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APPENDIX A
Gas chromatography analysis
In this work, the concentration of methanol was analyzed by gas

chromatography (GC) on a HP 5890 gas chromatography (Hewlett Packard), fitted
with DB-Wax column which has a inside diameter of 0.25 mm, length of 40 m, film

thickness of 0.25 pm, and equipped with)? ; he ionization detector (FID).

Methanol Concentration .

Internal standaids \ dding 1 g of 10 wt % of
isopropanol (internal il < \\ ;
‘ \'k\‘- GC. Table A.1 shows the

ofure ,’ \ he'ratio of peak area between

v; u onof methanol.

lutions which concentrations
were exactly known. The
GC data of the calibratio

methanol and isopropa

Table A.1 Gas chromatograf

MeOH Ratio
concentration Ratio,avg

(wt %) I I

10.03 0.6911 | 0.7727 | 0.7319
19.82 1.5327 | 1.4619
30.16 2.0400 | 2.0188
40.12 _|,3.3325 | 3.0730
‘3;, ‘- ) | 373 ‘. 2 ] .;‘5-:{:‘; %36 3.4064
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peak area of MeOH / peak area of IPA

Ratio

methanol in feed atn

Figure A.1°

The feed and the reteni
analyzed by GC. l )

The followin

Injecti

Column parameter rate

Column final time
Injector temperature

Detector temperature

nditions wer

[ INEN TN
Fi Tl A Ty

20 °C/min

Column final temperature 110 °C

1 minute
0T
220

\ | standard solution.

d for analyses.

TN

pervaporation experiments were
ind the concentration of

in Figure A.1.



APPENDIX B

Experimental calculation

This experiment can calculate the values of concentration of methanol in

permeate, flux, and selectivity using mass balance from the following equations.

(B.1)
(B.2)
(B.3)
(B.4)
(B.5)
(B.6)
(B.7)
(B.8)

Where Cif, Cip,

permeate, and in retentat T AR Vpnd Wy are the weights of feed,

s of compenent i in feed, in

permeate, and retentate, re V.p, and Wir are the weights of

e
component i in feed in @vely. Wi, Wip, and Wr are

-
&

the weights of conpfie] htate, respectively. In this

—
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The performance of pervaporation membrane is expressed in the flux, and

selectivity.

I. Fluxes (kgm?h™)

J = WiplA.t (B.9)
Ji = Iy (B.10)
(B.11)

Where J i3 - .,'.T..._f—-"'*, fluxes of component i and j,

respectively. A and y; the weight fraction of

component 7 ip
2. Selectivity

(B.12)
(B.13)

Where o is thet

are the we _*.

between component i and j. xj and x;
3 Mig-feed, respectively. y is the
weight fra , ,HA_."' I is the pervaporation

separation inds¥. %
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APPENDIX C
Experimental data

Table C.1 Pervaporation data of methanol-water mixtures at T = 30 °C, F = 17 ml min™,

and P =34 cmHg

Weight of MeOH (g)
MeOH concentration,avg »
(Wt %) etegiate Feed Retentate Permeate
10.16 . " 1828 1429 3.99
20.13 g 3 38.14 31.74 6.40
30.23 , oA S 59.25 5101 | 824
39.95 " | 77.48 67.99 9.49
49.98 1 02.04 88.96 13.08
60.04 | ’ - 12066 | 10481 15.85
Table C.1 (Continued) PgVapss "I' anol-water mixtures at T = 30 °C,
F =17 ml min™, and P = 34 cm| _f'
MeOH concentratio Selection factor PSi
permeate (wt %) - ‘ (-) (kg m?h')
2353 0.75 3 3.70 8.59
37.04 5.11 2.50 7.67
1.94 6.18
49.76 3 77 1.57 431
5 5.74
@M@ ﬁ% &IW\ WAI
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‘fable C.3 Pervaporation data of methanol-water mixiures at T =30 °C,

F=17 ml min", and P = 20 cmHg

67

Weight of MeOH (g)

= Weight, avg (g)
MeOH concentration,avg
(Wt %) Feed Retentate | Permeate Feed Retentate | Permeate
10.29 200.26 140.0 60.18 18.48 7.42 11.06
20.16 200.34 i 00 38.98 16.34 18.64
29.96 200 52.80 27.95 24.85
40.06 2 4. 75.38 45.29 30.09
49.94 33. 95.48 60.72 34.76
59.95 109.04 69.43 39.61
Table C.3 (Continue mixtures at T = 30 °C,
F=17mlmin”, and P
MeOH concentration in Selection factor PSI
permeate (wt %) (-) (kgm?h™)
18.38 62 L 82 2.21 10.67
30.07 4.47.4 \ 14.87 2.03 15.32
39.02 1.79 15.66
45.76 1.40 9.60
53.04 1.24 6.65
56.71 17.91 13.68 1.10 3.16
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Table C.5 Pervaporation data of methanol-water mixtures at T = 30 °C, F = 17 ml min”’,

and P =12 cmHg

Weight, avg (g) k3 Weight of MeOH (g)
MeOH concentration,avg
(Wt %) Feed Retentate | Permeate Feed Retentate | Permeate
10.28 200.73 59. | 141.69 21.30 - 7 15.54
20.00 200.26 11} 44 .45 35.73 9.09 26.64
29.87 200 " 52.42 1333 39.08
39.76 2 Y™ 71.09 15.93 5510
50.15 7.4 93.21 20.64 72.57
59.53 601 ¢ 11207 | 2262 89.45
Table C.5 (Continue ‘ : ' : ter mixtures at T = 30 . oA
F=17 ml min", and P 5
MeOH concentration in J ‘ Selection factor PSi
permeate (Wt %) z 0 (-) (kgm™h™)
10.96 26 ) 239 1.04 0.10
18.44 3.92& 21.24 1.04 0.85
26.66 L 1.03 0.94
36.57 : 1.05 2.20
47.47 : —. 1.04 231
57.93 41.32 30.01 | 73 1.09 64
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Table C.7 Pervaporation data of methanol-water mixiures at T=40°C,F= 17 ml min’",

and P = 34 cmHg

Weight, avg (g) Weight of MeOH (g)
MeOH concentration,avg
(Wt %) Feed Retentate | Permeate Feed Retentate | Permeate
10.06 200.93 B3t ] "19:62 18.14 14.09 4.06
20.09 200.00 ‘ ' 1.01 37.74 30.66 7.08
30.14 200 55.68 46.45 9.22
40.10 2 03, _ 73.15 62.57 10.58
50.05 72, 93.33 79.95 13.38
59.96 ' " 108.44 92.40 16.04

Table C.7 (Continue

F=17mlmin", and P

ter mixtures at T = 40 °C,

AU inens

MeOH concentration in Selection factor PSI
permeate (Wt %) % Total {-) (kgm?h™)
20.67 .67 ot .23 25y 5.26
33.69 1.90 5.65 2.18 6.67
37.32 155 4.05
39.72 115 1.27
48.63 1.08 0.85
54.59 12.7 1.02 0.26
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Table C.9 Pervaporation data of methanol-water mixtures at T = 50 °C, F = 17 ml min”,

and P = 34 cmHg

Weight, avg (g) Weight of MeOH (g)
MeOH concentration,avg
(wt %) Feed Retentate | Permeate Feed Retentate | Permeate
10.15 200.40 177- 22.49 18.04 13.95 4.09
20.19 20023 o z 04 37.78 31.47 6.31
30.05 200 i 51.97 4437 7.60
40.08 > a. - 7181 61.88 9.93
50.05 i A 90.07 76.79 13.28
60.00 e A1 ] 109.05 | 91.39 17.66
Table C.9 (Continued) : water mixtures at T = 50 °C,
F=17 ml min", and -3 \
MeOH concentration in ; , | Selection factor PSI
permeate (Wt %) ' = ‘. otal (-) (kg m?h™)
18.18 0.5?_ - — 3 3.26 2.25 4.08
27.41 ; § 04 1.62 3.12
30.25 : 1.24 1.45
3727 » 1.07 0.55
45.717 4.8 . 10. 1.03 0.32
54.93 - 3 6.3 14.08 1.02 0.28
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Table C.11 Pervaporation data of methanol-water mixtures at T = 30 °C, F = 10 ml min",

and P = 34 cmHg

Weight of MeOH (g)

F =10 ml min”,

and P

MeOH concentration in
permeate (Wt %)

27.19
40.50
48.80
56.99
65.45
73.30

:.,[

A ﬁﬂmmm
wmﬁm WHATEAEY

10 02

363

Weight, avg (2)
MeOH concentration,avg

(wt %) Feed Retentate | Permeate Feed Retentate | Permeate

» 10.17 200.53 13.45 19.09 15.43 3.66

20.04 200.50 41423 37.87 32.11 5.76

29.92 55.89 48.41 747

40.07 76.46 66.39 10.07

50.06 94.48 80.70 13.97

60.05 ] 13- 30 96.15 17.14

Table C.11 (Continu ater mixtures at T =30 °C,

Selection factor PSI
k<) (kgm?h™)
3.55 7.45
2.92 8.81
246 8.70
2.14 9.15
213 12.41
13 0 2.11 1547
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Table C.13 Pervaporation data of methanol-water mixtures at T =30 °C, F=3.5 ml min™

,and P =34 cmHg

- Weight, avg (g) Weight of MeOH (g)
MeOH concentration,avg
(Wt %) Feed Retentate | Permeate Feed Retentate | Permeate

10.10 200.21 8.72 17.74 15.26 2.48
20.10 11.17 3730 32.23 5.07
29.96 56.72 49.56 7.16
40.09 74.78 64.63 10.15
1992 LsOiEr, 15949 Sy 97.23 84.27 12.96
60.09 116.78 100.92 15.86

Table C.13 (Continued ater mixtures at T = 30 °C,

F =3.5 ml min™', and#

/4

- .
. =

A

MeOH concentration in | |

Selection factor PSI
~ permeate (Wt %) (-) (kgm?h™)

28.42 4.08 6.07
45.40 3.65 10.71
55.76 319 12.50
64.54 3.06 16.69
72.36 2.78 18.39
77.50 9.80 2.85 1265 2.47 18.60

ANERTHEAN

eIl ANy
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