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Mg 1s the promoter selected for the subsequent Kinetic evaluation
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La, ;Mg, gNiO; 46.71 0.1598 13.7 % | o2 | 04 05 o8 10
Mg loading (mol fraction)

8BJH desorption cumulative Pore Volume in the range 1.7-300 nm;
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& MgNiO, (JCPDS 24-0712)
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Peak 1 530

H, consumption (a.u.)

LaN |03

Sample Hydrogen consumption (mmol/g)
Peak 1 Peak 2 Total Reducibility? (%)
(up to 600°C)
La04l\/l9® LaNiO, 2.83 3.26 6.0 89 ,
La, Mg, 3NiO; 0.54 2.36 2.90 91.2
\ La, ,Mg,sNiO, 0.48 2.73 3.21 75.9
Lo Mg IO, La, ;Mg, ¢NiO; 0.39 2.31 2.60 31.1

0 200 400 600 800

Temperature (°C)
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[ CO, desorption (numol/g) Total
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S Lag 4Mgo gNiO3 Weak Moderate Strong 5
< (<160°C) | (160-570°C) | (>570°c) | Mmolg | wmol/m
(@]
‘5_ i LaNiO, 13.6 105.6 64.7 183.9 9.2
o
8 La, ;Mg, 5NiO; 6.6 121.9 116.2 244.7 15.4
9 Lag ,Mg, (NiO, 12.5 119.7 124.1 256.3 17.0
_ Lag ;Mg oNiO, 35.0 218.7 150.1 403.8 46.7
020 40 600 800 1000
Temperature (°C)
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A
.
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Adapted CO chemisorption technique to measure Ni particle c
dispersion, avoiding carbonate formation over the support. Waember ) o o Wavenu::;r e o e
avenumboer (Cm

Nis fCO/Ni * VCO y MNi TOF= FNH3,in'XNH3
= 100 =8.1% 12.5nm -
Ni, 22414 - d, /o Nts

Nis = Dyi(%) - Ni;

Dy; (%) —

The Ni dispersion (Dy; (%)) was based on the simplified assumption that CO molecules are

linearly chemisorbed on Ni (stoichiometric factor for CO chemisorption fco/n;=11s); Fnys,in is the inlet NH; flow (molyys 9 tmin);

Veo (4.95 cm?/g,,) is the amount of CO chemisorbed on Ni; Xnn3 1S the conversion of NH;

My; (58.69 gy;/moly;) is the molar mass of Ni; Nig is the number of reduced surface Ni atoms (moly;/g.,., determined by CO-
Ly; is the Ni content in the catalyst (from XRD; chemisorption);

d, (0.16 gyi/d.4) IS the reduction degree of Ni calculated from H,-TPR. Ni,is the total number of reduced Ni atoms (mol;/9.,., determined by H,-TPR).
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CHARACTERIZATION: NH,-TPD
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CHARACTERIZATION: XPS

Intensity (a.u.)
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Fitting results od O1s, La3d and Ni2p photoelectron spectra.

La3d-Ni2p
La3ds,»
I ——
Ni®*  Ni2*  La3dyp
860 S0 sd0 80

Binding energy (eV)

Peak BE (eV)
Line Assignment
LaNiO, La,;Mg,gNiO,
528.4 530.0 1s OZin lattice (O,)
531.4 532.3 1s Ozx;r;e'\r']"vﬁ Zr{gireosx(igi)or
832.8 835.5 3dy, La,0,
834.6 836.5 Satellite
837.5 839.4 3dy, La(OH),
850.1 852.3 3d,, La,0,
852.5 855.3 2P Ni (1) oxide
854.8 856.9 2P, Ni (I11) oxide
Summary of XPS analysis.
Relative O content Relative Ni content
Sample (%0) (%0)
O, Og Ni(ll) Ni(l1l)
LaNiO, 33.1 66.9 25.8 74.2
Lay ;Mg oNiO; 44.7 55.3 69.3 30.7
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6r . 121 . 18- .
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— — —
s g 8 - 812 .
D o D
t g | z z . m
E g E e 01g (dl-l. 1:2) " = — e
é é A i é 6k <o 0.29(dil 1:2) ] e
2 2 2 gl
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L " 1 " 1 " 1 " ] L " 1 " 1 " 1 " ] L 1 1 1 1 M 1 M J Flow
350 400 450 500 550 350 400 450 500 550 350 400 450 500 550
Temperature (°C) Temperature (°C) Temperature (°C)
2r - 3 _ 3 -
- GHSV = 30,000 ml-gey vt P GHSV = 90,000 ml-ggy th* P GHSV = 90,000 ml-ggy th*
? 1 1 27 | Selected conditions:
= 1 b = e 0.1g(dil 1:2) = e 0.1g(di 1:2)
é é | © 02g(d12) i é Al & 0.2g(dil 1:2) i 60’000 ml.gcat'l.h'l
il domain | o] [ | 0.1 gr of catalyst (catalyst:quartz:1:2)
30 200 250 350 200 250 350 200 250
Temperature (°C) Temperature (°C) Temperature (°C)

*25 vol.%NH; in He
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12 . 18 A
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e e | ) |
FI| FI| F F F F
5 8- - g 121 - d, a2
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T T ® T B = e
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o o
& = e 70-100 mesh v v v v
E 4 1 &6 :
] [«5] —
§ ® 30-50 mesh § -
® 50-70 mesh ‘g "" Inle'mal()‘ﬂmlon No Internal
0 i 70-100 mesh ] 0_ ] 5 Limitations Diffusion Limitations
L " 1 " 1 " 1 " J L " 1 " 1 " 1 " J 1/d,
350 400 450 500 550 350 400 450 500 550
Temperature (°C) Temperature (°C)
3r 9 3]
. GHSV = 60,000 ml-ge, tht — GHSV = 90,000 ml-gg, tht
i1 3T+ omn Selected conditions:
=z z ® 50-70 mesh
\g/ L g/ 1L ® 70-100 mesh 60 . OOO ml. gcat'l .h'l
e ® 30-50 mesh g . =1 -
. e 0.1 gr of catalyst (catalyst:quartz:1:2)
® 70-100 mesh | ot

5 # % 5 # 50-70 mesh

Temperature (°C) Temperature (°C)

*25 vol.%NH, in He
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100 o - 30r -
® 30,000 ml-gsy  h S
<
g0k ® 60,000 mlgey tht 1 .
90,000 mlggq -h™ by
—~ & 20 -
X 60F 1 35
Nl
el =
2 E
Z s 13
= 0 ]
20F =
e
o
o
o- _ oL & —C— -
1 ) ] ) ] ) ] ) ] 1 ) ] ) ] ) ] ) ]
350 400 450 500 550 350 400 450 500 550
Temperature (°C) Temperature (°C)
*25 vol.%NH; in He
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Loz pihp ACTIVITY TESTS: DETERMINATION OF

The commonly accepted reaction mechanism includes the elementary steps of the chemisorption of ammonia, the
consecutive dehydrogenation of ammonia, and the combinative desorption of hydrogen and nitrogen:

NH; + * < NHj* @
NH;% + % < NH>* + Hx (i1)
NH>*x + x < NH x + Hx (111)
NH = + * < Nx* + Hx (1v)
2N *x < Np+ 2% (V)
2H *x < Hp + 2% (vi)

where * and X* denote an empty site and a species X bonded to the surface, respectively. Either step (ii) or (v)
or both of them are generally agreed to be the rate-determining steps while the other reaction steps are in
equilibrium

Winter School on “Membrane and Membrane Reactors”,
Eindhoven, 27-28 January 2025 (Disclosure or reproduction without prior permission of ANDREAH is prohibited). Page 17
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2 _
15¢ . - .
— <
- i
g 10+ s o) 7
o ™
e =
3 S OF
2 =
E s - E y = -11.514x + 16.099 |
2 £ af % = 0.9937
o a4
=
0_ L 1 1 1 ] -
350 400 450 500 550 K e S S R
Temperature (°C) 1.2 1.3 1.4 1.5 1.6 1.7
UT (K

k = koe B/

E E, = 95.7 kJ-mol
Inr= —R—;+ constant k, = 9.81E+06 mmoly,-g... -h

*25 vol.%NH, in He
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o Pthp | ACTIVITY TESTS: TOF > qA‘ ndreaH

60 -
TOF= FNH3,in"XNH3
ls
<4 40F - . .
= Nis = Dyi(%) - Ni;
E
LL Fyyz in 1S the inlet NH; flow (Molyys® Qear tmint);
O " - :
— ook | Xna3 1S the conversion of NH;
Ni, is the number of reduced surface Ni atoms (mol;/g.,;, determined by CO-
chemisorption);
Ni.is the total number of reduced Ni atoms (mol;/g.,., determined by H,-TPR).
o~ -
L 1 1 1 1 1 1 1 )
350 400 450 500 550

Temperature (°C)

*25 vol.%NH; in He
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. 0.2r -
No dependence on partial pressure of N, ~ y = 0.5600x - 2.1752
2.0 1 o 0o r? = 0.9939 -
a y = 0.0008x + 0.06801 s |
= 2 -0.2r
=" 1.5p =z
§ - o
2 E 04
Z10f Py
2 o c 06
E [+ . . . E
é:% 05- _0l8- L | 1 1 ] -
25 3.0 3.5 4.0 4.5
0.0 . : . : . : : _ T In Pnyns (Average Pressure of NHg, kPa)
0 10 20 30 40 50 .
b\, (Average Pressure of Ny, kPa) O-ol}legatlve order dependence on H, _
a S y =-0.2526x - 0.0171
_ 1 pa b pc o = 0.9933
FNH; = kPNH3PH2PN2 § -0.5F i
e
i
__ 1!/pa b =
rf — k NH3 PH2 :.E; -1.0F T
o
*25 vol.%NH, in He; 400 °C =
-1.5- s
o 1 2z 3 = 4
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No dependence on partial pressure of N,

2.0r A
= y = -7E-05x + 0.04852
=
=" 1.5F
® .
S
T
Z10F
)
&
é -
2 0.5F & . . ° °
IS
ad
0.0~ -
| 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50

Pno (Average Pressure of Ny, kPa)

. a b c
rnuy = kPyy, P, Py,

1./ pa b

*25 vol.%NH, in He; 375 °C

Winter School on “Membrane and Membrane Reactors”,
Eindhoven, 27-28 January 2025

In Rate (MMOlypg-Geat —h2)

In Rate (MMOlyp3-Gesr —-h7Y)

Positive order dependence on NH,

(Disclosure or reproduction without prior permission of ANDR]E'A?-;*‘IZ Igf%){ﬁ;@gg)_Pressure of Hy, kPa)

-0.6r -
y = 0.1592x - 1.2685
r> =0.9916
-0.7F .
-0.8f -
-0.9- L 1 1 1 J -
25 3.0 35 4.0 4.5
In Pyns (Average Pressure of NHs, kPa)
Negative order dependence on H,
-0.7r -
-0.8f
-0.9r -
| ]
-1.0f
11k y=-0.172x-0.5162 i
r? =0.9812 .
-1.2F
-1.3- L 1 1 1 J -
0 1 2 3 4

AndreaH
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2NH; ) ¢ 2N* +3 H,
2N* >N, +2*

3 1—
)
Kezq P12\1H3

Under the conditions employed, the value of approach to
equilibrium (n) is always lower than 0.003;

[PNZ]O.S [PHZ] 1.5 y 1
[P ] K

=
o

©
(€]]
T

Calculated Rate (mmoINHg-gca{l-h‘l)

i Partnership > ACTIVITY TESTS: TEMKIN-PYZHEV MODEL > qA‘n dreaH

y = 1.0001x + 0.0103
r? =0.9961

1 1 1
0.2 0.4 0.6 0.8 1.0
Experimental Rate (Molypnz-Geat --h)

b err (P )
ry = kePyy, P, = koe~ JRE( 25

*25 vol.%NH, in He; 400 °C

0.0- ;
0.0
a=0.57
b=-0.25

c=0

B = 0.094
E, = 95.7 kJ-mol
ko — 9.81E+06 mmOlNH3'gcat'1'h'1

Winter School on “Membrane and Membrane Reactors”,
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100

e 25vo0l.%NH3 in He
e 95Vvo0l.%NH3 in He

<)
8\/ 60

o

=
2 40_
20F

L 1 1 1 1
350 400 450
Temperature (°C)

Winter School on “Membrane and Membrane Reactors”,
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1
500

Productivity (mmol,ygee %)

40

20F

o 25 vol.%NH3 in He

e 95vo0l.%NH3 in He

ACTIVITY TESTS: NH; CONCENTRATION > qx::drea H

| . I . I
350 400 450

Temperature (°C)

(Disclosure or reproduction without prior permission of ANDREAH is prohibited).
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MAIN CONCLUSIONS qx::dreaﬂ

*The formation of the MgNIiO, phase increases the stability of the La, Mg, ,NiO, catalyst (see TPR). The strong metal-
metal interaction promotes the formation of small Ni particles after reduction (no sintering, see XRD and CO-
chemisorption).

Funded by
the European Union

*The CO chemisorption performed via Tacheguchi (to avoid carbonates formation over the support, see IR) confirms the
particle size obtained by XRD.

-Basicity is the key strength (see CO,-TPD). The electron-donor property of Mg promotes the dehydrogenation and N,
desorption stages.

«XPS evidences partial reduction of Ni3* to Ni?* (in agreement with XRD) and the presence of hydroxyl group of
perovslyte structure

N, desorption is the rate-determining step (RDS), as evidenced by the mass spectrometry coupled with IR.

The kinetics of the NH; decomposition reaction has been investigated over Na, ;Mg, (NiO; catalyst. Steady-state kinetic
data reveals that this reaction proceeds according to the Temkin-Pyzhev mechanism, in which the recombinative
desorption of N* acts as the rate-determining step.

Winter School on “Membrane and Membrane Reactors”,
Eindhoven, 27-28 January 2025 (Disclosure or reproduction without prior permission of ANDREAH is prohibited). Page 24
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