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The Effect of Attapulgite on Crystallization Behavior

of Poly (vinylidene fluoride)
MA Wenzhong, PAN Ji, GONG Fanghong, LIU Chunlin, TAO Guoliang
(School of Materials and Engineering, Changzhou University, Changzhou 213164 ,China)

Abstract: Attapulgite (ATP) and amino-functionalized attapulgite (ATP-NH,) were used to prepare poly
(vinylidenefluoride) (PVDF)/ATP and PVDF)/ATP-NH, composites. The spherulite morphology was ob-
served by polarized optical microscopy (POM). Crystal form were identified by Fourier transform infrared
spectroscopy (FTIR). The melting and crystallization behaviors were detected by differential scanning cal-
orimeter (DSC). The results showed that both ATP and ATP-NH,had no effect on the final crystalline
form of PVDF crystal. In PVDF/ATP composites, un-uniform size spherulites formed and double melting
peaks were observed because of bad miscibility. Even when 2% ATP was added in the PVDF composite, a
little small decrease of the spherulites was observed. These spherulites were not dispersed well. In the case
of ATP-NH;, the miscibility with PVDF chains was better than ATP. Thus, it had a good nucleation
effect on the PVDF crystallization, leading to a uniform size spherulites and sharp single melting peak.
Small addition of w=0.5% ATP-NH, had a good nucleation effect on PVDF crystallization. This nuclea-
tion effect was enhanced by the increase of addition of ATP-NH,.

Key words: poly(vinylidene fluoride) (PVDF); attapulgite; blending; crystallization; composite

Y75 B #3:2016-04-19,

BELTH:FHE AR #=EE GFF) (5137500 VLI H AR5 4 5 4F) (BK20140254) s VLI 8 BAL F AR Bl 2 4 (il
) (14KTB430003) 5 & MM K 27 BH 5 BI1#T £ 4 501 H (ZMF1202059) ,

PEZ BT D30 (1982—) , 5B VTR Btk A i, VPRI, 32 2 35 P BE 5 43 F M RL L 45 0 2 T BB R 5 o 4 A 5



. 58 FMRFFROG A F R

2016 %

PVDF J&—F 45 R G4, How Wi & 8 A
4 Bl BN o By FISTY . PVDF 1R A EREL K Y
FEAA L L FE SO0 R B R A AR B Tz
H AT PVDF R 3 B0 R HIAH 43 25 1 J7 %, 1 itk
iR PVDF 1945 & AT Sy okt 1 B HIL T R RS 45 44 1Y
PR E O EN, HE R E, g8 Kk 0 e] DX
PVDF %5 i i RS AZ » BT I8 W X% 22y b 245 44 mJ
DL i 4 5 PV DF Bl FL R %) 7 e 52 i

U] A R — R AR K B RE R R 1Y) 2T 4
AR it A 235 ) R0 B 5 PR A A K AL E R T L R
) R PR = w1 DA 5 15 s o B 1 =
T RERE L S B R A DB B R R BE R A AR R
R B AR =l M H T Al AR 1 B
- ELAT KB Bl T B X R 4 T R R 4 AR
Y RAZ FIAE R . E R T S8 Uy B 4 5 8 4
RH FETE ARG 25 7 L 38 H 7E MY R R S A S R
THEA —EMEAERNE A, SRR,
/b 2 T AL B [T, A = RN <10 26) X B T A kS
WAZFIVEFEY . T PVDF 4 7485 I A # P 5
F AN s = R 51 A B e, AT DL
PVDF 43 F4 5 M5 B+ R A EAEH . A5
WAL -GN HE = AR I A o X T R AT 2 T
g R TR =B R LI - o LI P = o
PVDF 4 F4#E A — @M EAEH, BiF 58T PVDFE
FepRrr, JE A A AR T 5 ) % PVDE B A Mk,
T SR RCPE R PR MT 0 B R S i X PVDF 45 &
1120 1952 )

1 XWEsy

1.1 KBREMEEE

SIS R B 4 4 (PVDF, 761) . Mw =
400 000, W A BRI 23w 5 AR S MN #E + (ATP)
W) VLI AN 9 oK b R B A BR 2 | i e 1 B )
RN = WA KRS (APTES) I [ F B 7 T 3K
A LA RA A, S5 W T % AL (SU-
70) W A v S B A PR B P AR B AR AL (XLB-
D) [ 5N 25— IR S8 A A7 BR A Al 5 i 0 BRI I8
HLONQT-10) W [ TR L 58 ] 5250 A FRA ]

1.2 MOBEtREREL
2 B e B Sl 200 B N D R BN I VR

1mol/L By HCL XF MY A% 4 o 47 % 55 G 4k, 78
100°C B2 ML T4 36h JEHFEE 3 300 B4 H .

22 SCHR 4 EE 19 7 6 0 T B R AT 3 T A b
PO BARERAE AN R AE 250mL Y 1R RS B A B8
B 150mL 2R R dg A ootk iy M7 1 £ L 8
A4 30min J5 FHIE 2 9 15 OF R RF 15min, R 5B
ZM A R AR K A, SRS B P A
8mLAPTES I s i+ 1713 10h, = #) i 3E J5 H &
FE PR BOR , F 50°C T H.45 T8 24 h, 0 18 J5 BF JE 1D
(EEE-E AR CE AR [P X = E S A LI T = oy
i APTES &4 1. 9mmol/g.

1.3 #l#% PVDF/MMiELTESH R

AT % L R R 1R R AS TR L
PVDF 19 ff 41 # + 78 200°C £ 40 1R 4A 10min J&
BUR I IR A 5% W A TR A BHE S AR B AL BIL
R R Tmm 19 74, e B S 200°C
Z B aE W H G i AR HEAT — R AR AR,

1.4 FRAEFNK

1.4.1 #EREFXEHRIE(POM) 5

A (Linkam THMS 600) B¢ & i Ot 18 55
(POM) (OlympusBX 51) 7£ £k M 8 PVDF Bk i 4=
Ko MK FE 2 PVDF K H &2 & R e 76 16 3%
22 i 2 200°C 4 filJF O Smin, FELL 1°C/
min [ DL KA [F]R BE A5 10 T S5 R 45 a2 58 & [
b BB AR K
1.4.2 HEMNTHRAINKIEG (FTIR) 5K

SR T8 L AR 4 21 A 3% (FTIR, Nicolet 6700)
T A B R, WX PVDF/ATP, PVDF/ATP-
NH, ®& R # ., HH#EFETEL 800~ 680cm ' £k
B ot 24 F#h PVDF By &b,
1.4.3 ZRAFHEM(DSC) LK

ZRAMEH(DSC, TA Instrument Q200) :
N, K50 TR E R ¥ 10°C/min, HRUNE
HETEE 200°C T BRAE S R R B0 s, B R R R R
ARATEE SR (T O MZE ks (AH O S 885 Bk TR
Z 200°C ARG M AR B (T, P RS (AH L) . it
iR AL PVDF (45§ .
AH(/w
AH{
K AH; =104.5]/¢"" iy PVDF 5% & %5 i J5 1)
JERLKS . AH S DSC 3K 75 2 m 5 kS w R
PVDF £ & FRE Y 5t i 43 %8

X.= *X 100%



% 6 4

LIP, F. UGB EINBERACHERITANY

o
o)

« 59 .«

2 #ZRE5iTR

2.1 PVDF/ATP 4 RES

1 J 4t PVDF.PVDE/ATP #l PVDF/ATP-
NH, & & # G @l g & 5 09 0ot 0 608 B R, 4l
PVDF A i 1y 3Kk & R~F 4% 3t 30pm., 7E PVDF/
ATP 48, L& ATP(w=0.5%)%f PVDF
BRI R SRR K524 ATP /YR 2 B0 2 %01,
PVDF Bk & RSP g sk /N, i 78 PVDF/ATP-NH,
AR BT A 0. 5% ATP-NH, i PVDF
R RST B s D BR BRI B 2 A w
=2% ) ATP-NH, Hf, BR 5 RSP B E 10pm LU
T KA R P 2, o8 2 LB B o8 R 1 K
fo BT, 5 ATP M kb, ATP-NH, f LI % PVDF
T B A AE T T ATP XF PVDF 4 R 15
AN XA LLIHSE 8 ATP 5 PVDF 4y T4 %A
PHEAERME ATP s it 20 E A, 5558 A E 1
R LVE LY ATP (53 550 50k 2% B, BR & 43
A AR A4 57, AT LAHEN . ATP 76 PVDF 1A fr 43 1
AL F AR ATP A ER S A K. M.
ATP-NH, F T 3 20 09 B vk 7, 3o 1
ATP-NH, 5 PVDF ¥ 8 WM BEAEH i1 w =
2% ATP-NH, fig b ¥5) 19 43 BU7E PVDF 4k
o DR TR B RO AE T

neat PVDF

B 1 &5 PVDF.PVDF/ATP #1 PVDF/ATP-NH, £ & #
BHREEERERR

Fig.1 POM photographs of pure PVDF, PVDF/ATP and
PVDF/ATP-NH, composites
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Fig.2  FTIR spectra of neat PVDF, PVDF/ATP and
PVDF/ATP-NH, composites
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Fig.3 DSC scans of neat PVDF, PVDF/ATP and PVDF/
ATP-NH, composites: crystallization during cool-

ing
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Fig.4 DSC scans of neat PVDF, PVDF/ATP and PVDF/

ATP-NH, composites: melting curves after the

cooling process
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Table 1 DSC results of neat PVDF, PVDF/ATP and PVDF/

ATA-NH; composites with different compositions

T./ Tw/ ATw/ AH./ X/

‘o
P i C C T JeghH %

4l PVDF 140.4 170.3 18.0 48. 1 46.0

PVDF/ATP(0.5%) 140.4 171.5 17.8 41.6 40.0

PVDF/ATP(2%) 141.9 171.0 17.4 43.9 42.9

PVDF/ATP-NH,(0.5%) 142.2 170.4 16.1 42.5 40. 8

PVDF/ATP-NH,(2%) 143.4 170.4 15.3 39.2 38.2
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PVDF %5 B T W& I ok 4 75548 2h Z ) ATP 1)
Fal, BT T ER B K i PVDF/ ATP-NH, &
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Fig.5 SEM photographs of PVDF/ATP and PVDF/ATP-

NH, composites
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