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Fig. 1 Schematic diagram of the hydrolysis of ammonia borane catalyzed by Ni/NiO@MoOx
REEH: KWHIE; MRS EY: WEN; NYNIO 754 H3X4¥ Co@Co:MosOs

The fabrication of M-MO, (M=Ni, Co) composite catalysts and their
performance in the hydrolysis of ammonia borane
Jiahuan He, Xuezhang Xiao®, Ziwei Huang, Lixin Chen”

State Key Laboratory of Silicon Materials, School of Materials Science and Engineering, Key
Laboratory of Advanced Materials and Applications for Batteries of Zhejiang Province, Zhejiang
University, Hangzhou 310027
*E-mail: xzxiao@zju.edu.cn; Ixchen@zju.edu.cn

Abstract: The hydrolysis of ammonia borane is considered as a safe and efficient method of
hydrogen generation. However, the failure to development of inexpensive, stable, and high-
performance catalysts impedes its the further industrial application. Here in, Ni/NiO nanoparticles
on 1D porous MoO, nanorods and multidimensional mutual-supported Co nanoparticles on 2D
Co02Mo30s nanosheets are fabricated from 1D MMoO4 (M=Ni, Co) hydrate as the precursor. The
performance of Ni/NiO@MoO, with NiMoOy as the precursor is much better, and Ni/NiO@MoO,
catalyst with an optimal Ni/NiO weight ratio (73.96/26.04) exhibits an excellent catalytic activity
for the hydrolysis of ammonia borane (TOF=86.29 moly, moly{ min~*, 10478 mL - min~*g™?,
35947 mL - min~1gy}) at 25 °C, overtaking most values both in noble and non-noble metal catalysts
for the hydrolysis of ammonia borane. The bridging effect of NiO steadily connected Ni and MoOy
carrier promotes the great durability of Ni/NiO@MoO,-50H, of which catalytic activity exhibits not
significant degradation in the fifth cycle.
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Fig. 1 The mechanisms and thermodynamics of H, generation from conventional and metal hydride
(MH) mediated water splitting.
R Kok SREENY: HIE: A R
ZE IR
[1] Chen J, Xiao R, Fu K, et al. Metal hydride mediated water splitting: Electrical energy saving and
decoupled H»/O, generation[J]. Materials Today, 2021(9).
Metal Hydride Mediated Water Splitting: Electrical Energy Saving and
Decoupled H2/O2 Generation
Rumei Jin®, Jun Chen, Rui Xiao, Kai Fu, Yong Wu, Yanru Guo, Shaolei Yang, Jie Zheng, Xingguo Li
Beijing National Laboratory for Molecular Science (BNLMS), College of Chemistry and
Molecular Engineering, Peking University, Beijing 100871, P. R. China
*E-mail: jinrumeisherry@pku.edu.cn
Abstract: Reversible hydrogen absorption/desorption, the very fundamental property of metal hydrides
(MH), can be utilized to innovate the water splitting process. On an MH electrode, the H generated from
water reduction is spontaneously absorbed by MH, which is thermodynamically more favorable
compared to direct H, formation and can be achieved above the reversible hydrogen electrode potential.
The absorbed hydrogen can be released to give H, at mild temperature (~70°C) using low grade heat
Electrical energy saving up to 25 kJ (mol H,)"! compared to an ideal hydrogen evolution catalyst can be
achieved on a Pd coated yttrium hydride thin film electrode. The MH mediated water splitting also
automatically leads to decoupled H»/O, generation, which is demonstrated by using an electrode
composed of Pd coated LaNissAlys powder. The MH mediated water splitting combines two classical
hydrogen storage applications: electrochemical hydrogen absorption in Ni-MH batteries and thermal
dehydrogenation in gas phase hydrogen storage, which opens an appealing new application field for

conventional MHs.
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Fig. 1 Schematic diagram of the hydrogen storage mechanism of MgHo> catalyzed by LizVO4
REE: 5 S LisVOss ALHLEE; AT
7 R
[1] ZANG J, WANG S, WANG F, et al. Li-triggered superior catalytic activity of V in LizVOa:

enabling fast and full hydrogenation of Mg at lower temperatures [J]. J Mater Chem A, 2020,
8(14935).

Lithium triggers the gas-solid catalytic reaction of vanadium oxide on
magnesium based hydrogen storage materials
Jiahe Zang, Fang Wang, Dalin Sun®, Yun Song"
Department of Materials Science, Fudan University, Shanghai 200433,
*E-mail: 19110300033@fudan.edu.cn

Abstract: Magnesium-based hydrides are promising hydrogen storage materials, however, little progress
has been achieved in improving hydrogen storage performance under ambient condition, consequently
impeding further commercial application. Herein, lithium rich transition metal, LisVO4 has been
employed to catalyze the hydrogen storage reaction of magnesium-based hydrides, enabling a fast and
full hydrogenation of Mg at lower temperature. The structural stability of LizVOs upon
de/rehydrogenation reaction has been confirmed by neutron diffraction and transmission electron
microscope observations. The synergistic catalytic role of Li;VO4 has been elucidated as the existence
of Li stimulates the catalytic activity of V, and simultaneously suppresses the activity of O. V is the key
catalytic active site, while O can react with active Mg to generate MgO which is a passivation layer and
could prevent the diffusion of H. These findings will give an opportunity to other lithium rich transition
metals in the field of catalyzing hydrogen storage systems.
3
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[1] L. Liang, C. Wang, M. Ren, et al. ACS Appl. Mater. Interfaces, 2021, 13(23) (26998-27005).

Study on the Synergistic Catalytic Desorption of Hydrogen from Aluminum

Hydride by praseodymium oxide and Titanium Oxide
Long Liang'?, Fei Liang', Limin Wang'>*
!Changchun Institute of Applied Chemistry, CAS, State Key Laboratory of Rare Earth Resource
Utilization, Changchun 130022
2University of Science and Technology of China, School of Applied Chemistry and
Engineering, Hefei, 230026, China
*E-mail: Imwang(@ciac.ac.cn

Abstract: Aluminum hydride is considered a very promising hydrogen storage material due to its high
hydrogen storage capacity (10 wt.%) and low hydrogen desorption temperature (150-180 °C). Further
optimization of the hydrogen release reaction of aluminum hydride through chemical methods is a key
step for its application. In this work, praseodymium oxide and titanium oxide were mixed with aluminum
hydride as additives through ball milling to study the hydrogen desorption properties of composite
material. The results show that the synergistic catalytic performance of the two oxides is better than that
of catalysis alone. The initial hydrogen release temperature is 50°C, and the hydrogen release kinetics is
greatly improved. According to the characterization results, the mechanism of multi-electron pairs
promoting hydrogen release is proposed. A heterojunction model was established to conduct a theoretical
analysis of the synergistic catalysis.
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[1] Zhang L, Cai Z, Yao Z, Ji L, Sun Z, Yan N, et al. ] Mater Chem A 2019; 7:5624-34.

Remarkably improved hydrogen storage properties of carbon layers covered
nanocrystalline Mg with certain air stability

Liuting Zhang **, Nianhua Yan ?, Zhendong Yao ®, Ze Sun?, Xiong Lu?, Farai Michael Nyahuma ?,
Ruihan Zhu a, Guoping Tu ®**, Lixin Chen >***
a School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212003,
China
b State Key Laboratory of Silicon Materials, Department of Materials Science and Engineering,
Zhejiang University, Hangzhou 310027, China
¢ Magnetism Key Laboratory of Zhejiang Province, China Jiliang University, Hangzhou 310018, China

Abstract: Different nanocrystalline magnesium with carbon layers were successfully synthesized via a
facile wet-chemical ball milling method for 20, 30 and 40 h, respectively. Based on Scherrer formula and
X-ray diffraction results, the average crystallite size of all the three samples was below 30nm.TEM
observations showed that the hydrogenated Mg particles were covered with carbon layers. Moreover, the
40 h ball milled Mg sample showed outstanding hydrogen storage performance especially in the aspect
of hydrogen absorption. The as-prepared sample started to take up hydrogen at nearly room temperature
and eventually absorbed 6.8 wt% hydrogen at 200°C. The apparent activation energy (Ea) of hydrogen
absorption for the sample was decreased to 26.7 kJ/mol, much lower than that of other reported systems.
For the dehydrogenation experiments, the hydrogenated sample could start to release hydrogen at about
275°C and 6.5 wt% hydrogen was desorbed in 20 min at 325°C.Interestingly, the prepared samples
showed noteworthy air stability. Been placed in the air for 60 min, the dehydrogenation kinetics and
hydrogen capacity of the three samples were basically unchanged, making it possible to be used in future

commercial applications.
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[1]. Z. Sun, X. Lu, F. M. Nyahuma, N. Yan, J. Xiao, et al., Enhancing Hydrogen Storage Properties of
MgH2 by Transition Metals and Carbon Materials: A Brief Review. Front Chem, 2020;8:552.

Enhanced corporate catalysis of NiTiO3/TiO2 on the hydrogen storage properties

for nanocrystalline Mg

Liuting Zhang®*, Nianhua Yana, Zhendong Yao®, Ze Suna, Xiong Lu?, Farai Michael Nyahuma?,
Guoping Tu®*, Lixin Chen®"

a School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212003,

China
b State Key Laboratory of Silicon Materials, Department of Materials Science and Engineering,
Zhejiang University, Hangzhou 310027, China
¢ Magnetism Key Laboratory of Zhejiang Province, China Jiliang University, Hangzhou 310018, China

Abstract: As a promising hydrogen storage material, the practical application of magnesium is
obstructed by the stable thermodynamics and sluggish kinetics. In this paper, the three kinds of
NiTiO3 samples with different mole ratio of Ni to Ti were successfully synthesized and doped into
the as-prepared nanocrystalline Mg to catalyze it. The investigation results indicated that the Mg+7
wt% NiTiO3/TiO2 whose molar ratio of Ni to Ti is 1 to 1.1 showed the prominent hydrogen storage
performance due to the corporate catalytic effect of NiTiO3 and TiO; in the composite. Not only
could the sample start to take up hydrogen at room temperature, but also have a dramatic decrease
(52%) to 34.2+0.2 kJ/mol of hydrogen absorption apparent activation energy, compared with that
of the nanocrystalline Mg (69.8+1.2 kJ/mol). In addition, the hydrogenated sample began to release
hydrogen at about 193.2 °C and eventually desorb 6.6 wt% H». Besides, during 20 cycles, the sample
revealed the splendid cyclic stability that the kinetic properties of hydrogen absorption and
desorption occurred no obvious recession and only 0.3 wt% hydrogen capacity reduced. In brief,
our finding might provide reference for the investigation of intermetallic catalysts for corporate
catalysis on hydrogen storage materials.
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Fig. 1 EDS mappings and pressure-temperature isotherms of Tio.s5Zr0.17Cro.9sFe0.9sVo.1 alloy
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Investigation on Ti-Zr-Cr-Fe-V based alloys for metal hydride hydrogen
compressor at moderate working temperatures
Ziming Cao ?, Panpan Zhou ?, Xuezhang Xiao »*, Liujun Zhan 2, Zhinian Li®, Shumao Wang® and Lixin Chen *
2 School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027.
b Institute of Energy Materials and Technology, General Research Institute for Non-ferrous Metals, Beijing
100088.
Abstract: TigssZro17Cri2.FeosVe (x = 0-0.2), Tio,gszl‘o,17Cr1'2.yFeo,7+yVo,1 (y = 0-0.25) and Tigs7-
2Z10.15+:CroosFeoosVo1 (z = 0-0.04) alloys for metal hydride hydrogen compressor at working
temperatures of water bath were prepared by induction levitation melting. Their microstructures and
hydrogen storage properties were systematically investigated. The results show that all Ti-Zr-Cr-Fe-V
based alloys have a single C14 Laves phase structure. As the V or Zr content in the Ti-Zr-Cr-Fe-V based
alloys increase, larger hydrogen storage capacity is achieved, while the plateau pressure decreases and
the plateau slope factor increases. Conversely, these three properties vary oppositely with increasing Fe
content in the Tio.85Zro.17Cr1.2-,Feo.7+,Vo.1 (v = 0-0.25) alloys. Tio.85Zro.17Cro.95F€0.95Vo.1 possesses the best
overall properties for the designed hydrogen compressor. It has hydrogen capacity of 1.52 wt% and
hydrogenation plateau pressure of 5.62 MPa at 293 K, and dehydrogenation plateau pressure of

23.01MPa at 353 K. Additionally, it possesses relatively low hysteresis and high dissociation enthalpy
0f 20.38kJ/mol Ha.
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[1] Yong Wu, et al. Nonstoichiometric Yttrium Hydride—Promoted Reversible Hydrogen Storage in a
Liquid Organic Hydrogen Carrier [J]. CCS Chemistry, 2020, 2, 974-984.

[2] Hongen Yu, et al. LaNis s particles for reversible hydrogen storage in N-ethylcarbazole [J]. Nano
Energy, 2021, 80 (105476).

Reversible hydrogen storage in liquid organic hydrogen carrier with enhanced
hydrogen transfer kinetics
Zewei Xie, Yong Wu, Hongen Yu, Jie Zheng", Xingguo Li"
New Energy and Nano Materials Laboratory, College of Chemistry and Molecular Engineering, Peking
University, Beijing 100871
*E-mail: zhengjie@pku.edu.cn

Abstract: Liquid organic hydrogen carriers (LOHCs) show advantages on hydrogen storage capacity,
reversibility and compatibility with oil and gas equipment. However, their commercial applications are
limited by sluggish hydrogen absorption/desorption kinetics catalyzed by non-noble metals. Taking N-
ethylcarbazole (NEC) as an example, the reversible hydrogen absorption/desorption of NEC involves 12
hydrogen atoms, so the process of hydrogen activation and transfer is important. To solve this problem,
our group designed and synthesized transition metal/metal hydrides (TM/MH) systems for a synergistic
catalysis process. Composite catalyst Co-B/Al,O3-YHs.« can achieve the hydrogenation of NEC to 5.5
wt% for 2 hours at 180 °C, 10 MPa H,, and the dehydrogenation of 12H-NEC to 5.5 wt% for 7 hours, at
200 °C, 0.1 MPa H,. Through isotope tracing and kinetic isotope effect, the TM/MH synergistic catalytic
mechanism was investigated, wherein organics is activated by TM, and hydrogen transfer is enhanced
by MH. Furthermore, LaNiss nano alloy was synthesized by chemical method, and applicated to
hydrogenation/dehydrogenation of NEC/12H-NEC. This nano alloy has a stable interface between Ni
and LaNis, which enables activation of organics and enhancement of hydrogen transfer on a single
particle. With this unique structure, LaNis s achieves hydrogenation/dehydrogenation of NEC/12H-NEC
for 9 cycles, while the activity of catalyst shows inapparent decline. These works promote the
practicability of LOHCs hydrogen storage technology, develop the research thoughts of metal hydride
catalysis, and deepen the understanding of hydride catalysis mechanism.
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[1] Lu ZY, Yu HJ, Lu X, et al. Two-dimensional vanadium nanosheets as a remarkably effective
catalyst for hydrogen storage in MgH»[J]. Rare Metals. 2021,40(11):3195.

Two-dimensional vanadium nanosheets as a remarkably effective catalyst for
hydrogen storage in MgH,
Zhi-Yu Lu, Hai-Jie Yu, Xiong Lu, Liu-Ting Zhang*
School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212000
*E-mail: 199210018@stu.just.edu.cn

Abstract: Magnesium hydride (MgH»), which possesses high hydrogen density of 7.6 wt%,
abundant resource and non-toxicity, has captured intense attention as one of the potential hydrogen
storage materials. However, the practical application of Mg/MgH, system is suffering from high
thermal stability, sluggish absorption and desorption kinetics. Herein, two-dimensional (2D)
vanadium nanosheets (Vns) were successfully prepared via a facile wet chemical ball milling
method, and proved to be highly effective on improving the hydrogen storage performance of MgHo.
For instance, the MgH»+7 wt% Vs composite began to release hydrogen at 187.2°C, 152°C lower
than that of additive-free MgH,. At 300°C, 6.3 wt% hydrogen was released from the MgH>+7 wt%
Vs composite within 10 min. In addition, the fully dehydrogenated sample could absorb hydrogen
even at room temperature under hydrogen pressure of 3.2 MPa. X-ray diffractometer (XRD) and
transmission electron microscopy (TEM) results confirmed metallic vanadium served as catalytic
unit for facilitating the de/rehydrogenation reaction of MgH,. This finding presents an example of
facile synthesis of two-dimensional (2D) vanadium with excellent catalysis, which may shed light
on future design and prepare of highly effective layered catalysts for hydrogen storage and other
energy related areas.
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Thermal management and integration of the fuel cell power system based on the
solid-state hydrogen storage
Jing Yao, Leilei Guo, Huan Wang, Pengfei Zhu, Zhen Wu*, Zaoxiao Zhang*
Xi’an Jiaotong University, School of Chemical Engineering and Technology, Shaanxi Key
Laboratory of Energy Chemical Process Intensification, Xi’an 710049
*E-mail: wuz2015@mail.xjtu.edu.cn (Z Wu)
zhangzx@mail.xjtu.edu.cn (Z Zhang)

Abstract: Hydrogen industry chain includes production, storage, transportation and application, among
which hydrogen storage and transportation is one of the key factors limiting the development of hydrogen
energy. Compared with the traditional high-pressure hydrogen storage technology, solid-state hydrogen
storage method has the advantages of large hydrogen capacity, low pressure, and high safety, which is
considered as one of the most promising hydrogen storage technologies. However, there is an obvious
thermal effect during the processes of hydrogen absorption and desorption of solid-state hydrogen storage
materials, which has a negative feedback effect on the hydrogen storage performance. Therefore, a good
thermal management is significant for the application of solid-state hydrogen storage technology in
hydrogen fuel cell power system. In this study, phase change material is employed for thermal
management of the hydrogen storage reactor. The heat released by reversible hydrogen storage material
during hydrogen absorption is recycled and used for desorption process. The model of solid-state
hydrogen storage reactor is established and the effects of key physical parameters and operating
parameters are investigated. Meanwhile, a model of continuous hydrogen absorption and desorption
process in hydrogen storage reactor is proposed to optimize the performance of hydrogen storage reactor.
In addition, a test bench is built to verify the feasibility of the hydrogen fuel cell power system which is
also integrated into a car platform. The results show that the stable hydrogen storage efficiency of the
solid-state hydrogen storage reactor can reach 60%, and the running time of 25 min can be achieved in

the fuel cell power system.
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Development of Ti-Zr-Mn-Cr-V based alloys for high-density hydrogen storage
Panpan Zhou !, Ziming Cao !, Xuezhang Xiao ", Liujun Zhan ', Shouquan Li !, Zhinian Li 2, Lijun
Jiang 2, Lixin Chen" "
School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027
E-mail: xzxiao@zju.edu.cn, Ixchen@zju.edu.cn !
Institute of Energy Materials and Technology, General Research Institute for Non-ferrous Metals,
Beijing 100088 2

Abstract: Two series of Tii«Zr:Mn;.1Cro7Vo.2 (x = 0.05, 0.06, 0.07, 0.1) and Tig.95Zr0.0sMn; 8,Cr, Vo (v
= 0.5, 0.7, 0.9) alloys were developed for high-density hydrogen storage units. The effect of partial
substitution of Zr for Ti and Cr for Mn on microstructures as well as hydrogen storage performances was
systematically investigated. All prepared alloys are determined as a single phase of Cl4-type Laves
structure and uniform element distribution. As Ti is increasingly substituted with Zr in the Ti;-
Z1t:Mn 1Cro7Vo2 (x = 0.05-0.1) alloys, the hydrogen storage capacity increases gradually, while the
plateau pressures decrease drastically. For Tio.g5Zr0.0sMn1g4CryVo2 (y = 0.5-0.9) alloys, with the increase
substitution of Cr for Mn, equilibrium pressure hysteresis of de-/hydrogenation improves significantly,
while the plateau pressures and the hydrogen storage capacity decrease slightly. Among the studied
alloys, Tio.95Zr0.0sMngoCrooVo, is the most suitable for high-density hydrogen storage units with
excellent cycling performances. The hydrogen storage capacity is 1.78 wt% in gravimetry and 118.33
kg/m? in volumetry. The desorption plateau pressure at 90 °C is 9.37 MPa with extremely low hysteresis,
and dissociation enthalpy is 21.64 kJ-mol'!. This work provides a guideline for the alloy composition
design of Ti-based alloys.
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[1] L.T. Zhang, H.J. Yu, Z.Y. Lu et al. The effect of different Co phase structure (FCC/HCP) on the
catalytic action towards the hydrogen storage performance of MgH,. Chin. J. Chem. Eng. under review.

The effect of different Co phase structure (FCC/HCP) on the catalytic
action towards the hydrogen storage performance of MgH:
L. T. Zhang, H. J. Yu*, Z. Y. Lu, C. H. Zhao, J. G. Zheng

School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212000
*E-mail: 199210024@stu.just.edu.cn

Abstract: High hydrogen desorption temperature and sluggish reaction kinetics are the major limitations
for the practical application of MgH.. In this study, Co particles with a face centered cubic (FCC)
structure and a hexagonal close packed (HCP) structure were prepared facilely and proved to be good
catalysts for magnesium hydride. Co particles with FCC structure presented better catalytic effect on
MgH, than that with HCP structure. Both 7wt% Co FCC and HCP particle modified MgH, decreased the
initial dehydrogenation temperature from 301.3 <C to approximately 195.0 <C, but 7wt% Co with FCC
structure modified MgH> has a faster desorption rate, and around 6.5 wt% H, was desorbed in 10 min at
325 <C. Hydrogen uptake was detected at 70 T under 32.5 bar hydrogen pressure and 6.0 wt% Hj, was
recharged in 40 min at 150 <C. The hydrogen desorption and absorption activation energy for 7wt% FCC
Co modified MgH, was significantly decreased to 76.6+8.3 kJ mol™! and 68.3+6.0 kJ mol™!, respectively.
Thermodynamic property was also studied, the plateau pressures of MgH,+7 wt% FCC Co were
determined to be 1.40, 2.80, 5.37 and 9.88 bar for 300 °C, 325 °C, 350 °C and 375°C. The decomposition
enthalpy of hydrogen (AH) for MgH>+7 wt% FCC Co was 80.6+0.1 kJ mol™,5.8 kJ mol™! lower than that
of as-prepared MgH,, which means FCC Co tune the thermodynamic property of MgH,. Moreover,
cycling performance for the first 20 cycles revealed that the reaction kinetics and capacity of MgH,-FCC
Co composite remained almost unchanged. The result of density functional theory calculation
demonstrated that cobalt could extract the Mg-H bond and reduced the decompose energy of magnesium
hydride. Our paper can be presented as a reference for searching highly effective catalysts for hydrogen
storage and other energy-related research fields.
12



LR AR RT3 R AR B it E A i FE T AL B 5T

B, SE, Rl we
B TR AR S WK [ 5 i S50 = i 430070

*E-mail: panmu@whut.edu.cn

PR (Eh BB (PEMFC) b, %R 2 BELAS b sSe Bl e BE I R 3R
o ASCRHIESLFIALAEAZ (CLI LR AT, BT AL WU e, A6
70 T BB Knudsen 3 BEH ) ARISSAAE BB T) . S5 5RRWT, BEHR SLERITE AR, 75
R RE T PR RE A B s, REELR G T H RIFIALAmEee, AT,
XA NI . ESLFI A fLAR 1 KR FLAR RS, YEE K205 70-100 nm,  [F]i
T BRLAERL B IR, LIRS CL e 59 BB ) i R AR KT
Knudsen #HXFH /1. BEAh, ARALIE (I FLERES M th 3R 19 5 2 1A RALIR, 180 7 R4
Pt ] A RCHIAR A A BEARAR AR B 28R (1 R A% It BT

(@) (b)

2
n 0.3mg/cm Py . AR(‘L.Knudwn
837 e 0.1mg/cm? e °
* g L2 ARLucal
—_— W
B =
= 0.2 4 = 0.2 4
et =
£ g
.[:i / =
| &) )
o 0.1 2 0.1 4
) -E '___’_’/‘
I
ey
0.0 ~ 0.0 -
L) L) L} L) T Ll L
100 150 200 250 300 350 0.3 0.2 0.1
Total Pressure (kPa) Pt Loading (mgp/cm?)

B 1 & FLAT G A2 74 BRFH . Knudsen 37 80H 73 #0 J5 38045 5 B 0 (7848
Regw: LRIt B AR B SRR R

Influence of pore size optimization in catalyst layer on the mechanism of oxygen
transport resistance in PEMFCs
Shumeng Guan, Fen Zhou, Jinting Tan, Mu Pan
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan
University of Technology, Wuhan 430070, China

*E-mail: panmu@whut.edu.cn

Abstract: In PEMFC, the oxygen transport resistance severely hinders the cell from achieving
high performance. In this paper, pore-forming agents was used to optimize the pore size distribution
of the catalyst layer (CL), and to study its effect on the mechanism of oxygen transport resistance,
including molecular diffusion resistance, Knudsen diffusion resistance, and local O, resistance in
CL. The results showed that with the pore formation the cell performance had a significant
improvement at high current density, mainly due to its better oxygen transport properties, especially
under low platinum conditions. The addition of pore-forming agent moved the pore diameter toward
a larger pore diameter with a range from 70 to 100 nm, and also obtaining a higher cumulative pore
volume. Further tests indicated that the improvement of molecular diffusion resistance was much
larger than that of Knudsen diffusion resistance in the catalyst layer after pore formed. In addition,
the optimized pore structure will also get a higher number of effective pores, which resulted in an
increased effective area of the ionomer on the Pt surface. The higher effective area of the ionomer
was particularly beneficial for the reduction of local O, resistance with low Pt loading.
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Experimental investigation on open-cathode proton exchange membrane fuel cell

with different cathode flow fields

Zixuan Wang, Chasen Tongsh, Bowen Wang*, Zhi Liu, Qing Du, Kui Jiao
*E-mail: wangbw94@tju.edu.cn
State Key Laboratory of Engines, Tianjin University, 135 Yaguan Road, Tianjin 300350

Abstract: The operational parameters of an open-cathode proton exchange membrane fuel cell
(PEMFC) with different cathode flow fields (parallel, pin-type, and metal foams) are investigated
by experiments. The operational parameters include fan voltage, operating temperature and the
anode backpressure. Electrochemical impedance spectroscopy (EIS) and polarization curve are
conducted to characterize the cell performance and electrochemical impedance inside the cell,
respectively. The results show that the cell with the metal foam flow field has better performance
than that with the other flow fields in the baseline conditions. Although increasing the fan voltage
could provide adequate reactant gas and remove excess water, too large air flow rate could reduce
membrane water content and decrease temperature that is bad for the cell performance. Increasing
the operating temperature would improve the cell performance, but the increase of ohmic resistance
caused by higher water evaporation rate cannot be neglected. The cell performs stably with
increasing the anode backpressure in the low current density region, while the cell performance
decreases with increasing the anode backpressure in the high current density region. Understanding
of the characteristics of different cathode flow fields in the open-cathode proton exchange
membrane fuel cell could provide comprehensive guidelines for the design and operation of the low-
power portable PEMFC applications.
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Study on the water behavioral characteristics in PEMFC and Start-up at Low
Temperature Environment

Panxing Jiang', Yuan Yu?, Xiongbiao Wan?, Chenlong Wang?,
Di Zhang?, Qingxi Zeng?, Zhigang Zhan"

'School of Automotive Engineering, Wuhan University of Technology, Wuhan 430070,
2 State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070
*E-mail: zzg-j@163.com

Abstract: The storage/start-up capability of PEMFC in low temperature environment is one of the
main factors restricting its commercial application. Firstly, based on the theory of heterogeneous
nucleation, we theoretically calculated the crystallization kinetic parameters of water in MEA at low
temperature environments, through simulation, the distribution of ice phase saturation in MEA and
its effect on microstructure of MEA and start-up performance of fuel cell were revealed during the
low temperature storage/startup process of PEMFC under the control of the induction time that
supercooled water crystallized; Then, using partition test method for the single cell with long and
straight flow channels, the evolution characteristics of physical quantities such as current density,
temperature and gas pressure during low-temperature start-up were studied, and then the
morphological changes of the water inside the flow channel and the membrane electrode were
explored; at the same time, experiments were designed to obtain the effect of purge conditions and
methods on the residual water in the stack. Based on these results, an optimized cold start control
strategy was developed, and experimental verification was carried out, successfully realized the -
30°C cold start and -40°C storage of the stack, which provided theoretical guidance and
experimental basis for the high-efficiency and rapid cold start of high-power stacks.
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[1] Fan L, Wang Y, Jiao K. Oxygen transport routes in ionomer film on polyhedral platinum
nanoparticles [J]. ACS Nano, 2020, 14(17487).

Nanoscale oxygen transport in catalyst layer of proton exchange membrane fuel
cells
Linhao Fan®, Kui Jiao"
State Key Laboratory of Engines, Tianjin University, Tianjin 300350
*E-mail: Ihfan@tju.edu.cn

Abstract: The oxygen transport resistance in the cathode catalyst layer is high, which significantly
affects the performance of fuel cells and hinders the development of high-performance and low-Pt-
loading fuel cells. Therefore, exploring the oxygen transport in the catalyst layer is of great significance
for fuel cells. In this study, the oxygen transport in the electrolyte film is explored using molecular
dynamics simulations. It was found that a dense ultrathin layer with tightly arranged ionomer molecules
is present on Pt surface, which is the main cause of high oxygen transport resistance. And the oxygen
molecules can more easily reach the edges and corners of Pt particles. Moreover, adding ionic liquid on
Pt surface can inhibit the tight arrangement of ionomer chains and provide larger free space for oxygen
dissolution. The ionic liquid additives can increase the oxygen density in the ultrathin layer by an order

of magnitudes and the oxygen flux by up to 8 times.
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[1] Pengfei Zhu, Jing Yao, Zhen Wu, et al. Multi-physics field modeling of biomass gasification
syngas fueled solid oxide fuel cell [J]. ] Power Sources.

Multi-physics field modeling of biomass gasification syngas fueled solid
oxide fuel cell
Pengfei Zhu", Jing Yao, Zhen Wu
School of Chemical Engineering and Technolohy, Xi’an Jiaotong University, Xi’an 710049
*E-mail: zhupengfei0517@stu.xjtu.edu.cn

Abstract: In order to uncover the inner working mechanism and performance of solid oxide fuel cell
(SOFC) with biomass gasification syngas as fuel, a two-dimensional SOFC multi-physical field model
is established. This study makes up for the deficiency that the previous studies of coupling biomass
gasification unit and SOFC stack mostly stay at the system level. The results show that the SOFC fueled
by the syngas produced from gasification of biomass with steam as the agent has the best performance.
The peak power density could achieve approximately 10240 W-m™. With the improvement of operating
temperature, the peak power density of SOFC will be increased. At the temperature of 1123 K, the peak
power density could achieve about 15128 W-m™. The average reaction rate of water gas shift (WGS)
reaction is -29.73 mol-m=-s!' when the operating temperature is 1123 K. This indicates that the WGS
reaction will proceed in reverse direction at high temperatures, thereby reducing the hydrogen
concentration. In addition, increase in the anode flux and decrease in the cell length lead to the increase
of SOFC current density. In general, this work could provide guidance for the optimization and practical
application of SOFC using biomass syngas as fuel.
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Fig.1 (a) XRD patterns of PBSCCx(x = 0,0.1,0.2,0.3); (b) Electrochemical impedance spectra of
the PBSCCx(x= 0,0.1,0.2) cathodes measured at 600 °C
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[1] JTA W, Huang Z, Sun W, et al. Flexible A-site doping Lao.¢.xMxSro4Coo2Feo 303 (M=Ca, Ba, Bi; x=0,
0.1, 0.2) as novel cathode material for intermediate-temperature solid oxide fuel cells: a first-principles
study and experimental exploration [J]. J Power Sources, 2020 (490): 229564.

The study of Cu doping on the performance of PrBao.sSrosC02xCuxO3
cathode for intermedium temperature solid oxide fuel cell
Weihua Jia, Yuqi Wang*
School of Chemical Engineering, Northwest University, Xi’an, 710069
*E-mail: wangyuqi@nwu.edu.cn

Abstract: (Lag.75510.25)0.9sMnO3:5(LSM). Lag 6Sto4CoO3(LSC) and Lag.6Sr9.4C00.2Fe0s03+5(LSCF) are
the most promising cathode materials for SOFCs!!l. In this work, Cu doped PrBagsSrosCoo.
«Cux03(PBSCCx, x=0,0.1,0.2) were synthesized through a EDTA-CA complexation process?). The
lattice parameters of PBSCCx increase as Cu substitution amount reduce without changing its quartet
structure, and the LBSCFx cathodes exhibit excellent chemical compatibility with GDC electrolyte; TGA
results confirm that the oxygen vacancies promote along with the Cu concentration, which effectively
increases the kinetic rate of oxygen transport. PrBag sSrosCoCuO3(PBSCC1.0)) demonstrates the best
electrochemical performance, the R, as AC impedance spectroscopy of PBSCCO, PBSCCO.5,
PBSCI1.0 are 1.199 Q-cm?, 0.735 Q-cm?, 0.439 Q-cm? in 600 °C, which make PBSCCI.0
become one of the potential cathode material.
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[1]1P. Wang, T. Yang, Q. Li et al. Enhanced hydrogen absorption and desorption properties of MgH»
with NiSy: The catalytic effect of in-situ formed MgS and Mg:NiH4 phases. Renewable Energy
2020, 160: 409-417.

Effect of ternary transition metal sulfide FeNi2S4 hollow balloons on hydrogen
storage performance of MgH:2
Yaokun Fu, Lu Zhang, Yuan Li, Shumin Han*

State Key Laboratory of Metastable Materials Science and Technology, Hebei Key Laboratory of
Applied Chemistry, School of Environmental and Chemical Engineering, Yanshan University,
Qinhuangdao 066004
*Email: hanshm@ysu.edu.cn

Abstract: The stable thermodynamics and slow kinetics limit the practical application of MgH>. In this
study, we design a ternary transition metal sulfide FeNi»S4 with a hollow balloon structure as a catalyst
to address the above issues by constructing a MgH»/Mg>NiH4s-MgS/Fe system. Notably, the hydrogen
absorption and desorption of MgH2 has been significant improved due to the synergistic catalysis of the
active species of Mg,Ni/Mg;NiHs, MgS and Fe, originated from the MgH,-FeNi,S4 composite. The
hydrogen absorption capacity of the doped composite at 373 K for 1 h increases to 4.02 wt%, a sharp
contrast to the milled-MgH, (0.67 wt%). In terms of desorption kinetics, the initial desorption
temperature of the composite is 80 K lower than that of the milled-MgH,, and the fitted dehydrogenation
activation energy decreases by 104.4 kJ mol™!' compared with the milled-MgH> (178.9 kJ mol™"). This
method provides a new strategy for improving the dehydrogenation/hydrogenation performance of MgH»
material.
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[1]1J.C. Liu, Z.L. Ma, Z.B. Liu, et al. Synergistic effect of rGO supported NizFe on hydrogen storage
performance of MgHo>, Int. J. Hydrogen Energy 45 (2020) 16622-16633.

Synergistic Effect of rGO support NizFe on Hydrogen Storage Performance of
MgH:
Jiangchuan Liu®, Yunfeng Zhu, Yana Liu, Jiguang Zhang, Liquan Li
College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816
*E-mail: 690611126(@qq.com
Abstract: Bimetallic catalysts possess unique physical and chemical properties that distinct from the
individual. Herein, a NizFe nano material (~12 nm) homogeneously loaded on the surface of reduced
graphene oxide (NisFe/rGO) was prepared based on layered double hydroxide (LDH) precursor. Its
synergistic effect toward hydrogen storage performance of MgH, was studied. The MgH»>-5 wt.%
NizFe/rGO composite could reach 6 wt.% H» only within 100 s at 100 °C, while for MgH, doped with
each individual components NizFe, Ni/rGO and Fe/rGO all required more than 500 s to uptake 3 wt.%
hydrogen under the same condition. The composite started to release hydrogen at 185 °C, much lower
than that of the MgH, doped with 5 wt.% NisFe (205 °C), Ni/rGO (210 °C) or Fe/rGO (250 °C). The
results show that the synergetic effect among rGO and in-situ formed active species (Mg:Ni and Fe) is
responsible for the catalytic mechanism on hydrogen storage of MgH,. Meanwhile, this study supplies

innovative insights to design high efficiency catalysts based on the LDH precursor.
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[1] Zhang R, Yang B, Lei X, et al. Droplets dynamics theory and micro-flow field experiments of
improving self-humidifying feature and maximum power density in fuel cells [J]. Chemical
Engineering Journal, 2021, 429(131974).

Droplets dynamics theory and micro-flow field experiments of improving
self-humidifying feature and maximum power density in fuel cells
Ruofan Zhang®®, Bowen Yang®P®, Xiaozhou Lei*", Pingwen Ming®®, Bing Li*®, Yuliang Lei®,
Daijun Yang®"*, Cunman Zhang®®*
a Clean Energy Automotive Engineering Center, Tongji University, Shanghai, 201804, China
b School of Automotive Studies, Tongji University, Shanghai 201804, China
* Email: yangdaijun@tongji.edu.cn (Daijun Yang), zhangcunman@tongji.edu.cn (Cunman Zhang)

Abstract: Micro-flow field is a preeminent stratagem for improving proton exchange membrane fuel
cells (PEMFC) output performance. Elucidating the droplet dynamics behavior in the micro-channel and
its impact on water management is essential. This work has investigated that, for the same radius droplets,
the maximum driving pressure difference of droplets will increase by 560% approximately in micro-
channel due to the matched characteristic dimension through theoretical analysis based on the fluid
mechanics model. The micro-flow field (0.5 mm X 0.5 mm channel) in PEMFC can promote the
maximum power density by about 48% compared to the normal-flow field (1 mm X 1 mm channel) in
PEMFC by experiments under the same operating conditions and membrane electrode assembly.
Simultaneously, PEMFC with the micro-flow field can obtain the most excellent performance without
humidifying the air. Its self-humidification characteristic makes it possible to cancel the humidification
equipment in the auxiliary system in the future.
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Fig. 1 Schematic of Al-aided close-loop MEA optimization workflow

RGE]: BT ACHBR R HLERE ) R N TERE AL

£ PEN

[1] Rui Ding, Ran Wang, Yiqin Ding, Wenjuan Yin, Yide Liu, Jia Li*, Jianguo Liu*, Angewandte
Chemie International Edition, 2020, 59, 19175-19183.

[2] Rui Ding, Yiqin Ding, Hongyu Zhang, Wenjuan Yin, Ran Wang, Zihan Xu, Yide Liu, Jiankang Wang,
Jia Li*, Jianguo Liu*, Journal of Materials Chemistry A, 2021, 9, 6841. (inside cover)

[3] Rui Ding; Yawen Chen; Ping Chen; Ran Wang; Jiankang Wang; Yiqin Ding; Wenjuan Yin; Yide Liu;
Jia Li; Jianguo Liu, ACS Catalysis, 2021, 11, 9798

[4] Rui Ding”#, Wenjuan Yin*, Gang Cheng, Yawen Chen, Jiankang Wang, Ran Wang, Zhiyan Rui, Jia Li,
Jianguo Liu, Energy and AI, 2021, 5, 100098.

Machine learning participates in the design of high-performance membrane
electrode assemblies in PEMFCs
Rui Ding, Jia Li, Jianguo Liu"
Nanjing University, College of Engineering and Applied Science; Nanjing 210093
*E-mail: jianguoliu@nju.edu.cn

Abstract: When faced with multivariate, high-dimensional and complex data, human researchers have
very limited ability to detect and generalize to obtain reliable laws. Proton exchange membrane fuel cells
(PEMFCs) also involve micro-chemical reactions, mesoscopic material transport, and macro-
hydrothermal management. It is very difficult to conduct cross-scale modeling and guidance. With the
rise of the field of artificial intelligence (Al), training machine learning algorithms for cross-scale data-
driven modeling has proven to be an effective strategy. Through the experimental data set, we
successfully trained the Al-assisted decision-making optimization model for non-precious metals [ and
precious metal-based @ membrane electrodes, which can assist researchers to break through the
traditional trial and error paradigm and accelerate material performance optimization. In addition, in
order to better allow researchers to interact with Al and make progress together, we introduce
interpretable methods P#l to analyze Al black box models, and prove that Al has unique data mining and
obtains unique and reliable data mining. The ability to insight.
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Abstract: Air stability is one of the key challenges to be solved in practical application of
magnesium-based hydrogen storage materials. The dehydrogenation properties and microstructure
of Mg-Al-based hydrides with micro/nano-Ni added before and after air exposure were compared
and studied. With the increase of air exposure time, the peak dehydrogenation temperature of
MgooAlio-5microNi-air gradually increased, while the low-temperature peak dehydrogenation
temperature of MgooAlio-SnanoNi-air remained unchanged at 256 °C. After being exposed to air for
5 days, MggoAlio-nanoNi-air can release 5.0 wt.% Hy in only 2,800 s at 300 °C, maintaining quite
excellent dehydrogenation kinetics. X-ray diffraction (XRD) and scanning electron microscopy
(SEM) show that the uniformly dispersed nano-Ni particles have larger contact area with MgooAlio
and higher chemical reaction activity than micro-Ni. X-ray photoelectron spectroscopy (XPS)
analysis shows that after air exposure, only a small amount of Ni was transformed to Ni(OH)» and
most Ni is in the state of simple substance. Infrared (IR) analysis shows that the addition of Ni can
effectively prevent the formation of Mg(OH).. MgooAljo with nano-Ni added has excellent low-
temperature dominant dehydrogenation performance after air exposure, which is attributed to the
uniformly dispersed simple state nano-Ni, retaining outstanding nano-inducement. Al and Ni
particles also effectively coated MgH> during ball milling and played a good role in anti-air
poisoning. Studying the effects of air exposure on the hydrogen storage properties is critical for
developing applicable hydrogen storage materials.
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Deconvolving the Polarization Loss in Low-Pt PEMFC Electrodes
Meihua Tang”, Qiang Shan, Shengli Chen”
College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China
*E-mail: TangMH_97@whu.edu.cn

Abstract: High-performance and low-platinum (Pt) proton exchange membrane fuel cells (PEMFCs)
are among the key technologies in the hydrogen energy system. Understanding the Pt-loading effects on
the kinetic characteristics of various transport processes in the catalyst layers (CLs) is an effective route
to break the usual Pt loading reliance of PEMFC performance. The CLs are comprised of assemblies of
ion-conducting ionomers and agglomerates of catalysts (Pt/C), which should form internal porous
structures delicately balancing the transport kinetics of the gas molecules, electrons and protons. Due to
those various physiochemical processes in CLs are highly coupled, to distinguish the contributions of
various processes in a CL to the polarization loss plays a guiding role in the optimization of CL structure
and improvement of Pt utilization. In this work, PEMFC electrodes with various catalyst loadings (CL
thickness) are fabricated, and the constitutions of their polarization losses are analyzed by a variety of
characterization approaches. The results showed that after correcting the polarization losses caused by
the proton transport resistance and the molecular diffusion resistance of O, very similar polarization
curves of platinum surface area-normalized current density against overpotential are obtained, regardless
of platinum loadings, which indicates that the diffusion of O, in the ionomer film on the platinum surface,
the so-called local transport resistance, is an intrinsic property that is independent on the platinum loading
of the CL.
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PtNiCu nanocatalysts with high catalytic activity for oxygen reduction Reaction
Yuxiang Liao, Shengli Chen”

(College of Chemistry and Chemical Engineering, Central South University, Changsha, 410083, E-
mail: wanghy419@csu.edu.cn)

Abstract: As a clean and efficient energy conversion technology, the large-scale application of fuel
cells is limited by the slow kinetics of the oxygen reduction reaction (ORR) and the high price of Pt
as a cathode catalyst. PtCuNi alloy may have higher catalytic activity for oxygen reduction reaction
(2], In this work, we used oleylamine as the solvent, protective agent and reducing agent to synthesize
PtNixCus nanoparticles in different proportions at 270°C by switching the atmosphere. SEM results
show that PtNixCus.x nanoparticles changes from the Ni-Cu ratio. The change from the
dodecahedron to the diameter. Different proportions of PtNiCusx nanoparticles were loaded on
carbon and electrochemically dealloyed, and then they were electrochemically characterized. ORR
characterization results show that P different proportions of PtNiCus.x have excellent catalytic
activity for oxygen reduction. Among them, PtNi1.5Cul.5 has the highest oxygen reduction activity,
and its half-wave potential is about 20wt% more than commercial Pt. The catalytic activity of /C
for oxygen reduction is moving forward by 140mV.
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A monolithic sponge catalyst for hydrogen generation from sodium
borohydride solution for portable fuel cells
Jifeng Deng, Bingxue Sun, Jinrong Xu, Yu Shi, Lei Xie, Jie Zheng* and Xingguo Li*
Beijing National Laboratory for Molecular Science (BNLMS),
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871,
E-mail: xgli@pku.edu.cn, zhengjie@pku.edu.cn

Abstract: A monolithic sponge catalyst composed of amorphous cobalt boride nanoparticles
homogeneously de-posited on the fibers of a commercial polyvinyl formal (PVFM) sponge is
developed for the hydrolysis of NaBH4. The hydrolysis of NaBH4 is confined within the pores of
the sponge without visible liquid, which significantly simplifies the H, generation system. Steady
H> generation of about 200 mL min! can be achieved in a light weight plastic container. There is
no restriction on the orientation of the H, generation unit during operation. The catalyst can be easily
recycled after reaction by simply squeezing out the residual solution. Due to these unique
advantages, the monolithic sponge catalyst is highly promising to develop high efficiency, easy to

operate onsite H» generation systems for 50 W scale portable fuel cells.
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Simulation study on the consequence of hydrogen leakage accident involving
long-tube trailer

Tianming Ma", Xianfeng Chen
School of Safety Science and Emergency Management, Wuhan University of Technology,

‘Wuhan 430070

*E-mail: zIx19710201@126.com

Abstract: Long tube trailer is the main transportation mode of hydrogen nowadays. Compared with
other dangerous goods transport vehicles, its safety problem has not been paid much attention. In
this paper, the hydrogen long tube trailer is regarded as a moving point source, and the hydrogen
diffusion model in the moving scene based on the Gaussian smoke cloud model is constructed to
quantify the impact range of hydrogen leakage accident. Firstly, the isoconcentration curve of
hydrogen on the ground was calculated by numerical simulation. Then, the threat region of hydrogen
leakage accident was divided into several sub-regions representing different hazard levels according
to the hydrogen concentration. Finally, the risk heat map of hydrogen leakage accident considering
the change of wind regime was established based on meteorological information. The simulation
process is applied to an example, and the results are of great reference value to the emergency

treatment on the accident site and the rational planning of the transportation route.
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Fig.1 Propagation process of shock waves under different experimental schemes
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Influence of porous copper foam on the explosion characteristics of hydrogen-air premixed
gas in a pipe with large aspect ratio
Yi Li* Xianfeng Chen
School of Safety Science and Emergency Management, Wuhan University of Technology.
* E-mail: yi.li@whut.edu.cn

Abstract: As a kind of clean energy, the safe use of hydrogen is essential to market promotion. In
this work, the fire and explosion suppression performance of copper foams with five apertures of
10 PPI, 20 PPI, 30 PPI, 40 PPI and 60 PPI were investigated under three experimental schemes of
single piece of copper foam, large interval and continuous copper foams. The experiments were
carried out in a circular cross-sectional pipe with aspect ratio of 108 for the premixed stoichiometric
hydrogen-air mixtures. The results show that continuous copper foams with aperture of 60 PPI can
effectively prevent flame from spreading to the downstream of the pipe and make flame quenching.
The phenomenon of "negative pressure suction" was observed in the flame quenching process. The
upstream overpressure was reduced to 60 kPa and the flame propagation velocity was 25 m/s. As
the aperture of copper foam decreased, the shock wave overpressure and flame propagation velocity
decreased. The process of deflagration to detonation transition was effectively inhibited. For a single
piece of copper foam, it failed to play a role in fire resistance. Large interval copper foams can
effectively prevent the reflection impact of shock waves and block the flame from downstream.
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Achieving superior hydrogen storage properties of MgH: by the effect of TiFe
and carbon nanotubes
Xiong Lu, Liuting Zhang*, Haijie Yu, Zhiyu Lu
School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212003
*E-mail: zhanglt89@just.edu.cn

Abstract: Multiple catalysts have exhibited high activity on improving the hydrogen storage
performance of magnesium hydride. Herein, TiFe as a superior catalyst was successfully prepared,
and then doped into MgH> via ball milling to improve the de/rehydrogenation properties of MgH>
at low temperatures. Compared with as-prepared MgHo>, the onset desorption temperature could be
reduced to 175 °C after adding 15 wt%-TiFe to MgH». Furthermore, the 10 wt%-TiFe doped MgH>
released approximately 6.5 wt% H> within 10 min at 300 °C, and 5.3 wt% H> could be rapidly
absorbed at low temperature of 125 °C under hydrogen pressure of 3 MPa. Moreover, the additional
doping of carbon nanotubes (CNTs) evenly distributed on the surface of MgH, particles, enabling
the MgH, + 10 wt%TiFe + 5wt%-CNTs composite with outstanding cycling performance. The
activation energy of hydrogenation for MgH» was reduced from 72.5 + 2.7 kJ/mol to 60.7 + 8.0
kJ/mol after doping with TiFe and CNTs. However, the addition of TiFe and CNTs had limited
influence on the thermodynamic properties of MgH2. The analysis of XRD, TEM, SEM and EDS
indicated that uniformly distributed TiFe and CNTs served as active catalytic unit and aggregation
preventer on enhancing the hydrogen storage properties of MgH,, respectively.
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Photocatalytic hydrogen production versus photocatalyst dimension

under concentrated solar light: a case over titanium dioxide

Zilong Zeng', Bing Luo?, Dengwei Jing*!, Liejin Guo'
1.International Research Center for Renewable Energy, State Key Laboratory of Multiphase Flow
in Power Engineering, Xi’an Jiaotong University, Xi’an, Shaanxi, 710049, PR China.
2. School of Chemical Engineering and Technology, Xi’an Jiaotong University, Xi’an, Shaanxi,
710049, PR China.
Corresponding author: dwjing@mail.xjtu.edu.cn.

Abstract: Revealing photocatalyst behavior under different light intensities is of significance
for the design of photocatalytic reaction system under real solar energy. To this end, we
systematically explored the evolution of physicochemical properties of nanoparticle slurry and
their hydrogen production under concentrated solar light irradiation over TiO; of different
dimensions, i.e., nanosphere, nanorod, and nanosheet. Interestingly, monotonously enhanced
hydrogen production activities versus increasing light intensity up to 11 suns (1 sun=1 kW-m"
2) were observed for nanorods and nanosheets. However, hydrogen production exhibited an
initial rapid increase and then an obvious falling tendency for nanospheres once the light
intensity beyond 8 suns. It was revealed that nanospheres slurry with higher thermal
conductivity and lower viscosity under higher light intensity resulted in heavier particle
agglomeration due to the stronger collision tendency among particles, hence, decreased light
absorption and lowered reaction temperature. Consequently, fewer photo-induced charge
carriers and slower reaction kinetics resulted in the falling tendency of hydrogen production
under high light intensities over nanosphere TiO,. We believe that this work could provide a
useful guidance for designing optimal photocatalytic slurry reaction system under concentrated

solar light.
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Rational design of MOF derived 1D N-doped hierarchically porous carbon nanofibers to

confine MgH; for enhanced hydrogen storage performances

Li Ren, Wen Zhu, Qiuyu Zhang, Fengzhan Sun, Jianxin Zou*
National Engineering Research Center of Light Alloys Net Forming & State Key Laboratory of
Metal Matrix Composites, Shanghai Jiao Tong University, Shanghai, 200240

E-mail: ren.li@sjtu.edu.cn

Abstract: The widespread application of MgH> is restricted by the high desorption temperature and
sluggish kinetics. 1D N-doped hierarchically porous carbon nanofibers (pCNF) with high specific
surface area are synthesized by pyrolysis of MOF, and then MgH» nanoparticles decorated by Ni
are self-assembled on pCNF. The formed nanocomposites show faster desorption kinetics (£, = 96
kJ/mol H») along with high hydrogen capacity (up to 4 wt.% at 275 °C) over long-term cycling. The
composites start to release hydrogen at 200 °C, which is 150 °C lower than that of the commercial
MgH,, and rehydrogenation could be achieved even at 100 °C. The synergetic effects of
nanoconfinement of pCNF, electron-donating ability of N atoms and “hydrogen pump” mechanism
derived from Mg,Ni/Mg>NiH4 are contributed to the optimized hydrogen storage performances. It
is believed that the well-controlled 1D N-doped hierarchically porous carbon nanofibers not only
extend the application scope of MOF derived carbon materials, but also provide guidance in

designing efficient scaffolds for the self-assembling of other metal hydrides nanoparticles.
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Improving hydrogen storage performances of MgH, through nanoconfinement in hollow
ZIF-67@ZIF-8 core-shell structure derivant

Yinghui Li, Li Ren, Jianxin Zou"

School of Materials Science and Engineering, National Engineering Research Center of Light
Alloys Net Forming, Shanghai Jiao Tong University, Shanghai 200240, PR China

*E-mail: zoujx@sjtu.edu.cn

Abstract: Magnesium hydride (MgH>) has been regarded as one of the most promising solid-state
hydrogen storage materials, due to high hydrogen capacity (7.6 wt%) and good cycling performance.
However, high dehydrogenation temperature and poor kinetic restrict its widespread application.
Herein, hollow Zn/Co metal-organic framework derivant, synthesized by solvothermal method and
subsequent heat treatment, was used as scaffold to support MgH» nanoparticles. Benefitting from
the nanoconfinement effect and in-situ catalysis of Co, the desorption activation energy of MgH»
for decreases to 127.47 kJ/mol and the onset temperature of dehydrogenation reduce to 250 °C. Our
work gives lights to the fabrication of hydrogen storage materials with remarkable performances.
Moreover, the intrinsic porosity of the framework allows introduction of other co-catalytic metal
particles, which may further improve the hydrogen storage performance of MgH,.
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[1] Ruiyu Zhang, Yuqing Wang, Yixiang Shi, et al. Elementary Reaction Kinetic Model of An
Anode-supported Syngas Fueled Solid Oxide Fuel Cell Considering The Carbon Deposition
Effect[J]. ECS Transactions, 2021, 103(1): 949-957.

Elementary Reaction Kinetic Model of An Anode-supported Syngas Fueled Solid

Oxide Fuel Cell Considering The Carbon Deposition Effect

Ruiyu. Zhang*, Yuging Wang, Yixiang Shi
National Key Laboratory on Electromechanical Dynamic Control, Beijing Institute of Technology,
Beijing 100081, China.
*E-mail: 3120200273 @bit.edu.cn

Abstract: Solid oxide fuel cells (SOFC) can convert the chemical energy of the fuel into electricity
directly at high temperatures between 600-800°C, the high temperature operation of the SOFCs
enables it to use not only hydrogen but also carbon-contained fuels, such as syngas, natural gas, and
biogas, etc. When using hydrocarbon fuels, although the carbon deposition can be avoided to an
extend by using an external reformer, the existence of CO, CO, and CH4 in the syngas may still lead
to carbon deposition at the anode. A one-dimensional transient elementary reaction kinetic model
of an anode supported solid oxide fuel cell (SOFC) fueled with syngas is developed considering the
carbon deposition effect. This model incorporates the coupling effect of heterogeneous elementary
chemical and electrochemical reactions, the electrode microstructure and the charge and mass
transport processes. The model is validated by both experimental I-V curves and electrochemical
impedance spectra. The simulation results agree reasonably well with the experimental data. The
effects of the operation conditions on surface carbon deposition were further studied.
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[1] Tong X, Wang Y, Shi Y. Sizing Design and Simulation of an SOFC Propulsion System for Unmanned

Aerial Vehicles [J]. ECS Transactions, 2021, 103(1): 785-795.
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Sizing Design and Simulation of An SOFC Propulsion System for Unmanned
Aerial Vehicles
Xin Tong", Yuqing Wang, Yixiang Shi
National Key Laboratory on Electromechanical Dynamic Control, School of Mechatronical
Engineering, Beijing Institute of Technology, Beijing 100081

*E-mail: 3120190229@bit.edu.cn
Abstract: The short flight endurance is one of the key obstacles for the application of unmanned aerial
vehicles (UAVs). Applying the fuel cells as the propulsion system of UAVs instead of batteries can
increase the energy density and further lead to a longer cruise duration. Compared to other kinds of fuel
cells, the solid oxide fuel cell (SOFC) is advantageous for its ability to use hydrocarbon fuels with a
much higher energy storage density than hydrogen. In this paper, a SOFC propulsion system is sized and
designed for UAV applications. The power allocation between the SOFC and energy storage components
was further studied. A system model was developed, including an SOFC stack, a catalytic partial
oxidation (CPOx) reformer, an after burner, heat exchangers, and energy management model, etc. The
design parameters of the SOFC stack and other components were selected to meet the power and energy
demand of the UAV. A rule-based energy management strategy is formulated. The rated power of the
system is 265.5w and has two modes of start-up and normal operation. The model is proved to be a useful
tool for the design and simulation of the UAV-SOFC systems.
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Compressibility of ultra-thin non-standard sealing materials for fuel cells

Fan Wu, Mu Pan”
State Key Laboratory of Advanced Technology for Materials synthesis and Processing
School of materials science and engineering, Wuhan University of Technology, Wuhan, 430070
*E-mail: panmu@whut.edu.cn

Abstract: The thickness of fuel cell seal is less than 1 mm, so it cannot be designed according
to the traditional mechanical static seal. The compressibility of seals for proton exchange
membrane fuel cells was studied. And the effects of surface roughness, flatness and thermal
expansion of bipolar plates on the compressibility of seals were investigated. The results
showed that the surface roughness and flatness of the bipolar plate had an important impact on
the seal for fuel cell. And the flatness had a greater impact, which required higher machining
accuracy of the bipolar plate and stack assembly. The influence of thermal expansion on the
compressibility of seals could be ignored. The compression ratio of seal for the actual fuel cell
should reach 34.7% - 49.7%.
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Electrochemical corrosion of metal bipolar plates in fuel cells under extreme

conditions
Zhenzhen Yang, Zongyuan Li, Mu Pan *
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Hubei Key
Laboratory of Fuel Cell, Wuhan University of Technology, Wuhan 430070
* E-mail: yzz0014@163.com
Abstract: In the actual operation process of fuel cell, there will be bad operation status, such as poor
hydrothermal management, reaction gas starvation, will affect the normal operation of fuel cell, serious
damage to fuel cell, such as the surface corrosion of the metal plate and membrane electrode of the
battery, and even perforation phenomenon. In order to explore the mechanism of corrosion and
perforation of fuel cell metal plate and the law of corrosion effect, the electrochemical corrosion behavior
of metal bipolar plate (316L and 304 stainless steel) at 20°C-90°C and the corrosion behavior of 316
stainless steel plate with coating at high potential were studied in this paper. Open-circuit potential (OCP)
and Tafel curve method were used to analyze the corrosion resistance of metal bipolar plates during
frequent start-up/shutdown cycles. OCP test and Tafel curve test show that the logarithm of the self-
corrosion current density of the two kinds of stainless steel is linear with temperature, and the self-
corrosion current density increases by two orders of magnitude. The pitting potential of 316L and 304
has a linear relationship with temperature, while the slope of 316L is slightly higher than that of
304.Under different slopes, the pitting potential of 316L at low temperature is higher than that of 304 at
high temperature. At the same time, both stainless steels have the same pitting potential of 1.11V at 90°C,
breaking the temperature limit proposed by DOE for evaluating the electrochemical corrosion behavior
of PEMFC metal bipolar plates. In addition, using potentiostatic test method to analyze the 316 stainless
steel plate with coating, the study shows that the corrosion rate is significantly increased at high potential,
and the perforation life curve of bipolar plate at high potential is obtained.
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[1] Luo X, Guo Y, Zhou H, et al. Thermal annealing synthesis of double-shell truncated octahedral
Pt-Ni alloys for oxygen reduction reaction of polymer electrolyte membrane fuel cells [J]. Frontiers
in Energy, 2020, 14(1-2).

Thermal annealing synthesis of double-shell Pt-Ni alloy catalysts for polymer
electrolyte membrane fuel cells
Xiashuang Luo, Shuiyun Shen, Junliang Zhang*
Institute of Fuel Cells, School of Mechanical Engineering, Shanghai Jiao Tong University,
Shanghai 200240
*E-mail: junliang.zhang@sjtu.edu.cn
Abstract: Shape-controlled Pt-Ni alloys offer an exceptional activity towards the oxygen reduction
reaction (ORR). Their special structures, however, are usually fabricated by wet-chemical method
which can introduce oxides and heterogeneous structures. In this paper, a novel synthesis of Pt-Ni
alloys that consist of homogeneous Pt-Ni cores enclosed by NiO-Pt double shells through thermally
annealing defective heterogeneous alloys obtained by wet-chemical method is reported. The
outward segregation of both PtOx and NiO during annealing are first observed. The removal of NiO
outer-shell could be considered as a novel dealloying method without morphological changes. The
de-alloyed core-shell Pt-Ni based membrane electrolyte assembly (MEA) with 0.1 mgp/cm? Pt
loading performs a high peak power density of 679.8 mW/cm? under H/air, increased by 138.4
mW/cm? comparing with that of commercial Pt/C catalyst.
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Dealloyed RuNiOx as a robust electrocatalyst for oxygen evolution reaction in
acidic media
Lu An,* Kun Jiang, and Junliang Zhang*
Institute of Fuel Cells, School of Mechanical Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China.
AE-mail: anlu_sjtu@sjtu.edu.cn

Abstract: Electrochemical water splitting is widely recognized as a way for the sustainable production
of hydrogen. We report here the dealloying treatment on RuNiOx catalyst for enhanced acidic oxygen
evolution reaction (OER) performance. Specifically, the dealloyed RuNiOx is capable to deliver a current
density of 50 mA cm™ at a low overpotenital of 280 mV and demonstrates a supurior stability after 10,000
potential cycles. Nickel oxides in the near surface region will be leached with surface reconstructurtion
in acidic electrolyte, together with the adsorption of more reactive surface oxygenate species. A

strengthened hydroxyl adsorption will promote the OER activity.
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[1] SHANG J, CHEN WF, ZHENG JY, et al. Enhanced hydrogen embrittlement of low-carbon steel

to natural gas/hydrogen mixtures [J]. Scripta Mater., 2020, 189: 67-71.

Enhanced hydrogen embrittlement of low-carbon steel to natural gas/hydrogen
mixtures
Juan Shang *, Weifeng Chen ?, Jinyang Zheng 2, Zhengli Hua?, Lin Zhang ®, Chengshuang
Zhou®, Chaohua Gu ?
2 Institute of Process Equipment, Zhejiang University, Hangzhou 310027
b College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou
310014

*E-mail: shangjuan@zju.edu.cn

Abstract: Fatigue crack growth rate (FCGR) tests were used to investigate the fatigue property of
low-carbon steel in actual natural gas/hydrogen mixtures and carbon dioxide/hydrogen/nitrogen
mixtures. It is found for the first time that the acceleration of FCGRs in the mixtures are much faster
than that in hydrogen or natural gas. Natural gas/hydrogen mixtures changed the fracture mode from
ductile fatigue striation to brittle cleavage fracture, and restricted the deformation activities around
the crack. Synergy effect of carbon dioxide and hydrogen on the material is proposed to be the major

reason for the abnormal performance of steel in the mixtures.
40



Fe T B R P40 SR AR LR R AL HI BT 5T

%% I_JIAu ) 'fj‘j:}i:?
REERE:, PUMCTREZERE, PP 2 X s =, R, 300350

*E-mail: gaowenzhi@tju.edu.cn

WE: WEEMREREGERE, EREZ ST m%%ﬁﬂ I (1 XUk gt
T FRAHEA R REETE N AL B AR B R . AR R AME. R
FER TR R 58 LA T RRHEIE S A& —Ah AR B AL o ﬁIﬂﬁCﬂyﬁﬁ“ﬁ
(IR I F338 5 KM RIS B LLR R TR (0 A BT 78 1 R LB . S R WA R
AL EARAT R B AT PE AR AL A, JF HOREM K@i &, A8 B
SAEHE Hy O A Hy O S5 PR 7 A, IR S B SR AR SN HaO B AR B, BRI & Y
N, HEMIE N AR, e SBURR MR IR U R S AN K G T
HAHHE SR AL AR

Ky A R RN Py
S 3R

[1] Verhelst S. Recent progress in the use of hydrogen as a fuel for internal combustion engines[J].
International Journal of Hydrogen Energy, 2014,39(2):1071-1085.

[2] Xu H, Wang C S, Gao J, et al. The effect of energy intensification on the formation of severe
knock in internal combustion engines[J]. Applied Energy, 2020,266.
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Based on the study of the detonation mechanism of hydrogen internal

combustion engine based on pressure wave and intermediate product

Li Yong, Gao WenZhi*, Fu Zhen
Tianjin University, School of Mechanical Engineering, Stake Key Laboratory of Engines, Tianjin, 300350

*E-mail: gaowenzhi@tju.edu.cn

Abstract: As a country with a large automobile ownership, it is of great significance to seek
renewable clean energy as an alternative fuel for internal combustion engine under the global
background of energy security and environment and China's "double carbon" strategy. Hydrogen is
an ideal alternative fuel with high heat value, fast combustion speed, wide flammable limit and zero
carbon emissions. In the paper, the mechanism of knock is studied by CFD numerical analysis from
the perspective of coupling of pressure wave and flame and intermediate products. The results show
that hydrogen spontaneous ignition occurs on the position close to the flame front, and quickly
merges with the main flame, which results in pressure wave. Pressure wave promotes the production
of intermediate products such as H, O, and H>O,, which accelerate the generation of H»O, releasing
large amounts of heat. Finally, pressure wave is enhanced leading to knock. Therefore, knock is the

process in which pressure waves and the flame reinforce each other in hydrogen engine.
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Effect of hydrogen volume fraction on combustion performance of a GDI Engine

Zhen Fu, Wenzhi Gao*, Yong Li
State Key Laboratory of Engines, School of mechanical engineering,
Tianjin University Tianjin 300350
*E-mail: gaowenzhi@tju.edu.cn

Abstract: Hydrogen is an ideal blending fuel for the engine because of its high calorific value,
fast combustion speed, lower ignition energy and clean products. In order to explore the effect of
hydrogen on GDI engine combustion, a three-dimensional model of the engine was built and the
effects of different hydrogen volume fractions on the engine performance were studied. The results
show that with the increase of hydrogen blending ratio, the amount of OH increases, the combustion
rate accelerates, the peak cylinder pressure and the indicated thermal efficiency increase; the delay
in ignition and combustion duration decrease, the CA50 advances. The consumption of HCHO and
generation of OH are important signs of the occurrence of auto-ignition. With the advance of ignition
timing, the occurrence time of auto-ignition will also be advanced, the knock is more severe than

that under gasoline condition.
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cocatalyst for photocatalytic H> evolution[J]. Chem. Eng. J., 2021 (408) 127230.

Selenium-enriched amorphous NiSei+x nanoclusters as a highly efficient
cocatalyst for photocatalytic Hz evolution
Duoduo Gao, Huogen Yu *
State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology,
Wuhan 430070
*E-mail: yuhuogen@whut.edu.cn

Abstract: Transition-metal selenides have been evidenced to be the promising candidates for efficient
H»-evolution cocatalyst due to the similar Se-Hags (273 KJ/mol) bond energy to Pt-H (251 KJ/mol), while
their Ho-evolution activity is still limited by the insufficient exposure of active Se atoms. Herein, a
synergic idea of selenium-rich configuration and amorphization was developed to construct selenium-
rich amorphous NiSe;+, nanodots for maximumly exposing more active selenium sites. For this purpose,
the selenium-rich amorphous NiSe+, nanodots can be resourcefully grafted with the TiO; via the facile
photoinduced electron-reduction way. Photocatalytic results manifeste that the selenium-rich a-
NiSe+/Ti02(0.5wt%) attains a maximal Ha-production activity, which can be ascribed to the cooperation
of accelerated photoinduced electron migration from TiO; to a-NiSei+, and rapid H, evolution on the
enriched active Se sites.
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for efficient photocatalytic H, production.

Novel core-shell Ag@AgSex nanoparticles: In-situ surface selenization for
efficient photocatalytic H2 production
Wei Zhong”, Jiachao Xu, Bicheng Zhu and Huogen Yu
State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology,
Wuhan 430070
*E-mail: zhongwei@whut.edu.cn

Abstract: In this research, the amorphous AgSey as a novel and excellent H»-evolution active site has
been in-situ fabricated on the metallic Ag surface, with the aim of promoting the interfacial H-generation
rate of metallic Ag nanoparticles in Ag/TiO; system. The core-shell Ag@AgSex nanoparticle modified
TiO, photocatalysts were prepared by a two-step pathway, including the photodeposition of metallic Ag
and the selective surface selenization of metallic Ag to amorphous AgSex shell. The as-prepared
Ag@AgSe,/TiO2(20uL) photocatalyst possesses the highest Hr-evolution performance of 853.0 pmol h-
! g*!, prominently outperforming the TiO» and Ag/TiO, samples by a factor of 11.6 and 2.4 times,
respectively. The promoted H»-evolution rate of the Ag@AgSe,/TiO: photocatalyst can be accounted by
a synergistic mechanism of the Ag@AgSex cocatalyst, namely, the metallic Ag core can quickly capture
and transport the photoinduced electrons from TiO; to the amorphous AgSey shell, while the amorphous
AgSe; shell provides massive active sites for boosting interfacial H, evolution.
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Dynamic current cycles effect on the degradation characteristic of a
H2/Ozproton exchange membrane fuel cell

Kai Meng *°, Haoran Zhou *°, Ben Chen ®®*, Zhengkai Tu & **

4 Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University
of Technology, Wuhan, 430070, China
® Hubei Collaborative Innovation Center for Automotive Components Technology, Wuhan,
430070, China
¢ School of Energy and Power Engineering, Huazhong University of Science and Technology,
Wuhan, 430074, China
*E-mail: 290365@whut.edu.cn

Abstract: The durability and reliability of H»/O» proton exchange membrane fuel cell (PEMFC) is
a key factor that prevents its wide application in the civil field. PEMFC inevitably experience
different dynamic loading cycles according to different power switching requirements during
practical operation. To explore the degradation behavior under different dynamic cycles, a single
H2/O> PEMFC with 50 cm? active area was operated under the circulating current density from 100
mAcm? to 600 mAcm?, 100 mAcm? to 800 mAcm?, and 100 mAcm? to 1000 mAcm?, respectively.
The change of polarization curve, performance degradation at different current density, Cyclic
Voltammetry (CV), Electrochemical Impedance Spectroscopy (EIS) were characterized to
investigate the performance degradation over dynamic current cycles. Besides, the Scanning
Electron Microscopy (SEM) was used to evaluate the degradation of catalyst layer. The results
indicated that the degradation rate of the fuel cell performance increased corresponding to the cycle
number, at 1200 mA/cm?, it with a total performance degradation rate of 1 1.83% after 2000
dynamic loading cycles with the circulating current density from 100 mAcm? to 600 mAcm?. The
degradation of electrochemical performance such as CV and EIS was consistent with that of fuel
cell performance. The degradation rate is accelerated with the increase of loading cycle number and
load step amplitude. What’ more, EIS provides additional sensitivity to differentiate catalyst layer
degradation within PEMFC. Moreover, the degradation of the catalyst layer became much more
severe under a larger load step amplitude.
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Fig. 1 Voltage decay with different dynamic loading cycles
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[L]CHEN CY, SU S C. Effects of assembly torque on a proton exchange membrane fuel cell
with stamped metallic bipolar plates [J] . Energy, 2018, 159: 440—447.

Experimental study on the performance of PEM fuel cell under different

assembly torque
Zhang Jiwei* Chen Tao
School of Mechanical and Electronic Engineering, Wuhan University of Technology, Wuhan
430070
*E-mail: zx1989jing@126.com

Abstract: The most important goal of Proton Exchange Membrane (PEM) fuel cell design and
assembly is to obtain reasonable and uniform pressure distribution; Improper assembly torque
would affect the performance of fuel cell and even damage the battery. According to the PEM fuel
cell parameters used in the simulation, the appropriate fuel cell components are processed in this
paper. By setting the working temperature of PEM fuel cell to 75°C and the working temperature of
fuel cell stack to 65°C, only a single variable of bolt torque was guaranteed in each experiment. The
polarization curves of PEM fuel cell and PEM fuel cell stack under different bolt assembly torques
were obtained. Through the curve, we can see that with the increase of assembly torque, the whole
curve rises first and then decreases, and the performance of the fuel cell improves first and then
decreases. When the assembly torque was 7N-m and 12N-m, the performance of fuel cell and stack
were the best. Appropriate assembly torque can balance the loss and ohmic loss of PEM fuel cell in

operation, and make its performance reach the best.
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[1] B. Zhang, Y. Lv, J. Yuan, Y. Wu, Journal of Alloys & Compounds 702 (2017) 126.

Enhancement in hydriding performance of C-doped magnesium by ball milling
Liu Bogu, Zhang Bao, Wu Ying*
China Iron &Steel Research Institute Group, Advanced Technology & Materials Co., Ltd, No.76
Xueyuannanlu, Haidian District, Beijing 100081, China
Abstract: Magnesium exhibits high hydrogen storage density and is considered as a promising
candidate for hydrogen storage, while the poor kinetics performance hinders its practical usage. Various
carbon materials are used as additives during ball milling to enhance the hydrogen storage property of
magnesium in the last decades, but the migration path and catalytic mechanism of atomic carbon are still
indistinct. In this present paper, structural change and hydriding mechanism of Mg with C doping are
characterized and simulated by first-principles calculation. The TEM image of Mg-C composite (Fig.1a)
shows that many hexagonal Mg flakes peel off from particles continually during ball milling so that
atomic C can dope on new crystal surface ceaselessly. With the heat treatment, C can infiltrate into Mg
crystal to form Mg,Cs, as shown in the inset of Fig.1(a). The diffraction peaks of Mg,C; is appeared in
the XRD pattern which means C-doping structure is formed in Mg crystal. Fig.2 (b) is the schematic of
C doping on Mg(0001) plane during milling. With the increase of milling time, the basal slip of Mg(0001)
become more obvious. Meanwhile, C atoms fall off and then are absorbed by new Mg(0001) plane.
Theoretical studies suggest that C-doping can reduce the energy barrier of H, dissociation on Mg(0001)
plane. In addition, H can share its electron with C atom and form C-H bond. The C atom can combine
with four H atoms and form CHs. Then, the CHs escapes from Mg crystal. Therefore, the Mg>Cs
disappeared after the hydrogenation of Mg-C composite.
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Fig. 1 TPD-MS curves for the MBN-M (x=0.5, 1, 2) composites at a heating rate of 5 °C/min.

Double regulation of MgosNis in suppressing ammonia and promoting hydrogen
evolution for Mg(BHa4)2-:2NH3
H.X. Huang", B.G. Liu, Y.J. Lv, J.G. Yuan, Y. Wu
Advanced Materials Research Institute, North China Electric Power University. No.2 Beinonglu
Changping District, Beijing 102206, China
*E-mail: 2073257775@qq.com

Abstract: The study on inhibiting the release of ammonia from Mg(BHa4),'2NHj3 has attracted the
attention of many researchers. In this paper, a facile method was used to introduce HCS (hydriding
combustion synthesis) processed MgosNis into the Mg(BHa4)2:2NH3 system, which successfully
suppressed the release of ammonia completely. The composite shows the best hydrogen desorption
kinetics when Mg(BHa4),'2NH3 and MgosNis are mixed in a mass ratio of 2:1. The initial
dehydrogenation temperature of the composite is as low as 75 °C, which is 70 °C lower than that of
Mg(BH4)2-2NH3. In the thermal desorption test, when the temperature is raised to 500 °C, the
amount of hydrogen released is 11.66 wt%, reaching 98.4% of the total amount of hydrogen
released. The excellent performance of inhibiting ammonia and releasing hydrogen is attributed to
the dual regulation effects of MgH> and nickel. Magnesium hydride can effectively inhibit the
release of ammonia and the high dispersibility of nickel improves the kinetic performance of MgH»
in the system. This study further confirms the ammonia suppression effect of MgH, on
Mg(BH4)2-2NH3, and provides ideas for the improvement of the kinetic performance of the

composite system.
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Introduction of NbFs into Mg(BH4)2-2NH3 for Improved Dehydrogenation

Properties
Yujie Lv, Xuelei Feng, Bao Zhang, Haixiang Huang, Bogu Liu, Ying Wu’", Jianguang Yuan®,
Xiaohong Chen, Wei Lv
School of Energy Power and Machinery Engineering, North China Electric Power University
No.2 Beinonglu, Changping District, Beijing 102206, China
*E-mail: yingwu2000@hotmail.com

Abstract: Mg(BH4)2:2NH3 is a promising hydrogen storage material for its high gravimetric
hydrogen capacity of 16.02 wt.% and a lower dehydrogenation temperature starting at around
150 °C. However, its practical applications are limited by the still higher dehydrogenation
temperature, slower kinetics, and the hydrogen released suffering from contamination by ammonia.
In the present work, different amounts (2.5, 5, 10, 15 mol%) of NbFs were introduced to
Mg(BHa4)2-2NH3 by ball milling, and the dehydrogenation properties of the Mg(BH4)2:2NH3- xXNbFs
composites were investigated. The addition of NbFs significantly enhanced the dehydrogenation
kinetics properties and greatly depressed ammonia release. Mg(BHa4)2-2NH3 with NbFs begins to
release hydrogen at 50- 60 °C, which is sharply decreased by almost 70 °Cbwith respect to the
pristine Mg(BH4)2-:2NH3. The hydrogen yields of Mg(BHa4)2:2NH3- 5 mol%NbFs were 3.61 and
8.15 wt.% when heated to 150 and 200 °C respectively, almost 6.7 and 3.5 times that of the pristine
Mg(BH4)2-2NH3 under the same conditions. NbFs reacts with Mg(BH4)2-2NH3 upon heating,
generating stable MgF> and NbB: heterogeneous nucleation agent, both of which can facilitate the
dehydrogenation of the Mg(BH4)2-:2NH3s- NbFs system.
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Simulation and experimental study on charging and venting and enhanced heat
transfer of typical MOF's hydrogen storage system
Baifeng Yang *, Zhiquan Chen, Xuan Zhang, Shengping Liao
Jimei University, College of Marine Engineering, Fujian Key Laboratory of Ship and Ocean
Engineering, Xiamen 361021
*E-mail: 353635971@qq.com

Abstract: The shipping industry emits about one third of the global greenhouse gases every year. The
research and development of efficient marine hydrogen storage technology has attracted more and more
attention. In this paper, the characteristics of hydrogen in the adsorption and desorption process of MIL-
101 (Cr) and MEI-01 materials and the enhanced heat transfer technology of hydrogen storage system
are studied by using platform experiment and COMSOL software. The results show that the adsorption
equilibrium of hydrogen in the low pressure region on MIL-101 (Cr) and MEI-01 satisfies Henry's law.
The equivalent adsorption heat determined by Toth potential function is 2.248-3.673kJ/mol and 2.240-
3.673kJ/mol respectively, and the maximum absolute adsorption capacity is 22.029mmol/g and
15.613mmol/g. In the desorption process of 77.15K liquid nitrogen bath, the cumulative outgassing
amount of honeycomb heat transfer finned adsorption bed is 3.669g within 306s, which is 12% higher
than that of ENG, and the desorption efficiency (DR) is also increased by 0.6%; The simulation results
show that the average temperature rise of honeycomb heat transfer fin and ENG adsorption bed are 214.7
°C and 210.5 °C respectively. Within 310s effective venting time, the cumulative venting gas is 3.688g
and 3.284g respectively. The former is 2.16% higher than the latter; The addition of ENG has a great
impact on the cumulative gas charge and discharge. The arrangement of heat transfer fins can take into
account the enhanced heat transfer of adsorption bed and the performance of cyclic adsorption and

desorption.
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[17 Y.Y. Zhao, et al. Enhanced hydrogen storage properties of MgH» with core-shell CoNi@C
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Catalytic Effect of Core-shell NiCu@C on Hydrogen Storage Performance of
MgH:
Yingyan Zhao", Yunfeng Zhu, Yana Liu, Jiguang Zhang, Liquan Li
College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816
*E-mail: zhaoyingyan@njtech.edu.cn

Abstract: In this work, a bimetallic complex is used as a precursor to prepare a bimetallic nanocatalyst
NiCu@C (~15 nm) with a core-shell structure. We reveal the internal mechanism of the catalyst in
improving the hydrogen storage kinetic performance of MgH,. The onset and peak dehydrogenation
temperatures of MgH»,-11 wt.%NiCu@C are 175 °C and 282 °C, respectively. The E, value of
dehydrogenated reaction was calculated to be 68.0 kJ/mol, which is significantly lower than as-milled
MgH, (156.4 kJ/mol). Moreover, MgH»>-11 wt.%NiCu@C owns great cyclic stability. The notable
improvement of hydrogen storage properties of MgH is attributed to the reversible phase transitions of
MgyNi(Cu)/MgoNi(Cu)Ha, and the excellent thermal conductivity and confinement effect of the carbon
shell. This work extends the horizon of bimetallic nanoparticles with especial microstructure for
enhancing the hydrogen storage properties of metal hydrides.
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[1] Wang S, H Lv, Tang F, et al. IrO2/N defective g-C3N4 composite as highly efficient anode catalyst

in PEM water electrolysis[J]. Chemical Engineering Journal, 2021(2):129455.
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Defect engineering assisted support effect: IrO2/N defective g-C3N4 composite as

highly efficient anode catalyst in PEM water electrolysis
Sen Wang, Hong Lv*, Pingwen Ming, Cunman Zhang
Institute of Fuel Cell Composite Power Sources, Clean Energy Automotive Engineering Center
School of Automotive Studies, Tongji University, Shanghai 201804
*E-mail: lvhong@tongji.edu.cn

Abstract: To address the low activity and stability of PEM electrolytic water under low iridium, high
specific surface area, rich pore, and good electronic conductivity of graphite carbon nitride (g-CsNa,
noted as CN) are conducted with the introduction of N defects via defect engineering. Together with the
integration of N defective g-C3;N4 (N-CN) as support of IrO,, 7.86 times of mass activity and 1.75 times
of specific activity for IrO/N-CN are obtained than that of IrO, in PEM single-cell. Also, IrO,/N-CN
exhibits the optimal OER activity at 1.6 A cm™ of 1.778 V, which is substantially smaller than that of
IrO,/CN (1.824 V) and IrO, (1.846 V). This could be due to the existence of synergistic electronic
interaction at the interface of IrO, and N-CN endows the composite catalyst accelerated kinetic and
augmented Ir utilization. Moreover, the feeble kinetic loss and mass transport loss of IrO»/N-CN lower
than that of IrO; and IrO,/N-CN are verified by the break-down of voltage loss analyses. Finally, the
good stability of IrO2/N-CN is demonstrated during the stability test operated for 300 h at 1.6 A cm™.
This work provides a feasible strategy for designing and optimizing highly efficient catalysts in
electrocatalytic.
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[1] Zhang L, Sun Z, Cai Z, et al. Enhanced hydrogen storage properties of MgH» by the synergetic
catalysis of Zr4Tig.sCo nanosheets and carbon nanotubes [J]. Applied Surface Science, 2019.

Enhanced hydrogen storage properties of MgH: by the synergetic catalysis of
Zr0.4Tio.sCo nanosheets and carbon nanotubes

Liuting Zhang*, Ze Sun, Zeliang Cai
College of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212003
*E-mail: zhanglt89@just.edu.cn

Abstract: Transition metal nanoparticles have shown great catalytic effect on MgHo, yet excellent
cyclic stability can be attached due to the addition of carbon nanotubes. In this paper, MgH, + 10
wt% Zro4TipsCo /5 wt% Carbon nanotubes (CNTs) composite is designed to investigate the
synergistic modification of Zro4Tip.sCo nanosheets and carbon nanotubes on the hydrogen storage
performance of MgH,. Compared with pure MgHo>, the initial hydrogen release temperature of
MgH> + 10 wt% Zro.4TipsCo /5 wt% CNTs composite decreases to 180 °C and the composite can
quickly release 90% H» within 10 min at 300 °C. In addition, the completely dehydrogenated sample
can absorb 3.51 wt% H» within 20 min under 3 Mpa hydrogen pressure at 125 °C. Ulteriorly, the
activation energy values of dehydrogenation and rehydrogenation of MgH» decrease to 70.5 + 7.8
kJ/mol and 35.8 + 3.8 kJ/mol on account of the presence of 10 wt% Zro 4Tip.sCo/5 wt% CNTs, which
reasonably explains the remarkable reduction of the temperature for hydrogen sorption.
Furthermore, the MgH> + 10 wt% Zro4Tio.sCo /5 wt% CNTs composite shows excellent cycling
performance, indicative of potential application in practical hydrogen storage in the nearest future.
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Fig. 1. Non-isothermal dehydrogenation (a) and isothermal dehydrogenation curves (b) for MgH»
with and without additives.
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[1] Zhang LT, Farai Michael Nyahuma, Zhang HY, Chang CS, et al. Metal organic framework

supported niobium pentoxide nanoparticles with exceptional catalytic effect on hydrogen storage
behavior of MgH,.[J]Green Energy & Environment, https://dx.doi.org/10.1007/s12613-021-2303-5.

Metal organic framework supported niobium pentoxide nanoparticles with

exceptional catalytic effect on hydrogen storage behavior of MgHa.
Liuting Zhang, Farai Michael Nyahuma, Haoyu Zhang, Changshan Cheng
School of Energy and Power, Jiangsu University of Science and Technology, Zhenjiang 212000
*E-mail: 202210007 @stu.just.edu.cn

Abstract: Nb,Os nanoparticles with an average particle size of 10 nm supported on a rhombic
dodecahedral metal organic framework (MOF) were successfully synthesized by a facile one-pot
hydrothermal reaction and subsequent calcination process. Experimental results demonstrated that the
prepared catalyst drastically improved the hydrogen storage behaviors of MgH». 7 wt.% Nb,Os@MOF
doped MgH, started to desorb hydrogen at 181.9 °C and 6.2 wt.% hydrogen could be released within 2.6
min and 6.3 min at 275 °C and 250 °C, respectively. The fully dehydrogenated composite also displayed
excellent hydrogenation by decreasing the onset absorption temperature to 25 °C and taking up 4.9 wt.%
and 6.5 wt.% hydrogen within 6 min at 150 °C and 175 °C, respectively. Moreover, the corresponding
activation energy was calculated to be 75.57+4.16 kJ mol! for desorption reaction and 51.38+1.09 kJ
mol! for absorption reaction. After 20 cycles, 0.5 wt.% hydrogen capacity was lost for the MgH»+7 wt.%
Nb,Os@MOF composite, much lower than 1.5 wt.% of the MgH»+7 wt.% Nb,Os composite. However,
the addition of Nb,Os@MOF had limited effect on reducing the dehydrogenation enthalpy of MgHo.
Microstructure analysis revealed that Nb,Os particles were uniformly distributed on surface of the MgH»
matrix and synergistically improved the hydrogen storage property of MgH, with MOF.
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[1] Y.Y. Zhao, et al. Enhanced hydrogen storage properties of MgH, with core-shell CoNi@C

catalyst[J]. Journal of Alloys and Compounds, 2021, 862: 158004.

Catalytic Effect of Core-shell NiCu@C on Hydrogen Storage Performance of
MgH:
Yingyan Zhao", Yunfeng Zhu, Yana Liu, Jiguang Zhang, Liquan Li
College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816

*E-mail: zhaoyingyan@njtech.edu.cn

Abstract: In this work, a bimetallic complex is used as a precursor to prepare a bimetallic nanocatalyst
NiCu@C (~15 nm) with a core-shell structure. We reveal the internal mechanism of the catalyst in
improving the hydrogen storage kinetic performance of MgH,. The onset and peak dehydrogenation
temperatures of MgH,-11 wt.%NiCu@C are 175 °C and 282 °C, respectively. The E, value of
dehydrogenated reaction was calculated to be 68.0 kJ/mol, which is significantly lower than as-milled
MgH, (156.4 kJ/mol). Moreover, MgH»>-11 wt.%NiCu@C owns great cyclic stability. The notable
improvement of hydrogen storage properties of MgHy is attributed to the reversible phase transitions of
Mg,Ni(Cu)/MgoNi(Cu)Ha, and the excellent thermal conductivity and confinement effect of the carbon
shell. This work extends the horizon of bimetallic nanoparticles with especial microstructure for
enhancing the hydrogen storage properties of metal hydrides.
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[1] G. F. Qian, J. L. Chen, S. B. Yin, et al. N-doped graphene-decorated NiCo alloy coupled with
mesoporous NiCoMoO nano-sheet heterojunction for enhanced water electrolysis activity at high
current density [J]. Nano-Micro Lett., 2020, 13, 77.

Carbon-encapsulated heterojunction micro-nano array catalysts for water
electrolysis
Guangfu Qian, Jinli Chen, Shibin Yin*
College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004
E-mail: gianguangful26@126.com

Abstract: Developing ultra-high activity and stability catalytic materials with large current density for
water electrolysis is of great significance for hydrogen production [1]. Starting from the synthesis and
characterization of catalysts, we combine the advantages of carbon-encapsulated, metal-coupled metal
oxides and self-supporting micro-nano arrays to carry out a series of transition metal heterojunction
micro-nano arrays catalysts for water electrolysis. By adjusting the microscopic morphology and material
composition of catalysts, the intrinsic activity and stability of catalysts are improved. Theoretical
calculations are combined to clarify the reaction mechanism and structure-activity relationship of
catalysts. The activity and stability enhancement mechanism of catalysts are revealed; this work provide
a new idea to prepare novel non-precious metal catalytic materials for water electrolysis at large current
density.
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[1] Chen J.L., Qian G.F., Yin S.B., et al. In situ growth of volcano-like Felr alloy on nickel foam an
efficient functional catalyst for overall water splitting at high current density [J]. Chem. Eng. J.,
2021, 421(129892).

Electronically coupled PtCo-PtSn/C heterostructure for enhancing oxygen
reduction and hydrogen evolution reaction performance
Jinli Chen, Guangfu Qian, Shibin Yin"
College of Chemistry and Chemical Engineering, School of Physical Science and Technology,
Guangxi University, Nanning 530004
*E-mail: 18276223554@163.com

Abstract: Developing efficient catalysts for both oxygen reduction reaction (ORR) and hydrogen
evolution reaction (HER) is crucial for proton membrane exchange fuel cells (PEMFCs) and
producing hydrogen. [!! Herein, PtCo-PtSn/C heterostructure catalyst is successfully synthesized by
solvothermal and thermal treatment. Benefitting from unique electronic-properties, PtCo-PtSn/C
exhibits highly active and durable electrocatalytic performance for ORR and HER. It achieves an
ORR half-potential of 0.93 V (mass activity: 1158 mA mgp '). For HER, the overpotential at 10
mA cm 2 is only 18 mV, and it can steadily work for 100,000 cycles. Theoretical calculation
indicates that the significantly enhanced ORR/ HER activity originates from the downshift of d-
band center for Pt induced by strong electronic interaction between PtCo and PtSn, which weakens
the binding strength of *H and oxygenated intermediates. Thus, the ORR overpotential and the
activation energy barrier of water molecules are reduced to improve ORR and HER activity. This
work opens a new strategy to design and prepare the highly efficient Pt-based alloy catalysts for
PEMFCs and HER.
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[11Y. Rao, C. Cai, J. Tan, M. Pan, Oxygen Reduction Activity Indicator for Fuel Cell Catalysts at
Rated Voltage. J. Electrochem. Soc. 2019, 166: F351-F356.

The unstable phenomenon of EIS test in Pt electrode
State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Hubei
Key Laboratory of Fuel Cell, Wuhan University of Technology, Wuhan 430070
*E-mail: 243457@whut.edu.cn

Abstract: Electrochemical impedance spectroscopy (EIS) is a diagnostic tool widely used in
electrochemical systems such as batteries and electrolysis cells. Among the four conditions for the
validity of EIS data, stability is difficult to meet in the actual measured electrochemical system. This
paper studies the instability of Pt in the EIS test and finds that the instability of the Pt electrode during
the EIS test is mainly caused by the change of R, and this instability is related to the test voltage. When
tested above 0.8 V, R will increase with the increase of the number of tests, and the stability will become
worse with the increase of the voltage, which may be related to the coverage of Pt surface oxide. We
further explored the stability of the single cell and found that the EIS stability of the Pt electrode in the
single cell is higher than that of the electrolytic cell.
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