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Abstract: Steam gasification of waste tire pyrolysis oil (WTPO) was investigated using a multi-stage downdraft gas-
ification system to evaluate producer gas composition and tar formation behavior. WTPO was produced in a bench-scale
continuous reactor and supplied as a liquid feedstock to improve feeding stability compared with solid waste tires. Steam
gasification experiments were conducted at temperatures of 870 and 920 °C with steam-to-carbon (S/C) ratios of 1-5, and
the effect of activated carbon applied in the secondary reactor was examined. The hydrogen content of the produced gas
ranged from approximately 33 to 79 vol% depending on the operating conditions. Increasing the reaction temperature
enhanced hydrogen production and reduced methane content due to promoted steam reforming reactions. When activated
carbon was applied, the hydrogen content reached 78—79 vol% and above C, hydrocarbons were almost completely elim-
inated. The tar content in the producer gas varied from 15 to 1,071 mg/Nm’. Higher reaction temperatures reduced tar
formation, whereas excessive steam supply increased tar content. In contrast, activated carbon significantly reduced tar
content to below 12—13 mg/Nm’.
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Table 1. Feedstock Properties of WTPO

Elemental analysis (wt%)
C H N S (¢}
89.6 8.7 1.7 1.0 -

- Oxygen content was not directly measured
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Figure 1. Schematic diagram of a two-stage down-draft gasification
system.
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28] 7p23) A|2"e WTPO F95F, 26 2+ 3 24 7
A 221, 1} 728 vk U 27 103.5 mm, ¥©] 470 mm,
3 39 L), 22k HE 9-&71(HF- A7 103.5 mm, Z°]
250 mm), 2232 A 712 W72k AR2 E2EE7X] (impact-
separator), Z1E1A] (condenser)Z T EATH WTPOS} -8
2 SH Z(Eldex Optos, High pressure liquid metering pump,
Model 3SM)E FFHAeH, 282 A H= o]F 7]3}
71¢=2 W A7 2 mm)s B3l °F 350°C 2R J+°é <71
BElE 12} 7RS3) whE7] el FAE AT B3k vk
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7] 7t W22 A7) s8] B9 furnace® 3= 3
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reforming WF3-S 53) El= AJE9] &R} 7t22 o] Adke
F= 4 k. 3L, Jeong 5 two-stage gasifierol|A] &
Jek A8 Al E]'E A} ra A Y BIE Barsk vk 9l
ok 2 Aol ARS-E €/ Eh(activated carbon, AC)K 7IoFg
AR GF el et 48 SR 2A 7S &
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mesh 710]3 M|5~8-% (pore volume)y 0.45-0.7 cc/g®]Th.
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Steam gasification of WTPO
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Figure 2. Major reactions of pyrolysis from waste tire and steam gasification of WTPO.
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Table 2. Experimental Conditions of Steam Gasification
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tracer)2 ARE-3I] AlLkE TEFE 715 7R R
min)S o371A 7178 st Ri
o] Akadtt.
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Vr=Vy: S )
J7 14, T ¥He7] SE(KelTh.

A ukgo] BolaiA] e B4 71N, W F I
g FEeR A& FYHNeH, APEEHAM SHE T
244 o838t 7ks Ek— APgsiitt. ool wiet AldtE
AFAIZRE AZ 7122 715 (dry gas basis)?] Ht AFAIZRS
ojw gt & ATl ARG 7hAsE Ala"e 12} 7RAs)

719} A kg2 Y gk Lxolng &
e ?‘4%@ 7d_(AC 1 2 AC-2)ellX = Eq. 59 7] A
7 7t W37 AR ez ol

Tom =T 7, ®)

total

A7|M, 7 12} 7FEREST] A JAIZE e 221 R B
7] AFAIZYeItt, 22k WA w3719 -, SEe] X1
A e A+ F7H(void volumeye 7|50 E Fa FuE At
Akt

Z2FM 7t B4 B 2 AT Bl (s Z25A
71~ U AR gas-phase tarz 2SIt BI2 5% (mg/
Nm3)b GC-TCDIFID B9 25 Qekalglon wAlnc)
& wAEFE 7R gsEae] dAE 7R APgsislth
A *é% iiv*ﬁ 7hse] 2L 7 AR nFE T2 9 (gas
chromatography, GC)& ©|-&-3f] #4185t

ZRFA 7k #Adle GHEE AE7](thermal conductivity
detector, TCD) % E320]25} 7= 7](flame ionization detector,
FIDY’} 321 GC A)12~8)(GC-TCD/FID: Clarus 690, PerkinElmer
Instruments)S AF8-3}3 T} H,, CO, CO, A EAd=
GC-TCDE AFg-3tom, BAl# AH-2 Carboxen 1000 2
H(15 ft x 1/8-inch stainless steelyS AHE-3IATE CH, 2 C, ©]
7 Eslea il #4oli= GC-FIDE AMS311AL, HP-AL/
KCL A3 A (50 m x 032 mm LD., 8 um film thickness)=-
ARESISITE & Aol 24 ZIH 2= of22(Ar) 7S
ARSI ZEFA 7EE AES A 7RAs) jRgo] oFY
ZQl 4053l WEHAL, T AR HAwS HE 7k

I AT TR

Runs 1 2 3 4 5 6 AC1 AC2
Reaction temperature (°C) 870 920 870 920
Steam/carbon ratio (mol/mol) 1 3 5 1 3 5 1
Residence time (s) 8.4 11 144 42 3.0 2.8 1.8 2.0
Activated carbon (g) 0 200
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A 7129 248 Table 39 AElste] Yepjith 28

o=
AE AolM A 7180 F8 AR FaH,), LAkstE

2(CO), o|2ksle2(CO,) B HEHCH oI, A%e] C,
o 'tslravt 3 HEEA ¥ 2% 870 H 920 °C

2 S/C M) 1-5 W9feA A ZRFA Tpe] A o
2 9F 33-79 vol% W= Hepdor, 2310 me} 2 2}
& HAth 53] vk 257t 920°CE F7Hge] w4
o] MubH o R Zrlske e H3lew, s/C H] Ml
wet par, Gaksteta Bl o akslkae] ATiA ]l 24o] &
Zhitt. dakshebad] S A= 2-11 vol% Mo &
Ea}3len], S/C H7F STl Wt fhadhe 4de wol
= N, oqksbekad] SFEE AtiH o R Skeke Ade
UERA AT, wiEke] 79 6-18 vol% MR AZEHALE G,
ol 'l AR A oR e oFke Belon &
dehe A8 o2 2o e I AEEIT 29
A& 2AAC1 B AC2PIM = Z2FA 7k U 4
gho] oF 78-79 vol% o2 71 A vEReH, ¢,
olF "Ekra AEE 719 AEHA @sdth ol A=
B 48 ofol] mEt A o] o] A 2Rk
WS HAFETE Z2FA] 7k & (producer gas yield)}

22 2~ 0

T4 TEMH, yieldyS JFH o=z Freidh £ dtolae

Table 3. Compositions of Producer Gas From Steam Gasification

W5 32 712 (internal tracer)@ ARE-3le] AA 712~
FS eI o, o]5 WTPO £UH 7[Eo =
3Hkste] 7k &S ARSIATE Z2FA] 7t g2
WTPO 1 kg@ AAE Az 7122 AHNm')S 2|v]shH,
o 2] (6) o] ALlskint.

Vv

gas

Y, (©)

gas

mWTPO

O:] 7]/\‘1 s )fgas—E g -l‘;r/\“ 7}‘_}_\_51:%(Nm3/kgw]'po), Vgas "E X(S] }E)]-}\O]-
Eoll A A A 7F29] A {2 (Nm’/min), ritypo =

WTPO®| A £ - (kg/min)°] T}
A% 7k AA FFe vk T dA fEeR A& F

U ARNYE - 55 2 ALgHe] ARt 3
A whgol) Folsh) ek BE Z1A2A, BAgEe

F Ake] B B8-S olgtel A4 712

Y,

100

=Y,

2 gas

Y, (7
oq71A, Y, }12E T4 FENm/kgwrreo), ¥, it — ZRFA TkS
?—%(NmS/kgwwo), Y Hzl‘:— ZZRA 7S U A0 B B8
(Vol%)oITh. B Aol i 2L GC-TCD 248 s

T Ao

Runs 1 2 3 4 5 6 AC-1 AC-2
Compositions (vol%)
H, 452 37.8 33.6 63.0 65.9 62.5 79.7 78.7
N, 29.7 455 50.8 17.4 104 11.3 5.5 6.5
CO 3.8 2.5 2.6 4.8 11.0 8.5 35 39
CO, 0.8 0.8 0.4 1.6 35 34 43 42
CH, 17.5 10.2 8.4 12.1 7.5 10.3 7.0 6.7
G, 2.0 2.3 2.6 0.4 0.8 1.93 - -
G <0.1 0.2 0.2 <0.1 <0.1 <0.1 - -
C, <0.1 <0.1 <0.1 <0.1 <0.1 0.1 - -
Cs <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - -
above Cg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - -
Benzene <0.1 <0.1 1.2 0.5 0.8 1.8 <0.1 <0.1
Toluene <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tar in gas (mg/Nm’®) 110 1,071 159 15 33 153 12 13
Heating Value (kcal/Nm®) 2,111.1 1,306.7 1,302.9 1,587.8 1,582.5 1,893.1 1,460.6 1,437.8
Producer gas yield (Nm*/kg fuel) 7.5 4.9 44 12.8 21.5 19.8 40.5 344
H, yield (Nm*/kg fuel) 3.4 1.9 1.5 8.1 14.2 12.3 323 27.1

*(-): Not detected
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920 °C Z7ollA] S/C H] 1, 3, 50 W& ZEFA] 7k 2A
UERAT uks- =71 870914 920 °CE F71etoll wh
BE S/IC H] 270X F4(H,) &3] FalatA S7hst
AFS BATE o E B0, S/IC=1 ZANA 4 Thape
870 °CellM 452 vol%1 21, 920 °ClM= 63 vol%Z 57}
ATt FAFEHA S/IC=3 ZACNAME 37.8914 65.9 vol%,
I3 S/C =5 ZANAME 33.60014 62.5 vol%® G4 Sk
o] AA ST ol# g A= BhS =& Aol wet

)

fr & do

~
=

Composition of producer gas (Vol%)

1 3 5
S/C ratio

~
=3

)

Composition of producer gas (Vol%)

1 3 5
S/C ratio

Figure 3. Effect of steam-to-carbon (S/C) ratio and reaction tem-
perature on producer gas composition at (a) 870; (b) 920 °C.
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HEH, L3 25 2o S/C H] 7 194 322 Ut
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-2 920 °C AN 4 SHERS S/C =194 308
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Figure 4. Effect of activated carbon on producer gas composition
during steam gasification of WTPO.
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Figure 5. Effect of operating conditions on tar content in producer
gas during steam gasification of WTPO.
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