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Preparation and characterization of PAA/MWCNTS/PVDF
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Abstract 1In order to improve the hydrophilicity and separation performance of the membrane, polyvinylidene
fluoride (PVDF) was used as the polymer, and multi-walled carbon nanotubes ( MWCNTS) and polyacrylic acid
(PAA) were used as additives. Polyethylene pyriloxanone(PVP) was the pore-forming agent. PAA/MWCNTS/PVDF
membrane (PMPM) was prepared by NIPS with N.N-dimethylacetamide (DMAC) as solvent.Indeed.the synergistic
effect of MWCNTS and PAA was conducive to the improvement of hydrophilicity and performance of the membrane.
Moreover, when the content of MWCNTS was 0.5% and the content of PAA was 0.6% . the comprehensive
performance of the membrane reached the optimal level. Compared with the pure membrane, the pure water flux and
retention rate are improved by 89.04% and 13.5% respectively.

Key words PVDF,MWCNTS, polyacrylic acid, hydrophilicity, pure water flux

UTAEA R TR 50 B BOR TR P K Ak B P A P Bt LA JIEE B ) 15 5 K R AR BRI

KK BT L S 4R A L REARAR L TE U e S5 0 R
DR 7K Ak BRI B L O TE X GRS E T2 6
FHS S ARGy B R e R A 3R TR A5 AN AN 23 5 )
SPESRCRM oy B R . R W9 L6 (PVDEF)
Je—MEAE IR A Y HA LS B e A AR A
TS PR BB P T A 1 LA B O S 140 PP 7 5 2 T 5
T3 ERES o B AR I A3 B S AR AN T S e 2y
S A TS e o iR T e x5 R B 4 AR RE a2 AT LA Bl
BYER TR, T G TS Gt w0 S Y i B Y
— R [ 7 0 R AT — 2 A B LR v R 1Y
il AR

HEHARMNE G AW —F AT 0 A R
FEE A R 14 T 00 R ) R e A K B R Bl 4
KB (MWCNTS AE Ry —Fh — 4e ik 28 K o okL, B
e AU B R R A AR T i B R AP R
I B R Ak A AR B IR S W R e P AR
YK EOR . BN IR (PAA) W& A £ 5 35K
PRI R 3 — COOH , 5 TN s 192 A 28 76 ik 40 K 45 1Y)
FU b B AT DA e 0 K A5 38 50 M 43 HORE W TR Dk
IRANKRE B BB RBG

AWFFEH MWCNTS FE R FOKR R PAA 5
JEE R Y A Bl AH 5% 4k %l & PAA/MWCNTS-

EER N Q975 5 b, B AR, 22T Tr I K i BERE AR S 3R

B R AERECA994) 8t EEHFFE T W K A BRE AR S HOR



.« 84 - o T BB ow AT &

PVDF & (PMPM), 5% MWCNTS 1 PAA 7& B
R T X Bk i 0 ol %

1 SLIGER4Y

1.1 FERXFSMNH

ZRERRIN KA (MWCNTS, 4l 5 =95 %) , [
B2 Bt BLER A HL AL 2= A B A Al R R &
(PVDF), I =% & ¥ b B A BRA Fl5 3R O 0
ML A& BE B K30 (PVP, 43 A4l , K id b 24 a7 R 2
Al BN M BR (PAA), N, N-— § 3 2 Bt JIe
(DMAC) , ¥ R 5 B ali, KR BR Ak 243070 A R 2
A WRBR IR A IR L 19 Ry 0 B 3 PR SR A Ak 2R
A RS T 5 4 1 4 (BSAL AR L Jb 5t bl
BAEYARTAEA A,

i B /MR L (FiowMem0021-HP %1 , &
I IR SRR A BRA R 37 & 5 A HL 58 (SEML S-470
D, BHAS H LA A 84N 6 6 B i (UV757CRT
B [RGB R 2E A28 A B A A A TR 4
W I FE 2 (DF-101S A1), I X T AL #8A FR 2
Fls 40 4 % 3% A (FT-IR, NICOLET 1S10 A1),
Thermo Fisher A #] .

1.2 KWHZE
1.2.1 MWCNTS #1545 4 22

4 —E & MWCNTS A 500mL BEFFrr, Ak
T R R i R (IR RR HE 2+ 1) B IR BRAE — E LB T A8
7 8h, EFEE 12h 5, HREEE FAKMBEZR D
P E— T T =R .

1.2.2 R0 4 &

Jek MWCNTS, PAA Fl DMAC IR & W #H
4h, M AE = PVDF #1 5% PVP 78 60°C F i+ 8h,
FE 12h B AS B85 B . AE F IR OB o R
RN S I DA B ES B 7 I o O R € R W 1 &
30s, ¥ BEEE ML B 30°C F B B Vs v gk A AR A e
Jfuk & — B W, & A 8 PAA/MWCNTS/
PVDF(PMPM) , i HE 8 4f IF =i e L g 1ok,
8h e — WK I HESE 7d.

1.3 FRMERENE

S B S0 T A5 A4 B AE 2R K R 1R 0. 2MPa 11
LR BUE 30min, BEAY 4K B[ Jw,L/(m? «h)]
(DA,

J.=V/At (1

Kb,V o E R AR Ly Ay R A AL
F.m? e MW V T HETE b,

Bi il BSA 5 W . £ 0. 2MPa, # IR 5 18 F 1t 3§

30min, 41K 4 M7 K (A A & L FR 7 280nm 1 I
K P9 B S e R R AR K 595nm
U8 S5 VRS I K O B L R R R O Ao VA
ImL, Phas PR o e B 43 500 i e, S 3
WL ARAE R OB E,
R = ((—CP/Cf)*xX100% (2)

KPR MEATREE R, %:CP WEH KRB
o W, mg/mL; Cf N EE AR R WK JE,
mg/mlL,
1.4 BRMEHERIE

K FT-IR 43 A AL & 19 B g A5 R H] SEM
R 5% I 35 T N T 1) 2 2 R 5 6 TR A 220 TR
Jif 0BT J5 5% 4 L AR5 AE 20, 0KV I L R T 4 R4

2 ZERE5iFe

2.1 RS BRI

PSR B &2 B MWCNTS ¥ hn 2] PVDF
PR, BRSO PMM, Ho 4l K 38 2 1 BSA # 8 %
M AR LR S UL 1, AT, B E MWCNTS &
BN, 546 PVDF A Lt , PMM X} BSA # #
SRR T - o /K R U BRI E R R R L Y
MWCNTS % & 4 0.5% i, PMM # 7K i i ik 5
593. 1L/m*/h, b4l PVDF [ 378. 9L/(m” « h) J##
1 56.5%, HF AT REIASE T . (1) B R 51k
MWCNTS B3 AT 35K P 5 3L A, AR s A
RIRR I D 3, BRI A 7K AP 0 BT D S K R AT R
PERY . KA T Z 181G 55 1) SCBEVE . T K 4 7
Sx 4Rt U i L o U A IO L R
ZHAb TR SR . R R R AL A, fiE
AR AR RS H AWM T YRR R
AR DT BOK G BRI (2O FE R A 4L
A B AL MWCNTS W3 T 1, 0% BiE 1 J% 5%
KYETES) 11 28 5 43 A1 MWCNTS 78 43 A8 i 72
R 2 T TR BRI D0 R ST HE A IR T K A AR

800 100

——BSARER [ kER

~ 700

ool T T T 80
g 500f {60 3
= 4001 BE
£ 300 ‘405§
¥ 200 1o
%1()()_

0 IIIIIIIIII 0

001 03 05 07 09
NWCNTS& & /%

Bl 1 MWCNTS & &% PMM 4 /K 8 & fl
BSA # 8#4 R H 52



%11 Bi PR RTUIRIR /2 BERR AN KA/ R i R £ TR I B ) 4% 5 R AR © 85 .

(AL TR . R VR N i KT 0.5 %0 B, K g
FEER R B A% T PMM BB G B a3 2 KR
18 A% A 225 ) A7 BHL , P o7 A B A P R 285 4 45 TR %
U BT LAY A R M PVDE R, 18 AR 5256 4% 4
TIAE NWCNTS W fEwR R 0.5%,

T s AL PMM 9 21 7K 58 5 BSA #BE 2 AL
V5 e MEBE, 7E 85 R U I — % B Y PAA, 15 |
PMPM 3k # i B B K . PAA B2/ R G
Y. MWCNTS £l I3 — 2 PAA B5W, K
AMI B PAA 3% 7K dify 3 8 3 25 7= A 38 4 L B L AN
AT LLA SR o3 MWCNTS B 35 K 1 i fig i 20>
MWCNTS H SR RS . £l %%, PMPM 1y
4fi 7K R BSA B R A5G 8 T HE— 20 i s L 25 R
W 2, HEATLTE PAA &8N 0.6 %I ] LI H
H 28 A R BE N S AE, Kl B35 8] 716. 3L/ (m” + h)
BSA # ¥ % & 85.7%, [k PMM /K i & 593.19
L/(m*<h), # 8 K 81.6% 4> Bl 4& & T 20. 8% A
5%, 5 &l B AH b O 4 R S T 89.04% AN
13.5% ., WEHIINA PAA BEA A2 M I MERE. 4
PAA & KF 0. 6 %00, AT LA 5 00 2 3 158 1) &
WL AR PAA CETEANMEERD.HEER
A —E B AR P L ol RIS B AR R O — R
B T K A e L S BUKE A R R

800 90
o —— kB 180
.l: 750 | —a— BSABEXR
o 188
£ 700 1874
=) 4
S 6%
i 1857
3 00r {84 8
~N

550 183

0.2 0.4 0.6 0.8 o %2

PAAZ&/%
K2 PAA &% PMPM 4ii 7K i & Fl
BSA # 84 R 1 &2

YEHUR AL A PMM Fil PMPM 1t 38 BSA ¥ & i
gfiK 38 &, 7F & 98 BSA % W 70min J5 PMM F
PMPM i 7K 38 £ AH 4k o >, 25 R LK 3, |y AT I
PVDF 5 i 8 & % W % & ik 81. 2%, i PMM FI
PMPM {38 f 5 0% 430 90l o 61. 5% Fl 35.5% ., 3%
HI7E PVDF B rhid & i i MWCNTS #il PAA A7
AR YU QR ) . RGE R A R AR 3 A BT
R FEM R 24 T 0T LLE H PMM Fl PMPM A
XF T PVDF #4531 — @ 72 52 ole st . S0 i W]
PAA il MWCNTS iy £7 76 3 58 1 H 28 K ¥, JOfF B
PAA 3 ZE7E MWCNTS FIE I, BHAS T 2 1 &

JBE 3 18 4 flh o ol 158 5 T R HG DN A A BE A% B W RS 2R
FBE 2 1B 4 91 T 220K BE B it AT BB L fi
PVDF JB i 38 WK 52 3 F0 03 85 880R A5 32 W] e ol

100

| Com s R

PVDF PMM PMPM

& 3 PVDF.PMM fl PMPM i & BSA ¥
0 T O RO K A R AR A A

2.2 FERMRAES
2.2.1 FT-IR &#F

MWCNTS f) 8 BE e 53 &b R0 o 388 D A %6 v 1)
WA KRR, Zad EAb eI AR R R E
HREH . S & 4 B R A AL 2 5 X MWCNTS
IR HEATAE U, JF sty 35 BB S 4 R R BB X £
F T sk MWCNTS Z (8] @9 /E FH 5 i 2251 A —
S A2 ) TR 8 B4 B MWCNTS i H 1., 48
ARG i 7T 5 B MWCNTS FIE i 5L il F B m A
— & PAA ) FT-IR %K WL 4,

Rkt

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000

BB/ em!
Bl 4 ZikEm MWCNTS 515 fE A PAA 51
FT-IR % &l

i & AT UL, B 25 PVDF 45 f X 9 3 28 45 F 04
Hh L AE 1650cm b A C—C XU , i MWCNTS
WInA 2. 4 — kW PVDFE B, & B
1275ecm "Ab C—O B4k 816 ,1725em ' 4b 4G
C=0 ¥ 5 1Y 45 4ic 2h 6, Ui W1 B 2 b 3F 47 T
WMCNTS R &6 . 7F e M ™k ) PVDF
LRI TR C=0 B AL 45 4 3 0%, 330 B
PAA W IZESE MWCNTS £, 1 H7E 3200~
3500em ' Z 8] —OH i1 45 9% 30 19 45 4 16, & B
PMPM HA R AIFH 26Kk
2.2.2 SEM 4% #7

& 5 k4l PVDF Jii . PMM Fl PMPM f 4 &
TH) SEM . mEA L. 45 PVDF 83 im0 5% .



- 86 - 1 T 8 B W4T

IR R TR AT — & &Y PVA
AL BT DL & b i HR /AN L. Bl & R L
MWOCNTS B A . 2 T L 5 £ A B I 38 Jin i)
POJE S MWCNTS (9 Jim A 7834 1 i L 57 (19 18
M. B PAA BT LLE H B Y 3 FL AE 58 4F
WIS AR R . X JE P PAA W LI INA
RHh oy B MWCNTS, diE i & 2k TR L4, PAA 53
FHEEARA R S AE .t #E SEM B AT,
HAEAE PVDF R J2 25 04 19 J& R X FR L JC #8001 4
RILEE M BA D RS LA . 2 mA
MWCNTS J& , 78 R AL &5 A4 55 S 1000 FLJEC ¥ 1 3 1y
ST AR ARAL , X FZ 2 I MWCNTS /A 3
T BRI R R R G HL O R 7] DMAC
1) 1) 22 e 38 A7 B L AS , — o8 AR L PR T FE R
LI L. FIA PAA JG L& B4 REEM T K.,
XJEH A PVDF 4 74 f1 PAA 4 7 8 98 45 7 —
L, 5 WE VR R B o — 2 B T, VR AE ] AT A
R A E R 0B BORE R ARG B B B Y48
ARFLE

5 4l PVDF % (a) . PMM(b) F1 PMPM(o)
Fm SEM & i B b # i SEM ED

3 i

ABEFE IR FLAL AL HE T MWCNTS, Jf# H
PR K BOR, BN A PAA JE 5 1R 3 5o AH 4% e
®ih4% T PAA/MWCNTS-PVDF Jii, i i FT-IR
A SEM XFREEAT AR . 38 4 4R f L3 & 38 R
IE P R R M BB HEATHR ST . A5 R .

(DY MWCNTS &5 0. 5% H PAA iR
0.6 %1, PAA/MWCNTS-PVDF J5 i 4 0 14 fig 48
Bk B AE(E . B A 2% 7K 1 B8 v o MR S ) Kk B
1l BSA 1B 53 B2 & 1 89. 04201 13. 5%,

(2)FT-IR 43 B 45 2 30 B 2 11 R 3 ik MWCNTS
I PAA W RE & A F &M AILA, AR
U B S 7K AR FE KOS W b A ARG 1Y) 43 RS e 1k

() IMA MWCNTS J& , B W7 1 1 48 R FL &5t A
I T 203 L 295 ) e 70 ) A, 68 3 T FL 1) 80 A T 1Y
J PAA B A A B T AL A5 B MWCNTS, $
LK R R B — 4T

2% ik

L1 R, X000 B, MRk %, 58 . PVDF 8 U8 I8 N F Tl % K ab
HHOY TS G 08 B A L) 0. K &b BB R L 2018, 44 (6) 1 126~
129.

(2] ZeEE, o8 ALH % B Kl stk PYDF B T 1R 2%
T TR B Ak PR AR ALK L) K AR B R . 2018.,44(3) :58-62,68.

[ 3] Huang X,Wang W P,Liu Y D.et al. Treatment of oily waste
water by PVP grafted PVDF ultrafiltration membranes[ ] ].
Chemical Engineering Journal.2015,273:421-429.

L4] ERMB AW, I SF RPOKE U PVDF 2 272 i vk
HBE A B 24 K B0 95 Re MR RETSELT AR BRBL 22, 2017, 38 (1)
220-228.

[5] nhwe, R0, AT 25, 45 3% D 96l & 4 43 88 I8 S 1k O 5 s e [0 . ot
B 5 AR, 2002,22(4) . 72-74.

L6 JehsSC, ™ Mle, 228 B 0 20 BE B Jr ik iiF ST itk Je [0 ). 4k
25 4l ,2018,81(12) :1089-1095.

[ 7] JilJing,Liu Fu, Hashim Awanis H,et al.Poly(vinylidene flu-
oride) (PVDF) membranes for fluid separation[ ]J]. Reactive
and Functional Polymers,2015,86:134-153.

[ 8] Meng N,Rebecca C E P,Zhang Y Q. et al. The effect of reduc-
tion degree of GO nanosheets on microstructure and perform-
ance of PVDF/GO hybrid membranes[ ] ]. Journal of Mem-
brane Science,2016,501:469-178.

L9] RIRW.EH, ZRR,H K SIO.- A A 00/ R W w M
A AT ) o5 B RE R LT ). 52 5 BB 24k, 2018, 35 (4) : 785-
792.

(100 k%, TEF = o AR NS NI T HILAL F 2501 5 D 9 £ 0 8 08 I
W HE L) A R 4E,2019,48(2) :33-37.

[11] L. EC—, B4 e 55 R/ B0k i g8 K8 =S IE A
#r MR AERELT ] AL T2 4. 2016, 67(2) :654-660.

[12] Xia S G, Ni M Z. Preparation of poly ( vinylidene fluoride)
membranes with graphene oxide addition for natural organic
matter removal[ J].Journal of Membrane Science,2015,473
54-62.

[13] BRE® A E, £ 30—, S B AK B R/ 5w T & 2% 1k 15
Ao A Bt e L) ] K Tl K224, 2018,37(4) < 1-6.

[14] Moslehyani A,Ismail A F, Othman M H D T, et al. Design
and performance study of hybrid photocatalytic reactor-
PVDF/MWCNT nanocomposite membrane system for treat-
ment of petroleum refinery wastewater [ ] ]. Desalination,

2015,363:99-111.
(F3% 93 1)





