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ABSTRACT

This thesis aims to study the control structure design of an Amyl Acetate
synthesis process with the application of process gain analysis. The Amyl Acetate
synthesis is a complicated chemical process due to complex interaction between the
reactive distillation column and the material recycle stream. For this reason, the process
might be difficult to control.

The study started with the simulation of Amyl Acetate synthesis proposed by
Qingrui Zhang et al. (2017) 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), was then 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 Qingrui Zhang et al. (2017) (CSO) before finding the difference between CSO and CS1.
Finally, the control performance of CS1 was tested by feed- flow 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: Amyl Acetate, reactive distillation, control structure, process gain
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13 azeotrope, fAamuaguenagldunumuesAnniumiiumnnssdureanalaaa
sunislurnmdignalunu egslsfimailunsdivasnisiesies azeotrope Usgnauludes
entrainer MeuBNUaY butyl acetate aIsAlTUNUMVBIERARIL NSLAUSAWALAAIAEST
wanganvesiUsznoumsneueniuneduiiiudsddndmiummsaaeuliuilainszuveg
Tuannefifimsiasuuiasgauazilugnananiafiaesfinniigs diludnlvginsiznisuing
fvesidrsmneusninniiulluneduindul fiserdmalvinandnanasujisen 15aue

sUkuuNMIAUANTLANASiuaesgUL LT Lag iUYiinves azeotrope NsULUUTBIRINBUDNT

q

[

1 aaa

fidunanresfisen suuvuntsmuauiawetuldvansliiiuinivszansamluniss nw

DNIINANDULNUNFILALANUUSANTUDINAN AN

Y 9
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Zhixian Huang, Yixiong Lin uagane [7] laAnw1AeIfunsmAmManeNanaznis

aaa o

AIUANNTZUIUNISNA URULTUATodmTun1sdumseilawiianisuaiun Jalawuia
asvatualuansindndulinsivdwindeuuazgeeaatalani1aanin Huang et al laviinng
WaLnszuuNssImmvesUjisennisnduazmaluladnsnaumsussudadunsyuiunig

T d@1nsun15d1AT 1A LALUAAANIS UBLUANIUNTZUIUNISNTIUD AN DS T AT UA 18 TSR AU

a

A1 UBLUA TUUT NI NUsSEENS AnuesnsEUIunsAlunisinenisan TAC Vienun

NANITIFYNUINEINITDDNLUUN AN ERE1LNTAUTENTANGIULS 18.6% Tasnisilasulnsiau

9

Arsuatumdu 99.9% 9nUuTIINIsTAILIlATIES19NIIAIUANTATAL S s UATiUTEE NS

dusunszuiuns nan1siaeswuulaudnuansliiiuinnsauatgunl / dnsnisluasay

Aunsaualguuniniseudgliiies uisnwinnuugnsvemandaeivindu uidaiunse

1%
v YV 1

WasuURTevesansRsfumuAifeIn sl iunssumusnanisiva

Liu Mo, Jiang Shao-Tong laganiy [8] iﬁﬁﬂmﬁmﬁ’umﬁaamwuL,Lazmmzumi
ndunuuiuiizerdmiunslelaslafavesBananom Juoamedfladureinsauanfniuain
ihguninuagnislelasladavesuanameameslunendunuuiviisendunssuiunisid
UsgAvsnmdwiunsiliuianivesnsauanin Taglddnsnisndunuuiuiisedmiuns

lalaslagavesuBauanian ag1ausnyiINsInTetaudinisgumnarmansuazIaumansvas

L2 13 4

UfiA3en annturenisnaukuuivfnsenaslasuniseansuumuilesiduingussasnsiuduyu

q

518U NANTENUVBIMUIBEVNINVBIEIUNLALY, KN8LaV1AV0ENTURTYT, Lazsurl

| [

andseeldingUszIUnmunazgnnsIaaey uaziinisiauelasiasinisauANg iUy

=)

Y] Yt Aaa

dmiureduinisnauwuuiueniinnAngauwarnadnsuanaliviuiduvinuldneudied

A
dnfuszuulelnsladadl

S. Hernandez uazan [9] liAnwAsTUNsIassfiannzasinazwaifvemen
§u Petlyuk wuuf U A 5819 17 suI1 reactive dividing wall column (RDWDC) Tunsdld
UfAseseninsemusauaznsnesdinififussufasodunsadaiininifiondnefiaesdinn
wazth wuiwendu Petlyuk wuuiUAS1amsiUABu set point UBIQUAIUALTDIGUNA
flaaosld uaﬂmﬂﬁqﬂmmmmmmﬁﬁmwaﬂﬁwumﬂmssumuiuawﬂauiéf lnenaLaz
mmi’ﬂ'awﬁwLwﬁwﬁﬁiwamulﬁmﬁ’waﬂé"uLLUU%’U@'vmmm%fauuazmsaé"mmuﬁﬂg’jﬁ%m

Tasun1sfiansaiiapanwuukazyl ROWDC tuly
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S.V. Mali wag AK. Jana [10] la@nwfeafiunisysamaanuseuneluveaiendy
Alivinugasendundn Tunsadvayull lelinsiauenisimuaaivenaunuuiujisewas

'
aaa =

ysannemuseuuvdwuulng venduuuuiufaseniiuinuduniteves two-column

s
a a

sequence filddmiumananeiinosinndidauuianias lunsAnuissyamudululima
gauvmamansveansruIuMskuuiuiseuazdmamaasegmaniiuiaulaveaendu
UFASeMUUYsITInIdeu1sdn (HIRDO) fimsveaeuanulafieuiuqunisesnuuuuas
faudsnieu Tngmaiisufisunaasugmanisgninsiiausuuuunuiusenaudie two-
column 484 HIRDC Anssne recovery column wayMITuguUUAuAY (HesannisnaIusm
w¥auelu lFldUsAvEnmiiRTuensUssndandanuannnd 20% uagldianfuny
3581

San-Jang Wang, David S.H. Wong wag Shuh-Woei Yu [11] lﬁﬁﬂmﬁmﬁmaqwé
N1598NLUULATAIUANYBINTZUIUNINA ULULTUATEM 8 M3TuAmsauTouuisdau
dwsunisndnnueanaziou-Tnfiaesdiwalaesufisevsudioamesiinduvesufiaosdny
wazldu-Unuea Lesnumusauazfiaerdinanefuluesdlelnsy nansnsive wendy
wuuiufAzefsmfadu-thfinesdwnuardunauresaynueauaziuiinosdian Sedesusnld
shevienduiiisidy Taensdugnisanufeunsdimannsaliifioddnneunugesvemendu

Aantlowazlydiieanstralunisanndsauyiidu wedalasuuszansninnisvinaumay

ArwannsolunsmuaufintudmiunssuaunsnduuuuiuATenTugsanuteu luns
Wonuazduaiulsusuuaraanusaruaueg 1wvanzaulagldnisiinseiluaniizasi
LHUNTAUANDE 1T daUauaug Mg aru Ut uilsswe e fnwiauuIani ves
WA fsiuarauaAaUes SIS s isfiaansRaduls

Fazilay Abbés, Ngoc Giang Tran wagAale [12] lé’ﬁﬂmlﬁmﬂﬁé’uﬁué container-
content szwinslndlefifuninumuiuiugs (HOPE) fuansazansiefiaesdinndifietduans
nszaned tneflenuauladuiivslunansznuresusingnisalnisgaduiasn1sunsnszagse
AnanTAn1anaveduIn HOPE Muldan1agasiiiszozdneg vadn1sidoudan mmienienn
nedeUBuNUFBIvaIAT UL eTidaaInTInLasin s ageulassaisuuTIa Tunns
Ainsgsinaniamaaaengg deananldidugdsdnvugvosiinAouresusingnisainig
LHINTEANLLALNITANAIVBINAIBAVBIVIAMIBLIATIUNITUTUAN AT uaﬂmmfﬁnguﬁu
T nsadranuudiaesmgingsunianaves HOPE Tnasdadisnisarelenuiadiinain

Usngnsainisunsnszane ladnsiausluea Elastic-viscoplastic waginlulglulanlnludied
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st ABAQUS ynsnfiinosvasuuudiansiszyldnnnsmnaeuussidlasmauitymmsuiy
Tsnzauiian lueaiisyyldsunisnsaeulasnsdiaeadeiiavvesnmsdudaduugnvos
179 HOPE wadwsiiduduaviuaenadastumsianamamsnaasaduesnad

Xin Gao, Peng Yan Wazaniz [13] ldAnwiAganisndunuuiiufiten duduniss
n139URATEMaTNITLEN Imgﬂﬁmﬂ%’mﬂffuluﬂﬁié’ﬂLﬂiﬂsﬁL%aLwﬁa Wi Tuladiea, n1g

duAs1894 Fischer-Tropsch wagduq agnslsiniu nsldmudulugluaddinseyisziu

Y

v

weaUuRnig sstiudadusesenieeiaunlilugnamnssy esnuilstunauidAyiian

o
aaa Y a

Tugnamnssunsndunuuiiufsoriuliieedinameunsniseenuuunisndunuuiugisen
AENITUIIUANITIULATEN ﬁaﬁguummmﬁjﬁﬂlﬁm%ameﬁaaﬂﬁauuiaiﬁm%’umiaaﬂ
wuvegraduszuukaziinyszansam Seepage Catalytic Packing Internal (SCPI) e
Tnsnureuntidvenst tuneunsudiymvstuuuiaesduiinfaiinisaguasuansiaosng
Tunsdi@nuniidunseiidu-tefiaosdimaluszdugnainnssy uenaini dauandliiiiuiy
Tassadumeluldsunsuiulfmnzanlnefidmnefleandunususysdtu Wetims
dounas 2.95 kmol/h faflvesvendunuuiiufizen (R) Ae 0.129 v dasrdrunnnuniieues

=

AMYULUTTYNIWHATewouRulanzgniln (m) Av 1.9 Inedldunusiudseiny (TAQ) sngn

Y Y

a o o

nadnsiantnansliiuinlumadsuinsaaiuisainlulddun1sesniuukazusulse SCPI g

[
a o

ag9nela m’f@mqﬂu%’aﬁﬁwmwuﬂumsﬂ’mmqmamnssmaqmiﬂé’ul,t,wﬁﬂﬁﬁ%wuaa
nsduaTeidemas

MariaToikka, Victoria Vernadskaya waz Artemiy Samarov [14] 1ef @ nwif 82y
STUUTRIAILAL TR VIR eI TENaUTITUR AT AT1E 1Bu-tefianzdian Tag
thiaueteyanmeassniifendunrmaunsalunisarans aunasevinaveanaliureamad
(LLE) uazosAusznauiiddudmsunsnesdin, 15u-tefia woanesedy, Su-lefiaesding uay
i flgaumgdl 303.15K wazAnufuusTEINA Anwasnsalunisazanslazanzingalssy
n19ns23daulay "tnaila cloud-point" kaz3§n19 pale opalescence blue M1UEIAY
09AUszney LLE gnimuaminoudalasulansflazduius fuuuudians NRTL wadnsi
Aanlaslfuuudiass NRTL duaeandasiudoyanimnassiiifisane Tasandsauy
unsgIudmivszuugesluuniuuulasaialiiiy 0.45% wazdviuszuumeinesuiin

f939EYU - 0.53%
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Wu-Chung Chan ag Mei-Qi Su [15] la@nw A eaiungAnssuniaaauransyas
MItgaaenTINMVeLeTa srdnanaziela sxdmaludiinsosdin nuuulinanuunay
ngnidiasan dindnneulndnfie PVA/peat /KNO5/GAC Niinsinay dinwiouliluaunay

a

M N8R INSIRTYLAUINY0RaUNIduarsns U Asemsiualigndugaimnsnzadnuidudun

v

g9UU0v T dmsunsruiunsitydiulavedunsd dnmmsiulnvedunidveeiia
PEBANTUNINNTIBNIINTAS YL AUlvesRaunIdlunguolia asBinnlut19nUTLTuYeY
19191 100-400 ppm F95EAVVDINANITEULIUADUILNNUE T UL TIa0zTnn aloliaosdLnn
TugaAMuuTull waraAAINA3IANBNRY Ks 20ue7ia asdinataziafia asdinavinny
16.26 Uag 12.65 ppm AUA1NU BsIMsinUnsengeEn A1V, veseiaesBinnuazosiale
Fuanre 4.08 war 3.53 ¢ C h' kg TAAUITINUARY FauNaMIaRSUAUANENTUaTANTS
] A vy o ° aaa = A A A °o w aaa
wnsnszedelainduiuuinaesuisemedaedniemenan dmsunseuiunisuisen
N139%Adl 805INTANULATEMTIATvETIARETNNgINTIIVeT LaTlaBE TR lUY 1AL
WUTUVULIA 100-400 ppm Nan158UgedImsuLeiaosdianiuaudnnindinsu AA Tuaig
Y Y dy [ a a ¥ a a A
ANULTUT AuaEnsalun1sdngeanveefiaasinnuaioliaasTinnfe 82.3 uay 37.93
¢ C h' m? YSumsi3eanuansu witaesdwaidesaaslneqaunsdlaiieniteliaosdem
Oussama Zaki, Boussad Abbes way Laurent Safa [16] lauauaineinuisnisway
U sav v aal a a A e o a a Y = =
HAGNETILFAINTENTINATNUAE FTIR liteAnwin1saaduvediedans@innluussadnaiinalnsi

a = 1

AU 1aziin15NANNBNETNAVDIANUTUTUYDDNADLBLANLAL UTNAVDINSEDUANINFHDNNT

9 Y

o =

andu Fauuudnaenldlefinfeuldlunismenduussdnsnisunsuasanduuseansnisaiewm
UIANURY WaETTRIUINITVOININTUAIEAINUTUT VD102 a0 TLANILALQ UNNTVDINTT
Wonanm Anwnavesnisunsnsvievedieiiasrdmnsenedlnsiaulnsldnuaudiniaaiiy

Sou
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Qll = aaa
2.2 V@ﬂauLLU‘UﬁJUQﬂiﬂq

wondunuudUjisen (Reactive distillation column) WunieufuRinisiisiuiu
senIenenay (Distillation column) fuia3asufnsal (Reactor) FavilAaunsanannansine
panvaeAnUATele Fevilvlitenvainvats wWu Anuseuniinannisiugiselune
nauanrsadluldlunsuenansaeldla nistarvannisiinezdlelnsd (Azeotrope) &4
°o & ¥ ¥ a v 1 ¥ & a aaa Ly vy v
Jdudesldmalinwaznasnudoudiauin vendusuuiu]aselulyduladnisimuiluuin

wazisun s lUlgasslugannnssy

/E % Condenser

Rectifying Reflux  Distillate
Section
SR/ Reactive
Feed Section
Stripping
Section
Boil up

| Bottoms

;s‘lJﬁ 2.1 vendunuuiufAzen (Reactive distillation column)

2.3 ASTUIUNITHIATILBTADLBLAN

nszUIUNITABATITReRasdmnuuudafudutuuenauwuuiiujsendedindi
Tumsvihiseuazuenlumheuisenied wanswiaguin 2.2 lngasnawunsgessipe nsnes
e (Acetic acid) uaginuniuea (n-Pentanol) gniauidngvienadunuuiiujisen Weaisawmu

aaa v

anteudguenduasiinuiisesulusaslaansindesnunassviinfe ofiaosdnn (Amyl

Acetate) FuduUNBaT N NanNAoInN1s kazin (Water) Wunansusises lnoeiassdmnasn

NATUANVDIVBNAY UNDDNNIANUUUIBIVDNAY
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-

AmOH Organic Reflux
HAc
—_——— ¥
AmAc

sUN 2.2 nszviunisnaunuuiivisemadudinsunisdunsieiieliaosdiny

'
a

sUN

Y

wenausuuiufisegnuusesnilugetdiufie rectifying and reactive section (HP column)

2.3 UanansEUILNISNAULUUHUAToNsIvaAIuTauiaufuLAnNGe Lag

wag stripping section (LP column) nszualovatpaduy LP gnivdawazaislouluderuang
v93D HP Yaavaduaewme HP azgnanveulaendidnfideuasdoudngduuuesve
LP nsvualeainve HP azldiduunasarrusousoane LP a1nduszuteninusounie
ABUIALRSLA3L N13TINALSRUATUSE AV A sEIsER e U uANUBUANSeueT

MMlnlsendanaaanula

20



Compressor
4
7
1 Organic
> Reflux
AmOH
2
HAc 6 LP
HP H20
5
AmAc
3

5UN 2.3 nszuiunsnauluuiiviseanisiugainuseunanuduiandsdmsuns duasie

LOUADLTLAN

2.4 n1seanuuulAsIaianIsAIuAY
2.4.1 nseennuulaglduszaunisal (Heuristic Design)
Bunseenuuuiiuluiivszaunmanivesgeeniuy dslunisoonuuutiud
anuadendeiuluedn Suilumssenuuuiiimiusings fegremsiidlsmanealeu
foyatimnuliwiueunieiidndida Wumsesnuuuiithilainliansalivguiiuueuld uas
fiszoznaluniseenuuuiiuiuiuly
2.4.1.1 Tontunsld
1) relunsosnuuuliinety
2) Hrelvdndulaudlatymilifianududoulss
3) FreUserdananlunisnmuagnsauIu

4) FeUsendaallunisussaiananasaltlunsanaula
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2.4.1.2 odnrin
1) wwmawdledgmldansasusziulainduiumaiign vensiens

[ Av i
Wuniseanuwuunlila

2.4.2 nmseanuuulaglingel) (Systematic Design)
Humseenuuvethaduszuulaglinguiduntas Sddumsesnuuuduriili
Ienadnsaiaiian wanzdmiunuiiFesmsanuazidn gndes uazusiudnudusgrann
2.4.2.1 Godlunsly
1) fauianainluniseanuutaeuIN
2) Winadwslunisesnuuulaeg1ed
2.4.2.2 Ga3fin
1) Sndusedlddeyadiuauuin
2) MsAUIUABUTNENN

3) UNS2UUaNRLnantun1seanwuuuusiuly

2.4.3 N139BNUWUUNANNATUTENINUTZAUNI TSN YY)
Junmhanuiildannuszaunisaluntaslunisesnuuulaglingui Seviili
nseonwuudululdedresanda uiugn uesdluszansnm Tagiiniseanuuudmnzausu
AszUILMsTIinateils nsesnuuulneUszaunsaiseiglunisansauusunsias lavilsd

AoIAWIUNNFAINYS

2.5 MTIATIINUYDINTZUIUNS

ANTIATIERNUATEUIUNTS (Process Gain Analysis) Lﬂum?aﬂﬁaﬁgﬂiﬂumiﬂﬁ
Anrginazoonuuulassaianizmuns lnefisnsasEndinureanszuauns (Process Gain
Array) Lﬂummamﬂ'ﬂLﬂuﬁlléfa]mmzmumﬂﬁaﬁwiﬂ%’%’uﬁjﬁzmwﬁhLLUiU%"ULLazé’hLLUi
AuAY TneldennsTug lvAINUYeINIEUIUNITNINTIAN LALNITIMATALYBINTLUILANTT

anmenadinlaanaunisi 2.1

G% = %‘I’ x 100‘MV o
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o
2.6 AIUAIUANRUY PID
lusguumvAufimunuateviln damuauaulngnldlunisniununszuIunis
Juuuu PID Tneseeynsudussuuiifesnisaiuay aeuandlugui 2.4 dygiaeanainey

AIUAY PID annsaussenglanadl

disturbance

reference error +l measurement

+
L — System >
PID —=( )= Sy

5UN 2.4 dmuau PID MisielinlussuukuuaunTy

2.6.1 Proportional Action
nsmvuLuUdndrulunaiiafiiiefian nannisfedyyiuauau (u®) a0

meupuiddluuTunssuunsiiandudadiiunnueaianiou Jsusadeulatugy
u(t) = Kpe(t) (2.2)

lagfl K, ABAENT1VE18 Ua et) AUARIAAGEU = ANNIVUA — ATIR

% =

AAUANUNAIFE MU kaEd Y IeRN1RTNHIEe Y LfuN1SUABULUAIYDY

gy liAnN1siUA sukUaANAY WBnANABIN1TUUAMELY ANFNRUSTENINY
ol

Y
[

dyarueanuazdygiandivesianiunuetauansdunaudndiu (Proportional Band #3e

%PB) InefiuaudndrufeidevasdyarandrivinbimearuauliiRnuduidenisineu wie
07119931NAIAIVAY LaUFREIUABYI9IANUARIALAR BUTYIN I F ey e BNVBIRIATUAY

a l o s & & a o o
Wasuwlasanagegaluman lnowanndudesidudvoaidodyyianddiniuay

ANuFLRUSSEINER T eLaz o SIS UALAUARAIUAD

100
K, =
%PB

(2.3)
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msmuamLLUUé’ma'auﬁmmmmmmzuﬂé’ﬁwaaums wigaufunsEUINNIST
feansHanavuauasaiuazsetlfiAnAAa AR ouTINARTITINANTY agnslsfini wn
Tunszuauns Wadnswdsuslasnsdwedonariliandym wu daranurainndeuly
anmzagin (steady-state error) ¥iofiFund1 senlan (offset) fmuaNLUUERa laianunsn

wilulinualasaegndlunsaiflaunszuulugui 2.5

Steam in  Steam out Substance in

desired i T l

temp. error Substance out

4©—> P Valve Exchanger -
Controller -

- Substance
T temp.

\

Y

5UN 2.5 szuumuauasaaniUasuausaukuultloun

91n3UN 2.5 syuuiluniawandsuanueunuuldlown tneddaniuauiuy
% ] ] v [ 3 2 ioJ A 4 14 v v o 14
doeu viwihisunamuanuinaledidlulvanuieutuansidesnisvianusou Tu
annragdn MusEansmmnsuaniUisuausautaATaaniligunuTausas (ewain
lowvSeansiidesmsianuiewhliiinaty vienenfuvuiinlduaniuasuanuiou v3e

= o d‘ I a A v I 2 ! ‘N'g Y g ~ ¥ 4 !
m@amnﬁ%mau) ma‘wmmmmqmmmmm31/11@%@maﬂumwmiamumwdmwmmq

(%
o a [ [ % £% =

d011TYAIBNATIY ﬁiyﬂqj’]m’e]’e)ﬂ‘ﬂ@ﬂGl’)ﬂ’)UﬂiJ‘ﬂ%G]@x‘illﬁl'WLﬁll‘ﬁu‘ﬂ']ﬂlﬁiﬂ WHONAITUNNFNATT

' [
[ ¥ ¥ % = a =

YodyyIUAIUANTIEY dygrueenvzlianiudulaanuianainazdosdanindusy i

L Ag7}

(%
Y

WiAnANILANF19YeIsEINeamgansiuAmaslINan1sauqalvl

wuamsnsudludamniietuiila2 38Ae IBusn Ae LWNERI1981Y (gain) VOIF7
AIUANLNBLILNAYRIANARIARARB UAADSE U BandnuAa AR U inTuasiiA1ToeAs
wanazvilideyaaeenaindimuauiimngauiunszuiunisvaziulaogdlsinny n1suiy
= a I 0§ v v oyoA = aa o =
HaveauAaInAdeunniuly Aenvvilvssuuundslaiiiosnseuuiianiuly 3590 A
USuanluseavesimivgulmimeiie Javihlisimunudouyavinnu Wdwenlvdyayiueen

MmugauiunszuiunsluraetulaUymveisndegnssinesuSurluieavasizniunumn

O Ao c{' a s
ATINUNTISLURSULUBINITIULRNDIVDINTEUIUNT
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2.6.2 Integral Action
NamawaﬂﬂﬁmuamLLUUé’mdammﬁumimmmmuﬁuﬁﬁa aunsnesunyla

Tuauns

1 (ot
u(t) = Kp(e(®) + J, e(@®dr) 2.4)
l
il K, Aoensveny e(t) AomuAaIALAARY uaE T fie integral time (Au1%)

WaweuWieuiuaun1sveIianuANKUUARE Y ANNLANAIIRERTITanluLea
HuRemmuauwuudndIugnitameduluseaduaiasfidiunisnivauwuuduiinga finns

a Y] { O A o vy A & U a a o
azaunueaianfeulunsuuwsislunea (Tufe inmihiidudidufinda) uazasvgnazay

dlamnuaaamdeuvesseuuilugudilionanaudifiauysaluas wenluweaess suuvsdian

v v

wndeeiiieslntueg fudnuaizuain1ssuniu (disturbance) msviniludnuaziguiliidnuae

(%
[

v v f v a v I 2 :JI = a U Aa a v 1
AU N TuSIwnn18ile (manual-reset function) Aetuluu19ATId LS unA8UNNTaIN
Wandusigm (reset function)

wa U a a o o w a = [ Y a 1
AaanURvesdiduiinialunisminmnuaaianiou (Msesenian) Wudered1auin
= & ada Yo ) i I3 U a a U @Ay o U A o § Ya v
Judundeuldivszuuaivaudaundu egalsinig MBuinianiiveds tufevilvitinnisd
&9 (capacity-like lag) wagyligasianresnsunisenIuIudu lnevily ssuuwuudndiusiu

1Y =N '

AUBUTINSA AxHYILIAIVDINITUATIUIUAINTLUULTIAAFIUDEINALI 50% %38 Tp = 1:5Tp

| Y

dmfuszuuiifianasiana (time constant) s (1Wu sruuaUANERIINITive) damiasl
fnaunniin uidwsuszuuiifidnasanann (du ssuumuenssdv) Yymilenadinauin au
yhlsszuuidhgaainganliiannsagonsuls

N13ATUANLULBUANTA HanuaelduiednunITAIuANERE LA TINANTENUVBINIS
WiudnsvenevesiimugumnnswetefiawniAuluagilinansuvessruudnisunis
Tnevily Integral time (T, = 1/K; sec Tnefik, = repeats/sec) WuMuansin snsn1snevaues

[

YDINTTUIUNIIHOAYQINITAIUAL A1 Ti Aandn asiliimuauiinisnevauesfiisiniy

[
o 1

Tuszazsusiu Inefianurainedeudadumuinegdiuniinnuaaianiowdszsiluaud wey

Y

a1 1

lukeaneezdiianinifens daunaneuaueadaindIunauiu (overshoot) gendnAiinun
= Yo a a o o Y A v 9w A A YU a a o
Junalidduiinfaviwmihnusuldanueaandeulirnanas mslddduiinialunisaiuau

AT NN luS0weIAUAaIALARIUTUNA LY (UAnNSiUABULUAaIA A TURATATALY) LNTZ
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agyiliAndeym integral windup Bawsidn T, A1gnsadluaniizn1svinaIusssun wadayayo

'
a Y a

AIUANDINIABUAIVENARDULTRAIU LAY

JoagUvasiimuauduina
o Y a v o Y oA A o w d'
- ihnthfiednegSiwnelgile (manual reset) lemInALAIIAATOY
- fidgyminisauas dmaliinnisindnesmenattudiniugu Fslimanziussuy
Ml A1

- A8 I UNTEN 98I UIUTU

A /
Integrator

AMP

Proportional

JUN 2.6 LU NULAASAN B AIATUANLUU Pl

luszuumruau A dalduazarnivunmsiduandeaiy wiena8ndenids ad

Y (XY

anueanadeuluanzegdmsiugudinfianuaainadeuluanniveddy dyginieen

A o a ! 1

PNBuAnTnIiiLTUMEsnTIAlodyaanian) deeliiuiasvey duandugy

L Ag]

2 o &

#1 2.6 dunnd1 ANueaInAs UL lUd Y InivesAIUANNIERd LA BuTinSa Inedyay

A

PoNIUTIAUNIATVEERadsdygInlUmuANTEUY fruaNagyliAn Inlamutuay
wirtuaivue Wufevihlianueaiaedeuluanizegdidugudegidlsinny win T de

T2Uad NaNBUDIANANITHNINLA

2.6.3 Derivative Action
MAUANLUUERAILLazLUUBLTNSa Aflidediinegfinnuaainndouuun

(%
'

Tngdadulygmsaniseuaunszuiunisuaanuaaimniouvwisngiannsaslaarmiilag

o

s

NNTUNNUWILTLVBIANUARIALATOU 1T08RIINSIUREURUARIF A TIueY FIauuS
ANFNN1Y19U AB FIATUANABUANDIR BBRNIINSIUABULUAIUBIALAAIALAG DUT KL

ANuRaIaLAd sulldenaney dygyineenvesdiouius lildduius dusuinvesainy
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AANALAT Y WATUBYAUNITUALULUIYBIAINAIIALARBY HIAIUARIALARDULIAIAINGT

D.

aunusaglidyaueenilugudnudnvasteiliinafife fmaruanlziinanauausfiinnou

o

v

AUABIALAA DU ININT Y wazviliszuuTinanauaueIlis Ty darIuAuRUUIYWUS

Y

aunsadisulasall
de(t)
dt

u(t) = Ky(e(t) + Ty ) (2.5)

Ipg derivative time (T,) Lunafiansiwansuaussioandioyiiusnisiiiy
T, i bian UL YITUSHANINTY Wesndeuiusiaulisenisiasuwlas
un setuiefenldivaiialaningu wildldtuarinun msenisdsuainueinasidy
wuutu (step) vnlinanavaussvasoyiusiluiaduazinliiAnnisnszunn (bump) 101

a a o

gunsallunszuiums dmsuaimmualdanziuiaiuaudndiuiagduinda
(% a

AreuusAedInIuAuffeliiianansstuiudiduinsa awudddlunis

U5uUsanszuiun1sidnisdimaanisaat (time lag) 1n9 vilinanevauessiniiidu uaz
FraInIsunIsiduas dedevesioyiusie daulsedygyiusunuduegienn medl
HaRDUAUDILALATS flasdnIINITUdsuLlasvesdygruninlanedy wldygiusuniuazl

¥

<@ B3 J Y a a 1w % =% &, M val
YAEN wifevneliinnisiUdsuwlassadyaineanvesitauay Judululylanesly

'
=

ArayustunismIuANNavesdyIasunIu Selundndussuulan i dyy o

(%
Y

d
sunun seliannsaldmeyiuslurnisanavinssudlydeuldifewhaiunm Pl ity

UoaTUVBIIAIUANDUIUS
- ngdmiunszuumsiidamdmnanain vilnismunuiegeiidenisiia
Ty
- & Ty vy wavessaeyiusashlinansuauedhiu sunsetsszuven
VR REERRIIE)
- lwmngfuszuuiifidanysnssuiunswasuntaslding viedinsdmdans
nateY szagynlvsEuunInEiesn N (WusTUUAIUANSNIINISTLIYA)
~alansTdfuszuuiiiduanasuniuan

- Tdyawemsauasiiiinandiduiinsasienisimi (lead) Tusoyius
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Integrator -
Control

Action

Error

> Proportional -

Derivative

JUN 2.7 UHUANNTRULAAIAN BAEAIATUANILUU PID

o v

ISP

A o d' A d' a 1 v
WBINTSLURSULURIAIN NI UANUNANUARIALATDUIZTLANUGI UL UAIDE 1NN UNLAY

AINAFINANDUAUBITDITTUY 1U0YRLEVBIANNARIAAGADY TUAD BRI INTUANULUAIYDS
AMUAANALARDU LLé’ﬂUifmﬁ’ué’zgzgflmﬁiﬁmﬂéﬁ'famuauqué’md’suuaz%uﬁLﬂsLmaﬁéfﬂLLamﬂu
P ° v ° £ 2 2 ) P ' =
JUN 2.7 22 lin9vauvesssuuadu n1saiuaudeyiusluiinasennuaainndouly
4n172egi WitrantiulIad1vi(settling time) lngann1siniaas
1NTNLALBEATNING1INIENUIFIAIUAY PID Seasigngoutne asuulunisidau
93999N15F R LANE nTULARBeu laun

[

- 2995d mFutesiu integral windup ﬁLﬁmmﬂ&th@mwSuﬁﬂ a
- 139950504 (filten) dmsuanuaiesandyyinsuniuid TUAIAIUANILUY
auUS
- YFulassasnlvsamunuieayiussu TuaeenvassTULUWITL tielaeiu
nswasuulasiifidiiuninfisuld (derivative overrun)
‘L!E]ﬂﬁ]’]ﬂ“fj@MWﬁLﬁ@ﬁ]’]ﬂﬂﬁﬂ’JUﬂuﬁz\i 3 uuudn Suldymidnanileidunisiiay

AoIAUANAININIEILMUANITINAIU 2 Tnum A N1sAIuANMEile (manual) kagn13AIuAY

[
= U

FalusfA(automatio) Tulvuanisauausneile dynuiidionaindauauazduiunisusu
Tngnssvesldmninsidsuluuanisiaunduandlnuanisaiugusalusadaiuguyi
il dedygueeniindanuaueraifadyninisnazunn (bump) Fuldidesainnis
Wasuwlasdygamuauiiesnanfamuauegadsundu é’l’Qﬁ?qué\";mU@m PID dusnis

Aesiisasann1snszunn (bumpless transfer) dmsunadaymilinaeg
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2.6.4 Proportional mode (P-Only)
AnIuANddndIueg 1AeIrgnlEuAUNTEUINNTINRBINITHERD UM TINLS?

wazluvaztierungauliAnn1510 o4 UUTUINAIT YUINNT 9 mummaamuﬂmwmmﬁu

N @ o

flariduves PB uazluuea fauauvdadedadiusgiaionazifidesudafiodiaiien

Y v

Aatu3s QAD WWISwausuladAEnsUTugum e siiladsil

M131991 2.1 NSAWININTENETUTUIULUUANY BaeiIAIUAY P-Only

o5 oSSl 15Un
Ziegler-Nichols/Shinskey K, = ﬁ K, = 05K,
Cohen-Coon ]fp = ﬁ (1 + g%) —

mNkaifaIn1s QAD M3HL %PB (an K,) aeviliinnisniadings wagmngang
LAY %PB (an K,) Tusipludnaziinnisniiaiu lunewseiudiu n1san %PB 3nnsadlag

35 QAD v liAnn1snUa

2.6.5 Proportional-plus-integral mode (PI)

AanuANTsERdIukaEdunga (nie PI) Itelimussunitdimuauidedndu
stafene Tinansuisuaglidnsdeavuiianiizedduduguiisnsususmaiumuuuy
Pl aggsenniuilosniiminesidossu 2 i

Shinskey La@uaf1 damped period ﬁmmmmﬁuﬁ’amuqmwu Pl ABLinfiy
1:5T, WneUszuna dmsunsguiunisfildainsanian natural period (To) 9135293 ald
Tnedneti fanunsalden T waven L Amnainisaada ntuiansnsomen T, Ingussanaild
1nlugud 2.8(a) Ielansnansuvesdnnuay Pl fintuiidy 1:5T, Immquarter amplitude
damping (QAD) (lugﬂ Tr A® damped period Gumwamamizmumsmaqmﬂmmuqm P,

WAy T = 1:5Tp) MINAIdUNTa Aegui 2.8(b) iiudiatuauyinliia1 damped period

WLUULAZNITUNNTOUAIEATIEUIUTN NTanRaIINMBUTInTaas avvilinszuiunsldses

29



1 [J

nautunINEiinanaunduingaiivun n1susuuedudl T, ¥seR T wagan L w38

Y

% Qq.JI 1
Tviseoioeng
Quarter Amplitude Damping
. ‘ ‘ ‘ : ‘
Q
E
g
damping period = 1.5 T z
1]
< — =
Increase integral action
c - T T T T T T T
0] c
£t £ /\ TN
o g
5 z \/
=
T Decrease integral action
/ o
set point g
L L L = L L L L L L
Time Time
(@) namauvaahmuns Pl filsidn T = 1.5T (b) wanaudladsuawisfiwas T;

5UN 2.8 namaunszuiunsilaldmniun Pl

M99 2.2 NSANWINNTTITNBTUTUIUUUUAIY BBesIAIUAY Pl

T 2141Ta 14U
Ziegler-Nichols K3 =00.9/RL K, = 0.5k,
Shinskey - K, = 05K,
Cohen-Coon Hy_= R_lL (0.9 + L/127) —

3043L /7
—— (W) L _
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2.6.6 Proportional, integral and derivative mode
AanruAuLuy PID liaiuisaldiussuunddymiusuniunisiauin w3en1s
wWasuuwlasludnwazdunaulaimszhdwnduoyiusendednsinisildsuwdasmesain i
AuANKuY PID gldiunseuiunisiiinisnevauestuaziianunanasutauy Ussenaly
Y a = a % va A ado v ya N
Aun1smivAuaamngivesaTewandsuanuisulasided1aungindnlisudsunas
heat rate 9zfiAUasuLUawE1TINST Freyiusizanmunavemanauliduasilofinnis

FUNMU MIYFUIUAMNS TR TAETEM9Y aunsauanslanmiseialll

P o a | : o
AN 2.3 ﬂ’\?ﬁunM‘W’ﬁ’]ﬂJLM@?ﬂ?UﬂuLLUUﬁ]WQ"] UBINIAILIAN PID

3% 141Um 148
Ziegler-Nichols K, = 12/RL K, = 0.6k,
PRI QL T, = 0.57;
ot O L T, = 1Ty/8
Shinskey K, = 0.25K,
— T, = 0.515
T, = 0.127
Cohen-Coon Kp £ ﬁ (% + f_)
. (/s 32+4+6L /7T
W= 1348L /7 o
Ty = ot

2.7 Closed loop tuning

Closed loop tuning #38 Continuous Cycling Method FanatiationAunannism
] a s A o g v s a = v a o o .
ATNITIUNDT KC VlV]']&LwigUUlllllLaﬂﬁJﬁﬂWW gﬁﬂa\imaiﬂig‘U‘ULﬂﬂﬂqﬁaULL‘U‘Uﬂ\‘imj (Sustained

Oscillation)
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e

Time Time
(a) K. < K, ) K, =Ky,
v W v \/W
Time ' Time
(¢) K, > K, (without saturation)  (d) K, > K,,,, (with saturation)

gﬂﬁ 2.9 maﬂ’]smauauawaqmﬁmmmLLUU’N?J@ﬁﬁm Kc umnsineiy
Fupounsvh Continuous Cycling Method fixasioluil
1 fesvuuiiannizasinien setpoint L
2 funtesnunuuuUsnlui@ denlvun P-Control
3.5 Ke o8 MNTUTINISSUNILSTUU fensiUasuen setpoint 5-10%
4. FUNPANANINBUALBIRENIIIUNILIIAANIE UL LAV ol
59490 1-4 81 AuAnNsAuLUUANH Tufind Ko was Pu

6.AUIUNNMITNT 2.1, LINBMANNTINBINITAIUANTIMINE AL
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71919 2.4 Controller setting based on the Continuous Cycling Method

Ziegler - Nichols Ke T Tp
P - control 0.5K, = =
PI - control 0.45K_,, P/1.2 -
PID - control 0.6K_,, P./2 P./8
Tyreus - Luyben K. T Tp
Pl - control 0.31K_, 2.2P, =
PID - control 0.45K_, 2P P./6.3
nsRseadinesiaaua
NANIADUALBITENTEUUAILANKIL T ATIATIR sa U]

1 szuuAIUANdBIiaie s
2 sEUUmIUANABIANNITaMIANIIUNILlARaSh ¥ setpoint

3 srUUMIUANABLUABLAT setpoint LAL5)

4 szuuauaulianlsil Steady-state Error 3@ Offset

5 SEUUMIUANAITUANLGEY Control action NNty

6 SYUUAIUANADILANUNUNIU ABUENRINTIIVINULAR vazagluan1iznen
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2.7.1 AIAAIALAADUYBITZUY (System Error)
AAAIALARBUVDITEU (System Error) A NAR19SEINANUIMINENADINT

A
= 1A

W3aAMAILT (setpoint) AMLARINNITAIUAL

Disturbance

L[]

SP(t) e(t) Controls Process Variable
Setpoint @ » Process ¢
: equipment
PV(t)
Measurement |

JUN 2.10 UdeNlABZILNTUUROINITAIUANNTZUIUNIG
e SP(t) fiD A1 setpoint Anen1s Faduilendunfuiuna (t)
PV(t) fim ATIlAaInns¥UIUNISaSe (Process variable) Faiduilendud
Fuduran (t)
e(t)  fp ANANUAAIAAABUYBISEUU (System Error) Faduiledduy

Puiuean (t)
2.7.2 msaaﬂLLUUQUﬂ’JUQNﬂsx‘IJ'mmi (Control Loop Design)

- Error area A9 USNUTILAAIIANAANTEWINNTINNANOUAUDITBINTEUIUAIT

fuen Setpoint faaunTsit (2.6)
e(t) = SP(t) — PV (1) 26

- A1ANLARIALAREU (Maximum error) fig 15189 UUEIEATDINTEUIUNT
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- rnaidndauna (Setting time) Ao fuUsiiuandliiudiansyuiuniaula
waglialsuanmvesssuuliidndanizaunalvy
- Offset error fia AANUAAIAAGRUIAATWIUNTEUIUNMT naRINTissuula

Whganmaugalvddnase

HARDUAUBITEY A

nItuung
e1ror area

P o
, “ UIINIAMHARTALAGDI
ANANHARIAAGRUNGA === === ===~

maximum error / . offset crrJor
ANAUARIALAR DU EWLTA
ol
L4 R

s o %
Asal S .
set point T

«— Pnaiuangg —
setting time

5UN 2.11 UARIN5RONLUURUATUANNTZUIUNS
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Inendinusiniu 20NWUULATIATINITAIUANVDINTEUIUNTAUATIE DT 08T
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3.1.1 AnwdoyanediunssuiumMIduasIEiiediaas anmen sNauL Ul
Ufnsen
3.1.2 Anw1d1aeanszuIunsiuan1izass wazan1ienadn
3.1.3 91889N5rUIUNHATIERlelaeg BN luan1 LA Larangnadn
3.1.4 89NKUULATIATNNITAIUANYBINTEUIUNNTAUATIZLOHAR Y TIAN
L] ] 4 (3 a IS)
3.1.5 WIBUgUANTIAULIBINTEUIUNTHUAT IS AD BiaY

o a a

3.1.6 asUranmsanfiunuuasdavinguasing inug

A15199 3.1 NaNTISALDUIUVDINITYININE NS

2662 2663

FUABUNITANTUNU
a = a
fg. nA @A Ny AA WY 5A. WA AN HA e WA Ne.

1. Anwideyaiieifiunseuiuns
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A15199 3.1 NANTSALIUUTBINISYNINETNUS (5D)

. R 2663 2664
VUNDUNTTINTILUUIUY

nA. @A NY. AA. WY, S.A. WA AW da Wy wa dy ne.

4. PoNkUUlATIET 1IN TAIUAN

Yeanszuaumsduassielaesd < >
LA
5. WBUWEUaLTIOULYRY P >
o ¢ a o <>
NEUIUMIFUATIZROTADETAN
6. ayunanmsaiunuLazdnyi D N
JUGAMe IS
Cmmmmmmmmmeees > LAANLLHNLNITANLUUNUY <> LLAANLAUNNITANMULNIUATN

3.2 Pon1saiueny
3.2.1 ﬁnm%’agaLﬁaqﬁuns:mumsé’qLﬂs'\zﬁtaﬁaaz%mwé’aamsné’mwuﬁ
Unsen
nszvaunsdaesiledassdnnlnensndunuuiiufizennmsivaenuiou

Anruduuanens Fadunszuiunsfifiussansnmuazanndanuld Inedufasendsdl
CH;COOH + C;H;,0 & C,H.4,0, + H,0 (3.1)

3.2.2 ANW131809N52UUMSUANIZAIAT UaTAN1ITNAIN
AnwIN13ANaeINIEUIUNISHUAT I TARvTwWnamslUsLNT. Aspen Plus
wa Aspen Dynamics Tuaniizasdiakazandznadn nuadu Jeesdalavitujizendumy

(%

musaluvenauluuiufizen lenandananduefiaosdnvuazia

<

Jupanassls Iaeiiun
28NN NAUULYBIMENAULAE I LanUagumuSa U UNT oA UT1 YD NAUNIdDY  1ilawan
Ql' % @ o QA' 1 a [ 4 (v d' o:/ L% d‘ d[ 1 a
Wasanudeuaiagnieenlulaeiiunsdiuazgnindndnaulunvenduiiivile diueilasy
‘%meﬁaaﬂmNé’mdwwmmﬂé’uﬁaﬁwﬁqgﬂﬁﬂﬂ%@ﬂé’uﬁaﬁam INUUNANANNLRBDNNNY
AuaNURIeNaUMTIADY  wagnMuULYaNaufmfiasgnasluiuauduLardsluT

PNN9ANUAIIVBINDNAUF I
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3.2.3 971899N53UIUNSTAWATILILDNADLTANTUENIIZAIND LAZANIIZTNAA
lun1sdnaeansyuiunsduasziielaesdnvlasnsndusuuiiujisenniy
AUA19TUNTTUA AT BUNAIUAULANGY %uﬂuéﬁ'agﬂﬁ 3.1 1ng1a89N @N12IEA9H 7

(steady state) Inglglusunsy Aspen Plus

aaa v

SUN 3.1 nszuiunsnaukuuiddisen1sivgauseunauduian1edInsunis

AuAs1zvelaasTen

w§naesnsnEUIunsuaTsRiefiaesBanluanioy Steady State aSadu Tu

SunousielUfesaninszuunsfianznada (dynamic) Tnonisldulasanlusunsy
Aspen Plus tJu Aspen Plus Dynamics ﬁnﬂﬁuﬁﬁaaﬂmaa%mﬁmw]mmwmméﬁaﬁq
Faguit 3.3 Galisamunuitaundail

3.2.3.1 mu@mé’m’]mﬂwamaqms&”’qé’u AmOH

3.2.3.2 muamé’mwmﬂuammaﬁéﬁg@ﬁu HAC

3.2.3.3 MUANANLFUYDIMBNAL HP Fuii 1

3.2.3.4 AUANANIFUYDMBNAY LP Fuit 1

3.2.3.5 MUANTEAUYBY HP

3.2.3.6 ATUANTEAUTDY LP

3.2.3.7 pueusEdutudl 1 494 Decanter

3.2.3.8 MuANIEAUTUT 2 199 Decanter

3.2.3.9 muaNgngivemendu HP dufl 1

3.2.3.10 AIUANQUUNNYDIVDNAU LP Fui 1
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3.2.3.11 muAugun)iveei

3.2.3.12 AUANAVILLINTUYEY AmAC

[irsTaee |
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AT} >
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>KW

Y COMPAP :
FCI
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_E‘E‘ L0
Yoy E:j i
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W | e e
() @]
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> [T - Yo [WesaL]
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FROD: m -
IE—E: Lo gty | e
X e
:llu JE - - -_"l'”‘.lf'

UM 3.2 Iaseaiannsamivand msunssuILMInauLUUiuisen1sduanuseuniay

FHULANAAINTUNTAIATIETDRADLTHN

3.2.4 29nKUUATIEE19NITAIUANYBINTLUIUNTHUATIZLDNADLTIAM
SﬁgumauﬁwL‘fJumsaaﬂLLUUIﬂsqa%fNﬂ']sﬂaU@umaqmzmumié’ﬂLmﬂgﬁw
Naegianlumlagidn1siesgiinuueenszuIuns (process gain) Lun1seanuwuutdunis
sonuuuludszinnlangud (Systematic Design) Inadugsiwusmaindsuazasiadumm

Y

SNFLALPNUNAINAADTEUY @11150AUIULANNALNNST 3.2

%100

APV
G% :‘ 2 (3.2)

MV

%G fia Wesiunuves PV fideniflesninnisivdsuudaes MV fiiden,
APV fapnusnsvasdnUsiidonidosninisdeuntawes MV idenuas RM Aotiaves
PV 38n1531A5129 Process Gain U94n32UUMTIENIN PV Wag MV funzannisilengsga
fdululsvean1siinsaeyt Process Gain Wagn1531AT A Process Gain gninluldiienns
UszLﬁu‘[mqa%qmsmmuﬁqgﬂﬁ 3.3 fiiauslag Qingrui Zhing wazmne Sendedn CSO
Mniueenuuulassadienisauaulunife cs1 ddldoonuuulnalagli33nnsiinae

Process Gain watvisaadlasasnenisaiunuuUieuiieuiu
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3.2.5 WIBUWBUANIIAULYDINTZUIUNTAUATIZALDNADLTLAN
Jupeuiaziunsuiouiisvanssouzvadlasiadanisauauilaseniuy
(CS1) AMUTATIAS19NITAIUANMINUNAINTE198S (CSO) dmaaniilinuiidesnisieordudu

w@sadu oluldmudaslivingds 3.2.3

3.2.6 ajunan1sanliuuuazdnvinguiduineniinug
Tud uneuany e vN15a3UNaN158NLUULATIAS 19N1TAIVANY DY
nszuIuMsduATIzieliassevivd Iuaiilduuduedidls daussauzilusgslafion

Tt = LY o !
NUIBUWEU tagaaniguias
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unil 4

Han1sALiun1IdeLasnIsiATeidaya

4. 9nWUUIATIATNNITAIUANYDINTZUIUNMTAUATIZLDNADETLAN
4.1. MTAATITANUVINTTUIUNTAAATIZALDNADLTLAN
lun1seanuuulasasnaniseanuuulasasanismiuay Tngdsn1sinsieiny
Wanldlunnsiiasie 1ol Process gain array IfuUsUsu (MV) 9 62 waziuusaunusl
12 7 wazlumsduiaeia iFuanyinisiasundasiudsuiuanas 10% udigeniising

Wasuwlaswawndawusaiugu anduinisawianiesnulua Process gain #ae

'
1

aun1s9 4.1 waziAnAuuLa I ldlua1319 Process gain array ASLERIRNNT1SA 4.1
PRI 4.1 WARIAINITATLATIZY Process gain F98NAIDE19N1TAIUIN

Aeraluil yinsdgunuassnsinisivan Vi iiearinisidsunuasvesseruvasvailuve

[y

HP (LC1) Taen15anemsIni1stra 10% vl 991115008 suwUadnal wulnoauUa suilseau

[y v

YDUNABWSUAUN 1 LUMT WardseAUTDIMaINaIlN1TUAUWUAIN 0.0539 AT wazdlyl PV

A9 2 WAs aunsarulalanasalul

0.0539 —1
G%L (HP) = T X 100| = 47305 (4.1)

Y

U ! o EIJ = dl o 1 Yo
INAIBYNAITAIUIN UUABD V1 mmmmqﬂmmwmmaﬁwa HP wazlaan

Process gain 91 47.305 % @dlunisuagdindsusumaus Avinlanedsideanu wazlunaaou

Process gain analysis 131b111A598319N15A7UANYRY Qingrui Zhang NTue FInan1sIueg

U

JEnINeAILUTUTULAEAILUSAIUANNLALARIAINIS19T 4.2
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M13197 4.2 kARINTTUATENINAILUTUTULaLUSAUANYBY CSO

CVs MVs CS0 Process gain (%)
Feed flow rate of AMOH Vi1 5.000
Feed flow rate of HAC V2 5.000
Pressure of HP Stage 1 COND UNSTABLE
Pressure of LP Stage 1 COMP-LP 6.000
Level of HP V8 UNSTABLE
Level of LP V6 47.525
Level of First phase in dec. V4 48.525
Level of Second phase in dec. V5 85.370
Temp. of HP stage 1 Cascade with Pressure of HP 2467
Stagel
Temp. of water V3 26.173
Ratio with feed flow rate of
Temp. of LP stage 1 AMOH 1.102

Cascade with Temp of HP Stage

1 0.770

Conc. of AMAC

4.2 @anwuulAseEienIsAIuAN v

NLATETNITAIUANYEY Qingrui Zhang ABUTNTUALAA JeaunsninueenwUY
lassasenisaruaulnile lnaaianivitasiiuseansnmanialassasnenisaiuaueed Qingrui
Zhang Fendnmseanuuusrelud

4.2.1 yhmsugmimueuiiansanaindinuauitliansnsaiinesi Process gain 1
tfufio COND oz V8 (lefiansananunuianszuauns aeanunuisnseurumsagtiule
COND finasoguuniivesiuaumes Faldvhnsdug COND ifugumniivenii TC2 wae V8
Fofinnsananunufanszuiums wui V8 dewalaemsefuseiuveaadlune HP Sadug va
i LC1

4.2.2 ¥n133uRUenTINsiva aulaseasienisaiuAuves Qingrui Zhang o
1@ V1 dasasio FCL dau V2 dasasio FC2 whiudedugliaes

4.2.3 ynmsdugguiana ailasiainsnisniuauues Qingrui Zhang (esandus

ATUANTEAUTDINAING 4 FaaruAulviA1 Process gain fnTianague

a2



4.2.4 yn133ugguAuaY PC1 Juaiuings V3 1esanliien Process gain 111N

Man d3uree PC2 §udiu Comp-LP tiasainannuitiinfigngniveluuadeduiudanlian

Y

bNUABDIAINN

| a o LY

4.2.5 vinnsduagUammigil fausn TC1 WanAn Process gain Miinniign wuingniue

9 Y

[y

LUuds witlloeanlunsaiunis cascade vaalATeA9NITAIUANYDY Qingrui Zhang F¢LnS
TC1 fiu PC1 N1 cascade fiu @3 TC3 Liafa15041910AY Process gain fiXndign wuind
N5 Ratio lUua? 39laRa15u1AT Process gain fasesasn 39kl Cascade fiu TC1

4.2.6 vinmsduaguanududuy dedudluallag Ratio fuaneteuinvesnuniuea

lunuddeillaeenuuulasiasianisavadiug CS1 Asandlunisned 4.3 uaggud

a.1 sty Cs1

M19199 4.3 Uanan13udseninadudsususardudsmiuauves CS1

CVs MVs CS1 Process gain (%)
Feed flow rate of AMOH Vi 5.000
Feed flow rate of HAC V2 5.000
Pressure of HP Stage 1 V3 18.590
Pressure of LP Stage 1 COMP-LP 6.000
Level of HP V8 UNSTABLE
Level of LP Vo6 47.525
Level of First phase in dec. V4 48.525
Level of Second phase in dec. V5 85.370
Temp. of HP stage 1 Cascade with Pressure of HP 2467
Stagel

Temp. of water COND UNSTABLE
Temp. of LP stage 1 Cascade with Telmp of HP Stage 1.806
Conc. of AMAC Ratio with feed flow rate of 4740

AMOH
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JUN 4.1 unulsveanszuiunsduasiziinsialnsitlownmevenduluuilujisen (RD) #

anmznainveg CS1

4.3 Tune Parameters
IN13AARIAIAIUANMINLATIATINITAIUAN Qingrui Zhang FIAIMITITLABTAY
1AS9@519N15AIUALYBS Qingrui Zhang kaRIAIAITINN 4.3 Fermisrdimesaiaiunulu

nszuuMsAIUANlldAmsITwesiiun P-only wag Pl

A15719% 4.4. AINNTIELMEIANNUNAINND1ID998Y Qingrui Zhang

Parameter Kc T; (min) Tp (min)
Feed flow 20 12 -
Pressure 0.5 0.3 -
Level 2 N -
Temperature 1 20

Concentration 1 20
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devhnsfarsaunmataud 2ndurhng Tuning Parameters Tnglding Auto
Tune 21nN15IUSHATY Aspen Dynamics é’agﬂﬁ 4341015 Tuning Parameters Inepdniile
Aoy 44

Pnturiinsiean3snisnageulu Closed loop ATV w&ana Start test fanansly

d‘ o (v =4 1 a 6 d' [ %
gim 4.4, LazVININTAASUNTZUIUNITIUUNIT Auto tune ATNWITINLADT LUDTUNTSUIUNITHAD

NUUYINNISAAN Finish test
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or M |[eess

5UN 4.2 uanainpaesiinuALaLIaveIvieNaY LP
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K] LC2.Tune E=n Eoh(><

Test I Tuning parameters I

— Test method

= Open loop
% Closed loop ATV

—Test zettings

Relay amplitude is |5 % of output range

—Loop charactenstics

Ultimate gain: |1uz_an.5 |':w:,

Ultimate period: IE Imin LI
Starttestl Firi-:l'te.stl 3:3F:E|t£5t| Help |
Ready to test

AN P YT IILY T Y YW V)

JUT 4.3 uanamthian SMAAe UYDIFIAIUANLALIAYEIBNY LP

B e N NS e e
Test  Tuning parameters |
é — Tuning parameter options
Controller type: IPI ;I
Tuning rule: ITyreus—Luyben j
\ — Tuning parameter results
Bction: IDiTEd
Gain: {32.12656  [n/u
Integral time: |1?.'B Imin LI
Dernvative time: ID Imin ;I
Calculate | |pdate controller | Help |
Ready to test

3UN 4.4 uanaviineng Tuning Parameters 90463A7UANLALIAYBVBNGY LP
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NHuiNsUEeUlUR Tuning parameters wagnail Calculate [egAMIHLNES

[
f v A

MA99INNNINTS Tuning Parameters 9n3UN 4.4 wudiAmnsdineasuuian Ke = 32.12656

wag Ty = 17.6 min WaladAmsfiwesuiuawinisuiamisifiwesnlauldluiamuauyn
i ievin1ssunszuIumsiegUuszdnsamlunisniuny uazileUssavsninnisaurudall
a 1 dl [ Y = o 1 a o‘a" % ] . -] .

Auinaandsly FnhAmisinesnlaainn1s Tuning parameters 1y Trial and error
WemAffiusEanEaInnIsAIUANTlINI LAY FeraainnisiiAmsEivesyn trial and error

LAASFIANT NN 4.6 FIANISITHBSUBY CS1 FIRNS19N 4.5

A19199 4.5 ANNSITResTeT CS1 1N Tuning parameters

Parameter Kc T1 (min) Tp (min)
Feed flow 1 20 -
Pressure 20 12 -
Level 102.805 8 -
Temperature 33.62296 0.75 0.12
Concentration 45.88257 91.125 14.58

ar



AN5199 4.6 WARIDANANNS trial and error ATNNSITWESVRY CS1

CVs Time Ke T Tp
1 10 18 -
Feed flow 2 15 16 -
3 20 12 -
1 10 6 -
Pressure 2 5 3 i
3 0.5 0.3 -
1 50.4 a4 -
Level 2 25.2 2 -
3 12.6 1 -
1 33.6 0.75 0.12
Temperature 2 17.8 0.75 0.12
3 8.39 0.75 0.12
1 - - _
Concentration 2 - - .
3 - ) _

4.4 n5USIUMIBUANTIOUSVDINTZUIUNTS

nsiisuifisuuszansamnsauamdunislieuiisulutewesnaiifimue
UFudndngendmune wagyinisnaasudsesdnsninnisaiuauvues CSO wag CS11aenns
sumMusEUUReNsUAsuasdnsinislvates AMOH antiwhnissuniuszuuvedasads
M15AIUANTBY CSO AMUNANLEIBsamITAsUNIUTEUUlAgsEn 10% uATin13sunIusEUY

Y83lAT9a319 CS1 anunsavinlaasgail 20% Favinisieuiiisunanissuniussuui 10%

5¥%I19 CSO uay CS1 aan 0.5 .
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o bl ) a Aa v = LY
nsSeuiieuyssansnmnisniuauaensUasulUawnsInNIsiva wasnanis

NAAUUTEANTAINNNITAIUANYBY CSO kananagun 4.5 lnefilduduitulanidinisandns

nslia 10% w99 AmOH Fenszuiunsiiauisanidnassuniuuasusuandngatinungle

Y

aely 20 v
[o]
wr
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Ly
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Ly
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0.14005
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q T
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Time (hr)
;J‘Uﬁ 4.5 L@MINII1809NIEUIUNITVBY CSO ﬁﬁﬂﬂ’]iﬁﬂéjmi’]ﬂﬁﬂﬂa 10 % Y83 AmOH

7 0.5 .
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LDecanter, Organic (m)

LDecanter, H20 (m)
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WAZHANINAADUUTEANTAIMNITAIVANYEY CS1 Uaneisgun 4.6. lnefiidudiiulansiianis
andn3IN13hra 10% vee AmOH Fanseuiunisilarunsanidndssuniuazusudadigen

wWhnanglaniely 15 .
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Famot feed (kmol/hr)
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ATUANYBINTEUIUNNTAUATIZID AR TInmIevionauwU LU RSN
5.1 #3UNan15Y

MmAeUlaANvAgIRUNIEUILMIEUAT e NaasRm Ve NauLUUTURZE1 B9
~ v 3 oA ° = ~ a a 1%
finseanuuulaseasnanisarvaAud i ndmotulTeuiisulsednsnanlaseasnanig
AIVANYBY CSO kag CS1 InetUSauMig uAlIgNaINNITIUNIUTEUUAIENISAgULUaIER T
A5 avaINa AmOH 7 10% hazfitial 0.5 v, Haa1NN1skUS Ui uUsEansninves

1A598379N13AIUANTIY CSO waw CS1 WU

5.1.1 lafinwiniseenwuulaseasienisatuaulagld Process Gain WWrunldlunns
AT LarEUalATIATINITAIVANYRINTEUIUNTTFLATIE LB LAY TN NAIE O N AWMU UL

A8
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£

5.1.2 nswdgunlasesdnsinistraresiln AmOH N1SAIUANAINNTANNIANITTUNIU

wazanunsanauldnganiizaslanielu 20 .

5.1.3 nswdsuniasesdnsinishiaresiln AmOH NMsAIUANAINNTANIIANITTUNIY

waganunsandudndaniizasialaniely 15 .

5.1.4 MsSpuiisused@nsninlaseaseanisaiuaAuees Qingrui Zhang (CSO) way
CS1 azviuliivsanalassasranisamuaudivsz@ninmauazShwadssnmvesnszuiules

wilAsas9n1sAIUANYed CS1 finsuiudsmnann €SO nuanunsamdadesuniuldisand
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A15199 N.1 AINTELATDY AMOH UBINTEUIUNTAUATILLDNADLBLANTNANIIE AN

Description Value Units
Total mole flow 50.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5100 bar
Mole fraction of AMOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

AN5197 N.2 ANNTEHEVDY Hac VBINTEUIUNISALASILIDLADTANTAN1IL A

Description Value Units
Total mole flow 50.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5100 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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AN5199 N.3 ANTELATDY AMAC U99NTEUIUNISEULATIE MO a0 ANTFN1IZAIH?

Description Value Units
Total mole flow 49.7592 kmol/hr
Temperature 93.7242 C
Pressure 0.1800 bar
Mole fraction of AmOH 0.0178 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9822 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15719% N.4 ANTTUETD Water Y0Ins¥UIUNISRIATIEMeNa0sBnnNan1IE AL

Description Value Units
Total mole flow 50.2407 kmol/hr
Temperature 50.0000 C
Pressure 0.9900 bar
Mole fraction of AmOH 0.0046 kmol/kmol
Mole fraction of Hac 0.0222 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9730 kmol/kmol
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M13199 1.5 A1FIAIUANLATIATIINTTATUANYEY CSO YBINTEUIUNSAUATIEIOHaRYTIAN

Controller Gain (Kc) Integral time, Tj(min)  Contoller Action
FC1 20 10 Reverse
FC2 20 10 Reverse
PC1 0.5 0.3 Direct
pC2 0.5 0.3 Direct
LC1 2 - Direct
LC2 2 - Direct
LC3 2 - Direct
LC4 2 - Direct
TC1 1 20 Reverse
TC2 1 20 Reverse
TC3 1 20 Reverse
CcC1 1 20 Reverse

AN5199 1.6 ANTELATDI AMOH UBINSEUIUNITAULATIZNARLBANTAdN N NATnNoUAR

9M3IN15Lnaves AmOH wag CSO

Description Value Units
Total mole flow 50.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5000 bar
Mole fraction of AmOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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AN5197 N.7 ANNTLHEVDY Hac VBINTEUIUNITALATILBNATRANTNAN1IENATNNDUANTAT

A5kravas AmOH ¥89 CSO

Description Value Units
Total mole flow 50.0001 kmol/hr
Temperature 25.0000 C
Pressure 1.5000 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15199 N.8 ANSELATDI AMAC U89NTEUIUNISTENATILIENADLTANTNENIZNATNNDUAR

PM51N15LMaves AmOH 8 CSO

Description Value Units
Total mole flow 49.8051 kmol/hr
Temperature 93.0188 C
Pressure 0.1751 bar
Mole fraction of AmOH 0.1722 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9828 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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A15199 N.9 ANSELETDY Water UBINTLUIUNNTALATIZMLD LA T NTdN1ILTNaTANDUAR

9M51N15 1A AMOH ¥89 CSO

Description Value Units
Total mole flow 50.2139 kmol/hr
Temperature 50.0773 C
Pressure 0.9901 bar
Mole fraction of AmOH 0.0044 kmol/kmol
Mole fraction of Hac 0.0207 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9747 kmol/kmol

A15719% N.10 ANTELEVDS AMOH Y0NSy UIUNTRUATIEedassTnnNdan e nainnasan

9M51N151a289 AmOH 10% 89 CSO

Description Value Units
Total mole flow 45.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5019 bar
Mole fraction of AMOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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AN5197 N.11 ANNSELATDY Hac UBINTTUIUNITALATILBNADTRANAAN1IENA TN NAIan

PM3IN15Maves AmOH 10% vee CSO

Description Value Units
Total mole flow 45.1047 kmol/hr
Temperature 25.0000 C
Pressure 1.5019 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

M990 N.12 ANNTEWEVDY AMAC VBINTLUIUNTALATIZMLD AR THNNEN1ITNATINNAIAN

0151 1151899 AmOH 10% ¥89 CSO

Description Value Units
Total mole flow 44.7768 kmol/hr
Temperature 93.7966 C
Pressure 0.1805 bar
Mole fraction of AmOH 0.1768 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9823 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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A15199 N.13 ANNTEWEVDY Water U8INTEUIUNITAWATILIDNARLTANTNANENATINNGIAN

9M51N151a89 AMOH 10% 89 CSO

Description Value Units
Total mole flow 45.3317 kmol/hr
Temperature 50.0046 C
Pressure 0.9918 bar
Mole fraction of AmOH 0.0048 kmol/kmol
Mole fraction of Hac 0.0243 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9706 kmol/kmol

M131991 .14 AdmuALlATIEIINITAIUANYEY CS1 FBINTFUIUNTHUATIE LBz TInN

Controller Gain (Kc) Integral time, Tj(min)  Contoller Action
FC1 20 10 Reverse
FC2 20 10 Reverse
PC1 0.5 0.3 Direct
PC2 0.5 0.3 Direct
LC1 12.6 1 Direct
LC2 12.6 1 Direct
LC3 12.6 1 Direct
LC4 12.6 1 Direct
TC1 33.62296 0.75 Reverse
TC2 33.62296 0.75 Reverse
TC3 33.62296 0.75 Reverse
cc1 45.88257 91.125 Reverse
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AN5197 N.15 ANNSELAYDT AMOH UBINTLUIUNITAWATIZMBNaRsTmNNaNIENaInNaUAN

9m51N15kMaves AmOH a8s CS1

Description Value Units
Total mole flow 50.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5000 bar
Mole fraction of AmOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15199 N.16 ANNTZWEVDY Hac UBINTEUIUNTEUATILILBNADLTANTNANENATANDUAR

Pn51N15LMaves AmOH vas CS1

Description Value Units
Total mole flow 50.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5000 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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AN5197 N.17 ANNSELATDT AMAC YBINTEUIUNMTEWATIZMENaDLBANTIaN1ITNaINNDUAR

9m51N15kMaves AmOH a8s CS1

Description Value Units
Total mole flow 49.7594 kmol/hr
Temperature 93.7230 C
Pressure 0.1799 bar
Mole fraction of AmOH 0.0178 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9822 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

M15199 N.18 ANNTEWEVDY Water U8INTEUIUNNTAUATILBNADLTANTANNENATANDOUAR

Pn51N15LMaves AmOH vas CS1

Description Value Units
Total mole flow 50.2412 kmol/hr
Temperature 49.9960 C
Pressure 0.9900 bar
Mole fraction of AmOH 0.0046 kmol/kmol
Mole fraction of Hac 0.0223 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9729 kmol/kmol
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A15199 N.19 ANNTEWEVDI AMOH YBINTEUIUNITHULATILAENADLBANNANMNZNATANSIAn

m31N15Maves AmOH 10% vee CS1

Description Value Units
Total mole flow 45.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5019 bar
Mole fraction of AmOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15199 N.20 ANNTEWEVDY Hac UBINSEUIUNITEUATILIBNARLTANTNANIENAINNGIAAN

Pn51N15Maves AmOH 10% w89 CS1

Description Value Units
Total mole flow 44.9168 kmol/hr
Temperature 25.0000 C
Pressure 1.5019 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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A15199 N.21 ANNTEWEVDY AMAC VBINTLUIUNTALATIZMLDLADLTHNNAN1ITNAINNAIAN

9571 N15lrares AmOH 10% a9 CS1

Description Value Units
Total mole flow 44.7876 kmol/hr
Temperature 93.9190 C
Pressure 0.1813 bar
Mole fraction of AmOH 0.0175 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9825 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15719% N.22 ANTELEVDS Water ¥09nI¥UIUNISEUATIZadaesdnnTidn e nainnaian

dM5IN5EaY99 AmOH 10% v89 CS1

Description Value Units
Total mole flow 45.1245 kmol/hr
Temperature 49.9999 [e
Pressure 0.9920 bar
Mole fraction of AmOH 0.0044 kmol/kmol
Mole fraction of Hac 0.0203 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9751 kmol/kmol
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A9 N.23 ANNTEWETDI AMOH YBINTEUIUNITFULATILAENADLRANNANMNENATANEIAn

m31N15Maves AmOH 20% vee CS1

Description Value Units
Total mole flow 40.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5100 bar
Mole fraction of AmOH 1.0000 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15199 N.24 ANNTEWEVDY Hac UBINSEUIUNITEUATILIBNARLTANTNANIENAINNGIAAN

PM51N15Maves AmOH 20% w89 CS1

Description Value Units
Total mole flow 40.0000 kmol/hr
Temperature 25.0000 C
Pressure 1.5100 bar
Mole fraction of AmOH 0.0000 kmol/kmol
Mole fraction of Hac 1.0000 kmol/kmol
Mole fraction of AmAc 0.0000 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol
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AN5197 N.25 ANNSELATDT AMAC UBINTEUIUNTEWASIZABTansBmNAan1IznaInuadan

89571 N5lraves AmOH 20% a9 CS1

Description Value Units
Total mole flow 39.8086 kmol/hr
Temperature 93.9036 C
Pressure 0.1812 bar
Mole fraction of AmOH 0.0172 kmol/kmol
Mole fraction of Hac 0.0000 kmol/kmol
Mole fraction of AmAc 0.9828 kmol/kmol
Mole fraction of Water 0.0000 kmol/kmol

A15199 N.26 ANNTEWEVDY Water UBINTEUIUNITAWATILIDLADLTANTNANIENATNNGIAN

m51N15Maves AmOH 20% ¥ee CS1

Description Value Units
Total mole flow 40.0942 kmol/hr
Temperature 50.0000 C
Pressure 0.9937 bar
Mole fraction of AmOH 0.0435 kmol/kmol
Mole fraction of Hac 0.0200 kmol/kmol
Mole fraction of AmAc 0.0002 kmol/kmol
Mole fraction of Water 0.9755 kmol/kmol
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Abstract.

This article aims to study the control structure design of Amyl Acetate synthesis process using process gain
analysis. The Amyl Acetate 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 Amyl Acetate synthesis process (Qingrui Zhang, 2017) 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 Qingrui Zhang and et. al. (CS0) and compared the different between CSO
and CS1. Finally, the control performance of CS1 was tested by applying feed flow disturbance and feed
composition disturbance and compared with the control petformance of CSO. 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.

Keywords: Amyl Acetate, Reactive distillation, Simulation process, Process gain, Control structure.
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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 [1,2] 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 amyl acetate synthesis process proposed by Qingrui et al. [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 Qingrui
et al. [3] and used for re-design the new control structure. Then, the control performance of two control
structures was compared and discussed.

2. Process Descriptions and Research Methodology

2.1 The amyl acetate synthesis process

In this paper, the amyl acetate synthesis process proposed by Qingrui et al. [3] was used as a testbed process.
As shown in Fig 1, the process is composed of two different pressure column. The high pressure column is
a RDC and the low pressure (LP) column is a stripper. The heat integration take place via a heat exchanger.
The reaction is the RDC is shown in eq.(1)

CH ,COOH +C.H,,0 <> C,H,,0, + H,0 M)

Amyl acetate and water were produced in the RDC and separated at bottom and top of the RDC
respectively. The amyl acetate was further separated in the LP stripper as the product while water was fed to
the heat exchanger as the reboiler of the LP stripper and return to RDC as the reflux. The top product of LP
stripper was also recycled to RDC.

=y |
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Fig1. The amyl acetate synthesis process [3]
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2.2 Research Methodology

The amyl acetate 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)

x 100

APV
G% = @
RM

MV

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 gain
analysis 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) proposed
Qingrui et.al. [3], 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 amyl acetate synthesis process proposed Qingrui et.al. (CSO)

3. Results and Discussions
3.1 Process Gain Analysis of the Amyl Acetate Synthesis Process

The process gain analysis array was shown in Table 1. The array is composed of the selected PV and MV in
the column and row 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, it could be noticed that the change
in LP compressor duty and RDC bottom valve make the unstable situations due to the new steady state could
not be reached when stepping the such MV. 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.
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Table 1. Process Gain Analysis Array of the Amyl Acetate Synthesis Process

FC1 FC2 PC1 PC2 LC1 LC2 LC3 L.C4 CC1 TC1 TC2 TC3

vl 5.000 0.000 4.355 2.607 47.305 47.425 47.525 85.370 1.780 0.932 12718 1.102

v2 0.000 5.000 4.855 16.857 47.340 47.395 47.525 11.810 4.740 0.125 0.669 5.884

v3 0.000 0.000 18.590 20.464 47.525 47.290 49.540 11.795 0.770 2.467 26.173 5.128

v4 0.000 0.000 0.125 1.679 47.295 47.385 47.525 18.830 1.780 0.212 1214 0.120

v5 0.000 0.000 0.000 0.000 0.390 0.750 47.525 85.370 0.000 0.000 0.001 0.001

v6 0.000 0.000 0.475 4.107 47.525 47.525 49.520 11.790 0.110 0.019 5.120 1.180
COND UNSTABLE

COMP-LP 0.000 0.000 5.025 6.000 47.360 47.280 47.525 85.370 0.300 1.544 7.899 1.806
V8 UNSTABLE

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 CSO as shown in Table 2. It could be noticed that almost of the CSO matchings
are the highest process gain value e.g. two feed flow rates, LP pressure, HP and LP level. Considering the
matching of CS0 in depth using process gain analysis, we found that some matchings are not reasonable such
as RDC(HP) Pressure should be paired with proper MV to avoid unstable situation.

In this research, we have designed the new control structure CS1 as shown in Table 3 and Fig. 3. In CS1, the
RDC (HP) Pressure and RDC distillate (Water) Temperature were re-matching using the process gain analysis
method, given that the RDC (HP) pressure was paired with V3 which the process gain is 18.593% while the
CSO pairing with condenser duty (COND) which give the unstable situation. The RDC distillate (Water)
Temperature was paired with COND which give the unstable situation while the CS0O pairing with V3 which
the process gain is 26.173% due to the RDC distillate (Water) temperature was not affect the entire process.
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 CSO

CVs MVs CS0 Process gain (%)

Feed flow rate of AMOH Vi 5.000

Feed flow rate of HAC V2 5.000

Pressure of HP Stage 1 COND UNSTABLE

Pressure of LP Stage 1 COMP-LP 6.000

Level of HP V8 UNSTABLE

Level of LP Vo6 47.525

Level of First phase in dec. V4 47.525

Level of Second phase in dec. V5 85.370
(Cascade with Pressure ot HI?

.of HP 1
Temp. of HP stage o 2467
Temp. of water V3 26.173
Ratio with feed flow rate of
Temp. of LP stage 1 AMOH 1.102

Cascade with Temp of HP Stage

Conc. of AMAC

; 0.770

81



PS109 | 874

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

CVs MVs CS1 Process gain (%)
Feed flow rate of AMOH V1 5.000
Feed flow rate of HAC V2 5.000
Pressure of HP Stage 1 V3 18.590
Pressure of LP Stage 1 COMP-LP 6.000
Level of HP V8 UNSTABLE
Level of LP Vo6 47.525
Level of First phase in dec. V4 47.525
Level of Second phase in dec. V5 85.370
T FHP st 1 (Cascade with Pressure ot HFP
emp. o stage e 2467
Temp. of water COND UNSTABLE
C d th 1 t HP St
Temp. of LP stage 1 Ascade s, PO ee
’ 1.806
Ratio with feed flow rate of
Conc. of AMAC AMOU 4.740
N Q
3 (sl 3
"""""" =l T
e

o e
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Fig. 3. Control structure of the amyl acetate synthesis process designed by process gain analysis method (CS1)
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3.3 Control Performances

The control performances of CSO and CS1 were tested and compared with the change of 10% feed flowrate
of AmOH. 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 at 0.5 hr, the process could
eliminate the disturbance and the CVs move to the steady state condition within 20 hrs. The Fig.5 showed
that while the disturbance was applied to the process with CS1 at 0.5 hr, the process could eliminate the
disturbance and the CVs move to the steady state condition within 15 hrs. It could be noticed that the
dynamic response of CS1 was faster and smoother than CS0.
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Fig. 4. Dynamic responses of CSOwith the change of 10% feed flowrate of AmOH
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Fig. 5. Dynamic responses of CS1 with the change of 10% feed flowrate of AmOH

4. Conclusions

The process gain analysis method was used to design the control structure of the amyl acetate synthesis
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 Qingrui et al. CS0. The
new control structure CS1 was designed and compared with CS0O. The simulation results showed that both
control structures could give stable responses while CS1 gave faster and smoother responses than CS0.
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