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1. INTRODUCTION AND LITERATURE REVIEW 

1.1. Catalytic distillation and its applications 

Catalytic distillaijon (CD) is formally defined as a process In which a 

heterogeneously catalysed chemical reaction and distillation of the reagents 

and products occur sImultaneously Within a distillation column (Podrebarac et 

al., 1997) The heterogeneous packing serves both as d i s~nailon packing and 

a catalyst. Catalytic distillation is different from reactive dlslilla~on (RO), in 

which a homogeneous catalyst ;s used With a catalyst In ttle column, the 

distillation operation becomes a two-phase counter current flow, fixed bed 

reactor. CD is classified as counter current because the liqUId and vapour flow 

in opposite directions inside the column. Other reactors have flow 

configurations of the vapour and liquid phases In co-current downward flow -

a tnckle bed reactor (TBR) - or co-current upward flow, as in a slurry reactor. 

The tradilionalflow sheet of a chemical process ConSISts 01 a reactor followed 

b~ a separahon Unit to remove the undesired reactants from the deSired 

product and recyde these back to the reactor, as shown In Fig 1,1: 

RODclo, 

Fig 1.1 Conven~onal flowsheet of a process consisting of a reactor followed 

by a separation unit (Krishna 2002) 
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Introduction and Literature Review 

The success slory of reactive dlslillation technology has been the producbon 

of methyl acetate through a homogeneous reaction. The manufacture of high­

punty methyl acetate by the sulphuric acid-catalysed esterification reaction of 

"cetiC acid w ith methanol 

HOAc + MeOH ~ MeOAc + H20. (1 1) 

IS made diNicult by the fol lowing factors (Krishna, 2002) 

• Reac~on equl libnum limitahons, 

• Difficulty of separating HOAc and Hi); 

• Presence of MeOAc - H20 and MeOAC - MeOH azeotropes 

The conventional process uses one or more liquid phase reac~ons With large 

e~cess of one reactant in order to achieve high conversions of the other, as 

shown in fig 1.2 

HOAC 

Fig 12: Conventional processing scheme for producing high-punty methyl 

acetate (Krishna, 2002) 
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InUOductlon and Literature Review 

A typical now sheet lor the production of high-purity MeOAc involves a 

reactlon section followed by el9ht distillation columns, one liqUid-liquid 

eKtractOf ancl a decanter Ttis process requires a large capital investment, 

high-energy costs and a large Inventory of solvents (Krishna, 2002) 

In the CD process for the production of MeOAc, Invented by Eastman 

chemlClll company, the entire process 1$ carried out In a single column, as 

shown In fig 1 3 

--. ""'~ 
'I ,d " I I " "-"" 
, 

---oop--
- f 

I "I • • 
I "I • , 

• .. § ------
'-

.. .. •• .. .. .. ----' .. l.E:==~ __ . ..,0 
Fig 1 3 The Eastman reactive disllliation process for methyl acetate 

manufacture (Ktlshna, 2002) The reaction takes place predominantly in the 

middle sectlOll, below H~S04 feed 

In this Single cotumn high-purity methyl acetate IS made With no addillonal 

punficatlOfl steps and WIth no unconverted reactant sueams to be recovered 

By flashing off the methyl acetate Irom the reaction mixture, conversion Is 

InCreased wfihout u$lng excess of one of the reactants The CO c~umn has 

stOlChiomeb'lCally balanced feed The SulphuriC acid leaves the column In the 

aqueous phase The CD column represents an en~re chemical pjant and 

costs one-fifth of the capital investment of the conventional process and 

consumes only one-fifth 01 the energy (Krishna 2000) 
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mass 

de'felCip a fiI111-pt:me!tra1~on thAnl"l.l 1 
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Filnn-Deneitra'tion thAnnl assumes 

(1. 

is 

sis 

thAnrv Dredicts a 

mass traI1s'h!r residt!s in a thicll<nelSs t5. Edclies move 
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aVEtraClle mass tral1Sn!r is 

== (1.1 

== (1 
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where n is 

s t5 is depenclen(:8 on molleClJlar UIIIII"I;:)IYI'J br'a~.ets 
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• 

= 

is 

delterrnining CamHlfJlUIC mass b'arlsf49r 

in 

is are 

mass is 

a is a 

a as in 

mass 

measure OVElrall Ca!I-Tllm mass 

1 t::xp,snn1smlil S\i'SluBltion. 

(1 OVElrall va,»oulr -IICIUIC mass tr!:lilr"ll!!f~:»1I' a 

mass tral'lsfter was connDa,red 

as 

(1 

(1 

(1 

paddng, C 

is OVElrall gall-pl1as,e mass tralnsf49r 

in+c.rha",h:al area mass b'a11sf49r 

conrela'tion is 

coelfficiElnts. Hovvev4er, in a distiUatic)n pr1ocells, 
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Introduction and Literature Revl_ 

and co-workers (1985) also found that the itquld-side mass transfer resistance 

was very small 

Zheng and XU (1992B) camed out ... apolI-liquld mass transfer In a now­

through fixed bed reactor packed like a CO column at 101 3 kPa and 25 ·C, 

measunng both the gas film mass transfer and the liquid film mass transfer 

coefficients using the absorption procedure as opposed to the distillation 

method employed by Huang and co-workers (1998c) and Subawalla and co­

workers (1997) The gas phase consisted of air with a little ammonia being 

absorbed by IN H2SO. wheln the gas film mass transfer coeffic.ent was 

measured, while pure CO2 was absorbed by Na2CO,-NaHCO, buffer solutIOn 

when the liquid film mass transfer coefficient was measured Kotodziej et al 

(2001) measured mass transfer coefficlElnts for the gas an.clllquid pl'llU&$ in a 

250 mm 10 CO column packed WIth MULTIPAKlO structured packlngs TI\ey 

perlormed absorption experlments uSing the casbon dloxlde-air-water system, 

when measunng liqUid-phase mass transfer coefficient. aod ammonla-alf­

water system when measuring gas-phase mass transfer coeffICIent. 

The gas-film mass tr;arlSfer data was then correlated to the now conditions 

uSing the following correlallon 

where Zhang and Xu (1992a) defined the dlffieflslonless groups as 

Sir, * ad~RTlo,o.. 

Re = 4''P/ o,1l 

whereas KolodZIej and co-workers (2001) used !he definlhoos 

SJr.. "- K,.d. /o. 

Sh - K.u1/o, 

&- -" JI/£I 

Re _ Gd.l~ 

(1 24) 

II 25) 

(126) 

(1 27) 

(I 26) 

II 29) 

(1 30) 

Kolodziej and co-workers (200 1) defined (i as the mass superficial ... eloclly, 

6 is the dynamic diffuslvily, AI Is the molecular mass, and v£ Is the 

eqUivalent linear dimenSion 

" 
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a wetted-wall colulmn, aa!l-ollase mass tl"J:u, .. f.::t.1" C()effiicielnt is liil"l:I ...... lu 

::::: 

as 

correlsltiorls is 

inclrealSecJ mass trallsf4~r 

IiQLlid-pn~lse mass trallsfE~r c()efficient is 1"Ill"ftll"lll'\I"til'\I"Ii!i:lli 

mass 

obtllillEtd as replrest~ntE.d 

in 

thelrefore cc)m,)arilson is un""amlnteld. 

• ca'bllys,ts or 
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• 
Hv(jrO!lenlatic)n rEtacltion is a relaltlvElly 

tneire~ore it is imr\nrt'!i:llnt inv1estiigalte lIeJUI(l-SI:)IIO mass t"!i:IIlr'I~f~:. .. 

1. 1 I:::x(.Jlsnn'1Sm'al SltallJ,at/cm 

mass tralnsf4er 

• 

• 
• 

met:hod is as it can measure 

are pra1ctical 

can evslPor'ate 

or 

(2000) in 

IIIJtJIIJ'-SC)1I1J mass tl"'!9l"1C!f.:. .. a 

a 

is 

mass tNIJI"I~f':.r cloefficilent was 
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::::: (1 

v 

is (1 

mass 

AVr"ArilmAlnh:'a1 lIalna-SOllla mass 1O'I'!lIII"'IIlIO":lk1' 

DDlicaDle in 

is 
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1 

hi ... I~"".. mass tralnsfc9r C(lemicielnt a co-

follc)Wil'IQ reasons: 

• one cahllyst 

thelrefon9 a IJY-lJcUi5 occurs 

mass tll"!:lll!'\cf'Clir 

• a 

emlpiric~al cc)rrel,atiolru!I indica,te a RAn!lliitivA relationlship 

betweEm mass tII"!:Illnllllilllr coefficic9nt, 

It 

stn9!am. It is il'll"lrv"Irt'!!:ant 

It is POElsib,le 

was 

1 

Equiltion (1 

is n9la~tiveily indepenclent 

adeiition, no was 

a COlnDilra'tivEllv 

nnJ::a~:u:~ as it is aDtSOM)ea 

mass transfer COElfflClen1 

(1 

is InaepEmaent 
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ni"l<!:lll~a UIIIU:::;,IYILY is InvE~rsElly pl"opcntic,nal 

vis(~osity is 1 

conlcerltra'tion are 

Dre!~Sur·e. Tt,erefore t;.\.tUC:III.1UII (1.1 

aaS,-Dnase mass tr!:llnC!far coElfficiient is dep,endlent on 

Equ~ltion (1.1 (1.1 caS,-Dnase mass trl:llnC!fAr 

on 

as follc,ws: 

(1 

pocT (1 

is as 1 

(1 

(1.1 

(1 

a 
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3 LIQ'UIQr-S()IIQ m~rss t,.t:U"!lC!'I'Ii::II,. 

viS(XlSity is ind.ape:ndent 

(1 

mass is on 

liauld·[)ha!le viscosity is exclressed 

(1 

rtAn,Cl.itv is a Cl.tril'\nn function 

is a Cl.tl"iI'\nn func:tion 

1 

Augustil,e 1 

1-hE!Xerle over nll2t'inlllM 

catallyst sutlpol1ed on an,lllllliia 
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reac:tion sho'wed a 

rea!cticm is zero-

was the!reflore i::II:::t:::jUllltlIU 

reacticln was 

was 

= 
whierA A = E = 

::scrlvalUI (1 over 

on was 

over were 

1 

hetE,rogenelous reacmon on 

chemical relactions on vac!our··llaLlid e(~uililbriUlm 

on 
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corltra,dic1:ion is 

chSimic:a1 rElac1~on on callii-IICIUIC mass transfer ProiCe!!~S 

reactic.n on lIaL&lapSOIIIQ mass tnll"Ief.:lir in a 

(20010) dlevelloPEKi a nonequlilibrlum mMIAI 

sinluitanl90LIS mass tralFl!llt\i:lor 

CII\.iI.;;u"'1I n. LlaIUIQ··SOIIQ mass tI"!:ll11"lef'!9Ir 

mass 

mass tralnsfler rEtSiEltar1ce In!llll'lA 

mass transfer resilstalnce 

DrO!Ce!!5s is rel2ltiv'elv !IlAI'I!Ilil'iVA 

Dr(]lCe!~ is A pos.sible reason 

an 

mass 

nhf.li!llA \ is de!scrlltled 

28 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(1 

< < 

It is common in disjtillaiUon nN:IIr!:ll.tjnrlCt 

mass tra'''Utf4:11r is Antullnll"'Ati 

1 

mass tr!:lllr'lCtf~:IIr QJefHci4ant, 

• 
incr'easiing vap10ur or 

• 

in r.n"VAlntininal realctors. 

aeVil:!IOD a simlple modlel 

on mass 

follc)wirlO h'ilnathA~A~ are made: 

mass 

vaIPoLlr-liiQu!ia mass tral!'l~f.~r 

Dh~lse mass tr!:llll'lCtf~:IIr 

vaIJOLlr-IIQUIIO mass tr!:lllr'lCtfilllr 
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silTlple dis1tilla1~on de",ice Al"lr.wn in was 

mass 

2cm 

was 

in rebc)iler 

was corltrolled 

was opetratttd 

are 

in r.h.llmiir.=1 reacticm was 
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EKperimentat Procedure 

5 

1 1 

22 

13 

25 

15 
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1. 

facilitat4ea a 

was 

are shemn 

were ba!sea on 

rmlmell/S] x 

temperSlwn:J - ....... tr"uIFllr was 
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arm 

ratin!gs 0- was lotalted 

a similar gEluge was locclted 

Cat.llyst 

1 Cal'alv,st D/1 vs"cal nrr:.n!ICIJn't:l.l_~ 

ex~)eriments was 1' .... '..,""',1..,­

catEllyst was contlposed 

on an alumlr18 IIIJPJ.'on 

malnut!lctLlrer are prO'\llat~a 

catalYlst was 

catEllyst was loal~ed 

sewn clOtsed 

realctl\re zone. 

I§lliillUI ':~u a 

ap~'roximaltely 2 cm 

were wralppt~d 

realctl\ire zone 

(1 

g 

were 
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extElmal caullyst wattina effic~enc:y in a 

a 

was 

it was 

we1tted area 

reac::tor systerrls was Alta,rAli 

aCU1latlC)n p.·OCEtdulre fclll~ved is as follc.ws: 

was 

ten1pElrature was 

ten1pElrature was 

a furth.r 

was punged 

was ':'UI,iI\IC;U 

was 

over 

run tenlDeratlJre. 

use. wrlenleVt!llr 

catsllyst was maintslined. 

in 5 

cataly:st was 

mass 

rea.ctic)n st,lec:tivtty Cl4!11oenCllrlQ on Ulh,ClltNIII" 

weltteCi calalvst area or on we1tted cataly:st areas 

thel"efOre It is Important 

hnl,'Iun as as Dosisible 
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as possible. 

pac::kir1g can 

nonl-rellctl',e zones loalted aoo've 

!U1t'W!ll a !IIItrtlnn del:Jenldelnce 

su~,erflIClal vele'City as 

nUllJUp can De<:OlTle so 

realctl\,e zone were 

pac::klr1g was 

cataly:st zone was inh~nt'IAIf1 

a 

pac:klrlg is 
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Qh.::~~ were ins1taliEKi ullIliIrtil"!:IIllu 

pa(~kirlg was sellf-wlattir10 

ensure cornDlete wettina 

exoeed 9 x 

it is 

nAl'!llcinn was inc1omlple1:ely wetted. 

extlerilnerlt. a 

was 

was estimslted a rotE.mElter. 

1, was ensure 

an imc,act on 

in rebioil~!r was typically in exoess 
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apPlroxirnatEtlv 2 

on stream. was 

delllcti"atic)n re,aciJon proiciucts were 

ope ratic:)ns , a stra1teav on sntam 

or reslidel1ce 1 

was im~llenlented hvclrcxJen was 

was intrcJduced 

accura[elY me;asured if sanlplirlg is 

same as 
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m 

,...nr,t'I.c.ncu~r arm before corldelnsirlg 

qU4S!stlion arose as enough as connpalred 

were r"kQ Il'fn'TI"IoiI:at'l 

ba!sed on 

• -hexerle 1!:Ii:nm,AI"!!: fnrrnAri are IUnlPE!d tr\t"I.c,th~~r 

are eXJ)ected same 11.1111111.11.,1""11 cloeffici,ent 1"'1lr'I"'Antr:=tir~n as 

• 
• was 

was across 

corldenSE!r arm was 

• 

• catalVist was 

rea,ctl,'e zone. 
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111::1\.411.11111::;11.1 a cornplica'ted sel-UD as 

cornpl'etely new rtAlII~inn 

hyciroejynamiic rli=!ninr"lAlil are posisible 

thnouclh a cataly:st nl::lll"'locinn regime, a bubt)le rei~ime 

is 

occurs 

4 t-IOj'JaIfJQ c()ndJftIOfJS 

(1 

It was i"'IIF\I,ri~nt 

1"1"""1"1":''' lI:»UJIUIt:llI:» on mass t"!:IIIRC!"'::l .. 

P.= 

was 

a 

an 

is 

= 1 
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R 

It was 

res,istlilnc:e was r.nI19.tl:.llnt 

1 

was case in 

1-hl!Xelne/,,-hEtXal,e mixture was all01Ned 

I"Il:IIl'fl'H HVljrnrlen was 

botltom r..nfIMI,trAitinr,9. were collecttKJ 

was I.iUlltiilJllIllCN 

It was nlUtentM 

no VlsllDle but)blEtS in it. 

was ba~sed on 

mass was 

was 

2 

excess 

some 
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was injetCted 

was anllM;ed 

a 
miniimi~,e cc)mr::,osiltion error. 
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1 

1. 1. 1 NOjrJ-n:~aGlrlna svs,rem 

aaIS-Dlnas.e mass is rtAifinlllirl 

G -=----
n 

n = ~_....,,·IOllr.::...=.7--~ 

1 

x is eXI)re:ssEld 

ax 
=-.,....-~-

x 

It was a was I"nI'ulltli3nt over mass 

L, were 

conlstant a is justiified 

phl.se mass 

trAll'I!IIIfil:lor coefficient across 

a 

valJiour is 

II'\h~5111!!6 mass tral1sfliJr relsis1tanc:8 u!mallv 

was 
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mass tf:::lll"l!:lfl::llf Qoefficilent 

Eql.latic)n (1.1 It is imDortant ooilimn is 

were 

a 

It was 

is was 

as a zones. 

it is 

on 

is 
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massrm/,s~trp,n~~n~e",a a 

a catalytic di'stililaticm Dr'ocelss is 

Dro'lIldE!S a corlvel11el1t mlAtt,nll"l 

on mass 

IUlI.UIJ-:SOIlIO mass tn:ll"!Ilf.~r as re~lra!lented 

on mass 

can svs'tem can 

fOIlC)WlrlQ alssumptiorlS are 

• same 

are 

becaUlle it is a 

• 
V=L itis 
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• mass 

is vallaa'tea 

can 

reCiOIlE~r is neEtae,a. 

V is 

as TOI!,OW,S: 

= - ) 
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= - ) 
so Eq'Jations are 

on a hvclro~Jen,-frEte 

balan(:e is 

1) 

where L is is 

A!'utllmlinn no 

is sirrlplil~ecI 

pn;lse as a reactlcm in 

reDlreSEtnts a pseUdOlhOf1nogene~ous 

mass tralnsf4!!r 

mass tralrJsti=-r c;~onltroli'8d react/cln 

an~llysilS are 

zero oro'vidE:'S an 

hvrll"nt'lAn in a diflrerE~ntial SEtCtiCm 
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",u",i:iIoun:; is as: 

is means 

VOlistility a is 

+ 

is 

=0 

IlaLlla-SOllla mass tralnsfiar oleflficiEtnt. is 

is 

reac:tlon is exp!ressed 

+ 

A reDlieSBint 

reslcticm is 

is 

col,centr;atic,n In 

1 =.....,..,---

v 

c A Is lIA"Iith'll"l 

are no YllliU5UJIl IirnlU!ltiorls In 

same as 

) 
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are mClllec~ul::lr mass 

IIIJlUIJ-SOIIIJ mass tn:lll'!I:lWU is 

spelciesA SPE~CiE!S are 

= 

Oa!HIClIUIO mass tr:aI,!I:lflli:lr spelCies B Care inliAnt=,nliAnt 

on 

a 

spE~iEtS in in 

= -,..--"---

is 

48 



Univ
ers

ity
 of

  C
ap

e T
ow

n

columln "'..,111.1,11 no; as: 

=------~~-------= 

is SPE~ClrIC 

Opt!raijon as a runCbcm mass 

tr~I"'~"1:Ii1' rElsistances in series. 

are 

IIUI~UlUI-' is aSlBun1ed 

in coI1de~nSt!tr is 

is 

= 

= ) 
is 

= 

a is 

a= 

spt!icies B is 

is 

=1-
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it is assumE!d is no nvc:lroCJen 

amllvsis it is 

a negligil:Jile on 

YCIII-'UUI-UUI.III.I mass +r'!:llIFIIC!f'!lhr c<)effiicielnt 

,..hdl:ll,mir~1 rElac1tion is Dreserlt. 101.::'11;"11.11.1 stelCiay 

so as is an iml'\nri'!:llnt sirrlplificaltion 

in cases is Dre!serlt 

it is in rel:Jioih!r 

a as 

is jusltifie,d. 

v 

L L 

it is is 

sunlmation eqllati4::ms in 

=1 
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is 

no disltilla1Hon 

= 
L 

a reactalnt is nel~atilve, 

as reCIUU80. 

across 

on 

can 

as 

mass 

> ). 

is 

as z 
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is deEaCrilJed 

(t= (t= (t == are can 

boundary c()ndition stat.ita in EqLJati(ln \..., . ...,&,1. Inteigra'te 

rebc)iler con1po:siticm is is as a 
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it 

if 

are "I=itl::n.lll =u as a functic,n 

if is rel'1no"ea 

is sUJ'l'pliEtd 

dyr&arrlics are now z -z 

L L 

is nhlFAirlAn x 

+ 
L 

z causes XI 

COlumin as r=quut,U is no distillation. 
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z 
=-

svstElm ( ) mass transfer 

;;:::; ) 

B· 

A = 
L V 

B= = 
L 

A B 

B is is eQLllvalent 

+B· 

It is If 

it can 

was a 

in 

as a was 

were in 
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"",n,fU!!l1 is rOLl'u.;:u 

3.1 are SiIT1PI}I 
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A 
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0.8 • 

• • • y: hexane _ . h • • • y. exene .6ox: he 
0.7 • • ""no Xx: hexane 

.6o.6o .6o.6o 
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C049ffh~iAIr'lt is 
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0.9 

0.81 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 ~ 

0.1 • 
0 

0 

• • • • • + + + 
+ + 

+ 
+ 

. 
t I • • • • • • .. .. .. .. .. .. .. 
~ x x x x x x it • • • 

~ • • 
I!!J 0 0 0 0 0 0 

0.2 0.4 0.6 0.8 

oy: hexane, Reaction .X: hexane, Reaction XX: hexane, 
Distillation +x: hexene, Distillation "X: hexane, 

no hydroglenation realctioln, 

no realCiion. is neclati'fe as eXIJected 

+ 

• 
I • 
0 ~ 

1 

is 
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1 

0.9 
j~ 

0.8 .. .. .. .. 
0.7 + + 
0.6 + + + 
0.5 + 

• • 0.4 1I '* t I • t • 
)I 

0.3 :« :« :« 
)e ~ X X X 

~ i n 
0.2 ~ 

,.. 
~ • I I • X 

0.1 • • • • • • ~ 

• • .-0 
0 0.2 0.4 0.6 0.8 1 

VVIUIIIIII are con1bir1led. even tholugh 

bOlJndary cor1ditions. are unElx~ilCtEtd as 

retloilEtr even thnllinh disltillalHon is ntY~llninn 

t'lU'4:llrJ:IIII mass bal:anc:8 

L L 
y=-x + z 

V V 

= =x 
V 

) 

zero 

reacticln A -+ B 

is no realctiC)n y =x, y=x 
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a reac:tion 

diff1erelnce in 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 
0 0.2 0.4 0.6 0.8 

hydrogl!na1tion reac:tion on McC:;at;e..l"hiele diaaram. 

is a= it see 

as 

y = is no mass 

is 

no reac:ticln U\ .. \.iUI:::I, 

as eX~lec1ted. Bec:au!~e 1··he:Kerle is 

same ""1I.;n .. l., 

y>x, 

coilimn is 

1 

cases. 

can 
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mass trAIMlllfillillr I'tIFivirlft 

can 

zero 

a more efficiel,t '"""11.111111, 

mass trAl"'IlIlfgu 

effEtCti,'e mass transfer coefficilent 

reverse 

is Ob!~8n/M 

mass 

is AI1"'An:I~Alv 

is an ArhlillfAlf"t 

L<V. 

entlanc::ina mass trarlsfe,r) nEtnce 

case y<x. 

it is 

is same as realcticm 

If int8l~rati~Jn pr,oceEtded 

== 
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as 

x = A-+B, x= 

more A 

are a 

A is 

curve crosses 

0.4 
x 

curves 

,x 

1 

LVI 

A is 

as 

curve means no 

x 

curve 
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is 

1-haXf~na in retllOilttr is 

a 
cfisjtillation sys'tem is 

cfisl~lIalUon li.iUum III it 

the!reflore it seems 

mass transfer coeffici49nts 

corlcfenstn cIOmIPO!~iticln as a fllnMit'~n 

"a.-..r •• ""n interest is wh~ettM!r cfistillsltion r..nnitinllll\_ 

crosses eqIJIII['nUmCUNeorwh'~tN~r 

effEtcts are inclucfEtcf 

critic:.1 in cfetlermlinir,a 

is assumE!cf 

eqlJillt)l'jum CUNe ;:III.U!CIIU"''' I it 

x conilPositicm WItnOlut ,.t\an"inn 

is so 

Drooer cfislJllaloon no Inn,nA!" 

Y no Inn"A!" 

c:auses 

L Yare 

effEm c:an 

is esr;leclallY 

If 

a 

are 
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was 
(ba:sed on packed 

a 

1.1 

setlara!tion imD!rOVt!S as is reauceiC. 

is 

non-

reslctic)n on 
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0.9~------------------------.--------------------, 

ey; hexane .y; hexane AX: hexene Xx: hexane 

0.7 

0.2 

0.1 

O+---------.---------r--------,---------.--------~ 

o 0.2 0.4 0.8 0.8 1 

0.8 ~-----------..,.I------------, 

I 

0.1 
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on-stream 

0.434 

15.124 

55.753 
56.779 

25 2002 

reaction zone 
550 79.5 
525 79 

507.5 79 
452.5 79 
235 
155 79 
152 
150 
150 
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s 

# Hexene Hexane 
1 0 0.83 
2 1.04 0.86 
3 2.07 1.4 
4 98.25 1.75 
5 98.15 1.85 
6 1.91 
7 97.99 
8 8.00 98.07 

1 is initial feed 
the concentration of 1-hexene 

50g 

1.3 

over 1 and 

99.34 
97.85 
96.85 

96.6 

in 

0.83 
0.6 

0.47 

2.15 
3.15 
3.35 215 
3.4 215 

reboiler and condenser over 8 hours of 

2002 

reaction zone 
328 
350 

353 
353 
353 

on stream 
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COnf. LaVe. IK PreGictlon Of Line PreGictlon Of Vllues Y 
N 6 95 

:EX ChOOSe x PreG.Y LOwerY UDIIIery PreG.Y LOWerY UDIIIerY 
Mean X 6.5QE.04 ·3.79H4 -4.07E-Q3 3.32E-Q3 ·3.79E-04 -6A3&03 5.67E-Q3 

:EY 7.75H4 9.02H4 ·2.39E-Q3 4.2OE-03 9.02H4 -4.91E-03 6.71E-Q3 

Y 9.1XlE-04 2.18E-03 ·7.34E-04 5.10E-03 2.18E-03 ·3.43E-03 7.79E-03 
1.o3E-03 3A6E-03 S.86E-Q4 6.04E-03 3A6E-03 ·1.98E-Q3 S.9OE-03 
1.15E-03 4.74E-03 2A5E-03 7.03E-Q3 4.74E-03 ·5.65H4 1.o1E-02 
1.28E-03 6.02E-03 3.95E-03 S.10E-03 6.02E-03 S.03E-Q4 1.12E-02 
1AOE-03 7.31E-03 5.34E-03 9.27E-03 7.31E-03 2.13E-Q3 1.25E-02 

Ao == 1.53E-03 S.59E-03 6.61&03 1.06E-02 S.S9E-03 3A1E-03 1.38E-02 

A1 = 1.6se-Q3 9.87&03 7.77E-03 1.20E-02 9.87E-03 4.64E-03 1.51E-02 

R= 4 1.78E-03 1.11E-02 8.84E-03 1.35E-02 1.11E-02 5.83E-03 1.65E-02 

= 1.9OE-03 1.24E-02 9.82E-03 1.S0E-02 1.24E-02 6.98E-03 1.79E-02 
2.o3E-Q3 1.37E-02 1.Df:1E.02 1.67E-02 1.37E-02 8.09E-03 1.93E-Q2 
2.15E-03 1.S0E-02 1.17E-02 1.83E-Q2 1..50E-02 9.16&03 2.0aH2 
2.28E-03 1.63E-Q2 1.25E-02 2.0cJE-02 1.63E-Q2 1.02E-02 2.23E-Q2 
2AOEG 1.76E-02 1.34E-02 2.17E-02 1.76E-02 1.12E-02 2.39E-02 
2.53E-03 1&-02 1A2E-02 2.34E-02 1J:18E.02 1.22E-02 2.S5E-02 
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c========================================================== 

------------------------
c De1:emline pan!lmeters A B 

c COlT1POE~itiolns 3 regh:m 

c & 
c-----------------------

imp>licit none 

... 

ccommon 

common 

c 

C sutlPIV 

N = 2 Inun1ber of v:arialbles 

c xr,v ............ . 

119 



Univ
ers

ity
 of

  C
ap

e T
ow

n
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c 

c 

c 

c 

c 

C 

c 

C 

C 

C 

C 

see 

A 

A 

B 

=mm 

= 

= 

= 

= 

= 

=1 

=1 

0 
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rl'll'un.,IVI:::: ENORtM(M,1 

c 

,n 

WI'itE~(rlwritle, .. n .. n'#'''''#',i,'.',j, 

c cal(:ulate 

";it ,·"·." .... "·,i, 

H •· .. ,. .... L I 

I 
." 

* I ~(411'U:l.1 

c-----
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c -----------------------------------
c 

c 

c 

c l & V are 

c is + -> 

C is 

c 

c are 

c 

c as a 

c 

c 

c 

c 

c 

=========================================================== 
--------------------

impUcit none 
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ccommon 

common 

c 

c 
c error \lAt"t .... ,. 

C ClUCltAI'n v;arielblEtS 

c 
C 

C 

C 

C 

C 

l:ilnhl:i::1.1 

a 

1 
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c x y 

c actLlally are conlsis1:ent 

c 

c 

c 

c 

c & 

c 1 

c 

c1 2 3 

cuse 
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c on a Z il"ltAI"V~1 

1 

2 

,nz 

If (z.e::;.zs'top1 

if 

If (z.ec~.zstop2) 

if 

if (z.gtzstop:Z) 

if (z.gt.zsltop1 

if 

if 
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c 

c 

c 

c on rebc)iler concen1trath:m 

c 

c 

c 

c 
c cal(:ulate 

1 

1 

c 

1 

2 

3 

4 

= xr(idl!lta)-J(r1 

1 

1 » 

1 

1 

=' 
=' 

=' 

=' 
=' 

=========================================================== 
--------------------

126 



Univ
ers

ity
 of

  C
ap

e T
ow

n

none 

ccommon 

common 

c cal(:ulate 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

if (Ief~orm 

if 

instiability or 

lt1irnAI,ctl/,\nIJIilIIClCl fonnalUon rxn 

!re(Juc:e mass trAI'CI'.,r in reaCUcm zone 
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c ------------------------------------------
c 

c 

c 

c L & V are 

c is + 

c 

c 

c I"'nlntil::llnClAr' are "'"","'" .. " .... "" 

c 

cas a 

c 

c 

c 

c & 

c 

----------------------------------------------------------------------------------------------------------------------
---------­......................... _-_ ................... 

none 
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c common 

common 

c SystEtm v~lrial)les 

c 
c 

c 
c 

c 

alnha::1 1 

C CI\;lUClIIY 

C 

Ipseudo rxn 

y 

1 
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=0 

10 

c 

c 

c 

C 

C 

& 'D"'A'''I/nV 

c 

c 1 = dist:Ulation. 2 
c use IAf",,'rn 

con a 

If (z.eICi.zstop1 

y 

fin 

in 

3 = distillatic)n 
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2 

if 

If (z.ec~.zs1:op2) 

if 

if (z.glt.zsitop:2) 

if (z.~It.z!ltop1) 

if 

if 

c on rebc)iler conlcerltra1tion 
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2 

3 

4 

1 

1 

:' 

:' 

:' 

:' 

=' 

=' 

----------------------------------------------------------------------------------------------------------------------
------------------_ ...... 

none 

ccommon 

common ClIIo"IICI. "l,CI,IN 

c calc:ulate 

c inst:ability or 

c 

c 

c 
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c 
c 

if lIlAfi!\fm 

if 

c fUncticin e'1fCIIIUICIIU'I.,n 

c 

c 

IdirrlenElionlless fomlatiC)n rxn 

!recluc:e mass tr:I:Il!\!lfj~r reaiCticm zone 

0--------------------------

0----, 

0--------------------------

,--------------,------------------
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