Journal of the Energy Institute 117 (2024) 101821

Contents lists available at ScienceDirect

Journal of the

energyinstitute

Journal of the Energy Institute

s =
ELSEVIER journal homepage: www.elsevier.com/locate/joeli

L))

Check for

Ceria-boosted Ni/Al;O3 catalysts for enhanced Hy production via acetic | updates
acid dry reforming

Anh-Tam Nguyen*, Kim Hoong Ng " , Ponnusamy Senthil Kumar ¢, Thuy-Phuong T. Pham *-°,
H.D. Setiabudi "%, Mohammad Yusuf 11 Le Kim Hoang Pham®, Bui T. Thu Thao?, ‘
Aishah Abdul Jalil’"*, Mahadi Bin Bahari', Khaled Al-Kahtany ™, Dai-Viet N. Vo ™"

2 Institute of Applied Technology and Sustainable Development, Nguyen Tat Thanh University, Ho Chi Minh City, 755414, Viet Nam

b Department of Chemical Engineering, Ming Chi University of Technology, New Taipei City, 24301, Taiwan

¢ Centre for Pollution Control and Environmental Engineering, School of Engineering and Technology, Pondicherry University, Kalapet, Puducherry, 605014, India

4 Institute of Chemical Technology, Vietnam Academy of Science and Technology, 1A TL29 Street, Thanh Loc Ward, District 12, Ho Chi Minh City, Viet Nam

¢ Graduate University of Science and Technology, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet Street, Cau Giay District, Hanoi, Viet Nam

f Faculty of Chemical and Process Engineering Technology, Universiti Malaysia Pahang Al-Sultan Abdullah, Lebuh Persiaran Tun Khalil Yaakob, Kuantan, Pahang,
26300, Malaysia

8 Centre for Research in Advanced Fluid & Processes, Universiti Malaysia Pahang Al-Sultan Abdullah, Lebuh Persiaran Tun Khalil Yaakob, Kuantan, Pahang, 26300,
Malaysia

" Faculty of Engineering and Applied Science, Clean Energy Technologies Research Institute (CETRI), University of Regina, 3737 Wascana Parkway, Regina, SK, S4S
0A2, Canada

I Centre of Research Impact and Outcome, Chitkara University Institute of Engineering and Technology, Chitkara University, Punjab, India

J Centre of Hydrogen Energy, Institute of Future Energy, Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia

X Faculty of Chemical and Energy Engineering, Universiti Teknologi Malaysia, 81310 UTM Johor Bahru, Johor, Malaysia

1Faculzty of Science, Universiti Teknologi Malaysia, UTM, Johor Bahru, Johor, 81310, Malaysia

™ Geology and Geophysics Department, College of Science, King Saud University, Riyadh, 11451, Saudi Arabia

" Graduate School of Energy and Environment, Korea University, 145 Anam-ro, Seongbuk-gu, Seoul, 02841, Republic of Korea

ARTICLE INFO ABSTRACT

Handling Editor: Dr. Paul Williams Acetic acid dry reforming (ADR) is a promising route for sustainable Hy generation. However, coke inhibition
during ADR is the main challenge and not resolved by using suitable promoted catalysts. In this work, Ce pro-

Keywords: motion on 10%Ni/Aly03 catalysts with 1-5 wt%Ce was evaluated for ADR at varied temperatures of 923-998 K

N";’aSEd catalysts and stoichiometric feed in a fixed-bed rig. CeO5 addition of 1-3% enhanced metal dispersion, and surface area

Hydrogen

whilst basic CeO, character significantly boosted the concentration and density of basic sites on catalysts.
Particularly, the CO5 uptake of promoted catalysts was about 2.49-3.73 times greater than that of counterpart
sample. CH3COOH and CO; conversions were enhanced with rising Ce loading and the highest reactant con-
versions were observed at 3 wt%Ce. The improved adsorption of acidic CH3COOH and CO2 molecules due to
increasing amount of basic sites as well as redox attributes of CeOy promoter could be responsible for the
enhancement in ADR activity and yield of Hy and CO. The mechanistic two-step pathway for coke suppression
induced by CeO, promotion was elaborated in this work. Generally, carbonaceous species formation on 3%
Ce-10%Ni/Al,03 was considerably reduced about 1.6-2.0 times. H/CO ratio varied from 0.59 to 0.65 relying on
ADR temperature over 3%Ce-10%Ni/Al;03. These Hy/CO values, two times higher than theoretical Hp/CO ratio
in ADR, are compatible for downstream gas-to-liquid processes to selectively yield high molecular weight olefins.
Water formation rate increased from 8.67 x 107 to 4.71 x 10™> moly,o g{alt s~ with rising temperature within
923-998 K on 3%Ce-10%Ni/Al;0s.
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