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Fig.1 Vulcanization curves of EPDM/PP TPV with
different phenolic resin dosages
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Fig.2 Vulcanization curves of EPDM/PP TPV with different
stannous chloride dihydrate dosages
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Tab.2 Effect of stannous chloride dihydrate dosages on
vulcanization characteristic parameters of EPDM/PP TPV
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Fig.3 The In(1— a)~f relation curves of EPDM/PP TPV with
different stannous chloride dihydrate dosages
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Tab.3 K of EPDM/PP TPV with different stannous chloride dihydrate dosages and vulcanization temperatures
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Tab.5 Vulcanization characteristic parameters of
EPDM/PP TPV under different co—crosslinking

agents and vulcanization temperatures

T H Y A HVPBd”

190 “C i fb A &4

AF/(dN * m) 6.97 6.48 4.76

too/min 4.46 5.05 6.67
200 “CHEALA R

AF/(dN * m) 7.42 6.58 5.18

too/min 3. 64 3.75 5.59
210 CHALIUE TR

AF/(dN * m) 7.56 6.63 5.53

too/min 3.11 3.26 4.85

D) RINEALEEFIHVPBA; 2) bR o0 143, R ITHVPBd;
3)HVPBAH 6, R InE L.

M FSTT LI i, SR F AR 1 R B Ak £ a2
7, EPDM/PP TPV [ty i A 1L K, A FIG A /)N,
XS A 2 KA AT 8 5 AR A I e,
AT RS A H T [ZnCLOH « 2H,0], Bk 46



420 B Tk

20224F 25694

PR B A7 AR FRAR T BRIP4 A 1 B AL BUR , (BN
AFRT , 5 H A A AR S R[] ) 2 Ak EE
HVPBA 1 17 7E 23 [fi EPDM (1) 52 16 %5 2 3 /N, A )
T 5 ALEPDM R 7E PPELAAR Hp 1 43 8L, T & TPV
B0 T BE RN 4 A A A TP R

AN [A) B 32 BE 5 U EPDM /PP TPV [ 31 11 24U
A E e (THHA KD o

#/min
1—25 1 52— AL B i S 16, R IMHVPBd; 3—HVPBd
R R 61003, RIMAALEE
(a)In(1—a) -1 R 2

2.5

1 1 1
2.06  2.08 2.10 2.12 2.14 2.16
1/TX10°

B2 @S AL E N 14y, R IMHVPBd; A—HVPBd
FHES 60 AL EE
(b) InK—=(1/7) K Z £k

El6 RFEBZEFBIEPDM/PP TPVHIF) /1 F MG # 2k
Fig. 6 Kinetic fitting curves of EPDM/PP TPV with

different co—crosslinking agents

M6 LI A, & AL EE X EPDM/PP TPV /Y
AT R A K, THTHVPBAW I AfE TPV KK
RSN, E SR (WLF6) .

>

3 &Y
(1) JCAE A7) 1oy 3 AR IR 2 AL 1 2R AU EPDM/

*R6 AEEIZEEF TEPDM/PP TPVEY KFIE,
Tab.6 K and E, of EPDM/PP TPV under
different co-crosslinking agents

T H =AY A HVPBd”
K 0.383 84 0.375 89 0.225 89
E,/ (k] » mol ") 98.83 103.95 130.25
1 FES,

PP TPV Hi ik BB A AL AR, ok et
XUBEFF 7 1 B A B AL, PRl I i 6 5 08 &) iR —
IKG FALT B VE AL AR R AL )

(2) EPDM/PP TPV ¥k i B2 7T LA 43 R34
W B - 55 1B Be Ry SR B I S 0 5 25 2 B BOA TE At Ak B
B XA B B A W A 19 SN R 5 53 B
JE ALY B, SO g /N1

(3) M 4l B S AR S B AR T 15
N By BEAS [/l — K 45 S A6 85 ] & i EPDM/ PP
TPVINE,, #6 # # Al #41 Hi 4 i(REPDM/PP TPV
1 B BRAAT N o

(4) &AL FEFIHVPBAfE Jy B 22 156570 v FH 4%
THIEPDM 1 38 ¢ 25 8 K/, el 4 AL EPDM UKL £
PPIL{AR H (%) 23 Pk , #E i 42 S EPDM/PP TPV il
TAEREFNBT A K A TE P RE

B2k

[1] SHI M,ZHANG D H,ZHU J H, et al. Morphology, crystallization,
and thermal and mechanical properties of dynamic vulcanization
EPDM/PP thermoplastic elastomer[J]. Journal of Thermoplastic
Composite Materials,2019,32 (4) :922-935.

[2] MAITI M, PATEL J, NASKAR K, et al. Influence of various
crosslinking systems on the mechanical properties of gas phase
EPDM/PP thermoplastic vulcanizates[J]. Journal of Applied Polymer
Science,2006,102 (6) :5463-5471.

[3] NADERI G, LAFLEUR P G, DUBOIS C. Microstructure—properties
correlations in dynamically vulcanized nanocomposite thermoplastic
elastomers based on PP/EPDM[J]. Polymer Engineering & Science,
2007,47(3) :207-217.

[4] ANTUNES C F, van DUIN M, MACHADO A V. Effect of
crosslinking on morphology and phase inversion of EPDM/PP
blends[J]. Materials Chemistry and Physics,2012,133 (1) :410-418.

[5] #%, sk A, 20k, 45 T TREAR BE Al 2 I T X KARAR IS /IR T
FEAR I e BELE R ERERZ M (D], AR Tl ,2019,66 (1) :839-842.
YANG J, ZHANG B S, LI B, et al. Effect of phenolic resin types
and addition levels on properties of NR/BIIR high damping rubber
compound[J]. China Rubber Industry,2019,66 (11) :839-842.

[6] LI SQ, TIAN HC, WU H G, et al. Coupling effect of molecular



5% 6 9 £ mEERNE S AS G =00 S TR/ B PR A SRR 14 Bl ) 2 BT 421

weight and crosslinking kinetics on the formation of rubber [12] HONG I K, LEE S M. Cure kinetics and modeling the reaction of
nanoparticles and their agglomerates in EPDM/PP TPVs during silicone rubber[J]. Journal of Industrial and Engineering Chemistry,
dynamic vulcanization[J]. Soft Matter,2019,16(9) :2185-2198. 2013,19(1) :42-47.

[7] ILISCH S, ANDROSCH R, RADUSCH H J, et al. Influence of the [13] ALLAHBAKHSH A,MAZINANI S,KALAEE M R, et al. Cure kinetics
sulfur-accelerator-system on the properties of elastomer-modified and chemorheology of EPDM/ graphene oxide nanocomposites[J].
polyolefins[J]. Kautschuk und Gummi Kunststoffe,2002,55 (1) :48- Thermochimica Acta,2013,563:22-32.

52. [14] JIMENEZ S G, BECERRA-FERREIRO A M, JARENO E,

[8] k41§, DE RISI F R, NOORDERMEER J W M. 22 B£51,2- T et al. Phenomenological analysis of the cured kinetics in the order
TRAE =0T SRR/ R IR A P BAR I P B AR I, A5 g n of the reaction as a function of the temperature of an EPDM
Jig Tl 2005,28 (3) :228-232. polymer[J]. Journal of Manufacturing Science and Engineering,
ZHANG H M, DE RISI F R, NOORDERMEER J W M. Effects 2021,143:1-12.
of 1, 2-polybutadiene as crosslinking agent in ethylene propylene [15] CORAN A'Y, PATEL R. Rubber—thermoplastic compositions. Part
diene monomer/polypropylene thermoplastic vulcanizate[J]. China I. EPDM-polypropylene thermoplastic vulcanizates[J]. Rubber
Synthetic Rubber Industry,2005,28 (3) :228-232. Chemistry and Technology, 1980,53 (1) : 141-150.

[9] LIANG J Y, CHANG S Q, FENG N. Effect of Cs petroleum resin [16] SBIRZE, T UM, 5 MK, 55, BhacHF X EPDMd S AL ¥ i AL 14
content on damping behavior, morphology ,and mechanical properties FAEALEERE ], B KT 2021 (6) :818-824.
of BIIR/BR vulcanizates[J]. Journal of Applied Polymer Science, GUO S R, WANG M C, LU G L, et al. Vulcanization performance
2013,130(1) :510-515. of EPDM peroxides vulcanization system with cross-linking

[10] PECHURAI W, SAHAKARO K, NAKASON C. Influence of agent[J]. Journal of Solid Rocket Technology,2021 (6) : 818-824.

phenolic curative on crosslink density and other related properties [17] FRLL. AR B3 W7 2h A i Ak PP/ EPDM UK rh ) £ F L],
of dynamically cured NR/HDPE blends[J]. Journal of Applied R E#EE, 2007 (7) :70-73.
Polymer Science, 2009, 113 (2) : 1232-1240. LEI C H. Effect of co—agent on properties of dynamically vulcanized

[11] KADER M A, NAH C. Influence of clay on the vulcanization PP/EPDM thermoplastic elastomers[J]. China Plastics,2007,21(7) :

kinetics of fluoroelastomer nanocomposites[J]. Polymer, 2004, 45 70-73.
(7) :2237-2247. Wi B #3:2021-12-16

Study on Kinetics of Dynamic Vulcanization of EPDM/PP TPV with
Phenolic Resin

WANG Chao

(SINOPEC Beijing Research Institute of Chemical Industry Yanshan Branch/National Engineering Research Center for Synthesis of Novel Rubber
and Plastic Materials, Beijing 102500, China)

Abstract: Using stannous chloride dihydrate as catalyst, ethylene-propylene diene rubber (EPDM ) /
polypropylene (PP) thermoplastic vulcanized (TPV) which was dynamically vulcanized by phenolic resin
was prepared, the effects of phenolic resin and stannous chloride dihydrate dosage on the vulcanization
characteristics of EPDM/PP TPV and the role of co-crosslinking agents zinc oxide and high vinyl
polybutadiene ( HVPBd ) in the vulcanization system were studied. The results showed that as phenolic
resin dosage increased, the t,, of EPDM/PP TPV was slightly prolonged,and as stannous chloride dihydrate
dosage and vulcanization temperature increased, the o, of EPDM/PP TPV was significantly shortened,
the vulcanization reaction rate constant increased obviously, and the activation energy of the vulcanization
reaction decreased at first and then increased. Zinc oxide and HVPBd could be used to control the
crosslinking density of EPDM and improve the processability and compression set resistance of EPDM/PP
TPV.

Key words: EPDM; PP; TPV; phenolic resin; stannous chloride dihydrate; co-crosslinking agent;

dynamic vulcanization;vulcanization dynamics



