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Abstract— Methane Steam Reforming(MSR) is a catalytic process in which methane is reacted with a water gas to pro-
duce hydrogen and carbon dioxide gases. Many experimental and simulation studies have been assumed to be an isother-
mal condition using a packed-bed inert membrane reactor(PBIMR). However, the flow fields of inside the reactor are com-
plex and the temperature gradient also occurs because of the catalyst particles packed in the reactor. This study suggests a
new model considering heat transfer at the reactor wail and pressure drop inside the reactor. The model applies to the MSR
reaction using PBIMR. Results are compared with the published experimental and simulation data. The simulation results
suggested in the study shows better agreement than the simple model with constant temperature assumption, for both cases
of conventional packed-bed reactor and PBIMR. In addition, the effects of H,O/CH,, flow rate of sweep gas and particle di-
ameter of catalyst on the methane conversion are investigated. A consideration of heat transfer at the wall of permeation
side is remained for further study.
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Table 1. Influence of the initial H,/CH, ratio on methane conver-
sion

Conversion in the Conversion in the

Initial Ny/New, non-membrane reactor membrane reactor
equilibrium 0.397740

1x107° 0.397740 0.542821
1x1077 0.397740 0.542821
1x107° 0.397740 0.542821
1x10°° 0.397739 0.542820
1x107* 0.397726 0.542812
1x10°? 0.397598 0.542724
1x107? 0.396324 0.541851
1x107" 0.383675 0.533195

1 0.267955 0.453920
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Table 2. Parameters of the reaction kinetics

Pre-exponential factor, A; Activation energy, E(kJ/mol)

k, 4.255¢15 240.1
k, 1.955e06 67.1
ks 1.020e15 243.9

Table 3. Parameters of the adsorption

Pre-exponential factor, A,  Activation energy, AH,(kJ/mol)

Keo 8.23e-5 —-70.65
Ky, 6.12¢-9 —82.90
Ken, 6.65¢-4 —-38.28
Kino 1.77e+5 88.68
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Fig. 1. Schematic diagram for the membrane reactor.
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Fig. 2. Flow model for the membrane reactor.
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Fig. 3. Heat transfer model for the membrane reactor.
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Fig. 4. Methane conversion along the reactor axial position.
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heat transfer result; (+) equilibrium conversion; (dashed line) iso-
thermal result of Barbieri and Maio[6).
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Fig. 8. Effect of steam-to-methane molar feed ratio (H,O/CH,) on
methane conversion.
(A) experimental data of Shu et al[1] for Pd/porous stainless
steel membrane reactor when the pressure of permeation side is
maintained very low by pumping with vacuum pump; (O) ex-
perimental data of Shu et al.[1] for non-membrane reactor; (Curve
1) non-isothermal heat transfer result for membrane reactor at 0.02
MPa of pressure condition ; (Curve 2) non-isothermal heat transfer
result for non-membrane reactor at ordinary operating condition.
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Fig. 9. Effect of reaction side pressure on methane conversion.
(A) experimental data of Shu et al.{1] for Pd-Ag/porous stain-
less steel membrane reactor; (O) experimental data of Shu et al.
[1] for non-membrane reactor ; (Curve 1) non-isothermal heat trans-
fer result for membrane reactor; (Curve 2) non-isothermal heat
transfer result for non-membrane reactor.
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Fig. 11. Effect of catalyst pellet size, d, on methane conversion.
(Curve 1) result for membrane reactor ; (Curve 2) result for non-
membrane reactor.
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: concentration of i component [mmol/cm’]

‘09

: constant pressure heat capacity [kJ/mol - K]

0

: constant volume heat capacity [kJ/mol - K]

o
g

: parameter of rate equation [-]

S

: inner diameter of outer tube in reactor [cm]

: catalyst pellet diameter [cm]

: activation energy [J/mol]

: total molar flow rate in reaction side [mmol/min]

: total mass flow rate in reaction side [g/s]

: heat of reaction [J/mol]

: heat flux through the reactor wall [J/cm’® - s]

- heat transfer coefficient at wall [J/cm’ - s - K]

: thermal conductivity of reaction fluid [J/cm - s - K]
: equilibrium constant of j-th reaction

EEomme

j=u
¥

: kinetic constant of j-th reaction [mol/gcat - h]
: adsorption constant of x component
: reactor length [cm]

2O RERT

: molecular weight [g/mol]

z

: molar flux of i component [mmol/cm’ - min]

z
£

: Nusselt number {-]

: pressure in reaction side [MPa]

o~ a )

: partial pressure of i component [MPa]
: gas constant [J/mol - K]
: net generation rate of i component [mol/gcat - h]

~ x

: j-th reaction rate [mol/gcat - h]

: temperature [K]

: sweep velocity in reaction side [cm/min]

: volume [cm’]

: sweep velocity in permeation side [cm/min]
: weight [g]

N g < <E 30

: reactor axial position [cm]

azjoja Xt

: coefficient in Irmay pressure drop equation [-]
: coefficient in Irmay pressure drop equation [-]
: membrane thickness [cm]

: bed porosity [-]

: viscosity of reaction fluid [g/cm - s]

: stoichiometric coefficient [-]

: density [g/cm’]

: interaction collision diameter [A ]

: membrane outer diameter [cm]

Ne a0D <E ® ®R

<

: collision integral
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DL
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— s
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[T NI

10.

11.
12.

13.

14.
15.

16.

17.

HEIXt

: packed-bed

: bulk of reaction side
: catalyst

: reaction fluid

: component

: reaction

: mixture

: reaction side

: permeation side

: reactor wall

: adsorbent (=CO, H,, CH,, H,0)
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