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TOM TAT
Phin mém HYSYS la mot cong cu md phong hiéu qua cac qui trinh san xuat. Chung t6i da tng dung

phan mém nay dé mé phong qui trinh san xuat methylamin va khao sat anh huong cia cac thong so: ti 1¢é nguyén
ligu, &p suat va nhiét do phan tmg dén qui trinh san xuat.

SIMULATING AND OPTIMIZING THE METHYLAMINES MANUFACTURING PROCESS BY
HYSYS SOFTWARE

ABSTRACT

HYSYS simulation-software is an effective tool to help simulate the production process. We have
simulated methylamine production process and examine the influence of the ratio of raw materials, pressure and
temperature of the reaction to the product yield.

1. GIOI THIEU

Mot sb methylamine nhu: monomethylamin (MMA), dimethylamin (DMA) va
trimethylamin (TMA) 1a nhiing nguyén li¢u quan trong co ban trong hoéa hoc hiru co. Cac
nguyén liéu nay duoc ap dung rong rii trong nhitng nganh coéng nghiép nhu: thudc trir sau,
dugc pham, cong nghiép thudc da, nhudm, soi hoa hoc va chat hoat hoa bé mat.

V6i thoi dai hoi nhap hién nay, cic qué trinh ti wu di duogc sd héa bang cac phin mém
c¢6 kha nang tinh todn va t6i wu gip nhiéu lan so v6i phuong phap thii cong. Vi vay nhom
nghién ciru chon phan mém mo phong HYSYS dé mé phong qui trinh san xudt methylamine
va khao sat mot sd yéu té anh huong dén qua trinh san xuit dé tim diéu kién van hanh ti vu.
2. PHAN UNG TAO METHYLAMINE TU METHANOL VA AMMONIA

2.1. Co ché phan &ng

Phan mg tao thanh methylamine tuan theo nguyén tic N-ankyl hoa, 1a qué trinh thay
thé mot hay nhiéu nguyén tir H hoat dong trong hop chat nito bang mot hay nhiéu nhom
ankyl. O day hop chat nito 1a (NHz) va nhom ankyl 1a (CH3-) [1].

Phuong phép 4p dung trong san xuét 1a phuong phap Leonard, dua trén cac phan tng
pha hoi gitta methanol va ammonia ¢6 su hién di¢n cua chét xtc tac. Xuc tac thuong dung 1a
Al,O3, c6 tac dung dehydrat héa methanol va amin héa methanol. Trong qua trinh phan Gng,

ludn tao ra ca 3 san pham methylamine 1a monomethylamine (MMA), dimethylamine (DMA)
va trimethylamine (TMA) [4].

Céc phan tng chinh (phan tmg chuyén héa hoan toan) [1], [2], [4]:

NH3; + CH3;0OH — CH3NH, + H,0 (@8]
CH3NH, + CH;0H — (CH3)2NH + H,0 (2)
(CH3)2NH + CH30H —> (CH3)3N + H,0 (3)

Céc phan ung phu (phan tng thudn nghich) [4]:
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k
2CH3NH, = (CH3),NH + NH3 (5)
k
2(CHs),NH = CH3NH, + (CH3)sN (6)
k
(CH3)3N +NH; —3> CH3NH, + (CH3)2NH (7)

2.2. C4c yéu té anh hwéng dén phan ing
Cac thong sb cua qué trinh dugc thuc hién nhu sau [2]:
- Ti 1€ nguyén liéu theo mol: 1,2+4.
- Nhiét do phan tmg: 350+-500°C.
- Ap suét phan tung: 14=17bar.
- Do chuyén hoa ciia cac phan tng chinh theo methanol [4]:
Phan tmg (1): 50+80%,
Phan tng (2): 30+60%,
Phan tng (3): 30+60%
3. MO PHONG QUA TRINH BANG PHAN MEM HYSYS
3.1. Cac bwdc thuc hién

Bude 1: Chon cAu tir: methanol, ammonia, methylamine (MMA), dimethylamine
(DMA), trimethylamine (TMA), H20.

Buéc 2: Chon hé nhiét dong phu hop. O day chon hé nhiét dong PRSV (Peng-
Robinson Stryjek Vera) 1a h¢ nhiét dong st dung phd bién khi mo phong céc qui trinh san
xuit ma nguyén lidu va san pham tuan theo phuong trinh phan tng véi d6 chuyén hoa khong
1y twong (khong dat 100%).

Burée 4: Thiét 1ap phan tmg (Reaction), chon phan tng chuyén hoa (Conversion)
Budce 5: Tao 2 dong nguyén liéu véi ti 1€ mol methanol:ammonia = 2:1.
Buéc 6: Thyc hién phan ting véi thiét bi phan tmg tai diéu kién thich hop.
Buéc 7: Tinh ché san pham.
Buéce 8: Hoi luu cac dong nguyén liéu con du trd lai qui trinh.

3.2. Qui trinh san xuit methylamin

Methanol nguyén li€u (S1) sau khi dugc tron véi methanol du & thiét bi (1), s€ hoa hoi
& thiét bi (2), rdi tron voi ammonia va cac nguyén liéu hoan luu véi ti 18 hop 1y & thiét bi (3),
duy tri ap sudt tir 14=17bar & thiét bi (4), nhiét do tir 400+500°C. Hdn hop hoi ra duoc din
qua thiét bi phan tng (5) ¢ chira xuc tic. Hon hop san pham tho ra khoi thiét bi (5) duoc giai
ap vé ap suat khi quyén tai thiét bi (6), ngung tu tai thiét bi (7) va dua qua thiét bi tach pha
(8). Phia trén dinh (8) 1a pha hoi gdm san pham va ammonia du, phia dudi (8) 1a pha long
gdm methanol du va nuéc. Hon hop 10ng ra khoi (8) dugce dan qua thap chung cit (9) dé thu
héi methanol tré lai hé phan tng. Hon hop hoi ra khoi (8) duoc dan qua thap chung cét (10).
Trén dinh thap (10), NHs duoc tach ra, hoan lwu tré lai, pha long dan sang thap chung ct
(11). O thap chung cét (11) taich MMA, thap chung cét (12) tich TMA va DMA. Toan b san
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pham khong tinh ché dugc (rat it) cung v6i cac nguyén liéu con du s& dugc hoi luu tro vé hé
phan tmg qua thiét bi (13) va (14). So d6 qui trinh dugc trinh bay theo hinh 1 duéi day:
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Hinh 1 i trinh sd i hylami khi mé pheo
inh 1. Qui trinh san xuat methylamine sau khi mé phéng
> A gon , \ N 2 gAa A > , A
Bdng 1. S0 liéu cdc dong va ti 1¢ phan mol cua cdc chat
Name SZl 55 E 57 54 59 w1 510 i 512 515 513 nid 518 513 i
Wapour Fraction 0.00on 0.0000 1.0000 1.0000 1.0000 1.0000 00000 1.0000 0.0003 1.0000 0.0000 1.0000 0.0000 0.0000 1.0000 0.0000
Temperature [C] 200 3427 100.0 EB11 2500 450 4 4504 2837 1070 EB00 B.800 7483 7489 B271 7543 7543
Pressure [kPa] m3 1013 101.3 1013 1013 1493 1459 1015 1015 1015 1015 2000 2000 1000 2000 2000
Malar Flow [kgmole/h] 762 .z a2 E26.9 1E5.7 E2E9 0.0000 E%6.9 E96.9 21 3248 1800 3322006 1521 7410 1521006
Mass Flow [ka/h] 28s0 9944 9844 1.780e+004 2822 1.780e+004 0.0000 1.760e+004 1.780e+004 1.143e+004 B370 8132 9801005 6299 23m 4724005
Liguid Yalume Flaw [m3/h] 112 1243 1243 2477 4581 2430 0.0000 2430 24.30 175 £.949 7.759 1.476e-007 9590 3448 7077008
Methanal 1.0000 09710 09710 0.4600 0.0000 00578 0.057% 0.0575 00578 0.0011 0.1152 0.0000 0.0000 0.0023 0.0000 0.0000
Ammonia 0.0000 0021 00271 0.3148 1.0000 00848 0.0048 0.0848 00848 0.0986 0.0708 01e19 0107 0.0000 0.0000 0.0000
Methylamine 0.0000 00018 o.oomae 0.2252 0.0000 0.3402 0.3402 0.3402 03402 0.6692 0.0037 [ 0.8092 0.4932 1.0000 1.0000
diMethylamine 0.0000 0.0000 0.0000 0.0000 0.0000 00578 0.0575 0.0575 00578 01137 0.0000 0.0000 0.0000 0.2483 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 00578 0.0575 0.0575 00578 01138 0.0000 0.0000 0.0000 0.2484 0.0000 0.0000
Ha0 0.0000 0.0000 0.0000 0.0000 0.0000 04025 0.4025 0.4025 04025 0.003% 0.8104 0.0000 0.0000 0.0078 0.0000 0.0000
MName sel S8 514 ST W3 517 W2 S22 Wt Sed S0 523 S o1 53 = New ™
Y apour Fraction 0.0000 1.0000 1.0000 0.0000 0.0000 0.0000 1.0000 1.0000 0.0000 00113 1.0000 1.0000 0.0113 0.0000 1.0000
Temperature [C] 9853 293 74.90 1143 101.7 1144 1143 -78.20 -78.20 1.9 47.96 -78.20 1.9 25.00 25.00
Pressure [kPa] 1500 1433 2000 2000 101.3 2000 2000 1.000 1.000 1.000 1013 1.000 1.000 1013 101.3
Molar Flow [kgmole/h] 77.98 B56.9 1800 3500 263.8 3.0 20.00 38.00 7.798e-007 3.9 7410 38.00 3.9 2762 166.7
Mass Flow [kg/h] 3% 1.780e+004 5133 9939 4353 3343 4229 2221 4.138e-005 1873 2301 2221 1873 8850 2822
Liquid Yolume Flow [m3/h] 6142 2477 7.760 1.306 5016 1.307 06267 3467 £.392e-008 2843 3448 3467 2843 112 4581
Methanal 0.0045 0.4600 0.0000 0.7418 0.0244 07422 0.2440 0.0000 0.0004 0.009a 0.0000 0.0000 0.0098 1.0000 0.0000
Ammonia 0.0000 03148 01812 0.2417 0.0000 02413 0.7239 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
Methylamine 0mie 02262 08188 0063 0.0000 00163 00318 0.0238 00148 0.0009 1.0000 00238 0.0009 0.0000 0.0000
ditdethylamine 0.4843 0.0000 0.0000 0.0002 0.0000 0.0002 0.0003 0.0000 04006 0.7658 0.0000 0.0000 0.7658 0.0000 0.0000
tikdethylamine 0.4844 0.0000 0.0000 0.00o0 0.0000 0.0000 0.00o0 05762 05842 01837 0.0000 035762 01837 0.0000 0.0000
H20 0ms2 0.0000 0.0000 0.00o0 05756 0.0000 0.00o0 0.0000 0.00m 0.0258 0.0000 0.0000 0.0258 0.0000 0.0000

4. KET QUA KHAO SAT VA BAN LUAN

4.1. Khao sat anh hwéng cia ti 1é methanol:ammonia dén suat lwong san pham trén
mo6 hinh da moé phéng

Theo 1y thuyét ti 16 mol methanol:ammonia = (1,0+4,0):1. Chung t6i c6 dinh ap sut
15,5bar, nhiét do phan tmg 400°C va thay ddi ti 1€ mol methanol:ammonia trong khoang trén.
Két qua mo phong khi thay d6i ti 1 giira methanol va ammonia dugc trinh bay & bang 2.

Bing 2. Két qua khdo sdt anh hwéng ciia ti 1é methanol:ammonia dén sudt lwong

MMA

DMA

TMA

Methan

ol

NH3

H.O

(kmolih) - (kmol/h) (kmolit) . (kmol/h) - (kmol/h)

1,0:1

70,245

34,666

34,727

34,648

350,660

242,540

1,5:1

173,260

35,355

35,343

35,340

152,740

247,380

2,0:1

237,650

40,346

40,354

40,344

270,610

2,5:1

193,230

48,731

48,737

48,728

262,170
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3,0:1 0 149,850 122,030 63,597 0 247,670
3,5:1 0 27,179 237,550 76,593 0 237,550
4,0:1 0 0,000 245,900 104,040 0 210,900
7 MMA (kmol/h)
10 DMA (kmolh)
100 TMA  (kmolT)
! 1} 1 3 4 5

Hinh 2. Biéu do quan hé giita cdc dong sdn pham va ti 1¢ nguyén ligu
Ti 1¢ mol methanol: ammonia thay d6i lam suat lugng san pham thay d6i nhu sau:
- Methanol: ammonia = (1+2,5):1 thu dugc ca 3 amine, nhiéu nhat 1a MMA va du
cd 2 nguyén licu.

- Methanol: ammonia = 3:1 chi thu DMA va TMA, trong d6 nhiéu nhat 13 DMA va
chi du methanol.

- Methanol: ammonia = (3,5+4,0):1 thu dugc san phdm duy nhit 1a TMA (hoic rat
it DMA, con lai la TMA) va chi du methanol.
Qua bang s6 liéu tong hop va d6 thi cho thay ti 16 mol methanol: ammonia twong tng 2:1 s&
cho phan g t6i wu tao ra san pham chinh methylamine (MMA)).
4.2. Khao sat anh hwéng cia ap suat phan ing dén suit lwong san pham trén mo
hinh mé phéng
Mo phéng qua trinh véi thong sé ¢b dinh 1a ti 16 mol methanol: ammonia 1a 2:1 va nhiét
d6 phan tng 13 450°C; 4p suit phan Gng thay do6i trong khoang tir 14 dén 17bar. Két qua mo
phong khi thay ddi thay d6i ap suat dugce trinh bay & bang 3:

Bing 3. Két qua khdo sdt anh hwéng ciia dp sudt phan ieng dén sudt lwong sin phim

Ap Suét MMA  DMA  TMA  Methanol  NH; H,0
(bar)  (kmol/h) (kmol/h) (kmol/h) (kmol/h) (kmol/h) (kmol/h)
14,0 222,900 37,770 37,770 37,764 56,355 264,350
14,5 223,640 37,749 37,748 37,743 55,820 264,200
15,0 224,030 37,708 37,706 37,701 55,846 263,900
15,5 224,380 37,663 37,662 37,656 55,966 263,590
16,0 225,040 37,640 37,638 37,632 55,530 263,420
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Hinh 3. Biéu do quan hé giita cdc dong sin phdam va dp sudt phén iing

Qua bang s6 lidu va d6 thi cho thay ap sudt 15,5bar s& cho phan tmg tdi wu tao ra san
pham chinh methylamine (MMA) va luong san pham phu sinh ra 12 it nhét.

4.3. Khao sat anh hwéng cia nhiét do phan ing dén suat lwong san pham

Mo phong qué trinh v6i théng sé ¢b dinh 1 ti 16 mol methanol:ammonia 1a 2:1 va ap
suat phan tmg 1a 15,5bar; nhiét d6 phan tng duoc thay doi trong khoang: 350+500°C, Két
qua mo phong khi thay d6i nhiét d6 dugc trinh bay ¢ bang 4 nhu sau:

Bdng 4. Két qua khdo sdt dnh hwong cua nhiét dp phan wng dén sudt lwong san phim

Nhigt
s MMA  DMA  TMA Methanol  NH; H,0
0
ey (kmol) (kmolm) ~(kmol/) ~ (kmol/h)  (kmolih) - (kmol/h)
350 235,090 46,675 40,728 37,701 32,855 263,900
400 243,140 37,708 37,707 37,701 36,742 263,900
450 224,030 37,708 37,706 37,701 55,846 263,900
500 175,650 37,871 37,866 37,863 102,620 265,040

300
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DMA (kmol/h)
100 TMA (kmol/h)

50

150

0

300 350 400 450 500 550

Hinh 4. Biéu dé quan h¢ gi@a cac dong san pham va nhigs dg phan ing
Qua bang s6 liéu va d6 thi cho thay nhiét do twong ttng 4000C s& cho phan ung téi uvu
tao ra san pham chinh methylamine (MMA)).
4.4. Két qua

Khi thay d6i cac thong sb phan tGng (ti 16 nguyén liéu, nhiét do va ap suét phan tng) thi
suat lwong san pham cta qué trinh thay ddi rd rét. Tong hop cac két qua khao sat trén mo
hinh mé phong rit ra duge cac théng s6 toi wu dé van hanh quy trinh nhu sau:
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Bing 5. Thong so téi wu ciia qud trinh sin xudt methylamine

Théng so Két qua
Ti 1€ mol methanol:ammonia 2:1
Ap suat phan ang 15,5 bar
Nhiét @6 phan ung 400°C

5. KET LUAN

Tbi wu hoa céc qua trinh san xuét 12 mot viée 1am thuong xuyén va la bt budc cua cac
nha may. Tuy nhién van hanh trén quy trinh thuc s& ton rat nhiéu thoi gian va chi phi. Do d6
viéc tng dung phan mém moé phong Hysys dé mo hinh hoa va tdi wu héa quy trinh san xuét
s& giip cac nha may rat ngan duoc thoi gian va tiét kiém chi phi trong qua trinh x4c dinh diéu
kién véan hanh t6i wu.
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