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AEXEFIXT PE-LLD / 28K ZnO
EamEEREsER R

BET A RERER N, X EMH  BRE ), &
(1 SN I BR2EBE B 450001 5 2. KM R 2FpP ARk 5 TR =B, R 450001)

I o Kk B4 (Zn0) ik o) A B kA8 B 7] (KH-560, KH-570) A% A5 B2 4k B2 B 4% 8% 7] NDZ-105 v A 5
M) AT R OB PO AL BT R BOME L B S 69 41 K ZnO e oAl B R AVIK B B R O (PE-LLD) f sk, R e R A &
Lwk B ) #F PE-LLD / BUtE 4K ZnO B A4 A B, alad i 5 vt & #e 4 91k 3% (FTIR) X Aw & 4038 247,
BER T WA R R BURE ) 34 R ZnO 69 BOrEROR A R M BLAT T A ) S AR KR AT R T WAt R B Bk A 2 A
IR M AR A AR e 5B R, 4K BR B AR IR A Ao AR IS BR 60 RO ROR M A L e R 2 R A A AR R
L2k ZnO A8 K 0.6% B, 2 it 4k B2 B A% B% 7] o A0 5 B2 P MRS 49 20 K ZnO 4369 B A BT K AT B 69 3 T
HE A A 90.9% F= 90.6% , A A A AF I 5 B A AR B AT st o A 5% M LR BT ELARAR L T (AR / HhE) )
% %) A 362 MPa/ 38.9 MPa, 124 MPa/ 118 MPa,1145% / 692% A= 36.2 MPa /38.0_MPa, 120 MPa/ 115 MPa,
1143% / 680%, %5 46 PE-LLD # B4 3132 %5 29.3% / 14.4%, 14.8% / 19.2%,17.4% / 11:6% %= 29.3% / 11.8%,11.1% /
16.2%,17.2% / 9.7%.
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Effect of Modifiers on Properties of PE-LLD / Nano-ZnO Antibacterial Composite Films
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Abstract : The nano-ZnO powders were modified respectively with silane coupling agent KH—560 and KH-570, stearic acid
and titanate coupling agent NDZ-105 four modified surface agent. The antibacterial composites films of linear low density polyeth-
ylene (PE-LLD) / nano-ZnO were achieved with the modified nano-ZnO powders and PE-LLD by melt blending and blow molding
upward. The modification effects of four different modifiers on nano-ZnO were studied by FTIR tests and activation index analysis.
The influences of four different modifiers on the antibacterial and mechanical properties of the composite films were researched by
the antisepsis of sticking film and mechanical properties test. It showes that the modification effects of NDZ—-105 and stearic acid
coupling agent on the nano-ZnO are better and the two test results are basically the same. While the content of nano-ZnO is 0.6%,
the antibacterial rates against E coli of the composite films which nano-ZnO are modified by NDZ-105, stearic acid coupling agent
are 90.9%,90.6% respectively and it showes that the two have antibacterial action. The tensile strength, tearing strength and fracture
normal strain of the two composite films (horizontal / vertical) are 36.2 MPa / 38.9 MPa, 124 MPa / 118 MPa,1145% / 692%
and 36.2 MPa / 38.0 MPa, 120 MPa / 115 MPa, 1 143% / 680% respectively. Compared with the pure PE-LLD film, they were
respectively increased by 29.3% / 14.4%,14.8% / 19.2%,17.4% / 11.6% and 29.3%/ 11.8%,11.1%/ 16.2%,17.2% / 9.7%.
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1.1 EZRAMA

PE-LLD : FB2230, # ¢ 7R il 28 i e B A PR 2
Fl;

YK ZnO Wik Kife A (30 £ 10) nm, |2z
SEARAEARHE A BR A v
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ToK CBE SN : 4304, KHET R R {2
AR A FRA R

BB B RE R R R A Bl SR
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H PV R EL 234 - DZF—6050 21, o By 7 2
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MUZFFBF AL TE-34 Y, AL THF98

WAL : ST-30 x 30 #Y, K 3% By SR LN
FRZAF

BT 0 AEIR G ML : HF—9002B %, il = FUA R
BHE AR A FRA T

T MG TAEA : ID-CI-1AH B, J5 45 K
b TR A IR T

F 3 E T 28R K B A% : YX-18LDJ A, 1.5
TR PR AT R A A

i 57 AR e 21 A O 3% (FTIR) ¥ : Nicollet
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(1) Bk ZnO W45 o

Be il JE /K £ BN A 2Pk ZnO KA Y o i
Fbh 4 o 1 OIS, A 1 h, INAYEK ZnO B Ak
HAECH 6% 1Y KH-560 , KRS VLR 208 18
R B, T 85°CF W 90 min. K S S (1)
VTR L BT B

AR F2 N7 ek B8 RN B[], #E 85 °C /2 . 60 min il
5 6% 1) KH-570 BCPEIANK ZnO #3A; 78 90°C I
W 60 min 115 6% AYREIRHR L LK ZnO B
FE 45 °C I 90 min 15 6% [ NDZ-105 # Pk (1)
9K ZnO KA.

(2) PUEEERLA 2% o

4 A el Mg K ZnO #3473 515 PE-LLD Hi
Ao e HE — 7 i FC HE 0 TR A 3940, A 21 SR
B I HL A BT , 45 PO AT R, MR B
FIHL K 2% B 435 4. 135,150,160,170, 165,
150°C ; MEFFHE3 2 80 1/ mins

(3) B DU B 25

¥ & 4 KH-560, KH-570 K i s 1% #il NDZ—
105 1 P4 F Ht B £ ¥} 5 PE-LLD #i g} 43 51 & T
60 °C 114 L AT I 3 LT A T4 4 h, SR Bt
B EERL 5 5 PE-LLD Ak I8 — 2 Bt LR &3
S5 AERUEFFEY ML A RS G IR J0E R, 4353
22 AL YR il R R 80 wm, 442K ZnO Jii i
SECR 0.6% MIE A HEE, /3lidh L/Gl, L/ G2,
L/G3, L/ G4 ; fA il & 1% fdFE 2l PE-LLD v
JEFNZHK ZnO ARG MCHE AN B 52 A T, 43 1) 36
NN LAIL/Z, WESHLA BB R - 125,155,165,
175,175,155°C ; $8FF4%348 0 25 r/ min,

1.4 HEgEM

(1) BRPEANK ZnO BHA A EAE

FTIR 3R : SR KBr J& A 32 RE , FH L R
500 ~ 4000 cm™,
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KR ERER R, A2 S T R B A T R S
MR a2 L, RAETE LR 4L
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R 5 QB /T 2591-2003A, K HI I & Hi @
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(3) J1zEbERE I


杨超


32 TSR 2017 4F, 55 45 4,55 10 )

AR PEREF IR GB /T 1040.3-2006 iz ;
HIZAPEREFZ IR QB /T 11301991 i,
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2.1 REBCEA SR ZnO B BOR 89 5T

(1) FTIR 47,

Kl 1a~ & 1d 5 51 8 E e 8 B 55 KH-560
KH-570  fiff fi5 2 A KR TR A K 5] NDZ—-105 ek PE4h
K ZnO ) FTIR 14 .

& 1a f1& 1o ATLLEH .

7E 1l 1a A1 1b 19 48 2K ZnO 3 & (1 & 1)
W 7E 3448 om™ BFIE BN K ZnO 3 T B 1
—OH [FRFAE I I, T 40K ZnO £ KH-560 #ll
KH-570 Mot f& —OH iR sh W S e A7 B S A8 55,
F W] 245 KH-560 H1 KH-570 2tV J5 B9 449K ZnO 3
I f—OH AR A SHEGRLE 5 .

TE F 1a ) KH-560 2 1 44 >k ZnO 35 & (il
£k 3) AIIA 1b ) KH-570 2P 40k ZnO 3% & (il
28 3) B T R e B ) 35 AT A R i R A e, e
762926 cm™ 12852 cm™ P H B C—H F 4
PRBhE, 1190 em™ FFE H 3R Si—O FlAii4s IR shids
FH KH-560 Fl KH-570 WA 2] T4k ZnO
I .

A 1c FIA 1d AT I H

FEFE e 40K ZnO 1% B (il 28 1) FEl 1d 1)
Yk ZnO §EE (H1Zk 1) 72 3448 em™ [ AEAE
YK ZnO 2 I PEFE—OH AR AE Mg e 06, 1 A&
Le [ RE S B2 B M 40K ZnO i 15 (£ 3) AT 1d
i) NDZ-105 Bt 442k znO 3% 14 (i Zk 3) AT &
LG R A IR A 0 42 A I R I NDZ-105 2k S5 AR 55,
JUT- IR, 26 B 208 B8 iR i NDZ-105 2t 5 i ah
K ZnO FHIH—OH K5O 5L G o

TERE 1c BYREREBR OS>k ZnO &I (T4 3)
FIE 1d 9 NDZ-105 BePE48 K ZnO 35 14 (#hk 3)
1£2926 ecm™ 12852 cm™ [T H Bl T —CH, Al
—CH, MRFIEMR IS , It Ry S i AL L AT, U RH TCHLAN
KGR A AL TH Z (B BB W T — 2 LG PR
B2 LA SRR R, e A e & A T AR
1k BEAh, W AR R ECPE LK ZnO RYTE IR (& 1c ol
28 3) 7£ 1539 cm™ F1 1396 cm™ Fff3T Hi ¥ T —OH
) 25 ] % S I 18 5 NDZ—-105 B PE 48K ZnO Y 1%
B (K 1d B9k 3) 78 1350 em™ BT H B Si—O
SHASEAIE AR Sh g MY, PRI, B AR R RN NDZ-105
BRI L P D) e K ZnO e TAR PR BE 454 , 35

2926 2851
3449

4000 3500 3000 2500 2000 1500 1000 500
WA/ em!

1=K ZnO 5 2—KH-560 ; 3—KH-560 BP44K ZnO
(@

4000-3500 3000 2500 2000 1500 1000 500
WAL/ em™!
=442k ZnO 32—KH=570 3 3—KH-570 P45k ZnO
(b)

1720
I
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WAL/ em™
1—40K ZnO ; 2—ME5T2 ; 3—REARFR SHEAK ZnO
(©

WEHL/ em™!
1—44k ZnO ; 2—NDZ-105 ; 3—NDZ-105 #iE4k ZnO
(d)
a—41>K ZnO, KH-560 }% KH-560 S(HE4HK ZnO ;
b—4>K ZnO, KH-570 & KH-570 844K ZnO ;
4K ZnO FE SR B A RS B 4K ZnO ;
d—44>K ZnO, NDZ-105 } NDZ-105 MPE4K ZnO
1 REHEGK ZnO BEBEMIT KH-560 & KH-570 fEARRFN

ERIR TSI NDZ-105 K FEk P4k ZnO 11 FTIR 1551
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X ECIET 1a~ [ 1d AT LU Y, B N R K Bk it
I3 NDZ-105 B8k ZnO IR T ek (8
I565¥) KH-560 1 KH-570.

(2) LR BT HT -
22 1 A PU AN [A) et ) et 40 K ZnO 1 15 4k
FREL
Fz1 FEBEFIBERHK ZnO WiEHLIEE
FE i WALIEEL /%
KH-560 B#E40Kk ZnO 27.1
KH-570 BHEghK ZnO 249
WA AN K ZnO 81.6
NDZ-105 4K ZnO 80.2

R 1 s & R, kBRI ) KH-560 F1 KH-
570 SPEGIK ZnO B TE AL A8 BRI ; B IR TR FIEK TR
BE IR NDZ-105 S48 K ZnO (36 L5041k
FT 80% Lh I, TR K KPE . X5 FTIR Kl
RS R — 2
2.2 RRIBECHER A I AT A AR R

Pl 2 Ay DU FPAS ] 1 50 b BERAH K ZnO Ji il 15
PE-LLD / BPEZK ZnO &4 MR KT OBt
BRI, 3 2 MR AL

H & 2d . & 2e FIZ& 2 WIS L/G1 ML/ G2 &
BV TR R DA PR K ZnO 45 1) 2 B VR K
FrRMP R RS A RR K, L/GIL L/ G2 B A
TEREEST KR A TR B 1R 343 1R 70.9% Fil 65.5%,
RN EAPUREIEA . X2 H F40K ZnO 4T L
N &R B T ML AL ALEE . 402K ZnO
M JE AR I AFEA DL R LA T2 I 5
T ISP ek ot AR B R By T IR AL S A LB 7, 7
—ERERE BT T Zn® BRI, [RIHEAEGK ZnO
Fif —OH RS MEGRIZE A, LA TE FTIR 4347
FEAAENEN .

1 2f K] 2g Je 3% 2 IR 45 AR FTIR 4347 Al
I, L/G3 B A L/ G4 2 A IR HTR %
K E] 90% LA I, HELAK ZnO A et A il 25 19 &2
AR BT R T 50%, X & T4k ZnO
Zead etk Je — D T R TR A R R T
YA Z A L HE R AR 5 o) — 5 T R i R 5l
ERTR TR IR ) T (ALK TR IR &Y
SEA MR RRAE L, TP 0 25 R0 R, DI g K
ZnO K3 RTE PE-LLD JEAARB 5 o i A sie it 2 /i A9
RINGS YGRS A A T AR, PR T e
[

(2)
a—25 Ik b—L ;c—L/Z ;d&L/Gl ;

e—L/G2;f—L/G3;g—L/G4
2 PE-LLD/ eiPEGK ZnO &4 MRS R R T AR T LR
£ 2 PE-LLD/ K44K ZnO E AN KT HE PR E X

FES SERTETERL / (x 107 cfu- mL™) VLR / %
IR 1.000 /
L 0.960 4.0
L/Z 0.396 60.4
L/Gl 0.291 70.9
L/G2 0.345 65.5
L/G3 0.094 90.6
L/G4 0.091 90.9

2.3 REIAHA A LA B R0 Hh
DU 5 B 9 52 45 O B 5 e
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T3 3, 16.2%,17.2%/ 9.7% ; 1 22 155 b o {556 751) KH—560

#®3 PE-LLD/ ¥iEghk ZnO S5 H M S5 146
o PR / MPa IS /MPa Wi BURFRIVE / %

Fi —am g RS EEERE

L 28.0 34.0 108 99 975 620
L/Z 28.8 343 111 103 1104 630
L/Gl 349 36.9 115 111 1130 670
L/G2 34.8 36.9 115 110 1129 667
L/G3 36.2 38.0 120 115 1143 680
L/G4 36.2 38.9 124 118 1145 692

H1 ¢ 3 Bl rT LA Y, 424K ZnO 7E LA
) B BN 0.6% BF, AH EL T4l PE-LLD W,
PE-LLD / M PE4N K ZnO &2 4 1 BAE A 1] 2 1] P
A5 ) 1 B30 PR R Y AR B R [R) R E 4
Hrh, L/G4, L/G3 & MR )2t Re it , K
PR B R TR FR N AR (R /DA
43914 36.2 MPa/ 38.9 MPa, 124 MPa/ 118 MPa,
1145% / 692% F136.2 MPa/ 38.0 MPa, 120 MPa/
115 MPa,1143% / 680%, % 4fi PE-LLD ¥ JIi />
WA T 29.3%/ 14.4%,14.8% / 19.2%,17.4% /
11.6% 1 29.3% / 11.8%,11.1% / 16.2%,17.2%/
9.7%. X EEE S T EKER R 1 I5¢H NDZ-105 1 47
T34 (CH,),CHOTiCOOC,;H,s, J& T Fe A HE i 7
iR S TR I R, 7 v 1) Al SR T (CHL,) ,CHO K i
JE 590K ZnO FiH—OH I il ZUE, £ vt B 5% Tl Jk
VIRE IR FR I 5L 5 5 o R A W A LR B R T L)
HHZH 58 P LA A U 5 AR R 43 7 A i 1k ity
F—COOH W &y F1 42K ZnO = [fi—OH JE il &
T Dy — i AR M BE A CHY(CH,) — S 43 F
REY A VEEB T B ek b2t . P
BCPEF R B T 942K ZnO 9K+ 5 AR
JRTA] B AR 2 , DA T A3 40K ZnO (14 50 i , 1 44
K ZnO FEFEAR T R R AR &, R & 7=

BRI LR A 12 RE
3 #ig

(1) FTIR I3 AN 9 £k 48 £ o3 A1 28 B, Bk R 1k 1
BX7 NDZ-105 FHEREERXF 44K ZnO Bk iERR K
KA T rERE B KH-560 A1 KH-570,

(2) B Mgk ZnO R 0.6% I, KR I
R IE 7] NDZ-105 F1 A8 B iR 2l 1 5 1 44K ZnO il
15 0 52 A WERSEG R I A B 1 B 181 23840 310 ok 90.9%
H190.6% , EA BB E ], FLIE & W %) H7 {58 B |
i 24 B K T BLBR BRI AS (K] / GhTa) ) A3 o) A
4fi PE-LLD # i $2 /& T 29.3%/ 14.4%,14.8% /
19.2%,17.4% / 11.6% F1 29.3% / 11.8%,11.1% /

1 KH-570 P B9 942K ZnO il 153 19 52 5 XS
KIGHT B BB R T 71%, AR AHTEAE,
H AR s T .

2 % xuk

(1] Eim, & e, 55 05 ARG T i R B F
FOHERE [1]. AL TR, 2016,37(23):83-88.

Wang Haili, Yang Chunxiang, Yang Fuxin, et al. Research prog-
ress in antimicrobial and antioxidant active food packaging film[J].
Packaging Engineering,2016,37(23):83-88.

[2] Gu Guangqin, Han Changbao, Tian Jingjing, et al. Antibacte-
rial composite film-based triboelectric nanogenerator for harvest-
ing walking energy[J]. Act Applied Materials & interfaces,2017,
9(12):11 88211 888.

[3] Zhu Qi, Hu Xiaohong, Stanislaus M S, et al. Anovel P/ Ag/Ag,0
/ Ag;PO, / TiO, composite film for water purification and antibac-
terialapplication under solar light irradiation[J]. Science of the Total
Environment,2017,577:236-244.

[4]. Shankar S, Rhim J W. Preparation and characterization of agar /
lignin / silver nanoparticles composite films with ultraviolet light
barrier and antibacterial properties[J]. Food Hydroccllolds, 2017,
71:76-84.

[5] Deng Zilong, Jung L, Zhao Yanyun. Development, characteriza-
tion, and validation of chitosan adsorbed cellulose nanofiber (CNF)
films as water resistant and antibacterial food contact packaging[J].
LWT-Food Science and Technology,2017,83:132—140.

[6] Aani S A, Gomez V, Wright C J, et al. Fabrication of antibacterial
mixed matrix nanocomposite membranes using hybrid nanostructure
of silver coated multi-walled carbon nanotubes[J]. Chemical Engi-
neering Journal,2017,326:721-736.

[7] Zhang Xiaodong, Xiao Gang, Wang Yaoqiang, et al. Preparation of
chitosan-TiO, composite film with efficient antimicrobial activities
under visible light for food packaging applications[J]. Carbohydrate
Polymers,2017,169:101-107.

[8] Mokhena T C, Luyt A S. Development of multifunctional nano /
ultrafiltration membrane based on a chitosan thin film on alginate
electrospun nanofibres[J]. Journal of Cleaner Production,2017,
156:470-479.

[9] Tao Gang, Cai Rui, Wang Yejing, et al. Biosynthesis and char-
acterization of AgNPs—Silk / PVA film for potential packaging
application[J]. Materials, 2017, 10(6):doi:10.3390/mal0060667.

[10] Lei Jia, Zhou Lei, Tang Yongjian, et al. High-strength konjac

glucomannan / silver nanowires composite films with antibacterial
properties[J]. Materials,2017, 10(5):doi:10.3390/ma10050524.

[11] Jafarzadeh S, Alias A, Ariffin F, et al. Characterization of semoli-

na protein film with incorporated zinc oxide nano rod intended for

food packaging[J]. Polish Journal of Food and Nutrition Sciences,

(THE45T)


杨超


FHFE3C, % PCL / CNTs 2 ARG TERE 45

[3]

(8]

(9]

[10]

(1]

[12]

on dispersion of carbon nanotubes in polymer matrix[J]. Plastics,
2008(3):42-44 ,81.
BT . BRAVKAT / REWIZ AR RS PERAESE [D]. A5 -
IR, 2016.
Xie Ningyu. Research on the conductivity of carbon nanotube /
polymer composites[D]. Hengyang:South China University,2016.
TrO5 IR WIRTE GF L BRVCKE / R LIRS AR A
Lo AERERETE (). THRERTEL, 2007(4):659-661.
Fang Fang, Zhang Qinghua, Chang Zhenjun, et al. Study on prepa-
ration and conductive properties of carbon nanotubes / polystyrene
composites[J]. Journal of Functional Materials,2007(4):659-661.
XURTHE, TR FERER , 55 . AR AR O B lR / ZBERRYN
KA A R % S TERERTSE (1] DUHEA B, 2014(23):23 025-
23028.
Liu Keyan, Ding Changkun, Guo Chengyue, et al. Preparation and
performance of polyethylene terephthalicacid glycol ester / multi-
wall carbon nanotube composites[J]. Journal of Functional Materi-
als,2014(23):23 025-23 028.
Jouni M, Boiteux G, Massardier V. New melt mixing polyethylene
multiwalled carbon nanotube nanocomposites with very low electri=
cal percolation threshold[J]. Polymers for Advanced Technologies,
2013,24(10):909-915.
PR, BRI, MG . JT SEM PR AUBRANACE WA 1 51k %
M7 (] At SR 5E,2016(2):52-54, 57.
Chen Yanhai, Zhang Daguo, Nie Peng. Research on the uniform
characterization of carbon nanotube films based on SEM images[J].
Transducer and Microsystem Technologies,2016(2):52-54,57.
RASAE, A, R A BRI 1 2 IO TR S VLB (0],
MR, 2011(9):16-19.
Wu Xiwang, Xiao Jianzhong, Xia Feng, et al. The dispersion
mechanism of carbonnanotubes[J]. Materials Review,2011(9):16—
19.
Jogi B F, Sawant M, Kulkarni M, et al. Dispersion and perfor-
mance properties of carbon nanotubes(CNTs) based polymer
composites:A review[J]. Journal of Encapsulation & Adsorption
Sciences,2012,2(4):69-78.
HAT PTC R w0 T A RS HC # 0k < P

i

[13]

[14]

[15]

[16]

[17]

[18]

[19]

103304871A[P].2013-09-18.
Li Yilian. A polymer heating material with PTC characteristics and
its preparation method:CN, 103304871A[P].2013-09-18.
FOEL RIS L ARG PTC HL & BbhRE B L 4 vk -
FE, 106750796A[P].2017-05-31.
Ge Jiping, Zhang Haojie. A polymer PTC electrothermal material
and its preparation method:CN, 106750796A[P].2017-05-31.
TRAERT . 3T 40 88 S S APRL A A TERENTSY [D]. YEBH - 2L FH
IR, 2014,
Zheng Yaxuan. Research on thermal properties of graphene
composites[D]. Shenyang:Shenyang University of Architecture,
2014.
REFA AW, Tos3m, 5 RO INER Y 48 S et ek

1. EBKE ], 2016(4):52-56.
Song Xinyue, Zhu Guangming, Wang Zongyao, et al. Prepara-
tion and modification of polyhexylester[J]. China Adhesives,
2016(4):52=56.
WS, R, X 0T
HEJE [J]. TR RHN
Hu Xueyan, Gao Zhaoying , Liu Huifang, et al. Modification

SAF AR SRR AT PRI
,2015(11):108-111.

progress of biodegradable material poly & -caprolactone[J]. Engi-

neering Plastics Application,2015(11):108—111.

LB JEWEEE, AT, 45 . AT A R A 3 O TR AR R e
fFFEUEE [0]. 93@*4%4&,2016(6):92795.

Wang Pei, Zhou Xiaoxia, Niu Lili, et al. Research progress of
biodegradable polyhexyl ester material blending modification[J].
Plastics Science and Technology,2016(6):92-95.

HIRZW], A0, SRR W], 45 - ZBERRYI KA / PCL-b-PNIPAM
AR 1] A MEE,2016(12):22706-2 711

Tian Liming, Yang Dandan, Nie Kangming, et al. The preparation
of multi-walled carbon nanotubes / PCL-b-PNIPAM composites [J].
ActaMateriae Compositae Sinica, 2016 (12):2706-2 711.

XS, A, S K ], S ZBERRAK AT RS PCL 25 W AT M I3
Wi [J]. A ARG S 2B, 2010(6):17-20.

Deng Gang, Hua Chengwu, Di Yongzhou, et al. The effects of
multi-walled carbon nanotubes on PCL crystal behavior[J]. China

Synthetic Resin and Plastics,2010(6):17-20.

(E#EFE34®)

[12]

[13]

2017,67:183-193.
Vasile C, Rapa M, Stefan M, et al. New PLA /ZnO:Cu/ Ag bio-
nanocomposites for food packaging[J]. Express Polymer Letters,
2017, 11:531-544.
Faramarzi S, Bajelan S, Akbarian H. Manipulation of ZnO /
polymer nanocomposites generated by nanosecond laser ablation in

organic liquid[J]. Acta Physica Polonica, 2013, 123(1):152-155.

[15]

Jang I, Shin K H, Yang I, et al. Enhancement of thermal conduc-
tivity of BN / epoxy composite through surface modification with
silane coupling agents[J]. Colloids and Surfaces A:Physicochemical
and Engineering Aspects,2017,518 :64 —72.

Wah C A, Choong LY, Gan S N. Effects of titanate coupling agent
on rheological behaviour, dispersion characteristics and mechani-
cal properties of talc filled polypropylene[J]. European Polymer
Journal,2000,36(4):789-801.


杨超




