan dieu khi€n duge qua trinh tao
ce cua qud trinh reforming,

7.2. NGUYEN LIEU VA SAN PHAM CUA QUA TRINH REFORMING
XUC TAC
7.2.1. Nguyén liéu cua qua trinh reforming xuc tac

Ngudi ta thuong dung phan doan xang chét lugng thdp cd khodng sai ti
62 dén 180°C lam nguyén lidu cha qua trinh reforming. Trong thuc t& cong
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nghiép ché bi€n dau, d€ nhan cdc clu ti cd tri 86 octan cao cho Xang, ngudi
ta thudng dung phan doan s6i 85 dén 180°C hay 105 dén 180°C. Con dé nhan
hydrocacbon thom riéng biét, ngudi ta ding nguyén lidu la cic phan doan hep
hon: 62 - 85°C d€ nhan benzen; 62 - 105°C d&€ nhan benzen va toluen va 105
- 140°C dé€ nhan xylen.

Nguyén liéu chinh cda qué trinh reforming xic tdc la phan doan xang tir
chung cit truc tiép dau tho, ngoai ra ngudi ta cing cé thé ding phan doan
xang cd tri s6 octan thdp cha qua trinh reforming nhiét, cia vibreking hay
clia qua trinh cde hda.

//—--'—'____'—_'2

1 hydro
=

121

fuy sud

M

06

/

96

85 . Lol

/
/

80 —

Hiéu sud? xdng , % kbl

75 -

75 80 85 90 g5 100
Tri 58 ocfar

Hinh 7-4. Quan hd gila thanh phin cdt cla nguyén lidu vdi hiéu sudt va
chit fgng cia san phém reforming.
1 Nguyén Géu cé khoang sdi tJ 60 - 1807C; 2) Nguyén ligu cé khoang séi td 85 - 180°C;
3) Nguyén lidu cé khodng sBi tI 105 - 180°C.
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Thanh phan cit clia nguyén liéu cd anh hudng nhiéu dén hidu suit va
chét lugng cia san phdm. Né&u thanh phan cdt c6 nhiét do soi qua rong, cd
chda nhigu phin nhe sé lam cho hiéu sudt va chdt lugng xang giam xudng,
cdc s6 liéu d hinh 7 -4 chi 16 didu nay.

Nguyén liéu thuin lgi nhét cho qud trinh san xuft cdc ciu td cd tri 56
octan cao (NO = 100) 12 phan doan séi ti 105 - 140°C hay phan doan 105
_ 180°C. Nhung tit dudng cong trén hinh 7 -4 thdy réng, néu cang tang tri
s6 octan cua xang thi hidu sudt ctia xang sé& cang giam.

Anh hudng dén qua trinh reforming xdc tac khong chi 1a thanh phan cit
ma quan trong hon d6 1a thanh phan hda hoc ctia phan doan nguyén lidu.
Trong nguyén liéu ed chita cac loai hop ch&t khac nhau clta parafin, cia
naphen, cta hydrocacbon tham va cac hop ch4t phi hydrocacbon khac nhu
hop chét cda oxy, nito, luu huynh... Né&u ham lugng ciia naphten trong nguyén
liéu cang cao, nhét la xyclohexan va din xudt cta ndé cang nhidu, thi phan
ung dehydrro hda xay ra cang triet dé va ham lugng hydrocachon thom sé
cang nhigu. Hay ndi cdch khdc la qua trinh reforming xtc tic cang dé xay ra
vA chi caAn tién hanh qua trinh § digu kién mém, do khe khit nhé ma vin
cho hiéu su#t va chit lugng xang cao. Né&u nguyén liéu chda nhiéu hgp chat
parafin thi cdc phan ung ctia parafin chi gép phan nho dé& tao ra hydrocachon
thom bang phan ing dehydro vong hda (khi ma xdc tac chua duge cai tién),
con dai b6 phan parafin sé tham gia phan ing izome hda va hydrocracking.
Phan tng hydrocracking con lam gidm higu suit H, do tiéu hao H, cho phan
ing nay. Do vay, thanh phan hdéa hoc cia nguyén lidgu trong didu kién
reforming xuc¢ tdc s& xac dinh ca higu sudt H, tao ra trong qud trinh. Néu
ham lugng parafin trong nguyén liéu cang thap thi hiéu sudt H, sé cang cao
(chi ding vdi xtc tac th& hé cii).

Cac hydrocachon thom cd trong nguyén lidu thuting nho, dac biét la khi
nguyén liéu 1a phan doan xang cat truc tiép. Hydrocachon thom cd anh huéng
dén tée d6 cac phan dng dehydro hda hay dehydro vong hda theo hudng ngan
cAn cdc phan ing nay. Vi vay, néu muc dich cta qua trinh la san xudt
hydrocacbon tham riéng biét thi nén tach trudc hydrocacbon thom khéi nguyén
lidu.

D& danh gia chat lugng nguyén liéu reforming xic tac thong qua thanh
pban hoa hoc clia nguyén liew, hang UOP da dua ra mot chudn s6 tudng quan
K jop dude xéc dinh theo bi€u thic sau:
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Kigp = 12,6 — (N + 24)/100.
N - ham lugng % cta naphten;

A - ham luong % cta hydrocachon thom.

Trong nguyén liéu reforming xic tae, K, va dac biét 1a téng s N +
2A thay déi trong mot khoang rong (tdng N+2A cd thé tit 30 dén 80), Néu
K{;op = 10 thi nguyén liéu chia nhidu hydrocacbon thom hon. Néu Kuyop =
11 thi nguyén liéu chia nhiéu naphten va hydrocacbon tham mot vong. Con
néu Ky,,p = 12 14 nguyeén liéu chia mét hén hop bang nhau giita hydrocacbon
vong va hydrocacbon parafin, va néu K, = 13 thi nguyén liéu cha yéu la
hydrocacbon parafin. Nhu vay, néu Ky, thdp hay téng s6 N + 2A_ trong
nguyén liéu cang cao thi nguyén lidu cang chita nhidu naphten va nguyén lidu

Bdng 7 . 3. Anh hwéng ctia thanh phin nguyén ligu d€n gui trinh reforming xic
tic. Xic tic KPP 104, p = 1,5 MPa, t'C = 475)

Chi tléu Ph&n dosn 881, °C
Nguyén ligu dén 85 85 - 105 105 - 120 120 - 140 140 - 180
Mat d6, kgim® 696 722 735 751 751

Thanh phan c&t, °C

10% 54 24 n2 126 148
50% 68 95 13 128 150
S0% 75 a7 16 131 159

Thanh phin RH. %

RH them 8 9 12 16 14
RH naphten 29 33 “-29 30 25
RH parafin | 63 58 59 54 61
MON sach 69 51 - 44 27
San phim

Higu sudt xdng, % 864 86.5 " 875 898 88,4
Higu sudt H, 13 22 23 22 23
RH tham, % 37 57 62 56 69

Tri 56 octan MON 76 79 83 a4 86

Tri s8 octan RON 78 88 93 54 a7




dd cang thuan lgi d€ nhan reformat ¢6 tri s6 octan cao. Ngoai ra, thanh phan
phan doan ciing cd anh hudng lon dén cac chi tiéu c@a qué trinh reforming
xie tac, Hiéu suft reformat va H, cing nhu do hoat dong cia xuc tdc sé tang
khi tang ham luong hydrocacbon naphten va hydrocacbon thom trong nguyén
lieu duge chi ré qua s6 liéu trong bang 7 -3.

Cac hop chét phi hydrocacbon, dac biét la cac hop chét cha lvu huynh va
ctia nito trong nguyén liéu phai gidm téi mde cuc ti€u va nhd hon giéi han
cho phép. Vi cac hop chit nay chi 1am tang toc cdc phan dng ngung tu tao
nhua va eéc, gay doc cho xuc téc, lam giam nhanh hoat tinh cta xuc tdc. Vi
thé nguyén liéu trude khi dua vao reforming xdc tdc déu phai dude qua cong
doan x1t Iy bang hydro hda lam sach dé loai bé cac hop chat phi hydrocachon,
ciac hop chdt olefin, diolefin va ca kim loai do nhiém ban vao nguyén lidu
reforming trong qua trinh ché bién. Cac hop chat phi hydrocachon sé dugc
loai ra & dang khi nhu NH,, H,S va H,0 nho qué trinh hydro hda lam sach.
Tay thudc vao ché do cong nghé va nhét la xuc tdc ma qua trinh hydro hda
lam sach sé dat dugc cac chi tidu ve chat lugng cho nguyén lidu reforming
xuc tac nhu & bang 7 -4.

Bang 7-4. Ham lwoug cho phép cic hop chiit phi hydrocachon ¢6 mit trong
nguyén liéu reforming X tic

Ham ludng luu huynb max. 05 ppm
Ham lgng nitd rmax. 05 ppm
Ham Idgng oxy ) max. 2 ppm
Ham lJgng clo max. 05 ppm
Ham lugng cac kim loal

ham Wgng asenic max. 1 ppb
ham lugng chi max. 20 pph
ham lugng déng max. 5 ppb

7.2.2. Hydro héa lam sach nguyén liéu

72.2.1. Co s¢ Iy thuyét cita qud trinh hydro héa lam such

T4t ca qua trinh reforming xiic tac thugng ap dung mot trong hai loai sd
d6 cong nghé, dd la tai sinh xuc tac gian doan va tai sinh xuc tac lién tuc.
Nhung du ap dung sd dd nao, nguyén liéu trude khi dua vao qua trinh
reforming  xtc L4c cling cdn phai duge qua cong doan Jam sach vd&i tén goi la
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hydro hda lam sach hay xi 1¥ bang hydro (nh4t 1a khi qué trinh st dung xic
tac da kim loai).

Nguyén liéu naphta, xang, (cd th& diing ca kerosen, gasoil khi xi 1y cde
nhién liéu nay) duge trén véi hydro d tién hanh phan Ung & nhiét do va ap
sudt cao. Cac phan itng hda hoc sé xay ra ciing véi qué trinh hydrodesunfua
hda la no héa olefin va thom, demetal hda va hydroecracking. Khi muc dich
cia qua trinh nay la xd ly nguyén lidu cho reforming xde tac, thi
hydrodesunfua héa va demetal héa 1a nhiém vy chinh cta cong doan nay.
Nhiing hydrocachon chita luu huynh va cdc tap chdt khac chia trong nguyén
liéu sé duge phan Wng vdi hydro trén xte tdc Co hoac xic tac Ni/Mo trén chat
mang d€ cic tap chét nay duge tach ra mdt cach chon loc va nho dé cde dac
tinh cia nguyén liéu duge cai thisn.

Céc tap chat khac nhu hgp chit chia nita, oxy va kim loai, khi phan ving
v0i hydro sé tao ra cdc hgp chit amoniac, nudc va hydrogenat kim loai. Cac
hop chét olefin duge no hda, nhé vy cai thién duge d8 6n dinh cta san pham.

Céc phéan 1ing chinh cd thé xay ra gom:
a. Tach luw huynh

- Mercaptan: R-SH + H, RH + H,8
- Sunfit: R-S~R + 2H, 2RH + H,8
- Disunfit: R-8-8-R + 3H,— 2RH + 2H,§

- Sunfit vong:

| + 2H,— C-C-C-C + H,8
)

- Thiophen :
U + 4H;—— C-C-C-C + H,S
b. Tach nito s
- Pyridin: O +5H, —— C-C-C-C-C + NH,
N
- Quinelin: L-C-C-C
m + 4H, — @ + NH,
- Pyrol :
C-C
%\P" + 4H, —— C-C-C-C + NH,
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c. Tdch oxy
- Phenol: OH

+ H,— @ + H,0

d. Phdn ing vdi olefin )
Olefin - H, - Parafin
Olefin théng - C-C = C-C~-C-C + Hy — C-C-C-C-C-~C

Olefin vong:
@ + H, —— O {naphten)

Cac kim loai & trong hop chét co kim dude tdch ra trudc hét béi sy phan
hiy cdac kim loai, bi git lai trong xic tdc hoac do hdp phu hodc phan dng hda
hge véi xdc tac.

e. Tach kim loai

f. Tach halogen

Cac halegen hiru cd duge phan hiy hodn toan trén xiic tic tac thanh cic
mudi v6 cg, ching dugc tdach ra khi ta phun nudc dé han ché téi da su an
mon thit hi.

g. Su tai hop cue sunfua hydro vdi olefin tao ra mercaptan

Ham iugng cha cac tap chit cin tdch sé duge khéng ché bing didu kisn
cdng nghé cia qu4 trinh.

7.2.2.2. Didu kién céng nghé

- Nhiét dé phdn ng

Nhiét d6é cua nguyén liéu vao reactor (RIT) od vai trd quan trong dé€ thic
ddy phan ding hydro hda lam sach. Qua trinh desunfua hda tang khi nhiét dé
giam. RIT chn phai thay d8i d€ phu hgp v8i ydu ciu san phdm, phii hgp véi

do hoat tinh cha xidc tdc va cin phii git téc do phan ttng mong muén. Binh
thudng trong didu kién thuc t& chon RIT = 325°C.

- Ap sudt

Ap sudt trong reactor cang cao, lugng cdc lang dong trén xuc tdc cang it
va xic tdc lam viée cang ldu. Thong thudng dp suft trong reactor tit 29 dén
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60 kG/ecm?2. Ap sudt trong reactor duge kiém tra bang bo ki€m tra khong ché
ty dong (PC) dat ngay trude bd phan tach cac san phdm.

Luya chon 4p suit lam viéc cd lién quan dén miic do tiéu hao hydro {ti 1&
H./RH), diéu nay phai duge dy dinh truge khi thiét k€. Vi ca hai thong s6
nay sé xdc dinh ap sudt riéng phan cia hydrocacbon trong teactor. Ap suit
riéng phan ciia hydrogen cd thé tang lén bang cich khéng ché ti 16 H,/RH
cao & cla vao cia reactor. Nhung can phai tinh dén edc han ché€ vé chi tiéu
kinh t& do tang v6n dau tu va gia thanh thao tic. '

- Tée doé khong gian thé tich (LHSV)

Téc d6 khong gian thé tich 1a lugng naphta nguyén liéu trén lugng xuc
tac chia trong reactor trong mdt dan vi thdi gian 1a 1 gits. Nhu viy, don vi
ctia LHSV 1a hl.

LHSV cd anh huéng 16n dén chit lugng san phdm. LHSV cang cao chat
luong cta san phdm cang thdp hoac la sé lugng cac phan dng cé th€ xay ra
cang {t. Tang nhiét do cta reactor sé bt lai dugc anh hudng nay.

Vi du, mot thist k& o6 téc d6 khong gian thé tich LHSV bang 14,7 h!
duge tinh nhu sau:

Nguyén ligu duge nap vdi téc do la 132 m>/h, xue téc chia trong reactor
la 9 m3, Vay LHSV = 132/9 = 14,7 hl.

- Ti lé H,/JRH

Ti 1é nay la téc dd dong cta khi hydro tuén hoan trén téc d6 dong cua
naphta nguyén liéu (m3/m3). D& tdch hoan toan luu huynh va nitg, khi hydro
can phai cé d@ tinh khi&t cao. Ti 16 ndy can duge ki€m tra digu khi€n ty
dang.

T{ 1é cao qua mdc can thist sé dan téi tang chi phi thao tac, ton thém
nhién litu va nang lugng. Ti 1& thap qua sé din toi tang ham lugng céc bam

trén xtc tdc va khéng dat yéu chu tach cac tap chat. Theo thiét k& ti lé nay
vao khoang 77 m3/m?.

So do cong nghé xi ly nguyén liéu naphta bang hydro gom hai bo phén:
bo phan reactor va bo phén phan tach (hinh 7 - 8.).
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7.2.2.3. Hé théng reactor

Nguyén liéu (xang chung c4t tryc tiép) duge bom nén dén dp sust khoang
45 kG/em? nhd bom nap lieu P, va duoc chuyén vao day chuyén thong qua bo
rhan ki€m tra va digu khién ty dong. Sau dd, nguyén lidu duge trén vdi hydro
t may nén hydro tuiin hoan theo ti lé hydro theo yéu cau chon truée.

Nguyén lidu gom phan doan dau va hydro duge dua vao thiét bi trao ddi
nhiét E, & day nguyén liéu nhan nhiét bdi san phdm di ra ti reactor va sau
dd dudc nap vao thist bi dot nong H|. Tai day, nguyén lidu dwoe 46t ndng lén

tédi nhiét dd phan dUng, sau dd dua vao reactor chiia xiic tac V..

Cdc phan ing hydrodesunfua xay ra trong reactor khi hén hgp phan tng
chuyén qua 1dp xic tdc, dong thdi ciing xdy ra cdc phan dng khac nhu
cracking, hydro hoa... nhung v&i téc dé nhé hon. San phdm ra khodi reactor
duge vae thiét bi tach V, sau khi di qua thiét bi trao dai nhiét E, va ti€p theo
dudc lam lanh bdi thiét bi ngung tu E, Trong thiét bi tach khi V,, khi hydro
va mit lugng nhé khi hydrocachon duoc tach khoéi dong.

Hydro va khi hydrocacbon tit dinh cha thiét bi tdch di vao may nén. M6t
lugng nho hydrocacbon hoa léng duge tdch ra & day. Sau dé khi hydro dudce
nén va duge tuiin hoan trd lai bdi may nén. '

Hydro tinh khiét duge b3 sung qua bo phan didu khién 4p sudt tit cong
doan reforming dé git muic d6 St dinh cua hydro, lugng hydro b8 sung nay
thay thé cho lugng hydro da tiéu hao trong phan ung hydro hda céac tap chst
va dam bdo cho dp sudt trong reactor khéng déi. Hydro nay dugc 14y tit bo
phan san xudt va tinh ché& hydro.

7.2.2.4. H¢ thong phin doan

Dau sau- thiét bi tach V, duge dua vao hé théng phan doan. Muc dau dua
sang hé théng dugce khéng ché ty dong boi van tu dong. Dau & ap suidt 13
kG/em? duge bom nap liéu dua vao dia tha 12 cia thap phan doan V; sau khi
duge d6t ndéng & thiét bi trao déi nhiét E,.

Trong thap phan doan, dau duge d6t ndng téi nhiét dé yéu cau khi ding
thiét bi d6t néng san phdm day H,.
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Cac cau ti nhe H,S va NH, chia trong dau sé bay hoi va di ra ngoai &
dinh thap phan doan r6i dua vao thiét bi thu dinh V,, sau khi da duge lam
lanh & thi&t bi ngung tu K,

T4t c& phan ngung ¢ V, duge tudi hoi luu trd lai thap phan doan V, ,trong
khi dd khi khéng ngung sé duge dua sang bo phan xi Iy khi qua van khéng
ché.

Cé médt dudng 6ng riéng biét 46 tach phan ngung ty tif bé chia qua bd
phdn thu trong trudng hgp cin thiét (vi du d€ digu chinh nhiét do chop chay
cua phan doan).

S4n phdm day cta thap V; duge chia lam hai dong:

- Mot dong nhd bom san phdm ddy bom cho tuin hoan qua thi&t bi d&t
nong H, dé dét nong dén nhiét do can thiét.

- Mot dong dude dua vao bé chia san phdm va b& chia nguyén lidu du

trit cho reforming.

Chdt lugng cia nguyén lidu va san pham sau khi hydro hda lam sach dudc
trinh bay & bang 7 - 4.

Reng 7 - 4.
Nguyén lléu Sén phim
Ty trong 073 - 075
Khoang rhiét dé s8i, °C 90 - 145°C
Luu hugnh téng 170 ppm khl. max. 0,2 ppm
Nitd tdng 12 ppm (khl} max. 0} ppm

7.2.3. San pham cua qua trinh reforming xdc tac

San ph&m chinh cltia qua trinh reforming xic tac 1a xang ed tri s octan
cao; hydrocacbon thom (RH tham) va khi hydro k§ thuat.

7.2.3.1. Xiing

Chit lugng cta xdng nhan dude phu thude vae chit lugng cla xic tde,

cia nguyén liéu va ché dd ecdong nghé cua quéd trinh.

Tuy theo thanh phan hda hoc va thanh phin cdt cda nguyén liégu ban dau
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Bdny 7 - 5. Chiit lwgng xing clin qui trinh Platforming

Ham lugng cia paratin trang nguyén ligu, % kh.l
Chi tldv cua xdng n dinh
40 = 65 < 40
¢,2° grem? 0,785 0798 0796 0772
Tharh phan cdt, 6°C
Nhigt d6 s6i déu 49 42 58 58
10% 82 78 97 1m0
50% 135 137 141 141
90% w2 170 171 168
Nhigt dé cudi 202 214 199 205
Thanh phin héa hoc, % khl.

Olefin 22 09 10 05
Hydrocacbon thdm 59 &5 62 68,5
Parafin + naphten 3as 337 37 31
Tri s8 octan MON 80 85 80 85

RON 89 J 95 89 95

ma ta cd thé nhan xang véi chdt luong khdc nhau. Véi qua trinh Platforming,
s6 lidu & bang 7 -5 chi r6 su phu thude cua chét lugng xang da 8n dinh vao
thanh phan khde nhau cua nguyén ligu.

Thanh phan hoa hoc cht yéu cia xang reforming xic tdc 1a hydrocacbon
thom va hydrocacbon parafin, con ham lugng olefin rit nho (khéng vuot qua
3%), ham lugng eda naphten ciing thdp (thuong nhd hon 10%). Cac hgp chit
thom lai thuong tap trung & phan doan cd nhiét dé sbi cao, do dé phan bé tri
s6 octan theo thanh phan cat khong déu. Tri s6 octan & phin cudi phan doan
tang rdt nhanh so véi dau phan doan. S6 liéu d bang 7 -6 va hinh 7 -5 ching
td didu nay.

7.2.3.2. Hydrocachon them

Hydrocacbon tham loai benzen, toluen, xylen (B, T, X) chii y&u nhan duoe
ti qua trinh reforming xude tdc. Khi két hop vdi cde qua trinh khdc nhu phan
chia, tai phan b6, hydrodealkyl, izome hda... cho phép nhan B, T, X rat thich
hgp cho cac qua trinh téng hop hda dau va héa hoe (hinh 7 - 9).
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Bdng 7 - 6. Bjc trumg phdn bé trj sé octan cia xing reforming xfic tic khi RON=33

Nhidt 48 | Hibu sult, | Paratin, | Oletin, | Naphten | A thom,
#di, °c %YV %V %V %V %xV RON
dén 60 503 99,1 - 0.6 01 896
4,87 956 - 26 08 789
60 - 86 9,72 67,2 10 219 97 73.2
86 - 102 996 63,6 14 239 n 84,0
102 - 11 9,87 345 12 126 517 883
- 130 988 559 16 13 312 66.0
130 - 139 978 433 14 83 47,0 820
139 - 149 9.84 30.4 10 56 630 925
141 - 181 9,91 397 18 69 516 80,0
61 - 170 99 252 18 30 700 %47 |
170 - 183 495 155 15 23 807 89,1
183 577 10 40 50 30,0 1045
Mit mat 057

7.2.3.3. Khi hydro ki thugt

Khi hydro k§ thuat 1a khi chia hydro véi ham lugng hydro 16n hon 80% va
12 mét san phdm quan trong cia qua trinh reforming xuc tac. Khi hydro nay
mot phan duge tudn hoan trd lai qud trinh referming, con phan lén duge dan
sang bé phan lam sach, xi ly nguyén ligu va cdc phan doan san phdm cit. Day
14 ngudn hydro ré tién nhdt trong tat ca cdc qua trinh sin xudt hydro,

Vai qua trinh CCR (s& trinh bay ¢ sau) can bang san phim cd cde chi
tiéu nhu & bang 7-7.

Bdng 7 - 7. Sin phim oha CCR

Xdng da 6n dinh;

RON = 10

RVP (4p suit hoi bio hoa) 0,38 kG/em? max,
~ 38 kPa max.

Higu swit > 75%Y

Higu suft LPG (khi héa ldng) 47%V

Hz2 260 Nm¥*/thing nguysn liéu
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7.3. XUC TAC REFORMING

Xic tée duge si dung trong qué trinh reforming 14 loal xic tac da chic
(ludng chic), gdbm chitc nang oxy hda - khit va chic xang axit. Chitc ning
oxy hda khit c6 tdc dung tang tée cic phan dng hydro héa - khir hydro. Con
chic nang axit ¢d tac dung thuc ddy cac phan dng xAy ra theo cd ché ion
cacboni nhu ddng phan hda va hydrocracking...

7.2.1. Ban chét cua xuc tac reforming

Theo lich st phat trién cia reforming xtc tac, nam 1940, ngudi ta da 4p
dung qua trinh reforming dau tién v6i chdt xue tac 14 oxyt molipden mang
trén oxyt nhoém. Loai xic tac nay cé uu di€m 1a ré tién, dé san xuft va bén
voi tac dung cta luu huynh, vi ring khi ¢ mat céc hgp chét cha luu huynh
thi oxyt molipden bién d8i thanh sunfua molipden (MoS,)}, hop chét nay clng
¢d hoat tinh xic tdc gidng nhu oxyt molipden. Nhung loai xfc tdc oxyt
molipden ¢d nhuge di€ém la hoat tinh khéng cac va trong mét thai gian rit
ngin da phai ding qua trinh dé tai sinh xdc tac do céc tao thanh trén xuc
tde. Vi thé xic tdc nay da nhanh chong nhuong ché cho cdc xic tdc mdi c6
hoat tinh cao hon, ¢d thoi gian sif dung lau hon, dd la xic tac trén co sd Pt
kim loai trén chit mang. Nam 1949, xuc tac Pt/Al,O, da duge dua vao cOng
nghé reforming xuc tac. Xdc tac Pt ¢ hoat tinh cao, c6 do chon loc t6t va 8n
dinh cao hon nhiéu so véi xic tac molipden. Do cd do hoat tinh va on dinh
cao, nén co thé ti€n hanh qua trinh & didu kién ngat ngheo hon (khe khat
hon) ma vén dat duge hiéu qua tét, tri <& octan cao, xuc tic lam viée lau hon.
Ngoai ra nd con cd do bén t6t, lugng cbe tao ra it.

Nhin chung, xtc tdc reforming gom hai thanh phin chinh:

7.3.1.1. Chdt mang cé tinh axit

. Ch&t mang cd thé 1a oxy nhom hodc hén hgp cia Al,O; - 8i0,. Do axit
ctia nd dude quyét dinh bdi qua tiinh x& 1y dac biét d€ tach nuée bé mat
nhim tao ra bé mat riéng 16n (400 m?/g) va tao ra cdc tam axit. D¢ la xdc
tac cha Cat.Forming.

_ Chat mang cé thé 1a y-ALO; hay #- A1,0, véi dién tich b2 mat khoang
950 mZ/g duge b8 sung cac hop chit halogen nhu flo, clo hay hén hgp cha
chang. D& axit tang khi tang ham lugng cia halogen, nhung thuc t& cho thay
chi nén khong ché ham lugng halogen khoang 1% so vdi xuc tac dé tranh
phan hiy manh. Halogen duge dua vao xic tac trong khi ch& tao hoac khi tai
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sinh xuic tac. Do 1a xic tde loai PlatForming hay ProCatalyse. Kich thudc hat
xtic tac vao khoang 2 mm, bé mat riéng 200 m4/g.

7.3.1.2. Kim loai platin (Pi)

Platin duge dua vao xde tac & cac dang khac nhau, phd bién 1a diing dung
dich cta axit platin clohydric I1,(PtCl ). Platin la cdu ti tuyét vai cho xac tac
reforming. N¢ e6 kha nang hoat tinh rdt t6t cho phian dng dehydroa - hydro
hda. Trong qua trinh reforming, Pt lam tang téc do cia phan dng khit hydro
cac hydrocacbon naphten, khit hydro vong hda cac hydrocachon parafin dé tao
thanh hydrocacbon thom. Ngoai ra nd con thic ddy qu4 trinh no hda cdc hgp
chdt trung gian 14 olefin, diolefin, lam giam tdéc da tao thanh cée bam trén
xuc tac ma do la nguyén nhan chinh lam giam hoat tinh cla xuc téc. Ham
lugng Pt trén xic tdc chiém vao khoang 0,3 dén 0,7% khoi lugng. Chit lugng
tot clia mot chdt xuc tac reforming duge thé hién & cac tinh chat nhu do hoat
tinh cao, d6 chon loc cao va do 6n dinh cao.

Nhu vay, mot xuc tdc reforming t6t cAn phai tang t6c cdac phan ing co
ban vi can phai han ché cdc phan fing phu, nhit 1a phan @ng tac cde. Vi thé
ma tuong quan gita phan tng tao cdc voi téng cdc phan dng cd ban co ¥
nghia rdt quan trong. Ty s6 phan ting tao céc trén t6ng s6 cdc phan Ung ca
ban phai la cyc ti€u, D€ tang toc cac phan ung ca ban, ta cd th€ tang nhiét
do, hodc giam téc do nap liéu. Nhung hoat tinh cta xice tac ]Jam tang tde cdc
phan dng ca ban la rdt quan trong, vi ring khi tang nhiét dé hay thay dai
didu kién céng nghé chi han ché duge mot phan rit nhdé cac phan dng phu.
Nhitng phan 1ing tao hydrocachon thom {(dehydro hda, dehydro vong hda) va
cic phan udng izome hda, hay hydrocracking la cdc phan dng chinh tao ra cac
cdu tl ed trl 86 octan cao va cd ap sudit hoi bao hda nhd, thich hgp cho qua
trinh pha tron tac xang chit luong cao véi biat ky cong thie pha trén nio.
Hon nita, khi giam téc dd tao cde sé 1am cho xidc tac lam viée trong thai gian
dai han va én dinh hon.

Dé& cd xue tac reforming tdt, nha vay khi ch& tao, chung ta phai digu
chinh tuong quan gitta hai chdc cia xuc tac sao cho dat do chon loc mong
muén. Dé chon loe cia xie tac duve danh gia thong qua bidu thic R sau:

dehydre véng hoa

hydrocracking + hydroizome hda + dehydro vong hda.

(:ia tri cua R cang lén, do chon loc cda xuce tac cang cao. Do vay, viéc
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tao nén su cAn bang gita hai chdc cia xuic tac giit vai trd chu dao khi ché
tao xuc tac reforming.

Do hoat tinh ciia xte tde duge danh gia thong qua hiéu sudt va chit lugng
reformat thu duge da 8n dinh trong qua trinh. D¢ hoat tinh phu thude cha
y&u vao ham lugng kim loai Pt va dac biét 1a dd phan tdn eclia nd trén chat
mang axit. Ngudi ta quan sat va nhan rdng, néu cac hat phan tin cd kich
thudc nho hon 10 A thi d6 1a céc tam hoat tinh manh, con khi kich thuédc
hat phan tan l6n hon 70 A thi xtc tac khéng cd hoat tinh d6i véi edc phan
ing co ban cua reforming. Dé didu chinh su tuong quan giita hai chdc cla
xuc tac, ngudi ta cing cho bigt 1a Pt chi nén chiém 1% be mat ctia chit mang.
Trong thyc t&, cdc chi tiéu co ban duge dung d& danh gia chat lugng cla xic
tac 1a hién suit xang d4 &n dinh; tri s6 octan cia xang; hiéu sudt hydrocacbon
thom, hiéu sudt va thanh phan cua san pham khi ciing thoi gian lam viéc cua
xie tac.

Bat dau tif nhing nam 1960, ngudi ta da thiét k& cac day chuyén
reforming voi ap sudt hydro thip nhit cé thé cho phép, vi & digu kién nay
khong nhitng cho phép nhan duge nhigu hydrocacbon thom hon, nang cao tri
s octan ma con tang ci hiéu suit xang. Nhung diéu nay trude hét lai rut
ngan thai gian gitta cde lan tai sinh xtc tdc, hay ndi cich khéc la tan so tai
sinh xuc tac lai tang 1én. Dong thai voi nghién cdu thay déi ché do cong ngha,
ngudi ta con thac ddy viéc nghién cdu tim ki€m hé xvc tdc mdi, hoan thién
hon, ¢6 dd bén cao hon. Dd 1a céc xtic tac da kim loai, trong dd ngoai Pt la
kim loai co ban, ngudi ta con thém vao cac kim loai khdc co vai trd cia chat
hoat hoa, kich hoat nhu reni, iridi, cadmi va cac kim loai khac.. Dae diem
ddc trung cia mot s§ xuc tac reforming da duge ché tao d cac nude va cac
hiang khac nhau dugc trinh bay trong bang 7 - 8.

7.3.2. Vai trd cua xuc tac trong khi cai tién qua trinh reforming

Qua trinh hién dai hda cong nghé reforming & cac nude cong nghiép dau
md phat trién, nhin chung gém cac giai doan: Tim cach ché& tao xdc tde mdi
o6 hidu qua cao gan lién véi cai ti€n trang thiét bi va cong nghé. Uu diém
ndi bat nhat cia xic tac da kim loai la téc do tro héa xuc tac cua nd nho
han phigu so vdi cde xuc tac don kim loal. Digdu dd cho phép gidm Ap sudl
qua trinh xudng con 1,4 dén 1,5 MPa khi 1am viéc voi day chuydn xdc tac ch
dinh va vdi day chuyén xac tac chuyén dong cdon thdp hon nia, chi 0,5 dén
1MPa. Trong nhitng nam 90 cia thé ky nay, hang UOF da xay dyng day
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chuyén véi ldp xic tac chuyén dong CCR lam viée vai ap suéit con thdp nita,
chi khoang 3,5 at {50 psi). Khi giam 4p sudt, o chon loc eda xiic tac tang
cao, nhat Ia khi ché bién nguyén lidu cé ham lugng hydrocacbon parafin 16n.
Khi do da lam tang vai trd cla phan ting dehydro vong hda parafin: 50 - 60%
hydrocacbon thom dd nhén duge tit chuyén hda parafin. Do dd tri s octan
cia sdn pham xdng rit cao (RON > 100)

Tai lién bang Nga, cdc giai doan cai ti#n cd thé tém tét nhu sau:

Céc giai doan ca tién: 1 2 3

Thay d8i vé thanh phin xdc tac:

- Ch&t mang Al2Ca Alz03 AlaQOg

- Kim loai chinh Pt Pt Pt

- Chit kich hoat axit Flo Clo Clo

- Kim Ioai khac - - Be, kr, Ge, Pb, Sn.
- Tén x0c téc AILSE All64 KP102-104

Ch& d6 cbng nghé:
- Ap sudt trong hé théng MPa 35 - 4 3 - 35 12 -2

Cac xic tde KP.102, 104 ¢S dd bén co cao hdn so véi xic tac AIT64 tdi
ba lan, trong khi ham lugng cta Pt lai nhé hon 1.5 dén 1,7 lan. Cde xvc tac
hai hay nhigu kim loai cd t6c d6 tao cfc nhé hon, téc d6 cla cic phan ting
phyu nhy phan ng phan hiy cing nhd hon va lai lam tang thém vai tro cua
phan ting dehydro vong hda parafin, do vay ma lam tang ca hiéu suit va chat
lugng cha xang ciing nhu tang hidu suit cua hydrocacbon thom.

Nhuge di€m cd ban cia xuc tac da kim loai 12 nhay véi cac hop chét luu
huynh, nito va hoi nude. Hon nita cdc xie tdc méi lai lam viéc & Ap sudt rat
thap, vi thé nguyén liéu can thiét phai qua hydro hda lam sach d€ loai bé cac
‘tap chét co hai. Cdc hang ché tao xuc tde reforming ndi tidng duge gisi thiéu
G bang 7 - 9.

7.3.3. Su thay ddi tinh chdt cia xic tac trong qua trinh 1am viée
7.3.3.1. Su giy diéc cia cdc déc i

Cac hgp chit hitu co chia luu hupnh, nito, oxy hay kim loai nang khic
la nhirng chdt déc doi véi xuc tic reforming.
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Bdng 7 - & BDic trumg ctia

xic tac reforming

\_ Cao, mm

BE mat riéng,
m2ig |

Bing 7 - 9. Cic hing ché& tao xiic tac reforming

e

o

Loai xic téc Héng chd tac Kim loai kich hont
D Chevron Re

R16-R20 Jor Re

R22, RD1S0 uorP Ge

R130 thé hé mdi uorP Khéng cbng bd

E 501 Engelgard Re

L Ashahi Chemical Pb

KA 130 Esso Research Ir va Me khac

E %0 Engelgard Khong cdng b

AG 451 FIN & ProCatalyse

-

a. Sy gy déc cia cdc hop chit luw huynh

Cac hgp chit luu huynh dé gay déc e tac platin, lam anh hudng xan
dén chic nang hydro héa - dehydro héa cia xdc tac. Cac hop chdt chua Ivu
huynh khac nhau cd muc do anh hudng khac nhau d6i véi kim loai Pt. Cac
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hgp chdt mercaptan va sunfit lam giam hoat tinh xdc tac manh hon cac hop
chét loai tiophen va H.S hay 8 nguyén t8. Dé dam béao thai gian lam vide l1au
dai cho xtc tdc thi cic hop chit chda luu huynh can dugc loai bé khéi nguyén
liéu trude khi dua vao 16 phan ing.

Tu thyc t&€ reforming cho thiy, n&u ham lugng luu huynh trong nguyén
lidu tang lén, thi hiéu suit va chat lugng xang gidm xudng, khi dd doi hoi
phii tang ty la H,/RH. Né&u ¢d mat H,S trong khi tuan hoan s& lam tang kha
nang an mon thiét bi, dac biét & ba phan 6ng xodn caa 1o dst ndng.

Khi xtc tac ti€p xdc véi nguyen lidu chia luu huynh, khéng nhiing chi
kim loai trén xtgc tac bj ngd déc ma ngay ca Al, O, cing bi bign d8i. N6 tdc
dung v6i hop chat lvu huynh tao thanh sunfat nhém AL{50,);. Do vay lam
cho qud trinh tai sinh xuc tac bi phite tap hon va déi héi mc do tai sinh sau
hon. Ngay c4 sau khi tdi sinh da chuyé&n Al (SO,); vé Al,0,, nhung hoat tinh
cla xtic tac vin bi gidm xudng dang k& so vai khi nguyén liéu khéng chda
luu huynh.

b. Su gay djc etra cde hap chdt nito

Cac hgp chit nito 6 trong nguyén liéu ciing 4nh hudng xdu dén hoat
tinh cfia xtc tdac. Khi tiép xde vdi cde hgp chat chia nito nhu NH,, d6 hoat
tinh cia xtc tdc gidm nhanh, dic biét 13 chitc axit. Vi NH, mang tinh baza
lam trung hda cdc tam axit cia xic tdac. Nhu vay sé lam gidm téc do cdc phan
ung déng phan hda, vong hoa va hydrocracking. Ham lugng ctia nito cho phép
trong nguyén liéu phai bing hodc nhd hon 1 ppm, nén da sd cde qud trinh
reforming d8u dp dung qua trinh hydro héa lam sach nguyén liéu.

c. Anh hudng ciia nude

Ham l¢gng nude cao trong nguyén liéu khéng chi lam gidm nhanh chie
axit elia Xdc tdc ma con lam tang qua trinh an mon thist bi. Ham lugng nude
duge khdng ché trong gidi han tit 10 d&én 15 ppm. Bién phdp dé tach nude la
phai xit 1y trude bang qud trinh lam khé khi dung "rdy phan ti" hoac phun
khi clorua vac nguyén liéu chita nudc. Chédng han nhu & qua trinh
Ultra- forming, vdi nguyén liéu chda 15 ppm nude, ngudi ta phun clorua vao
xtc tac dd tdi sinh trong moét thoi gian can thist dé khai phue lai hoat tinh
ban diu cua xic tdc. Trong mét s trudng hop khéce, ngudi ta sit dung 1,5
ppm hop chat diclopropylen phun vao khi ham lugng nudc trong nguyén ligu
td1 50 ppm. Ngudi ta ciing cho thiy, xic tic trén chit mang 810, - Al,O, (vi
du trong qua trinh Catforming) la loai rit nhay vdi nuéc thi bién phap trén
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rdt hdu higu.
d. Anh huong ciia cic kim loai ngng khac

Cac kim loai khdc nhu arsen, chi... cd mat trong nguyén lidu la cac chét
gay ngd doc manh chit xue tac. Sy cd mat cha chi trong nguyén liéu co thé
do nhidu nguyén nhan khac nhau. Cdc hgp chat chi tich dong dan trén xic
tac va lam thay d6i nhanh hoat tinh xic tic. Ham lugng cho phép cla chi
thutrmg nhé hon 0,02 ppm va cia asenic nhé hon 0,001 ppm.

e. Anh huong caa ham luong olefin va cée

Cac hogp chit olefin thic ddy nhanh qua trinh tao céc. Ham lugng cua
ching trong nguyén liéu can phai nhd hon 2%. Anh hudng d&n quéd trinh tao
cée con do trong nguyén liéu cd nhigu cic hop chat da vong hay chinh la
olefin va diolefin dudc tao ra trong qud trinh reforming. Céc tao ra sé che
phi cdc tam hoat tinh lam gidm do hoat tinh cta xic tac.

7.3.3.2. Thay ddi cdc tinh chit cha xiic tde khi fam viéc
Trong qua trinh lam viée, xuc tdc con bi thay d8i cac tinh chdt vat ly khi
ti€p xuc vdi nhiét do cao va thudng xuyén phai tiép xdc vai cdc déc t6 k&

trén. Su thay dai cdc tinh chédt clia xuc tac reforming khi lam viéc cd thé
phan chia thanh cac loal sau:

- Nhitng thay d6i cd tinh chat tam thai, nghia la cd thé khoi phue lai cac
tinh chait ban dau clia né bang qua trinh tai sinh xuc tac. Do 1a cac thay dai
do sy tao coc hay sy ngd déc thuan nghich bdi cac hgp chat eua oxy, nitg, luu
huynh.

- Nhimg thay déi vinh vién, dJ 1a nhilng thay d8i khong ¢ kha nang tai
sinh. Vi du do su thiéu két & nhiét do cao ma bé mat riéng cia xuc ldc va
cdu trac caa Al,O, cing nhy dé phan tan cia kim loai Pt giam di. Sy thay
d6i nay con dé xéy ra hon néu xuc tac 1a don kim loai hay khi tai sinh xuc
tac khong khéng ché dugc nhiét do chat ché.

Nhiing thay déi trén s& lam gia hoa nhanh xtc tac va dén mot thoi gian
nao do, phan xuc tac da gia hda nay phai dugc thay thé bang xuc tde mdi cd
dé hoat tinh cao hon nham giu cho da hoat tinh chung cha xdc tdc khong

thay déi, d6 hiéu suft va chat ligng ctia xang duge dn dinh trong sudt qua
trinh.
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7.3.4. T4i sinh xic tac reforming

D6 hoat tinh va d¢ hoat déng cda xuc tac sau thdi gian lam viéc thuong
bi giam ding ké so vdi xuc tac moi. Didu nay duoe thdy ro trén hinh 7 -7a
va 7 - Tb. Khi stt dung xtc tde Pt/Al, 04 ed Cl, (0,6% Pt va 0,58% Cl,), & nhiét
d6 500°C, 4p suat 4 MPa va V/V/H = 1 dén 4 h}, ty s6 H,/RH theo thé tich
1a 1500 m3/m?.

Ham lugng Pt trong xde tac mdi va xde tdc da lam viéc gidng nhau nhung
d9 phan tdn khdc nhau va nhét 1a ham lugng clo thay ddi dang ké, & xic tdc
da lam viée, ham lugng clo gidm rat nhiédu.

Bang thuc nghiém véi cac phadn dng mau chu&n cho thlﬁy, hoat tinh
dehydro cia xidc tac da lam [

-

viée giam 1,5 lan so vai xuc
tdc mdi, con kha nang dong !

D
o]
T

phén hda giam rat nhidu. Viéc
gidm hoat tinh dehydro duge
gidi thich bang sy bién d§i
trang thai cia Pt trong xuc
tac (do tich dong, dong tu cac
tinh thé Pt tir 10+50 A tang
lén 200 A va 16n hon nia, iam

Tri s¢ octan
3
T

n
=
T

30 L 1 -

gidm s6 tAm hoat déng. Mac < —
di ham lugng Pt trén xic tdc ' Thar gran b
mdi va xde tac da lam viée la
nhu nhau.

D€ khai phuc kha nang
lam viéc cla xic tac can phai

Ly
o

50
dinh ky tién hanh tai sinh xuc °

H

%R

tac da lam viéc, Trong thuc té&
cong nghiép, ngudi ta da ap 2
dung nhing bién phap tai
sinh nhu dudi day.

3¢

T

7.3.4.1. Dang phuong phdp
oxy hoa

¢ as 13
That gign, A

¥

Phuong phap nay duge b
thue hién bing cach d6t chay Hinh 7-7.
coc bam trén xdc tac, dung _ 1 Xuc thc mdi 20 Xde tac da lam vide
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oxy ciia khong khi & nhiét do tit 300 dén 500°C. Qué trinh téi sinh nhu vay
chi khoi phue duge mét phan dé hoat tinh cta xtc tdc chit khong khai phuc
duge hoan toan dé hoat tinh nhu xie tdc mdi. Vi thé, sau nhidu lan tai sinh
xtic tac can thay thé xde tdc ci bang xuic tic mdi

7.3.4.2. B& sung hop chiit clo

Trong qua trinh lam viéc, ham lugng clo trén chdt mang giam dan. bé
khac phuc, ngudi ta thudng b6 sung thém cdc hop chat hitu co chia cle vao
sau khi tai sinh oxy hda - khl, nghia la sau khi dét céc.

Qua trinh tai sinh béng clo khéng nhitng cd tac dung nang cao dd hoat
tinh axit ma con co tac dung tich cac hgp chét kim loai lang dong trén xic
tac. Ham lugng sat, chi va bitmut gidm rd rét.

Ham lugng clo trén xue tac duge khéng ché sao cho ¢ mte 1% khoi lugng,
d6 1a nong 4o tdi vu cho chdc axit cha xie tac Pt/Al,0,. Qua trinh tai sinh
xtc tic 8 CCR s6 duge dé cap ti mi sau nay.

7.3.4.3. Dang phuwong phdp khir

Sau khi dét cde, xde tac thuing duge khi bing hydro d€ hoan nguyén
cdac tam kim loai va giai phong cac hop chdt luu huynh tich dong trén xic
tic. Qua trinh nhu vay thudng duge tién hanh & ap sudt cao (p = 2 at) va
nong dé H, 19n hon hoac bang 10%.

7.4. CHE DO CONG NGHE CUA QUA TRINH REFORMING XUC
TAC
C6 bén thong s6 cong nghé guan trong nhét can quan tam trong qud
trinh reforming xic tac, dd la nhiét dg, téc do nap lidu rieng LHSV, ap suit
va ti 16 mol H,/RH cta nguyén liéu.

7.4.1. Nhiét dd

Khi tang nhiét d6 cfia qua trinh reforming xuc tac, hiéu suft xang da én
dinh va ham lugng hydro trong khi tuin hoan giam xuéng, con ham lugng
hydrocacbon thom, chi s§ octan ctia xang tang va dong thdi cbe bam trén xdc
tdc ciing tang lén. Khi tang nhiét do, ré rang lam tang hiéu sudt san phdm
khi nhe nhu: propan, etan va izobutan. Vi ring nhiét do tang lam tang nhanh
phan Ung hydrocracking.

Can phai luu ¥ van d@ tao che trén xdc tac Xhi tang nhiét dé. Do vay,
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viée chon nhiét dé trong qud trinh reforming xuc tac cin phai két hop vai
cac théng s6 cong nghé khde ciia qud trinh. Ngoai ra, ciing can phai tinh dén
chdt lugng ctia nguyén liéu va xic tac. Thong thudng chi git & nhiét dé sao
cho dam bao yéu ciu vé tri s octan chd khéng yéu cau cao hon nhiét dé nay.

7.4.2. Ap suat

Cac phan vng chinh ctia qua trinh referming xuc tic déu la ede phan dng
tang thé tich, di€n hinh nhit la phan #ng dehydro hoa naphten thanh
hydrocacbon thom, ci 1 mal naphten sé tac ra 3 mol H,, nhu vay thé tich
hydrocacbon téng edong tang 1én 4 lan. Con § phan dng dehydro vong hda
parafin thi 1 mol nguyén liéu sé tao ra 4 mol H, va nhu vay thé tich
hydrocachon téng cong s téng lén 5 1an so vdi thé tich ban dau.

Do dd, theo quan diém nhiét dong hoc, khi tang Ap suit sé can trd qud
trinh tang thé tich, cd nghia 1a can trd cac phan dng chinh tao hydrocacbon
thom cta reforming xie tac.

Con khi tang do khe khdt ctia qua trinh, nghia la lam viéc & ap sudt cua
hydro thap sé cho phép tang tri s6 octan cia xang va tang ca hiéu suit xang,
giam lugng khi va tang ndng dé hydro trong khi, nhung tée do tao cée lai
tang lén, diéu nay lam gidm thoi gian lam viée efia xtc tdc va tin s6 tai sinh
xlc tde sé tang lén. Sy tao c¢dc trong didu kién san xudt cd thé gidm bang
cach ha thip nhiét do $6i cudi ctia nguyeén ligu, vi trong phan nang nay cd
chia cac thanh phén da vong, ching dé ngung tu, dé tao cde. Do dd, nhiét
dd 36i cudi ciia nguyén liéu nén ha xudng 160°C. Disu diang mirng nhéat la
ngudi ta da ché tao dude cac xie tac hoat tinh cao dong thoi do chon loc ciing
cao, lugng ede tao thanh gidm cuc tifu va dé& tai sinh. Dd 1a xdc téc cta cac
hiang Powerforming, Esso, UOP, Chevron va IFP.

Clung vai qua trinh cai tién xtc tde, cong nghé cing duge cai tién theo
va ngudi ta dp dung 4p sudt ctia qua trinh ngay mot thap. Nhitng cai tién da
cho phép tang tri sé octan cha xang, tang ca hiéu suit xang va lugng hydro.
Do dp dung qua trinh & 4p suit thap, téc d¢ tao cde tang lén, din dén cac
cong nghé ¢6 s6 lan tai sinh xuc tac tang lén. Vi dy, hang Esso da ap dung
qud trinh reforming xuc tac voi ap suit bang 6 kG/em? trong reactor véi lép
xuc tac c¢d dinh nhung c6 b6 sung thém mét 16 phan ung phu dé thay déi khi
tién hanh tai sinh xdc tdc & mot 16 nao d9. Nhung thay déi méi nhat 1a tit
nam 1971, hang UOP da dua ra cong nghé xic tac chuyén dong vai tai sinh
xuc tac lién tuc (CCR), cong nghé nay da cho phép giam dp sudt tir 20kG/em?
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xudng con 10 - 12 kG/em? va khi cd xie tdc th& hé mdi, cong nghé nay cho
phép gidm ap sudt xubng con 3 dén 3,5kG/em? (hang UOP va FIN).

Duogng nhién xuc tac thé hé méi ¢6 gia thanh cac hon (ngay chiat mang
cing dat hon: 35 F (frang)kg so véi 2 Fikg cia xac tac FCC), nhung van
duge ap dung vi lgi ich kinh té: tang tri s octan, tang higdu suit xang va
lugng khi hydro.

74.3. Téc dé nap fiéu rieng thé tich hay th&i gian tiép xuc {thoi
gian phan (ng)

Khi tang luu lugng cua nguyén licu hay giam lugng xuc téc trong reactor
sé lam tang téc dd nap liéu riéng thé tich va nhu vay sé lam gidm thdi gian
tidp xic cla nguyén liéu véi xic tac, tic 1a giam thoi gian phan dng. Tu dé
dé dang thay rang, khi tang toc 44 nap liéu riéng, hi¢u suit xang tang lén va
tang ham luong hydro trong khi tuAn hoan, giam hiéu suat hydrocacbon nhe
do giam téc d¢ phan iing hydrocracking va hydrogenaolyse. Chat ldgng cua
xéing sé chuyén qua cyc dai khi tang tiép tl_:c tée do nap liéu riéng {(vi thdi
gian tiép xtc nho, hydrocacbon thom tao ra cung it do chi cé phan @ng dehydro
hoa cac naphten xdy ra hoan toan d didu kién nay). Nhu vay, nhin chung khi
tang tdc dé nap liéu qua gia tri t6i uu se lam tang hiéu suit xang dong thoi
lai giam tri s6 octan cua xang va lam giam 4p sudt hoi bdo hoa cia xang.

Tée do nap liéu thé tich thuong duy tri trong khoang 1,2 dén 2 h™l. Néu
giam tdc do nap liéu thé tich sé din dén lam giam do chon loc clia qua trinh,
giam hiéu sudt xang va hydro, tang hiéu sudt hydrocacbon khi, giam nong do

hydro trong khi tuén hoan, lam tang lugng cbc bam trén xic tac.

7.4.4. Ty & hydro trén nguyén liéu (H,/RH)

Ty 1é mol hydro trong khi tuAn hoan trén mol nguyén liéu trong qua trinh
reforming xtc tac thay doi trong mot giéi han rat rong tuy theo muc dich cia
qua trinh. Ap sudt hydre la y&u to rdt quan irong dé tranh su tao cdc. Ty 1€
mol H,/RH xac dinh néng d¢ clia hydrocacbon trong vung phan dng. Ty lé
mol H, st dung 6n dinh do nap khi chia hydro cho tuan hoan lai tit qua trinh
phan dng.

Chon ty s6 tuan hean khi chia hydro duge quyét dinh boi cdc yéu to:
thanh phan phan dean clia nguyén liéu, do khat khe ctia qua trinh va tri 80
octan ctia san pham xang. Vi du, khi reforming xuc tac et dinh vdi nguyén

liéu 1a phan doan 89 + 180°C ¢6 ham iuoug hydrocacbon parafin cao, ap sudt
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25 dén 35 at. Ty 1&¢ H,/nguyén lidu cang cao thi tée db tao cde trén xic tdc
cing nhé va thoi gian lam viée cua xuc tac cang kéo dai. Song néu tang ty
l¢ mol H,/RH sé din tdi tidu tdén mot lugng nhiét dang k&, dang thoi lam
tang trd luc thiy déng va thé tich cia thiét bi, 6ng dan.

Ty s6 mol H, (N) duge tinh chuyén qua dai lugng boi s6 tuan hoan khi
chia hydro (W, m3m? nguyén ligu) theo bi€u thite:

W = 2,24.10%p

M.[H,1
trong dd: p- mat do cia nguyén liéu;

[H,] - ndéng d8 hydro trong khi tuin hoan, % mol;

M - khéi higng trung binh mol eia nguyén ligu.

Khi thdi gian lam viéc lién tuc clia xte tac lon hon 6 thdang, xang thu
dudge cd chi s6 RON < 95 thi bai s6 tuan hoan khi chita hydre duge chon la
1500 - 1800 m¥m* (= H,/RH = 8 dén 9). Con néu khi nhan xang thu duge
¢ RON = 95 thi boi 86 tudin hoan khi chia hydro thap hon, trong khodng
1200 - 1500 m*m* (= H/RH = 5 dén 7).

Trong trudng hgp néu nguyén liéu chia nhidu naphten, béi s6 tuan hoan
khi chia hydro s& chon thap vi néu tang bdi s8 nay sé cd Anh hudng xay, lam
gidam mdc dé chuyén hoa ciac hydrocacbon thanh hydrocachon thom. Nén 6
day chuyeén lép xic tac chuyén dong, nhan xang véi RON = 100 - 102 thi
H,/RH = 3.

7.4.5. Do khe khit cua qua trinh reforming xic tac

Trong qua trinh reforming xuc tdc, do khe khat cha qua trinh chinh la
didu kién kho khan hon véi xic tdc. Do khe khit cang cao, xic téc sé giam
nhanh hoat tinh, gidm th&i gian 1am viée va tin s6 ti€n hanh tdi sinh sé cao
hon. Nhung digu nay duge bl lai bdi tri s§ octan cla xdng cao hon, ham liong
hydrocacbon thom nhigu hon. D$ khat khe khong phdi 1a mét dai lugng co =6
do cu thé ma thong qua cac thong s6 cong nghé cua qua trinh s& din tdi cdce
anh hudng trén, tham chi ngay cing mot digu kién lam viéc nhu: nhiét do,
ap suit, téc do nap lieu, H,/RH, van co th€ ddn dén bién thién tri s octan,
nang sudt va lam giam hoat tinh cta xuc tdc tuy theo ban chit nguyén li¢u
dua vao reforming. Do vay, ching ta nén chu y, ddi vi médi loai nguyén liéu
va mdi loai xuec tic, db khe khat hoan toan khac nhau.

Khi tang nhiét do, tri s§ octan tang nhung ddng thoi lai lam gidm hiéu
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suAt xang da dn dinh (phan doan C.*) va H,. Xic tac lam viéc trong didu
kién dé tao coc va nhanh chdng gia hda, do vay dd khe khat la cao.

Néu ta gidm téc d¢ nap lieu, NO tang va cing déng thsi lam giam C.*
va H,, lam tang hydrocacbon nhe va ciing tang quda trinh tao cde. Diéu &6
lam che xdc tac chéng bj gia hda va lam tang tan sd tdi sinh, do d6 do khe
khit trong truding hop nay ciing 6n.

Néu ta giam 4p sudt, NO tang va cing tang ca hiéu sudt phan doan C/*

va H, nhung xuic tac lam viéc trong diéu kién tao cbc rdat nhanh, do vay do
khe khit cing la caoc.

Anh hudng cta ty lé H,/RH ciling giong nhu dnh hudng ap sudt chung
clia hé thdng. Khi ching ta ndi td1 mét xhc thc nao dd, can phai ti€n hanh
qud trinh reforming & didu kién khe khat hon so vdi xuc tac khde, nghia la
dé cung nhan san phdm xang cd tri s§ octan nhu nhau, ngudi ta caAn phai
thao tdc & didu kién hoac 1a tang nhiét do hoac gidm téc dd nap lidu hoac la
gidm ap sudt, giam ty 12 H,/RH. Nhu vay ludn luén dan téi sy tao c6c nhanh
va gid hda nhanh xuce tdc.

Trong thuc t& ngudi ta khdng chi chi y dén chdt lugng ma con chu y
dén s6 ldong xang nhan duge tuc la hidu sudt xang. Do vay ting d¢ khat khe
thudng chi ap dung bang cich gidm 4p sudt cia hé théng va gidm ty 1& H,/RH,
it khi giam téc d6 nap liéu hay tang nhiét dé qué trinh cao hon so v6i thiét
ké. - "

Anh hudng clia cac thong s6 cong nghe dén qua trinh duge trinh bay trén
hinh 7 -8.

7.5. SO DO CONG NGHE CUA QUA TRINH REFORMING XUC TAC

Qua trinh reforming xuc tdc voi ldp xuc tac 6 dinh dau tién dude ap
dung trong cong nghiep vao nam 1940 va khi d6 dung xdc tac molipden, Song
quéa trinh nay da khang dude phat trién vi sy tao cSc qud nhanh trén xuc tédce.
Vao nam 1949, reforming xic tac sit dung xuc tac trén cd sd Pt ra ddi va qua
trinh nay lién tuc duoc cai tién. Ké tit dd dén nay nhigu nghién edu cai tién
da duge thuyc hién theo hudng cai tién xide tac va cai tién cong nghé va da
mang lai nhing két qua dang ké. Bang 7 - 10 cho thdy tién trinh tién cai tién
vé xlc tdc va cong nghé trong cong nghiép dau khi.
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Hinh 7-8. Anh hudng coa cac théng sé cong nghé dén gqua trinh reforming xuec tac.

Bang 7 - 1. So hroe ti€n hanb cdi ti€n xic tie v cing
trén thé gidi

nghé reforiming xic tic

1340 Reforming xic tdc dau tién su dung xdc tac moiipden.

1949 Phat trién xuc tac Pt

1950-1960 Rat nhigu qua trinh reforming xic tac dugc phat tndn td xuc tac Pt
1960 Phat trién xic tac da kim loai {ngoai Pt cdn cé cac kim loai khac)
1370 Qua trinh reforming tai sinh xic tac fién tuc ra ddi

1980 Qué trinh reforming tai sinh xtc téc san xuéit hydrocacbon thdm.
1990 Ra ddi qua trinh reforming xic tdc mdi (new retorming).

Tir nam 1950, nhisu qua trinh reforming xuc téc s dung xic tac Pt da
duge phét trién va qud trinh reforming trong khu loc dau 1a chia khda ehinh
dé san xudt xang cd tri s6 octan cao cing voi qud trinh cracking vai 16p xic
tac sot (FCC). Qua trinh reforming xuc tac khi si dung reactor véi lap xtc
tdc cd dinh nén nd phai dinh ky ding lam viée d6€ tdi sinh xdc tac bi eéc hoa.
Mot 8 qua trinh s dung reactor cd dudng van song song dé dé& t4i sinh xuc
tdc & tung reactor rigng ma khong can phai dirng lam viée toan bo hé thdng
{qud trinh Power former).
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Vao thap nién 1960, xuc tac hai va nhiéu kim loai da duge phat trién.
Xue téac hai va nhigdu kim loai da dugc cai tién cd do bén cao, ching lai su
tao ctc, da gdép phan nang cao chat luong cta san phdm. San phdm ¢6 RON
— 100 ma vén dau tu, chi phi van hanh khong cao.

Dau nhitng nam 1970, mdt cai ti&n noi bat vé qua trinh reforming xic
tac ra doi d6 la qua trinh co tdi sinh Jisn tuc xuc tac cua UOP va tiép theo
la cua IFP. Xdc tac bi cde hda duge théo ra lién tuc khoi reactor va duge dua
quay trd lai reactor sau khi da duge tai sinh trong thiét bi tai sinh riéng. Qua
trinh nay dude goi 12 qua trinh tai sinh lién tuc xic tac (CCR). Nho khA nang
t4i sinh lién tuc xuc tac bi cbe héa, qua trinh CCR cho phép dung ap sudt
thap va thao tac lién tuc, hang nam chua phai thay xic tac mdi. Cang nhd
giam ap suit ma hiéu sudt hydrocacbon tham va H, tang lén dang k€.

Ngay nay, qua trinh CCR v6i ap sudt siéu thip va ¢6 thé lam viéc & ap
suit 3,5 at. Hau nhu tit ca cac quéa trinh reforming xtc tac mdi dugc xdy
dung déu la qua trinh CCR.

Cac hang di diu trong qua trinh cai tién reforming xuc tac duge din ra
& bang 7-11.

Maona Former Engelhard Xic tac o6 dinh | RDIBOPL = 05}
£.500
CRC o tac c6 dinh F(P1, Re)
CCR Plat-former UOP Yue tac chuyn
gdng, reactor
chBng hén nhau
Aromizer FP Xic tae chuyén
déng, reactor
chBng lién nhau

Bing 7 - 1L
Tan quk trinh Héng thidt ki Loai Reactar Loai xic tée Logi ld thi sinh
PlatFormer uoP Xdc tac ¢b dinh RUR2 Tai sinh gian
Pt = 0.375-075 doan
PowerFormer Exx.on Xac tac cd dinh | KX, RG, BO.{Pt i sinh gian
Re) doan
IFP Reformer P Xic tac cd dinh " RG 400 i sinh gian
Pt {0,2-0.6) doan

I sinh giég
doan

T4i sinh hén tuc

Tai sinh lién tuc
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Hinh 7-9. S0 db Reforming voi xuc tac cd dinh
16.10. Thiét bi trao déi nhiét: 2. Lo ong co 3 buong dot: 34,5 Thidt bi phan ung 123
714, Thi€t bi lam lanh; 8 Thiét bi phén ly ap suit cao: 9 Thiét b phén ly ap sufit
thip: 1. Thiét bi d&t néng; 12 Thép &n dinh: 12. May bdm; 15. Thiét bj ngung ty larm
ianh: 16. Thing chda héi iU 17. May nen.
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Phét trién qud trinh CCR thue ra chi cd hai hang: UOP va IFP (FIN).
Dén nam 1996, UOP d4 cé 139 nha may va FIN cd 48 nha may CCR.

Trong cong nghiép ché& bién diu, qua trinh reforming vdi 1dp xuc tdc co
dinh vin con kha phd bién, & day diéu kién tién hanh qua trinh dugc chon
d€ dam bao thdi gian giifa cac lan tai sinh 16n (thudng trén 6 thang dén 1
nam). Qua trinh tdi sinh xie tac duge tién hanh dong thoi trong tat ch reactor.
Thisi gian téng cong dung d€ tai sinh va bao dutng thiét bi la 20- 40 ngay/nam.
Sg db cong nghé cia qua trinh Plat Reforming duge trinh bay ¢ hinh 7 -10.
Hoat dong cua sd dd nhu sau:

Nguyén liéu la phan doan naphta da duge sdy kho va lam sach tit b phan
hydro hda lam sach duge tron vii khi hydro tit may nén sau khi qua cac thiét
bi trao ddi nhiét, duge nap ndi tiép vao 1o dét nong va cdc reactor tit thu 1
dén thu 3 (ngay nay hay dung 4 10}. San phdm ra khoi 16 sau khi qua cac
thiét bi trao ddi nhiét, thiét bi d6t nong va thist bi 1am lanh. Sau d6 qua thiét
bi ngung ty, san phdm sé git d nhiét do 38°C, khi khong ngung sé duge tiach
ra ¢ thi&t bi tach khi. Phan 1dn khi nay duge mdy nén nén va tiép tuc tudn
hoan lai 1o reforming. Phan cdn lai duge d4n sang bod phan tach khi va su
dung H,, vi du cho hydro hoa lam sach. San pham ddy cua thi&t bi tach dugc
dua qua thi&t bi d6t ndng bdi san phém ndng cia day cot, san phdm dinh cla
cot duge ddn sang thiét bi ngung tu. Céc hop chét hoi sé tach khoi day chuyén,
san phdm léng duge hdi luu bang bom.

Xang reforming 6n dinh & ddy duge cho qua thi¢t bi trao d8i nhi¢t réi qua thi€t
bi 1am lanh, sau dé vio hé chita.

Thiét bi chinh cla qua trinh reforming xtc tac 1a thiét bi 16 phan dng
(reactor). Reactor phd bién trong day chuyén Platforming véi 16p xuc tac co
dinh thudng dung hai loai: leai reactor doc truc va reactor xuyén tam. Reactor
doc truc la loai hinh try, trong d6 khéi khi chuyén dong qua ldp xuc tac doc
theo hudng truc cha reactor (cd thé tu trén xuéng hay tit dudi 1én). Reactor
xuyén tam cd hudng chuyén dong cta hoi khi qua xuc tac theo dutng ban
kinh theo tiét dién cAt ngang cla reactor.

C&u tric reactor thudng 1a hinh try, duge ché tao bang thép dac biet dé
chiu duge an modn hydro d nhiét da cao, ¢d chigu day 1an dé chiu 4p suit.
Loai thiét bi phan dng doc truc (hinh 7-10 ) 14 loai c6 v lam béang thép
cachon va tiép theo la 16p |6t bang bétong phun, trong 16 chia day xuc tac,
phia trén va phia dudi 16p xue tac 1a 16p dém su dé xuc tdc khong bi mang
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di theo dong khi.

Loai thiét bi xuyén tam (hinh 7-11 ) cing cd cdu tric hinh tru, vé cing
c6 1dp 16t bang bétong phun. Nhung dé tao chuyén dong huéng tam cia dong
hoi khi nguoi ta bé tri phia trong thiét bi moét coc hai vé hinh tru bang thép
c6 duc 16 ¢ thanh, gitta hai 16p vo ctia céc chia xic tdac. Hén hop hoi khi di
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Hinh 7-10. Ciu tao Id phan Ung loai
doc tryc.

1. Dinh 16; 2. V& I&; 31 Pin nhiét dign; 4.
Gi4d dd; 5. Ldp 16t bing samét; 6. Cua

thao xuc tac; 7. Mit bich; 8. Cda thoét
khi 9. Ludi chiu nhiét; 10, 12, 14. Bi ciu
sU; 13. Xaec tac; 15. Lép 16t chju nhiét; 17,
19. Cla nap liu va 1y san phdm; 18. Bo

phédn phan phéi.
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chép c¢6 duc 16; 47. Pin nhiét dién; 5. Bi
sU; 6. XGc tac; |- Nguyén liéu; I- Cua
thao xtc tac; ll- San phdm; IV- Cla
thoat khi khi tai sinh.



qua cac 16 nay, qua 1dp xuc tdc theo huéng vudbng géc véi truc ctua 1o rdi vao
ong trung tdm va di ra ngoai.

Nhiét dd trong 1o va vd reactor phai dude ki€m tra thudng xuyén dé dam
bao van hanh &n dinh va an toan. Ngay nay ngudi ta thudng chudn héa thiét
bi 15 ¢d dudng kinh tir 2,6 dén 3 m va chidu cao tir 10 d&n 15 m tay theo
nang suit cia day chuyén.

Céc s0 lidu trén so db chi ro nhiét d6 va ap suat cda qud trinh. Cac day
chuyén reforming vdi xuc tac Pt ¢ 16p xtc tac ¢6 dinh thudng dung ap sudt
cao (ti 20 dén 45 at). Sau nay ngudi ta thudng ding qua trinh & dp sudt thap
han {10 dén 16 at). Giam ap sudt lam cho qud trinh dehydro va dehydro vong
hda dugce tang cutng. Nhd vay ma cho phép nhan san phdm cd tri 6 octan
cao hon, song s6 1an tdi sinh xic tdc cing tang 1én. Dd 1a cong nghé caa Ultra
forming vad Magna forming. Khi gidm dp suit lam viéc va dong thdi nang cac
muc dd bién d&i nguyén liéu thi kinh té& nhat 14 nén chon so dd reforming t4i
sinh-xdc tac lién tye (CCR). Ngay nay, loai reforming tai sinh xue tac lién
tuc da trd thanh rdt phd bién. Nho tai sinh xuc tac lién tuc ma khoéng phai
diung qua trinh dé€ tdi sinh xuc tdac nhu cdc day chuyén cii va do vay, xuc tac
vira méi duge tdi sinh duge lién tuc chuyén vao reactor. Digu dd lam cho xic
tac ¢d do hoat tinh cao hon va 8n dinh hon, lam viée duge & digu kién khat
khe hon ma van cho hiéu qua cao hon. -

Sau day sé dé cdp mdt cach chi tigt qua trinh CCR céa hing UOP.

So db reforming tai sinh xic tac lién tuc ki€éu CCR cda hang UOP duyc
trinh bay trén hinh 7 - 12. Dae di€m cta sg dé 1a cdc reactor chong lén nhau
thanh mét khdi. Xuc tac chuyén dong ty chay tit reactor trén xudng reactor
dusi cang, sau do xic tde da lam viée duge chuyén sang thiét bi tai sinh d&
khoi phuc lai hoat tinh r6i nap trd lai reactor thd nhat tao thanh mét chu
trinh kin.

So db reforming nhin chung gom céic bé phan sau:

a. Bé phan reactor

Nguyén liéu tron vai khi H2 tuan hoan duge d6t ndng dén nhiét d6 phan
Ung (H26 - 530°C) trong cac thiét bi trao d6i nhiét va bo phan thit nhit cia
1o ong roi duge nap vao reactor thi nhat (trén cung). Sau khi tiép xdc vdi
xic tde, nguyén liéu bj bién déi tuy thude vao d6 khe khat, cdc digu kién cong
nghé cia qua trinh, tao nén sdn phdm g tri & octan cao hon hay hydrocachon
thom nhigu han.
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Khsi reactor gom bén thist bi chéng 1én nhau theo truc thang ddng. Kich
thude tang dan tit trén xudng dudi va déu 1a kifu "xuyén tam". So do cdu tao
cia reactor dude trinh bay ngay trong d hinh. Trong mbi reactor c¢o thist ké
riéng vé& 6ng dan xuc tdc, b6 phan phan phéi, bé phan ciach ly va cac thiét bi
khdic sao cho phit hdp v8i qua trinh chuyén déng cha xic tac va cac phan dng
hda hoc xay ra.

Lugng xie tdc chda trong reactor rdt khdc nhau, khi & reactor thd nhAt
chi chda 10 - 20% lugng xuc tac thi & reactor cudi chia 50% tdng luong xic
tac. Ti 1& phan b xic tde trong cdc reactor voi so do 4 reactor thuding theo
ti 86 1/1,5/2,5/5. Xice tiac da lam viée duge chuyén sang 16 tai sinh xudc tac,
hén hop hdi- khi phan dng di ra khdi reactor thi nhit duge qua 1o dét nang
lai d&n nhiét do phan ing réi dude nap ngay vao reactor thi 2. Cd nhu vay
cho dén reactor thii 4. Sau reactor thi 4, hai khi san pham dugc lam lanh do
trao déi nhiét vai nguyén liéu, sau d6 duge ngung tu va lam ianh tiép trude
khi chuyén sang bé phan phan tach san pham. O thiét bi tdch, sain phdm duge
chia thanh hydrocacbon ldng ngung tu va hoi khi giau H,. Phan lin khi nay
duge quay lai reactor nhd may nén khi tuin hoan, phan khi con lai dude trén
vGi b phan tai tiép xuc rdéi di vao ¢ot dn dinh sin pham.

b. Bo phan 1o tai sinh xic tdc

Xue tac da lam viéc chay tit ddy cfia reactor cudi ciing xuéng bd phan thu
xdc tdc & bunke chifa, sau dé nd chay xuéng dng nang No.l. Ngudi ta dung
khi chia hydro tuan hoan tit may nén tuan hoan ddy xdc tdc va van chuyén
nd lén dinh vao bé phan tach bui & phia trén 1o tai sinh. O ba phan tach nay
ngudi ta bd sung mot lugng khi hydro tuan hoan dé€ tach cac hat bui min ctha
xuc tac va mang chung ra ngoai vdi khi di vao ong tap trung bui, con xuc tac
rai xuéng day bo phan tach bui roi chdy xudng 1d tdi sinh.

Tai sinh xtc tac gom 4 bude, 3 bude diu la ¢6t chay coc, clo hda va lam
kho. Ba bude nay xay ra & ving tai sinh, con bude thi 4 1a khi xdc tac xay
ra G trong bd phan khit riéng (hinh 7- 15a).

D6t chay cde bam trén xuc tac duge tién banh trong vung chdy nam &
dinh 1o tai sinh. Xuc tic dua vao va chiy xuéng phia dudi gitta mang chan
hinh tru dat thing ding, khong khi ndng duge thdi theo hudng ban kinh di
tit phia ngoai vao trong qua lop xuc tac. Khi chdy nong duge thdi nhd bom,
sau d6 lam Janh va tuin hoan qua cac 6ng trong wung chay.

DGt chay cde xay ra trong khi xuc tdc vAn chuyén déng xudng phia dudi,
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bd phan lam lanh t4i sinh sé& ldy nhi¢t khi d6t cde. Con bo phan dét ndng taj
sinh s6 lam viéc khi can phai dét nong khi d€ dam bao nhiét d¢ phia trong
viing thich hgp.

Qu4 trinh oxy hda, phan tan kim loai trén xuc tac va bd sung thém clo
duge thuc hién trong ving clo hda cua 1o tai sinh b6 tri & phia dudi ving
chay. Xdc tdc roi xuéng theo cac 1ép hinh tru. Khi clo hda ndng dugce théi
gqua lép xudc tac va di ra viung chdy, tit vung sdy kho thdi qua cdc 8ng vong
tron di vao vang clo hda. Hop chdt clo hiru co duge phun vao khong khi de
din vao ving clo hda va cing dude d6t ndng & bd phan gia nhiét riéng dé
dam bao nhiét do vao.

Say kho xuc tdc thuc hién & ving sdy. Vung say nam phia dudi ving clo
héa, khi khé nong dugc thdi qua 1dp xuc tac va tach dm. Viéc dét nong khi
khé duge thuc hién hdi 1o dét khong khi.

Quad trinh khit kim loai trén xtc tdc xdy ra ¢ ving khu. Vung khu dat
phia dusi va tach biét véi ba ving trén. Khi khir ndng duge thai qua ldp xuac
tac. Hé thdng tinh ch& s& tdch cdc hydrocacbon nhe tu khi nay va lam tang
d6 tinh khiét cia hydro. Khi khtt duge d6t nong nho 1o d6t rigng dé dam bao
nhigt do vao viing khy.

Sau khi khir, xuc tdc dude dua theo dutng déin xuc tac vao ong nang No.2.
Tée dd chay duge khdng ché dé dam bao chu trinh tai sinh va khu xay ra.
Tiép theo xic tac duge khi hydro van chuyén va nang lén bunke chia dat &
phia trén dinh cla reactor thid nhat, ti€p tuc chuyén déng vao cac reactor
Jam viée. Chuy&n dong xic tac tir reactor ndy xuéng reactor kia duge khéng
ché va phan phéi qua 8 6ng dan hay nhidu hon tuy theo thiét ké dé dam bao
didu hda, phan phdi déu, tranh chady thio xic tdc hay ddt quang lgp xtc téc.

c. Bo phdn én dinh

Reformat tit ba phan tach dugc nap vao cot 8n dinh d€ didu chinh ap
euit hoi cua né. Reformat sé dude tach hydrocacbon nhe va ta thu reformat
da én dinh. D& digu chinh nhiét dé ctia cot 8n dinh, ngudi ta dung thiét bi
dét nong khi cin nhiét b8 sung. San phdm day sé dudc bom qua vung déi luu
cha bé phan dét nong cho reactor va sau dd méi cho qua thiét bi trao déi
nhiét d& tan dung nhiét,

C6t &n dinh lam viéc & 4p sudt di cao d€ co thé du phan heéi luu va chi
tach san phdm khi khé (hydro, metan). San phdm reformat da dn dinh duoc
cho qua thiét bi trac d8i nhiét véi nguyén ligu rdi vao bé chua.
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Ditu kién lam viéc cua qué trinh nhu sau:
. B4 phan reactor va ¢dt 8n dinh:

- hang suft theo nguyén lidu: 20.000 thung/ngay.

- nhiét do vao reactor: 520 - 540°C.
- LHSV, hl: 1
- H,/RH, mol: 2.5
- Ap sudt trong reactor: 3,5 kg/em? (50 Psi)
- Ap sudt trong thi&t bi tdch: 2,5 kgiem?.
- ap suét trong cdc thist bi tai tigp xuc:
56 1: 6,6 kg/cm?.
S 2: 15,6 kgiem?.
S6 3: 34,8 kg/lem?,
- 4p sudt trong c6t dn dinh: 11,3 - 12 kg/em?.
- nhiét d6 ddy cot 8n dinh: 227°C.
- nhiét dé dinh cot 8n dinh: 85°C.
. B phan. t4i sinh:
- tc dd dong xic tac: 3000 Ib/h.
- ndng d¢ oxy trong ving chay: 0,5% mol
- Ap suft cot tai sinh : 2,5 kG/em?,

. Nhiét d6 trong cac vung caa 1o

. Téc d6 dong khi nang No.1/No.2:

tée da
tde do

téc do

dong khi tai sinh:
khong khi khé:
dong khi khi:

viang chday trung binh:
viung clo hda:
ving siy kho:

ving khi:

Téc d6 dong khi day:

1229 m3/ngay.

38.000 m>/ngay.

36.000 m’/ngay.

tai sinh:

497°C,

519°C.

573°C.

567°C.

7680/12200 m3/ngay.
160.000 m3/ngay.

Nhitng ¢i€m can chd ¥ khi van hanh ¢ ciac bd phan:

i1, Bé phén reactor



Ciung nhu qué trinh Platforming, qua trinh CCR cd cdc thong s6 cong
nghé chinh sau:

- Nhiét do reactor;

- Téc do khong gian thé tich;
- Ap suét reactor;

- Ti 1& mol giita H,/RH naphta

Trong qud trinh CCR, ching ta cling can phai ki€ém tra, khdng ch& dudge
cac phan Wng hda hoc xay ra sao cho nam trong gisi han cho phép d€ nhin
san phdm cd chat lugng cao, nang sudt san phim léng cao (s6 lugng l6n
reformat da 8n dinh), nang sudt hydro di 1on va thoi gian lam viée cla xdc
tdc da lau dai. D6 1a cic phan dng dehydro hda, dehydrre vong hda va
hydrocracking. Anh huéng cia cdc théng s cong nghé khi thao tdc dé&n cdc
phan dng chinh nay cin phai dude quan triét khi van hanh qué trinh.

1.1. Nhiét do reactor

Khi nhiét db reactor tang, tri s6 octan clia san phdm ting lén va nang
sufit cia san phém giadm xuéng. Do vy nhiét d6 reactor cAn phai git § mie
dt d€ nhan san phim cd tri sd octan mong mudn va khéng nén cao hon, Cac
s6 lieu trén hinh 7 -14 cho thiy nhiét d6 vao va ra cia san phdm 3 titng
reactor.

1.2. Téc do khong gian nap lidu

Téc d6 khéng gian nap liéu 1a thé tich naphta chuyén qua trén thé tich
xdc tdc trong thii gian 1 giv: LHSV (™.

Téc do khong gian nap ligu ¢d anh hudng nhidu dén chat lugng san phdm
(NO). T6c do LHSV cang cao thi chat lugng san phim cang thép. Khi dé
mudn bu lai sy giam chét lugng, ta cd th& téng nhiét dd reactor. Khi téc 46
LHSV thép, cac phan Ung phu lai xay ra va ditu d¢ lam giam nang suét cia
reformat. :

Phai luén nhé riang, nén 'g'iﬁm nhiét 4o vao reactor trudc khi giam téc dd
nap nguyén liéu ma khoéng nén lam ngugc lai, néu khang sé tang tdc do
hydrocracking, dén dé&n tiéu hao nhigu hydro va gué trinh tao cfe trén xdc
tic sé x4y ra nhanh hon. Khi tang téc d6 nap nguyén liéu va nhiét dd thi lai
phai tang téc dé nap nguyén liu trudc. Khong dude phép van hanh thiét bi
& t6c do nap nguyén liéu nhoé hon 1/2 t6c dd thigt k& hoac 1a & téc do nap liéu
d4n dén LHSV nhé hon 0,75 h'l, Cling cin nhd la trude khi tdng nap nguyén
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lidu, khi tuan hoan can phai dugc khéng ché sac cho dat ti la H,/RH nguyén
lieu thich hgp ngay sau khi tang nap nguyén liéu.
1.3. Ap sudt reactor

Ap suat trong reactor anh hudng dén hiéu sudt va chiat lugng cua
refermat, dén nhiét do reactor can thiét va dén do én dinh (do bén) cta xac
tAc. Ap suft reactor vé mat li thuyét khang ed sy han ché&, tuy vay khi thist
ké& can phai cd giéi han dé dam bac khéng anh hudng xdu dén cdc chi tiéu
kinh té.

(Gidm 4p sudt cda reactor s& lam tang nang suit hydro va nang suit
reformat, gidm nhiét dé reactor can thiét ma vin gid duge chit lugng san
phdm (NO), nhung sé din dén chu ki lam viéc caa xdc tdc ngin hon do tang
lugng cbée trén xic tac.

1.4. Ty {¢ H/RH nguyén licu (ti ¢ mol)

Tuan hodn hydro trong hé théng CCR Platforming la can thiét dé giit
xuc tdc on dinh vé hoat tinh. Cic nguyén nhan ddn dén tang ti 1& mol H,/RH
la:

- Khi tuin hoan qud nhigu;

- T6c d§ nap nguyén lidu vao reactor giam thdp hdn khi téc d tuan hoan
khong déi;

- Ap sudt reactor tang lén.

Dd 1a nhitng bién phap v cdce diau hiéu d& kiém tra ti lé H,/RH. Tuy
nhién, cd mdt s6 tinh hudng c¢d thé lam thay d6i ti 1¢ nay ma khong phai do
thay d&i diéu kién thao tac da dat trudge, dd la:

- Giam d6 tinh khigt cha hydro trong khi tuan hoan;

- Tang su tut dot ngdt 4p suat;

- May nén kém hidu qud vi cidc nguyén nhan v& co khi.

1.5. Sut tao ede

Tée d6 lang dong ¢Se trén xic tac duge kiém tra bang ty lé khi tuan
hoan. Khi didu kién lam viéc da dudc dat trude, lugng cacbon lang deng trén
xtic tac sé duge loai di  qua trinh tai sinh. Thao tac nhu vay goi 1a thao tac
¢ muc dé cacbon cAn bang. Trong qua trinh san xudt, khi thao tdc khéng kip
tai sinh, mic 49 lang dong cdc trén xde tac s8 tang 1én va dén mic phai thdo
xUc tdc ra rdt nhanh dé€ tai sinh, lam nhu vdy sé din dén nhitng hiu qua xau
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sau:

- Lam gidam nang sudt reformat;

- Lam giAm néang sudt hydro,

- Tang nhiédt do reactor dén gioi han cue dai;

- Tang nhiét d6 d8t nding.

Tang téc do lang cdc va tang mde do cacbon can bang (lugng cachon con
lai & xuc tac di téi sinh) la do cac nguyén nhén sau:

- Tang nhiét d§ cha xuc tac;

- Giam ap sudt clha reactor;

- Giam ti 1& mol H/RH;

- Nguyén lidu nap vao cd diém sdi cudi cao, nhigu cdu t ning;

- Tang téc do nap nguyén liéu qué 1dn;

. Chét lugng clia nguyén liéu thép (téng N + Ar thédp).

Né&u tigp tuc van hanh & muc do cacbon can bang cao sé lam giam thoi
gian lam viéc cda xdc tac.

Khi c6c 14ng dong trén xdc tac, sé xuét hién cdc "hién tugng’ sau:

. Chét lugng cha san phim (NO) giam th&p khi nhiét dd reactor va tic
d6 nap nguyén lidu khong thay d6i.

- D6 tut nhist do AT & t4t ch cdc reactor ddu giam xuéng so vdi thiét k&
(dac biet 1a & 1& phan 1ng thd nhit).

- Giam khi tach ra.
- Nang d6 hydro trong khi tudn hoan giam.
. Chét lugng reformat gidm.

Nguyén nhan din dén su tao cdc nhanh la do thao tdc & digu kién qua
khe khat (d6 khe khét ldn): nguyén liéu nang, ti 1& hydro tuan hoan khong
du va 4p sufit trong reactor qua thép so voi thict k&

Xie tac di lam vige duge chuyén lién tuc sang tai sinh d& loai c6c bam
trén xGc tac va tra lai do hoat tinh cho xtc tdc. Tuy thude vao d6 khe khat
ctia van hanh ma thdi gian lam viée cha xic tdc cd thé dat tit 2 dén 5 nam.

2. B¢ phin tai sinh xtc tdac

Nhitng théng s6 van hanh quan trong nhit trong ving chay gom:

_ Téc do tudin hoan xuc tac;
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Ham lugng oxy trong vung chay;

- Ham lugng c8c trén xic tac da lam viéc;

- Tdc 46 khi tai sinh.

Digu khién bd phdn nay phai dung cac van khong ché& tu dong.

Cac thao tac nay déu cd lién quan mat thiét voi nhau. Trong viung chay,
néu sy chdy cde xay ra kéo dai xuéng duéi viung chdy nhu vao ving clo hoa
hay viing say thi khi d6 8 lam nguy hai cho xte tdc va ca céc trang thit bi
khac.

Dudng cong van hanh téng quat s8 hudng dan cho ngudi thao tac § thiét
bi tai sinh phai tuin theo qui luat pht hop vdi diéu kién t6i uu cta dudng
cong vAn hanh nay.

Trén thuc té, ngudi van hanh cin phai ki€m tra tryc tiép hai chi tiéu la
téc d6 tuan hoan xic tdc va ham lugng oxy trong ving chay.

Cdn hai chi tidu khac 1a lugng cdc trén xGe tdc va t8e do khi tai sinh
khong can ki€m tra tryc ti€p ma chi qua phan tich d€ xdc dinh duge lugng
cde bam trén xie tde, tif d6 qui dinh téc do khi tai sinh va ndong do oxy trong
viing tai sinh, dé dam bao sau khi tai sinh ham lugng cde chi con = 0,2%
khéi lugng trén xue tac. Cach xdc dinh sé trinh bay ¢ vi du dudi day.

2.1. Oxy trong ving chay

Ngudi van hanh ki§m tra ham lugng oxy trong vung chdy khi si dung
may phan tich oxy. Khi van hanh binh thuang, méy phan tich oxy sé cho biét
Iwong du khong khi da duge thdi tir thap tai sinh 12 bao nhiéu. Khoang ndng
45 oxy thich hgp trong vung chay 1a 0,5 dén 0,8% mol. Néu ndng do oxy cao
hon sé lam qué trinh chdy manh liét hon, dén toi tang nhiét dé qua cao lam
nguy hai cho xic tde va cdc trang thiét bi trong viing chdy. Néu néng do oxy
th&p hon s& gidm qua trinh chdy cdc va khéng tach hét lugng cde cAn tach,
hay néi cach khdc la khong thé hoan thanh qua trinh chdy trong vung chay.

Nong db oxy ti thifu duge xac dinh khi sit dung dudng cong van hanh
nhu vi du sau:

Né&u digu kién van hanh & bo phan tai sinh la:

- Ham lugng cdc trén xdc tac da lam viée: 5% khdi lugng.

- Chigu dai ving chdy: 90% thiét Lé.

- Téec do van chuyén xdc tdc: 82% thiét ké.
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thi néng do oxy t6i uu la 0,6% mol.
2.2 Lugng céc bam trén xuc tée dé lam vide

Nhitng diéu kién v4n hanh trong bd phan reactor nham kiém tra va khéng
ché lugng coc bam trén xic tdc da lam viée, Ham lugng cde 12 mot ham sé
cua téc do truyén nguyén lidu, tri s6 octan NO cia san pham, chdt luong
nguyeén liéu, 4p sudt reactor, tdc d6 tuin hoan hydro va téc do6 van chuyén
xtc tdec. Khi thao tdc thong thudng sé c¢6 khoang 3 dén 7 % khéi ludng cée
bam trén xtc téc, chi trong khodng nay chit lugng xuc tac va thai gian lam
viéc cua xuc tac mdi la thich hdp nhét.

Bién phdp ddnh gia ham lugng c6c trén xdce tac cho phép hi€u ring digu
kién van hanh nhu vay co cho phép hay khong. Lugng cée téi da bam trén
xidc tdc cho phép duge xac dinh tit dudng cong van hanh chung nhu chi ra &
vi dy sau:

Né&u digu kién van hanh & bo phan tdi sinh la:

- T6c d6 van chuyén xtc tac: 100% theo thiét ké.

- Oxy trong viung chdy: 0,8% mol.

- Chigu dai vang chdy: 90% cla thiét ké.
thi ham lugng céc cho phép cuc dai la 5,4% khéi luong.

Nhu vay phai diéu chinh didu kién van hanh cda 1d phan dng dé€ gidi han
ham lugng c¢dc bam trén xic tdc toi da la 5,4% khéi lugng.

2.3. Nhiét d6 ctia cde I6p trong viing chdy

Cac didu kién vaAn hanh trong b6 phan tai sinh duge ddm bao khi khéng
ché& chat ché nhiét d¢ "tiing 16p" trong vung chay. Nhiét dé nay sé cho biét
ddu hiéu t8t hay xdu v& sy chdy cdc trong vung. Ti dinh téi day clia ving
chéy, nhiét do clia cdc 1dp sé& tao nén mot hinh anh rit ré rang vé tdc do clia
qua trinh., Théng thuing cd ba qui luat chung lidn quan dén hinh anh thay
ddi nhiét dé clda cac lép.

a. Nhiét do cuc dai (dinh cia duding cong) sé ndm trong khoang 40% ké
tit dinh cta viing chay xudng phia dudi. Khi dd, tdc do chay cée & day la lon
nhat.

b. Dinh nhiét d6 khéng xuit hién ma ca hai dau ving chay nhiét dé nhu
nhau. Digu nay ching td sy chay cdc chi yéu la & day cua ving chiy.

¢. Su thay déi khac cia dudng cong nhiét do sé bao dong cho nguai van
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hanh biét d& thay déi cdc théng s6 van hanh trong thap t&i sinh.

Nhiét dd cdc 16p trong vung chdy la ham s6 cia ndong do oxy dua vao
vung chdy, cla t6c do vén chuyén xie tdc, cha lugng ede bam trén xie tdc
va cda téc df khi tai sinh. Nhiét d¢ 10p sé tang & noi khi ma tai dd téc do
chay cde 1an.

Cuc dai cua dinh nhiét d¢ 16p thudng la 593°C. Né&u vugt qua nhiét do
nay sé pha héng xic tdc reforming, tham chi 1am nguy hiém cho trang thiét
bi khdc cia thap t4di sinh.

Khi may phan tich oxy khong lam viéc hay lam viéc khong ding, khong
dinh ¢& duge hay bi sy cé thi ngay 1ap titc ngudi thao tdc can phai ha ngay
nhiét do ddu ma khéng can quan tam la cde chay th& nao cho dén khi may
phén tich lam viéc trd lai. Nhiét do chia cdc 16p trong ving chdy khong dong
g6p gi cho k&t qua phan tich oxy trong viing chay.

2.4. Vung khu

Ving khit duge van hanh bang cach tu dong digu khién cac théng s6 cang
nghé d€ tranh xay ra hién tugng ngd do su xam nhap khi hydro va khi chay
hay oxy trong ving chdy. Chuong trinh digu khi&n ving khi (Lock Hopper)
theo chutong trinh logic gom 5 budc sau (bang 7 - 12}

Ready: Lic nay trong viung Hopper chita day xtc tdc va da ap suit ¢
vilng tach khi, chi ch& tin hiéu tién hanh chu trinh.

Pressure: Ving Lock Hopper dd cd du ap sudt theo thiét k& Ap sudt nay
bang 4p sudt d viing bunke chéng tran xdc tac (Surge Zone).

Unload: Day xiuc tac tit vung Lock Hopper vao vung Surge Zone, bude
nay sé két thuc khi mdc chit ddy nam & giéi han thdp.

Depressure; Ap suit trong vung Lock Hopper duge gidm xuéng dé can
bing 4p sudt giita nd va vung tach khi khoi xue tac.

Load: Xuc tac dugc ddy tit vung tach khi vao vung Lock Hopper. Budc
nay két thuc khi miic chdt ddy nim & gidi han trén va chu trinh lai chuyén
sang budc Ready tu dau.

Cac van khéng ché td dong logic la van X, X, va X
- van X; goi la van Upper
- van X goi la van Lower

- van X, goi la van Make up néi tit h¢ khi cao 4p.

206



Hoat ddng cia cdc van nay duge trinh bay & bang 7-12, duge khiing ché

va didu khién tu dong logic (Programmable Logic Controller - PLC):

Bdng 7 - 12
Upper valvs Lowar valve Lock Hopper L/H zona

Bufic (Xg} (Xy) (pressura) (MG}
Ready Md Déng 25 kG Cao
Pressure 1 r;dd - Déng Déng 25 kG Cao
Pressure 2 péng péng -+ MJ 25 - 59 kG Thép
Unioad péng M3 59 kG Thap
Depressure 1 Pény Md — Déng 59 kG Thép
Depressure 2 Dong -~ Md péng 53 - 25 k&G Cao
Load Md Déng 25 kG ‘ Cao

Sau nay hing UOP cing da cai ti&n cong nghé, khong b& trl bén 10 phan
Ung chdng 1én nhau ma chia thanh hai hé, mot hé gom ba 1o phan dng trén
mot truc con 16 phan Ung thi 4 ding riéng. V6i cach b8 tri nhu vay d4 phat
huy day dd cdc uu di€ém cta mod hinh thiét k& trude day va ca du diém cua
cong nghe FIN (IFP). So db cong nghé mdi cia UOP va cha FIN dugc thé
hién & hinh 7 -16 va 7 -17.

’

7.6. QUA TRINH NEW REFORMING

Sau moét thoi gian dai phat trién, cong nghiép loc hoa dau da thist lap
duge cdng nghé mdi ¢ kha ning reforming chon loc khi hda léng va naphta
nhe thanh cdc cfu tit cao octan cho phép pha trén tao xdng cd chfit lugng cao
vA céc san phdm hydrocacbon thom.

Khi hoa 16ng dau tién duge st dung lam nhién liéu din dung va nguyén
liéu dé san xuit olefin nhe bang cach dehydro hda hay cracking hai. Sau dg,
khi hda 1éng trd thanh mét van dé ldn cla lec dau vi khi hda léng vugt qui
mite tiéu thu va trd nén khd ban trén thij trudng. Ti&p theo chinh naphta nhe
ciing thita do sf lugng trgn vao xdng cao octan ngay mot gidm xufng do tri
s6 octan cua naphta nhe qua thap.

Tit nam 1996 dén nay, cong nghiép dau khi da thay d8i cong nghe dé su
dung naphta nhe va khi hda long lam nguyén liéu cho sdn xuit xéng cao octan
va hydrocacbon thom.
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Trong nam 1997, qua trinh "New reforming” da duge phat trién manh
nham muc dich nay. Cdc bude phan dng cia qud trinh nay cd thé téng quat
hoa nhu & hinh 7-16.

NGUYEN LIEU HOP CHAT TRUNG GIAN SAN PHAM
Parafin nhe
l vorg hda dehydro hda
Olefin o Qligome . 4 Hydrocachon vong s Hydrotcacbon thom

l—>Hyr:lro‘:rz-quci»(ing ——= 5an phim cracking: metan. etan

Hinh 7-18. Phan dng reforming parafin nhe

Cac phén ing xay ra trong qua trinh "New reforming" gonn:

- Dehydro hoa parafin tac ra olefin.

1

Oligome hca olefin d& tao thanh dime va trime.
- Vong hoa dime va trime,
- Dehydro hda hgp chdt vang tao hydrocacbon thom.

Ngoal cdc phan ing chinh trén, cdn xay ra cdc phan dng phu nhu
hydrocracking tao metan, etan hay phan ting ngung tu tao cée bdam trén xic
tac.

Trong sd do cong nghé reforming méi cia UOP, xic tac duge si dung
trong qua trinh 1& zeolit. Xuc tac zeolit ed tinh chon loc hinh hoe cho qua
trinh vong hda. Tinh chon loc hinh hoc cua zeolit 1am han ch& kich thude
phan ti cha cac hop chat sAn pham trung gian va cho san phadm cha yéu la
hydrocacbon thom mot vbng. So véi cde phan wng reforming binh thudng khac,
qud trinh "New reforming” tao cc bam trén xfic tac nhigu hon. Do vay, viée
tai sinh xuc tac phai d4p dung cong nghé CCR hay st dung Id dy trit.

Su phat trién cia "New reforming" duge khai quat & bang 7.13. Hang RP
va UOP tap trung phat tri€n qua trinh Cyclar va ¢ Arap Xéut da xay dung
nha may "New reforming” dau tién cia Chiyoda (Nhat Ban) voi niang sudt
dén 47.000 thing/ngay (16n nhu FCC). Hang Chiyoda va Mitsubishi phat trién
qud trinh Z- former. Tit cudi nam 1990 ho da nghién cdu thanh cong nha may
cd nho 200 thung/ngay cd cdc chi tiéu kinh t& rdt tét. Xic tdc cho qua trinh -

208



xde tae d5 lam vigc

Khi' chdy

[
g
8
7
b4
==
]

4 4 4

l 5 5

Hinh 7-17. Qua tinh reforming xoc tac cta FIN
1L May ném 2. Thap chda xtc thc: 3. Lo téi s 4. Thing phan phdi 5 Lb dét
6 7. 8 9 L& phan dng.

I Khi chay: il- Khi nita; - Hdi nudc: V- Nguyén ligu; V- Hydro; VI- Hei; VI 84n pham.
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Hinh 7-13. SO oB tulin hoan xic tdc ddy chuygn Reforming UOP
l- Ducng van chuyén xdic tac 18n 12 t&i sinh: II- Budng vén chuyén; xic tic 1én & phan
dng chinh; I Khi vin chuydn xic tée. IV- Khi vén chuydn xoc tic vao lo phdn dng
chinh.
- Lo Reforming 13; 2 Lo Reforming cfp 4; 3- Thiét bj xic tic; 4- Bunke chia 5-
Cung cé’p xc tac; 6- Bunke chda xuc tac da {am vige, 7+ Ld tdi sinh: 8- Bunke cla
xUc tdc di tai sinh; 9- MAy nén khi,
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Z- former ciling 13 xuc tac zeolit dude ché tao cung vdi silicat kim loai va chat
lién két dac biét. Xuc tdic cd do ben vat Iy tuyét voi, cd thé tai sinh nhidu lan

va cho nang suit cao vdi thi gian lam viée subt ca nam.

Bdng 7 - 13 Céc qud trinh New reforming

Qué trinh

Hiing thidt ké Nguyén ligu
I Cyclar BP/UOP LPG
Z-Foremer Mitsubishi/Chiyoda LPG, naphta nhe
Aromax CRC Naphta nhe
Aroforming IFP Naphta nhe
Mz forming Mobil Naphta nhe,
\ naphta nhigu olefin

So db qua trinh Z- former (hinh 7 - 19) gdém bd phén reactor va bo phan
phan tdch san phdm khi - léong, dung cdc reactor doan nhiét cd bd phan dét
ké bén. Mot he théng van c6 dinh dung cho reactor v cd 4 reactor ndi tiep
nhau. Méi reactor cd mot reactor dy trir dé dét cdc lang trén xiic tac khi tai
sinh. Qua trinh tsi sinh don gian va tuong tu nhu qud trinh reforming tai
sinh gidn doan (Power Forming). Can bing vat chit va san phdm cia qua
trinh Z- former tif cdc nguyén lieu khic nhau duge trinh bay & bang 7 -14.

Bidng 7 - I4. Niing snit sin phiim efa qui trinh Z-¥ormer

Nguyén ligu
Sén phim Nuphta nhe Butan Propan
Ning sult san phim, % khéi gng: .-
- H, 28 32 34
- Khi kho 341 368 427
- Hydrocacbon thdm 631 60,0 539
- Téng 100 100 100

Néu dong nguyén lidu la butan, t8ng nang suit RHa 1a 60% kh.l. so véi
nguyén liéu; Nang sudt hydro téi 3,2% so vai nguyén liéu hay 1210
N/m*/thung. Trong san ph&m chda rat it cac hop chat khéng tham do dé 1am
tang gia tri cla octan va cd gid tri RHa riéng biét. Hang Chevron dia xay
dung phan xudng Aromax & USA, Nhat va Arap Xéut. Nha mdy thd 3 & Arap
Xenut do Chiyoda xay dung.
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Chuong 8
QUA TRINH HYDROCRACKING

8.1. GIOI THIEU

Qué trinh hydrocracking lan dau tién dudge ap dung vao nam 1927 trong
khu Lién hop ché bign than Leina (CHLB Dic) vdi muyc dich hydre hda than
nau. Trén co sd d6, cac nha cong nghé da nghién ciu thiét ké cdc phuong
phip hydrocracking mdi d& san xuét nhién liéu, dau boi tron. Mot s6 nam sau
hang Esso da dua ra qué trinh hydrocracking dung dé ché bién cac nguyén
lieu la phan cdt cia ddu mo thanh cac san phdm nhién liéu.

Cong nghé 6td va may bay phat tri&n da doi hoi phai tang nhanh vé s6
lugng cling nhu chit higng cta nhién lidu cho dong co va dau boi tron. Digu
dé thuc ddy cho cac quéa trinh ché bién cd hiéu qua nhu cracking xtc téc,
reforming xuc tac, alkyl hda va izome hda phat trién, cing nhs dong luc dd
ma qua trinh hydrocracking phat trién vdi nhip d& nhanh. Bang hydrocracking
oG thé ché& bién rdt c6 hiéu qua cdc dang nguyén lidu can va phan cat dau
mé thanh nhién lidu, dau bdi tron, ddng thai cdn cho phép nhin cdc nguyén
liéu cho céc qua trinh ch& bién hda dau va loc dau. Theo dai sy tién trién vé
cHng suidt hydrocracking & My cho thdy, qua trinh nay phat trién vdi tée do
rdt nhanh (bang 8 -1). Nam 1962, nang suét téng cong cta hydrocracking
méi chi dat 1 triéu t&n nguyén liéu/nam, dén nam 1964 da tang lén 4 lan va
dén nam 1968 da tang lén 40 lan, tit vai thiét bi da thiét ké va dua vao gan
xudt téi 40 thiét bi vao nam 1968. Riéng Hang Chevron Research &
Technology Co., tinh dén nam 1996 da xay dung 49 nha may hydrocracking.

" Sy phat trién nhanh chdng qua trinh hydrocracking 1a do cdc uu diém
sau:

a. Db linh déng cha qua trinh, nghia 1a qua trinh cd kha nang nhan ti
ciing mot loai nguyén liéu dude nhiéu san phdm khac nhau, ching loai san
pham cd gia tri cao hon, hay cd kha nang ché bign ducc nhidu dang nguyén
lidu khéc nhau, tif xAng nang (naphta nang) cho t&i can dau mo.

b. Hiéu sudt san phdm léng cao, dac biét tao dude nhiéu nhién liéu dong
cg.
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¢. Chat lugng cao chia cac san phdm nhan dugc.

Idng & - I Qud trinh phat trign ciia hydroeracking & My

Ném 1962 1964 hk1.1.1 1968 1973

Céng suit tdng cbhng,
10% tdn/ndm 1 45 14,5 426 455
S8 thiét bj hydrocracking 5 13 26 40 45

Muc dich ctia qua trinh hydrocracking la nham nhéan duge san pham trang
(x4ng, kerosen, diezel) ciing nhu khi hda long LPG tlt nguyén liéu 1a phan
nang, cd khoi lvgng phan td cao hon nhiu va {t gia tri hon so véi san phém,
Ngoai ra, nd con duge dp dung d& hydro héa lam sach cac phan doan dau
nguyén liéu hay san phdm dau (edc qua trinh xi ly bang hydro} da d& cap &
cdc chuong truac.

8.2. CO SO HOA LY CUA QUA TRINH

Hydrocracking dugce dac trung bdi cdc phan dng bé gay cdc mdi lién két.
Su cdt m6i lién két nay trong didu kién ciia qua trinh xay ra theo cdc loai
phan dng sau:

1. Hydrogenolyse cac hop chat di nguyén t5 chia (0,, N,, 8).
. Cat mach cac parafin va mach nhanh alkyl.

. Hydro héa cac hydrocacbon thom.

. Cat vdng naphten.

. Alkyl hoa cdc hgp chidt vong.

. Izome héa cdc manh phan ti vita duge tao ra.

-1 & 9 A W

. Bdo hda hydro cac lién k&t khéng no mdi tao thanh.

Sy bién d6i mang dac trung vira néi tiép, vita song song. Thit tu cdc phan
ung (hay téc db cta ching) hoan toan phu thudc vao ban chit cua cac hgp
chdt voi nang lugng lien két khde nhau, phu thuge vao d6 hoat déng cia xtc
tdc duge st dung vd phu thuéc vdo didu kién tién hanh qud trinh
hydrocracking.

Hydrogenolyse cac hgp chat chita di nguyén t6 0,, N,, 5 sé tao thanh céc
khi H,S, NH; va H,0 cung véi ciac hydrocacbon tuwong tng, tao didu kién dé
tdch cdc khi nay khdéi hydrocacbon san phdm.
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Phan hiy cdc hgp chat parafin phén ti lugng 16n cha yéu xay ra & giia
mach noi mé lién két C—C kém bén nhat. Nho phan tng bao hoa hydro ma
cac phan dWng polyme hda va ngung tu vdi sy tao thanh nhua cée bi kim hiam
rit manh. Chi ¢ céc hydrocacbon them ngung tu cao véi mach nhénh la C,
hay C, la cdc hgp chit ben, khong bi hydro héa phan hiy méi c6 thé tham
gia phan dng tao thanh céc.

Trong qua trinh, xic tac duge dung 1a xic tdc ludng chiic vdi chic axit
va chic oxy hda khi. Do vay cac hop chdt nito dac biét 1a bazo nito va cdc
chdt nhya eée la cac déc t6 manh déi véi chiic axit.

Nhin chung cdc phan wng hydrocracking la phan @ng téa nhist va it cd
sy thay déi th€ tich. Nhung nd duge tién hanh dudi 4p sudt hydro rdt cao véi
muc dich no hda cdc san phdm, tranh sy ngung tu tao thanh céc lam gidm
hoat tinh xic tdc. Hiéu ing nhiét trung binh cia céc phan dng duge trinh
bay & bang 8 -2 va 8 -3.

Tt 6 liéu cua cac bang trén cho thdy, cdc phan dng bao hoa hydro thutng
1a cdc phan ung toéa nhiét nhidu hon so v4i phan dng hydrocracking.

Bdng & - 2. iéu dug nhiét cia cdc phan dng hydrocacbon

Nhi$t phidn Gng (trung binh)

Cédc losi phin Ung kcal/mol keal/lH,

A. Hydrocracking:
- parafinn BH + H, - RMH + R,H "-14 049 - 0825
- naphten:

H—Q + H, - RH 10 - 12 045 - 054

- Hydrocacbon thdm:

R—O + H, - RH 10 -1 045 - 045

B. Hydro héa:
- olefin: G H, + Hy = C M0 27 - 3 12 - 14
RH, + H, —+ naphten 48 - 52 071 - 077
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Bdng 8 - 3.

Phdn (ng

Nhi§t phin (ng, kcal/maol H2

a. Céo din xudt chda S
- rmercaptan:
R~SH + Mz —— RH + HzS
- tioste: .
R-5-R' + Hz — BRH + H2% + RH
Tioten:

R

= + Hz -—= H2S + RH
=5

- disunfua:
R-S—S—R + Hp = BH + H2% + RH
b. Cac din xudt chla nito:
R—-NHz + Hz - RH + NHa
c. Ddn xudt chia oxy:
ROH + H2z —— RH + H20
aH
R % Hz

RiH + H20

R—-0O-R' + Hp — RH + RH + Hz20

25 - 17

B35 - 177

625 - 167

14

19

24

16
235

- Nhu vay, hydrocracking cd thé xem nhu la sy két hop ctia qua trinh
cracking xuc tac cdc chdi ban dau va hydro hda cde hgp chit khoéng no via

dugc tao ra.

Cuing v6i phan dng cracking va hydro hda, khi hydrocracking nguyén liéu
dau cdn xay ra phan dng izome hda, phan hay vong, hydrodealkyl hda, cdc qua
trinh ndy ciing gop phan tao thanh cdc hydrocacbon cd gia tri cao trong san
phdm. Y nghia kha quan trong trong qua trinh tao thanh cic hydrocacbon cd
gia tri cao la phan tng izome hda cac n-parafin tao ra izo-parafin. Phan dng
izome hda sé gidam khi nang cao nhiét do, con khi tang trong lugng phan td,
phéan Ung izome hda sé tang lén. Ap suét va ndng d6 cGa hydro trong ving phan
Ung theo quan diém nhiét dong hoc khong anh hudng nhidu tdi can bang cia

phan ing izome hda.
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Hiéu sudt cuc dai eua cac san pham cd ich duge dam bae béi sy chon lya
xiic tdc phi hgp, bang cach han ché da sau bign d8i cua nguyén liéu va tuan
hoan phan nguyén liéu chua bi bién d6i. DE dat dude hidu qua cao, xuc tac
ctta qué trinh hydrocracking can phai cd kha nang thue ddy qua trinh cracking
manh d& ¢ thé dam bao bién ddi dude cac cdu ti khé chuyén hda nhat caa
nguyén lidu. Dong thai xuc tdac phai ¢d kha nang izome hoa cao dé tang ty 1¢
gitta izo- parafin va n-parafin trong san pham cudi. Hon nifa, xuc tac
hydrocracking cin phai ¢o hoat tinh hydro hda nhat dinh dé no hoa cdc manh
phan ti nhé duge tao ra trong qua trinh phan ting. Do vay, giita chie cracking
va chite hydro héa nén chon t8i vu vi rang phan dng cracking khong nén qua
manh, qué nhanh so vdi su hydro héa cac san pham eda cracking, néu khong
ngay trén bé mat cla xtc tac sé xdy ra sy cat mach tigp cac olefin dé tao khi
hay ngung tu tao ¢de bam trén xue tac. Dong thai chic hydro héa cung khang
ddge qua manh bai vi trong trudng hop nay ty lé giita izo- parafin/n- parafin
trong san phim sé giam xudng.

Mot trong nhitng phudng phap hoan thién xic tac la bo sung halogen (cac
hop chét ctua flo hay clo) vao cac xuc tdc oxyt; chdt mang chinh la oxyt nhém
hay alumino silicat. Cac Alumina silicat v6 dinh hinh duge st dung lam chét
mang khi san xuét nhién liéu cdt trung binh, xdc tac chia zeolit duge sd dung
khi nhan xang. Chic kim loai hay dung la platin, paladi va reni. Mot g6 dac
trung cua cac xic tdc hydrocracking dugce trinh bay § bang 8 -4.

Bing 4 - 4 Thioh phin cic xie tie dic trung vi cong dung et chiing

Thanh phin xic téc Céang dyng

- WS8,/A1,04 hay aluminosilicat va loai xuc
tac cb dién

Hydrocracking than nau, phan doan cit
trung & cdp L

- Oxyt hay sunfit molipdenﬂ va volfrarn trén
aluminosilicat.

Hydrocracking than néu, phan doan cit
trung & cép |

- Aluminocobal-molipden

Hydrocracking mét cp nhén nhién ligu
diezel hay & ¢dp | cia gqua trinh nhén xang,
tl san pham cin dau.

- Hgp chit nikenfaluminosilicat.

0y cdp Il tai My va Lién Bang Ddc

- Hop chét niken, cobal, volfram/
alumninosilicat,

FIN. BASF & hydrocracking 1 cdp
FIN, BASF & hydrocracking 2 cép

- Xic tac chia Pt hay Pd
. Pdjzeolit Y (nydrocracking-11)
- Pt, Pd, Ni, Mo, Co./zeolit

UCP hydro cracking mét cdp hay hai cap
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8.3. CHE DO CONG NGHE

Qué trinh hydrocracking thutng duge thuc hién véi 16p xic tac cb dinh
& cde didu kién sau:

Ap sufit, MPa 5 - 20
Nhiét do, ©C 300 - 450
T6c do thé tich truyén nguyén ligu, h-! 0,5 - 20

Boi s6 tuadn hoan khi chda hydro, m¥/m3 400 - 1000

Da s8 cac day chuyén hydrocracking 1am viée ¢ dp sudt 10 d&n 17 MPa va
nong d¢ hydro trong khi tuin hoan 80-85%. Khi nguyén lién va xiic tac da cd
dinh thi cdc digu kién thao tdc qud trinh nhu nhiét dé, dp suit va téc dé truyén
nguyén lidu s& quyét dinh chat lugng san phdm. Mic d6 cracking va hydro hda
cing nhu nmuic dé izome hda déu phu thudce vao nhiét d6. Nhu trén da néu, khi
tang nhiét do muc d6 izome héa giam. Nhiet do thdp cling tao digu kién nang
cao d6 sdu hydro hda. Khi nhiét dé cua qud trinh thip, ngudi ta c6 the nang cao
tri s§ octan clia xang va hoan thién cdc tinh chéit cia nhién li2u phan lye va
nhién lidu diezel bang cach giam téc da truyén nguyén liéu.

Ap sudt anh hudng dén qua trinh téch cdc hgp chét chita S, N, O, han
ché tao can nang va cde. Khi tang dp sust, sé hoan thién cac chi tiéu trén
nhung lai tang gia thanh thist bi.

Anh huéng dp sudt dén chat lugng sin phdm dugc trinh bay & bang 8 -5,
khi hydrocracking phan doan 350 - 500°C cvia diu Romanskin & nhiét doé
400°C, téc dé nap nguyén lidu 1a 1 b,

Ngoai ra, 4p sudt con anh hudng dén thdi gian lam viée cita xtc tac, vi
rang ap sufit cao, qua trinh tao céc gidm, sé& kéo dai dugce chu trinh lam viéce
cua xdc tde,

Tdc dd thé tich truyén nguyén lisu phu thudc vao chat higng cia nguyén
lidu, vao xic tdc duge diing, vao ap sudt va muyc dich nhan san phdm. Khi ch&
bién d& nhan san phdm khéng con c6 can tit nguyén lidu 12 phén cdt chan khong
thanh nhién ligu cho dong co, tde 46 thé tich trong khoing 0,2 dén 0,5 hl, con
khi ti€n hanh qua trinh & ché do hydrocracking nhe 13 1 h™ trg len.

8.4. SO PO CONG NGHE HYDROCRACKING

Ngay nay, ngudi ta da thist k& cac day chuyén coéng nghé hydrocracking
chuyén dung dé€ san xudt nhién liéu cho dong cu (xang, nhién liéu phan lue,
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Bdng & - 5. Anh hwémg cha dp suiit dén chit lvomg sin phhim

Sén phim & cée Ap suft khée nhau

Chi tidu Nn':‘::n 50 at 100 at 150 at 200 at
Ham lidng S, % W, 22 0,26 01 008 0,05
Ham Mdng N ot 008 0,02 oM < 0
d,2° 09168 08765 0.8595 08471 0.8393
Ham leang RH, W,
Parafin va naphten 48 56,2 625 66,7 740
Thdrm:
- RH nhe 495 425 366 322 253
- RH trung binh 20 16,4 136 17.8 157
- RH ndng 15 12,2 38 67 58
Ham Iudng nhya, ‘1(;\!\."t 145 139 125 77 aa
Hicu su8t san ph&m:
Phan doan s6i 80 °C 25 15 12 11 07

27 43 50 62

Phin doan 180 - 350°C 10 46,4 522 524 555
Phan doan can > 350°C 90 50,9 435 426 383

diezel) va nhién liéu cho ndi hoi (FO), nhan nguyén liéu d€ san xuit dau nhon
co s& chat lugng cao hay san xudt khi hydrocacbon. Ap dung phé bién nhat
la cac qua trinh véi lop xuc tac c6 dinh: Isomark, Unicracking, Lomark cta
cac Hang UOP, IFP, Chevron. Research & Technology, CRT; MW, Kellogg
Technology. D¢ 14 cdc qué trinh hydrocracking loai mét cdp hosc hai cdp. Viee
lya chon sd d& nao dé phu thudc vao coéng sudt, chit lugng cia nguyén liéu
vd muc dich san phdm cin thu. D& san xu4t nhién ligu DO va nhién lieu phan
lye, ngudi ta thudng ap dung so dd hydrocracking mét cdp, con dé san xuit
xAng phai 4p dung so db hai cidp.

S0 d6 cong nghé cla qua trinh mét cdp duge trinh bay trén hinh 8 -1
duge phan biét véi cdc qua trinh hai cdp 1a don gian, kinh t& va cho phép
nhan hiéu sudt cyc dai phan cdt trung (nhién lidu phan luc va nhién lidu
diezel). Nhung & so d6 mot cdp khdng cho hidu sudt xanpg cue dai do d6 han
ché& sy phat trin cla qud trinh nay. S¢ db cong nghé hydrocracking hai cép
duge trinh bay trén hinh 8 -2 va 8 - 3.

Trong so d6 8 - 1, nguyén liéu duge trén véi khi hydro theo ty 18 chon
trude, sau do duge dua qua thiét bi trao déi nhiét va trén véi phan can tusin
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hoan roi di vao 10 d6t nong dén nhiét do phan ting, sau do dusc dan vao 1o
phan ing cd chda xde tde. Cdc phan ing hydrocracking xay ra tai day. Sau
dd, hoi khi san phdm duge qua thiét bi trao dsi nhiét, lam nguai rdi vao thist
bi tach 4p sudt cao. Khi hydro duge tach ra lai dudc tuan hoan trd lai cung
vOi nguyén liéu. San phdm long duge qua thiét bi tach ap sudt thdp va sau
dd vao thap chung cat. Nho thist bi tach va chung cdt cho phép nhan cic san
pham khac nhau tif khi dén xang, kerosen va gasoil. Phan can nang duge dua
trd lai Id phan dng.

So d6 cracking hai cdp (hinh 8 -2) khic véi so db loai mét cdp ia hén
hgp hai san phdm ra khéi cdp mét duge lam nguyén liéu cho chuyén hda ti&p
theo & cdp thd hai. Nho vay ma muc d6 chuyén hda sau hon, cho phép nhan
nhigu san phdm xang va khi hon so vdi sa do hydrocracking mét cdp.

S0 do hinh 8 -3 ciing 1a mét dang cua hydrocracking hai cfp & trén nhung
hoat déng linh hoat hon, nd ¢6 thé hoac hoat déng nhu so d6 mét cip hodc hoat
dong nhu sg dd hai cdp. Diém dic trung cua so db nay la hén hgp hoi san phdm
di ra sau cdp 1 duge qua phan chia so bd dé tach cac phan san phdm nhe trudc
khi di vao 16 dét nong clia c4p thit 2. Nho vay ma tranh duge qud trinh bé mach
cha cdc hydrocacbon nhe tao khi, 1am gidm hiéu sudt ciia san phiam xang. Chat
lugng ctia nhién liéu va cia xang hydrocracking nhu sau:

Chét Ivgng cde nhién lidu Nhidn liéu phdn Iye (1]s]

Chi' tigy Loai 1 Loai 2 Mua dbng Mia hi
Nhiét d& séi, °C B5 - 270 135 - 270 %5 - 330 165 - 360
Ham lugng RHa g - 22 18 - 22 20 - 25 25 - 30
d 3 20°C, kg/m® 800 - 810 775 - 790  B20 - 835 845 - BSS
Nhigt a8 duc -50 - -85 55 - -60 '

Nhigt dd déng dic -35 - -40 0 - 15
T s8 xetan ‘> 47 - 49 50 - 52
Chét lugng cua xing hydro cracking  Phdn doan dén 85°C 85 - 165°C

d & 20°C, kgim? 660 - 670 740 - 750

MON a1 - 83 55 - 57

RON 83 - 84 54 . 58

% parafin (izoparafin) 61 - 63 (42 - 40) 44 - 50 (30 - 33)

% naphten 3B - 38 4G - 48
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Chuong 9
QUA TRINH ALKYL HOA

Qud trinh alkyl hda 1a mét qua trinh quan trong trong nha may loc dau
nham ché bi&n cdc olefin nhe va izobutan thanh ciu tu Xang co gia tri cao
nhit dé 1a izo- parafin ma cha y&u la izo-octan. Alkylat nhan dudc la cdu ti
t6t nh4t d€ pha trén tao xang cao cdp cho nha may loe dau vi nd cd tri s6
octan cao va dé nhay nhé (RON 2= 96, MON =z 94), ap sudt hoi thdp. Dieu
dd cho phép ché tao duge xang theo bat ky cong thite pha tron nao. Ngoai ra,
khi alkyl hoa benzen bang olefin nhe ta ciing s& thu duge alkyl benzen cg tri
s6 octan cao ding ¢€ pha ché xang hoac d€ téng hgp hoa dau va héa hoc.

9.1. CO SO HOA LY CUA QUA TRINH

9.1.2. Bac trung nhiét dong hoc cuia phan (ng

Alkyl hoa izo-butan bang nguyén lidu olefin nhe thudng si dung nguyén
liéu 1a phédn doan C; - €, chia olefin cia cde qua trinh ch& bigén khdc nhau
trong khu loc dau. Cac phan ung co ban gom:

izo-C,H, + C,H; —— 2,2 va 2,3-dimetyl butan (9.1
izo-C,H, + CH, —— 2,3-dimetyl pentan (va 2,4) (9.2)
izo-C Hyy + CHy —— izo-CH,  (izo-octan) (9.3)
(khi) (khi) (Iéng): AG = —27100 + G3.2T

AG < O khi T < 156 °C

izo-C,H, + C;Hy —— izo-C,H,q (9.4)
{khi) {khi) (khi): AG = —18350 + 39,1T

AG < 0 khi T < 196 “C
Alky! hoa izo- parafin bing olefin 14 mat qua trinh téa nhiét c¢d kem theo
giam s8 lugng phan td. Do vay, khi gidm nhiét do va tang ap sudt sé thuan
loi cho qua trinh nghia 1A can bing chuyén dich vé phia tao thanh san pham.
Theo s6 léu thue nghiém nguai ta thay rang, nhiét cda phan dng nhu sau:
Vdi propen - 185 kealikg alkylat.
Vdi buten - 175 keal/kg alkylat.
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Vi penten - 140 kcal/kg alkylat.

9.1.2. Co s¢ cua qua trinh alkyl héa izobutan bdng butylen

Trong cong nghiép dau mé, san phdm alkyl hda trudc hét 1a dung d€ ché
tao xéng. Vi vay, co sd cla qud trinh v& co ban la phan tng tac dung cla
izobutan v6i butylen khi ¢d mat xue tdc 13 cdc axit manh d€ tao ra izo-octan
- cdu td cd gid tri nhat cia xang. Phan vng xay ra theo co ché ion cacboni.

Ion cachoni tuy thec loai xdc tdc duge st dung cd thé tao ra theo cic hudng
sau.;

RCH,-CH = CH, + H* == RCH, - *CH-CH,
RCH,-CH = CH, + BF, = R-CH, - *CH-CH,-BF,
R-CH2—~CI = CH, + AICl; == [RCH, - *CH-CH,JAICI~
C .
Thoi gian ton tai cda ion cacboni giao dong trong khoang thisi gian nhat
dinh, phu thudc vao cdu tric, cdc hiéu dng riéng va kha nang solvat ciia nd.

Su tao thanh ion cacboni cling tuan theo qui tic nhdt dinh. Khi tac dung
cia H* vdi olefin thang thi vu tién tao thanh ion cacboni bac 2 han 1a ion
cacboni bac 1. Chéng han:

CH, - CH, - CH = CH, + H'=CH,-CH, - *CH-CH, (bac 2)

CH; - CH, - CH = CH, + H = CH,-CH,~-CH, - *CH, (bac 1)
Né&u olefin cd cdu tric nhanh véi lién két déi & vi tri 8 sé cho ion cacboni
bac 3 nhigdu hon ion cacboni bac 2:

CH, - (;:CH—CH3 + H*—— CH, - +(rJ—CHz—CH3 (bdc )
CH, ’ CH;;
CHS—CI1=CH—CH3 + HY —— CH,- (!JH - *CH~CH, (bac hai)
CH, CH,4

Diéu nay duge ching minh bang cic sé liéu nhiét tao thanh cua cac ion
cacboni, AH (kd/mol)} d bang 9-1.

D6 bén cuia ion cachoni cé th€ xé&p theo thtt tu gidm dan nhu sau:
ion béc 3 > ion bac 2 > ion bac 1

Ap dung trong cong nghiép alkyl hda izobutan bang buten, ta cd cac phan
ing nhu dudi day:
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Bdng 9 - 1. Nhiét phin dng tao thinh cdic jon cacbeni

lan cacboni AH, kJimol
FCH,. 1100
CHy-*CH,.. 941
CH4-CH,-*CH,,.. 907
CHy-* CH-CH, 798
CH,4-CH,-CH,-"CH, : 869
CHy-CH,-*CH-CH, 760
(CHylg*C 697

CHg + H'— *C H,* (giai doan tao ra ion cachoni)

izo-C,H,, + *C,H,"— n-CH,, + izo-*C,H, (9.5)
izo-*C,Hy + C,Hy— izo-*C,H,, (9.6)
izo-+C$H17 + iso C,H ,— izo-CgH; + izo-*CH, (9.7

izo-"C,H, lai ti€p tuc tham gia phan ing (9.6).
trong dd ion *C,Hy" 12 loai ¢ cdu tric bat ky.

Néu nguyén lidu la phan doan C,, c6 th& cd cdc phan ing sau:

‘E ¢
is0-*CHy + € = C=C~C — C~(-C=C'~C~C » €-C~C~C~C
C C
¢ ¢ ? ;
C=¢' + C = C-C = C=(-C-C'=C > C-C-C-C-C
C ¢ C ¢ ¢
T T v
C~€* + € = C-C —» C-(-C-0*~C
C c ¢
9 i
C-C-C-C-C (C-C-C-C-C)
|
C C C
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Céc ion izo-octan nay cd kha ning trao d8i ion hydrit vdi izo-butan dé
tac thanh sidn phdm izo-octan. T4t nhién, rieng d5i voi buten 1 va 2 trong
digu kién alkyl hoa nd cd thé tring hgp tao hydrocachon ning [am giam nong
d6 cia xde tdc. Ngoai ra, con ¢ cdc phan ing khéc:

- Polyme hdga: 2CGH— C,H,

- Chuyén hydro: 2.iz0-CHy + CH,~— CH, + CIH,,
- Oligome hda: CHy, + CHy — C H,,— C, H,,

- Phan ung phan bé lai:  2CH,,— C,H, + C,H,,

- Cracking: C,Hyy— C;H,; + CH,

~— iz0-C, + C,H,,

Tu co s& hda hoc cia qud trinh alkyl hda izo-butan bang butylen, ta thay
r6 thuc chat cia ua trinh la phai tao thanh ion izo-*C,Hy, ma phan ing
chinh dd 14 su chuyén ion hydrit & izo- CH,, Chi ¢d cac axit manh mdi cd
hoat tinh xic tac thie ddy téc d¢ van chuyén ion hydrit. Do vay, xdc tdc alkyl
hda trong céng nghiép thuing 14 axit sunfuric hay HF. Téc d6 vén chuyén
H* gidm xudng khi ndng d¢ axit giam. Trong cong nghiép van phé bién cac
qua trinh tng vdi xidc tdc axit trén.

9.2. NGUYEN LIEU VA SAN PHAM CUA QUA TRIiNH

Nguyén liéu alkyl hda cong nghiép fa phan doan butan, butylen nhan dude
tif qud trinh hdp phy, phan chia khi caa khi cracking xic tac 1a chu y&u. Phan
doan nay chda 80 dén 85% C,, phan con lai C; vd C;. Propan va n-butan
chita trong nguyén liéu méac di khong tham gia vao phan dng nhung nd lai
anh hudng dén qua trinh béi vi ching chi€ém thé tich viung phan dng va lam
giam nong do izo-butan, lam gidm ndng d6 xde tic. DE cai thién didu kién
alkyl hda can thi&t phai tach sdu hon cac n-parafin nhd cdc c6t tinh cit
propan va butan. Trong nguyén liéu cing c&n chia it etylen va nhat la
butadien, béi vi khi ti€p xic véi axit (dac biét la axit sulfuric) ching sé tac
thanh cdc polyme hoa tan trong axit va 1am gidm ndng do axit. Ngoai ra, cac
hop chét cta oxy, nito, luu huynh trong nguyén liéu ciing dé tdac dung vdi axit
va tang tiéu hao axit. Ham lugng va thanh phan caa olefin trong nguyén liéu
cd dnh hudng quyét dinh dén chédt lugng san phdm. Khi alkyl hoa izo- butar
bing olefin, sy anh hudng cla ching dén cac chi tiéu ctia qua trinh dyvde tr
bay & bang 9 -2,
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Bing 9 - 2. Anh huéng cua nguyén licu d€n hitn suit alkylat
CaHe CyHg (40%), G, Hg CgHyg
Ghi tisu C4Hy (80%)

Hiéu sudt alkytat so véi 178 174 172 160

clefin %WV
¢ Tigu hao izo-butan %V 127 "y m 96 o
"_
i NO cua alkylat sach RON 83 - 92 92 - 95 94 - 97 S0 - 93

RON [+ 0,8ml TERA] 1015 - 103 1035 - 105 1042 - 1063 103 - 1036 N
| MON 87 - 90 90-93 5294 90-92

Cac cdu td cd gid tri nhdt 13 izo-octan. Trong dd cdu td chudn la
2,2,4- trimetylpentan ¢6 NO = 100. Sy phén b8 cla izo-C, phu thude vao
olefin nguyén licu duge trinh bay trong bang 9 - 3.

Bing U - 3 Sw phin 1§ cla izo-octan trong sin phiim alkyl héa

Olstin aguydn Hé

; Hydrocacbon Cy Buten 1 Buten 2 izo-buten Hén hgp RON
224 - trimetyl pentan 418 45.2 496 433 100
._2-.2,3 - trimetyl pentan 34 32 34 i 21 09 ]
233 - trimetyl pentan 202 236 181 222
2,34 - trimetyl pentan 173 %4 127 203
22 - dimetyl hexan 48 3.0 32 36 725
24 - dimetyl hexan 50 36 5.0 38
_?,5 - dimetyl hexan 50 4.4 7.0 4.6
34 - dimetyl hexan 05 06 07 01
9.3. XUC TAC CUA QUA TRINH ALKYL HOA

Xuc tdc alkyl hoa ed thé duge chia thanh cdc nhom chinh nhu sau:

- Xue tdac AlCly;
- Xidc tac H,S0,;
- Xde tac HF.

Khi alkyl hoa benzen bang olefin con c6 thé ding chét xic tac khéce nhu
nhua trao déi ion hoac xtic tdac chuda zeolit.

328



- DE& alkyl hda izo-butan bang olefin, qua trinh ding axit duge st dung
rong rai voi H,80, ndng d6 94 dén 96% khéi lugng, nong do axit dam dac
hon khéng mong muén vi tinh chit oxy héa manh cia nd va tinh chit nay
lam phtc tap thém qud trinh nhy dé tao nhua, dé tao 50,, SO, va H,S, lam
giam hiéu suit alkylat. Khi ndng dé axit thdp, nd xic tdc cho qua trinh polyme
hda, dé tao thanh cac alkyl sulfat tuong Ung va khi ddt néng ching bi phan
hiy thanh cdc hgp chét in mon, lam lodng nhanh axit H,50,.

Axit H,80, da sit dung trong cac day chuyén hién dai thudng duge dua
vao tai sinh bing phuong phap phan hiy nhiét d6 cao. Hiéu qué cta qua trinh
alkyl hda duoc tang 1én khi thém vio xtc tac cdc chdt kich hoat dac biét, no
lam thay d8i sttc cang bé mat cta gidi han phan chia pha hoac tao thanh nha
tugng trong axit H,80,.

- Vi xic tac HF, ngudi ta thudng dung vdi nong d6 = 87%. Do ¢d mat
cac san phAm nang vi polyme hda va nudc ma lam giam nong do HF. Do hoat
tinh t&t nhat dat duge khi trong xuc tic chi chia lugng nhé hon 1,5% H,0
va 12% hydrocacbon nang. Khi néng do HF < 87%, nd dugc dua di tai sinh.
Tiéu hao axit HF thuong nhd hon so véi H,8O, (< 0,14 Ib/thung alkylat so
voi H,80, 1a 25+30 Ib/thung alkylat).

Ngay nay, UOP da phat minh ra xic tdac HF dang axit rdn va di thé hda
xie tiae HF. Cai tién mai cua UOP véi xuc tac rdn va di thé hda xic tac HF
mang lai ciac uu di€m ndi bat la:

- Thay thé dudc axit HF dang léng cd tinh an mon manh va déc hai do
vay thao tdc an toan hon va méi trutmg sach hon.

- D& hoat tinh tuong dudng véi dung HF léng.

- D& tach san pham alkylat vi da di thé hda xie tac.

Xiic tac chua zeolit.

Khi ding xtc tdc axit manh (H,80, dac, HF) d¢€ san xuat alkylat da xuét
hién nhigu vdn dé phuc tap nhu xay ra nhiéu phan ng phu: polyme hda hay
oxy héa. Nhung khi chuyén sang dung xuc tac zeolit cac phan dng nay duoc
cai thién.

Alkyl hda izo- parafin bing olefin trén xic tdc chia zeolit cho dén nay
chua dugc ap dung rong rai nhung nhitng uu diém cta ching da thic ddy
qua trinh nghién ciu ¥ng dung xdc tdc nay trong tudng lai cho qua trinh
alkyl héa. '
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Xuc tac chda zeolit thudng 1a loai CaNiY hay LaHY, nhat 1a xtc tac dang
zeolit Y ¢d chia Ca va cac nguyén t6 ddt hiém. Khi ding xuc téc nay, didu
kién cong nghé clia phan dung co khac hon: nhiét 46 cao va ap sudt cao hon
so vgi khi dung HF, nhung wu diém cia nd 1a it phan ding phu va dé tach
Xuc tdc, san phdm tao thanh tinh khi&t hon.

9.4. CHE PO CONG NGHE CUA QUA TRINH ALKYL HOA

Ché& d¢ cong nghé 0 cde day chuyén khac nhau sé duoe di¢u chinh khéc
nhau. Cdc théng s6 cong nghé chinh cua alkyl hda izo- parafin bing olefin la
nhiét dg, nong do axit, ty 1¢ izo-butanfolefin va thai gian phan dng. O méi
loai ddy chuyén sé cd cac thong s6 thich hap.

9.4.1. Nhiét do phan tng

Nhiét d6 la thong s6 rdt quan trong cia qua trinh alkyl hda, ed anh hudng
kha phiic tap dén qua trinh nay. Khi nhiét d4 tang, d6 nhét cta cac tdc nhan
giam xudng, diéu d¢ cho phép ting cudng khuiy trom lam cho cde tde nhan
phan ing tiép xiec véi nhau tot hon, nhd vay gidm dugc ning lugng khudy
tron. Song khi tang nhiét d6, cac phan ing phy nhu polyme hda, cligome hda
va oxy hda lai tang 1én va cd tdc dd manh tuong dudng véi téc do phan dng
alkyl hda. Vi th€, dg chon loc ciia qua trinh lai gidm xuéng, giam ndng do
axit va tang tiéu hao axit, lam gidm chét lugng alkylat (tri s8 octan giam, do
on dinh thap).

Né&u ha thap nhiét dd d&n mdot gigi han nhét dinh sé tao didu kién thuan
lgi cho qua trinh alkyl hda, 1am cho dé chon loc tang, gidm tidu hao xuc tac
va hiéu suit cing nhu chat lugng alkylat tang lén. Yéu td han ché& khi giam
nhiét d¢ phan dng 13 lam tang 49 nhét cia cac tdae nhan va axit, lam tang
tiéu t6n nang lugng khudy tron va chat tai nhiét. Trong trutmg hgp nay, cing
khé tac thanh nhd tuang t6t thich hgp cho phan dng alkyl héa. Anh hudng
cta nhiét dg dén chat lugng alkylat duge trinh bay trén hinh 9 - 1.

Trong cong nghiép ali;yl hda, nhiét d6 thich hop déi vai cac xic tdc nhu
san:

- Xac tac axit H,80,, nhiét do = 4 = 10°C

- Xuae tac axit HF, nhiét d6 = 20 + 35 °C.

Gia tri cu th€ nhiét d¢ phan @ng duge chon ¢in phai tinh dén anh hudng
clia cac thong s6 khac va cac chi tidu kinh t& cta qua trinh, sao cho dam bao
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chi tidu chdt luong va hidu suft alkylat. Vi du theo thoi gian phan dng, nong
do xidc tac gidm, do hoat tinh eda xic tdc gidm ngudi ta o6 thé ting nhiét do
lén 2 d&n 3°C trong khoAng cho phép dé bu lai hoat tinh cha xdc tdc nham
duy tri hidu sudt khong ddi cua alkylat.

9.4.2. Nong dd axit

Dé€ tién hanh alkyl héa phan doan C,, ngudsi ta dung H,50, va HF ndng
do tir 88 dén 98% (tSt nhat tix 94 dén 96%). Digu nay quydt dinh qua trinh
tao san pham chinh 1a cdc izo- octan, cac cdu tlf ¢ NO cao. Nhu trén di ndi,
néu axit ed ndng 93 }
dé qui cao phai

dé y dén tinh oxy 92t

hda cta né. Néu T
axit cd ndng doé at
thdp hon thi téc o

3

dé phan t‘rgg a0 r
polyme hda tang
nhanh. Vi thé, hé a3+
théng sé& dat duge
kha néang phan 88 1
ing cuc dai khi

ma ndédng dd clha . L 2 ‘ L
o 20 4 60 80 100

olefin hoa tan

(hap phu) vao xic Hinh 8-1. Anh hudng cia nhigt dd dén NO cia alkylat
. . . {xic tdc HF}

tac dang bang

lugng ion cacboni tao ra va tham gia phan \ing alkyl hda.

Trong qua trinh lam viée, do tao cdac san phim phu nhu hydrocachon
nang, nude nén lam giadm ndng do axit. Ngoai ra, hiéu qua cla qua trinh con
phu thudc vao kha nang khudy tron tot dé tang tiép xic gitta xic tac va cac
tdc nhan phan iUng.

9.4.3. Thoi gian phan ang

Thai gian phan ng ciia qua trinh alkyl héa duge xdc dinh béi hai yéu t6
cd ban:

+ Téc d6 14y nhiét khoi ving phan dng phai di dé gilt nhiét do phan tung
da chon.
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+ Thoi gian A
di dé€ izo-butan 100
hoa tan vao pha
axit (tac nhq
tudng t6t), nho I
vy ma dAm bao
tién trinh cac
phin ing mong
mubén va han ché&
phan 1tng phu.

NO

Do thiét bj L

hoat déng theo 4 o
dong lién tuc, nen 20 40 60,4,,?/&»;80 100 Yy
thai  gian phén Minh 9-2. Aph hudng cia ty 18 axit/RH dén

ung dugc khéng chét iugng cla alkylat

ché qua ti 16 giita

axit va hydrocachon trong thiét bj phan wng. Ti ¢ nay thudng trong khoang
tit 1/1 dén 2/1, trong khodng nay sé& cho chat lugng alkylat tét nhat (hinh
9 -2y,

Trong thue té, d& dat hidu sudt cye dai, thii gian tiép xic trong reactor
vil xuc tdc H,50, thudng tit 20 dén 30 phit, con trén xic tdic HF  tir 10
dén 20 phut.

9.4.4. Néng dd i2z0-butan

Do kha nang hoa tan izo- butan trong pha axit rdt nho (trong HF la 0,3%,
trong H,80, 1a 0,1%), nén muén tang téc do phan tng, néng dé izo-butan
cén phai dat cuc dai trong vitng phan Wng. Do hoa tan cing con phy thuode
vao cudng do khudy tron, nén ngudi ta thudng thist k& cdc bs phan khudy
trdn dac biét trong reactor.

Olefin hau nhy hoa tan tue thyi trong axit nén lugng olefin dua viao can
phai duge chia nhé d€ han che phan dng phu. Digu nay duge kh8ng ch& qua
ti lé giita izo- butan/buten. Trong cong nghiép, ti 1¢ gifta izo- butan/buten thay
d6i tir 5/1 dén 15/1, nghia 1a s dung mot IMgng du rat 16n izo- butan.

Ngoai ra, khi quan sat mai quan hé giita ndng d6 izo-butan trong ddong sin
pham ra khdi reactor va chat lugng cta alkylat, ngusi ta thdy ring chét lugng
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cia alkylat ma cu thé 1a tinh chong kich nd ctia san phdm tang lén hau nhu
ti 1& thuan voi néng do izo-butan trong dong chat ra khdi reactor. Vi viy, ham
lugng izo-butan khi do duge dung d& danh gia chat lugng alkylat. Sy phu thuoc
gitta tinh chéng kich né cua alkylat vao néng d¢ izo-butan trong dong san phim
ra khéi reactor dugc xdc dinh theo bang 9 -4, théng qua chi s6 F, trong d6 F
duge tinh theo phuong trinh cia Smith va Pinkerton nhu sau:

C,, (/oY

100(V.S), .

trong do:
C, - %V eda izo-butan trong san phdm alkylat;
IO - ti 18 izo- C Jolefin trong nguyén liéu nap vao reactor,

(V.S),, - tdc dob nap nguyén lidu riéng cia olefin.

Bdng 9 - 4. Gis trj RON cin alkyl hoa phy thude vio F v ngnyén llén
The nhin aikyl héa Fmg F = 10 F =20 F = 40 F = 200
- Propylen a8 aas 896 90.3 92
- Penten 838 80.7 6 925 944
- Butylen 942 348 959 658 97
L i 1 —

9.5. DAY CHUYEN CONG NGHE ALKYL HOA

Trong thyc t€ céng nghiép, alkyl héa iso- parafin bang olefin da va dang
phét tri€n hai qua trinh v6i hai loai xuc tdc khae nhau la axit H,50, va HF,
Con d& alkyl hda benzen cd the dung thém xdc tdc dang khdc (xem phan xuc
tdc & trén).

9.5.1. Qué trinh alkyl héa véi xuc tac Ia axit H,S0,

9.5.1.1. Qud trink cia hang Kelloge (Exxon Research & Engineering Co.,)

Trong so dd nay (hinh 9-4) ngudi ta diing reactor nam ngang nhigu bac.
Véi reactor loai nay, viéc ldy nhiét d€ lam lanh reactor duge thuc hién bang
cdch cho bay hoi mot phan hydrocacbon trong cdc béc cla reactor.

Reactor thudng c6 5 bac, trong médi bac déu ¢d bg phan khudy trén manh
nén tao duge nhii tuong thich hgp cho phan ung. Cac bac duge cdch nhau
bang tdm chan hinh chir L. Cusi cung la phong lang gom hai ving: ving I
la viing chda axit, viing 2 la viing chua alkylat. Olefin duge d&n dbng thai
vao 5 bac voi ty 1& da chon trudc,
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Bieu kién lam viée cfia thiét bi alkyl hda nhu sau:

- nhiét do: 4 = 10 “C

- Ap suAt: 1 + 3 kG/em?

Sy thay déi ndng dé cia cdc ciu ti tham gia vao ndng dd phan udng trong

reactor cd cho trong bang 9 -5.

Bdng 9 - 5. Sy thay dbi nng 43 cia cic cdu tie tham pia vie ndng 46 phin ting
trong reactor

Bac N, % iz0-Gy Ty 18 iz6-C, folefin
1 83 305
2 76 262
3 68,5 221
4 50,8 18,1
5 505 143
trung binh 67.6 222

9.5.1.2. Qud irinh ctia hing Stratford

Trong qua trinh nay, ngudi ta diing reactor loai tiép xuc, nim ngang va
duge lam lanh bang dong khi tif reactor. Reactor c6 budng lam lanh duge tach
riéng nhd cac vach ngan thanh hai bé phan dé dua tac nhan lanh vao va lay
tdc nhan lanh ra. Trong budng phan Ung, ngudi ta trang bi mét chim Ong
hinh chit U cho chét tai lanh di bén ngoai éng. Phia dau reactor cd trang bi
déng co khudy dé tang cudng khudy tron cic tac nhan phan dng (hinh 9 -5).
Sa do alkyl hda cua hang Stratford Co. duge trinh bay trén hinh 9 -6.

Didu kién lam viéc cia qud trinh nhu sau:

- nhiét dé: 7 + 10°C.

- Ap sudt: 3 kG/em?.

- ti 1¢ izo-C,olefin: 8 + 10/

- tiéu hao axit: 30+50 kg/m® alkylat (khi nguyén lidu la buten).

9.5.2. Qué trinh alkyl héa v&i xic tac HF
9.5.2.1. Qud trinh cia hing Philipx

Trong qud trinh nay, ngudi ta ding reactor loai thang ding cd chit lam
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001
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Hinh 9-4. Cdu tric cua 1d phan dng
12, Cac ving phan dng: 3. Canh khufy; 4. Ong hudng dong;
I- Axit; - Izo-butan; I, V- RH Iam lanh; IV- Olephin; VI- San phdm chuyén sang bubng
sau; VI- H8n hop phan Ung dude khudy trén manh,

lanh riéng. Do xic tdac HF c6 thé phan ing ¢ nhiét do 25+50°C nén ngudi
ta diing tac nhan lanh la nuéc lanh va dé la vu diém ndi bat cia qua trinh
véi xue tac HF.

So db alkyl héa véi xie tac HF cta hang Philips Petroleum Co. duge trinh
bay trén hinh 9 -7. .-

Nguyén liéu dang 16ng, gdm cd olefin va izo-butan dugc nap vao bd phan
lien hop reactor - 8n dinh 1. Pha hydrocacbon tach ra & b6 phan 6n dinh la
nguyén liéu nap cho cot phan doan chinh 2. Tai day tach ra propan, izo- butan
tuan hoan, n-butan cho pha xang va alkylat. Mot lugng nho HF hoa tan dugc
loai ra khéi propan nho thap rita 3 bang KOH. Ngudi ta ciing xit Iy nhu vay
d6i v6i n-butan va alkylat dé tach vét axit HF. Axit da lam viéc duge cho
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Hinh 3-7. S6 db cBbng nghé akkyl héa xGc tic HF cua hang PhilippPetroleumn Co,
1 Reactor; 2 Thigt bj 1Am khé& 3. Thiét bi Iam lanh: 4. B& ldng; 5. C6t tach ize butan: 6.
COt tach Ca, 7. Céh tinh cat HF,
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qua bd phan tai sinh rdi trd lai reactor.

Bdng © - 6. Niing sudt vd tinh chit cie alkylat khi ding xic tic 12504

C, = 40%,

Loai oletin aguydn lidu Propylan Cy = 80% Cy = Cg =
Alkylat/olefin (V/V) da tiéu 178 174 72 160
hao
120G ,folefin tigu hao (V/V) 1275 T 1106 0965
Tiéu hao axit. kg,’m?’ alkylat 100 - 300 . 72 - 180 40 - 100. 48 - 120
Tii 6 octan coa alkylat sach | 89 - 82 92 - 95 94 - 97 90 - 93
RON
Tri sd octan cua alkylat RON 101 - 103 103 - 105 104 - 106 03 - 1036
+ 3 ml MTBE

| MON {sach) 87 - 90 90 - 93 92 - 94 90 - 92

RBing © - 7. Piic tinh ctia nguyén lign va

san phiim khi diing xice tic HF

|

| Lowi nguyén lidu cﬂu.tllr. %V | Butylen Hén hop Cy=vd C,y=
Propylen 08 246
Propan ) 15 125
| Etylen 470 305
ize-butan 338 218
#-butan 147 a5
fzo-pentan 22 13
Akylat da 6n dinb
" AP 701 711
RVPpsi 5 -7 g6-7
RON (sach) 96 935
| Tiéu hao nguyén ligu: thing olefin da
chuyén héa:
Tiéu hao izo-C, f{thing) 11389 1715
Alkylat tao thanh 1780 1755

9.5.2.2. Qud trinh alkyl! hou ctte UOP

So db alkyl hoa xic xac HF cda UOP duge trinh bay trén hinh 9-8.
Nguyén liéu la olefin C, - C, duge tron vdi izobutan tuiin hoan va duge chia
thanh nhidu dong tiép xiic vai HF trong reactor I. Sau d6 qua bo phan én
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dinh 2 dé& tach HF va cho tuan hoan tréd lai reactor nh& bom. Nha tulin hoan
HF ma gidm thép chi tiéu tiéu hao axit d6i v6i mot don vi san phdm alkylat
(20- 40 kg/tdn alkylat). San phdm tach ra & dinh budng én dinh duge cho qua
cdt phan doan chinh 3. O day tach ra cac san phdm propan, n-butan va alkylat.

Mbt lugng nhd axit cudn theo propan dude tach ra @ c6t 4 va cho tuiin hoan
lai, con vét HF sé duge tach tidp & cot 5.

T4i sinh axit duge thyc hién trong bo phan t4i sinh riéng béing cdch tach

polyme hoa tan trong nd {(trén so d6 khong chi ra).

Alkylat ¢6 tri s6 octan cao: RON = 97 (sach); MON = 94 - 95,

B0 sanh vu diém cda qu4 trinh alkyl héa xuc téc H,S0, va HF duge trinh

bay & bang 9- 8.

Bdng 9 - 8 So sdnh qué trinh alkyl héa xic tdic HpS04 va HF

25 - 40°C

- Thai gian phan dng ngén
hegn,

+ Reactor nhd hon, tiégu hao
Ac tac nhod.

+ Chn chi y dén méi
truong, an toan

Loai xidc téc HF H S0,
1. Hang thigt ké Philips Stratford Co,
uoe Kellogge
2 Dac diém uu didm - Nhigt dé phan ung: +2-10°C

+ RON cao hdn khi nguyén

lidu 1a olefin C,

+ Ty 88 iza-C, folefin nhé
+ Khéng cn chi y dic
biét vé mdi trydng, an todn.

3. Chi tigu

- Ti 18 Cg + akylat/C, =
- RON/MON

- Tiéu hao axit

17 - 20
85 - 96/92 - 93
0,05 - 015 Ibfthing alkylat

17 - 20
95 - 97/32 - 94
20 - 30 Ib/thing alkylat

4. Didu kién phan dng
- Nhigt d6 phan dng
- Ap suat

- Ti 18 izo-C,/olefin

30 - 40 °C
& - 8 kG/cm?
8-15

2-10°C
3 - 4 kGjom?
4 -12
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Chuong 10
QUA TRINH IZOME HOA

GIOI THIRU

Qu4 trinh izome héa n- parafin duge ding d& nang cao tri s6 octan cua
phan doan pentan- hexan ctia phan xiang s6i dén 70°C, déng thoi ciing cho
phép nhan cdc izo-parafin riéng biét nhu izopentan va izobutan tir nguyén
ligu 1a n-pentan va butan tuong Wng, nham d4p dng ngudn nguyén léu cho
qua trinh tdng hdp cao su izopren, izobutan la ngudn nguyén liéu tot cho qua
trinh alky! hda, hosc d& nhan izobuten cho qud trinh téng hgp MTBE.

Nhu da néu trén, cong nghiép ché bign dau ding hai qua trinh chd dao
d€ nhan xang cd tri s6 octan cao ]a qua trinh reforming xtic tdc va cracking
xlc tac. Nhung de nhu chu vé xang chat lugng cao ngay cang tang, trong khi
d6 phan C; - C, clia cong nghiép ché bién dau ngay cang cd s6 lugng 1dn ma
lai khong thé& dat tri s6 octan cao khi sp dung cdc qua trinh trén. Trudc day
phéan doan nay chi duge dung ¢€ pha tron vio xang vdi mue dich dat du ap
sudt hoi bao hda cia xang va thanh phan cét, cdn tri s6 octan ctia phan nay
khong du cao. Cac s6 lieu trich din & bang 10- 1 cho thay r6 digu nay.

Bdng I0 - I Tri s8 octan v digm sdi cia hydrocachon Cs, Ci,.

Clu tor Didm s§i RON MON
Cs: #-pentan 36 G617 6513
2-metylbutan {izopentan} 28 92 90.3
Cg: #-hexan 66,75 248 26

2-metylpentan (izohexan} 603 734 734
3-metylpentan 6325 745 743
2.2-dimetylbutaninechexan} 4973 945 935
2.3-dimetylbutan 58 03 94

Céc s6 liéu cia bang cho thdy, thich hgp nhdt cho qua trinh nhan Xang
chat luong cao thi phan doan n-Cs-C, nhan duge trong khu lién hgp loc -
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hda dau can phai duge cho qua qud trinh izome hga.

10.1. CO SOG LY THUYET CUA QUA TRINH
10.1.1. Dac trung vé nhiét dong hoc

Cac phan wng izome hda #-pentan va n-hexan la cic phan ing cd tda
nhiét nhe. Bang 10- 2 cho thay nhiét phan dng dé tao thanh cac izome tif cdc
ciu ti riéng.

Do cac phan tng izome hoa la tda nhiét nén vé mat nhiét déng hoc, phan
Ung s& khéng thuan loi khi tang nhiét d6. Mat khde, phan Uing izome hda
n-parafin 12 phan vng thuan nghich va khong cd su tang thé tich, vi thé can
bang ctia phan dng chi phu thude nhiéu vao nhiét . Nhist do thidp tao digu
kién tao thanh cac izome va cho phép nhan duge hén hgp & disu kién can
bang va cd tri s6 octan cao. Db tht hinh 10-1 (a,b,e,d) cho thay sy phu thuoc
gitta ndng d6 can bing clia cdc izome vio nhi¢t 46 ctia phan Ung izome hoa
n-pentan va n-hexan duge xay dung tir tinh tosn va tiu thye nghiem. Tu db
thi cho thay, khi tang nhist d%, nong d¢ cac izome déu gidm, con nong do cac
n-parafin tang. Cing ti d5 thi 10- 1 cho thdy, néu £ < 200 °C s& thiép lap
duge mot hén hgp can bang ¢o tri sG octan cao.

Bdng 100 - 2
Clu td Affzga, kcalimol
Cs: 2-metylbutan fizopentan) -182
22-dimetylpropanfnecpentan) -467
Ce: 2-metylpentan (izohexan) -170
3-metylpentan 106
2.2- dimetylbutan {nechexan) -4.39
2,3-dimetylbutan -2,53

Khi izome hda cde n- parafin con xay ra cdc phin @ng phu nhu phan dng
cracking va phin wng phan b6 lai, vi du:
2CH,, CHy + CH),
D€ giam téc dé cua cdc phan vng phu va duy tri d6 hoat tinh eta xic
tac, ngudi ta phai thuc hién qua trinh & &p suat hydro p;; =2 + 4 MPa va
tuan hoin khi chia hydro. Déng hoc va co ché phan ing izome hoa phu thude
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vao diéu kién tién hanh qud trinh va phu thudc vaoe loai xuc tac duge st dung.

100

| ] _| 100 — T

- n-hexan

Ao ;‘T?Gf

o

. 2.-metyl pentan

_i,__.

. 2,2-dimetyl bufan

'
2z
3. 3-metyl pentan
T a
5. 2.3_ dimetyl butar

5001 00 00 200 . 300

thuc nghiém
Hinh 10-1.

10.1.2. Co ché cua phan (rng izome héa n-parafin

e linth tean 1°C ==

Phan dng izome hda n- parafin trén xic tdc tuy thude vao dé axit cia xic

tac, cd thé xay ra theo cdc hudng sau.

1. Trén xidc tdc v6i do axit manh cia chdt mang, phan dUng izome hda
x4y ra & cdc tam axit. Vai trdo cia kim-loai chi 1am nhiém vu han ché su tao
céc va ngan ngita sy tro hoa cdc tadm axit. Khi d6 co ché& phan dng duge miéu

td nhu sau:

K, H
CH;~CH,~CH,~CH, === ' CH,~(*-CH,

CH,
CH,~G*~CH, + CH,~CH,~CH,~CH, —
CH,
<= CH,~CH-CH, + CH;~*CH-CH,-CH,

CH,
d day K la tam axit ctia xtc téc.

2. Vé6i xic tdac ludng chic, co ch& cua phan tdng ¢ thé miéu td nhu sau:
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fe. -Hz K, + H*
CH,~CH,—CH,-CH,== CH,~CH=CH-CH, == CH,-CH,-*CH-CH,

CH,~CH,~*CH-CHy== CH,~C" - CH, === CH,-C=CH,

CHa, K-H CHs

CHE—C=CH2 _— CH3—CH—CH3
CH3 Ma,+H2 CH3

4 day Me la tam kim loai; K la tAm axit cua xiic tic.
10.1.3. Xic t4c cua qua trinh

Xic tac duge ding trong qua trinh izome hda, trude hét phai thac didy
cho quad trinh tao ion cacboni, nghia la xic tdc phai cd tinh axit. Cac chét xic
tac cd di€n thutng dung la xdc tac trong pha long. Ngay nay ngudi ta hay
dung xtc tac ludng chde cd kim loai trén chadt mang axit.

ML1.3.1. Xiic tic trong pha léng

Chat xuc tac tiéu biéu cho nhdm nay !a clorua nhom khan duge hoat hda
bang anhydric elohydric. Sau nay nguoi ta da ding céc chit xae tdc khac nhu
AICl; + SbCl; hay AlBr, va cac axit sunfonic hay axit clohydric. Uu diém cua
hé xic tic thude nhom nay la ching cd do hoat tinh cao. O nhiét do6 90°C da
e6 thé chuyén hoa dat can bang (chuyén héa = 100%) céc n-parafin C;, G,
thanh cédc izoparafin.

Nhuge difm cha xic tdac loai nay 12 nhanh gidm hoat tinh va dd chon
loc. Thém vao do 1a ching rit dé tu phan huay, va khi phan huy ching tao
nén mdi trudng axit manh, gdy an moén thiét bi. Ngay nay, ngudi ta dang tim
cach han ché& cac anh hudng xdu nay d€ hoan thién cac chi tiéu san xudt
izo- parafin.

10.1.3.2. Xiic tdc hydro héa trén chdt mang axit

Céc chit xic tac loai nay thude nhém xuc tac reforming. Vé ban chit,
ching dugc tao thanh tit hai thanh phan:

- Kim loai ¢6 dac trung thic ddy phan ing hydro hda, thudng ding la
cac kim loai hiém nhu Pt, Pd.

- Chit mang axit nhy oxyt nhém, oxyt nhom va halogen hay alumino
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silicat).

Céc xdc tde niay cd do chon loc cao hon xuc tdc trong pha léng, nhung
dd hoat tinh cla ching thudng thdp hon, vi thé doi hoéi nhiét do phan dng
phai cao hon va phan ing thudng duge tién hanh trong pha hoi. Nhung do
tdng nhiét d0 ma phan Wng izome hda n- parafin khong thuan Igi vé nhiét
dong. Do dd can thiét phai tuin hoan nguyén liéu chua bién ddi d& nang cao
hiéu suit cia izome hay dam bao tri s§ octan cao cho h&én hgp san pham.

Co ch& tdc dung va digu kién lam viéc cla xuc tdc trong qud trinh phu
thuéc vao ban chdt cia xic tic va phuong phap ché tao nd. Cace xtce tac
alumino platin duge kich hoat biang flo cho phép ti€n hanh qua trinh izome
hdéa @ nhiét dd tit 360 + 420°C va dude goi la xiic tdac d nhiét do cao. Xie tac
kim loai trén zeolit duge st dgung & nhist do thdp hon (230 - 380°C) va duge
goi 1a xic tdc & nhiét d6 trung binh; con xic tac alumino platin duge hoat
hda bing clo cho phép tién hanh qua trinh & nhiét d¢ tit 100 d&n 200°C va
duge goi la xuc tdc & nhiét do thap.

10.2. QUA TRINH 1ZOME HOA CONG NGHIEP

Izome hda thudng dung nguyén liéu 12 phan doan C,, phan doan C; va
C, hay hon hop C - C,. Ddc trung cla nguyén ligu s& quyét dinh ché d6 cong
nghé va chat lugng san phdm. Thanh phin cla nguyén liéu tiéu bifu cd ngudn
gc khdc nhau duge trinh bay ¢ bang 10- 3.

Tir cdc s6 liéu trong bang 10-3 thdy rang, ham lugng n- parafin thudng
khéng vugt qud 65% trong nguyén lidu. Do dd, néu cho toan bd nguyén ligu
qua bién d8i izome hda la khéng hop ly ma can phai tdch cdc izome khoi
n- parafin va chi cho bién ddi n- parafin. D€ han ché cac phan @ng phu va sy
kim ham qua trinh, nén tién hanh phan dng 4 muic do bién d6i vira phai, rai
sau khi tach cho tuan hoan trd lai nguyén liéu chua bién ddi. Khi ti€n hanh
thao tdc nhu vay, dd cho phép tang cao tri s6 octan cua phian doan lén t6i
thi€u la 20 don vi.

10.2.1. Céac qua trinh pha léng v&i xic tac AICI,

Cac qud trinh izome hoa loai nay da cd tif rdt lau va 1a loai phd bién dé
izome hda n-butan thanh izobutan. Sg d& nguyén ly cda loai nay duge trinh
bay trén hinh 10-2.

10.2.1.1. Qud (rinh Izomate (Standard Oil Co.Indiana)
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Bing 10 - 3.

Cén nhya xde tac

O

n- parafin tudn hodn

Mid
Ngudn nguyén lidu Kuwait continant Xiing cit Arabis Wyoming
G n-pentan 585 630 422 64,3 58,8
2-metylbutan M5 362 56,2 333 364
22-dimetyl propan - - - - -
cyclo pentan o1 08 12 24 as
Cg: #-hexan 432 418 277 45,6 378
2-metylpentan 224 263 325 402 382
. 3-metylpentan B "3 125
'_2,2-dimetyl butan 20 05 075 39 38
| 2:3-dimetylbatan 42 05 075
Metyleyclo pentan 51 uo 17,0 73 18,8
Cyclohexan 4,2 22 45 - -
Benzen 20 0.8- 20 14
RON coa Cy 744 725 792 721 73
RON cia Cg 655 577 764 55.1 611
oy e
Sarr pham
C
oY . f 2 ‘ N ‘
I A{C!j

Hinh 10-2. 80 db izome héa xtc tac trong pha idng.

1 Reactor; 2 Thi€t bi tdch xdc tAc va khi 34 Thdp phsn doan
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Qu4 trinh nay dude thuc hién c¢6 hoac khong cd tuan hoan n-parafin.
Ching chi khac nhau bdi cot tach phan doan 4. Qua trinh hoat ddéng lién tuc
v khdéng can tai sinh xac tac.

Xie tac duge dung la hén hop cua AlCl; va HCL khan. Vung phan ing
duge duy tri § ap suit H, dé& han ché cac phan iing phu nhu phan ung cracking
va da tu.

Diéu kién thao tac cia qua trinh nhu saw:

#C = 120; p = 50 - 60 at; H,/RH = 10 - 18 m¥/m” nguyén liéu.

Nguyén liéu dugce bio hoa bang HCI khan va H, trong thiét bi hdp thu,
sau d6 dude d6t nong dén nhist do can thiét va dude nap vao reactor. Xuc
tac da ding dugce tach ra ciing can nhya va phan ng izome hda xay ra trong
pha long.

San phdm phan dng sau khi qua thist bi tach xuc tac va tach khi, duge
qua thap tach vét axit, roi vao cot phan doan d& tach riéng n-parafin va cho
tuan hoan trd lai voi nguyén liéu,

10.2.1.2. Qud trinh ciia Shell Devlopment Co.

Qué trinh nay duge diung dé€ ché bign phan doan n-butan thanh izo-butan
va cfing duge diing d€ ché€ bién phan doan C;. Trong cac tai liéu hién cd, chua
thay noi dén s8 liéu ap dung cho phan doan C, va nang hon. Day ciing 12 mot
qua trinh lién tuc va khong tdi sinh tic tac. Xdc tde 1a mot dung dich cta
HCI1 khan va tricloantimoan duge hoat hda bing HCl khan. Vung phan ung
dugc giit & dp sudt hydro d€ han ché& cac phan dng phu.

Diau kién thao tdc cla qua trinh cong nghé nay nhu sau:

- nhiét ds, °C 80 - 100

- Ap sudt 3§ reactor, at 21

- ap sudt riéng phan ctia hydro, at min. 4,3

- H,/nguyén ligu, %mol 1,3

% kh&i luong cia H,/nguyén ligu 5

@ khéi lugng cta AICL; trong xudc tdc 3

-ty 1é xaic tac/RH (V) 1

- thoi gian tiép xdc (phit) 15 (~ VHV = 2,5)

10.2.1.3. Qud trink cia hang Esso Research & Engineering Co.
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Qud trinh nay thyc hién & nhist dé tlit 26 dén 50VC. Diac di€m chinh cia
qua trinh 1a tién hanh & ¢4 chuy&n hda cao nén khéng cin phai tuin hoan
lai nguyén liéu chwa phan ing. San phdm cta qua trinh tif cac loai nguyén
litu khac nhau dude din ra & bang 10-4.

Bdng 10 - 4.

Céu td Hguyén [ldu Louisinns Arbian
Nguydn lidu  Sin phlm | Nguysn ligu  Sén phdm

%
#-pen tan 16,3 48 281 71
izo-pentan ne rech | 1n3 333
#-hexan 19,0 4.4 304 41
22-dimetylbutan 19 207 00 282
23-dimetylbutan 21 50 07 46
Z2-metyl pentan 153 T4 h3a 120
3-metyl pentan 94 6,2 86 51
xyclopentan 23 18 07 01
xyclohenxan 64 155 15 66
metyl cyclopenyan 08 22 54 09
benzen 48 48 10 10
Tri s octan 98 98,5
RON + 3mi TEP/Gal
Higu suit, % V > 99 59

Ngoai ra hing ABB Lumunus Global da thiét ké day chuyén izome hda
d¢ xd Iy phan doan C./C, cd tri s3 octan thdp thanh phan doan cd tri s6 octan
cao cho xang. Xuc tdc dung la AICl, hoat hda nén xudc téc c¢d d6 hoat tinh rat
cao va dd chon loc ciing lén, do vAy ma khdng cin phai tich izo- parafin khai
n-parafin nhung van dat duge sdn phdm ¢ tri s6 octan cao va hiéu sudt dat
dén 99,5% tit nguyén liéu cd RON bing 68 - 70.

10.2.2. Qua trinh izome héa pha hoi

10.2.2.1. Izome héa n-butan (chn goi In gqud trinh butamer)

Qu4 trinh izome hda n-butan trén xuc tac aluminoplatin duge hoat hda
bang clo thuc hién & pha hoi dudi 4p sust hydro véi 16p xic tac cd dinh & nhiét
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do tir 120 dén 240°C. Khi dé nhan duge hidu suit izo-butan 16n hon 50% sau
mot chu trinh. D& chon loc cao cha xic tdc did han ché& cdc phan dng phu. Higu
sudt san phdm dat trén 90% va tiéu hao H, tuong déi thdp, déng thai do it xay
ra cac phan dng phu nén ty 1& Hy/RH nguyén liéu cin thidp hon ma khéng lam
anh hudng dén thii gian lam viée cla xtic tde. So 48 cong nghé cia qua trinh
c6 tuAn hoan n-butan chua phan dng duge trinh bay trén hinh 10 -3.

Hén hgp nguyén lidu mdi va san phim cfia phan ding d4 6n dinh duge

T

Tam
g

‘e Lo o

é é 6

Winh 10-3, Day chuydn céng nghd izome héa »-butan
1. C6t tach izobutan; 2. C8t 6n dinh; 3. Ld phdn (ng, 4. L& dét nong; 5. MAy nén; 6
Thi€t bj tach, I Nguyn k8u, I- Hz, - Khi ddt, (V- lzobutan
dua vao thap tach izobutan I, tai day san pham tach ra cd d6 tinh khiét cao.
n-butan duge trén voi khi chita H, tuin hodn, qua thiét bi d6t ndng 4 dén
nhiét d6 phan dng réi duge nap vao 1o phan tng 8 bén trong cd chia xdc tie.
San ph&m phan @ng duge lam lanh r6i duge dan vae thiét bi tach ap suét cao
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6. Khi H, tach ra duge bé sung moét lugng nhé hydro roi qua may nén quay
lai 16 phan ¥ng. 8an pham léng sau khi tach duge dua vao cot 8n dinh 2, tai
day sé tach ti€p mot phan khi hydro va C,, C, (con goi 1a khi nhién lieu). San
phdm chinh duge cho qua thép tsdch izobutan 7. Ngudi ta con bd sung vao
nguyén liéu izome hda mot luong nhé eac hgp chét halogen hitu co d& duy tri
d¢ hoat dong ciéa xuc tac.

Qud trinh butamer rdt phé bién va da dugc hiang UOP ph4t trién., Che
do cong nghé clla mot s6 qua trinh vira néu duge din ra & bang 10- 5.

Bing 10 - 5. Ch€ 49 cong nghé cha mot s3 qua trinh butamer

Qué trinh uop Bp HIlO
Xic tac le P1/AI203 HMIL 74
Nhigét d&, °C - 150 - 200 180 - 220
Ap sult, MPa dén 38 dén 38
Tée d8 nap liéu, b’ 1-3 1-3 1.2
Thdi gian lam vige cta xic tac > 12 thdng | 24 thang 24 thang

10.2.2.2. Qud trink ciia UOP va IFP

Cong dung chinh ctia qu4 trinh 1a san xudt cdu ti cac octan cho xang tir
nguyén ligu la phan doan C; - C, (ldy ti chung cit truc tiép, reformat nhe,
rafinat nhe...) bang cach chuy&n hoa n- parafin thanh izo- parafin nhd cdc qua
trinh sau,

Qua trinh Penex cia UOP

S0 d6 izome hda Penex bao gom mot cot titn phan doan dung dé€ tach
nguyén lidu thanh hai phin riéng biét: phan doan Cs va phdn doan C,. Phan
doan Cq dude dua di tach izo-pentan, cdn n- pentan s& dude cho qua 16 phan
ung chita xte tic izome hda, sau dd san phdm lai quay lai cdt tach izo- pentan.
Tuong tu che khi xt 1y phan doan C, phan doan nay cling duge cho qua cét
tach izo hexan, con n-hexan cho qua xide tac izome hda. San phdm cho quay
trd lai cot tach khi si dung sang phéan tif (Qua trinh Molex).

Xac tde si dung loai tuong tu xuc tdc reforming nhung khéng cin tai
sinh. Loai I.8 cia UOP eé didu kién lam viéc nhu sau:

Nhiét d&, 370-480°C; Ap sudt 20 - 70 at
V/H/V thudng 1dn hon so v6i quéa trinh reforming.

252



Khi dung xtc tdc loai mdi 1.4, nhiét d¢ duge ha xuéng com 110 - 140°C.

Cén bang vat chat cia qua trinh duge din ra & bang 10-6.

Bdng 16 - 6. Cin biing vit chit cha qud trinh Penex

Cou Mep libu & renctor Sdn phém phdn Sén phim izoma
BPSD ing BPSD BRSD

50 pentan 3670 15712 12042

#-pentan 22393 10.360

cyclopentan v& Idn hon 581 427 -164

T8ng cong 26654 26.439

$an phim izome héa:

#-pentan chuy&n hoda, % V 00

% maol 991

Dac trung cua sdn phim:

izo pentan % V 96,10%

BPSD

12544 (— 2000 m°/ngay}

Bdng 10-7. Cdc djc trumg cin qud trinh izome héa

H&ng thift k& uoP

\FP

Dic diém

Cé tuBn hoan »-parafin

Tach n-parafin bing
sdng phan

Hip phu va khi hip

phy & pha hoi

Ding Hp ndng dé khi hip phy

Digu kign phin Ung

- nhigt dd phan ung,

- 4p sufit

- thc d6 nap #8u thé tich

-ty B Ha2/Nguydn lidu

Nguyén hdu va san phim:

- tri s6 octan cda nguyén lgu RON

- tri s8 octan cua san phim RON/MON
- néng suidt xang

C6 tuBin hodn nm-parafin
Tach s-parafin bing
sang phan i

Hip phy va khi hip
phy & pha hdi

Ding izopentan

230 - 290 °C
¥ - 42 kg/em?
14 - 22 !
1-4

&8
80/87
98% ki

Khi ding hon hgp pentan - hexan, qu4 trinh nay cd tén thuong mai la
"TIP Process" va dung xuc tdc trén co sd zeolit. Ngoai TTOP con ¢d bang IFP
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cung da thiét k& loai TIP Process. Cic dac trung chung cia qua trinh TIP
cua ca hai hang xem & bang 10 -7,

S0 d6 cong nghé caa qud trinh TIP cta UOP dugc trinh bay trén hinh
10 -4, con so db cua hang IFP dugc trinh bay trén hinh 10 -5,

10.2.2.3. Qud trinh izome héa cia hing BP (British Petroleum)

Qua trinh nay ding nguyén liéu la phan doan Cs/C, hay hén hop cia
chung. Nguyén lisu duge hydro hda lam sach khéi cac tap chat luu huynh va -
sdy khé trude khi dua vao izome hda.

So db cong nghé caa hang BP dugc trinh bay & hinh 10-5.

Xdc tdc dung cho qu4 trinh 1a alumoplatin duge hoat hga bang clo hitu
¢d nén cd d¢ hoat tinh va d6 chon lge cao, thai gian lam viéc kéo dai (dén 2
nam mdi phai tdi sinh). D& duy tri do hoat tinh va d$ chon loc dn dinh cho
xdc tac, ngudi ta bs sung thém halogen hitu co vao trong nguyén liéu véi mot
lugng khong lon, ditu nay s6 lam tang s¥ an mon kim loai (c& 0,0013
mm/nam) nén phai chu ¥ ché tao thiét bi ed du d6 bén can thist.

10.2.2.4. Qud trinh cia hing SHELL

Qud trinh duge dung d& izome hda phan doan Cs - C, cha xang cét trye
ti€p nham muc dich nhan cdc hop phan cd tri s6 octan cao trong khi tri s
octan cda nguyén liéu nhé hdn 73 ma cho phép pha tron tao san phim co tri
86 octan RON 16n hon 83.

Xuc tac cho qua trinh 1a xuc tdc da chiic vdi kim loai quy hi€m trén chat
mang zeolit ¢6 ham lugng Na cye tidu.

Nguyén liéu sau khi duge cho qua qua trinh hydro hoa lam sach khéi cac
hop chédt cua luu huynh méi cho vio izome hda. Xue téc it nhay véi vé&t cla
nude nén ham lugng nudc co thé cho phép 1a 0,003% trong nguyén lidu, ham
lugng benzen khodng vai % con ham lugng RH 16n hon C, tut 2 dén 4%.

Cac didu kién céng nghé tién hanh qua trinh izome hda cua cdc hing
duge trinh bay & bang 10- 8.
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Bdng 10 - 8

Chi tidu BP Panax TIP - SHELL
Xoe tée Pt Pt Pt/zeolite
Cé b8 sung halogen ¢ cd khéng khéng

Tai sinh xUc tac khéng - . céd cé

Digu kign, nhigt 8, °C | 90 - w0 120 - 250 230 - 290 | 230 - 290
Ap sudt, MPa 27 21 . 70 4 - 35 14 - 35
Téc dd nap %y, h™' 20 20 +3 13
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