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S 175MP, RIRYE (5 &) KA IL T A BRA R i
R EEN234, iR IR L T AT BR A F 7™ 4 CBp,
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CNTs, 5 GTR-300, K 4% L. /800~1 000, 5 &
FEOHAT BB A B2 7=
1.2 K EAH

(1) NR/BRIF I & /43) :NR 70,
BR 30, FA 50, 5 MEN2345CBp A8 (I
R MR 5, A LE 4, 0IIR 1, FFLRDY
el 15, B EFITMQ 1, B £74010NA  1,7%

Al 0.5, B 1.5, fEHERITBBS 1, fiE 25
DPG 1,
F1 REN234HMCBpHAE 1
Tab.1 Amounts of carbon black N234 and CBp phr
Mo g NI 2" 7
HERN234 20 0
CBp 0 30

(2) SSBR/NRIFHIE AL 1 (H&:/453): SSBR (38
WEN37.5) 70 (L)  NR 30, R
50, 7% BAN2345{CBpFICNTs 725t (I 32) , {HHx
A5 AfkEE 4 WERRRR 1B ERITMQ  1,Bj

ZFH4010NA 1, fldsE 0.5, fieE 1.5, et
FITBBS 1,f£i#FIDPG 1.

F2 REN234IUKCBpFACNTsHI A= 1y

Tab.2 Amounts of carbon black N234 and

CBp and CNTs phr
4 3L Ny S"HL T 6"FiL 7

% BN234 20 0 0 0
CBp 0 30 30 30
CNTs 0 0 1 2
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RIDINEEFEIRIGHL, [ A7 R e A7 PR A
F P HD- 10 A3, Vg Ak TALAR DY) 7= i
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R 3E 350 - R UCOIR R Y AT, s IR AT = M As ik,
Tho

TR A5 10 hg k165 CF BRI i Ak
Rtk BRALTEF AR AL AL BT SR Ak 21 R 165
"C X (ty+3 min) .
1.5 Mg

AL FREFE FEGB/T 16584—1996 3113t 5
AR /R ARURE FE 4% BEGB/T 531. 1—2008 #7735
P70 RE #2 BFEGB/T 528—2009 1 17 1l 3 ; 4l 24
5 ¥ 4 FGB/T 529—2008 #4712t ; DINEE #E 1t
i BEGB/T 9867—2008#F 174 ; sh 2 1 24 1k B
W S5 A Dy WS T U, iz A AsE =, 3 2 3
—80~80 C,

2 #EREWR
2.1 NR/BRHIAK
3 1A 1) 2 R Ao AT A in TP B AT
AR REAINR , S TP it B 14 e VR 3 B ) At
MW PEGE, NR— s 5 — @ J 1A BRI A .
H1 T BRELAT O 5 0 1 5 44 f R 5 38, NR/BROF:
FHBEWE T 12 F 37 RE V57 22 50 6 i T Jg %) 1 4% o
AR I 5 TAN234 FICBp X NR /BRI HH Bt fi
AR
2.1.1 WRibdstE
NR/BRIHH B B AL Rt i3 7 o

%3 NR/BRIFRAEBIRRLEFIE (165 °C)
Tab.3 Vulcanization characteristics of NR/BR blends (165 °C)

Tt H NV 27
F./(dN * m) 27.89 25.64
Fo/ (AN * m) 1.32 1.23
Fow—F./(dN * m) 26.57 24.41
t,o/min 1.92 2.08
t5o/ min 7.60 8.32

3] LI H - 5 1B BRI FE , 270 7 i
B F RIF, 0708, 1 B2 B 7 Ji ek v U ] B4 A
AR L CBp -S54 6 B A A P 3 8555 5 2"l
JEE B o — FUEE /AN U8 B 2B T J5E A 110 2 B it
AT VT R s 27 e 7 BB 2, Rl 16, 82K, 3 S R
S CBp 1] S8 35 [ 2 B A A, AR a8 751 A W
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2.1.2 B EEE

NR/BRIfHI P38 E RE AN 4P 7

&4 NR/BRIF AERHIMIEERE
Tab.4 Physical properties of NR/BR blends

i H N 2"y
BB /R AR JiE / JiE 68 67
100%E {1 71 /MPa 2.4 2.2
300% ¢ 15 /) /MPa 12.3 12.1
$r A5/ MPa 22.5 21.4
FrIKH K 3%/ % 557 562
s/ (kN e m ") 80 72
DINJ #E it /mm’ 120 135

4T LA H, CBpXt R A4 15 25 R A
B BAN234 3R 27T T e Ak 1) A i B 47 4
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Fig.1 tand-temperature curves of NR/BR blends
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&5 SSBR/NRHFARBIFRL4FE (165 °C)
Tab.5 Vulcanization characteristics of SSBR/NR blends (165 °C)

T H M AT ST 6Ty
F./(dN * m) 17.19 14.77 16.01 17.30
F o/ (AN * m) 2.80 2.26 2.57 3.01
Foo—F./(@N*m)  14.39 12.51 13.44 14.29
t,o/min 2.50 2.68 2.72 2.47
t5/min 20.33  22.05 21.77 21.12
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fif g
2.2.2 IR i%EE

SSBR/NRIf I ¥ BEMERE AN R 6 T/ 5

%6 SSBR/NRIfFIR #3814 B8
Tab. 6 Physical properties of SSBR/NR blends

i H W AR SR 6y
AR IR ATRURE 3 / J3 60 58 62 64
100%E fif1 )i 73/ MPa 1.5 1.7 2.2 2.3
300% E #1571 /MPa 6.7 6.8 8.0 8.3
Hi A5 B/ MPa 19.8 17.9 18.9 18.6
LR/ % 597 609 569 562
s/ (kN «m ") 50 43 46 52
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iR P K SR A W FME RE B e, DI CONTs X iR}
B —E W ANEAE R, LS CNTs A AFE— € 7 b
BHIE R 24 K

SSBR/NRI FH i AU DINEE AL 1 K 2 7%

2T DL H - 47E 7 15 R B DIN S #E &2 1)
RT3 5 R, X & R CBp A gk, 2
T SSBR W B i, M 1T 52 M SSBR Y 38 156 52 1V 17

160

140

120

100

DINEFE /mm?

80

60
I AT 5Ly 6"y

E2 SSBR/NRIFAKHDINEFRE
Fig.2 DIN abrasions of SSBR/NR blends

JE L SSBRAH it [ , 7F 32 | 4b J1 4E FH i H 5 FNR
A & A= W 3R 5 Bl 75 CN'Ts FH Bt A9 38 K, CBp b i i
(4" —6"HL J7) I I 1 e 4 =, 2P CBp 5240
CNTsPIp ] #M R sk B DINEEFE 2 5 7% BAN23 440 i
R 22 AN K, X 2 A CN TS FRIR 25 # L A%
L R AR R A Rk e B AR AT
DA e Ak 14 i S B, ML AR CONTs T LA Jise e} 1)
B 85 348 | 7 Ay A% 3eks LA SN T 43 A B 15, AT ke
VS SU NI L R

2.2.3 Zh&EHF1%ERE

SSBR/NRJF i ftand— 1, B il 26 L K13

0.8

0.7
0.6

0.5

<

£04

<
8

0.3

0.2
0.1

0 | | | | | | |
-80 -60 -40 -20 0 20 40 60 80

g/ C
W37y ; @4y A5 V6L .

B3 SSBR/NRIH AR HItan 0-iE B # 2%
Fig.3 tanod-temperature curves of SSBR/NR blends

MAFEI3TT LA 5470 7 IR e , 3700 Jie
B 1) T8 106 il tand e {158 /18 , 3¢ J& 1Ry ¢ BEN234
R T R 25 4 I 2 , BURL R 464 FH R, 4
64y F- 4632 512 BR ; CBP 5 CNTs P [ #h i i} (57
FI6" L7 5 5 BAN234 RN ISR (3L ) 1 7,25 31
AK (B tandEE A0 C I A tand 7 7E—xE 25 5, 1E




526 Moo

Ak 20234F 5704

CBp5 CNTsHp ] #h 5 78 2 i, B4 CNTs 4 fr) 14
K, JBRHO"C I P tand 8 K, 15 W CNTs A LAk Jie
BHYHTREHT PERE -

3 g

(1) A 1 T 5 BAN234, CBp i UL ZE R NR/BR
FISSBR/NRIH I it Ak o

(2) 5 7% BAN234 b 58 NR /BRI FH i AH L,
CBp#M#ENR/BRIF 60 C i tand ik 2 80 /)N, 1t
WICBp Al LA — & F2JE [ FEMIKNR/BRIT I 7R 5l
RH T o

(3) TECBp 5 CNTsHp[A #h5# SSBR/NRIT HI it
1, CNTsX}SSBR/NRIf H e i & hsi A FH B I

(4) 30153 CBp 5 25y CNTs 3 [A] #b 51 SSBR/
NRIF I 0 25 4 9 B E 15 20103 Tk BEN234 b iy
SSBR/NRIf K AH 2, HO CH} ¥tandds K, 15 B
CNTsH] DLk SSBR/NR I FH e AU BT IR i M fie

SE 3k

(1] EACEE, (T, BORK, 25, PR IS IR AL BREOR AYRTF S HE L], v [ 3
fl, 2020 (12) :18-22.

QIU J X, HE X, DAI X, et al. Research progress on waste tire
treatment technologies[J]. China Environmental Protection Industry,
2020(12) :18-22.

EEAR, WA, SRS, AF. IR IHAE I e (A FH a2k Jr % i),
AR Tl AR, 2020 (4) :25-31.

WANG Y W, PAN TS, SUJIJ, etal Progress and suggestions

—
D,

on high—value utilization of waste tires[J]. Shandong Industrial
Technology,2020 (4) :25-31.

[3] CATALDO E. Preparation of pyrolytic carbon black from scrap
tire rubber crumb and evaluation in new rubber compounds[J].
Macromolecular Materials and Engineering,2005,290 (5) :463-467.

[4] NORRIS C, HALE M, BENNETT M. Pyrolytic carbon: Factors
controlling in-rubber performance[J]. Plastics, Rubber and
Composites,2014,43 (8) :245-256.

[5] BERKI P, GOBL R, KARGER-KOCSIS J. Structure and properties
of styrene-butadiene rubber ( SBR ) with pyrolytic and industrial
carbon black[J]. Polymer Testing,2017,61:404-415.

[6] MENG L J, FU C L, LU Q H. Functionalization of carbon
nanotubes[J]. Progress in Natural Science,2009,19(2) : 148-157.

[7] HELLEUR R, POPOVIC N, IKURA M, et al. Characterization and
potential applications of pyrolytic char from ablative pyrolysis of
used tires[J]. Journal of Analytical and Applied Pyrolysis,2001,58:
813-824.

[8] ZHOU J,YU T M, WU S J. Inversegas chromatography investigation

of rubber reinforcement by modified pyrolytic carbon black from
scrap tires[J]. Industrial & Engineering Chemistry Research,2010,49
(4) :1691-1696.

FRIFIE , TKF T W 58, 55, Wi A R IR Db IRV P X A
AR PERR IR, SR RHY ,2022,50 (1) : 14-17.
CHEN T H, ZHANG S'Y, YANG J C, et al. Influence of carbon

[9

=

nanotubes and couplint agent on mechanical properties of
thermoplastic composite[J]. Plastics Science and Technology,2022,
50(1) :14-17.

[10] LILIANE B. Natural rubber nanocomposites: A review[J].
Nanomaterials,2018,9 (1) : 12.

[11] RAHMAT M, HUBERT P. Carbon nanotube—polymer interactions
in nano composites: A Review[J]. Composites Science and
Technology,2011,72 (1) : 72-84.

[12] s BRIeaE, £ DUDL, 25 ASIR] B IF 8 iR 24 A e 3 i T RE B
FE[I]. AR, 2021,19(12) :591-594.

MENG D Y,CHEN X Y,WANG B B, et al. Properties of pyrolysis
carbon black from different waste tires[J]. Rubber Science and
Technology,2021,19(12) :591-594.

(13] #Abt, BEEAT. AR IR R I M R SE 0t R D). i 3 il 4T , 2020
(9) :15-30.

YANG Z, XIONG Y Z. Research progress of wear resistance of
rubber materials[J]. Chinese Polymer Bulletin, 2020 (9) : 15-30.

[14] AMINO N, UCHIYAMA Y. Relationship between the friction and
viscoelastic properties of rubber[J]. Tire Science and Technology,
2000,28(3) :178-195.

(151 38V A4 e, JR B, 46 JITRI e BE S s 1 PTi it AR s RE. s

PERE MBS E R (T]. B, 2016,49 (8) :56-61.

WU G P, LIJL, ZHOU H D, et al. Research progress in friction

and wear, wet skid resistance and rolling resistance property and

mechanism of tread[J]. Materials Protection,2016,49 (8) :56-61.

TRPCFE . ZHERRATRE RGN K LG bR i 2 S Mk RE D

FEID]. & : B FHE I, 2021:32-42,

ZHANG Q L. Preparation and properties of three-dimensional

=
ol

carbon materials/natural rubber nanocomposites[D]. Qingdao:
Qingdao University of Science and Technology,2021:32-42.

[17] BESCHL, X ZE 0, BB AT , 45 BRADKASHM R T AR /B A LAt
IRYIIBEFELI]. A5 Tl , 2021, 68 (11) :838-842.

FANWL, LIUYL, QUJL, etal Study on SBR/PVC blends
reinforced by carbon nanotubes[J]. China Rubber Industry,2021,68
(11) :838-842.

[18] CHO M. The flexural and tribological behavior of multi-walled
carbon nanotube-reinforced polyphenylene sulfide composites[J].
Materials transactions,2008,49 (12) :2801-2807.

[19] KANAGARAJ S, VARANDA F R, ZHIL'TSOVA T V, et
al. Mechanical properties of high density polyethylene/carbon
nanotube composites[J]. Composites Science and Technology,
2007,67(15/16) :3071-3077.

We#s A HA:2023-02-16



57 R PRSP 45 . BRI ¢ BRI 290 K A X0 A58 14 B i 38 B B 5 527

Study on Reinforcement Effect of CBp and CNTs on Rubber

CHEN Baoping,BAI Yanying,LI Zhicheng ,XIAO Jianbin
(Qingdao University of Science and Technology, Qingdao 266042, China)

Abstract: The properties of pyrolytic carbon black (CBp) reinforced natural rubber (NR ) /butadiene
rubber (BR ) blend and CBp and CNTs synergistically reinforced solution-polymerized polystyrene-
butadiene rubber (SSBR) /NR blend were investigated, and compared with carbon black N234 reinforced NR/
BR blend and SSBR/NR blend, respectively. The results showed that, compared with carbon black N234,
CBp could delay the vulcanizations of the compounds. Compared with carbon black N234 reinforced NR/BR
blend, the tand at 60 ‘C of CBp reinforced NR/BR blend was significantly smaller, indicating that CBp could
reduce the rolling resistance of NR/BR blend to a certain extent. In CBp and CNTs synergistically reinforced
SSBR/NR blend, the reinforcement effect of CNTs on SSBR/NR blend was obvious. The comprehensive
physical properties of 30 phr CBp and 2 phr CNT synergistically reinforced SSBR/NR blend were equivalent
to those of 20 phr carbon black N234 reinforced SSBR/NR blend,and the tand at 0 C increased,indicating

that CNTs could improve the wet skid resistance of SSBR/NR blend.
Key words: CBp; CNTs; rubber;reinforcement effect; dynamic mechanical property
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