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Research Progress of Pervaporation Membrane
for Biobutanol Separation

LI Tongming, TAN Huifen, WU Yanhui
(Department of Chemsitry, Tongji University, Shanghai 200092,
China)

Abstract; Separating butanol from fermentation broth is an
urgent problem to be solved in biobutanol industrialization and
application. A comparative study was made of different
separation techniques which could be coupled with
their

performance and economic efficiency and the advantages of

fermentation process according to separation

the pervaporation were pointed out. Then, the recent
advances in pervaporation membrane materials used in the
separation of biobutanol were reviewed with a focus on the
separation performance of the polymer membranes and the
corresponding modified polymer membranes, such as
polydimethylsiloxane ( PDMS), poly [ 1-( trimethylsilyl )-1-
propyne ] (PTMSP) and their modification. Moreover, the
performance of the supported liquid membranes used in the
separation of biobutanol and their stability issues were
summarized. The effects of some other compositions in the
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fermentation broth, such as solvent, intermediate, and
biomacromolecule, on the separation performance were
At last,
pervaporation membrane for biobutanol were proposed.

analyzed as well. future prospects of the

Key words: biobutanol; pervaporation; polymer membrane;

supported liquid membrane
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Tab.1 Comparison of different separation techniques in butanol fermentation

BaERR/ BEFELL/

ABEA ik DRHEMRIEL pmnti/n pmem SEARS S BEDL sy

W—AER  WET AR SMBL 20.0 72 a3k S 20. 87 8. 86 [1]

BEKE W TEKRE ATCC824 59. 6 48~72 fei Bk 31. 10 13.80 [6]
i1 FRBE BAL0l < 60,0 — — <(33.00 24,20 [7]
HR FRMBHE BALOL 60. 0 20 [B] 8K 75. 60 21.80 [8]
o5 b TRE T BEAR B 73.3 — — 23.2 8.15 [9]
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Fig.1 Distribution of research papers on pervaporation
membrane for n-butanol concentration

(PDMS) R = HERE- 1 -FHRPTMSP).
2.1.1 PDMS j& & Hpjri:pE

PDMS 2—FE#ERE S FENBBREIRE
¥ ,Si—O—Si @M 130°~160°2 [BI A4k, 15 H
PR SR BREESH. S MRRb AN ER
PAVREE ST A B, JE AR M P ) A, R R R . Ut
i REEEZRMEEER /N, BREEK, R
7K 1/, Wi fE PDMS st B LA RIFREE T
K » (7] B P22 R o Tt A T T 3 50 P e 38
4. PDMS R T LB M B BER R B W5
Haleo] SREH B IFIILeiE B E . B B T
8.5 &AM, BB EERIA L 6 kg » (m® » 7109,
BRI EHRAREEAT TEAREETISER
R, B REN kA PDMS KRB BRR T BE
BREBER P TR, S REW, EEENBRESMG
T, TEESEEML R 47, R B EE MR,

{H PDMS Z5# R /N2 BEVLR H RE 22,
I PDMS p TR Z R K EE (>100 pm) 7 BB
IR R BB BRI, TRER <R B
2 RE 7 » B TR A AT R A et DA R B iR BRI
FE PR I R o 6RO ELOR . ISR SR AME IR L /N 22
FLArBHE SR PDMS X # )2, A KRR A S5 R
RH 1, [ B 68 15 MR R A 0 B M . FA AT 43 31 A
IERERR B ANE 3 = Z A B N R, RIRE L
1% (PVDP) Ay 7 # 4 4 T PDMS/PVDF & &1, i
AT AT B BRI R BRI, 5I1ERR
R, S E = 2 R B ST BRA A i PDMS B
TSR BRI, X T BE A BB 0, (E 5] AR R
FEOMEZINEZ, B B RE/D, HiSEE
B/, R IERR CERE3ZER R B PDMS/PVDF £
BEET T BBRR-REIBHERR, 5HEEKE
BEME L, KRR B G IR M =28 0. 19 g « (L
D RER 0.44 g« (L« b7, EHEBEF M 0. 49
g (LD EED0.75 g (L.

MFREENZER, —RERESHLER
NAEGFHHLBGRE, B REVEILENXERH
FRENESEESMNATE. Xiangli 2515} THL

RER ST R HEAT T BP9, SR A CHL MG R o SO HE R
PDMS fE A& R MR R & B T ZBK B R
SRR BBERRZDE, RABBR B 2
J&, R RSN T T KW W 43 B B T B2
REERA 4B i FREBEHBGRE R, REE
w, RE S PDMS o 8 R T8 AR F
HERMILETS PDMS JE B8R E& M0, B R
A 10 pm BRHE & YA R PR e 0T AR
W, HEBEER ESHARS THRMALAGHE
A OLS. (BB B AT LA R B R LB SR A DL B B
R A< IR B AT R AS B 5t T ELXE LB B K T
BREIEE. Dok, Li 7R ] Sylgard, 184 PDMS A
EHR, ZABKRCEREPD AP EER, SEER
A RFLESR A A FLE 1 mm) 41N 2R L &
D HTBERRDIBETBEKBR ERER,
PDMS R4 8 S #Z FIMAFLE = 8 PE B, 5
PDMS/ 346 BUZ A L, RN T % ) 8 4
BEEE L, KA R B #.
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KAFEWE SR
a PDMS/#H & &M=
PDMS B2 v ? " *
S RART )
= (3N
ZILPER l c‘ﬁ‘\n’!.!,\‘
KAEEEEE
b PDMS/PE/ &M &&= 2K
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Fig.2 The structure diagrams of two kinds of

support membranes
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R, B THEFERIX T B0 S M e, B
EHARRES RN TR HERESE
BEEEF N, REZET PDMS 4T i 2 1 v] i
PR T Y3 LR ACBE, Fouad Z&121 52 H silicalite 35
75/ PDMS(Pervap 1070) 1 & 543 83 L B 2 UL T
0. 4 0B T BRK S, TR ST T B I i e R
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AT E, SHKRES WM PDMS MWHA AR
REF , AL~ WL E b2 BT e B A BB, B
KEBHEEHMTEEE TR Bk, bR
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KRR, BEEHE S T RERTBMHAE,
Xt 50°CHy ABE /K ¥ W4T B B T B/ /K e Btk ik
160, 3 B FrF&(%.

OCH, OoH
CH O—S|i + 30,0 ASL OH—Si—, + 3CH.OH
3 | _\\ 2 R | _\\ 3
OCH,4 OH
OH
HO_ HO
OH—Si N’
OH Il_\\ N ,OH
HO\;L(OH OH © © A
) )
Hojpﬁ\ OH iRy HO—ygh—© W
JS3NA o)
HO ol OH OH HO\ /O on A ./OH
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; Si Si

OH—Si , <N
I\ HO W HO™ =

OH

a silicalite—1 AE&EIL I NHLEE

PDMS

NYW\/\M/\/

Si Si Si Si

Si—0—-Si—0—-Si—0—-8i—0—-Si—0—-Si—0—-Si—0-Si
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b BERAERS
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Fig. 3 Reaction mechanism of silane coupling agent
treatment to silicalite— 1 and the interface of

hybrid membranest®"1

Qureshi 2B 54l silicalite-1 I FIEFERER B
TSR R, AR B B RTV 615A(C et
SEOF RTV 615BIES BB A3, silicalite-1 Xf

TEARRENEEERME. ExEHATIE
TEERBWRER 5~9 g « LT FARBERN, 2B HF
B R AR EEE TS, 25 Qureshi
EE N ZERTHEB T BERE Clostridium
acetobutylicum T BER S B I BRMRE, B EME
HFFEAETE RBER P RIFRE , BPIRR 32 KBRS
Iu, RIBHIREAG B silicalite-1 5 RERR# R T H
BEAL 5SRIKEBEML, 6 RENBERNSERH
8 EZ  BAIWCR R, BERRETT 120 h HFAEM

Huang 05 L 7. R BEBE W R AE 0 X # 2
H# T /BRI silicalite-1 (B4R 0. 1~0. 2 pm) 3
FEH) PDMS # # i (10 ~80 um). X B FEE
silicalite- IR B A IN, T B 1538 B AN B B EER
HIAEF, HEEETHR YEZERT 60% 6,
silicalite~1 bz 44 B0 1 5 , BETE M= H BB , 6 4%
HTRE B EEMERE, £ 70CK 10 g -
LT THEAEREET, THEESHEZE 1~3 ym
silicaliate-1 HEIEAY BN 300 pm FYREME B REEH A
WEEmMT 7 AR,

HRBER RS YRS B 5 — % At
%M AR BRI EZE R T EE R
KA, & —E B Al 15 21 22 i B 44 8L PDMS #L
MEREEN 2, MELL SR BB BE/NF 100 pm BYBUE
i, Schnabel 2P HH7E a, w— & 2 — W Z 305
PDMSC*# B H A _RERE(FE R ER
g (TDD .= R & MR A (TXDD #172# /RE — &
FREE (IPDDOAE N “BE B ” [ D18 B IR, Fir 8
BEMRE MBS EEFPU RS, £ TDI f1 TXDI
BB R IL R Y AR A SR, AT S B R N
20 pm FJfE, PDMS — TDI LR Y AT M2 4350
0. 1% TEEKEEW 73 B T BT, T BE/ /K Bk
3 37, BE A 500 g+ (m® « )L
2.1.2 PTMSP &

PTMSP W2k R L& R D EM B B2
PRIERREY), FHENRPUESC B 45H, M =F &
FELETE B — R K R BRR A, 7374 ] B KT
W BEBX R STE B ILE ), R R = B s AR
B(20% ~2590) , R F—BHNHBEREY
QA ~620) W ENEEER BT BRER. 7
4h,PTMSP [, PDMS B 54 By HLAR 1 68 F 4k 5
& & M. Gonzdlez-Velasco 2B+ 5 B 58 # B
PTMSP Z£43 B AN [E 4514 T 1 ZB/K B Wi > X 2 B
R B RS ES &S X &H PTMSP
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Fadeev %0 5% Fi § il PTMSP B 3% %& & 7
BT EKIS W 2R b TR E 80N 0. 3 %3 m
B 1. OB}, AKEE A T YR BE TREFA &, T T Bl
BAMA R, 2B, X PTMSP 451
F15047, 76 B R R PTMSP R FAAE“4yK
FL”(nanopore) Z5#, T BEF K 73 F# /M F it AL, W
WBBFEFRWR HABBERRIRES, i TEFRM
AN E, BREYS , BRI & 1 R 9K
FLAB g & 1) S, K07 1) 9 2 B i B AR 2R (A
B 4D, K43 F BB Wk 2 5 7 B i 1L BH 227 30ni
(pore blocking effect) F7EFE, 5 TR M AP BT
P53 RELAR A — 38 38 P K 3B KRB T RE.

DD@D o;k?T@

0000 994
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N HIEIEE

1 PTMSP B{ERMERSTH™
Fig.4 PTMSP morphology before and after

pervaporationl?’

Fadeev &M iR Rl PTMSP B BHE X B
TR TBEEREEW, R T PTMSP BEAERET ¥ir
MESEATEEUREGRAYHE, FBCEERE
BRI R R REFEHSRSTED T ENEEME
PEPE T RERR, 24T 30 h J§ PTMSP JER) 4 B3R
1758 AR TR PDMS B, 78 35 #4448 [F) 5 % T |
BERH 4 0L BG4 5N E S f#EJ PTMSP &
B4 B AU M Il , $R BB 38 M RS e b U k.

Claes ZMI SE R0 2 0, 2~0, 3 pm B SiO,
7 PTMSP i, 4 B B 43 B0k 5% T BRI .
BN B BEEE .5 kg » (m? « h DS ERF
QOO BERTHIMHER MG THEBERXR LRSI,
AT EEETBEFRRES.

2.2 HthBEWE
BREHEREYEZI, WE LR EYE, nE

R B R AN SR Bk B R B R, B T BB E
REFHBIRAH. REBECUORH&EET RE
B J7 B R BE B AR IR W £ ST R A R A B B
HR KB REY, BERNI R T R B 5, PIE
PN BN RER, FE A 20 B (AL 5). REBE
B BKBREE Y- KERBERRI BT
BEABEH A BRORM  FE R AR 5 ALK
IR R T & (HTPB) B3 R Al 5H VLY B
FAT, RS ER RN UL L. Bl
BT mARERT fAsin iR &R (HTPB-PU)
BRAT OB TE-KER AW-TE-KERAE
LEBR. 23 HTPB-PU XN T Bk =70
R B HEREIL T X AW BE T B K BT B2k —
TR BERE, XRHTZHoKR+, N, T
BE K Z BB EAE R R o SRR 8 7R R
FEPNERAN T BE 8 B AR ELAR3E. 45°C i, XP R -T
B 7K (PR B4 0. 5%, THE 1. 0%), NERAN T
BRI SIEEN 16.3 g« (m? « 7, NEAN T BEARXS
FARE S BE T AIAR] 17. 7 #0112, 9, I H B E
SEEIRAEE 18. 200, BRHF IR RE=ZT A
kb (VTES) i@ HTPB- PU 8B+, 18 2]
HTPB-VTES-PU ji&, VTES $£ Bt FEETE L T #r
AR X, SEAR B 2 B AR BE 3 I, 5 HTPB-PU ¥
LS EESEC 10 TEKERSBNEEER
s B RE N THRESEEF Y8 SR H A
T TR

BEX

5 PUSZHTRER
Fig.5 The schematic diagram of the PU
domain structure

Rk B SL R Bt (PEBA) & —F 3K A HLIE R
Yr LA 6) , B R pLR ML B8 e Ak
REMN, EBERRMNCERNYIRF AR
Zoe), 3 5 A S R M Dk R B 1) 4 A
ANLLAI, B B 12 A B A AL BRI BB TT RE AT R 4R
Fouad 251" 3% F A W R R EE (Nylon 12, Fi &
SIEL 2000 AN M R B ik CR | P &, R &
4340 8070) ) PEBA 2533 RSB KB T BRI
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WRES0. 03% ~0. 40%), 453 SR T %
B EIA 39, It BBl 425 g« (m® » h) 7. Yen
LSRN (CNTs)FE N PEBA RIS 34
CNTs-PEBA i, CNTs #in T TEEZERE 1Y
W HH AR, B R B B, TRESAREE
DU A W3 .

HO+C—PA—C—O—PE—O +H
I Il n
(6]
6 PEBA Z#3
Fig.6 The structure of PEBA

3 FHEBE

SRR X B Y AR (RS fE B
BHEETESAKE, Y ERYEREEEER
MBBEEMEEE. CH BTN B EE
MXERERATEY TENEBERRSE. X
[49 HRBR FI A HUIBOH AN EE T A T B T B2 A B
AP RS, BB 3~30 mm, B2 T K E,
BB RAEN =2 0.33 g+ (L» D7 HEHE
BUE A AL B P A RE M — R, R R
JRB S 7E 5 OB filad 72 P R AR S R R R, B
FERTR 00 e 22 4 3o P L VR o RS R ) B 40 TG A 2K

ZFR(TOA R —F i FBIWARZKBUGY , 5 H
B B 2K B 43 B o AR #4700, Thongsukmak
5 TOA B EEHR AR MILRIA G P 4 5B
F, R e TE R R B SMUE 35— R 2K LR i S
e, WRrBENXEREE D. kZER TS
BRI BRBERT T BEEEN, TREEER
K275, BEEEN 11.5 g » (m? « O, M
BT BB S R RS W AN TR, 248/
1 TOA BER, BB BERRRIE 5 A%, it
FRTRE ZBER T REER A B ER L 300 h 5
S EPERRIRR T 2 T B, 3F H TOA T 8%,
YA 2 SRR R B R e .

zma%ﬁﬁ%%%ﬁ;ﬁ@%
WARNGE
TOA
WARNMGE
PRI EFREEE
7 TOAHRZEFAAXTHEBRENTER
Fig.7 Liquid membrane with TOA immobilized in
hollow fiber membranes

B Gonic liquids, ILs) 2 7E 2 1R (B & T

FRMEE TERSHWEFRR. EEFERFNY
TR, AR A ER, U R B s
FEVE ZEERE ) AR M. W B R TR
BEFUTHA:O A0ESFREH 8 Rg
TREYT:; O BFRAESHAMLERS TR, TR
P53 PR R BEA R S R AR R FHUE: © BARE
TR (B BRI B, S5ty &
FRAEAE 8> Tzak 208 A B T WIRF B R TL1QD-
ethenyl-3-ethyl-imidazolium hexafluorophosphate ) #i
1.2 (tetrapropylammonium tetracyano-borate). ¥ /5 Fif
BT 75 PDMS B R AREREHIEE -
TR SR, T 4 EKBBT N T 2R 8,
5 PDMS/ Mg e Lt , ST WU (1L- PDMS/ i % 5
TR EER T 2.2 #53) 3. L(PDMS-ILD#
10. 9(PDMS-1L2) , 87 B FWARTE T B 43 B o
WRIFE . MEAXE X EREELBRERFZNGT
BEEFRAANASBEHEREEL 25, ldk
Z0OR 2 B HERB SR 4 19 PDMS-TL2 X2 #0 B
TH#IE 3 B Clostridium acetobutylicum 7| WK B
BRI SRR, BN =R
ik 2.3 g (LD, E5BBRRME N RE
W RAE4IMAE 15. 82 g « LT MIRIR TEEBRE ¥
ETRAR, M—BBBEEKRS KEMAHRA
B ZIFET.

Kohoutovd 25514 B8 ¥ W & [BBIM ][ BF, ] 5
PDMS LR G HIS LR R, AT B RES 0N 5%
BT BEK ISR, B DSC 2347 RI 1 PDMS 5B 7
HARsELAME, AT WE S PDMS BT E LS ML 5
SEAERFBHAEENES FRE BT THRES T
WA Y BT 7E PDMS i, H T BRY BR
HTK B TEEEENEZERME F k&
B in, H[BBIM][BF, ]5 PDMS Bl % 1
HREAF KRR MRS

4 RERVFHEMASINTESER
&5 BRIRIN

TRERFAREEES AR TR
( Clostridium  acetobutylicum >, F K 8 B
(Clostridium beijerinckii) M TBRBR A B L
TERAE. £/ ERERT FPHFTEREAREE
) R B AR R, A B AR P AR AP S B SRR AR
IR =Y, B2 RN G R D) =Y T BE NI
B A TERERAIBRMEHERRTH
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He A 2 B2 b, R B Y 22 R R S AN R 2655 o ] 7=
VEUBEERE HEWERAAERTE:O 25
JEEI f AN BGOSR s @ FR AT g

KRBT : THE : ZBEYRELA N3 -
6 = 1, & UL PR R A1 2 BE A B 0 A 7 Z 8. Tong %507
F HTPB-PU JERFR TEE- K TR AT E-N
Hi—7K =TTk R BT, Kl T IR AT B R A <28
ALAEFI” (plasticizing effects) , = JoAR B HI 1A K B
BT R, AR EBERFUHER T
TR, UL B = TR 3R o BBV A R B R B S
BANEE. X5 Zhou FF [l &RV A /RER IR
JERF R L BNk X T B KIS R B B2 K Mg
FOE S B WSS AN, N, B S TRE=473 5
MEAERS T TEKZE WAL HEE/ER, R
MW —ERE FHMT TS SBEHE. Lu
£160) P B ok iir B 2L B Wb i 2533 (PEBA 2533) BB 7%
BB ABE KIS, RN A Z B & ERRM
P eiR R TR B L ook R R, R Tk
R 55 R R 5 EZ A ER S RN

7E Thongsukmak 202 fy #5978 2853 2 R
%F TOA X HEBRED B T BRI , K FUBHR H &
SYBCH 0.5 %0 Z BR K E B B 3, T T B
FRAN Z B RE B A K. K7 TOA F R AR
BN, CRH S BRERAERAMER, it K3+ 7]
SZE A Yl S A S R AR, BNE R
HAER. RREAAF -

R, NH ;o + He, =R, NH{, o0

R,NH{ - o T Aca =R, NH{,—,, Acr,

R,NH{,—,, Acy +H,O=R,NH,_,, Ac® H** OH
Ko FEEE LR FERER,7E TOA F5#
PR , REOKCEE R, B BB TR

Fadeev M EN H L R B IEIT B BR R
B, BRECSRHT 2R TR, N 282, 2R
TERH X E B WA S, THEHE 2 E B4 1Y
IR AFHRA A BTERREI R T — 2K
P YR, AR T T B L, B RHR A8 iR BR M
VR BEE{X R 0. 001 mol » LMW BT &E & Tk
90%. FEBBWF X PIRIAL 5> NFETE, UL B TR B
M E R T LLAPRIE R I 15 P BRI 4T S
H B T ARERARE I , i —DUE B T 5 LR .

Liu 5 fB5e %t PDMS/BEE SRS BT
B R BEBOI AR AP B QAT T 204, A SEM A1
LLHMNETF B AT A 1 MBS , R ITE IER R M E
— B Y 4 £ RS e, R R A AT

Y RBT YRR T YREAZENR, 3
oy Bk R T s 1 A BN 2 YOK W UE I R TR R
BE AR B AL,

5 HZitERE

YT EE AR BEREESEENMA
B, BERRBARMATEY KEET BN B R
BARAER A BHEET NI BRRREFRY, HP B
BEZE R BB B 2 B BORE e R . £
FERTTEIBHNEERRRATUSEEENLT
J7 AT -

(D) FEIR&E R (mixed matrix membrane) J§
HEHITERANE, EEZBEIIR TINS5 E
VMBS SR/ET, FHER KPR EE.

(2) REYHIRSIER bR E = EEERN —
ANEKF TR, W] DASE B2 T8 B9 A B — S
BHH G HEATEEIT B, ST B A 2 1 R L T B
VB AR B RE , RS AT IE B & A BB I E X
BRIERE L TR, HR THRERMIERNT

) XHEBBEEAN—MTENTR.SEFE
BT T B B B I e AR R e iR =
T EHFTIRARS.

(4) REEW H HAH 53 % 5y B RE B A R AR
ERMEn, EEEREBRAMELRBERRNS
B HATHGE , X B V5 e [m) Ak — 2B B R R 5 9 3 4R
BRI
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