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Effect of Molding Conditions on Properties of Poly
(Ethylene-Co-Vinyl Acetate) Scraps/ Natural Rubber Composite Foam

TAN Yecheng ,YANG Zheng ,LIU Fangjun ,LIU Fan,ZHI Richeng ,LU Jin,TAN Zhilin,
LIU Hui,JIANG Can,GUO Qingzhong,YAN Guoping
School of Materials Science and Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: The mixture of poly(ethylene-co-vinyl acetate) (EVA) scraps/natural rubber (NR) was prepared by
the melt-mixing firstly in a two-roll mill using the scraps of industrial EVA foams, NR, the additives and fillers
as the main raw materials. Subsequently, the EVA scraps/NR composite foams were prepared by the
compression molding method using the EVA/NR mixture in a mold. The influences of molding temperature,
molding time and molding pressure on the physical and mechanical properties of EVA/NR composite foams were
also investigated. The optimum preparation conditions of composite foams were confirmed at the molding
temperature of 145 °C, molding time of 30 min and molding pressure of 12.5 MPa. The apparent density,
foaming ratio, hardness and tear strength of composite foams were further measured herein. The experimental
data indicate that the molding temperature can change the crosslinking degree of the composite foams and the
molding time can affect the crosslinking degree and size of composite foams. Meanwhile, the molding pressure is
related to the bubble growth of the composite foams, which affects the distribution of the bubble.

Keywords: EVA scraps;natural rubber; composite foam material ; molding foam

W #s B H#7:2017-02-02

EEWHE :[[KARP 2R 4 (51373128, 51173140) 5 [6 5 H G KR 5 L 0005 H (2016 YFB1101302) 5 i30T
B A BT A A 35 1R300 H (2015070504020217) 5 M6 #8545 2016 45 48 G A2 A A1 357 1l 1l 45
T H (201610490022 ) 5 B T A K 27 7F 78 A2 20 01 B 2 42 (CX2016004, €X2016012) 5 BB TR K4
AR A A K S 42 (2015004)

PE& B A R0, AT 55 4. E-mail: 541637161@qq.com

*18 WAER SR 1 A, H08% A58 248 S, E-mail: guopyan2006@163.com

51308 3 DR S, X054, S B S X VA SRR R ARG G A A B RE 52 i [) ], R TR 2
#2,2017,39(5) : 461-465.
TAN Y C, YANG Z, LIU F J, et al. Effect of molding conditions on properties of poly (ethylene-co-vinyl acetate)
scraps/natural rubber composite foam[J]. Journal of Wuhan Institute of Technology,2017,39(5) : 461-465.



462 B TR K224

o539 4

O - B TR O BRI R W [poly
(ethylene-co-vinyl acetate) , EVA | i F7£ R £ ¥ 5
ERIATBRR O 25 5T, EVA B R 4F 1
FERRAE RS SR DL R TR O A R L O HLE
BB T B B A AN T = T
EVA il 5 BA w5 E O e e
A e SR R B AS S5 R 20 R L EVA 2R R
MORHE TIZ I Tz s A IR R AR
TRAETAE RS 2% 7 B A P BRI 2 145 46
AR KRR (nature rubber, NR) 2 LU 1, 4-
RN EZER B RA G FIEY, B
A B RE/NFN T 2 PERE (BH S B B AL RE 4 S5 L
CL )72 N 2R 7= A T 1 S

EVAUPEE MBIt RC &+ 2. M
EVA 2P B 55 £F 2 B /728 T I 52 5 M L (glass mat
reinforced polypropylene, PP/GMT) , i A %4tk 38 PP/
GMT & & M kL9 bt vl PR BE ™. — 2 WS n & 1
EVA X B 58 21 4 3 53 LR (10 525 w0 RHEEA T 1 3
P AN R oA 35 B 3 2T 2 1 0 R FL IR &2 B bR
(b i VERE , L RE W 4R e B S AR R R R
Al o B A ) 2 MR, Oliveira 58 N RFSE T
NR/EVA 71 i 8} ( <60 phr) & & B 37 78 Al 5h
AERE, 45 R EVA 1 AR S 586 1 R )
P RE 1Y 52 0 55 /N (HE A 58 B2 755 T 8 MPa, W 24 i1 <
KT 300%). H, X P57 (9 EVA 21 F At A7 (7]
WO B BRI v AR I {1

EVA I THEM BT S A B2 i kiE , B
BT R i i 3 i 25 8] 58 AR SCEE X EVA R
LR AR AT 25K, BLEVA 30 BT NR 4 Ji
B, LU & H ik B% (azodicarbonamide, AC) A &
WA, PLid & Ak — 55 9 2K (dicumyl peroxide, DCP)

Sk BB A BLVR f5 i S8 ALK DR R 4% A B 7
PEATIR M , PR RS R 2 v 1) £ EV A 31 ff1 BF/NR
SR R IMRL, PE— 25 BF 93 B e IS ) AR IR
B 6 52 A 1M R 3R L% 8 R LA SR L
K1 PERE R . SEa0 25 BRI Tl i) EVA
HFAEHNR B A R b R G PR RR AR R, AT A
B AR AT R 7 A0 O VS P A R

1 SCIGERSY

11 EZEFH RS R

EVA i ffi B s KRG : Tlk 2% ; DCP: 23 Hr
2, [ 2 4R A A A R A R )5 AC: Tk 2, i
T WS 4l A6 T A RS W) 5 3BT Bk TR 5 (calcium
carbonate, CaCO;) : Tl 8 , }i4£ 0.01 mm (1 250 H ) ;
AL SE (zine oxide,ZnO) : 73 B4l , PU B AL T ey A
FR 2 ] ; i IR 2 (stearic acid, HSU) : 43 #r4f , KT
fE SRR ZFR T 5 e A NS50: Tl g, P g 48 141 ok
B AT BB

XUV T 1 SR AL - SK-160B , | ¥ 41 Ak 45 8 AL A
7 AJEAL : R-3202, B BUR BRHR A IR 5T
O] R AL TY-4025 , YLAR 1T K IR S 56 HLAA B
N A AR BE T TYLX-A, VLR T K U5 IR 56 LA
A RS A 5 R B AL : TCS-2000, & 4k 6
XA A R .

12 XS &

Fe % 1 1Y BEAEE 7 % J5ORE S B 3R BT AR L
BUR R IBAL AT IR, R 5 #6824 h JR R
IR MLIEAT KU 95 5 A AR T2 A
Gl B 1] s ) MR8 S 3 e SR €. 28 &
AR 0 [ S Y S A A i 0 3 A G
PR BEAR HIE [l G b A7 4 A 0] 3

x1 HAREH
Tab. 1 Basic formula %
w(EVA scraps)  w(NR)  w(N550 carbon black) w(ZnO) w(HSt) w(CaCO;) w(AC) w(DCP)
58.43 25.04 0.83 2.51 0.83 8.35 3.34 0.67

1.3 gk

U o 3 AR A o R 2 Ak T AR e 2 R 85
JIE (9 12 ) (GB/6343—2009) %t % I A4 K} 1) ¢ Wi %5
JE 47 L.

7 22 5 2 3K« AR e Ak AR e B A 2 M AR
Jie #9024 5 BE A I %E ) (GB/T 529—2008) , fifi F
TCS-2000 = 2% $r 77 8 55 AL 7E 2 3 L P 3
500 mm/min F& {4 T4 &0 RHA L5 B HEA T

B 0 AR R P AL A R R 3 T

1) (HG/T 2489—2007 ) X A& 11 i0FE 1 A & JE 470
ik, AR A RE S

) GRS

2.1 HEEBEXNEZEMEIERENEm
FEAR R IR E] 2 25 min A5 FE 14 5 MPa 25 1F
T, WO A R B S T — R S EVA 3 A BHNR
AR EL
PN SRR IR E N EVA 1M RNR B &



551

TR, 45 AR Z&AEXT BV A J1 R R SRAG B S 4 A I AR RE AY R IR 463

J UL 2 WL LA K A A% A I A i B 14
AR £ A R I EE B T, RS A IR R
WL 365 T S LS U /N SR J 8 R T R A R S
ARBC. T i B BRI, 5245 e M bRl R i A7 A —
Be A0 W ALALAR R, R A 2. R R IR
THi 2 145 CF, 25 A AR R B F %, B
WL AT B 2. — 2 TR R IR, AR 2
Aib Y BROR AU, i 2 T %4 3 AT RE 2 A T Tt B A1
I, R 2 B S IRBE UG, T A 1 ORI 1 6
JE KU oy M 52 BH L S i I K A R LAAE R i
AR TS i B g I, S IG5 e B A T A B A
ENIEN i SoN SN )i SU NN L ey SR
T 5 B Tt R e I A Y AR M B 7 AR B AU
REOK, B AL IR SR A I B G LR I
I, AL FLBEAR R AL ALAR A AN E AL X
5 ARG TR SRR BT ST A SR — L

0.45 ] 6
—A— Apparent density
—&— Foaming ratio
~ 0.40r 5
E 4
\c/n \.\ _‘4 9
< 0351 . 2
= .
E / 1° E
= 0.301- 3
£ 42
[
= 025+
=1
0.20 1 L 1 L 0
135 140 145 150 155 160

t/C
Bl AREEREMRAZENRABEENZIE
Fig. 1 Effects of molding temperatures on apparent densities

and foaming ratios

PET 2 2 5 F iR B2 O 52 45 2 Y o A A 4 54
5 RE A 5 2. AR 2 0] LA R R IR A
135 CiZ#i F+ 3 160 CHF , EVA 1 fi BU/NR B & &
AR A S N i B SRR IR S TR FEBLE
T AR, AR R rh 1A% B A I8 AT B G 1) 58
K DR AR 235 44 (] Ao 96 5] 0 A A2 BHL L AR R 2 2R TR
B 1 HORL AR AZ Tt A FH g . B A SR R S
RN G5 fiff 7 A AR O e PR S 8 G R A v AL
B, ST A% ) 8] SR AR WAL i A K itk
BF FR TR B A 36 AL AR AZ it 8 4 FH 7, il T AL RE 3R
WL UL A R U R i B R R 2 A R 48 A
I, T I Aok R B AR R B AR K, R
TRE.

20 4.2
—A— Shore hardness
—®— Tear strengh
191 14.0
< /‘ E
= o18r 138>
i 4 -
] <
£ 7% 136%
= g
- \.>< - =
S l6r 434 o
15F 43.2
14 1 1 1 Il 3.0
135 140 145 150 155 160

t/C
B2 EEREXEE AR E R R

Fig. 2 Effects of molding temperatures on shore hardness and

tear strength

2.2 EERE X & SR EE R

TERE R IR E N 145 C B E 1R 5 MPa 454
T, SRR B[] £ — R B EVA i/ RHNR B
A R AR R

K 3 ARl R I 1] R EVA 31 BHNR &2 &
KU B 2 UL B LA K T A 2 A Ak il £
ME T LUE L EVA S AENNR &4 & A RHE
Ui A A AN R N <
RWARFI 5 2 A0 . YRR R R, 2 AR
T R 3 T 55 A S L FLURE R 2 A R B
] 47 30 min B, B4k o 00 90 FL 43 A 5 A 38 5. T
A B (0] 2k 282 18 0 22 40 min A, 3804 28 00 T 3
AR TCAR Ak A5 IR 8] 55 S I 644 A 95 R 86 BE IR
M SIS I BSF () 6 AR R S B B AR, [T
WL FNASAS B 5050 o0 it , 7= A I SR /N, 3R %
R, R R /N, B 5 5T ) (]34, 1R &R 72
Vo R NS Il 15| BU R (R NP T
L AR K 2 B R R TRk gk g R K, &
SRR BE R, R AT R AL

0.40 6.0
—A— Apparent density
—8&— Foaming ratio

=)
o
=N
T
1
9
N

Apparent density / (g/cm’)
IS
o
Y
»
I
S
(3]

»

e
N
2
T
1
A~
o0

Foaming ratio

0.20 L 1 L L 3.0

t / min
B3 AEEERENEUEENLOERAOFMN
Fig. 3 Effects of molding times on apparent densities and

foaming ratios



464 B TR K224

o539 4

Pl 4 Sy AN [R5 F 15 [T 5245 2 A 1A 52 A1
i 2 5 J3E 19 728 Al Y 2. 5245 A L B Y B R iR
AR i ) ) S T 3 K. L SR S LA 3 4 Bt
ARAE A4S B A] A 15 min 38 151 20 min B, B4R
450 BE I, 1A 25 v A JEORE R T8 7 B A Sk it
AR I8 A T B = 44 IO 2% 45 4. >4 A5 P ek ) 4k &
BN, 7E 20 min~40 min {5 Fl A, & AR #2
58 12 S AR T I T

2 .
0 —A— Shore hardness 6.0

—&— Tear strengh

18

bl
=}

16

14,

Shore hardness / HA

e
<)

~
n
Tear strengh / (kN/m)

12

10 | L I L 3.0
15 20 25 30 35 40

¢t/ min
Bl 4 748 E B a] X A B AN 2 0R EE B S T
Fig. 4 Effects of molding times on shore hardness and

tear strength

23 EEEAMEZEMEIERERNEm

FERE R I BE Ry 145 °C AR R] A 30 min 2544
T, MU A T il 45— RS EVA S M BHNR B
G R AR

B 5 M AN TR R 1 A K& R ) 2 00 % i
DL R 2 A 2R i A Ak il 28 A Rk 26 W 9 it 5
JE 7 B3 R M/, A A 32 ) e 22 TR A X A
JE R 1 /INBE R 30 30 10 43 il 7 A 0 SR 2R 5
MR TR TS B AL A A AN AT B R T gk
SNl 45 900 L 9SSR R 7 A8 K A v L 3
Ko, T B0 R0 2 R ek L

0.33 6.0
—A— Apparent density
—&— Foaming ratio |
~ 0.30 33
g
= 150
} 0.27‘: e ‘i
E 1— 452
v W g
= 0.24 °
o
5 4.0
£
< A
21+
0 —35
0.18 1 1 1 3.0
5.0 7.5 10.0 12.5 15.0

p/MPa
E5 ARABEEEAMENZENL BRI
Fig. 5 Effects of molding pressures on apparent densities and

foaming ratios

&l 6 W B 1R 3 %F EVA 31 BHNR & 4 & i
AR B R 2 R s i 2. MRl 6 ] LLE
HURL R K 128 5.0 MPa~7.5 MPa It , 44 8} i A B2 Al
i 5o B JLF- B AR Ak B R R 1o 7.5 MPa~
12.5 MPa B, B4ORE 4 B 32 760 445 224 50 52 3549 e HC 34 o
MG K, 32X 3222 PR TR 2R 9 52 16 % B2 AN LB
ABILER R ;Y Iy T 12.5 MPa ], bR} 1
JE RN S 8 3 S = B AR

26 6.0
——A— Shore hardness
—m— Tear strengh
241 5.5
= E
T - 150>
w —
¢ Z
<20+ 4.5 ‘En
<
= £
e 2
ERtis 1403
7 z
aA—_

16 | —43.5
]4—T 1 1 L 3.0
5.0 7.5 10.0 12.5 15.0
p ! MPa

6 AEVEE R 71 % 58 FE #0258 B B R 0
Fig. 6 Effects of molding pressures on shore hardness and

tear strength
‘
3 & &

ARSCLLEVA S fRE R IRARIE Ry IR, B8 4%
Fl R, L #1467 EVA S A RUNR &2 & K bt
RE SRR N 145 °C AR ] 24 30 min AR
JE 7120 12.5 MPa i, e it il &2 & & i B 25 6
PERE A, A S T ARCRE NS &b RE, R EV A 31 £
R AR PR TH 60 TR A b A T e 1) P 43 T A A 1 TR
.

&2k

(1] BREA, MRS, ERULIE. TPS/EVA YLK & A 4 Y

il & S B 5 2 me (0], 4k T 2% 4, 2015, 66
(3):1221-1227.
CHEN Z J,ZHENG Y Y, QIU H F. Preparation, flame
retardant and mechanical properties of TPS/EVA foam
composites [J]. CIESC Journal, 2015, 66 (3) :
1221-1227.

(2] Mg, £, BB, 45 AL LR O - R O
TR AR LR LRI IR S A R RE RS2 R [0 ). &
BTk, 2016,39(1) :33-36.

QU M, WANG J, HE X Z, et al. Effects of
hyperbranched polyol on properties of ethylene-vinyl

acetate rubber/polylactic acid blend foams [J]. China



551

TR, 45 AR Z&AEXT BV A J1 R R SRAG B S 4 A I AR RE AY R IR

465

L10]

Synthetic Rubber Industry,2016,39(1) :33-36.
SIPAUT C S,HALIM H A,JAFARZADEH M. Processing
and properties of an ethylene-vinyl acetate blend foam
incorporating ethylene-vinyl acetate and polyurethane
waste foams [J]. Journal of Applied Polymer Science,
2017,134(16) :44708-1-44708-8.

JH e, K M, R B EVAHDPE/ACR & & R i bk
bl # S RARLI ] MK, 2014,43(3) :81-84.

ZHOU Q, ZHENG Y Y, ZHOU J. Preparation and
characterizations of EVA/HDPE/wood flour composite
foams[J]. Plastics,2014,43(3):81-84.
ROMAN-LORZA S, RODRIGUZE-PEREZ M A, DE
SAJA SAEZ J A, et al. Cellular structure of EVA/ATH
foams [J].
cellular Plastics,2010,46(3): 259-279.
KIM M S, PARK C C, CHOWDHURY S R, et al.
Physical properties of ethylene vinyl acetate copolymer
(EVA)/natural rubber (NR) blend based foam [J].
Journal of Applied Polymer Science, 2004, 94 (5) :
2212-2216.

XUZR,PARK H Y,KIM H Y, et al. Effects of modified
MMT on EVA/MMT

halogen-free flame-retardant Journal = of

mechanical  properties  of

nanocomposites and their foams [J]. Macromolecular
Symposia,2008,264(1) :18-25.
WRPHOE , 22k, A 38, 5. -2 T2 S R L SR/
YN K B R B 55 R AR R A S AT ST (D). IR T
Mr K254, 2013,27(4) :5-9.

OUYANG L, LI F Z, SHI P, et al. Research on
preparation technology and performance of EVA/
nano-CaCO; foam composites [J]. Journal of Hunan
University of Technology,2013,27(4) :5-9.

KA, EEEY, TR, 5 RIKRI/EV A S0 5 5+ 8
B N 1 RE R AT 1] = TR R
T.#,2014,30(3) :53-58.

ZHANG ], WANG L J, ZHANG C, et al. Analysis of
and  mechanical properties  of

foaming  quality

microcellular  foamed natural rubber/ethylene-vinyl

acelate copolymer composites [J]. Polymer Materials
Science & Engineering,2014,30(3):53-58.
HEAEHN L BENE G T4, EVA BUPE PPIGMT & 4 R

phati PERE A B ST ()], RO TRE K724, 2005, 27

(2):56-58.

HUANG X P,CAI H P, WANG J. Study on the impact
properties of glass mat reinforced PP/EVA[J]. Journal
of Wuhan Institute of Technology, 2005, 27 (2)
56-58.

BEVK SR EAE S E R 55 PLA/GF/EVA &AM R
il & R AERERTFE [T ]. AL TR ALB B, 2012, 40(12) -
67-69.

HAN B,ZHANG C X, WU Y W, et al. Preparation and
properties of PLA/GF/EVA
Chemical Materials,2012,40(12) : 67-69.

OLIVEIRA M G, VIRGOLINO M H, GOMES A C O,

composite [J]. New

et al. Characterization of rheological and dynamic
properties of natural rubber compositions with waste
EVA []J]. Polimeros, 2004, 14(5) :301-306.

XU 25 o7 R Ve S, A BRI EV A R I BB
WE5ELI]. BB T, 2009,37(7) :65-67.

LIU F J,ZONG R F, YAN G P, et al. Study on light
EVA shoes materials [J].
2009,37(7) :65-67.
kT, B R X AR ik e A R TE R T
EVA S5 % SRR 8T 0 A5 R (1] DI RE#E
£4,2013,44(15) :2253-2257.

ZHANG Y F, ZHENG Y Y, LIU Y, et al. The

China Plastics Industry,

preliminary research on EVA sole foaming materials
with wet grafted starch [J]. Journal of Functional
Materials,2013,44(15) :2253-2257.

U B EVA 25U I S R RO BT (7). BRI
BN TR, 2004, 16(6) :21-24.

TU S M. Preparation of light foamed elasticity EVA
shoes materials [J]. Modern Plastics Processing &
Applications,2004,16(6) :21-24.

e, 5k T8, i Rt LDPE/EV A B &9 b1 R
fBEFE L], 2k Tl ,2005,33(5) :56-58.

LIAN R B,ZHANG W Q, YE S J. Study of LDPE/EVA

foamed sole materials [J]. China Plastics Industry,

2005,33(5):56-58.
TR ADC R I e K AR BV A B R AT
FWEFELD ] dbEt  JE R Tk, 2011.
BN PR, D5 AR /R A B A KRR 4 e v fiE
FFELD ). Vi : PRV RHE K2 ,2013.

AL m#.f &



