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Abstrect - In this study, waste tire rubbers were pyrolyzed in a lab-scde pyrolysis plant equipped with
a fluidized bed reactor in a temperature ranges of 450-6500C. The main object of this work is to investigete
the properties of pyrolysis oil with reaction temperatures and the behavior of sulfur in the products when
waste polypropylene wes added for co-pyrolysis. The maximum yield of oil was about 52wt.% a the
reaction temperature of 4560C. From GC-MS andysis, the pyrolyss oils consisted mainly of limonene,
toluene, xylene, syrene, trimethylbenzene, methylnaphthadenes and some heteroatom(sulfur  and

nitrogen)-containing compounds. The addition of waste polypropylene resulted in decrease in sulfur contents
of the pyralysis ails.
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Table 1. Main properties of the feed material

A} : HEez2gd 47 Al

dael «do g avt 29

Proximate analysis’ Contents(wt.%) Ultimate analysis’ Contents(wt.%)
Volatile matter 73.9 C 89.2
Fixed carbon’ 2138 H 77

Ash 43 N 0.5

S 26

Metal contents(wt.%)
Ca 0.19 K 0.05
Mg 0.03 Zn 24
%dry basis, "by difference, “dry ash free basis
=
Vibrator
Cocs @t Uiy

Steel Glass
Condenser Condenser

Flae

R
¥
Bed W"n
Check Vave
Gas meter

Gas sampling

Fig. 1. Schematic diagram of the pyrolysis plant (3kg/hr)
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Table 2. Reaction conditions

- o8A - 50t

Parameters Runl Run2 Run3 Run4 Run5 Run6
Reaction temperature(oC) 456 510 608 653 503 500
Waste tyre rupberNVaste polypropylene i i i 31 11
ratio(wt.%/wt.%)
Flow rate(NL/min) 36 4 30 28 34 4
Feed rate(g/min) 6.2
Fluidizing medium Product gas

2l 2umE et & YRE AASATE 2d 34 Al
g2 shbe] = ZdlAe} shte] ofgheS |
ARERE ERINE ARSI o eV =2 edS
z3sh] Qe 4 2e71E ARSIt vupREte s
ool Feo oY Y= 7] JX7E B9
o] 33Tt LYUR SHEA| 2 TtAE Fad
A& Sdte] dE7IE AR F RESVIE £3E
Qo] kA A HYoA AAAA HEsteleH
7kn0l 244 YotHr] {5t 7k EZFHETIEL,
Tedlar® gas sampling bag)S o] &3] 108 712o=
7tAE ERSk] BAS AASIch

FEARE 38kgE A BE AFelA AR
B9 &El 62gmineE slgon $E3} mjH=
WIS AT U FEEE Slste] 2z
53} £ IR fFL FUSIPOM W7
AR shao FAL AFAIS S5
wel GRS BASIh QRS uhe 2wl of 450
o4 650°C H9IE Stol APS Sapslck. o
segy 29 4P deelolrEy Tt vg

k -

2-4, EFel FitE 2N

ZF 2704 Gsf Addde] B & B 22
i AAE ol8sto] ek ST(210°C, 13.3kPa)E
AAste] 0 B S dolmR RSk ol
H]o] oF 300°C ol s el sfoRdt Bk
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A1FA Q= GC-MS(Gas Chromatography Mass Spec-
trometry) £4 ATk 4 5 Q) ujRolth S5
T zrojgo] AA" 29L& GC-MS(5975C, Agilent
Instruments) 2} GC-FID(7890A, Agilent Instruments) &
olgsto] §4 W Y LAS LAl AgE 7
22 HP-5MS(30m x 0.25mm i.d., 0.25um film thick-
ness)ol Rk 7kAm AES AMESIITE AR €
2o 09le] 4 W Y B e ofe) RS
UER} QJrdung et al., 2012; Koo et al., 2014). ¢4
A T A2 27 94 24)7)(Flash EA 1112
series, CE Instruments)9} G- 23ty Zof2n| w3y
HA7](ICPE-9000, Shimazu)& ARE-Ste] EX514ch
A 7h BAS 9)sfA GC-TCD(thermal conducti-
vity detector)2} GC-FID(flame ionization detector)E
olgslgiom zhzko] Aulo] Carboxen 1000(15ft x
1/8inch gtainless sted) 1} HP-plot Al,O5(50m x 0.32mm
i.d.., 8um film thickness) Z<2 #-835}3itl. GC-TCD
£ s, Ak, QASiES, oilslEie 1w vt
derg B3] gIste] AgsIglon] GC-FIDE
Sl ARHCrCo) 2] B BAI51] Sstel Abgata
o u FlarE ol2ag Al

3. Zit H 13

Are) AF F AE oRe) ool & T2 7
2of ujs WAAE Fig. 20] Lrehole. SRe] ©
210 QFe ©.0) B2 A|ARl0] Az} F0] BA| ZAo
ofallx] Asielon] FHe] ke Ans) AAE 4|
3 e meje} Ho] Qx| BAle] 27] me kS A
Sfo] ALl tlR|ERo R 7ae) Ao HAOIA
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Fig. 2. Distribution of pyrolysis products as a func-
tion of reaction temperature.
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g wke 57} s aBd 0do) fge
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22 QQA}E=0] o2} 3f(Secondary cracking) Ht
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Aglo] ZAE]7] wjEo]riCho et a., 2010). H]w
Lol A AR @ A(Rund) o] 79 A Sk
oF 0.5wt.%o] o HrekE 31ghEo] 3leko oF 94
wt.%= et e dke 25 (Runl) oA A=
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%&E A& H“h Al 01% AT TeAQl o]4
= 7/4\ o]E Q/\tﬂ /\] A}
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I3 7 Al EEe] edo] gk an 101
gyl A9 kS 500°C o|AdAlE HEE R
=t ol ALRolA Pluilo] FA o Fal|(Ther-
mally Cracking)=]o] Ez|HellAl, A]d(Cymene) 1
21 oltKIndang) ¥} Ze W= ItE R A7)
HoltiPakdel et dl., 2001) nE %:_‘taow 2
ZQ HIEEE FRMES Efof zlad, Aglold, E
w123 vﬂb}z AFEol%ck. Eet 3 5
eyl A HEE ujgk 23kEo] 9l9lch 2= 3h
sletEnl Aa g]_tsl—‘j_‘% Z}Z} Wiz E|olZ(Benzothia
zole)T} tholu| el F =7 (Dimethylquinoling) 2 ¥l X E]
ol&o] B9 i IH Aol 713k HAA|Z A
slshE2 ot (Kaminsky and Mennerich, 2001). ®¥Hg-
LEt Z71eeR B} A i Aeold
o] fgol F7lske Ao veiton olF F4at
T UK 9ol ARGEA ARt Bkt
ol Flojeh AbRELh B Ao A A
99 W 79 SRHEES ofd APAEo] Mgt Azt
S A}5}ATHDa et al., 2001; Fernandez et al., 2012;
Kaminsky and Mennerich, 2001; Kyari et al., 2005).
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Table 3. Main compounds of pyrolysis ails

ARG - e - A - 5A] - 45}

Compounds(wt.%) Runl Run2 Run3 Run4
Aliphatics(sum) 42.2 22.0 2.7 0.5
1,2-Dimethylcyclopentadiene 17 18 0.6 0.2
Limonene 21.8 9.4 - -
Camphene 14 - - -
Others 17.3 10.8 21 0.3
Aromatics(sum) 33.0 54.7 90.5 94.1
Benzene 0.5 0.2 17 0.7
Toluene 40 54 12.0 94
Ethylbenzene 05 0.7 14 12
Xylenes 7.6 119 171 154
Styrene 0.7 0.7 18 4.0
1-Ethyl-2-methylbenzene 18 31 - -
1-Ethyl-3-methylbenzene 04 0.6 42 24
3-Methylstyrene 05 - 32 24
4-Methylstyrene 0.8 13 - -
p-Cymenene 23 24 2.6 21
1,2,4-Trimethylbenzene 35 43 18 14
Cymenes 22 2.7 21 0.1
Indene 0.3 05 23 4.3
2-Methylindene 0.7 21 51 6.1
1,3-Dimethyl-1H-indene 0.8 2.8 38 0.6
1,2,3-Trimethylindene 0.3 12 25 0.4
1-Methylnaphthalene 0.2 13 23 7.7
2,7-Dimethylnaphthalene 0.2 14 20 42
Mesitylene - 31 10 -
Naphthaene - - 16 51
Others 5.2 7.7 21.0 26.9
S-compounds(sum) 1.6 2.1 17 13
Benzothiazole 15 17 0.9 0.6
others 0.1 05 0.8 0.8
N-compounds(sum) 0.6 14 1.0 1.0
Dimethylquinolines 0.6 14 1.0 1.0
Unknown compounds 22.6 19.8 41 31
Table 4. Elemental analysis of pyrolysis oils
Pyrolysis oils C H N S
Run5(wt.%) 85.5 12.0 0.8 0.7
Run6(wt.%) 84.7 13.0 0.8 05
Char C H N S
Run5(wt.%) 65.7 0.8 0.2 27
Run6(wt.%) 66.1 13 0.2 26
Digtillation residue Cc H N S
Run5(wt.%) 87.3 34 12 14
Run6(wt.%) 86.8 28 14 14

Ol4X|=st M26W M3z 2017
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Table 5. Gas composition with the reaction temperatures

Components Runl Run2 Run3 Run4

Carbon monoxide 4.2 51 36 39

Carbon dioxide 89 9.9 51 4.1

Methane 9.8 12.7 239 36.2

Ethane 4.8 5.8 7.9 9.8

Ethene 4.8 6.5 9.5 13.0

Propane 4.1 39 25 15

Propene 58 1.7 9.7 9.2

Butane 4.2 31 12 0.7

Butenes 26.1 211 12.7 85

1,3-Butadiene 12 1.0 11 13

Others 26.1 232 228 11.8
3-4. 4d 7tAe] EY el e MEvzgsiRo|dlon & sty
dEs) & ke 7k~E GC-TCDeF GC-FIDE Az SiekEte v|F =50k HEfoloje}l HiEe]
B9 BT 2akE Table 5o Uehiiolch 8 ks 2uug B9 Qele A3 AR ooy 3ol @
AL ek ofel, ofell e T Rellnh 2o vk 93RS oF 05wtk A 5 9otk ol
FRoH whg 2rerh S7FdeE wEe] dRfo]l 5 Eolo] dEdl Al HELZede fZ Y
#3) Z7kstglon A AEAst Hi Zow I GRS b I RS B9 B 5 ke
e} YARSheAe} olalslerA: o] 79 AH|op=AL A& AR, B g2 vt STt SRl
Aok 1e)ar ehibdsit -2 Blolof uf TRt A A=l Z1e]ar Aefollv; 2 WIS SRtEo] oF
7L s Hol E AeR HtHAylon et o] T8l o] & IBkEAS Ikl YAl o=
a., 2008). Cs AQ(Fgh Fel T12lar HEel) 7k {2 ARRITH OIS B SHAE 5 gl

Aoz HoiEch 31202 ol uhel Cy 7hAE A
B3Il Cy 1183l Coob 2 AEAL 7kAEQ] gego]
solwtth olgfgt AL thE Aol Auel= o
2519t Ferndndez et al., 2012). AYAHE 7}A9] 11
9] Wroero 43-48MJIkgE UEhton] vk w7}
F71EE o] wobslth & AFolA AdH

[e=]

=

HEfolols §53 W71 71Nt g5 FE FA
of| A 450014 650°Ce] &= He|oA FHE3|ste] @
do| EAS LIk Ad oY &2 456°Co
A oF 52wt.%E UreRsiTh YAk +
8 A2 gud, S5, AL, Ao, Eajv

2le} e
AL AL

2 AT A GEETA] o] A 2|
Ql “Hio] oA o] HiEs| Hio] e @Y AYAF X A3}
717 9 ZRHIQE S (AIHS. ¢ 10035420155015)

= R =00

o] Ao sayEiglomn, ofo] Zha] =g Hghck
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