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ABSTRACT

The thesis studied the effects of surface chemical composition and surface
roughness on the surface wettability of materials, according to the basic principle of
wettability theory, which was surface chemical composition and surface roughness
decided the sudface wettability of material. Two membranes were modified, the
hydrophilicity of one membrane was improved by coating hydrophilic material on the
surface, the hydrophobicity of the other was impoved by increasing surface
roughness.

The first part focused on the crosslinking modification of PVA and TDI through
interfacial polymerization on the hollow fiber ultrafitration membrane; it introduced
hydrophilic groups OH on the membrane surface, which improved the hydrophilicity
and ant-fouling of the supported membrane. The results showed that, the composite
membrane with good performances was prepared by interfacial polymerization in the
proper condition of PVA 0.25% (wt), dead-end filtration 30min, drying 20min, TDI
0.5% (vol), and the reaction time 60s in 15°C. Because it was not ease for PVA to be
adsorbed on hydrophobic surface, dead-end filtration was used to let PVA adsorb
firmly on the supported membrance suface, and the composite layer was connected
w1th the support firmly. The oil removal ratio and water flux of the composite
membrane could get to 95% and 66.0L/(m?h) respectively, when it was used to
filtrate oil-water; and the water flux could recovery after cleaning when it was
poltuted. FTIR spectra proved that the characteristic absorption peaks presented as the
Carbamate’s. AFM pictures showed that the roughness of composite membrane
decreased a little; SEM images reflected that the inner surface of hollow fiber became
denser. It was thought that, becase of the ultra-thin layer formed, the composite
membrane had a better properties of hydrophilicity and anti-fouling. The main cause
was that hydrophilic groups -OH were introduced on the membrane surface.

The second part of this paper researched the impact of surface roughness on the
surface wettability of polyvinylidene fluoride (PVDF) membrane which was formed
by inducing water vapor. After adding tetraethyl orthosilicate (TEOS) into the PVDF
casting solution and alkali into the water vapor, the hydrophobicity of PVDF/Si
hybrid membrane was greatly improved, which was showed with average water
contact angle (CA) of top surface. The research showed that, TEOS and concentration
of water vapor were the main cause. The CA of top surface of the membrane increased

with the increase of TEOS content in casting solution, relative humidity (RH) and the
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time of vapor gelation in a certain rang. The results indicated that, the CA was 140°
under the conditions of RH85%, TEOS20% (wt) and vapor gelation time 4min. The
pictures of SEM indicated that there were netlike porous structure and micron
spherical particles on the top surface of membranes without dense skin layer, the
cross-section morphology showed a symmetric spong-like structure. And AFM
photographs showed that the surface roughness increased 5 times, and there was no
new absorption peaks in FTIR spectra. It was thought that, the surface roughness was
the main cause which obviously changed the hydrophobicity.

Totally, the wetting property of membrance suface had close relationship with
surface chemical composition and surface roughness, and the results were consistent
with the basic principle of wettability theory.

Keywords Hydrophilicity, Hydrophobicity, Hydrophilic groups, Surface roughness
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Fig.1-1 The relationship of the contact angle and the interfacial tension
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Fig.1-2 The diagram of the droplet contact with the rough surface
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ZRESCE L ESAABRCVD) A, Hl& T BFAHKEG IR EH
FIRIBEFIBR AR EACNTRE . WEZS FRY, KEACNTERE N EMA N
158.5°¢1.5°), BEBG/KE. HEFASBE, XMEERHENHEE,
2R, SKRmpEmaER1600, XIS EETHKEHMFERN BT
F5IEM. 49T, RERRRMTHREHSREERB LRGN, K
RGBT £ B R KRS

AARFAEREFERE, HEARER. ZRHPHOEKHEREU
RIBHE B A TSI, dTRHEPRAKSER, KRHEE T RT R
BERAS, WA, EERFINESYRIRE S AERENMNE EERNAR, BB 6
L RINER, BARRNHIESEREN,

Hyun IR AR ESHBEHAEHE TRERE, EET65%HEE THMA
IS B A A FR IS AR G5 H . HIDETOS S RA UM AR ERREE THI& T
VRINFIG4PVDERE, LEERENERKEAINEHONEN, RnF OB



R T KFH 2R

I, ARGV B AR, Kl 2 S IL44, 3 LR HR, ZEPVDF
FE15%. WE0%HIIR, HIRME ERAEBELE, HlEEHREH.

AIOE LSRR E PR T, DR IEER B R MR L4 (PVDF)
WAUBLHAKYER B . B 7E BRI i N ERER ZBE(TEOS). AR RN
B, ERTEOSERME RN TREKB-RERN, EREEARSYHFRN, X
PVDF4 )ik, —H L RRIRIBBERBOERENER, RAHENEERE
EBELRE, ERREILGHIFMERKERRTEN, HlEXNHROERRE
1, BREHEAERRBRRH.

MBI ER R, RARK, REZRERRALEENGEKE, @
RS T ER AR CH KRR EEER.

14 REHNAREXRITERRTHE

141 IRENX

BEEBMERARNRASRN AT K, SESE RN FHER,
0 H B — R BHRAE R B BRI, Siaett, Rk, WK
Y AR M. WAL ERBF AR SR . BB AT St
URBARUENBRAES T HEE.

FERT RS R BB REE N, HRABEE, XFFRABEK
ERE S BETEAT 2 KR AT R . BUKE BN TR, R, R,
AR M LU, BN, O, BRI, BRI, BK
itig, Bk, BANRNETE. ACFRMSO R R A SRR %R
BIiE, BAMK, EERERMBBEMOEAKYE, e XMt
RILCHAMEEEEEER.

142 MRAA

ERLFENZERMEAER R K, BRELFABRNFR IR FHA
FHRR LR .

1. FEREERE PVA- TR AR

KHARHAREEFEPEAEEEE, KEABHREI A RLHER
(PVAT 24-H X REAMBA(TDY. MIWEEEMEF, WHEHPEAERAEN
M55 T FRBRAN R PSSV BB AT VPO RO AR A o S A 4 B A SRR A K
FEdERE.
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2. BUHHZERIE SR & R MR LK
KR SO R R S S R R R 2 GOILBUK I, RR R KR E
ERE, RAGIRENS.
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£2

2.1 SRIEHR BT

2.1.1 LIEHR

F2% LR

ol

=r
=

#21 EREFH

Table2-1 The experiment materials

Eivii sy

FREHI & LR, EHNEMEILTR 2-1.

Fg BRHEARK Mg I

b N \
1 BREZENE FRO04 ;&—ﬁ EHHM R A
2 ERM ZE (TEOS) ARiIEL) tRBHEAUESERAA
3 BZERE (PVA1750+50)  4h4r4t Kk EREA L IR
4 24-FXE _REME (TDD  LREH REmERALTHAN
5 N, N-ZHEZ B (DMAC) 4 KEMRRULEEA
6 NN RIEL xS
7 T EE(LICD) biEL ERAFEAUEBERAT
8 &AW &2 TS
9 B (36%~38%) e RS
10 +oERRBW &2 b(p= 8y R X AW
11 EKZE9%) AL T
12 HE6S e EHETRIABKSHT
13 EZFEM e EEATS
14 @REEC C-7752 Sigma
15  GEEA AR Kigep LSRR
16 BREE AT Sigma
17 4hOEAERA AR EAERANFEAFERAA
18 RBULE (PSPEK) EB ff"”i S R AEEAT
19 EZ-¥ (PERH) S EHEBRERUESERA R
20 Z—HETR AN iR IR A A
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AL Tk K% T 200 H 247830

2.1.2 LI &

RS & LRI RS, FHNNSREEHREES LR 2-2.

R22ERRE
Table2-2 The experiment equipments

F5 W& A PRES TR
1 BFREERT BS3238 REFMRENE ) FRAF
2 e 98-2 N P E 2 NG
3 A IER e 85-2 EMEERETRAF
4 AN A% YC-D208B EREBZAFREHARAF
5 HETRA DZF-6050 LB EREARAF
6 e SCM EETREEMEERAR
7 SR HF-6100D IEZEBVEBRAFRERAF
8 HHR BT300-1J REZKIEREFRAF
9 A L RITO1 R TREN BRH R
10 BT HR 0-25mm kEE-EA
11 =R 15X 5cm tRERRERARAR
12 BTHE $J9-2 TEFRAT
13 RE 6 B BX51 BEH

Drop Shape Analysis . -
14 DSA100 HEFRBERAR

System
15 RS- YLE T UV-2550 HEZEAR
16 LAVAY SRS - Y VerEX70 BRUKER
17 BEVBMENTOC)  TOC-VCPH HEHEAE
18 BFAfag FEI Quanta 200 i 2 FEI A ]
Pico Scan(TM)
19 BFHEHE (B MIAF
2500

20 TR BE v 6L & Haake
21 2ty 1 RiOs16 Millipore




H2% TR

22 XRTIZRFEE

22.1 BlRECHHRKERNSIEHZ

ERRFAKEREFEREREERRR LR AR BXTRNT:
(1) HH—ERHIE PVDF. TEOS. LiCl #1 DMAC RS, ZETFT
AR 6~7 N/, % PVDF 5E &R, B 08 6l

e
(2)  REKBEOHBEET SOCHMETHE 48h, EHASAUL. B
W,

(3)  FETIHB RS ORI BEAR LB R — e BRI, 3L
ZEHERET - ENARARY, HMERSEERRARTEH
—ERIEtE, BEFIERE,

(4) EESEEBE SCHRIEERAT (pH=1), FHBELAE;

(5) HESEEENFEREHEGE, SEERKETRE 30min, R
FHEBE X EFKPRN 480, £,

FERERWE 2.1 Fik:

SN
W % Y é
RBAIE A W N
YMESE
— b=7| —

B 2.1 BikRRE) &R
Fig.2-1 The diagram of hydrophobic membrane preparation process
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222 WRTEPTFLEESENEE

AHAKARAREEHETMERFEAETAB. EASBUT:

(1) EELTREMREPIRL HEIR 15X Sem BRAM, WEEHF
HATHUALE, WAEBERERENENY, BAFRRTES
FKFPHEH;

(2) BEEBHRZEEREPVABETEETKT, MRAE 90° Bk,
e 1 LK AR 5 ‘

(3) REENRARETDDATHRCES, HENS, BREREHN
M

(4) BHERAEmSENTE, FEAGSEKE—ErE, RE
WEBELABREZRIER, E—ENEETESRKAIER;

(5) EERBRBELAY, KARBRERENFETIEGIA, F
ZRE—ENEE, BEBEANESKOER EZETHT,
NRHEEEEHE, REHBELBFKTZEEN.

HEREEWME 2.2 Fis:
i
<::::)
HER

B22 FEREEHELIETER

Fig.2-2 The process of interfacial reaction
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28 TRAEN

2.3 BRMREITM SRIE

23.1 @KkBEE

FERAKEERE—EEN. —ERET, BAMER AL BARE GELE
HIARAIR Vo

J, = -1

R Jw—4UKEE(L/(mh));
Vw—B i 47K K ARF(L);
A—E B (m?), 0.0045m’;
t—iE it Vw FIZ7K BT 7 Z 8T (8] (h).
HEAERENESREAY, BRATLERE, REaFNBETFNEES,
PAAKAE R, E—EEHMERLFTHTHE, FREANIREERER
W 2-3, FEELMAEERE 24,
MR, SFBAMREHTTEAK 0.5h, RERCRFE 10ml 4KFE
g, RIEARE-1), THELEMAKEE.,

Qﬁz
o
| ( ]
4 D>

C VEREEN 2ENR SHABES 4HRABRHE S BN

E2-3 FAREEE RN E
Fig.2-3 The diagram of testing apparatus on flat membrane
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R T RFT P18

- - -1

4 Q—
) 5 @
{><11 m N\ I '>
o
°
Lith: 20807 383hE; 4. EN; SEAH

E24 FZAEBETFNEL
Fig.2-4 The diagram of testing apparatus on hollow fiber membrane

232 BEBXR

%Eo

BHERRRRTBUEEN TN EEET, ERFBENEMR RS ETE

» HREXWT:

((:f"(jP)

P

R= x100% (2-2)

A#  R— #HEE;

Ce— BHBP G R CEUNE R AR S F)IKEE;

Co— BT HAMER CEIMERARBES E)KE;
BEEAAE 0% RN FRIENZENERE S FE.
SRXARDR. MEROMAREE C BB RE ZHTH
HARIHE R A2
£2 BB B RSB PR AE B 2 SE BVER AR 0.25mg BRE ZEMAK, BT Fidde

wF, H 00Imol/L BR%M, HEMTEEHBZE 25ml FERYT, HH %
BB E KILELA, BOERBEABR &I, €&, BHIEEER Co=500mg/
WIS AR, 2 HIE 0.5, 2.5, 5.0, 4.0 F1 6.0 BKZE 25, 25, 25+ 10, 10ml
FERY, HERERHERZE, BHES, BEIRE N 0.0, 10.0- 50.0. 100.0,
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F28 LR

200.0.300.0 F1 500.0mg/l §7— RFIFRAER . LUBTH LRI S H, I UV-2550
LHh-T WA TH B E A 276nm(B S FE KB R K)FIRAE, L6 HBES
FEWRE-R R T/, mE 2-5, AXRHCH 0.99988, T H Bk &%
HIbRHE 2R, LIRERIE 100~300mg/L B, REMZUSRAEHTLEL
HRRRLF, AU EALEFEFRESEMREERHE 100~300mg/L BiE.

ey RO
! T i 0. T T T

0.30}F

0.20F

0101

0.000¢

: : . : : A4
0.000 00.00 2000 X000 @000 5000 0.000 wee M

1
40.000 500.000

vt LWL
B2-5 B SEHBASF LR El2-6 HpvE S E RAR i 2
Fig2-5 Standard curve of INS Fig2-6 Standard curve of egg albumin

B— 25mg BIBE R Z BN T, AR 0.01molL EEHE, AEH
0.01molVL EMRBMEBESERT, ERTERKMBEZRMETRE, Bk
BEINMERS, B2 100mL MARET, HH 0.01mol/L RN EH
BEREBRPER, REROBEAAEFAANBYFEERILE, BANKHE PR,

HE&2RER . TRISmUMER, S5k EcofC,"Mies. EEFNHER
GHEANE, BIANIOMLEGRBRSERE, FISCmLEBBRET “C SHEK
d, FFEhiide, BEHEEE>100r/min, HEN0.1SMPafiRIEE S, HRHERPR
W R A B F2SmL B 5 W 20mLIE i, F2%, BH EMRESmLE R,
BIARECoEHEAP, EHERTFNREPRIRERBINERGBZERDHE
. BRJE FUV-25504%5h-81 123 F6BE vHK IRl & 45 “CoOM“Cyobn S Y
VRE276nmAL IR e B Am dor RIEIFHEMEZIEIUREE, EREHELNL
R E#EE. ‘

FEEANAREE C MirkEMEHEIRENES ZMR, ARMER
0.03%NaOH ¥l ELHIARAEE L FREHR: Omg/L. 25mg/L. 50mg/L. 100mg/L.
200mg/L. 300 mg/L. 400 mg/L LA K 500 mg/L. ZEFERANAREE C HEK
W4 280nm AbJIEBE/MRHERREIRAE, L6lrEths:, BRIhE AR
FAEX RS HInE 2-6 AE 2-7, dbrdEMLRm, DIREZMNAE 100~400mg/L,
LB e P B AL SR OE AR E IR R R, B i S A R A

.29 -




EH TR E T2 AE X

AMBER C MWRRERERED EXE, DREZERNAEXR, HEHE
FACE AR T St B B 8 A«

b2 1]
.., T T ";'l’,;"?-«' B 3 ” " g ;
v} %ﬂ, . ﬁ“ # @%; ;g;j%j %«z}j &
G8, Sy R g ;ﬁgé
] R A O - TR A
3 Lok %f%"% Zﬂgf ?{x ) &M% X
,‘%:e, "'K;, ﬁ /;vﬁy £
B 8o wie li G
L.amr w8, " G v 7 g e ¥
éf fj%ﬁ B, % ;’**%;43
2K *”’ﬁ’“;w{lﬁ ,Xv”/‘/f‘”é{/ 'W%@Z
008 L L 1 : W E T adh . bl
.00 10000 20.000 0.00 "0 500,000 &iﬁm&m#@ M.{’&gﬁz%; A&,& v
W (ol 1)
B2.7 WG ECHIRE A B12-8 R H(100£%)
Fig2-7 Standard curve of cytochrome C Fig2-8 Oil drop measurement(100x)

233 WiTRMBALE

£ 0.15MPa T RAUKIEKEE, HARER CEMRSR)NERNEEER.
FR KRR (12 A BB R E BEW), FHE iR R S A K
EEAFBNFERTHES. FTRZERBTNEER, HPERBREE R
FHRA S, DURIEALER M BRSOk R T4 .

EREMESTERE, EARMENT, AAKURESBNE4KEK
EHMEZERBUMBEEREREE,

BEEREZR®%)=(I/T) X 100% (2-3)
AP ] — BRARTEE;
Jo — BHREVHREER.

234 HEpfy

A KA DSA100 B H B AT RGN BRI R HA A . &%
BEVER T, RIGTE SOCHAMIERTIE sh B &H. MWENBN -
WA, AR S AMRBCEHME, RAEEEFEE L REOEmMA.

2.3.5 A BEIE(SEM)

AR REASEAESEHU KRR, ALEF A FEI Quanta
200-EDAX Genesis 2000 438 4%, x| & /) PVDF FARFI & AT

.30-




F2%E LREN

22, NIRRT, EENRBRERAPIE, SR A TS, BEErER
&k, WBELSY 30min, TEEEITHT SEM M.

2.3.6 RFHhEHMEAFM)

AFM 323 % H Pico Scan(TM) 2500 & & F 1 15 2 7% PVDF P A
h 2R AT REME AR, MENRARSWETERANS .

2.3.5 LI HiE

FEAL SNG4 BRUKER-VerEX70 |, RH & RS T AR BEA 23T
.
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3 F PEANEIKENOE

¥3E% hEASEFKRANEE

3.1 5|8

RZGER(PVAR MR RN, 1924 4, EEKFHK W.C.Herrmann {#
TEERAC PVA, HEHRWTF:

+CH2—ICH ‘}'n
OH

EHEHR TR, S, B RRGE, MERBGRE R
AFZEGFENERERLA RS MAREN: 2 TH ENREFELRTRHKEFRK
t, 5KEHBEOERESE, SAKBEEREY); PVA A HLISHITE LT,
3 B E AR MERTER; PVA BUBHEREF, SRR R T
TR AR, REEOM BT, BTOA PVA TEM TS S BM Rl BRIk
IR o

BT R ZEEAENEKE. RIFUREEENBEYE, BEEEEEEE
B ERIFRBM R, BEBEKERT HEKEZEREGRA, FTEUH PVA
AN, DI EEATHRESE, UMRERERER P AR, AT
WESHOHRERM E, RET AR SENRPNHZ A EBET RN R
HHAT T {5 R R

32 REESRE—T TR

FHFAKARERAE, UL TDL ARER, KAHELIEwTE. WARRSNR
WEHR, SPVARBERRERESE, KRNGEDT:

OFRN

TDI 5 PVA R4 EER, 24 PVALER, TDIL PVA RN F:

§ "

:
?Hz NCO TH2 ﬂ 1 (sz

NH—C—0—
H(|3—0H + — H(|3—0 —C—NH jij 0 ?H
CH; CH, %H2

% NCO i CHy

G-1)
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IR TAKRFE T EH 103

% TDI F &/, TDI 5 PVA RN AR TF:
é . §

H

HE—OH+ —»NCO N _C_O_CH
H
CH, CHz [ ’

i cfH—o—c NH
CH,
i NCO (3 )
FEREESEENRNESBARARBRERNMERN, N4 R UEE
IR RS2 (-NH-COO-) W AF IE & M R E B,
()8 R M
HTRERENSEE, REFLFEIREBRANERESEKEETHENLE
YiZe i, REAEH& S ABENERFHESBHBIRNS, . 24-FE - RE
BEEP B/ 4 RI-NCO IRES KRR, £ 2-REMEEEA-BERE, BT
S HERFEPENGE, THERERN 4 MEENMIEEE, RS54

TDI 4 FRA, EFRAEFAHAERK -BRRT, SRMERMTF:

CH, CHs
NCO NH,
+ 2H,0 —» + 2c0,
NCO NH, (3-3)

HTAERERNEMARM KN EHRENEAERNEIHERTL
REREGRMN, NTIEZAXEEK LERA—EE; EREERMATRERNAEE
F1RE, EHRANKARENFENLETEYN, HLRMTTHETER. £
FERLSBRMT:

B BIEEIFRE R 0.5%wt)fi] PVA KR (KH)F 0.5%(vol)#] TDI F
ChEEBnE); REEKEFREANER/MNEA, BEEZSHNMEES,
B RAEANA RN EAZHENFATALCRETERAMEREEREA
3-1), BN RN, DHAEFREN, TRBTERMRNYERLD, EREIARA
BRMBEAZR], ZiFhik 30s B, RSKLMWHKR Lijh, BALERAM; LFht

1min B, HAOBERER; #1L Smin i, ZAFKEBRAER, T0HEH LA -

B, FRNREVEESES. R, SANERMIN, BTRMERN S,
FAAR AL ZEREFEEHI. ZRNYZ PVA 5 F&HF-0H 5 TDI 44
FHI-NCO HTHERN, FEH-NH-COO-8, fFRAFHZBWEHAEE, 45
RNETKEIREYEIE, RXFRZ A PVA-TREEEAD 5.
ANEERTHZFETIEN PVA B8 H, LURFERE% PVA 1 TDI
B, REAREMTEEMSEREEY. YH-_FETRAMNEN PVA FI TDI
BRI, BT ZREERN KA BKIERE, EItRRTEREER R4
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ks

1
l
?

3T USRIk itk R

Fio M5 B RS BB R L, FTLEASCR S, 4 K1E D PVA
Ml R ke A TDI B .

R

M31&M%%TEQ
Fig 3-1 The graph of simulation experiment
& 3-2 F14 a Fl b R0 E PVA-TRARAiA i FIER Z AR B AL St

YA B TIAG RR . R LBBMLIHEERS, 5T h éf‘ﬁAE’J O-H i
BIE 3265cm™ Ab B —ANIE TR, B PVA IUEHETR M4, 1100 cm™ & PVA 1)
C-O &3, R PVA B—ANBSRMIIE. 7E PVA-TERGERAEY) BT ZL5H
1, NH-COO-{f) N-H (4 w5 R 7E 3347cm™ RbAI PVA 231 EX B
5 5 St O-H W&, N-H B4 4R 2R i BLAE 1538 em™ 4b: C=0 %
)RR PEK B C=0 W4 RaIA M, LIE 1652em ' 4: H C-O-C AR
SRR 3 R — NI TR e, HBLZE 1223 e ' AL, BRI RR M SRS 2
— ANE ST IR 1123 om™ ' &b B I BoRAE 2274 om” ! AL R FRER
st k5 5 R NF-NCO g % ,

a 1123
1.00 -Xj /
0ss{ D |
2274
| I
0.90 - 1652 | 1223
1538
0.85 +
0.80 -
0.75 T T T T T T T T T 7 T

3500 3000 2500 2000 1500 1000
Wavenumber(cm-1)

Bl 3-2 PVA PR 2050
Fig 3-2 FT-IR spectra of pure PVA and modified PVA
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B[ @nl I [ N B2 i R VA7 1

BT AN 5N, T PVA F# 2 O-H 25 RN S HBAAE N, K
RE4) PVA- i B 77 1 B 3 B % A -NH-COO-HSF T . DL E45 R4 isiuA,
PVA #I TDI 72 i T Re s R R 2L Bk B ARF=Y, B RISt H .

3.3 ERMREN R AT

3.3.1 EEAITRALIE

& AR, ERATHRER AR K SMILRERE SRR, &
REHIPERERT IR B & S B IERE MR K. £ ERILE KK, eIt 1@
IR BOE A AT T B IR 48 2, TG T™ B PR s B B RALIR A,
REARTREOESR, BEMEESEETH, UESREMNNEREHNEE
B R, —18,

ALRFTEREG RS ERERE S FEN 3 NIRRT 4 LR i
(PS/PEK), {EAHHMEEENIAHE, BEEX PVA (17501500 H—E MY
PERE . 1T R B L R H M SR, XL WL 2 5w BRI R,
SRS R, MRS A E S fi kb rE.

{ERTHRIBTFUEERE b, BEBA R B YA B 2 A/ R e B UF, R
AL s R i, (BN EHAETEH NEBL, IR, RIS
KB F7 50, B2 AR R RS A BE L 50%IP5 RS ¥ MR 30%F K542 18 #4121l
2h, fECAREFEIAE, FMUCE R MR 3-1.

#*3-1 HIE Bk E

Table 3-1 The pretreatment of supported membrane

SEHR AL T WK Z AL 50%iti %2l 2h 30%3 K i i 2h
20i /K 1 1 (L/(meh)) 310-360 310-360 300-360
B A1 8RR (%) 99.0% 98.8% 99.0%

WA bS5 R nT S, 3K b AN ) B K 2y 125 740 0 A A L B 4 i A
Ko ERSDHEBA S0%FRIE 2h 1, KBRLAMHRBIKNAL, A 30%
BRI B LI R, BITE UG B Sc P R HE 30% RSB 2h SR AL EEAERE

3.3.2 ERAMRE
Ay p EERA 30% PRI 2h SRAEEAR, HAERENE 3-2. diFRay

1, BT 30%79R B 2h S YE R LR e, B ETE 300-360 L/(mPeh)2 [], %t
S EANRMER K, WNAREENESEOERHEBEN.
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H3% PEARRRKRANERE

% 3-2 BRI AL
Table 3-2 The performance of support membrane
ES B KE = FE X AN R bR ) FR AR 0B R (%)
(L/(m’+h)) IR (43000) MG E(12000) RS E(5800)
1 300.0 99.0 58.6 60.1
2 360.0 98.8 56.31 58.5

34 EEEHENYHEERR

TR R AR ER L, A PZAEBNER, FLRTEES
% PVA WK, TDI VR FEsmict it (811 BL A A P AN X o AT 4 B G
HaEmEm, SERERESNEMGT TR 2 MHETH.

3.4.1 Feimid i A (B % B SRR A8 S

AR RS AR A, FASREDE PVA WORKEERR
B, ZERTAREAARESHEFIRE PVA MFEAR, DT REEEAH
FF, BRTEKERSYREER KRR E YRI5 HEEF ",

e I KA RE—EE N F B, —#4% PVA FlEARE,
KBS EBEMTREEEARTREAZBRILP, ANERLNRERR—E
ELEM. 156 PVA KBRE. —SCRiisin g Egk, BENRTSE
) PVA BEE, SKEBREME. SItimdiEnf REER, TEEBRLARE
WROELAMHEE, THEEKE, BEAXRTEEK PVA RS, MEEK TDI
KRR E, TTHLZANK PVA ASRERAL, REEE, RINEEE LK
st pER ], FEESEARRANAKEENREE,

ZETF, 0.25%wt)if] PVA 7 0.15Mpa [E /1 F5timid i — e rtial, 7 45CHt
HFE % 20min, RER 0.5%(vol)TDI K Imin, #l&MEABEERTHT.
SEIGHE S T AR T SR IR A AR R, SRR 3-3.

HRERRM, 7 5~30min KR 8 P97 ABRMAKER T FEERK,
SHAMEE C HEEEEATLR 100%. EXRLRF, E#H 30min fEAREN
Famityertial, LREEMEELARBEN PVA RS,
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& 3-3 RRIRIFEHILIE R 8]
Table 3-3 The effects of time of the dead end filtration on membrane performance

ES ERAiKER  FURdERE  SeB4KER  HeEMARe

(L/(m’*h)) (min) (L/(m’h)) ECHEE®)
1 349.13 30 183.82 97.27%
2 355.41 20 142.61 100%
3 366.95 10 170.10 100%
4 321.22 5 143.16 100%

342PVA REXM ESEMSRENE I

PVA RERRDSEREE RIS, NTTERESEITEL. £ PVA
SEMERBSEMEWAKER, MHERNAKSERNE PVA AR5 HY
RIS ERA, MEWESENER. £ZET, PVA BT 30min,
£ 45 CHAMFER 20min, SRIEA 0.5%(vol)# TDI K Imin, )& H9H 4 HEE
FETHAT. TRERTRFAKREK PVA SR EOEM, 2 R0E 34,

F 34 PVA WX RE B2
Table 3-4 The effects of PVA concentration on membrane performance
ES B4k ER PVARE(%)  HEH4AKEE S4ENARE

(L/(m’+h)) (L/(m’h)) £ CREE%)
1 351.18 0.5 139.93 100%
2 354.54 0.25 180.61 100%
3 351.76 0.15 154.91 100%
4 381.71 0.1 148.65 100%

LRERRY, L PVAKRELE 0.25%woi, MEBHAKEERK, MARK
BER C HEBHERT 100%. 2K, PVA RERERN, EEENERHRN
PVA KERERE, MiHASEEENL, ¥WAKEER, 4 PVA REBIEH,
EEBARMERNEKRERHE, WH PVA HRNERS, WP TREBH-0H
EHNEE, MAERMEEEFKERN. BB EHE, A% PVA KE
£ 0.25%((wi)it, ERITERERIT, FEREAAREE C100%MEEEN, BER
Ko
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F 37 PR KERMANE

343 TDI R EME SR EER M

TDLREZME L RENREAOCRES, #mmEn&mitae. wEd
REBATBREMR/KER, fiHIZH TDI B4 5KRMAE R I
FWERE: RETRTRSBEAGEAS. A, FmBEAREE. &
FRT, 025%(wWt)H PVA K¥WHEIELRITIE 30min, 7E 45 CHRAFIER 20min,
RIGM—ERER TDI RN 1min, HEMNEEGREZETHF. LREETAH
R K TDI IR RERI W, 4R MK 3-5.

R 3-5 TDI ¥R & XA A B 3 1
Table 3-5 The effects of TDI concentration on membrane performance

il BRAKEE TDIRE (%)  RERAKER REBENRLGE

(L/(m’h)) (L/(m’h)) BEE%)
1 352.52 0.8 93.54 86.02
2 303.41 0.5 173.30 84.48
3 335.68 0.25 143.20 72.14
4 323.96 0.1 187.82 79.94

LA RERE, X TDI RESKR, EAEEEH /. MR, X4
TDIREH 0.5%F, EAEATREE.

3.4.4 R AT E) M B SR RERI M

—RORE, RERMREN R M ERZES], &N EEV RS2

B, BRI, A3SERT, PVA F TDI RIVHEGRE, FkALR
EELT [ A] K 10-90s Z AN B &R RE .
#3-6 RNLAEIN AR RERIRE W

Table 3-6 The effects of reaction time on membrane performance

Y BiEEE JR REES [B)(s) HEGREE - RAaRMEKREGER

(L/(m’h)) . (L(m’+h)) BEE%)
1 307.86 90 128.29 79.06
2 309.69 60 151.45 77.20
3 298.10 30 169.06 71.34
4 325.05 10 174.22 62.87

LI RERH, BERAA0KE EhEE A 10 H G RO (8] ) 2 4 AR, &
WEEIN, 28iAk, BHT-NCO M-OH BEM RGN, —& 2%, Y%
BREEREELR, MHRENEBE, EEEMNSERANTE, THKE N
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¥, REUEEMRE. BEEAE. NHUATRR, SR EY 60s i, &M
AAEENAKERNEEE.

3.5 EQRAMERENIK
3.5.1 i@iETEsE

FIGEL FER S RN PVA #ATTBEM G, ERKERPEERE ]
NFKHEEE-OH ME AR REEE(-NH-CO0-), HAETERAMUFEAM, K
MM kA 75° TR 52° , EARKHBRNE dEBENE AR
ik E SRR E (B 3-3)R 3, RAJR/KRHRIEELT A b).

“

7
¥

a) #fbs 75° b) HEfbs 52°
Bl 3-3 FEMM R & R A HAm A 0 42 35 1
Fig.3-3 The profile of a water droplet on the surfaces of supported membrane and composite
membrane

3.52 R EMA TS

FEREEE 15CT, BEENSSESHTRMEERRALRE. RATE
774 0.15Mpa, €A & 30min; it # 2 7E 90°C#uk P ENANME, &R W
% 3-7 BizR.

mERERTM, BRARLT R EEAKEENRERLTHETN, ¥
HEARLEER; ZESEHLEE, BEEK, BFET/h, MASEHD
RAERUMZ . SN, TTREREEPRSRMAEE BT E, MARE
FHK, SRFEEREAERERETH, ZRE WS A ENH RN,
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% 3-7 [ 98 L i PR SR

Table 3-7 Reverse filter and anti-heating

R R 2 M RO HIEN
o /K it 1 (L(m’eh)) 342.02 154.24
Dot % )5 g4 K (LA (mPeh)) 336.0 153.10
S R Fd A s & C B £ (%) 57.20 100
TESE  90°CHUKALEE IS 2l Kl B (LA(mh)) 412.94 185.18
% Bk ARG E C BRETH%) 46.45 84.45
3.5.3 MERHR 1 B2

FIR TR A E SR RBAERE R 0.3% AT RIE 10 K, REH
WE SRS, R 3-8 iR, MAERATLURIL, HNHMRIIE AL, B
EHUGATUEE T, SRR BREREESER, BMEEEAK.
IR AT SRR, t AR AR &ML, FAAEBME &
o i A B AR AT

% 3-8 T L fE
Table 3-8 Anti-acid and alkalescence

B 03%HCI K¥#H 10d %22 0.3%NaOH K##H 10d

BB HOK R HAOHR

4 /K3 4 (L/(m eh)) 303.13 157.1 30111 138.84

B & 7 ARETE (%) 60.0 73.50 60.0 76.03
I 47K 38 4 (L(mh)) 192.67 138.67 399.33 156.57
B INS BFTE (%) 73.09 62.94 61.54 60.44

HE A 2 TR AN ) A AR T A S A AN B 1R, A SO — U A ¢
THRAESEM PVA-T R ML, AERILK G %M PVA-TRLREAY)
B, KA A BTN, 12 TR R PVA-TRRE HHEUA B
A B 24h, MBI, BT, &I PVA-THLERTE pH=1 {HY
HCT %3t e i ) Pk IR IR L%, 24 HCL ) pH=2 B A IR IR 2 » {8 pH=5
WE BAMIS, FHAN PVA-TER R YA GT, HAensom. mHmR%
5], PVA-TF RS 7E pH=13 1) NaOH ¥ ¥ 7 K B 13208 W Bk AL %L BRI A y PVA-
WA S 2 R . T RN R, B A R RE,
L CUE RORRFIA, Tk RO BB (K SRR, PAMER I o th EH IR R
(B 4T A
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# 3-9 [ PH {HIARRBRT PVA-TERE R K Ak
Table 3-9 Swelling property of PVA-imide ester in different solution

pH fﬁ 1 2 5 13
B KT ik KIS KLY

354 ﬂﬁﬁ‘?%’é’ﬁﬁmﬂﬂﬂ&/ﬁ lﬁi“g‘A

AURHI SN E SR EER FRMBKI 5, HFERRME SRR
WIS Jebk e, BENAKE EREME, URRFNERKEE., LR K
MEGHEER, HTERAMSMBIK KB 500mg/L)M M REMIR 55 Gk

R 3-10 FuBOK LR

Table 3-10 The performance experiment of oil-water waste

RIS F) R SERE 5 (T e
2li Kt 4 (L/(m%eh)) 418.0 146.98
% v BZ K ke (L/(mPh)) 55.32 65.75
Bt 4 (%) 80.0 95.85
A B KA
450
1
400 \
i [ —— % orm
350 \ |- 4R

[N
wn
(=)

Sk AGER (L/mh)
z g

it fe] (h)
b 3-4 Titiide sk
Fig 3-4 Anti-fouling experiment
Bl 3-4 LLE T HERORI R A BEAEIE LR JE b ROK 12h P B R AL A L. B
BAEIZAT 1h G, RS FM, )40 & 418L/(m%h) T #%5) 80L/m*h, 17
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12h 5 FF&3] ssL(m™h)Ah; MEARBEMMLERE, &6 1 MEER
T, 2 ERERIEERE 65L(m™h) A ; T B S A& EM#mhRIAT] 95.85%,
RTEBRBME., B&3-10 13-4, HEFLEABMNRBKTEE, B8
AR B A B K EERNEmE.
EZR. BIEES 0.15MPa KIZHT, BEXAAKMERBESE & H—
8], SRIGILTHE 150mg/L IR S B 20min, 25 F4K. 0.1mol/L /] NaoH ¥
. 0.lmolV/L [ HCl ¥l 0.1%REEHERIFBM KA B BB ATERER
30min. EEFERIE A LA UFGE VRIS BEIE 2K 28 R 50E LK 3-11. 4
KBEKEZEAQ-HHE.

R 3-11 AREREERX RS REe

Table 3-11 Effect of different cleaning agent

i i BrEgaTdk  ERARE  EREAKEE  AKEEKRE

#EE (L(m™h)) (L/(m%h)) £ (%)
B 377.80 X 184.58 48.9
Ay ! 167.33 108.12 64.6
R 329.77 HC1 176.34 535
gy 187.82 102.92 54.8
HE 377.80 NaoH 214.75 56.8
HEaE 173.30 168.18 97.1
B 33125 A8 465.22
HEME 172.64 166.15 96.3
B 299.16 SDS 254.30 85.0
Ry 169.47 118.49 69.9

% 3-11 W4, /K. HCl Al NaoH ¥R & F15 345 00 B & RO H ¥ 3R
TH IR, P NaoH X8 & IERS SR E RIAT] 97.1%, PR ETTHTH
B, (AR AEEEHARE RN ETE, SRRES e S EOE R
EEGEER, FNEURHOEELRS, % NaoH MIEEH.

FERRIANT, ¥ MAERAE AL S00mgL & MBI 12h.
Lo FRERSRER, W 0.1molL RIBMIEYER, SHCH AT &k
B R R A RT3 A TG ER S ¥ 30min. BEE MR T &, AEKE 2 HR24)
HE.
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F 3-12 HEEAIR SRR EEAR
Table 3-12 Effect of cleaning agent to oil-water

-] TFRATRELAK HEEH HREAKERE  EBEWREZR

#EE (LAmh)) (L/(m’*h)) (%)

i 362.68 X 144.80 39.9
5l 146.98 104.13 70.9
B 362.68 NaoH 153.63 424
YRy 146.98 120.82 82.2

P TR AN SRR, N R BT iR o8, RS EAT IRUE R
EIRAE 0.1moVE BRI 30min, XEEMHRILFEELM.

&K 3-12 SR, KB HEEEERNREEMRANT, BEKREE
T 40% LA TR ESRIFERSRBRELE, HruErE kT XIAE
82.2%.

3.6 IR SRR SR

3.6.1 FAHEBHESEME

B 359 a, b REBANEAESEEMN . TRABESE BB AKTHE R
REBOCRARHEESEM B, BS54 100 A 10000,

MESHRTEMARERKRE, BNEHE—E2EAH, EhEHEESR
ETHEKNER. RABENSBEHRIEMEEREERE, MEREEETH#E
H. BEENEEEUMEE T ZARAENEREEEENEENE,

MERRERERE, YBAMBK 100 50, HBE a1 Fb-1, ZH4EH
B, ARERBHREN, TARBRKILEW; BERNREEALHEE
Ao BN EEREIEHBKE 10000 6, WA a-2 M b-2, RIANEKZE 2um
FEEANEERBEHLREE. Ml — TTREEAENEERE, X
ENBRAEEEEEBRNARE: =, it g EBE%s PVA —inid
NBILRE, HmkEERREARE, BEEENEREMAY—&, —#520E
HERR. FREE— D3 TR MRS, 8L ESRMINEEERE,
TIRFEANIELAL, RRARERTN PVA BEN TDI MR ER A TR
BEKE, MHEAELNHS—%K PVA X85 RNTEEERLK, FEF
EEMEREEEMER, KERTERSKE.
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Bl 3-5 L) SEM R i (a F1 b 4355 IR B & R HMTTE & A BB SR AR TCK)

Fig.3-5 SEM pictures of membranes (a and b denote the cross section and inner

surfaces of supported membrane and composite membrane )

3.62 BFHERE

B 3-6 T8 a)fl D) A REEME SN ARM B, KT BESATE
PEREARER R . B A, EERELEBOLHE, HREREEAD, WHRE
FEERMS)RZ 196.67A; LSRRG, ERRAER—BHEEEE, &
ETEBMEREG@E D)), RMS £ 188.12 A, BHRBERLUAK, HItAAE
R R X R RER A K
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JE TAVRZE T 20X

WW‘ Topogreph, 0,001V Bles, eRsgh < #47: ‘% g'sx 2007, Topocy i, 0000V B, rght et s 7 -7 1Y
2

2

Fe |
o X . % 3
B oosinininis t B

b)

Bl 3-6 EEME SN AFM B
Fig.3-6 The AFM pictures of the support membrane and modified composite membrane

3.6.3 LI5MFRAE

AT iU PVA-IMEEE ABIEREE S BOER, TRBENFHT
AR, SRWE 3-7(a~d), KIKRR: BWER. EERH PVA IS
MEmE. EESHHENENE, RAESTHKEEHEHEME. ERS
PnF:

1. NEERASMRIEE R a)a] A1 R PU(PS/PEK FLiR)HIFFEIEIT & I
T: 1585, 1488 cm™' A ARFRAAHER UL, 1320, 1294 e ! AREE(SO,) HIHE
SRR Mg, B—0508, 1151 em™ ' HAHRA SO, SHFRMEIREIH
W, R—A5REE; 1241, 1017 e ' AEETRU, MAFSEREM CO IEXTFRMLEIR
FHU; 1651cm™! kbR PEK F# C=0 145 1%5).

2. Bib)f a Mo S _RRI PVARIEHER, WMHAN, SEELRE—
EPVA 5, AP EEERBRE 3354 cm’!, £—N IR R BRERE,

3. ot af b &oRREESMRIRNEME. SRR, HEBESE
JG, PVA 1 TDI XBKAER—EBEEE, W/MNEEETERANEEFREE
(-NH-COO-)IHFE 8 : N-H 45 IR SRS 7E 3347cm ™ 4 PVA BE LR B ER
Rif) O-H WeB i, ZEME b hHBEEERL, BEERRE. BRES H
JRHER PVA IS RESERNTE; N-HHNRFRSRliE L 1536 cm™
t; -NH-COO-# C=0 4R3I PEK F C=0 M4EHRsNES M, HRE
1657em™ " it HF C-O-C MIARMFR AR MN R PR B P R E S,

4. B dF a M b XA ANREARET 0CHHKEEFBERAIE. K
REERET KN SEREE, SAaENARE, EEPREENFTEAR
A, B 3347em” REIERE D, HUTHREFEFERATRELSRTH
ERRMNE PVA, S #UKMIER, BRTHKPIBUGHE N, ZEMEE—
SHATRAEMRE, MEASRE, B PVA BIff KBRS E.
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3% PEAREKEROE
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1.00 7\ —22
N M
] a \
0954 b ] | |
~ 3347 1657
s 5
(0]
2 0.90 1
S
£
2
© 0.85 ~
|—
0.80 -
0-75 l 1) l L /IA, L l
3500 3000 2000 1500 1000
Wavenumber(cm™)
1.00
b
0954 a /
N 3347 |
e 1657
¥ i
2 0.90 - |
8
g
2
© 0.85 -
'—
0.80
0.75 T ' T ~F J T T
3500 3000 2000 1500 1000
Wavenumber(cm™)

B 3-7 4508 a) BPUER, b) EERHK PVA FIEHSME;
o) EESHAEHEME; O FKAEEEEENSMNE
Fig 3-7 FT-IR spectra : a) Support membrane; b) Adsorb PVA on the support membrane;
¢) Modified composite membrane and support membrane, d) Hot-water treatment of modified
membrane and support membrane
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BI3FE PEAREEEKETNNE

EBENE G RAOARIEN, BRESIATHOERE, BRELFAR
KA. SRR, BREACEERRE RN R E R R ERIHE
RRE, MERMRAKENRRAKR, ZERMREE N ERRERA 2.

3.7 FMESRIMP=ALEE SRAEREXTLL

HTFHZAER S BENH & RETFRENEMZ BT REEM R, Bkt
“EMHRT T X, Wk 3413,

B xR B

1. RN ERAKEEME, BRERNARKXMISED RS Gk
EHRAK;

2. WG, PEAERENAKE R L FRBKSOL (m A, EHEEME
KBEHHERESEROL (AR, BEIME. TEZENSHEKKR
B ARG 5

3. FREABKNBEREERERELPFAEBNE, BRSHIENE
VERORAL, PEAER BB MR L P S A BEIRELT,

4. NEAAERUKRE, FRIEMFKESERRRLT.

5. EZEBIEEERE, PEAERBTRBRD T REFERER.

BARRE, BHEREESEEESEARRENEWL, FEBENMT LR

EBRABRNEE.
R 3-13 FRESGBRATZAER SRR H

Fig.3-13 Comparison of flat and hollow fiber composite membranes

R R FREE FREGEE PEFEBK PEA4EE1K
4t K i 8 (L/(m *h)) 384 251.9 360 173.3
HRAC) 86 39 75 52
FEREAREE(%) 75 100 100 100
SEEABEE%) 53 100 98.8 100
HREE CEER%) 30 91 56 100
RS R BB (%) 17.39 21.10 58.50 84.48
HWEAKERLUm>h) 270 38.0 55.32 65.75
B % (%) 78 94 80 95.85

WA TR E R (%) 79 91 436 82.20
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R TALRF T2 EAr 18

3.8 KB/NG

FEXAROREGER &G LPEAERSE, HFERSER BT
75 R LR DRGSR LRIR, BEUNTER:

L KARRAZE S ER AR, FTRT FAREDRA 5 KR %
BRe, fERPVATESN IIER T R F MW AERR 22 py BE S B FL IS

2. 240.25%(wt)FIPVAL iR id €30min, 3% 20min, $R)550.5%(vol)HITDI
RRi60skt, #l&MEAMEH BT, BEXFI80 Lim™h) KA, ME
BERMEMEIETI84%.

3. ATEBEARBREANK, FRHENESHEAEREAT. BEEEE
PVA- L& B SR B3R 55 R o

4. BAMACTE S mBK BB BIFAMERE, 28 B/KE & H66 L(m*h), X
HMEEREE D%, WRTEE; MARGLEERRYT, ARBEREEERTE
E382%.

5 AHBRERSR, EEBENEERBARE: EFHBMERMEARER
BREEEHHMRE, 4N ERER, REBNREGERIAEEFRIEE
(-NH-COO-) 41

6. WX FREMP T AEREE SR EHMERE, RIAREBEMERIR
EEBEBRANSE. ESEESHEKE, ERRERENERT, PTH44ER
AERE B PR RELE,
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B 4% BRALKHHUKEMIE

%45 BIRACHTHIEIKREMHE

4.1 515

RIRALMEPVDRAF RIF A is ey, Piaetbmbmsak, &—H#
GAEMRRIFOSEBEME. HgiAtE, Wk, TEtEmER I H 21 (PTEE)
REFRKEPP) S THESHR, FZHNEREHEEME . REELEHER
R ZIEEKER SR AES], T APVDFLDTEHRR, Nodtt, Rkl
£ HARKMNES NAE BRAEAKEHBEARARE N BHRAB AN EZRE.

AR RABHE MK ERERERE, FERABNOGKE.

42 FIEZERH

7E 8S%MMEIRE T, HIB T TEOS BN 16%(wt), BABLEARRM
BELEE, BEBEEETKPHER. & 41 BRARNBEAE FHENTEL
FESAKNEMAE SMELLMESNTEHE; B 419 af b)55)
XT3 4-1 PR E R A (B AN ERER.

ST AT &, SEIER R TEOS BAR T BHIEIRH, BB, K
WAEBRAASHRGE 4-12); LHIBE PR TEOS & it K IR42 & I i #
fuhf, FERBIZAIE(B R D) Al A 3 BEAH R B U A& 1 T TR AU 4E PVDF
JE(C M EYEIE 20° ~30° MiEE, %8 TEOS MR IAEREEmMTKE. A
HaTa, BEAERERMNE. BKEEERAEW. FHKHE TEOS FEME
T, RIEEKZRRPER, FERTPERMECHHEEERT RRIEE)E
AR 25° ; 7E#8F TEOS FEMMEAMT, SEAEKEARTERK, FERPE
FCHIRE (B L B AR R P B R O B (D) e A B K 36° « R 4-1 B8R, TERZE
R A K BRI RS KR, A BENEMALBENSI , &
3] 136.4° , KWREERAYRABERMNREWE 4-12), fBHER, HIE
WFMA TEOS M A AEAR PR E S BEMAE RN EERRA.
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F 4-1 TREFA T HI& R ERE SAK A&l f

Table 4-1 The water contact angles of the top surface of membranes prepared in different

conditions
fE5  H/K TEOS PR 2 AF ERAC)
A ] REBARTERR, FERTER 136.4
B H FEAKBRTER, FERTEK 127.3
C x FEKERTER, FERTER 96.2
D 2] ERERTRK 91.2
E x BHRAR TR 714

a) EAbA 71.4° b) #EAA 136.4°
Bl 4-1 E M A gt /0 E B A
Fig.4-1 The profile of a water droplet on the surface of E and A

13 MERAKBRERAMNYMEERR

HGIE &4, TEOS RIARERE REEMAMANEZER. T
ENERERR ZBE AR BR RN A R K, B8R T TEOS K B UTH A E.
FRIEAR TR B A28 P R R e T DU A SR AP 0 S R RO R, 3F A AEEAT VR
tr.

4.3.1 TEOS iR[E X U R ER K 1 B9 220

AWM REHEB P IMAERERLE, H% PVDF/Si UMM, 2 TEOS
KBRS EERIMOMERES, DIASRSEREGKENBR. o
KA, HIERT TEOS A BN RN EREAEMAZARK.

T 85%MIFBBE T, WASEE BEBAER0.05%wW)) T 4min, K5
FERH IR P AL 30min, BBEEBEFKPHER. K 4-2 ZHIEEF TEOS
SERFRMNEEOTE XD SAKGEMAE. AR 174, LHERPMA
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#5457 RIRAOHTUKRIAE

TEOS J&, #fifal KT 40° A4 ; TEOS & EBTE 12%-20%Hf, HfhfEUR
g, HEAkESREE TEOS SNMEMELME K, = TEOS HEEKXT 20%
i, RS EIEE SRS

R 42 HIRRWF AR TEOS & Eit & (R LR M & 4K nHEAL A
Table 4-2 The water contact angles on the top surface of membranes with different TEOS content

in casting solution

TEOS(wt%) 0 12 16 20
e £1(°) 96.2 130.6 136.4 138.8
SR 4-2 T4, BRI TEOS B A TR EH/KEHIRE. 2
¥rikk, TEOS 7SR FIfER =2 & 1T TEOS 7 PVDF SR iEh & KA KR
RAERMN, £BEN &S FREY, SHTNEEMHR RS RE PVDF fkE K
B REE, EHAMEAKN PVDF/S Tk, #RETHEENERE, HIERS
TEOS & &#e, HHFMEE, LREHK,

4.3.2 LT BNEE RRE X AR K R #20e

ERER ZBRRIK R4 3 RN T B R AR -

Si(OCH,CH,), +2H,0 = Si0, + 4C,H,0H @1

TEOS 7K fR48 5 R MBI AL RIS ARRPERBIE B K, —HWEEEHAE
FLE, TEOS /KRN HIER 5KBEE FEZRIBAERS KRE W, FK
AR, FERMAGT, KBEERTHEEE: MEBLELZHET, FREE
MAFABRHEES , £4 %" FHSHEEEES TEOS AR, HEdRER
WM TRAE. BREE, BHEAMHTKE. HELTR#T. KUk
B, BEELEHT, RET H0 S8, RNFRSEHR#ET, FER=4%%E
WG, FERSMAEE, MERTHME, HRIAREEE, HFRLR
RLERRS: TEWMEEAMST, TEOS Ki#RTE, RATEKBERTRIMASHT
L% R LT, BRETBBRREEA, T EES KRR —E K a7 LU H)
BURLH K/ o

450 FBE, AMREEREN FERZEMELR. FREREYW, 4
ZAHMABLUE, AT —etigm. 20k, 2P T HIBR
IR ZENKBREERN, FHTERAEEISNUAKE SN, K&
THEREAEEE, ZEWNEHNTEMANRS. AR, ZSTHEESH
B R R T R A ZE R R K

7E 8S%HIMBTIRE T, 4B TEOS A E N 16%((wt), WA E EAEMA
RHRK 4min, REEREREB PRI 30min, ¥BEEETKPER. R
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L5 T K% T AR X

4-3 RZARFHE B RN H&NTE ERE 540K EMAE. B 3-3 T,
Bl BT R T A A — R R, & VBRI R TR Tk A B8
Ho HER0.05wi%R, EMARK, B2 1364° .

F 4-3 BRPRFIHIRE R & R L RES40K K& f
Table 4-3 The water contact angles on the top surface of membranes with different alkali contents

in water vapor

NaOH(wt%) 0 0.033 0.05 0.1
- BRAC) 127.3 127.8 136.4 128.9

ML HR 4-3 WA, BRI ER 0.05%0K, BREERMABRK, BE
HEOBRERNTRRARKNRE. DRSBEEKRRTERRN, TEOS %
HAFENELTREKBRE: SRAPHAKREIEER, TEOS ML
FKBRGEERARMR, BRER—FREERKEH, FHKRERE SR,
BRI, MR TR 5K,

4.3.3 INGEARRR S F IR Fe il £ RO 22

AR AKAKEEFFERE, HEARERZEHPHOBEKBBEREL
RABHEEBARIFIEES, ATRERHTEKIER, KnHRESEF 5 BUE
FERIE, B EENMRSURIRESMEENIE EERHAK, BEBA
LR, BRAERAROERREN. ZHERMTKERBAERE
12, —FHRRAZAERATHIKES T SR TR T IUG 1 BRE B,
MEENREEERSTRE—SHE. IRAN, LHBREARRN, B
i = IR K

E—ENHERET, $IBEET TEOS &R 16%(wt), WAEY AERAE
5(0.05%(wt)) H EERS 4min, A JETERRMERELE T ER 30min, HBEXEFKP
il R 4-4 RAREEZ4 T H&0TE LRE 5 H40KAEAMAE. R,
HHERBRAF—EN, ELRENEAAEASAHNEEREMTELR. 448
RHERAE 30%-60%0T, BAARUAK; BLHMNEREIAZ 85%n, Bflfik
3] 136.4° . gdkEA, MHNEENEERANEWEKR, EERAXNEEFRT
FEGK 3R .

ST MR 4-4 TTHN, HHFHEAE R 85%0F, BiARK, BIMESPH
KABLE, HRMBEREEMRARK. A, BSPRONKSFFFE
REFERMHREEH; HRRPHKIBEEN, ELRABEEENEX, EMRE
FLEH, FRRZEREEKSREM, BE R RERIREL, W EXFRE
WEREN. FIUBARIEE, BRI TREMRS ILEWRMEREA TR, S
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F4% BWAHBUKERNE

AERMAEF,
R 44 FFEREHET I & HIE ERE SAUKIE S f

Table 4-4 The water contact angles of the top surface of membranes prepared in different relative

humidity (RH)

RH(%) 30 60 85
AR ) 912 973 136.4

4.3.4 FIKERIT 18X o4 1 AR A A RO 520

TE 85% MR T, #IBWE P TEOS S BN 16%(wt), WA Y kEmA
¥5(0.05%(wWt) P AR — B 1), SRIGTEMRIEBEAA T &R 30min, HBEXETF
KPP K 4-5 B AR BB 8 A [ Bt o6 % 9 B L3R 5 4K st A 4
6. R4S, LYHEBRBERG—En, Bl RAREZR PR A
Fs s R, BERSHTIE] 4 min B, BEALABK, Bk 1364° ; HEEAH AN
— e, MAESBEERRPRRE LR R R, SESRRNRRS
i, RS EREE RS TERE.

% 4-5 R R ER RN & BSR40k 2

Table 4-5 The water contact angles of the top surface of membranes prepared in vapor gelation

with different time
T(min) 0 1 2 3 4
B fa () 912 96.0 101.3 128.1 136.4

XL 4-5 WA, JEE RSB B R TR EZ A RER. 2
Fkh, HERSBERRTRRMNENER, KAERRERIT 85
DMAC X#, EHATHRR. SRRY, WSBRERATRENEEK, T
FHAKERERR.

4.4 BREMEREN
4.4.1 FiEBESEM)E
B42%a, b, co dfle 2K 41T A, B. C. DFIEZLWENH. F

By & R R LRI MR A T R AR B(SEM)® Jr, K5 58
10000, 1000 1 2000,
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Bl 4-2 B SEM MR (1, 2, 3 BIRIER ERME. BEA T RE;: a. b. ¢ d A e 4RIt
FFE 1M A, B. C. DME K, #HEAKBEBREANELERE)

Fig.4-2 SEM pictures of membranes (1, 2 and 3 denote the top surface, cross section and bottom
surface of membranes , respectively. The a, b, ¢, d and e are homologous to A, B,C,D and E in
Table 1; The insert is the profile of a water droplet on the surface.)

B bREH SEM BT, TRHIEE+TRES TEOS, HBSBEALLK
AREHARERE, BREZFULEAE, HURRRBHEHE a1 | b1
A o) UHAEERERTERY, BERENLEOLE (B d-1He1). ER
FE RAE K VB ARV R P R OB, R BRI 45 T TEOS(fE A 1 B),

METE L EMREH(E a-1 F b-1), FRWRKFERIEL 0.3-1.0 u m)E7E MR

GHRE, FRMARK: WMRHBEETARM TEOS(E C), MEH 2 —BAE
FERE, WUH T 250nm)BEIRELEAE 1), BEABD. H—PHERE

‘a1 Mb-1 ERI, WP ERAE A LK ZRFRACHIIE B LXK

FRREKR, HEES, BMATR. NEMATEXRE, EREZEMNREH,
R E SRR T, Y REMABER.

ST AMBER R SRR, HERPEE TEOS, BAELIT KZRER
AR A f1 B, WiEEXMKREEHERMEZLEH(E a-2 F b-2); T0HE
BRSPS TEOS(H ¢-2), HABBSEREIRRERIME DB d-2), HEHE
BHEEA S TEOS. MABNKRETZREHE E(E e-2), FBWHZENHLE
W, BEREHSEF—BERE, THRBERAZEE.

4 TEOS MI=F M T RELHWAEME a-3. b-3 1 d-3), HWERENDL,
BEKZENBRRTFRRMETRALREX, HEED L&, HHEEHA
4 TEOS if, EWHABREBREITKERER, BHTREHEXERLILEAR
(B c-3 Ml e-3).

442 BFHEMEAFM)E

B 4-3 S )0 b)7r HIR R 4-1 A F1 D FER AFM B H . A R D R
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HBh TEOS K& BN 16%(wt), RNREIMZAESM. 8 b)arsn, D Bk
R U, FRELEOLRE, MRER/D, 1R ERMS)E 580.391
A, HKEMAR1.2° ; B AZSTHEARTRRGE, BRESHYETK
(& a)), RMS £ 287.180 nm, KIE 5 £, MR S5KMEMAIED 1364° ,
BiKHEEEHK, mﬁﬂw &ﬁ@ﬁﬁﬁ%ﬁwmﬁﬁmﬁh%M$EE@

L. 3 mmmm@mmgﬁ
b)

43 A M D R AFM B
Fig.4-3 The AFM pictures of membrane D and A

—RRU, N T AR OKERA>90° ), KBl b R IR E
AT K. AFAPRAKEEREREERERR TIES 5, KEMARS
TiE 65° , MREEMERRBGKENENEERE. dENEREHWE S
AT, IR RSN TEOS MZRR TS 3 BB R m R E 4 W R R R A4k
FEERE.

FEHIBER TR MTEOSHIR AR H LT AT, & &2 mE
EEMEM. BT REEERE, PVYDFEER RN RS RE K. FHTEOS
ERAKFENRATREKBERS, ERHESS T, XHEY &S F5PVDF
s, RRENVANZUER. 2R EHA, TEOSTERMEFREFKEE
FEEMR, FUBOFAEEES, AKX, NTRE THEEMEREE, &
AP BRRE.

443 LIMER I
Bl4-4 K41 FEAME LREMIIEGESME . HE 44 TS LR

MR R MG B2, H7E 3500em™ BHE EREZERUIE, Si-O-Si B R 5
FRBEIRED M4 (1100-1000 cm™) 55 PVDF BHHER I (1073em™) EE.
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Fig.4-4 FT-IR IR spectra of top

4.44 BEES R

N T i#— B RiE TEOS /KBRS PVDF Bt P REHE, AN
N R R T R ERRARL AT T RETE 4T B 4-6 R ERIRBURL (& 4-5)3E1T

e T A

Bl 45 Bk G A
Fig.4-5 SEM pictures of particles

1 EDS T4, BB PEH SiuE. EENER T EHBR R A

surface of membrane A and E

¢ 0dax3? genosts genmaps.epc #7-Mev- 2067 15:26:37
Loecs: 21

673

S5

LC Y T 7 I U T X R T R Y R T T

Bl 4-6 X STEBEIE T
Fig.4-6 EDS Analysis
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TEOS ZKEREGE, ErEPFETSHEY, BRMSEERE—M PVDF/SI
AL,

45 KB

A TR U K VR BUR A 77 45 6 2 5 /K HE 1 3R R 9 £ 4% (PVDF)
WILEE, BRI TSR

1. EHIEE SR T ERER ZB(TEOS), KERTHEMTHE, &K
PVDF/Si ZUIFLIR I T 558, KA A REBORIR A . BB ik 8y
B, BMANBR, REERBRERRLFENTRKNE.

2. WX HIEAFHHR RN, TEOS MARBRKEEMARAENEER
B FRGREY, £—ELHA, BLRmZMAME TEOS MEE. HXNE
FERZ TP B 18] 938 3 K

3. ARMAERAET, BNERARERANRAME EREEEERER,
ERRZ AEHIFHERR BB RA, AP EERERER R TERM

R RARK: W 2RI R RGN, Bk 4TEN, TEOS MIKMERS

FYRETEREEY. MARTFHEMERARRENMEERESENT 5 5.

4. BHriNA, ZETURRA TEOS RN ERIMSHRREENIEM, mA
TEOS SRR RAEKBRE RN, £RIHNESF, 35 PVDF #H MK
HEFMNE, (£ PVDF F4 5, NTTERMRELRES HERRIAL, BT
HIRAREE o

5. BUBMIAKERBEREREREZERFTERAME K, SRERA
85%. IS TEOS &&H 20%. WABE AERER EM S & 0.05%)F %
B 4min B, $IBHMERTDSKKEMARRIE 1414° , FEEF 1388°
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AR RIS A RS, KARMARMFESEREHTE. K
k.

HAXRARmEA, FPVAMTDIN RN S A4 TBS M, 5
JEREALZ AR, 5E T HEENFKYE, FR5UER &8GR TS Rk,
WRERELH, 20.25%wt)IPVAFLIRIT#E30min, K 20min, #R/5 50.5%(vol)
MITDIR M60shT, #1%MEABEARIFMERE, BEAT180 L (m*h) E£H,
SRS RN B HRAT84%; it EMFREHENEEEURER, Rk
%, BABATLESMEKMEAET, KamlEKREEE 66 L(m’™h),
ST E R AH95%; T EHRERERELT, REEREERKE R E82%.
AAMERE, H&BNREOLERI AT E P REE(NH-COO-) KL,
RFHERERBSHEENRAMAREETHBMEE, ROBELE. A
A, BFEAHEENFERRRSEERERALZARNRLNIAMFEKEET
ReERT FEEH.

WIERFASH K EREFEHERRBE LR, ZRTHEERS
MM BREZEBERINERERNEN. BLEFBEETRNEERZE
(TEOS), K#HEHEFHRMBIE, H&KPVDF/SiZLBILERTKIER®R. WA
BRH, MIFETRE H85%. HIEE P TEOSE B H20%. WA & L ERERGE
4 80.05%) P EEfc4mink, B HERE S K BAfARE140° ; MAE—E
CEN, BERAMEMABETEOSH & &, AR RZR b BB ) £ 34 i
TR FHERERA R, SN RR B EERORANE EREEBFEE,
ERMRE AL E KRB MNER TR, Wil SARI0EEREN, THRF
HEWERVEREAEREEYNT S 45 BrBERmEE FHE R EER.
FEAMAN, BREAEENTURESBIEGKEREBRATUN FERE.
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