%500

BAEILAE. GKVERY/ L M- LR CARTRAGIB L5 BRI ] 48 S BETTSE 1

MAKTEW/ CIH- LR IHEEBRRE & B
& R MERE 3R

REL, LAR, RAER, RAG RAK Rk F°
(1 VTR R A2 SRR TR VT o8 2141222, BilEsciloRaF fhop 546 T24Be, i 200240)

RWE T — R AR TER/ 26— 2 2RI (EVM) & A R1RL, BT AR50 KHS 70568 & 4 bHRHE B 14 82
Wi o 45 B 2N ARSI K HS 700, 42 A b4 A 1 B B BA S 3580, (L4 K 36 0 15 E VML IR A M 28 1k 4 22 5 1 156 51
KHS 70/ AT LA 99 K Ve 8 5 EVM LR 9 AH 251 5 B G IR K HS 70 B B 3 0, 52 45 MR 2 L 300% 2 i )
TR R 7 TR W44 K 5 7 AS T 63 L Y, A 386 RV K HS 70 FH 4 S 20 I, 52 Bk i 4 B R A A

K GUOKRTER s M- LR CIRTRAGIE s (I 3 A b0RE MR TERE s SC K45 4

thE 432 :TQ330.38"3;TQ333

LR TR IR W) (EVA) th &R L
fi (VA) i 523 500, 4~0. 9iF , EVA 2 3 A4S i
R 8 H TEAR I Tl b S M- £ TR CARTEAR I
FRAEVM. EVMES 8 HOAS & A A0 R SR, TR
A S TR AT SR R
I 45 L & B AILGL Y | 3SR A AR 38 XU 4
M H #2320 5 KRG RS EVM
R R H A2 MPaZe 4™, NI, 76 Tolk 2R
EVMili & 5 2B AR J5 A HAT S M

AR, PR ) IE 27 1) 8k R 2 0 G
I HMEsh T nl FE o AR RS SE R e
o —Fn] A AT A Y PR A IR A A
K, B BRERNE TAEH K K87, B4 3
WK™ TERE R AR b b B R P A K e
o AT T IR AL S A PR RE, ANk S IR R
F1 R PUR I AR S X AR A IR I B
o BRI, RIRVEM A SRR K ULHRUK) | 5
i) T LA kg I 500 14 SR R, b A K U By
HRBEZ &%, Angellier 58 1 E KIER 91K
A R AR EE (NR) PEBE R M) IR gE 61T, 24
A5 7RO 0. 209 0K TE R I, 525 BRI P
st AR 1A BN AENRAY 7545 o I UE T, GOKTER A

EZ RN B E 0 (1992—) , VLI M, VLR K 2E 0 i
g, TN A TR R O Y
* (IR A (p. ma@jiangnan. edu. cn)

XERERERD A

XEHS:1000-890X (2018) 00-0000-06

N (B I (BN B e L AP S o N T G e SN 11T € 4
JRE IR ] PR 21 22, IR, B KT M S B
AR E ST AL 75 5 Y N T BB 1R A
FHERE TR

A TAER A — L3 H % 90K TEHR /EVME &
MRE FEGK TER FIEVMAE B YR T, 5 %5
THERFIKHS 70 F % 52 G 4 RMEOWLE 55 R0 2414
RE 52 0, I3 3 5 K 235 # RN 2T APl 4 Br 2
HANRHLHIA T

1 I8
1.1 FEEHMM

EVM, VA i & 43 80 40.5, 112 K & ML
(1+4)100 C1H16, B B B B 78 = 45 B A #
Py ELEE VE B, 4R S 90%, A X 4y F i il
1.0X10°~1.5X 10°, EigBrfn T A LR B 47
BN 777 i (BRI KHS 70 BRALFIDCP | 7 HES0
YR80 . 1 — H RN G AT , 4r M al, [ 24 4 1A
P2 A BR A 7
1.2 FEFHEMNNLF

HI-3 BB Ty i P4, TR E IKA A B 77 5 JP-
080B Y 75 I LE ML, PRI I W i ve ik & IR
F] S IB/T 53741991 B HL T K-, B+ Mettler
ToledoZ 1) 7 i ; GT-M2000-A E G AL A, th [H &
VA AR B A B F] 77 i s Polylab—OS R600



2 %o Tk

20184F55 654

H %% S0 3 A8 4L, 3¢ [ Thermo Electron Scientific
N ) PE s ZetaPALS AU Zeta B (37 I 44 K i BE o3 A
A, 5 A5 6 v S48 |7 5 S-4800 AL 44 L
A (SEM) , H A H 57 8k 38 & 4 7 i ; Nicolet
670075 4= Jz B A0 FL i 21 A A, 55 [H FE BR e
IRBHE A BRZS w172 & s Instron 5967847 EH 1AL,
2 [H InstronZy 1) 72 i o

1.3 RAEH&

YK TERY B AR/ 258 K (R R o i
FE90/10) TR A %R A Z 90 C I hn A H 5 €
K, FEEMAR T 25 BB B WG AR H 2
IR K IR A S PO RS0 (B M1 - 4) Y
ToK T2 A TEAS W 5 A2k ok vk 75 Ab 34
30 min/5 B0 BEW, B S5 E80 'C R /448 h, 14
FR AR DA TERS

AT R RO R AN K TE R < 9 OK TE By 5 3
IR KHS707E R FE i 22 A 1170 "C R 3R 10
min, 75 B R GUOKGEN , B o TCK SRk ik
HET

Y4 K VE K /EVME G M OEL: 100 EVM 515
193 20 K U oy 7 B AR A TP TR 10 min, TR EE
65 “C; Fifi J5 i A 35t 1 156 7 KHS 70 F1 345 it Ak 751
DCP, 2R A 10 min, 15 2 4 B4 5 K, 2
J& e AR AR L B Ak, Bk S5 4170 C X 10
min; B A % IR E 24 WS EAER .

1.4 K44

(1) BLAE ST« 9K TE M R 5L o dt ok
}0. 1 mg » mL 25 B F oK I A 48 7 Ak
BN NS @ o

(2) %y 1k fig: % B GB/T 528—2009 il
BB Ak e Y A R, == T B R 3 500
mm * min ', IRXFEK25 mm . 554 mm 22 mm, &4
Bt 5 i A e S R, BOF-241H

(3) SEMZ3AIT « it A 5 7 ¥ 28 F I 0B I 7 W i
W54, IR L 3 KV

(4) ZLANETE 23 B« X 49 K e 3 R0 2 1T 42 4%
O B 0 K B R R AT 2T AN TS 4 A, DG LA
400~4 000 cm ', M PER K4 em ',

(5) 28 Bk 45 ¥4 43 Mr: & F Flory-Rehner Al
Huggins "7 3 3k 3% i 5 18 36 40 Hr 4 >k
TER/EVME S MBI SEBR A5 A8 . HER AR 1 1A

(2 mm X 1 mm X2 mm) B 4G 5T (mg) 5 KRR
TEANT IR 72 hak B0 KV 5 B IR 485
5 5 T HURR B K 5 19 5T & (my) 5 Bl SR ik Y
WA E T45 CRBLH T E 2R ERE , IR R
RIAT I hy 2 B RS, R BL I BT i (my) o %
PRI T R A W IR S35 (p,) T3 1 F 5K
T

07

K, p, Fllp o3 0 o A 1 Vs 300 04 5 BE s m R i
JH W AT ) 95 50 o i, mg=my —m,

TEm AL R, GUKTER /EVME A MR IE
T A BegE R . ARG Flory-RehnerBiE , 2 Bk 55 [A]
SERFEIR TR (M) B AR IR .
M.==Vo, In(1 —goq;p) +¢;;,, + u@h
K, A5 R AW Z [\ B Flory-Huggins 4
HAEH S5, @05 SEVMZ ] fy, 0. 033 7,
RV I EE IR AR R

S FE (0,) 7 SR B EE JRAR BRI A 85 28 Bk
R, E R O

v. = 0,NIM.

2, VR BTRAMAEZ 540, 796. 02X 10 mol ',

2 ER5WR
2.1 MWXRIEMERZED

e A P 1o i R 1 A K TE R T LR R R A
KT BRLAE S A

MR U 90K 3 B 1P 2k A2 9130
nm7Zi Ay, RS AT o (A — 3R A0, A7k
1] 6 20 A YE AT KL ARS LB IR R A 125 Tl 1) 20 K

0 50 100 150 200 250
B4t /nm

Bl MRESHRERESS



%500

BAEILAE. GKVERY/ L M- LR CARTRAGIB L5 BRI ] 48 S BETTSE 3

By s/, LA 45 7 ok o e B AR
MR, B /N RS A AR A B A A PSR R
2.2 YpIEitEE

ZEEVM AT A {5 BX 57 KHS70 (1) 44 K 3E ¥ /
EVME & M RHG P EEPERE I 1 s .

R1 AEVMAMNEEEFIKHS7080 40K 52 #/EVM

S &5 EH IR R
i H SEVM B FIKHS 70 4/ 0y
0 0.5 1 2
BIIR ATURE 3 / i 42 47 48 50 52
300%7E N J7/MPa 0.9 2.9 43 47 50
PR/ MPa 2.9 9.2 10.1 11.2 13.2
P/ % 880 700 680 670 600

N 1R DL Y 4B EVM Y $ir Al 3 JBE 2.9
MPa; 24 44 K Y #3370 2 o 1S 03 B, A i 41 BB 5
KHS57004 5 A MR Sz AR 58 B2 42 55 1 217%, 141
WK SRR FE 700% , FEAR T S EVMAE Tl i
FH 23R, 3 AL GE I 400K 5 8 v LA A0E EVM
JBE R 1) ) B BE 5 DR HF 40 K TE B /EVMAR IR HEAS
A5 USRI RIKHS 70, & A A RE 7 {5 B o —
AR, HLFE 2 6 K H S 70 FH ik (0 184 T 48 K
MBI FIKHS 70 5 20y, 54 AR B A5
JE K #13. 2 MPa, J2& K JiHH BRI KHS 700 91, 4
5 VEEEVMAY4. S5, BLI &2 A R A0 7 58 1
Ko EAEPRHGABIR ARIE FE F1300%5E 4 1 11 1)
A AT SRR BE AR
2.3 SEM%&#r

R T S G b A 5 AR B AT KHS 7056 499 K 3 #3 /
EVM&E &M EHERE I 52 0, R FHSEMWLER & & M
R W T IS, 25 R A2 R

T2 0] DL H P €8 AN 10 000 1 R 50k
F K TE R, HORI AR AE 125 nmZE AT o YR I e
FIKHS 70T, 94 K € #5 H B AT R BLG R AR K,
H AR AEEVMER I, i1 535 i, U680 L 5 EVME
PR B0 RR 25 P30 22, i S A AR AR AT 52 5 4R A iz A
NI 55 RITETE s ¢, T 1 BT 24 15
A2 B ERFIKHS 705 , 40K T8 43 14 23 BICPE A ek
A, L Y 30 SR, DR R A 4 K TE R R T A
EVMILR R 2 28R , RIHGURIER SEVM
FERA A 22 ) & A T AR, 24 a2 B e i
iR 7 BsF, 122 5 T V) 0 R B A 0 05 4 oK B R

2um

(a) KN HFIKHS70

0.5um

2um

(b) 2B EE I KH570

E2 MKEH/EVME & H R ERSEME &
Sy SEVMELRIE S, I I i Ao 2 i
2.4 ZEREMSH

TR FIKHS 70 F 2 X6 99 K 3 Ky /EVME A+
ek SE TR 25 10 2 85 (BB 8] - Y5 AH X 43 Bk A
SRR FE) 10 52 M G 13 T/ o

W3R LI i, Bl A SR KHS 70 1 5 1 3
K, A PORE I A B A5 T8] P S5 A X 53 ot B A
KR, ZC IR 2 B A /)N , U B A8 K o 24 B AR
FEN ZEBK s B D/ o X2 F T B RIKHS 70
A XU AR B AL FIDCPAE FH R SEVM & 42 )
N, THAE T8 5rDCP, H ff & I KHS 70 H 2 1Y

2 400 35
g

B .

N g
22200 30 =
% 2
an %
= 2000 25
;i £
=

X

1 800 ‘ ‘ ‘ 2.0
0 0.5 1.0 15 2.0
I FIKHS 70 ]/ 4y

E3 (EEFIKHS70BEXHKEHR/EVME &1l
FEHEAEEHEN S FREMTHEEEMNZIE



4 B Tk

20184F55 654

WK, HT 51 KKHS705EVM Y I DCP 3 K,
1M T8 REEREVM 3 -4 (I DCP & I 2398/
XF AR ™ i, SRS FE I/ Nl H S R B E A
R BEE BE A R B, H & 2R T AR 6 & 09 99 K JE
Ky /EVME G 0B By L 8 18 A bl 25 A8 B 2%
JE BN T R B, B VE K3 5 EVMIE R Z [R]JE B
(Y AH AR FH 7 B A s A5 A2 DAWR R b A B 2% JE Dl
RS, L B Re e i — LIS A MR Y
PHIERE o
2.5 #MEME

FET BRI 25 AL AR SO A IBRIKHS 70
A R AH ST AR B FH LA, an K4 R o

NG
__\‘_/\/
DCP N A
_— EVM |=msessam) [) d-e
170 °C,10 min R \
[ 1 <
— KHS570 \

L o
N
/\

EVMA#E 22 [1] 1) 3 1k it
o EVM 5 KH5702 [A] 14k 27
O FERY 5KH5702 1] 1 fk 2=t

E4 BEFIKHS70EFEREEEERAYLE

AR LUF W T B KHS 705 3
53 v 8 R AR T 0 K T R 2 T B R b LR,
WAk i 72, BALFIDCPE| & FEVM 5 1 Bk 5
KHS70 XU 8] 1) 52 17 52 i 1 S (M BRI KHS 70 78 24
“OrFHE R SEVME A RN . W 2 9k
TEMTER G MOB R GR B 1 Wy B A SRAE T, T
H7E R B R KHS 70 F1 5 L RIDCPI/E R R, g%
it A AR T TEVMA T4 B B9k
UE MR T 22 AR R A O B A I 22
Y S XU S 5 S BRI, 40K BE R R AE A
D R BREVM AT F A, B E] T8 S B Y
VEFT, T AR 2 1 0L S8 K I 45 o 76 A I AB 56 5
KHS700 5 A B0k, 9K e Ry B AR 7
SEVMILR Z R AE M TAE L, I WAE 52 & 6
RHBTTET L, 29K E A FOURE 114 31 S50 0 T AT, R
EVMZ [ 5 1fif B IR R ST KHS 7009 52 & 44 KL B
TR, 40K JE R UKL 1) 101 FUROR , 9K kL - A
EVMILA i, 5 FATE % 22, 33 150 I 40K
Ky 5 EVMZ [R]85 A A FE BT 5 5t if
AHE AR I, BEBLEE b 2 3 5 8 35 KHS 7058 3]

T o TR E R K 9K TE R T S AEEVME A I
IR0 LA 58 A B A I P L DT A 2 X
LRI FR
2.6 LISMRIED

J T UEBIG K TE B SEVMZ A FE AL~
FE R, Xk 98 2K oy R 2 T 2 A5 el M 1) 4 K i o it
TN ERE AT HT , 45 AN E S TR

O 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

PeH/em™!
1—SCPE T 22—t s o
E5 (BERFIKHS702 RS 90K e M Y 41 oh i

MEISHTLLA 5 94 K UE A AR L, A 155
KHS70CE 19 95 K € B3 7E1 700 om ' Ab H BE (e 4
P Bl 0, 33X 2 R U T IR KHS 70285 #4) rh BUEHE 7Y
il 4 i 2l 0, 3R B = UL T A I RIKHS 70 5 44 K U
W Z A DR A G E . W3, TR A6
BEHEBRAL 2 AR v, G0 K TE R 5 IR KHS 70 22 [H]
T o A A B T A 1 XU, L A
FIKHS70MH 5 (193 O, V€ K3 2 T AT DA A 1) R
B3 K AE WL M TERLL FIDCPY | A&
YEHT AT 52 B B EVMEE L3 £ | g 6% T 47 Hb ok b
EVM H 532 B/ R i PE e T B, i E 4R TR
BRI RE

(1) SR JH 2 1o ¥ 2 V5 1 B AROK TE By, HoRIAR 2
130 nm, H AR AR5 .

(2) 38 i — 25 W il £ 91 K BE B /EVME & 4
BE ZEA T IS B FIKHS 700, 35158 15455 94 K FE
524 BB PSR L AEEVMER 5 T 217%, 40
K YE R AR S i 77 RE A% B S 2l 3 A A S 11 4 B
A, (FR K TE Ry R MAEAE R ik FR 0k, 5y R AR TR
ML, SEVMIEIR AR 2

(3) M BE FIKHST0 8 I A AT Lk 38 40 K 3



%500

BAEILAE. GKVERY/ L M- LR CARTRAGIB L5 BRI ] 48 S BETTSE 5

B 5 EVM A (14 A0 25 1, 76 b 2k R v 4 56 5
KHS5708 2“5 F 57 V5 1, 85 94 K € # W Fff 7
EVMEAR |, JHf ek B 25208 Ak AR HT, A
A HE T AE AR HRAR R o Bl BRI KHS 70 H it
(IR, B A AR R R FE . 300% 2 i1 15 77 Az {5
JE T WG R 5 R A I IR R Y, S BRI KHS 70
ORI, B A AR P B R A

SE -

(1] e, A5, £, 55, 2P 4R R0 MR- CR CIR TR I I TERE
1. A8 Tk, 2016, 39 (4) :322-326.

[2] Ma P, Hristova-Bogaerds D G, Schmit P, et al. Tailoring the
Morphology and Properties of Poly (lactic acid) /Poly (ethylene ) —
co- (vinyl acetate) /Starch Blends via Reactive Compatibilization[J].
Polymer International ,2012,61 (8) : 1284-1293.

[3] XuP, MaP, Cai X, et al. Selectively Cross-linked Poly ( lactide ) /
Ethylene-Glycidyl Methacrylate-Vinyl Acetate Thermoplastic
Elastomers with Partial Dual-Continuous Network-Like Structures
and Shape Memory Performances[J]. European Polymer Journal,
2016,84(11) : 1-12.

[4] Ma P, Hristova-Bogaerds D G, Schmit P, et al. Reactive
Compatibilization of Ethylene-co-Vinyl Acetate/Starch Blends[J].
Macromolecular Research,2012,20(10) : 1054-1062.

‘o
i)

Azizi Samir M A, Alloin F,Dufresne A. Review of Recent Research

into Cellulosic Whiskers, Their Properties and Their Application in

Nanocomposite Field[J]. Biomacromolecules,2005,6 (2) :612-626.

[6] Ceseracciu L, Heredia—Guerrero J A, Dante S, et al. Robust
and Biodegradable Elastomers Based on Corn Starch and
Polydimethylsiloxane ( PDMS ) [J]. ACS Applied Materials &
Interfaces,2015,7(6) :3742-3753.

(7] Ze, X005, AT, 5. IR R AU Ve by / RIMR I S &
FERMERERIBFFE0I]. 42K Tk, 2013, 60 (3) - 133-139.

(8] 2R, XI5 , Wik, A5 (IR RI Sie Ot B U IEVE b / 1 R/ R IR IR
JEE SRR TERERTTE D] UK Tk, 2012, 59 (12) :709-715.

[9] Wang Z F, Peng Z, Li S D, et al. The Impact of Esterification on

the Properties of Starch/Natural Rubber Composite[J]. Composites

Science & Technology,2009,69 (11-12) :1797-1803.

[10]

(111

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Qi Q, WuY, Tian M, et al. Modification of Starch for High
Performance Elastomer{J]. Polymer,2006,47 (11) :3896-3903.
PREL, T A8, X, 55, Ve M D RE AL Bt KA e i A btk R BF
FEHERELT]. AR Tl , 2017, 64 (12) : 760-764.
Héléne A, Sonia M A, Alain D. Mechanical Properties of
Waxy Maize Starch Nanocrystal Reinforced Natural Rubber[J].
Macromolecules, 1958,28 (38) :9161-9170.
Héléne A, Sonia M, Alain D. Waxy Maize Starch Nanocrystals as
Filler in Natural Rubber[J]. Macromolecular Symposia, 2006, 233
(1) :132-136.
Osman M A, Atallah A. High Density Polyethylene Micro and
Nanocomposites: Effect of Particle Shape, Size and Surface
Treatment on Polymer Crystallinity and Gas Permeability[J].
Macromolecular Rapid Communications, 2004, 25 (17) : 1540-
1544.
Mishra S, Shimpi N G. Effect of Nano CaCO; on Thermal Properties
of Styrene Butadiene Rubber ( SBR ) [J]. Journal of Polymer
Research,2007, 14 (6) :449-459.
Arantes T M, Ledo KV, Tavares M I B, et al. NMR Study of
Styrene-Butadiene Rubber ( SBR ) and TiO, Nanocomposites[J].
Polymer Testing,2009,28 (5) :490-494.
Flory P J. Thermodynamics of High Polymer Solutions[J]. Journal
of Chemical Physics,2003,2 (1) :383-402.
Flory P J,Rehner J J. Statistical Mechanics of Cross-linked Polymer
Networks | . Rubberlike Elasticity[J]. Journal of Chemical Physics,
1943, 11(11) :521-526.
Flory P J. Statistical Mechanics of Swelling of Network
Structures[J]. Journal of Chemical Physics, 1950, 18 (18) : 108-111.
Nielsen L E. Cross-Linking-Effect on Physical Properties of
Polymers[J]. Journal of Macromolecular Science. Part C. Polymer
Reviews, 1969,C3 (1) :69-103.
Chin S F, Pang S C, Tay S H. Size Controlled Synthesis of
Starch Nanoparticles by a Simple Nanoprecipitation Method[J].
Carbohydrate Polymers,2011,86(4) : 1817-1819.
LuY,Liu J,Hou G, et al. From Nano to Giant? Designing Carbon
Nanotubes for Rubber Reinforcement and Their Applications for
High Performance Tires[J]. Composites Science & Technology,
2016,137(12) :94-101.

WA B :2018-01-15

Preparation and Properties of Nanostarch/Ethylene-co-Vinyl Acetate

Rubber Composite

ZHAO Xiyuan',MA Piming',SONG Shigiang’,DONG Weifu', CHEN Mingqing',ZHANG Yong’

(1. Jiangnan University , Wuxi

214122,China;2. Shanghai Jiaotong University , Shanghai

200240, China)

Abstract: The nanostarch/ethylene—co-vinyl acetate rubber (EVM) composites were prepared by one-

step method, and the effects of coupling agent KH570 on the properties of the composites were investigated.
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The results showed that, when unadding coupling agent KH570, the physical properties improved obviously,
however the compatibility between nanostarch and EVM matrix was poor. The addition of coupling agent
KH570 could improve the compatibility of nanostarch and EVM matrix, as the addition level of coupling
agent KH570 increased, the hardness, modulus at 300% eclongation and tensile strength of the composites
increased gradually. In the rang of this experiment, when the addition level of coupling agent KH570 was 2
phr, the physical properties of the composites were the best.

Key words :nanostarch ; ethylene-co-vinyl acetate rubber; coupling agent; composite ; physical property;

crosslinked structure



