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Figure S1. The calculated selectivity to C2 and DEE (a), C4 and AA (b), ethane and COx (c), vs.
ethanol conversion X, in PFR.
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Conditions: 400°C, 0.726 g catalyst, 21.05 g/h solution of 92%wt EtOH and C3-alcohol impurities of
0.001 (solid), 0.15 (dash) and 0.3%mol (dash-dot).

52



Mathematical model of tubular reactor

Quasi-homogeneous 2D model [34, 35] describes heat and mass transfer in axial and
radial directions. This model also takes into account the changes of effective radial
conductivity value Ar from the conductivity in the core bed to the gas phase conductivity
in the wall region [36]. For a more accurate representation of hydrodynamic and exchange Uyut
processes when reacting gas flows through the layer of particles of complex geometric
shapes, this model takes into account the different interstitial gas velocities around the Upole
particles (uout) and inside their holes (unole) (Figure S2). The model adequately describes
behavior of a multitubular fixed-bed reactor (MTR) and appropriately predicts the Ugut
performance of heterogeneous catalytic processes [25, 34-35, 37, 38-40]. The MTR
simulation assumes that all the wall-heated tubes were identical in behavior.
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Figure S2. A sketch of “gas flow
sharing” in a holed cylinder

Quasi-homogeneous 2D model of a wall-heated tubular reactor [25,34] accounts for material and heat transfer in radial and
axial directions of tube with fixed-bed catalyst:
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Here
l a'nd r are tube.length. and radius coordinates, respectively; €bed = 0.36 + 0.1 deqsph /1D + 0_7( deqspn/] D)z;
yi is molar fraction of it component; Enote 15 a void fraction of a single pellet, &6 = Nhole;
&;j is stoichiometric coefficient of i component in j*" o . b
] deq.spn is diameter of equivalent-volume sphere, degspn =
reaction; 3
. i .. . 1.5h/D;
w;j is apparent rate of j reaction in a catalyst grain, L. .
. . . ID is inner tube diameter;
¢ is a bed void fraction, . .
D is outer diameter of the pellet;
€= &ped t Enole(1 — €pea); L i
. . . . h is height of the pellet;
£ped is a void fraction for solid pellets, . . S
Dy is effective radial diffusivity;
2
N _ 8 2 )
DRi - DRi + 1% [gbedReout + ghole(l - gbed)Rehole]/ K = 1.78 2—11- 1D s (52)
deq.sph
v is gas viscosity, m?/s; AR 1is effective radial thermal conductivity in a fixed bed
AH; is enthalpy of j* reaction; defined as a sum of conductivity without flow and
convective constituent
A
conv jconv __ “gas .
/1R ’ /1R - [EbedReout + Ehole(l - gbed)Rehole]PT ’ (83)
Pr is Prandtl number; P, is pressure under normal conditions;
Re,,: and Rep, . are Reynolds numbers expressed in terms R is universal gas constant;
of corresponding velocities and mixing length, T is temperature;
Reoyt= deg.sph Uout/ Vs To is temperature under normal conditions;
Reyy= dhole Unote/V, u, is superficial axial gas velocity;
dhole = 2{cos O)h; u; is superficial axial gas velocities at standard temperature
cp is total gas heat capacity; and pressure (STP);
P is pressure; u, is radial gas velocities at STP;
aul 2RT, 9 )
,Dz f Z 2ir(1 = &)émdr; (S4)
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Boundary conditions:

0<r<21=0:w0,r)=u , TO,r) =Ty, y0,1) =y ,i=111;

~

3y:(1,0) T (1,0)
0<Il<L T=OZT=0,T=O; (S5)
dy;(1,ID/2) . __ aT
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Here

yiin is an inlet molar fraction of i" component;
1, is superficial inlet gas velocity at STP;

L is tube length;

Tw is tube wall temperature;

a is wall heat transfer coefficient,
AR
Q=—F"—;
Dy q[In(Ar/Agas)—1]
Dy q is equivalent diameter of a pore channel;

A dusty gas model described diffusion in a porous isothermal particle:

@ (s 0C;\ RT 3 , ,x .
Z(Drl’ 5) - ?%(Vi C) =X &jw;, i =1,11; (S6)
Boundary conditions:
ac; _ . i
p=0:, 31=0, i=11F .
p=pgrain:  CYT =0, i=112;

Here
Dy; is a generalized diffusivity coefficient or Wilke diffusion
coefficient of i*” component;

wj is a rate of jth reaction under kinetics controlled
conditions.

V; is so-called hydrodynamic velocity of i component [34,
41

C; is molar concentration of i component;

sury . . .
C; 7 is concentration of the i component on the surface

w; = 1 J‘Opgrain wj (p)dp,

Pgrain

Pgrain is an equivalent particle size, that is the ratio of the

The Wilke diffusion coefficient D;; and hydrodynamic
velocity V" [34, 41] depend on the effective binary diffusion
coefficient Dj;, = 1Dy, and on the effective Knudsen diffusion
coefficient D;*™ = [IDf", where Dy, is binary diffusion
coefficient, Dl-k" is Knudsen diffusion coefficient, IT is the
empirical permeability coefficient; IT accounts for the physical

pellet geometric volume to the pellet external geometric behavior of the porous structure.

surface area;

Pressure drop per the bed length unit, that is, specific hydraulic resistance AP/L was calculated for the catalyst of arbitrary
shape according to the approach set forth in [34, 36]:

U = EpeaUout T (1 — Epea) EnoteUnote
AP (S8)
81Unote T gzurzlole = m = fillous + fzucz)ut

Here u is gas viscosity,
AP is the pressure drop over the distance (cos6)h;

16mu 1.757pgas ( Enale) i densi
— . — /°TPgas (4 _ Ehole ). P 1s gas density.
81 22 82 n Mo/’ gas 15 & y

1504 (1-pea\?. ; _ 1.75Pgas 1~€peq.
fl - d e 7 f2 -
bed

Npote is holes number;

Analytic expression which provides to determine pressure
gradient in the bed was published in [37].

2 7
eq.sph deq.sph €bed

d is inner diameter of the pellet;
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