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AR5 fie 38 5 SEURL DL 2R L A R BN B OR
PE R AL ER A 9T O 8058 35 1 0% T A 1 R0 AR IR 26 3
SRR R R IF 54 L AR TR TE 1 e 1 B i A S BRI
286 PRI R BT THT 5 % T L A8 T I 4% 1 4 1l B 4% 4 2y B
ACHH I T RE 7 TR ST b o Sy — O T, AR AE SRR
i O AR R 2 52 B R 7 IR R AR A S R R
SR, AH G T B ) AR BEAE R AR AN T AR R
R AR FR 1 A2 T X 8 G el AR A B T IE R R GE .
I, A& 3 UL EPDM/ZDMA & &1 &1k & N6, K H
77 13 3t B B3 (DSC) AL A1l 1 23 #r (FT-IR) WF 58
T EPDM/ZDMA 1A % [ 22 B % 265 #4) s, % FH ¥ iK1
30 J PR A 10 5 R A T AE B A R TR 45 B A
TER R, M 2 A 38 T 0 48 1 AR A 1 L, SR BRI T IR
JEXT AR RSB & 52, i T E 51k R
HURGR BT, DL O EPDM/ZDMA & & 1K & 1) 52 b A4
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1.1 JFE#R

EPDM: }# 5 J-4045, '] J& % & 40 (ML100 C 1+
4), L B 5 oy $ 49%~55% , ML E 6.7~8.7 g/100
g, % FE 0.87 glem®, T A7 i AL AR A B A R IR
] PO TG R £ (ZDMA) : 46 95% , R dy T
A AR A R A A 5 T S A = R T 2K (DCP) L &
CTR T G 2 (SA) = 48 5 99% , 1 #5 Bl B 1k 2 & A7 R
N E] 5 B TMQ: 26 95% , Hh [ 47 16 45 [ 8 54k
T A RAA .
1.2 EPDM/ZDMA £ &# #l %I &

A Sl % T ZDMA A [H & & Y] EPDM/ZDMA

5 A MR A [F B AL I [E] ) EPDM/ZDMA & & 4
Kb, FLBC U7 40 Tab.1 Fros o B 0K P M HLIR T 2
60 °C . % 18 2~ 20 r/min . &3 LA 22:18, ¥ EPDM £
FEHAL EREAT B 5, SR 5 NN € &= 1) ZDMA #E 1T IR
P, 7 = M 10 K, f5IR ¥ 51 )5 i\ DCP, i if
10, JEE NI mm i, TEIR TEE24 h.
W AURE N B, R 5 SR F PR R A 2 LR A
5] ZDMA 3# 75 & () EPDM/ZDMA & & # Bl AR
FEREAT B AL, B4 IR 18] A JB sk B T B A B6F 8] (7o)
FEARARFE R (To0+2) min, BiAGIR N 170 TR 1N
10 MPa, 4 [ 58 il 5 B, B 10 MPa J& 3 ¥ 5
min, B85 B IR AR E IR CE 24 h 55 .
1.3 ik 5 R
1.3.1 £ =13 # = #/(DSC) 5 47K H 278 H1 4 =
1 C3E B TA, Q20 AY) X FF fi B #4428 4k 1 AT R AL o
fi 2R BE R 5~10 mg, SE IR B
20 CIHF4f LA & 1) FH I 26 T+ 2 260 C o
1.3.2 4% 2ot B 3 40 b 8 i (FT-IR) 2 A7 K H B
A% 3 21 41 ' 3% A (32 [E Nicolet, NEXUES 670 )
PR RE AT R AE B Re 0 Ao R S ek 4 O
PEBE EAT 20 #T 5 SR 2 X 18] 24 400~4000 cm™, 73 #F %
F 1 em'. /L EPDM/ZDMA & &8 B 2 it it &
51 K JE NI E e B A2 A O .
133 B R % % N KK P i K VE AT R
B D) 5% 5 B2 3K, DAV MK 5 A4 AR 43 1R Dy 58 Bk I %
PO . 51 A5, v PR B R R AE R
K 2 d, 3k B 5 A8 00 v ISP, B HE B AR
T PR T R RO RS B PR B IK S I RE T
o RIS CHUE T2 d & E LN, FHIK
PRl e . R AR QD T 53 K 5 8 0 s 44
R0 30, A8 F v R
Ll mop(1-a)p;!
mop(1—a)py L +(my—my)ps?

Vr

M
K p—— 1 1 A R % 2 (EPDM HU{E M 0.87 g/
em’); p,— & i T B 1 %5 2 (0.865 g/em®); a——
P RE b 78 H 2 A s K AT R R I R R O B

Tab.1 Raw material ratios

Materials EPDM

ZDMA

DCP SA ™Q

Loading/phr 100

0/5/10/15/20/25/30 2 1 1.5

phr is parts per hundreds of rubber by mass
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B A T I 45 25 T (va) o BB 305, FH ST I I 4 2
TR 25 A B R T X 4% R RO S T B AT K I 4%
E(v,z)o

Vo = Vi Vy 2)
134  BAv R4 AR B e B A &R L N2
mm [ T 5 & i WE 44 1 2% I AR 4 GB/T528-2009 475 i
HEAT B AR, PR8I0 24 °C VIR FE 45% b BE 25
mm . $i7 {8 3% By 500 mm/min. & 45 A R
il £ 7300 1.2 1R, SR AR R 45 A % K A,
B 0 9.75 mm, A5 BN 13 mm A2 AT o X %
P R BE AT AN [F) 2 B 14 6 45 B 77 n 2, A 858 8
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Fig.1 FT- IR spectra of (a) ZDMA, (b) EPDM, (¢c) EPDM/

ZDMA, (d) EPDM after heat treatment and (e¢) EPDM/
ZDMA after heat treatment
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Fig.2 Structure of ZDMA
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N ) & ZDMA ) CH=C XUt | C—H #4025 il
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KB S5, 1245 em™ Ab 5 C=C B ILHE M C—C=
O—O {4 % 5y U 31 2K, 17 #E 1208 em™ &b H B 18
[ 5R5 E 06, X2 IR O B C=C WU 4L B 1) C—C=0—
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Fig.3 DSC heating curves of different contents of ZDMA filled
EPDM and ZDMA/DCP compound
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TR I R 3X — SRR R TROARAT O e 8 B
M4 DSC i #2 31 . Fig.3 $iliik 1 A [F] H & ZDMA 11
7t EPDM & & 14 %, DL & ZDMA/DCP ¥} K 18 & Y 75
10 °C/min F I 18 2 N B A2 B N AT N . % EE 4l 1)
EPDM iR £ #1 EPDM/ZDMA 5 &1k &, £ 177 C &
F i E % 5] & EPDM/ZDMA & & 1 & T %22 Bk
ORI N Y S A =l = WEE R S T3
EPDM J¥ 3 48 Bk M 26 1) 5 K TS0 # 0 o B, H ZDMA
0 VA L 6 22, TS0 A U 1 A T R R, T X — A 0
T FEE U B G T, 400N 115~205 °C o 1% B I 3 W AE
IG5k R A B T R K T AR 1 A BRR N, AR
R T AZ I 4%, T ZDMA [ In N BE AR T 31X — iR
$& % 7 EPDM/ZDMA & &1k R4k &% . Haf
EPDM f& & H A 1 AU, T AN [ ZDMA 48 il &
) EPDM/ZDMA 5 & & Z £ 130 CHIAF1E 1 AN &
() TR U, % TR R U 3R B, ZDMA 7E DCP [ F R
Z 53| 7B B, KA 2 e v RN RS
F=¥) h-PZDMA , 1 0] 58 N #2121 EPDM 14 1% 7 %
B R W) ¢-PZDMA . %} H ZDMA/DCP i & 4
J EPDM/ZDMA 5 &1k % , 4l ZDMA #% DCP fit 5| &
RABEGRBAREN110 C, BEKXT 130 C, X
Ui B PZDMA H 3 3 5 ZDMA Kk 4E B R & I N A
& h-PZDMA [ R¢ fiE 3 5 4 110 °C, 11 130 'C A2 A 1Y)
T A T LL 2 B, ZDMA #£ EPDM/ZDMA & 4 1k %

100 120

R T HEERUR N A K T g-PZDMA PR, T R
% U] J2 5] 5 EPDM/ZDMA 5 & 1k 2K i 5 7 f &
K ) 445 11%) B B
2.2 R 7 1E B % EPDM/ZDMA § & K & X B
Rz 0

EPDM/ZDMA 5 & & 5 [ 22 B X 2% o AL 5 3L 4
AT T X % RN AT R N 4% . Fig.4 S H A Fip A
iz 18 It 24 5 EPDM/ZDMA B & 1K & ) 5 38 Bk %5 i
(vo)~ FE A B S8 TR EE (va) A1 S 5 B 52 TR B L (v) B
ZDMA IR E B K R E . MBI AT LUE 1, #i
i1 87 774 FH| §f EPDM/ZDMA 5 & 1k % (¥ v, i ZDMA
5 1 1Y I 3G 00, T A RS A R R OE R
Tl B A 38 B0 %, L bz A b 2 S R R I v AT
RGN AR (e i IR LN v SN I AA R (R
T AR RSB 4% . EPDM/ZDMA B 1k %
Y v 7 B0 AR B 7 1 P R AD iz Ao i 4 0, HL AR Ak fa 34
— 5, YB35 ZDMA F (1 3 0 S BE AR S 38, [
R AT R — R, I 2 S 1 S A B RS I B R AR
T34 B A 4E AT, H ZDMA & BB AK, X R 2 R
K, B & ZDMA & & 11N, 2 59/, 24 ZDMA
5 5 2N 30 phr B, B A0 K 2T S ) 3 0 A IR R
JU-F-4H 4. EPDM/ZDMA & & 14 2 B v 75 SLAH L 7J
E FH Al A B A T 2L 5, ¥ B 5 ZDMA £ & (1 38 in i
B0 s 5 A I N S AP B S I B A R I 2
PR AR T R RS TR, B3
AT AN 42, B ZDMA & & (138, $7
i1 BT 2 FH o B 1 R A8 K RE D A AN I R R K .
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Fig.4 Crosslinked density of EPDM/ZDMA samples before and
after stretching breaking
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Fig.5 Variation of crosslinked density of EPDM/ZDMA composites with different ZDMA contents during tensile process
(a): total; (b): covalent bond; (c): ionic bond
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65 3 i B0 5 HLE 46— 52 B RS, 4R R I v Al
TN EH MR R, JF HBE%& ZDMA & & 1) 1
T, ve B A B % £ 48 K . EPDM/ZDMA B &1k & 1
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I 5] S AR B — A, TR AR S0 AE S 1 3k o
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Fig.6 Crosslinked density of EPDM/ZDMA samples before and
after compressing breaking
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Fig.7 Variation of crosslinked density of EPDM/ZDMA composites with different ZDMA contents in different compressing time
(a): total; (b): covalent bond; (c): ionic bond
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Fig.8 Crosslinked density of EPDM/ZDMA composites with different ZDMA contents after aging at different temperatures for 24 h
(a):total; (b): covalent bond; (c): ionic bond
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Multiple Crosslinking Network Changes of Zinc Methacrylate/ EPDM
Composites Under Tensile, Compression and High Temperatures

Shuhuai Zhang', Guangchao Xiong’, Tongtong Xi', Tao Wang', Ying Xiong', Shaoyun Guo'
(1. Polymer Research Institute of Sichuan University, Sichuan Provincial Engineering Laboratory of Plastic/
Rubber Complex Processing Technology, Chengdu 610065, China;
2.Chengdu Macko Macromolecule Materials Co., Ltd, Chengdu 610065, China)

ABSTRACT: The reactive enhanced filler zinc methacrylate (ZDMA) can endow EPDM with characteristics of
high hardness, high elasticity, low internal friction, high strength and high elongation at break. However, the
specific compositions of EPDM/ZDMA and the structural changes of crosslinked network under the action of
tensile, compression forces or high temperature are still not clear. Therefore, in this paper, differential scanning
calorimetry (DSC) and Fourier transform infrared spectroscopy (FT-IR) were used to confirm that the total
crosslinked network of EPDM/ZDMA composite is mainly composed of ionic crosslinked network and covalent
crosslinked network. The changes of covalent bond crosslinking density (v.) and ionic bond crosslinking density
(v) in EPDM/ZDMA composite under tensile, compression force and aging at different temperatures were studied
through the combination of swelling equilibrium and acid extraction method. The results indicate that both v.; and
v decrease in different degrees under tensile stress. When ZDMA content is low, v, decreases greatly, while v,
decreases more when ZDMA content is higher. At the initial stage of compression stress, both v, and v. decrease
greatly, but with the extension of compression time, the ionic crosslinked network continues to be destroyed, while
the covalent crosslinked network is maintained. The ionic bond crosslinking network of EPDM/ZDMA composite
system has a sensitive temperature between 90 ‘C and 120 ‘C. When the temperature is lower than 90 °C, the ionic
bond crosslinking density has almost no effect after 24 h aging. However, when the temperature is higher than
120 °C, the ionic bond crosslinking density decreases rapidly after 24 h aging.

Keywords: EPDM; zinc methacrylate; crosslinked network; tensile stress; compression stress; high temperature
effect



