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Stavanger: 4th largest city; Norway’s oil/Energy capital.



University of Stavanger

• The co-operation between UiS and the local 
industry has given the petroleum activities 
at the University of Stavanger an unique 
national and international position.

• There is a need for transition from fossil 
fuel to renewable energy.



Department of Petroleum Engineering –
Department of Energy and Petroleum Engineering

• Department of Petroleum Engineering has developed parallel to the growth of Stavanger as 
an oil capital.

• In view of the development of sustainable energies, IPT has been spitted into Department 
of Energy and Petroleum Engineering and Department of Energy Resources.



Nanomaterial for energy production: design, 
synthesis, characterization and applications

I was the leader of the prioritized research program “Clean Fuel and 
Petroleum Production by Application of Nanomaterials and 
Nanotechnology” at UiS during 2015-2017.



CO2 to fuels: background

Source: Audi



CO2 to fuels: overview



CO2 reforming to methane

CH4 + CO2 ↔ 2CO + 2H2 ∆Ho = 247 kJ/mol
CO + H2O ↔ CO2 + H2 ∆Ho = -41 kJ/mol

• The key to a cost-effective process 
is a breakthrough, methane dry 
reforming catalyst!

• A PhD student started 
the project Feb 2015. 

D.Y. Kalai, K. stangerland, Y. Jin, and  Z. Yu: Active and stable HT-derived Ni catalysts for CO2 reforming: Comparison with catalysts 
by incipient wetness; Journal of CO2 utilization, https://doi.org/10.1016/j.jcou.2017.12.018

https://doi.org/10.1016/j.jcou.2017.12.018


Methanol synthesis: carbon-neutral fuels

CO2 + 3H2 ↔ CH3OH + H2O ΔH0 = −49.5 kJ/mol

• A PhD student started 
the project Oct 2016. 

K. stangerland, H. Li, and Z. Yu: Thermodynamic analysis of chemical and phase equilibria in CO2 hydrogenation to methanol, dimethyl 
ether and higher alcohols; Industrial & Engineering Chemistry Research, under revision.

• The key to the process 
is to develop effective 
nanostructured 
catalysts



CO2 to methane: power to gas

• Storage capacity of the electricity grid last 
for only 0.6 h; storage capacity of the 
natural gas grid lasts for 2000 h.

• The key to the process is to develop active 
catalysts and effective structured reactors.

CO2 + 4H2 ↔ CH4 + 2H2O       ∆Ho = -252.9 kJ/mol

K. Stangeland, D. Kalai, H. Li, and Z. Yu: Active and stable Ni based catalysts and processes for biogas upgrading: the effect of temperature and 
initial methane concentration on CO2 methanation. Applied Energy, doi.org/10.1016/j.apenergy.2017.08.080.
K. Stangeland, D. Kalai, H. Li, and Z. Yu: The effect of temperature and initial methane concentration on carbon dioxide methanation on Ni 
based catalysts. Energy Procedia 105 (2017) 2016.
K. Stangeland, D. Kalai, H. Li, and Z. Yu: CO2 methanation: the effect of catalysts and reaction conditions. Energy Procedia 105 (2017) 2022.

• A PhD student is to 
start the project in 
2018. 

https://doi.org/10.1016/j.apenergy.2017.08.080


H2 production: hydrolysis of ammonia borane

𝑁𝑁𝑁𝑁3𝐵𝐵𝑁𝑁3 + 2𝑁𝑁2𝑂𝑂 → 𝑁𝑁𝑁𝑁4
+ + 𝐵𝐵𝑂𝑂2

− + 3𝑁𝑁2

• Industrial H2 production: steam methane reforming; CH4 + H2O → CO + 3H2, ∆Ho

= 206 kJ/mol. 
• Ammonia borane (AB) is a potential H2 carrier due to its high H2 content (19.6 

wt. %) and high stability under moderate conditions.
• The hydrolysis of AB can proceed efficiently at room temperature with 100% H2

yield in the presence of an active and durable catalyst.
• Nobel metals, e.g, Pt, Ru, Rh, have demonstrated high TOFs and low activation 

energy.
• Ni, Fe, Co, and Cu based nanomaterials have been investigated and reported to 

have good activities.

11



Ni NPs with different sizes: TEM

 All five Ni NPs are monodispersed except that the 27.4 nm Ni NPs are 
slightly agglomerated. 
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Activity test: The influence of Ni NP sizes

Time course of H2 production with differently sized Ni NPs and the corresponding 
TOFs
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K. Guo, H. Li, and Z. Yu: Size-dependent catalytic activity of monodispersed nickel nanoparticles for the hydrolytic 
dehydrogenation of ammonia borane. ACS Applied Materials & Interfaces, 2018, 10 (1), 517–525.



NiCu NPs with different compositions: TEM
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Ni Ni0.75Cu0.25 Ni0.5Cu0.5 Ni0.25Cu0.75 Cu



NiCu: HAADE-STEM
Ni0.75Cu0.25

HAADF-STEM, elemental mapping and HRTEM images.
Ni(111): 2.034 Å, Cu(111): 2.088 Å 15



Activity test: The effect of alloying with Cu

Time course of H2 production with different NiCu and corresponding TOFs
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K. Guo, Y. Ding, J. Luo, and Z. Yu: NiCu bimetallic nanoparticles on silica support for catalytic hydrolysis of 
ammonia borane: composition-dependent activity and support size effect. To be submitted.



Summary
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• Ni NPs can be synthesized with controlled sizes, they are 
effective catalysts for hydrolysis of ammonia borane and their 
activity are found to be size-dependent.

• NiCu NPs can be synthesized with controlled sizes and 
compositions; By alloying with Cu, the activity of NiCu alloy NPs 
are found to be composition-dependent with Ni0.75Cu0.25 showing 
the best catalytic performance.



In-situ and ex-situ catalytic upgrading of heavy 
crude oil: Rational design and synthesis of 
nanocatalysts

TEM images and 
corresponding lateral 
size distribution curves 
with Gaussian fits of 
the MoS2 (a, d), MoNiS
(b, e) and MoCoS (c, f).

K. Guo, H. Li, and Z. Yu, Fuel, 2016, 185, 886–902.
K. Guo, V. F. Hansen, H. Li, and Z. Yu. Fuel, 2018, 211, 697–703.
K. Guo, M. Gu, and Z. Yu. Energy Technology, 2017, 5 (8), 1228–1234.
K. Guo, Y. Zhang, Q. Shi, and Z. Yu. Energy & Fuels, 2017, 31 (6), 6045–6055.
K. Guo, Y. Ding, J. Luo, and Z. Yu: Nickel cobalt thiospinel nanoparticles as hydrodesulfurization catalysts: the importance of cation 
position, structural stability and sulfur vacancy. ACS catalysis, under review.
K. Guo, Y. Ding, and Z. Yu: One-step synthesis of ultrafine MoNiS and MoCoS monolayers as high-performance catalysts for 
hydrodesulfurization and hydrodenitrogenation. To be submitted.



Application of nanomaterials for 
Enhanced oil recovery (EOR)

M.N. Agista, and Z. Yu: A state-of-the-art review of nanoparticles application in petroleum with focus on enhanced oil recovery; under review. 
M.N. Agista, P.Ø. Andersen, and Z. Yu: Nanoparticle transport in porous media: simulation and comparison with experimental data; To be 
submitted.

• Nanoparticles in the contact region tends 
to create a wedge like structure. A 
disjoining pressure is created  and the 
wedge film spreads along the solid 
surface as monolayer, therefore 
enhancing the separation of oil or paraffin 
from the solid surface.



Thank you for your attention!

I am interested in collaboration on nanomaterials synthesis 
and applications on energy production!

E-mail: Zhixin.yu@uis.no
Mobile: +47 95934033

Webpage: http://www.uis.no/about-the-university/contact-us/employees/yu-
zhixin-article79339-11199.html
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