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ABSTRACT

This article aims to study the control structure design of N-Propyl Propionate synthesis
process with the application of process gain analysis. The N-Propyl Propionate synthesis
process is a complicated chemical plant due to complex interaction between reactive
distillation column and material recycle stream, so the process might be difficult to control.

The study started with the simulation of N-Propyl Propionate synthesis proposed by
Hong Xu et al. (2014) in steady-state mode and dynamic mode by using Aspen Plus and Aspen
Dynamics simulation software, respectively. In the second step, the process was analyzed by
applying the process gain to determine the possibility of matching control variables (CVs) to
manipulated variables (MVs). The control structure design (CS1), then, was proceeded by
matching CVs to MVs through the use of gain array analysis. In the third step, the process gain
was applied to the control structure design proposed by Hong Xu et al. (2014) (CS0) before
finding the difference between CSO and CS1. Finally, the control performance of CS1 was
tested by feed-flow disturbance and temperature disturbance, and compared with the control
performance of CS0.

The simulation results showed that the control performance of CS1 had a quicker
response than that of CSO; therefore, it was concluded that the process gain could be used

for designing the control structure in such process effectively.

Keywords: N-Propyl Propionate, reactive distillation, control structure, process gain
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Lo daLsesufizennsa (acid catalyst) wazsiansaufisennua (base catalyst) Tuansavaneth wu
nsndaiasn lewsulansenlyn

- frudeUFATeiinTiowus (heterogeneous catalyst) iudanssufAzendisiignie
LANANINANSRIRY uazasidhURATe wielinududefeaty wasnandadniduveuds duse
UfAsewdnddsnusidu lane wazdlelas Wudu

- Uiz uiinddsnus-lonWus (hydrogenized homogeneous catalyst) 1u
fissiiseviaeniusudlisusuiuidadentu idemnluius winseiidvnalmgu nau

enzyme

2.5. 11591984N32UIUNS (simulation)

N1391899N32UIUNTT (simulation) [26] Aw N1sasvaaIunIsalanuflnee1Aedeinaass
waflouaniunisaiads iieveass dadulaudledam waviinsinadnsildsuainnsmaassnouw
TulduAlalgymluaniunisalasnaly

- Uselewilvean1sdnaeenssuiunis (Simulation)

1. Simulation Wunguffisinsldnuiieaansaingmssiluswanetnansslunsaen

2. Simulation Asudradunsesuieldiudugusannninisléifueiesiosssun

3. qumaaﬂﬁmmmﬁmmiﬁuf]mmiﬁmﬂmwmﬂwmwﬁm

4. ansnsammsvaaestousudsiunnstulunuusasimnsaiadunuuaaes tileg
wadws Adumadensnen andu Jadenmadeniidfianiiomaie)

5. wuudnaeswliatuangiunsldiieriusiudymussnnnisalaseifianududeu
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6. @313ald Simulation waldulasaaiiotnusyans s ladieun

2.6. N399NLUUIATIASI9TZUUAIUANVBINTZUIUNILAY

N1590NkUUIATIATINTEUUAIVANTDINITEUIUNINAL TNAINTaN8LUY 019y

- N5OBNLUUKUUEITERA (Heuristic Design) 1uniseenuuulagedonginadidnes) Fuin
inUszaumsalinldlunisesnuuundeudtlelam ildnsesnwuuiusindunniunisiins
ponuuukuUEsaRadalddumni Ul imngay 1wy deyaiitdeuiidad e vie Jymnda
Fudeunniuly wazidlodiasinszuiunis wagldnailunisuszananaumiuly Faanunsald
npnasianUszauN sl dalstgmilududlisniusonldls viltannanlunisesniuy
TWITuusd waganunsatunyieeensuuTINAUNSEUINN SN TImEIzay (Optimization) wie

YFulgaseananmnsvinanuresnssuilimingauuas Aga

- Y9RUINITOBNLUUTISERA

1. Hreudledamilunisoonuuuldietu

2. relunsindulantlodgmludnvaeilifinsaifidudeouldfuazimunza

3. rwannattumisldgnanisiuam vie Hedatamitbisidusonluld ilvinde
Yayiideauitosadludndae

a. reannattunisinaula Wesndgviifinnududeusnne

5. MseeNLUULUUE I aRnaunsnthlulsygndliteairsuvudraedlaglusunsutn

11778 WeunUgyyndanududouldegsliuse@nsnin

- J9d1AUBINITODNLUUBITARA

1. nadlderaliliwumndiaian esnsuilvesnuuueaidosniiu Seiililal
annsaudletymursdla

2. nadnsaildoradalyifmuilamenangly

3. 93AUTENOUAN I UTTUUDNREINANTENU NIaLAndaRanan sauludens

WasuwUasesrusenausiee Tusyuu

v a . . I a 1 = a a )
- mseenkuulaglingud (Systematic Design) 1un13N1sAneg1diseUy dn15Hsan W

a v | v a ~ Y v sdad o A v a
V]QHQLGU’]N']SU’JEJIUﬂ'WimﬂﬁUIQLW@Im@NaaWﬁW@W@@ AUICHUNUIIUNABDINTITAINUASLDYR LLAaEAINU

o

Utou andoakazuiugudung1aun

Y
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- Yafvesniseantuulagling v
feuianainlunseeniuursuditosuaglinadnslunseeniuuled
- Yaiduvainiseaniuulaelingul

Tun159NLUVUINTEUINNNTENALELIANNNLAY

laen159ankuulATIasI9N1TAIUANNTEUIUNISE AT Iz NS lialoflaun LAl Process
Gain Analysis 10131%281uNTTATIETLAZ 0RNLUUIATIAT19N1TAIUAY LAefl Process Gain Array
) a ¢ = o 1 1 LY [y £y v a A LY % !
Jumssunsndiuansdiansdugseninsiinlsuuuagimulsmunulagdnduladonnisduamen
Process Gain Analysis Aa8A17IXNNTIdR Lavdunoun1suial Process Gain Array @elglunseuiuns

A [ Ay vy o (J =
MUUENITNAIN LLﬁZﬂW‘Vﬂ,Wﬂ’]ﬂﬂﬁZ‘U’J‘Hﬂ’]iﬁ’]NW?GUW&JWﬂWU%WIﬂﬂSﬁNﬂW?VI (2.2)

GY% APV 100
= |—— (2.2)
" |rRM o,

& v

- N1FPONRUUIENINUUUEZaRALazNg v WunisesnwuuiviUszauntsalnyszenedidn
Aungul Jenseenwuutialuisaseniuuillananwiugiazivsedniamlaeniseantuuisil
wnzauiunszuIuiinateiawys Inelduszaunisalgaslunisanduysinladnduadly vinla

Uszundarnanluniseuin

2.7. ¥1AVBINITAIVANNTLUIUNIS

- mMsauauwuutdaulytrmin (Feedforward Control) [27] Lﬂumimuqmﬁﬂgmmwﬁﬂﬁ
tA1vesdyIsunau (Disturbance or Load) tnLil ef1uasA1d2uUsUSU (Manipulated
Variable) 7 lvanzaun auil 93101550157 2uUsAUAL (Controlled Variable) L#i 89HANNS
WasuwUas Famsmuauuuudoulutramii (Feedforward Control) singninluldaugiunis
AruAuwuUdauUndy (Feedback Control) Lﬁal,ﬁuamiammsmmu wazn1sAIuANLULdauly
F19m1)1 (Feedforward Control) feuldlunssuiud Tn151U8 suntasdyayrasuniutae

(Disturbance or Load)
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1 Feedback Signal 1
1 1
¥ 1
Setpoint Temperature Temperature sensor/
—— — — —p
Controller transmitter
1
i

F====p Sum

Temperature

|
1
|
1
1
1
1
1
1
Controller :
+ :
|
|
1
1
|
|
1
| .

Flow sensor/

" Steam Flow in
transmitter

4

Feedforward Signal

L ———

Heat Exchanger
Water Flow in Water Flow out

!

Steam Flow out

UM 2.3. Mmsmuruuuudeulutnmisiuiusuudsunduveinseuiunisinsesuaniuasuauiou

.

v

- mMsAuAuuwuUdeundy (Feedback control) L‘f]uﬂ’]’iﬁ’JUﬂﬂJLLUUQUﬂG] (Closed Loop
Control) Iag#i Control Action ag%ueg iU Process Output 1ngn15InAMILUITIABINITAIUAN U
wn3euiiisuiuen Setpoint Inenisaudy wazainsuenlaannisauauiudunisnivguiuy

Negative Feedback
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Feedback Signal I

r
|
1
1

¥
Setpoint Temperature Temperature sensor/
- Controller Steam Flowin transmitter
[
Lo
Error = Tsp =Ty

Water Flow in

o ———————

Water Flow out
Heat Exchanger >

l

Steam Flow out

\ 4

JUN 2.4. nsmuruuuuleunduYeINSzUIUNMIATaMANIUABuAUTBY

2.8. finAIUANLUUTLEA
fauauuuuitled (28] Wufmuauuuuiiuguildlunssuaunisniuay Tneluunnisvie
Usznauluae 3 Tuua lawn Tuus P (Proportional), Tvisa | (Integral) kaz 1viua D (Derivative) ER
nsvieuhlugesilvun P feldue dsvuanisvinaléun P, Pl PD uag PID

P-Control: Proportional Control iflunisavauiugiuitldeudie uasiideds Aon1sfn
Steady-State Error w3e Offset Hufie WovhnsiuAsuntasiuusauay amudsaunsilidigan

Setpoint wagiileiinisldan Ke Nganulvanailvssuulidiiadosnim
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Sp — TOffset

31]17; 2.5. N91An Steady-State Error 38 Offset

PI Control: Proportional Integral Control {un1sn1smuaufiaiusamdnnisia Steady-

State Error %38 Offset Lo usidlloniaifin Over shoot a4 tufen1sAAIwUsIIEAT setpoint 61

d99a1duiinda

ﬂﬂiﬂ?UﬂNLL‘U‘Ul’ﬂ

i - a2
3 _ (@a3naa)
| )

Open‘

° ' ¢ ] =
ALAU87 (V) e e ———- N15AIUANLUUN

Closed > ¢
AMAUARALARDY (e), i
+ 1

No error (SP = PV)=0 >

v

JUN 2.6. AruaudinIsAIVANKUULE

q q
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PD Control: Proportional Derivative Control tun1sauaulaenisusuliian Output wus
Auludndrulnensatuamiupainafoureinszuiu Fanmsmuaukuy PD ldaunsatluldiiies
<

a1ala fAoeihaumLAIAINARIARRDUWINUL WBINMAIANAIIALATEUNENTY FaruANiay

lavinau wazlimedyerusuniuun wagdsiiloniain Offset Bnee

A |l

Aumdnds (V)

)

NITATUANKULN

K . MIAILANLLLA

v>[

A1y (sp) A

——— -_-_--_-----_.‘_-_'—---
-
AN N A S = e s e i o i o

> !
AMAINTRNTIAUANULULIAA

5UN 2.7. AauaudRn13AIuALLUUNG

PID Control: Proportional Integral Derivative Control Lﬁuﬁaﬂ’m@mﬁﬁﬂuiﬁﬂuﬂizmumi
9AAIMNTTY INFIZINANAMULTINONANITADUAUBY UazanlIaIgidn (Setting Time) Fanuneiu
N3¥UITNTNY wazdaldems N13venefIsuNINNIAINAg (Noise) MniAsesiioTn vilvduwildy

v Oscillation #SaLiANI5EUY
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» Pl-Control

N\ <

[\ PID-Control
ufr) / /\ b
. | \ / )"\ £
T\ P -

\ /

J v
P-Control for system type 0

] ) ) v I
E‘U‘VI 2.8. ﬂ'ﬁL'UﬁEJ‘ULVIEJUN@G]EJU&TA@Q?J@QWJWJU?’]&JLL‘U‘UG]'N""]

2.9. Closed loop tuning
Closed loop tuning %38 Continuous Cycling Method Fanafiafiondundnnism

ANMN90MBS Ko Nvitissuuliiiiadasnin dedanalissuunanisauwuuasii (Sustained

Oscillation)
=)
g /\/\/~ 4 /\/\/\
Time Time
(a) K, < K,, {bY K, =K,
’ -‘/ ’\/\/\/
Time : Time

(c) K, > K,,, (without saturation) (d) K, > K, (with saturation)

13

JUN 2.9. NaNIABUAUBIVRINTATUANLUUNTANLAT Ke unnsinediy
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YuRoUN13Y1 Continuous Cycling Method fismaluil

1. 1.A9SPUUNanMEAIRINe el setpoint LA

2. 2./ATIMIUANLUUENLLIR Eenluum P-Control

3. 3.69A1 Kc Uoye) 21niuinn13IunIussuy men1sildsual setpoint 5-10%

4. 4 FUNPANANITHBUAUBIADNITTUNIUINAANITAULUUAIAINS B ]

5. 591198 1-4 971 UNANITEULUUAIAT UUNNAT Kc way Pu

6. 6.AUIUNUAITIN 2.1 EEMIAMITITNBTNNTAIUANTTIL Y

71314 2.1. Controller setting based on the Continuous Cycling Method

Ziegler - Nichols K. T Tp
P - control 0.5K, = =
Pl - control 0.45K_, P./1.2 =
PID - control 0.6K_,, P./2 P./8
Tyreus - Luyben K. T Tp
PI - control 0.31K, 22P\ -
PID - control 0.45K,,, .20 P./6.3

N3RIAINTEmaIHIAIUAN

HANINBUAUBIVBITLUUAIUANLUUIUANATRIsB UL

1.

2.

3.

JYUUAIUANADIIILEDETAIN
sruUmUANABsannsamaanmssunuldfiiionwia setpoint
srUUmUANFoIUABUA setpoint 16153

seuumIUANlIAISE Steady-state Error %38 Offset

JEUUMIUANAITUANAEY Control action Naniuly
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6. FPUUAIUANABINANUNUNIU RavaWRINTTYINLAR Yauzegluaniizsineg
AIMAINLARBUVBIIZUY (System Error)
ANPANALARDUYDITTUU (System Error) Ao War1958WIeA U MuNeNneIn1n3oningll

(setpoint) AfildannnIsAIVAY
Disturbance

L]

SP(t) e(®) Controls Process Variable
Setpoint :@ S ) — Process 9, >
- equipment
PV(t)
Measurement

JUT 2.10. UdenlABzkNTUULBINITAIUALNTEUIUNTT

Y
o =

die  SP() Ao A1 setpoint NReen1s Fuduilsnduiivuiunan ()

5%
LY

PV(t) Ao A171l@a1nnsEuIuni139se (Process variable) @aduilasdunvuduian ()

5%
& o

e(t) Ao AIAMNNARIALAZBUYBISTUU (System Error) Faduilsidunauiunan ()

N139aALUUaUAIUANNTEUIUNIT (Control Loop Design)
- Error area g USNUMAAINHAANTENINATIUNANBUALBIUDINTZUIUNNTAUA

Setpoint faaun157 (2.3)

e(t) = SP(t) - PV(t) (2.3)

- AANUARIAAREY (Maximum error) fia N15U8AUUEIEAYBINTZUIUNNT
| a v . . P Y A Y @ = = 14
- ranailidngauna (Setting time) s suUsinansliiudanszuiunauls uaglina
UYFuanmvesssuulidiganizauna i
- Offset error fia A1ANUARIAAGRUNARTUTUNTEUIUNS naINTIsvuUlAdan s

Tnidnasa
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HARDUAUBITIN 4

nizuaunig
e1ror area

- .J
UINIAMHARTIALAGD U

; 4
AMANUARIALARBUNAA - - -~ - -~~~ St iite
maximum error ¥ 4
ANPNARIALAR LA IR
3 .,‘ 1‘5 /'\ l
AMF 4 == - -

set point

«— InNusiuanng ————»

'
'
|
|
|
I
| §h

setting time

JUM 2.11. uanInNIseeNluUgUAIUANNTEUIUNIT

v
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uni 3

35nN159 1L HUN15IY

nszutumMsduaseilnsiialnsilowndenmandunuuiufAten (Reactive Distillation) Liu
mMsfnwierfunssasanszuaunsluanizas (Steady State) wagluaniigwain (Dynamic)
LazoankuulaTasanIsAIuANveInsruIunsiagldlusunsy Aspen Plus L1angaglunisdnass
nIzUIu Frazedueivdunounsdniuns sulufnsfinwmssiaesnssuiunms uasfinwinis

20NkUUlATIATINTEUUMIUANTBINTEUIY BN1sAluulitunaudswaluil

3.1, WRUNITANTUIIY

3.1.1. Anwteyaiieafunszuiumsdaameilnsfialoflowaionisndunuuiiufisen
(Reactive Disstillation)

3.1.2. Ainw191a0InIzUIUNISIUAN1IZAI (Steady State) Wazan1zwain (Dynamic)

3.1.3. adnsEUIuNsduaszilnsialenlawunluaniizada (Steady State) uaganiiy
Wad® (Dynamic)

3.1.4. 9NLUULATIATNNITAIUALNTEUIUNNTAAATIEINT A lafloLun

3.1.5. lWSHUNBUANIIOULVOINTLUIUNIS

[

3.1.6. asuransaiiuauiardninguaIne1inus

A15199 3.1. NAN1ALTUIUYDINISVININYITNUS

2562 2563

YUABUNIT ANTUIY
N.-0A. 8.0 -N0. AR -WE 5.0, WA -0 LA - 1LY WA, - D0

1. Anwdeyaineaiunszurunisdansesilng iia
ladilaiundaenisnauuuuiu]isen (Reacive ~ €~ Z==== Rl

Disstillation)

2. Anw1d1a8enszUIUNITIUEN1ITAIRY (Steady

- >
X . —>
State) wazdn1IZWAIA (Dynamic)
3. 3180905 2UIUNTFUAS AN NalaRlawun
ludn1easia (Steady State) wazan12enadn e >

A
v

(Dynamic)




A15199 3.1. Nan15ALIUUYINISYININTNUS (69)

; .. 2563 2564
FUABUNIT ANIUNY
NA. - 8.0, N8 -AA. WY -5.0. A NN, ia. Ly,
4. 80NbUlAT AT NI EUUAIUANNTEUIUNTS
- >
v I't a a : ;
dunselnsialanlaiun
5. WS HULBUANT S AULVRINT LUIUNTS D >
6. ajUnansAuliueusazdniingUidainerinug pEE— >
> LAAILNUNITANTUIIUDTI €=-==-== > LAALANUNITANLTUIY

3.2. A8n1sanduu

3.2.1. Anundeyaifeafunszurunisdaasizilnsialeileiwndsnisnaunuuiivjisen
(Reactive Disstillation)

Insiialeflowun (ProPro) gndaasigvlagufjiseeanasiiatures Inswiuea (ProOH)
uag nsalnsiledin (ProAd) FaufAzendunuudounduld saudfAzeeameifiatuazuffzen

lelnslada fseufiisenfuwuu heterogeneous firunuussenie Tneilujiisensadl;

C,HO + CH.O, = CH;,0, + H,0 (3.1)

3.2.2 An¥191899N32UIUNNSIUAN12ZANAT (Steady State) wazan12zwadIn (Dynamic)
Anwin1sdnaninssuiunsdaaTizAlnsialnloiunaielisunsy Aspen Plus kag Aspen
Dynamics luannzasinazanzwain awa iy Jelunszuaunsuseneulusemheufiing 2
1309 AenendunuuiiufA3en(RD) uagnendu (Distillation) uaziinszuaileida 1 nszua Tans
duamzilns-falnsilewniAnUfAzenlu reaction zone vesondunuuiiufizen (RD) voumani
QAPULLLAIN condenser axgniloudlufl decanter ilausnunaBunisuasiair Sanladuvidas

aaa

gndaundulundiumuuuvewenaunuuiiuiisen Tunanaselafeu uasndndueiludiu bottom

aaa

vaaenaukuuiiugisensvgnleuluiivenduiass Gadaduninlarelnsialnsilown Tudu
bottom vesanduniaes wazlnsnueailinisazgnsluAadulunivenduwuuiu]iseniioninig
NAULYNBNATY
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3.2.3. 91899n52UUNsERATIZRInsNalan latunluaniaeaen (Steady State) wag
d017zWadm (Dynamic)

FraeanszurunIdnaTeilnsfialnsilewndelusunsy Aspen Plus luannisasia dalu
MsdanInsEUUMITINMshaenssuILduazilnsialnlenluannzasia wansegluguil 3.1

ANLATIATIAINUNAND19D98 Hong Xu (CSO)

]
2
|

B

R

&
DO

JUN 3.1. wnulsveanssuiumsdsasgilnsiialnsilounmevenaunuuiiujisen (RD) Nan1izad

FIRIUUNUING1989783 Hong Xu (CSO)

Wn1sTaednszuINnTdaTzdlnsRalnsilowasevenduwuuiufasen (RD) fae
Tusunsu Aspen Plus Tuanmgasfawdandisufuanioznafnuagyinsiasalassainanisaiuny
yoansrULiinanafazui 3.2 Tngldlassasramsniunuues Hong Xu drteluil

(1) muausasnsivavesnsalnsilednifiesnuieiasisnefanuau B1

(2) muausasnsivavesinsnusasefauay B2 dadumsmugusnsinisiva
Snsrdnluassrivansieiuiaaesiiliasiidufediunuey B5

(3) muauAuiuluduiuULYemenduTians fe condenser Tudusnuuusiefauay
DT S1PC

(a) muauanuiuludusuuLremenduLUUIUATEN (RD) ¢y Vapor flow rate ludau
AUUUMIEAIAIUAN RD_S1PC

(5) AIUANQUNNNYDY Decanter 738 condenser duty yeuAIslaniUAsumuiou (HX1)

MERIAIUAY B6
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(6) AUANLALIATDY Reflux drum Yasvanduiiassuazonaukuuiiu)isen (RD) lngsns
n1shravesnuULLAEHAN TP UE9REfIAIUAN DT SumplLC kag RD_SumpLC snuady

(7) d1113U Decanter aduvddazgnasnduludmenduuuuiiuizen (RD) luvasiinawase
I¢dorh fduanaveurladuniduansathazgnenuaudesninislnanugdu thifefinadunis
wgnAuAuAnafefmuUAL DEC L1LC uaswlatinazgnaiunmaiadiesaiuay DEC L2LC

(8) AuANgAMIT tray 27 vewonduuuuiiuAzen (RD) fedmunu B9 wagvendud
a1 Liielldnsmevavesuuulpminfinini ey B8 awgnindadiumusnnnisivaresdninis
Inavduardnsduiuamnsouulddeonmnid tray 23 vemendudiaos

(9) Reflux ratio Yavienduiaesnail

(10) 1 wifivas Dead-time grifisnilulugulvmueugamgifimadieWinzautunisld

a
MUY
HX2
{rec] )< DTHXZ
85 B8 \l
] e
: RD_S1PC
U3 B4 ikl Lo
L Lc SPY
- Dy S
: ! m" FLSP

: 0P

Ul 3.2. wufaweanszuaunsdaaneilwsialnsileunseviendunuuiufazen (RD) fiaanie

NATRANUNUING 1989989 Hong Xu (CSO)

3.2.4. 29NWUULATIASI9TTUUAIVANNTEUIUNTEUATIZ LN T NAlaN LaLun

N1590NLUULATIATINITAIUANNTTUIUNMTARATIZEINS AN lowe Ladn5Iinsgmnu
Y09N3EUIUNITUEIEIUN1TIATIZI (process gain) Tnewun3ndduimsvennudunsiaun3ngd

wanadernnldlunisdndulaiveidenadiwlsusunlilunsaiuauduusaiuaudus lagnsinses

rAUIULNNANNITT 2
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G% = ﬂ><100
RM

(3.2)

MV

%G Ao Woslduinuves PV Midenidesanmsuasuntases MV Miden, APV Aoadmsing
vosuUsidenilesanmsiasuutawes MV idonuay RM Aetisves PV 33n53iA51291 Process
Gain ¥89n5EUIUNTIENING PV Ly MV imnzaumsiiagegaiidululdvesnsiiases Process
Gain ua¥MFIATIZA Process Gain gniluldifion1suszifiulassadrsnsauaudsgudl 3.2 Miaue
Tny Hong Xu wazamy Fondedn €S0 andulassadansaunluel fded1 cs1 dsldpanuuuln

Ineld38n1591A3199 Process Gain wanivisaedlasiasenisauauuseuiieuiu

3.2.5. WIYULBUANTIOULVDINTTUIUNTS

#§391nNN159nLuUlATIAT19veINTEUIUNISELAT TR NI ialnslown uda Uiludiass
Tassasszuumuauiioguanisiaesnszuaunsilonailddulunuiiniang dnadilalushnig
WU BUANTIOUL T8N UUTIA09bATIAT VBN TEUIUAINUNAIINE 19D ILAL L UUTIA DY
Tassasavesnsruaunsfigneenuuudusnivanduguadilédanmaui sudflevanssous Swadild

A1NITDDAUUAININNTLUIUNNTO19DY Fesndulurinisesnuuulnudnasisuiids 3.2.4.

3.2.6. a@gunan1sAiuMuLazdainguaNIneinug
denadladulumuiienamungliudy dilvagunamsaniua wafildainnisiseuiieu

[
1w 0%

aussousiiuseavsnneneiuegdlsuuulnuiiaussaugiinninduy Mndudniuiedine1inug
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uni 4

NANISANLEUIIULAZATITIATIZH

4. 9nwUUlATIEE19NITAIVANVRINTZUIUMIALATIEININA LW aLUA

4.1. ms‘lJizqnﬁﬂ%' Process gain analysis

lunseenuuulasiasnan1sesnwuulaseaien1saIuAy Laun3s Process gain analysis L4
unldlun153iasesi 1nedl Process gain array fifaudsusu (MV) 15 @ wazdauusmuguil 15 6
warlunsduannss BuanhnsdsunUasiulsuiudfutu 10% LLé’aQﬁﬂﬁﬁﬂwsLﬂﬁauLLﬂaqmaq
naduUsAuAN Inturnssumyndeenuiud Process gain fapaun1sil 1 wagiend
munaudanldlumsng Process gain array fauanemnsei 1

NANTT 1 wAREINITOIATIZI Process gain analysis Fanshegsmsmunaeluid
yhmsdsuuassnsnislvad V3 L‘ﬁa@mmsl,‘dﬁ'amwawaqmmé’umawané"uuuuﬁﬂﬁﬁ%m lng
MsuindnsInslua 10% fian 5 v LijavT’lmiuJ?{&JuLL‘UmLLﬁa%lﬁﬂﬂw%umﬁagﬂ 4.1 99003
wiuldrmnduEduAe 2,026 wagmanusuUAsuLUasEo 1.684 waztasues PV fie 4.053

ansaeunalanssaluil

2.026 — 1.684
G%p (rp) = Toc3 X 100| = 8.438 @.1)

% [

NA8g9NITAILIN WuAe V3 AAuingiuanudulemenauluuiugisetuarlaen
Process gain 8.438% % slunisuaziinususudidugnyilanieisinesiu wavlunageu Process
gain analysis 151b1I1ATIATINITAIVANVDY Hong Xu 113Ue Fanan1sdudseninadususunay

o av v ) a
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— 2.026

Pressure of RD (atm)
1.7 1.751.8 1.8519 19520 2.05

1.684
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M13197 4.2. UanansduaseninadnusuTulaiiulsniuauues CSO

Controlled Variable Manipulated Variable  Gain (%)
Feed flow rate of Propionic acid (ProAC) V1 5.000
Feed flow rate of Propanol (ProOH) V2 5.000
Pressure in RD V3 8.438
Level reflux feed of RD va 95.905
Level of by-product V5 0.392
Level in RD V6 46.932
Feed reflux feed flow rate of DT V7 0.016
Level in flash drum V8 45.570
Level in bottom feed (Product) V9 24.691
Temperature in decanter HX1 14.45
Temperature of Recycle feed HX2 Unstable
Pressure in DT Condenser of DT 41.274
Temperature in RD Reb. RD 13.858
Temperature in DT Reb. DT 14.342
Feed reflux feed flow rate of RD F (RD-REF) 27.456

4.2. aanuuulaseainenisatuaulng

NNLATIATINITATUALYEY Hong Xu Aautdualad Feanunsadiuieeniuulasw@inenis

a a a

muanlnild lneannivinaelivssansnminiilaseasnensaiuauves Hong Xu mendnns
ponuuudelud

(1) msdugimuauiansananmmuauiilianansniingizs Process gain I tufe Hx2
TagfinsananuALisnszUINNT Ssnunudenssurumsaziiuliin Hx2 nadoaelada Jald
imsdug HX2 Whivaneslewda T(Rec)

(2) iM33ugUsnsInsiva aulaseasnean1sAtuAues Hong Xu @4lien Process gain
analysis MUNAFABYUAT WAT V7 A1 Process gain analysis Niun#ign Aa 27.456% Fan1siitaen

LY ! =~ v

ueu Lma@mﬂLquﬂTﬂﬂszmumi%Lﬁulé’dﬂ V7 flnasieane F(RD-REF) Fedtdudasduaiuswls

Y

&
AIUANL

(3) vinsdudaUiaia AulAsIETIN1SATUANYEY Hong Xu tadandiklsnluauianai

5 spuAuliien Process gain NNNgnagvaa

a2



(4) ynmsdugauanmgil amilasainsnsmuauves Hong Xu wasiinisidsuuvas 1 ¢
nlAseasanIsAmuAuTes Hong Xu Hufe V3 fivhnismunugumglivesiuauinesuni HX1

(5) ¥insdudgu Pressure ailasiai1IN1sAUANYES Hong Xu Waginisiudsuutas 1 #
nlAsaainssIuANYes Hong Xu tufie HX1 fivihnsauguaudusesvienduluuiiufizen
Wy V3

Tusmiddeildeanuuulnssainenismunull cs1 Fuandlumsedl 4.3 uaggui 4.2 ddlu
cs1 anusulunendunuufiujiseuazgumgily Decanter gnduglualagld3snisiingies

[y 5%

Process Gain ¥84n3zUIUNg Lilesananusulunenduljioignaugdiu HX1 eldnansiiases
figaninnsdugiu V8 28.043% FenanInnszuIug 8.438% uazfigannillu Decanter dalduans
Aneiiiganiinisdugiu HX1 15.689% BaWAINATEUIUNS 14.45% azdanalditiBnmsiiasegs
Process Gain ¥aensyuIunsivnaueieldinduisimunzandmsunisesnuuulaseainanis

AIUAN

M15197 4.3. Uanin13dudsenineiulsuTunasiwlsmuauves CS1

Controlled Variable Manipulated Variable Gain (%)
Feed flow rate of Propionic acid (ProAC) V1 5.000
Feed flow rate of Propanol (ProOH) V2 5.000
Temperature in decanter V3 15.689
Level reflux feed of RD \ 95.905
Level of by-product V5 0.392
Level in RD V6 46.932
Feed reflux feed flow rate of DT V7 0.016
Level in flash drum V8 45.570
Level in bottom feed (Product) V9 24.691
Pressure in RD HX1 28.043
Temperature of Recycle feed HX2 Unstable
Pressure in DT Condenser of DT~ 41.274
Temperature in RD Reb. RD 13.858
Temperature in DT Reb. DT 14.342
Feed reflux feed flow rate of RD F (RD-REF) 27.456
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JUM 4.2, uruiaeinszuiunsduagilnsiialnsilaunimerendusuuliufiizen (RD) Maniis

v

NaInUeg CS1

4.3. Tune Parameters
MNTAARIAIAIVANAILIATIATINITAIVUAN Hong Xu BaAmnsdiinasniulaseasnenis
v a = ! a § o dy ¥
AIUANYDY Hong Xu Landsidn151991 4.4 Gearnisidmesdamivaulunssuiunisaivauily

ANNSIEMRS LA P-only Lay Pl

a 1 a s Y a
MN197191 4.4, ATNITIURDINTUUNAINUDIIDIVDY HOﬂg Xu

Parameters Kc (min) T1 (min)
Feed Flowrate 0.5 0.3
Level 2 -
Temperature 2 -
Pressure 20 12

LﬁaﬁwmiaﬂﬁaﬁamuauLa'?ml,é"s 2MiushNs Tuning Parameters lagldns Auto Tune
91 15lUsUNTL Aspen Dynamics #3307 4.3.41n3 Tuning Parameters lngadniilodeu 44

nturiinseaIsnsmeaeuiiu Closed loop ATV u&anm Start test fauansluguil 4.0,
uazvhnIsnafunszuINMRduMs Auto tune Amiwes Wesunseurumsidinnidurhnsns

fi Finish test

44



3
L]

U

=
7

ro-ia"?"‘h’b;%umpié =)
] B 2|[%] 2] & 4]

> T 15
v L &
oo I |5

=

4.3. WAAIVINFNYDIIIAIUALLALIAYBIBNAUWUUTU AT

@ RD_SumpiC.Tune

A=)

Test I Tuning parameters |
~Test method

¢~ Open loop

¢ Closed loop ATV

—Test settings

Relay amplitude is |5 % of output range

—Loop characteristics

Ultimate gain: . [110.8887  |%/%

Ultimate period: 4.8 fmin >l
Starttest] Finish test I Cancel li‘ Help I
Ready to test

JUN 4.4. ULanmitiF1enN1InAaeUYeIRIAIUANLaLIIaYEIIENaURUUTUATEN
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e

ﬁ RD_SumpLC.Tune

Test  Tuning parameters |
—Tuning parameter options
Controller type: |P| _v_]
TUﬂiﬂQ rule: ITyreus-Luyben _v_|
J
[~ Tuning parameter results
Action: Direct
Gain: 3465273 |/
Integral time: |10.56 ]min _:J
Derivative time: o ]min L]
Calculate | Update controller l Help |
Ready to test

5UN 4.5. uLansningna Tuning Parameters Y89iiAluAslaliavasienaukuuiufizen

nduynsiUdgulun Tuning parameters wagnai Calculate LioRAMNITIABINFIRIN

#1v11n15 Tuning Parameters 91n3U7 4.5 Wu1Amnsdlinesiuilen Ke = 34.65273 min uag Tj =

10.56 min Walarmsdmesinavimsiimsdnesnlaunldlumniuaumnds ievinissu

nszvIuMsLitenUszanianlunismivay waziileUssansnmnismuaudilifuinnaianield Fa

! a say v o . o B ~ | aAa a a
AMNNTENBSTLARINN159I1 Tuning parameters 131 Trial and error lewAAsiUsz@nEAINAS

ATUANT LINT AL FIHa1NNITUIAINITIALABT U trial and error WARIAIAITIN 4.5 B3

ANMNIAMBSYRI CSO Ad

- Feed Flowrate : Kc = 0.5 min

T; = 0.3 min
- Temperature: Kc = 41.03 min
Ty = 7.92 min

- Level : Kc = 41.03 min

T; =7.92 min
- Pressure : Kc = 20 min
T = 12 min

waLAINUUYIINTT Tuning parameters ¥aIlATIATINNITAIUANYBY CS1 AIEITLRINY Fawa

1NANSUIAINNITIAMBSUN trial and error WAAIAIAISINN 4.6 FIATNISILNDSVDY CST AD
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- Feed Flowrate : Kc = 0.5 min - Level : Kc = 22.02 min

T; = 0.3 min T; = 9.24 min
- Temperature: Kc = 22.02 min - Pressure : Kc = 43.99 min
T; = 9.24 min T; = 3.96 min

A15199 4.5. LAnIDINanis trial and error ANMNIAMBSYRI CSO

Parameters Kc (min) T1 (min)
adait 1 0.50 030
Feed o
ASIN 2 0.50 0.30
Flowrate o
AN 3 0.50 0.30
Adait 1 34,65 10.65
Level adait 2 37.03 792
adait 3 41.03 7.92
adaii 1 34,65 10.65
Temperature  Avaft 2 37.03 7.92
adail 3 41.03 7.92
aaii 1 20.00 12.00
Pressure  pafi 2 20.00 12.00
adiit 3 20.00 12.00

ar



M990 4.6. LAMIDINAN1S trial and error AWM YR CS1

Parameters Kc (min) Tr (min)
adadt 1 0.50 030
Feed adadt 2 0.50 0.30
Flowrate  @3afi 3 0.50 0.30
adadi a 0.50 030
adadt 1 109.37 396
adadt 2 41.20 9.24
Level o
ATIN 3 25.02 9.24
adadi a 2202 9.24
adafi 1 109.37 3.96
adait 2 41.20 9.24
Temperature o .
AN 3 25.02 9.24
adaft a 22.02 9.24
adait 1 20.00 12.00
adadi 2 43.99 3.96
Pressure N
AN 3 43.99 3.96
adadi a 43.99 396

4.4. N15USIUIBUANTIOULVRINTZUIUNTS
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¥ 1
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299 CSO MUUNANUINBIENNTITUNIUTEUULAEERA 20% WATINTTUNIUTSEULYRdlATeadne CS1
anansavinlagegail 10% F9inn1sIeuiisuNanITIUNIUTEUUN 10% Serde CSO waw CS1 vaan

5 vl

a

MNsUTeuisulseanSnnn1saIuANmeNIsWasuLUaIEAIINTT e Wagan1sngey
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= +10% feed flowrate
e -10% feed flowrate
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— +10% feed flowrate
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A15197 N.1 AnszuaasinvesnszuIuMsauaATIEAlnsialnsilows (RD = 39 stage, DT = 20

stage)

Condition

Stream T p
Total mole flow (kmol/h)

Q)  (atm)
FPROAC 25 3.1 50
FPROOH 25 3.1 50
Rec 25 3.1 10

a ! a o L3 v 7 a )
A15197 N.2 ANSruadeNdnuTLasHanass laveInNITUINNTEUATIZAINTHAlNSAlaL U (RD =

39 stage, DT = 20 stage)

Composition Condition
Stream Total mole flow
ProAC ProOH H20 ProPro T (°C) P (atm)
(kmol/h)
PROPRO 0.00391 0.02553 1.48E-13 0.97056 152.97 2.40 50
WATER 0.02433 0.00271 0.97177 0.00120 66.70 3.00 49.99

A15197 N.3 ANTTLE Reflux vBenTEUIUMSHLATIEMNIRalnsALowua (RD = 39 stage, DT = 20

stage)
Composition Condition
Stream Total mole flow
ProAC ProOH H20 ProPro T (O P (atm)
(kmol/h)
RD-REF 0.11152 0.03686 0.03243 0.81920 66.7000 3.0000 53.8400
DT-REF 0.0000 0.99983 9.76E+00 7.21E-05 97.2000 3.0000 40.0000
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Integral time

Controller Controller action Gain (Ko)
T1 (min)

B1 Reverse 0.50 0.30
B2 Reverse 0.50 0.30
B6 Reverse 41.03 7.92
B7 Direct 41.03 7.92
B8 Reverse 41.03 7.92
B9 Reverse 41.03 7.92
RD_S1PC Direct 20.00 12.00
RD_SumpLC Direct 41.03 7.92
DEC_L1LC Direct 41.03 7.92
DEC_L2LC Direct 41.03 7.92
DT _S1PC Direct 20.00 12.00
FL_L2LC Direct 41.03 7.92
DT_SumpLC Direct 41.03 7.92

M1919 N.5 AIAIUANLATIATINNITAIUANYEY CSO vesaeila (Miugninisivavesaeiin 10%)

Condition
Before After
Stream
T P Total mole T P Total mole
(@) (atm) flow (kmol/h) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 25.00 3.10 55.00
FPROOH 25.00 3.10 61.27 25.00 3.10 67.09

Rec 25.00 3.06 11.27 25.00 2.92 12.10
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M1319 1.6 AFIAIUANLATIATINNNTAIUANYDY CSO Tasaeiln (andnsinisivavesasiin 10%)

Condition
Before After
Stream
T P Total mole T P Total mole
(°C) (atm) flow (kmol/h) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 25.00 3.10 45.00
FPROOH 25.00 3.10 61.27 25.00 3.10 55.56

Rec 25.00 3.06 11.27 25.00 3.09 10.56

M1319 1.7 A1FIAIUANLATIATINNTTAIUANYEY CSO YasaenanduaLasnananyls (WNenIIN1T

Ivavasansila 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°Q) R(CH
(atm)  flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.83 2.38 61.33 141.45  2.37 67.52
WATER 24.60 3.01 49.95 24.60 2.98 55.43

M1379 1.8 AFIAIUANLATIATININTAIUANYEY CSO Yasanendniniuasnanasels (andninnis

Tyaveaeila 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.83 2.38 61.33 142.24  2.39 55.14
WATER  24.60 3.01 49.95 24.60 3.02 45.62
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M1319 1.9 AFIAIUANLATIATINTTAIUANYEY CSO YaenTela Reflux (Windnsinisivavesaeiin

10%)
Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)
RD-REF 24.60 3.04 43.76 24.60 3.03 44.01
DT-REF 120.51 2.97 45.08 127.59 2.82 48.39

M1919 N.10 AFIAIUANLATIATINITAIVANTBY CSO VBINTEUa Reflux (andninnisinavesansile

10%)
Condition
Before After
Stream
P Total mole P Total mole
T (°Q) e
(atm) flow (kmol/h) (@atm) flow (kmol/h)

RD-REF 24.60 3.04 43.76 24.61 3.03 43,78
DT-REF 120.51 2.97 45.08 108.97 2.99 42.24

M1519 N.11 ANFIAIUANTASIASIINITAIVALUDY CSO Ya9anela (Wuauundlvesa1eia 10%)
9 9 9 Y

Condition
Before After
Stream
T P Total mole T P Total mole
(A (atm) flow (kmolh) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 30.00 3.10 50.00
FPROOH 25.00 3.10 61.27 25.00 3.10 61.93

Rec 25.00 3.06 11.27 25.00 3.05 11.94
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M1319 N.12 A1FIAIUANLATIATINNTSATUANYEY CSO Yasaeiln (angumgivesansila 10%)

Condition
Before After
Stream
T P Total mole T P Total mole
Q) (atm) flow (kmolh) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 20.00 3.10 50.00
FPROOH 25.00 3.10 61.27 25.00 3.10 60.71

Rec 25.00 3.06 11.27 25.00 3.08 10.71

M1919 N.13 AFIAIUANLATIASINNSATUANTEY CSO Yasanenansiniavnanassls (Wugmm

Ya9a1en 10%)

AU

Y

Condition
Before After
Stream
P Total mole P Total mole
T (°Q) | 2
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.83 2.38 61.33 141.31 2.39 62.28
WATER  24.60 3.01 49.95 24.60 3.00 49.53

M1319 N.14 AFIAIUANLATIATINITAILANYBY CSO YadaEransiuuazHanasls (angamgil

293a1en 10%)

a

U

Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm)  flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.83 2.38 61.33 142.47  2.37 60.35
WATER  24.60 3.01 49.95 24.60 3.00 50.53
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M1319 N.15 A1FIAIUANLATIATIANTTATUANYY CSO UBINTEUA Reflux (Hidlgumalvasaneiin

10%)
Condition

Before After
Stream

P Total mole P Total mole

T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

RD-REF 24.60 3.04 43,76 24.60 3.04 40.95
DT-REF 120.51 2.97 45.08 129.06 2.95 47.74

M99 N.16 A1FIAIUANLATIASINNTAIUANTDY CSO VBINTEua Reflux (angaumniivasaneiia 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

RD-REF 24.60 3.04 43,76 24.60 3.02 47.52
DT-REF 120.51 297 45.08 111.67 2.98 42.84
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M1319 N.17 AFIAIUANIASIASIINITAIUANYEY CS1 YBINTEUIUNTHUATIZLNTHaln Lo

Integral time

Controller Controller action Gain (Ko)
T1 (min)

B1 Reverse 0.50 0.30
B2 Reverse 0.50 0.30
B6 Direct 22.02 9.24
B7 Direct 22.02 9.24
B8 Reverse 22.02 9.24
B9 Reverse 22.02 9.24
RD_S1PC Reverse 20.00 12.00
RD_SumpLC Direct 22.02 9.24
DEC_L1LC Direct 22.02 9.24
DEC_L2LC Direct 22.02 9.24
DT _S1PC Direct 20.00 12.00
FL_L2LC Direct 22.02 9.24
DT_SumpLC Direct 22.02 9.24

M1919 N.18 AFIAIUANLATIASINNTTAIUANTEY CST Yesaneiln (Windnin1sivavesaneila 10%)

Condition
Before After
Stream
T Total mole T P Total mole
o) (atm) flow (kmol/h) °Q) (atm) flow (kmol/h)

FPROAC 25.00

FPROOH 25.00

Rec 25.00

3.10 50.00 25.00 3.10 55.00
3.10 61.25 25.00 3.10 66.84
3.10 11.26 25.00 3.09 11.84
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M1519 N.19 AFIAUANLATIATIINIIAIUANTEY CST vasaneiin (andnsinisivavesaieiin 10%)

Condition
Before After
Stream
T P Total mole T P Total mole
(°Q) (atm) flow (kmol/h) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 25.00 3.10 45.00
FPROOH 25.00 3.10 61.25 25.00 3.10 55.77

Rec 25.00 3.10 11.26 25.00 3.08 10.77

M1314 1.20 AFIATUANLATIATINITAIUANYBY CST Yasanenanduauasnanasels (WNensIN1g

Ivavasansila 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°Q) | 2
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.84 2.38 61.31 141.50 2.36 67.28
WATER 24.59 3.05 49.95 24.60 2.98 54.41

M1319 N.21 AIAIUANLATIATINITAIVANYBY CST YasameNaniuaLasNanassls (andnsIn1g

Tyaveaeila 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.84 2.38 61.31 142.22  2.39 55.31
WATER  24.59 3.05 49.95 24.60 3.02 45.68
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M1919 N.22 AFIATUANLATIATINNITAIUANYEY CS1 YaenTwua Reflux (Windnsinisivavesansiln

10%)
Condition

Before After
Stream

P Total mole P Total mole

T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

RD-REF 24.60 3.03 43.83 24.60 3.04 4391
DT-REF 120.31 2.97 45.03 128.61 2.99 47.37

M1919 N.23 AFIAIUANLATIATIINITAIVANTBY CS1 BaInTela Reflux (andnsinisiviavesaeiin

10%)
Condition
Before After
Stream
P Total mole P Total mole flow
T (°O) ARN\4]
(atm)  flow (kmol/h) (atm) (kmol/h)

RD-REF 24.60 3.03 43.83 24.60 3.03 44.26
DT-REF 120.31 2.97 45.03 112.57 1.98 43,10

M99 N.24 A1FIAIUANLATIATINNITAIUANTEY CST Yasaeiln (iugaumgivesaeila 10%)

Condition
Before After
Stream
T [ Total mole T P Total mole
O (atm) flow (kmol/h) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 30.00 3.10 50.00
FPROOH 25.00 3.10 61.25 25.00 3.10 61.38

Rec 25.00 3.10 11.26 25.00 3.07 11.37
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M1319 N.25 A1FIAIUANLATIASINNTSATUANYDS CST Yasaneiln (anaumvaiivesansia 10%)

Condition
Before After
Stream
T P Total mole T P Total mole
°C) (atm) flow (kmol/h) (°C) (atm) flow (kmol/h)

FPROAC 25.00 3.10 50.00 20.00 3.10 50.00
FPROOH 25.00 3.10 61.25 25.00 3.10 61.01

Rec 25.00 3.10 11.26 25.00 3.07 11.01

M1314 N.26 AFIATUALLATIATINITAIUANYRY CST Yasanenandnauasnanasels (Hingaumngd

Ya9a1en 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°Q) | 2
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.84 2.38 61.31 141.50 2.38 61.71
WATER  24.59 3.05 49.95 24.60 3.00 49.54

M1319 N.27 AIAIUANLATIATINITAILANYEY CS1 Yot eNaniunLasNanassls (angaumngd

293a1en 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm) flow (kmol/h) (atm)  flow (kmol/h)

PROPRO 141.84 2.38 61.31 142.62 2.38 60.43
WATER  24.59 3.05 49.95 24.60 3.01 50.83
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M1314 N.28 A1FIAIUANLATIASINNTTATUANYDY CST Yaansela Reflux (ingaumiivesansiln

10%)
Condition
Before After
Stream
P Total mole P Total mole
T (°O) T (°O)
(atm)  flow (kmol/h) (atm)  flow (kmol/h)

RD-REF  24.60 3.03 43.83 24.60 3.04 41.11
DT-REF 120.31 2.97 45.03 122.04 297 45.51

M99 N.29 AFIAIUANLATIATINITAIUANYDY CST YaenTeld Reflux (angaumgiivesasiin 10%)

Condition
Before After
Stream
P Total mole P Total mole
T (°0) T (°O)
(atm)  flow (kmol/h) (atm)  flow (kmol/h)

RD-REF  24.60 3.03 43.83 24.61 3.01 49.86
DT-REF 120.31 297 45.03 116.50 2.98 44.05
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Abstract. This article aims to study the control structure design of N-Propyl Propionate
synthesis process using process gain analysis. The N-Propyl Propionate synthesis process is a
complicated process due to complex behaviors of the reactive distillation column and a
material recycle stream in a such process, so the process might be difficult to control. Firstly,
the N-Propyl Propionate synthesis process (Hong Xu, 2014) was simulated in steady-state
mode and dynamics mode using Aspen Plus and Aspen Dynamics, respectively. In the
second step, the process was analyzed by applying the process gain analysis to determine the
possibility to matching control variables (CVs) to manipulated variables (MVs) and then the
designed control structure (CS1) was carried out by matching CVs to MVs in the process
gain array. In the third step, the process gain analysis was applied to the control structure
proposed by Hong Xu and et. al. (CS0) and compared the different between CS0 and CS1.
Finally, the control performance of CS1 was tested by applying feed flow disturbance and
temperature disturbance and compared with the control performance of CS0. The
simulation results show that the control performance of CS1 was similar to that of CS0,
therefore it was concluded that process gain analysis could be used to design the control
structure of the such process effectively.
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1. Introduction

Reactive Distillation Column (RDC) is an unit operation that combining of a reactor and a distillation column.
Reactions and separations could be operated simultaneously in the RDC [1] so that heat of reaction could be
utilized as the separation energy in a such column. However, the operation of RDC was complicated than
the conventional reactor and distillation column, the control of RDC was also difficult than the control of
the conventional unit operation.

In this article, we studied the control structure design of RDC process using process gain analysis method.
The N-Propyl Propionate synthesis process [2,3] was used as a testbed process due to the process has
complex behaviors of the reactive distillation column and a material recycle stream. The process was
simulated in steady state and dynamics conditions by Aspen Plus and Aspen Dynamic [4,5], respectively.

The process gain analysis method was also used for evaluating the control structure proposed by Hong
Xu et al. [2] and used for re-design the new control structure. Then, the control performance of two control
structures was compared and discussed.

1. Process Descriptions and Research Methodology
LI The N-Propyl Propionate synthesis process

In this paper, the N-propyl propionate synthesis process proposed by Hong Xu et.al. [2] and was used as a
testbed process. As shown in Fig 1, the process is composed of two columns. The first one is a RDC and the
second one is a conventional distillation column (DTC). The reaction occurred in the RDC is shown in eq.(1)

C3H80+C3HGOZ®C6H12OZ+HZO (1)

Propanol and propionic acid is fed in the reactive distillation (RD) which reaction and separation are
taken place simultaneously. Top products of RD are separated in the decanter (DEC) as the reflux (organic
phase) and the distillate (aqueous phase). Bottom products of RD are fed to the conventional distillation
column (DT). Top products of DT are separated as the remain propanol recycled to RD and the DT reflux
while the Propyl propionate product is separated at the bottom of DT.
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Fig. 1. The N-Propyl Propionate synthesis process [2].

12 Research Methodology

The N-Propyl Propionate synthesis process (Fig.1) was simulated in steady state and dynamics conditions via
Aspen Plus and Aspen Dynamics, respectively. The process gain analysis method was applied for the process
in the dynamic condition. To determine the process gain in the dynamic condition, could be clarify that the
unstable conditions might be founded. The process gain could be calculated by eq.(2)

G% — | APV x100

RM
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G% is the Gain percentage of the selected PV due to change of the selected MV, APV is the different of the selected
process variable due to change of the selected MV, and RM is the PV span. The process gainanalysis method is that the
proper paring of CV to MV should have the possible maximum value of the process gain. The process gain analysis
method was applied to evaluate the control structure (Fig.2) proposedHong Xu et.al. [2], named as CS0. Then, the new
control structure named as CS1 was re-design via the process gain analysis method. The control performance of the
two control structures was compared and discussed.
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Fig. 2. Control structure of the N-Propyl Propionate synthesis process proposed Hong Xu et.al. (CS0).

3. Results and Discussions

3.1 Process Gain Analysis of the N-Propyl Propionate synthesis process

The process gain analysis array was shown in Table 1. The array is composed of the selected PV and MV in
the row and column respectively, and the process gains of the selected PV due to the change of the selected
MYV were calculated as the elements in the array by Eq (2). From the Table 1, it could be noticed that the
change in cooler (HX2) duty make the unstable situations. The process gain array could be used to matching
proper pairing of PV to MV by selecting the highest process gain of the considered pairing.

Table 1 Process Gain Analysis Array of the N-Propyl Propionate synthesis process.

PV / MV V1 V2 V3 V4 V5 V6 V7 V8 V9

F (ProAC) 5.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
F (ProOH) 0.000 5.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
P (RD) 17.518 5.342 8.438 0.400 0.000 0.000 1.216 0.025  0.000
L (RD-REF) 47.000 37.400 46.938 95.905 0.314 0.029 21.743 0.133  0.090
L (BY-P) 68.429 0.010 55.114 11.881 0.392 0.000 0.300 0.010 0.062
L (RD) 46.762 46.848 46.776 46.838 0.005 46.932 25.305 6.652 0.124
F (RD-REF) 19.122 19.988 0.001 0.000 0.000 0.000 0.016 4.005 0.000
L (FL) 47.500 0.150 0.110 0.010 0.000 0.000 0.125 45.570 0.000
L (DT) 47.381 3.524 46.733 0.133 0.000 46.900 3.014 26.786 24.691
T (DEC) 9.525 2.399 15.689 0.114 0.000 0.000 0.512 0.017  0.000
T (Rec) 16.693 0.549 1.068 0.310 0.000 0.000 7.290 0.058  0.001
T (RD) 15.533 3.935 3.376 0.835 0.000 0.000 0.811 0.063  0.000
T(DT) 11.577 1.045 2.041 0.570 0.000 0.000 13.858 0.104 0.002
P (DT) 35.398 1.702 3.286 0.933 0.000 0.000 27.456 0.168 0.002
F (RD-DT) 3.823 22.012 2.483 0.016 0.000 0.002 0.003 0.405 0.000
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Table 1 Process Gain Analysis Array of the N-Propyl Propionate synthesis process (Cont).

CV/MV HX1 HX2 Reb. (RD) Reb.(DT)  Condenser DT FR-DT
F (ProAC) 0.000 0.000 0.000 0.000 0.000
F (ProOH)  0.000 0.000 0.000 0.000 0.000
P (RD) 28.043 53.104 1.216 2.887 1.216
L (RD-REF)  0.000 47.133 34.081 4781 21.743
L (BY-P) 0.000 U 25.286 2.033 0.643 1.405
L (RD) 0.000 N 48.086 41.010 5.510 25.305
F (RD-REF)  0.002 S 0.002 0.003 0.034 0.003
L (FL) 0.395 T 0.730 0.095 47.935 0.125
L (DT) 46.81 A 47.438 2.838 46.671 3.014
T (DEC) 14.450 B 12.544 0.512 1.180 0.512
T (Rec) 8.931 L 12.006 7.290 17.559 7.290
T (RD) 28.130 E 41.274 0.811 2.020 0.811
T (DT) 17.033 21.036 13.858 2.696 13.858
P (DT) 35.167 45.751 27.456 4.342 0.016
F(RD-DT)  1.540 30.267 0.016 0.028 27.456

3.2 Application of Process Gain Analysis Method
The process gain analysis method was applied in this research. Firstly, the such method was used to evaluate
the PV-MV matching of the CS0 as shown in Table 2. It could be noticed that almost of the CSO matchings
are the highest process gain value such as two feed flow rate, Level of organic phase, Level of aqueous phase
and etc. Considering the matching of CS0 in depth using process gain analysis, we found that some matchings
are not the possible highest process gain that it should be, such as RD Pressure and Decanter Temperature.
In this research, we have designed the new control structure CS1 as shown in Table 3 and Fig. 3. In CSI1,

the RD Pressure and Decanter Temperature were re-matching using the process gain analysis method, given
that the RD pressure was paired with HX1 duty which the process gain is 28.043% higher than pairing with V3
which the process gain is 8.438%. The Decanter Temperature was paired with V3 which the process gain is
15.689% higher than pairing with HX1 which the process gain is 14.45%. It could be noticed that the
proposed process gain analysis method could be considered to be the appropriate method for the control
structure design.
Table 2. Matching of Control Variables to Manipulated Variables in CS0.

Controlled Variable Manipulated Variable = Gain (%)
Feed flow rate of Propionic acid (ProAC) V1 5.000
Feed flow rate of Propanol (ProOH) V2 5.000
Pressure in RD V3 8.438
Level reflux feed of RD V4 95.905
Level of by-product V5 0.392
Level in RD Vo6 46.932
Feed reflux feed flow rate of DT V7 0.016
Level in flash drum V8 45.570
Level in bottom feed (Product) Vo9 24.691
Temperature in decanter HX1 14.45
Temperature of Recycle feed HX2 Unstable
Pressure in DT Condenser of DT 41.274
Temperature in RD Reb.RD 13.858
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Temperature in DT Reb. DT 14.342
Feed reflux feed flow rate of RD F (RD-REF) 27.456

Table 3. Matching of Control Variables to Manipulated Variables in CS1.

Controlled Variable Manipulated Variable  Gain (%)
Feed flow rate of Propionic acid (ProAC) \"2! 5.000
Feed flow rate of Propanol (ProOH) V2 5.000
Temperature in decanter V3 15.689
Level reflux feed of RD V4 95.905
Level of by-product V5 0.392
Level inRD V6 46.932
Feed reflux feed flow rate of DT V7 0.016
Level in flash drum V8 45.570
Level in bottom feed (Product) V9 24.691
Pressure in RD HX1 28.043
Temperature of Recycle feed HX2 Unstable
Pressure in DT Condenser of DT 41.274
Temperature in RD Reb. RD 13.858
Temperature in DT Reb. DT 14.342
Feed reflux feed flow rate of RD F (RD-REF) 27.456
T ’ s
55 ,Q R B
“&'ﬂ@i&'m

Fig. 3. Control structure of the N-Propyl Propionate synthesis process designed by process gain analysis
method (CS1).

3.3 Control Performances

The control performances of CSO and CS1 were tested and compared with the change of 10% feed flowrate
of ProAC at 5 hr. The simulation results of CSO were shown in Fig 4. and results of CS1 were shown in Fig
5. The Fig.4 showed that while the disturbance was applied to the process with CS0, the process could
eliminate the disturbance and the CVs move to the steady state condition within 4-7 hrs. And the Fig.5
showed that while the disturbance was applied to the process with CS1, the process could eliminate the
disturbance and the CVs move to the steady state condition within 0.5-3 hrs. It could be noticed that the
dynamic response of CS1 significantly faster than CSO0.
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Fig .4. Dynamic responses of CSO with the change of 10% feed flowrate of ProAC.
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Fig .4 Dynamic responses of CS0 with the change of 10% feed flowrate of ProAC (Cont)
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Fig. 5. Dynamic responses of CS1 with the change of 10% feed flowrate of ProAC.
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Fig. 5. Dynamic responses of CS1 with the change of 10% feed flowrate of ProAC (Cont).
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4. Conclusions
The process gain analysis method was used to design the control structure of the N-
propyl propionatesynthesis process. The proposed method could determine the unstable
conditions of the process dynamic response and the propose method was also used to
evaluate the control structure proposed by Hong Xu etal. CS0. The new control structure
CS1 was designed and compared with CS0. The simulation results showedthat both control
structures could give stable responses while CS1 gave faster responses than CSO0.
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