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1. Testing criteria: exclusion of heat and transport limitations

Mass and heat limitations were calculated according to the criteria below, the detailed
calculation process can refer to the Sl file of reference [1].

(a) Internal mass transfer limitations

The effect of internal mass transfer limitations can be evaluated by the Weisz-Prater criterion,
see eq. (R1) [2]:
2,

Nyp = r”Dr—"ZV <03 (R1)
where Nyp is the Weisz-Prater number, 7, is the catalyst particle diameter (m), 7,55y is the
observed reaction rate per volume of solid catalyst (mol'm?s'), D, is the effective diffusion
coefficient (m?s?) and C;s is the concentration of the limiting reactant (mol-m?) at the outside catalyst
surface.

Experimental conditions: Reaction temperature T = 473.15 K, WHSV=2.0 h, Partial pressure of
MeOH [Pwmeor] = 0.48 bar, roso= 34.7 mol'm3-s?, r,=3.75-105m.

Calculation of Cs and De can according to the SI file of the reference [1].

Cs =12.3 mol'm3, De =1.22-10-6 m2-s.

(3.75- 1075 m)? - 34'7;;;0-15 ]
NWP_particle = 2 =3.25-10" < 0.3
122-10-6T. 1234
S m

(b) External mass transfer limitations

The Mears criterion was used to determine the influence of external mass transfer limitations,

see eq. (R2) [3].
Tobs "Pp " Tp N
= kc_—% <0.15 (R2)

where, 1, is the observed rate of methanol conversion in mol-kgeat''s?, p, is the density of catalyst
bed in kg'm?, 7, is the particle radius in m, n is the order of the reaction, k. is the mass transfer
coefficient in m-s™, and €y, is the concentration of methanol in the bulk phase in mol-m?.

The density of catalyst bed p, is 2000 kg-m=3, superficial gas velocity u 0.0127 m-s™. Since the
Rep value is 1.37, the correlation [4] used to estimate jp is:
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(R3)
tobs= 0.0174 mol-kg'-s, kc = 0.0414 m-s?, Cmp=12.3 mol-m?.
0.0174mol/(kg - s) - 2000 kg/m®-3.75-10"°>m - 1
w =

= . -3
0.0414m/s - 12.3 mol/m3 2.55-107° < 0.15

(c) External heat transfer limitations

The Mears criterion was used to determine the influence of external heat transfer limitations,
see Equation (R4) [3].

AHy *Tops * Pp £ 'Eapp
hp .Tz .R

where, AH, isthe heat of reaction in J-mol, Eg,, is the apparent activation energy of the reaction in

x= I <0.15 (R4)
J-mol, and h, is the gas to particle heat transfer coefficient in W-m2-K-.
AH, =-2156-10*J/mol, Eq,, =1.02:105]/mol, hy="7.36-10* W-m?-K".

_ |-2.156-10*]/mol - 0.0173 mol/(kg - s) - 2- 10° kg/m® - 3.75 - 10~5m - 1.02 - 105]/mol|
- 7.36- 102 W /(m? - K) - (473.15K)2 - 8.314 ] /(mol - K) |

X

¥ =2.08-10"3 < 0.15

(d) Internal heat transfer limitations

Internal heat transfer limitations were evaluated via the Anderson’s criterion, shown in eq. (R5)
[5]-

. L2
AHr 7”obs,V 7”p

<075 (R ' T) (R5)

D =
ayy | E,

Aperr =T
Aperr » the effective thermal conductivity of the particle (J-m1-s1-K-).

1-&p

1 ;= A;pellet i AS (R6)

p.ef

/\p,eﬁ= 0.257 W-m1-K-.

( Ea ) AHr *Tobs,v 'rpz
R-T

Apers - T

3 1.02-10° J/mol —2.156 - 10* J/mol - 34.7 mol/(m3-s) - (3.75- 1075 m)?
~\8314 J/(mol - K) - 47315 K 0.257 W/(m-K)-47315 K

=224-10"*<0.75
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