LERE ! g WIS PSR T2 BBy T A TS ik Je 3

)RR

EFBRERHMUIZERMBEN HARER

kOB, ERE,NMRE
MR A2 T2 B TL0 M0 225000)

FE AT IR T B2 SR RS A T 25 LR by 1o P Fr 0F 5 30 J 2 208 o T 5 R A AR 5 208 J i T 22 1) 2
WA BB B i WA 2 H O 2 5 R A 00 O 258 A A 5 A T 2 AR A TSR TR IO A 4
SR PRI SRR B AN S SR I o B S A TR OB R 5k FBORS S AR ) i TSRO R AR AR K AR
2 R A58 ] 5 55 J A5 P A AR T 8 9F 5 1) A J ol ek S 3% Pt 1 A e ) o AR DAL, IR /AR

JE A AT / Sk TR 0 1) S AR 25 A AF 9, Je o A2 45 A el ol i 114 743t 4 0 55
SRR < IR ARSI 5 B s I 5 72 R 5 S

FE 4522 :TQ330. 56;TQ333.99
XHRFRERG: A

Bifi 5 Tk PRk & i, AR P e 1B H 4 ™
0, BAERKE R R RA A8, IF L 292%
fi 3ok 3 M T I G O A O O R B
Giit, 201647 38 [ JE 575 IR 29 M 1. 542 %, IF DL
8%~ 10% 1) J& P 1 1) o FeAG e 1oy Ak B 2
FAVIT L&, (1) fE ol 3 5B ab B (HP 4
REAIT) 5 (2) R A AE Wy B i 1) 0 %, ZRAAIG
AR o3 B WAL T ks (3) i il a5 P A e 5
(4) Tl 28 FAE SR o 78 410K J1 & JRARARG 4 2
G ST, SRR SRR 0 A= 7 e by 1) el se 1)
T AWK T, 20104E4F )i, B K Tl Al
HEALE R SCH R . (D) FRERIHRAGZE S
FIH o % R ISR G B0, 6 2 R R IR A G A
AR, IR AR R 7= s (2) “BAY K

EEWE: HEARPAES I H (51273172)
TEZ B3k (1958—) , 9, VT OR AL 0
KA A T, 322 4 F AR
N 25K 5 PEBE A SCPE AT AR IS O B T2
FEERHIE AR, Je)E ERFER A R I 4
R 5 T 4 T00 45 ST, 48 3R R IO H
L1023, & FSCIRRIE L1502 5 , BAUE K Kk
B 3022 10, 22 YR S AR VT 5 44 A b [0 3l AN Ak 23 Tk 5645 25 0
R ML A A O = A S T P R T SRR
WZ R AT CRIETA ) (A BRI Tk Y4245 .

E-mail:Ixyzhangm@yzu. edu. cn

XEHE:1000-890X (2020) 01-0003-07
DOI:10. 12136/j. issn. 1000-890X. 2020. 01. 0003

OSIDFMFF R
(IBEEETR)

AR Ay A2 I I BT, R R AR B i T 7 i 1)
IEREIALE I

— AR UL, ARG ER A AT AR v, B T3 1
O, Hfbas Tk R EEWRE R I, il A [k
RIS o By il 3 LA B LR T itk — 20 E AT
AR B REE, ASCERTIRFBRIL R
T VLR N B 5 R, A 43 % AR L
Ho ] 28 55 A5 P AR P O AR S 2

1 BRHMEHETZ

1B SRR v, DA S50 IR B I 5 4%
HAiks iR, DLEFERNG N6, e & 7l
Wi, BRI T , AR S S
2203 85 30 R WG 2 BR AN 22 i s il B 2 4
Wy, A5 B Sl AR R, 2 R o — 2K
PGS TR BIF B A5 B A0, TP B RREA , 3X ik AR R
Bk AT T 15 5 38 2ok 70 A 200 D8 1) 7 1 il ey R
“Fo WEA LT ILF O
1.1 EERWEE

OB PR T 2R AR IR T A 5 ) A LR
YRR 5558 I 04T 35 U0 5F 1% B ok i, 74 3
JREHy o i A5 JE A 2 T AR R L R T A B L MY
AT KT L RAE  (H BT A A ) B TR
JREA IR 18130 C L, (HASAS I B Bh 3791 - i ok



4 B Tk

20204F 55674

FER RO AT SR M S, A, N 5
Al 25 IS AT 22 SR R o e ™
1.2 RiEMEEE

K T 98 B 3 6 R M Rk R AT T ekt B
I H 56 BG4 0 ¥4 Uk 28 B 38 Ak T 3 DL GIE N
—87~—198 C), Fi AT LA R i , ikt T AR
TR A 2o A v ol B A, O T A5 B A0 )RS 20 i
T AR A P AT TRYA R TR ok A
WG IR ALY M T3 IRy, R i
JIE T 8 170N ORI RNSCR BRE fy , T gk R
AR B R AR A R BRRRE =, A ™
JCAS B R AR R T R
1.3 Humerx

At R 4 32 B 4 T B A LK DD T TR
TR e Yheh Y A L R PR L e R R A T T
T 3 Ry AR R PR AR I T VR P BF B A I Gl
JEK) FEATRIES , A IR T 2 AR, b T
PR e, AR I T AR RS ORI E A
15 K (£9379. 21 kPa) 7K (4 B 45 5 A i T 5
AR R A, LSRR I RE IR S RS
Yey, i T R AN G R e, 18
FTRCAE B o V85 VRO R T 2 T T TR X I AR
HEAT R, de HLAT AR R M 1 2 0 AR I 5 M R E
2 (RAPRA) JF R URAPRA T 231

2 KMBEERIEWL

JE S5 2 M A 3 A AR AT SR S AL BsE
BS54 R b2 51 5 AR 5L R i B i
S ), T 52 ) 380 57 A A e Je 24 14 0“7 1k
B T i D aX — [n] B, 704 M VR AR it et
it 22— e ZE ARG Ak o R AR 2 1 H b
JE I R AT B I 485 £ = 4 4%+ C—S,—C i, [] it
] ek 4 EC—CHREMIBIZ ., i TFC—CH
C—S,—C R SH RE AT AT , ol 75 53 J 4 o5 P ¥ 85 K
K,

(RN i R T RN L N R /B R TN
1R WK = o3 T e o3 T TN & T e e R T
2.1 #IBRWE

JE 53 T8 At AR G T e A o TR 55 A 8 %
T B W WAL i 0 A A 22 5, Gl A ik B, 52
BT XS AE 1B W 4 45 R I A R, F. Karabork

AUV SRR A T M A v M e R R
ELTRCIBE Ot At ts 255 p TE R J g UL PN 7 1 A 2 B
3. Liu I S % g e R 1) i, 40 R
R B W WAL RE ), 92 BT g 2 IO 3% A LA B TE L
Mo ek 2 T DA e P T s S B R i M Tl RE AL
AT — OB B, 7 BB R, (H IS
(4 15 0 TG R B2 AFD6E T I 70 AR I A 8 SR 38 L
BN,

M. LuoZe" M ol 5 v e e I v 45 4,
T TRSHF T T IS 1) 758 70 I 4 5 30 3 ¥ e — i e v
il £, 4 i 1 e P URE 2 THT 1Y) A o 1t 5 AT LA ) 559
PayneX{{ W , J. Desbrieres 2! 1] 75 3547 12 8y
JBRTRL , it MO A T P S e, Y G R 88 JE 114 3 [1]
TEAL R, T 7 A 00 e EL AR A v AR X 4 1
g8
2.2 WA FER R E

BUA ) A2 I A v 4 R B B U0 4 P e 75
JIE 93 P9 A 52 X0k 5 T 284 1) T2 T vk, R IR el v
POA R R A T AT SR Ik . IR R T
— AR Ak 2R SO A, TR SR R A =45y
PIHOR AT AR , 85 F T 22 R AL B i I i fin T
I AT AE P21 g 0 K 2 5 B R A A K
FOI TR I A2 etk (e A it oE . FHerp
PR FH AR T B DL R B BEAT T Tk
M BIRF ST o AR SURBRT B AL J A
A7 AR A=, BFFE T AN [R) 5 8 Lb 2R R T B9 B 2
SR A5 R HOBUIRAT 55 3 L X e 49 20 A7 5t A
WAL ELAT B T AR 8 SRR 4R 45
A BURAT 5 AR FOR AT 1 AL,
b, 5 WY TR ZH ) AT 37 % 1 5 1k 35 R A4S R i
LR I 1A IS Hy el M e S R %8 B S H PR SRR
AR AT TR, IR e T2 HLEE
S A, U R A Tl AR R A R A5 A T 1
IR HLA

JEHAL TR 2E 5K ST RESE T K (1 SURAT 31 45
S 5 R B A 2k gy VI RN JE RS BE Ak
SACB B ARTEAMG K L BRI AT, b i 5 MK 3 1
A B B BN Ak 27 3 Ak 5 v 1 Tl Ak 1 1, #E 3
TR SRR e A R
2.3 WEBEE

JBE Ry (R A 2 I At e A — o SR, R AE



LERE ! g WIS PSR T2 BBy T A TS ik Je 5

2 R 8 P A IR A 11 S8 TR A, o AT A 28 8k
J3E DTS2 B Ry 014 T A 3% AR e 2 i 5
PR F2 R oy A AR N B Y A R g O
Xt A A W7 24 s RS 9 35 4 FH Y, De Debapriya
AU s R Ak o B AR A
A g TETWSCTR) XoF e A9 3 A 7 0 AL, O A M 3 7 T B L
IR IG5 601 KIRR I HT, B 45 3 F S H o
8 A 3K B ARG P 3R % (1983% . K. JiangZ5™?
S 2R B AR W VR S I R, R I S AR
e T SEBLER AL T FEAR B R R SRS it .
o VAN R Z AL R T & i De-link 1.2,
FEZE IR STERT % T 5T IR AL i 58 Bk
SERGERAE IR, ER AR
2.4 EYRREE

A= W RV R FE AR O 1) A W A P 8 )
B T, T 5 v 1 58 K 2 B 4, AT
SCPUEEH IR AL A . G JiangZF P WE S & IR A
PR o J TR AR AT DA R RS 3 Ak R IR R T R
i 70 28 1 SR AR T L5 RS T i 5 K 114 4 S o
N. Christofi% 5% HI 43 32 R TIZR 14 , A e b
W7 5 5 58 Bl 4 K T AN B AR o F R 2544
C. B. Fliermans™Fil IR G 45 1 i 2 ) 26 i 19 A
i, B R BRL L R A T S 3 A TS R 3R T 1 0
S 2 HROR AR AR E AN Ak, $R e T IR AR ]
BN TR R T i

SV, S0 P I 3 P2 Ty LA i
I V5 G /NSEAE R B Hy v ) B SRR Gl A ) 7 5
PE A B B0 S5 I i I A 280 23 45 ) A A 1
— e

3 EFRBREHEIR A
JEFBIHIS R K2 PSR nE .5
W IT F LA B S 3R TR
3.1 HEREB
201 L 604 AR AL, I 348 iR I A5 21 1) i
FE B 1 TR A DB R . Ses
% T A EL B 10 B TR O T R AR e, &
B 9% 95 T 2RISR T 240 . Bl TRk 50
T U PR B AR 22 R R A R AR A
[ 8 LA % A B[] o ek o5 | 1 — 28 A 4 8 )
Jee B A e 0 7 P B MR IS P s i

PERRY, 4 HAE W P R E v, TR
FHRFEIE T2, 7B B T 3045 1 ok ek
PEWIT o 1 4 5E A5OSR o 0 B A W SR R
W REE G RE T, $&m T RO 726 Rl 75 h iy =
TERRE Ik, T2 A5 5k ek 10 7 I T g 8
IESEEL T AL
3.2 B#H/BEHBER

e Hr 55 A I T FH 2 S RIS 3 4 R A I 0 T
WEIRE, BB ORI BN T2 DL KA FH PR Y
FeE 1, S MK /A8 I FH 4500 OG T Y R A, X AR
58 5% I FH B A A A O AR T i LA % g B g
HIFE o
3.2.1 i

JEE Ry 5 AR I T, A T AR S 1 R ok TR
AR5, AR Ak e # HAR I o - ik B AR v I
PEo I BERALET , 5 AR BB R 1 I HRCH T,
ISt M2 493 19 3 I e A2 wE /N ol A
TR T I R B A B BN A T B BE I
I FH I 1) TE At A B [ A, [ 2 e g FH S ) 348 O T 4
SRR R R R i TR DY
3.2.2 RETMERE

FH T IR B A S TR R e R e B, PR T AR
Oy THERIFE B IES, N K /A5 I IR 11 e
R £ I 25 5 T Ak 0 48 s MY B D KG
NS TTJE A BEA U AR fb ka3 IS /48 e I
FHRE IR B IR AR A T A2 TR o
3.2.3 4pIEkgE

KERAGIE T I Ay | JBE Ak A 7 e 5 5 A
TR RS N A TF < L3l A DN 4
s ISR B0 R P BE AR Y PSR R [
7 5408 3 527 BB 52 M /S o Rk R AE AR b iR S
BE, AT DL 5 4 5 i 1 AR RO 0T 2L B A I 22 ok B
o JEEH /R PR S Py i B IR /A 3
JE %) A5 R it B AR i e e by FH i A 3 KT 4
M it B AR AL AR KM

CE BB 5 AN]R8 Y g 22
SRR B BRI T A B A A B
R R 255, 32 ok Pl it A2 16 %% B e B ]t
SR o DR, PRI AT AR R T R Y A
KSHGEATRAE, A B T8 A 38 AR e T
HZR.



6 %o Tk

20204F 55674

3.3 KRM/BMHER

KB B R 0 R FER A O 95 55
PRIRPE R, BEREREARAUAS , o RE el i THERE
3.3.1 HATHEH

H. Ismail 5 FH A B G A -5 3 R s S0
B 5 93 FH 2 1 386, HETR A 1) P A AR R R, L
BT AS 3550 b A RO SR VR s B At AR AR RO
7 DRI o S A A B A R R TR
Wy 5 DI N 7 B A B D) R 8 4 R 4G K R R
DI BEAR o 348 R J A9 FH ek 2 fE — 25 338 AL IR ) 1 S
JFE, SR 2R B A AR R AR AR B M. YL Li
VOV TR TR / 1R 4 T R 2 IR I R
RGP 5 5 D7) 33 232 (8 15 KT K
3.3.2 K#fE

JE oy AR A8 % G Ay / 9 ) S TR ) %) 0 L i
M d . — BT, R kLA N, JIR Y
PHME BB 4. H. Ismail 29 % 81 ik #5 ki 42 /N T
500 pmfi, A/ 5 N M 2L IR 90 1 ) BRLPE BB AR AT o
X. Colom & LEE 5| 25 % 1 B LM IR AT 2045 At
T A 493 i T A 1 A i 88 A, R v R S A i
FyRLAZ /N T200 w7 A5 B & W AN R 25%, T
2R R S AR AR KT 500 e 7 A 5 8 g R
51%; BLAMGR Y ) b MEREL T R
3.3.3 HEHEF

TG 25500 7T DLk by 55 8RR 22 T 1Y
RS RE 1. X, ColomZEP0 % A I A 1 45 5%
R PR A B A i HL 5 v 8 R R M R 1) S T K
B, Ho T s T IR A R B R
3 A R 2000 B ARAIE T LR 4 B PP s B 5 e 2%
JE IR C A FR TR B, (R TR A o i e 3R 2 )
TR, L.MészarosZE 2t A [ 19 25 30 6F e / 2%
PEAR S R O ILIR Y sz, & BRIk &
Xt AR G5 M B R E. S, H. Zhu &P A R T
1R NI - SR e fb - T R AR, T H A
T A/ R s SR A e A5 32 A ot LR
P70 RE W S A . T A 5 AT DA S A/
HUORHIR Yy vERE (25 OB B [, JHIR P Y
SRR AEAE R R R, X AT RE R A A 2
V) Py 5 1 ] A B8
3.3.4 ZHAEZR

JI5E A G oy % T ) 9 B AR B A1 TR T LA R

B SR R A AW % R e T B A
T SRR 2 (B ORGP, DT B0 T 1 A T
PER . P. PunnarakZF P HF5E T A [6) S8 BEAKR 2R 0t
W A / 1o 5 B 2R O FIR W PR RE A S ), 25 2R
FW, SR I B s R AA 22 AT LR A5 35 4 1) 42k T 4
SRR . M. M. Hassan25 5% ]y i 5 18 32 3¢ e
T SRy / 1o 5 SR AR IRIR M , 45 R R Y, AR
JBE 3 It Ry 500 ), 5 oK 4w BRAC B IR M0 1L
i HE S IR TR A P AR M GRS T 20% ~50% o
R. Sonnier5 ™ fifi FH A 3 1 B 2005 5 ik
G, KR ik S A A B AT LS i T 5 1 S T
AV, AR T T 8 9% B 3R O 5 ek Uk 22 [A] 1Y
FHHEAZER

F e hn 5 IR IR R R BT R 2 1Y
e g 7 ik 22— BRI, i TR PERE TR,
TE T M SE R b VS ISR 3 AE A 1 22 BRI, X
B2 A 5 PRV kL 22 (8] 1Y) B T T
JRE MBI TAE

4 HEHMRE

JE Fi 5 16 W20 D) & 8, A R 1 O 5 R AT P AR A
M B et a3l b2 ik s e G A4
TR SCHEIA T, L TR, i BHFA
B3R AR S ARl B AN SS T3, R FH A i 5 A 7 2k
ISR 16 Ak BAOPE 55 T2 06 IR s e IR kA7 Tl fb 15
AN S, IR BN TR Y AR . SR,
TR SR IR R IR A 2%, R AN IR 2B 77 7 B 3R A Y
JBE 53 B AL AN [R] i 22 AATT% 3 €8 B4 08 ™ iy
Jo R B R, O B R TR SRR R AR
FEAE AR AIMERE . R T LRk el RS 2]
B8 TP HE ) RN H, A e ATk — 2B W DL OF
Mm%y,
4.1 BIRKHMREFMNER

H T B A 2 A6 16 P2 1% v ] SRR, T Sy
() AF G AL 4 A5 SR T 5E IR R O T 5 vk DL
TR PH R A DR SR e T LA S E 1, PR AR
AR R AR X A RS S804 S I ot 2 ) PP A1
T8 VR I I AN 0% | N T2 AE IS A 2R TS P O Ak
e J1 . T el SR A AL RR FE 4 SO 5%
57 I A A R T 00 U B I i P  H8 A
FT7 I 5 256 Tk O FH AR 7 i 28 3 57 e A TR



%1 g WIS PSR T2 BBy T A TS ik Je 7

SR FRAE KM hR 1, DT BB o £ A
®Z,
4.2 SRR E &R @R EEIEN

JE oy o FAAE ) BH 7 22— 2 F P XA B2 b
H B BT S BT B , AR SR &5 SR AR F B
VLR Pz s AN 8, 5 BT IR & A M Rk ]
TP SEE PP o S B SUAE 7= A B2 A Rk b
P ZARYE ™ i AR, T 8h ik 17 mT 5 Ml 50
WESE, I X o] SEPERF T 45 SR AT B e, B AP TB
LB B2 65 B ) it ) AT SE MR IR AR
4.3 RANHTRBBEMRNNAEMAR

TR FEAR I SR Ak A 3 R B AR 4
A8 PR FH AR 2R 04 OGS0 B8, DR LG F 8 A G 1 1
FHAERIT TR AR L, BT T 5 R G
JE Ry ) s o R L A R ISR 3% e R DL R
[T A ) 28 A i o R O RE DG AL BRI 5 5 B /AR G
I FH e RIS Ry / 38 F TR 0 1 S FOUR 5 A F 5 5 JG
¥y 52 G MR S ) A e e HLEE A b, 2, B
kg BE Ry P A Ao R el DG A A S T A L
R T S P P A B2 AL ™ () B 2 A R DA 3 Ay
FLOE U A KRR G UG I Z 5 1 56 = KRR
JRE SR A

SE k-

[1] Pieter J H van Beukering, Marco A Janssenb. Trade and Recycling
of Used Tyres in Western and Eastern Europe[J]. Resources
Conservation and Recycling,2001,33 (4) :235-265.

(2] #lid e, Fe B OT55” H 45 E ], A7 48957,2016,32(9) :6-9.

[3] Sunthonpagasit N, Duffey M R. Scrap Tires to Crumb Rubber:
Feasibility Analysis for Processing Facilities[J]. Resources,
Conservation and Recycling,2004,40 (4) :281-299.

[4] (e, PEIHAR IRy Rl S HR ARIFFEID]. P42 : 22K, 2012.

(5] WA, AR, 2R, 56 PR TH A IGAZBE 1 3 il by e S M e e (],
T, 2012,59 (1) :33-37.

[6] ShiJ, Zhang S, Zhang B, et al. The Effect of the Particle Size of
Cryogenic Recycled Powder on the Mechanical Properties of Tire
Rubber[J].Recyclable Resources and Circular Economy,2011,4 (11) :
37-39.

(7] Votfs, 2R 8, B RS, 55 VR AR IR R TE T RAGE rh iy 1z
FIL. AR T, 2018,65 (5) :524-527.

[8] Hayashi M, Takamura Y. Waste Home Appliance Disposal and Low
Temperature Crushing Technology[J]. Transactions of the Japan
Society of Refrigerating and Air Conditioning Engineers, 1997,14 (1) :
1-9.

[9] Memon N A. No Characterisation of Conventional and Chemically
Dispersed Crumbrubber Modified Bitumen and Mixturesitle[D].
Nottingham, UK : University of Nottingham,2011.

[10] Edwards K L. Failure of Plastics and Rubber Products—Causes,
Effects and Case Studies Involving Degradation: D. C. Wright,
Rapra Technology Limited, 2001, ISBN: 1-85957-261-8. 400
pages;price: £ 150/US$240[J]. Materials and Design,2002,23 (3):
346.

[11] Li S,Lamminmiki J, Hanhi K. Effect of Ground Rubber Powder and
Devulcanizates on the Properties of Natural Rubber Compounds[J].
Journal of Applied Polymer Science,2005,97 (1) :208-217.

[12] Zhao L, LiJ, Li Z, et al. Morphology and Thermomechanical
Properties of Natural Rubber Vulcanizates Containing Octavinyl
Polyhedral Oligomeric Silsesquioxane[J]. Composites. Part B.
Engineering,2018, 139 (4) :40-46.

[13] Karabork F, Pehlivan E, Akdemir A. Characterization of Styrene
Butadiene Rubber and Microwave Devulcanized Ground Tire
Rubber Composites[J]. Journal of Polymer Engineering, 2014, 34
(6) :543-554.

[14] Liu J, Liu P, Zhang X, et al. Fabrication of Magnetic Rubber
Composites by Recycling Waste Rubber Powders Via a Microwave—
assisted in Situ Surface Modification and Semi-devulcanization
Process[J]. Chemical Engineering Journal,2016,295(7) : 73-79.

[15] RuA ATRTT , VLA, 4. BA AL B RO B a1 T ks S
5T AT A AR RE A B FELI]. 4808 Tk, 2019, 66 (5) :349-
353.

[16] Luo M, Liao X,Liao S,et al. Mechanical and Dynamic Mechanical
Properties of Natural Rubber Blended with Waste Rubber Powder
Modified by both Microwave and Sol-Gel Method[J]. Journal of
Applied Polymer Science,2013,129 (4) :2313-2320.

[17] Desbriéres J, Babak V G. Interfacial Properties of Amphiphilic
Natural[J]. Polymer International ,2006,55:1177-1183.

[18] Yang Z, Peng H, Wang W, et al. Crystallization Behavior of Poly

(e-caprolactone) /Layered Double Hydroxide Nanocomposites[J].
Journal of Applied Polymer Science,2010,116(5) :2658-2667.

[19] Zhang X,Lu C,Liang M. Properties of Natural Rubber Vulcanizates
Containing Mechanochemically Devulcanized Ground Tire
Rubber([J]. Journal of Polymer Research,2009,16(4) :411-419.

[20] Zhu J, Zhang X, Liang M, et al. Enhancement of Processability
and Foamability of Ground Tire Rubber Powder and LDPE Blends
Through Solid State Shear Milling[J]. Journal of Polymer Research,
2011,18(4) :533-539.

[21] Zhang X X, Lu C H, Liang M. Devulcanisation of Natural Rubber
Vulcanizate through Solid State Mechanochemical Milling at
Ambient Temperature[J]. Plastics, Rubber and Composites,2007,36
(7-8) :370-376.

[22] %, /N, R 2, A5 — ROk SRR R AL I 1 )
#J71L[P]. HE :CN 101613496,2009-12-30.

(23] RAE, B 2, SRR, S5 BURAT % Hh BIL A S HE X Iy B HE R 4K



8 %o Tk

20204F 55674

B IF e 1 18 1 52 i (1.6 WUASUKE Tk, 2016, 39 (5) 396~
399.

TRPRDL. R Tk PR 10 T 2 R S AR e PR AT (D). 4«
MR ,2017.

SRALIE, S AT A2, A —TFlOBUG U5 HH HILZE 25 i % 1
AR TP, HFE ¢ CN 102977404,2013-03-20.

[26] Bateman L, Hargrave K R.Oxidation of Organic

[24]

[25]

Sulphides. I .Interaction of Cyclohexyl Methyl Sulphide with
Hydroperoxides in Hydrocarbons[J].Proceedings of the Royal
Society of London, 1954,224 (1158) :399-411.

TR, AN IDedh, 22/t , S5 I S UL VA A PR AGURE 114 B 5 i
JEL). AR T, 2018,65 (12) : 1419-1424.

[28] Qin J,Ding H, Wang X, et al. Blending LLDPE and Ground Rubber

[27]

Tires[J]. Polymer-Plastics Technology and Engineering, 2008, 47
(2) :199-202.

[29] Mészaros L, Barany T, Czvikovszky T. EB-promoted Recycling
of Waste Tire Rubber with Polyolefins[J]. Radiation Physics and
Chemistry,2012,81(9) : 1357-1360.

[30] Zhang S L, Xin Z X, Zhang Z X, et al. Characterization of the
Properties of Thermoplastic Elastomers Containing Waste Rubber
Tire Powder[J]. Waste Management,2009,29 (5) : 1480-1485.

[31] Debapriya De, Sukumar Maiti, Basudam Adhikari. Reclaiming of
Rubber by a Renewable Resource Raterial (RRM) . Ill. Evaluation of
Properties of NR Reclaim[J]. Journal of Applied Polymer Science,
2000,75(12) : 1493-1502.

[32] Jiang K, ShiJ, Ge Y, et al. Complete Devulcanization of Sulfur—
cured Butyl Rubber by Using Supercritical Carbon Dioxide[J].
Journal of Applied Polymer Science,2013,127 (4) :2397-2406.

[33] Sombatsompop N, Kumnuantip C. Rheology, Cure Characteristics,

Physical and Mechanical Properties of Tire Tread Reclaimed

Rubber/Natural Rubber Compounds[J]. Journal of Applied Polymer

Science,2003,87 (10) : 1723-1731.

[34] Debapriya De, Debasish De, Singharoy G M.Reclaiming of Ground
Rubber Tire by a Novel Reclaiming Agent. | .Virgin Natural Rubber/
Reclaimed GRT Vulcanizates[J].Polymer Engineering and Science,
2007,47(7) :1091-1100.

[35] Jiang G, Zhao S, Li W, et al. Microbial Desulfurization of SBR

Ground Rubber by Sphingomonas Sp. and Its Utilization as Filler in

NR Compounds[J]. Polymers for Advanced Technologies, 2011, 22

(12) :2344-2351.

Christofi N, Edward D, Geoffrey J. Rubber Treatment Method[P].

WO: WO 2004076492 ,2004-09-10.

[37] Fliermans C B. Microbial Processing of Used Rubber[P]. USA : USP
6479 558,2002-11-12.

(381 145 . ol I 2 0 I 0 B D9 75 194 S IO L BBR). Y93 K27 2 4
(FIRELERR) ,2007,28 (6) :491-494.

[39] T, A b2, 5k F o1 SBSTCHE I & HLELWFFE [I]. A 7
2008,22(6) : 10-14.

[40] P 4o MDD, 25k, 55 7 TREEE - TOUH e B 4 2he =X B i [P,

[36]

[41

[42

[43

[44

[45

[46

[47

[48

[49

[50

[51

[52

[53

]

]

"F[E :CN 201720196482, 1,2017-10-27.
Balasubramanian M. Cure Modeling and Mechanical Properties
of Counter Rotating Twin Screw Extruder Devulcanized Ground
Rubber Tire—Natural Rubber Blends[J]. Journal of Polymer
Research,2009,16(2) :133-141.
Zhang X,Lu C, Liang M. Properties of Natural Rubber Vulcanizates
Containing Mechanochemically Devulcanized Ground Tire
Rubber[J]. Journal of Polymer Research,2009,16 (4) :411-419.
LiY, Zhao S, Wang Y. Microbial Desulfurization of Ground Tire
Rubber by Thiobacillus Ferrooxidans[J]. Polymer Degradation and
Stability,2011,96 (9) : 1662-1668.
Sreeja T D, Kutty S K N. Studies on Acrylonitrile Butadiene
Rubber/Reclaimed Rubber Blends[J]. Journal of Elastomers and
Plastics,2002,34(2) : 145-155.
Sreeja T D, Kutty S K N. Cure Characteristics and Mechanical
Properties of Natural Rubber/Reclaimed Rubber Blends[J].
Polymer-Plastics Technology and Engineering, 2000, 39 (3) : 501—
512.
Lamminmaédki J, Li S, Hanhi K. Feasible Incorporation of
Devulcanized Rubber Waste in Virgin Natural Rubber[J]. Journal of
Materials Science,2006,41 (24) :8301-8307.
Debapriya De, Prabir Kr Panda, Madhusudan Roy, et al. Reinforcing
Effect of Reclaim Rubber on Natural Rubber/Polybutadiene Rubber
Blends[J]. Materials and Design,2013,46 (4) : 142-150.
Ismail H, Awang M, Hazizan M A. Effect of Waste Tire Dust
(WTD) Size on the Mechanical and Morphological Properties of
Polypropylene/Waste Tire Dust (PP/WTD) Blends[J]. Polymer-
Plastics Technology and Engineering,2006,45 (4) :463-468.
LiY, Zhang Y, Zhang Y. Mechanical Properties of High-density
Polyethylene/Scrap Rubber Powder Composites Modified with
Ethylene-Propylene-Diene Terpolymer, Dicumyl Peroxide, and
Silicone Oil[J]. Journal of Applied Polymer Science,2003,88 (8) :
2020-2027.
Colom X, Cafavate J, Carrillo F, et al. Effect of the Particle Size
and Acid Pretreatments on Compatibility and Properties of Recycled
Hdpe Plastic Bottles Filled with Ground Tyre Powder[J]. Journal of
Applied Polymer Science,2009,112 (4) : 1882-1890.
Zhu S H, Tzoganakis C. Effect of Interfacial Strengthening in Blends
of Reclaimed Rubber and Polypropylene[J]. Journal of Applied
Polymer Science,2010:https://doi. org/10. 1002/app. 32306.
Punnarak P, Tantayanon S, Tangpasuthadol V. Dynamic
Vulcanization of Reclaimed Tire Rubber and High Density
Polyethylene Blends[J]. Polymer Degradation and Stability, 2006,
91(12) :3456-3462.
Hassan M M, Aly R O, Abdel Aal S E, et al. Mechanochemical
Devulcanization and Gamma Irradiation of Devulcanized Waste
Rubber/High Density Polyethylene Thermoplastic Elastomer[J].
Journal of Industrial and Engineering Chemistry, 2013, 19 (5) :
1722-1729.



LERE ! g WIS PSR T2 BBy T A TS ik Je 9

[54] Sonnier R, Leroy E, Clerc L, et al. Compatibilizing Thermoplastic/ Polymer Testing, 2008,27 (7) :901-907.

Ground Tyre Rubber Powder Blends: Efficiency and Limits[J]. B :2019-10-10

Development of Rubber Powder Processing and Applications of
Waster Rubber

ZHANG Ming, WU Junging, LIU Junliang
(Yangzhou University, Yangzhou 225000, China)

Abstract: Focusing on the development of rubber powder processing and applications of waster
rubber, the key issues in rubber powder processing including normal temperature crushing and low
temperature crushing were described, and the characteristics of devulcanization techniques such as
physical devulcanization, mechano-chemical devulcanization and chemical devulcanization as well as
bio-desulfurization were summarized. Moreover, the applications of rubber powders in modification
of asphalt, blending with rubber and mixing with plastics were reviewed. It was necessary to gradually
establish evaluation methods for stability of rubber powders and their products. The research directions of
production and application of waste rubber powder were the related mechanism of manufacturing process
for rubber powder, activation process for devulcanization and preparation process for reclaimed rubber, the
submicroscopic structure of rubber powder/rubber blends and rubber powder/plastic blends, and the life
prediction of rubber powder composite products.

Key words : waste rubber; rubber powder;crushing; devulcanization;recycling ; development
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