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Abstract

This project aims to evaluate the characteristics of the plasma
gasification plant of INER. The results can be a good reference for the
development of the plasma gasifier of INER. The plasma gasification
plant is designed to convert biomass into synthesis gases (or so called
“syngas” hereafter.) These gases are then purified by a set of gas
cleaning devices. The cleaned syngas services either as the fuel for
electricity generation or as the raw materials for liquefaction into
high-economical chemicals. Although INER’s gasifier can product
syngas, the gasifier is still suffered by “tar,” which results in clogging of
pipes, reducing the biomass energy utilization, and being difficult to the
operation and maintenance of the gas cleaning devices. According to
the facts, it is deemed necessary to better understand the relationship
between the plasma gasification parameters and the formation of tar.
Therefore, this project is going to analyze the relationship between the
plasma operation parameters and the formation of tar, to evaluate the tar
destruction efficiency of the plasma tar cracker, and to investigate the tar
removal efficiency of the gas cleaning devices. With the experimental
data, this project will suggest the suitable operation strategy.
Additionally, paper reviews on tar formation, sampling of tar, analysis

method of tar, plasma tar cracker are also covered in this project.

Keywords: gasifier, tar, sampling method, analysis technology
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foooosemmeeo- Heated linc to sampling
' nozzle (stainless steel)

[]_LD= 500 mm
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Heat exchanger (water cooled)
Moisture condensation bottle (2 1)
Tar impinger bottles (app. 50 ml anisole) Gas volume integrator
Residual particle filter LCV burner

B 22 ¥BATFZFF % «o»l%‘Ji o ¥ [2]

Vacuum pump
Flow indicator

European Commission % #& #1— £ % M g & £ R4 FF
ek g P 85 AP R ok Z[3]HARR VY 2T
o (FiFi2T 2 Fktk> o 7 3 Pﬁii‘f? ez f % F...%) >
o (4 updraft & downdraft) % g #84|;¢ (4 fixed bed #
fluidized bed gasifier) - ¥ if * *§ & § F 0-900.8°C » & 4
] 0.6-60 bars % & & #= [ /1 *+ 1-300 mg/m’ 2_ % f& - B 2-3 4
3%k ML BRI AR o LR AR S FE e BIRA L F IR T~ Mok
s~ B R oA RE o F S EIRISEE 6L P Bl
Figon | A BFFZ A B P iR kA 0 F Y gl Ek
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Sampling port
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el d 548> 02 GC-TCD FrpFie (74 #2457 > 40 Hp »
CO~CO,~H,S... o Ziplidis #}3 4% 0.8 L/min e 4 A5 T
Btz Brrdk 4 5.2-290%

Suction pump

Flow adjustor

Activated carbon  Cotton filter I Cotton filter 1

Flow meter
| GC-TCD Q‘
§ § @ §F§ 5
D A AN AN AN A AD AN AN A
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Mixture of salt /water/ice bath Isopropanol bath
(Temperature 3+ 1°C) (Temperature -22+ 1 C)

B 2-4 £ 2 VOCs & #3545 4 %[4]

G fia A G 02 DCM~ B (3 i d 445 % © 3 % 4 Qin
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>4 LS 2 fagpit £ 4 oHasleretal. [2]i8— b 7 B 3
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gIYCOI o & %&%*{_@ﬁiﬁ ok 2 \/F' t'f'] =N ?R g0z oo t—LEZ/{Hiﬁ



=

]
&
A

Sampling temp. [°C]

E R

FORITE B T3 Mo REfpEeEFIMIEY » &

FH LB LT

1. Particles : ™ jjg S miBimF i 2 3 R {s » Rjg i %
HBRpATHFIUREERMEFZTIR > DT At
2 o R

2. Heavy tar @ €& 200°C M P2 3 &~ 35 1 &5 ¢
FLz o - IR (S 25 WY 155°C (F T peA gh)
B AT ARG I F o

3. PAH:Polyaromatic hydrocarbonse % :%# 3 # 12 USEPA
w42 16 #8 PAH 2 (7 4 47 o

4. Phenols : % § "-OH, Fhz ¥ &£+ FH2 -

5. Water soluble organic residue : 53 ‘$ & ¢ o particle
A R AR L TR Lt
R

40 +— - e _

204 —

0 Isopropyf gly(ol]w y ]

220 - : _

40 L/DCM] | | PR |

60 'AV : " Solvent loss =3 gNm' |

-80 _7,,,,,,,,,/ \ L I S

1100 N ,' | _
0 50 100 150 200 250

®l 2-5

boiling point of solvent [°C]
WA RIA EER 3 ¥R A A BR2 4p B (2]
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-2 AR E EIRK A OO B - AR R AT
Jofk o TRt REGE- 0 RN E YRR AT EE ¢ A HAp ik
fe2 Eoe A

% AR S TR 2 b i B AP RIR TR R R TR
TR E AR o Bl 2-6 5 PP E A HEBRARL T LR
Phuphuakrat et al. [4]i# * Sibata Scientific Technology Ltd.px &
2. BB E o 3%k d Sui 100 mg 2 50 mg 2 = FE SRR
? (Charcoal tube > O.D. 6 mm ) % “3 520 mg * 260 mg 2. =
Fe# % ¥ (Silica gel tube > O.D. 8 mm ) 7l = » F2p ¢ S5
Zt4B 42 (non-polar) F #1t &4 » 7 ¥ ¢ B fi&{E (polar)
I EF B2 k& EF M 1mL 0 CS, 2 2mL 07 A
A EER R E 2P RE T RE N S PR
Kk e

Sampling port Charcoal tube Silica gel tube

i b oS

Purge
- (2)- pde——(D——
Suction pump Flow conirol valve: Flow meter

Bl 2-6  327% AR A [4]
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Bl 2-13 2 HEic 2 A, d BP PP HT LF %
(Ao SR ) SLILE & B i SRS (L SEE S 2
B S EMBEP 255 > LA K A2 LT Foondf & oresl
Fonr 2 FAREW o B 2-14 5 F AP B 2R s
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property, analysis, reforming mechanism and model for

biomass gasification - An overview | 8> p % #F~ )
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GC/MS #4717 e Ljb eniv B e 2 S g% o

Mixed Phenolic Alkyl Heterocyclic Larger
y i PAH
Oxygenates — Ethers — Phenolics — Ethers — —> PAH
400 °C 500 °C 600 ‘C 700 °C 800 °C 900 °C

B 2-15 & kT L RIO]

Baker et al. [10]%gfédp dipe & + T E# | A 2ok AR
Rt TOEIENE] 2-16 ¢ o W P E T EW | 2 AR
PR M F R RN B 95 4 T
(wood) 112 wt%:hE M A2 » @ T F i BRG 1%
FEH AL o FEAZMHMERF PR Ed > 2 600°CT 0 &
W EEE 15% > @ T750°C R G 4% B 58 - ¥ 55 2
AT R B 750°C 2 TR E T B 2 E 5 4.3% 1 810°C
PR % 1.5% - Battelle Columbus Laboratories ik jit 3% # 1« % %
TR 1000°C > B 2 .9 1% % 227007 b HiFs &9
SRS -

INER AR ES S F A LRgenddy o E 2 EER O %
Mo F T frd 72T 2 EF TR R TN
4BHfELY R - BT A LG o RDT R FALN Y A
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% 2-1 gaap Bt £ e 3]

Tay glass  Class nae Propety Representative cojupounds
l GCundetectable Viery heavy tags, cappot be detected by GC Determined by sobtjacting the GC-detectable tay
fraption finm the fnfal gravimetrio far
2 Heteroeyelic ajomaties  Tays containing hetego atoms: highly water soluble compounds  Pyiidine, phenol, cresols, guinoline, isogeinoline,
dibenzophenol
3 Light aromate (1 ing)  Useally light hydrocasbons with single ringi do not pese a Toluene, ethylbeazene, sylenes, styrene
preblem regarding condensability and solubility
4 Light PAH compounds 2 and 2 rings compounds; condense at low temperatore Indzpe, naphthalene, methylnaphthalene, biphenyl,
(=% Fings) gven at very low coneentratjon agenaphthalene, flvorens, pheranthrens. anthracene
5 Heavy PAH compounds  Larger than 3-ring. these components condense at Fleoranthene, pyrene. chrysens, perylene, coronene
(4=7 rings} high-temperatures at low copcentrations

%22 2 RAfESF I EA A 2 B [8]

Conventional Lash pyrolysis i450-500"C}) Acids aldehydes ketones furans alcohols complex cxygsnates phenols geajacols
syfingol complen phenols
High-temperature {lash pyrolysis (G00-650°C) Benzenes phenols catechols naphthalenes biphenyls phenanthrenes benzofurans benzaldehydes
Conventional steam gasification (H0-800 *C) Naphthalenes acenaphihylenes [worenes phenznthrenes benzaldehydes phenols
naphtholeyans benzanthracenes
High-temperatere steam gasification (900=1000°C) Naphthalene acenaphthylens phenanthrene fluoranthens pyrene acephenanthrylens

benzanthracenes benzopyrenes 226 MW PAHs 276 MW PAHs
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e % 21998 £ A% & % [ #8747 EU/JIEA/US-DOE § %
R B iR v BRI LA S R A A S B
WS L EA S EW [11]-

EB e T RS RAACFERHER SRS LS
B w[12,13] 2 4ok 2-1 #F7 o Bod - L F Fleedfo (&G fo) P o
F ORI R XK E P IVDHF ok G DR Y
MFARER XA FHCHERE > FILRG B R AL
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Bt Mg 8975 B rBaoFpE P 2 asaf
e
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A Ar e & TR > 139k Raoult = &[14] 0 5 = 5 & (248
i) ko d B F g SEREERGTETRS L0 G
BLER TR R AN RS REN B R PR R o T
AART RO BN BRHITRESFEL faE R S
Hood PLIPIE RN BEE R MONIEH B UE R > A R R
MFBIEEDFBEETAREA T E R AR wPE RNV
FRNEXFP AN PFBAERER TR E - B 2-17 &
Bergman et al. [15]#74% 21 2. £ 74 B BhAvik B B anbf (5 o 38084

A A B AR TS blde B0 5% S ARG R S

LT

ZHRSEDEWN P B REDSFBIDRL LG AR TR
BER KR - FLANA AT BEIEZ S S5 1L o ¢
N R (CFB)F %@ 3 0 - S F 1 A L
300-350°C B 43t 5 [15]« it % S B g ER MDA 9 0.1
mg/m’ > PGB L (°C) PAREF ER DT 2 34 ED T
»2 % 8L (40 1,000 mg/m’) - B 2-10 # 4p % S &7 & B ¥ 258

"

FERED BB TR ARMGER DY SHEM (eg <l mgm’)
2,7 0 BBLER 7% 100°C © § ¢ mmgﬂ:% S

CRADEDP > BREERN2C e T g4 ¢ Bk
Wipensh 2 2 ABFEW o F 5 3 LD kA XAEF] 10,000
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L A B S——

Temperature (°C)

-150 T T T T
0.1 1 10 100 1000 10000

Tar-class concentration (mg/m3)

B 2-17 7 F B ERT B B85 %R R 2 4P 12[15]

CEH)EF 7

L AL E e 5 BB AW AR (on-line)fridt s (off-line )
EFRE T FARAREF Ik AR E S 2 S EL S 4
R A A B3RS 23 G R LR - e Ak
oA G o RBF R FAEITR (GCMS) & £ 852 (734
kg e F it HEDEFFL ) BH B
UNDP/World Bakd ¢ i * 4z 10 #[3] - Aa £ £2 ¥ EF &
M EAEE Y 2 kR HN SR S 2 28 19 F 548 GC ¢
A v ORI A 0 Ao F e R (Mass) ~ X EHF R D)

33%3
=

EodviFepPlgdzairo
Buck Scientific Inc./# GC-PID 4*#%f Naphthalene =% & /4 &
7+ & & 47 o PID (Photo-ionizationdetector)+* i# 53 TCD £ FID
L5 @A £ B H2 B Al Y B e 4 i befe £
PR i Y- BigF e Xm > TCD 4c FID &P &

"
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BRI e ERF LG AL R Rk G rUhERT
B S g AT B S i % o X K I Buck 910GC; 4L -
Mxt-5 (30 m x 0.53 mm x 0.50 um) ; § & ¥ : PID ; /2 6+ @ o
Ao~ 250°C 5 4 F 1 4 F (20 mm/sec) 5 R AR 60°C >
10°C/min » 350°C o [16]

Aygun et al. [17]3 & - #&* ** benzo[a]pyrene 2. f| % X B~
IR ER %’%E’ % Bk 472 (HPLC) ¢ benzo[a]pyrene ¥ 1444 5%

e I

_‘1

Alben {]* GC-MS (EI 2 CI) $7 * % s g ? 47 5
%> A5 (PAHs) [18] o g 142 ¥ LenFBe S d 4 & 11 3=
A FBRA2 RANS BT AT L o il At hEBR
Fixtar Fangiitfegqdeni ;45 iio

Zhang etal.”2 HPLC & {7 k 3Lit %23 » d % 2 £ enF &
+ A4 ¢ &4 PAHs 27988 T8 - B 317 F LA i o
PAHs » ¥ % i w 48~ 2 & 7 &% : (1)4p $ % F p5 F (RRT)
(2)stop-flow-UV 5 5 Q)% e icdpth O 47 F e UV R
£ T Vigik o TE 2 Y o %A Y £ h 4R 2 (External
Standard, E-X) > p 1%/Z (Internal standard, I-N)fe*t &g & ¥+
(External standard-response factors, E-F)i& {7 +- fie o g % 4 d122 3%
#* E-F methode 3 & /A% :}F, Mdeie 2 F BF+(F) ¢ 32
HPLC peak-area method fri¢ * UV k3 ke UV sk &
(absorbance method) ° 323K £ 4 1% sk B iz £k F o JL
BRI ETED30MAI RIS OF E o RS R ER

B EBARSR AN e AR A L R RN FIE Y S 2

25



BHF AT 2 [19]

Karellas and Karl B2 - B & * >tk k3o £ p[E &
Foo 2% kAA WV PR F Wi & 22 (Hy,» CHy~ CO~ CO;
H0) s ¥ 4 A F ¢ RAE 1 &3 el s o b o 237 )
SLPGEH T E W 7B 2 F o o [20]

RAFE Y S REN S B E 0 GO/MS SRR RS
2 EABEASYT FBEAE A F Mk F N 2 FIHE
S BN F IR EBANETAT o % 2 31T S HchoT

GC: Agilent 6890

MS: Agilent 5973

Inlet temperature: 260°C

Carrier gas and flow rate: Helium (1.9 mL/min)

Column: DB-5MS (60 m x 0.25 mm % 0.25 um)

Temperature ramp: 170°C, 10 min, 8 °C/min, 320°C, 12 min

Transport temperature: 280°C

Source temperature: 230°C

A T3 582 44 USEPA 2z Method 8270C 2T Semivolatile
Organic Compounds by Gas Chromatography / Mass Spectrometry
(GOIMS) | 2% @ AR A= %7 4 A & % %L T

( Semivolatile Organic Compounds, SVOCs) z_ T+ 2 & » &%

R R LERNE TR

VAR i JE I R EE L Rk e SL RO T
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iRFREY
rE G

HREEZ FEHREEREA SR T A

F% 2T EM 4 2y d] |3

B 44
PR S IPE I 1

-~ ERBREERZ RS

ERFR S R LS -

W F“ F PP AT TR BRI 3

%‘

o RS HRIRC 2

Bowmdr 1 (7o WA hyeT
(- )EERS Z2RFEREE

v A ggeClass2~4 % 5 5 4

/

4.9%2
Faetho » W

%3154 tpdvo
’f——;]’!’*”’/};?‘)ili"“
T

Wt AAT Y R S lE T @l

1.14 g/Nm’ » Eb kAR T % 4.10 g/Nm’ o #

Hﬂi%ﬁﬂﬁ&ﬁ*ﬂ%&%%ﬂi@»%E@247w@4
v e % 2-1° &
CF - BB B A
2 ERARIT o EEA T A AL LRk 79% > B ER

FokF 43% BRSO LR

S

By v H* kil
&= B B DF RS L AET

L
& \~

F2 BB FBEUEAERE L L o

%31 FEBRALM KT ZRRELES

B *i;;ﬁﬁ £ 3 3k B (/Nm') soksee)|  wa
ixgi 1.09 4.20 103 | &ikSER
: A T 2.63

Filter / 118 B 1 4.00 9.87 o i

Condenser 2ot 1.27
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e RE S
327 M A E A A e B rREKREE X

FRPRITZEER O REMBILEAZ BAoH P HiERREA-L
R R o F MR 5 kAR ERE A FFH
EAGd AFHEGAE E s B F S RERERT
B ERERARTICETNEN 2 RF ERF -7 HE%HE
A2 RlE g4 Fitiez g d Raz 80slpm B % T ' 1 30
slpm > F] iR 5 A-3 2 I (T A BE B R BT A2 0 F > 2R3
FEREAY FHRBI A3 2 e s ir g B4R T a4F 80 slpm o b
BERMILA2E A3 Z S5 B IMF e Tt T AR F P

HHhenfoh 4 =g o

%32 JAlF e EMEEREE

. , £k B (g/Nm’ .

e MY BR R (@Nm) Pk P
WA | @Nm) | A [ | | (%) !

— KN
(F40) | G 49)

A-1 0.658 1.18 0.675 1.85 17 P
A-2 | 0.501 0.601 | 0323 | 0.924 14 R
A-3 | 0.409 0.521 | 0343 | 0.864 13 R
B-1 1.43 10.7 52.1 62.8 18 o s
B-2 0.922 9.98 41.2 51.2 18 Foomh
B-3 0.354 1.79 1.84 3.63 9 T
B-4 0.079 0.573 0.728 1.30 9 IR
AFF AR (FP935kg) s g 2 80slpm (Air) e




BplRE AR AN T AR EF e s 5T N CF
e d BT ey > P2 g ) 2 TR (Fin e d
TR P2 RF TN )RR RSFRE F R TN
PmAFARE S A FAPED > A IR G W JEBF R
Flid T A F e orflpz R T oAf W™ 2 5 27
W T Z KK o Mk s B ERFRA T Fla kg P
Bk~ B EkF R V- 235 0 AN (A
B-1-B-2) 2 Fii8 (A2~A3-B-3-B4) 2 %% plgFnd
HELBIEA o Ui 2% REP > 5 A-1~B-1 2 B2
2R R RERR MApAN2R FPERSE FAALSZ B HEL
(AFEFEHNIRETIR - Hrf tpkTr gLy 07
FEEF 3 o A7 BT i R FlaeT
Lood 2 i praodki® 2 By givdep 2830
R T PN K] > FIR R 24 F R
2P o EPIeG A @ TS o id 2 W R I A
BAF > 9 TR EEE

2. AFFEREF AR @R EF P okF R EREE
¥ o wrhFFP 22045 % wood> 2 B2 HH ~ 7
PR AR RRE TRV SN F RERL B

2

o ¥ wood ¥t H k% F iE 2 XA BRRET R E
X T L
T :h];f;;uJ[E 1T },j\xgﬂig' / @]lféwﬁ_{,#k%%‘gﬁ

Z R SRR 2-11 47 0 4 33 A EERER
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%33 LAl tEEEy T EAEERES

e , £k B (g/Nm’ N
Rk bk RN S I,
WA | (N | [ | () !
(FAp) | Giam) |
C-1 1.73 0.146 0.455 0.601 33 oot
C-2 8.93 0.057 0.143 0.200 2.3 I
C-3 6.39 0.036 0.171 0.207 2.3 I

: 80 slpm (Air) °

AF o A (S35 H35kg); i d

R e B~ FIAR B R R 2 R VAR B ] T
Foiltphic 2 B R R FAREARR > 2 f AP B B0k
BT RN R R F PR M RN 2 kSl B
- AR 2 S g Bk dod 34007 o FARP L

JAF e AFUKEE BRI A FIPEREKE
KRS AT E R LR FINERT S DR R 27 A8 (A
B ok 3) g drg j RN BARERHASE Y 2
AR s WA Rk TR Ap B 4
s T E ] 80%r4 o kiRt L A2 98% o ¥ HAp Kb ihd
ot 90% e d s Bid 2 B BIE R 2-17 2 & 2-1
Ty f R AT ERESY REARR 0 & 217 % Class 3 2
LA pRF B AU R F BT Imym o  ° i
FIRE-ER > FI VB LHLE
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303-4 pAF R B3 ke

o RS ™ it

zomp ks | BT 729 0871
(g/Nm’) 2§ 0.146 0.047
405 98.0% 94.6%
srrpmanan | BUT 313 0.809
(g/Nm’) B 0.455 0.157
s 98.6% 80.6%
B A IR 38.6 1.68
(g/Nm’) B 0.601 0.204
s 98.4% 87.9%

Ra g RBADL LA F P REFIERRAAF R
Hoirmip b a4 2 B ERmM» 235 L pkf
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F— 3G 5i-H O RER RS AT Rk P2 B
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R A3 g [ FA B
COOH
4-hydroxy-§-m§th0XY' 168 17.5% Q
benzoic acid
OH OCH;
OCH;
| OCH;
e h o /©i
Benzene
HC OCH;
OH
N OCH;
2-methoxy-4-(1-propenyl)- 164 9.3%
phenol
C3H5
COCH;
1-(4-hydrocy-3-methoxyphenyl) 162 5.5%
-ethanone
OCH;
OH
C4OH;
HCO \ OCH;
Desaspidinol 210 4.3%
OH
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S ALF R A e

e F+E | A S
Fluoranthene or 200 34.50 . O OO
Pyrene Q OO
or
Phenanthrene 178 34.31 ‘
NO,
1-Nitropyrene 247 9.9
X
L ~N
Benzo(h)cinnoline 180 5.16 N~
(F38)
9,10-Anthracenedione 208 3.93 im
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Vol%

CHONEAFHVEED 2 22 M

AR T B R PR T R e T
Pk fd AR FAE L2 R ARE s B 3-1~F) 3-4 & 9 5 3%
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