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Preparation and property of wasted tire rubber powder based thermoplastic elastomers
WANG Yangiu', LIU Feng', LI Jie',LU Meng’, ZANG Yanan',ZHANG Xiaoping', LI Xiaojuan'
(1. Xuzhou College of Industrial Technology , Xuzhou 221140,China; 2. Jiangsu Jiangxin Technology Co., Ltd., Xuzhou 221300, China)

Abstract : In response to the national "double carbon" strategy, the waste tire is used as the main raw material to prepare the
thermoplastic elastomer with high strength, high elasticity, aging resistance, water resistance, environmental protection, cost-
effective and excellent processability. With tire rubber powder (GTR) as rubber component and polypropylene (PP) as plastic compo-
nent, GTR/PP thermoplastic vulcanized rubber(TPV) were prepared by chemical grafting copolymerization method. The effects of
the plastic used simultaneously with GTR, the ratio of rubber to plastic, GTR modifiers, variety and dosage of compatibilizers on
properties of GTR/PP TPV were studied. The mechanical properties, compressive permanent deformation, aging resistance, water
resistance, environmental protection, microscopic morphology, melting and crystallinity as well as thermal stability of GTR/PP
TPV were tested. The experimental results show that the compatibility of GTR and PP is the best among common plastics. The
optimum mass ratio of GTR and PP is 50: 50, the tensile strength of GTR50/PP50 TPV is 20.1 MPa, and the elongation at break is
688.6%. At 120 °C, 30 min condition, modification effect of GTR is the best by using low temperature composite activator dibenzo-
thiazole disulfide/stearic acid. GTR/PP TPV with the best mechanical, technological and environmental properties was prepared by
compatibilizer 2, 4-di-tert-butylperoxide isopropylbenzene/S,with the optimum dosage of 0.9 and 0.3 mass parts, respectively.
GTR/PP TPV prepared by adding compatibilizer after GTR modification shows that GTR and PP have the best compatibility, the
lowest crystallization temperature, the highest melting point and the best thermal stability. GTR/PP TPV can be mainly used for the
preparation of seals.
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Tab.1 Performance indexes of pipeline sealing ring
Sample Performance indicators
Tensile strength/MPa 23.0
Elongation at break/% =300
Compression permanent deformation/% <5
(23°C,72h)
Volume change in water /%(70 °C,7 d) —-1~+8
Ozone resistance(50x10°¢,72 h) No crack
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Tab. 2 Effects of different plastics on properties of GTR-based TPV

Test items GB/T21874-2008  GTR50/PP50 GTRS50/PES0 GTRS50/EVACS50 GTRS50/PVC50  GTR50/PS50
Shaw hardness /A 50~70 55 53 93 98
Tensile strength/MPa =3.0 19.7+0.1 13.4+0.1 11.7+0.1 7.8+0.1 7.2+0.1
Elongation at break/% =300 655.6+5.0 428.8+5.0 555.445.0 227.6+5.0 176.2+5.0
Compression permanent deformation/% <25 24 21 29 32
Volume change in water/% —1~+8 +2 +10 +15 +9
Ozone resistance No crack No crack No crack No crack Cracked Cracked
Environmental protection performance Stench Stench Stench Stench Stench

R3 AEKBEE LY GTR/PP E TPV HAERI I

Tab.3 Effects of different rubber-plastic ratios on properties of GTR/PP TPV
Test items GB/';;(;SM— GTR30/PP70 GTR40/PP60  GTRS50/PP50 GTR60/PP40 GTR70/PP30 GTR80/PP20
Shaw hardness A 50~70 78 70 65 59 53 46
Tensile strength/MPa =3.0 18.2+0.1 19.2+0.1 19.7+0.1 18.9+0.1 18.0+0.1 14.7+0.1
Elongation at break/% =300 623.5+5.0 647.8+5.0 655.6+5.0 633.6+5.0 610.3+5.0 387.5+5.0
Compression permanent deformation/% <25 32 29 22 24 22 19
Volume change in water/% —1~+8 +12 +9 +6 +4 +3 +1
Ozone resistance No crack No crack No crack No crack Cracked Cracked Cracked
Environmental protection performance Stench Stench Stench Stench Stench Stench
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2% 3 IR ZE R /R . GTR 5 PP A A i i
Bt Lt 4 50250, GTR50/PP50 TPV FHLHiITR & 15 19.7
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Tab. 4 Effects of different rubber powder modifiers on the properties of GTR/PP TPV

GB/T21874 Not added

Test items 008 active agent 510 RV DM/SA NS/SA
Shaw hardness /A 50~70 83 65 78 69 67
Tensile strength/MPa 23.0 8.9+0.1 19.740.1 11.4+0.1 19.740.1 15.240.1
Elongation at break/% =300 176.8+5.0 655.6+5.0 229.3+5.0 660.245.0 416.4+5.0
Compression permanent deformation/% <25 32 22 29 21 24
Volume change in water/% —1~+8 +3 +6 +10 +6 +9
Ozone resistance No crack No crack No crack No crack No crack No crack
Environmental protection performance Odorlessness Stench Odorlessness Odorlessness Odorlessness
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Tab.5 Effects of different compatibilizers on properties of GTR/PP TPV
Test items GB/T21874-2008 BIBP BIBP/S, DCP/S, AD/S, TMPTA
Shaw hardness A 50~70 62 58 69 78 85
Tensile strength/MPa =3.0 16.9£0.1 19.1£0.1 15.440.1 18.0£0.1 14.1+0.1
Elongation at break/% =300 545.8+5.0 657.4+5.0 630.3+5.0 610.0+£5.0 289.3+£5.0
Compression permanent deformation/% <25 32 22 28 27 24
Volume change in water/% —1~+8 +3 +6 +10 +12 +9
Ozone resistance No crack No crack No crack No crack No crack No crack
Environmental protection performance Odorlessness Odorlessness Stench Stench Stench
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DCP, AD 1 TMPTA %A ALt E A WA 2570, B
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TPV YA 3 RS . TMPTA 1 A A 28570 61 45 14
GTR/PP 4 TPV R 1 fE 25 H Z BHERE I AR &
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Tab. 6 Effect of different dosages of BIBP on the properties of GTR/PP TPV

) GB/T21874—
Test items 0.7 phr 0.9 phr 1.1 phr 1.3 phr 1.5 phr 1.7 phr
2008
Shaw hardness A 50~70 78 70 65 59 53 46
Tensile strength/MPa 23.0 15.8+0.1 20.1+0.1 19.8+0.1 19.3+0.1 19.1+0.1 16.8+0.1
Elongation at break/% =300 612.2+5.0 689+5.0 673£5.0 660+5.0 657+5.0 634+5.0
Compression permanent
<2 2 21 21 24 22 1
deformation/% 3 3 ?
Volume change in water/% —1~+8 +12 +6 +6 +4 +3 +1
Ozone resistance No crack No crack No crack No crack No crack No crack No crack
Environmental protection Odorlessness Odorlessness Odorlessness Odorlessness Odorlessness Odorlessness
performance
Small amount ~ Small amount Massive

Precipitation situation No precipitation

No precipitation No precipitation

of precipitation of precipitation  precipitation
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(a) No compatibilizer and rubber powder unmodified

(b) No compatibilizer and rubber powder modified
(c) Compatibilizer added and rubber powder modified
€1 GTR/PPEETPV Wrifi i) SEM HE
Fig. 1 SEM photos of GTR/ PP TPV section
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PP A MEAR 22 , A AL 18 B A2, PP 40 F-HES 1 A& 4
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Temperature/°C
(a) Melting curves

60 80 100 120 140 160 180 200
Temperature/°C
(b) Crystallization curves

12 GTR/PPIETPV HyME Rl ith 2
Fig. 2 Melting and crystallization curves of GTR/PP TPV

FHIBEAR HEA TR PE(E AR I AR 2557] , GTR 3R 1 1y b7
FEPA R BE 3 Jin, GTR AN PP AR 28 P47 T #2157 , PP 1)
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FHIBA HEAT BRI ELAIN AR 257 , GTR 2 I8 19 £k 27 ik
DM BE 4, GTR #1 PP 5 KA SR AR A VA P 4
i, PP A4S i B FE— 20 B0 o PP Y45 it il B L
SR 130 °CHT176 °C , il # 1) GTR/PP & TPV (145
s U JBE RIS 50X A I RRAIG, X U2 i1 T GTR/PP 2
TPV 1 GTR AL T PP 1AL 45 i 45441,

%7 GTR/PPE TPV BIERLL: R X EHIRE
Tab.7 Key data of melting and crystallization of GTR/PP TPV

Melting Crystallization

Sample temperature/°C temperature/°C AR
A 150.6 116.9 35.1
B 151.7 118.8 413
C 153.6 119.2 44.5

Note:AH is enthalpy of phase transition.

2.7 TGH#Hr
2% 8 4 GTR/PP %& TPV 1) TG 437 1) S SR
3 & GTR/PP 3£ TPV [ TG 4 AT £k . 8 FIlAl 3
i A, B,C =Fh GTR/PP 3£ TPV AHkHAIE 1. 18 2.,
TEAS AT LA, B, C =F GTR/PP £ TPV izt

&8 GTR/PPETPVHITGHIE
Tab.8 TG data of GTR/PP TPV

Thermal weight loss rate of  Thermal weight loss rate of ~ Temperature corresponding to highest rate of

Thermal weight loss rate of

Sample first stage/% second stage/% thermal weight loss/°C third stage/%
A 13.36 70.61 463 16.03
B 11.49 70.28 465 18.23
C 9.21 64.37 467 26.42
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Fig.3 TG curves of GTR/PP TPV
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