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Abstract : Dry reforming of methane to synthesis gas was investigated over a series of Ni/HY catalysts promoted by Mg, Ca, K
and Mn. These catalysts were characterized by XRD, BET, SEM, and TGA analyses before and after the reaction. Conversions
and product yields were increased with increasing nickel loading up to 13 wt%. Among the catalysts tested in this work, the
Ni-Mg/HY catalyst showed the highest carbon resistance and the most stable catalytic performance. It was revealed that the
addition of Mg promoter reduced the nickel particle size and produced the highly dispersed nickel particles, and consequently,

retarded the catalyst deactivation.
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Table 1. Enthalpy of reaction with carbon dioxide

Table 2. Carbon species formed by Boudouard reaction

Reactions AH (298 K)
C+C0O,—2CO +172.54 kJ mol”!
CH,4 + CO;, —2CO + 2H, +247.44 kJ mol”
C2Hg +2C0, —4CO + 2H, +429.82 kJ mol”
C3Hs +3C0, — 6CO + 2H, +621.53 kJ mol”
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CHy+CO, — 2CO+2H, AH'ys = 247.44 kJ mol" (1)
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2C0 2 C(s) + CO,  AH'as = -173 kJ mol'  (2)

CH, 2 C(s) + 2H, AH5 = +75 kJ mol"  (3)
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Table 3. Carbon species formed by methane decomposition

Generation | Reduction
temperature | temperature
(0 with H, (C)

Adsorbed, Atomic (surface caride) 200 - 400 200
Ploymeric, Amorphous fils or filaments | 250 - 500 400

Structural type

Filaments, Fibers, and/or whiskers 300 - 1000 | 400 - 600
Nickel carbide (bulk) 200 - 400 | 400 - 600
Graphitic (crystalline) platelets or films | 200 - 400 | 550 - 850
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Structural type Formation

Effects Temperature range (C)

Slow polymerization of CnHm radicals on

Encapsulating film Ni-surface, into encapsulating film

Progressive deactivation <500

Diffusion of C through Ni-Crystal, wisker

No deactivation of Ni-Surface; Breakdown

Whisker growth with Ni-crysta at top of catalyst and increasing AP > 450
. e Encapsulation of catalyst
Pyrolytic Thermal cracking of hydrocarbon; diposition particle: ~ 600

of C precursors on catalyst

deactivation and increasing AP
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1. Gas booster

2. Gas chamber

5. Silica gel

3. Pressure gauge

4. Pressure regulator

11. Furnace
12. Catalyst bed
13. Temp. controller

6. Needle valve

7. Check valve

8. Mass flow meter

9. Mass flow controller
10. Buffer tank

14. 3-way valve
15. Gass chromatography

Figure 1. The schematic diagram of reaction apparatus.
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Table 4. Effect of Ni loading on the performance of Ni/HY catalyst

J xX . . o N
0] = H,yield x in the dry reforming of methane at 700 C after 1 h reaction
sl @ COyield Y Loading weight Conversion (%) Yield (%)
_ { 4 CH,conversion of nickel (Wt%) CH, Co, H, Cco
X 70'_ v CO, conversion I
T 6] A X . 5 35 39 32 45
n
> 1 A v § oo 10 84 74 66 69
o5 504 v "
5 I 11 82 72 77 84
‘® 40 Y - [ ]
g ] A ° 12 86 87 76 81
Z 304
3 ] vVee * 13 93 82 77 87
] A e
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Reaction temperature (°C)

Figure 2. The effect of reaction temperature on conversion of CHa,
CO; and yield of CO, H; over 13 wt% Ni/HY catalyst.
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Figure 3. Effect of promoter on the performance of Ni/HY catalyst
in the dry reforming of methane at 700 C.
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Figure 4. Effect of Mg loading on the performance of Ni/HY catalyst
in the dry reforming of methane at 700 C after 1 h reaction.
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promoters. (a) Before reaction, (b) After reaction.
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Table 5. Physicochemical properties of the prepared catalysts

SBET | Dy |Dumic| Vs Dni- | D

Catalysts (m* ") | (nm) | (am) | (cm’ &) reduced | used
¢ ) @m | (m)

Ni/HY 280.7 | 19.8 | 0.61 0.299 23.7 49.6
Ni-Mg/HY | 352.7 | 43 | 043 0.428 14.9 18.8
Ni-Mn/HY | 3395 | 44 | 047 0.345 16.2 259
Ni-Ca/HY | 2984 | 4.1 | 0.45 0.365 19.5 30.1
Ni-K/HY | 200.2 | 3.7 | 0.48 0.341 30.8 71.7
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Figure 7. SEM images of promoters added Ni/HY catalyst after 24 h reaction. (a) Mg, (b) Mn, (c) K, (d) Ca.
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