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TSRS 71014 ol om2 F4 AR o] WSS Fof duel=iE WYE Hiol e d(Bio-oil) % HIS
= 7}2(Non-condensable gas) 29| A&, o8 3 ++& e H= Uk & A9 542 {F550hs
7] Wil FUE Hol o7t 9 AR Bt TAEE AEEY a8 oE AF 9 AlEdeld g
HlI gl A8k Aotk g4 dEele] AlEdloldE 918l kAl % Computational Fluid Dynamics, CFD)
ZzIo] ARgE o, vlo] QulAo] & ARES] AlEH ol HE P18l Biol L2 S19) 4 AR AR
e whe Az=7E A8HSIE o] dEs W2 AlFAHoz MERCA(Celulose), IWHEROA
(Hemicellulose) 3! 2]1d(Lignin)¢] ¥H-& 238l glom, desi=i e WARE F8 7kA 82 olilskt
2(CO,), LAFBHEFA(CO), MIEHCHY), ax(H), oER(CoHa) ol & W] o529} 7] #3(Melin et dl.,
2014)°] A3 W AlEHold AE vlwstglon, 1 A, CHa He W CoHaol -9, 22 3.7%p, 4.6%p X
3.9%p= H|uA LA ASE AT CO, B COY| 74, 27} 9.6%p H 6.7%p= =] &5 Ack. ol={et
Zpo]7h WA= oz oAk FEal wEgollA e Al Hhgzziol s 22| QIR FAfef 7]l Aoz
ek A7 A3, Algdlolds B9 BHdl fTo] rhsd Al R waEy, 5o At RHskE F
Hro]e e 9l gl 7[e} AR5 &= 7Hsd Zles wdErnh

F80] 1 o5 W7, vholeuls, g AR, vholeed, WikRA st

Abstract - The modding for fast pyrolysis of biomass in fluidized bed reactor has been developed for
accurate prediction of bio-ail and gas products and for yied improvement. The purpose of this study is
to andyze and to compare the CFD(Computationd Fuid Dynamics) smulation results with the experimenta
data from the CFD smuldion results with the experimenta data from the reference(Médllin et d., 2014)
for gas products generated during fast pyrolyss of biomass in fluidized bed reactor. CFD(ANSYS FLUENT
v.15.0) was used for the smulation. Complex pyrolysis reaction scheme of biomass subcomponents was
gpplied for the smulation of pyrolyss reaction. This pyrolyss reaction scheme was included reaction of
cdlulose, hemicdlulose, lignin in detall, gas products obtained from pyrolysis were mainly CO,, CO, CHy,
H,, CHa. The deviation between the simulation results from this study and experimenta data from the
reference was caculated about 3.7%p, 4.6%p, 3.9%p for CH4, H,, C:H4 respectively, whereas 9.6%p and
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6.7%p for CO, and CO which are rdatively high. Through this sudy, it is possble to predict gas products
accurady by usng CFD smulation approach. Moreover, this modeling approach should be developed to
predict fluidized bed reactor performance and other gas product yields.

Key words : Fluidized bed reactor, Biomass, Fast pyrolysis, Bio-oil, CFD
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Fig. 1. Schematic of fluidized bed reactor [4]
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Primary pyrolysis reactions (1-15)
Biomass CgHy 45040
1
Cell LignC LignH LignQ
CgHy0: CisH1s 0y C1eH100s(0CHz)y C17H1204(0CHs)s
% ~J 5] g 1 121
b 3 J\.
5 H,0 [ 1cea | [ HCemt ] [ HCez | 0.41 C,H, 1 Acetone 1.CO,
6 Char 7. 8 1 H:0 1 LignOH 1 LignOH
3/ 0.495 CH;
/ 1CO0, 132 CO 13
+ 4 1 Xylan 05 CH,y 1H; 1 H:0
1LVG 8 0.25 CoHy 5.735 Char 1 Methanol
' 08CO 0.1 p-Coumaryl 0.45 CHy
08 H, 0.08 Phenol 0.2 C;H,
0.7 CH.0 0.35 LignCC 2co
0.16 CO, 0.25 Methano! 0.7 H,
0.8CO 0.75 Hy 0.125 Ethanol 10 4.15 Char
0.9 H,0 08 CO; 0.125 H,0 0.7 H0
0.1 CHy 14 CO 1 Char 0.65 CH_, 1% 15|
0.2 Acetaldehyde 0.5 Formaldehyde 0.6 CoHq v
0.61 Char 0.25 Methano! 1H,; 1 Lumped-pheno! | 1 H,0
0.95 HAA 0.125 Ethanol 18CO 2 Co
0.25 Glyoxa! 0.125 H;0 6.4 Char 0.2 Formaldehyde
0.25 HMFU 0.625 CHy 0.3 p-Coumaryl ‘ 0.4 Methano!
0.2 Acetone 0.25 CyHy 0.2 Phenol ‘ 0.2 Acstaldehyde
0.675 Char 0.35 Acrylic-acid ‘ 0.6 CHy
0.65 CzHy
0.5 H;
End product 5.5 Char
Solid intermediete product 0.2 Acetone
Tar subject to thermal cracking
Thermal cracking reactions (1-10)
HMFU Acetone p-Coumaryl Phenol Xylan LVG HAA Glyoxal Lumped-phenol Acrylic-acid
3co 0.5 CO; 1‘CO; 0.5 COz 2 CO; Z,SICOQ 2C0 2C0o 2 CO; 1CO;
15CH, 05H 2.5 CoHy 1.5 CoHy 1H, 15 H; 2Hy 1Hy 3 CyHy 1 CaHy
1.25 CyH, 3 Char 25 Char 15 CH, 175 CH, 3 Char
Fig. 2. Reaction pathways used in the model [4]
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Table 1. Material Properties [15]

Phase, Index
property, unit Gas, Fluid 1 Biomass, Solid 1 ]
NAg) | H:0(g) Tar® NCG wood® char H.0(1) Sl Sld2

therma conductivity, W/(m - K)| 0.0454 0.0670 0.0176 0.0176 0.104 0.104 0.104 0.25
heat capacity(kg - K) d e 1100 1100 1150 1150 4180 830
viscosity, kg(m - s) f g 3x10° 3x10° Granular viscosity
density, kg/m® idedl gas 600 200 1000 2650
particle size, ym 850 850 850 300

alncludes CH3HCO, CH3OH, CszOz, CHzO, C2H402, CszOH, C3H40z, CsHso, C5HBO4, C6H1005, CeHsOH, CsHeO3, CngoOZ,
and C11H1204.

®Includes CH4, CO, CO,, Haz, and C:Ha. “Includes Cell, CdlA, HCell, HCell1, HCell2, LignC, LignH, LignO, and Lign.
%ep = A +HATHATHAT+AST?, where A;=979.043, A;=0.4179639, As=—0.001176279, A, =1.6743%x10 °, Ac=—7.256297x10 *°.
Sp=A+ATHASTHAT AT, where A= 1563.077, A2=1.603755, As=—0.002932784, A,=3.216101x10 °, As=—1.156827x10 °.
" =y oTITo)*}(Te+C)/(T+C), where x ¢=1.7984x10 °, T(=273.11, C=110.56.

9, = CT¥(T+C,), C;=1.79x10 °, C,=632.5606.

Table 2. Material Properties [15]

Mass inlet, Na(kg/s) 0.00045
P?;i )1 Inlet Temperature (K) 736
Inlet Mass Fractions (N) 1

Solid feed rate(kg/s) 0.00056
Inlet Temperature (k) 298

Inlet Mass Fractions (Cell) 0.3801

Inlet Mass Fractions (HCell) 0.2781

(g?;ea;) Inlet Mass Fractions (LignC)  0.1628

Inlet Mass Fractions (LignH) 0.0145

Inlet Mass Fractions (LignO) 0.0637

Inlet Mass Fractions (H20) 0.098

Inlet Mass Fractions (Ash) 0.0028

Fig. 3. Mesh of the fluidized bed reactor
Hpol @A AEZ A, JudERe s, 2j1de

2 HEH, Hdvle 249 dolert gl & ndERe s gade 44 vks 8 EE
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Table 3. Primary pyrolysis reactions [4]

. A E Ah
Rezction &) (kImo)  (kIkg)
1 Cdl — CdlA 8x 10" 192.5 477.7
2 Cdl — BH,0+6Char 8x 10’ 1255  -1087.8
3 CcdlA — LVG 4T 41.8 732.2
CdlA — 0.95HAA + 0.2Acetadehyde + 0.256HMFU + 0.2Acetone + 0.16CO.+ 9
4 0.23C0O+0.9H,0+0.1CH4+0.61Char 1x10 1339 8996
5  Heell — 0.4Hcell1 + 0.6Hcell2 1x 10" 129.7 548.1
HCelll  — 0.75H,+0.8CO,+1.4CO+0.5Formal dehyde+0.25M ethanol +0.125Ethanol + 9
6 0.125H,0+0.625CH4+0.25C,H,+0.675Char 3x10 1130 aarT
7 HCdll — Xylan 3T 46.0 707.1
HCel2 — CO,+0.5CH4+0.25C;H4+0.8CO+0.8H,+0.7Formal dehyde+0.25Methanol + 10
8 0.125Ethanol+0.125H,0+5.735Char 1x10 181 204
LignC — 0.35LignCC + 0.1pCoumaryl + 0.08Phenol + 0.41C,H+1H,0+0.495CH 4+ 15
o 1.32C0+1H,+5.735Char 4x10 2029 6025
10 LignH  — LignOH + Acetone 2x10° 156.9 523.0
11 LignO  — LignOH + CO, 1x10° 106.7 510.4
LignCC — 0.3pCoumaryl + 0.2Phenol + 0.35Acrylic-acid + 5
12 0.7H,0+0.65CH4+1.8CO+H,+6.4Char 5x10 1318 2887
13 LignOH — Lign + H;0 + Methanol + 0.45CH, + 0.2C;H, + 2CO + 0.7H, + 415Char 3 x 10° 1255 100.4
14 Lign — Lumped-phenol 8T 50.2 577.4
Lign — HO + 2CO + 0.2Formadehyde + 0.4Methanol + 0.2Acetaldehyde + 9
15 0.2Acetone + 0.6CH; + 0.65C,Hs + 0.5H, + 5.5Char 12x10 1255 2092
16 HO() — HO(g) 5.3x 10" 88 2260.0
Table 4. Secondary pyrolysis reactions [4]
) A E Ah
Reaction Y (kmol) (kJkg)
1 HMFU — 3CO + 1.4C;H, 4.28x10° 108.0 642.7
2 Acetone — 0.5C0O,+0.5H2+1.25C;H, 4.28x10° 108.0 1878.2
3 pCoumaryl — CO,+2.5C,H4+3Char 4.28x10° 108.0 -359.6
4 Phenol — 0.5CO+1.5C,H4+2.5Char 4.28x10° 108.0 -143.1
5  Xylan — 2COs+H+1.5CH, 4.28X10° 108.0 -563.0
6 LVG — 25C0,+1.5H,+1.75C,HV 4.28x10° 108.0 1701.6
7  HAA — 2CO + 2H, 4.28X10° 108.0 3562.7
8 Glyoxa — 2CO + H; 4.28X10° 108.0 -156.6
9  Lumped-phenol — 2CO,+3C,H4+3Char 4.28X10° 108.0 693.8
10  Acrylic — CO+CoHa 4.28X10° 108.0 -912.9
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Table 5. Comparison of simulated and experimental data
. Experiment [4] Simulation [4] Simulation Error
Spedes *) %) (%) (%p)
CH4 14.3 134 10.6 37
H> 6.4 24.6 18 4.6
CO, 28.3 19.8 379 9.6
(6(0) 47.7 30.3 41.0 6.7
CoHq 4.6 119 85 39
0.5 0477

0.45
0.4
0.35
0.3
0.25
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Fig. 4. Comparison of simulated and experimenta data
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