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anudutuvesmsazatsomuea | dminveaenueainIa vminueiindu
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90 9 1
100 10 0
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awilszneu n.1 nTeema TasunInns Wil (GC/FID) ¥e 415N Hewlett Packard 31 6890

1 a P ) ' 4 o
1319 0.2 anznlglumsinszansaiediadisnsoanis Iasun Inniwil

1159901357999 (detector)

¥Ua FID

RIn (column)

HP - FFAP (Crosslinked FFAP)
Film Thickness : 025 luTaswas
Length : 25 149
Phase Ratio : 150

Column ID : 0.32 Uaawas

QURNIATEINTIVIA 200 DIFUTATYA

- QUNYNUYIINA 180 DIRUBALFT
(DI ALFYE) ey -
QUNYNUADY 100 DIAUFALTT
[+ g a [ A aa 1
MYFOINAI(fuel gas) : H, 15101 30.0 NUadansaoun
[ <3 [ () o 1 v A aa 1
DATUTIVDINY MYAUVTYU(makeup gas) : N, IN1NY 28.6 NaddasaouIn
a aa v a 14 Y a Aaa v
(HaddnsaouIn) PONFUAUN(oxidant) : air 110U 400 YadansaouIN
() Y] 1T o A aa 1
NwAIN(mobile gas) : He (MAU 1.5 Hagaansanou1n
ANNAUMEIUTZUY 6.9 psi
A Split ratio : 200
ANITOU

Split flow : 300

Total flow : 304
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Karl Fisher Coulometer
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AMM1sgno n.2 1A303 Karl Fisher Coulometer UDIUTHN Mettler 34 DL39
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Karl Fisher Coulometer HWUgIUNIDINAUMINIATFIUVO9URAT01 Karl Fisher Adtin0
ROH +SO,+RN =) (RNH). SO,R
(RNH). SO,R +2RN + I, + H,OC=) (RNH). SO,R + 2(RNH) I
Tagit 1 aunsafaduanuey TuAREENFIATA (anodic oxidation)
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Generator electrode

Measuring electrode
(double platinum pin)

Catholyte

Anolyte

Diaphragm

Anlsznoy 1.3 alIENoVVBUATDI Karl Fisher Coulometer

1 3 % o 14
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-t ey (cathode) 92T catholyte Fasznouaeinaeuey Tuie
v Y
Ugazefian 1n#9n (anode reaction)
a -4 { 3 - U ad {
L, vznaduinda lihuan Tasdszqaunin 2 wwildesdianasoud
os.ll a g £ A a dgl o Aaaa o oy @ v @
D ihnuazinailu 1, & 1, Meduszhgiseduilumsazanediedis Tasdas
MyRnsersznaie [H,0]: [1,] Ao 1:1
v Y
dmsuUgnsenda lnihay (cathode reaction)
a 4 { qs}l a | a
H, azgnwandunds lihay Tae H vzgniaad liilu 1, Taovzdesiimsiay
4 I @ { ) a
iaouen Tuienaliu catholyte tivoriluduniionildnan H,
ax a L4
M INTIEH
9 = & c?;l 9 [l Y oazl Y Ay
Tdnszveniae (Feiumsnaideedaios 3 AsAIea1sNdeans
a 4 d‘ﬂl a 4 (% o A v &£ A
As1zH) gasazaleNdesms Inngiunlszinm 1 a5y uazih I NUwAToFiaw
=3 o 1 [ c?;l =K A @ [} < o [ = 1 A
azivea 4 Auwmu wawniudedadedivas ) lumaddmnsn lamsnagednielunio
lg} @ @ I Aq ¥a 4 A ] o a d A= =
Tahmiinvesensdredanldinszd wiesnzmumanmsimszd taziuiowa alu
[ Y 1 o a 4 3 a % [ A 9 a 4
uAazaITAZAIeA10619 i IMI IRz 3 ase Tasdsmamsdledenllums g

4 o v W [ 5
@an lmelumad) dmsudiedianiia



MANUIN U

nslinasgrudmsvasazaeemuaa-i

& daqy & dqu o S 4 Y ¥
AT Y. 1 ‘Wu‘ﬂhl@ﬂﬁ”W‘h@V]’]uf’]aL!a$WUﬂ1@ﬂﬁnlw 1- propanol AIUITUFTACDUDNIUDA-UINANIUVNUUA N

ANUITUTUEN LA 1@ mhomuoaAuildna 1- Tnswiuea o
Y oL ) . . . . : AubeuUUINNTF I

Govazlaoimiin) | afafi1 | aseni2 | asaR3 | aseii4 | aseds naY
10 0.097 0.094 0.091 0.091 0.086 0.091 0.004
20 0.175 0.174 0.174 0.173 0.170 0.173 0.002
30 0.250 0.247 0.268 0.251 0.258 0.255 0.008
40 0.331 0.334 0.336 0.337 0.321 0.332 0.006
50 0.384 0.389 0.387 0.391 0.389 0.388 0.002
60 0.458 0.459 0.446 0.466 0.475 0.461 0.010
70 0.519 0.529 0.514 0.522 0.530 0.523 0.007
80 0.583 0.597 0.580 0.593 0.593 0.589 0.007
90 0.648 0.640 0.647 0.640 0.640 0.643 0.004
99.9 0.699 0.702 0.691 0.693 0.710 0.699 0.008
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_ ' a A A Aqusw A dqusy o A
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M. 2 dadruFanavesdrsazatsomuealugilvearal — lofigungiiaieg

Temperature Vapor-Liquid Eqilibrium, Mass Fraction Ethanol
('C) X, Ya
100.0 0.000 0.000
98.1 0.020 0.192
95.2 0.050 0.377
91.8 0.100 0.527
87.3 0.200 0.656
84.7 0.300 0.713
83.2 0.400 0.746
82.0 0.500 0.771
81.0 0.600 0.794
80.1 0.700 0.822
79.1 0.800 0.858
78.3 0.900 0.912
78.2 0.940 0.942
78.1 0.960 0.959
78.2 0.980 0.978
78.1 1.000 1.000

A1 : Cristie John Geankoplis (2003)
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1.0 -
0.9 -
0.8
0.7
0.6 -
0.5 A
0.4 -
0.3 -

Ya

O-O T T T T T T T T T 1
00 01 02 03 04 05 06 07 08 09 10

Xa

milsznew v.7 dadiFanavesdisazarsenivealugiveunad — lengungiiaie

aumsuaasmdudadindunavesmsazasemuea luglleNdadruswiaves
ﬁ'Tﬁﬁ%ﬁ?ﬂlﬂﬂWl&@ﬁiu?’ﬂﬂlﬂﬂlﬁﬁ’J
$ovazupdle = -94.76 x' +450.93 x - 901.18 X"+ 985.80 X’ — 64.99 x* +259.99 x° - 64.51 X_

+9.72x

1o x flo daduFaIavesmsazaeomuoaluglvouriad

aumsuaasmsfnguiglvesasazaaemuealugl lendadiuFanaves

miazmmamuaaiugﬂmmmaa

a = Y 4 Y 3
UMY (UGG YE) = 60.53 (F0UASVDIVDIUHAT) - 163.16 (3DUALUDIVDIUYAI) ~+

163.96 (39802103UU1A) - 83.44 (50882UDIVDANAT) + 100

IR http://www.homedistiller.org/calc.htm (Accessed:12/10/2006).
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a

TJ¥EN Sulzer Chemtech U1 2 ¥U

A a a a a 4 £ Ay Y
o m3Jmemﬂizﬂw%uﬂwaa”hummaﬂaaaa 2211 G]Nllell’ﬂlluaNﬁﬂ'li‘ﬂﬂﬁ’i]\iﬂizﬂﬂﬂﬂ’)ﬂ

a a a a < %
AT A.1- AT A21HaY mmmmmﬂizﬂauwu@‘waa”huauaaﬂaaaa 2216 cﬁqﬁsﬁlayjawa

ﬂ1§ﬂﬂﬁ€]\1ﬂi$ﬂ@‘ugfﬁlﬂﬁﬁ1\1 £.22—- 19N 71.42

a a Al a d
wam‘smaeamummweﬂﬁznawuﬂwaa‘lmaueanaaea 2211

Y v
A1519 A.1 MU NWNILTUNIAIAE

Time Weight of membrane (g)

(min) Search time 1 | Search time 2 | Searchtime 3 | Average
0 23113 2.3352 2.3169 2.3211
10 3.5021 3.5193 3.5083 3.5099
20 3.5174 3.5665 3.5731 3.5523
30 3.6559 3.6319 3.6436 3.6438
40 3.6732 3.6822 3.6875 3.6810
50 3.7152 3.7111 3.7134 3.7132
60 3.7209 3.7206 3.7173 3.7196
70 3.7187 3.7201 3.7164 3.7184
80 3.7205 3.7158 3.7221 3.7195
90 3.7195 3.7223 3.7107 3.7175
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v v v v a & vy ¥ o
AT A. 2 ﬂ'J']NLGUiJ"’Uuu']Gluﬁ']ﬁﬂ@u!la$ﬂ31ulmmmuu11u!W@Nl@ﬂlu@ﬂ’31ulmumuu11u

Y oy o A 1
m'i‘ﬂeui’ﬂt’laz 6 Tﬂﬂm‘wuﬂ‘ﬂnmmm

Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 Average | Searchtime 1 | Search time 2 | Average
1 5.56 6.91 6.24 84.00 85.91 84.96
2 5.56 6.91 6.24 82.45 80.76 81.61
3 5.56 6.91 6.24 87.07 84.77 85.92
4 5.56 6.91 6.24 89.61 73.08 81.35

v v v v a & vy v o
AT A. 3 ﬂ'J']NLGUiJ"’Uuu']Gluﬁ']ﬁﬂ@u!la$ﬂ31ulmmmuu11u!W@Nl@ﬂlu@ﬂ’31ulmumuu11u

Y oy o A 1
m'i‘ﬂeui’ﬂt’laz 20 Tﬂﬂm‘HUﬂﬂnmmm

Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 Average | Searchtime 1 | Search time 2 | Average
1 23.92 18.74 21.33 97.40 83.77 90.59
2 23.92 18.74 21.33 92.48 85.55 89.02
3 23.92 18.74 21.33 82.90 82.77 82.84
4 23.92 18.74 21.33 85.65 79.60 82.63
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v v v v a & vy ¥ o
ATN . 4 ﬂ'J']NLGlliJéUuu']Gluﬁ']ﬁﬂ@u!la$ﬂ31ulmmmuu11u!W@Nlaﬂlu@ﬂ’31ulmumuu11u

Y oy o A 1
ﬁWi‘ﬂ@uﬁ'ﬂ‘(’J'ﬂg 30 Tﬂﬂm‘wuﬂmammm

Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time 2 | Average Search time 1 Search time 2 | Average
1 27.20 31.38 29.29 71.55 71.54 71.55
2 27.20 31.38 29.29 72.78 69.13 70.96
3 27.20 31.38 29.29 64.13 61.39 62.76
4 27.20 31.38 29.29 67.49 66.56 67.03

v oy v v a A y v J
ANTNA. 5 ﬂ')’]llL"UNmuu11u61§ﬂ@u!La3ﬂ3111L"]JllGUHuTiu!W@ﬂJL@V]Lll@ﬂ’l’]lll"uuslluuﬂlhlu

Y 3’ o A 1
mi‘ﬂamaﬂaz 40 Tﬂﬂmﬁuﬂm’ammm

Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time2 | Average Search time 1 Search time 2 | Average
1 35.37 40.56 37.97 65.25 57.89 61.57
2 35.37 40.56 37.97 53.69 54.74 54.22
3 35.37 40.56 37.97 43.81 51.80 47.81
4 35.37 40.56 37.97 46.19 56.06 51.13
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A3 A, 6 anudutuemusaluamstloutazanududuemusalumoioniion

) v S o A \
lmumu!@ﬂ1uﬂaiu’d’]3‘ﬂ@u5ﬂ‘(’Jﬁg 60 Tﬂﬂu1ﬂuﬂ‘ﬂna’lﬁ1@q

Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time2 | Average | Searchtime 1 | Searchtime2 | Average
1 64.63 59.44 62.04 34.75 42.11 38.43
2 64.63 59.44 62.04 46.31 45.26 45.79
3 64.63 59.44 62.04 56.19 48.2 52.20
4 64.63 59.44 62.04 53.81 43.94 48.88

A3 A, 7 anudutuemusaluastloutazanududuemusalumoioniion

Y v p, S o A )
Lmumu!@‘ﬂ’]uﬂaiu’ﬁqjﬂ@uiﬂflag 70 Iﬂﬂu’]ﬁuﬂ%na’]@n\‘}"]

Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time 2 | Average | Searchtime 1 | Searchtime2 | Average
1 72.8 68.62 70.71 28.45 28.46 28.46
2 72.8 68.62 70.71 27.22 30.87 29.05
3 72.8 68.62 70.71 35.87 38.61 37.24
4 72.8 68.62 70.71 32.51 33.44 32.98
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A3 A, 8 anudutuemuealuastloutazanududuemusalumoioniion

) v d o A \
lelﬂJsllumvnuﬂaﬁlUﬁ'ﬁﬂ@u5§]‘(’J'ﬂg 80 Iﬂﬂuﬁlﬂuﬂ‘ﬂma'lﬂﬁlﬂc]

Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time 2 | Average | Search time 1 Search time 2 Average
1 76.08 81.26 78.67 2.6 16.23 9.42
2 76.08 81.26 78.67 7.52 14.45 10.99
3 76.08 81.26 78.67 17.1 17.23 17.17
4 76.08 81.26 78.67 14.35 20.4 17.38

A3 A, 9 anudutuemusaluastloutazanududuemusalumoioniion

Y v p, S o A )
Lﬂlumu!@ﬂ’]u@aiua'ﬁﬂ@uiﬂflag 94 Iﬂﬂu’]ﬁuﬂﬂna’]@n\i"]

Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time 2 | Average | Search time 1 Search time 2 Average
1 94.44 93.09 93.77 16 14.09 15.05
2 94.44 93.09 93.77 17.55 19.24 18.40
3 94.44 93.09 93.77 12.93 15.23 14.08
4 94.44 93.09 93.77 10.39 26.92 18.66
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Temp Time Weight of permeate (g) Permeate flux (kg/rn2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Search time 2 | Average
77.8 1 4.51 1.36 0.2243 0.0676 0.1460
77.8 2 4.60 1.35 0.2288 0.0671 0.1480
77.8 3 3.79 1.44 0.1885 0.0716 0.1301
77.8 4 4.07 1.53 0.2024 0.0761 0.1393
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Search time 2 | Average
78.8 1 4.50 1.79 0.2238 0.0890 0.1564
78.8 2 5.13 1.52 0.2551 0.0756 0.1654
78.8 3 5.35 1.50 0.2661 0.0746 0.1704
78.8 4 5.95 1.72 0.2959 0.0855 0.1907
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Search time 2 | Average
79.6 1 5.88 3.00 0.2925 0.1492 0.2209
79.6 2 4.73 2.41 0.2353 0.1199 0.1776
79.6 3 5.20 3.30 0.2586 0.1641 0.2114
79.6 4 4.05 2.53 0.2014 0.1258 0.1636
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Searchtime 1 | Searchtime2 | Average
79.8 1 4.40 3.71 0.2188 0.1845 0.2017
79.8 2 4.62 3.36 0.2298 0.1671 0.1985
79.8 3 6.32 3.80 0.3143 0.1890 0.2517
79.8 4 6.51 3.04 0.3238 0.1512 0.2375
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
77.8 1 0.0220 0.1240 0.146
77.8 2 0.0272 0.1207 0.148
77.8 3 0.0183 0.1117 0.1301
77.8 4 0.0260 0.1133 0.1393
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
78.8 1 0.0147 0.1417 0.1564
77.8 2 0.0182 0.1472 0.1654
77.8 3 0.0292 0.1411 0.1704
77.8 4 0.0331 0.1576 0.1907
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
79.6 1 0.0628 0.1580 0.2209
79.6 2 0.0516 0.1260 0.1776
79.6 3 0.0787 0.1326 0.2114
79.6 4 0.0539 0.1097 0.1636
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
79.8 1 0.0775 0.1242 0.2017
79.8 2 0.0909 0.1076 0.1985
79.8 3 0.1313 0.1203 0.2517
79.8 4 0.1161 0.1214 0.2375
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Temperature Time Separation factor
(OC) (h) Search time 1 | Search time 2 Average
77.8 1 89.17 82.14 85.66
77.8 2 79.80 56.55 68.18
77.8 3 114.38 84.77 99.58
77.8 4 146.49 73.08 109.79

] A y ¥ d ) S o A '
AT M. 19 ﬂ’]fﬂﬁuﬂﬂllli’)ﬂjn\llmumuu'ﬂua”ﬁﬂi’)u3f’)ﬂa$ 20 IﬂﬂUWﬂUﬂﬂnaﬂliﬂWQG’]

Temperature Time Separation factor
(OC) (h) Search time 1 | Search time 2 Average
78.8 1 119.15 22.38 70.77
78.8 2 39.11 25.67 32.39
78.8 3 15.42 20.83 18.13
78.8 4 18.98 16.92 17.95
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Temperature Time Separation factor
(OC) (h) Search time 1 | Search time 2 Average
79.6 1 6.73 5.50 6.12
79.6 2 7.16 4.90 6.03
79.6 3 4.79 3.48 4.14
79.6 4 5.56 435 4.96
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Temperature Time Separation factor
(OC) (h) Search time 1 | Search time 2 Average
79.8 1 3.43 2.01 2.72
79.8 2 2.12 1.77 1.95
79.8 3 1.42 1.57 1.50
79.8 4 1.57 1.87 1.72
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Time Weight of membrane (g)

(min) Search time 1 | Search time 2 | Search time 3 Average
0 2.1613 2.1739 2.2053 2.1802
10 3.1643 3.1312 3.2294 3.1750
20 3.3190 3.2856 3.3356 3.3134
30 3.6686 3.6544 3.6677 3.6636
40 3.6701 3.6654 3.6622 3.6659
50 3.6670 3.6617 3.6530 3.6606
60 3.6664 3.6632 3.6711 3.6669
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Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 Search time 2 | Average
1 7.70 6.70 7.20 99.63 99.92 99.78
2 7.70 6.70 7.20 99.69 99.67 99.68
3 7.70 6.70 7.20 99.68 99.33 99.51
4 7.70 6.70 7.20 99.48 99.55 99.52
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Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Searchtime 1 | Search time 2 | Average
1 22.20 20.18 21.19 99.88 99.51 99.70
2 22.20 20.18 21.19 99.75 98.30 99.03
3 22.20 20.18 21.19 99.78 98.38 99.08
4 22.20 20.18 21.19 99.67 98.76 99.22
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Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 | Search time 2 | Average
1 31.90 31.35 31.63 98.46 99.37 98.92
2 31.90 31.35 31.63 98.41 98.35 98.38
3 31.90 31.35 31.63 98.55 98.26 98.41
4 31.90 31.35 31.63 98.80 98.34 98.57
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Water concentration in feed

Water concentration in permeate

Time
(% by weight) (% by weight)

(h) Search time 1 Search time 2 | Average | Search time 1 | Search time 2 | Average
1 40.50 37.91 39.21 98.89 98.21 98.55
2 40.50 37.91 39.21 96.94 97.95 97.45
3 40.50 37.91 39.21 98.49 97.22 97.86
4 40.50 37.91 39.21 98.54 95.88 97.21
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Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time2 | Average | Searchtime 1 | Searchtime2 | Average
1 59.50 62.09 60.80 1.11 1.79 1.45
2 59.50 62.09 60.80 3.06 2.05 2.56
3 59.50 62.09 60.80 1.51 2.78 2.15
4 59.50 62.09 60.80 1.46 4.12 2.79
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Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 | Search time 2 | Average | Searchtime 1 | Searchtime2 | Average
1 68.10 68.65 68.38 1.54 0.63 1.09
2 68.10 68.65 68.38 1.59 1.65 1.62
3 68.10 68.65 68.38 1.45 1.74 1.60
4 68.10 68.65 68.38 1.20 1.66 1.43
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Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 | Search time 2 | Average
1 77.80 79.82 78.81 0.12 0.49 0.31
2 77.80 79.82 78.81 0.25 1.7 0.98
3 77.80 79.82 78.81 0.22 1.62 0.92
4 77.80 79.82 78.81 0.33 1.24 0.79
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Ethanol concentration in feed

Ethanol concentration in permeate

Time
(% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 | Search time2 | Average
1 92.30 93.30 92.80 0.37 0.083 0.23
2 92.30 93.30 92.80 0.31 0.33 0.32
3 92.30 93.30 92.80 0.32 0.67 0.50
4 92.30 93.30 92.80 0.52 0.45 0.49
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Searchtime2 | Average
77.8 1 1.12 1.39 0.0557 0.0691 0.0624
77.8 2 0.38 0.55 0.0189 0.0274 0.0232
77.8 3 0.33 0.38 0.0164 0.0189 0.0177
77.8 4 0.37 0.46 0.0184 0.0229 0.0207
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Search time 2 | Average
78.8 1 1.28 1.35 0.0637 0.0671 0.0654
78.8 2 0.48 0.55 0.0239 0.0274 0.0257
78.8 3 0.40 0.44 0.0199 0.0219 0.0209
78.8 4 0.48 0.54 0.0239 0.0269 0.0254
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Temp Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Search time 2 | Average
79.6 1 1.24 1.42 0.0617 0.0706 0.0662
79.6 2 0.52 0.95 0.0259 0.0472 0.0366
79.6 3 0.43 0.78 0.0214 0.0388 0.0301
79.6 4 0.64 0.98 0.0318 0.0487 0.0403
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Temp | Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 | Search time 2 | Search time 1 | Searchtime2 | Average
79.8 1 1.40 1.51 0.0696 0.0751 0.0724
79.8 2 0.98 1.07 0.0487 0.0532 0.0510
79.8 3 0.88 1.13 0.0438 0.0562 0.0500
79.8 4 1.11 1.03 0.0552 0.0512 0.0532
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Temperature Time flux (kg/ m’ hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
77.8 1 0.0001 0.0623 0.0624
77.8 2 0.0001 0.0231 0.0232
77.8 3 0.0001 0.1760 0.0177
77.8 4 0.0001 0.0205 0.0207
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
78.8 1 0.0002 0.0652 0.0654
78.8 2 0.0003 0.0254 0.0257
78.8 3 0.0002 0.0207 0.0209
78.8 4 0.0002 0.0252 0.0254
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Temperature Time flux (kg/m2 hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
79.6 1 0.0007 0.0654 0.0662
79.6 2 0.0006 0.0360 0.0366
79.6 3 0.0005 0.0296 0.0301
79.6 4 0.0006 0.0397 0.0403
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Temperature Time flux (kg/ m’ hr)
(OC) (h) Ethanol flux Water flux | Total permeate flux
79.8 1 0.0010 0.0713 0.0724
79.8 2 0.0013 0.0496 0.0510
79.8 3 0.0011 0.0489 0.5000
79.8 4 0.0015 0.0517 0.0532
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Temperature Time Separation factor
(OC) (h) Search time 1 Search time 2 Average
77.8 1 3227.75 16763.63 9995.69
77.8 2 3854.79 4205.88 4030.34
77.8 3 3733.95 2604.49 3169.22
77.8 4 2293.21 2293.21 2293.21
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Temperature Time Separation factor
(OC) (h) Search time 1 Search time 2 Average
78.8 1 1253.14 803.27 1028.21
78.8 2 540.34 228.72 384.53
78.8 3 475.92 240.21 358.07
78.8 4 440.83 315.03 377.93
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Temperature Time Separation factor
(OC) (h) Search time 1 Search time 2 Average
79.6 1 136.49 345.40 240.95
79.6 2 132.13 130.52 131.33
79.6 3 145.09 123.66 134.38
79.6 4 175.76 129.73 152.75
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Temperature Time Separation factor
(OC) (h) Search time 1 Search time 2 Average
79.8 1 130.89 89.86 110.37
79.8 2 46.54 78.26 62.40
79.8 3 95.82 57.28 76.55
79.8 4 99.16 38.12 68.64

95



96

M9LNINIAIUIN

o a v 2
M3 IANeNENNanNs (ke/m” hr)

Y ' o a o A Yy 9 091 9 091 o
G]'J'E]EJ’Nﬂ’liﬂ'lu'Jﬂ!LW@lJL'E]‘]/W‘Iaﬂclﬂll@ﬂ??ulﬂlumuu’ﬂuﬁ’lﬁﬂ@uiﬂﬂag 6 Iﬂﬂu'l“ﬂu‘ﬂ L’Jaﬂu

o 4 g4 g
MINABeEI 1INl ATaN1 (To3an1nasne . 31)

Temp | Time Weight of permeate (g) Permeate flux (kg/m2 hr)
(OC) (h) Search time 1 Search time 2 Search time 1 | Search time 2 | Average
77.8 1 1.12 1.39 0.0557 0.0691 0.0624
77.8 2 0.38 0.55 0.0189 0.0274 0.0232
77.8 3 0.33 0.38 0.0164 0.0189 0.0177
77.8 4 0.37 0.46 0.0184 0.0229 0.0207
Mass (kg)
P te fl = 3
ermeate 1 Area(m’ )x Time(hr)
- 1.12x107°
~0.020106x1
= 0.0577 kg/m’ hr

v
o g

Weimuald Mass = miinansazaslemusamumneiien (kg)

e

Area = Nunvoauwsunlslumsnses (m)
~q Y A Y P
(uursunlFlumsnaaeaiidurugudnanvua 16 cm)

Time = na1nlFlunmsnaasd (h)
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. Water concentration in feed Water concentration in permeate
fime (% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 | Search time2 | Average
3 31.90 31.35 31.63 98.55 98.26 98.41
_ Ethanol concentration in feed Ethanol concentration in permeate
time (% by weight) (% by weight)
(h) Search time 1 Search time 2 | Average | Search time 1 | Search time 2 | Average
3 68.10 68.65 68.38 1.45 1.74 1.60
Temperature Time Separation factor
(OC) (h) Search time 1 | Search time 2 Average
79.6 3 145.09 123.66 134.38

Separation factor

demvuald Y

water

Y

ethanol

X

‘water

X

ethanol

(Ywater / Yethanol) permeate

(X water / Xethanol ) feed

98.55/1.45
31.90/68.10

145.09

Y
anunIuveai lumeion (% by weight)
ANuINYUVesoMUea luneiiten (% by weight)

Y
anuyuduveahluasilou (% by weight)

AnutuTuvesemuealuastlou (% by weight)
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