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Physics(DICP), Chinese Academy of Sciences, China
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. Catalytic membrane reactor

. Membrane for gas separation (such as O, N2, Hz, COg, etc.)

. Solid state electrochemical cell

. Chemical looping for CO2 capture and carbonaceous fuel conversion

PROFESSIONAL & TECHNICAL SKILLS

o Strong Catalysis, Chemical Engineering and Chemistry background (Ph.D. and B.S.).
. 6 years’ research experiences in construction of membrane reactors for novel reaction-separation

coupling processes.

. Expertise in synthesis of mixed-conducting materials and catalysts, fabrication of membranes
with different structures and sealing methods for high-temperature reactor at reducing
atmosphere with water vapor.

. Expertise in several characterization techniques, including XRD, SEM, EDS, UV-Vis, TG, and GC.

. Proficient use of Microsoft Office programs, OriginLab, ChemDraw, Photoshop, HSC, etc.
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RESEARCH EXPERIENCE

. Construction reaction-separation coupling strategy in membrane reactor for coproduction
of two kinds of syngases

During 2013-2017, | devoted to develop the coupling strategy of coproduction of ammonia synthesis
gas (ASG, Ho/N2 = 3) and liquid fuel synthesis gas (LFSG, H2/CO = 2) from water, air and methane in
one oxygen-permeable membrane reactor, which was proposed by our group and aimed to combine
industrial six-steps for ASG production and three-steps for LFSG production into one step. The
preparation of membranes, the design of membrane reactor, the bulid of the test equipment, the sealing
of the membrane and the adjustment of test condition are the key points. In this work, | successfully
verified this innovative concept in a perovskite membrane reactor with excellent performance, i. e., 18.8
mL cm min' ASG production rate accompanied with 45.6 mL cm min' LFSG production rate. A 63.3%
energy saving can be achieved compared to traditional industrial processes. For further enhancement
of the performance and the stability of membrane material of the membrane reactor, an asymmetric
dual-phase oxygen-permeable membrane was prepared for ASG and LFSG coproduction. As the
structure of the membrane reactor has an extremely high requirement on the evenness of the
membrane, | devoted much effort to adjust the evenness of the asymmetric membrane. The acquired
ASG and LFSG production rates were obviously prior to that of the perovskite membrane reactor and
the stability of membrane materials was also improved apparently. Compared with industrial processes
for ASG and LFSG coproduction, the membrane reactor process has many advantages: high process
intensification, huge energy saving, high safety, environmental friendliness and clean ASG product.
This membrane reactor process offers a new opportunity for the reform of natural gas chemical industry.
(Published in Angew. Chem. Int. Ed., 2016, 55, 8566-8570.; Int. J. Hydrogen Energy, 2019, 44, 4218-
4227.)

. Construction reaction-separation coupling strategy in membrane reactor for hydrogen

separation to acquire high-purity or ultra-high-purity hydrogen
During 2015-2018, | focused on the application of oxygen-permeable membrane reactor in hydrogen
separation. In this work, the concept of hydrogen separation in oxygen-permeable membrane was first
definitely proposed and successfully verified. A hydrogen separation rate high up to 16.3 mL cm min-
" was achieved at 900 °C with separation factor up to >10,000, which is 2-3 orders higher than the
proton conducting membranes, and comparable to Pd based metallic membranes. Besides, no
performance degradation was observed in a long-term operation with the feeding gas containing 200
ppm H2S. Syngas with various Ho/CO ratios as low-purity hydrogen was also fed to membrane reactor
to simulate practical situation, and a hydrogen separation rate as high as 13.5 mL cm? min-! was
recorded at 950 °C. Moreover, the effects of membrane thickness and structure on the hydrogen
separation performance of oxygen-permeable membrane reactors were also studied to explore their
inner relationship. This type of membrane reactor can be used to produce high-purity or ultra-high-purity
hydrogen for fuel cells, semiconductor manufacturing, photovoltaic cells production, etc. The
experiments presented in this work indicate that this new method has a bright future for hydrogen
separation. (Published in Energy Environ. Sci., 2017, 10, 101-106.; AIChE J., 2017, 63, 1278-1286.; J.
Membr. Sci., 2019, 573, 370-376.)

. Development new dual-phase membranes materials as well as study oxygen permeation
mechanism
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During 2013-2019, | also developed new dual-phase membrane materials and studied the related
oxygen permeation mechanism. The effect of Bi doping into dual-phase oxygen-permeable membrane
materials was investigated systematically for the first time. This work discloses that, unlike Bi doping
would increase the permeability of perovskite membranes and ionic conductivity of ceria, Bi doping into
dual-phase membranes has complex effect on the performance, which depends on the elemental
composition of the dual-phase membrane materials. Besides, for a deep understanding on the oxygen
exchange kinetics and diffusion kinetics of the oxygen-permeable membrane, oxygen permeation
model was adopted to acquire the oxygen permeation resistances and kinetic parameters of perovskite
and dual-phase membranes. (Published in J. Membr. Sci., 2019, 579, 342-350.; J. Membr. Sci., 2019,
573, 628-638.; Sep. Purif. Technol., 2020, 235, 116224.)

. Improving the cathode performance for CO; electrolysis in SOEC by F doping

During my postdoc work at University of Alberta, | was working on adopting F doping strategy to improve
the cathode performance surrounding electroreduction of COz in solid oxide electrolysis cell (SOEC).
By F doping into cathode materials, the high electronegativity (4.0) of fluorine weakens the A-O and B-
O bond, and electrostatic repulsion between F; and V; promotes the mobility of V;, which brings the
enhancement of the concentration of V; and improvement of electrical conductivity.
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