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(Biomass Gasification and Pyrolysis Practical Design, Prabir Basu, 2010)
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(Biomass Gasification and Pyrolysis Practical Design, Prabir Basu, 2010)
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~ Aaa ada X @ an o
M1 1NN 2-3 ﬂgﬂﬁﬂ“ﬂilﬂlﬂﬂsllusl,Uﬂigﬁ‘U’JuﬂTﬁl!ﬂﬁ%V\lLﬂ%u

Carbon Reaction

R1 C+ CO, < 2C0 + 172 kJ/mol

R2 C+ H,0 < CO+ H, + 131 kJ/mol

R3 C+ CO, < 2C0 + 172 kJ/mol

R4 C+ 0.50, - CO - 111 kJ/mol
Oxidation Reaction

RS C+ 0, - CO; —394 kJ/mol

R6 CO+ 0.50, - CO, — 284 kJ/mol

R7 CH,+ 20, < €0, +2H,0 — 803 kJ/mol
RS H, + 0.50, - H,0 — 242 kJ/mol

R9 CH,+ 0.50, - CO + 2H, — 36 kJ/mol
Shift Reaction

R10 CO+ H,0 < CO,+ H; —41.2 kJ/mol
Methanation Reaction

RI11 2C0 + 2H, —» CH4 + CO, — 247 kJ/mol
R12 CO+ 3H, © CHy+ H,0 — 206 kJ/mol
R13 CO, + 4H, —» CH,+ 2H,0 — 165 kJ /mol
Steam-Reforming Reaction

R14 CH,+ H,0 < CO + 3H, + 206 kJ/mol
RI15 CH,+ 2H,0 < €O, +4H, + 165 kJ/mol

1) Ufnsenmawn lvis (Oxidation reaction)
aan A J A ] § a
Aolfns enmenrmiounms uou (C) uag laTaswu (H) Nilog luremas
I o ann v & a
uisinlgns enunaesndou (0,) Tuerma

c+0,-C0, AHyogx = —394 kJ /mol
H, + 1/2 0, - H,0 AHyogx = —242 kj /mol

18



2) ﬂﬁ NIETANYU (Reduction reaction)
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ann J .
1n3e11)9e13A (Boudouard reaction)

C+C0O, o 2C0 AH,ogx = 172 kJ /mol
ﬂf] ﬁ?mﬁmﬂmﬁv 19 (Water gas reaction)
C+H,0 & (CO+H, AH,ogx = 131 kJ/mol

aaa a 4
3) UnTenwa (Water gas shift reaction)
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CO + H,0 & CO, + H, AHyogx = —41.2 kJ /mol

4) gnsemsuilastimu (Methanation reaction)
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C+H, > CH, AH,ggx = —41 kJ /mol

aaa [ 1 . .
5) dfnsemsulasnizae o1 (Steam reforming reaction)
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CHy + H,0 < CO + 3H, AH,ogx = 206 kJ /mol
CH, + 2H,0 < CO, + 3H, AH,o5x = 165 kj /mol

o 14
6) MIAAYAIVDINT UDLUA (Carbonate decomposition)
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Upnseaely
CaC0O3; — Ca0 + CO, AH,ogx = 178 kJ /mol
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2.2 em@amﬁ (Chemical Equilibrium)
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A1AINYDIBATINTINALUYNT 81 (Reaction rate Constant: k) 3z upgnUg Mg ivelnsen
4 .
annsoeulugiuiuvesnssitisd (Arthenius)
E
k= Agexp|— RT
Tagn A, AoA1 Pre exponential constant
1 { (9 .
R A0AIAINAINAUBINIE (Universal gas constant)
E Aondanunenuiuduenlfnie (Activated energy)
oasdusznInmnenvesl)ns e lddrani ) nulfnsedeoundu (k) gnisenii
MAsNvasaga (Equilibrium constant: K )
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nIzLIUMILNaEingY Imnsnaugatazeumalvensina (Heat of formation) A4913 1N 2-4
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Equilibrium constant (log,,K) Heat of formation (kJ/mol)
Reaction

298 K | 1000 K 1500 K 1000 K 1500 K
C + 1/2 0, > CO 24.065 10.483 8.507 -111.9 -116.1
c+ 0,-Co, 69.134 | 20.677 13.801 -394.5 -395.0
C+ 2H, » CH, 8.906 -0.999 -2.590 -89.5 -94.0
2C + 2H, - C,H, -11.940 | -6.189 -5.551 38.7 33.2
H, + 1/2 0, » H,0 40.073 10.070 5.733 -247.8 -250.5

(Probdtein and Hicks, 2006)
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2.3 WAINUDAIZUBINUA (Gibbs Free Energy)
[ a a A=} L] o d‘ o @ o 4 aan =1
wasnueaszvadnudae Nt ulasund Ay lumsiamgamwamansvodllgns euail

TaeAannmsiasuulasveseu Inst) (Entropy: S) ttaztoumall (Enthalpy: H) a9aums

AG = AH — TAS
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c d e kJ
0 _ 0 ’ T2 4 ’ ’
AGPr = Ahdog — a'TIn(T) — b — (= | T3 — (= | T* + == | + [ + 9'T —
' 2 3 2T mol
!
0o _ 0 ’ 12 13 T4 e ’
~ 1 d'd'(l slal o [ a a 4
AT NN 2-5 ANNN LY I U TATUIUNAINUD A TSUINVUT
Empirical Coefficlents
HHY  AGw  AHu ¢
Product (kl/mol) (kl/mol) (kl/mol) a’ b’ o d e’ f g
C 393.5 0 0
co 283 -137.3  -1105 5619x10% =1.19x10° 6383 x10° -1.846% 107 -4.891x10° 0.868 -6.131x 107
Co, 0 -3944 -393.5 -1.949x 107 3.122x10° -2448x10° 6.946x 10" -4.891%x10° 527 -0.1207
CH, 890.3 -50.8 -74.8 -4.62% 107 1.13 x10°  1.319x10® -6.647 x 107 -4.891 x10° 14.11 0.2234
CH, 1411 68.1 523 -7.281x10° 5802x10° -1.861 x10® 5648x 10" -9.782x10° 2032 -0.4076
CH,OH 7639 -161.6 -201.2 =5.834x 107 2.07x10% 1.491x10° -9614x 107 -4.891x10? 16.88 —0.2467
H,O 0 -2286 -241.8 -895x10° -3672x10° 5209x 10° -1.478x 10" 0 2.868 -0.0172
(steam)
H,O 0 -237.2 -285.8
(water)
0. 0 0 0
H, 285.8 0 0

(Probdtein and Hicks, 2006)
mnivesaugadmsas i ldnmma s dszvesud dvdums
AG
K, = exp (— ﬁ)

Taofi R fe A1 Universal gas constant = 0.008314 kI/mol.K
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oImeRoyamaswoImarEn lrlinauyseife (A/F),,
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(A/F)gtoi = 2 - Zag
Fnansonwaanles
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