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1. Correlation between volume fraction, area fraction and tortuosity

Consider an infinitesimal control volume dV " in the pellet domain, containing N, cylinder-like pores of

length L, whose intersection with the control surface dA” has cross sectional area N, - S, . The

volumetric and surface fractions then satisfy equations (S1), and (S2) below.

Erv = qv? (S1)
Sp-N
Efn= EADP (52)

Defining tortuosity as the ratio of the average path length that molecules need to travel over a path

length of a cylinder like control volume yields:

Sh /)

TE-——= S3
(dv?/dA?) 59
Combining equations (S1), (S2), (S3) yields:
p
r= iy (54)
€t A
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2. Supplementary model equations

The constants and functions used to model the reforming reactions are presented in Tables S1 and S2.

Table S1: Rate coefficients and adsorption constants for related Arrhenius or Van’t Hoff Equations

Rate coefficient or Pre-exponential Units of pre- Activation energy or
adsorption constant | factor exponential factor adsorption enthalpy
(kJd/mol)

Ky 4.225x10% kmol.bar®®/(kgcat.h) 240.1
ka 1.955x10° kmol/(kgecat.h.bar) 67.13
ks 1.020x10% kmol.bar®®/(kgcat.h) 243.9
Kco™ 8.23x10°° bar™? —70.65*
Kcha™ 6.65x10™* bar™? —38.28*
Krzo™ 1.77x10° dimensionless 88.68*
Kiio* 6.12x10°° bar* —82.90*

Table S2: Reaction equilibrium constants

*Values corresponding to adsorption

S3

Equilibrium constant Function of T(K) Units of equilibrium constants
K1 Eq.(S5) bar?
Ks Eq.(S6) dimensionless
Ks Eq.(S7) bar?
K, = e[(ze,sso/T)+3o.114] (S5)
K, = e[(4,400/T) - 4.036] (S6)
K; =K, -K, (S7)




Table S3: Binary diffusion coefficient estimation

Binary mixture of non-polar gases A and B *

Binary diffusion coefficient:

a 3
. [ 0.00266 j (T7)
DAB = 2 D
PO Qpe M e
Reduced molecular mass: 1 1 -1
My =2 —+—
M A M B
Lennard-Jones dimension: o, + Oy
O = 5
2
Collision integral 5 1.06036 0.193
P = o o (0.47635T, )
(Te) p(0.47635T,,
1.03587 1.76474
+ —+ _
exp(1.52996T,;) exp(3.89411T,;)
Reduced temperature: . kgTe
Tae =—
€ap
Lennard-Jones energy: & = ( 8,64 )1/2
AB
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Table S4: Binary diffusion coefficient estimation

Binary mixture of polar gases A and B 3

Binary diffusion coefficient: 2\3
o 0.00266 (T7)
D =

2
lar )2 yD.pol
p (O el ) o M

Lennard-Jones dimension: O_X;Iar _ (O_Eolar Gémlar )1/2
3
b
O.polar — 1'585Vk > : k — A, B
1+1.3(57°)
Collision integral « \2
s 5 0 19(55)
QAB,poIar - QAB + *
AB
Stockmayer pOtentiaI: 523 _ (5£0Iar5é)olar )]/2
1.94x10% (2, )’
Vk Tk
Reduced temperature: . kT
TAB = éﬁ;lar
Lennard-Jones energy: A pol ~polar  ~polar \Y2
ay gﬁgar :(gﬁoar ngoar)
kB kB kB
ékpolar

—=1.18[1+1.3(5;’°'a')Z}ka :

(S14)
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(S18)

(S19)

(S20)

(S21)

(S22)

In the equations presented in Tables S2 and S3, pressure has units of bar, temperatures are in K, and the

resulting binary diffusivities has units of cm?/s. Units for the parameters not mentioned here are listed in

the notation section of the manuscript.
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Table S5: General model equations implemented in the simulations

Additional model equations

Partial pressure of species i :

Dalton’s law:

Total molar concentration:

Total mass concentration:

Molar fraction of species i :
Mass fraction of species i :
Mass fraction of species i :

Molar mass of the mixture:

Combined mass flux of species i :

Diffusive flux relation:

Effective binary diffusion coefficient:

Knudsen diffusion coefficient:*°

Knudsen diffusion coefficient:®

Volumetric fraction (two-phase system):

Surface fraction (two-phase system):

pip — Cip RT"
p* =2 p
i-1
C?,tot = ZC?J
i-1

pf = Zpip
=

a _ A0 a
Xt _Cf,i/cf,tot

w = pP/pf

W :(p?,i/p?)zxiaMi/M

M =D (wi /M) =D (M)

i=1

i3y
i=1

i=k

p_ip PP
n:=J +o V¢

i=1

o
Mix

B, :[gfp’A(d
efy tegdy =1

a a _
gty &gy =1

p
pore

]fe
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Table S6: Properties dependence

Property description Dependence in the simulation
Pellet Reactor

Fluid phase viscosity ul =l (T p,{cip}) A (Tr’{cir})
Fluid phase conductivity - Kl =k (Tr P’ {C_r})
Binary diffusion coefficients DP = DP (T p pp) D =D (T’ pr)

ij ij ! ij ij !
Knudsen diffusivities D, =D, (T p) -
Species | heat capacity cP =C/ (T") Ch. =C! (Tr)
Species I molar enthalpy hP. =h? (T p) Ar. =hr (Tr)
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