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Characteristics of Tar Generation during the interval of
Gasification of Woodchip

Jihong Moon, Uendo Lee, Changkook Ryu, Younman Lee and Wookeun Bae

ABSTRACT

Biomass gasification is a promising technology in terms of clean energy and flexible options for end use such
as heat, steam, electricity, gaseous or liquid fuels. In a gasification process, reduction of tar is very important
because it can cause any mechanical problems and small tar implies high energy efficiency. However, genera-
tion and conversion mechanisms of tar have not been fully understood due to its complex nature. In this
study, characteristics of tar generated from different gasification stages were investigated. Korean pine wood-
chip was used as feedstock and tar was sampled in a separate way during devolatilization and char gasifica-
tion stage, investigated. As a result, more various kinds of hydro carbon compounds were identified in the

devolatilization stage than char gasification stage because primary tar compounds are released mostly from
pyrolysis of cellulose and hemicellulose. When the reaction temperature increased up to 900C, tar composi-
tion becomes simplified into about 10 aromatic compounds mostly with 1-4 rings without substitution up to

phenanthrene. The sampled tar in the char gasification stage mostly contains 5-7 simple aromatic compounds.

Key Words : Tar, Biomass, Woodchip, Pyrolysis, Gasification

1. M2
A AR oA el F7bo) whE 4
% 9 olux) 53 2P BAY ATedets 9

S skt BAEAS el He Azl
oA Qel chster SAlol B4 Aol go] that
F40] ok 3 ek, ol Hel A uko] v
27 3 AU Qe shte Fmum ek ol

T e

S AL CO BARNA AFES W ohet B
Hpo] Qu 28 AREE A9 HEero] FE FAlof

5 wfol o mj S oA Ao AET o WS
t e BAAE 4529 Be HrboA
B el Fo EEZe ool shte 715Ew
QIc). B Hho] erf 2t AUHA O R 9= 2 (Wood-
chip) BENE 7}3E 0] ALgE M B2 Fpol
15 /e BHo AR ol R ul3

* gAY EAT
w A ela 74 B ek

i ghoFe| 5t 7140974 okl

T A=A A}, youngman_i@yahoo.co.kr

o &

& oF

g &
el b > f

o H OH °1]L111“‘E7} @
A olq A 7]71e] AapH o= Ol%ﬂﬂ $
—u:OH 7]./\§]_ 56]— 61-/H7]./\ Aﬂ
vlo] o uj A Hg e 7tASHE Fl
T AP pa0 QAT 78 A
Welsk gska Aol bt ol BEeI7l 3
H7lsE HAE QA EL BAYE B A5

Akt BA7EAE st ol ZHA] Bkt &

ﬂﬂ

>
Jﬁ_lilf
. ooy o rir e
e e

A EL RS KR A AR ] A}
8 5 A1) o4 HAA vrolevfAE &

23] 7hash sho] PHTIAS WA A T ol g
" o] thoksla ga o)yt "o A o) Ol;qu]— Q]
wH 0w 2 o] on) 20| Es) Fhash 3y
oA TheFel BhE(Tanzt WASA =1 olejat e
2 oA HEAE A 3 Fekde] Sof thop
3 gHol Bed BAZ o)t Eak B2 A

b wEA GEa BYR o|FolA oDz b

i

o:
jis



SF Tt Brh Ao} abgol A B A vho] ovl o] By B4 9

2o o] Waes AA FEVIAR WekEE
Aol & sl 7kt 34 A Ol A
HE ou A EAE oy = JlonE 24 bt
oleujxo) AFsl TpAstA HAYE = B2 A2
" FLR3HH3].

I}t vhol e ~0] AFS) 7hAsE I oA
A= B2l gk olsiE Wsl7] e vt o
T7F Aol goew o]t HAHS Li 59 =&
of & A=l Urh4]. 3 Morf 52 A% B2
W ZAE L ol WAEE= BHEE 23
HES71E ol 83sto] At o R #2sty] 9fd A

£ A7) 918 A7 AkE wEe v gIeHT)

Aoz Bl Boeh AROw ofRojz]
Hpo] o 2so] AR shxst wpgolA dol o3 A
o] TolAm WAHE chore Fee] nEA
shird BAR G S% 9 AL 7 SR
wistol oet Zzt ohE AT ARE 7
27 waysch goteno A3 Wejol vkt
o wree] Aol FHsske MO 0% 2
F(Class) 02 TR WHEx0] }E B2 Fol
=4 el gt A77} the AR v} odrhas)

B ApelAs $ui dnet o] MEo] A
o Tge AR ke BA vholenjse] AR
Soh AE7ABkA HAEE Bh2o) S4S ctoln
7] et A9 A7E SRSt

S
.

g8 o fo (M

\I.{),

—~
)

A whol ool A9 1A dmel drd A

g2 27 FEEC] Y HA A7 figo] A
A Z713He E3)e(Devolatilization) % 91} F2 &

Tar trap

Knife valve

2R o]Fojx 4t Fdo] 3 7hAet REEsho]
714 AAAES Tt Z 7FASHChar gasification)
FHeR m ¢ Utk & 992 A7 W=
z7] 24, 9§ AIZE, 5§ WAYUE Fol Adolst
7] wfZoll Zt7+e] Fto| A WA E = B2 54
o] A2 tE Aoz A FEAT 215k AT-oA
o] & FAE FEsto] AHE A= FopH7] §
=t 2 dFolde F2A vlo] o)A HAy
= B2E Hoh AAls] Faskr] flste] 23 o
A} 2} 7h23t JooA W= HEE st
of Zsta 74zt Bt=of tigh #AS 35Sl
o 7+ JooA Ty EE= g=29 S0 disf 12
Zshei
2. a5 w

£ Aol A T4t vlo| eul A AR S o] gt
of A§e Aaselek Table 13} 20] Tt who] e
ol A7 vhebye,

Table 1. Proximate analysis of biomass

. Volatile Fixed
Moisture Matter | Carbon Ash
wt% 6.4% 75.9% 17.4% 0.3%
RSD(%) 0.4 0.4 1.7 16.9
Table 2. Ultimate analysis of biomass
C H (0] N S(mg/kg)
wt% 50.8% | 5.37% | 43.6% | 0.0% 61.8
Heating
value 19.7 MJ/kg
(LHV)
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Fig. 1. Schematic of isothermal biomass steam gasification system.
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Fig. 2. Gas formation rate of pyrolysis and steam gasification as a function of temperature.
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Table 3. List of tar compounds that are considered for different tar classes[4,5]

Class Class name Representative compounds
| GC-undetectable Dete.rminf.:d by subtracting the GC-detectable tar fraction from the total
gravimetric tar
2 Heterocyclic aromatics Pyridine, phenol, cresols, quinoline, isoquinoline, dibenzophenol

Light aromatic

Toluene, ethylbenzene, xylenes, styrene

(1 ring)
4 Light PAH compounds Indene, Naphthalene, methylnaphthalene, biphenyl, acenaphthalene, fluo-
(2-3 rings) rene, phenanthrene, anthracene
H PAH d:
5 eavy @7 r;(;l;poun s Fluoranthene, Pyrene, chrysene, perylene, coronene
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Table 4. Tar compounds identified in the first stage for devolatilization (Unit: area%, L: light hydrocarbons)

700°C 800°C 900°C
Class Compounds
S/B=0 | S/B=3 S/B=0 | S/B=3 S/B=0 | S/B=3
L |Formamide (CH3NO) 2.17 6.06
Acetic acid (C5H1002) 4.46 8.22 6.23
Furfural (C5H402) 2.00
5 Phenol (C6H60) 6.93 2.70 6.89 16.39 4.08 5.94
Phenol, 2-methyl (o-Cresol, C7H8O) 2.78 0.98 1.14 2.92
Phenol, 3-methyl (m-Cresol, C7H80) 4.64 1.75
Benzene (C6H6) 7.45 12.28 17.12 17.40 36.50 27.08
Benzene, methyl (Toluene, C7HS) 44.16 65.90 38.78 14.81 19.35 21.07
Isopropyl butyrate (C7H1402)
Benzene, 1,3-dimethyl (m-Xylene, C8H10) 323 1.12
Benzene, 1,2-dimethyl (0-Xylene, C8H10) 0.72
3 | Styrene (C8HS) 6.67 1.75 8.24 11.99 6.94 8.28
Benzene, 1,3,5-trimethyl- (COH12) 0.68
2,3-Benzofuran (C8H60) 2.20 2.82 1.53 1.68
Bicyclo[2.2.1]hept-5-en-2-aldehyde (C8H100) 2.76 0.86
Bicyclo[3.2.0]hept-2ene, 2-methyl (C8H12) 221
3-Phenylpropenal (C9H80) 1.03 0.30
Indene (C9HS) 3.66 0.86 6.32 8.25 8.96 9.91
Ketone, methyl 5-norbornen-2yl (C9H120) 1.99 0.56
Trans-methoxy-6methylene-3-oxabycyclo[3.3.0] 0.86
octan-2-one (C9H1203)
Cyclopropene, 1-methyl-2cyclopropen-1-yl- 072
(C10H10)
Indene, 1-methyl (C10H10) 2.26
4 Naphthalene (C10HS) 3.26 0.72 7.33 13.21 17.07 16.56
Naphthalene,1-methyl (C11H10) 0.98 1.45 2.61 1.56 2.27
Phenyl benzene (C12H10) 0.00 0.00
Acenaphylene (C12H10) 1.42 2.83 2.48 4.14
Dibenzofuran (C12H80)
Fluorene (C13H10) 1.12
Phenanthrene (C14H10) 1.55 1.95
ofA Zal7t vl ofEe WFEE0] B F4 7V E7Fs skt
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Table 5. Tar compounds identified in the second stage for char gasification (Unit: area%, L: light hydrocarbons)

700C

800C

900C

Class Compounds

S/B=0

S/B=3

S/B=0

S/B=3

S/B=0

S/B=3

L |Formamide (CH3NO)

12.48

Acetic acid (C5H1002)

Furfural (C5H402)

Phenol (C6H60)

3.92

38.26

26.50

30.69

10.88

Phenol, 2-methyl (o-Cresol, C7H8O)

Phenol, 3-methyl (m-Cresol, C7H80)

1.40

25.39

Benzene (C6H6)

33.24

26.04

21.44

Benzene, methyl (Toluene, C7HS)

54.91

Isopropyl butyrate (C7H1402)

Benzene, 1,3-dimethyl (m-Xylene, C8H10)

Benzene, 1,2-dimethyl (0-Xylene, C8H10)

3 | Styrene (C8HS)

2.26

Benzene, 1,3,5-trimethyl- (COH12)

2,3-Benzofuran (C8H60)

Bicyclo[2.2.1]hept-5-en-2-aldehyde (C8H100)

Bicyclo[3.2.0]hept-2ene, 2-methyl (C8H12)

3-Phenylpropenal (C9H80)

Indene (C9HS)

2.04

10.32

17.59

10.31

14.72

10.85

Ketone, methyl 5-norbornen-2yl (CO9H120)

Trans-methoxy-6methylene-3-oxabycyclo[3.3.0]
octan-2-one (C9H1203)

Cyclopropene, 1-methyl-2cyclopropen-1-yl-
(C10H10)

Indene, 1-methyl (C10H10)

Naphthalene (C10HS)

222

18.52

29.88

33.64

46.69

50.81

Naphthalene,1-methyl (C11H10)

7.51

7.33

7.06

Phenyl benzene (C12H10)

0.00

Acenaphylene (C12H10)

5.54

19.11

Dibenzofuran (C12H80)

Fluorene (C13H10)

4.84

Phenanthrene (C14H10)

6.28

7.32
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