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Preparation and Properties of PVDF / MWCNTs-COOH Composites
Chen Lin, Guo-Yi, Huang Huan, Yan Lei, Xiao Wengiang, Bian Jun, Ma Sude
(Key Laboratory of Automobile High Performance-Materials & Forming Technology in Sichuan Provincial Universities,
School of Materials Science and Engineering, Xihua University, Chengdu 610039, China)

Abstract : Polyvinylidene fluoride (PVDF) was used as matrix and acidified multi-walled carbon nanotubes (MWCNTs-COOH)
as functional nanomaterials, PVDF /MWCNTs-COOH composites with different MWCNTs-COOH contents were prepared by melt
blending. FTIR, XRD, DSC, SEM, tensile properties, hardness and Vicat softening piont temperature test were used to character-
ize the structure, micro-morphology, mechanical properties, melting-crystallization behavior and heat resistance of the composite.
FTIR tests shows that MWCNTSs are acidified successfully by mixed acid, which is beneficial to enhance the interfacial interaction
between PVDF and MWCNTs-COOH. XRD test reveals that the addition of MWCNT-COOH promotes the formation of { crystal
of PVDF. SEM analysis shows that when the mass fraction of MWCNTs-COOH is 1.0%, MWCNTs-COOH is coated by PVDF and
thus homogeneously dispersed into the PVDF matrix. DSC test shows that the addition of MWCNTs-COOH increases the crystalliza-
tion temperature, melting temperature and crystallinity of the composites. When the mass fraction of MWCNTs-COOH is 1.0%, the
tensile strength of PVDF / MWCNTs-COOH composite reaches 60.2 MPa, which is 10.5% higher than that of the pure PVDF. The
elongation at break, the Shore A hardness and Vicat softening piont temperature reach 124%, 82.7 and 161°C , respectively.

Keywords : polyvinylidene fluoride ; multi-walled carbon nanotubes ; acidification ; melt blending ; mechanical property ;
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REAETE Z IR AE — 2 YL N, FR B R TE T 7 B
FL S A 2 FL 2 7 2 4 1) 7 A2 B BRI, R 0t
X PVDF #E4 7 2P AT Bl T F1 Ji LA A 5 SR8 1) 1
o BABFERI T 78 PVDF gk 1 5
FHT £ PVDF B2 G AR, 3810 X5 & 4 M RO 45
Ay e T F 8 97 E 2 B B A MR T 22 e
Frs BPERE, T 56 PVDF 7EfE T B U 4
SEATBR N . S. Ansari 25 U DB JE B A Ak A
AN YR A, Gl L RO IR A 45 T PVDF/ Difig
A 806 A (FGS) B A Ak 58 &30 FGS RIS
A FITF PVDF Hi B ARG A B, Xt HAE H 2E 40k A
RHER T ST . M. Mackey % ™ DL SRR iR
fisi (PC) My AH , 38 A 475 Fal e TR 10k 1) 45 SR D S & M
- NN (PVDF-HFP) / PC B &M BE F I8 A,
i HL T ZEOR Y PC A A TR S A MRk i 2E R
B o 2R U DL B9 A A SR (GO) S i
Pl R 28 K 1L % T PVDF / GO & G L, ifF 5%
KP4 GO /RN 0.4% B, B4 IR Ak 7 (51
JER R i KAE, GO Fb R BUK, F i kRS , [ Bt
AR Z 3L 1A, H 5 PVDF 22 844 88 i AH B AR
R0, A R T S 2 A R T2 e fe

e 4 K A (CNTS) S 7S i1 T2 1 38R ik i 1
ZH A IR B R R 10— 4 vp s g5 1 IR,
1) RS ATk oK G, K R TR 9, K AR L T 3k
) 10° ~ 10° 4, AR 45 Bk JRL F 2 B0 R [A] CNTs
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1.3 MWCNTs-COOH #4 4] &

B3 g MWCNTs & T 500 mL = [ %83 o,
JITA 100 mL ¥ & R ANk S R (MR B LE 3+ 1) TR
AW, HFS 40 min, T 60°CEIERHE 8 h, filiug, 1]
B FRUEEE R, T 80 Cc TR £ fHE, IS 3
MWCNTs-COOH.,

1.4 FAoMHeH&

K % b 3t 8 7k 6l 4 PVDF/ MWCNTs-
COOH &M #, MWCNTs-COOH 15 1 43 543
5 M K 0%,0.25%,0.5%,1.0% F1 2.0%., PVDF Fi
MWCNTs-COOH #% X hf. Lt 451 i 1 47 & T bepfr oh
RABAEEREILPE TE R . SRR IR
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3 =pliPURL AR I B ALK LR E A by = o
1.5 MEAEMX A EAE

FTIR 5341 : LARAL S e 7ok R AE MWCNTS 2
LRI B e A2 1k

XRD Z3#7: B HL Ty 40 KV, HLifi 8 200 mA.,
Cu ¥, K, 4, IR 3 i S T TR 50~
60°.
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£ 190°C, #30 (1) S ME (X)

Xo= Ay
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y—PVDF 7E& &R T 5 HeAl

SEM IR+ XLEE TR AT (i T TR M 45 Ah AL, W 5
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Fr e GEHE IR GB /T 1040-2006 il iz, 25 i
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Fi S L=
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2 HR5iTe
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2.2 XRD 5 #F
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9. M 3b Al BB F i, iy MWCNTs-COOH
A RGN, 52 A R I oL B i T,
I B} MWCNTs-COOH [ Jit 2 43 50 R 1.0% I, &2
B bR S R R R T 5K 169.5°C, [ 4li PVDF 42 5
T 9.9C, X EFEIHNINF PVDF 45 &t #2 i A
) MWCNTs-COOH 2 21| 5 AH sit% 5 4 1, PVDF

£ MWCNTs-COOH _I- 55 Ml i #% , $2 % T PVDF 1
ghihbERE. MR LT LLE 1, 24 MWCNTs-COOH
FTiR S 4 1.0% i), 52 G R Rk 25 i B2 2l PVDF
1Y) 28.5% $ 7] 43.8%, %45 Fth 5 XRD A5t 4%
AH—5, 52 A ARG I RN Rl R ) B = 2 P
MWCNTs-COOH A M 1 & A #RHR i $bE
fig.
2.4 SEM #F
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(b)
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SAKPEHIG SEM BT
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WRFFBTUI IIAE L, 3 FHEDI AR X ALAE | (H A7 B AT 2 )
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1 AR EE 5 1A e AR T2 bERg . A
4b 7] LA H, HF MWCNTs-COOH I [J—COOH
Y5 PVDF [8] 1 43 F [ 46 ] 0 B A7, 145 2 5
LI JZARZE A U Gl k3, AR EE & Ty Inak . S Es
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COOH #f PVDF £ 7 sl BfR A 43 A 72 3604 I, 31X
1,53k [21] HIE —FL
2.5 Fifp ML AT
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PVDF / MWCNTs-COOH %2 & b4 R}t a7 {5 A1

ELN D
64 1 240
] 62 R °
& ] S
% . 200
1] 1160 ﬁ
= 58 &=
= 1120 &
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i & 5 ] %0, & MWCNTs-COOH Jii & 434
(3N, 52 A AR A 5 B 8 T, XA T
Lo HR IR AL TR S () MWCNTs e 44 fl R o i rp e
5 T ¥ 5] 4y 8 fe PVDF 4K %, MWCNTs-COOH
| KA B9 —COOH 5 PVDF K44 rp di, £ PEAR 58 1
R Z A A AR RS R T REs G 1, JF
PVDF /3 74% 5 —4EH) MWCNTSs A B 2845 , o finss
T RS G I AN IETE , 4y ik iz AR 15 N
M, RBUNPLMER R K . 4 PVDF B 57 sk N
54.5 MPa, >4 MWCNTs-COOH Jit & 43 %/ 1.0%
BF, & A 0B fir s B2 60.2 MPa, 48 PVDF
2R T 10.5%. [HiERf#%H MWCNTs-COOH Jii i 43
3 GiIE DI INCREY p ST U1 (R NS PY St N 5 S 20N
MWCNTs-COOH (il ABR il T PVDF 43 4% )iz
3, TEANIER T 25 5 12 5 6 BB R AR B 18 7= A
J1gEH, NI B G A B BT 2K R %, Y
MWCNTs-COOH iz 53440 1.0% B, &2 G4 BH
W 2 iK%y 4 PVDF 1 229% K[43 124%.
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PVDF/ MWCNTs-COOH & A M BHK ARG A fifi

83.0 -
825 -
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815
81.0 -
80.5
80.0 ¢
79.5

IR0

0.0 0‘.5 1‘.0 1‘.5 2‘.0

MWCNTSsJF 4351 / %

5 6 Al MWCNTs-COOH Jiit it 435I 52 A A4 e B B FCAE

H & 6 7] LIA i, i % MWCNTs-COOH Jii i
SR RGN, B A MR HR F A T SRR
T4 5 218 48k . MWCNTSs A< B HL A7 4 v At A
HAE R HORHA A 43 S PVDF % T 5 S8R
fifi B e = HA BEMER . BE%E MWCNTs-COOH
o A3 B B 4k 2234 1, MWCNTs-COOH 1) 1 43 4
[N, 25 5 AT R o A0 R 5] S5 e, FE AT
TIVEF T SURG 55 BB B2 19 D1 kI8 )N, R ILH
BEMEHARIC A 6 B8 3] —E(H 5 s 22
8. 4 MWCNTs-COOH Jfi &/ 40h 1.0% i}, 24
R AR EC A B B AT 35 82,7, 4k 4L 45 5 MWCNTSs-
COOH My /41, B G M BHBRIC A fiff i 2218 4
Ko

K7 b A [i] MWCNTs-COOH Jit #t 43 %1 1)
PVDF/ MWCNTs-COOH & & #4 FHr) 4 - ik sl
JE.

162
160
158 |
156 +
154 +
152
150
148

A RIFAL s / C

010 O‘.5 1‘.0 1‘.5 210
MWCNTSfF /3% / %
&7 Al MWCNTs-COOH Jifi it i 52 G A B = b st T

& 7 7T LA Y, B MWCNTS i i /0 20 Y
B, 525 AR 4R ik AR B T T e
TP 4 MWCNTs i 80h 1.0% i, B &
R Al SRR 2 161°C, o4l PVDF B 4
R Al R 148.8 CHE R T 12.2°C. MWCNTSs-
COOHYER —Ffi s NI SELRL, it A PVDF R Ay
AT & B A ARG T 2 RE 5 L AME R AL 35 (1)
MWCNTSs =By Kt e, 25 PVDF (1) 5t i
SEENA B T AR iz g, RBUE A
AL P BEAT BB &, TS A A S A AT oy
Mr, B MWCNTs-COOH Jfi /By n, A #
PVDF SEAH A% 4G i, o FHEHES | AL, thRE4RE o
A MR AR .

3 it

(1) FTIR 43 #r 2 B, MWCNTSs #% IR /2 1%, 2 ik
fb It 7 b T 1% Pk 5 1 —COOH, 75 2] MWCNTs-
COOH.,

(2) XRD 43 #r % W], — & & MWCNTs-COOH
I A BEAS AL UE PVDF (19 B i 28 A £ B, o 45
FERR A —E R EH

(3) DSC M3 # W], MWCNTs-COOH Ay Jin A,
AT DU ROMGE 2 A R 45 SRR I il R A
i, 24 MWCNTs-COOH J&i 2 70 B0 1.0% I, &
GBS Rk E 43.8%,

(4) BfiZs MWCNTs-COOH N A, Z-& MR Y
ALY R R B & A (SNl R RA v S RO T i e
[, 24 MWCNTs-COOH Jii 1 435 1.0% I, &2
A FPRHRLRTR IR F] 60.2 MPa, Wi 24 Rty mf
IAF 124%.

(5) fifi 2 1] 32X 2 B, MWCNTs-COOH Ay i AL,
AT LA 8 B A AR HR G A B B RN 2 K #fk
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