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Abstract: The enormous number of vehicles and the industrial system generate large quantities of waste
tires, and pyrolysis is considered to be an effective means of treating waste tires. This paper focuses on the
current research status of waste tire pyrolysis technology, summarizes the composition and formation
mechanism of waste tire pyrolysis products, and analyses the factors restricting the resource utilization of
pyrolysis products and the methods to enhance the resource utilization of pyrolysis products, and puts
forward the bottleneck problems that need to be broken through for the industrial application of waste tire
pyrolysis technology in the future. Pyrolysis of waste tires produces a range of products such as fuel gas, oil
and carbon, as well as other valuable chemicals such as limonene, benzene, toluene, ethylbenzene and
others. Existing studies have indicated that the distribution of pyrolysis products from waste tires is
determined by the degree of primary and secondary reactions in the pyrolysis process, and the degree of
primary and secondary reactions is affected by process parameters such as temperature, heating rate,
volatile retention time, pressure, reactor structure, catalysts and material particle size, among which
temperature has the greatest influence on the distribution of pyrolysis products. The increase of temperature
is conducive to the formation of H,, CH,, CO, benzene, toluene, ethylbenzene and xylene, and promotes
the conversion of limonene to aromatics and the conversion of sulfur from pyrolysis oil and gas to pyrolysis
carbon. In order to realize the industrial application of waste tire pyrolysis technology, further research
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work should be carried out in the accurate construction of pyrolysis kinetic models, the development of

highly selective catalysts and the design of pollutant treatment schemes.

Key words: waste tire ; pyrolysis;radical ; process parameter ; impurity removal ; waste treatment
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Fig.1 Optimum reaction path and corresponding activation energy of gas products from natural rubber pyrolysis
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Fig.2 Optimum reaction path and corresponding energy barrier of gas products from the pyrolysis of styrene-butadiene rubber
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Table 1 Influence of key control factors on product distribution and yield of waste tire pyrolysis
Distribution and yield of pyrolysis product
Factor range Ref.
Pyrolysis gas Pyrolysis oil Pyrolysis solid
400-700 °C CO, content first increased and then  Aromatics yield increased , aliphatic ~ The yield of pyrolytic char [33]
decreased. H, and CH, content increased hydrocarbon yield first increased and then decreased
decreased, limonene yield increased
640-760 K Little effect on propylene and isobutylene.  Little effect on cyclopentene. Aromatics [34]
Butadiene content first increased and then ~ (benzene, toluene, ethylbenzene, xylene,
decreased. At 730 K, the olefin content naphthalene) yield increased, and the aromatics
was the lowest, but the butadiene content  content was the highest at 730 K. The limonene
was the highest yield increased first and then decreased, and the
highest yield was obtained at 670 K
500-770°C  C;-C; yield increased by 51.3%. Ethane  Pyrolysis oil yield increased. n-pentane/1-  Pyrolysis  char  yield [35]
was formed at 570 “C , and the yield pentene content begins to decrease above 570 °C  decreased
increased. Ethylene, propane/propylene
yield increased
10-40 °C/s Pyrolysis gas content first increased and — Pyrolysis oil content first increased and then  Pyrolysis char content first [33]
then decreased. H,, CH,, CO and C,-C;  decreased. Light oil fraction increased while decreased and then
yield increased, while CO, yield heavy oil fraction decreased. Aliphatic increased. The specific
decreased hydrocarbon content decreased, and aromatics — surface area and average
content first increased and then decreased. The  aperture are reduced
yield of compounds containing O decreased,
and the yield of compounds containing N/S
increased
60-6000 Pyrolysis gas yield increased. H, and CH,  Pyrolysis oil content first increased and then  Pyrolysis char content [36]
°C/min content increased. The sulfur content in  decreased. The yield of cyclic compounds —decreased. Sulfur content
pyrolysis gas increased by about 10% increased, and the yield of chain compounds in char decreased
decreased. The sulfur content of pyrolysis oil by about 9%
showed a decreasing trend
0.1-0.7 MPa  The yield of small-chain alkenes (<Cs)  The yield of monocyclic aromatics (Cq-Cy;) [30]
first decreased and then increased and polycyclic aromatic hydrocarbons ( =>C,;)
and limonene decreased. The yield of alkenes
(C4-Cy) cycloolefin (C4-Cy), benzene, toluene
and xylene increased
0.1-1 MPa Pyrolysis gas yield increased. The yield of ~ Pyrolysis oil yield decreased. The yield of The pyrolysis carbon yield [37]
H,, CH,, CO, light paraffin and light aliphatic hydrocarbon and aromatics increased. increased
olefin increased. CO, yield decreased The yield of benzene, toluene, ethylbenzene,
xylene, isoprene and isobutylene increased.
The yield of limonene and C;-C; cycloolefin
decreased
0-8 MPa The yield of alkanes and CO increased,  The yield of olefins and alkynes first increased ~ The fixed carbon content [38]

but the yield of CH, had no significant
effect. The yield of olefin (C,-C,) H, and
CO, decreased. Pressure has little effect

on H,S content

and then decreased. Diolefin yield decreased.

Aromatics yield first decreased and then

increased. The yield of benzene and toluene

decreased

n pyrolytic solids

decreased

34.03%6 , FFA LU PR 1B 04 b s A R T A TR A
fif AL BE Diels-Alder JZ v .

A 3T 4% b [T 5 e R 43 1) 2 M b R TR
S TR HOR Y G HE P 2E . Mikulova 5510 K I 21 78

450~600 “CZ [a], B T A3, 24 ik o S 1 bL 3R 1T
RN 41 m*/g 34T E) 88 m*/g, £ 500 Chif , S FLER AR
KB, R S T N660 FlN550, 5 N330 41
VT A, e I R A A T e AR AR T 43
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i BUSE Z2 /N D5 AL A W, S R AR R A R LA
PR
22 FREFEZXERIELZSIEBRE

T R T2 5 A A ORI T, (R e T
B SRR R R T . B TR R A T R
Tk BRI B R AR i 3 L B ) R A L R IXC[E) S
g Zeng IR IE £, MALT 30 °C/s B, FHR
TR ) T AR T AL (R 4 & o (R R, 8/ 5
b iR e N N LTI 1 B e AN N[ TE 78 = e W
R BEAR A 7 3 B Y R R i 30 °C/s B PR AE
KA B HE K57, 85T ¥ & 43 oK B S Bif 3 171 T 1 £
B, T B0 R IAR SRR . QuAE RS R,
PR B AR LU0 T BRI 1 B N T R AR R RN
[F1] 1 22 WL 76 fL RE B 3 BRI . Zhang 55 5 & BE,
5 S A AT ) IR T A 2B R T D AR el R
B B R, AR U4 R W ) SR O, R A
A S R

Zeng %5 H Wang 250 53 35 % B H, A1 CHL 9
77 AR R R T S T R X R TR R A
BLA W A ol H - o TP T 3 23 ] 3 355 A s i H - 5
i Z R A EAE S 2 ) H B i H,. BT
TR R Al R A W 1 ) LA /4 /ot BEBE 19 4 fd o
SR 200 CH, - o [RII, W 843 K W07 & T
R {5 R I ), 55 CHL, » 55 D50 B e R 1 4%
KW Z 0 RN . BIE, AR B CH, - 5 15
H- 4568 i CH,' ™ . 78 i T A Pl 24 i 4 %
CH,—CH: il -CH,-CH—CH>- , & JH il 3 R 4 #] T
CH,+ .CH,—CH: #i1-CH,-CH—CH- 5 H- 8{ CH,- &%
A CoH,  CoHg CaH ™ BRI WLEE 1.1.275 .
BEAh S BRAAARH 80%6 LA E oA HLS, T A Bt Ak ) 1 45
CH,S,.COS F1 CH,SH*" ., FHld #3%f F & i AR 1
S EL Ao TR R T O I S R TR AR R 1 T
RF A KR -SH A H- 5 38 4 5 UL HLS B8
R,

Zeng SV Wang S5 BIFST A R W, Bl A5 T R
T R R T S R R T IR R
() TF i, AR HE T AL AL T, S8 35 e T ik SR e g, e
T A WS R AR R R A DT AR RO, T BT R
WAL A W7 R T 5, e e R K7 R B#AK Y. Mkh-
ize SEHUHE AT DL 2 a0 Ao Gl %) BRI R T R
FORPE = R AT R B . & T R
TXE LA VAR A T, Zeng S5 5T 2 A &
Tl AR HE T AL/ ] A T A, Wang S50 B
¢ 2 W i TR IR R A T T AR S R A B ) AR
Ak

A < ()M R AL 23 52 31 L R 0 52 M), PR i
(14 bl 2 T AR - 18 LA i P I R 0 T v T R, ¢
(A 7 B2 A SRR e RS T . X2 T8
o 0 I R AR B T R Ay (RN Gy 4 R W)
() R N, T B0 FL 25 A8 7 05, TR T 45 e 1 e
ﬂgujﬁr?llﬁm.aﬁ]o
23 EN

S 7 32 52 i AR I AURL Hh ) 5 9 B HECRH
R R A3 A SR R R 45 B ] o IR B
R AU Hh ) B A 4 S BEL T K, 45 R 4 1 45 B B [
AR, B TR . — T BEE R T,
A 7 RS B TR N PR TR T RS
T B R T

AR T W) 53 A0 By b i 07 (R A8 Ak L3 1
TEAXF AR 5 J1 R (<20.5 MPa) |, % & 4 16 28 i 3R
Mt RV OR (ZR  ZHIRE) Diels-Alder J2 i 45
KR M T 0.5 MPalif, 25 8 24 A= il B d Je A0 T
Diels-Alder )2 W™, #8 He RE T #5 & 43 78 N X Y
15 L BoF I, 412 1 A S A A R AR [ BRI A
B0 1) 5 SR R AL

Zheng % Fll Gonzalez-Pernas 5" 1f 5% 4 45 H}
Py A M 118 77 22 B T 1 v T AR, R H R R
AR P AR R e PR X R IH A T
JE T30 Tk, KT B ) A 45 B ], AR i A A 0
R E AL . ST R (ORI HOR
PR R S AR AR 2 RN TA], Ma 26 X — B4 H
T 15 4 e 8 N, I T R 00 1 Ay A A A 2 S T 4 R R
THR, SEHR K R ZHREESERE
E LN RN Sy TSy 1B IR IS IS 91
WIS R 22 S I B R RE U ARG IR AR IR 1 U
U E RN 53455 R IR AT AN [

Wil R 08 T, A e 1) 7 SR T (R IR
B SRR . IR e 77 22 T v AT RE S R D T
SRR TP R 32 B G FA B AR
TG ] g 2 W B A £ ke b, I o AR — 2 e Ak
KRR AE 490 °C, Eas R il £ i %
T ARk BT UOR Y s ARAL, S b S o
HRm TR R . Wang 559 [ IR R i 6
JE B TG M0 RE AR RS B L 2 R T 0.1 MPa Jt i &
2.0 MPa i, AN T8 & W) 0 RETI , ATASH4 & J3 AE FAfid
PRI A RN A AT 380, 5 SO A bE 3 T
AR S TR o
24 Hfth

R AT AR 2 7 i P T R PR e L A R PR
— AR PR B R A WA R (R IR B IR
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BIUR BHE IR IR o o — 2218 A S g 25, 4 ()
31 2 PR R IE AT | ml 5 2 KA I A PR A
fiff B N7 i FH 45 B B [0 6, B AR Ok s g & A T A
R, T B SROR A SRR B I R BT
J 2, 18 AR N A A AR R T R T e, A
fifE = R N . Lopez 575k FHHEIE IR RN #5% HA 7R
MG AE IR L B R 475 CCRE, BRI T R
5.91% , $ i =3k 58.22 % , HEF R SR N 12.7%
PRI 1Y P2 R de e, 14.1% . Bowles Z515% J1] 1]
7 RN s AR R G, AE PRI B Dy 450 “CHE, g i
FERA R O 7.2%  ARIRE A 550 CHE, A 7= 2R
BN 38.4% .

PyoRLRL AR 23 52 i BR A G B i AR 5 A8
Zheng 405 m B 7] 40 B 9E T 0.2~2.0 mm 1)
R RLAR X SR = 2, R/ 1.14 mm B
R 2 e I B PO B 2 L B R Y R
B, S AR 2 S 45 BRI IRD A2 E /N 43 7 g 0 4 & 2
b Diels-Alder #1755 #4058 — IR R, A FFIE
B - R R R DT R, S SO T R T
PR AR TR 2R AR KT 1.14 mm B, R0kr 25 4E
KA R 5 HBOE ), 412 T4 B0 A 17 0 24 fige A £ e A=
B, S B T R R, VR ORI LA R R T
JELAE I R 7 R R A 1 B I T B ALK, TG A 40 - i
IR 7 BRARRT AR L X & FH T AR BRI AR AT DA AR K
3T (>C) MR AR EE /NS I 28 (<<Cy) 1 Diels-
Alder 5 LK Fy 46 B Ak R 25 HE 28R — H 2R Y
J . Oyedun &' WF 58 & B, k048 A 50 mm 3 /) 2]
10 mm B, 76 5 °C/min F1 10 °C/min FFEHE R T, P
SE AR I] 43 5 46 4 T 58.9 %4 A1 37.6 %6, 3% & Fh T ik
RGT I k/INE R T3 (H R REFE 23 il 35 R0 A28 1 D
/NS . Gonzalez 25 BF 9% & R, Y ki A2 FRAR 2=
1.6 mm B, % i AR A R, T LR LR A % R
AR B RS

T 6 1 PR o R T S AR AR 7], AS AU AT AR AR
A1 U PR T R BERE ) R RE S B BV Ol L
A ORI IR IR I AL i 1 R IR
& B . Osorio-vargas 25V H] F SiO, 17 28 Pd 1
1 IS P NG S I DO Ry Y S Ty ey
YIEBIE IR B T 40% . Tian 252 F K FCC itk
SR EE T AR T 2 A AR R DL B R FCC i Ak 57 A
CaO & A AR AL R I A0 G, (2 T 50 B TV
I v O R A A R, DT B T A R O R )
i, CaO RENE & 2 B BRAE H , R AR Ik 7= it v %) i

P=N
[EPEERS

3 RAEEYMBRRETIZENANE

3.1 REBSHEELF A
311 R BAR

R IR R D, S A YL AT e Z )
I3 RS TP AR AR HS .CH,SH . COS 1 SO, %5
ERR AR, Hoh LS R SRR, A R
3.6 % (FF 420 CHE @35 5.1%) 7, B2 HL.S fEs A
BRI L5 R T ) ok, Wl AR A R

1 e T A A FE B BB R A B i (NaOHD) | 4
J& £ 4 (ZnO . Fe,0;.CuO,CaO . MnO % ) Fl b 5 i
FKENY . TR A RS AR, B
B (NaOH) A7 20 W I , 4 Ja Ak 40 Tk HLS B ik
& B ALY R LR | B BEE 5 HLS AR SR HLS
BB . 4 JE A B a 7R03E v i T (400~700 °C)
JE A, BV A e B s P TR IR B . Czajezynska
AEDURESE T ALY (NaOH . ZnO A1 MnO) 225 R 4 i
P <h H.S &R . Herpr, 0.05 mol/L NaOH Al
HLS W AR 2 12 X 10°, X H,S i 2B b i, 15 5
94% 4 . Czajezynska %5 FI] FH — 2 B Bz A1 N-H
BE T O P R IR Y OO B i PR T i S Ak A
Yy, o B B 5 HLS BB 98 E AR P R AU B S—H - - - N Al
O—H- -+ S, % H,S BB ER 3353 99 06 , P B fm B A Bk
BB AL W B 5 R Gk B 98 %0, £ L B I R R 2
90% , —mifb i B bR T 99 %0 . 4 s A AL i A 511
50 RN RS AR R AR LE , BT RLAE Hh iR R X i <
JAR , HF A AT A B A IR BRSO
3.1.2 PRI

PR R E R R, 5 KRR Y, it i
JE AT A A OB . A, i AR AT
T4 RAAYr LR . Cumbul %576 1000 KT, F)
FHIEARR I A 508 NiO 38 SRR AR KT 2 pm A RLER
FEAR 4 Ay 2 S5 3 4 T H, L CHL L CoH, #A i 0Hs
NiO I J5 A% Ni A8
3.2 WERMPFIRELT A
3.2.1 FAFIh A AR

H 7 2 A0 6 T3k R 2 VS O 1k 7R e
o 38 I 19 AR M % o 2 7S ok L e 5 AR e 1 iR R i
P TR A A IR A 2 1.15%60~1.97 %
AL A, AnE My R I BE W R R Iy B
A B, T X A AT s AL BE . 3R
T A AL A o SRR S A R R R
B R PG el s o L 2 s e e

o & 3 7 TR R (300~450 °C) L (1~20
MPa) T #E47, B F B4 4 A6 551 32 22 Mo . Ni-Mo #il
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Co-Mo 3 F y-ALO,, Si0, | 1% P 2% s £ 2k, H
FEAR T BRI 0 0 58 AN AN 55 B 0 30 I L 4 g A
fife i T 0 H/C B, I 08 2 T 08 B Ak B AR R
H.S™, Straka 2% 5% J1] Ni-Mo/y-ALO, AL F) , 75
360 °C .10 MPa & 5 JFRHMATI L Ry 400 1 4514 T X #4
fgr N BB R, 2 ZRAB AL BRS | S5AR A 1SR T R AN

RA RN B AT R BRI SO R RE S
ARG T v BRI AR LA I M W A AT B
Py ARG R IFEM 4, 6- L TR IR BRI S R ER
BRACYI AL BRASCRANE . IS BRI B H 22 , 23
AR AR B, B 2 A T U T QPRI . I
0, U B A R ORI it B JAS i 5

®2 RABEUBRETIZMRR

Table 2 Advantages and disadvantages of pyrolysis product impurity removal process

Pyrolysis Desulfurisation/ash .
. Advantage Disadvantage Ref.
product reduction method
Pyrolysis gas  Inorganic matter NaOH has the highest H,S removal rate, NaOH is non-renewable [54]
(NaOH, ZnO and reaching about 94% , NaOH is cheap, and ZnO
MnO)  absorption is renewable
method
Organic The removal rate of H,S reaches 99%, the It has not been widely used in waste tire [55]
alkanolamine concentration ~ of  other  sulfur-containing  pyrolysis gas purification
absorption method compounds is also significantly reduced, and the
cost is low and renewable
Pyrolysis oil Hydrodesulfurization ~ The hydrodesulfurized fuel oil meets most fuel — Hydrodesulfurization —selectivity is poor, [59]
standards hydrodesulfurization will reduce the octane
number and oil quality, produce harmful
gases, use a lot of H,, resulting in high costs
Adsorption The removal rate of dibenzothiophene and 4, 6-  The presence of aromatic compounds can  [60]
desulfurization dimethyldibenzothiophene ~ with  SX  PLUS  significantly reduce the adsorption efficiency
activated carbon is 88.7% and 60.2%
Oxidative With H,O, as oxidant and ( [C{Hy3N (CH;) 3];  The presence of olefins and aromatics will — [61]
desulphurization PW,0,,) as catalyst, the desulfurization affect the desulfurization effect, and the
efficiency reaches 91.28%, the reaction presence of thiophene alkylated derivatives
condition is mild, and the cost is lower than that ~ prolongs the time of oxidative desulfurization
of hydrodesulfurization
Pyrolysis Fe’" oxidation-  The method can effectively remove SiO,in  Pyrolytic carbon black has fine size, complex [22]
char flotation method pyrolytic char, and the ash content in pyrolytic — chemical properties, poor wettability and
char can be reduced to about 9% dispersion
Molten  salt heat ~ While removing impurities and desulphurization, — There will be interaction between impurities, [23]
treatment the surface area and hydroxyl content of pyrolytic  resulting in relatively poor impurity removal
carbon are increased, non-polluting gas, friendly  effect on high Zn and Si pyrolytic carbon
to the environment
Acid treatment Impurity removal and desulfurization, the Strong acids are used, which are costly and  [62]

physicochemical properties of pyrolytic carbon

were improved

produce polluting gases

A A 0 A 3 SR A A2 A R A HLO,, A AR5 N
R 3R T TR P TR 6 55 . FE B AIRIRLEE (24 100 °C)
FVE R, ST Tk BE Wy R e A7 A 4 N/ i
(18 2 I WE W 437 A5 0 SRk O AR I 18 AR ST Ao
T30 o % B o A% BB B AR Bl P AR . Zhang %5 R
HO, A E AL, TP M 1R TG 3 A A AR ), 20 R
A& B XF 190~350 °C 1 #4130 187 o0 48040 B A, Mo
IR T 91.28%0 o AL B AH LT A aR , B 1%

XF AR BRAL AT B R ASCR o AR T SR A
TE I o 4R A TR A R L K B R ) S 5 b P M A
PR

R I i A =5 2 0 Sy ) BB RS R S IR A o B
R i R Y 5903 ok e - SRR L 7 FAEAE ) T
SRR EL AR R 55 A O R 3 SR i, R Y
MR B 300 355 P ol Ay 5 o A R R 3 ek R R 5 5
AL YR w28 TR TP 4 i - B A A S



186 FHRLT A2

2026 4= 4 H

MRS BiAb 54 . Salonikidou 2P 4, 6- — F1 & —
IR IFE MY A ORI ey S RS RLG AR D, oSl F b
Oy A TR . SX PLUS §fi P 2% Xt 4, 6-
TR ORI ey 1 B BR 36l 60.2 06, L SAE 27
P R I HEM YRR 88.7 Y0 . Huo %5 FI H]
CuO 1 ZIF-8 #l # T Cu. Zn ¥ 7 £ L #5 W B 5
CuZn@C , X — 28 - W Wy W B £ 3% 3] 60 mg/g. il 1t
] Z2FLAR 5 4 JB A MLE 8 Rl i s e & Jm , ol DI &
W B 50 8 BRI o TF A e e M AR A AT i
F14) WA B0 5750 2 WO A FBE L TNl e T T e 114 X A
3.2.2 I

(1) FEB = B ™

R AR S I N L VAP NN L S
B m M= i o Farzad 25 R B =S 2810 AR HL
2R 0 NS AR BRI | 28 3 B RN 2tk
JE P Sl B T IR 3 9520 . i A T 253 ok S it A
eI, N EAN IR B = T 24 J) . Hwang
TR R TV Mt S DR SR g %o I e T A T R B
MW EE A 450 °C L, #ERF A 1 kg/h i, FAfi i ™
FH66.9%0 o X AR AT AR 4 h BT Y Tl i
I, PR 0.56 %0,

(2) ISt T ) 2 £ 1

Okoye 257 R FH 1 2045 20 X 55 40 5 14 2 6 i 4
firf i T S TR A SR T A e B TR T e SRR LR Y
N700, N800 1 N90O F 1] sic B , = 5 il H #£ 38 %~
60% Z M), KA & AR T 0.2% ., Zhang 25 5% JH Z.1%
BBy ANE Ry I A0 i 2R T B AR 0 il A O G 2 Lk
{14 3t LR T 3R ) 1 2 LR 7E 298 KT X
FL W F I I AR 45 4 (843.5 mg/g) o

(3) BFIhAE R PUAIL(ICEs ) B8 SRR

VBB TG B T 2 R AR, e ad FE AR S AT RIS A
oG E e R L AR T RS A R R i
KRR S AR S E RS A Y,
K25 ab LT AN BE B AE R PR BLE AR R
Campuzano %5 '}z 3H , ZE 18 VE 0T LK & b & A
I R A I AR A Th 4 o Straka 587 7R UR
7 g HOIA SiC AT NiMo/y-ALO M4, F1) FH 1% 58 i
AFIm S H W 3300 3 sh Xt S i i R4 T &R B Jn
UL B S 5 R Ak AL B AR P LR AR
FNBEAE TR S B 5 AT AR Ry il A 1 XY F 2 e
M(&ZR), Polat ™ [ 483l 5 # i iR A B4R R A
ALO,, F4i 8 h ARt , COHERE I 10%6, NO, HEK
b 6.82 %0, HC HEl i Ik 2 13.95 %0 , il s os 42
1 1.59%0 , il sl LI FEFEAIK 294

33 ABRRETELF A
3.3.1 IR 2%
TERE R i A5 b A b BRUS IR AL ) b L 38 25
D1V R B o I 02 B 71| D v 1 7o e R
ASNAICITLE, H SRS Eim. Aff)E, K
SRAFAE TR e B LAGAL Y AR R £ 2
FETE 2 R IR A B s i AL & Y S5
P B 1 & B SR (HLS . SO,) F O, & A A2 [ B
A, I RE AN C6) , (7R, Beah, $A i [ R K
A3 BB AT R ZnO . CaCO, 1 SI0,%, $ufif e v iy
T AR 2 AR AR BR ) T JERE FH o PRIk, A e Fg 5t A
FBR A BUh 2075 ok ) IRl R, R e (R B 2 :0F
JEER AL PR TR A RYL TREEVL =R BR AT AL
B LR 2,
7ZnO + H,S= ZnS + H,O (6)
2CaCO;+ 2S0,+ 0,= 2CaS0, + 2C0O, (7)
J5 ER P A B 5 R F NaOH -Na,CO, 2545 Eh 1A
F, 108 IR (350~600 °C) T WAl B 2 . B
AR F NaOH-Na,CO, 15 £ 1A 28 %55 $44 i 1c JBd 7, it
R A IAF] 70.00%0~81.41% . Mk, F 4 £k k8
Al RABR 25 it i TP ZnO | ZnS | Si0,, CaCO, 25 24 i,
CaCO, B BRI A T HAE NaOH-Na,COJa$h
BB PV A 1, At 2% T 550 R B g an = (8) ~(11) i
71N, 38 A R 5 2% R X 2% 0 A N T TR R
(P I, AT SEE 3042 A 2B o (R4 I B) S A7 AR 28 B
JIL, Gnxt T SiO, B BER , 4 Zn R EAFTERT, &5 5
Na,SiO, 20 Az B MEVE B Zn,Si0, , M B AR 5 % Si
A MERE , WX (12) Brs o F R s 6 Bk 38 3k 7T DL
H,S F AL B Eh v, b T X BRBE G 5 4%, (HiZ B AR fip
o W 1, HL AR B S 3 A B gk o R rh S AR A A B
T2 NE SR BR A8
ZnO + 4OH — [Zn(OH),]* + O* (8)
7ZnS + 2NaOH — Zn(OH), + Na,S (9)
Zn(OH), + 2NaOH — Na,Zn(OH),  (10)
Si0, + 2NaOH— Na,SiO, + H,O (11)
27n°" 4 Si02 + 20H — Zn,SiO, + H,O (12)
1R Ak B H R IR B R, SR A HCL HLSO, Fll
HF X 4 B¢ [k 2% . Martinez 222 #] ] 4 mol/L HCI
#£ 60 min 60 °C .10 mL/g 214 T b B ¢ | JK 53 I
BN 15.0%0 B2 4.9% , BRAN S APk e 26 11 5
Tl 7k FE NS50 4] AT 58 22 (1 R M B g 141, o #fige e
PR TR A=A BAE A . BRANH A FF AL
Ca.Fe Nafl Zn A9 ER: , HF 7T LU 8508 AR P 7% 22 THT
1) Si0,c SR, PR AL PR R 2 7 A K R TR A HLS
ST YA A ELAH T 3R
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T B A o 1 R R v A e SR A R K
A B AEALIR)Z & A I 2% BT B AE 3K b, DA 52 3R
AR I SR 2% o 8 FH 807 35 245 70 A e IR IR &) |
AL (2~ A5 ) A ) 43 FOR) A pH (B R 82 5
Li %58 ) Fe' S -TRIE A 5 o0 JA i e i A 7
W B AR B, FFH Feb % ZnS AL VE T, B 25 P
BB Znt TR ST AR &R AN RE B0 il Fe®t K
fift , 38 RE AL HE CaCO, 1414 1] 75 it J5 1] 7% 2l , DTG B3k
22 CaCO,. TEN M RE N 25 g/ L U 2
2500 g/t A2 ¥ 2- ¢ FE F &8 1000 g/L B il
0.25 m*/h (Y ERAETRIE 551 R, BRAE AT R0 22 B A i i 2R
T SIO., F A e B TP Ry B 29 9% . BRI
T A R B T R ) A EL T 3 24 R A A AR
TR R 2 AR I
3.3.2 BB

(1) I

PR T e I R 8 1) R 38 A T 1 i Y
FLAR | e SR BRI B AE A X B R R A T
Wy BR Sl Ak 24 T D FE B A L i TR S 1 I 2 R
S WG AL S 0 B A A AR AR TS AR Y AR
T FRURLEFLAR R, (E Ak 27 05 fh RE A 412 HF L AN 2 T
FEOTE B AR AR . RS R TE PR A AR L TR
b T M e E A B S B A L R R R R PR R A RN
B NN 4 R S He YRR A Lo T
A A LT b 3 P A R Y B i I B R Zandi-
far ZE 5 IFSY & I HLPO, A KOH #5 fE %45 i Pt 2 1Y
LA, Acosta Z5E ™R FH KOH /& i 76 A6 R 56 B i
¢ 8 (A R T U B 28 11 e R o R 312 mg/ g,
= T YK o Sirinwaranon 25743 51 F) F KOH
FTH PO, & bS5 1) 5 56 B I < 2 R 3R 206 0 R
b i 2 22 FLER R, LR CO, R 8 BFF - 43 531 3k 3]
43.01 mg/g 1 53.81 mg/g, AT 5 i B CO, W Fff 71 A
HE

(2) BRI A b 7

Tl e P T2 B UG A Il AN R AR BT A R
SRR TN AT AR, AR e BB R AR A e 2
ARG TRE B RN IR AR SR 0 2 A SR RLAR
Fb TR A5 A AR VA ME . Tian S5 M i 5510
3 HB- e T e S T AR T v o 2 e T AR e 5 R IR
Je 5 A kL 3t 12 2 AT DA B o SRR S5 AR
Gy FHE B S) B0 T AN AR, P R SR A AR
Ik 50%0 . XuZF G K IR BE A 20 Y0~
50 %% RO Mk e TT DA S A Ak S B, I HLAR SEAR I 43
T A B S I, DA T 4 v AR B E L SR R AP
ERAE PP ROR AR . Wu s ™ FIER 2 P8R T

Py PR T A N A R O = R T R Y
O S P I R R AR, L rp A R kot
ML RS (LB R 5 R AR L) el

(3) HL AR A s}

A BHE 5 A B ARR R}, FLF Ak 2 M g 5 A
PR EE R P R 2 A | R A P AL fL
BRI T S R A T AL R T LR
I FE AR I 5 R R 22 ) B G b ik, DA R £ R 1T N
LAY RS . BeAh i 2 R T B 2 g
Wy R BB 2 E A R T K46/ B2, f2#F K
(R B, B8 e bE H 200 AR T R (HCL) - B
(NaOH) 7K # 7 4b B K% KOH 15 1k 1% ¢ i $h i o , 78
6 mol/L. KOH HL fift i, 1 A/g WL % B nl $2 4%
212.2F /gt 2 . Wang %™ FE IR 5 iR 34w 7= 4
P Z LA G AR, 4% T AR B i A
H.O,, 50 F R FH o SR SRS Bl A2 ™ HLO, T2
FHEG 00 T 19.6 % B9RRHEN .

4 REEXREES

PR IRt A ik, BVE R, B A 1 IRl
FAME o #0022 %6 iR BB A8 ZR AR FA A0 Tl Ak DA B —
FAE M EAL A . B AT, B IR AR AR A b T
TR R 6 A A S 0 Tl Ak & i AEAE AR £ 1)
A, BT ) R (1) E F IR A B A 4, B E A
Xof HARAA LB TE AN, AN RE 58 4 i D 2 50 i A )
Tolb Ak % JR T i s A9 TR AL (2) B A8 M A 7= 0 7 5
afi FERAR . (3) I 7 HE 1 < CONO, . SO, LA K%
KV e R BRR R A5 15 Y i o (4) A R 8
W EA AR BAL A, (AR AR = N SZ B

PR 56 I P R AR Y Tl Ak R N R A A L
TN : (D BR AW IR 58 I A HLER , R I 58 i
P R 1] Tl b & e B HE BB K - (2) #A S 74
(R 7= 2R R A =7 T8 A, Sl R R T S 4R
SR 7 49 3 A AR e R A 4 o (3) 4R TS e Ak
FRAE AR (15 P A AR v A TS e W 3k B HE R
U o () TRBE = W0 AT R B 2 R B 7 58, B T 4R
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