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WE: R AIARTT &5 & B R E SN KB 2- B -4-3- TAAEHBKRE L -2- 2L REAL) — X 7R
(BPMA), #| #1439 BPMA, AR Ak . THr (PVDF) 4k 4 A A, it 47 TR 48 FBAEAUR_ L, )43 PVDF-g-BPMA, 74
MBI PVDF #9438 B & 4 15 kGy, 27 T AP a9 15 dk A R 35 B % 190°C, AR B 1] 2 6 min, #5i% ) 50
/min, Bt EE R A AT 2ot B R 2 T ER A X FERATEARE S - T LR S 2F PVDF-
g-BPMA #4745 M AL MR BOR AR M X, 2 R &Y, BPMA 344 %] PVDF b, B FiX 7.04%. BHE
PVDF # 25 &b & AR A2 b 8 R R A K, AR T R45:489 PVDF, PVDF-g-BPMA # i /£ 280~340 nm 7% ¥ M 89 %
ShbFET FEEE 0.27% AT, R IR KT 09 RSN R B AL, Bl 6F 5 PVDF /BPMA A4 BiAart , L 22 T B 442 48 h
JG W SR SN R BOKOME AR A W AL, & W PVDF 48 424 BPMA A 2 % 1k T 4 98K B0 ) £ PVDF A #9 5h 245
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Study on Pre-irradiation Grafting Method to Improve Ultraviolet Absorption Property of PVDF
Dong Li"?, Xiong Zhengrong', Liu Xiangdong', Yang Yuming'
(1. Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China ;
2. University of Science and Technology of China, Hefei 230026, China)

Abstract : Reactive ultraviolet absorber 2-hydroxy-4-(3-methacryloxy-2-hydroxylpropoxy)benzophenone (BPMA) was pre-
pared through organic synthesis. Polyvinylidene fluoride (PVDF) powder was chosen as the base material, and grafted with the
synthesized BPMA through pre-irradiation grafting polymerization method for preparing PVDF-g-BPMA. In the experiment of pre-
irradiation, the radiation dose of PVDF was 15 kGy and melt grafting reaction was carried out at a temperature of 190°C for 6 min
with rotational speed of 50 r/min in rheometer. The structure and ultraviolet absorption property of PVDF-g-BPMA were character-
ized by 'H-NMR, FTIR, DSC, WAXD and UV-vis. The results demonstrate that BPMA is successfully grafted into PVDF powder
and the grafting ratio reaches 7.04%. After grafting, the crystallinity of PVDF powder decreases, but the crystal form is not changed.
Compared with the ungrafted PVDF, the UV transmittance of PVDF-g-BPMA film decreases to less than 0.27% in the wavelength
range of 280-340 nm, which shows excellent ultraviolet absorption property through graft polymerization. What’ s more, compared
with the PVDF / BPMA composite film, the ultraviolet absorption property of PVDF-g-BPMA film has no obvious change after ex-
tracted by alcohol for 48 h, which indicates that pre-irradiation grafting method is an effective method to prevent migration of ultra-
violet absorber in PVDF.

Keywords : polyvinylidene fluoride ; pre-irradiation grafting ; 2-hydroxy-4-(3-methacryloxy-2-hydroxylpropoxy)benzophe-
none ; ultraviolet absorption ; migration resistance
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SEF LLSCHR [16] AT [17] SR, L 2,4- — 12
FETIRHR (UV-0)  H EE N R 46 /K H R (GMA)
Sk TR ] £ T 3R A U 114 2 R 2 5% A 2 I R
——2- FR L 4-(3- W EL TN U TR R 2 -2- PRI R
B ) K H ] (BPMA).  “Co-y HiF £k Fild e it
) PVDF 5 BPMA 7E i 1R 5 i 22 3 it 17 ) il
PR R il % PVDF-g-BPMA., X ZSHF 5% FLAiT 4 &
WA S SCHkARIE . SC 045 R 28I, PVDF #:4%
BPMA Ji5 HAT 5 1 58 AN Wi R, A7 R T34 fin
PVDF 1B 2R N . [FIEE, 838 T —Fh
B il 28 Ko 22 AN LA SMBL REAT R 11 5541
LR ISR TE AL B SE 6 7 7, X TREH e AR LAY
N A —E R E L.
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NGIF

2 HAHE A (DSC) {X: STARe System %Y, B
-+ Mettler Toledo 237 ;

b PRI 1% (NMR) 1% : Bruker AV 400 %Y {8
[E Bruker /] ;
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'H-NMR i : 73 518U 5 mg BPMA & 10 mg
PVDF-g-BPMA, ] NMR {31743 #7 , #5570 A A€
R 327708

TG 587 : 28 A, THE I 10°C / min, L
JLFE R 30 ~ 800°C .
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28 Gl 28 W Wi RE S AE . K 45 19 PVDF M
PVDF-g-BPMA i 5% (40 pm) JE47 4 4h — 0] WO
(UV-vis) i 1f 2=, 948 B 1 nm, L E 200
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5 APRHEB ARG PR B A TR R A R . Bl R
o7 B[] 9 AN DT 384 i A 58 22 119 BPMA #2431 PVDF
Oy FHE, B T3 BPMA & (1 BRI, 254k 2L 18
SR B (] B R RN TR . % 2 BPMA 5
PVDF TR 5 80 e S I 83, (H iy e s X6 1o (1) 5 4]
JIEZ SN, 2338 B R IEIR

Sy, 38 g T — FR B E S IR X 7 A A
RPEATINIR G H, 5 20 o B A L SR
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e ROR IR Ty T A PR R
'H-NMR % | FTIR & & JeE 00 k. 5

L IC M F oo i doR AR, HHEARK
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X W——F TR MR8

PVDF M1 F JC & 1Y % & 4 61.29%, i i i 1
S SR 4 1 PVDF-g-BPMA ) F ST & &
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ATLLUE A2 8% 0=12 AR IR R T UV-0 1
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2.3 PVDF A0 & 09 2 M R AE

(1) 'H-NMR 4347,

S UE IV Ji BPMA & 75 #:8 #) PVDF 431
BE DL SR iR JE 2 A5 A 5% BPMA, 4T
T 'H-NMR U, 4550 e 4 iR, & 4 TLE
B4 PVDF-g-BPMA A 'H-NMR % /& i1
M T BPMA [WRFEIE (Bl 25 IR 4 5 5 1A 2
— 30, UEI R ) 5 15 K 0=6.12 f 5.73 bk
A HE BOSUSEAN TR R S IR AL, TE B JE K S Bl R
JE A FRASA N ) BPMA

ht-CH,(PVDF) ht-CH,(PVDF)

1,2,3,4,5,6

§ 7 6 5 4 3 2
0
4 PVDF-g-BPMA [/ 'H-NMR %4

(2) FTIR 73#r.

PVDF #%4% BPMA )5 1) FTIR 3% &l 4014 5 it
7~o HIE S [, PVDF 7E2 921 em™ F12 853 ‘cm’’
A B R AT 06 43 3 X6 I CHLy AN X R I % A i 41 565
1390 em™ &ZbXf 1 C—H Zli#E5), 1090~1257 cm™
Qb C—F {45458, PVDF-g-BPMA Ay FTIR %
A BB il 76 1742 cm™ B XTI BPMA
fi B C=0 45 % 5,1 169,1230 ecm™ kb XF )3 C—
O—C 44k 8h; 3024 cm™ P AR A C—H
GEIRS), 700 cm™ BRI XTI A 1 T AN TR 30
DL 2 SRnE B B )

PVDF
PVDF-g-BPMA

3200 2800 2400 2000 1600 1200 800
WAL/ em™
€5 PVDF $ZAHIfA 1Y FTIR 54

(3) WAXD 43 #r .

Kl 6 & PVDF 2 K 6 J5 /9 WAXD Hi k. H
B 6m A, %K B PVDF N o i %, B 6
260=17.7°,18.4°,20.1° Fll 26.6° FJIES> 5%t i PVDF
B o &AL (100), (020), (110) 1 (111) &, Xf

[t & 3 PVDF 4% k& BPMA &5 AT 5 W +H X 58 13 ik
AN AR B AR, X ULEH 4R IR PVDF &5
BPMA 7Efit TR A I AR AN b & A s Al A S 0 )i
PVDF [45 5T R, (3 R A s

(111)

VDF-g-BPMA
10 20 30 40 50
20/ (°)
€l 6 PVDF #4505 B WAXD i

(4) DSC 43#7 .

[l 7 & PVDF #2 £ 1l J5 () DSC — W& Ft i i
2k, & 7 /pHr el L, PVDF 1E 170.8°CAH —W L1
JE g, PVDF-g-BPMA R # Rl HH BLAE 169.7 °C,
PVDFAEZAL R JE 16 s YIHE 170°C A4, A W B AR
k.. PVDF 1Y %% Filt 4% b 66.3 1/ g, PVDF-g-BPMA
H 4 alke R 60.9° 77 g, M s G THE, PVDF fY
ShmBE N 63.3%, 43 BT Al R4 R, PVDF-g-
BPMA 45 5Bl 58.2%, DL EE M, 4 BPMA
A B B 2 AE PVDF 434 1) 22 0P F1GE (8] (1) A
HAER, T S ANAS 5 I 45 i R T R T
[ 63.3% B 2 58.2%, FREHEZAFZ M T PVDF 431
B0 X Bt B R

PVDE
PVDF-g-BPMA

56 160 150 260
WA/ C
&7 PVDF #E1)A #) DSC ik THi <k
2.4 PVDF #AAT/& 09 % S R BOKHE 4R
(1) SR YERE ST o
¥l 8 4 PVDF } PVDF-g-BPMA i ( J& Ji &y
40 pm) i UV-vis i F6iE &, H T BPMA H
BRSNS RE , A S PVDF By 554k
LRERENA AR . i 7 A %0, PVDF 44K BPMA
JETESAME X B8 1 5 kA 1 AR Ak 5 R il Ak
() T I AE 200~360 nm I 1K T Bl N 10 1 0 R [ 2
1% LA WOGREIRE] 2 5 FEXTRRBEE AR 3 K Y
280~340 nm Y%K PR 1Y 1 R I 2 0.27%,

W —
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WHETE A 2,57, HRAE Lowry S50 1, e 48
HMDEIGE T RAE 1% LIT WOLRETE 2 LERE, Ak
NS T A SR SO EIX Y 2 A

100 PVDF

800 360 460 560 660 760 860
Wk / nm
[¥1 8  PVDF #ZB0i1 )5 19 UV-vis & it 5505 E]

(2) T ERYERE ST

AN WA AL B R AT B X T AR i
b PERER R, 38 1 £ B 5L 56 % PVDF-g-
BPMA i e tHARIA] T2 6 #5 ) PVDF / BPMA & &
i (BPMA Ji 12 43500 7.04%) AT i S ML REEAT
fifF% .

¥ il Z B %} PVDF / BPMA & 4 i 2 PVDE-
g-BPMA I (JEEJF 40 pm) Hili4% 48 h, BF5E 7 I
T TP B %) 5 A DI85 3k 0 L VL, 25 5 ]
9 fitn. I 9 4387 Rl %, £ BEdldR RS PVDE-g-
BPMA JEAE 54 IX 935 bR 15 A B B A8k, it
BPMA B/l A PVDF H il 5 ) S5 28 1o il 2
Ji 58 AN W ST i S e AT, RS R D) , AR
300 nm &b 17 i R AN E 21.69% , A BE L L L4
iR, Z559EM , 51451 PVDF / BPMA
S A REEAR LY, 388 ) i BB Y 7 ¥ il 5 1 PVDF-g-
BPMA RS e A1 2By 1 BPMA HiEH .

701 ~7F
60 /

2 50F /
43};407 /

=30¢ 4.7
Q0

10 -~

00 250 300 350 400
P / nm
1,2—PVDF-g-BPMA Bl AT 5 i 584 i Rl 4
3,4—PVDF /BPMA & & AT 5 155t 3R Lk
[%19 PVDF/BPMA & {5} PVDF-g-BPMA i
TR 5 MBI X L

2.5 BHEESH

148 B8 PVDF # & BPMA B9 52 v o 72 &
10 Jir 75, ¥ PVDF #F 47 %@ B850 &y 15 kGy 1Y
“Co- v B4R IR, 1E CH, Ly A [ i3, s — 25

& BPMA WERIEAL, BT v SRR,
1E CF, B4 A Ml ae, (HYS C—H ML,
C—F HpeZim R L . [Fk, 7 PVDF FilfE e i 7
1, CH, by=A4: A MR LR KT CF,, A £ 20
{7 ; BPMA 5 1i%g I PVDF $2 4 i # v 3252 CH,
FAHES BPMA HosU g v

Y -HCHﬁFﬁ; éH—CFﬁ;

—GCHZ—CFﬁ;

O OH o H
H H
R O/cag/w}l
OH Hj

-HCHZ—CFﬁ; CH—CFZ{; -— -HCHZ—CFZA; EH—CFZ{;

‘R2

190C

€1 10 PVDF %4 BPMA 52 i i 7

P AR R Bl AT R TR REAILBE AT DS B
J v A8 AN 2R W GRI 7 PVDF A%, mT DL i
WA A T E T A B 7 — R H R | ARG SS
AT — RS A AN MR, SR 5 I 3R A T
WEBRL () k%) PVDF A7 et , 46 v HE 55 A i
WeHERE , 20 ERA T I T
3 &g

(1) "H-NMR, FTIR 4} 5 3¢ B3 1 190 5 R e
B 1 UK BPMA $:88] PVDF 734k,

(2) WAXD, DSC il it &% 5 5 /R 322 K7 5 by e
PVDF 1528 o fi i, I H 4045 0% 2 UHE A ] 1)
AHEAE AT W AR | R4 i B A A1

(3) LA T R MR ZE FAE ] BPMA 5 14
W8 PVDF 1 %6 il 2 A3 S5 0 ] DL AG %4 &5 PVDF 11y
SEOMRMLICIERE , SO I ] 8 i) A X 1R Ak
SRR 280~340 nm K G N, S T X £
AN B 2RI

(4) Tt 3T 4% 23 IE B PVDF #: KL BPMA J5, 4
LTI 48 h, HER MR E R A e A I il A2
k., 1 PVDF / BPMA & & J 1) 55 414 i i Pk fig BH
b BEATG, 3 3% BH R FH T R R 1) T A 2k b £
T RIS TE PVDF NSNS

SE 3k

[11 Liu Jie, Shen Xiang, Zhao Yiping, et al. Acryloylmorpholine-
grafted PVDF membrane with improved protein fouling
resistance[J]. Industrial & Engineering Chemistry Research,2013,
52(51):18392-18400.

[2] 1, BRI, B X, 45 BRI YA IR XS PVDF-g-PNIPAAm i
AR o 5 R D[], 86 22 B A2 2 2011,
32(6):1424 —1430.


杨超


28

TREIERL

2017 4F, 45 45 45 45 1 1)

(3]

(3]

(7]

(8]

(9]

Feng Xia, Guo Yanfen, Zhao Yiping, et al. Influence of coagulant
temperature on the membrane formation process and properties of

PVDF-g-PNIPAAm temperature-sensitive membranes[J]. Chemical
Journal of Chinese Universities,2011,32(6):1424 —1 430.

Zheng Zhenrong, Gu Zhenya, Huo Ruiting, et al. Fabrication
of self-cleaning poly (vinylidene fluoride)membrane with micro
/ nanoscaled two-tier roughness[J]. Journal of Applied Polymer
Science,2011,122(2):1268-1274.

Cai Tao, Yang Wenjing, Neoh K G, et al. Poly(vinylidene fluoride)
membranes with hyperbranched antifouling and antibacterial
polymer brushes[J]. Industrial & Engineering Chemistry Research,
2012,51(49):15962-15973.

Arslantas A, Sinirlioglu D, Eren F, et al. An investigation of proton
conductivity of PVDF based 5-aminotetrazole functional polymer
electrolyte membranes (PEMs) prepared via direct surface-initiated
AGET ATRP of glycidyl methacrylate (GMA)[J]. Journal of
Polymer Research,2014,21(5):1-11.

Zhao Guili, Chen Weining. Enhanced PVDF membrane
performance via surface modification by functional polymer poly(N-
isopropylacrylamide) to control protein adsorption and bacterial
adhesion[J]. Reactive and Functional Polymers,2015,97:19-29.
WYY ARG, TV 45 OB R PVDF SRS HA R 20 (0] St
WFE 5585 T 202447, 2009,27(2):79-83.

Ji Yuling, Li Linfan, Yu Yang, et al. Radiation grafting of styrene
into PVDF powder[J]. Journal of Radiation Research and Radiation
Processing,2009,27(2):79-83.

Zhu Liping, Yu Jingzhen, Xu Youyi, et al. Surface modification
of PVDF porous membranes via poly (DOPA) coating and heparin
immobilization[J]. Colloids and Surfaces B:Biointerfaces,2009,
69(1):152—155.

Sui Yan, Gao Xueli, Wang Zhining, et al. Antifouling and
antibacterial improvement of surface-functionalized poly (vinylidene
fluoride) membrane prepared via dihydroxyphenylalanine-initiated
atom transfer radical graft polymerizations[J]. Journal of Membrane

Science,2012,394:107-119.

(EEEFUR)

(6]

Li Lei, Zhou Jian, Wu Chengxu, et al. Properties and microstructure
of ABS / TPU Alloy[J]. Modern Plastics Processing and
Applications,2010,22(6):21-24.

FWE R AL S RN/ RIS OURE SR
2 K SAREMERE (7], o EIEERE, 2016,30(8):39-42.

Wang Yafei, Zhao Jing, Cai Xueming, et al. Mechanical and flame
retardancy properties of polypropylene / holloysite composites[J].
China Plastics,2016,30(8):39-42.

Chen Xilei, Liu Lei, Zhuo Jinlong, et al. Influence of iron oxide
green on smoke suppression properties and combustion behavior
of intumescent flame retardant epoxy composites[J]. J Therm Anal

Calorim, 2015, 119(1):625-633.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(7]

[8]

(9]

[10]

Ma Haiying, Yang Yuming. Rheology, morphology and mecha-
nical properties of compatibilized poly(vinylidene fluoride)(PVDF)
/ thermoplastic polyurethane (TPU) blends[J]. Polymer Testing,
2008,27(4):441-446.

Xue Song, Yin Geping. Proton exchange membranes based on
poly(vinylidene fluoride)and sulfonated poly(ether ether ketone)[J].
Polymer,2006,47(14):5 044-5 049.

Park Y W, Inagaki N. Surface modification of poly(vinylidene
fluoride) film by remote Ar, H,, and O, plasmas[J]. Polymer,
2003,44(5):1569-1575.

Suzuki T, Kitamura S, Khota R, et al. Estrogenic and antian-
drogenic activities of 17 benzophenone derivatives used as
UV stabilizers and sunscreens[J]. Toxicology and Applied
Pharmacology,2005,203(1):9-17.

Olsson S, Johansson M, Westin M, et al. Grafting of 2-hydroxy-4
(2,3-epoxypropoxy)-benzophenone and epoxidized soybean oil
to wood:Reaction conditions and effects on the color stability
of Scots pine[J]. Polymer degradation and stability,2012,
97(9):1.779+1.786.

Ge'Feijie, Huang Yun, Luo Yu, et al. Macromolecular chain
structure design, synthesis and analysis of poly (L-lactide)
linking ultraviolet absorbing groups[J]. RSC Advances, 2014,
4(108):63 118-63 127.

Zhao Yi, Dan Yi. Preparation and characterization of a high
molecular weight UV-stabilizer based on a derivative of 2,
4-dihydroxybenzophenone and its application in polymer materials
[J]. Journal of Applied Polymer Science,2006,102(3):2203-2211.
Zhao Yi,Dan Yi. Synthesis and characterization of a polymerizable
benzophenone derivative and its application in styrenic
polymers as UV-stabilizer[J]. European Polymer Journal,2007,
43(10):4 541-4 551.

Li Neng, Chen Yuhe, Bao Yongjie, et al. Evaluation of UV-
permeability and photo-oxidisability of organic ultraviolet
radiation-absorbing coatings[J]. Applied Surface Science, 2015,
332:186-191.

Wei Ping, Hao Jianwei, Du Jianxin, et al. An investigation on
synergism of an intumescent flame retardant based on silica and
alumina[J]. Journal of Fire Sciences,2003,21(1):17-28.
Yi Jiangsong, Liu Yi, Cai Xufu. The synergistic effect of adjuvant
on the intumescent flame-retardant ABS with a novel charring
agent[J]. Journal of Thermal Analysis and Calorimetry,2013,
113(2):753-761.
Huang N H, Chen Z J, Wang J Q, et al. Synergistic effects
of sepiolite on intumescent flame retardant polypropylene[J].
eXPRESS Polymer Letters,2010,4(12):743-752.
Wang Jincheng, Chen Yuehui. Flame-retardant mechanism result-
ing from an intumescent system[J]. Journal of Fire Sciences,2005,

23(1):55-74.


杨超




