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Abstract

An advanced comprehensive and transient multiphase model for a trickle bed reactor with solid foam packings was developed. A
new simulation model for isothermal three-phase (gas-liquid—solid) catalytic tubular reactor models was presented where axial,
radial and catalyst layer effects were included. The gas, liquid and solid phase mass balances included most of the individual
terms for solid foam packing (e.g. kinetics, liquid-solid and intraparticle mass transfer effects). Hydrogenation of arabinose
and galactose mixture on a ruthenium catalyst supported by carbon-coated aluminum foams was applied as a fundamentally
and industrially relevant case study. Parameter estimations allowed to obtain reliable and significant parameters. To test the
model performance, a sensitivity analysis was performed and the effect of the kinetic parameters and the operation conditions
on the arabinose and galactose conversions was studied in detail. The model described here is applicable for other three-phase

continuous catalytic reactors with solid foam packings.

Hosted file

Manuscript.docx available at https://authorea.com/users/452215/articles/550334-modeling-of-
three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-
to-sugar—-alcohols

Hosted file

Tables.docx available at https://authorea.com/users/452215/articles/550334-modeling-of-
three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-
to-sugar—-alcohols


https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols
https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols
https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols
https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols
https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols
https://authorea.com/users/452215/articles/550334-modeling-of-three-phase-continuously-operating-open-cell-foam-catalyst-packings-sugar-hydrogenation-to-sugar-alcohols

Liquid feed
|

Gas feed

Heater

Al-foam (for better
liquid distribution)

Foam catalysts

Thermocouple



G/L interface L/S interface

N\

This

vl

0.02
0.018 =091
0.016 £=0.92
0.014 £=0.93
S 0012 @ Experiment, € =0.93
o)
X o001 °
=
< 0.008
0.006
0.004
0.002
0 o*— L
0 0.01 0.02 0.03 0.04 0.05 0.06
ug (m/s)
0.014
QvL=0 mL/min
0.012
QuL=0.5 mL/min
0.01 Qul=1 mL/min
E 0.008 QuL=1.5 mL/min
-
< 0.006
hel
0.004
0.002
B 0
‘f: 0.00E+00 1.00E-02 2.00E-02 3.00E-02 4.00E-02 5.00E-02 6.00E-02

ug (m/s)

2a




Conversion [%]

Reaction rate

a)

@
—

Convers

+  L-Arabinoss, Experiment

B D-Galactose, Experiment

del

——— D-Galactosz, Simple
Mode!

L-Arabinose, Simple

e

Conversion (%)
w B &K B R

°

o5

0% 005 004 g0z

100 105
Temperature (C)

Arabinose

110

002 001 o
Axial [m]
Arabinose

004 003 002 (o1
Axial [m]

7\r~—/

Radial [m]

2104
125
1.2
/ 116
/[ *x10
2
Radial [m]
o
11

#  L-Arabinose, Experiment
16
L | ™ DGalacose, Experiment .
R 12 L-Arabinose, Simple Model
210 | DGalactose, Simple Model
£ s
S
4
2
o
90 35 100 105 110 115 120
Temperature (*C)
Galactose
"
10
]
3
10 0,"' 7
=
s e £ ",'pl% é s
H 5
i el
g 7 4
g ¢ s
z LT/ 4
S 2 l"l’ 3 i
iy <0 M
0 2
1
007 006 gos 7/ Radial[m]
004 003 g0z gy 0 0 N
Axial [m]
Galactose
x10%
26
255
25
248

Reaction rate

[6
4 24
Z x103
2

Radial [m]

235

007 005 005 004 003 002 001
Axial [m]

30 40 50 60
Increase of k_ref (%)

"% 18
S
15
14
2
—10
]
L
8
5
-
N -2 g @ Advanced Model, $=0
-
N e +Advanced Model $=0475
P
4 Advanced Model, $=0.81
b) °
[} 2 4 & [P TR T 0 2 4 H g 10 12 14 1% 18
Experiment Experiment
13
12
u
g w
i o
i
—e— Arabinose E N —a—Arabinos
—e—Galactose 8 7 e
b 6
10 20 70 80 90 100 ) (] 10 20 30 40 50 60 70 80 90 100

Increase of Ea (%)



105

105
1 1
s 0 §os,
. o oe
{ . —e—kref(1) \E 08 —e—kref(1)
I —e—kre(1)x 10 & —e—iref1)x10
< o5
- —e—kenux2s ]
—o—kref(1)x 50 07 o kref{1) x50
088 —e— ity 100 055 e trex 100
06 06
o 01 02 03 04 05 06 o7 08 0.9 B b [ 01 02 03 04 05 06 07 08 09 1
a) Dimensionless layer position ) Dimensionless layer position
250
. —o—Arabinose
g J—
o
e
2E
=T
=2
2
oo
H
s o
et Wefx10 Werxzs et 50 et 100
c) Increase of k-ref
Arabinose Galactose &0
- 60 - 60 - ®
L= 660 mm
50 0
1=330mm ¥ 404 g
=
g H *
Z 5| 5
> -
g p 3 _ »
5] Sz >
20 S X 7
Y >
o S
RS ;.
- L=66 mm 10 {2 o S 0 s X 0
= G, 5 SRS o
z Z 2 R 5
& T
o 04 S X109 e EEYF , X103
= 1 08 o
04 s 7 o Radial [m] 04 gp o o Radial [m]
Axial [m] Axial [m]
7
o Arabinose Galactose 25
20
25 y 25~
20+ 4 \
20 / 15
£ 15 245
g B
Z ; 10
g 10 Z 10+
s °
< <
5 4
z 130 5 130 5
%
%v 0
0

s 1 B L 77 00 TaleC)

4
Liquid flow rate [ml/min]

=

3
4
Liquid flow rate [mUmin] 5

funder

holder is the author,

22 Dec 2021 The co

2a




e preliminary.

This a preprint and has not been peer reviewed. Data may

.

72568034

014597

doi.org/10.22541 /au.16

https:

Jlder is the author/funder. All rights reserved. No reuse without permission

The copyright he

2021

22 Dec

Posted on Authorea

1.00

0.80

0.60

0.40

c/creactor's centre

0.20

0.00

0O 01 02 03 04 05 06 07 08 0.9 1
Dimensionless reactor's radial coordinate



