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Abstract: In this study, pyrolysis of waste tires and waste polypropylene/waste polyethylene mixtures was carried out
in a fixed bed reactor at reaction temperatures ranging from 550 to 560 C. The objective was to investigate the changes
in the properties of the resulting pyrolysis oil, with particular emphasis on the effect of the CaO additive on the sulfur
content. The sulfur content in the pyrolysis oil derived from a single waste tire sample was found to be about 1 wt%.
To effectively reduce sulfur content, waste polypropylene and waste polyethylene were mixed in a 1:1 weight ratio. When
the pyrolysis of the mixed waste tire and waste polypropylene samples was conducted with CaO, the sulfur content in
the pyrolysis oil was reduced to a maximum of about 0.4 wt%. This indicates an about 80% reduction compared to the
sulfur content in the original waste tire feedstock (2.3 wt%). GC-MS analysis revealed that with increasing reaction tem-
perature, the proportion of aliphatic compounds decreased while the proportion of aromatic compounds increased. The
primary compounds detected included limonene, xylene, styrene, and toluene, with trace amounts of sulfur and nitrogen
compounds also identified.
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Table 1. Main Properties of the Waste Tire Feedstock
Proximate analysis® Contents (Wt%) Ref. 21 Ultimate analysis® Contents (Wt%) Ref. 21

Volatile matter 62.7 61.0 C 85.2 72.3
Fixed carbon’ 30.0 25.5 H 7.7 5.8
Ash 6.1 132 N 0.5 0.4
Moisture 1.2 0.3 S 2.3 1.9

- - o° 43 6.1

Metal contents (wt%)
Ca 0.1 - K 0.1 -
Mg <0.1 - Zn 2.7 -

“as received basis, by difference, ‘ash free basis
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Figure 1. Schematic diagram of fixed bed system.
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Table 2. Reaction Conditions
Parameters Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7
Reaction temperature (°C) 552 618 674 556 562 558 566
WT/WPP mixing ratio (Wt%/wt%) - - - 1:1 - -
WT/WPE mixing ratio (wt%/wt%) - - - - - 1:1
CaO additive (g) - - - - 40 - 40
Reaction time (min) 130
W2 I8 skt o] AL SR8l Al2d W vkl sto] LA MEHE 3 U2 GC-MS(Gas
R st &x §4] 9 B34 B97] AL 98] A3 chromatography mass-spectrometry, Agilent 7890A, 5975C,
A oF IN7E B FAsin) 90U B4 A2HE oSS USA)E Agdtel 4% BHS 2SI AHEE BYPe
Wi 2 ARg-ehe ERIM et 54 22)7] 22]al A7) JR7= DB-5MS UI(USAI™, 21 7kA2 ES ARSIt g
BT Hide] £ S TRl Sk 4 & 3 oA f o] AFE #Ee] 98 4 EA7](CKIC,
71& Agsioitt. A7) A7 le A2y s Sl Gl SE-CHN2200, China)s AH&-31%1
712 ) dlo]2ZF(Aerosol) BEN] B3RS 3]517] $l5h]
AFgalginh Axe] SUR SEEA] e Jo] rkae BAl 27 9 E=
HUE F8ll AaAlA viEsiint.
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o7 743t Runs 1-37H]& HElolo] & A8 %A &2 85| B derivative thermogravimetry(DTG)
oM REg =5 HFRE Fo] A3S ST Runs 49 otk & A2 10,20 ¥ 30 C/min®] 52 &0 ©e

5 WT/WPP &3 A 55 ARE-611.2H, Runs 67 7oM<
WT/WPE &3 |85 &-8ale] &8l 24 Wl 2] AsS
AH P BE &3 Alae A4E A 1.1 FANE 2
o=z sgtsie] Aial vhg71ol T8t AN, 2 Umin
o7 A FAsI e 2Rk 71A FYFE FE
53l 2kt Runs 59F 7 °F 560-570 C2] WHg- 2
24 Ca0 H7HIE A&3s &3 AlE gital AES
it CaO H7Hl= A3 A H7H| vEg71o Tk

2 U dE MWHE BM. HElolo] 7|2 Bl A4S
E438}17] $13l (thermogravimetric-fourier transform infrared
spectroscopy, TG-FTIR, 4000, PerkinElmer, USA)=S A&
3% Th. Thermogravimetric analyzer(TGA) W+-ol 10 mg2]
57 971 EFrY =7 E YWar 71EEkdn) 30 C/min
T SRR 308 St 7FAe ¥ 900 TolA 102 <t
Aahe WA o2 ATt 20 7R FAE ARSI
om, §3& 30 mL/min®E FA|514 o= TGAIM ¢
7} 71EE 0] el 2%l =g of WAl 3 72t
/b 7h2el] o3l FTIRZ el wheh 2700] Ajztent,
olu], FTIR®] 270 ¥ %] 4000-650 cm™o| ™, 3|3 ==
4 cm'2 A8t TG-FTIRS] 57132 913l TimeBase X
2O ARSI Sl A - 35 Sl 292 PTFE

o] AAx] HE)(Whatman, 25 mm/0.45 um, UK)Z &3}

=

S b

Zan, A]4948 A45, 20253

getolefe] well 71Ee B8t TG ¥ DTG #4 4+,
Aefelo] ®afl= F 320-500 o] oA Y= A

— A=

gRIstNeH, Al 7K F8 w3l FHo= Fo] #ESIS
t}. Menares 5= <F 100-300 C ®H$]olA 82] Sk} 7}
22A4¢] §dro] WAty B 18 01| Figure 2(a)l %=
U dido] AT Danon 5 FERO|o] dFe] B

3l 548 NR, polyisoprene(PI), butadiene rubber(BR) —1Z]

3L SBRZ Fi3to] #413 A3E HABIHTE o5& ¢F
300-400 C <914 NR3} P19 £3ll7F s ==, °F 400-
500 C Hlolx BR¥} SBRO] 23071 dojdriar B st
B AolA Aoj2 TG 2 DTG L Z|A %= NRZ} SBRE]
3l 50 FARH UERd AS ERIsITE Bgt, FElo]o]
A7e) Baf FAo| oF 520 ColM S=E Aoz A5
o, HF 7S oF 32 wi%E FRIFIT}. ol HElo]o]e]
I A " IR sheo] S5 B4 Axkel AR Zlos
ZRISIATE 20 T/ming] & FxollA] dojxl 7k A
3k FTIR ¥4 Z3= Figure 39 YERASITE. Figure 2(a)ol
A B = d50], oF 100 T F-2ollA Hele]of W 7haA] 2
THEOZ QA A A7t VYERIAIRE, FTIR 2= ER oA
= F3g g3yt YehuA] &= AL SIS 200 Coll
Ae C-H % C-C H=7} 2H2} 6803 700 em'ol|A] 2Hs]
7] NI o] F5 v Ae zhzt e BlgHES] WAl o)

of
==



IS 7S 2 FElelo] RN HHCl wE R oY W 3 AR A% ®ist 439
(a) 118 Stage-1 Stage-2 Stage-3 (b) — 10 “C/min
100 1 2.0 ——20"C/min
90 — 30 °C/min
80 4
z 151
g\ 70 4 =5E._n
E O E
U 5“ ex u I .0 o
& 40 8
304 e
204 = 10°C/min \ 03]
20 °C/min
109 30°C/min
0 T T T T T T T T 0.0- 7 T T T T }
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
Temperature (°C) Temperature (°C)
Figure 2. TG (a) DTG (b) curves of the waste tire feedstock.
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Figure 3. FTIR spectra of the waste tire feedstock.
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Table 3. Ultimate Analysis of Pyrolysis Oils From the Single WT
Sample

Ultimate analysis”
(Wt%)

C
H
N
Ob
S

“as received basis, by difference.

Run 1 Run 2 Run 3

87.8

10.6

0.4

0.2
1

87.4
10.9
0.5
0.1
1.1

Ao PAo g JRE oA
SIATE? HEfoloe} HEeZe
o] AQolE Hhe & 5
el @Yol Ao 7
ERA AT

HEIO|0] Tt A2 AE ME & Nz A8 wT &
AE gl A= ede tigk Y4 4] A3E Table 3
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F(Runs 49} 6)Z5E] AAFE GEa] oo W 3 ke of
0.5 wt% 2 A E Ak ol WT 95 W 3 3
wi%o)oll ¥l8l oF 70% 7HAg Aoz Selyc). &

J
=

56
ZEl e FARE o FE2

- A9
= =
ok

7
52%

E
Zjl—

S =

Table 4. Ultimate Analysis of Pyrolysis Oils From WT/WPP and
WT/WPE Mixtures

Ultlmzzist ;)Il)alysm Run 4 ?Cu:llOS) Run 6 ?Cu;og
C 84.0 84.5 85.2 83.3
H 12.1 10.4 12.3 11.3
N 0.3 0.2 0.2 0.3
o° 3.1 4.5 1.8 4.6
S 0.5 0.4 0.5 0.5

“as received basis, by difference
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Table 5. Main Compounds of Waste Tire Pyrolysis Oils

I

Compounds (area%) Run 1 Run 2 Run 3
Aliphatics (sum) 18.8 12.2 8.2
1,2-Dimethylcyclopentadiene 0.2 0.7 0.3
Limonene 5.1 32 2.4
Other 13.5 83 5.5
Aromatics (sum) 46.6 61.8 72.9
Benzene 04 0.2 0.1
Toluene 4.1 4.8 6.3
Ethylbenzene 1.5 1.2 0.8
Xylenes 4.4 9.6 14.1
Styrene 2.5 2.0 1.5
1-Ethyl-2-methylbenzene 1.3 3.5 2.9
Methylbenzenes 0.5 2.5 2.3
p-Cymenene 14 2.5 1.6
1,2,4-Trimethylbenzene - 0.2 1.1
Cymenes 2.9 23 1.6
Indene 0.4 0.8 1.2
2-Methylindene 0.3 0.1 0.1-
1,3-Dimethyl-1H-indene 2.5 2.3 33
1,2,3-Trimethylindene 14 1.6 1.2
1-Methylnaphthalene 0.6 2.5 3.4
2,7-Dimethylnaphthalene 0.5 14 23
Mesitylene 0.7 0.1 0.1
Naphthalene 0.8 0.5 0.4
Others 20.5 237 28.6
S-compounds (sum) 22 1.5 14
Benzothiazole 0.8 0.6 0.8
Others 14 0.9 0.6
N-compounds (sum) 1.9 2.0 0.9
p-Aminodiphenylamine 1.1 0.5 -
Others 0.7 1.5 0.9
Unknown compounds 30.5 22.5 16.6
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