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Abstract

In this study, the carbon nanotube (CNT) was blended with
poly(ether block amide) (PEBA) to prepare carbon nanotube/ poly(ether
block amide) (CNT/PEBA) composite membranes. SEM characterization
of these membranes showed that CNT dispersed uniformly within the
PEBA matrix and aligned parallel to the surface. The CNT contents were
tested by TGA and found that the degrading polymer residues hindered
the CNT content estimation. The swelling degree was found to decrease
with the content of the CNT in the membrane, and increased with the
increase in feed butanol concentration and the operating temperature.

These CNT/PEBA composite membranes were applied to the
pervaporative separation of butanol/water mixtures. The effects of feed
butanol concentration, operating temperature, membrane thickness and
CNT content on the separation performance were studied. It was found
that the butanol flux and water flux increased with increasing feed
butanol concentration, and the selectivity increased also. Increase in
separation temperature enhanced both the butanol and the water fluxes.
The increase in butanol flux was more pronounced than the water flux,
resulting in the increase in the selectivity. With the increase of the
membrane thickness, the selectivity increased as the butanol flux and
water flux decreased. The selectivity was found to increase with
increasing CNT content in the membranes, while the butanol flux and

water flux decreased.
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2-4 BEFEEASHT AN 2
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benzene/cyclohexane(50/50wt%);% ;% » H ¢ B-CD 7 & #¢#] » B-CD &

CNT &) 5 30:1- § BCDCNTT%: 5 BWt0PF > B3 ¥ o ¥ il

Il

o PP B oA 3 s W 5 423 g/m?h 4o 36.4
& > Peng f= Sun & % [26]4]* chitosan # % CNT :z & CNT % &
% > %% PVA/ICNT(CS)4F & "4 3 benzene/cyclohexane(50/50wt%)
A% 0 B F) 4 PVA i § oA i dics B 5 20.3g/m*h 40 9.6 0 ¢
CNT % & 5 2wWt%p¥ 4 & & cha 3sc % i £ foi 3 iadc A B] 5 65.9
g/m?-h v 53.4;2011 # -Ong 4 Tan ¥ 4 [27]* PHB-MWCNT/chitosan
A8 & %4 3 1 4-dioxane -k i3 % 0§ i R 1,4-dioxane Jk & 4 95wit%
'$ 5 30Wt%pE - %15 B 4 16.8g/m°h # 4 3 220.7g/m*+h 5 F 1
d 623.1 > 3 10.7 ; 2014 & > Shen §= Chu & * [28]*
MWNTs-Ag*/chitosan 4§ & "4 &t benzene/cyclohexane(50/50wt%);% i%
A ek v MWNTSs/chitosan 4g & %-fr % chitosan 4% > §
MWNTs-AQ" 7 £ 3 4c P& » i BEIFH 4 > @ R P AR L 30
¥ MWNTs-Ag" 7 & 5 1.5%F% > & (Tl & 5 20°C > i B frif 1A

w] & 357.96 g/m?-h §- 7.89 -
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$=2% fmHPe-

BAETT P B ST
(1) R p-Rper=4tE & R4~ (Polyether block amides, PEBA)

7 &% & : Pebax®2533

7 - Atofina Inc.
(2) % &% K &g (Multi-wall carbon nanotubes, MWCNTS)

¥ & ¢ : FloTube 9000

&7 - Cnano

Tyag jc o LK B 4 6 4% (BET): 11nm» 10um > 230~280 m*/g
(3) 7 p%(n-Butanol)

® &P ECHO - 1 %
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32 RHERE

AW G EREITRE RS EFRAT ST RBIRA o
3-2-1 FHEITRA
(1) B e B WEE
#l:4 §1 7 : CORNING
A 5. 1 PC-420
(2) R VA Bk
#i3 @ © FIRSTEK
A g B401L
(3) R ATk
® & B Thermo Haake
3l 5L C40P
(@) kg
#li B ¢ SHIN KWANG
A 5. BM-052
e A

# i : 120 RPM

16



(5) &k VAR B H 4
W 7 ¢ RISEN

3] g5 Serial 0261

#l:3 B : CHENG SANG

3] 5. CVO30L

2 f7 0 GOTECH
3] 8 GT-313-A

B ?;;pw # : 0.01~10 mm

322 BAFFRA
1) FEEE T RF
%3 P : VACUTRONICS INC.
3] % : DP-120H
£ 7 B :20Torr
(2) ¥ &
#li% f 7 © Cole-Parmer

3] g . Masterflex L/S Drives 07553-75

17



EELERR SRR E SR

R (S 1 NMacuum pump?” N
Peristaltic p p . 'r HEATING -

- ICIRCULAFING WAT,
i == BATH

A ! !
A i

=

Bl 3-1 %% &% XL F
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3-2-3 W HRRIK A
B3 5+ 40 78 % 3 & g (Field Emission Scanning Electron
Microscopy > FESEM)
(1) ®REXHA
#li$ R JEOL
gl 5. © JSM-7000F

(2) #lzFiEE

L2 ) -"“‘u—-g—_ AV Y & 22 24 b X SRy e & BRI
BrigEenEma st ek ¢ 0 ARISBEATEN  BE L EWE T

Wt o A E R T I10MA S 80saEF v AR 4T

A

MR s ke

3y

£ U R T AR

ay:}

“3\\-

W) -

# 40 & 47 & (GC)

(1) &ER A
B R F : Thermo
Y 5. Focus GC

(2) lzFiE =
Lpefle foik BB > ¥ L% G kR (TH T LT

ES(HEEA) LA EPEZERAER o

Column temperature : 120 C

Injector temperature : 200 C
19



Detector temperature : 250 C
Detector?] ;¢ @ v gdgs+ i Bl B (FID)

Carriergas - % § ° /%25 ml/min

# & & 47 %3 (Thermal Gravimetric Analyzer - TGA)
1) REXA
i 7 TA Instruments
gl 5L 2 Q50
(2) iplzEiE i
P& EE 916mg o 4o GRS 30C-800C » 2R & 5 10C

Imin > fEzuAFH P Tz Rl g HE R A4 AT B o
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33 RHEFEH

AR ABhE 3 KA 4o~ PEBA Y LS N3 A7 B REE
B el s kRS b EWE R TR EE RN T
0O R PR T e B o » 1% SEM % CNT i

R eV B{I‘i"lf ’ IJ}»‘f }}" TGAA\’]‘%/—-:%—H\? £ o

A 4 A 4 A 4

CNT » $cie2 5 P R G ER T &
v v Y Y ¥
Ve ™ 4 N\ 4 7
S T X g B £L
E G | || | %
M A i B iy
ksl f@ -
5 ik 5
B i
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34 R %H X
3-4-1 PEBAE et %

B~ 2259 7 PEBA 4r 202,59 &7~ fE3c » Fl /& ¥g > 80 C ™ i Jt
FAEE PEBA R 23 R AL BB R ARG I F
WEET RAMATE o B Iy r ehE BT (S 5 B 50 T i

W X oo EE R YL 35 umESum e 55 um+Spm o

3-4-2 PEBA/5Wt% 2 10Wt%CNTAf & #ent] #
$~22.5 geHPEBAr250 g fig 3 » Fl & = ¢ 5 0 780 C T i in
TR e pER1T7.5 e 22 1.19g(E # iFCNTWE10%2 & %R i
* 2.5 g):ICNT 2 » 47 #4L o FPEBAR 23 28 > 5] » § CNT ™
B % o 430 mints > BB R EE B SR E o RERFF 528% o
Pol IR R MR LRI L TR T R R IR
FEFRPIZ L DERPT 0 B0 TR S - X 0 gk T

E & 5 5 35 pumtSum fe 55 um+Spm o
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3-4-3 BEKFER %

3-4-31 RHKXELEW

N
e
fu:

™

AN
a3

Ve

%:
}%
>
-_
H\
b
o
o=
=
¥
=
9oy
DS

§
4
¥
e

e

=
o

s

SRy

S

)

-

—A
N

(GC)& 457k fe™ peng £ -

Lkt WA 2050 Rf 3G A e 42 0

S Ich ¥ 6UREF FL TRA 8L R 9EEBEEKH
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3-4-32 BB FFRE
BI3-35 ErrsE rsle iy LB M EY R Y 2 3R E (10
cmx10cm) > Bl ® 15 iE4L3b » Fadpd pbig r e

A E AR BB SR A B 2300 BPRIEGRE

BELFLFIRE

Ligsflas 2534 3038 0% 44 58Y 60w

Bl 3-3 %% 28T & F

BN RS F S e BN ka5 200 cm? 0 e 2 L
ST FRORGR R AR A B R RTF R IR A FREE R
R RO RS R Y RO R F AR R YRk g
A AL § B R PIERLER > KB E TR (RA 520~30

MMHQ) & B 43P > Bl — | PR b # MR o8 3
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LA FFEAY ML AW A B EER - & =

|~

BEFEFATHCOLE - RS RE BB SRR PES T T PP
FAL A ARRR M 0 A R S eii - B sl F A 4B R (HEB) -
He R E bR SRR A4 RN — P i} 3

51‘])\ o

3-4-4 B R Bl

MBSk I AL 0 2 8 WWERN AR IRRZ T RBORBIREE
£350°C > 548 FE = 2B T e o d Rz Y Bl g

B LA R AdUgHx Tad 430535 - By
Mis BRSSP - Al 0 OBTERE MR oA AT £ TR HiE
FIFFR L REE R RES AP F gL £ o W & (Degree

of swelling, D.S.) > ;% 40

Ws _Wd
D.S.(%) = x100%

d

=

|l

Y s, Y g . v s~ sy 3T e
He W, 2acBwE & W, 2B ERE
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Fri B¥Raits
4-1 BORAL & 4
fI* SEM BEAF £ 4 6 824 4 A & enf 6 > 7 4 CNT &
A &P A S0 o B 4-1~4-4 5 %5 PEBA 2 SEM Wl » ¥ 145 )

A S K B 4-5-4-8 & 4 5UCNT 47 & 2 SEM B> & i

Wl il AR Y 0 £ chak B g CNT ek B 842 - &R 4-5 2

n
w
K]
)

4

-@X N

J %
I@Y
ﬁ
\\ﬂ«
\N:n\-
il
“."_"s‘L\

FIER G E > KR 4T &

]%]4'8—?7 L m@‘%‘\? P — i BE > JHip] < I8 m@‘?‘? * F E-3 A0

B domom Bl B A B AR ENY 5 & BAXA BLE Bigdt SEM
Bl e G A% 4 > JaRl A g B ARY > Rk din g T RO

BB Y D ) 4-9~4-12 5 i 4 109%CNT 4 & 52 SEM ] » 52 24
BB g B4 0 i R I AR R T R
F A B e d S PRl F BEREB S R E RS e E

Flt o F Af £ PRATAT R T AR S B PEBA o 37 o
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SEI  100k¥ X5000 1pm WD 10.4mm

Bl 4-1 % PEBA % % & (5000X)

SEI 10.0kY X10,000 Tpum WD 10.4mm

B 4-2 % PEBA % # & (10000X)
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SEI  100k¥ X5000 1pm WD 10.0mm

Bl 4-3 # PEBA % & (5000X)

4‘\

SEI 10.0kY X10,000 Tpum WD 10.0mm

B 4-4 ¥ PEBA " g (10000X)
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SEI  100k¥ X5000 1pm WD 10.4mm

Bl 4-5 PEBA+5%CNT % % & (5000X)

SEI 10.0kvy X10,000 Tpm WD 10.4mm

B 4-6 PEBA+5%CNT % % & (10000X)
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i _
[r—

SEI 10.0kY  X5,000 1 |,1ﬁ WD 10.0mm

Nl

SEI 10.0kY X10,000 Tpum WD 10.0mm

Bl 4-8 PEBA+5%CNT %< ] & (10000X)
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¢

SEl 100KV X5000  1um  WD104mm

B 4-9 PEBA+10%CNT %= # & (5000X)

SEI 10.0kY X10,000 Tum WD 10.4mm

B 4-10 PEBA+10%CNT *= # & (10000X)
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D 10.0mm

A

S -

SEI 10.0kY X10,000 Tpum WD 10.0mm

B 4-12 PEBA+10%CNT % ] & (10000X)
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4-2 B ELH
[ 4-13~16 5 TGA # # %A £ £4f 4 B AUR ™ v L5 5] PEBA
GRS A00CEAELE o A E R LR R F 0 700C §

BEOLE L AL SHALE > 7GR AP - B PEBA R

,\4—
N *"”“
|reks
¥
A
=
&
g
—
=
@
-
\a;
ps
"'J‘ﬂ-‘“
TN
|k
=
o
sl
.|
T

CNT/PEBA if & Wi -

Bk AT £ ARt 5 B A XWH% 0 B A F R end i TGA B E 41 &
25 Co WPEBA W F RIBREF A E 5 C RI4F &9 RIERE
FTARCP U BER LA BREHREHF A L PR LT

CiX+C, (1—X) =Cs

d b de 3 e Swi%dAg & Rk E 7 £ 5 8.46Wi% 0 @ 4o 2
1OWt%CNT #7 {7 et § 2 £ % 40.27wt% ¥ &2 e W en® £ 4piT o
%é—‘ﬁﬂ‘]“wﬂﬂm&;ﬁv‘ﬁ‘(ﬁ 3 %% o BRI R TGA t73f & i
T FRARCEAY RFENe F A o V-G E R Fp R
i#l % TGA 1 10Wt%CNT 4F & ek 5 GHcBLIE B 4 47 4o ] 4-17~22 -
FOURERD G OS duef kAR T 0 A H A G oo F]pt A

£ 04GRk BT F R § R
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Weight(%6)

Weight(%)

120

100 -

80

60

40 A

20 A

— PEBA

100.5

200

400

Temperature(C)

600

800

B 4-13 % PEBA % TGA £ £ %

1000

100.0

99.5 A

99.0 +

98.5 A

98.0

97.5

— CNT-1
CNT-2

200

400

Temperature(C)

600

800

B 4-14 2 tetd# TGA £ £454 H
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Weight(%)

Weight(%)

100 -
80 -
60 -
40
20 -
—— 5%CNT/PEBA-1
5%CNT/PEBA-2
O T T T T T
0 200 400 600 800 1000
Temperature('C)
B 4-155%CNT/PEBA 4f £ "% TGA £ £ 45 % F]
110
100 -
90 -
80 -
70 -
60 -
50 -
40 — 10%CNTPEBA-L
10%CNT/PEBA-2
30 T T T T T
0 200 400 600 800 1000
Temperature('C)

Bl 4-16 10%CNT/PEBA 4 £ % TGA ¥ £ 47 % Bl
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3041 74 £ R R

FAEE (%)
CNT 2.16+0.12
 PEBA 3¢ 99.05
5%CNT/PEBA 4 & " 90.85+0.17
10%CNT/PEBA 4§ & % 60.03+0.91

B 4-17 % TGA 2 10Wt%CNT 4§ £ % % ¢ & (5000X)
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& \"( ‘

s

SEI  100k¥ X5000 1pm WD 10.5mm

B 4-19 % TGA 1 10Wt%CNT 4F £ % 2 ¢ & (5000X)
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SEI 10.0kY X10,000 Tpum WD 10.5mm

B 4-20 7% TGA 1 10Wt%CNT 4F £ % 2 ¢ 5 (10000X)

2 - :
S
K%J SN

SEI 10.0kY X5,000 Tpum WD 10.5mm

B 4-21 7% TGA 1 10Wt%CNT 4F £ % f] & (5000X)
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SEI 10.0kY X10,000 Tpum WD 10.5mm

v
[r—

Bl 4-22 il= TGA 51 10Wt%CNT 4 £ % ] & (10000X)
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4-3 BB R RIE

RECE R %&Eni;{fgf EAN ﬁg‘/‘"/zi ¢y By T fg—fxi‘:a\'%é E}AH*J;:F\ T
FORRPR S FI PP e B tha & B4 T 50 Lp i o

SN R AR o

T3

“ ftdp &t PEBA2533 frk o S & & 1.4wt%[29] > o % 4-2

N

i PEBA B-35um &3tk ¢ 3 4e 7 1.46Wt% > &1 2 }P‘%.,‘%% AP
] 7 4e BWI%CNT Fv 10Wt%CNT #4F & W Resfc £ 4 %) 5 1.02wt% e

0.69Wt% - 4p fi 3t % PEBA %> » 3% 2 CNT ehgi K7 fi-ke e

2 CNT z &4 % on-kepic 4 g% o & Iwt%fe 25wWit% ™ fiz i @ o
Z RS R AT ok e B G RS R AT A S

ABFT KA T UF R AE N T o T ERIR R 5 A Wt%RE o Resfe E

Bog ¥ iE 10Wt%ed tips e R Ap g VOB A E Y NIRP R e

BT R R IS 0 e P CNT/PEBA AR & "/ ™ 0% 34 # 4
P £ T o & 4-3 5 ENCE R SS5um = AR e g 0 T OUERR
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Pt 282 3Bumei LFLR CBZAHTERT B
RIER HFA AT ER

d SR ] 0 R RIE R RASOOR R B BT R
Aw o Wimm/ (mitmy)3t & > 2P m 5 S ez R T E smy s
B o BT MR RS fe g 2 3 R e A

o-b*(1—X)=3a B~ iz & > HP a2 3R kg2 e84 F 5 b:

Vq,

|
S
(&
t
iy

CNT &7 & "8 M > o3 e f2f @ * 7 CNT &5

-

BT PR BRI o gt v e ONT -k fe B8 > dnt bt = fR
ST B R D a0t bl x o &7 CNT $7 5 i fofi it k43 o

F 4-6~ 4 4-7 S ¥ k7 kR IWt%7 IR R TR R RIRE
YO F BRI G IERB AP St g € F M 4 AT R R M
A fER G FER A0 A48 5T FRIER IW% 0 A R R TR
PRz o B ARM A T RRSOTE R A 0 G AR 0 T o AF
A e
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% 42 B A& 50°C ~ MCE 35um R R RIEE %

T EER (3\‘;; t;/‘;) 1wt% 2.5Wt% Awt%
A 3 =z £ (Wit%)

PEBA 1.46+0.57 | 3.54+0.38 |8.56+0.43 | 19.62+0.69
PEBA/CNT(5%) | 1.02+0.24 | 2.39+0.76 | 4.74+0.7 | 11.88+1.49
PEBA/CNT(10%) | 0.69+0.17 | 2.2240.12 |4.75+0.47 | 11.92+0.77

4 4-3 3§ & 50°C ~ WE S5um i R PR 5
TRBER (3\‘;; ttZ‘;) 1wt% 2.5Wt% AwWt%
5 v A 3z £ (Wt%)

PEBA 1.16+0.13 | 3.57+0.28 |8.14+1.15 | 20.12+1.39
PEBA/CNT(5%) | 1.00+0.31 | 2.87+0.61 |5.39+1.32 | 14.35+1.10
PEBA/CNT(10%) | 0.75+0.07 | 2.68+0.61 |5.14+0.10 | 12.51+0.14

% 4-4 38 50°C ~ WK 35um Jaipl 7 e R 2 k8T f e e B

£E A Sk T )

Ly Owt%
TR 0 5wito 0
A%k B (Water) 1wt% 2.5wWt% Awt%
5 E A 3z £ (Wt%)
PEBA 144 | 199 0.72:1| 6.47 | 0.22:1| 15.02 | 0.09:1
PEBA/CNT(5%) 1.02| 1.34|0.75:1| 3.54|0.281| 9.64 | 0.10:1
PEBA/CNT(10%) 069| 1.49|046:1| 3.86|0.17:1| 10.30 | 0.06:1
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% 4-5 8 B 50°C ~ "B 55 m g~

g4

ol (7]\ :

7 %)

iR 2 k8o e e B

TRk R

Owt%
(Water)

1wt%

2.5Wt%

Awt%

)

38 ’II T (Wt%)

PEBA

1.15

2.30

0.5:1 6.40

0.18:1

15.64

0.07:1

PEBA/CNT(5%)

0.99

1.81

0.54:1 4.04

0.24:1

11.60

0.08:1

PEBA/CNT(10%)

0.75

1.88

0.39:1 4.17

0.18:1

10.40

0.07:1

%46 2 R REREBLREERPGRES

B

30C

40°C

50C

60°C

e

ol

.

VA "]I

(wt%)

PEBA35um

1.31+42

1.4240.25

1.4640.57

1.5740.25

PEBASSum

1.06+0.22

1.13+0.06

1.16+0.13

1.43+0.39

PEBA/CNT(5%)35um

0.8640.10

1.00+£0.21

1.02+0.24

1.10+0.23

PEBA/CNT(5%)55um

0.84+0.33

0.9440.11

1.00+£0.31

1.15+0.32

PEBA/CNT(10%)35um

0.65+0.05

0.66+0.25

0.6940.17

0.7940.26

PEBA/CNT(10%)55um

0.7140.14

0.6940.23

0.7510.07

0.8240.17
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%47 7 kR 1wt

BREWERPIREES

R 30C 40°C 50C 60°C
PR R oz £ (W)
PEBA35um 2.67+0.6 | 2.91+0.63 | 3.5410.38 | 3.73£0.74
PEBASSum 2.47+0.33 | 3.20+0.51 | 3.57+0.28 | 3.78+0.35
PEBA/CNT(5%)35um | 2.25+0.30 | 2.24+0.07 | 2.3940.76 | 2.59+0.48
PEBA/CNT(5%)55um | 2.57+0.40 | 2.59+0.96 | 2.87+0.61 | 2.80+0.40
PEBA/CNT(10%)35um | 2.3840.18 | 2.4410.24 | 2.22+0.12 | 2.5210.14
PEBA/CNT(10%)55um | 2.28+0.28 | 2.441+0.38 | 2.68+0.61 | 2.83+0.38
% 4-8 kR IW% A IR B4R @B R
R 30C 40°C 50C 60°C
el BT £ (Wi%)
PEBA35um 1.31 1.43 1.99 2.07
PEBASS5um 1.37 1.99 2.30 2.24
PEBA/CNT(5%)35um 1.36 1.21 1.34 1.45
PEBA/CNT(5%)55um 1.68 1.60 1.81 1.59
PEBA/CNT(10%)35um 1.70 1.75 1.49 1.69
PEBA/CNT(10%)55um 1.54 1.71 1.88 1.96
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4-4 %% 7w B

4-4-1 B EHRER " BERAEEHFF PR

AT EX RS AR FHEITE6)FE R EREA - X o

B 4-23 5 & A3 B %7 i 7 E WA ITE o Kae BT BRET

A B E 2 RS AT B AT ke

30 500
—@— permeate conc.(0%CNT)
v permeate conc.(5%CNT)
25 4 —1#— permeate conc.(10%CNT)
S —O0— total flux(0%CNT) - 400
c»’g V- total flux(5%CNT)
S 50 —O— total flux10%CNT) _
° R R i 2 e £
2 =
3 =
p \R@_\—HO___O F200 8
S 10- =
£ v
8') v N v v v - 100
5 b-----0--—-T0%---—pg-——p-———--0
0 T T T T T T O
0 1 2 3 4 5 6 7
Time(hr)

W 4-23 Bk S5um & 40°C e KR W0 7 RLH i e

B LRSI PR S R R g

-
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4-4-2 BHRERFFZEFF LB

AR ITERDBOCE N RIER T BRIR R G ERES
PEBA # ~ PEBA/CNT(5%)%fr PEBA/CNT(10%) %" %% % i )k B ~
HEfrEH PP

Bl 4-24 -~ Bl 4-25 g = Az %R 7 kAR 2T ik
B e koo ERE R S5um o BT ARIE R L IwWt%RF o ¥ PEBA i
%% T kR 5 16Wt% @ 5%CNT 4 10%CNT 4F & %ehi% %
e PR B A ] A 1TWt%Fr 19Wt% o & AL T ARk B B 4e 3 AWE%RE o
ZRENEE R T BRER A B 5 54wt% ~ 55wit% fr 62wi% 0 ¥ 1
BLED e T BERR SR ERT BIER G P AR 4o TS
B 35uma F AR e chaB gt o B 4-26~29 4 W] SRk BRIk A B W] 5
TREREEfRE R AR BWEREH 3B um 55um §iEfo
Rk b 2 e il Bkl B2 P oV R £ B
SRR o 0 A 2 B R R d IR RIGET v g
FL7FR Ok B R e o R FR T B G R b FL AR 6+ 2
@ PEBAp o B %+ "8 38 o 5 andBdgre 4 o 9r il B 3 4 o
ok B RV A7 L JEDAC/X) B¢ ) A AR E D LBk
Tl dC/dX G OENCY R R R o SR e b T Rk
BV ARG B E W T e ok B oo 4 ;j-f;{4.3 R Sl AR E e
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I~

ER P ERARF OPEY R R RS AXF BB R R 4 o
AR R e pE > T R RSBk B R e enE § o SORER
BT BB E T BRI E B RIERM AP SR fRE R

v Fon T R E LM 1 > B WP T iRk

AN

-» Y oA
T E 7%

o~
=]

Bl 4o E 4R € B B 4 0 4o ] 4-30 ~ Bl 4-31 -
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70

—e— PEBA
v - PEBA/CNT(5%) u

601 _—m— PEBA/CNT(10%) s

50 +

40

30 A

Permeate butanol conc.(wt%)

20 A

10 T T T T T T T
0.5 1.0 15 2.0 25 3.0 35 4.0 4.5

Feed butanol conc.(wt%)

Bl 4-24 SEACR R S5pm R R 50 Co e T Mk R SR SR T Mk

60
a
—e— PEBA e
v PEBA/CNT(5%) Ty
__ 504 —#— PEBA/CNT(10%) - ‘
X
(=)
z
Q
5
(&) 40 .
©
c
8
>
o)
Q 30 A
©
(O]
£
(O]
& 20 -
10 T T T T T T T
0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 45

Feed butanol conc.(wt%)

B 4-25 % E Rk 3Bbum-~FR50 Co & BERHEER ™ MHF
) Y- Tl
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350

—e— PEBA 1
300 v PEBA/CNT(5%) v
—#— PEBA/CNT(10%) 7

250 A

200 -+

150 -

Butanol flux(g/m°h)

100 A

0 T T T T T T T
0.5 1.0 15 2.0 25 3.0 3.5 4.0 4.5

Feed butanol conc.(wt%)

Bl 4-26 &5 AR SSum~f & 50 C o7 ARk R H T B & R

s

[Z]

500
—e— PEBA
v PEBA/CNT(5%)
4001 —®— PEBA/CNT(10%)
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Total flux (g/m°h)
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Permeate butanol conc.(wt%)
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ek C. WIERBIELES

% C-1 78 & 50°C ~ "% 35 m > % PEBA M'E B B BliR R %

T 2 (wi%)

b = b
P ok 2% 1 ? % 2 3 % 3 2 % 4
0% 1.29 0.89 1.67 1.99
1% 3.78 3.69 3.16
2.5% 8.98 8.13
4% 19.74 20.19 18.93

# C-2 8 B 50°C ~ "B 55 um > 4 PEBA HEIE B PIRE %

2z 2 (wi%)

b = b
ik B A 5% 1 A 5% 2 # % 3 @ 5% 4
0% 1.28 1.03
1% 3.85 3.55 3.3
2.5% 6.99 9.29
4% 21.14 18.73 20.49

% C-3 5 & 50°C ~ "E 35 um > SWt%CNT 4 & "% B PR 2 %

T E (Wt%)

-3 =
BER T T wm2 | 7m3 | 7m4 | 7%s
0% 0.78 1.17 0.88 1.25
1% 2.08 3.15 2.05 2.3 2.41
2.5% 4.04 5.44
4% 11.15 13.37 11.12

% C-4 B & 50°C ~ %5 55 um > SWt%CNT 4F & "8 B R BlRE S %

T & (Wt%)

-3 = b
BRR T T wm2 | %3 | 7m4 | 5%
0% 0.93 0.74 1.31 0.76 1.26
1% 3.03 2.26 2.98 3.22
2.5% 4.07 6.7
4% 14.25 14.96 13.52 14.67
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% C5 B B 50C ~ "B 35 m > 10Wt%CNT 45 & "9 & Rl % %
kR i E twrk)
T % 1 W 5% 2 % 3 7 % 4 ¥ % 5
0% 0.58 0.75 0.72 0.56 0.86
1% 2.34 2.15 2.26 2.11
2.5% 4.28 5.22
4% 11.48 12.69 11.58
% C-6 B R 50°C ~ %A 55 m > 10Wt%CNT 4F & "B B ip) i i &
- ﬁ?zi&@i : T & (Wt%)
7okl T % 2 T %3 T % 4 F %S5
0% 0.68 0.81
1% 2.85 2.07 2.94 2.66 2.88
2.5% 5.24 5.04
4% 12.65 12.36
% C7 R 30C > H R ERPIREES
g A T £ (Wt%)
%1 | F%&k2 | §%&3 | §%&4 | &S
PEBA35um 1.58 0.89 1.26 1.51 1.33
PEBA55um 1.02 0.84 1.17 1.19 1.07
PEBA/CNT(5%)35um 0.76 0.96 0.90 0.94 0.76
PEBA/CNT(5%)55um 0.51 1.05 0.65 1.16
PEBA/CNT(10%)35um 0.60 0.69
PEBA/CNT(10%)55 um | 0.81 0.73 0.57 0.60 0.85
# C-8 B &R 40TC » &KW RPRESE
AT e £ (Wt%)
Tl & 2 F %3 T % 4
PEBA35um 1.67 1.33 1.27
PEBA55um 1.14 1.07 1.19
PEBA/CNT(5%)35um 0.79 1.12 1.09
PEBA/CNT(5%)55um 0.85 0.99 1.05 0.86
PEBA/CNT(10%)35um 0.58 0.91 0.52 0.62
PEBA/CNT(10%)55 1 m 054 0.71 0.57 0.92
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# C-9 £ R 60C -

BFOKSE R PRRE %

g ) T £ (wit%)
Pl | F%2 | %3 | %4 | F%&S
PEBA35um 1.74 1.66 1.32
PEBAS5um 1.36 1.82 1.19 1.42 1.36
PEBA/CNT(5%)35um 0.88 1.18 1.02 1.33
PEBA/CNT(5%)55um 1.47 0.88 1.10
PEBA/CNT(10%)35um 0.53 0.99 0.85
PEBA/CNT(10%)55 «m | 0.99 0.72 0.75
% C-10 & 30°C > 7 kA IWM%WIE R RFEE S
& g A T £ (wit%)
T 1 F % 2 F % 3
PEBA35um 2.07 3.26
PEBA55um 2.14 2.79 2.49
PEBA/CNT(5%)35um 1.95 2.54
PEBA/CNT(5%)55um 2.32 2.97 2.41
PEBA/CNT(10%)35um 2.32 2.27 2.56
PEBA/CNT(10%)55 ¢z m 2.39 2.44 2.00
# C-11 B & 40C > 7 fRE R IWtR'CE R PR % %
oI g 2T F (Wt%)
T 1 F % 2 F % 3
PEBA35um 2.28 3.53
PEBA55um 3.50 2.69 3.42
PEBA/CNT(5%)35um 2.31 2.17
PEBA/CNT(5%)55um 2.80 1.63 3.34
PEBA/CNT(10%)35um 2.20 2.68
PEBA/CNT(10%)55 1z m 2.06 2.82
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# C-12 8 & 60°C > 7 fRIE R IWt% B & Bl S %

ke A oz £ (Wt%)
1 F %k 2 F % 3
PEBA35um 4.45 2.99 3.75
PEBAS5um 4.12 3.43
PEBA/CNT(5%)35um 2.96 2.71 2.11
PEBA/CNT(5%)55um 2.84 2.40 3.16
PEBA/CNT(10%)35um 2.38 2.66
PEBA/CNT(10%)55 1« m 2.89 3.16 2.45
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