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Tom tit

Phuang phdp thich hop dé sdn xudt EDC vé VCM tir ethylene la phuong phdp lién hop clo héa, oxy clo héa ethylem
va cracking EDC. Bai bdo st dung phdm mém bdn quyén Unisim Design R400 (Honeywell - UOP) mé phdng qud trin)
sdn xudt EDC/VCM véi c6ng sudt thiét k& 330,000 tén EDC/ndm vé 400.000 tan VCM/nam. Cdc théng s& ky thudt, dik
kién vén hanh t6i uu cda thiét bj ciing durac nghién ciru va ddnh gld.

1. Gi6i thiéu

Tap doan Dau khi Viét Nam (Petrovietnam) va cac d6i
tac da ky hgp ddng lién doanh hop tac ddu tu du 4n Té
hgp Hoéa dau Long Son (nay goi 13 T8 hop Héa dau mién
Nam). Nguén nguyén liéu dy an gém propane, naphta
do Coéng ty Qatar International Petroleum Marketing
(TASWEEQ) cung cép va ethane do Tdng cdng ty Khi Viét
Nam - PV Gas (thuoc Petrovietnam) tach tu Nha may GPP2
véi nguén khi t bé Nam C8n Son (ham lugng ethane 6 -
7%). Dy kién, mdi nam T6 hgp sé cung cap 1,45 triéu tan
hat nhya polyethylene (PE) va polypropylen (PP), 330.000
tan EDC, 400.000 tdn VCM lam nguyén liéu cho sdn xudt
nhya polyvinyl clorua (PVC) va 840.000 tan hoa chat co
ban khac phuc vu nganh cong nghiép héa diu va héa
char 1)

Trong qué trinh xay dyng du 4n, viéc danh gié, Iva
chon ¢dng nghé sdn xudt rat quan trong. Hién nay, c6
nhiéu nha ban quyén cdng nghé san xust EDC va VCM
nhu: tneos Vinyls, Oxy Vinyls, Vinnolit va Mitsui. Mbi

ban quyén cdng ngh¢ déu ¢ vu diém va nhugc diér
riéng. Khi thiét ké, vé mat cdng nghé cac cong ty tu vér
v thiét k€ hién nay sir dung ca¢c phdn mém md phdng
(nhu: Hysys, Proll, Unisim...) d€ mé phéng va tinh toén
Bai bdo sir dung phdn mém ban quyén Unisim Design
R400 (Honeywell - UOP) md phéng cong nghé sin xuit
EDC/VCM vdi cong suat thiét ké 330,000 tan EDC/ndmvi
400.000 t3n VCM/nam.

2.Danh gis, Iya chon cong nghé sdn xuit EDC/VCM.
2.1. Phuong phdp sdn xudt EDC [2-5]

Trong ¢6ng nghiép, viéc san xust EDC véi nguén
nguyén liéu dsu vao |a ethylene dugc thyic hién bang 2
phuong phép: clo héa tryc tiép hoic oxy clo hba.

Qué trinh clo hda ethylene sdn xuét EDC c6 2¢ong
nghé chinh: clo hdéa nhiét A thap (LTC) va clo héa nhiét
46 cao (HTC). Véi cang nghé LTC san phém thu dugch
hdn hop khi 18ng. Trong thiét bi phan (ng chinh nhgt
dé phan Ung trong khoang 50 - 70°C v ap suit trong

Bdng 1. S0 sdnh c6ng nghé clo hda tryc 1ép ethylene & nhiét d6 thép va nhiét d6 cao

| “Biéu kién phan ing It nghiém ngat han
- Hiéu sudt thu héi EDC cao hon

Uu diém - [t san phdm phy hon

__ | nhiétphanung
- San pham thu dang 16ng ¢6 I8n xuc tc

Nhugc didm | -Tén nang luong thu héi £DC
| - Chi phi @3u tu va van hanh In
| - Chiém nhiéu dién tich

Céng nghé clo héa nhiét 44 thip LTC

- Thiét b| phdn ing don gian, dé thu h&i va diéu khién

- C3n thiét bi tach xdc tac va 1am khan & bo phan tinh ché

Céng nghé clo héa nhiét 4 cao HTC |
| - 530 phém thu dugc & pha khi vi vay khong k&
" theo xiic tc
- Khéng c4n thiét bj tach xdc tac, téch nude
- Tiéu t6n it ndng lugng han
- Chi phi d4u tu va van hanh thip hon ]
- Higu sust thu h6i EDC thip hon do bj m&t &
khi thai xdc tac
- Nhiéu s3n phdm phy hon
- Diéu kién phan (ng cao hon
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Bdng 2. So sdnh uu nhuc d1ém ctia thiét bi cho qud trinh oxy clo héa

- Pidu kién f phan (.rng It nghlem ngé( han
- Higu suét thu héi EDC cao hon

Vu diém ~ft sdn phdm phu hon

) _nhiét phdn ing
[ Sén phém thu dang Ibng €6 1an xUc tic

- C4n thi€t bj tach xuc tac va 1dm khan & b6 phan tinh ché

Nhuchiim | -T8n nang luong thu héi EDC
| - Chiphi ddu tuva van hanh lan

| Chném nhléu dlén tlch

khodng 0 - 205kPa. Hiéu sudt phan ung I3 trén 99% do
phan Ung tién hanh & nhiét @5 thip. Nhiét phan dng
dudc I3y ra bAng cach trao d6i nhiét véi méi trudng ngodi
st dung cac thiét bi trao d6i nhiét. Xuc tac dugc tach ra
trong qua trinh tinh ché.

Cbng nghé HTC tién hanh phan ung & nhiét 86 cao
90 - 150°C, 4p suat thiét bj phan tng tif 150 - 500kPa. Do
tién hanh & nhiét 85 cao nén sdn pham thu dugc  pha
kh. Nhiét phan tng dugc ldy ra bing cach cho bay hoi
mdt phdn méi trusng phan ung. Qua trinh khéng phai
tach xdc tac khoi khdi phan ing tuy nhién hiéu sust thu
héi EDC thap han do mét phan EOC bi mat di khi thai xtc
tac. Thiét bj phan tng phai dugc gén thém cdt héi luu
@é duy tri luong 16ng trong thiét bi phan tng déng thai
@é tach va tudn hoan sdn pham ndng. Bang 1 so sénh uu
nhugc diém coa qua trinh clo héa tryc tiép ethylene &
nhiét 46 thap va nhiét do cao.

Cong nghé san xuét EDC bang phuong phap oxy
clo héa ethylene tién hanh & pha khi véi hai loai thiét bi
phdn (ng chinh: thiét bj tdng xdc tac ¢6 dinh va thiét bi
xUc téc tang soi. Uu nhugc diém cba qua trinh oxy clo héa
sU dung ting loai thiét bi duoc so sanh trong Bang 2. Véi
cong nghé st dyng thiét bj xuc tac ¢ dinh phan img tién
hanh & nhigt 86 230 - 350°C véi 4p sust 300 - 1.500kPa.
Thiét bi phan tng & day thudng dung la thiét bi xdc tic
6ng chuim, chat t3i nhiét tuén hoan bén ngodi ng dé thu
nhiét phan dng.

Cong nghé st dung thiét bi xuc tac tdng s6i ¢6 diéu
kién tién hanh phan ung it nghiém ngét hon: nhiét 86
220 - 230°C va ap sudt 200 - 500kPa. Nhi¢t phan tng dugc
1y ra nhé chat tai nhiét sir dung 8ng xodn rudt ga 14p
trong thiét bi phan ting.

Trong cong nghiép 2 qua trinh trén thuding dugc két
hop va lién hop véi qué trinh san xust VCM dé tgn dung

‘ - Thiét bj phan (ng don gidn, d& thu héi va didu khién

_ Cdngnghé clo héa nhiét 5 cao HTC
- S&n pham thu duac & pha khi vl vay khdng kéo |
theo xuc tac ¢
| -Khéng c4n thiét bj tach xtc tac, tdch nuéc i
~Tiéu t6n it nang lugng han 1]
| - Chi phi 8u tu va van hanh thap hon |
- Hléu suét thu hé1 EOC thap hon do by mét i
khi thai xuc téc
- Nhiéu san phdm phy hon
- Biéu kién phan (ng cao han

dugc HC tir qua tinh cracking EDC khi cdn san xudt ca hai
sdn pham EDC va VCM cho phép tiét kidm chi phi ddu tu
va san xuat.

2.2. Phuong phdp sdn xudt VCM [3 - 6]

Ty thudc vao nguén nguyén liéu, VCM ¢6 thé dugc
s8n xuat thong qua cac qua trinh;

San xuat VCM véi nguén nguyén liéu 1a acethylene.

S3n xudt VCM véi ngudn nguyeén liéu 13 hon hop
axethylene va ethylene,

San xuat VCM bang phuong phép cracking EDC.

S&n xuit VCM bang phuang phap lién hop clo héa,
oxy clo hda va cracking EDC.

Qué tnh s3n xudt VCM ¢6 s dung acethylene tiéu
t6n nhiéu nang lugng, gay 6 nhiém moi trudng do dé hién
nay chi con dugc 4p dung & nhitng nudc €6 ngudn than
d4 déi dao nhu: Trung Qudc, Nam Phi...

San xudt VCM béng phuong phap cracking EDC ¢6
nhugc diém |3 tén nang luong va chi phi x Iy HCI tao
thanh trong phan Ung. Hién nay, hiu hét cac qua trinh san
xudt VCM déu sir dyng nguyén liéu ban dau la ethylene
v6i qua trinh fién hap clo hoa, oxy clo hoa va cracking
EDC. HCl tao thanh trong qud trinh cracking dudc sit dung
cho qué trinh oxy clo hoa ethylene,

2.3. Cdc cong nghé ban quyén trén thé gloi

Trén thé gi6i ¢ nhiéu cdng nghé ban quyén san xuat
EDC va VCM biing phuong phép lién hgp clo héa, oxy clo
héa va cracking EDC (Bang 3).

Xu huéng phat trién, nghién ciu cba cac cong ty hién
nay cling nhu cong nghé dugc ap dyng & cac nha may
méi xay dung hodc cac nha may cd cén cai tién cong nghé
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Tén congty

vs DOW Chemical
Shin-Etsu Chemical
INEOS Group. Ltd

' Oxy Chemical

" Vinnolit Gmbh & Co. KG

1 Solvay (Solvin)
Mitsui Chemical

13 hudng t6i cong
nghé oxy clo héa
ethylene vé1 thiét
bi xtc 3¢ tdng sbi
vd tadc nhan oxy
héa 13 oxy. Qua
trinh clo hoda sl
dung cbng nghé
clo hoda nhiét d6
ca0 ¢6 nhiéu wu
diém hon.

3. Mé phéng cong
nghé bing phan
mém Unisim De-
sign R400 (2, 6,
11,13-15)

Badi bao mod
phdng cong nghé
san xuat EDC/VCM
véi cong suat thiét
ké la 330.000 tan

80ng 3. Cdc c8ng ngh st xudt H1C vt V¢ M 11én this qien bi¢n nay nay nay nay nay gy ay
Dic Slém

Congnghd 4o nghy o hoa Cong nghd oxy do hds

pow HTC X4¢ 18¢ ¢6 dinh, s& dyng khong khi

ShinEstu HTC Xuc tac ¢6 dinh, s dyng oxy hoa:khengw

(neos Vinyls HICva LTC Xuc 14¢ ¢6 dinh, 517 dyng oxy

Oxy-vinyls HTC Xuc e 18ng 30, hode xui tdc c6 dlnh, W‘WMW

Vinnolit HTC X0 8¢ 18ng 361, sU dung oxy

Solvin HIC Xuc 13¢ 1éng 501

Mitsur HIC Xuc tdc 18ng 301, s dung oxy .
GHa+ € GHCL CHCL = € G+ KK

Clohoéa

Cracking h VOA—‘E

Tinh ché& E0C

Yudn hodn
EOC

)

Oryclohoa

GHi+ HCL+ % 0,3 GHIC + H,0

Hinh 1. $a.d6 kh6i cdng nghé lién hop s8n xudt EDCNVCM (11,12, 16]

{

Nguyén liéu
| kniclo

1‘ Khi ethylene {clo héa)

{ _Khi ethylene (oxy-clo héa)
| Khioxy

Bdng 5. Théng s6 ddng nguyén lidu va san phdm

~ o —— & A————————— R T ertl
Luu lugng (kg/h) sin phiim Luu tugng (kgh)
590,000 E£DC (thuong phm) axso

23340 EDC (qud tinh cracking EDC) 400

11.240 Khi HC! 230

6.433 VM (mum\w

EDC/ném va 400.000 t&n VCM/nam theo sa dé khéi trong

Hinh 1.

Thai gian lam viéc cla nha may la 8.000 gid/nam,
thong 56 ddng nguyén liéu va san pham thé hién & Bang 5.

Hé nhiét déng sur dung 13 SRK do hé nhiét dong nay
thich hop véi céc qué trinh st dung hén hop hydrocarbon
va nudc nhu trong qua trinh sdn xudt VCM., Thiét bi clo hda
truc tiép, oxy clo héa, cracking dugc mé phdng bng thidt
bi phan Ung dong chay déu (hay con goi 12 thiét bi dgy ly

tuding - PFR).

Céc phan Ung cda qua trinh dugc nhap vao cac goi
phén Ung cung véi hé s6 déng hoc sau:

Qua trinh clo héa [17]:

B 40  okurki-sosz012

CH,=CH, +Cl, > CI-CH,-CH,-Cl {

k, = 11493 exp(-17921/RT)
CH, = CH, + 2C1, = CH,CI-CHCI, + HCI
k, = 8,517 x 10° exp{-60515/RT)
Qua tninh oxy clo héa (15):
C,H, + 2HCI + %0, » CHA, +H,0
k, = 10*? exp(-40100/RT)
CHQ, +HCl+ %0, - CHCI, (TECH+H0
k, = 10" exp(-128040/RT)
CH,+30, - 2C0, +2H,0
k, = 1087 exp(-112000/RT)
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MC+ 0, 201, + 2H,0 (C]
r=kyfkg,

',= 10" exp(5.4 - 30.238/(RT))

= exp(5,4 + 37.216/(RT))
H,Cl

' H, +3HC +0, = CH,CI, (TEC) + 2H,0 7)
,=12x107 exp(-E/Rx (1/T-1/T ))

/61 E = 37.800kJ/kmol va T = 150°C

H, + HCl = CHCI ]
4= 14%107 exp(-E/R x (1/T-1/T ))

/6i E = 37.800kJ/kmol va T = 150°C

L H,+4HC 41,50, 2 CH,ClL (1,1, 2,2-TETRACLOETAN)

0 9)
=1,2x107 expl-E/Rx (1/T-1/T))
/61 E = 37.800kJ)/kmol va T = 150°C
ZH,+20, - 2CO + 2H,0 (10)
¢, = 107 exp(-E/R x (1/T-1/T))
J4i E = 37.800kJ/kmol va T = 150°C
ZH, +HCl+% 0, » VCM + H,0 (an
¢, =2.5x%10? exp(-E/Rx (1/T-1/T)))
v6i E = 37.800k)/kmol va T = 150°C

Qui trinh cracking EDC [13,15)
CICH,-CH,CI = C,H,CI (VCM) + HCI (12)
<= KoK s
<= 10" exp(-E/RT) vdi E = 2,4267 x 10°k)/kmol
¢ =0,3 % 10° exp(-184100/RT)
ZH,Cl = CH, + HCl 13
G =Koy,
<y = 0.5 x 10" exp(-288700/RT)
<3 = 0,37 x 10° exp (-167360/RT)
ZICH,-CH,Cl = CH, + Cl, )
¢, = 10" exp(-301250/RT)
ZH, > CH,+H, (15)
G = Ko /Kgy
(= 0,1 x 10 exp(-343090/RT)
{5 =08x10° exp(-158990/RT)

C,H, +C,H, = CH, (1,3 Butadien) (16)
Ko = KoKy

K= 0,15 x 10° exp(-133890/RT)

K, = 0,5 x 10" exp(-305430/RT)

CICH,-CH,CI + H, = CH,Cl + HC (17)
k,, = 5,00e"'® exp(-E/R x (1/T-1/T ))

Véi E = 93.600kJ/kgmol va T = 150°C, R = 8.314)/mol
CICH,-CH.Cl + 2HCI-> CCl, (TETRACLOETHYLENE) +

3H,
(8)
k,,= 1.00e ® exp (-E/R x (1/T-1/T,))
Vi E = 93.600kJ/kgmol va T = 150°C, R = 8.314)/mol
2CICH,-CH,CI - CHCI + 3HCE 19)

k,, = 3,00e*" exp (-E/Rx (1/T-1/T )}
Véi E = 93.600 ki/kgmol va T = 150°C, R = 8.314J/mol
CICH,-CH,Cl + HCl = CH,CI (TEC) + H, (20)

Tl
k,, = 1,00e™ exp (-E/R x (1/T-1/T )
Véi E = 93.600k)/kgmol va T = 150°C, R = 8.314)/mol

Trong qua trinh mé phdng, dung thiét bi ddy 1y tuéng
PFR @€ m6 phdng thiét bl phan tng clo héa ¢6 tudn hoan
lai dong EDC 16ng lam méi trudng phan dng. Nhiét phan
(g tach ra thé hién bing dong nhiét lugng ra khoi thiét
bi. Qua trinh clo héa thé hién théng qua cac phuang trinh
d6ng hoc clia cac phan ung. Cac thong sé nhiét do, ap suat
strdung trong qué trinh mé phéng thiét bj clo héa tryc tiép
duoc tham khéo tif cc cong bd clia cac nha ban quyén
cong nghé (7 - 11). Phan tng ti€n hanh T = 80 - 120°C va
4p suat P = 100 - 250kPa vdi ty 1& nguyén liéu ethylene/clo
13 1/1, ty 1é ethylene/EDC tudn hoan |3 7/1.

Thiét bl phéan Ung oxy clo héa xdc tac tang sbi dugc
mb phong béi thiét bi dy Iy tuéing PFR véi T = 200 - 230°C
va P = 200 - 500 kPa. Nhiét phdn Ung tach ra dé san xudt
hoi nudc thé hién bai dong nhiét ra khai thiét bi. Nguyén
lidu vao thiét bi phdn tng phu thuéc vao lugng HCl tudn
hoan tif qué trinh cracking EDC. Ty 1& HCl/ethylene |3 1,8 va
0,/ethylene la 0,45, Qué trinh st dung oxy tinh khiét vi vay
dung du ethylene, ethylene du dudc tach ra va tudn hoan
lai thiét bi phan Ung.

Qua trinh cracking EDC san xuat VCM tién hanh & pha
khi khdng ¢é xuc tac véi nhiét dd va ap sudt cao (T =530°C,
P = 2.025kPa). Dong nguyén liéu vao ban dau duoc trao ddi
nhiét v&i dong ra khol thiét bi phan ung nhim tan dung

ofuknl.-so g0z 41 ‘
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Bdng 3. Cdc cong nghé sén xudt EDC va VCM trén thé gidi hién nay

( Dhcdlém L
Téncéngty Céng nght Cbng nghe clo héa \ Congnghgoxyclohéa T

t DOW Chemical DOW HTC | Xictdccbdinh sudungkhongkhl T
Shin-Etsu Chemical ShinEstu | HTC | Xoc tac 6 dinh, s dung oxy hojc khéng khi
INEQS Group. Ltd . Ineos Vinyls HTC va LTC Xoc tée c6 dinh, stdyngoxy . ;
Oxy Chemical ‘ Onxy-vinyls HTC Xuc ta¢ tng s, hodc xic tac ¢8 djnh, sif dung khéng khi
Vinnelit Gmbh & Co. KG Vinnolit . HTC ) Xuc tac tdng s, st dung oxy .
Solvay (Solvin} Solvin ' HTC ' Xuic t4c tAng 56! s
Mitsui Chemical Mitsui HTC ‘ gmc tac tdng sbl, sir dung oxy

13 hudng i cdng CHot Ol > GHEY CHL = GHYC + HC

nghé oxy clo héa ‘

ethylene vdi thiét <, Clohsa EOC (v:gclng L—— Tinhchevem VM

bi xuc tac ting s8i

va tac nhan oxy
héa 13 oxy. Qua

tinh clo hoa su
dung cong nghé
clo héa nhigét dé

Tudn hoan
hChEEDC o]
Tinh ché EDC

¥

€30 ¢6 nhiéu wu

diém han. Oxy clo héa

3. Mé phéng céng
nghé bing phan
mém Unisim De-

GHa + HCL + % 0,2 GHICL

+H,0

Hinh 1. 50 d6 khdi cdng nghé hén hgp sén xudt EDCVCM 11, 12, 16)

sign R400 (2, 6, Bdng 5. Théng s& déng nguydn héu va sdn phdm
11,13-15 o T
] i Nguyén lidu Luu Ivgng (kg/h) Sian p,h,"ﬂ, ~ Luulugng (kg/h)
By bijo mo | Khido 590000 ' EDC(thuong phdm) —a1250
phdng cong nghé ! Kbi ethylene (clo héa) 23.340 EDC (qué trinh cracking EDC) _ 400
san xuat EDC/VCM | Kh!elhylene (zlxy-g!o h@a) ! 11.240 Khi HCI 29320
vdi €dng suét thiét ('7Khi3xy o ! 6.433 VCM {thuang phim) 50.000
ké 12 330.000 tin
EDC/n3m va 400.000 tan VCM/ndm theo sd dé khdi trong CH,=CH,+Cl,= CI-CH,-CH,-Cl (
Hinh 1.
' K, = 11493 exp(-17921/RT)
Thei gian 1dm viéc cia nha mdy |3 8.000 gid/nam,
' g ¢ cua nha may gin CH, = CH, + 21, - CH,CI-CHCI, + HCl $

théng s6 dong nguyén liéu va sdn pham thé hién &§Bang S.

He nhiét déng sur dung 1a SRK do hé nhiét dong nay
thich hap védi cac qué trinh sir dung hdn hop hydrocarbon
V3 nudc nhu trong qua trinh sdn xudt VCM. Thiét bi clo héa
tryc tiép, oxy clo hda, cracking dugec mé phong bang thiét
bi phan ting dong chay déu (hay con goi la thiét bj ddy ly
tdng - PFR).

Céac phan Ung cla qué trinh dugc nhap vao cic gél
phan tng cling véi hé s6 déng hoc sau:

Qua trinh clo héa [17]:

B 40 oduxi-sO ooz

k, = 8,517 x 10° exp(-60515/RT)

Quaé trinh oxy clo héa [15):

CH, + 2HCI + %50, » CHO, + H,0

k, = 10*? exp(-40100/RT)
CHCL+HC + %0, = CHC, (TEC)+HO
k, = 10" exp(-128040/RT)

C,H, +30, - 20, + 2H,0
k, = 104 exp(-112000/RT)

g



4HCI+0,~ 201, + 2H,0 ]
= ke,

k,, = 10* exp(5,4 - 30.238/(RT))

kg, = €xp(5,4 + 37.216/(RT))
H.Cl

C,H,+3HC +0, - CH.C (TEC) + 2H,0 7
k,=1,2x107 exp(-E/R x (1/T-1/T ))

Vai E = 37.800k)/kmol va T = 150°C

CH,+HCl = CHCI ®)
ky=14x 107 exp(-E/R x (V/T-1/T )

V6i E = 37.800kJ/kmol va T = 150°C

C,H,+4HCI+1,50, = CH,Cl, {11, 2,2-TETRACLOETAN)

+3H0 )
Kk, =1,2% 107 exp(-E/R x (1/T-1/T )
V&i E = 37.800k)/kmol va T = 150°C
C,H,+20,~ 2CO +2H,0 (10)
1o = 107 expl-E/Rx (1/T-1/T)))
Vdi € = 37.800k)/kmol va T = 150°C
CH,+HCI+% 0, »VCM + H,0 an
K, = 2.5 x 107 exp(-E/Rx (1/T-1/T,)
V6i E = 37.800k)/kmol va T = 150°C
Qué trinh cracking EDC [13,15]
CICH,-CH,C1 = C,H,CI (VCM) + HC (12)
K,y =Ky /Ko
K,y = 10"*4 exp!(-E/RT) véi E = 2,4267 x 10°kJ/kmol
K,y =03 x10° exp(-184100/RT)
C,H, 0l > CH, +HCI a3)
K, =k, /K,y
k,=05x10" exp(-288700/RT)
k,;, =0.37 x 10° exp (-167360/RT)

CICH,-CH,C1 » CH, +Cl, (14)
o= 10" exp(-301250/RT)

CH, = GH,+H, as)

kig =Kk,

K, = 0,1 x 10" exp(-343090/RT)
k., =08 x 10° exp(-158990/RT)

CH, +CH, ~ CH, (1,3 Butadien) (1o,
Kie = K oK oo

Ky = 0,15 % 10° exp(-133890/RT)

K = 0.5 x 10 exp(-305430/RT)

CICH,-CH,Cl +H, = CH,Cl + HCI )
k,, = 5,008 exp(-E/R x (1/T-17T,))

Véi E = 93.600k)/kgmol va T = 150°C, R = 8.314J/mol

CICH,-CH,Cl + 2HCI= C,Cl, (TETRACLOETHYLENE) +
3H

8)
ko= 1.00e exp (-E/Rx (1/T-1/T)
Vi € = 93.600kJ/kgmol va T = 150°C, R = 8.314)/mol
2CICH,-CH,Cl = CHCI + 3HC (19

k,, =3,00e" exp (-E/Rx (1/T-1/T))
V&i E = 93.600 ki/kgmol va T = 150°C, R = 8.3144/mol
CICH,-CH,CI + HCl = CH,Q), (TEQ) + H, (20
k,, = 1.00e™ exp (-E/R x (1/T-1/T )

Vi E = 93.600k)/kgmol va T = 150°C, R = 8.314)/mol

Trong qué trinh md phéng, dung thiét bi ddy 1y tuang
PFR dé md phdng thiét bj phan Ung clo héa cé tuan hoan
lai déng EDC 16ng 1am méi trudng phan Ung. Nhiét phan
g tach ra thé hién bdng dong nhiét lugng ra khai thiét
bi. Qua trinh clo héa thé hign théng qua cac phuang trinh
d6ng hoc cla cac phan tng. Cac théng 6 nhiét dé, ap suat
strdyng trong qué trinh mé phang thiét bj clo héa truc tiép
dugc tham khdo tif cac cdng bd clia cac nha ban quyén
cong nghé [7 - 11). Phan ung tién hanh 8T = 80 - 120°C va
4p sudt P = 100 - 250kPa vdi ty Ié nguyén liéu ethylene/clo
13171, ty 1& ethylene/EDC tudn hoan 13 7/1.

Thiét bj phan (g oxy clo héa xdc tic ting s6i dugc
mé phdng bdi thiét bj 8y ly tudng PFRvéi T = 200 - 230°C
va P = 200 - 500 kPa. Nhiét phan (ng tich ra 8¢ san xuét
hai nudc thé hién bdi ddng nhiét ra khdi thiét bi. Nguyén
liéu vao thiét bj phan ung phu thuéc vao lugng HCl tuén
hoan tir qua trinh cracking EDC. Ty 1& HCl/ethylene la 1,8 va
0,/ethylene |3 0,45. Qué trinh sit dung oxy tinh khiét vi vay
dung du ethylene, ethylene du duge tach ra va tuén hoan
13i thiét bi phan Ung.

Qué tinh cracking EDC s3n xuat VCM tién hanh & pha
khi khéng cé xtic téc v&i nhiét 46 va 4p sudt cao (T =530°C,
P =2.025kPa). Dong nguyén liéu vao ban dau duoc trao d3i
nhiét véi dong ra khai thiét bj phdn Ung nh3m tan dung
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¢ Tén cbng ty
DOW Chemical
Shin-Etsu Chemical

. INEOS Group. Ltd
Oxy Chemical

’ Vinnolit Gmbh & Co. KG

" Solvay (Solvin)

1 Mitsui Chemical

1a hudng tdi cong
nghé oxy clo héa
ethylene véi thiét
bi xuc tac tang soi
va tac nhan oxy
héa l& oxy. Qué
tinh clo héa s
dung cong nghé
clo hoa nhiét 3o
cao ¢6 nhiéu uu
diém hon.

3.Mé phéng céng
nghé bing phan
mém Unisim De-
sign R400 [2, o,

KHI - i ) i .
Bdng 3. Cdc cong ngh¢ sdn xudt EDC vo VCM trén thé gidi hign nay
o ) Dac diém
Congnghd (4o nght clohéa C6ng nghé oxy clo héa -
DOW HTC Xuc tac ¢8 djnh, s dung khéng khi
ShinEstu HTC | Xuc tac c6 dinh, sUf dyng oxy hodc khéng khi
Ineos Vinyls HTCvaLTC | Xuc tac ¢8 dinh, st dung oxy - o i
Oxy-vinyls HYC Xuc tdc tdng sb1, hodc xuc téc ¢8 dinh, sur dyng khdng khi
Vinnolit HTC Xdc tdc tang sbl, s dyng oxy ~ :
Solvin HTC X1c tac tdng sol o]
Mitsul HTC Xdc tac t4ng sol, st dung oxy i
&
CHa+ €l GHCly GHCly = GHCL+ HC d
Uy Clohda —-’E‘—o Crading Ll ion chevem

-
-
Tinh chEEDC |e—  Tudnhoin a
EOC 3
HC
t -
-
Oxy clo héa
-
CHe + HCL4 % 03 GHWCL + HO K
-

Hinh 1. 50 d6 khér c6ng nghé lién hop sdn xudt EDCVCM1), 12, 16]

Bdng 5. Théng s6 ddng nquyén lidu va sén phdm

11,13-15] A
{ Luu lugng (kg/h) San phim Luu lugng (kg |
Bai bao md | Khiclo 590,000 EDC (thuong phim) 41250 |
phéng cang nghe | Khiethylene (clo héa) 23.340 £DC (qua trinh cracking EDC) w00 |
s3n Ut EDCVCM | Kniethylene (oxy-clohéa) 1.240 KhiHCI 2930 |
véi cdng sust thidt 1f»(hioxy 6433 VCM (thuang phim) 50.000
K 1a 330000 t8n I ) -
EDC/nam va 400.000 tan VCM/nam theo sa d6 khéi trong CH, = CH, + Cl, > CI-CH,-CH,-Cl (1)

Hinh 1.

k, = 11493 exp(-17921/RT)

Théi gian 1am viéc cia nha may la 8.000 gid/nam,

thong s6 dong nguyén liéu va sén pham thé hién Bang 5.
Hé nhiét dong sif dung la SRK do hé nhiét dgng nay

CH,= CH, + 2CI, » CH,C-CHCI, + HCI @
k, = 8,517 x 10° exp(-60515/RT)

thich hap vdi cac qua trinh st dung hén hop hydrocarbon Qué trinh oxy clo héa (15]:

va nulc:c nhu trong qua lrinh s3n xudt VCM. Thiét bi clo héa CH, + 2HCI + %0, » CH,C), +H0 [t

truc tiép, oxy clo héa, cracking dugc mé phéng bang thiét

bi phan ting dong chdy déu (hay con gei la thiét bj day ly k, = 10*7 exp(-40100/RT)

tudng - PFR). CHCL+HC+ %O, » CHCL(TEQ+HO0
Cac phén Ung cta qué trinh duoe nhap vao cac géi k, = 10"*3 exp(-128040/RT)

phdn dng cuing véi hé s8 dong hoc sau:

Qua trinh clohda [17):

BE 40  DAukni-s6 92012

C,H, +30, - 2€0,+2H,0 6l
k, = 104 exp(-112000/RT)
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4HCI+0, - 2C1, + 2H,0 (6)
Ky = KoKy

k= 10° exp(5,4 - 30.238/(RT))

k,, = exp(5,4 +37.216/(RT}))

C,H,+3HCI + 0, » C,H,Cl, (TEC) + 2H,0 )
k,=1.2x 107 exp(-E/R x (1/T-1/T ))

V6i E = 37.800k)/kmol va T, = 150°C

CH,+HC - CHCI 8)
ky = 14 x 107 exp(-E/R x (1/T-1/T ))

V6i E = 37.800kJ/kmol va T = 150°C

C,H,+4HCI+1,50, 2 C,H,C|, (1,1, 2,2-TETRACLOETAN)

+3H,0 ()]
ky=1.2x 107 exp(-E/R x (1/T-1/T )
Vi € = 37.800kJ/kmol va T = 150°C
C,H,+20, - 2CO +2H,0 (10)
K, = 107 exp(-E/Rx (1/T-1/T))
Véi E = 37.800k}/kmol va T = 150°C
CH, +HCl+% 0, > VCM + H,0 an
k,, =2,5x 10% exp(-E/R x (1/T-1/T ))
Véi E = 37.800kJ/kmol va T = 150°C
Qua trinh cracking EDC [13,15]
CICH,CH,CI = C,H,C) (VEM) + HCI 12)
Ky, =k, /K,
K,y = 10"4 exp(-E/RT) véi E = 2,4267 x 10%kJ/kmol
K, = 0,3 x 10” exp(-184100/RT)
CH,Q - CH, +HC (13)
kyy =k /K,
K,y = 0.5 x 10" exp(-288700/RT)
Ky, =037 x10° exp (- 167360/RT)

CICH,-CH,Cl - CH, + Cl, (14)
k,, = 10" exp(-301250/RT)

CH,» CH,+H, (15)
ks = KisKigs

k= 0,1 x 10 exp(-343090/RT)
K, = 0.8 X 10° exp(-158990/RT)

CH,+CH, = CH, (1,3Butadien) (16)
Ko = KoKy

K, = 0,15 x 10° exp(-133890/RT)

K,y = 0,5 % 10" exp(-305430/RT)

CICH,CH,Cl+ H, - C,H,Cl + HCt 17)
k,, = 5,00e"'"® exp(-E/R x (1/T-1/T )

V&i E = 93.600k)/kgmol va T = 150°C, R = 8.314)/mol

CICH,-CH,Cl + 2HCI=» CCl, (TETRACLOETHYLENE) +
3H

2

(8)
K= 1,008 ® exp (-E/R x (1/T-1/T ))
Vi E = 93.600k)/kgmol va T = 150°C, R = 8.314)/mol
2CICH,-CH,C) » CH,Cl + 3HCI (19

k,, = 3,00 exp (-E/R x (1/T-1/T )
Véi E = 93.600 ki/kgmol va T = 150°C, R = 8.314)/mol
CICH,-CH,Cl + HCl = C,H CI, (TEC) + H, (20)

LG
K,, = 1,006 exp (-E/R x (1/T-1/T )}
Vi E = 93.600k)/kgmol va T,= 150°C, R = 8.314J/mol

Trong qué trinh mé phdng, dung thiét b ddy ly tudng
PFR @& m6 phang thiét bi phan ng clo héa ¢é tudn hoan
lai dong EDC 18ng |am méi trudng phan tng. Nhiét phan
g tach ra thé hién bang dong nhiét lugng ra khéi thiét
bi. Qua trinh clo héa thé hién théng qua cac phuang trinh
d6ng hoc ciia cac phan ung. Cac thdng sé nhiét d6, 4p suat
sirdyng trong qua trinh mé phéng thiét bj clo héa tryc tiép
duge tham khdo tU cac cong bd cla cac nha ban quyén
c6ng nghé [7 - 11). Phdn tng tién hanh &T =80 - 120°C va
4p suat P = 100 - 250kPa vdi ty I& nguyén liéu ethylene/clo
1a 1/1, 1y 1é ethylene/EDC tudn hoan la 7/1.

Thiét bi phan ung oxy clo héa xic tac ting s6i dugc
mé phéng bdi thiét bj ddy ly tudng PFR véi T = 200 - 230°C
va P = 200 - 500 kPa. Nhiét phan Ung tach ra dé sdn xuét
hai nudc thé hién bdi dong nhiét ra khoi thiét bi. Nguyén
libu vao thiét bi phan Ung phu thudc vao lugng HC tudn
hoan tirqud trinh cracking EDC. Ty 1& HCl/ethylene [a 1,8 va
0O /ethylene |a 0,45. Qua trinh st dung oxy tinh khiét vi vay
dung du ethylene, ethylene du dugc tach ra va tudn hoan
lai thiét bj phan tng.

Qué trinh cracking EDC san xudt VCM tién hanh & pha
khi khang cé xuc tac véi nhiét 86 va dp suat cao (T =530°C,
P = 2.025kPa). Dong nguyén (idu vao ban d3u dugc trao d6i
nhigt véi dong ra khdi thiét bi phan tng nhém tan dung
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Hinh 2, So d6 m6 phdng c6ng nghé lién hop s6n xudt EDCVCM

nhiét va diéu chinh nhiét @6 1 phan Ung. Qud trinh tién
hanh trong 18 cracking nhiét si dung khi nhién liéu trong
nha mdy.
4. Két qua va thio luan
4.1. Két qud mé phdng cong nghé

So dé md phdng cong nghé lién hop san xudt EDC/
VCM duoc teinh bay trong Hinh 2.

Ti két qua mé phdng thu duoc:

+ Do chuyén héa cia qua trinh clo hda 13 99,27%,
qua trinh oxy clo hoa 13 99,6% va qua trinh cracking EDC
sdn xuat VCM 13 60%.

+ EDC thuong phdm cé do tinh khiét dat 99,6%
véi luu luong 1a 41.210kg/h tuong duong 330.000 tan
EDC/nEm. VCM ¢6 db tinh khi€t dat 99,98% véi luu lugng
50.050kg/h tuong duong véi 400 000 tan VCM/nam.

+ Thé tich thiét bi phdn ung clo héa tryc tiép
V = 200m>; chiéu dai L = 28,29m; dudng kinh D = 3m.

+ Thé tich thiét bi phan (ng oxy clo héaV = 170m?,
chiéu dai L = 34,63m; duang kinh D = 2,5m,

+ Thé tich thiét by phdn tng cracking EDC
V=375m’,chiéudail=250mgdém 191 doanéngdudngkinh
D=0,1m.

4.2. Nghlén ciru dénh gid thong s6 ky thudt 3 thiét bj
phén img chinh

4.2.1 Thiét bi clo héa tryc tiép ethylene san xudt EDC
Nhiét d6 tién hanh phan tng clo hoa;

Anh hudng ctia nhiét d6 t6i do chuyén héa cia phén

© 42 phuxnl. $0 92012
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Hinh 3. Anh hudng cia nhiét db té& do chuyén héa phdn dng do
héa v nhiét luong cdn téch

ung clo hda: tif dé thi Hinh 3 nhan thiy nhiét dj cda
thiét bi phdn tmg tang tir 80 - 120°C thi 6 chuyén héa
cba phan ung clo héa gidm tir 99,31% xudng 99,24%. D9
chuyén héa gidm do phan (ing téa nhiét thuan lgi khi
tién hanh & nhiét dé thap. Tuy nhién, nhom tac gid nhan
thay d6 chuyén héa cia phan ung chinh gidm khong
nhiéu. Vi vay, chon diéu kién am viéc 161 vu cho thigt
bi clo héa 1a 120°C Wi khi d6 lugng EDC lanh tudn hoan
can diing dé diéu khién nhiét dé phan ung 12 it hon, tn
it néng lugng cho bom va cho qua trinh 1am lanh hon
(thé hién qua sy gidm déng nhiét Q1 trong qud trinh
mo phéng).

Khi thay d8i 4p suit, d6 chuyén héa clia phan ing

chinh hau nhu khdng thay d8i. Tuy nhién, chon khodng
1am viée thich hgp cia thiét bj clo héa 13 100 - 250kPat



PETROVIETNAM

1 khilam viéc & &p sudt thap hon 100kPa trén thuc t& sé khé
| diéukhién, lam viéc & &p sudt cao hon 250kPa th tén kém
1 chi phi cho qué trinh ché tao thiét bi.

. 4.2.2. Thiét bj oxy clo héa ethylene sén xudt EDC
|
Nhiét d6 ti€n hanh phdn tng oxy clo héa ethylene:

Khéo sat d chuyén héa ciia phan ing chinh khi nhiét
@ 1am viéc cha thiét bi phan Ung tang tir 200°C 1én 300°C
(Hinh 5) nhan thay:

Trong khodng tif 200 - 220°C, 6 chuyén hda cia
phdn tng chinh ting manh ti95 - 99,4% do nhiét dé ting
1am ting tc 66 phan (ng do A6 ting @6 chuyén héa.
D3 chuyén hoa tdt nhat khi nhiét d6 trong khoang 220
- 230°C khi d6 dat trén 99,5% theo HCI. Khi nhiét dé 1am
viéc chia thiét bi phan dng 1én hon 230°C thi @6 chuyén
héa phan dng chinh gidm do nhiét 46 cao thic day qua
trinh oxy héa sau, d6 chuyén héa cua phin ing phu tang.

Anh hudng ctia tée d6 khdng gian thé tich khi:

Téc dé khong gian thé tich khi [GHSV (h) = téc dé
déng nguyén liéu khi (m*/h)/thé tich thiét bi (m?)] la dai
lugng nghich ddo vai thai gian luu. Khdo sat téc do thé
tich 40 - 130h™" tong duong thai gian luu trong thiét bj
phan ung la 31,6 gidy dén 10,5 gidy (Hinh 6). Nhan thiy
18ng khi t6c 4 thé tich tang (tc Ia thai gian luu trong
thiét bj phan Ung gidm) dan tdi d6 chuyén héa cba phan
g oxy clo héa gidm. Chon tdc @6 thé tich 13 77h' (tuong
Ung véi thai gian luu la 18 gidy) va 8o chuyén héa phan
{ng chinh 13 99,56% vifa ddm bao chi tiéu kg thuat cong
nghé, vira tiét kiém dugc vit liéu ché tao.

4.2.3. Thiét bi cracking EOC séin xudt VCM

Yéu t3 anh hudng 16n nht dén hiéu sudt qua trinh
14 nhiét 49 tién hanh cracking EDC. Khao sét anh hudng
cbha nhiét 86 t6i o chuyén héa clia phan dng (Hinh 7 va
8) nhan thay:

Trong khodng nhiét @ tir 480 - 530°C thi d chuyén
héa phan tmg cracking EDC tang theo nhiét 6. Tai T =
530°C 86 chuyén héa dat trén 70%. Tuy nhién, khilam viéc
& nhiét 46 cao, 49 chuyén héa ciia phan dng chinh 1én,
lugng VCM nhiéu sé thic ddy qué trinh tao céc lam gidm
higu sudt cua qua trinh. Vi vdy trong qué trinh cracking
@idu chinh nhiét 49 dim bao dd chuyén héa phan tng la
50 - 60%, lugng EDC chuta phan dng dugc tich dua sang
khu vifc tinh ché va cho tudn hoan lai thiét bj phan ting,
khi @6 hiéu sudt ciia qud trinh la 95 - 98%. Mat khac, viéc
tng nhiét @& qué trinh craking cGng dan téi qua trinh

D6 chuyén héa (%)

100 150 200 B0 300 380 400
Thiét bi clo hoa - 4p sudt (kPa)
Hinh 4, Anh huéng cia dp sudt dén 36 chuyén héa cia phdn tng
clo hda

D6 chuyén héa (%)

94— | —_— . ) I
00 210 220 230 220 250 260 270 280 290 300
Thiét bi oxy clo héa - nhiét d (°C)
Hinh 5. Anh hudng ctia nhiét d6 dén d6 chuyén hda cia phdn ing
oxy clo héa

101
100 i
R
R N
i ' N
> 9% 4
e S
E-3
8 ur— \ N
9 1
a0 60 80 100 120 140
GHSV (W)

Hinh 6. Anh huting cia t6c d¢ thé tich dén d6 chuyén héa coa phdn
g oxy clo héa

D6 chuyén héa (%)

R T TR~}
Thiét bj cracking - nhiét 4 {°C)

Hinh 7. Anh hudng cdo nhiét d6 t6i a6 chuyén héa phén tng
cracking EDC
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T 4, Ul Encycl dia of In [
Z o Chemistry. 7" edition, Wiley. 2004,
4 ]
M 5. Hydrocarbon processing. 3/2003, “
£ e
3 - 6. Y.Saeki, T.Emura. Technical progil
E for PVC production. Former Shin Dg
3 v ] —— —- Vinyl Corporation, Tokyo 105-0003, Jj
3 T e e e W e e e e 19/11/2001. Y
Thi# bj cracking - nhipt dd (<€) fe ]
Hinh 8. Anh hudng cia nhiét d 161 4 chuyén héa phdn tng phy trong quéd 7. INEOS Technologles. Fact File
trinh cracking EDC Solutions for petrochemicals. 1

cracking sau tao nhiéu sadn pham phuy (Hinh 8). Do vy,
chon nhiét 48 1am viéc cda thiét bi 1a 520°C ddm bdo do
chuyén héa cua phan Ung 60% trong khodng cho phép.
Nhiét 86 nay phi hap véi nhiét do lam viéc t nha ban
quyén Vinnolit 1),

5. Két ludn

1. Da mé phdng cdng nghé san xuat déng thai EOC
va VCM véi cong suat 330,000 tan EDC/ndm va 400.000
13n VCM/nam bang phdn mém Unisim Design R400.

2. Nghién clu téi uu héa cac thong sé ky thust cda ba
thiét bj phan tng chinh cho thiy:

Thiét bi clo héa ethylene sdn xuat EDC lam viéc &
T =120°C va P = 100kPa cho d6 chuyén héa > 99% dbng
thdi néng lugng tiéu tdn cho bom va qua trinh lam lanh
thép.

Thiét bi oxy clo héa ethylene san xuat EDC lam
viéc 6T = 230°C véi ty l& nguyén liéu HCl/ethylene 13 1,8,
oxy/ethylene la 0,45. Thai gian luu la 18 gidy tuong Ung
V@i thé tich thiét bj 1a 170m?.

Thiét bi cracking EDC sdn xust VCM 1dm viéc &
T=520°C cho 46 chuyén hoa la 60%, lugng san phdm phy
thap.
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