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Acid gas conversion on Na-Zeolites

ZEOLITE
)+ @ < COS g+ H0

Low temperature

(g

Water state (x) gas adsorbed
A HO, .. (kimol?) 31.0 -11.4
A,S% 595 (JKtmol?) 0 -118
A GO (kimol?t) 33.4 23.5
Inversion T (K) oo 199
K eq. (298K) 1.3E-6 7.5E-5
Pressure impact 0 ++

SR M. Biilow, Stud. Surf. Sci. Catal. 1998
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The nature of 13X active site

 Reaction happens on weakly coordinated Na* in the a cage
Fellmuth Zeolites 1987

* B cages act as water sinks (diffusion controlled, slow kinetics)
W. Lutz Adsorpt. Sci. Technol. 1998

©CeQ<" S « In NaCaX/A (67-70%) two sites with different
i @ strength for H,S dissociative adsorption
l A. Starke ACSomega 2022
° i %
, e H,S conversion up to 75%
@0 H H (batch experiment, equimolar to Z capacity)
M. Bllow Stud. Surf. Sci. Catal. 1998

E. Fetisov, ChemPhysChem 2018

21/05/2025 T. Frising, Microporous Mesoporous Mater. 2008 ¢
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13X and 4A; Cationic distribution and physical chemical

characterization

13X (FAU)

G (11151)

4A (LTA)

8R, 6R & 4R
Ronghong Lin, | & EC Research. 2015

i by )
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AT Pore Diameter
77N \ ‘{ H 2
j BQ/ label Si/Al Na/Al | SSA (m?/g) A)
d %
/°/“ B "l‘!“'!;%"
T D i n‘ §. 13X 1.2 0.94 800 7.3
?3 .L_C2 f’Q\\g/
A g 4A 0.97 0.88 560 4
= SN
e S
~2—L N 12R, 6R & 4R
—_— i Supercage
O w1 ) e \
O : (1 Both zeolites have Na cations in the structure !
Frising T, Micro. Meso. Mat. 2008 i‘ 13X has a wider pore diameter than 4A ;
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Dynamic capacities of reactants & COS at 45°C

Catalyst: pre-treated 350°C

Micro Catalytic Bed reactor with FEELE S () In N .
. Conditions: 45°C, 1 bar, W/F = 0.13 g min/mL
in-line Gas Chromatography
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H,S ' d 13X has greater dynamic capacity for H,S and CO, as compared to 4A
11052075  Both materials have comparable dynamic capacity for COS
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Sequence: pre-saturation of the stronger feed
molecule (H,S) followed by H,S + CO, reaction

H,S + CO, on pre-adsorbed H,S on 13X at 100°C
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H,S pre-saturation reaction
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Evaluation of catalytic activity

Catalyst 13X pre-treated for 6h under N,

Bed 4 g (250-500 pm fraction)

Feed pre-saturation in H,S (13%yv) then mix of
H,S (13%v) and CO, (13%vV) in N,

Conditions 45— 350 °C, 1 bar, W/F = 0.13 g min/mL

COS ylelds VS. tlme curves for 13X and 4A at 120 °C
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EI 13X deactivates slowly
J 4A undergoes faster deactivation
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H,S + CO, reaction on pre-adsorbed H,S on 13X at variable T

@ Catalyst activity at varying temperatures

4.0 V- 30 min 30-60 min 60-180 min - ¥ total
B RS |
_35{ ¥ % 13X 4A |
S | *
- 3.0 ' - _ .
= x X Ly
£2.5- R
> %
32.0- " VV v 2*-
'81.5- -k‘ '.'_V = i
= 1 K \4
;1.0— 57V i
1-- : - 4
| \4 ]
0-0 I I I 1 | I | I I I I 1 | I
45 80 100120 20025030045 80 100120200 250300
Temperature (°C)
[
.
21/05/2025 i 4

COS vyields during 1st half hour of reaction — 13X < 4A
Total COS vyields after 3 hours — 13X > 4A
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pre-saturation in H,S (13%v), then

mix of H,S (13%vV) and CO, (13%vV) in N,
Conditions variable T (45 — 300 °C)
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O Total water content of 13X is higher than 4A
 atT > 100 °C, 13X retains less water than 4A i
] Both zeolites dehydrate completely at 350 °C !
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Hydration & progressive dehydration

. TGA results at different isothermal steps
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@ COS production at different hydration levels

Reaction at different hydration levels (from fully hydrated to completely Catalyst: pre-treated at variable T (100-350 °C)

dehydrated zeolite) Feed: pre-saturation in H,S (13%v), then mix
of H,S and CO, (13%yvV) in N,
Conditions: 100°C, 1 bar, W/F = 0.13 g min/mL
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- O- cumulative COS - B- catalyst half life

Hydration level dependence of COS production &
catalyst half-life
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mm R. Ghassemi

Microkinetic Modeling (MKM) of acid gas NVERSITEIT

- GENT
conversion on 13X
modified
. Vv . . . .
EIey-RldeaI reaction mechanism continuous mixed feed
H,5:CO,=1:1 on 13X at 45°C
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competitive adsorption v
pseudo-stationary state
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MKM of acid gas conversion on 13X L

UNIVERSITEIT
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Langmuir-Hinshelwood-Hougen-Watson reaction mechanism

continuous mixed feed
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mm R. Ghassemi

MKM of acid gas conversion on 13X —

UNIVERSITEIT
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H2S pre-saturation +continuous mixed feed
H,S:CO,=1:1 on 13X at 45°C
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MKM of acid gas conversion on 13X oL *. Shassem!

GENT

LHHW adapted for pre-saturation

H,S pre-saturated + mixed feed

H,S + # S H,S* r, = kchzse#— kfe#Hz » HZS:C.Ofl:l. on 13?( at 45?’C
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d 13X has higher capacity for H,S and CO, than 4A and gives higher total COS yields

[ Highest COS yields at 100°C after which the activity decrease with increase in temperature

- Catalyst deactivation due to water poisoning active sites, 13X deactivates slowly whereas
faster deactivation profile of 4A

 Re-gain in activity of 4A after 1st hour at T > 120°C

d COS production is proportional to H,S capacity as well as to the hydration level of zeolite

e St e S e ettt e ettt e e et e = P2

o o i B o

J LHHW MKM works better on 13X

’
\\\\\
_________________________________________________________________________________________________________________________________________

21/05/2025 18



/\ .
The & project
Is funded under Horizon Europe
Grant Agreement n°101058100

Thank you all for the attention!

/\

UNIVERSITEIT benkel SAINTGOBAIN @ Sy rF'DC CO E< DECHEMA *a

vation e développement QAINT-GORAIN @ & ¥  Process Q9 i
GENT21/05/2025 Totcignergles




mixed feed
continuous or pulsed flow

H,S: CO, =13: 13 %v
ol ™~ >
Aap O H,S
o A AAA A co,
= AA O cos
15 + Y
=2 R S
o 866664
@101
5 A
2 ] ‘ S
> : .Dg'u_
. O ..
A og90° ‘Doopoog
(P VY PPP - 11|t LA ——
0 30 60 9 120 150
time (min)
Catalyst 13X pre-treated for 6h under N,
Bed up to 4 g (250-500 pm fraction)
Feed H,S (13%v) and CO, (13%v) in N,
Conditions 45°C, 1 bar, W/F=0.13 g min/mL
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Testing catalytic activity: Na-FAU

= N

Molar frgction (mol%)

pre-saturation + mixed feed
continuous flow
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Continuous mixed feed

H,S + CO, on 13X at 45°C

] H,S: CO, =13: 13 %v
20] ™ >
. H,S -
] o Preferably avoidable phenomena
o\o i 2
615_‘ COS
g e Breakthrough of all molecules
L V- Y-Y-Y-Y2
§10-: * CO, rollup effect
8
s 5] * COS (formed instantaneously) can adsorb
0 ] - S 77" Rt- Bt B R LA A L R T @
0 30 60 90 120 150
time (min) | _ o
| | | decouple adsorption and reactivity
I
competition
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Pre-adsorption + mixed feed

H,S + CO, on pre-adsorbed H,S on 13X at 45°C

H,S =13 %v ! H,S: CO, =13 : 13 %v
4 I
20 - i s .
] : 5, Pre-saturation sequence
% ] | CosS
EF] | * CO, and COS adsorption avoided
s [T e P o epron
T10- : * Some competition effects with H,S
5 :
S 5 : e COS decreases over time
- I
I
4 I
O """ ' ALEEL L U — T T TR AT T T 1
o 50 100 15 200 250 300 K& [pelliies
tlme (min)
| Mechanism and kinetic modelling
pre-saturation —|—| o
reactivity
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Catalytic acid gas conversion to COS at mild temperature tested in mixed feed and with
pre-saturation

MKM of both sequences, each one requiring a dedicated set of parameters

The amount of Na cations accessible to H,S is used as the total amount of active sites

Catalyst deactivation due to water poisoning active sites, where sod do not participate
in water placement even for long reaction times

Optimization: effect of temperature, pressure, etc.



