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CHUONG 1: MO DAU

1.1. Céc san pham hoa dau 1a gi?
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Su phat trién cua cong nghiép hoa dau.

Nganh cong nghiép hod dau bat dau tir nam 1920

San xuat isopropyl ancol tr propylen (cong ty dau mo cua MY)

Nam 1923 mot nha may hoa dau dau tién ra doi san xuat cac dan xuit cta
etylen

Nhitng nam 1960 nganh cong nghiép nay da phat trién & hau khap cac nuéc

phét trién.



Nguyén liéu cho cong nghiép hoa dau

Thanh phan ctia dau mo chu yéu chira ho cua ba hydrocacbon 1a ankan,
xycloankan va aromatic.

Trong cong nghiép ddu mo c4c ankan gém ankan mach thang va nhanh
duoc goi chung la cac parafin, cac xycloankan dugc goi la cac naphten chu
yéu la cac vong 5, 6 canh, cac hop chat chita vong thom tir bezen trd 1én
dugc goi la aromatic.

Khi tu nhién bao gom khi khai khac tir mo khi tu nhién va khi dau mo.



Cac nguyén liéu cho hoa dau duogc san xuat tir qua trinh

loc dau bao gom.

- Khi (tir phan doan khi) c6 thé tach ra cac khi C,H,, C;H,, C,Hyg, khi tong
hop va H,.
« - Xang, Naphta d€ san xuét hop chat thom.

e - Dau hoa san xuét parafin.

* So d6 khoi mo ta cac san pham chinh trong Iinh vuc hoa dau v6i nguyén liéu

la dau tho:
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CO,, H,0
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O
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Phan doan
dau hoa

n-parafin

H, .
— Dau nhon

“H,0

" n-olefin — chat hod déo

Cl,

— Cloparafin ——ankylbenzen — chét tdy ria
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Tinh hinh phat trién nganh cong nghiép hoa dau ¢ Viét Nam
(du kién dén 2020).

* Phan dam (Uré):

- Nha may dam Phu M¥ (cong suit 740.000 tan/nam) san xuat phan dam tir khi
dong hanh va khi tu nhién

- Nha may dam Ca Mau véi cong suat du ki€n 800.000tan /nam san xuat dam
tlr nguodn nguyén liéu khi Tay Nam.

* Nhua:

- Nha may nhua PP k&€ hoach s€ duoc xay tai Dung Quat véi cong suat 150.000
tan/nam. Nha may PP xay tai khu lién hop LHD Nghi Son véi cong suat
300.000 tan/nam.

- Nha mdy PE du kién duoc xay dung trong t6 hop hod diu phia Nam véGi cong
suat 500.000 tan/nam.

- Nha may PVC da c6 mot nha may san xuit PVC cua Petronas.

- Nhua PS du kién s€ xay dung vé6i cong suat 290.000 tan/nam.
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* X0 soi tong hop (PET):PVN dang hop tdc v6i Vinatex trién khai du 4n.

* Cac san pham tur hop chat thom (BTX):
- Dinh hudng cdc san pham nay tir Lién hop Loc Hoa dau Nghi Son va to
hop Hoa dau phia Nam dé 1am nguyén liéu san xuat PET, PS, LAB...
- San xuat LAB ( chét tay rtra), dung moi cdc loai, metanol tir khi, mudi

than (cacbon black).
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Cong nghé

« (Cac qua trinh lién tuc (continuous processing): nguyén li€u
lien tuc dugc dua vao va san pham lién tuc duoc 14y ra.
e (Cong nghé gian doan (batch processing) duoc thuc hién theo

ting me, thudng duoc su dung trong phong thi ngiém.
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Chuong 2. San xuat Etylen va cac hop chat tir etylen

2.1. Gioi thiéu chung.

Etylen duoc st dung nhiéu nhat trong nganh tong hop hitu co va hod diu vi:
- Cau tao don gian, hoat tinh cao.
- Tuwong d6i ré tién.
- Dé san xuat tir cic hydrocacbon khac bang qua trinh steam
cracking v6i hiéu suat cao.
- Cé4c phan ting di tir nguyén liéu etylen tao thanh it san pham

phu hon so v6i phan tng di tit cac olefin khac.
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Tinh chat vat 1y cua etylen

Cau | Nhiét do | Nhiét do | Nhiét do Gi6i han no trong
tu | két tinh | soi (°C) | t6i han | khong Kkhi tai 0,1 Mpa,
(°C) (°C) 20°C (%TT)
Gi6i han | Giéi han
dudi trén
Etylen | -169,15 | -103,71 9,90 2,75 28,6
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2.2. San xuat etylen
2.2.1. Nguyén liéu

Etan

Propan
Naphta

Gas oil
Butan (rat it )

Cac nguon san xuét etylen khac bao gom: dehydrat hoa ruou etylic (an D0,
Brazin, Thuy Dién, Trung Quoc), cracking cac san pham thu dugc tir qua
trinh khi hod than (Nam Phi) va chuyén ho4 rugu metylic (hang

UOP/Mobil-My).
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- Nhat va Tay Au 71% etylen duoc san xudt tir naphta, 11% tir gasoil

- M§: 52% etylen dugc san xuat tit etan, 22% tur gasoil, 5% tur naphta, con lai tur

cac nguon khac
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2.1.2. Phan ung

Cac phan tng cracking thit cap
* Cracking etan:

Goc tu do vira tao thanh hap thu mot nguyén tir H clia etan dé tao goc tu

do mai

“CH, + CH,CH; — CH, + CH;CH,"

CH,CH," — H*+ CH,=CH, (1)
Nguyén tir H vira tao thanh két hop v6i mot nguyén tir H cua etan:
H*+CH,CH, __,  H,+CH,CH,’ )
(1) va (2) 1a phan tng phat trién mach.

- Tat mach:



* Cracking propan

CH,CH,CH; — CH;" + "CH,CHj; , goc etyl c6 thé dut lién
két H-C & vi tri B nhu & etan dé tao mot nguyén tir H va phan tir
etylen
C;Hg + CH;" hoac C,Hs" hoac H* — "C;H, + CH, hoac C,H,
hoac H,
C,;Hy, —H" + C;H, i CH,CH,CH," (bén)

CH, "CHCH,
CH,"CHCH; — CH;" + CH,=CH,
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Cracking Naphta va gas o1l (cho etylen nhieu nhat)

* Cracking cac ankan mach thang:

CoHyy —— GH; + CHys'
Céc goc hinh thanh ti€p tuc bi cit lién két C-C 6 vi tri B:
CH,CH,CH," ___ CH,*+ CH,=CH,
CH,CH,CH,CH,CH,CH,*—— CH,CH,CH,CH,* + CH,=CH,
CH,CH,CH,CH," — CH,CH,* + CH,=CH,
Hoac C,H,,— H* + CH,CH,CH,CH,CH,CH,CH, “CHCH,
CH,CH,CH,CH,CH,CH,CH, *CHCH, — CH,CH,CH,CH, CH,CH,*+ CH,=CHCH,
CH,CH,CH,CH, CH,CH,"— H* + 3CH,=CH,
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* Cracking cac ankan mach nhanh:

CH,CH, CH,CH,
|
CH,CH, CH,CH,

CH,CH,CH, CH CH, *CHCH,___, CH,CH,CH, CH* + CH,=CHCH,



* Cracking cic cycloankan

Q:Q/*H |




Biéu dién su phan bo san pham trong phan ting cracking naphta

Hiéu suat (% KL)
40

30

20

10

Do khac nghiét



2.1.3. Cong nghé san xuat etylen.

2.1.3.1. Cac thong so cong nghé.

a. Nhiét do

Nhiét do phan dng tir 700 + 900°C tuy thudc vao nguyén liéu dau vao.
Ty 1é¢ san pham trong phan tng cracking duoc phan bo nhu sau:
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San pham Nguyén liéu
Etan | Propan Naphta Gas oil
H, 3,6 1,3 0,8 0,6
CH, 4,2 24,7 15,3 10,6
C,H, 0,2 0,3 0,7 0,4
C,H, 48,2 34,5 29,8 24,0
C,H 40,0 4.4 3,8 3,2
cH, 0,3 1,1 1,0
CH, A 1,3 14,0 14,1 14,5
CH, U 10,0 0,3 0,4
1,3-C,H, | 4,38 4,7
CH, | 1,6 3,7 4,2 4,5
CH, | 0,3 0,1
Xang cracking 0,9 5,9 21,0 18,4
Dau nhién liéu - 0,9 3.8 17,6
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b. Thoi gian luu: Thoi gian luu khoang tir 0,2 — 1,2 giay.
Anh hudng ctia nhiét do va thoi gian luu dén hiéu sudt tao thanh etylen trong

phan tng cracking naphta.

50 ,
g 0 M
S 40 895 C
=
9
2
030
@ 850°C
3
)
-
Q2 . =
) 800° C Thai gian Iuu (s)

005 0.1 02 05 1 2



c. Ap suat hoi riéng phan va vai tro cua hoi nuéec.

Ap suat hoi riéng phan caa HC giam == Tbc dd qu4 trinh giam =—>

* Vai tro cua hoi nuéce ?

* Han ché ?

Do chon
loc tang
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Ty 1€ hoi nudc phu thudce vao nguyén li¢u khac nhau (KLPT cua HC)

Nguyén liéu Kg hoi nudc/kg hydrocacbon
Etan 0,2-0,4
Propan 0,3-0,5
Naphta 0,4-0,8
Gas oil 0,8-1,0
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Cong nghé cracking hoi nuée.

Cong nghé cracking hoi nudc bao gom hai bo phan chinh:
* BO phan phan tng (“ving néng”): nguyén liéu dugc nhiét phan tao thanh
san pham (phan tng cracking xay ra tai day).

* Bo phan tach (“ving lanh”): san pham duogc tach loai va tinh ché.
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So d6 khoi qua trinh cracking hoi nudéc.

BO phan nén —» Phan doan nhe

Ving d6i luu ®
Naphta | 0 L. - -p Nudc

— Hai nuéc
Hoinuse (@ 12MPa ®
0,8 MPa

Tt \ ® : +«——> Xang

® @
. T i
Vung bic xa Nuée @
LAM LANH GIAN TIEP
« » Phan doan ndng
LA NHIET PHAN LAMLANHTRUCTIEP  CHUNG CAT PHAN DOAN
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So d6 dong qua trinh cracking hoi nudc naphta

L y
— Xang -
I— L]
I v
FO (200+) NaOH thal
- 1 1

LAMLANH  CHUNG SO CAP NEN  RUABANG KIEM SAY LAMLANH  TACHMETAN
-1

w

H,
y
Tudnhoan «——{ Etan | [ Etylen ] Xéng
TACH ETAN '{?f—‘“ﬁﬁ!ﬁﬁ ACHM TACHETANETYLEN TACHPROPAN  TACHBUTAN
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So dod chung tach khi san pham ctia qué trinh cracking hoi nuéc Naphta.

Hydro + metan

( Etylen
Propylen
-35°C 20°C
1,9 MPa 1,8 MPa
" Phan
-100°C -10°C 25°C 50°C
3,2 MPa 2.6 MPa " 1,5 MPa H2 — 0,3 MP4 doan
Cs
1 2 S 5 6 6 )
— — — = -
120°C
19°C 70°C
C'
Etan tuédn hoan \

Propan tudn hoan

Hinh 1.10. So do chung tach khi ciia qua trinh steam cracking naphta:

‘1—th'a’1f) tach metan(30-49 dia); 2-thap tach etan(40-50dia); 3-thiét bi hydro héa; 4-thap tach etan-etylen(110-
120dia); 5-théap tdch propan(55-60 dia); 6-thap tich propan-propylen(220 dia trong 2 thip); 7-thdp tich

butan.
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2.2. San xuat cac hop chat tir etylen
2.2.1. Tong hop etanol

* Tinh chat

Etanol 1a chat long tan vo han trong nudc, cé ty trong d = 0,789, nhiét do sol

78,320C.
* Nhitng tng dung cua etanol.:
- Dung moi cong nghiép

- Phu gia pha xang.

35



Cac phuong phap san xuat Etanol

Cong nghé 1én men cacbonhydrat st dung nguyén liéu c6 thé 1én men truc
tiép nhu mia dudng hoac mat, tinh bot.

Tong hop etanol tir etylen bang phuong phap hydrat hoa gian ti€p etylen ¢
sit dung axit sunfuric hoac phuong phap hydrat hoa truc ti€p etylen co su
dung xuc tac.

Ngoai ra con ¢6 phuong phap tong hop etanol di tir khi tong hop.
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2.2.1.1. Phuong phap hydrat hoa gian tiép etylen

« * Phan ting va cdc di€u kién thuc hién

a) Su hinh thanh etyl axit sunfat boi qua trinh hap thu etylen trong axit
sunfuric:

CH,=CH, + H,SO, — C,H;0-SO;H

2 CH,=CH, + H,SO0,—/ (C,H;0),S0,

b) Thuy phan este sunfuric tao etanol:

C,H.0-SO,H hoac (C,H,0),50, + H,0— C,H.OH hoac (C,H),0 + H,SO,



Giai doan dau: ap suit 20 — 30 atm, & nhiét do 60-90°C.
Giai doan hai: Nhiét do ¢ 100°C.

Hiéu suét tao etanol khoang 90%.

San pham phu tao thanh 1a dietyl ete.

Nhuoc diém: dé gay an mon thiét bi.
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Cong nghé san xuat etanol bang phuong phap hydrat hod gian tiép etylen

Cac khi dét chay Dung dich Soda Ete
Ethylene J J
Etanol 95%

£ 2
5 © 5
< < <
3 G S
< 2 ©
5 = o
3 5 kel

Stripping 3 S ¢
Q € =
8 2 —»| 3
S5 8} o}

f—

|
|
L
|

Cac thap hép phu

Nué
B6 phan thuy phan
Nusc
]
axit Sunfuric 90%
Q B& phén lam khan axit sunfuric

S&n xudt Etanol tu Etylen b&ng quad trinh thuy phan gian tiép.
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2.2.1.2. Phuong phap hydrat hoa truc ti€p etylen.

* Pong hoc cua phan tng.

Chat xtc tac: H;PO,/SiO,

Nhiét do khoang 300°C

Ap suat khoang 7 Mpa (4p suét khong dugc qué cao)

Do chuyén hod etylen: 4%

Ty 1¢ H,0/C,H, 14 0,6/1

Thoi gian luu rdt ngan (toc do thé tich dong khoang 50h).
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Cong nghé san xuat etanol bang phuong phap hydrat hod truc tiép etylen

May nén Khi thai
etylen
tudn hoan
1
A
Nusc
8
Lo gia nhiét =
N Binh tach 58 Khi thai
2 " ™ £ >
1&ng /khi S} %
8 PU o g3
5 23
8 2 )
2 g T §
3 =3 z
¢ @ 2 Binh tach
Hal nuéc
< Y
10 7]
‘ |
p
Nusc
thai
— Hydro
Make-up Céc san phém nhe :‘ j
compressor [
Ethylene May nén
Hydro
tudn hoan
Process water

Ethanol 95%

Chung cdt sén phdm nhe
ethanol

chung ddng phi

i
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2.2.1.3. Tinh ché etanol khan.

* Phuong phdp c6 dién dé thu dugc etanol ¢6 nong do 95 — 99,9% la sir dung
CaO hap thu nuéc nhung qua trinh nay khong kinh té€.

* Phuong phdp chung dang phi: phuong phdp nay dugc thuc hién vé6i su c6 mat
ctia benzen & ap suat dudi 12 kPa sé€ thu duoc etanol c6 nong do 95-100%,
tuy nhién cot cat phai c¢6 so dia kha I6n.

* Phuong phdp tham thau qua mang.

* Phuong phap ray phan tu.
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Phuong phéap chung dang phi

Benzene -2za0trope

4

95% ethano! l Seme

Armoteapic distillation

Fxi:nss winler saparntion
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* Cong nghé tham thdu qua mang.

Gia nhiét 6 105°C

Etanol

’/—M/ > 7 _J (] 99:5%
Con 94-95% ;

Ngung tu

Nudc tham thau qua mang
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Phuong phap ray phan tu.

So d6 nguyén tic tdch nudc ra khoi etanol bang vat liéu ray phan tu.

40— N . AN

O o) : 2

Hé nudc/Etanol
Ray phan tu Etanol Ray phan tu chia

>99,5% nudc

’Phan tor nudc O Phan tr etanol

46



So d6 hap phu nude bang vat liéu ray phan tir trong pha hoi

Thiét bi gia nhiét

€

PRAY

IMDUSTRIES

Con nguvén ligu 93%V

Thiét bi lam lanh
san phdm

|

1€t bi ngung tu L~

{ Thiét bi
| ngung tu

e~
g
e
F

4

Mady hut
chan khon

Thiét bi trao bo”i nhiét

C6n san phdm




2.3.1. San xuat polyetylen (PE).
2.3.1.1. Gidi thiéu veé PE.

. Polyetylen 1a mot trong nhitng loai nhua chiu nhiét ¢6 ing dung rong rai nhat vi
gia thanh khong dat, dé gia cong & nhiéu hinh dang khac nhau nhu ¢6 thé kéo
thanh soi hay rat thanh mang film mong. Vi vay PE duoc sir dung dé lam tdi,
chai nhua, 6ng nhua, mang film, tAm nhua.

 Trén thé gi6i luong PE duogc san xuat rat 16n dé€ ddp tng nhu ciu ngay cang tang.
Vi du nam 1997, PE duogc san xuét xap xi 450.000 tan thi ude tinh d€n nam 2015
luong PE 1a 1.350.000 tan, dac biét Ia LLDPE c6 nhu cau tiéu thu cao nhat.

e PE c6 hai loai: LDPE (low desity PE) c6 tinh mém déo va HDPE (high density
PE) cting, khong linh hoat.
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« LDPE duoc tao thanh nho phan tng polime hoa etylen theo co ché goc.
-Nhiét do phan tng: 100- 200°C

-Ap suit cao: 100-135 atm

- Chat khoi dau thuong duogce str dung 1a oxy hoac peoxit hitu co.

-Co ché phan tng nhu sau:

I — 2R

R*+CH,=CH, —— RCH,-CH,’

RCH,CH,"+ nCH=CH, ___ , R-(CH,),-CH,"

R-(CH,) -CH," + R-(CH,) -CH,"_, R-(CH,),.,,CH,R
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« HDPE duoc san xuat s& diéu kién ap suat thap trong thiét bi phan tng tang soi
nho phan tng polime hoa c6 xtc tac Ziegler

(1a xtc tdc c6 chita nhom alkylat va kim loai chuyén tiép)

e
C,H,), TiCl, + Al(C,H),Cl Cl\T'/ o Al o
(s T+ AR, o veny
H,

- Phan tng xay ra ¢ nhiét do khoang 100°C.
- Ap suit khoang 20 atm

- Phan tng ti€n hanh trong dung moi tro hexan trong pha khi.

50



- Co ché€ phan tng xay ra trén tam kim loai xtc tac nhu sau:

gH3 CH,
- Hz\\Al - S CHZ\)M _
1_ - 1 ~_
N T~ 7
H, / H,
s | CH,
~__ . _— H2 ............... Al\_ - ~—_ e CH2 ............... _—
— - - CH,-CH, /Tl “ “ Al\
.............. CHZ_ CH2 FHZ
CH,- CH,- CH,

Phan ting khong c6 qud trinh chuyén mach va tao ra polime c¢6 khdéi lugng phéan

tu rat 16n.
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Ethylene ana
COMONOMErs

b
L]

L 1.0 | =

Cong nghé san xuat HDPE cua hang Union Carbide Unipol

{
I

Y

-

i

Catalys

b

1

(1) Thiét bi phan ting

(2) Bom nén li tam mot giai doan
(3) Thiét bi trao doi nhiét

(4) Bon chira.

hg

Granular polyethylene
tc pelleting or
blending clorage

Sa—
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2.2.3. San xuat Etylen oxit (EO).

 Etylen oxit c6 ty trong d*,=0,8697, nhiét do soi 10,7°C.
«  Ung dung: - san xudt etanolamin.
— San xuat etylenglycol.
—Chat SAS khong ion.
«  duoc san xuat bang hai phuong phap:
- Oxi hod gian ti€p etylen bang clohydrin tao hop chat trung gian etylen clohydrin.
- Oxi hod truc ti€p etylen bang oxi nguyén chat hoac oxi khong khi.
2.2.3.1. Phuong phap oxi hoa gian tiép.
Phan ting chinh:

L0 on,- cH, +HO

10-50°C | |
Cl OH

100°C | Ca(OH),

CH,- CH, + CaCl,
NO~
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2.2.3.2. Phuong phap oxi hoa truc tiép.

* Phan tng:
250 —
CH,=CH, + 1/20 » CH, - CH AH%,4.=-105 kJ/mol
=CH, 2 330°C Q 5 Vank 298
Ag
CH,=CH, + 5/20,—— 2CO, + 2H,0 AHO, o=~ 1225 kJ/mol

Co ché thuc hién phan tng trén xuc tac kim loai:

4 CH,- CH, + 4 MO
N

O
2CO + MO, — 2CO, + M

\O/ 54




* Nguyén liéu:

e Nguyén liéu etylen st dung dé€ san xuat EO phai sach (chita axetylen, hop
chat chda Iuu huynh, CO khong qua 2ppm moi loai).

e Tac nhan oxi hoa: Oxi khong khi hoac oxi nguyén chat .

* Piéu kién van hanh:

Nhiét do phan tng 1a 260-290°C
e 4psuat van hanh tur 1-3 Mpa

o Thoi gian luu tir 1-4 giay.

« Toc do phan tng: v=[etylen].[O,]

e Nong do etylen du6i 3% V
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* San xuat cong nghiép:

Trong cong nghiép, EO duoc san xuit trong nha may cé su dung thiét bi

phan tng thém xic tac co dinh, tudn hoan etylen chua chuyén hod, quy

trinh cong nghé gém hai phan chinh: tong hop EO va bo phan tinh ché san

pham.

Cong nghé san xuat:

+ Cong nghé sur dung khong khi (Distillers IG Farben, Scientific Design,
Union Carbide)

+ Cong nghé sur dung oxi nguyén chat (Chemische Werke-Huls, Japan
Catalytic, Scientific Design thé€ hé hai, Shell, SNAM Progetti).

Mot diac dieém can Iuu y cho ca hai cong nghé nay 1a van dé tan nhiét cho

phan ing dé duy tri nhiét d6 phan ng & miic t6i wu nhat.
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* Cong nghé san xuat EO bang oxi nguyén chat:

- Diéu kién van hanh:

Hon hop phan ting gom etylen +Oxi + metan + chat tc ché.
Nhiét do phan tng: 250-270°C.

Ap suit trong 10 phan tng: 1,2 MPa .

Thiét bi d€ hydro hoa 20 dia.

Thiét bi lam sach san pham 50 dia.
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* So d6 cong nghé san xuit EO bang oxi nguyén chat:

Etylen tuan hoan

1,2 MP

chdt dc ché

Methane déng han
[ S
Oxygen

Ethylene

CO2

hi giau etylen

Dong léng ngung tu

—
10-40%V

nhd&hdp phu CO2

hdp phu CO2

" .3
‘ cacbonat méi

2503270°C

E.O,CO,, H,0, O,

Co,

may nén

khithdi

O,

EO, EG, Axetaldehyt. |,

San xudt Etylen Oxit b&dng oxi nguyén chdét. Cong nghé Shell

thap hdp phu

CO,, vét HC

Cac san phdm nhe

Tach phén nhe

Dong

.t

Giau
EO

— EO,EG |
3 axetaldehyt

%

thuy phan oxit
thanh glycol

3

Thép tinh ché& san phdi

Thép logi nuéc

EO
Islgng

Nudc/glycol

products

5an phdm nang

Axetaldehyt,

polyme

EG, axetaldehyt, CO,, vét HC
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Cong nghé Scientific Design san xudt E.O bang oxi khong khi.

x

F—
=
=
: =
=3
Q:

Khong khi

KK

Khi thai

Nhé hdp phu

hdp phu so cdp
Hdp phuy thu cdp
bsorption

Etylen oxit

phém

Thap tinh ché&san

Ethylene glycol ETherpe dlycol
. thu héi
thu héi

Cac sén phdmndng

San xudt Etylen Oxit bdng oxi khéng khi. Céng nghé Scientific Design 59
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2.2.4. San xuat Etylen glycol (EG).

2.2.4.1. Gi6i thi€u chung.
Monoetylen glycol thuong duoc goi la glycol. EG c6 ty trong d*°, =1,115,
nhiét do soi: 197°C.
EG c6 nhiéu tng dung: - Chat chong bang (>33%)
- Polyetylen tetraphtalat (48%).
- Nhua polyeste khong no (19%)

E.G duoc san xuat chu yéu di tir E.O bang qua trinh hydrat hoa.

O

Ngoai ra con ¢6 mot s6 phuong phap khac san xuat E.G di tir cdc nguon nguyén liéu khac
nhau nhu:

- Thuy phan clohydrin etylen vdi su ¢6 mit ctia natri bicacbonat. Phuong phép nay co dién
va khong con dugc ing dung:

CH,=CH, + HCIO — HOCH,-CH,CI
HOCH,-CH,CI + NaHCO, + H,0 — HOCH,-CH,OH + CO, + H,O + NaCl
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- Phuong phap dua trén qua trinh cacbonyl hod formaldehyt thanh axit
glycolic, sau do este hoa axit nay tao hydrin metyl axetat, thuy phan este:

HCHO + CO+ H,0 —» HOCH,-CH,COOH
HOCH,-CH,COOH + CH,OH —* HOCH,-COOCH, + H,0
HOCH,-COOCH, + H,0 —* HOCH,-CH,OH + CH,COOH

- Phuong phap axetoxyl hoa etylen thanh diaxetat sau dé thuy phan
tao glycol:

. CH,=CH, + CH;OH + 1/2 0, — CH;COOCH,-CH,COOCH; + H,0O
AH®,4¢=-125 kJ/mol
CH,COOCH,-CH,COOCH; + 2H,0 — HOCH,-CH,OH + 2CH,COOH
AH®,e=-17 kJ/mol

- Phuong phép tong hop EG mot giai doan di tir nguyén liéu etylen, Xiic tac

duoc st dung c6 chira ion talic trong dung dich HCI:



- Phuong phap di tir khi tong hop ¢6 st dung chét xic tac chita phiic cta rodi
cacbonyl, k¥ thuat nay duogc phat trién bdi cong ty Union Carbide:
2C0 + 3Hy— HOCH,-CH,OH _ £y syai:140 — 340 MPa
- Nhiét do: 125 — 130°C.

- San pham phu:metyl format, metanol, nudc.

- Phuong phap hydro hoa n-butyl oxalat thanh EG va n-butyl ancol. Butyl oxalat

duogc tao boi qua trinh oxi cacbonyl hoa n- butanol trong pha long.

Pd
2n-C,H,0H +2CO + 1/20, (n- C,H,CO0), + H,0

Sau d6, phan ting hydro hoa duéi su c6 mat cua xuc tac dong va

crom trong pha long:

(n- C,H,CO0), + 4H, _200°C, HOCH,-CH,0H + 2n-C,H,OH
3MPa



2.2.4.2. Cong nghé va diéu kién van hanh san xuat
EG bang phuong phap hydrat hoa EO.

* Piéu kién van hanh:

- Nguyén liéu E.O ban dau duogc pha loang bang hon
hop nuéc véi oxit véi ty 1€ 20 — 25/1

- Thiét bi phan tng hoat dong ¢ ap suat 1,5 Mpa va
nhiét do6 dau vao 150°C, nhiét do dau ra 200-210°C.

- Chat xuc tac: H*

- Thoi gian luu: 45 phit dén 1 gio.

- Do chon loc cdc san pham nhu sau: 88,5% mol EG,
10,5% mol DEG, 0,5% mol TEG.
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2.2.5. San xuat vinyl axetat tir etylen.

2.2.5.1. Gi6i thiéu chung
e Vinyl axetat (VA) la chat 16ng khong mau, ¢6 ty trong d?°,=0,935, nhiét d6 néng chay =
- 100,2°C, nhiét do so1 = 72,7°C.
 Ung dung: - Lam nguyén liéu dau dé san xudt PVA c6 do tinh khiét cao
- Poly vinyl ancol (phan tng thuy phan cac nhom chiic trong PVA).
« Vinyl axetat duogc san xuat cong nghiép bang hai phuong phap chinh:-
- Phuong phdp c6 dién 1a cong hop giita axit axetic v4i axetylen xdy ra trong pha khi.
- Phuong phap ngay nay duoc st dung la thuc hién qua trinh phan Gng gitra etylen va axit
axetic voi su ¢6 mat cta oxi. Phuong phap nay duoc tng dung nhi€u tai My, Nhat va mot

sO nudc Tay Au.
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2.2.6.2. Cac qua trinh san xuat VA.
A. Qud trinh phdn tuing trong pha long:
e Phan tng chinh
O O
CH,=CH, + CH,-& _ OH + PdCl,— CH,=CH-O-C-CH, + 2HCI + Pd
Pd + 2CuCl, —— PdCl, + 2CuCl
2CuCl + 2HCI + 1/20,__,2CuCl, + H,O

- Xic tac cho qua trinh: Xdc tidc c¢6 chita mudi dong véi vai tro 1a hé oxi hoa
khtr. Thanh phan xdc tic nhu sau: Pd** = 3.10% M (0,03g/1), Cu** = 0,08 M
(5g/1). Nong do Cl- du dé cho Pd & dang hoa tan. Thiét bi phan ting 1am béang

Titan dé tranh 4n mon (do 1am viéc trong moi trudng axit ¢6 chira Cl-).
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 San pham phu axetaldehit do phan ting cua etylen v4i nuc hodc phan tng
thuy phan VA.

CH,=CH, + H,0 + PdCl,—— CH,CHO + Pd + HCl

H,O N
CH,COOCH=CH, —~— CH,=CHOH (khong bén)

CH,CHO

- Thoi gian luu trong thiét bi phan tng dai va nhiét do cao ciing tao di€u kién
thuan 10i cho su tao thanh san pham phu axetaldehit. C4c san pham phu khéc

bao gom: etyliden diaxetat (CH;CH(O,CCH,),, CO,, dan xuét clo...
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* Cong nghé san xuat VA tlr etylen trong pha long

Khi tudn hoan Khi thai
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Hinh 8.2. So dé cong nghé sdn xudt VA tir etylen trong pha long



- Uu diém:?

- Nhuoc diem:?
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B. Quad trinh san xudt VA trong pha khi
* Phan tUng:
CH,=CH, + CH;-C— OH + 1/20,— . CH,=CH-O-C-CH; + H,O
H°,9¢ = - 180 kJ/mol
* Piéu kién phan tng:
- Nhiét do:160-180°C
- Ap suit 0,8 Mpa.
- Chat xtc tac: xtc tac trén co so kim loai Pd/ a-Al.
- Ty 1& nguyén liéu vao bao gom khi nguyén liéu etylen 1a 50% V, 15% V

axit axetic, 6%V oxi va 29% V cac khi tro.
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* Cong nghé san xuat VA tir etylen trong pha Kkhi
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2.2.6. San xuat etyldiclorua (EDC), vinyl clorua
monome (VCM) va PVC.

2.2.6.1. San xuat etyldiclorua (EDC).

Etyldiclorua la chét 16ng khong mau, dé bay hoi, bén & diéu kién nhiét do
va ap sudt tiéu chuan.

e Ty trong: d?¥, = 1,253

e Nhiét do néng chay: - 35,5°C

o Nhiét do soi: 83,7°C.

« Phuong phép san xuét: EDC duoc san xuat bang phan tng clo hod etylen.

Ung dung:- Lam nguyén liéu cho qu4 trinh téng hop VCM (> 90%)

- Lam hop phan cho phu gia chéng kich no

- Lam dung moi chua clo...
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* Piéu kién phan ting va dong hoc.

CH,=CH, + Cl, CH,CI-CH,Cl AHC o= - 185 kJ/mol.

- Phan ting thuc hién trong pha long hoac pha khi duéi su ¢é mat ctia chat xtc tac
trén co s mudi clorua ctua kim loai (FeCl; va CaCl, ).
- Phan ting dugc thuc hién trong vung nhiét do 50 — 90°C:

+ Néu thu EDC & thé 10ng, phan Gng thuc hién & nhiét d6 50 — 60°C
+ Néu thu EDC & thé khi thi phan Gng thuc hién & nhiét d6 85-90°C

-Ap suat: 0,3-0,5 Mpa.

-Co ché phan tng xay ra trén co so su phan cuc cua xuc tic FeCl;:

FeCl,....CI" + CH,=CH,— FeCl, + CH,CI-CH,Cl
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* Cong nghé san xuat EDC tir etylen, thu san pham & pha 1ong
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* Cong nghé san xudt EDC tir etylen, thu san pham & pha khi
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Cong nghé san xuat EDC bang phuong phép oxi clo héa etylen xtic tac tdng soi.
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Cong nghé san xuat EDC bang phuong phép oxi clo héa etylen xtc tidc thém co dinh.
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2.2.6.2. San xuat vinyl clorua (VC).

Mot so tinh chat cua VC:

d?>°,=0,9834,t,.=-153,8°C, t= - 13,4°C.

VC la chat khi khong mau & diéu kién tiéu chuan.

VC 1a chat doc, tao hon hop no véi khong khi (gidi han no tir 3,6 dén 26%
TT/TT).

Cac phuong phap san xuat VC trong cong nghiép:

- Cong HC vao axetylen .

- Cong Cl, vao etylen, sau d6 nhiét phan EDC dé tao thanh VC va HCL.

- Két hop str dung etylen va axetylen dé tranh sy tao thanh HCI.

- Oxiclo hod etylen, ¢6 thé lién hop véi qua trinh clo hoa (vi qua trinh nay st

dung mot nguon HCI 16n). 80



A. San xuat VC bang phuong phap nhiét phan EDC.

* Cac diéu kién chuyén hoa:

e Qua trinh dugc thuc hién dua trén phan tng phan huy thu nhiét sau:

Phan tng bat dau xay ra & 300°C, ap sudt khi quyén, nhung phan tng dat dugc
toc do cao 6 400°C — 550°C. Phan tng xay ra theo co ché€ goc nhu sau:

(a) Khoi mao: CH,CI-CH,Cl — CH,CI- CH," + CI”

(b) Phat trién mach: ClI" + CH,CI-CH,Cl — CH,CI-"CHCI + HCI
CH,CI-"CHCl — CH,=CH,Cl + CI"

(c) but mach: Cl" + CH,Cl-CH," _, CH,=CH,Cl + HCl

- Chat x1c tién: clo, brom, iot, tetraclocacbon hoac oxi.
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Cong nghé san xuat VC bang phuong phap nhiét phan EDC
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Bai tap:

e 1. Sinh vién tu xay dung so do6 khoi qua trinh
l1én hop clo hoa etylen, nhiét phan EDC va
oxiclo hoa etylen.

2. Thuyét minh so d6 cong nghé san xudt VC
bang phuong phap lién hop.
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B. San xuat VC bang qua trinh lién hop.

* Lién hop clo hoa etylen va hydroclo hoa axetylen.

* Lién hop nhiét phan EDC va hydroclo hoa axetylen
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* Lién hop oxiclo hoa etylen

 Qua trinh nay bao gébm su chuyén hod HCI (tao thanh trong qud trinh nhiét phan
EDC) thanh Clo nhu sau:

2HCI + 1/20, — (1, + H,0 AH®,¢= - 57 kJ/mol.
Qua trinh dua trén cac phan tng sau:
GH, + Cl,— CH,(CI- CH,Cl (1)
2 CH,Cl- CH,Cl —— 2 CH, = CHC1 + HCI] (2)
CH, +2HCl + 1/20— CH,(CI- CH,Cl + H,O (3)

Phan tng tong cong:
2 CH, + Cl, + 1/20, — 2 CH, = CHCI + H,0
Uu diém cta phuong phap: - Tiéu ton it nang luong
- St dung san pham phu HCI
- Khong dung axetylen
- Chi phi re hon. 85



San xuat VC bang qua trinh lién hop
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2.2.6.2. San xuat Polyvinyl clorua (PVC).

A. Gidi thiéu chung.
PVC 1a mot loai nhua c6 tinh co 1y t6t, c6 d0 bén st dung cao, chong lao
hod tot, dé tao mau sac, kho bat chdy. Tuy nhién tinh mém déo va do bén
nhiét thap.
Nhu cau str dung:

— Thé gi6i: Nhu cau sit dung nhua PVC tang manh vao cudi thap ky 90 dat 26

triéu tin/ nam,
— Viét Nam: Nam 2000 tiéu thu khoang 150.000 tan bot PVC, trong nudc san

xuét dap ting dugc 40% nhu cau con 60% nhap khau.

Du kién dén nam 2010 nhu cau bot PVC la 400.000 tan nam.
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Hién nay, nudc ta da ¢6 4 nha may san xuat PVC bao gom:

- Lién doanh Viét Nam — Thai Lan TPC Vina san xuat 100.000 tan bot
PVC/nam.

- Lién doanh Viét Nam — Malaysia Phd My san xuat 200.000 tan bot
PVC/nam.

- Lién doanh Viét Nam — Thai Lan (Viét Thai) san xuat 15.000 tan bot
PVC/nam.

- Atofina 100% von cua Phap san xuat 15.000 tdn PVC/nam.
e Cac phuong phap san xuat PVC:

- Trung hop VCM bang phuong phéap huyén phu.

- Trung hop VCM bang phuong phép nhii tuong.

- Trung hop VCM bang phuong phép khai.

- Trung hop VCM bang phuong phéap dung dich.
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B. Phan ting va diéu kién dong hoc:

n CH,=CHCl —— [-CH,-CHCI-],

Co ché:

I — 2T

I + CH,=CHCl ——I-CH,- "CHCI

R-CH,- “CHCI +n CH,=CHCl —— R-[CH,- CHCI] - CH,- “CHCI

2 R-[CH,- CHCI], - CH,- "CHC] —— R-[CH,- CHCl] - CH=CHCI +
R-[CH,- CHCI] - CH,- CH, Cl

Hoaic —— R-[CH,- CHCI], - CH,- CHCI-CHCI-CH,[CHCI-CH,]-R
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B. Cac phuong phap trung hop VCM san xuat PVC.

B1. Trung hop VCM bang phuong phép khoi.
Phan ting ti€n hanh ¢ nhiét do 40 — 70°C va ap suat 5 — 12 bar
* Uu diém: Dé thuc hién

* Nhuoc diém: Trung hop khoi khé tach nhiét cho phan ting do d6 dé xdy ra viing

qua nhiét cuc bo.
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Co ché hinh thanh cac hat PVC trong phan ting polyme hod VCM bing phuong

phép khoi:
Kich thudc hat Do chuyén
hoa (%)
Giot VCM 0 0
Cac hat PVC-VCM dau 200A° 2
tién
Tap hop cac hat PVC- 0,1-0,2 um 3-10
VCM
Hat PVC cu6i cung 2 — 10 um 90
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So do cong nghé san xuat PVC bang phuong phap khoi

STORAGE
RECOVERY

cooling water
POLYMERIZATION

— reflux
. condenser

@ prepolymeriser

r’e

CLASSIFICATION




B2. Trung hop VCM trong dung dich.

- Qua trinh trung hop dong thé: polyme/dung moi:

> Qua trinh nay kéo dai

> Poi hoi luong dung moéi I6n, cé do tinh khiét cao.

B3. Tring hop VCM bang phuong phép nhii tuong:

=

it duoc st dung
rong cong nghiép

. . Hat nhu
Chitkhoimao o hod Khong Khong
| | VCM khi ~ khi+
Nhi | VCM veM thu hoi nong - hot
tuong H,0 » PVC 0 nuoe
3 Y
A ” 1 >
VCM VO pPVC PVC >
VCM. H,0 Evg >l H,0 (>| H,0 PVC
Chét nhii hod_{ g 5
Vi VCM VCM
huyén °Y H,0 > PVC PVC
phi HZO Latex
T . PVCloai
Monome hoa tan
Chat khoi mao 93
CHUANBI ~ POLYMEHOA VANCHUYEN TONTRU LAMKHO NGHIENTAO BONG GOI




B4. Trung hop VCM bang phuong phap huyén phu.

Trung hop VCM bang phuong phap huyén phu 1a phuong phéap duoc st
dung rong rai nhat trong cong nghiép dé san xuit PVC vi ¢6 nhiéu vu diém

sau:

- San pham tao thanh & dang hat, bui dé gia cong.
- Van toc trung hop 16n.

- Nhiét do phan tng thap.

- Khong xay ra hién tuong qua nhiét cuc bo.
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So d6 khoi qua trinh polyme hod VCM san xuat PVCbang phuong phap huyén phu

VCM | H,O Khong Khong
Chat | Chat VCM khi khi va
khoi | bao vé thu hoi néng  hoi

mao | hé keo

VCM VCM
PVC | PVC | PVC | pPVC | PVC | PVC
Nudc thai
POLYME HOA LOAIVCM TON TRUPVC LOAINUOC LAMKHO PONG GOI VA TON

uoT TRU



Co ché hinh thanh cac hat PVC trong phan ting polyme hod VCM bing phuong
phap huyén phu:

Kich thudc hat Do chuyén

ho4 (%)
Q Giot VCM 0 0
N

205\ | Céchat PVC/VCM dau | 0,1 —0,2 pm 1—5
oesess) | tien
~53
—
2 %57 | Tap hop céc hat | —3um 310
=2/ |PVC/VNCM
N

Hat PVC cu6i cung 2 — 10 um 80 - 90
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«Cong nghé san xuat PVC bang phuong phap huyén phu

- Diéu kién van hanh cua nha may:

Napgdyyli¢u chinh: VCM Polyvinyl ancol Polyvinyl axetat

méi tuan hoan
NP4 \ /

Chat khoi Tac nhan tao
mao huyén phu

Thu cap So cap
* Co ché hinh thanh chat khoi mao:

2NaOH + H202 = NﬁzOz + 2H20
Na,0, + C,H;0COCI — C,H;0CO-O0Na + NaCl
C,H;0CO-00Na + C,H;O0COCI —C,H;0C0-00-0OCOC,Hs + NaCl
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YCM

Nuére logl
khodng

Tic nhiin
tgo huyén
pha

Chilt xic
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1.Thap phan g
2.Thiet bj ngung tu
3.Binh thu héi
4.Binh dé¢m
S.Théap stripping

6.Bon chira PVC huyén pha

7.May ly tim

8.Thiét bj siy kho

9.May riy
10.Phéu hirng

11.Sil6 chira sin phim
12.Miy déng géi

13.Mdy nén 4p suit cao
14.May nén 4p suit thip
15.Binh gan

So do cong nghé san xuat PVC bang phuong phap huyén phu

16.Binh dyng VCM tii sinh
17.Bom

18.T1i loc

19.Thiét bj trao ddi nhiét
20.Thiét bi loc khong khi
(M May khudy tron
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Thiét bi phan tng
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(1) Thi€t bi phan tGng

(2) May khudy xoan dc
dao dong di 1én

(3) May khuay mo neo

(4) Thiét bi ngung tu
nguoc dong

(5) Thiét bi loc giai tir
(6) Muc PVC to1 da
(7) Van xa rua

(8) Ctra xa
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Chuong 3.

San xuat cac hop chat tu propylen
CH3-CH:CH2

0 Propylen oxit —— Propylen glycol

4 Axit acrylic
Propylen
\ Acrylonitril —— Soi polyacrylat
\ Nhua PP
Cumen

Axeton 100



3.1. San xuat propylen oxit (PO).

Propylen oxit 1a chat 1ong c6 t= 35 °C, nhiét t,. = -1120C, ty trong d*°,= 0,830
PO c6 nhiéu ting dung nhung tng dung quan trong nhat 1la duoc str dung lam
nguyén liéu san xuat polyuretan (chi€m 60%) va nhua polyeste (20%).

Cac phuong phap san xuat PO:

- Qua trinh clohydrin hoa propylen

- Qua trinh dién hoa

- Qua trinh oxi hoa truc tiép.

- Qua trinh oxi hoa sur dung peroxit.
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3.1.2. Cac phuong phép tong hop P.O va diac diém clia phan tng
3.1.2.1. Qua trinh clohydrin hod propylen san xuat PO.

* Phan tng va di€u kién dong hoc.
Qua trinh nay tuong tu nhu qua trinh san xuit EO. Cac phan tng

chinh xay ra nhu sau:

Cl, + H,O—— CIOH + HCl

— CH3 -CHOH-CH2Cl (90%)
CH,-CH=CH, + HOCI —»{
— CH,-CHCI-CH,OH (10%)

2CH,;CHOHCH,Cl + NaOH — CH3QH7CH2 + Na(Cl + H,O
O

Phan tng tao propylen clohydrin toa nhiét véi AH®,gq =-225 kJ/mol
Phan tng v6i NaOH thu nhiét nhe AH®,y¢ =5 kJ/mol.
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San xuét PO bang phuong phap oxi hod c6 str dung peroxit.

« Phan tng chinh nhu sau

CH;-CH=CH, + ROOH (hoge R-CO-OOH) —» CH;-CH - CH, + ROH
0
(hoac RCOOH)

Khoi mao: RH+A — R"+AH
Phét trién mach: R*+ 0, — RO,
RO,"+RH — ROOH + R’
Ngat mach: 2R* — R-R
R*+RO,"— ROOR
2R0O," —  San pham khong hoat dong
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* Phan tng oxi hoa isobutan tao t-butyl hydroperoxit va t-butyl ancol.
« Diéu kién phan tng:
- Nhiét @6 110 — 130°C
- Ap suat 3 — 3,5 Mpa
-Thoi gian luu khoang 7 gid cho mot luong isobutan chuyén hod 1a 35%.
- Ty 1¢ oxi va isobutan duédi 8%, dam bao & miic ngoai gidi han chdy no dudi.
* Phan ting epoxi hoa propylen:
Diéu kién phan tng:
- Phan Gng nay xay ra trong pha long
- Xuc tac: dung dich molipden naphtenat 5% KL.
- Thiét bi phan tng nhi€u giai doan
- Nhiét do: 110°C
- Ap sudt 3 -4 Mpa
-ty 1é peroxit/ancol/propylen la 1/1/3
- Thoi gian luu 0,5 — 1 gid/1 giai doan, tong thoi gian Iuu 1a 2,5 gio. 105

-Do6 chon loc propvylen oxit va ancol dat 85.



So d6 cong nghé san xuat PO bang qua trinh oxi hod propylen str dung peoxit
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* Phan tng oxi hod isobutan:

e Hiéu suat phan tng dat 94%

Ty 1¢ hai san pham tao thanh (peroxit va ancol): 1,2,

« Phuong phap nay da tranh duoc su phan huy nhiét cua cac peroxit va khong
phai tiéu ton nang luong cho su ngung tu isobutan.

* Phan ting epoxi hoa propylen:

. San pham phu dugc sir dung vao nhiéu muc dich ¢6 tinh kinh té.
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3.1.2.5. San xuat PO bang phuong phéap oxi hod c6 sir dung cac
peraxit va hydroperoxit (cong nghé Daicel).
Cong nghé hai giai doan:
 Giai doan thit nhat: qua trinh oxi hod axetaldehit trong etyl axetat bang oxi
tao peraxit: - Phan tng xay ra ¢ nhiét d0 phong
- Ap sudt 2,5-4 MPa
- XUc tac axit.
* (Giai doan hai: epoxi hod propylen:
- Nhiét do 50°C
- Ap suat 0,9-1,2 Mpa
- Thot gian lwu 2 — 3 gio
- Do chuyén hod axit peraxetic 1a 97 -98%

108
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So d6 cong nghé san xuat PO bang qua trinh oxi hod propylen str dung peraxit
Cong nghé Daicel
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3.2. San xuat Polypropylen (P.P)

-CH-CH,

CH3 n
Polypropylen la nhya chiu nhiét

Nhu cau tiéu thu tiéu thu PP diing thi ba, sau PVC.

PP dugc tong hop bang phan ing polyme hoa theo nhiéu co ché khéc nhau:
- Co ché€ goc: cho PP ¢6 cdu tric atactic =) chiu nhiét kém

- Co ché khong gian: cho PP ¢6 cdu triic isotactic =) chiu nhiét t6t

Xuc tac cho qua trinh la xuc tac Ziegler- Natta c6 hoat tinh cao, c6 tinh chon loc lap

the.
Cac phuong phap san xuit PP:
- San xuat PP trong pha khi

- San xuat PP trong pha long
110



« PP duoc san xuat s diéu kién ap suat thap trong thiét bi phan tng tang so6i nho
phan tng polime hoa c6 xuc tac Ziegler

(1a xtc tdc c6 chita nhom alkylat va kim loai chuyén tiép)

e
C,H;), TiCl, + Al(C,H;),Cl Cl\T'/ o Al o
(s T+ AR, o veny
c

- Phan tng xay ra ¢ nhiét d6 khoang 70°C.
- Ap suit khoang 35 atm
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- Co ché€ phan tng xay ra trén tam kim loai xtc tac nhu sau:

gH3 CH,

\T HZ\ / ~ CH2\ ~~

" cHy / CE’HQ

gHs | (H,
~__ . _— H2 ............... Al\_ - ~—_ e CH2 ............... _—
— - - CH,-CH, /Tl “ Al\

.............. CH2_ (I:H \\\ FHz

CH, CH- CH,- CH,

CH,

Phan ting khong c6 qud trinh chuyén mach va tao ra polime c¢6 khdéi lugng phéan

tu rat 16n.
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So d6 cong nghé san xud P.P trong pha khi.

g

2

Catalyst

| 3 il

/i 1\ X di phan loai va
* 1 hoan thién sp

Propylen/etylen

(1), (5) Thiét bi phan tng (3), (7) Thiét bi trao do6i nhiét

(2), (6) May nén (4), (8) Bon chita san pham s




« Uu diém cua cong nghé pha khi ?
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So d6 cong nghé san xua P.P trong pha long.

Ethylene etylen

C.W.
Hoi nudc, etylen,
- _— HH 4  propylen, sp nhe_:.__-:

Ay A~ o
2
5
C.W. . ’ o7
Catalysl d)j CW f&
% N T__PeeEPR

Propylene

s 0
(1) Thiét bi phan ting dang 6ng (3) Thiét bi phan ting copolime hoa pha khi

(2), (4) Hé thong tach tao ap hai cap (5) Thap stripping 115



« Uu diém cua cong nghé pha long ?
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CH; CH,
7~

3.3. San xuat Cumen “CH
|
o« s . | N
3.3.1. G161 thi€u chung P

e Cumen (isopropylbenzen) la chat long, tan trong
nhiéu dung moi hitu co, khong hoa tan trong nudc.

. Phuong phap chinh san xuat cumen la qua trinh
ankyl hoa benzen vé1 propylen.

. C4c chat xuc tac cho qua trinh:
- V6i cdc qua trinh alkyl hod dong thé: axit Bronsted
nhu HF, H,SO,..., axit Lewis nhu AlCl;+ HCI
- V6i cdc qud trinh alkyl hod di thé: Al,O,,
Al,0,/810, va cac zeolit 4y



3.3.2. Qua trinh alkyl hod benzen bang propylen san xuat cumen.

3.3.2.1. Phan tng va di€u kién van hanh.
e (Cong nghé phan tng trong pha long: - Nhiét do va ap suat thap (50°C, 5 atm),
- Chat x1c tac: axit sunfuric.
» (Cong nghé trong pha khi: - Nhiét do 250°C
- Ap suit 40 atm
- Chat x1c tac: axit photphoric.

* Phan tng chinh xay ra nhu sau:
H,C

H+
CH, CH=CH, + © s

* Chat xuc tdc dugc st dung c6 thé 1a:

- AICl;, ti€n hanh ¢ 10-95°C.

CH,

NAS

C
l

- H;PO,, c6 hoac khong ¢6 chat xtc tién mang trén chat mang ran.

- Bentonit dugc hoat hoa axit, cho phép tién hanh phan tng & 70-105°C.
118
- Aluminosilicat, str dung ¢ dang tuong tu xtuc tac cracking, lam viéc 6 200°C.



3.3.2.2. Cong nghé san xuat cumen bang phuong phap alkyl hoa bezen.
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* Pac diém cong nghé
« Yeéu ciu d6i v6i cumen thuong pham: ¢6 chita ham lugng céc tap chat
< 1200ppm (0,02% etylbenzen, 0,05% n-propylbenzen, 0,05% butylbenzen).
e Hiéu suat qua trinh tinh theo benzen 1a 96-97% va tinh theo propylen 1a 91-92%.

« Ngoai ra, dé thu héi thém cumen, mot s6 cong nghé ¢6 thém bo phan transankyl

ho4 nham chuyén diisopropylbenzen va benzen thanh cumen theo phan ting sau:

CH(CH3)2 CH(CH3)2

(/ CH(CH;), + © _ . QO

Nhiét d6 phan tng: 180 - 250°C
Ap suit: 2 MPa

Ty 1é benzen/diisopropyl benzen = 5/10.
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3.4. Hydroformyl hoa propylen san xuat ruou
butylic (phan ing tong hop Oxo)

3.4.1. Dic diém cia phan tng va diéu kién dong hoc.

Phan ting cta propylen cho san pham la butyladehyt va isobutyladehyt:

CH; -(CH,),-CHO
2CH; - CH=CH, +2CO + 2?2/{ AHC,06= - 125 kJ/mol

N

(CH;),CH-CHO

Ty 1¢ tao thanh hai san pham butyraldehyt/isobutyraldehyt = 4/1.
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3.4.3. Cong nghé hydroformyl hoa propylen san xuit ruou butanol.

* Piéu kién van hanh:

Nhiét do: 110 — 180°C

Ap suit 20 — 35 Mpa

Ty 1¢ mol CO/H,=1/1 1/1,2

Thot gian luu: 1 — 5 phgt

Luong xtc tac su dung: 0,2 — 1% KL so véi propylen.

Tang ty 1€ n-/iso:

D¢ tang ty 1¢& n-/iso 1én 9/1, hang Shell da str dung xic tdc coban hydrocacbonyl thé
bang phosphin (Hco(CO),P(n-C,Hy);). Phan ting dugc thuc hién & nhiét do 180 —
200°C va ap suat 5 — 10 Mpa. Tuy nhién, hoat tinh ctia hé xuc tdc nay con thip va cé
xu hudng tao di€u kién thuan loi cho cac phan ting phu hydro hoa olefin va aldehyt hon
la xuc tac thong thuong.

Hang Union Carbide phat trién hé xtc tac bién tinh cacbonyl rodi bang
triphenylphosphin va tao ra ty 1& sin pham mach thang 16n hon nhiéu (n-/iso =10/1)

trong di€u kién phan tng rat mém (nhiét do 60 — 120°C, ap suat 0,1 -5 Mpa). 199



Hon hop cac n- va iso-aldehyt dugc hydro hoa thanh cac rugu tuong ing.

H,/Ni
CH3 -(CHz)z-CHO — CH3 -(CHz)z-CHzOH

H,/Ni
(CH;),CH-CHO ——»  (CH3),CH-CH,0H

eNhiét do: 150 — 200°C
«Ap suat 5 — 10 Mpa,
+Chat xtc tac: dong hoac niken
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So d6 cong nghé san xuat butanol
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* Pac diém qud trinh:

« Pong san pham isobutylaldehyt ¢ it ting dung van gay
trd ngai vé kinh t€ cho qua trinh. dé nghi mot cong nghé
co ca phan xuong cracking xuc tac isobutylaldehyt va
tuan hoan cdc san pham cracking nay (propylen, CO,
H,).

 Néu hydro dugc thay thé bang hoi nuéc, co thé thu duoc
san pham c6 chira 88% n-butanol va 12%isobutanol.
Phan tng chinh:

' CH,-CH=CH, + 3CO + 2H,0—C,H,OH + 2CO, AHC,, = - 240 kJ/mol

e Hé thong lam viéc 0 100°C va 1,5Mpa, cé mat chit xic
tac pentacacbonyl sat, butyl-pyrolidon va nudc.

125



3.5. San xuat Axit Acrylic

Axit acrylic duoc sit dung nhu mot chat trung gian cho cdc qua trinh tong

hop cac este phan tir luong thap, cac etyl, butyl va 2-etyl hexyl acrylat
Cac phuong phap chinh san xuat axit acrylic:

- Oxi hoa propylen pha hoi tién hanh qua hai giai doan, trong dé giai

doan trung gian tao acrolein.
- Thuy phan etylen cyanhydrin.

- Phuong phap polyme hoa B -propiolacton thu dugc nh& qua trinh phan tng

gitta formaldehyt v6i ceten.

- Phuong phap oxi cacbonyl hoa etylen.
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Phuong phap oxi hoa propylen
3.5.1. Nguyén tac phan tng.

* Phan tng chinh xay ra nhu sau:

CH,=CH-CH, + O, — CH,=CH-CHO + H,0  AHP°,, = - 340 kJ/mol
CH,=CH-CHO + 1/20,—— CH,=CH-COOH  AHP°,, = - 250 kJ/mol

* Phan tng xay ra theo co ch€ goc tu do:
(a)Khoi mao: o, — 20
CH,=CH-CH, + O* —» CH,=CH-CH,* + *OH
(b) Phat trién mach:
CH,=CH-CH, + *OH —»CH,=CH-CH,* + H,O
CH,=CH-CH,* + O* _, CH,=CH-CH, + *OH
(¢) Ngat mach:
CH,=CH-CH,* + O* — CH,=CH-CHO
Va CH,=CH-CHO + *OH — CH,=CH-CO" + H,0

127
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* Pac diém cia qua trinh ?

128



* Qua trinh ox1 hoa propylen:

- Chat xdc tac: CuO/SiO, hoac Al,O;. hon hgp
cuia cdc oxit bismut, kali, coban, sat, niken,
thiéc telu, vonfram...cic axit molipdic hoac
silicomolipdic.

- Nhiét do: 300 — 350°C

- Ap suat: 0,1 — 0,3 Mpa

- Ty 1é¢ mol nuéc/propylen khoang 4/5
- Ty 1¢ oxi/propylen khoang 2/1

- Do chuyén hod mot 14an tir 90 — 95%
-Hiéu suat acrolein 1a 80 — 90% mol.

129



* Quad trinh chuyén hod acrolein:

- Xlc tac trén co s& hon hop cua cac oxit
molipden va vanadi tam thém mot s6 hop chat
cua vonfram, dong, crom, telu, asen....

- Nhiét do: 250 — 280°C

- Ap suat: 0,1 — 0,2 Mpa

- Ty 1é¢ mol nuéc/acrolein khoang 5/7

- Ty 1¢ oxi/acrolein khoang 2/1.

- Do chuyén hod mot 14an tix 95 — 97%

- Hiéu suat mol axit acrylic trén 90% tinh theo
acrolein
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* PDiéu kién cong nghé:

Xic tac dac trung dua trén co so oxit molipden.

Cac thiét bi phan tng la hé 6ng chum c¢6 dong mudi néng chay tuan hoan
gilta cdc 6ng dé tach nhiét cho phan tng, dam bao kiém sodt nhiét do hiéu
qua va tan dung nhiét san xuat hoi ap suat thap.

Xic tac duoc phan phoi trén 16p dém cang dong déu cang tot, ddm bao su
dong nhat vé dp suét, toc do dong, do chuyén hod... va vé ca tuodi tho cua
xuc tac.

Céc tdc nhan phan tGng di chuyén tir trén xuoéng dudi qua 16p xuc tdc, phia

trén 16p xuc tdc dugc phu mot 16p chat ran tro dé gia nhiét cho nguyén liéu.
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So do cong nghé san xudt axit acrylic bang qua trinh oxi hod propylen
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3.6. San xuat axeton

e Axeton la chat 1ong c6 ty trong d*°, = 0,790, t .=-94,6°C, t.=56,1°C

o Ung dung: - San xut cdc hop chat nhu diaxeto ancol, hexylen glycol,
metylisobutylcacbinol, metylisobutyl xeton (bang phan ing ngung tu
aldol), Bis phenol A, Metylmetacrylat, lam dung moi...

e Phuong phap san xuat:

- Dehydro hoa isopropanol, luong axeton dugc san xuat theo phuong phap nay
chiém 1/3 tong luong axeton san xuét trén thé gidi.

- Ox1 hod cumen tao hydroperoxit sau d6 phan tach thanh phenol va axeton.

- Oxi hoa truc ti€p hon hop propan va butan hay phan doan naphta cho hon
hop céc san pham trong d6 c6 axeton (cong nghé BPI chemicals).

- Pong oxi hoa propylen va isobutan thanh propylen oxit va t-butyl ancol va
thu axeton nhu mot san pham phu (cong nghé ARCO chemical).

- Ox1 hod isopropanol thanh axeton va hydroperoxit, cong nghé Shell.

- Oxi hod truc ti€p propylen bang oxi khong khi duéi su c6 mat cua phic, congs
nghé cua Wacker/Hoechst.



3.6.1. Nguyén tic qud trinh
 Xic tdc: paladi clorua va dong clorua, qua trinh chuyén hod trai qua cac giai
doan sau:

Tao phiic giira xuc tac v6i propylen:
CH;-CH=CH, + PdCl, + 2 HCl «—— [Pd(Cl;.CH;-CH=CH,] - + Cl" + 2H*

Phiic nay s€ bi thuy phan tao thanh axeton va kim loai paladi:
Phan iing tong quat :
CH,-CH=CH, + Pd(Cl, + H,0 ——CH;-CO-CH; + Pd + 2 HCI

Paladi kim loai phai dugc hoan nguyén lai dang ban dau nho phan tng véi clorua
dong.
Pd + 2Cu(l, ' * PdCl, + 2 CuCl
Su két hop cua hai qua trinh chuyén hod nay tao nén giai doan dau tién trong
cong nghé oxi hoa propylen san xuat axeton:

PdCl
CH;-CH=CH, + 2Cu(Cl, + H,O S CH;-CO-CH; + 2CuCl + 2 HC1
Giai doan thi hai trong qua trinh 1a tai sinh clorua dong I nho khong khi hoac
oxi nguyén chaf 134

2 CuCl + 2HCI + 1/20, —2CuCl, + H,0



e Phan ting tong clia toan bd qud trinh:

* Pac diém phan tng:
- Toc d6 phan tng ty 1& thuan véi su hinh thanh phitc gitta propylen va clorua
paladi
-Phan tng oxi hoa propylen thuc hién o:
+ Nhiét do: 90 — 120°C
+ Ap sudt thap 0,9 — 1,2 Mpa
+ Xdc tac duoc tai sinh trong cung di€u kién.
Do chuyén hod mot 14n dat 98 — 99%

Hiéu suat dat 92 — 94% mol.
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3.7. San xuat Acrylonitril
CH,=CH-CN
 Acrylonitril: d*°,= 0,806, t = - 83,5°C, t.=77,3°C

> 'nc
e Uung dung:
- San xudt cao su nitril va cao su Buna N
- Copolyme cua butadien va acrylontril
- San xudt sgi tong hop, nhua, chat déo
- Cac hop chat hitu co trung gian.
. Cac phuong phap san xuat:
- Phuong phdp ammoxi hod propylen, cong nghé nay duoc phat trién bdi cong ty
Sohio véi su cai ti€n hé xtc tac su dung.
- Cong hop hydrocyan vao etylen oxit tao cyanhydrin, sau d6 dehydrat tao acrylonitril.
- - Thuc hién phan tng gitta hydro cyan véi axetylen

- - Dehydrat hod san pham lactonitril ciia qud trinh phan tng giita axetaldehyt véi
hydro cyan.

- - Ammoxi hod propylen bang NO2
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3.7.2.2. San xuat acrylonitril bang phuwong phap ammoxi hoa propylen.

* Nguyén tac qua trinh:
CHZZCH_CH3 + 3/202_> CHZZCH_CN + 3H20
AH®,9¢ = - 515 kJ/mol

Phan ting nay xay ra qua giai doan tao hop chat trung gian acrolein nhu sau:

CHzZCH_CH3 + 02 _>CH2:CH_CHO + Hzo

CHzZCH_CHO + NH3 —> CH2:CH_CH:NH + Hzo

CH,=CH CH=NH + 1/,0, — CH,=CH'CN + H,0
Mot s6 phan Gng phu:

2 CH2:CH_CH3 + 302 + 3NH3 — 3CH3CN + 6H20

CH2:CH_CH3 + 302 + 3NH3 —>3HCN + 6H20

CHzZCH_CH3 + 302 —> 3CO + 3H20

2CH,=CHCH; + 90, —> 6CO; + 6H,0 138



* Chat xuc tdc cho qua trinh:

Hé xuc tac dau tién: Bismut photpho molipdat

H¢ xuc tac tha hai: Antimo va uran (xuc tac 21)

He xuc tac thit ba: Sit va bismut phtpho molipdat tam Co, Ni va K (hé xtc tdc
41). Hé xuctac nay da nang hiéu suat cua qua trinh 1én 10 — 35%.

Heé xiic tac thit tu ra doi (xuc tac 49) dap ung yéu cau veé tinh bén co hoc.
Cong nghé hai giai doan:

- Trong giai doan dau: xtc tac trén co sG oxit ctia selen va dong.

- Trong giai doan thit hai: xtc tdic MoOj; va cic hgp chat khéc.

. Cong nghé mot giai doan: xuc tac oxit molipden cé su dung chat xtc tién NaOH

hoac coban molipden va oxit telu két hop véi oxit antimo va thiéc.

. Ngay nay: hé xic tac trén co sG coban, sat va molipden.

. MGi nhat 1a hé xic tdc tam antimon va sat (ky hiéu NS733A hay xtc tdc 13)
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* Cong nghé san xuat acrylonitril:

- Cong nghé thuc hién trong pha khi.

- Hé thiét bi phan ng xic tac tang soi:
+ Uu diém:thuan loi cho qua trinh tan nhiét cho phan ting, dong déu hoa nhiét do
moi trudng phan ting, gitip cho viéc kiém sodt nhiét t6t hon do d6 1am tang hiéu
qua lam viéc cua chat xuc tac (cong nghé Sohio, Montedison/UOP, Nitto...).
+ Nhuoc diém: Do bén co hoc clia chat xtc tidc giam.

- Heé thiét bi thém xuc tac cd dinh:
+ Uu diém: kéo dai tinh bén co hoc clia xtc tac
+ Nhuoc diém: gradien nhiét 16n, pha huy xic tdc nhanh chéng do di chuyén cta
cac pha hoat dong va su hao mon cua xuc tac.

- V6i thoi gian luu 2 — 15 giay, tudi tho cta xtc tdc ¢6 thé kéo dai tir 1-3 nam, va c6

thé dai hon véi cac hé xic tic tién tién. 120



* Piéu kién phan tng:

- Vé nguyén tac: Phan ting ammoxi hod propylen xay ra véi lugng du amoniac va oxi
so v6i hé so ty lugng.

- D06 tinh khiét cua nguyén liéu dau vao:
+ Propylen >90% KL
+ Amoniac: 99,5% KL.

- Thanh phan nguyén liéu cho cac cong nghé sir dung chét xic tac khac nhau:

Xc tac Thanh phan

Propylen Amoniac Khong khi Hoi nude
Sohio 1 1,5—2 10— 20 2—4
Sohio 1 1,06—1,2 10— 15 -

PCUK/Distillers 1 1,1 —1,2 12-15 -
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Kinh nghiém: Hiéu suat acrylonitril tang theo ty 1&¢ NH,/propylen.
Thuc t€ ty 1& NH,/propylen =1 hoac 0,8.

Nhiét d6 phan tng trong khoang 400 — 500°C

Ap suit duéi 0,3 MPa.

Ty 1€ mol acrylonitril/axetonitril tang 1én nhanh chong khi nhiét do trén 400°C va

dat cuc dai ¢ khoang 470 — 480°C.
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* Ti€n hanh phan tng:

« Do chuyén hod mot 1an ctia amoniac dat trén 95% (trong cong nghé xic tic tAng
s01) va xap xi 85% (trong cong nghé thém xic tac cd dinh).

« Do chon loc, hay hiéu suat tao acrylonitril rit nhay véi cac loai xtdc tac va diéu
kién phan tng khac nhau

o Thoi gian luu: trén 1 giay.

« Hiéu suat qud trinh ¢ thé dat dén 72 — 75% mol do6i véi hé xic tac tién tién
nhét, thuc hién trong cac thiét bi xtc tac tang soéi va gan 78% trong cac thiét bi
thém xtc tac co dinh.

 Nhiéu loai san pham phu ciing hinh thanh véi ty 1& 16n nhu axetonitril, HCN...

 Axetonitril thuong dugc chuyén hod thanh acrylonitril theo phan ting sir dung
xuc tac trén co s6 KBr mang trén chat mang nhu sau:

CH;CN + CH, + O, + H, O —— CH,=CHCN + CO, + CO + H,

« Hydrocyanua dugc st dung cho qua trinh tong hop axit metacrylic, methionin...
Tuy nhién, trong nhi¢u trudng hop, dé tranh 6 nhiém va dam bao an toan, HCN
duoc dot bo.



"hanh phdn sdan phdm ciia qud trinh ammoxi hod propylen sdn xudt acrylonitril (% TT)

Tang soi Thém c6 dinh
Cong nghé xuc tac
Xuc tac Sohio 41 Nitto 13 PCUK/Distillers

Thanh phan sian pham
Acrylonitril 5,2 5,3 4.3
Hydrocyanua 1,8 1,1 1,0
Axetonitril 0,7 0,1 0,3
Cacbon monoxit 1,0 0,8 0,5
Cacbon dioxit 1,6 2,9 1,2
Cac hop chat nitril - - Rat it
Cac san pham nang Rat it Rat it -
Propan 0,8 0,8 0,6
Propylen 0,5 0,2 0,3
Nudéc 26,3 25,2 33,6
Amoniac 0,2 1,0 1,1
Oxi 2,2 1,8 4,0
Nito 59,7 60,8 53,1
Tong 100,0 100,0 100,0 444




Cong nghé ammoxi hoa propylen xitic tac tang soi (cong nghé Sohio):
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Cong nghé ammoxi hod propylen thém xtc tic c6 dinh
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3.8. San xuat isopren tit propylen.
CH,=C-CH=CH,
CH,

Isopren (t,=34°C, d*°,=0,681) 12 monome cho qud trinh tong hgp polyme
cis-1,4 polyisopren (cao su tu nhién c6 chita 85% thanh phan dong phan
nay) co gia tri kinh t€ cao.

Isopren c6 thé dugc chiét tir phan doan C5 cua qua trinh cracking hoi nudc
va dugc tong hop bang nhiéu phuong phéap khac nhau:

Phuong phap dehydro hoa isopentan (cong nghé Houdry vad UOP).
Phuong phap dehydro hod isoamylen (cong nghé Shell).

Phuong phdp san xuat isopren di tir propylen, cong nghé cua Goodyear

Scientific Design.
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* Qua trinh cong nghé san xuat isopren tir propylen.
Qua trinh san xuat isopren tit propylen dugc tién hanh theo ba budc sau:

(a) Qua trinh Dime hoa:

2CH;-CH=CH, —> CH2=|C—CH2—CH2—CH3
CH;
AHY,¢4=96 kJ/mol

(b) Qua trinh isome hoa:

CHp=(-CH,-CHp-CH3 — CHj;-C=CH-CH,-CH

CHj; CH,4

(¢) Qua trinh cracking:
CH3-?=CH-CH2-CH3 —> CH2= Clj -CH=CH2 + CH4
CH; CHj;

AH? . ,=63 kJ/mol 148



* Piéu kién ti€n hanh:
e Qua trinh dime hoa:
- Chat xtc tac tripropyl nhom
- Nhiét do 150 200°C
- Ap suat 20 MPa.
- Thot gian lwu: 15 phut
- D06 chon loc: 90-95%
- Do chuyén hoa mot 1an dat 60-95%.
. Qua trinh 1some hoa:
- chat xuc tac: axit photphoric
- Nhiét do 150-300°C
- Thiét bi phan ting thém xdtc tac co dinh.
- D6 chon loc phan tur dat 98 99%
- P06 chuyén hod mot 1an 85%.
. Qua trinh cracking:
- Nhiét do 650-700°C
- Chat khoi mao goc tu do (HBr hoac peroxit) va hoi nuéc.
- Thot gian lwu:1/10 giay.
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Phan doan
khi (chung
cat hoac
cracking)

Chuong 4. San xuat Butadien va Buten

A 4

CO,, H,0

> Andehyt — 5 n-butanol —, chat hod déo cao su

-H,
—— Butadien — (Cao su

CH,,

H,0, xt ) - :
|22 % Ruou bac hai L Metyletylxeton —  Dung moi
0,, XT
» Anhydric maleic — Nhua
HCHO, xt HCHO, xt

» Dimetylmeta dioxa ——  isopren — Caosu

pButadien — Caosu

0,, XT

Anhydric maleic — Butadiol — Nhua

\ 4

— Butylrolacton

|, Polybutyltetraphtalat

[y Axitfumaric — 5 AXit maleic
Ox1 hoa - Axit axetic

>

»[so butan — isobuten —> MTBE
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Bdng 4.1 . Nhiét do soi cua cdc cdu tir trong phdn doan C,

Hydrocacbon Nhiét do soi (°C)
1sobutan - 11,7
1sobuten -6,9

1- buten -6,3
Butadien -4.4
n-butan -0,5
trans-2-buten -0,9
cis-2-buten 3,7
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4.2. San xuat Butadien.
CH,=CH-CH=CH,
t=-4,413°C, d204:O,621

* Cac phuong phap san xuat butadien:

Axetylen va formadehyt

Axetaldehyt %

dehydro hoa va dehydrat hoa . .
Etanol ' ' > Butadien
Phan doan C4
(cracking hoi nudc) o
de\\‘f ar®

n-buten va n-butan 153



4.2.1. Cac phuong phap san xuat butadien
bang qua trinh dehydro hoa.

e 4.2.1.1. Dehydro hoa truc ti€p c6 xuc tac.

. Qua trinh duoc tién hanh trén nguyén liéu ban dau la buten hoac
butan, né€u nguyén liéu dau la butan, qua trinh thuc hién qua hai giai doan

thong qua giai doan trung gian tao buten.

n-C4H8 —> CH2:CHCH:CH2 + H2
n_C4H10 —_— CH2:CHCH:CH2 + 2H2
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* Dehydro hoa buten c6 xuc téc.
A. Diéu kién van hanh:

« Nguyén liéu phan doan C4 duogc xt 1y d€ dat duoc néng do buten thich
hop(70-95%KL).

e Qua trinh dehydro hoa buten xay ra theo phan tng sau:

CHZCH-CHZ-CH3}
== CH,=CH CH=CH, + H,
CH;-CH=CH-CH,

AH,5,=124 kJ/mol

e San xuat butadien trong cong nghiép:
- Chat xuc tac:Fe,0,/Cr,0;, Fe,0,/Cr,05, Ni va Ca photphat, Fe,O,/Bauxit
- Nhiét do > 600°C.
- Ap suit: 0,1-0,2 MPa

- Hoi nudc.
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Bang 4.2. Diéu kién van hanh qua trinh dehydro hoa buten san xuat butadien
trén cac xuc tac khac nhau:

Xuc tac Shell 105 Shell 205 Dow B Phillips 1490
ga5 | [,05/Cr,0; | Fe,0,/Cr)0, Ni va Ca Fe,O,/Bauxit

Diéu kién photphat
Nhiét do (°C) 680 680 680 680
Ap suat (MPa) - 0,18 0,20 0,18
Hoi nuéc/buten 18/1 8/1 20/1 12/1
(mol/mol)
Thé tich dong - 500 125-175 300-400
(h)
Do chuyén hod 20-30 26-28 > 45 27-33
mot 1an (%)
b6 chon loc 80-70 75-173 90 76-69
butadien (%)
Thoi gian tai sinh | 1 gio dén 7 1-24 gio 15-30 phut Khong
xuc tac ngay




B. So d6 cong nghé dehydro hoa buten san xuét butadien.
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* Dehydro hod butan c6 xuc tac.

A. Diéu kién phan tng:
Qua trinh xay ra theo phan tng sau:

CH3 _CHz_CH:CHz
+ H,

H3-CH:CH-CH3 o

I

CH;-CH,-CH,-CHs

p— CHzZCH_CH:CHz -+ H2

CH3 -CHz—CH:CHz }

CH;-CH=CH-CH,

- Nhiét do phan tng: 550 - 700°C.

-Ap suat: < 0,IMPa

- Do chuyén hoa: 57,7% (phan tng dau).
15,9% (phan ting thit hai).

- Chat xuc tac: oxit nhom va crom.
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B. Cong nghé san xuat butadien bang qua trinh dehydro ho4 butan:

* Cong nghé¢ UOP:
- Thiét bi phan ting 6ng chum
- Chat x1c tac: oxit crom/oxit nhom
- Nhiét do phan tng: 570°C
- Ap suat ddu vao: 0,8 MPa, dp sudt trong cic 6ng 13 0,5 MPa (mbi 6ng dai 5 m, dudng
kinh 7,5 cm).
- Do chuyén hod mot 1an: 22,5%.
- Do chon loc: 80 - 90% mol.
* Cong nghé Phillips:
(a) Dehydro hod n-butan thanh buten.
(b) T4ch buten, butan chua phan ting va cic san pham khédc bing chung cat phan doan va
chung trich ly bang dung moi 10ng furfural va sau d6 tuan hoan butan chua phan tng.
(¢c) Dehydro ho4 buten thanh butadien.
(d) Tach va tinh ché butadien bang chung trich ly ¢6 sir dung dung moi furfural sau do tuin
hoan buten chua phan tng. 159



Diéu kién van hanh

Nhiét do 590°C
Ap suit 0,2 MPa
Thé tich dong 700 h!
Do chuyén hod mot 14n 30%
Luong ray phan tu st dung 80%(KL)

- Thiét bi phan tng 6ng chum, lam viéc luan phién.
- Nguyén liéu ban dau chita 98% n-C4 dugc lam kho.

- Qua trinh tai sinh chat xuc tac thuc hién 6 ap suat 0,7 MPa véi dong khi
chua 2 - 3% oxi.
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* Cong nghé catadien Hoydry (Air Products).

- Diéu kién van hanh:

Nguyén liéu: > 95% n-C,

Nhiét do: 600- 675°C.

Ap suit:15 -70 kPa.

Chat xtc tac: nhom hoat tinh chita 18-20%oxit crom.
The tich dong: 300 h!-

Do chuyén hod mot 14n: 50 - 60%.
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So do cong nghé qua trinh dehydro ho4 butan san xuat butadien.
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4.2.1.2. Dehydro hod bang tac nhan oxi hoat dong.

Phuong phép nay duogc thuc hién bang hai qud trinh khac nhau:
« Tai sinh chat xic tac HI bang oxi.
« Dehydro hod bang oxi véi su hinh thanh nuéc, qua trinh nay xay ra theo phan

ung sau:

C4H8 + 1/202 —> C4H6 + H20

(Tuy thudc vao san pham iso)
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* Piéu kién van hanh:

e Nhiét do phan tng: 400- 600°C.

« Apsuit: 0,15 MPa.

e  Chat xtc tac trén co sO muoi cua bismut molipdat va
photphat c6 bo sung thém mot s6 kim loai chuyén
tiép khac.

« Ty lé oxi/buten = 1.

e Ty Ié hoi nuéc/buten 1a 30- 50.

« Do chuyén hod mot 1an dat > 60%.

DO chon loc butadien 1a 95%.
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so do cong nghé san xuat butadien bang qua trinh dehydro hoa
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* Uu diem ?
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4.3. Mot s6 ing dung cua Butadien

cao su styren-butadien (SBR).

q ) . / cao su nitril
San xuat cao su tong hop \
H

Polybutadien
H H H H H
w | | H | H é
. Cc= C_ | C_| —
e S o= ] e
H | " | | H
H H H H H H

cis-1,4 polybutadien
Nguyén liéu tong hop

»  San xuat Cloropren
hitu co \

San xuat Adiponitril
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4.3.2. San xuat Cloropren (2-clo 1,3-butadien)
CH,=CH - CCl = CH,
t=59,4°C, d*,= 0,9585

. Qua trinh xay ra theo cac budc sau:

(a) Clo hoa butadien:

cl CICH,-CH=CH-CH,Cl
b
300°C  CH,=CH-CHCI-CH,CI

(b) Isome hoa 1,4-diclo 2-buten:

CH,=CH-CH=CH,

CuC!

CICH,-CH=CH-CH,Cl
2 2 100°C

CH,=CH-CHCI-CH,Cl

(c) Dehydro hoa 3,4-diclo 1-buten:

+15%NaOH
CH,=CH-CHCI-CH,Cl 1((;0°c > CH,=CH - CCl = CH, + NaCl + H,0
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Tinh chat cua cloropren thuong pham dugc san xuét tir butadien

Céc tinh chat Pon vi Gié tri
2-clo butadien % KL min 98,5
1-clorobutadien % KL max 1,0
3,4-diclo 1-buten ppm max 100
Cac dime ppm max 100
Cac andehyt (nhu axetaldehyt) ppm max 1000
Cac peroxit ppm max 1
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* Piéu kién van hanh.

A. Qua trinh clo hoa:

e Thuc hién trong pha khi.

e Nhiét do 250-350°C (thich hgp nhat 1a khoang 300°C)
o Ap suit khi quyén.

« Ty 1é butadien/ clo: 3- 6/1.

e Toc do thé tich dong: 1000 h'l.

* PO chon loc doi véi butadien: 90%.

« Do chuyén hod mot 1an: 15%.
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B. Qua trinh 1some hoa:

. Chat xuc tac: CuCl trong dung moi hitu co (nhu Q-

picoline).
e Nhiét do: 105-125°C.
« Ap sudt chan khong (20 kPa).
« Chat tic ché (phenothiazine).

e Do chuyén hod mot 1an doi véi 1,4-diclo 2-buten 12
khoang 80%.

« P06 chon loc doi véi 3,4-isome >75%.
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C. Qua trinh dehydro hoa:

e Nhiét do: 80 -110°C.

o Ap suat khi quyén.

e Dung dich NaOH (5- 15%).
« Chat tic ché (axit picric).

e Céc san pham phu: 1-diclobutadien, diclo 2-buten, polyme, natri
clorua va cac mono clobuten (1-clo 1-buten, 2-clo 2- buten, 2-clo

1-buten...).

e Thoi gianluula 1 - 3 gio (N€u qua trinh khong st dung chat xuc
tac).

PO chon loc >95%.

« Do chuyén hod mot 1an gan 95%. 172



So d6 cong nghé san xuat cloropren tir butadien.
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CHUONG 5
SAN XUAT CAC HOP CHAT TUBTX



5.1. Giai thiéu chung
5.1.1. Nguoén cung cap nguyén liéu BTX

Coc hoa than ¢ nhiét do cao.

Reforming xuc téc.

Xang nhiét phan cua qua trinh cracking cac phan doan ctia qua trinh loc dau
nhu naphta, gas oil.

Khi ddu mo hoa 1ong (chu yéu la C3, C4).

Cracking hoi nu6c phan doan naphta.
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5.1.2. Pac trung k¥ thuat cua nguyén liéu.

Tinh chat Pon | Benzen Toluen o-xylen m-xylen p-xylen
vi

Khoi luong phan | dvC 78,11 92,13 106,16 106,16 106,16

tur

Ty trong & 20°C 0,879 0,867 0,876 0,857 0,857

Nhiét do nong | °C 5,53 -94,99 -25,2 -13,3 -13,3

chay

Nhiét do soi °C 80,1 110,6 144.4 138,4 138,4

Gi6i han chdy | % thé
nétrong  khong | tich

khi:

Du6i 1.4 1,3 1,1 1,1 1,1

Trén 7,1 6,8 6,4 6,6 6,6

Nhi¢t do chop | °C -11,1 4.4 17,2 25 25

chdy coc kin

Ty trong hoi 2,77 3,14 3,7 3,7 3,7

Gid6i han tiép xuc 5;8 50; 8 100; 8 100; 8 100; 8 176

(ppm; gio)




5.1.1.1. Reforming xtc tac
* Vi du vé€ mot vai phan tng hod hoc:
(a) Phan tng dehydro hod cyclohexan va déng dang:

P

(o

(b) Phan ting dehydroisome ho4 cdc dong dang clia cyclopentan:

CH, CH,
cH,_ | |

O om

(c) Phan ting dehydro vong hoa cac parafin:

%
GHijg —— @ + 4H,
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5.1.1.2. Xang nhiét phan

« Thanh phan cua xang nhiét phan cé chita cac hydrocacbon thom véi ty 1€ cao, cac

anken, dien, ankan va cycloankan

e Bdng 5.1:Su phdn bo san pham hydrocacbon thom thu duogc ti reformat va xdng
nhiét phdn.

Reformat Xang nhiét phan
Benzen 11 54
Toluen 55 31
Céc hop chat thom C 34 15
179




5.1.1.3.Cac hop chat thom C8.

e Bdng5.2:Ty lé cdc hop chdt C8 thom trong reformat va xdng nhiét phdn.

Hop phan Ty 1& hop phan (% KL) Nhiét do Nhiét do
- ) s01 (°C) néng chay
reformat X'ng nhiét °C)
phan

o-xylen 24 12 144 -25

m-xylen 40 25 139 -48

p-xylen 19 10 138 13

Etylbenzen 17 53 136 -95
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Hinh 5.2. Quy trinh phdn tdch xylen tir hon hop C8 thom.

C,; thom

-

v

Chung cat

K&t tinh hoac

v

Y

Hép phu

——>

o-xylen

»
»

Céc hop chat G
thom con lai

p-xylen
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Mot s6 qua trinh chuyén héa xylen trong hén hop C8 thom.

* Jsome héa (chuyén héa m-xylen thanh p-xylen):

C, thom

Chung
cat

Téach p-xylen Isome hod

A\ 4

A\ 4

>  p-xylen
» O-Xxylen

Hinh 5.3. So do khoi phdn xuong tach xylen vdi giai doan isome hod

* Hydrodealkyl héa va phan bo lai: |

CH,

O +H2 _— © +CH4

2 CeHsCH;  —— CgHg + CgHy(CH3),
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5.2. San xuat Phenol OH
d2,=1,072, t,=41°C, t,,=182°C @

* Mot sO ing dung cua phenol:
- Trong cong nghiép hoa chat: axit adipic, anilin
- San xuat cac monome nhu Bis phenol A, caprolactam), nhua phenolic.

* Cac phuong phap san xuit phenol:

(a) Qua trinh sufonat hoa benzen va sau d6 thuy phan tao phenol.

(b) Qua trinh oxiclo hoa benzen trong pha khi.

(¢) Qua trinh oxiclo hoa cyclohexan trong pha long, sau d6 dehydro hoa cé xtc tac
tao phenol.

(d) Qua trinh oxi hod cumen bang hydroperoxit tao phenol va axeton (phuong phap
cumen).

(e) Qua trinh ox1 ho4 toluen.

183
(f) Axetoxyl hod benzen.



5.2.1. San xuat phenol bang phuong phép oxiclo hoa benzen.

* Cong nghé Hooker Raschig:

e Cac phan tng xay ra trong cong nghé nhu sau:

C¢Hg + HCI + 1/,0,(kk) — CcH5Cl + H,O  AH%gg = - 220 kJ/mol
C¢HsCl + H, O —— «HsOH + HCI AH®,y¢ = - 12 kJ/mol

« Diéu kién van hanh:
- Giai doan dau tién (qua trinh oxi clo hoa ):
. Nhiét do: 230 - 270°C.
. Chat xuc tac: trén co s6 mudi dong clorua va sat clorua dugc mang trén chat
mang tro.
. Do chuyén hod mot 1an dugc gidi han trong khoang 10 -15% mol.

. Do chuyén ho4 tinh theo axit clohydric: 98 %. 184



- Giai doan thit hai: qua trinh tinh ch€ mono clorobenzen bang chung

cat.
- Giai doan thit ba (thuy phan monoclobenzen):
. Nhiét do 450 -500°C
. Ty 1& hoi nuéc/ monoclobenzen: 1/1 (tinh theo khoi luong).
. Chat x1c tac tricanxi photphat hodac silicagel
. Do chuyén hod cua qud trinh: 10 - 15%.
. Hiéu suat: 85 -95% mol.

- Giai doan cu6i cung: qud trinh tinh ché€ san pham phenol bang

phuong phép chiét
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. So do cong nghé sdn xudt phenol bang qud trinh oxiclo hod benzen.
Cong nghé Hooker/Raschig
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Mot s6 dic diém cua cong nghé ?
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5.2.2 San xuét phenol bang qua trinh Cumen
A. Oxi hoa cumen thanh hydroperoxit:

* Nguyén tac qué trinh:
CgHs - CH(CH3), + Oy— C¢Hs - COOH(CH3), AH%gg=- 112 kJ/mol
*Qua trinh oxi hod cumen thanh hydroperoxit duoc thuc hién bang hai phuong phap
chinh: - Cong nghé nhii tvong(cong nghé cii):
. pH=8 — 10.,5.
. Chat nhii hoa: natri stearat.
. Nhiét d6 80 — 120°C
. Ty 1é nu6éc/cumen = 2 — 5/1.
. Oxi nguyén chat (ap suat 0,1 MPa) hoac khong khi (ap suat 0,5-0,7 MPa).
- Cong nghé oxi hod trong pha dong thé (cong nghé phat trién sau):
. Nhiét do trong khoang 115 — 130°C.
. Co ch€ goc tu do.
- Céc san pham phu: axit formic, axit axetic, axetonphenol, 2-phenyl 2-propanol, -
metyl styren, polyme, hydroxyl axeton...

- Do chuyén hod:20-25%. 188
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B. Qua trinh phan huy hydroperoxit:

* Nguyén tac qué trinh:

C6H5-COOH(CH3)2 —> C6H5 - OH + CH3-CO-CH3 AH0298: - 253 kJ/mOI

* Piéu kién van hanh:

- Nhiét do: 70-80°C.

- Ap suit thap (0,1-0,2 MPa).

- Thiét bi phan tng c6 canh khuay

- Chat xtc tdc: axit sunfonic, nhua trao doi ion... (0,2-1% KL).

- Thoi gian luu khoang 20-30 phit

- Hén hop phan tng duoc pha lodng véGi cdc san pham cla quéa trinh phan ting nhu
axeton hoac phenol.

- Do chon loc san pham phenol dat 94-95% mol

- Mot s6 san pham phu cta qua trinh:
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* Pac diém cong nghé:

-Uu diém ?
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5.3. San xuat Styren di tir benzen
t.=142,5°C, d20,=0,906

+ Etylen Dehydro hoa
Benzen » Etylbenzen » Styren

5.3.1. Qua trinh etyl hod benzen san xuat etylbenzen.
- Nhiét do < 600°C

-Chat xuc tac: axit Lewis nhu AICl, (qué trinh pha long) hoac zeolit (qua
trinh pha khi) .
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5.3.2. Qua trinh dehydro hod etylbenzen.
A. Diéu kién phan tng:

CeHs-CH,-CH; == C(H;CH=CH, + H, = AH%g= 125 kJ/mol.

-Nhiét do: 550 - 650°C
-Ap suat 0,1 - 0,3 Mpa (v6i cong nghé cii) va duéi 0,1 Mpa (v6i cong nghé
moi).

- C4c hé xic téc : céu tir hoat dong (Fe,0;), chit 6n dinh (Cr,O5, MgO,
Al,0s;...), chat tc ché tao coc (K,0...), chat khoi mao (CuO, V,0,, AgO...),

chat két dinh (canxi aluminat...).

- Ty 1& hoi nudc/etylbenzen : 1-1,2 (v6i diéu kién dang nhiét) va 1,6-2,5
(trong truong hop doan nhiét).
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B. Qua trinh cong nghé.

(a). Dehydro hod doan nhiét.

Mot thiét bi phan tng don lam viéc & di€u kién ap suét 0,15 - 0,2 Mpa, do
chuyén hod dat 40%.

Heé thong hai thiét bi phan Gng dit ndi ti€p nhau dé t6i vu ty 1& do chon loc va do
chuyén hoa, 1am viéc & ap sudt 0,15 - 0,2 Mpa, do chuyén hoa dat 45 - 55%.

He thong lam viéc & dp suét thap, do chuyén hoa dat trén 60%.
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(b). Dehydro hod dang nhiét.
thiét bi phan ting loai ong chiim
uu di€ém: nhiét do nguyén liéu ddu vao thap hon, ty 1¢ hoi nudc/nguyén liéu
dau thap hon so v6i qua trinh doan nhiét.
Diéu kién van hanh va hiéu suat trung binh ctia cong nghé nhu sau:

Nhiét do nguyén liéu dau vao: 580°C

Nhiét do dong chat tai nhiét: & dau vao: 750°C

6 dau ra: 630°C
Ty 1é hoi nuée: 1,1- 1,2
Do chuyén hod mot 1an: 60%

P06 chon loc: 92 - 94% mol.
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So d6 san xuat styren bang qua trinh dehydro hod etybenzen

To vent gas treatment

Y

| Crude styrene

!
I ,
o
Blower@ Ethylbenzene



5.4. San xuat alkylbenzen mach thang (LAB)
5.4.1. Gi6i thiéu vé€ nguyén liéu va san pham
LAB 12 san pham ctia qué trinh alkyl hod benzen, dugc sir dung dé san
Xudt tdc nhan tay rira phan huy sinh hoc anion.
T4c nhan alkyl hoa ¢6 thé 12 mono olefin C,,-C,, mach thang hodc mono
cloankan.
Vi du phan ting alkyl hoa benzen st dung tic nhan alkyl hoa 1a a-olefin
mach thang:
R- (le- CH;

H+
+RCH=CH, —>
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5.4.2. Cong nghé san xuat LAB.

Cong nghé san xuat LAB tir nguyén liéu ban dau la benzen va
ankan gom hai giai doan:

- Giail doan 1: Dehydro hoa n-parafin tao mono olefin (a-olefin).
Qua trinh nay thuc hién ¢ ap suat thap.

- Giai doan 2: ankyl hod benzen bang tac nhan a-olefin. Qua trinh
nay st dung chat xic tic HF, phan tng thuc hién trong pha

long 6 nhiét do 40-70°C.
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, . (1). Thiét bi phan tung dehydro hoa
Cong ngh¢ san xuat LAB ) 1hie b; tsch 1ong/ins

(3). Thiét bi chuyén hod diolefin

H nch
offgas Makeup
H } H
recycle

__11(__2_J3

— g

Dong giau

Linear mono olefin
paratfin
charge

IRFY R .

LE

1

-
L.

(4). Thiét bi stripping

Fresh

henzene

Benzere
recycle

1

— 6

(5). Thiét bi phan tng ankyl hoa
(6), (7). Thiét bi chung cat
(8). Tinh ché san pham.

Lab

Paraffin recycle

Heavy
alkylate



5.5. San xuat Caprolactam
d20,=1,02, t,=140°C, t _=69,3°C

* Cac phuong phap san xuat caprolactam:

Xyclohexan

Phenol

Xyclohexanol

Xyclohexanon

(CHy)5

Toluen

Axit benzoic

NH

|

C

Axit
hexahydrobenzoic

Xyclohexanonoxim Caprolacton

Caprolactam

O
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5.5.1. Qua trinh san xuat caprolactam tir toluen.

5.5.1.1. Giai doan oxi hod toluen thanh axit benzoic.

CH; COOH

|
© +3/,0; —>© + H,0

-Nhiét do: 160 - 170°C
- Ap suat: 0,8 - 1 MPa.
- Do chuyén hod mot 1an : 20 - 40%.
- D06 chon loc axit benzoic 93% mol.

5.5.1.2. Giai doan hydro hoa axit benzoic thanh hexahydrobenzoic:
COOH COOH  Nhiet do: 170°C

|
O +3H, — - O -Apsué’t: 1-1,5 MPa

- Chat xuc tac: Pd

5.5.1.3. &5%1 ﬁloqn chuyén hod hexahydrobenzoic thanh caprolactam.

NH
—
O + HNOSO,4 + H,SO, —> (CHz)s\ | + Hy50, + CO, 202
C=0



Cong nghé Snial Viscosa san xudt Caprolactam tir toluen
Toluene Oleum  Water Ammonia

:

Caprolactam

Hydrogen Nitrosylsulfuric ~ Ammonium ~ Solvent

acid sulfate

(1). Thiét bi phan dng oxi hod. (5). Thiét bi rira san pham bang nudc.

(2). ThaP té,Ch tqolu,en. ) (6). Thiét bi trung hoa san pham.
(3). Thft b% ph?n L,rng h_Ydfo hod. ) (7). Thiét bi chiét san pham lactam.
(4). Thiét bi phan tng nitrosyl sunfat hoa. (8). Thiét bi tinh ché san phim.
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5.6. San xuat anhydrit phtalic(AP).

5.6.1. Dac tinh k¥ thuat va ing dung cua san pham.
d*°,=1,527,t = 131°C, nhiét do thang hoa: 284,5°C dudi ap suat 101,3 kPa.
Bdng 5.2: Mot s ddc tinh ky thudt cia AP.

Cac chi tiéu tinh chat Pon vi Gia tri
Do tinh khiét % KL min 99
Nhiét d0 néng chay °C 131
Axit phtalic ppm max 1 000
Axit maleic ppm max 3000
Axit benzoic ppm max 1 000
Naphtoquinon ppm max 2
Kha nang hoa tan trong benzen 1g/20g 6 25°C Tan hoan toan
204




* Ung dung chinh :
- Dung dé san xuét diankyl phtalat 1am chat hoa déo cho cac polyme tong hop
(nhu PVC) thong qua phan tng véi cac ancol

=0
C
— N CO,CqH
— LU el 7
©\ %/O + C8H17OH —_— + H20
@) h CO,CgHy4

- San xuat polyeste khong bao hoa, ting dung trong cong nghé tao soi thuy tinh.

@ CH;

/
v OC \COJVW OCH,CHOwvv OCCH=CHCOwwv
[ I | |
O O O O

- San xuat nhua ankyl.
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5.6.2. Cac phuong phap san xuat anhydrit phtalic:

ox1 hoa

o-xylen.
naphtalen / \
cong nghé cong nghé
pha long pha khi
5.6.2.2. Oxi hoad o-xylen trong pha khi.
O + 302 . - \O + 3H20 AHO298= - 1780 kJ/mOI.
N ~
CH3 N CQO

- Nhiét do 380-400°C
- Chat xuc tac: V,05-TiO, /Si.
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5.7. San xuat dimetyl terephtalat va axit terephtalic.
Axit terephtalic: nhiét do thang hoa ¢ 300°C, duéi ap suat 101,3 kPa.
Dimetyl terephtalat (d>5,=1,28): t = 141°C, t= 284°C, dudi diéu kién dp suat khi quyén.
5.7.2. San xuat dimetyl terephtalat va axit terephtalic tir p-xylen.
5.7.2.1. Cong nghé Witten.
A. Nguyén tdc:
- Giai doan oxi hod bang khong khi p-xylen thanh axit p-toluic:
C6H4 - (CH3)2 + 3/202 — > (CH3)C6H4 - COOH + H20 AH0298= - 690 kJ/l’IlOl
- Giai doan este hod axit p-toluic bang metanol thanh p-metyl toluate:
(CH3)C6H4 - COOH + CH3OH — > CH3 - C6H4 - COO - CH3 + H20
o . _ AH®,g¢= - 30 kJ/mol
- Giai doan oxi hod nhom metyl con lai thanh metyl terephtalat:
CH; - C¢H, - COO - CH; + 3/,0, —> HOOC- C¢H, - COO - CH; + H0

AH®, .= - 675 kJ/mol
- Giai doan este hoa thanh dimetyl terephtalat: 298 /mo

HOOC- C¢H, - COO - CH; + CH;0H — H;3C- O0C- CgHy - COO - CH3 + H,O
AH®,4¢= - 30 kJ/mol



Sdan xudt dimetyl terephtalat tit p-xylen bang qud trinh oxi hod va este hod.
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5.7.2.2. Cong nghé¢ Amoco:

A. Nguyén tac:

p-Xylen dugc oxi hod trong dung dich axit axetic bang oxi khong khi:
- Nhiét do khoang 175 - 230°C.

- Ap suat 1,5 - 3 MPa.

- Hé xtc tdc gobm axetat coban va mangan.

- Chat khoi mao chira brom (NaBr).

Phan Gng tong clia qué trinh nhu sau:

ICH3 ICOOH

| b 320, —> (j + 2 H,0
I
CH; COOH
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San axit terephtalic bang qua trinh oxi hod p-xylen. Cong nghé Amoco.
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Chuong 6: San xuat khi tong hop
va céac hop chat tir khi tong hop

6.1. Ngu6n nguyén liéu va cdc phuong phap san xuat khi tong hop.

Reforming hoi nuGe Khi tong hop

Céc san pham dau ,
mo(naphta, FO, VR, Oxi hoa khong hoan toan
Asphan)

i her
Than da
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6.2. Mot sO ting dung cua khi tong hop

Cac san Fhﬁm 0XO0

Tong h(lfp Oxo
NH; 7| Téng hgp amoniac Tong hop » CH,OH
+ olefin | metanol .
P! Metan hoa — C,H,OH

Khi tong hop
CO+H,

Olefin
va

parafin /

<+ Fischer-Tropsch | <+«— Metanhdéa | —— SNG

EG | Téng hop . San xuat axit —>AXi.t
axetic
glycol +GH,
San xuit nang luong l

Cac qua trinh khac

l

Hop chat HC...
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6.3. San xuat khi tong hop bang phuong phap oxi héa khong hoan toan.

* Nhiét dong hoc va dong hoc cua phan tng.

Phan tGng chuyén héa cia CO: Xay ra do su ¢6 mat ciia nudc trong qua trinh
chay va hoi nuéc duge dua vao.

CO+H,0 == CO, +H;  AH°,, =-41kJ/mol
Phan ting phan huy hydrocacbon:

CHy == Cy)+2H, AH®,4 =+75 kJ/mol

Cacbon tao thanh ti€p tuc tham gia cac phan Gng sau:

CO,+C == 2CO0
C+H20 —_— CO+2H2

* Khi nguyén liéu 1a khi tu nhién, phan ting tong quat:
CH4 + 1/202 — (CO + 2H2
* Khi nguyén liéu 1a caic HC nang hon: 214
C,H, + 2ntm)/40, —> nCO + m/2H,0



6.3.1. Cong nghé san xuét khi tong hop biang phuong phap oxi héa khong hoan toan
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6.4. San xuat khi tong hop biang phuong phdp reforming hoi nudc.

Nguyén liéu:
Khi ty nhién.
Phan doan cua dau mo (Naphta, FO, VR...)
Pong hoc va nhiét dong hoc ctua phan tng:
Qua4 trinh reforming hoi nuéc nguyén liéu khi tu nhién:
CH,+H,0 =—— CO+3H, AH=+206 kJ/mol

CO+H,0O =—— CO,+H, AH=- 41 kJ/mol
Qua trinh reforming hoi nuéc nguyén liéu Naphta:

C,H>,:» + nH,O —— nCO + (2n+1)H,0
CO +3H, == CH4;+H,0 AH=-206 kJ/mol
CO+H,0 == CO,+H, AH=- 41 kJ/mol
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Cong nghé reforming hoi nude.

DESUNFUA HOA REFORMING _ REFORMING CHUYEN HOA CO
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Metan

A A

LPG <~ Loai luu huynh > Reforming hoi nudc
A
Naphta
Fuel oil
Can chan khong
Oxi héa chon loc
Asphal T T
Chung cat H,O
Than d4 T
Khong khi
Sinh khoi v
PX Luu huynh < Hap thu H,S
A 4 <
Luu huynh ’
H.0 »| Chuyén héf CO B
Hap thu CO, (va IIZS) " co,
Tinh ché
v
Lam kho
v 219
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Mot s6 phan tng x4y ra trong qud trinh san xuat khi tong hop.
* Qua trinh oxi hod chon loc:
- Phan ting chay:
CHy + 3,0, —= CO +2H,0 AH®y5e= - 519,515 kJ/mol

-Phan ﬁ%phaﬁl Euy hydrocacbon:
CH%ng:_‘-@S C(khl) + 2H2
* Qua tr@b reformmg hot nudc:

CHgi + Iff%O —— (O +3H, AHC,,= 206 kJ/mol

hO.I NJ
- Mot sq ghan fing ¢6 thé xay ra trong qud trinh reforming hoi nudc:

CO%H, ' = (. H,0
2C0 == C+COy AH®, 0= - 172 kJ/mol

CH4 C+2 H2
- Phén ing chuyén hoa CO:

CO+H,0 =—= CO,+H, AH®,9s=- 41 kJ/mol
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6.2. San xuatAmoniac
t,.=-7°C, t.=-33,3°C, d-*°,=0,6650

* Nhitng ing dung ctia amoniac:

Ure

v

A 4
v

NH;, axit nitric

v

hydrazin

!—— metylamin
6.2.1. Nguyén tac tong hop:

e 2% AH(
0
_Nhiét do: 450-5009€0
C) =
- Ap sudt: 20-25 MPa.
109
- Chat xuc tac: Fe;QJA Al,0,+K,0, SiO,, MgO, CaO.

mol
-Nguyén liéu kh@ng\pzhfra hop chat luu huynh, asen, phospho, clo, ham luong hop chat chira

oxi thap (O,, CO,<1ppm; CO, H,O, CO, CO,< 2ppm) 221



6.2.2. Cong nghé san xuat amoniac.
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So d6 cong nghé san xudt amoniac bang qua trinh oxi hod chon loc hydrocacbon
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So d6 cong nghé san xuat amoniac bang qua trinh reforming hoi nuéc
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6.2. San xuat Ureé
t =132,7°C, d0,=1,335

 Ung dung: San xuét phan dam.
 Phuong phép tong hop: Di tir amoniac va cacbondioxit.

e Cac phan tng xay ra:

2NH3 & T C02 (k) —— NH, - COONH4 ) AH0198: -151kJ/mol

NH2 - COONH4 (D — NH2 - CO - NH2 1) + HQO AH0198: 32kJ/mOl
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* Piéu kién van hanh:

Phan Gng tong hop amoni cacbamat:

Nhiét do: 170-210°C.
Ap suit: 12-30 MPa (15 MPa).

Do chuyén hod: 75- 80% theo CO.,.

. Phan ting phan huy amoni cacbamat:

Nhiét do: 160 — 200°C.

Ap suat: 0,1- 0,2 MPa
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San xuat cong nghiép

Trong cong nghiép, Uré duoc san xudt bang hai cong nghé chinh:

Cong nghé dong
doi liru

—

Cong nghé lién tuc:
-Nhiét d6 phan tng: 180 —
190°C.
-Ap suit: 24 MPa.
-Phan huy amoni cacbamat & 160°C,

0,1-0,2 MPa

Y

Cong nghé tuan hoan mot phan NH;:

Cong nghé tuan hoan toan bo:
-Nhiét do: 200°C.
-Ap suit: 20-21 MPa

Cong nghé phuc hop
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Cong nghé phan huy
amoni cacbamat su dung
dong khi stripping

Loai CO,

A 4

Loai NH,4

Loai CO, va NH;

228



Cong nghé Conventional Mitsui san xuat Uré
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Cong nghé Stamicarbon san xuat Uré
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Cong nghé SNAM/Progetti san xuat Uré
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6.4. San xuat metanol

* Mot so tinh chat héa 1y cua metanol.:

Nhiét do soi: 64,7°C
Nhiét do chép chay: 12°C
Nhiét do néng chay: - 97,6°C
Nhiét do tu bat chay: 470°C
Ty trong: d*°,= 0,7915
Ap suit hoi bao hoa:
Tai 25°C, 125 mmHg: 0,160 atm
Tai 20°C, 94 mmHg: 0,123 atm
- Giéi han chdy no (% thé tich véi khong khi):
Gi6i han chay no trén: 36,5%

Gi6i han chay no duéi: 6,0%
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* Ung dung:
-Dung moi cong nghiép
- Nguyén liéu tho san xuat axit axetic, dimetylmetaphtalat, formaldehyt, MTBE...
- Chat chong tao hydrate.
- Hop chat chong dong cho xang dau.
- Lam nhién liéu long.

* Nguyén ly cua phan tng:
- Qu4 trinh tong hop metanol dugc thuc hién thong qua hai phan tng chinh sau:

Ngoai ral%ibn c6 cac phan tng phu:
0
CO + 3H2 —_— CH4 + H2O

I @@ v

C02 + Hz — (CO -+ HQO

2CH3OH —_— CH3 -O -CH3 + HzO
Dimetyl ete 233



Naturai |
gas %
Chimney
Compresmr
HP steam
l
h 3
Air ~ MP steam
| Putge to tuel
1 ) ' - Cw
Deaeralor '
N Make-up water : feed water e Sohdeaseie
thanol product
— Distallation
drum
BFW
<
So do cong nghé san xuat Metanol .

(1). Thiét bi loai Iuvu huynh. (5). Thiét bi trao doi nhiét va tdch.

(2). Thiét bi bao hoa. (6). Thap chung cat thu héi san pham nhe.
(3). Thiét bi tuan hoan. (7). Thap loai nuée.

(4). Thiét bi phan tng. 234



6.5. San xuat Formaldehyt

Formaldehyt (HCHO): t=- 19°C, d*,= 0,815.

Formalhehyt thuong duoc ton chita dudi dang dung dich Formalin (chita 37-60%
formaldehyt) v6i su ¢4 mat cia metanol dé tranh hién tuong tu polyme héa.

Phuong phép san xuit Formaldehyt:

- Oxi hoa tryc tiép hydrocacbon (qu4 trinh di tir khi tong hop).
- Oxi h6a metanol.

Phuong phap oxi hoa metanol:

- Phan tng chinh:

CH;0H + 1/20, ——» HCHO + H,0O AH®,ge= - 156 kJ/mol
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Methanol

.....

-~ i Tail gas
10 ir o
1 I Recycle Q t 8
" A Water
2 | @ or urea
. 7
3 G o - ‘é‘
1 HTM ook, o £ Formaldehyde
— or UFC
11 1 4 C.wW.
- 6
5
So do cong nghé san xuat formaldehyt .
(1). Bom.

(2). Thiét bi trao doi nhiét.

(3). Thiét bi phan tng.
(4). Thiét bi tao hoi nudc.
5). Thap hap thu.

(6), (7). Thiét bi lam mat.

(8). Lo dot.

(9). Thiét bi thu hoi nhiét.

(10). Thiét bi bay hoi metanol.

(11). Hé thong dun s6i nude nguyén liéu. 236
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