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A Study on Ammonia Reforming Catalyst and Reactor Design for 10 kW
Class Ammonia-Hydrogen Dual-Fuel Engine
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Sangho86@kimm.re.kr Abstract >> Ammonia-hydrogen dual-fuel engine is a way to reduce greenhouse

gas emission because ammonia and hydrogen are carbon-free fuels. In ammo-

Received 15 July, 2020 nia-hydrogen dual-fuel engine, hydrogen is supplied to improve the combustion
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Accepted 30 August, 2020 characteristic of ammonia. In this study, an ammonia reformer was developed to
supply hydrogen for 10 kW class ammonia-hydrogen dual-fuel engine. Thermodynamic
characteristic and catalyst were investigated for ammonia reforming. Heat trans-
fer was important for high ammonia conversion of ammonia reformer. 99% of
ammonia conversion was obtained when 10 LPM of ammonia and 610°C of hot
gas were supplied to the ammonia reformer.
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Fig. 1. Schematic diagram of the micro-reactor for catalyst
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Fig. 2. Schematic diagram of the experimental setup for am-
monia reformer test
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Fig. 3. Schematic diagram of the ammonia reformers (a) re-
former A (b) reformer B
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Fig. 4. Thermodynamic equilibrium composition of ammonia
reforming reaction

Table 1. NH3 flow rate and heat requirement of 10 kW NH3-H>
dual-fuel engine assuming 30% engine efficiency and 1:9 of
H2:NHz ratio

NH3-H; dual-fuel engine

Total NH3 flow rate 145 LPM
Heat of total NH3 30.36 kW
NH; flow rate to engine 135 LPM
H, flow rate to engine 15 LPM
H2:NHj3 ratio 1:9
Engine efficiency 30%
Engine power 10 kW
Ammonia reformer
NH; flow rate to reformer 10 LPM
Required heat for reforming at 400C 495 W
Required heat for reforming at 600°C 583 W
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Table 2. Temperature and pressure of ammonia at pre-HEX
and reformer inlet at 10 LPM of NH3 flow rate

Pressure (mbar) Temperature (C)
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Reformer A
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Reformer B
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Fig. 8. Ammonia concentration and ammonia conversion of
ammonia reformer B with various hot gas temperature

Transactions of the Korean Hydrogen and New Energy Society <<



378 10 kW & Y&2L{0t-

S4 BAANTIS 93t ATLIOL Y Eof

N7k LRl e F B8-S Uehdch by
dEYot 7jA7|= W2 w72 A 52 o
ol AgHE-S 2w AAEojof ek grol )
7] B 610-650C GollA] 5 guLjo} Hevt
4,000 ppm ©|3}E 99% o|AFQ] ofmijo} HIE-S

Ak 3 A7) 145 LPME) ghmuols 33
Sh= ofmUjokgA TRl A w7 &%t 610C

ooz AojEH 49k ol H|Lo| 192
w0l 7hsE AR vojul, Ay Aol oF 30%
£ WHESHE OF 10 kW IR Uok-gea ZAQlIZ19]
do] 7Hsd AoR 7|dEch

B AL Grohsd EAAM S4S
o)
™ R

ujo} 727

A

1) OPE‘/}O} 7R RS- 400-600C ©] =4 ¢
A dolsk Falo| wukah 99.0-99.9%9] QFmu
of MPEE AL 4 Ik YRUokAk Tl
of ol ofmuole] ERUILS Loz Bd
ZANA AR A8 30%= 7P AR o
Yol @710 z+z+ 135 LPM} 10 LPMe] ¢l
oF5 FotH oF 10 kWO A7l 293 45 = 3
o, ofuf Hj7|7}Aof A= 495-583 W] &S I
siol grzol Aaslo] Egal Folof s,

2) fmuol 7hd Fufj == 48 Ru Zuli7} glycine
nitrate processZ A|Z%E RwWCGO ZujHc} =2 o
ol Hghes Helrh A8 Ru File 37 £
7} 6,000/h¢1 Z A4 555C o]AtollA 99% o]A+e]
Fuyol HEHEE B 4 Uslck

3) ¢tryo} RS Zuf) A 7} AulES vpgko
2 Aasto] Brskch ZojZo] £508+200 mmel
WE71= 10 LPMO| FEUorl 5= 2704
85%9] o} Meke-S Helom, dddoe] A
How o|RolNx g AL ZulE L2 els)
Atk 254x400 mme| ZujZ 2712 WA HA
3 A7l G o] 29 Z7151] 10 LPM

p

33}

]

2

rot

> et AN XS] =Y

2S7| A0 et 4

of gmUobt FFEE
AEE Wyt

4) ¥ G104 el Qhio} A1 oF 15 LPM
o 548 guLjobgd BAUH] Fgol F55t

Z200| %= 99%9] YrLof

ok ShAgk, AAle] 7w 9 v gere e
Ao ofs A =lo] Axlnt A Aol Wash,
7 ol Afu7]eh NS AASH] Qmujo}-
220 BAAAL AHret Aglolch

= 7]

B AP AT A A Ao A9l

SOy BAIQl e FEALHE 1% grfob
1271 A BAE SEiglon], olo] ZhAbg
Yk,

N

References

1. H.Lesmana, Z. Zhang, X. Li, M. Zhu, W. Xu, and D. Zhang,
“NH3 as a transport fuel in internal combustion engines: a
technical review”, J. Energy Resour. Technol., Vol. 141, No.
7,2019, doi: https://doi.org/10.1115/1.4042915.

2. R.Lan,]. T.S. Irvine, and S. Tao, “Ammonia and related
chemicals as potential indirect hydrogen storage materials”,
Int. J. Hydrogen Energy, Vol. 37, No. 2, 2012, pp. 1482-1494,
doi: https://doi.org/10.1016/j.ijhydene.2011.10.004.

3. C. Ginn, “The National Hydrogen Roadmap provides a
blueprint for the development of a hydrogen industry in
Australia”, CSIRO, 2018. Retrieved from https://www.csiro.
au/en/Do-business/Futures/Reports/Energy-and-Resources/
Hydrogen-Roadmap.

4. C. Rijksen, “Green hydrogen in ammonia production”,
Western Australia’s Renewable Hydrogen Conference, 2018.
Retrieved from http://www.drd.wa.gov.au/Publications/
Documents/Hydrogen%:20Conference%20Yara%20Chris%
20Rijksen.pdf.

5. K.Y.Koo, H. B.Im, D. Song, and U. Jung, “Status of COx-
free hydrogen production technology development using
ammonia”, Journal of Energy & Climate Change, Vol. 14,
No. 1,2019, pp. 34-42, doi: https://doi.org/10.22728/JECC.
2019.14.1.034.

6. S.lidaand K. Sakata, “Hydrogen technologies and develop-
ments in Japan”, Clean Energy, Vol. 3, No. 2, 2019, pp.
105-113, doi: https://doi.org/10.1093/ce/zkz003.

H 313 K4z 2020 8


https://www.csiro.au/en/Do-business/Futures/Reports/Energy-and-Resources/Hydrogen-Roadmap
http://www.drd.wa.gov.au/Publications/Documents/Hydrogen%20Conference%20Yara%20Chris%20Rijksen.pdf
https://doi.org/10.22728/JECC.2019.14.1.034

. S. Muraki, “Development of technologies to utilize green

ammonia in energy market”, 2018 NH; Fuel Conference,
2018. Retrieved from https://nh3fuelassociation.org/wp-
content/uploads/2018/11/AEA-Imp-Con-01Nov18-Shigeru-
Muraki-Keynote-Address.pdf.

. P. Dimitriou and R. Javaid, “A review of ammonia as a

compression ignition engine fuel”, Int. J. Hydrogen Energy,
Vol. 45, No. 11, 2020, pp. 7098-7118, doi: https://doi.org/
10.1016/j.ijhydene.2019.12.209.

C. Lhuillier, P. Brequigny, N. Lamoureux, F. Contino, and
C. Mounaim-Rousselle, “Experimental investigation on
laminar burning velocities of ammonia/hydrogen/air mix-
tures at elevated temperatures”, Fuel, Vol. 263, 2020, pp.
116653, doi: https://doi.org/10.1016/j.fuel.2019.116653.

. X.Han, Z. Wang, C. Mirio, Z. Sun, Y. He, and K. Cen,

“Experimental and kinetic modeling study of laminar
burning velocities of NHs/air, NH3/H,/air, NH3/CO/air and
NH;/CHa/air premixed flames”, Combustion and Flame,
Vol. 206, 2019, pp. 214-226, doi: https://doi.org/10.1016/
j.combustflame.2019.05.003.

. J. Jang, Y. Woo, H. C. Yoon, J. N. Kim, Y. Lee, and J.

Kim, “Combustion characteristics of ammonia-gasoline
dual-fuel system in a one liter engine”, Journal of the
Korean Institute of Gas, Vol. 19, No. 6, 2015, pp. 1-7, doi:

Vol. 31, No. 4, August 2020

12.

14.

https://doi.org/10.7842/kigas.2015.19.6.1.

C.W. Gross and S. C. Kong, “Performance characteristics of
a compression-ignition engine using direct-injection am-
monia~DME mixtures”, Fuel, Vol. 103, 2013, pp. 1069-1079,
doi: http://dx.doi.org/10.1016/j.fuel.2012.08.026.

. A.J. Reiter and S. C. Kong, “Combustion and emissions

characteristics of compression-ignition engine using dual
ammonia-diesel fuel”, Fuel, Vol. 90, No. 1, 2011, pp. 87-97,
doi: http://dx.doi.org/10.1016/j.fuel.2010.07.055.
C.S.Morch, A. Bjerre, M. P. Gottrup, S. C. Sorenson, and
J. Schramm, “Ammonia/hydrogen mixtures in an SI-en-
gine: engine performance and analysis of a proposed fuel
system”, Fuel, Vol. 90, No. 2, 2011, pp. 854-864, doi:
https://doi.org/10.1016/j.tuel.2010.09.042.

. K. Tange, N. Nakamura, H. Nakanishi, and H. Arikawa,

“Hydrogen generator, ammonia-burning internal combustion
engine, and fuel cell”, United States Patent, 2016. Retrieved
from https://patents.google.com/patent/US9506400B2/en.

. S.Lee, M. Bae, J. Bae, and S. P. Katikaneni, “Ni-Me/

Ce9Gdo 02—« (Me: Rh, Pt and Ru) catalysts for diesel pre-
reforming”, Int. J. Hydrogen Energy, Vol. 40, No. 8, 2015,
pp. 3207-3216, doi: http://dx.doi.org/10.1016/j.ijhydene.
2014.12.113.

Transactions of the Korean Hydrogen and New Energy Society <<


https://nh3fuelassociation.org/wp-content/uploads/2018/11/AEA-Imp-Con-01Nov18-Shigeru-Muraki-Keynote-Address.pdf
https://doi.org/10.1016/j.ijhydene.2019.12.209
https://doi.org/10.1016/j.combustflame.2019.05.003
http://dx.doi.org/10.1016/j.ijhydene.2014.12.113

