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Table 1  Mix formulation of experiments

Formulation number

Ingredient
1* Sy S, S, S5 S, Ss Ss +1 Ss +2 S5 +3 Ss +4 S5 +5
NR 100 100 100 100 100 100 100 100 100 100 100 100
Zinc oxide 4 4 4 4 4 4 4 4 4 4 4 4
Stearic acid 2 2 2 2 2 2 2 2 2 2 2 2
Accelerator D 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Accelerator DM 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Antioxidant BMI 0 0 0 0 0 1 2 3 5
Sulfur 2 2 2 2 2 2 2 2 2
MWRP 40 40 40 40 40 40 40 40 40 40 40 40
Si69 0 0 1 2 3 4 5 5 5 5 5 5

*The MWRP in 1*was WRP modified by microwave treatment; the MWRP in S, ~ S5 +5 was WRP modified by both microwave treatment and sol-

gel method.
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Fig. 1 Effect of different microwave treatment times on tensile

strength and elongation at break of NR/WRP composites
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Fig. 2 Thermogravimetry results for WRP modified by

different microwave treatment times
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Table 3 The mechanical properties of NR/MWRP composites

So Sy S, S5 Sy Ss
300% modulus (MPa) 4.65 4.72 5.21 5.27 5.33 5.77
Tensile strength ( MPa) 16. 12 17.03 17.45 17.73 18.01 18.83
Tear strength (kN/m) 33.52 33.57 33. 64 33.72 34. 46 34.61
Elongation at break (% ) 527 524 519 516 513 510
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Fig. 3  Thermogravimetry results for WRP and MWRP

2.3 BURMETEE

Bl 4 Ak B i AR (G7) 5 AR Y 6
ML, i 8 4 AT G I AR B T AR T
6, X — G AR T A TR B (Y Payne A% 5. B %
Si69 A4k (¥ 34K , Payne 2 M 5fe B 55 . 7 A 3% —
LA I DR R TE A bR R R B A Si69
I, I Si0, KL T % 28 B4R, ORI B TR A
SR PR T 190 2% 25 4, Si0, R T 38 4 K B i i
W 285 S 38 i, S BOBRH Y G S AR L T, B
LAWLZE B AR 3 (1) Payne ZLNE. 44 & ABHA 2
Si69 FiI 45k A W73 I, Si0, 81 T 1 43 A5 LBl
WL T2 5 T WK 8 W4 254 b
(1) 32 PR 45 S5 B0, AR ISR B9 G AR, T LA Payne
NS BT Si69 [ A B E T Sio, BT
TEE AR 43 B, 36 3 T G A B 1 i e 3 o

480
-
460 9\\?\\0\ o
AW 2
Mo o —v—S;
T 440F NN o ——S,
= Y, -
= P, ~o. 5
O 40f e, TOBso,_
[>\[>\l>\ R~ O\Q\o\
DY
400} X\E%%
\D\D\Dﬁﬁ?ﬁﬁ:
380+ s
0 20 40 60 80 100
Strain (%)
Fig. 4  Effect of the strain amplitude on G’ at various Si69

concentrations for vulcanizates

5 450 3 AR R A B TR
2.4 WmAKKMERR

K5 EamALIE R G5 OC R Ml 2. A
50T LA W EARAI R B Ak B Y G BE ST S 1 1
JITTAT BT REARR 33X AT BE 2 A4 i B AR B, S 43
Si0, 7 - 19 45 45 A6 AN BE WK A2 11 2 5. 24 01 6 4k &k
Fhim AL B G BE A 2 1 38 o 4 e, X R B
S B R 3G TR > T RS TR B R RAR K T
R 1 A5 B B

6001 S
580+ ——5,
seof TS

540}

£ 520}

=

3 500}
480
460F
440
40

0 5 10 15 20 25 30 35
Frequency (Hz)

Fig. 5 Effect of the frequency on G’ at various Si69

concentrations for vulcanizates

2.5 WMURKKEERRE

6 ZHALIL K G5 OC R i k. i &
6 I A, B Ak S G I i 2 S T v S
T AR AR 1 e B ok 2 B SRy A T T R 1 TR B AR
g 5 IO ) 2R B 5 B W R AR, PN b v R AR B A
FIF SiO R F I RE, I IBEE R E W TR, &
B RHA R I Si0, 0 T4 FR R & A A, T
S G R TE . 0 B R R R W T R R
G'H BT By Rt BT & AN R B
BMI (yffb e i) 6" SR C R M. & 7 /]
IR S, G R R R 3R B R BMI
FHEE 0 34 i i e 9% A X L 1R 6 RnEl 7 T,
EREAMENE G M & mei, 864
BHE) G2 BT R e g, B & 5% BMIT ] DL$
A MR AL e
2.6 WALEH EL AL

AR BML Xf NR/MWRP 5 & b &} hir fif
558 55 R DRI A SR 1 5 ) DL P 8.l 1R 8 mT T, &
A AR A e BML ] 2 A% 3 0 g 5 om, fiz
VBT oK 5 Bt BMIT (34 384 o 52 56 386 in I /)N 1) o
WRP 294 i F 3k 19 28 75 B AR 7= i K A Ry
BHEL YR B BT 1 A5 19 52 A 4 T 2 1k M e A



900 R S A N 2013 4
520 LGB, X R AE B fE WRP ot R3S 0
510 e SN = SN g
10 S . 1 e 4 O L0 5T A BB B
490 TE LA 56 v 23 R B T 4R v, R ORI AR

e BRI 2R A A BMI 5 A

«

Z 460 BB S 2 AT 6. 90 MPa. Bfi %5 BMI 114 ¥ £

© jjg 25 ,BMI ] 5 NR 5t WRP 34 [ (0 Bk XU 1k 17
429 BEAR I AR 2 A A v i 4 2% B S BB B, ) mf 3 m)
410 - pres VI s
ook LIS RS NR 55 WRP (94126 57 LABA 2 BMI Jij it

0 80 100 120 140 160 (B o, 5 A RHI R A BE A B 1 e g AR T
femperature (C) HEA BMI {24 75 J T 22 1067 i 19 ) B 2 W 116
Fig. 6 Effect of the temperature on G’ at various Si69 *j‘ *‘«{- E/‘] im)ﬁ\ ‘I‘i y iz E‘j[:’ﬁﬁf%'ﬁ BMI HEJ %ﬁ ﬁ 4 ’fﬁj\ EH‘ ,
concentrations for vulcanizates /E% #:j‘ *)‘I, E/‘J }\‘7 ﬂéﬁﬁa .L/: %’i l}%,fEE .
500
480 16} o .
470 - D/ ?ﬂ 1450 <
c 14 <
460 S /L Jaoo 2

_ 450 B12} g =

z : e 350 3

< 440 3 . 8

R 210t s

© 430 z / 1300 go
420 = s S fso ®
410 /

6 . . . . . 200
400 0 1 2 3 4 5
60 80 100 120 140 160 BMI content (phr)
Temperature (°C)
Fig. 8 Effect of BMI content on tensile strength and elongation
Fig. 7 Effect of the temperature on G’ at various BMI at break of NR/MWRP composites

concentrations for vulcanizates

e e B
25 AT R AR E 2 Akt B b, an & 9 s =
2B A R A A e e A AT A R SR 20 s S5 A ol I Ak IR i) A I M 9 M vk
s
rarCH,—C=CH—CH, + CH—C=CH—CHy~
(@ ?X
e S,
|
CH, R
AmCH=C—CH=CH,
CH; CH; ,
| I Heating
0 CHy—C=CH—CHy—CH—C=CH—CHyv ———— <
Sy
| CHs
?y marCH—C=CH—CHy~ + $,—R
R
~ b

N‘"CH:?-CH:CHM
CH;

3

Fig. 9 Breaking of crosslink of NR or WRP on heating
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WASTE RUBBER POWDER MODIFIED BY BOTH MICROWAVE
TREATMENT AND SOL-GEL METHOD AND THE
PROPERTIES OF NATURAL RUBBER/MODIFIED

WASTE RUBBER POWDER COMPOSITES

Ming-chao Luo, Xiao-xue Liao, Shuang-quan Liao, Yan-fang Zhao, Dan Fan, Li-zhi Wang
( College of Materials and Chemical Engineering, Hainan University, Haikou 570228)

Abstract Microwave treatment was used to cut off the three-dimensional structure of waste rubber powder
(WRP) ,which increased the swelling degree of WRP in organic solvent. Then WRP modified by microwave
treatment was immersed in tetraethoxysilane. During hydrolysis and condensation reaction process, SiO, network
was in situ generated on the surface of WRP by sol-gel method, which prepared modified waste rubber powder
(MWRP ). Natural rubber ( NR)/MWRP composites were prepared by NR blended with MWRP. The
properties of NR/MWRP composites were investigated. Thermogravimetry , differential scanning calorimetry and
mechanical properties analysis showed that the best microwave treatment time was 20 s. The NR/MWRP
composite owned the good mechanical properties, due to the improvement of compatibility between NR and
WRP after microwave treatment and the reinforcement effect of in situ generated SiO, particles. Si69 which
prevented SiO, particles aggregation and improved the dispersion of SiO, particles was added to the rubber
matrix. With Si69 content increased,the mechanical properties of NR/MWRP composites further improved and
the Payne effect decreased. The storage modulus increased with increasing frequency during frequency sweep.
The result of temperature sweep showed that with temperature increased, the aggregation of SiO, particles
increased and NR/MWRP composites exhibited the aging phenomenon. To improve the aging resistance
properties of NR/MWRP composites, N, N-m-phenylene bismaleimide ( BMI) as an antioxidant was added.
BMI compensated for the lost crosslinking bonds during rubber aging process and improved the interfacial
compatibility between NR and WRP by Diels-Aider reaction, which increased the aging resistance properties of
NR/MWRP composites.

Keywords Modified waste rubber powder, Composite, Mechanical properties, Aging resistance properties



