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steam methane reforming

CH, + HH O =—= CO + 3H, AH? = 224 k] mol™?!

CO + HO =—= CO,+ H, AH? = —36 k] mol~*

Y —1 .
923.15 K e
4 bar d=p
CH,/H,0: 1/1.4 - 1/8 T b 30 mm
1.12-6.72 kgcat s mol? . \O.:I’g Ni/MgO-SiO,

. A Diluted by 3.9g SiO,
N2 dlluent amrhn Filled with quartz sand
37 experiments ,\E?:iﬁ m (0.0)
15 mm (i.d.)
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experimental data

conversion of CH, [%]
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power law model

ki

CH, + H,O —>= CO + 3H, r1 = Ky pdu, PR, o0
ks
cO + H,0 —= CO, + H, r; = k2pEoPii,0

a=0.36 +0.05

k; = (176 + 034) - 10-% — 19
1 — . 1T U. ¢
s KgcarPa®** b = 0.081 + 0.078
mol
k, = (1.89 + 1.34) - 107° c=0.50+0.13

s kg, Pa%91
d=0.41+0.10
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power law model

conversion of CH, [%)]
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model with adsorption reactants

CH, + * —f= CH,

*

H20 + * :@: HQO

CH,” + HLOO —= CO + 3H, + 2*

*

CO + H,0OO == CO, + H, +

k3K;K,pen, Pu,0 _ a2 \PeOPH0 T Kyygs

= Iy =
2 1+K + K
(1 +Kipen, + Kzpio) DR

I's
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model with adsorption reactants

' Pco,PH
k,3K1K2pCH4pH20 k4-+K2 (pCOpHZO T #)

r, = _ Kwags
3 2
(1 + K1pch, + K2PH,0)

r, =
* 1+ Kipch, + K2PH,0

K, = 28.8 + 4.8 MPa™1
K, = 12.5 + 2.3 MPa™1

ki = 1.63 £+ 0.12 mol s kgk

ki, = (1.11 £+ 0.03) - 10'° mol s kg ; MPa™1
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model with adsorption reactants

conversion of CH, [%)]
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Langmuir-Hinshelwood

CH, + [ ] <f= [CH,]

H0 + [ | == [HO]

[CH,| + [H,0] + 2[ | ‘T_» [co| + 3[H,]
[ co] + [H,0] {—_»4 [CO,| + [Hy]

4-

ks.
[co] == co + ||

ks,
Ke.

[CO.] == €O, + [ ]
ke

K.
[H) == H» + [ ]
k7+
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Langmuir-Hinshelwood

’ 2. K K
3+K1K2PcH, PH,0 — 3+KR1 2 pcoPii,
— I3 = <
(1 + Kipcu, + K2Pn,0 + Kspco + Kepco, + K7pn,)
Iy = k4+K2K5pCOpH20 " " Kwas Pco,PH,
2
(1 +Kipcn, + K2Pn,0 + Kspeo + KePco, + K7pn,)

' KZI_)CH4pH20 B
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Langmuir-Hinshelwood

0.0075k5, K2
. 0.0075k3. KEpcn, Pr,o KZKg PeoPr,
3 (..)* (...)2
0.05k, ., K%
/ 2 4 5
~ 0.05k4 KEpcoPH,0 — KWG; Pco,PH,
4 = (..)2
=14 0'15K5pCH4 + O'OSKSPHZO + KSPCO + K7pH2
K, = 0.15K t+ = 267 £ 238 mol s kg
K, = 0.05K. ks = (1.39 £ 0.34) - 10'° mol s kg
K, = 0 K: =23.24+19.6 MPa™!

K, = 14.7 + 11.6 MPa™1
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Langmuir-Hinshelwood

conversion of CH, [%)]
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model performance
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model performance

szo = 160 kPa and pCH4 = 20'100 kPa
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conclusions

 most important phenomena to describe data:
— adsorption of reactants

— reversibility of water-gas shift reaction

e Langmuir-Hinshelwood model
— overparametrized

— local minimum
 more fundamental within LH: no improvement
e next step: true microkinetic model

« the MicroKinetic Engine as a user-friendly tool for kinetic
modeling
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questions
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