M5 aNEMNMINIVANVRINIZTUIUMSHAN TN AS HIAN

INCREASING OF CONTROL PERFORMANCE OF THE BUTYL

ACETATE PRODUCTION PROCESS

d

nsam walszavs

a8

3ﬂﬂ1ﬁwuﬁﬁgﬂuduuﬂﬁaGummsﬁnmmuﬂé’ngm
YSygIsnssumansumiamna My IaInssuai
AMIAINTTUAENS
wunInendamnalulag NruInasylys
Umsanw 2557

d
dvansvsanviIneagnalulagrunasyys

v



M5 aNEMNMINILANVRINIZUIUMSHAN TN AdS HIAN

d

Insam wnlszavs

a9

%mﬁwuﬁﬁgﬂudmﬁﬁwmmsﬁnmmuﬁé’ngm
USyaIsnssumansumiiaumia auIsIgINIsuAl
azInnssumans
wunInendanalulag NruInasyys

Unsanu 2557

d
dvansveanviIneagnalulagruInasyys



LY a P J 2 a o a a a
?’i?‘ﬁ@?ﬂUT‘HW‘HT}' . ﬂ']iL‘l‘liJﬂ‘igﬁ‘l’l’ﬁf]'lWﬂ'l'iﬂ'J'lJﬂll‘Uﬂ\ﬂﬂ?gﬂ'ﬁuﬂ'liﬂflﬁ‘]_l'n’lﬁﬂs%Lﬂ'ﬂ

Increasing of Control Performance of the Butyl Acetate Production Process

¥9 - YN WEiasaa wadszavd
A1UIW AAINTTULATI
dd' o =N
210158NU3nwN D1TITINN ATZITNA, P9,
=S =4 -
Unsanen 2557

a = J
AMTATTUNMIADUINETHUNHUT

............................................................................................... Use51UNITUNIT
(Ej’ fquraas I Tdaunuy a5e lyems, Docteur de 'INPT)
...................................................... NTITINNT
9t s P 1w =8
(ABIWFMAATINITEITAL LUWITUNN, IF.A.)
® - oYW ATINMT

..............................................................................................

...................................... ﬁ NITUNTT

o o o
(®101FUFLAW FILITND, IF.A.)

LY

a a o o vaas a 4 Y
augdsanssumians wrianedomaluladsyuenatyys eyd@ingdnuinfull

3

SudiunilavsanisfnuaundngasFygumdnda

AnusanzdansTusand

................................................................................

(A0saAT19156890T 81909, Ph.D.)

Qg

FUN 24 HOU FTUNAY WA 2557




a d A a A a a a
’J‘ﬁi’)?‘ﬂﬂﬂﬂ/‘ﬁ—!ﬁ ﬂ']'ﬁlWiJﬂi%ﬁ“l/l‘ﬁﬂw\lﬂ']ﬁﬂ'J‘UﬂiJ"UfJ\‘lﬂig‘U'JuﬂWiWﬁﬂ‘iJ’J“I/]ﬁ’f)Z“?f!@]‘Vl

Yo-uwana unaNIATan wnlszavg
CRITELY IINTIMAT
¢a Jd o a
2191381301 PINTEFEAN AT2IINA, IA.A,
Umsanm 2557
%4 v
unnnee

a a (9} 2 a A a a a

IS UANIN AN 52 ENTAINMTAIVANURINTZUIUMIHAATINABETIAN
Taal411511n53 Aspen Plus 2006 122 Aspen Dynamics 2006 1101381294052 UIUMTNETAIY
asdazidanznaiamudny monlfoufounansaeuaueInszuIUMsvedInsaed19ms
AIAUNANNULAUTZHUANITOULVBINIATVANIINMITUNIUNTZUIUMS

9 9
dsuIuAeUNIINe TuasuLsnAny1lsz@nTammsnauguaeelnssddianis
Y a o a s A ¥ Aol
AVAULUVAUAY (CSO) Hazilsummisilmesnisaruguine i lanan1sas uduoINAYY
9 ]
(CSOM) iunpuiaosoonu Inseaiwnmsniuguln 3 Tnssadumsaiugu fie CS1 CS2 uaz
A ¥ dad X2 A ]

Cs3 e 1 ldnamsnouauoINAgaIy YunoUNA NN VAN 50UZY09 IATIa19IMTAILAN
Y d‘ 19
A28MITUNIUNTZUIUMIuazmMsalaguanivung

INHANTTIABINTZUIUMS NUNUsZANTAINNITAILANIINMITEDNLUY TATIES1S

19 ¥ Aa ¥ Ao o A s
MmN InulinamneuaueananI11asIds19n1sAIUANNNMBINT YT UM weTMs
A = 19 o Y Yy o
auqu enaaeumsasuaiihvinesasins luavesnszuadlovuvuiuiulavazsuniu
J J 9 Y 1 a9 1

penaznon wun Inseadamsadrugu ¢St Mnasiuat lewdiosni €S2, CSOM, CS3 1ay
CS0 mMuAIAY taziesuNIUgUNN WU Inssaduminiugy cs1 Tdwasiuai lewodiiosnin

CSOM, CS2, CS3 itag CSO MuaIAL

MmdAny: nsvuiumsraaidfassdan Mmsdsumsiimesaaniuan mieenuuyIaseaiig

NITNIVAN NITAIVUANNTSUIUNIT MI91A0INTLUIUNT

3)



Thesis Title Increasing of Control Performance of The Butyl Acetate

Production Process

Name-Surname Miss Jitlada Nakpradit
Program Chemical Engineering
Thesis Adviser Mr. Chaiyapop Siraworakun, D. Eng.
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ABSTRACT

In this thesis, the increasing of control performance of the butyl acetate production
process was studied. The simulation was carried out by commercial software Aspen Plus 2006 and
Aspen Dynamics 2006, to simulate the process in steady state and dynamics mode, respectively.
The process responses of different control structures were compared and the control performances
were evaluated via disturbance test.

For the research methodology, firstly the control performance of the traditional control
structure (CS0) was studied and re-tuned to obtain better control response (CSOM). Secondly the
three new control structures were designed in order to increase the control response CS1, CS2 and
CS3. Thirdly, the control performances of all control structures were evaluated by introducing
disturbances and setpoint change.

The simulation results showed that the control performances of the new designed control
structures give better responses than the re-tuned control structure. However, in case of setpoint
change and composition disturbance change, the CS1 gives better IAE values than CS2, CSOM, CS3
and CSO0, respectively and the case of temperature disturbance change, the CS1 gives better IAE

values than CSOM, CS2, CS3 and CS0, respectively.

Keywords: butyl acetate production process, tuning parameter, control structure design,

process control, process simulation
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Compositions Conditions
Stream MeAc  MeOH BuOH BuAc T (K) P Total mole flow
(atm) (kmol/h)

Feed 0.6 0.4 0 0 305 7 100
BuOH Feed 0 0 1 0 305 7 59.4
MTotal 0.625 0.375 0 0 320.9 5 271.2
BTotal 0 0 0.933 0.067 398.7 5 180
ReactorOut 0.245 0.356 0.242 0.157 350 5 451.2
D1 0.407 0.592 0 0.001 332.6 1.2 271.3
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AN CSOM AN CS1 AN CS2 AN CS3
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T, T, T, T,
K. c c
(min) (min) (min) (min)
Flow M, ., 2 0.1 2 0.1 2 0.05 2 0.1
Flow B, 2 0.1 2 0.1 2 0.1 2 0.1
Reactor
2 2 2 2 2 2 2 2
Temperature
Reactor Level 10 - 20 10 20 10 20 10
Reactor Flowrate - - 0.5 0.3 0.5 0.3 0.5 0.3
C, Column
20 0.5 20 0.25 20 0.5 20 0.5
Pressure
C, Column
20 3 20 1 20 3 20 3
Pressure
C, Column
20 1 20 1 20 1 20 1
Pressure
C, Base Level 2 S 10 2 2 - 2 -
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C, Base Level 8 = 8 - 8 - 8 -
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10 - 10 - 10 - 10 -
Level
C, Reflux Drum
10 - 10 - 10 - 10 -
Level
C, Reflux Drum
10 - 10 - 10 - 10 -
Level
FD3 Flowrate - - - - - - 0.5 0.3
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Temperature State 25  9.5101 0.6783 0.2171 0.2127* 0.2669
Column C2
Temperature State 41  1.7668 0.0839 0.0708 0.0335* 0.3113
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FCB Flowrate 1.1520 0.0697 0.1621 0.0642 0.0004*
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96



A19199 4.10 waswua ledanmalasusniins luavesnszuailou (sv)

Taseerdamsnaungy
CSo CSoM CS1 CS2 CS3
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Taseerdamsnaungy
CSO CSoM CS1 CS2 CS3
Temperature State 22 0.3146 0.1532 0.0408* 0.3159 0.5326
Column C1
Temperature State 25 1.2696 0.0890 0.0908 0.0820* 0.1242
Column C2
Temperature State 41 0.4081 0.0535 0.0242* 0.0244 0.2748
Column C3
FCB Flowrate 0.3335 0.0288 0.0608 0.0491 0.0000%
FCM Flowrate 1.1027 0.0505 0.0581 0.0251* 0.0487
Reactor Liquid Level ~ 0.0416 0.0416 0.0003* 0.0004 0.0003
Reactor Temperature ~ 0.5747 0.0375 0.0451 0.0328 0.0278*
Base Liquid 0.5795 0.5835 0.1177* 0.3448 0.2887
Levels Column C1
Reflux-drum 0.3151 0.0626* 0.0626* 0.0722 0.1285
Level Column C1
Pressure Column C1 0.0002 0.0000* 0.0003 0.0001 0.0001
Base Liquid 1.1408 0.2816 0.2813 0.2757* 0.4510
Levels Column C2
Reflux-drum 0.5613 0.1106 0.1105* 0.1150* 0.2396
Level Column C2
Pressure Column C2 0.0011 0.0002 0.0001* 0.0002 0.0003
Base Liquid 1.9803 0.4945 0.4940 0.4677 0.0631*
Levels Column C3
Reflux-drum 1.4609 0.2914 0.2920 0.2907* 1.6394
Level Column C3
Pressure Column C3 0.0015 0.0002* 0.0004 0.0002 0.0013
CCERGRIRINE 10.0855 2.2787 1.6790* 2.0963 3.8204
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Taseddumsniuny
CSO CSOM CSl1 CS2 CS3
Temperature State 22 0.3211 0.0293 0.0229 0.0216* 0.0326
Column C1
Temperature State 25 0.0653 0.0059 0.0036* 0.0038 0.0040
Column C2
Temperature State 41 0.0247 0.0305 0.0027 0.0011* 0.0034
Column C3
FCB Flowrate 0.0158 0.0006* 0.0058 0.0019 0.0308
FCM Flowrate 0.1938 0.0128 0.0188 0.0050* 0.0054
Reactor 0.0004 0.0005 0.0002 0.0002 0.0001*
Liquid Level
Reactor Temperature 1.3022 0.0687 0.0679* 0.0681 0.0722
Base Liquid 0.0073 0.0061 0.0012* 0.4202 0.4200
Levels Column C1
Reflux-drum 0.0392 0.0078* 0.0078* 0.0144 0.0142
Level Column C1
Pressure 0.0000* 0.0000* 0.0000* 0.0000* 0.0000*
Column C1
Base Liquid 0.0142 0.0032* 0.0038 0.0224 0.0233
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CSO CSoM CS1 CS2 CS3
Reflux-drum 0.0783 0.0157 0.0155* 0.0170 0.0173
Level Column C2
Pressure 0.0002 0.0000* 0.0000* 0.0000* 0.0000*
Column C2
Base Liquid 0.0334 0.0086 0.0082* 0.0128 0.0108
Levels Column C3
Reflux-drum 0.0354 0.0071 0.0069 0.0010% 0.6398
Level Column C3
Pressure 0.0001 0.0000* 0.0004 0.0003 0.0004
Column C3
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CS0 CSOM CS1 CS2 CS3
Temperature State 22 0.2775 0.0251 0.0154* 0.0191 0.0190
Column C1
Temperature State 25 0.0562 0.0051 0.0031* 0.0034 0.0034
Column C2
Temperature State 41 0.0349 0.0305 0.0023 0.0008* 0.0009
Column C3
FCB Flowrate 0.0121 0.0077* 0.0125 0.0113 0.0308
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Liquid Level
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CSo CSOM CSl1 CS2 CS3
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Levels Column C1
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Base Liquid 0.0127 0.0032* 0.0037 0.0222 0.0232
Levels Column C2
Reflux-drum 0.0786 0.0156 0.0155* 0.0168 0.0173
Level Column C2
Pressure Column C2  0.0000* 0.0001 0.0000* 0.0000% 0.0000%
Base Liquid 0.0363 0.0087 0.0081* 0.0128 0.0107
Levels Column C3
Reflux-drum 0.0361 0.0072 0.0068 0.0009* 0.6398
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(SP=1.489847)

Reactor
Temperature

(SP=350)

Reactor Out
Flowrate

(SP=451.2)

155

ReactorLC (m)
o

) 20 30
Time (h)

IAE = 0.4021

@
&
a

ReactorTC (K)

&
3

20 30
Time (h)

IAE = 0.1403

155

ReactorL.C (m)
P

T
b 20 30
Time (h)
IAE = 0.0032
%0 20 30 50
Time (h)
IAE = 0.1604

ReactorFC (kmol/h)
a
8
8

30
Time (h)

IAE =1,301.0

116

155

ReactorL.C (m)
@

b 20

Tim3g(h) =
IAE = 0.0032
%0 20 30 50
Time (h)
IAE =0.1059
o 20 30 EY
Time (h)
IAE = 1,300.9

1.55,
E
g
§ Wy z
450 20 e 50
IAE = 0.0032
355,
<
2
&
3430 20 = w(h) 50
ime
IAE =0.0916
600,
E
§5°° {—\
&
“Ro 20 0 Iy EY
Time (h)
IAE=1,301.9
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

Base Liquid
Eir E7 Eur £
9 = g = | g | |
Levels F g i i 2
Column C1 ’
‘qO 20 30 ‘qO 20 _ 30 50 ‘qO 20 .30 |q
Time (h) Time (h) Time (h) o 20 nmsg (h)
(SP=1.6625)
IAE = 0.6337 IAE =0.1336 IAE = 0.5244 IAE =0.4717
Reflux-drum - | - i . 1 x ’
level Column f LS E . f g‘a —_——
é 16 % 16 % 16 é 16
Cl1 E S B g
' ﬁo 2 Timsg(h) ' 10 J ﬁms;.g(h) 2 y 10 2 Timaeo(h) y 1“ 20 30
(SP=1.63125) Time )
IAE = 1.2406 IAE = 1.2382 IAE =1.2573 IAE =1.2948
Pressure 1.21, 1.21, 121 121
Column C1 5" g 1t [ o ;i o A
(SP=1.2)
1195 20 Tlmsg(h) 1195 20 T-m’g(n) 50 1195 20 Timsg(h) 119 % %
Time (h)
IAE = 0.0003 IAE = 0.0001 IAE = 0.0004 IAE = 0.0005

18

18

117

18

1.8,
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

15

15

15

o

Base Liquid
E E E €
Levels i 3 3 3 =
Column C2 )
OqO 20 30 qu 20 _ 30 50 uqO 20 .30 u?
Time (h) Time (h) Time (h) o 20 nmsé) 5
(SP=0.97)
TAE =0.0811 TIAE = 0.0816 TAE =0.1022 IAE =0.1756
Reflux-drum : ; : Ess
level Column f 2 E 2 f 2 §25
C2 13} 3} o b
' qo 2 Timsg(h) ' % J Tlmss(h) 2 y % 2 Timaeo(h) v q“ 20 30
(SP=1.685) fme®
TIAE =2.9581 TAE =2.9318 IAE =3.2167 IAE = 35.3817
Pressure N L v
Column C2 g . g Lt T g f ‘
(SP=1.1)
1095 20 Tlmsg(h) 1995 20 T-m’g(n) 50 1995 20 Timsg(h) 1095 % "
Time (h)
IAE =0.0014 TIAE = 0.0006 TAE =0.0014 IAE =0.0015

118



v v 9
15199 n.1 waﬂmﬂ%fJu'assl31m3VlwaGumﬂizuﬁi’ﬂ@mmmuuu”lﬂ (919)

Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

15 15

1

5,

15

Base Liquid
LeVelS g 15 g 1250 | g 125 % 125
Column C3 :
1o 20 Tlmag(h) Yo 20 Timyé)(h) 50 o 20 Timag(h) 50 15 % nmf(h)
(SP=1.27375)
IAE = 0.5849 IAE = 0.5900 IAE =0.5419 IAE =0.0763
Reflux-drum ; ; ; Ezz
level Column f > f I f 2 §”
Ho 2 Timsg(h) ' % d 'ﬁmseu(h) =2 Jo ® Timaeo(h) = 1o 20 30
(SP=2.055) fme®
IAE = 0.3241 IAE = 0.3267 IAE =0.3291 IAE = 86.3306
Pressure 401 401 \ 401 401
Column C3 s & | ’L g g o
(SP=4)
. 9%0 20 TImSg ® & qu 20 T|m5: ® 50 . qu 20 Timsg ® 50 3 5%0 35 )
Time (h)
IAE = 0.0005 IAE =0.0011 IAE = 0.0006 IAE =0.0018

119
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

105 105 105 105;

Feed

Flowrate

Feed (kmol/h)
8

Feed (kmol/h)

Feed (kmol/h)

Feed (kmol/h)
8

(S.S.=100.0)

%6 2 % E %0 2 30 E %0 2 30 W % o
Time (h) Time (h) Time (h) 0 20 2 30(“) 40
ime
66, 66, 66, 66,
FBuOH
£ i ) 5 g 5
3 | | 3 3 3
Fl g, | £ £ g
owrate 7 | ; L ™ %
S [ | 9 Q o]
[} | | @ o ﬂ?
(5.8=594) ‘ M ) :
g 20 30 50 4o 20 30\ 1| 50 4o 20 30 [ 50 5
Time (h) Time (h) Time (h) J =0 T 30 )
ime
274, 274, 274, 274,

D1 Flowrate

N
8
b

(SS=271606) & LTI

8

D1 (kmolih)
0

3

D1 (kmol/h)
0

3

D1 (kmol/h)
9

1

2645 36 50 2o 20

30 30
Time (h) Time (h) 20 =

Mole fraction

L/

(BuAc)

xD1 (BuAc)

o

@ -
|

xD1 (BuAc)

o

b -

xD1 (BuAc)

xD1 (BuAc)

i Y

stream D1 R e

%o 20

&
8
3>

20

30 30 30
Time (h) Time (h) Time (h)

(SS=000103119)

120
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Tasea¥1emsniuan CSOM Tasear¥amsnrunu CS1 Tasear¥1amsnIunu CS2 TaseeriamsnIunu CS3
Bl Flowrate 183 183 183 183,
(88.=179.9)  Fwloe Euo £ ) ,v
i | O Timem E " . R 2 e ‘ T Tmem ? o o Time (h) ®
Mole fraction T m — i ﬁ : i °
stream B1 i .
10 20 30 50 10 20 30 40 50 qﬂ 20 30 40 50
Time (h) Time (h) Time () %o 20 e 50
(SS=000100385)
Temperature 3876 3876 3876 3876,
State 22 gam P‘ T g387 ,k | g:4.!7 2357 I L\
= [ | T L > c r |
Column C1
3645 20 30 40 50 B\ OB\ © e ) TS A 3645 20 30 40 50 386
Time (h) Time (h) Time (h) %0 20 . %0
(SP=387.2)
IAE =0.1532 IAE = 0.0408 IAE=0.3159 IAE =0.5326
Reboiler heat - o r B =
) 50 £ % S50 5500
input C1 : * < %
O 4500 O 4500 O 4500 g4500
(S.S=3,640.65)
0 20 _ 30 50 sano 20 30 50 350q0 20 _ 30 40 50 gsgqu 55 3 %o
Time (h) Time (h) Time (h) T

121
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Taseardramsniuan CSOM Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

340 340,
Temperature
g 2
State 7 5o S —_—
T
Column C1 - -
3o 20 30 50
Time (h; 8o 30
® Time (h)
(SP=338.8)
IAE = 0.6881 IAE = 1.1847
5 15 195 195,
D2 Flowrate
ges ges i g ~185
(SS=169434) 1§ i i
8rs 817s 8rs §|75
1830 20 30 E 830 20 30 £ %50 20 % 50 16
Time (h) Time (h) Time (h) o 20 o o
3 06405, 06405, 056405 06405
Mole fraction
(M A ) ;:\ 064 %‘ 084 A % 064 E 064
eAc 2 _ =) = g \/\j 2 I 5 [
a 06395 % 06395 g 0.6395 a 0.6395,
stream D2
0635 20 30 40 50 08%% 20 NN~/ E 50 06295 20 30 063
Time (h) Time (h) Time (h) 0 20 Timag ®
(S.5.=0.639899)
110 110 110 110
B2 Flowrate
g 4 z -4 £ z \
(S.8.=100.1) H ‘ £ £ H
8 o 1 8 w0 8 o S o
%5 2 o E 9 2 % E g 2 % o
Time (h) Time (h) 0 20 Tlmjg ® 40

30
Time (h)

122
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Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

Mole fraction
(MeOH)
stream B2
(S.S=0.987696)
Temperature
State 25
Column C2

(SP=340.9)

Reboiler heat
input C2
(S.S=3,013.46)

D3 Flowrate

(S.S.=120.6)

xB2 (MeOH)
o
8

o
©

8

3

342

30
Time (h)

3200,

30
Time (h)

IAE = 0.0890

20 30
Time (h)

D3 (kmol/h)
@

o

30
Time (h)

T
[}
é 099
a8
x
°%45 20 30
Time (h)
342,
%3“ A
= \4
349 20 N7
Time (h)
IAE = 0.0908
3200
:
g
<]

3004g 20

30
Time (h)

3100 [—\
40

D3 (kmol/h)
>

“10 20 30
Time (h)

xB2 (MeOH)
°
8

0945

342,

T2(K)
£

20 30
Time (h)

345

3200

QR2 (kW)

20 30
Time (h)

IAE = 0.0820

30
Time (h)

D3 (kmol/h)
2

o

30
Time (h)

1

oy
(e}
@
=099
o
Q
ES
0% 20 30 40
Time (h)
342
<
334
.
3490 20 30
Time (h)
3200,
g
3310
4
o
b 20 0 I
Time (h)
122
s
°
ch, 118
©
=]
%o 20

30
Time (h)
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Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

Mole fraction
(BuAc)
stream D3
(S.S=0.100231)
B3 Flowrate

(S.S.=59.3)

Mole fraction
(BuAc)
stream B3
(S.S=0.988004)
Temperature
State 41
Column C3

(SP=454.5)

0.156,

0126

xD3 (BuAc)

4

@
&

B3 (kmol/h)

30
Time (h)

30
Time (h)

XB3 (BuAc)
>
8
a

09855

T3(K)
g

30
Time (h)

45435

30
Time (h)

IAE = 0.0535

0.156,

BuAc)

@0.126

xD3

0. ngo 3
Time (h)

]
Time (h)

2
Bosers 1
P
] [
oseg | — zo"'*r'ab;* T
ime
4547,
§454 L’\ !‘
s Ed - 50
imi
TAE = 0.0242

124

0.156,

xD3 (BuAc)
o
8

009§,

20 30 40
Time (h)
70
65
°
E
=3
Py
@ 60
0 20 30 0
Time (h)
099
)
<
S
@ 09875
@
@
>
s 20 - 30 " 0
ime
4547
<
s
[
4435 20 30 40
Time (h)

0.156,

xD3 (BuAc)
©
8

xB3 (BuAc)

00%g 20 30
Time (h)
70/
=65
°
E
=
B N
0 60
%30 20 30
Time (h)
099

T

09875

0983g 20 30 50
Time (h)

4547,

454 k \/

4439 20 30 50
Time (h)

IAE =0.2748
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

Reboiler heat 1 s . N -
. 5 g g g
nput C3 g 3800 gaam gaam gsm
(SS=404993) .. . .
© * Time (h) ° = Time (h) “ ° = Time (h) 34095 20 ) -
FCB = foad 05 .
Flowrate s 2 b £ £
(SP=180)
30 20 T - *30 20 - B *30 20 e - 17930 20 Y p
IAE = 0.0288 IAE = 0.0608 TIAE = 0.0491 IAE=0
FCM 276, 276, 276, 276,
Flowrate %”‘ %” i 5«”‘ % '
(SP:27 1 '2) 264, 264 : 26§
° * Time (h) ° = Time (h) 3 = Time (h) 240 2 -
IAE = 0.0505 IAE = 0.0581 IAE =0.0251 IAE = 0.0487
Reactor 1.492 ) A "| 492, "1 492, 1.492,
Liquid Level % : % l‘ % : - |
(SP: 1 '489847) 14595 20 30 14895 20 30 14895 20 30
Time (h) Time (h) Time (h) 14845 20 = P
IAE =0.0416 IAE = 0.0003 IAE = 0.0004 IAE = 0.0003

125
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Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

Reactor
Temperature

(SP=350)

Reactor Out
Flowrate

(SP=451.2)

Base Liquid
Levels
Column C1
(SP=1.6625)

3504,

<
2 !
e
8
&
3494 20 - ?(h)
im
IAE =0.0375
17
Eies
3
3
E 166
)
%40 20 i
ime

IAE = 0.5835

3504,

2 4 k
ot ‘
34945 20 30 50
Time (h)
IAE =0.0451
% .
H
% [
“%o 20 30 ©
Time (h)
IAE =1.1969

3

2
8

8
-

C1BaselC (m;

1845 20 30
Time (h)

IAE=0.1177

3504,

ReactorTC (K)

34045 2

30
Time (h)

IAE = 0.0328

56,

ReactorFC (kmol/h)
P
&

4o 20 30
Time (h)

IAE =1.1832

3

@
8

C1BaselLC (m)
S

/ 610 20 30
Time (h)

IAE = 0.3448

3504

2 . |
§ T
34945 20 30 40
Time (h)
IAE = 0.0278
% l
g
5o 20 30 40
Time (h)
TIAE =1.8071
Eies
’51;—] 20 0 w0
Time (h)
IAE = 0.2887
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

Reflux-drum ;5 ;S ;5 ;ﬁ
level Column f E P N N, f ESA W i s
1635 20 30 1839 20 30 50 839 20 30 162 55 % 5
(SP=1.63125) e e el T
TIAE = 0.0626 TIAE = 0.0626 TIAE =0.0722 IAE =0.1285
Pressure 1.2005~ 1.2005; 1.2005~ 1.2005,
E 1 E E 3
ColumnCl = | £y 4 2, VF l
(SP=1.2) r
T 20 ] 119945 20 20 50 119995 20 ] 1190
Time (h) Time (h) Time (h) 0 20 Timag &
IAE = 0.0000 TIAE = 0.0003 TIAE = 0.0001 IAE = 0.0001
Base Liquid ‘ | ‘ 1
G — g — £ B
LeVelS %osﬁ = %095 %uss %oxu
Column C2 °
%o 20 30 %6 20 30 %6 20 30 035 o % >
(SP:O 97) Time (h) Time (h) Time (h) o
IAE = 0.2816 TIAE = 0.2813 IAE =0.2757 IAE =0.4510

127
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Taseardramsniuan CSOM Taseadramsniungu CSl Tassardramsniuaun €S2 Taseadramsniuaun CS3

3
3

Reflux-drum

level Column

1.72

C2RefluxDrumLC (m)
3

3
i}

C2RefluxDrumLC (m)
S

C2RefluxDrumLC (m)
3

|

C2RefluxDrumLC (m)
3

D

C2
1635 20 30 1849 20 30 50 849 20 30 164 55 % %
(SP:1 685) Time (h) Time (h) Time (h) Time (h)
IAE=0.1106 IAE =0.1105 IAE=0.1150 IAE = 0.2396
Pressure 1.101 1.101 1.101 1.101
E E E £
ColumnC2 ¢ : gt = 3 n - -
(SP=1.1)
"o 2 Time (h) e 2 Time (b) % O 2 Timag(h) 1995 20 0 =
IAE = 0.0002 IAE =0.0001 IAE =0.0002 IAE =0.0003
Base Liquid " 1 M b
Eiss Eias Eiss Eiss
Levels 3 3 3 2
8 13 i 8 1.3 /_%\ 8 13 E 13
Column C3 - o]
19 20 Tim?(h) 255 20 Timag(h) 50 1295 20 Tim?(h) 1245 % nmf = o
(SP=1.27375)
IAE = 0.4945 IAE = 0.4940 IAE =0.4677 IAE =0.0631

128
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Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

g
8

»
9
8

»
s
8

N
8

Reflux-drum - E . =
g T e T T 9 g
level Column gzns ézoa ézos gzoau
R 2 rmem * e ® o tmem = e T Tmem ° "o ® £ 4 %
(SP=2.055) fime ®
IAE=0.2914 IAE = 0.2920 IAE = 0.2907 IAE =1.6394
Pressure 4001 4001 4001 4.001
E E E £
g | & o < &
Column C3 % 7 § Y % g AT ,h*h—
(SP=4)
%0 20 T""SEO ® 50 %0 20 n"‘? ® 50 qo 20 Tlm3eo ™ 50 3 99%0 20 Tlm? 0 50
IAE = 0.0002 IAE = 0.0004 IAE = 0.0002 IAE=0.0013

M519h 1.3 wamssunIuguulv T veInseueilon

Taseardramsniuan CSOM

Taseadeamsnauny CSl

Taseadramsniuau €S2

TaseeranmsnIunu CS3

Feed
Flowrate

(S.S.=100.0)

106

Feed (kmol/h)
]

5

14 16
Time (h)

106

Feed (kmol/h)
g

©
8
by
=

16
Time (h)

129

108

Feed (kmol/h)
g

16 18 20
Time (h)

108,

Feed (kmol/h)
2

%3 14 16
Time (h)
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Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

FBuOH
Flowrate

(S.S.=59.4)

D1 Flowrate

(S.S.=271.606)

Mole fraction
(BuAc)
stream D1
(SS=000103119)
B1 Flowrate

(S.8.=179.9)

FBuOH (kmol/h)
a
2
o

60,

20

20

20

%2 14 16 18
Time (h)
274,
g2
°
£
=3
a2mn
92 14 16 18
Time (h)
a
13%10
<
<
3
@11
)
=
%%z 14 16 18
Time (h)
1815
£ 1805
£
S
E
=3
@ 1795
™52 14 16 18
Time (h)

20

60,

z
°
£ |
£
s I L
<]
2
; |
&
5%2 14 16 18 20
Time ()
274
g L
3
2 <
=
Q27 ‘
93 14 is 18 20
Time (h)

53
5 \
3
@1 -
a
=
°%; 14 16 18 20
Time (h)
1815,
£ 1805
3
g I\
@ 1795
1757 4 16 3 20
Time (h)

130

60,

FBuOH (kmol/h)
a
2
o

16 18 20
Time (h)
274,
g
°
£
<
8270
G 14 16 18 20
Time (h)
251x10°
<
<
)
@249
a
=
13 14 16 18 20
Time (h)
1815
ge0s
S
£
<
@ 1795
Ui 14 16 18 20
Time (h)

60,

FBUOH (kmol/h)
8
&

16
Time (h)

20

xD1 (BuAc)
~
&
e
=1

2453 14

1815,

8
H

-

16
Time (h)

16
Time (h)

20

20

B1 (kmol/h)

3
3
o

173?2 14

16
Time (h)

20



M519h 0.3 wamssunuguugluuivesnszuailou (de)

Taseardramsniuan CSOM

Taseadramsniungu CSl

Tassardramsniuaun €S2

Taseadramsniuaun CS3

1ox10° 12210 210" 1px10°
Mole fraction
g° g’ g° g
) I @ <
(MeAc) < : < 2
Qe D @ g 3,
stream B1
qZ 14 16 18 20 q? 14 _ 16 18 20 qZ 14 _ 16 18 20
Time (h) Time (h) Time ) = " Time (h) * *
(SS=000100385)
388, 388, 388, 388,
Temperature
3875 3875 3875 3875
State 22 2 < L 2 e b
2 387, & ¥ 387 2 387 = 387 '
Column C1
30082 14 16 18 20 els 4 16 18 20 2847 14 16 18 20 365
Time (h) Time (h) Time (h) 2 14 Timf(h) 18 20
(SP=387.2)
IAE, .. = 0.0293 IAE, . = 00229 IAE, .. =0.0216 IAE, . =0.0326
IAE,_ = 0.0251 IAE,_ .. =00154 IAE,_ . =0.0191 IAE,__.=0.0190
. 5550, 5550, 5550, 5550,
Reboiler heat
. g g g g
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Increasing of control performance of the butyl acetate production process
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Abstract

This article proposed a methodology to increase the control performance of the butyl acetate production process which
is complex and difficult to control. In the butyl acetate process, there are a reversible reaction and two recycle streams. Due to
these features, the process is difficult to control at the optimal setpoints. This research methodology started by studying the
control performance of the traditional control structure (CS0) proposed by Luyben in 1999 and the controller tuning parameters
for the traditional control structure was re-tuned to obtain better control performances (CSOM). Then a modified control structure
was designed to enhance more control performances (CS1). This research used the commercial software, Aspen Plus 2006 and
Aspen Dynamics 2006, to simulate the process in steady state and dynamics mode, respectively. The simulation results showed

that the responses of the modified control structure (CS1) are better than the modified tuning parameter control structure (CSOM).

Keywords: Butyl acetate production process, Tuning parameter, Control structure, Process control, Process simulation
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CH3;COOCH; + CHs(CH,)3;0H < CHyCOO(CH,);CHs + CHyOH

BuAcRecycle
MeAc Recycle
Feed T
o Column 2
s
MeOH Product
F Reactor o] Column 1
Column 3
—
BuOH Feed BuAc Product
;;Uﬁ?'i 1 wHursn1sHanTaesdien
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Compositions Conditions
Stream MeAc MeOH BUuOH BUuAc T (K) P (atm) Total mole flow
(kmol/hr)
Feed 0.6 0.4 0 0 305 7 100
BUuOH Feed 0 0 1 0 305 7 59.4
MTotal 0.625 0.375 0 0 320.9 5 271.2
BTotal 0 0 0.933 0.067 398.7 5 180
ReactorOut 0.245 0.356 0.242 0.157 350 5 451.2
D1 0.407 0.592 0 0.001 332.6 1.2 271.3
B1 0.001 0 0.606 0.393 402.2 1.4 179.9
MeAc Recycle 0.639 0.360 0 0.393 329.8 1.1 171.2
MeOH Product 0.009 0.988 0 0.003 3435 1.3 100.1
BUuOH Recycle 0 0 0.899 0.100 437.1 q 120.6
BuAc Product 0.003 0 0.009 0.988 458.6 4.3 59.3
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Flow Myotal Feed Flowrate 0.5 0.3 2 0.1 2 0.1 Reverse
BUOH Feed
Flow Brotal 0.5 0.3 2 0.1 2 0.1 Reverse
Flowrate
Reactor Cooling water
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Temperature to the jacket
Reactor Level | Rout Flowrate 10 - 10 - - - Direct
Reactor
Reactor Level - - - - 20 10 Direct
Flowrate
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Rout Flowrate - - - - 0.5 0.3 Reverse
Flowrate
C; Column Condenser
20 12 20 0.5 20 0.25 Reverse
Pressure (C; Column)
C, Column Condenser
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Pressure (C, Column)
C; Column Condenser
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Pressure (C5 Column)
C, Bottom .
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C, Bottom .
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C; Bottom .
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C; Reflux C, Distillate
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Drum Level Rate
C, Reflux C, Distillate .
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C5 Reflux C; Distillate .
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Drum Level Rate
Temperature | Reboiler Heat
1 20 1 5 1 5 Reverse
State 22 Input
Temperature | Reboiler Heat
1 20 3.71 6 3.71 6 Reverse
State 25 Input
Temperature | Reboiler Heat
1 20 8 10 8 10 Reverse
State 41 Input
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