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Abstract: The waste tire is a harmful solid waste to the environment. Pyrolysis technology has been widely
used among the existing recycling technologies, which can effectively recover pyrolysis oil, carbon black
(CBp), steel wire, etc. Compared with the commercially used pyrolysis oil and steel wire, pyrolysis carbon
black contains mass fraction 14%~21% ash and gum layer and its high-value utilization is the key to realize
the recycling of waste tires. Many researchers have investigated different modification treatment processes
of pyrolysis carbon black, demonstrating that the modified CBp can be applied in many fields. Herein, this
work reviews the recent research progress of modified CBp, including the reinforcement application of
pyrolysis in rubber production, the activated carbon-based adsorbents, battery materials, and asphalt and ink
fillers, and summarizes the treatment of pyrolysis carbon black in the above application fields. The research
trends of modification methods for high-value recycling of pyrolytic CBp are also discussed.
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Schematic diagram of the formation process of
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Table 1 Elemental composition of pyrolytic carbon black™
TCE ST C O Si Zn S Ca Fe Al <l
R EU% 87.73 7.65 147 1.50 1.08 0.20 0.14 0.13 0.08

BE IR /% 92.38 6.05 0.66 0.29 0.43 0.06 0.03 0.06 0.03
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Fig. 2 Different application fields of pyrolytic carbon black
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Table 2 Basic properties of pyrolytic carbon black and
commercial carbon black®!

BBl

i H
N220 N330 N660 N774 i ®
B4 /nm 158 219 452 490 800~
1200
W LA /(g/kg) 121 82 36 29 56
DBP 1 It/ 114 102 90 72 77
(x 10° m’/kg)
ek 25 1.0 1.5 1.5 0.8
(125 °C)/%
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Table 3  Comparison of treatment effects of different

pickling methods on pyrolytic carbon black

WD K Bk

ECHEA SR [tk 5350/ % T F/(m*/g)
HhR AR e 8.02 4.10
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R/ SRR IR A R YE 13.74 22.10

12 HMMEFEESMERERE

TE—E RV N, P e B ER fE A2 2
PR TR S Bk SRR RE o SIE I aE R R ML
IV | R ARy R 45 7 e/ Nk SR R4, (RIS
ZIRHIR B, SRR AR T i o
T ST M I e G A e R N AR, T S
SR Sl it — 2 e Ak i o SR8

IR JE T At m el bR, R e IR . AR
B (e AR 2090 ply (I 5] 201 45 A A7 AE M A
SRRV AP B RE AT, SR FH S T o 1 7] %o A At e B
M PEATHCME, BSOS P R R 5 AR I T 2 [
AT AR 25, 1 LT B e s e SRR EObE
it — AR I S AN R I TR Z M &5 A Re T, 4
T B R AR B ) S A 25 A M RE O

PN 25 IR T A b e 2 R 3 =2
EIERELE ( VTEO ) X #fif e SR E A T ekt 2, 5 1
F3) SBR v, HITJEFEEE (s A X 53+
Jt M AT IR MR B AR AR, T DU AR I B T
AE ) FOmLAL e B B RE XA 4R . R S
R TR M R el PR A e B, A PR e SR S O
HFRI MR A= RN, A I e B 3 TR A F R
UIRetERE A . oI ., JietERE A M



+2002 * 4 4m & T FINE CHEMICALS 539 %
WRTF, ZHOU PV i ok B PR R TG, 2 A3 A5 R LG 2 T BGA B R bR v . X8 2 P43

Ja R P BR TR B A R A, 45 3 5 2% 1Ay Ao A A
Beo PIBALBETT A BOAS B RN T B SRORLAR B/ N Ok
7 BOPEAS BB A, SR Al T B R S AR A A
AR, ATERBERR ORISR BE , AR Tk kb o
R

DO A — 5 TR E B AT it T A o B Y
AE, fE TR e P LB R A, RE BT R
a5 s AR R ) S A A ¢ R B 5 TR A B R L Bk
55, (e AT AT 552 BIRHAG . RITRRYE . o
VS DA R A BB ) A5 512 [v) o) A A o PR PR T A 0 A 7
S, AT AR B Tl e S B 51 g
1.3 Hf7mXuERgxE

R LRSI L LASE , ab mT LAAE e RN 5 1%
EHEATIRTY . B B PO RS e R T VR g R
M m A Ay, I i i MU TR A 1 20 45 otk
IR R, L B 2 TR R S TS TR MRS S T
Ve, BT B B e SR AT RN — E L B B AR R
N375 I TR MR MR, DLREARAE ™ A o Rk
IR T, AT LORARIR S & Al b RHR 5 49 51
DABGE B 5 SR A A0 B0t B R PR b R M R
TIAN 55 P80R HI 25 46 43 180R1 & 6L I 5T T 4% (ADSD)
U IR RIS AR 5 1 oK A A S, A A R A
FURZS AR h oy 2], it — PRSI T $Ai o R
IR =R S VE 5 NI R R 8

2 FAfER RS MR SUB RN A R H

{1 ¢ — P2 ph AL SO B R 58 A5 5 i ) S i
B, S TR, mefl . AL SE TR s —
T Z2 AL BT R W I 1T B T SRR — i 2 2 R o0
R (B8 70%LA E ) R Ay B, mT Rl
AR e S DS R A AV A R A 7 s R IR
2.1 @R ERRIERMFIR LSS E

e P 2% S8 D 32 2 IOk o el o T o] AT
IR e R S ) 5 P 0 TR RS 5 o e s TR A B £ A1
REEAWEMER AR . LA R A R
T A AFAE R | RILE REMIP ) R kb B
e i BT B A IR 5 B AR KB i 2 AL ES A
BARRY N LE SRR, I LR T e s DU LA —
BETR 3H p PR A BT PR BT S, AR T R
P, B LAl DU 35 5 2R U BRI 4 19 J7 vk Ak B
Tt AR e e PR, SO IR R A DA DR BRAR: g SR
P,

RSP | SRR B S BT 3 mT (8
B AR AL, Wl i RRRAS s B R R R/t
Sk, VESRBRUURRZ, WD IROr SR, BORIEER
TR AT LA P AR5 9 AL R, AL R

H,SO, 1 NaOH X Z: it i 42 /T 0.28 mm [ FA i
I FRIEAT AR B, FH A A6 2 e R BRI 7K v ) kel
MR IR F] 90%, H W ik, ik A
AR I T A K 2858 CO, AR T Y BT Ak 3R
19 Z i ALTE M P, TRUBETSKAYA Z:BSWF5¢ &
B, ZoKZETRURE I T 1 A o BEE B T TR
) R RV Z 09 K AL, REMS A s 2B difke#
Yl (COREy A ), i IERCE =i 95%, A B AE 1T
DAY T 7K B T3 e 1) B A R A o

SR A 27 X0 12 58 B A e P AT 2 ok e B v e AL
YikAr . PRk B FLAERPT . GUPTA %50
I AL R B R IR IH 5 G P i R SR AT
SO, IR S O T A e PR 1) FLBR AR LR R
T oAb 2 T SR I % A i e SR R AT 3 b T DA )
FLARH /N . AL 25 A A9 458 v LA % b 3 T AR 8 K 1Y)
MO B . SHAHRAKI %5 P03 i £ 27 176 Ak 4 AR X 4
fig e A TECME, LA KOH AR M3 A7) b B A8 A ¢
FEAE Y B R 4w T TR SRR MET M AR R R BE o

2 M 7 ik L[ 0 A A e R RIS T AR
LIN U0 FBb B ERRRIRVEAL AT CO, 1%L 3
A BRI e B, R L AR SRy BT 2 LA R )
fEvh PR, LRI ATIL 1048 m¥/g, MK AP,
24 AT e W B i T A e, T LA O B S R G
A AR 1 Mk o
22 PERERAEBRRHAHNEESESE

B e BB S A2 IG AR R, ] DA i
BRI FLBRZE R . A Mg ] A R RE A R
KPR LE R TR AR, S AT O Ak B ) B J 2 m]
FAAE AR AR B B 3k 87 ) %) 355 A 500 A el v
WAEF, 4 KOH. NaOH; FRVENE AL B R K £h 2k
WA EACEEEE . ZHT SRR IH 48 G P i 5 BAE R
TG ETIRAR,, FBERRIEAT IR L, PIAERR AL R} L
A ZZ LB SR A, DT I3 35 M R R A E b 2R
fi o BELLO 25 1 24 () 58 i db A7 R AL B 22 )5 Pt
Tra0ff, 7= A IR e PR M TG I e ) A ), i
FH KoCOs A TG AL SIS e LAl , 72 0.25 A/g HLIfR
RN 90 Flg, HA B AMERE .

JR TH 6 16 il 4 118 I e SRl T 3 i 48 A oAt A
BT EIFF G ZR A B . FEZT 221D S
ANZHLAAKBAE N L8445, vl LA 45 B
FLBR R AN LR AR A L2 K R 4T 4 . AT s IR
FHMAE R 0 I e PR R T AT, AR R 2 M
ML e B (PVP)/ £ B AR 2 WG B 7 22 )5k, AT i
iz WAL SRS, Hil & E Aol R 2 )
YR AT, RN 624 m¥/g, ¥ HHVEBH
HL AR I H AR A L, K 2SN 166 Flg, £tk



55010

ML, S50 IR I A 2R i PR A 1k B HL o ik

© 2003 -

feil 3] 54%,

R 45 2% 1 i A Bl R Y B R
G R RE AT ROEE . H1UN, GONG ZE M mi ik
B RS A, PR EE TRRAAT T
800 °C RS 2 h A5 HhFLAk . 1Bk b RS 25 T 042
FRANFLE L FME R, 4% T K'Yz e,
38 B R T L A R S T

Bk Tl £ v T R 2 PR 2 B LR AR DAL, R
fiff e AR T L3 Ao el FH AR 480 DU (ORR) AL
7 PASSAPONTI 45 1bfs Bt 7 BAAE 450 °C R #iukh
PG, SR AR R AN A R TR A T R A TR AL B, i
AL R A ORR LT, H O, #54k 4 HL0 MY5L
T 85%, M HAEfEAAL FRRE . X ARK
W, AR e A ] g (o 4 R vk Ak R g
f) ORR HLAEAL T, Al HE T #A A 1 P 7 FRL b 27 S5 1Y)
VA

XU R, E a3 2 A T B Ak B
TPALER, TTLAGRASAF A SR (0 M et kL. Ho,
R 1 /68 25 A T 3 T A R T A e B T Y IR
gy, WORHCRMAL, B fLEsH, JEmiie itk
BV B i A R H A4 T MR RE R T AR
s R A

3 PR EBEEHMIUHAINAREERE

31 A@RERIEMEREQETZE

IR S PRARPREAR | TIPSk 2 R R A i 2R 1Y
JRCHE, RAR BEAY B 5 R Y B 5 DU A &
BE R TR, SECREE TR, B 7 HAE
FEGS R TR A S BOCRT . BRI,
WK A Aot i SRR T AT B, T A 2B v 4
fifp e BATEFE A T g Bk, DD PR, e B A
7M. ZHOU S0 FIMN AR 26 bR A i e SRR T 1 R
SEJCHLY AR ST LR, il AR I ISR WK 704 3
ARG VRO R TE I B R, AR BRI A IR R ) e v
PEATHERG . ZRRT, Bt B P R SR AR I o
FR BT | R SR A RA S MR B — E R L A 4
A7 BT BRI 817l
32 AMmrERERERMAEELES X

it e AT LAVE O FRs mn2 s e, 4
P R T, BRI AR B R RE . H
SRV P e R AR R A AR Hh b A T AR
BEBIVEWIT . R BRSCE I T 0 RS E M BT
(AERGENEEIE

4 HERIBHREZE

TR P 58 1 gt o S SCPE RS T 584 01 742

e P R IR IR I 25 A R KOF . SE3 e R B IR 11
PEAFIA, Wit FE R AR AT, Hhr, AR
fift T 2045 20 A o SBAFHE oy v . AL B AR S5 ik
SR Y TR EE 14%~21%2Z 1], KEEEIG
Bi s 443 22 Sk, AR 7= I F A, G O T 0 SR
BT ;. 5340, A o AR TFR T A7F7F H ok 2
FEACEESE KAy LIS, A 2t 72 7= A i DR
BRI AR AR AT SRR R )Z ,
i) 1 A e SR AU AR I A F Z M A AR, S5k
HAbwr v Re g 22 . HAT, R B A = | K
Z AR B SR AT RO, ELA BN, T 7
ZM, BUGRERANIERAZ L. Bar, T
A A A A VR N T B R R B R B R A
i, (ERMRA Effoh RS, X E S K
R IH S IR 40 7 A ok BEANBEAS B2
ARG Y . A AR R RR AL B, RIHES
R T2 R IR PR i e Rl 4, AT 4 3
SARRA T f R T RS e, TR BN A A R 1
EEATF &, EASAETLIT 34,

(1) FFREE SRR B TS, —Jr
T 5 A i AP 43 B 1) I3 £ 40 400 14%~21%
R A 3 ] %% b 7 (GB/T3780.10—2017) E 3R 19 0.7%
AR, Ml se BROR [RDR IR . A [R) e 5 #A i e S e
PSR [R5 30 4l B2 RN b5 M REAH X R i 46
PSR, WA T 2HEER,; R mai
1R At 1 B ) it S e S SR TR R A B BEA D
FAOFNEAT A SRR A3 % B 5 2R, DI 5 $ i
i S 7 P A,

(2) R HBEAAE T Z . 5 N660
1 N330 Rk BA L, PR BB IR A
FR T2 BR A T HAE A AT N, Rk, P&
TRAAS B | hr LR Aty SO0 B i e R k1 7
Wik, FeBRILR W T E MR AR IR KAy, IR
1 Al RS e SR EE R I A SRR AR B R
P B8 HL TG 5 R0 SR GE R AR B LR G, A
7 B 300% 32 15 B AL 58 B 25 P bR N330
o IRE] N660 7K, AT E KRR B S AE i IR AE
SeRGHIE LAY, SR e B IR T2,

(3) JF 25 B A SR T S | e s oz T
70, WA AL 3R T S0 i Ji S SR 28 IR g FE AR S 0 A
SR Ak AR i DL T AHEURE JE R R i 2 FLGS M, ks L
ML SRR . AR T2 T, 2
PETH IS e SRR AR A AR A ) L E A

Sk

[1]  HEINA A, KOROL J, ROMATOWSKA M P. Waste tire rubber as
low-cost and environmentally-friendly modifier in thermoset
polymers—A review[J]. Waste Management, 2020, 108(1): 106-118.



* 2004 + A% 2m /& T FINE CHEMICALS %39%

[2] LI T X (Z4%). Study on zinc removal from waste tire rubber coupling geents and its dispersion properties[J]. Fine Chemicals (4%
powder[D]. Beijing: China University of Mining and Technology (' 44k T), 2019, 36(4): 588-594.

FE L RA), 2019. [21] LI X T (FHE), SONG X C (R¥if), SUN A C (FMHTHA).

[31] CHENY Z (B3 ), LUO Y F (BHETY), LI N (327T), et al. The Coupling agent modified reinforcement filler and its application in
domestic research progress of pyrolysis carbon black[C]//Wanli Cup— rubber[J]. Tire Industry ($&JIfi T\l), 2020, 40(8): 458-464.
Proceedings of the 20th China Tire Technology Symposium. China: [22] LIU Q (XY, TAN L Y (iB#5), CHEN X Y (FRI¥HA). Effect of
Chemical Industry and Engineering Society of China (J7 JJ#8-5 20 silane coupling agent KH550 on the properties of carbon black filled
Joi Hh E S R AR 2318 3C4E), 2018 : 57-59. natural rubber[J]. China Rubber Industry (]2 Tl), 2018, 65(1):

[4] HUJ (A7), KONG Z Q (fLELT), SUN C (F)Mlh), et al. Progress in 51-55.
modification and application of carbon black from waste tire [23] SUN A B (FhRI#), LIU X C (X TE) , WANG Q (EFf) . Study on
pyrolysis[J]. Comprehensive Utilization of Resources (H'E#EMh7% grinding and coupling modification of pyrolysis carbon black and its
WREEAFIA), 2019, (3): 39-42. strengthening effect on styrene butadiene rubber[J]. China Rubber

[5] UNDRI A, MEINI S, ROSI L, et al. Microwave pyrolysis of Industry (B2 Tolk), 2020, 67(12): 924-928.
polymeric materials: Waste tires treatment and characterization of the [24] XU S Z (#tf%), YIN J F (B2 X). Study on reinforced
value-added products[J]. Journal of Analytical and Applied Pyrolysis, modification of carbon black from thermal cracking of tires[J]. China
2013, 103(9): 149-158. Rubber (P EIIR), 2019, 35(12): 51-54.

[6] XUJQ,YUIJX,XU]J L. High-value utilization of waste tires: A [25] ZHOU J, YU T M, WU S J, et al. Inverse gas chromatography
review with focus on modified carbon black from pyrolysis[J]. investigation of rubber reinforencement by modified pyrolytic carbon
Science of the Total Environment, 2020, 742: 140235. black from scrap tires[J]. Industry & Engineering Chemistry

[77T KAR T, KELES S, KAYGUSUZ K. Comparison of catalytic and Reasearch, 2010, 49(4): 1691-1696.
noncatalytic pyrolysis and product yields of some waste biomass [26] MAL C (5374%), HAN L L (#iE#H), WANG B B (£ D), et al.
species[J]. International Journal of Energy Research, 2019, 1: 1-12. Application of waste tire pyrolysis carbon black in tire side rubber of

[8] LIU C L (XAaie), XU A H (iFE&1E), XIA T P (EZ4M), et al. truck tire[J]. Tire Industry (§&/if Tallz), 2020, 40(11): 666-669.
Process optimization and performance analysis for preparation of [27] WANG Y J (£7K%). The compound modification of waste tire's
silica from coal gangue leaching residue[J]. Fine Chemicals (f54H{k pyrolysis carbon black and its application in tire research[D].
T), 2019, 36(11): 2177-2184. Qingdao: Qingdao University of Science and Technology (& &%

[91 ZHOU Z Y (J&fE#s), ZHOU L J (EHkME), WANG J X (L), K2, 2016.
et al. Study on the application of waste tire pyrolysis carbon black in [28] TIAN X L, ZHUANG Q X, HAN S. A novel approach of
natural rubber[J]. Comprehensive Utilization of Resources (H'[E %2 reapplication of carbon black recovered from waste tyre pyrolysis to
JRRIRLEAFIRD, 2018, (11): 40-42. rubber composites[J]. Journal of Cleaner Production, 2021, 280: 124460.

[10] GONG T T (E%5%5%). Study on the reinforcing property of carbon [29] ZHANG Z X (5ki&T), CHI Y (Jtiifi), YAN J H (J“#4E), et al.
black to nature rubber[D]. Qingdao: Qingdao University of Science Conversion of pyrolytic chars from used tires to activated carbon[J].
and Technology (7 & BH¥E K5), 2020. Journal of Zhejiang University ( Engineering Science) (W71 K245

[11] MARTINEZ J D, URIBE N C, MURILLO R, et al. Carbon black i T2ERR), 2004, 38(6): 124-127.
recovery from waste tire pyrolysis by demineralization: Production [30] LIH H (Z=4L), YANG P (#1il), XUE H (f# ), et al. Preparation
and application in rubber compounding[J]. Waste Management, and characterization of activated carbon from cotton woven waste
2019, 85(1): 574-584. with potassium hydroxide[J]. Fine Chemicals (f§41fLT.), 2018,

[12] LIU Y J (XJ#42). The further processing and application of scrap 35(1): 174-180.
tire pyrolysis carbon black[D]. Qingdao: Qingdao University of [31] WANG L (£#%), DING X T (T /&), CHEN K (B£3)l). Review on
Science and Technology (% &M% K 2¥), 2016. adsorption mechanism of activated carbon[J]. Science for the Masses

[13] WANG Y J (E7K%), CHEN C H (), XIN Z X (GEIRF). (Science Education) (BH#KA: BlI2E2UF), 2018,(12): 30-68.
Structural characterization of modified pyrolysis carbon black and its [32] MA H X (40§), ZHANG J J (k& 7), ZHENG Y J (5 H1%45),
application in styrene butadiene rubber[J]. China Rubber Industry (1% et al. Application of activated carbon in dyeing wastewater treatment
B Tlk), 2018, 65(1): 64-69. and its recovery status[J]. Progress in Textile Science & Technology

[14] ZHANG X, LI H X, CAO Q, et al. Upgrading pyrolytic residue from (i BHERE), 2017, (5): 34-38.
waste tires to commercial carbon black[J]. Waste Management & [33] LIUM X (X&), ZHAO J J (R#Z%), LU H B (FE#%), et al.
Research, 2018, 36(5): 436-444. Study on the preparation of activated carbon from carbon black[J].

[15] ZHOU 7J (J&i%). Study on surface properties of pyrolytic carbon Journal of Bengbu College (I:324[E244R), 2020, 9(5): 14-17.
black and its recycling application[D]. Hangzhou: Zhejiang [34] LIUJ (X&), CHEN Y N (M i), NIE J X (Z:#3#5). Preparation
University (#71.K2%), 2006. of activated carbon from waste tire pyrolysis carbon black and its

[16] GE H W (E#30), DONG H X (# Zik), SU G R (Jrje%), et al. treatment of dyeing wastewater[J]. China Environmental Science (-
Experience and enlightenment of the pilot carbon market in China[J]. EHERI22), 2018, 38(10): 3795-3800.

Renewable Resources and Circular Economy (F#AE%HE S51AH 4 [35] MUIE L K, CHEUNG W H, VALIX M. Mesoporous activated
%), 2019, 12(10): 24-27. carbon from waste tyre rubber for dye removal from effluents[J].

[17] WU T P (R#E5%). Review on the production of carbon black by Microporous and Mesoporous Materials, 2009, 130(1): 287-294.
pyrolysis of waste tires[J]. Comprehensive Utilization of Tire [36] TRUBETSKAYA A, KLING J, ERSHAG O, et al. Removal of
Resources in China (H'E$E R TEIRZE G ), 2017, (9): 41-48. phenol and chlorine from wastewater using steam activated biomass

[18] XIAO G L (MHER), PENG X Q (#/MNT), GAI G S (5 E). soot and tire carbon black[J]. Journal of Hazardous Materials, 2019,
Ultrafine grinding and surface modification of carbon black from 365(1): 846-856.
waste tire pyrolysis and its application in NR[J]. China Rubber [37] WANG F C (EXi#8), GAO N B (= T1#), QUAN C (£&#).
Industry (]2 T.lk), 2004, 51(2): 78-82. Progress on pyrolysis technology of waste tire and upgrade and

[19] CHENG Q K (FEEK ), YAN C (1=[2]), BAI P X (FIlSFH), et al. 4A recycle utilization of carbon black product[J].CIESC(fk T.2%1R),
zeolite/lysobutadiene rubber composite modified by coupling 2019, 70(8): 2864-2875.
agent[J]. Journal of Qingdao University of Science and Technology [38] GUPTA V K, NAYAK A, AGARWAL S. Potential of activated
(Natural Science edition) (75 BB K244 ARBIA/R), 2020, carbon from waste rubber tire for the adsorption of phenolics: Effect
41(2): 69-74. of pre-treatment conditions[J]. Journal of Colloid and Interface

[20] LIU D D (#iFH4), CUI T L (###), FANG L (F#]), et al. Science, 2014, 417(1): 420-430.

Preparation of white carbon black from fly ash modified with silane

(F4#% 2015 )



