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APPENDIX A

CORRECTION FACTOR

Correction faction for GC with column Gaskuropack 54
Correction faction, F  =  iA l ^ k o M P o m a :  (A-l)

( A / W ) s t a n d a r d

Given methyl t e r t-butyl ether (MTBE) is standard component (F=l)

REACTANTS WEIGHT (พ) AREA (A) CORRECTION 
FACTOR (F)

Water 3.936xl0'7 318420 1.5971
Ethanol (EtOH) 3.050xl0'7 215674 1.3959

tert-butyl alcohol
(TBA) 3.060x1 O'7 171234 1.1047
MTBE 3.155xl0'7 159814 1.0000
ETBE 3.100xl0‘7 130855 0.8333



APPENDIX B

CALCULATION OF NUMBER OF MOLE

Number of mole of each component can calculate by using correction factors from 
Appendix A.
1,1 1 -*.  1 A r e a  / ( M W x F )  n tNumber of mole = —--------—  _ -------- X Total mole (B-1 )

Z (  A r e a )  / (  M W x F  )  c0mp0nen1

For example; Batch reactor
Reaction condition; temperature=323 K, speed level=660 rpm, catalyst weight=30 g, 

time=0 min, TBAo=0.97 mol, EtOFIo=0.50 mol, ELOtfO.OO mol.

REACTANTS AREA MW CORRECTION
FACTOR(F)

NUMBER OF 
MOLE

Water 4995 18 1.5971 0.0312
Ethanol(EtOH) 177092 46 1.3959 0.4957

TBA 441439 74 1.1047 0.9703
ETBE 1358 102 0.8333 2.8709x10‘3



APPENDIX c

UNIFAC CALCULATION

The UNIQUAC equation treats g  =  G E / R T  as comprised of two additive parts, a 
c o m b in a to r ia l term g c to account for molecular size and shape differences, and a 
r e s id u a l term g R to account for molecular interactions:

ร = g c + g *  (C-l)

Function g c contains pure-spccies parameters only, whereas function g R 

incorporates two binary parameters for each pair of molecules. For a multicomponent
system,

g c =  Z x , l n —  +  5 Z q ix i lท ^ - (C-2)

and g R = - Z q , x ,  In( Z O j T j , )  

x r

(C-3)

where <t>, -  "
x / j

(C-4)

and e, = w (C-5)

Subscript i identifies species, and j  is a dummy index; all summations are over all 
species. Note that T J, *  T11 ; however, when i =  j , then T 11 = T n = 1. In these equations r,

(a relative molecular volume) and q t (a relative molecular surface area) are pure-species 
parameters. The influence of temperature on g  enters through the interaction parameters 
r 11 of Eq.(C-3), which are temperature dependent:

_ - 0 „ - M t f )โ  1,=  exp-------------1 R T
(C-6)

Parameters for the UNIQUAC equation are therefore values of (น 11 - u  11) .
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An expression for In;', is applied to the UNIQUAC equation for g  [Eqs.(C-l) 
through (C-3)]. The result is given by the following equations:

In/, = lny,c + In y , R (C-7)

In r , c  =  l - J ,  +ln J ,  -  5<h(l -~ j -  +  In ■ -̂) (C-8)

and ln /(* = q  1( \  -  In 5, -  X# —  )
SJ

(C-9)

where in addition to Eqs. (C-5) and (C-6)

JS II M บา!

(C-10)

Jr~< II M !-f 
►รร (C-ll)

ร! = โ,, (C-12)

Again subscript i identifies species, and j  and / are dummy indices. All summations are 
over all species, and โ  11 =1 for i= j . Values for the parameters (น 11 - u  11) are found by
regression of binary VLE data, and are given by Gmehling et al.

The UNIFAC method for estimation of activity coefficient depends on the 
concept that a liquid mixture may be considered a solution of the structural units from 
which the molecules are formed lather than a solution of the molecules themselves. These 
structural units are called subgroups, and a few of them are listed in the second column of 
table c .l. A number, designated k, identifies each subgroup. The relative volume Rk and 
relative surface area Qk are properties of the subgroups, and values are listed in column 4 
and 5 of table c .l. Also shown (columns 6 and 7) are examples of the subgroup 
compositions of molecular species. When it is possible to construct a molecule from more 
than one set of subgroups, the set containing the least member of different subgroups id 
the correct set. The great advantage of the UNIFAC method is that a relatively small 
number of subgroups combine to form a very large number of molecules.
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Activity coefficients depend not only on the subgroup properties Rk and Qk, but 
also on interactions between subgroups. Here, similar subgroups are assigned to a main 
group, as shown in the first two columns of table c .l. The designations of main groups, 
such as "CH2 " , "ACH", etc., are descriptive only. All subgroups belonging to the same 
main group are considered identical with respect to group interactions. Therefore 
parameters characterizing group interactions are identified with pairs of main groups. 
Parameter value amk for a few such pairs are given in table C.2.

The UNIFAC method is base on the UNIQUAC equation, for which the activity 
coefficients are given by equation C-7. When applied to a solution of groups, Eqs. C-8 
and C-9 are written:

In y , c  =  l - J ( + ln  J , -  5 q, (1 -  Y  + ln^-) (C-l 3)

and I n - m y - - * , ,  In y - ) ] (C-l 4)
The quantities J, and Li are still given by Eqs. C-10 and C-l 1. In addition, the following
definition apply:

(C-l 5)
q i = l v ikl)Q k (C-l 6)

e„  -  ^ (C-l 7)

Pik ~ -̂' *'ทน ̂ mk (C-l 8)
ท Z x ,q , e ki
‘ = E m , (C-l 9)

s k = 'Z 0 mTmk (C-20)
exp aTmk (C-21)

Subscript i identifies species, and j  is a dummy index running over all species. Subscript 
k identifies subgroups, and m  is a dummy index running over all subgroups, the quantity
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v (1! ] is the number of subgroups of type k in a molecule of species i. Values of the
subgroup parameters Rk and Qk and of the group interaction parameters a mk come from 
tabulation in the literature. Tables c.l and C.2 show a few parameter values; the number 
designations of the compete table are remained.

Table c .l: UNIFAC-VLE subgroup parameters

Main group Subgroup k Rk Qk Examples of molecules and their constituent groups
1“Cll2” CHa 1 0.9011 0.848 ท- Butane: 2CII3,2CH2ch2 2 0.6744 0.540 Isobutane: 3CH3,1CHCH 3 0.4469 0.228 2,2-Dimethylc 4 0.2195 0.000 propane: 4CH3,1C
3“ACH” ACH 10 0.5313 0.400 Benzene: 6ACH(AC = aromatic carbon)
4"ACCHo" acch3 12 1.2663 0.968 Toluene: 5ACH, 1ACCH3ACCH 2 13 1.0396 0.660 Ethylbenzene: ICH3,5ACI1,1ACCH2
5"OH" OH 15 1.0000 1.200 Ethanol: ICH3,1CII2, ion
7 “H20” ' h20 17 0.9200 1.400 Water: 1H20
9“CH2CO” CH3CO 19 1.6724 1.488 Acetone: 1CH3C0,1CH3ch2co 20 1.4457 1.180 3-Pentanone: 2CH3,1C1I2C0, idi2

13“CH20” CH:,0 25 1.1450 1.088 Dimethyl ether: 1CH3,1CH30ou2o 26 0.9183 0.780 Diethyl ether: 2CH3 ,1CH2, icii2ocn-o 27 ' 0.6908 0.468 Diisopropyl ether: 4Ch3 ,ich,ich-0
15“CNir CH3NH 32 1.4337 1.244 Dimethylainine: 1CII3,1C113NHch2nh 33 1.2070 0.936 Diethylamine: 2CH3,1CH2, 1CH2NHCIINH 34 0.9795 0.624 Diisopropylamine: 4CH3,1CH, icHNll
19“CCN" CH3CN 41 1.8701 1.724 Acetonitrile: 1CH3CNch2cn 42 1.6434 1.416 Propionitrile: icii3,ich2cn
*H. K. Hansen, p. Rasmussen, Aa. Fredcnslund, M. Schiller, and J. Gmehling, IEC Research, vol. 30, pp. 23-42-2355, 1991.

Table c.2: UNIFAC-VLE interaction parameters, a,nk, in kelvins
1 3 4 5 7 9 13 15 19

1 c h 2 0.00 6 1 .13 76 .50 9 86 .50 1.318 .00 4 76 .40 2 51 .50 2 55 .70 5 97 .0 0
3 A C H - 1 1 .1 2 0 .00 167 .00 6 36 .10 903 .80 2 5 .77 32.14 122.80 2 1 2 .5 0
4 A C C H 2 - 6 9 .7 0 - 1 4 6 .8 0 0 .00 803 .20 5 ,6 95 .0 0 - 5 2 .1 0 2 13 .1 0 - 4 9 .2 9 6.096 .0C
5 O H 156.40 8 9 .6 0 2 5 .82 0 .00 3o3 .50 8 4 .00 28 .06 4 2 .70 6 .7 1 2
7 H 20 300 .00 3 6 2 .3 0 3 77 .60 - 2 2 9 .1 0 0.00 - 1 9 5 .4 0 5 40 .50 168.00 112 .60
9 C H 2C O 26.76 1 40 .10 3 00 .8 0 164 .50 4 72 .50 0 .0 0 - 1 0 3 .6 0 - 1 7 4 .2 0 4 8 1 .7 0

13 C H 20 83.36 5 2 .1 3 6 5 .69 2 37 .7 0 - 3 1 4 .7 0 191 .10 0 .0 0 251 .50 - 1 8 .5 1
15 C N H 65.33 - 2 2 .3 1 2 23 .00 - 1 5 0 .0 0 - 4 4 8 .2 0 3 94 .60 - 5 6 .0 8 0 .0 0 147 .10
19 C C N ' 24.82 - 2 2 .9 7 - 1 3 8 .4 0 185 .40 2 42 .80 - 2 8 7 .5 0 38.81 - 1 0 8 .5 0 0 .0 0

'H .  K . H a n se n , p . R a s m u s s e n . A a . F re d e n s lu n d , M . S ch ille r , a n d  J .  G m e h lin g , I E C  R esea rch , vo l. 3 0 , p p . 2 3 5 2 -  
2 35 5 , 1991.
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