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r\ IIST RACT

CHEMCAD process simulator was used for the analysis of existing HF

str.ipping coiumn in LAB plant(Arab Detergent companylBaji-Iraq).

Simulated colutnn performance curves were constructed' The variables

considerecl in this study are the thermodynamic model option, top and bottom

femperatures, feed temperatu re, & feed composition' Also simulated columns

profiles for the teurperatul'e, vapor ancl liquid flow rates and compositions' wele

oolstructed, using different thermodynamic lrodels options' Four different

tl-iermodynamic rnodels options (sRK, TSRK, PR, and ESSO) were used,

afiectir-rg the results within l-25% variatiot-l for the most cases'

T he si,ulated results show that about 5oh of paraffin (C10 & C1 1) presents

at the top strearrt rvhici-i may Sause a problen"r in the LAts production plant' The

major variations were noticed for the total top vapor flow rate with bottom

tentpet'iiture and with feed composition. The column profiles maintain fairly

constants frorr tray 5 (immediately below feed) through tray 1B (immediately

above reboiler). These tfays can be removed without severely affected the

column profile. Simulation of the HF stripping column in LAB production plant

usir-rg CHEMCAD sirnulator, confirms the real plant operation data' The study

gives eviclence about a successful sirnuiation with CHEMCAD'

Iil

Omar S. Latif

,Assistant Lecturer
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KEYWOI].DS

Process sit-nLilation. CI i Ir1\4C'AI) Sinlulator,

HF striplrer.

r-r1ulticornponents ciist i I1lrt i on, i -AB,

NRTL I Non-Random Two-Liquid Equation based on activity coefficient

Equilibrium thermodynamic model recommended for Polar

(Highly Non-Ideal Solutions)

Peng-Robinson thermodynamic model to calculate K-r'alues,

based on equation of state recommended for most hydrocarbon

sr stertts

Soave-Redlich-l(wong thermodynarn ic

values , based on eqr-tation of state

hydrocarbon systems ,

SRK

TSRK Extended Soave-Redlich-Kwong thermodynamic modei to

calculate K-values based on eqr-ratior-r of state recolnlnended for

Methanol system, particular'ly with iight gases.

UNIFAC UNIQUAC Functional-Group Activity Coefficient Equilibrium

tl-rern-rodynamic model recorlmended for Polar (Highiy Non-

Ideal Solutions) , used where data is absent.

U\IQUAC Activity Coefficient E,quilibrium thermodynatnic rnodel

recornrrlended for Polar (l{ighly Non-Ideal Solutions)

model to calculate K-

recommended for most

ABBREVIATIONS

E,rnpirical K-value model uses the Maxwell-Bonnel1 vapor

pre!sure equation to calculate K-values, used for heavy

hl,drocarbon materials effectively at pressures beioll' 7 bar. This

model can be used to model vacuum towers"

j

i



113

Tikrit .l ttrt r*:r i iii i.. ii'l' Sc ii':'' :sNol' 1'l/N o'-1/Scptcnlber 2(X)7

(r l3-130)

lNTRoDucTtoN . c . :...r;.;
process simularr.. rs a c(l*r,Lrter rellresentation of an incliritltr]1 Lrtltl

operation,ormultil.llcctlt-irlectcdr-tnitsoranentireplant.Itisappliclibleir-r

different fields of the process e'gineerir-rg; anarysis of existing processes

(rating),synthesisolner,r,processes(design),andoperatortrainir.rg(process

dynamicstafiup&shr:tclorvn).Theauthorsofmanychemicaiengineering

textbooks added a chapter dealing v,ririi process simulation & process sin'rulation

sotlwares (Process Sin-rulatorsl'tr-ol curlently available modern process

Simulators are shown in Tabre (1). Major sections of typical process simulator

are:

1. Unit operation (block) model library'

2' Physical propetlies & thelmodynanric model selection'

3.Gerreralflowsl-ieeting,steadystatematerialandenergrbalairce.

recycle processes ' and dynamic processes '

Theprocesssirr-rulationsoftr,r,ares(ProcessSimulators)consistof

standardchemicalengineeringrelati.ol-rshipsandmodels.Thesearematerial

balance, energy balance, ltinetics relationsl-rips, equiiibrium relationsl.rips and

dynamic&controlrelationships.fypically,steadystatesimulationinvolvestire

solr_rtion of argebraic ecluatior-rs, while clynar-r-rlc simr-rlation involves t,-re solution

or ordinary differer-rtiai eq*ations. The disadvantage of comrnercial simulators

are that they do not provide the simurator's sollrce code; the uset nrust rel' ot-t

closed black box tor the r'nlit operation process'

Totakeadvantageoftheexistingchemicalplantsinlraqfor

engineeringprocessanalysisreseatch&clevelopment,LinearAlkyiBenzene

(LAB)plar-rt(ArabDetcrgerrtCorlrpany/Beiji-Iraq)whiclicontaincutlulative

field data o1- prant operation, was used as a case study using process sir-,ulation'
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"l'he 
ltLrr'pi)sc of the preser.it sir-it'h is thc iittal\/sis o1'cristing LAB plllllt

(Arab l)etclqent Conrpany/Bei-ii-lraq) especiallt otrc of thc r.najor equipment;

l{F-stripller colLrllll, Lrsing the ploce ss sir-ttLtlatiot't soltr,l'ltl'e (CIIIEMCAD).

CHtrMCAD PROCESS SIMULATOR

CHEMCADT'I is a process simulation programmed for quick calculation

rnd sirlulatioit of chemical processes normally occurring in chemical,

petrochentical. pharmaceutical and ent,iront.nental tecl-rnology. Being an

alterr"rative to long-lasting manuallr done calculations CHEMCAD provides

time saving calculations and simulations of smail batch processes as well as

large scale continuous chemical plants. The data base included contains more

tl-ran 1800 components, with n-rore than 6000 binarl'data from theDECHEMA

data bank. Other sources for vapor'-liquid eqLrilibrir-rm, in combination with

r"nixing rules and more than 20 thermodl,namic rlodels like Peng-Robinson

(PR) , Soave-Redlich-Kwong (SRK), NRTL, LNIQUAC, LINIFAC, Henry,

etc., provide the ideal means to easi1.,' urodel processes. The database can be

quickly and easily extended to include custolrers' own colxponents and ou,n

measured data. All data can be shorvn and plotted numerically and graphically,

Tl-re calculation metl-rod for distillation in CIHEMCAD is done to a high

standard in accordance with the nratrir method. A quick convergence and short

simulation time is therefore glraranteed. In most cases the user need r-rot be

concerned with the details of tl-re interr-ral calcr-ilation, this is dor-re automatically

by CI'IE,MCAD. The following six basic steps are used to run a flowsheet

simr-rlation in CHEMCAD:

i. Creating a flowsheet"

2. Selecting components & engineering units.

(l r4-r30)

I
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3. Selcctirig rlt.'rtl.ti''tlr nalllics options'

4. De1-rrlillg iilc lct-t1 sLrealrs'

5. lnpr-rt ctp-tlpttlctlt llliratreters'

6. Rurluit'rg tl-rc simLilation & Reviewing the results'

Figur.e (1) shorvs the [-tF Stripper distillation column ciia-qratr constructed

usingCHEMCAD.Wl-rereasFigure(2)givesatypicalsill-rulationresults

in a wordPad f-rle'

RESULTS AND DISCUSSIONS

HFstrippingcolumninLABproductionplanthasbeensirr-rr:latedutiiizing

plant field data presented in Table(2)' using CHE'MCAD simulator'

1- Effect of Bottom TemPerature

Figures(3)to(7)showtheeffectofbottomtemperatureontop

temperature,toptotalvaporflowrate,&topcomponentsweightfractions

(benzene, c10 paraffin, c1i pafaffin), at dift-efent thermociynamic models' The

figures shor,l, that the effect of the thernrodynamic models usecl (SP.K, TSRK,

pR, and E,sso) on the general results is \r'ithin about 5o/o vartation' except the

topcomponentsr,i.eightfr.actiorrsofCl0paraffin&Cllparafflrn,thevariation

is within 25o .SRI( & TSRK thermodynamic options give the average values'

1'op tempefatlrfe can be replacing botton-i temperatule of f,igures (2) to (5)

gi\,,ing same behar,ior. The bottom temperature increase of 30 
oc (from 170 

oc

to 200 "C) cause. the top teurperature increase of 3 
nC (fror-n 139 "C to 142 "C)'

Themajorl,ariationofthetotaltop\,aporflowratehasbeennoticed,from

about 7000 kg/lrr to 19000 kg/hr u,ith the 30 oC difference of bottom

ter-nperature, figr:re (4. Where as the variation of tl-re top con'rponents weight
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fi.actlops Ltre srlrilll ( 0.9-0.915 1br benzene, llqure (j) ^ anci approxinlately

Col]St.}nta1a|-lor-rt0.025forbothCl0paraffin&(]lillaraliirr.tigure(6)&(7)).

l-he results obtained froul sit'tlt-llation using CtlE'iVlCAD' show that about

5oh olparaffin (C10 & C11), Figures (6) & (7), presents at top stream which

may cause a problem in the LAB production plant'

2- Effect of Feed TemPerature

Figures (E)to (12) shoii ;,re elfect of feed temperature on top temperature'

top total vapor flou, rate, & top components rveight fractiols (benzene' C10

paraftln, C11 palaffin), at difterer-rt thelrnod-vnamic models" fhe figures show

that the efl'ect of the thermodl'tlamic moclels used (SRK,'fSRK' PR' and ESSO)

on the general results is within 5%o variation, except the top components weight

fractions of C10 paraffin &.Cll paraffi,, the'ariation is u'ithin 25% ' SRK&

TSRK thermodynamic options give the avelage Values.

'fhe t'eed ternperature increase of 20 "c (fi'on] 90'c to 110'c) cause' the

top temperature increase.of 3 uc (from 138 "C to 141 "C).Tl-re variation of the

total top vapor flow rate, the top components rveight fractions are small' The

variations are within 170-

3- E,ffect of Feed Concentration

Feed concentration presentation is r,'ery difficuit in multicomponents

systents. 
-fable (3) show a colllparison between tr:vo sir-1r-rlation runs to notice

the eff-ect of decreasing iight colxponents feecl weight fiactions (benzene) and

increasing heavy components leed u'elght fractions (C10 paralfin & Cli

paraffin)" The top temperatul'e decreases (flrom 139'7 
oC to 135'6 oC), where as

the top total vapor flow rate decreases (fron-r about 10000 kg'1-rr to 3500 kg/hr)'
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CONCLUSIONS

The foliowing conclusions can be drawn from the'

l. For-rr different thermod-vnamic models options

ESSO) were Llsed' affecting the lesults within

present work:

(sRK, TSRK, PR, and

l-25% variation for the

tl-rat about 50 of paraffrn (Cl0 & C11)

u,hlch may cause a Problem in the LAB

4- HF Stripper (lolttnrn l'rol-tles 
rofiles for

Figures(1j)to(18)sholvtheterrlpefature&corrrpostttol-tp

HF-strippercolumn.,l.lreliguresShou,thattheeffectofthetlrernroclynamic

models used (SRK. TSRI(, pR, and Esso) on the general results is within 5%

variation, except tlre top total vapor flowrate profile, figure (15), the variation

is within 15%.rri a1l cases the profiles remain fair'ly consta,t fio'r tray 5

(immediatelybelowfeed)throughtraylS(immeciatelyabovereboiler).In

fact,thesetraysCanberemovedr,l.ithoutseverelyaffectedtlrecolumn

performance'

most cases'

2. The sin"rulate<1 results show

presents at the toP strealn

production Plant'

3. The major 'ariations 
u,ere noticecl for the total top vapor flow rate rvith

bottom temperature and r'vith feed composition' '

4. 'rhe coiumn prof-rles n]aintain fairly constants from tray 5 (immediately

belowfeed)throughtr.ayl8(immediatelyabovereboiler).Thesetrays

canberemovedwithoutseverelyaffectedthecoiumnprofile.

5. Simulation of the HF stripping column in LAB production plant using

CHE,MCAIfsimr-rlator.confilrrrstherealpiantoperatiorrdata.Thestudy

givesevidenceaboutasuccesstirlsimulationwithCHE,MCAD'
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Table(1)CurrentModernProcessSimutationSoftwares
.a^..1111

Table (2) Typical Field Data specif,ia.tion of HF- stripper
. --,r IBI

* Molecular Weight 366

Normal boiling: 397'C
Specific gravity: 0.875

I l9
(lre-r30)

Process Sirnulator)"'
Process

Simulator

Source

Chemstations . Houston, TX
ASPENPLUS
CHEMCAD

- 
Hyprotech , Calgary ,--Alberta

Simulation Scienees , Fullerton , CA
HYSYS
PRO/II

Arab Dete nt Compan
Component Eeed ToP

product
Bottoa
product

t02 135 t15Tpmneratttre.oC
420 340 360Pressure, KP4

Florv rate Kgihr I
87585 t1670 7591s

ono:::ffi
0.289343 8698 0.97 s 0. r 83838

0.138489129 ? 0.1 59799N IIndPcon o ((,,,-n2raffin)
0.26301 86368 ? 0.303491

NT I)^,.I /(-,,-nrr2ffin)
0.1657250931 ? 0.191226N--l-ridcon np (f ,.-112raflin)
0 0705073307 1

1 0.081357NI 1- /l /c,,-na raffin)
0.01 4798 s 8229 0.01 7076N II-rlacrrlhenzene (C'^-LAts)
0.020896 i 8633 0.0241 12N-T)ndpcvlhenzene (C"-LAB)
0.01 671 867888 0.0 r9291N-Tridpcvlhenzene (C,r-LAB)
0.0 I 101028361 0.012705N'I'arrqdpnrrlhenzene (C,.-LAts)
0.0061 58 14763 0 007106heqw alkvlate (HAB)

2000 mm
20 sieves tra

Column Diameter(D)
No of trays

21 stages (with rylqt!4No of stages

Trays pacllg 600 mm

No. of holes
H"l.-rlir* at

1260
13 mm

21356 MJ/hrReboiler heat 4uI_ Ql---

I{!'
Benzene
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Table (3) Effect of Fecd Concentt'ation; a Comparison Betwecn

{ I l0-130)

Trvo CHEMCAI) Ilutts of HF-St er Column.
Stream No.
Stream Name
Temp C

Pres kPa
Enth MJ/h
Vapor mole fraction
Total kmol,/h
Total kgz'h
Total stcl L m3,/h
Total- stC V rn3,/h
Componont mass fractions
HydrogenIluor j-de
Benzene
N-Decane
N-Undecane
N-Dodecane
N-Tridecane
Decylbenzene
N-Undecylbenzene
N-Dodecylben z ene
Tridecylbenzene
hearry alkylate

1

F eed
102.0000*
420.0000*

-95817.
0.00000

175.2877
87585.0083

110.9508
16032.06

0 . 003334
0.289344
0.138489
0.2630r-9
0.]-65'725
0.070507
0.014799
0.020896
0.01_6719
0.011010
0.006158

2

top product
]-39.7L64
340.0000

6110.5
1.0000

135.3644
10013.9889

]-L.4246
3034 . 01

0.029161
0.911906
o.024208
0.024452
0.008291
0.001882
0.000044
0.000032
0 . 00001 6

0.000006
0.000001

3

bottom produ
1 75 . 0000
360.0000

-83492.
0.00000

579. 9168
77571.0141

99 . s263
12998.0s

0.000000
o.2089'75
0.].53242
0.293816
0.186049
0.079367
0.016703
o,023590
0.0r_887s
a . o72437
0.0069s3

Stream No.
Stream Name
Temp C

Pres kPa
Enth MJlh
Vapor mole fract:-on
Total kmol,/h
Total kglh
Total std L n3lh
Total std V m3,/h
Component mass fractions
HydrogenFluoride
Benzene
N-Decane
N-Undecane
N-Dodecane
N-Tridecane
Decylbenzene
N-Undecylben z ene
N-D odecylben z ene
Trrdecylbenzene
heawy alkylate

1

Feed
102.0000*
420.0000*

-1.08928+005
0.00000

686.l-460
87586.0747

LL2 .0347
l-5379.04

0.003334
0.234L6t
o.11a260
o.285434
o.L65723
0.070507
0.014798
0.020896
0.01671-B
0.0110t-0
0.006158

2

top product
L35 .6726
340.0000
-798.44
1.0000

tA n1)-J+ . W I ) t

3495.4158
3.9184

t21L .99

0.083s42
o.845922
0.03r-BB3
0 .027 9'7 8

0.008637
0.001938
0.000045
0 .000032
0 . 00001 6

0 . 00000 6

0.000001

3
bottom produ

1 75 . 0000
360.0000

-9\192.
0. 00000

632.0123
84090.5894

108.0s63
l_41_67.05

0.000000
0.208732
o.a7-7054
0.296135
4.1'72253
0.073357
0.015412
0 . 021,7 63
0.01_7413
0.011468
0.006414
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1

1

feetl

102.0000r
{.2000*
95123 .

o.00000
l15.fo0l

fr1 5A5 . a35t
110 . 9 520

16Al2 ' 50

o. lfl{{9
28.934211
13.852020
26.301837
16. \f2rL9
7.051013
1.{a0216
2.0901o 5

| .61 0211
1 . 10 0161

0.6120s9

Job llMe: HF STRIPPER

StreM llo '

Stred Xde

Teq) C

Pres bal
Enth l{J/h
Vat)or mole tractaon

Totdf hol/h
IotaI kglh
TotaL st(r L m3/h

Total- std V ml'/h

Coqlonent mass i'

HYdr o qe rLf luo r i de

R enz ene
I-Decde
lI-Undecile
l{-Dotlecue

I lI-Tti,l.t*'
DecYLi)enzene
lI-Unale cYLI) e^zene

ll -D o (le CYLI) enzene

TIidecYIIenzene
heavy aIkYIate

2tJ
t,,r, Droduct lrotLorn Ptod'l--',rn 

,oZ;. 115 0OOUr
--a.rooo* l6000r

6629.5 -81i6? '

l.oooo o ooooo

rt2 2tlg 571 0588
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n.rorrr, 1 9921.\1

n no:ot, 1682918
n.oo,oot ? J17005

n.oor,u' r '899186
n noo"t 1'2\12 j\

,.oooro' o '6961a5

- -::1':': =r:=:::=':::':=": 
+
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simulation results as a wordpad file'
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