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Type: Cross—linked styrene sulfonic acid
gels, 4% and 8% Cross—Linked with
divinyl benzene
Catalyst Specifications Size: 10-125 mesh (Preferably 20-50

mesh)

Exchange capacity: 5 miliequivalents of
H' per gram dry
Temperature: 50-90 °C
Pressure: 1-2.4 atm

Reactor

Water to methyl acetate molar ratio 0.5 to 10.0 (Preferably 1.0 to 4.5)

in the Feed
Top product: 80% MA (Preferably 82 —
. . 92%)
Column Specifications Internal: Raschig rings, Sieve plates,
Screens
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[1] Lee, Myron M.; “Method and apparatus of methyl acetate hydrolysis”, U.S. Patent
0183549 A1, 2002.

[2] “Improvements in or relating to processes for the hydrolysis of methyl acetate and
treatment of aqueous mixtures of methyl acetate, methyl alcohol and acetic acid”, U.S.
Patent 687902, 1953.

[3] Anselm, H.; Smidt, J.; Kofler, A.; “Improvements in or relating to the production of
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Swelli Adsorbed | Adsorbed | Adsorbed
Component WeNg | Volume | Mass (g/g) | Amount
ratio 3

(em’/g) (mmol/g)
Acetic Acid 1.43 0.307 0.319 5.31
Methanol 1.55 0.393 0.309 9.60
Methyl Acetate 1.40 0.286 0.265 3.58
Water 1.67 0.479 0.478 26.5
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[A] UNIQUAC Jae (sl el - Jsior

adij
Components Methyl Water Ace't ¢ Methanol i i
acetate Acid
Methyl - 789.996 806.844 585.482 2.5759 2.8041
Acetate
Water 117.211 - -305.452 -10.377 1.3997 0.9200
Acetic Acid | -467.125 427.741 - -51.049 2.0720 2.2023
Methanol -54.338 95.259 -40.725 - 1.4320 1.4311
[A] UNIQUAC Juw Ly, -¥ J g
."Ebr' ; [3] s ”] J‘:I. .'( }1‘ ”. 1 a. i
lny; = ln\l_,\l + D-Squln'I\JE:I —LI-—;\E:} l I‘J'xj'+‘i'i: 1.0- ]11_1I [JJ-TJ-T- - g; Z‘ T.?i.;
"I=1 : J-=1 - j=1: L [3||(qu-
Lk=1 /

where: v; = activity coefficient of component i
x; = mole fraction of component §
T = temperature (K)
n = total number of components

Lj=0.5Z(rj-qy-13+1

X
0; = il
2975
a..+b. T
1. = Exp_[_f.r_y_}
1 RT

Z = 10.0 co-ordination number

= non-remperature dependent energy parameter between
components i and j (cal/gmol)

ai‘j‘

by; = temperature dependent energy parameter between components i
and j (cal/lgmol-K)

q; = van der Waals area parameter - Aw; /(2.5e9)
A, =van der Waals area

r; = van der Waals volume parameter - Vi, /(15.17)

V. = van der Waals volume
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x 107 Effect of Feed Molar Ratio on Reaction Rate
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Sl 2 63555 Sl 5l Jol> @Y Jdous

Time Mass Fraction
No. .
(min)
MA | MeOH | Water AA
1 30 0 0 99.69 0
2 35 0 0 99.727 0.177
3 38 0 0 99.663 0.211
4 39 0 0 99.772 0.227
5 40 0.0366 | 0.0101 | 99.58 0.376
6 41 0.0991 | 0.0373 | 99.165 | 0.6978
7 42 0.6784 | 0.1923 | 93.809 5.321
8 43 0.9375 | 0.3059 | 92.553 6.197
9 44 2.8396 | 1.4628 | 85.773 9.925
11 46 4.7433 | 3.4305 | 77.3528 | 14.4734
12 47 47601 | 3.723 | 77.276 | 14.2398
13 48 49587 | 4.0612 | 76.8059 | 14.1739
14 49 49076 | 4.3362 | 77.0767 | 13.6794
15 50 49271 | 4.9022 | 76.7609 | 13.4098
16 51 49554 | 5.1787 | 77.144 | 12.7219
17 52 4.6897 | 5.1962 | 77.8847 | 12.2294
18 53 4.4852 | 5.3539 | 78.4582 | 11.7027
19 54 43314 | 5.4221 | 78.7588 | 11.4876
20 55 4.2639 | 5.8028 | 79.0447 | 10.8886
21 56 3.7996 | 5.6327 | 80.7043 | 9.8634
22 57 3.3266 | 5.3787 | 80.982 | 9.5937
23 58 2.9604 | 5.3455 | 82.8467 | 8.8474
25 60 2.603 | 5.253 | 84.711 7.432
27 62 2.385 | 4.9704 | 86.445 | 6.1988
28 63 2.0178 | 4.8772 | 86.644 5.516
29 64 1.719 | 4.1608 | 89.3736 | 4.746
30 65 1.616 | 4.078 | 89.7382 | 4.5669
31 66 1.612 | 3.882 | 90.3737 | 4.1317
32 68 1.1855 | 3.3655 | 91.7358 | 3.7131
33 70 1.0923 | 2.938 | 92.9351 | 3.034
34 75 0.549 | 1.698 | 96.0962 | 1.6556
35 80 0.2858 | 0.9047 | 97.9461 | 0.8633
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Experiment Number 1 2 3 4 5
Reactor temperature (°C) 51 52 52 52 52
Circulator temperature (°C) 108 106 85 100 107
Water flow rate (ml/min) 1.5 1 1 1 1

MA flow rate (ml/min) 1.5 1 1.2 1.2 1.2
Recycle flow rate (ml/min) 3 5 2 4 6

b L bl dyl 3 o33l 5 Jsmame kS 5 Ry el b oy sk 40 57 Lyl
WL Y Jslr s olibsl 51 e ile and Sl ol = s Sl opl el 51 ol
5 b leand s 4ol @ a5 Lo Jead pl 005 Vb Sl g8 e skite w0 S e ala>Ss
;3 Aspen Plus 3l o5 S e Lol e b o3l sl Aspen Plus ; HYSYS i3l

..»Jf‘_;«;b 4l
Slpe s sl pa b s Sl Slien mli sl pasia F 5 Y Jslix Sl a4 Sles

e zr uﬂQ}VL LSL‘JJJW)J Jj.:t.o);jv.’)j Loy |



Vosled iole3 5 Jeol s —F g

Samples Mass Percent : .
Methyl Acetate|Methanol| Water |Acetic Acid
Product 4.2284 12.1812 [53.8682| 29.7222
Recycle 85.43 8.76 5.64 0.1731
Reactor output] 46.56 12.14 | 26.04 15.26
Reboiler Temperature (°C) 77
Condenser Temperature (°C) 51
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Mass Percent
Samples | Methyl Acetate |[Methanol|Water| Acetic Acid
Product 13.2 152 | 43.1 28.5
Recycle 89.2 6.4 4.2 0.1
Reactor output 51.0 109 |23.8 14.4
Reboiler Temperature (°C) 74.7
Condenser Temperature (°C) 55.8
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Samples Mass Percent : :
Methyl Acetate | Methanol |Water| Acetic Acid
Product 0.52468 9.1419 |58.46| 31.871
Recycle 76.73 1732 |5.077| 0.1788
Reactor output 45.81 18.99 [22.13 12.59
Reboiler Temperature (°C) 86
Condenser Temperature (°C) 54
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Samples Mass Percent . .
Methyl Acetate | Methanol |Water| Acetic Acid
Product 2.6 19.8 | 40.6 37
Recycle 89.2 6.4 4.2 0.1
Reactor output 62.2 12.8 14.2 10.8
Reboiler Temperature (°C) 85.8
Condenser Temperature (°C) 55.8

o] lea 33 5 o odalin £ 50 Jslax 53 OF (gilwans 5 Slles zE sy Sabasl gl
D G byl 3 S sl ol bosls s 5 bl 5o Sl s ) Ghalesl shse 3 oS
5 AL e Ole Saleal (528 Cel Jpams 3 350 Jpbe G35 doss L3 5L
b i Ul 5 s gt nl il el S sl b gla i Sos s (iluand
Wil (b g kb T s s el 5 g a8 Al a5 L ils b
ot Oty OSS8 lany oS £ 55 esliad 3550 BX glaasT el @ a5 U e

Ol Ol 4 4 55 b 5 5 ayls Sulzer o5 2 BX wST 5l 1S ol a4 Sbeily ccasl oaps S

YA



Aspen l3le 5 Jled) il o b AL LT hE £ 5l fols mls Sols oz ol -

J”"‘"J;;“JJQJ “ NPluS

Jee s Ol oS Ly aS dox a5 aMm}éoMwa@@Lﬁ@)b Jls o
O SLls alKiylesl slaesls 5 (g5luward 55 Re Slais b s 2 Jpeame kS 5 Sl

235 oodalin YUY gl 2 s dlis ()l titeen

¥oolad bl 5l fols s -V Jpux

Samples Mass Percent ' '
Methyl Acetate |Methanol| Water | Acetic Acid
Product 9.114 13.145 |50.195] 27.546
Recycle 85.809 8.474 |5.649 0.067
Reactor output 39.112 12.653 |29.272| 18.962
Reboiler Temperature (°C) 68
Condenser Temperature (°C) 51
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Samples Mass Percent : :
Methyl Acetate | Methanol |Water| Acetic Acid
Product 13.2 17.1 37.5 32.1
Recycle 87.4 8.1 4 0.5
Reactor output] 48.3 129 | 21.7 17.2
Reboiler Temperature (°C) 67.9
Condenser Temperature (°C) 60.3
¥ osled bl 5l ol s -4 Jyis
Samples Mass Percent
Methyl Acetate |Methanol| Water | Acetic Acid
Product 0.917 13.449 |51.517] 34.117
Recycle 82.391 10.744 | 5.881 0.115
Reactor output 48.826 15.362 120.86| 14.394
Reboiler Temperature (°C) 78.5
Condenser Temperature (°C) 52
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Samples Mass Percent ‘ ‘
Methyl Acetate | Methanol |Water| Acetic Acid
Product 9.4 18.8 | 36.6 353
Recycle 87.3 8.7 3.6 0.4
Reactor output] 59.4 12.3 15.4 12.9
Reboiler Temperature (°C) 78.1
Condenser Temperature (°C) 59.1
0 o jled Lialajl 31 ol @ -\ Jo
Mass Percent
Samples |Methyl Acetate [ Methanol| Water | Acetic Acid
Product 0.5219 11.014 |53.94| 34.524
Recycle 79.955 13.848 |5.139 0.15
Reactor output 53.577 15.669 |17.843 11.2
Reboiler Temperature (°C) 80
Condenser Temperature (°C) 53

0 ojleds A& LT T = N o MR A UPRE

Samples Mass Percent
P Methyl Acetate | Methanol | Water | Acetic Acid

Product 7.8 19.5 36.2 36.5

Recycle 87.1 9.3 3.3 0.3
Reactor output 65.6 12.1 12.2 10.1

Reboiler Temperature (°C) 79.5

Condenser Temperature (°C) 58.4
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Effect of Feed Malar Ratio on Reaction Rate
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Option Explicit
Dim hycontainer As Object
Dim hydens As Object
Public Function initialize(ByVal container As Object, ByVal isrecalling As Boolean) As Long
On Error GoTo errortrap
Dim hyreactant As Reactant
initialize = extnCurrentVersion
Set hycontainer = container
Set hydens = hycontainer.FindVariable("catDens").Variable
If isrecalling = False Then
hydens.Value = 900
hycontainer.Phase = ptLiquidPhase
hycontainer.ReactionBasis = rbActivityBasis
hycontainer.Reactants.RemoveAll
Set hyreactant = hycontainer.Reactants.Add("Methanol")
hyreactant.StoichiometricCoefficientValue = 1
Set hyreactant = hycontainer.Reactants.Add("H20")
hyreactant.StoichiometricCoefficientValue = -1
Set hyreactant = hycontainer.Reactants.Add("AceticAcid")
hyreactant.StoichiometricCoefficientValue = 1
Set hyreactant = hycontainer.Reactants.Add("M-Acetate")
hyreactant.StoichiometricCoefficientValue = -1
hycontainer.BaseReactant = hyreactant
'hycontainer.basisconversion="?
With hycontainer
.SetReactionPropertyState rpReactants, vsCalculated
.SetReactionPropertyState rpStoichiometricCoefficients, vsCalculated
.SetReactionPropertyState rpoMinTemperature, vsCalculated
.SetReactionPropertyState roMaxTemperature, vsCalculated
.SetReactionPropertyState rpReactionBasis, vsCalculated
.SetReactionPropertyState rpReactionPhase, vsCalculated
.SetReactionPropertyState rpBaseReactant, vsCalculated
.SetReactionPropertyState rpBasisConversion, vsCalculated
.SetReactionPropertyState rpRateConversion, vsCalculated
End With
End If
errortrap:
End Function
Public Function reactionrate(ByVal fluid As Object, ByVal rxntemperatureinC As Double, ByVal
rxnvolumeinkmolperM3 As Double, rate As Double) As Boolean
On Error GoTo errortrap
Dim TinK As Double
Dim mflow As Variant
Dim totalvolflow As Double
Dim MAindex As Integer
Dim AAindex As Integer
Dim MeOHindex As Integer
Dim Windex As Integer
Dim RR As Double, z As Double, k1 As Double, km1 As Double, s1 As Double
Dim i As Integer, j As Integer, kk As Integer
Dim part1 As Double, part2 As Double, part3 As Double, part4 As Double
Dim part5 As Double, part6 As Double, part7 As Double, s2 As Double
Dim gama(1 To 4) As Double, x(1 To 4) As Double, alfa(1 To 4) As Double
Dim phi(1 To 4) As Double, I(1 To 4) As Double, teta(1 To 4) As Double
Dim r(1 To 4) As Double, q(1 To 4) As Double, M(1 To 4) As Double, K(1 To 4) As Double
Dim a(1 To 4, 1 To 4) As Double, taw(1 To 4, 1 To 4) As Double
RR =1.989



q(1) = 2.5759: q(2) = 1.3997: q(3) = 2.072: q(4) = 1.432
r(1) = 2.8041: r(2) = 0.92: r(3) = 2.2023: r(4) = 1.4311
M(1) = 74: M(2) = 18: M(3) = 60: M(4) = 32
a(1,1)=1:a(1,2)=789.996: a(1, 3) = 806.844: a(1, 4) = 585.482
a2, 1)=117.211: a(2, 2) = 1: a(2, 3) = -305.452: a(2, 4) = -10.377
a(3, 1) =-467.125: a(3, 2) =427.741: a(3, 3) = 1: a(3, 4) = -51.049
a(4, 1) =-54.338: a(4, 2) = 95.259: a(4, 3) =-40.725: a(4, 4) =1
z=10
mflow = fluid.MolarFractionsValue
MAindex = fluid.Components.Index("M-Acetate")
AAindex = fluid.Components.Index("AceticAcid")
MeOHindex = fluid.Components.Index("Methanol")
Windex = fluid.Components.Index("H20")
x(1) = mflow(MAindex)
X(2) = mflow(Windex)
x(3) = mflow(AAindex)
x(4) = mflow(MeOHindex)
If hydens.Value <= 0 Then hydens.Value = 900
TinK = rxntemperatureinC + 273.15
k1 = 8497000# * Exp(-60470 / 8.314 / TinK)
km1 = 612700# * Exp(-63730 / 8.314 / TinK)
K(1) = 4.15: K(2) = 5.24: K(3) = 3.15: K(4) = 5.64
s1=0
s2=0
Fori=1To4
s1=s1+ x(i) * r(i)
s2 =s2 + x(i) * q(i)
Next i
Fori=1To4
phi(i) = x(i) * r(i) / s1
teta(i) = x(i) * q(i) / s2
Next i

"phi=x.*r/(x*r");
'teta=x.*q/(x*q");
Fori=1To4
I(i) =z /2" (r(i) - q(0)) - r(i) + 1
Next i
Fori=1To4
Forj=1To 4
taw(i, j) = Exp(-a(i, j) / RR / TinK)
Next j
Next i
Fori=1To4
If x(i) = 0 Then
gama(i)=0
alfa(i) =0
Else
part1 = Log(phi(i) / x(i))
part2 =z / 2 * q(i) * Log(teta(i) / phi(i))
s2=0
Forj=1To 4
s2 =s2 + x(j) * 1(j)
Next j
part3 = -phi(i) / x(i) * s2
"part3=-phi(i)/x(i)*(x*I');

part4 = I(i)
s2=0
Forj=1To 4

s2 = s2 + teta(j) * taw(j, i)



Next
part5 = -q(i) * Log(s2)
'part5=-q(i)*log(teta*taw(:,i));
part6 = q(i)
part7 =0
Forj=1To 4
s2=0
Forkk=1To 4
s2 = s2 + teta(kk) * taw(kk, j)
Next kk
part7 = part7 - q(i) * teta(j) * taw(i, j)
Next
'sum1=teta*taw(:,i);
'‘part7=-q(i)*(teta*taw(:,i))/sum1;
gama(i) = Exp(part1 + part2 + part3 + part4 + part5 + part6 + part7)
alfa(i) = gama(i) * x(i) * K(i) / M(i)
End If
Next i

s2=0
Forj=1To 4
s2 = 82 + alfa(j)
Next j
rate = -hydens * (k1 * alfa(3) * alfa(4) - km1 * alfa(1) * alfa(2)) / s2 * 2
reactionrate = True
errortrap:
End Function
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C User Kinetics Subroutine for RADFRAC, BATCHFRAC, RATEFRAC
C (REAC-DIST type Reactions)
C

SUBROUTINE USRKNT (N, NCOMP, NR, NRL, NRYV,
T, TLIQ, TVAP, P, PHFRAC,
F, X Y, IDX, NBOPST,
KDIAG, STOIC, IHLBAS, HLDLIQ, TIMLIQ,
IHVBAS, HLDVAP, TIMVAP, NINT, INT,
NREAL, REAL, RATES, RATEL, RATEV,
NINTB, INTB, NREALB, REALB, NIWORK,
IWORK, NWORK, WORK)

ONO O WN

C

Cn * * *% *% *

C LICENSED MATERIAL. PROPERTY OF ASPEN TECHNOLOGY, INC. TO BE *

C TREATED AS ASPEN TECH PROPRIETARY INFORMATION UNDER THE TERMS *
C OF THE ASPEN PLUS SUBSCRIPTION AGREEMENT

* *kkkkkhhhhhhhkhkkkkkkkkkhhhdhk *% *kkkkkkkkkk

COPYRIGHT (C) 1994
ASPEN TECHNOLOGY, INC.
CAMBRIDGE, MA

DESCRIPTION: TO CALCULATE REACTION RATES FOR KINETIC REACTIONS
USING USER SUPPLIED SUBROUTINE

VARIABLES IN ARGUMENT LIST

VARIABLE I/O TYPE DIMENSION DESCRIPTION AND RANGE
N (I - STAGE NUMBER

O0000O00O0OO0O0O000



SN NO NSO NS N NGO NO NGO NO RO NGO O NN OO NO RO RO O N RO O NG O RO RO O N N NO NGO NG RO N O RO RO NO N RO RO RO NG RO RO O RO NO RO RO NG RO RO NO RO N O N @]

NCOMP | | - NUMBER OF COMPONENTS

NR (I - TOTAL NUMBER OF KINETIC
REACTIONS
NRL (. 3 NUMBER OF LIQUID PHASE

KINETIC REACTIONS.

NRL(1): NUMBER OF
OVERALL LIQUID
REACTIONS.

NRL(2): NUMBER OF
LIQUID1 REACTIONS.

NRL(3): NUMBER OF
LIQUID2 REACTIONS.

NRV (I - NUMBER OF VAPOR PHASE
KINETIC REACTIONS

T I R - STAGE TEMPERATURE (K)

TLIQ I R - LIQUID TEMPERATURE (K)
* USED ONLY BY RATEFRAC **

TVAP I R - VAPOR TEMPERATURE (K)
* USED ONLY BY RATEFRAC **

P I R - STAGE PRESSURE (N/SQ.M)

PHFRAC | R 3 PHASE FRACTION
PHFRAC(1): VAPOR FRACTION
PHFRAC(2): LIQUID1 FRACTIO
PHFRAC(3): LIQUID2 FRACTIO

F | R - TOTAL FLOW ON STAGE
(VAPOR+LIQUID) (KMOL/SEC)
X | R NCOMP3 LIQUID MOLE FRACTION
Y | R NCOMP  VAPOR MOLE FRACTION
DX 1 | NCOMP  COMPONENT INDEX VECTOR
NBOPST | | 6 OPTION SET BEAD POINTER
KDIAG | | - LOCAL DIAGNOSTIC LEVEL
STOIC | R  NCOMP,NR REACTION STOICHIOMETRY
IHLBAS | | - BASIS FOR LIQUID
HOLDUP SPECIFICATION
1:VOLUME,2:MASS,3:MOLE
HLDLIQ | R - LIQUID HOLDUP
IHLBAS UNITS
1 CU.M.
2 KG
3 KMOL
TMLIQ | R - LIQUID RESIDENCE TIME
(SEC)
IHVBAS | | - BASIS FOR VAPOR
HOLDUP SPECIFICATION
1:VOLUME,2:MASS,3:MOLE
HLDVAP | R - VAPOR HOLDUP
IHVBAS UNITS
1 CU.M.
2 KG
3 KMOL
TIMVAP | R - VAPOR RESIDENCE TIME (SEC)
NINT | | - LENGTH OF INTEGER VECTOR
INT /O | NINT  INTEGER VECTOR
NREAL | | - LENGTH OF REAL VECTOR

REAL /0 R NREAL REAL VECTOR

RATES O R  NCOMP  COMPONENT REACTION RATES
(KMOL/SEC)

RATEL O R  NRLT  INDIVIDUAL REACTION RATES
IN THE LIQUID PHASE
(KMOL/SEC)



WHAT IS NRLT?
NRLT = NRL(1)+NRL(2)+NRL(3
NRLT IS NOT INCLUDED IN TH
ARGUMENT LIST.
* USED ONLY BY RATEFRAC *

RATEV O R  NRV  INDIVIDUAL REACTION RATES
IN THE VAPOR PHASE
(KMOL/SEC)
* USED ONLY BY RATEFRAC *

NINTB | | - LENGTH OF INTEGER VECTOR
(FROM UOS BLOCK)

INTB /O |  NINTB  INTEGER VECTOR
(FROM UOS BLOCK)

NREALB | | - LENGTH OF REAL VECTOR
(FROM UOS BLOCK)

REALB /0 R NREALB REAL VECTOR
(FROM UOS BLOCK)

NIWORK | | - LENGTH OF INTEGER WORK
VECTOR

IWORK I/O | NIWORK  INTEGER WORK VECTOR

NWORK | | - LENGTH OF REAL WORK VECTOR

WORK 1/0 R NWORK REAL WORK VECTOR

khkkkkkkkkkkkkkkkhkhkkkkhkkhkkhkkhkkhhkhkhkkkhkkhkkhkkhhhkhkkkkhkkhkkhkkhkhkhhkkkkhkkhhhkhkhkkkkkhkkhkkhhkkkkkkkkkx

IMPLICIT NONE

DECLARE VARIABLES USED IN DIMENSIONING

OO0 O0QO00O000O000O00O00OO0O00OO00OOO0

INTEGER NCOMP, NR, NRV, NINT, NINTB,
+ NREALB,NIWORK,NWORK

(@)

#include "ppexec_user.cmn"
EQUIVALENCE (RMISS, USER_RUMISS)
EQUIVALENCE (IMISS, USER_IUMISS)

C
C
C
C * *%* *k% *%* *k%k *k%k *% *% * *%* * *%* *%* *k%k
C
C
C
C DECLARE ARGUMENTS
C
INTEGER NRL(3),IDX(NCOMP), NBOPST(6),
+ INT(NINT), INTB(NINTB),
+  IWORK(NIWORK),N, KDIAG, IHLBAS,
+  IHVBAS,NREAL
REAL*8 PHFRAC(3), X(NCOMP,3), Y(NCOMP),
+  STOIC(NCOMP,NR), RATES(NCOMP),
+  RATEL(1), RATEV(NRV),
+  REALB(NREALB),WORK(NWORK), T, TLIQ,
+ TVAP, P, F, HLDLIQ,TIMLIQ
REAL*8 HLDVAP, TIMVAP
C
C DECLARE LOCAL VARIABLES
C

INTEGER IMISS
REAL*8 REAL(NREAL), RMISS



C BEGIN EXECUTABLE CODE
real*8 TinK, RR, z, k1, km1, s1, totalvolflow, part1, part2,
*  part3, part4, part5, part6, part7, s2, rate, hydens
,Rmflow(4), gama(4), alfa(4), phi(4), RL(4),
*  teta(4), r(4), q(4), RM(4), RK(4), a(4, 4), taw(4, 4)

integer MAindex, AAindex, MeOHindex, Windex, i, j, kk

RR =1.989

q(1) = 2.5759
q(2) = 1.3997
q(3) = 2.072
q(4) =1.432
r(1) = 2.8041

r(2) =0.92

r(3) = 2.2023

r(4) =1.4311
RM(1) =74
RM(2) =18
RM(3) = 60
RM(4) = 32
a(1,1)=1

a(1, 2) = 789.996
a(1, 3) = 806.844
a(1,4) = 585.482
a2, 1)=117.211
a2,2)=1

a(2, 3) =-305.452
a(2,4)=-10.377
a(3, 1) =-467.125
a(3, 2) =427.741
a(3,3)=1

a(3, 4) =-51.049
a(4, 1) =-54.338
a(4, 2) = 95.259
a(4, 3) =-40.725
a4,4)=1

z=10

TinK = TLIQ
k1 =8497000 * Exp(-60470 / 8.314 / TinK)
km1 = 612700 * Exp(-63730 / 8.314 / TinK)
RK(1) =4.15
RK(2) =5.24
RK(3) = 3.15
RK(4) = 5.64
s1=0
s2=0
DO 25i=1,4
s1=s1+x(i,1) * r(i)
s2 =s2 + x(i,1) * q(i)
25 ENDDO

DO30i=1,4
phi(i) = x(i,1) * r(i) / s1
teta(i) = x(i,1) * q(i) / s2

30 CONTINUE



35

45
40

55

60

70

65

50

75

I phi=x.*r/(x*r");
lteta=x.*q/(x*q");
DO35i=1,4
RL(i) =z /2 *(r(i) - q(i)) - r(i) + 1
CONTINUE

DO40i=1,4
DO45j=1,4
taw(i, j) = Exp(-a(i, j) / RR / TinK)
CONTINUE
CONTINUE
DO50i=1,4
If (x(i,1) .EQ. 0.0) Then
gama(i)=0
alfa(i)=0
Else
part1 = Log(phi(i) / x(i,1))
part2 =z /2 * q(i) * Log(teta(i) / phi(i))
s2=0
DO55j=1,4
s2 =s2 + x(j,1) * RL(j)
CONTINUE
part3 = -phi(i) / x(i,1) * s2
I' part3=-phi(i)/x(i)*(x*I);
part4 = RL(i)
s2=0
DO60j=1,4
s2 = s2 + teta(j) * taw(j, i)
CONTINUE
part5 = -q(i) * Log(s2)
I 'partb=-q(i)*log(teta*taw(:,i));
part6 = q(i)
part7 =0
DO65j=1,4
s2=0
DO70kk=1,4
s2 = s2 + teta(kk) * taw(kk, j)
CONTINUE
part?7 = part7 - q(i) * teta(j) * taw(i, j)
CONTINUE
I 'sumi=teta*taw(;,i);
I 'part7=-q(i)*(teta*taw(:,i))/sum1;
gamal(i) = Exp(part1 + part2 + part3 + part4 + part5 + part6
* + part7)
alfa(i) = gama(i) * x(i,1) * RK(i) / RM(i)
End If
CONTINUE

s2=0
DO75j=1,4
s2 = s2 + alfa(j)
CONTINUE

HYDENS=0.600

rate = -hydens * (k1 * alfa(3) * alfa(4) - km1 * alfa(1) * alfa(2)

*)/(s2 **2) * HLDLIQ * 1000
RATES(1)=-RATE
RATES(2)=-RATE
RATES(3)=RATE
RATES(4)=RATE
RATEL(1)=RATE



C
RETURN
END



Abstract

In this work, a noble process of methyl acetate hydrolysis was investigated
theoretically and experimentally in three sections of “Reaction kinetic”, “Reactor
modeling”, and “process simulation”.

Reaction kinetics of methyl acetate hydrolysis in the presence of highly acidic ion
exchange resin, Amberlyst 15, was studied experimentally, and was presented
quantitatively by LHHW, ideal and non-ideal pseudo-homogeneous models. Selective
adsorption of reactive solution species on the resin was investigated experimentally
and results was fitted to Langmuir’s model. Results showed that using LHHW model
and components activities instead of pseudo homogeneous model and components
mole fractions decrease the optimization error considerably.

Also, fixed bed reactor of this process was modeled by axial dispersion model.
Reactive pulse-input experiments were performed and the unknown parameters of the
model were calculated by the optimization algorithms. Method of lines was used as a
numerical method for solution of model PDE’s. Results showed that the plug flow
model is not suitable for this case, but the axial dispersion model predicts the dynamic
behaviors of this reactor appropriately.

This process was simulated by use of common commercial process simulators,
HYSYS and Aspen Plus. Sensitivity of “methyl acetate conversion” and “acetic acid
to water mass ratio” to the change of “water to methyl acetate molar ratio in feed”,
“flow of recycle stream to methyl acetate feed stream”, and “reactor temperature was
studied. The optimum conditions were specified. Simulation results were in good

agreement with experimental results.
Keywords

1- Hydrolysis 2- Methyl acetate 3- Acetic acid

4- Reaction kinetics  5- Modeling 6- Simulation
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