H695: 4591
Vol. 69 No.9

Bom Tk
CHINA RUBBER INDUSTRY

20224F9 H
Sep.2022 667

Rz FIER

Bl R nd s FE HERARERE/RAKE

FURFRE

4 RE HY BF 33

B AR R EAR, TR ARG, A, Bk R
(1. SRR B0 TR S TR IR 5 2660422, FF AR A RS TREE WS S080 %, 1

R EH 266042)

FEEE - 0 R I S AU PR VA MR S 3 BB IO, A B A0 K A5 (CNT) 43 BICEL B 7 IR IH 5 R # Sfig Ji 2B (CBp) 210 , 1
#CBp/CNTHARNL T, W78 H X R ARGIEE 1 Ah s AR, O 15 CBp CRAIG Ui (R 43 SR B #EAT XS LE . 252 W] . 5 CBpJik
KA LL, CBp/ CNTZR Rk - JBAsH ) it P A5 e B 4, Ao Je 0 A0 2 A oy 0405 S8 58 B8 9 R P 4l T4 A A R 5 Bt
s 5 A Ak BT (6] B9 S I, CBp/ CNTT A% A7 SRk 14 SEORE - JEUR 549 A A DB 338, 5 e J 4 4 vt J32 T L 2k 39 15 CBp it

PIBEHH 24 #97KF

SESEIR) R IH 50 TR IR e B s RRAFDORAE 5 2 AR T 5 B I LU 5 R BRAGURE 5 AP R AACR:
XEHS:1000-890X (2022) 09-0667-07
DOI:10.12136/j. issn. 1000-890X. 2022. 09. 0667

hES%EE:TQ330.3871/73
XHRFRERL: A

JB IR G PR 2L it 7 A ) I e B (CBp) 7]
FE 24 [ ARRE BT T AR B A 7, AR T AN 22
O Y A o AL AR A AT, (ACBp
TERRIBE A b s RO A2, il T (ELAIG, 2202
T CBpRIAR I K73 ik LA S 2 4 3R T 7% AR
SERO TR X CBpaE AT G TS Y B e Il AR 1
JI52 R B B A P 5 LA v LA P (B R A
EES S BIN VS S

e S 1A (SCF) 958 itk BE A I 40 T 1l 54 5%
PFLA B A A, JHORS B I BICH AR B 3T AU, T4
JE A BE 14 WA . SCEHEA G B R0, 2%
JEE A L i A5 A B ST iR R g AR A Rk
SRR AL, PRI R AP 3 T e 01 LA

EE&WE : FEELANEIRITH (2018YFC1902604)

b
OSIDF A FARIREG
(FABSEER)

PHCPE O A R A e A
Vs 7T 95 SCF A% 0T 2R 80 AL IR BRI b2 I g
PRI (a0 s R R SR PR AL AL ) 45 i 8%
Hb S AR R G SRR R A 2 RO A2 o B
BRI Al SCEIR HA 8K 14 25 T 5K
N5 2 Y EhgiE. SCRE 24 H T
T 12 T 2 Rk il 25

AR TAER) A I SR A AR A IR
T HICHE R B 0 TR B AR S A O BT K
1 1H 48 i CBp -5 Wk 40 K 4 (CNT) " HEAT 20 1L 452
filt 2 A, CNTE R I S5 3 A4 A ol v 43 16 7
CBp# 1, i % i CBp/CNTZ& AL ki 1, LI 3k 5]
CBpeltMEBE BT IR, 48 F HAE R AR LI (NR)

FEF BN B (1995—) , U3, ARG UT A, S BHER 2 L5 AE S22 FARIR AR 1 45 44 55 VB B HC R3] (B2 TH 48 i FAV R e 2R

HIRFE
*il {FHEF A (lindashi88@hotmail. com)

SRR B B K, BRAE AT, 485 I 5L P 6 102 1 H 5 T A R e o T/ R A K A 2 AL T B P RE RS [0, AU 1001, 2022, 69 (9)

667-673.

Citation: YIN Hao, ZHAO Haotian, LIN Zhengwei, et al. Preparation of waste tire pyrolytic carbon black/carbon nanotube hybrid particles
by supercritical fluid technology and their properties[J]. China Rubber Industry,2022,69 (9) : 667-673.



668 %o Tk 2022455694
BRI PERE o %1 CBpRAEIESH
Tab.1 Process parameters of CBp treatments
T B CBp- CBp-m- CBp/ CBp/  CBp/
1 ':9‘;3{,—_; &z SCF CNT CNT/t, CNT/t, CNT/t,

1.1 FEFEM#

CBp, MR L WA BRI A 77 il CNT, it
S GT-300, L AR KRR BT B F 7= i NR,,
SCRI1, i o
1.2 FEEHEMNUEE

A AL N %8 (100 mL/15 MPa) , i 42 B A7
BHIF A5 A B2 7 77 fh s XSM-500 R 25 5 0L, | g
BRI € 5 A A5 A7 BR 2 7] 7= i s BL-6175-BL AL 41
FHENL, AR 56T R RGBS AT B B i
HS-100T-2 B e i AL AL, FEZE v T ik & FHE IR
DI A7 BR S 77 & s ISM=7500F 5137 % 5t 414 v 55
(FESEM) , H A Hi kR 2 23 41 7 it ; MDR2000 %4
ok T RRALIURIRPA200044 5 hn T 23 Hr 4, 56 [ i
IR LB A BRA 7 77 5l GT-GS-MB R AR [ AT
THFIGT-RH-200084 A4 i . 455 A= #ak s pL, h i &
T e KR IR0 A R W™ 5 Z00S Y T fig FL
i SRIEHL, 18 [ Zwick /Roell 23 5] 77 i
1.3 XEFH&E
1.3.1 CBphiE

R I S AR A P I A — A i

BEE WX I CBpifkAE , — 40 CBpiE A 78 I
SRS HAL B IR, 45 CBp-SCF; 75— 4
S CBp5 CNTAE i & T SEAT AL £ mi iR &
HiAE , 45 CBp-m—CNT,

CBp/CNTZ4 b A il £ - 4 ot i b 24 0 1
) CBp5 CNTEIA K I A5 1 28 v ] o 44 38 32 7
50 C, S TFE8.5 MPa, JFia#tdE . 1AM T
PP T 2 I AL I AR Ak R i A5 1% 3 20 2% Ak R
T9'5 HCBp/CNT/t,(n}y1,2,3) , BAK T 2%
ME R,
1.3.2 K#

AL /7 NR 100, #h5EIEDRL (CBp) 50,
AALEE 5. 6ERRER 3, miE 2.5, fE#ERIMBTS

0.6,

e 1285 R AL R S ATL T 25 TS I JC YR R G £
Ji24 hJE A8 B AL BLEEAT B AL, B AR 5% 1R R 150
C X (tyo+2 min) »

Qb B E] /min

600 r * min "' 15 15 30 45
300 r * min"' 15 15 30 45
150 r * min' 10 10 20 20
Or+ min’ 5 45 5 10 15
Hit 45 45 45 90 125
A/ C 50 25 50 50 50
JE71/MPa 8.5 H R 8.5 8.5 8.5

1.4 JK 447

(1) CBp MO IE 3 - fff FHFESEMULES

(2) BB BRAAREPE « fif FH T F B Ak {3 B
GB/T 16584—1996i 4TI, 141 150 C,
IRFE N TR 25 gfIR A .

(3) i AL I F o B4 R - BB K AR A B (5 FH AR
[C A 7 4% BRGB/T 531. 1—20083E 4732k, 37 fif
P R RN 24 58 5 A P71 iR 58 AL 43 1 4% BRGB/ T
528—2009F1GB/T 529—2008 473zt .

(4) B A JE 1 . 24 A= 8 A FH 4 A= PR 50 AL
FI8GB/T 1687—1993 473

(5) SR I 28 5544 - {5 HIRPA20004Z 15 fin T
SIATAGHAT A3 BT, R R AR AT gL
60 C,J% N1 Hz, W AR5 Bl 0. 28%~100%, 7%
L4

2 FERE5iTie
2.1 CBpHWIMMRLR

i FHFESEMXf CBp ) 45 #4) 5 2% TP 30 2E 17 i
B R ILEL,

MR LLE Y, CBp—SCF R AR I3 A1 88 5k
AT DLW B 98 K 9 iy JRAE A, X2 IR R e G A )
BB AR P BE T AR, BT e B B RLAR AN [R] FE RS
Jio TR it 3o R v, AN R R AL R A= 8 e R A [
2 18 T AR Ao ) TR 7, T X 2 LR 7 ) 2%
HARG S, O KR AR, CBp-SCFRY4S 14
FEARXT RS, H R 28 B/, DX Y 2 R bk
HUFRHE 58 |, ik o3 SE ) o 3 22 2 40 iR IR A oo A
AR AR R I i 58 A 1T B T /Ny P AR R
K 43, CBp/CNT/t, 1 CBp JLF #{ CNT5E 4 43,
BB —HICNTR AR (HCNT I A 100% 41



559 Y i

T 58RI S O A 5 2 R M AR ¢ PR/ ke AN KA i fOE T I CPE RE A IF 5T 669

1 pm

£

(b) CBp-SCF (it &5 0001%)

(d) CBp/CNT/¢t, (K20 0001%)
E1 AECBpHGEHERERR

Fig.1 Structures and surface morphologies of different CBp
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Fig.2 Curing curves of compounds with different CBp
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Fig.3 Stress—strain curves of vulcanizates with different CBp
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Fig.4 Compression temperature rises of vulcanizates with
different CBp
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Fig.5 The G'-strain curves of compounds with different CBp
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Fig. 6 Filler—filler interactions in compounds with
different CBp
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Fig.7 Filler-rubber interactions in compounds with
different CBp
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Preparation of Waste Tire Pyrolytic Carbon Black/Carbon Nanotube Hybrid
Particles by Supercritical Fluid Technology and Their Properties

YIN Hao,ZHAO Haotian,LIN Zhengwei, CHEN Yanlu,SHI Xinyan,DUAN Yongxin
(Qingdao University of Science and Technology,Qingdao 266042, China)

Abstract:In this work, carbon nanotube (CNT) were dispersed in supercritical carbon dioxide fluid and
then coated on the surface of waste tire pyrolysis carbon black (CBp) to prepare CBp/CNT hybrid particles,
and the reinforcing effect of the hybrid particles on natural rubber (NR) was studied and compared with CBp

('supercritical fluid dispersion treatment ) . The results showed that compared with CBp compound, CBp/
CNT hybrid particle compound had good vulcanization characteristics, the hardness, tensile stress and tear
strength of the vulcanizate increased, and the compression temperature rise did not change much. With the
prolongation of the supercritical fluid treatment time, the filler—filler interaction of CBp/CNT hybrid particle
compound was weakened, and the tensile strength of the vulcanizate could reach a level comparable to that of
the CBp vulcanizate.

Key words: waste tires pyrolysis carbon black;carbon nanotube; hybrid particle; supercritical fluid; NR;

reinforcing effect





