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Project Code : TRG5480009

Project Title : Improvement of produced H, and reduced tar from biomass gasification by internal

heat form gasifier.
Investigator : Supawat Vivanpatarakij, D.Eng., Energy Research Institute, Chulalongkorn University.

Prof. Suttichai Assabumrungrat, Ph.D., Department of Chemical Engineering, Faculty of Engineering,

Chulalongkorn University. (Mentor)

E-mail Address : supawat@eri.chula.ac.th
Project Period : 2 Years

This research studies for improvement of produced hydrogen by 1. theoretical study of
combined biomass gasification with tar steam reforming and 2. experimental study for suitable
catalytic and condition of tar steam reforming reaction. First, Thermodynamic analysis reveals that
when selecting appropriate operating conditions, exothermic heat available from the gasifier could
sufficiently supply to the heat-demanding units including feed preheaters, steam generator and
reformer. The effects of gasification temperature (7g), reforming temperature (7. and steam-to-
biomass ratio (S:BM) on percentages of tar removal and improvement of H, production were
investigated. It was reported that the CGR system can completely remove tar and increase H,
production (1.6 times) under thermally self-sufficient condition. The increase of H, production is
mainly via the water—gas shift reaction. The experimental study of the tar steam reforming reaction
were carried out at different temperatures (450-650 OC), S/C ratios (1-5), type of supports (Al,Os,
Ca0, MgO) and %metal loading of a nickel catalyst. Representative tar consisted of toluene,
naphthalene, phenol and pyrene whose compositions varied with temperatures of biomass
gasification (700-900 oC). The experimental results follow the trends observed from the
simulations that the reaction at high temperature and S/C ratio produce more hydrogen content.
20%Ni/Al,O5 was reported as a suitable catalyst which offered stable and efficiency activity for tar

steam reforming.

Keywords : Biomass, gasifier, tar and steam reforming.
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178 (Biomass Gasification) (¥4n137 2.1) LLa:msﬁﬁm{wﬁuau@ﬁUmiLﬁ@ﬂgmmﬂ’mﬂa"yugﬂ
selasin (Tar Steam Reforming) (8n137 2.2) Lﬁaamﬂﬂﬁﬁ%mﬁv’aaaaf*ﬁwﬁmﬂu Ufjn3eang
ANUTBY (Exothermic Reaction) wazifji3819an1u3a% (Endothermic Reaction) auan6L lag
nuddpitldadunanvasanudamandsnuanuiaufinandraiu anldlasnsiissesd 55

NG URWNITTINAH
CH,O, + wH,0 +mO, «—nH, +n,CO +n,CO, +n,H,0+n;,CH,

+%C,Hg +X,C o Hg +X,CHO+Xx,CH,, -AH  (2.1)
tar + H,0<—CO+H, +AH (2.2)

a a a a o ~ A a o a
I@mnmawiﬂumiwmimm@mawumm AN319N 2.1 L:uawmsmﬁgmﬂmmi’wmamu

08119978 1a9% CHy 7600 85 (82 N=~ 1.3x10")

A135191N 2.1 NamﬁLﬂsﬂzﬁqmauﬁamaa%ama

Proximate Analysis

Volatile Matter 74.76 wt%
Fixed Carbon 14.66 wt%
Ash 4.38 wt%
Moisture Content 4.41 wt%

High Heating Value 18.87 MJ/kg




Ultimate analysis

Carbon, C 44.24 wt%
Hydrogen, H 6.548 wt%
Nitrogen, N 0.071 wt%
Oxygen, O 49.141 wt%

lagauniimaiadzesnisidaidududisnafed jisominddousddislain (e
Aasanldaing 4 slialuny (aun1shn 2.3 -2.6) ans Ujisemadfousddisleimaasdiny

(Methane Steam Reforming) (80n1371 2.7) uaz Ufjiseoiaaiuiadw (Water-gas Shift Reaction)

2
v A

(&UMIT 2.8) Si9ih

C,H, + 7H,0<—>7CO +11H, AH,,, = +881.74 kJ/mol  (2.3)
C,oHs +10H,0<—>10CO +14H, AH,g,, = +1,177.8 kJ/mol (2.4)
C,;H,, +16H,0<—>16CO + 21H, AH,,, = +651.7 kJ/mol  (2.5)
C,H O +5H,0«—>6CO +8H, AH,,, = +1,834.7 kJimol  (2.6)
CH, + H,0<—CO+3H, AH,,, = +209.44 kJ/mol  (2.7)
CO +H,0«—CO, +H, AH,,, = -40.01 kd/mol (2.8)

uwaztSunmmasaunwinduauns 4 (Ingdu uunnau Iwiu uazluea) shanananle
27N UNANNVAY C. Brage uazame (1996) lasdSunawadansUsznauluinainauiandain1 e

2.2



{ ' S o a d a o A 0
ﬂ"ls"l\‘]ﬁ 2.2 ﬂﬂﬁﬂizﬂaﬂﬂ]aﬂa’]i@nﬂ G]qu’]l]u@u ﬁqm%ﬁuﬂ’]iﬂ"ﬂ%uﬂqi 700-900 C

Analyte 700°C 800°C 200°C
Phenol 1.069 0.94] 0.753
0-Cresol 0.929 0.737 0.300
m-Cresol 1.140 0.917 0.503
p-Cresol 0.739 0.545 0.276
2,5-Xylenol 0.340 0.303 0.137
3,4-Xylenol 0.260 0.184 0.077
2,6-Xylenol 0.260 n.d.” 0.174
o-Ethylphenol 0.353 0.381 0.240
Toluene 1.125 0.274 0.538
o-Xylene 0.580 0.356 0.653
Indene 0.649 0.628 1.425
Naphthalene 0.345 0.494 1.722
2-Methylnaphthalene 0.242 0.277 0.456
i-Methylnaphthalene 0.164 0.187 0.289
Biphenyl 0.044 0.053 0.125
Acenaphthyvlene 0.208 0.285 n.d.
Fluorene 0.119 0.149 0.276
Phenanthrene 0.065 0.100 0.368
Anthracene 0.017 0.042 0.107
Pyrene 0.049 0.038 0.140
Pyridine 0.168 n.d. n.d.
2-Picoline 0.041 nd. n.d.
3-Picoline 0.027 n.d. n.d.
2-Vinylpyridine 0.054 n.d. n.d.
Quincline 0.055 n.d. n.d.
Isoquinoline 0.014 n.d. n.d.
2-Methylquinoline 0.009 n.d. n.d.

¢ Not determined
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d dl q./dn’ o YV v v o Qs aaa (24 a A L
Tawaft ldiazsh ldlfidudeyarndy lumahaugasiassny djisewdadilinduvasans
%maﬂ(ﬂuﬁmimwmaqm%wamam’maaﬂﬁﬁ%m (Thermodynamics Equilibrium) laguuusnass

NI DAAFATVAILAFTALATY AILFAI

Ce +0,—CO, (2.9)

Cy +CO,——2C0O (2.10)
Cs+H,0—H,+CO (2.11)
Cy+H,—CH, (2.12)

NnMsRsInULUaesan1znwaslisenlesls sun1sn 2.1 uaz 2.7 9 212 a0
ATanmIUTIMIaIRIEN9 g o gengiidna g lassuudliujisomanuaidu djfsmnaugs
(Equilibrium Reaction) 4 gannlen99 wazmnAudunwihdiudu fldfayaannimnasasaniiu

Tayailauwin T,@yaummuuf{haaoamazmmiﬁ'\mu@ag’uuﬁugmmaamsauqaw&'&mu (Energy



Balance) Uaz&NQANI8813 (Mass Balance) I@sia;&amoqm%wamamfmaamsmﬁ@i’mS] WATD

w1b6an Perry’s Handbook of Chemical wazAnanasgiulunisdiinmuuaailuasnn 2.3

A13191 2.3 Fanaspulumsduiiunisvasuuuinges

29 A1 [B28]
Fuatlanidn 1 kg hr']
gounNvasanudadiliosn (T,) 973-1173 [K]
sananlasluauas 0, NUTWIR (0,.BM) 0.5 []
gunniieslesh (1) 673-973 [K]

A [ & ~ [ [ [ [
NIRITMINAI WV BIT2ULNIRNaTITznanlddrs wavIwAuTaunadaInIv84
wasuenuieniitandsasaanunandiseudadiliadu (Q,) niniala (Q,) uaznasnu

sl%mhmﬂ?iwgﬂ"l,aﬁﬂ (Q,) (Ausasluauns 2.13-2.18)

Qg +Qq + Qe <0 (2.13)
Q= (X A1)+ Ques + Qo @14)
Qs =(M-C,-AT) (2.15)
Quirgs =(M-C,-AT),; (2.16)
Qu=(m-Cc,-AT), (2.17)

Qref = (Z HTSR,j)+ HMSR + HWGSR (2.18)
|
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Chemical Grade

Nickel nitrate hexahydrate solution -
Calcium oxide (CaO) Analytical

Magnesium oxide (MgO) -

Aluminum oxide (Al,O3) Analytical
Toluene Analytical
Naphthalene Analytical
Phenol Analytical
Pyrene Analytical

M3LAINANIIUHNT8

AU isenlanciiniia te3oudl835ia80ULKA230950 (Impregnation  Method) laws
finfsundsessufiuandrsiu 3 e Ysznovludrs Cao, MgO and AlLO, lasldansazaisNickel
Nitrate Hexahydrate (Ni(NOs),.6H,0) nasaneainazassznslunuauda asidragnaduanaud
guunnd 120 aseialdaa Luaa 12 T2lug wasaniwin linndasennie (Calcined with Air) 7
gounil 800 aseugaiFus (duiia 4 2139 I@ﬂﬂ%mmﬁﬂamﬁﬂLﬁaaxgnmuqu"ﬁﬁ 10 15

uaz 20 % lagsinniin
LHWHINISNAADY
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Gas composition N, balance

Tar Toluene/Naphthalene/Phenol/Pyrene
Nitrogen flow rate 99% mol (20 mL/min)

Tar flow rate 1%mol (0.06 mL/min)
Temperature 450-650 C at catalyst bed

Steam to carbon molar ratio 1-5

Pressure Atmosphere

Tagn13Wa13MINE Conversion N16a10 GC UaIAILNBINAWAKNG 4 TRaNLRRaN

UifisondfeugUdaslesi diaunisn 2.19

. [Ci], in — [Ci] ,out
B [Ci], in

Conversion (%) %100

lasn [C]; molar flow rate i = toluene, naphthalene, phenol LLas pyrene.

o

USumnInNaamalalasia a1u1IaIwI o laann sun1IN 2.20 Uaz 2.21 a9t

[Ci] , out

Productivity of hydrogen =
yor yeroge Overall mole of product

(2.19)

(2.20)

Imlﬁl [Cj]: molar flow rate j = H,, CO, CO,, CH,, C7Hg, CgHgO, CyoHg and CygHy.

% hydrogen yield= (L2 Y100

[z H2 ] theory
k=1

(2.21)
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- X-Ray Diffraction (XRD)

- BET
- SEM

- TGA
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Material BET surface (mzlg) Pore volume (cmzlg)
CaO 8.0 0.0235
MgO 2.3 0.0065
AlLO, 144.7 0.2202
15 %wt. Ni/Al,O4 60.2 0.1694
15 %wt. Ni/CaO 3.8 0.0173
15 %wt. Ni/MgO 1.9 0.0035
10 %wt. Ni/Al,O, 81.3 0.1898
15 %wt. Ni/Al,O; 60.2 0.1694
20 %wt. Ni/Al,O4 40.1 0.1324

- SEM (Scanning Electron Microscopy)
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(@) 15%Ni/ALO,

(b) 15%Ni/Ca0

(c) 15%Ni/MgO
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(a) 10%Ni/Al,O,

(b) 15%Ni/Al,0,

(c) 20%Ni/Al,O5
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