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Fig. 1 The schematic diagram of experimental device
1. nitrogen; 2. hydrogen; 3. methane; 4. pressure reducing
valve; 5. pressure gage; 6. purifier; 7. mass flow meter;

8. check valve; 9. mixture; 10. three-way ball valve;
11. quartz tube; 12. tube furnace; 13. temperature controller;
14. gas-liquid separator; 15. ten-way valve;

16. gas chromatography; 17. wet type gas meter
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Fig.2 SEM images of activated carbon treated by HNO,
(a) fresh C1; (b) CI treated by HNO,; (c¢) fresh C2; (d) C2 treated by HNO,
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Table 1 The chemical composition of different supports

Composition/ (w/% )

Sample
C H N S 0 Ash
cl 78.72 2.37 0.77 1.34 2.33 14.41
TCl 87.80 0.68 0.94 0.42 2.86 7.24
2 89.26 2.26 0.34 0.24 3.54 4.36
TC2 90.32 1.84 1.06 0.13 3.88 2.76
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55. HER2 ATR, 4 FhARARRY R TE AR/ IMIUT A
TCI >TC2> Si0,>y-Al,0,.

M2 fTUUEH, SRR G C2 H R R
B 294.21 m* - g7 BEANF] 491.34 m® - g7, 1fij Cl
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Table 2 Textural properties of different supports
Sample Surface area A/( m* - g') Pore volume V/(cm’ - g™") Average pore diameter d/nm
Si0, 406.75 0.27 2.66
v-Al, 0, 163.97 0.35 8.54
C1 754.35 0.43 2.12
TC1 808.27 0.43 2.12
C2 294.21 0.16 2.14
TC2 491. 34 0.48 3.22
p 5, 700
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Fig. 4 Maximal synthesis rate comparisons of ammonia

over iron-based catalysts of different supports
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Fig. 5 Maximum synthesis ammonia rate over

iron-based catalysts with different additives
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Fig. 6 Synthesis ammonia rate of 5% K-5% Fe/TC2
and 5% Fe-5% K/TC2
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Table 3 Textural parameters of fresh 5% Fe-5% K/TC2 and 5% K-5% Fe/TC2

Sample Surface area A/( m* - g™") Pore volume V/(em’ - g™") Average pore diameter d/nm
TC2 477 0.48 3.22
5% Fe-5% K/TC2 138 0.081 2.37
5% K-5% Fe/TC2 383 0.20 2.13

Intensity/a.u.

10 20 30 40 50 60

20/ (°)

70 80 32 33 34
20/ (°)

B 7 AT 5% K-5% Fe/TC2 F1 5% Fe-5% K/TC2 [ Wi fif ) XRD [
Fig.7 XRD patterns of fresh 5% K-5% Fe/TC2 and 5% Fe-5% K/TC2
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Fig. 8 H,-TPR profile of catalyst 5% K-5% Fe/TC2
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Fig. 9 SEM images of fresh 5% K-x% Fe/TC2 with different Fe loading
(a) 5%K-3%Fe/TC2; (b) 5%K-5% Fe/TC2; (c¢) 5%K-7% Fe/TC2; (d) 5% K-9% Fe/TC2
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Fig. 10 XRD patterns of fresh 5% K-x% Fe/TC2 with different Fe loading amount
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Fig. 11 The XPS spectrum of Fe 2p from the surface of

5% K-5% Fe/TC2
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Fig. 12 Influence of different Fe loading amount on
the synthesis ammonia rate
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Fig. 13 Influence of different K loading on the

synthesis ammonia rate
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Promoting Effect of Potassium on the Performance of
Iron/cocoanut-char Catalyst in Direct Synthesis of Ammonia
from Methane and Nitrogen at Atmospheric Pressure

TAN Wei'?, WANG Yu-qi'**, WANG Jin-yan'?, ZHENG Lan'?, HAN Xiao-long' ",
YAO Rui-qing'?, ZHOU Li-fa®
(1. School of chemical engineering, Northwest University , Xi’ an 710069, China;

2. Shaanxi provincial institute of energy resource & chemical engineering, Xi’ an 710069, China)

Abstract: A series of catalysts used for synthetic ammonia from methane and nitrogen at atmospheric pressure were
prepared by the fractional wetness impregnation method. Based on the performance comparisons of iron catalysts
among different supports, the coconut shell activated carbon displayed an excellent catalytic activity than SiO, ,
v-Al,O;, and columnar carbon. Through the promoter selection experiments such as Zr, Ce and K, we found that
the K promoted iron catalyst has the highest synthetic ammonia rate. XRD, SEM, and BET were carried out to
characterize the supports and catalysts, and the results showed coconut shell activated carbon has the most uniform
pore distribution with outstanding increase of average pore volume. A crystalline phase of KFeO, was generated after
the catalyst reduction. The optimal loading sequence and working conditions of synthetic ammonia catalysts were in-
vestigated in a fixed bed differential reactor. Experimental results prove that atmospheric pressure, 700 C, Vo /
Vy, =2/1, flow rate of 2 800 ml./h, 3% K-5% Fe/cocoanut-char can achieve the most favorable synthetic ammonia
rate of 1.04X10™° mol - g”' + s™", which is 83.5 times higher than current literature and would foresee an extensive
prospects of industrial application in the future.

Key words: potassium promoting; catalysis; cocoanut-char; methane; ammonia synthesis at atmospheric pressure



