g E2 s Hag g K

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬂ:ﬁi/t\.z

RIUCIH-RFEBENHEERE
ERZLIRMEN S ERE

Kk OF, ¥ OE,EOF
(RS2 BERRPR P AL BOR BT BE. F15 644000)

WE EER LR % T RBEALH-B CIRE(PVC-PVA)E & Z1LIE, WEREYNR G R4y T Z A HAE
FHRAAFEHET T PVCFI PVA 25 Z ] (A 251, SR P44 L S A (SEMD) | 2 ik 00 2SR ~F- i 8 sl
AT T A AR LIRS . SRk | S iB kR X 15 PEfe . ISR 45 3R], 75 PVC-PVA K G IR R,
FArF Z 18] AT S S AR AR AR P, VRS Bl PV A 75 S-S o ot 3 B 88 i S B e K s/ N 4
#HOPVC-PVA A FNER/MARZS . 521 PVC AR L, PVC-PVA &2 & Z FLIF I (9 “ TR AL R AE w5, T V48
FLRRERG SR, HAKE SR | s Pt ARk | 1R RGR . Y PVA ZE RS W P B 4340k 9% i, 52
A 2 AL 4l K B R4 PVC I 4 4%, X5 PEG100000 8 B3 25 41 80%, B85 47 3.5 MPa, WiZd K 2k 26%,
FEK A ST BAT WA g i

XBIR RALK; ROIGEE, AN, EE524LE

FESES 0631; TB324 XHFRERG A doi: 10.7503/¢jcu20230479

Compatibility of Polyvinyl Chloride-Polyvinyl Alcohol and Structure
and Properties of Their Composite Porous Membranes

ZHU Jun", GUO Yue, WU Yang
(Material Technology Institute , Yibin University, Yibin 644000, China)

Abstract  Polyvinyl chloride-polyvinyl alcohol (PVC-PVA) composite porous membranes were prepared by solution
filming, the compatibility of PVC-PVA was analyzed from the perspective of mixing enthalpy and inter-molecular
interactions. The pore morphology, hydrophilicity, filtration performance and mechanical properties of the composite
porous membranes were analyzed by scanning electron microscopy (SEM) , contact angle measurement and plate
ultrafiltration membrane test, etc. The research results show that hydrogen bonds and dipole interactions could be
formed among macromolecules in PVC-PVA composite system, the mixing enthalpy show a trend of first increasing
and then decreasing with the increase of the mass fraction of PVA in polymers, and PVC-PVA is generally partially
compatible. Compared with pure PVC membrane, the “finger like pore” feature of the cross-section of PVC-PVA
composite membrane became weaker, while the “sponge pore” feature became apparent, and the pure water flux of
the composite prous membrane was increased, the pollution resistance was improved, and the mechanical toughness
was enhanced. When the mass fraction of PVA in polymers was 9%, the pure water flux of the composite membrane
was about 4 times that of pure PVC membrane, the retention rate of PEG100000 was 80%, the strength was 3.5 MPa,
and the elongation at break was 26%, the composite has a good application prospect in the field of water treatment.
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HREE K A B AR TR R i P i 1, E—E Y IVERTR  F K TR i) RS /731
T e . A B RN 4 R SR A TR R A i, AT Bk A M B A A, SR Bk K H
1), HAT RS U RIRHIE, IR O A2 8 2 o2

RA LI (PVC) R A L JGE AP R 2 — , HAT 0 R A B | i PR e b S Ak A e
PESFPERBOL AL, FE/K AL FRGSHA W AE W AT 5. HR T PVCRYEKIE S 1 ek, 3 ali PV C i
MK AR, 12 EREA 22 i b e sl R ik, AT DA G PVC B MERE . RITZR AL
I - SR N M R b B SR SR el vk PV C BT DA IR Fi AR S5 A 3G K, JLIRWITE R T 1Y & SR IR Y &
B B 2 7 P A SR P TR B A G I3 O, TR] I IR 525 IR A2 25 7 7k £ T 308 pH o .
Aji ST PVC S BSTR AT A2 R BIEE, DLselik PVC BBk, eloth: B P 5 KR 8 5 1 19%, #
fl F KA T 25% , SlGE A F 85 Lom™h",

RO (PVA) e —Fh B Z 3 B EE M WK M 40+, B R sk S ek, il 1T
T8 T | 2T 4 S A R AE S HE A B BT, PVA H AT C TR 53 B OR824
S B SR K B SE L FE PVC-PVA B AP RH BT b, BRI 1 72& PVA-PVC B G 41 4E (4R
), FENT Y N PIRGI . Yang %0 i W De L W55 T —Fh PVA/PVC B G ALIR, @il
A4 L R (SEM) . X SFERATET 43 (XRD) SRR B 43 M (TGA) 55 I bk 3RAE 1 S G AR RE , 45
REWPVA/PVC B G IALERA L S #ArERe | ROPR MM E T S, B —FE7ER B2 asH
. Muhammad-Tsmayil 2538 1o 35 5 50 BOR L a0l 25 17 PVC/PVA IR E A1, 22 /R H o ir
(DSC)ZEREW PVC I PVA HATRIEE, S5 BERTFLBRA | oK MR ZE B P Al L RE 0% AR 40 B £ R
RIS DRI AR I i

HET, X T PVC-PVA K& 22 fLREAE K b 3R A 1 P g /D TR AIE SR 5 [R]ERF, A2 T R e
PVC-PVA KSR EHAERE R G R Z — . AR SCR AT MO 5 7 PVC-PVA B 5 2 LI, WNRE
WIRA K B o F Z A EAE I M EERRT T PVC M PVA BRI, FR0F9E T R A ALY FLESHE | 5%
IKVE S UETERE K e VERE , o TR S I G Z LB A A AR RE Z ] AR DG 2R

1 SEIGERS

1.1 RFI5EE

REA LK (PVC, FHEREE1000), PGt b TGARAF; BOEEE(PVA, FHREE
1700) , " [ £ 9 Ak T 45 5 BN A TATBRA &l 5 N, N-—H 3L Wi (DMAC) , 43bréli, Kt 8ot
2R A RN F]; R ZBE(PEG, 40 F 5435124 10000, 100000, 300000) , 434, i stk ik
BHEABRA A (L) FIBUE SR (KD, 43 8ral, Rthid ek anfe TA A Al s /K& &8 (BaCl,-
2H,0), 43#Hral, BT 2= AT R A F]

NDJ-8S U Je 55 2 FE A, 1 B i s B A8 A B W) 5 SUS010 Y44 il 7 B % (SEM) , H AR
Hitachi 23w 5 CAMB3 BUEZfil A U IRAY , I FF HEAL AR AT PR F] 5 TYLG-18 BISP-A i g BRI A, (L 7R
TN A YR B B BR 2 F] 5 UV-1800PC A48 Zh-1] WA G T (UV-Vis) , B2 XA FIEEBR A F
XLW-LAE RE L FH IR, B Pl TR A BR A w
1.2 BRE9HI&E

SRR PVA & DMAC AR =AM Belffih, 7590~95 CHKITRE N TiidE, ERIPVA £ 4
T SRR KIRIR TR 70 °C, 17 PVATS W S8 A PVC IR, dhZL4iHE3 h A2 4y, HEIPVC
SEAEVEARIE LY STV W e Bl SR W 0 i 0 B0h 13% , PVATER AW i 5 i 40503 51k 0,
3%, 6%, 9%, 12% F115% ¥ PVC-PVA IR, B e TEIRAC A Tk 12 h B A 7B, 75 .

N — o S ST  WEI AE V5 e g B A I, SR & P T8 05 T TR B B PR ) 0 BB R AR 24
300 wm) , SR 5K BE B AR K EE A, RSO, B R A B K B T KRR
48 h LABR RFR R 0N, el i A AR R T, 25 H.
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Scheme 1 The filtration process diagram

K A v 3k 8y SRS A A ikl i . SRR R S ZE 0. 2 MPa R ) T Hi% 10 min, 2854 %
FIFTEN 0. 1 MPa & 10 min J5 FFURIRAE B IS . (08B i AR RURI S IR I R] , 4% F S8 alK i
[J, L-m?-h™")]:

J = VI(St) (1)
o VL) B RAARR; S(m?) TR ; ¢ (h) A .

K FHAE I 8y 2R A2 A X PEG KSR JEPERE . I FE 5. 0 L/min, 7£0. 1 MPafaJE
10 min 5 BGHERNE , [RIISCER B LW, TO SR SEER ] . R W SRR R B — A5 2, R PR -5
A AEIMRA AR DK 515 nm AR, 385 PEG We B -G EERRZE T PEG FOMR B, #22:X(2) 11
BrswoE R, Lom?-h") ], #X QIR RR, %)

Ji =Vl (St) (2)
R=(C - C,)/C % 100% (3)
Ko V(L) B AAT ;. C(mg/L) M ERER I ; € (mg/L) Mg i Wk

1.4 FERFLERZ M
K HHEC BEI 7 2 A 2L FLIR . JelAS 2L T (m, g) RUUATR(V,, em?). 1%

FERRBETE TOOK S, W 5T (my, ) , SRR Z2FLRRESY sl NS 28 B e, %k B2 Al 2 fd

W —E U, 175 SRR A Z AL RHNER , (Rl IER C R4, 1 %5 B2 TP PR OCEH O

W H B (my, ). 383 T I SEFLEEE (Porosity , %) :

V, - |:ml - (m2 - m):|/p

x 1 4
v 00% (4)

Porosity =
A plgfem?®) Ry LEEHHFE
2 HRSHR

2.1 PVC-PVAWHEBEMSEA®R
KRR A0S, ARIRAS YR EE, AT T 2 DL R SR,

AG, = AH, — TAS,, (5)
2
J AG; >0 (6)
o, .

P

A: AG, (Jmol) G A HIRE; AH, (J/mol) IR 545 5 AS, [J/(mol-K) I MR -G W ; T(K) Jyifi & 5
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@, (% ) REY 2 IARRUI L

HTREVIRGHAS, BUN, AG, FEBIRT AH, RN REWZ IR G5 E e R 12
ISR KA EAE ), AR FEAER T, I, K AR, AF T REYIHIRNE .

W SAAE LA E ISRl EBEFT T OCEMIE, $eth T RGWIR G AR, 105055, T A
RIS WIR A ZNE . Schneier ™ S 1 T AW G WIARAAME R TR AL A2, BRAEED T XHZ A Al T 2 —
ABIE, 133 T

05 ad
A, = (x, M 85, -6 : !
(xl 1p1) | ! 2| (l_xz)M2p2+(1—x1)M1P1 |

A 8,16, (Jem®) 15350 8 RE W 1 FIERGW) 2 TR FESHG x, Tl x, (%) 73 BN BREG W 1 TR W) 2
FR LS8 MM 0 5 D SR | SRS 2 Al BT EE R BT ER: 5 p, ML, (g/em®) 70 11 SR A0 1 AR
w20 R . (7)) AT T RALR G YA T AR

() TR, AH, SR EVEMIESEE (S, - 6,) MRS HLFA G, Hip, S8 8
/N AH, 81, PRSP AR A ERDELF . — O, IWESHZE/N T 1,02 (Jlem™) 20T, REGHIAR
FRNGERAE, KT 102 (Jem) i), WEMEDAAZ . REVIIEESELS, (Jem®)'"” TA] 81 HIEH]
(REE RS W B A T
F

M

5= (8)

K: FLJem®) 2emol™ | A R A W) T A B EE R 51 1 H 8 V, (em® mol™) hy 55 & BT B8 /R
LA

PVC MR 3, o F Z MBI AE R T, HEE S0 19. 4(J/em®) 25 PVA 53 F R FR 5L
Z A AR 1, IR S50 25.8 (Jlem®) 2 L2 45 . PVC-PVA B E S KE2)6. 4 (J/em®)
A HIWTPVC 5 PVA A AHZS .

FEN, AH, BRI R EYA ST A . HE 1P PVCE PVA IES 5o AR (7), 4>
BB R AY L HREYI2 A PVA, TR AR, BEPVA A8 A As L (& 1).

Table 1 Physical parameters of PVC and PVA®

|4

FI[ (J-ecm®) " mol ™' ]

Polymer 8/(J-em®)'? M pl(gem™)
—CH,— —Cl —OH
pPvC 269.0 419.6 — 19.4 62.49 1.40
PVA 269.0 — 462.0 25.8 44.05 1.27

F: molar gravitational constant of groups; &: solubility parameter; M: molar mass of the structural unit; p: density of polymers.

I 1T, Bl PVA B 2 50,

AH AR . 5 PYA B4 SRR o

AH, B/, IR FAIAERELT ; X4 PVA it -/

SYHH 30%~50% I . A, KB, i f Emop _

R MR, MBS 2. 8 b, Y 2 120} | \

AH <41.9%x107 J/mol B} , BEWIK R K524 E el 4 —+ PVAaspolymer2 \
HZ KR ™. PVC-PVA (KR 1y AH, HA 2K Lo et
F41.9x107 J/mol, 15 B A E AR XE IS 2] 5 AH 2 0 20 40 60 80 100
VE; 7EPVA A REEEITHT , AH, BZR 158K il 9t Mass fraction of PVACY)

Fig.1 D d f mixi thal PVA
{ﬁ41_ 9x10~ J/mol 45 %2 A1, Pt PVC-PVA MX 1g ependence of mixing enthalpy on

AN MEIRE .
2.2 PVC-PVAHBBRBHRERFE
PADMAC R, Biil T PVC-PVA R EW, WAL T RS WAE AN R (8. 5, 20 &2 35 °C) FlAN

mass fraction
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R BE T IR . S5 RRM, LA T, IRRIREMERAT , AEAE A SIS . (ATEIR (LT
8 °C, PVATERA W IR EE T 15% LIS , R R IR0 22, LRSI IEER Ao A1 , 31X
FERA PVA MR & F—E HUUG , IRR T A K, B PVA 5 FRETC B .

278 H T PVC-PVA SRR AR EE R4 . el 2 0T 0L, W 2R PVA TE R A1 i o i 408K
FSE MG K, FEEH T2 A EAER KA 72246, PVA 432 [0 2 PVA 5 DMAC 432 [] (45

FHEAER I S BOS MBS K . FEIRE T 1200

&, s s, 43 2Z 8] A BEAE BAE 1050}

FA 108055 , DR MR B /N . RS N LR E 900 -

TR W PR R R B W A A 1 g ke E 750
URAYIHRIK R T2 AR, B 1R g2 o

HERAHECR HRARR AR HEN,  § )

BRI ST . I 204, 24 PVA N s

Jo i A BUCRAI I, R VA T 20 i e il Y R S
PERFIE 5T PVA U EIERT | 267 " Mo i of PVA n potymmth)
PVATER S B BR800 T 9% LU , B Fig.2 Viscosity curves of PVC-PVA blend solution
HIRBERE IS, XL AR AR A AR at 8. 5 °C(a), 20 °C(b) and 35 °C(c)

23 PVC-PVAESZILIRMFLEH

38T PVC-PVA & ZFLIE S 1H SR i SEM FB A f I 3(A,)~(A) RS, &4 TERZ00 L
R, BRI A RFLR TR/, 45 PVC BER TR AL R /INE 20 nm K DLR, A PVA I A S ISR
LA A/ . B PVATER G Y Bt 080w T 12% LU, 68 BRI EOAL, Alie
T PVC-PVA MBS 2, SEUREEFEF PVC 5 PVA B A, IITER & BRI T A i £L
slbE . B 3(B)~(By) AT L, &4 My T 22 BOR AL S5 /I LIEAE A 254, JLrh 26 PV C RS DR T 22 B
T TR R FRARAL” , 72 FRSL " I FLBE EAFAERR 3 /ML . Y PVATER G h i B i 0 80k 6%
B, 524 B “HRARFL " SR RIS , ML LIR 7L Y PVATER S W i i 43 800 12% B, 45
RFLFFIE S — 20800, AR LR 08 . B IR LIR30 5 U 2 v SR 5 - T R0 AR 43 B8 1 o B A
K, HA P S B 2 5 7 A KAL), ER AR 4325 5 T8 B/ VLS #2>. H F PVA 5 DMAC Z [ 7
HEEEMER , PVA 5 DMAC Z 8] i & A58 1 PVC 5 DMAC Z [ AR VR 71, PR
JEES AR DMAC 65 PVA B EE SIS, B PV A W FELE A5 IR 2 v 0 A O 12 e B ek 27 , 4554 5 e
W AT R L L

,\‘V‘

50 pm™ :

Fig. 3 Surface(A,—A,) and cross section(B,—B,) SEM images of PVC-PVA composite porous membranes
with PVA mass fraction of 0(A, B)), 6%(A,, B,) and 12%(A,, B,)
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F2RH T PVC-PVA 45 ZALIEIFLBR A . 4 PVC LR RTE 61. 7% 2oty , B PVATEREY)
e ) B R AN BB N, R FLIR A T, Y PVA TE RS h B BT 408k 9% I, 4 2 FLIE AL
B H 69. 7%, 4l PVCREIE K 13%; Bl PVA TER S Y i - Bk St K, 26 ZFLBFLBUR Y
AR . FLBRFR AL B F PVC-PV A MRV R B RARZE AR L, — B\ s W G R (A5
AT T R R 2%, RALECE D, A/ NFLI B IE R, [RIBT PVA-PVC AR BT T il 2 5 3802 o
R . PVAYERE W i & 50 850 T 12% B, W WS Bl g R, kA /LA L™= A, (B4R
RKFLBCE D, B AR RFLBURAR A K .

Table 2 Porosity of PVC-PVA composite membranes

PVA mass fraction in polymers(% ) 0 3 6 9 12 15
Porosity(%) 61.7+1.5 62.5+1 65.3+1.2 69.7+1.5 70.3£2.0 70.5+1.8

24 EEZILRMFKERAKES

Kl 4(A) 7R B Z USRI S8kl /A . 4 PVC IR HE il A 78 857 2 Ay, HHEful Ay B T Y
AR, BB K AR PE AN, RBUH UK. BEPVA SR i3, 525 2 FLIRE Rk h 122t A1
W/, 2 PVA BT MON 15% 0, SRR E A FEARE] 70° 7545, ULHTE 5 ALK MRS o8 . Bl i
[ REAS , 525 Z2 LB R /K B fil f AN BT RRAIR . FLPVA B BEBOK, Hefilffy AR n e #49B B i2., 356W] PVA
A F TR G BRI . R R, K PER) PYA K315 TAER R & 5, PVA R 1
HAG ZHIEEH , AT K T HRIE, IS PVC-PVA 52 A 2L SR K g8, 042 A
07K i R B RE A R A

50 =0 6% ol12%

TEEE | gl

®3% 5% °<15%
0 20 40 60 80 100 120 0 3 6 9 12 15
Time/s Mass fraction of PVA in polymers(%)
Fig. 4 Water contact angle(A) and pure water flux(B) of PVC-PVA composite porous membranes

K 4(B) /s PVC-PVA B & ZALEK ik & . 4l PVC B HA sk b, i FR R s 80% , Bigkim
LR/, Rt PVC B 2l7KGE AR/, SEBS A5 PVC M 4liKiE &0 16 L-m?-h' 47 . i PVA
T RGN, A AL R SRR RS s, FLBRARIG O, ARG S TG O Y PVATER G
JE BN 9% ), 47K A 64 Leom2-h™', H4i PVC R K T 34%. B PVA 7E R & B i & 4
Bk — AR, SliKGE G IRARZE , AR B T I R FLI A r s, R 3R ILFPVCE A
IR SEAGE . AN R A RS ZKGE 225 SR, HUEAE 15~539 L/ (m?h) 2Z [8], JLrpSemk[ 27 J4E
B 2 Tl I8 59 PVC & A 18 i 5 4afi 7K i B4 30. 2 Lom™-h™'. PVC-PVA & & 22 LI 1% 4l /K i &
16~71 L/(m?+h) , HECE W] DL 2 AF PVA 5 58 1R Y

Table 3 Comparison of pure water flux(J) of different composite membranes

" (é).. ~ g} ®
WP R 3 1 7 7
E 70‘38856555?3@8888355 <
Pl o<><><>%<>3§§§§§<8>§ é e
og Mass fraction of PVA in polymers: *§

(=]

Membrane type J/(Lem™2-h™") Ref. Membrane type J(Lem2:h™") Ref.

PVC/Ag/TiO, 41—58.6 [24] PVC/KH792 46—539 [26]

PVC/CA 36—85 [7] PVC alloy film 30.2 [27]
PVC/PVC-g-PHEMA 15—113.6 [25] PVC-PVA 16—71 This study

CA': Cellulose acetate; PHEMA : Hydroxyethyl methylacrylate; KH792: Trimethoxysilane.
2.5 EAZFLERMTIEMEEE
A A A O S T A S AL A [F] 5 i PEG BB AR 5 (A) | K4 2 ALY
PEG [ B R I PEG 7371 134 KK, IR PEG 90 RS T Mg ks 463
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HkHiE , PEG10000, PEG100000 K PEG300000 ¥ 7K J1 2% ELAZ 4394 5. 66, 20. 39 & 37. 61 nm"**. 4fi
PVC X} PEG100000 1 PEG300000 [ B 5 AT 35 211 90% LA L, BT PVC ARG RTH LLACE = , B fLi%
/N EPVATER G BT 43808 6%~9% [T, 524 FEXT PEG100000 F PEG300000 [ #% F7 R A 55
E80% LA . PVA &R T 12% A5G, A MAR2Z, U P PVCHIPVA M, S8 &
ZALBER A A T b, B 6 Z LB FLERIG K, SEEH AL, K 5(B) /R &2 & BEXT
PEG100000 7K % W i 2 i€ 3d . 3 8 bl PV A 7E RS9 rh A9 BT B0 35 RS K, X 5 4lizkam i
AL, FEIE TR A BRI K R S . FEI%E 28 120 min PV, 26 PVC IR AY 1 i858 A IR, 120
min B 920 0 55 20 min B AR FURFAIRZ 20%, 1T REE T PEG 7RISR VTR IrE, Ui B 4l PV C A7
TEREI5 YL 0] . PVC-PVA &4 2 FLIRAE 1 225 08 120 min P 95 08 38 f 25 A0 AR /N, BB 5 gL/ .
PVATER GV R I 50 9% e A0, 26 LI 2 8 f 4l PV C B B35, ity et g ek
£, [A]IF X PEG 100000 AL B % 80% , I 58 4 22 FLIE AR 3 g Ik Ay

50

100 | (A) Mass fraction of PVA in polymers: (B)
0k e 12%PVA ,15%PVA
3% 40 - —————¢
3 80  =26% o 9% PVA T
T w72 9% T 10
B &= 12Y% i B
S 60F 5 g 6% PVA
S =
] 3 201
g 40 F 3% PVA -
~ =
10
20 No PVA
O 1 1

(=}

1 1 1 1
10000 100000 300000 20 40 60 80 100 120
Molecular weight of PEG Time/min

Fig. 5 Filtration performance of PVC-PVA composite porous membranes
(A) Rejection of PEG; (B) flux for PEG100000 solution.

2.6 ERZILIRMAFIERE
1 6715 i PVC-PVA S5 Z2FLR A7 i B S W R . B PV A SR /0 B R, oA 2 A1
WA RIS R /N . 2 PVA TE SRS W B0 e 70 B0 9% Ze A I, A B2 A I A I R i

U, 23 5h 3.5 MPa f126% , 546 PVC AL, 4 5.0 30
MUK T 25% FI73.3%, WME &SI NE 5] { o s
T S B }\{ | %
W, PYA AR AL iR 2] {V P s 2
W, AT . st 2L / \ |, 2
WAL, KATEN GG AWERGET | g
PVA H202 5 25K 1 PV A HAT ARG (B AN I R )
BLE, DRI PVC-PVA & A 22 LI 51 3 ) 1 &M%m;gmﬁw&)

I PVA ST RER T 12% Vs ’ ?Eﬁﬁigﬂ]ﬂfﬁ%@ Fig. 6 Tensile strength(a) a;ld elongation
KA TRE, 22T PVC-PVAMIS LN 1L at break() of PVC-PVA composite
/Eﬁﬂﬁqu':iTﬁﬁ}LﬂﬁkKﬁ, Ik J1 2=k RE membranes

IR

3 & it

W RS 2 T PVC-PVA RS LI . MIAYEF ST £, PVC-PVA IHRIKR P RAF 2
() ] T B S S A AR EAEH , TR KR PV A 3 2 B S KIS 8N a3, PVC-PVC AN
WM R . 25 S PEREF ST R, 54l PVCEEAMI L, PVC-PVA B & Z LI M) “FRFL 4 IE 085S
SRR | KGE I TS YRR NGE | A EIERER . Y PVA LR RGP TR O 9% B
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