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LiNi0.5Mn1.504 as cathode material for Li-ion Batteries
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Electrical vehicles represent one approach to reduce undesirable emissions from conventional internal combustion engines in
heavily populated areas. Li-ion battery is becoming the key enabling technology for EVs. Presently, Li-ion batteries with LiMn204,
NCM/NCA, LiFePO4 as cathode active material are widely used in EVs. High-voltage spinel LiNi0.5Mn1.504 cathode material has
specific energy (~640 mAh/g due to the high operation voltage of ~4.7 V. The relatively inexpensive Ni and Mn in
LiNi0.5Mn1.504 make this cathode material particularly desirable for large-scale applications. A detailed investigations of its local
atomic-level structure with lithium extraction/insertion is observed via an aberration-corrected scanning transmission electron
microscopy (STEM). The surface regions (~ 2nm) show an irreversible migration of TM ions into lithium tetrahedral sites to form a
Mn304-like structure. It contributes to the dissolution of TM ions as well as the rocksalt-like structures with heavy TM ions on the
lithium pathways blocks the migration of lithium ions, resulting in building-up of charge transfer impedance and degradation of
capacity. When the surface LiNi0.5Mn1.504 was modified by Ti4+ and Ta5+ superficial doping, the cycling performance of the
material at elevated temperatures has been much improved and the coulombic efficiency of discharge/charge is also obviously
increased. Theoretical calculations analyses reveal that the stability of O at surface layer is enhanced by those surface modifications

and detailed analyses will be reported.

A01-02

BARE BRI AR BT TR R
HE

AR

A01-03

Development of separators for high safety lithium-ion batteries
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The lithium-ion batteries (LIBs) are regarded as the one of the most competitive candidates of the power source for electric
vehicles (EVs), but its safety performance should be greatly improved. As a safety device inside the cell, separator acts as a last line
of defense to ensure the battery safety. However, the currently used polyolefin-based separator usually fails its function at elevated
temperature due to its intrinsic low melting point. Coating with ceramic particles has been proved to be a practical approach to
minimize the risk of thermal damage of polyolefin-based separators. Based on the study of the effect of the thickness and the
morphology of the ceramic layer, we have further developed several functional ceramic-coated separators, including the core—shell
structured functional ceramic coated separator, and a stereocomplex structured separator which can maintain its dimensional stability
up to 230 ‘C. Another clue is to alter the substrates for the separator. We developed functional separator based on nonwoven. By
coating PE particle layer onto the surface of the PI nonwoven fabric, a composite separator with shut-down function along with an
excellent thermal stability was obtained. Through in situ polymerization, a modified core-shell structure greatly improves the thermal
stability of PVDF-based nonwoven separator. The currently liquid electrolyte-based cell has an intrinsic safety risk. Adopting solid
state electrolyte would essentially improve the safety performance. We developed a single lithium-ion conducting polymer electrolyte
based on poly(hexafluoro butyl methacrylate-co-lithium allyl sulfonate). And further study on solid electrolyte is conducting. All

these works will elaborate our understanding on the safety of LIBs in terms of the separator.
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In situ formation of hierarchical electronic/ionic conducting shells for Silicon nanoparticles anode
Yu Zhou*, Huajun Guo, Jiexi Wang, Zhixing Wang, Xinhai Li, Guochun Yan

School of Metallurgy and Environment, Central South University

Silicon (Si) based materials have been identified as the next-generation anodes to replace the low-capacity graphite anode.
However, the commercial success of Si-based materials is hindered by the inert electronic conductivity and large volume changes
during lithium insertion and extraction. We design a hierarchical electronic/ionic conducting shell structure by in-situ reaction of
lithium source with Si nanoparticles.

Methods: A thin amorphous SiO2 grows on the surface of Si nanoparticles. The as-treated Si nanoparticles were mixed with
lithium source. The precursor was pressured under certain pressure to gain a pellet. Then, the pellet was placed in a closed steel
container and heated in argon. After washed with deionized water and ethanol, the resultant hierarchical shells were bulit.

Results: The Si/LSO/C composite was synthesized simply by autoxidation and high temperature solid state reaction process.
When exposed to air during storage, the native oxide layer grows uniformly on the Si surface. Many studies report that the oxide
layer can be converted to a good mechanical properties lithium silicate, resulting in a stable SEI layer. Based on this consideration,
we achieve the same conversion reaction by in situ solid state reaction process. The formation of the hierarchical shell structure was
confirmed by TEM measurements. The fresh Si nanoparticles have an amorphous layer with a thickness of ~1 nm on the surface.
After in-situ reaction, the hierarchical shell structure can be clearly observed on the surface of Si/LSO/C nanoparticles. The
electrochemical performance of Si/SiO: electrodes show a capacity of 720 mAh g! in the voltage range of 0.7-0.1 V, which is
mainly caused by the decomposition of electrolyte and the reduction of SiO: layer. In contrast, the capacities for the Si/LSO,
Si/LSO/C and fresh Si electrodes are 497.9, 416.0 and 151.4 mAh g, respectively. This result indicates much less irreversible
reactions on the surface of fresh Si surface. The first irreversible capacity loss of fresh Si was mainly due to the pulverization of
electrode structure. Hence, the highest initial CE of Si/LSO/C can be ascribed to the passive surface and stable structure.

Conclusion: The hierarchical structure shells were constructed successfully. The as-prepared Si-based composite delivered high
reversible capacity, improved rate capacity and long-term cycling stability. Our work provides a new facile strategy to improve the

electrochemical performance of commercial Si nanoparticles, which could be expanded for practical lithium ion battery applications.
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Sulfide solid electrolytes based all-solid-state rechargeable batteries
BeER R
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The rapidly growing domination of lithium ion batteries in daily life has raised concerns regarding both safety and durability

issues of state-of-the-art lithium ion batteries with liquid electrolytes. All-solid-state rechargeable batteries employing nonflammable

inorganic solid electrolytes have been considered as the ultimate solution to combustion and leakage safety issues. Compared with



oxide electrolytes, sulfide electrolytes are considered to be promising ion conductors due to their high ioinc conductivities and
favorable interface compatibility with sulfide or sufur-based electrodes. [1]

A series of sulfide solid electrolytes with room temperature ionic conductivity of 1073 ~ 10”2 S/cm are successfully synthesized,
including lithium and sodium superionic conductors. The electrochemical stability and compatibility with lithium can be improved
with oxide or halogen doping.[1] The effect of ionic conductivity as well as particle size of sulfide electrolytes on the electrochemical
performances will be discussed. Meanwhile, a battery construction containning a solid electrolyte bilayer, i.e. LiioGeP2Si2 and
70%ULi2S-29%P2Ss-1%P20s, have been designed, well addressing the compatibility between electrolyte and metallic lithium.[2]

Furthermore, different type transition metal sulfides or sulfur-based materials are employing as electrodes for all-solid-state
rechargeable batteries.[3-5] The intimate contact interface can be realized by coating sulfide electrolytes evenly on the surface of
active materials, which enables the battery to withstand the large stresses/strains during repeated charging/discharging, leading to
significant improvements in energy density and cycle life.[4,5]

References:

[1]S.J. Chen, D. J. Xie, G. Z. Liu et al., Energy Storage Materials, 2018, 14: 58-74.

[2] H. L. Wan, G. Peng, X. Y. Yao et al., Energy Storage Materials, 2016, 4: 59-65.
[3] X.Y. Yao, N. Huang, F. D. Han et al., Adv Energy Mater 2017, 7, 1602923.
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Study about supercapacitor based on printed electronic technology
Zhengchun Yang*

Tianjin University of Technology

Printing electronic technology is a new type of flexible electronic device preparation technology based on the traditional printing
technology, which dissolves the chemical reagents of various regulating substances to forms the specific functional ink for printing.
This technology has many advantages over traditional electronic device fabricated on silicon substrates. The preparation is relatively
simple and can be prepared in accordance with the designed pattern style. It can not only print the circuit pattern on the traditional
hard, inflexible conductive substrate, but also print the circuit pattern on some flexible, flexible, portable and compact substrates,
which can produce new electronic devices and provide more applications for advanced electronic technology. In addition, the process
of making device does not require a complex process, which greatly reduces the cost and difficulty of making the device, and it is
easier to process and manufacture. In the process of fabricating, no chemical etching, such as chemical etching, can be used to reduce
the use of waste water and toxic chemical reagents. The pollution of the environment will be greatly reduced, and the purpose of
realizing green production and protecting the environment can be achieved.

As a kind of energy storage devices with high power density, high efficiency, long life expectancy and environmental friendliness,
supercapacitors have received considerable research attention for the past two decades. For the development of wearable devices, the
functional unit of flexible energy storage devices has been given more and more attention nowadays. Herein, the design and
fabrication of flexible supercapacitor devices by using printing electronic technology are present in this study. As one part of this
work, mesoporous carbon materials were synthesized by soft template method. In this strategy, poly (ethylene oxide)-poly (propylene
oxide)-poly (ethylene oxide) block co-polymers (F127) were used as the template while fructose were employed as the carbon
precursor. After hydrothermal treatment, the soft templates could be easily removed by pyrolysis of the as-prepared carbon materials
in argon. The resultant mesoporous carbon materials exhibit a specific surface area of ~420 m?g’!. In addition, the as-prepared
mesoporous carbon materials were incorporated together with polyaniline (PANI) as well as surfactant and additive to form the

carbon-based ink. By using the screen print method, the as-prepared carbon-based ink was printed on the flexible substrate of



polyethylene glycol terephthalate (PET) with silver layer. The as-fabricated flexible micro-supercapacitor electrode was evaluated by
galvanostatic charge/discharge and cyclic voltammetry(CV). It is noticed that the specific capacitance of the as-fabricated flexible
micro-supercapacitor electrode can reach 2089 Fm at the current density of 0.2 Am™2. The method of carbon-based ink synthesis and
flexible micro-supercapacitor fabrication could give a potential guidance for the flexible energy storage device fabrication. The other
part of this work reported mechanical exfoliation and chemical deposition method to produce high quality MnO2 nanosheets and the
composite of nanosheets/graphene was coated on the carbon current collectors. The PET as substrate provides supercapacitor more
flexible and extensive useful in printing electronic technology. The x-ray diffraction (XRD) profiles confirm that the material is
MnO2. The field emission scan electron microscope (FESEM) demonstrates that the spherical MnO2nanoparticle owns more thin
layers structure and it can be sure that the MnO2 nanosheet has been achieved after mechanical exfoliation and chemical deposition.
The supercapacitor with the uniformly nanocomposite has outstanding conductivity and superior electrochemical performance. The
electrochemical test is in the 6 mol KOH solution and the voltage range is 0—1 v. All of the electrochemical analysis apply three
electrode analysis method by the electrochemical work station. The measurements of cyclic voltammetry (CV) exhibits that the
supercapacitor has a large current and the huge spacer between charge and discharge process means that the supercapacitor has
perfect capacitive property. The curve of galvanostatic charge and discharge is closed symmetry and the process of discharge has a
platform which was caused with the faradaic pseudocapacitance react. At current density of 0.1 mA/cm2, the supercapacitor shows
360 mF/cm2 specific capacitance. These results suggest that the obtained MnO2 nanosheets are the better candidate for

supercapacitor applications.
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Self-assembled Core-shell Structured Perovskite Cathode for Intermediate and Low Temperature Solid Oxide Fuel Cells
Jing Chen*, Dongjin Wan, Xuzhuo Sun, Bo Li

Henan University of Technology

Solid oxide fuel cells (SOFCs) are the most efficient devices for the energy conversion of the chemical energy stored in fuels
into electricity at elevated temperature. In the past decades, considerable progress has been achieved in reducing the temperature to
an intermediate and low temperature (ILT) range of 400 to 700 °C. Although the functionality of SOFC electrodes could be
significantly improved by reducing the feature size to nanoscale using infiltration/impregnation method, the practical use of
nanomaterials has been limited due to multi-step preparation process and instability with the testing time. Here, we demonstrate an
innovative core-shell structured Smo.sSro.sCo0Os-5 (SSC) cathode by freezing drying method and one step sintering process, which
allows nanoscale particles control of highly active and stable catalyst at low temperature. The cathode structure is somehow similar
to the infiltrated cathode structure. The single cells with the core-shell structured SSC cathode show excellent performance and
stability at low temperature. Maximum power densities of 0.83 and 1.13 W/cm? are achieved at 550 °C and 600 °C, separately.
Moreover, the single cells show excellent stability over 250 h at 600 °C.

There are three benefits of the peculiar microstructure for the oxygen reduction process: (i) the well-connected SSC
nanoparticles on the surface of the electrode are favor for the conduction of electrons on the electrode surface, and accelerate the
surface oxygen adsorption and desorption processes; (ii) the dense SSC backbone in the inner layer has a good connection with SDC
electrolyte, which could effectively provide the channel of ionic conduction between SSC-SDC and reduce the grain-boundary
resistance of SSC and interfacial polarization resistance; (iii) the nanoparticles were grown by heat driving force to form the
connection. The good connection between core layer and shell layer could be facilitated to reduce the resistance of oxygen ions
conduction between the two interfaces.

This work provides a simple, cost-effective and reproducible way to obtain nanoscale electrode via self-assembled method
through the sintering process, and expands opportunities to effectively exploit nanotechnology in a wide range of intermediate and

low temperature energy devices.
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Effect of NiO addition on oxygen reduction reaction at lanthanum strontium cobalt ferrite cathode for solid oxide fuel cell
Mubashar Nadeem, Yihang Li (Z¥—#j;), Changrong Xia (& £ 5¢)*


https://www.sciencedirect.com/science/article/pii/S0360319918308127#!

CAS Key Laboratory of Materials for Energy Conversion, Department of Materials Science and Engineering, University of Science

and Technology of China

Lanthanum strontium cobalt ferrite (LSCF) has gained much attention as the electrocatalyst for the oxygen reduction reaction
(ORR) in intermediate temperature solid oxide fuel cells.[1] However, it still needs a strategy to improve its catalytic activity. In this
work, NiO is primarily investigated as a possible synergistic catalyst for ORR on the LSCF surface. The effect of NiO particles on
the effective oxygen chemical surface exchange coefficient is revealed with the electrical conductivity relaxation (ECR) technique.
At 800 °C, the coefficient is increased from 3.48 x 10-5 to 6.65 x 10-5 cm s-1 and 6.9x 10-4 cm s-1 when NiO particles are
deposited using the sputter and drop coating methods, respectively. Adding 5 wt. % NiO to LSCF reduces the area specific interfacial
polarization resistance, for example from 0.108 to 0.082 Q cm?2 at 700 °C, as demonstrated by impedance spectroscopy on symmetric
cells using samaria-doped ceria as the electrolyte. Adding NiO can also improve the performance of anode supported button cells,
increasing the peak power density from 0.731 to 1.031 W cm-2 at 800 °C. On the whole, the increased oxygen surface exchange rate

together with the reduced electrode resistance and improved power density, exhibit that NiO is a potential additive to enhance the

LSCEF catalytic activity.
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Figure 1 : Cell voltage and power density as a function of current density measured at 800 oC for single cells using LSCF, LSCF-NiO,
LSCF-SDC, and LSCF-SDC-NiO cathodes
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Highly conductive NiSe2 nanostructures for all-solid-state battery-supercapacitor hybrid devices

Lu Meng*!, Haoyu Wu!, Tian Zhang', Haichao Tang', Yang Tian', Yuliang Yuan', Qinghua Zhang', Yujia Zeng?, Jianguo Lu!
1.Zhejiang University

2.Shenzhen University

Battery-supercapacitor hybrid (BSH) comprises of a battery-type electrode offering plenty energy density and a capacitor-type
electrode with ample power density. Transition metal oxides/hydroxides, as a kind of available battery-type electrode materials,
whose low electronic and ionic conductivity have already become the principal restriction to the development of high-performance
hybrid devices.The objective of this research is to synthesize high conductivity NiSe2 nanostructures serving as electrode materials
for hybrid devices, which is expected to be a potential candidate for all-solid-state energy storage devices.

The NiSe2 nanostructures were synthesized by a simple hydrothermal procedure. Ni(NO3)2-6H20 and SeO2 were dissolved in
deionized water to form homogeneous solution. Subsequently, the solution was transferred into a Teflon-lined stainless autoclave
with a piece of pretreated nickel foam immersed into, and then the autoclave was sealed and heated. Finally, the NiSe2 sample was
washed and dried to obtain the final products.

The NiSe2 nanostructures are composed of the NiSe: films uniformly covered on the Ni foam and the NiSe2> nanopyramids
directly grown from the bottom films. The NiSe2 nanopyramid electrode exhibits a high specific capacity of 240.83 mAh g ' at 1 Ag™.

The small values of the internal resistance (0.85 Q) and charge transfer resistance (0.41 Q) demonstrate the excellent charge transfer



rate and electrical conductivity. The hybrid device delivers a high energy density of 0.196 mWh cm2 at a power density of 1.6 mW
cm2. The equivalent series resistance (ESR) of the all-solid-state hybrid device is 1.52 Q, which firmly reveals the nature of low
resistance and high conductivity for BSH devices. Meanwhile, connecting two hybrid devices in series is able to drive a red LED for
more than 3 minutes after charging for 9 seconds.

A facile one-step hydrothermal strategy has been carried out to synthesize pyramid-like NiSe> nanostructures on nickel foam.
The NiSe2 nanopyramid electrode exhibits a significant specific capacity, good rate capability and high conductivity. The
all-solid-state hybrid device integrates the merits of high energy density at a high power density and low internal resistance. These
results demonstrate the pyramid-like NiSe2 nanostructure is expected to be an ideal high-specific-capacity electrode material,
representing a type of promising eclectrode for energy-storage hybrid devices with wide-scale applications, particularly in

all-solid-state energy storage devices and portable electronic devices.
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Engineering Low-Dimensional Nanostructures for Effective Energy Conversation and Storage
Zheng-Xiao Guo*

University College London

Effective energy conversion and storage play a key role in tackling the energy trilemma of security, affordability and
sustainability. Carbon / graphene -based materials offer great scope for cost-efficient chemical / electrochemical /photochemical
energy storage and catalysis, while the exceptional physical and mechanical properties are also utilised. Such functionalities can be
effectively tuned by means of atomic doping, defect control, inter-layer spacing, porosity architecturing, and hybridisation with other
nanostructures. The focus here is to demonstrate how those approaches can be effectively engineered to the development of storage
materials for hydrogen, methane and CO2, and of electrochemical catalysts for oxygen reduction and/or evolution reactions (ORR or
OER), which underpins the costs and stability of rechargeable metal—air batteries and regenerative fuel cells — the energy conversion
/ storage technologies for portable devices, electric vehicles and the smart grid. Currently, the commercial noble metal catalysts, such
as Pt/C and Ir/C, only exhibit mono-functional activity for either ORR or OER. Non-noble metal or metal-free materials are
increasingly considered as cost-effective alternatives, but their catalytic activities, especially OER performance, are yet to match their
metallic counterparts. Our systematic development firstly demonstrates the enrichment of N-doping and graphene / graphitic
carbon-nitride intercalation are effectively for enabling rapid four-electron transfer process in ORR, and then switching of ORR and
OER by single heat-treatment of a metal-organic-framework. Finally by closely coupling theory and experiment, we show the most
effective catalytic sites in phosphorus-nitrogen co-doped graphene frameworks (PNGF), and then engineered the synthetic
formulations to enrich such sites. The developed electrocatalysts show highly efficient bifunctionality for both ORR and OER. The
ORR/OER potential gap is reduced successively from the initial 1.252 mV, to 1.037 mV with PN co-doping, then to 795 mV after
PNGF optimisation, and finally to 705 mV after purposeful enrichment of the active P-N sites. This design strategy, synthesis
approach and the efficient catalysts offer great opportunities for the development of highly cost-effective energy storage technologies

on a large scale.
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Destabilization of light-metal borohydrides by catalysts, nanoconfinement and reactive combination
Mingxia Gao*, Zhenglong Li, Kaicheng Xian, Yongfeng Liu, Hongge Pan

School of Matetrials Science and Engineering, Zhejiang University

Light-metal borohydrides, such as LiBH4, Ca(BH4)2 and Mg(BHa)2, possess high hydrogen capacities. However, they still
suffer from unfavourable thermodynamics and kinetics. In the present study, we focus on improving the hydrogen storage properties
of LiBH4 and Ca(BHa):2 by catalysis, nanoconfinement, and reactive combination.

By in-situ introducing a nano sized niobium oxide derived from the decomposition of niobium ethoxide during dehydrogenation,
which was originally introduced by ball milling, the onset dehydrogenation temperature of LiBH4 is evidently decreased to lower
than 150 °C and the reversibility is also favorably improved. The system shows a stepwise dehydrogenation, indicating the change of

the dehydrogenation pathway by the introduction of niobium ethoxide. By optimizing the addition of niobium ethoxide, over 10 wt%



Ha was released up heating to 360 °C, while only less than 2 wt% Ha is released for pristine LiBHa.

A porous structured carbon nanotube/mesoporous carbon/nano TiO2 multiphase composite is synthesized as the host for
confining LiBH4. The loading of LiBH4 in the confined system reqches ca. 50 wt%. The system shows a significantly low
dehydrogenation peak temperature of ca. 320 °C, which is ca. 130 °C lower than that of the pristine LiBH4. 6 wt% H> is released for
the confined system upon heating to 400 °C. About 5 wt% H2 was reversibly released upon heating to 500 °C for the re-hydrogenated
product. The nanoconfinement and the nano-sized TiO: play synergistic effect on the improved hydrogen storage property of LiBHa.

The combination of Ca(BH4)2 and NH4Cl by ball milling results in an amorphous new calcium compound containing B-N-H
chemical bond, which shows an extremely low dehydrogenation temperature of 60 °C, with 4.5 wt% Ha releasing upon heating to

150 °C. Though the system turns to be irreversibly, the dehydrogenation property is attractive in permanent devices.
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The reversibility of conversion reactions in lithium stored SnO2 based anode materials
W

R TR

FERH R i L2 B A B AR R S i B B T B R R B R ORBER R 2 — o FEARZ PIAE SR B, SnO2 R AR
R e, RRIER TR, CRONRZ B TR EMA RZ —. SnO: IIMEHEE RS 7F WA e 562
JRAEAE % Sn M AL RS, (SnO2 +Li+—Sn0+Li20), HISLLAE N 7T11mAWg; #HE A &M (Sn0 +xLi+«——LixSn) ,
5N 783mAh/g o XA R BB AR KA RS AN ™ B 5 I AR R AN SR T 45 0, DA AR AT R S AR e 1,
BRI PR . AN BB T (Sn0+Li20—Sn02) W, ATl SnO: FUAFEERREEZE. BICR
A R ROR B U S R A A I, T ) ™ EE 20 T SnOn BN AL R IS o

30

Li* insert Li* extract
prg . s -0:‘@
sadpte FVooo i B
" . ., g 0
(a) |Sn0, mpRSSSS Q{
>,

n
a5
4
o
(&
G
Potential (V vs. LifLi")

r 104
ey Seeey 8 o
e g0 % 000 o 3T 05
o |
14,0 @ Usn 1i,5n, Sn ) Sn>50nm 00 —— -
o i atars '_,@ 0 200 400 600 800 1000 1200 1400
3

Specific capacity (mAh g}

30 — '
4 : —— Gyele 1
. !; 50+ 13,0 i e A
2 w— Cythe 10 '
Q-’ <o -—-c;n.sn ¢
LA P 2 20 '
- v — -
ey, y < % 15 iCE=
i, ) g 154 85.5%
S % ! =
S > s 10
LT s { 3 z N
[ o h el g
PR ol . Ses
e L,045n /U i :
' 5,0 +5n /i Sn Q200 400 800 80 100D 1200 1400

Specitific capacity(mAhg )

0 200 400 €0C 800 1000 1200 1400
Specific capacity (mAng™)

":,: 25 —Cyde 2
Nano-TM I ) 3 20 s ICE=
Li* insert & & Li*extract 2 1
e » .
(d) — .o D = ; > 18
s

( ﬁ ‘ £ 10
Graphite Nano-SnO, e g 9

0o

0 200 400 60 800 1000 1200 1400
Specific capacity (mAhg')

FE-1(a) SnO: Hk At A 3ok FE 45 i A8 7k i P, I R R 77355 % Sn AL S 3L Sn/LinO FHIfINk/D s (b) B w26 i i 4

il Sn KFEY B (ONITi A &I B RS B SnO2 HF IR A3 & Sn LAk (d) Wi E 4 @3 Sn Mk, (bFEEDH—
TLMEF LA -

VTRV R B  BRAARIBR AR TR AR BRI AR 57 3RS 913845, D0 SnOo FEMOM I} 1 R4S it M1 3 THT 25 M AR s 1« [1-5)




HE NIRRT T SnOn i8I R SOEFRR A AE ALY Sn/ LiO AHINJEZAIHAS, RINGIK Sn AR 5 #ds KM FEA
Sw/Li:O R By 83N /1% 5 R BEE. Fik, RATHRH T Sn A4 SR 53 Sn/LinO 5 A5 R S w] 181 2811 i
R E SR A (B-1a). DAL I9dE,  HRig A ) 22 U ST R e 26 Lt S R B SnO2 IR AP 9K Sn IR, S&
PR 1% 95.5% K1 T AR B (B -1b), SAIEA SCHRIRGE T i) e il o [6] JUH2, it it — B i as i it , ATUESE NiTi
2B 4 B S 2 AT A R R AR SnO2 SN 482K S AH IR 15 RO (B-1¢), $2 Sn/Li2O 9K e itase v, Aifi
D AL SR AT, SR SR Raman JEREAET5 5 I EHIEER T LiO MRS 2 HEREE SnO2 M 5 4. [7)

BE— B0 TR DR SnO2 MR (B BRI L2 5 Sn ML SEHAL N AT AT MR A K, A RESM AN
PR RUZIK . BEAh Sn AR XHBAE SnOx AR IR RLAS . BE R AR W AR B Z . M RN FEA A E 1.0V RS
A Sn AR, BATESNL T Sn AHRSE S Sn/Li2O HAHUR 1 5 8 A0 S B AN AT IR 2 22 o) (1 8 AR PE R 2R, MR
SE T Sn/LinO Fetb e M58 4 rI TGS (¥ Sn BURLIG RSSO0 11.3nm. [8] K35, JATSS &5 PE R BT RORILE R Mn (1R
B AR T R SnO: S AR BE M A PR Sn BURK GE S 534k Mn 7E SnO2 184 2 5 A KEAZE AL, 15 T Sn/Li20
HAC S B R AT MR SnO2-Mn & SUBBP R E 2. (9] X LUAFFT Ry s al b 1 A0 e L FUSR R R AR ROBE Vvt e
SnO2  HIARAT B 2 A0 R G it SRR it 7 H 2R .

Wk, HiE AR EE BB, BINTA8MBE Sn A& R R YA &E IS Sn Bikiik, fae
Sn/LioO 9K 45K S H B B I (B-1d), 3R1G T — RSIFIR BAT & 2 K A7 AR A & (1 Sn02-M (Fe, Mn, Co, Cu) -C =
AR A SnOs-Fe-C Tl 1 200N~82%, R A &> 800mAh/g, Zir>1000 K, EA BN iy 555 T 14 BE LY
LT R Sn-Co-C Hi#l(~87%, ~500mAh/g, 300 ¥0), T H & 7E 4 Rl sl bt BA RAF R ERE. [10] 2T HIINE
BRI BT SR, S BRI )4 Tt R B A v O AL R KB PR (>1000 JOFSEVERT SiOx@FeSn2 PIAHE & Tiblhs
Ko BEFURILPIR KA AT B R T 2 25 5 T AR R AN s 05, RS A T FeSmo Al SiOx M#: AL &
NG SRS, (1] XDl TSR 2 A RIS R & e SRR N A AR TR R .

ZHE R

[1] R.Z Hu, M. Zhu*, H. Wang, et al., Acta Materialia, 2012, 60:4695-4730.

[2] R.Z.Hu, W. Sun, M.Q. Zeng, et al., Nanoscale, 2013, 5: 11971-11979.

[3] R.Z.Hu, G. Waller, Y. K. Wang, et al., Nano Energy, 2015,13: 232-244.

[4] R.Z.Hu, H.Y. Zhang, J.W. Liu, et al., Journal of Materials Chemistry A, 2015, 3: 15097-15107.
[5] H.P. Zhang, Z. W. Chen, R.Z. Hu*, et al., Journal of Materials Chemistry A, 2018, 6: 4374-4385.
[6] R.Z.Hu,D.C.Chen, G. Waller, et al., Energy & Environmental Science, 2016, 9:595-603

[71 R.Z.Hu, Y.P. Ouyang, D.C. Chen, et al., Acta Materialia, 2016, 109: 248-258.

[8] R.Z.Hu, H.P. Zhang, Z.C. Lu, et al., Nano Energy, 2018, 45:255-265

[91 R.Z.Hu, Y.P. Ouyang, T. Liang, et al., Energy & Environmental Science, 2017, 10:2017-2029.
[10] R.Z. Hu, Y.P. Ouyang, T. Liang, et al., Advanced Materials, 2017, 29: 1605006.

[11] H.Y. Zhang, R.Z. Hu* Y.X. Liu, et al., Energy Storage Materials, 2018, 13:257-266

A01-18

Obstacles toward unity efficiency of LiNil-2xCoxMnxO02 (x=0~1/3) (NCM) cathode materials and the corresponding
solutions: Insights from ab initio calculations

Chaoping Liang"'?, Fantai Kong?, Roberto C. Longo?,Kyeongjae Cho?

1.State Key Laboratory of Powder Metallurgy, Central South University

2.Materials Science and Engineering, The University of Texas at Dallas

Achieving the energy limit of LiNi1-2xCoxMnx02 (NCM) (x=0~1/3) cathodes has raised great research interests in recent years.
In order to obtain longer cycle and calendar life, current NCM cathodes deliver far less than their theoretical energy density, even
after intense modifications such as cation/anion doping, coating, core-shell structure, and concentration-gradient design. By a
throughout and careful literature survey, we summarized five individual phenomena observed at the end of charge: O3-O1 phase
reaction, crack propagation, Li-Ni exchange, layered-spinel phase transition, and Oxygen evolution. These five phenomena have
been reported independently by different researchers using novel ex situ and in situ characteristic techniques, and which one leads to

the degradation of NCM cathode is not clear.



In this study, we perform a comprehensive study of LiNil-2xCoxMnxO2 (NCM) (x=0~1/3) cathodes, using first-principle
calculations within the DFT+U framework and a bond model based on the effective interaction of transition metal (TM) ions. Based
on our results, we have located the obstacles toward unity efficiency and revealed that the degradation strongly depends on the Ni
concentration and the depth of charge (DOC). Based on our findings, the optimal composition for a good electrochemical
performance of NCM cathode materials is found within the region of 1/10<x<1/4 (50-80% of Ni). We also proposed separate
solutions for each Ni concentration to prevent degradation at high voltage/capacity. For 1/4<x<1/3, a feasible way to reduce the
Oxygen evolution during charge would be through doping with high valence TM ions, in order to reduce strongly covalent Co-O
bonds. On the other hand, for 0<x<1/4, the use of coating materials or novel materials design like core-shell and
concentration-gradient structures could restrict the lattice distortion along the charge process. The key factors found in present work
will help researchers, especially the newcomers to understand the obstacles toward unity efficiency, and also help them to rationally
design NCM cathode materials with high-energy density through possible solution mechanisms, such as doping, coating or novel
nanostructures, like core-shell or concentration gradient cathodes.
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One Dimensional Nanomaterials for Emerging Energy Storage
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The construction of core-shell structure for SOFC cathode with enhanced performance
Bo Chi*, Li Jin, Pu Jian, Li Jian

Huazhong University of Science and Technology

To realize the commercialization and industrialization of the solid oxide fuel cell (SOFC), lowering its operation temperature to
the intermediate temperature range (IT, 600-800 °C) is of great significance. However, the cathode’s catalytic activity decreases with
the temperature reduction. Hence, the development of high performance IT-SOFC cathode material becomes the key to the challenge.
BaCo-based double perovskites have attracting ever-growing attentions due to their excellent oxygen reduction reaction (ORR)

catalytic activity. Among them, (St,Fe) containing PrBao.sSro.sCo1.sFeo.sOs+s (PBSCF) cathode has been widely investigated due to its
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great oxygen ion conductivity. But its long-term stability is threaten by CO2 gas in the air due to the existence of alkaline-earth
metals Ba and Sr , which would eventually lead to the performance degradation of cathode. To circumvent this issue, we studied
Ruddlesden—Popper structure layered perovskite LasNiOs+s (LN) as functional dense film on the PBSCF scaffold as an PBSCF-LN
core-shell structure cathode. In addition to the great COz resistance, higher ORR catalytic activity can be achieved by LN coating’s

introduction. This study provides a potential new cathode structure for SOFC application.

A01-21

Electrochemical reaction processes near the surface and interface of oxide materials
Yan Chen*

South China University of Technology

Perovskite-based materials have been widely studied as the electrode materials for high temperature electrochemical systems
such as solid oxide fuel cells and solid state electrolysis cells, and other low-temperature electrochemical devices such as alkaline
membrane fuel cells and metal—air batteries. While many perovskite-based electrodes have shown remarkable performance, cation
segregation near the surface or interfaces is often observed, which greatly impacts not only electrode kinetics but also their durability
and operational lifespan. The segregation of A-site alkaline earth metal oxides was reported to degrade the electrochemical
performance in literature. In contrast, the segregation or exsolution of B-site transition metals and the formation of metal/oxide
interface were found to significantly enhance catalyst activities and stability for the electrodes. Despite of many corresponding
examples, contradicting results were reported in literature. A detail understanding of the correlation between the surface cation
composition and the electrochemical reaction kinetics near the surface and interface is vital to achieving the rational design of more
efficient perovskite based electrode materials with excellent durability.

In this study, we aimed to provide critical insights into the mechanisms of cation segregation and provide the guide line for how
to enhance desired positive effects while suppressing negative effects associated with cation segregation under operating conditions.
(La,Sr)MO; (M is the transition metal) thin films grown by pulsed laser deposition were used as model systems. The evolution of
surface cation composition, morphology and local electronic structure as a function of temperature, gas environment and electric
potential were systematic investigated. We observed the segregation of Sr on the surface of (La,Sr)(Fe,Co)O3 (LSCF) thin films after
long time operation in oxygen environment at high temperature (500 to 600°C), which lead to the degradation of oxygen reduction
reaction (ORR) activity. After the deposition of PriCeixOy (PCO, x=0, 0.2, 1) surface modification layer, both the ORR activity and
stability of LSCF were greatly enhanced. Based on SEM, XPS and TEM measurements, we believe such enhancement is partly due
to the suppression of A-site metal Sr segregation on LSCF surface by the top PCO layer at elevated temperature. Furthermore, the
surface modification was found to change the rate limiting step of ORR on the surface, which was attributed to the change of surface
electronic structure as quantified by in-situ scanning tunneling microscopy/spectroscopy. By annealing in reducing condition or
applying an cathodic potential, the exsolution of B site cation was observed on the surface of (La,Sr)MO3s (M=Ni,Fe,Ti) oxide. The
local electronic structure changes introduced by B site exsolution were studied in details and were correlated to the catalytic activity

enhancement.

A01-22
Facile synthesis and superior lithium storage performance of ball-milled metal sulfides-carbon nanocomposites
Hong Zeng*, Ying Wu, Chunjiang Kuang, Shaoxiong Zhou

China iron & steel research institute group

1. Introduction

Lithium ion batteries (LIB), as one of the most important and widely used rechargeable power sources, are common in portable
consumer electronics such as smartphones, computers, and power tools because of its high energy density, long lifespan, light weight
and environment amity. However, recently, the development of electric vehicles (EVs) and hybrid electric vehicles (HEVs) has raised
the higher requirement of the improved performance of the LIB. Furthermore, these applications require higher specific energy,
energy power density, and long cycle life, high safety while the cost, safety, and environmental issues also must be considered. The

anode is one of the major LIB components. Currently, graphite is the most popular established commercial anode material. However,
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graphite-based anodes cannot satisfy the increasing demand of high energy density due to the low theoretical capacity of 372 mAh g’
Therefore, it is essential to develop alternative anode materials with low cost, non-toxicity, high capacity and excellent cycling
stability through simple method for economic consideration.

The metal sulfides (MS) are received attentions due to its low cost, environmental friendliness, and easy fabrication. It has been
widely used in many fields including Na-ion battery, Mg-ion battery , supercapacitor, solar cells, hydrogen storage, catalysis, solid
lubricant, optoelectronics and piezotronics .

In the present work, we take advantage of high energy ball-milling method to synthesize MS-carbon nanocomposite as a promising
high-capacity anode material for reversible lithium storage. Electrochemical measurements show that the MS-C composite exhibits
remarkably large capacity close to the theoretical capacity of MS, stable cyclability, high coulombic efficiency and excellent rate
capability. The performance is strongly related with the carbon content and the particle size. It is the synergistic effects caused by
carbon coating and ball-mill-derived nano-crystallization that greatly improve the electrochemical performance of MS.

2. Experimental

All of the chemicals were of analytical grade and used as received. Low-cost transition-metal dichalcogenide (MS, particle size
< 10 mm, purity 98%) and graphite (C, particle size < 10 mm) were purchased from Sinopharm Chemical Reagent Co., Ltd., China.
The raw material was mechanically milled to reduce particle size on a planetary ball-mill machine (Fritsch PS5, Germany) for 20 h at
room temperature under argon atmosphere with a pressure of 100 kPa. Then the graphite was loaded into a stainless steel milling
container and mixed with the as-prepared MS nanoparticles in different weight ratios. The MS-carbon nanocomposites were
produced in the same machine for another 20 h under same condition. The MS-carbon nanocomposites powders were used as active
anode materials. For comparison, the as-prepared ball-milling and raw MS powders were also studied as active anode materials. Here,
it should be mentioned that the ball-milling method is easy for amplification of mass production.

The microstructure of the powders was observed by field-emission scanning electron microscope (FE-SEM, FEI NOVA-450)
and transmission electron microscope (TEM, PHILIPS TECNAI F30). The phase of the synthesized samples was checked by X-ray
diffraction (XRD, BRUKER D8) with Cu Ka radiation at 40 kV and 40 mA from 10° to 90° with a step size of 0.02° and step time of
5 seconds. The surface areas of the samples were estimated by the Brunauer—Emmett—Teller (BET) method using a Quanta
Autosorb-iQ2-MP-ANG-VP (surface area = 7.134 m2/g, Fig. S1). Raman scattering spectra were recorded at room temperature on a
HORIBA JOBIN YVON S.A.S. system (model LabRAM HR800) with 532 nm incident wavelength radiation.

The electrodes were made from a mixture of active material, carbon black (AB) and polyvinylidene fluoride (PVDF) in weight
ratio of 80:10:10. The mixture was dispersed in N-methylpyrrolidone (NMP) to form homogenous slurry. The slurry was spread onto
a copper foil and dried at 110 °C for 20 h in a vacuum oven. After drying, the electrode foils were pressed and then punched into
circular shape pieces. For electrochemical testing, CR2032-type coin cells were assembled in an argon-filled glove box (MBraun,
Labstar (1200/780), Germany). Li metal foil was used as a counter electrode, 1 mol 1-1 LiPF6 in mixed solution of ethylene
carbonate (EC) and dimethyl carbonate (DMC) (1:1, v/v) as the electrolyte, and Celgard 2400 as the separator. The
galvanostatic charge-discharge test was conducted at cut-off voltages from 0.01 to 3 V at room temperature using an automatic Land
battery measurement system (Land BT2001A, Wuhan, China). Cyclic voltammetry (CV) was carried out on VMP3 electrochemical
workstation (BIO-LOGIC SA France) in a voltage range of 0.01-3.0 V at a scan rate of 0.1 mV s-1. Electrochemical impendence
spectroscopy (EIS) was measured by applying a sine wave with amplitude of 5 mV in the frequency range from 1000 kHz to 1 Hz.

3. Results
3.1 MoS2-C

As anode material for lithium storage, the MoS2-C composite with 30% C shows a discharge capacity as high as 736 mAh
g-1 in the first cycle and retains the capacity up to 720 mAh g-1 after 200 cycles at a current density of 100 mA g-1.Even at a high
rate of 2000 mA g-1, the reversible capacity is still 428 mAh g-1. As carefully compared with MoS2-C composite with 20% C, raw
MoS2 and pure ball-milled MoS2, we ascribe the remarkably improved electrochemical performance in MoS2-C composite with 30%
C to the synergistic effects caused by carbon coating and nano-crystallization derived by ball milling.

3.2 SnS2-C
Electrochemical analyses revealed that the SnS2-C nanocomposites as anode material in lithium ion batteries (LIBs) showed

high discharge capacity and excellent cycling stability. The SnS2-C nanocomposite with 60% C showed a discharge capacity as high
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as 650 mAh g-1 with the columbic efficiency of 86% in the first cycle and retained the capacity up to 700 mAh g-1 after 100 cycles
at a current density of 100 mA g-1.The excellent electrochemical properties of SnS2-C originated from its unique structure, which is
composed of SnS2 nanoparticles embedded porous carbon network, providing more lithium ion storage sites, higher electronic
conductivity, and fast ion diffusion.
3.3 SnS2-C

The SnS-C nanocomposite with 50% C showed a discharge capacity as high as 1056 mAh g-1 with the columbic efficiency of
75% in the first cycle and retained the capacity up to 1055 mAh g-1 after 100 cycles at a current density of 100 mA g-1.The excellent
electrochemical properties of SnS-C originated from its unique structure with a calculated BET specific surface area of 106.26
m2 g—1, providing more active sites for favorable Li-ion intercalation and large specific surface area. So, it exhibited a very high
reversible capacity and high rate performances. Especially, advanced materials with hollow structures are of great interest because of
its well-defined interior voids, high specific surface area, low density, accommodate volume change without pulverizing compared
with that of solid counterparts of the same size. Futhermore, the unique structure can shorten ionic/electronic diffusion length and
provide efficient channels for mass transport.
4. Conclusions

In the present work, we focus on a simple and scalable ball-milling method to synthesize MS-carbon nanocomposite as a
promising high-capacity anode material for reversible lithium storage. Electrochemical measurements show that the as-obtained
MS-C composite exhibits remarkably large capacity close to the theoretical capacity of MS, stable cyclability, high coulombic
efficiency and excellent rate capability. The performance is strongly related with the carbon content and the particle size. It is the
synergistic effects caused by carbon coating and ball-mill-derived nano-crystallization that greatly improve the electrochemical
performance of MS. Our work indicates that ball milling is a facile and efficient route to prepare high-performance MS-C composite
anode materials for lithium-ion batteries. It is also applicable for the synthesis of some novel nanostructured carbon-coated composite

materials, especially for the large-scale synthesis.

A01-23
High-performance Mn/V-based cathode materials for Li/Na-ion batteries
Jiangiu Deng*, Meng Li, Yushan Li, Qingrong Yao, Zhongmin Wang, Huaiying Zhou

Guilin University of Electronic Technology

A series of high-performance Mn/V-based cathode materials for Li/Na-ion batteries have been synthesized by co-precipitation,
sol-gel and solid-state sintering methods. The microstructure and electrochemical properties of the materials are investigated by
physical characterization and electrochemical measurement techniques. The cathode materials exhibit excellent electrochemical
performance, including high capacity, superior rate capability, and remarkable cycling performance. Especially, O3-type Mn-based
oxide as a cathode for Na-ion batteries shows a reversible capacity of 172 mAhg™' at 0.1 C and remarkable capacity retention of 70.4%
after 1000 cycles at 20 C. More importantly, it offers good compatibility with pristine hard carbon as anode in the sodium-ion full
cell system, delivering a high energy density of up to 215 Whkg! at 0.1 C and good rate performance. In addition, micro-sized
two-phase structured Liz2sNao4V2(POs)3/C composite is comprised of numerous primary nanocrystals. As a cathode material for
Li-ion batteries, it presents a high energy density of 478.8 Whkg™! and delivers high initial discharge capacities of 121.6, 113.8 and
109.7 mAhg™! at the rate of 5 C, 10 C and 20 C in a voltage range of 3.0-4.3 V, respectively. It also exhibits an excellent high rate
cycling performance, with capacity retention of 85.9 %, 81.7 % and 76.5 % after 1000 cycles at the rate of 5 C, 10 Cand 20 C in a
voltage range of 3.0-4.3 V. The results demonstrate that Mn/V-based materials developed in this work can be considered as the

promising cathode materials for Li/Na-ion batteries.

A01-24

Bimetal Pt-Co nanoparticles supported on modified SiO2 nanospheres as high-efficient catalyst for hydrogen generation from
hydrolysis of ammonia borane

Hongming Zhang*, Yuan Li, Shumin Han

Yanshan University
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Hydrogen generation from catalytic dehydrogenation of ammonia borane is a promising way for energy. However, the design
and manufacture of highly active metal catalysts is still an urgent issue.

In this work the SiO2@Pto.1Coo.9 bimetallic catalyst was prepared based on chemical reduction method. In a typical procedure,
0.1 g modified SiO2 nanospheres (synthesized by Stober method and modified by amino groups, -NH2) was dispersed in 50 mL DI
water. Then, 0.2242 g C4HsO4-Co-4H20 and 0.0518 g H2PtCls were added and the solution was stirred at room temperature for 1 h to
form an evenly solution. The metallic ions were reduced by freshly prepared 0.5M NaBH4 at 278 K. The product was separately
washed with ethanol and water and dried under vacuum freeze drying, and the SiO2@Pto.1Coo.9 catalyst was harvested.

The PtCo bimetal nanoparticles are homogeneous attached to surface of SiO2 nanospheres and the average diameter of them is
about 12 nm. The catalysts perform a good dispersity under the presence of SiO2 nanospheres which were in favor of the reduction of
metal nanoparticles. The XRD pattern showed that the Co and CoPt3 alloy nanoparticles generated together on the surface of SiO2
which played a synergistic role for catalytic dehydrogenation of NH3*BH3 that the plasmon excitations in the CoPt; induce the free
electrons in the Co segment to oscillate. Splendid catalytic activities were presented on hydrolysis test of AB solution, with the TOF
of 25.59 molz min'molm™ and Ea of 37.05 kJ-moll. Meanwhile, the catalyst showed a good cycle property, about 70 % activity
remains after the fifth hydrolysis test.

A01-25

Catalytic Mechanism of Carbon Nanotubes Supported Nickel on Hydrogen Storage Properties of Magnesium Borohydride
Ying Wu*, Zan Jiang

Advanced Technology & Materials Co., Ltd., China Iron & Steel Research Institute Group

High-capacity hydrogen storage material is a research hotspot in the field of hydrogen storage materials at present. Light metal
complex hydrides, such as LiBH4, NaBH4, LiAlH4 and Mg(BHa): et al, have attracted much attention due to their high theoretical
hydrogen storage capacity. However, these materials usually have problems of unduly stable thermodynamic properties, poor
dehydriding kinetics properties and low reversible capacity, which restrict their practical application. The functionalized carbon
materials with microstructure based on carbon nanotubes (CNTs), graphene (Gr) and graphite (C) can distinctly improve the
hydrogen storage properties of materials. In order to improve the comprehensive properties of Mg(BHa)2 hydrogen storage materials,
CNTs, Gr and C were selected as additives combined with transition metals catalysts in this paper, which is based on present research
progress of Mg(BHa)2. The synergistic catalytic effects of the carbon materials loaded transition metals catalysts on the hydrogen
sorption-desorption thermodynamics and kinetics and cyclic stability of Mg(BHa)2 are mainly studied. The aim of the paper is to

obtain Mg-based hydrogen storage materials with a high capacity and a lower hydrogen desorption temperature to apply to fuel cells.
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Nanoconfinement of Mg by ultrathin carbon layer with enhanced hydrogen storage properties
Tong Liu*, Ming Chen, Xiubo Xie
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Beihang University

A facile way has been developed to fabricate ultrathin carbon layer encapsulated air-stable Mg nanoparticles (Mg@C NPs) by
methane plasma metal reaction method. Compared with pure Mg NPs, the nanoconfinement of Mg by carbon layer can not only
reduce particle size but also prevent Mg from oxidation. By adjust methane from 10 to 300 ml, average size of Mg@C NPs reduces
from 140 to 60 nm and thickness of carbon layer increases from 1 to 4 nm. After exposure in air for 3 months, little MgO can be
detected in Mg@C NPs. In these Mg@C samples, Mg@C (CHa4:50ml) with size of 80 nm and ultrathin amorphous carbon shell of 3
nm shows the highest hydrogen capacity of 6.3 wt% Ha. In comparison, the hydrogen capacities of Mg@C (CHa4:10ml) and Mg@C
(CH4:300ml) are only 5.4 wt% Hz and 4.3 wt% Ha, respectively. Mg@C (CH4:50ml) also displays the highest hydrogenation and
dehydrogenation rates which can absorb 4.8 wt% H> within 10 min at 573 K and desorb 5.0 wt% H> within 20 min at 623 K. The
apparent energies for hydrogenation and dehydrogenation of Mg@C (CH4:50ml) are 64.1 and 107.2 kJ mol™!, both smaller than
Mg@C (CHas:10ml) of 66.7 and 118.9 kJ mol™! and Mg@C (CH4:300ml) of 67.7 and 137.8 kJ mol™'. The enhanced hydrogen storage
properties of Mg@C (CHa4:50ml) are attributed to smaller particles size and excellent antioxidant properties provided by the ultrathin

carbon layer.

A01-28

Improved hydrogen storage performance of MgH2 with Ni/Co-based compounds

Yijing Wang*

Key Laboratory of Advanced Energy Materials Chemistry (MOE), College of Chemistry, Nankai University, Tianjin 300071, China.

MgH: is one of the most promising hydrogen storage materials due to its high theoretical hydrogen capacity and excellent
reversibility. However, high thermal stability and slow absorption/desorption kinetics restrict the practical applications of MgHz2. A
series of nickel/cobalt-based materials were synthesized by facile chemical method, and then ball-milled with MgH> to obtain the
corresponding Mg-based hydrogen storage materials. All the nickel/cobalt-based materials can significantly improve the hydrogen
storage performance of MgHz. The MgH2-10wt%Co@C composites possess the best hydrogen storage performance, which can
desorb 6.1 wt% H2 in 20 min at 300 °C and absorb 5.5 wt% H: within 100 s under 300 °C. Subsequently, corresponding

de/rehydrogenation mechanisms have been also discussed.

A01-29

Superior hydrogenation properties in a Mg65Cel10Ni20Cu5S nanoglass processed by melt-spinning followed by high-pressure
torsion

Huaijun Lin*

Jinan University

Mg-based materials are considered as promising candidates for hydrogen storage mainly owing to their high hydrogen storage
capacity (7.6wt% in the case of MgH2). However, the sluggish hydrogenation/dehydrogenation kinetics and the stable
thermodynamic stability of Mg-based materials greatly hinder their practical application. Nanostructuring has been well
demonstrated as an efficient strategy to tune hydrogen storage properties of Mg-based materials, especially in the kinetics aspect.
However, the thermodynamics of the crystalline Mg-based materials could hardly be altered by nanostructuring even if the crystal
size is reduced to a few nanometers. We recently reported a glass-to-glass transition upon hydrogenation in the Mg-based Mg-Ce-Ni
amorphous alloys and reported hydrogen densities higher than those of crystalline counterpart hydrides. For these amorphous
Mg-Ce-Ni alloys, the hydrogen storage properties could be well tuned by considering the mixing enthalpy of alloying elements and
hydrogen. Nevertheless, hydrogenation kinetics of the amorphous Mg-Ce-Ni alloys is too sluggish, and it needs to be further
improved. In this study, a novel MgesCe10Ni20Cus nanoglass was fabricated by melt spinning followed by severe plastic deformation
through the high-pressure torsion (HPT) method. The hydrogenation temperature of the nanoglass was greatly reduced with
significant improvements on the hydrogenation kinetics upon three different HPT treatments. The 1 turn HPT-treated alloy shows the
best hydrogenation properties with the highest capacity and fastest kinetics among the three samples. These superior hydrogenation
properties were attributed to the HPT-induced abundant nanoglasses regions and interfaces among them, as pathways for hydrogen

absorption.
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A01-30
Hydrolysis Batteries: Generating Electrical Energy during Hydrogen Absorption
Rui Xiao*, Jie Zheng, Xingguo Li

College of chemistry and Molecular Engineering, Peking University

The hydrolysis reaction of aluminum can be decoupled into a battery by pairing an Al foil with a Pd capped yttrium dihydride
(YH2-Pd) electrode. This hydrolysis battery generates a voltage around 0.45 V and leads to hydrogen absorption into the YH> layer.
This represents a new hydrogen absorption mechanism featuring electrical energy generation during hydrogen absorption. The
hydrolysis battery converts 8 —15% of the thermal energy of the hydrolysis reaction into usable electrical energy, leading to much
higher energy efficiency compared to direct hydrolysis of Al. The hydrolysis battery could be extended to that Al could be replaced
by other active meta and YH2-Pd cound be replaced by other hydrogen storage metal.

A01-31

Numerical simulation of dendrite growth and micro segregation of Ni-Cu alloy using phase-field method
Mingguang Wang*

Chongqing University of Arts and Sciences

Ni based alloy is a key materials in the modern industrial. which has an extremely widespread application.The difficulty in the
simulation of dendrite growth is how to deal with a complex shape of solid-liquid interface. Phase field method can avoid tracking
the solid-liquid interface directly by introducing a phase field variables, which improves calculation efficiency, so it is a hot research
topic in microstructure simulation.Dendrite growth in under-cooled melt of Ni-40.83%Cu alloy is simulated by the phase-field
method in the paper. The effect of super-cooling degree and super-saturation degree and solute segregation on dendrite growth is
studied systematically. The results show that: solute segregation increases initially then tends to decrease. The increase of
super-saturation can promote the growth of lateral branch and destroy the constancy of the dendrite tip at the same time. The

simulation result is compared with the microscopic theory, and they have a good agreement.

A01-32

High Energy Density Li-S Battery and its Key Materials
Renjie Chen*

Beijing Institute of Technology

Introduction

Lithium—sulfur (Li—S) batteries are one of the most promising future generation candidates to meet the ambitious long-lasting
requirements because their theoretical capacity (1672 mAh/g) and low cost. However, the shuttle effect of soluble polysulfide
intermediates still poses a considerable challenge. It is clear that investigating each individual component only is insufficient to
address various technological challenges associated with Li—S batteries.
Methods
Synthesis of OLCM

1g ketjen black (ECP-600JD, Changxiang, Shanghai) was first refluxed in concentrated HNO3 at 130 oC for 2 h to graft
carboxyl groups onto the nanoparticles. The cleaned product was dispersed in 50 mL deionized water containing 0.5 g phytic acid
(J&K). After heating at 80 oC for 2 h and subsequent cooling to room temperature, 0.7587 mL ethylene glycol (phytic acid: ethylene
glycol, molar ratio of 1:18) and 0.87 g ammonium persulfate were slowly added to the mixture under vigorous stirring. Subsequently,
the reaction heated at 130 oC for 6 h under stirring and refluxed overnight. After washed with ethanol and de-ionized water, and dried
in the vacuum oven at 60 oC, the oval-like microstructure (OLM) was obtained. The black power was then heated to 1000 oC for 10
h under nitrogen gas flow to generate oval-like carbon microstructure (OLCM).
Synthesis of ECP/S, ECP-COOH/S and OLCM/S cathode

The ECP, ECP-COOH and as-synthesized OLCM (100 mg) were transferred into separate sodium thiosulfate solution (0.025 M,
3 L), respectively. After stirring intensely for 30 min, excess hydrochloric acid solution (1 M) was added dropwise to the solution and

reacted for 4 h under both ultrasonic and mechanical agitation. For both the coin cells and pouch cell, OLCM/S was mixed with
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carbon black and LA-132 binder in a mass ratio of 80: 12: 8, to produce the electrode slurry. The slurry was then coated onto an
aluminum foil current collector. ECP/S and ECP-COOH/S were also produced for comparison, using a mass ratio of cathode
materials, carbon black and LA-132 binder, is 73: 12: 15.

Results

Commercial ECP nanoparticles have excellent conductivity and ultrahigh BET surface, and are typically used as a conductive
additive. However, they do not readily adhere to substrates even at high binder content owing to their highly polarity. Fortunately,
when the interactive potential exceeds the energy of thermal vibrations of small nanoparticles, they tend to agglomerate. Inspired
from this phenomenon, we first modified the surface properties of ECP nanoparticles. Concentrated nitric acid was used as an oxidant
because it can react with ECP nanoparticles to generate carboxyl functional groups (termed ECP-COOH). Ethylene glycol monomers
were then added to initiate polymerization and reacted with phytic acid and carboxyl functional ECP nanoparticles via double
“Fischer esterification” to form polyphosphate ester and polycarbonate ester, respectively. These esters act as cantilevers that can
glue carboxyl functional ECP nanoparticles together at molecular levels and reconfigure the initially scattered ECP nanoparticles into
oval-like microstructures (OLMs). The obtained microstructures can be used not only to reduce the explosion risk of materials and
prevent materials from being inhalation hazards, but also provide materials with good flow and handling properties.

To enhance their cathode conductivity, the OLMs were carbonized at 1000 °C under nitrogen atmosphere, which led to the
formation of oval-like carbon microstructures (OLCMs). After carbonization, the constituent nanoparticles were still connected via
carbon originating from the polymer in the OLMs. Scanning electron microscopy (SEM) images confirmed that the OLCMs retained
their oval-like microstructures after carbonization. The average diameter of the OLCMs increased from only ~70 nm for the original
ECP nanoparticles to ~2.3 um for the OLCMs secondary particles. Additionally, each resulting OLCM particles appeared to be
loosely aggregated, although they consisted of tens of thousands ECP nanoparticles. Unlike the “point-to-point™ electron transport in
scattered ECP nanoparticles, OLCMs exhibited “omni-directional” and isotropic electron transportation, which is benefit for efficient
electron transfer. Another benefit of these modularly assembled OLCMs structure is that the double-step esterification links the
nanoparticles on a molecular scale, thus affording microstructures with structural tailorability and chemical diversity. Moreover, an
architecture consisting of internal pinholes affords pores and a large electrolyte/electrode interface, thus providing channels for Li-ion
diffusion and reactive sites for electrochemical reaction.

The large secondary micro-sized OLCM/S particles only require 8 wt% LA-132 binder (acrylonitrile copolymer) to prepare the
cathode slurry. The cathode mixture could be uniformly coated on Al foil (0.35g/100cm2) even at a high double-sided high sulfur
loading of 14.0 mg/cm2. The OLCM/S cathodes were then sandwiched with Li belts to assemble pouch cells and to further
investigate their performance. The capacity of assembled pouch cell is 18.6 Ah and the average voltage is 2.05 V. Typical discharge
curves with two plateaus are observed. Moreover, the cells operated suitably with an electrolyte to sulfur ratio of 2.7, which further
demonstrated that electrolyte could easily infiltrate the thick electrode through internal channels. The highest discharge energy of the
OLCMY/S pouch cell was 52748.9 mWh, corresponding to 460.08 Wh/kg, which is much higher than that of traditional lithium ions
batteries (150-200 Wh/kg).

Conclusion
Our work provides a radically different approach for tuning the performance of a variety of surfaces for energy storage materials

and biological applications by reconfiguring nanoparticles into desired structures.

A01-33

Rational Design of Cathode Materials for Lithium-Sulfur Batteries

Bo Jin* and Huan Li

Key Laboratory of Automobile Materials, Ministry of Education, and College of Materials Science and Engineering, Jilin University,
Changchun 130022, China

Recently, lithium-sulfur batteries (LSBs) have received extensive attention due to its high energy density of 2600 Wh kg-1. At
the same time, sulfur is earth-abundant, economical, and non-poisonous. Nevertheless, the poor electrochemical performance restricts
its commercial application, including the inferior cycling stability caused by the significant dissolution of lithium polysulfides and

the low specific capacity because of the poor electrical conductivity of sulfur. To explore the potential application of LSBs in the
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emerging electric vehicle market, sulfur/tubular polypyrrole (S/T-PPy) and sulfur/alumina/polypyrrole (S/A1203/PPy) are prepared
by cooperating on the facile ball-milling route and in-situ chemical polymerization method. In this strategy, each composition of the
hybrid materials plays an essential role in cathode: alumina and PPy can provide strong adsorption for the dissolved polysulfides.
Meanwhile, PPy also works as a conductive and flexible additive to improve poor conductivity of sulfur and A1203. Compared with
sulfur, S/T-PPy and S/AI203/PPy manifests good electrochemical performance. S/T-PPy displays high initial discharge capacity of
1178 mAh g-1, and a discharge capacity of 675 mA h g-1 after 150 cycles at a current density of 200 mA g-1. The special tubular
structure of T-PPy can increase adsorption sites for polysulfides to inhibit its diffusion. In the same current density, the discharge
capacity of S/AI203/PPy is maintained at 730 mAhg-1 after 100 cycles. Besides, S/AI203/PPy also shows good rate capability. The
synergy between alumina and PPy is the decisive factor, which gives rise to good electrochemical performance of cathode for

high-performance LSBs.

A01-34
The Design, Synthesis and Structure-Performance Relationship of Cathode Catalysts for Li-air Batteries
Xiangfeng Liu*

University of Chinese Academy of Sciences

Recently, rechargeable Li-air batteries have attracted extensive attention due to their high energy density. However, the poor
cycling stability, low rate capability, low coulombic efficiency, high charge-discharge voltage gap and some other problems hinder
the practical application of Li-air battery. The sluggish kinetics of the oxygen reduction reaction (ORR) and oxygen evolution
reaction (OER) on the cathode is one of the biggest challenges for Li-air batteries. One effective way to solve this issue is to develop
efficient cathode catalysts. Some noble metals or alloys, metal oxides and nanostructured carbon materials have been extensively
studied as cathode catalysts to facilitate ORR/OER and enhance the electrochemical performances of Li-O2 battery. In this talk, I will
present some recent studies on the surface or interface structuress modulation and the structure-performance relationship of some
transition metal oxides based cathode catalysts in our group: 1) The role of oxygen vacancies in improving the performance of CoO
as bifunctional cathode catalyst for rechargeable Li-O2 batteries; 2) Carbon-dotted defective CoO with oxygen vacancies: A
synergetic design of high performance cathode catalyst for Li-O. batteries; 3) Boosting the electrocatalytic activity of Co3Os
nanosheets for Li-Oz battery through modulating inner oxygen vacancy and exterior Co’"/Co?" ratio. (4) Enhancing the catalytic

activity of Co304 for Li-Oz battery through the synergy of surface/interface/doping engineering.

A01-35

Synthesis of TiO2-C nano-sheets by high-energy ball milling Ti2CTx for enhanced performance photocatalyts
Jingxiao Li*, Yulei Du, Wenhe Liao

Nanjing University of Science and Technology

Titania-carbon composite materials (TiO2-C) have aroused a great deal of interest in photocatalystic application, because carbon
could effectively enhance the photocatalystic ability of TiO2. In this paper, we introduce high-energy ball milling technique and
Ti2CTx precucer to produce TiO2-C composites (as shown in scheme 1). Firstly, the mechanical forces during ball milling could
easily break the van der Waals force between interlayers of stacked Ti2CTx, formation of single or few layered Ti2CTx (T stands for
terminated with O and OH groups) nanosheets. The decreased thickness makes the oxygen traveling through the TioCTx layers facile.
Secondly, huge dynamic energies will be generated when the impact occurs between the high-energy balls and/or jars, which lead to
instantaneous increases of the temperatures. The increased temperatures contribute to the migration of the atoms, and the occurrences
of chemical reactions between Ti2CTx nanosheets and penetrated oxygen. Thirdly, structural and morphological properties of crystals
could be modified by mechanical force, for example, activation of electrons in the crystal lattices; diffusion of defects; decrease of
crystal size and so on.

The formation of the TiO2 nano-particales and disordered graphitic carbon is identified by XRD, Raman and HRTEM. Results
performed that the TiO2 nanoparticles were uniformly and closely dispersed on the single or few-layered carbon nano-sheets. Many
defects are also observed on TiO2 nano-particles in HRTEM images. XPS results show the existence of Ti3* ions and C-Ti-O bands in

TiOz lattice. And, the hybrids as photocatalyts performed higher capacity than P25 in enhancing photocatalytic degradation of
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methylene blue (MB) dye in aqueous solution under UV-irradiation. The higher enhancement is attributed to the effective separation
of photo-excited charge carriers by the perfect structural properties, presence of C, Ti** ions and oxygen vacancies. Moreover, the

TiO2@C catalyst possesses high photocatalytic stability.

A01-36

Insight into factors behind the different pseudocapacitance contributions of amino-contained aromatic isomers adsorbed onto
graphene

Yi Zhao*, Jinzhang Liu

Beihang University

1. Aims

This study combines experiment and theory to unveil factors behind the different pseudocapacitance contributions of some
aromatic isomers adsorbed onto graphene, aiming to provide a guideline for computationally screening out optimal molecules that
can endow graphene with high pseudocapacitance.

2. Methods

In this work, we prepared paper-like nitrogen-doped graphene (NG) films to investigate the effect of organic molecules
functionalization on the capacitance enhancement. In brief, a viscous aqueous solution containing GO, NaCl, urea, and (NH4)2COs at
a certain ratio was blade-coated to prepare hydrogel-like films. After naturally dried in air, the composite film was transferred into a
Teflon-lined autoclave containing diluted ammonia solution for hydrothermal reduction at 180 °C,3 h. After that, the paper-like NG
film was obtained.Then, the NG film was immersed into the organic compound solution at 80 °C for 6 h to allow aromatic molecules
to be spontaneously adsorbed onto graphene via m-m interaction. After, the functionalized NG (FNG) film was repeatedly washed
with DI water. The organic compounds are 4-aminophenol (AP),2-AP, 1,5-naphthalenediamine (NAPD), 1,8-NAPD,
4,4’-oxydianiline (ODA), 3,4’-ODA, 4,4’-thiodianiline (TDA), and 2,2’-TDA.

Symmetric cells and a three-electrode system using with 1 M H2SOs4 electrolyte were assembled to measure the electrochemical
performance of these FNG films.The organic molecules with optimized structures were computed by using the Gaussian 09 software
package. The solvation model SMD and meta-GGA density functional M063 with the 6-31+G (d, p) all-electron basis set and
ultrafine integration grids were used.

3. Results and conclusions

In summary, we have carried out a systematic study, both experimentally and theoretically, to unveil factors behind the
pseudocapacitance contribution of amino-contained aromatic molecules adsorbed onto graphene. Eight kinds of organic compounds
were selected to functionalize NG films, and their efficacies in enhancing the capacitance were correlated with density functional
theory calculations. The highest occupied molecular orbital level of a molecule is found to play an important role in rendering high
pseudocapacitance. Also, remarkable efficacies from two kinds of molecules, 4- aminophenol and 1,5-naphthalenediamine, are newly
discovered. As a result, a high specific capacitance of 877 F g! is achieved from the functionalized graphene film.This work provides
a theoretical clue for screening out optimal candidates from a large variety of redox-active organic molecules, aiming to efficiently

exploit the redox of amino groups for energy storage.

A01-37

Influence of Manganese Dioxide Catalyst on Electrochemical Performances of Magnesium Air Battery
hui liv*, Kun Yu, Li Li, Xiangchun Xu

Central South University

Magnesium air battery is a promising electrochemical energy storage and conversion device due to its high energy density, high
safety, environmental benignity, and earth abundance of Mg. Low-cost, earth-abundant electrocatalysts of the oxygen reduction
reaction (ORR) at the cathode is essential for magnesium air battery. Electrolytic manganese dioxide (EMD) is the most attractive for
ORR due to its cheaper price.

The electrochemical properties of MnO2 materials strongly depend on their crystal structure and morphology. In this study, the
influences of ball-milling and thermal treatment on the structure and discharge performance of commercial EMD were studied.

It is found that the morphology of commercial EMD was obviously changed from irregular shap to spherical particles with a
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significant decrease in particle size after ball-milling, and the crystal phase of commercial EMD converted from y-MnO: to
B-MnO:2> via thermal treatmen. EMD as electrocatalyst by ball-milling or heat treatment in magnesium air battery exhibited much
higher discharge performance in comparison with the commercial EMD.

Consequently, controlling the morphology and crystal structure of electrolytic manganese dioxide as cathode catalysts of

magnesium air battery is important for both fundamental research and technological applications.

A01-38
In-situ growth of MoS2 on hollow carbon fibers derived from biomass for lithium and sodium storage
Guilong Liu*, Xianming Liu, Naiteng Wu, Xiaoxiao Huang

Luoyang Normal University

With the ever-growing demands for clean, efficient and sustainable energy, much attention have been attracted to the
cutting-edge energy storage technologies.[1] Of which lithium ion batteries (LIB) and sodium ion batteries (SIB) has been accepted
as the most feasible technologies, considering their high energy density, long lifespan, low discharge feature and environmental
friendliness.[2-3] Even so, significant research efforts are being directed towards developing batteries with higher energy densities
and better cyclic life, for that the specific capacity of the commical graphitic anode for LIB is only 372 mAh g [4-5] MoS2, a tipical
2D materials, has been extensively empolyed as the anode materials for LIB and SIB, because of the high theoretical capacity (670
mAh g) and good cyclic performance, in addition the interlyer space with weak van der Waals interaction is large for the lithium
and sodium ions intercalation/deintercalation.[6-10] Unfortunately, the low conductivity of sulfides, large volume variation and
limited electron transfer between S-Mo-S sheets always leading to poor electrochemical reversibility, inferior rate performance and
unsatisfied cyclic lifespan.[6, 11-12]

Herein, MoS2 grown on hollow carbon fibers (CF) derived from palm silk via a hydrothermal method has been demonstrared for
lithium and sodium storage. The hollow carbon fiber derived from palm silk was selected as the matrix to grow MoS:2 nanosheets. In
this composite, the in-situ growth MoS: on CF results in a strong interaction bewteen MoS: and CF, which prevents the
agglomeration of MoS: nanosheets and favors the transport of electron and ion between MoS2 and CF. The smaller nanosheets of
MoS: on CF and abundant pores can effectively shorten the diffision paths for ions and electrons, facilitating the electrode reaction
kinetics. Finally, the hollow carbon layer can provide space for the expansion/contraction effect of MoS> during charge and discharge.
Thanks to the above advantages, the prepated CF@MoS2 shows good lithium storage performance (at a current density of 500
mA-g ! after 500 cycles, a high electrical capacity of 725 mAh-g™! is maintained), superior rate performance (at a current density of 3
A-g’l, the capacity is the 51.6 % of the capacity is 0.1 A-g") for LIB. At the same time, a tolerable performance for SIB are also
obtained, tipically, at a current density of 50 mA-g™! after 200 cycles, a high electrical capacity of198 mAh-g! is maintained; and at a
current density of 2 A-g’!, the capacity is the 60 % of the capacity is 0.05 A-g’.
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A01-39

Starfish-like Hierarchical ZnxCol-xS@C@CNTs as high performance anode materials for lithium ion batteries
Hao Wang*!, Ziliang Chen!, Renbing Wu', Yang Liu?, Hongbin Xu', Huilin Qing?

1.Department of Materials Science, Fudan University

2.Department of Chemistry, Fudan University

3.Department of Macromolecular Science, Fudan University

Aims: Transition metal sulfides are promising anodes for lithium-ion batteries due to their high theoretical specific capacity, natural
abundance and environmental friendliness. Among this, ZnS has attracted tremendous interests due to its high theoretical capacity
(962 mAh g ') and non-toxic properties. However, poor cycling stability and rate performance which result from low conductivity
and large volume change during charge-discharge process hinder its application. It’s of great significance to find proper solution to
address this concern.

Methods: Doping alien metals can greatly improve the intrinsic conductivity of metal sulfides. And dedicate architectures fabrication,
especially the hierarchically porous structure can greatly shorten the diffusion lengths of Li-ions and buffer the strain caused by
volume change. On the other hand, hybridizing ZnS with carbon materials is another way to enhance its electrical performance.
Here we designed a novel nanocomposite by combining all three strategies into one to address the problem. The composite was
prepare by a simple method, which includes the co-precipitation of Zn?*, Co?" and 2-methylinidazole in the presence of CNTs to
form a Zn-Co-ZIFs@CNTs as precursor and subsequent simultaneously in situ pyrolysis and sulfidation of precursor at high
temperature to obtain the final starfish-like ZnxCo1xS nanoparticles rooted in porous carbon framework and strongly coupled with
carbon nanotubes (Zn:Co1.S@C@CNTs).

Results: When evaluated as anode materials for lithium ion batteries, Zn.Co1S@C@CNTs exhibited an excellent reversible
capacity of 635 mA h g! at a high current density of 1.2 A g! after 1000 cycles and good high-rate capability (890 mAh g at3.2 A
g'and 750 mA h g! at 6.4 A g’ respectively).

Conclusions: The high capacity, excellent cycling stability and rate capability of Zn.Co1.S@C@CNTs can be ascribed to the unique
hierarchically porous structure which integrates the high theoretical capacity of ZniCoiS and the excellent conductivity as well as
mechanical stability of CNTs. And the doped Co-ions have improved the intrinsic electrical conductivity of metal sulfides by
increasing donor density. We believe that the strategy presented here can be extended to other metal oxide/sulfide-based composites

for the preparation of high-performance anodes for lithium ion batteries.
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A01-41
A new AB4-type single-phase superlattice compound for electrochemical hydrogen storage
Shumin Han*

Yanshan University

Metal-hydride (MH) based hydrogen storage materials have recently been designed for rechargeable batteries where protons
serve as charge carriers. However, the MHs generally suffer from poor cycling stability during electrochemical hydrogen storage
process. Herein, we report, for the first time, a new ABa-type single-phase Lao.7sMgo.22Nis67Alo.10 MH superlattice compound with
excellent electrochemical hydrogen storage properties. This MH compound is able to deliver a high discharge capacity of 393 mAh
¢!, according to its hydrogen gas absorbability (1.50 wt%), and exhibit a superior rate capability of 180 mAh g™! evenat 1.8 Ag™'. In
addition, the compound retains its crystalline structure when subjects to electrochemical cycling and shows strong anti-oxidation
ability in alkaline electrolyte, indicative of excellent cyclability. Our results demonstrate that the ABs-type superlattice structure MH

can be a promising electrode material for hydrogen storage, and provide a new avenue for the applications of MH batteries.

A01-42

Design and effective catalysis of hybrid catalyst on hydrogen sorption kinetics of magnesium-based hydride
Yunfeng Zhu*!2, Zhongliang Ma'?, Jiguang Zhang'2, Yana Liu!?, Liquan Li"?

1.College of Materials Science and Engineering, Nanjing Tech University

2.Jiangsu Collaborative Innovation Centre for Advanced Inorganic Function Composites, Nanjing Tech University

Hydrogen storage has been regarded as the key to the utilization of hydrogen energy. Reversible hydrogen storage by
magnesium-based hydride has been widely studied due to several advantages, including large hydrogen storage capacity, abundant
resource and low cost. However, the high operating temperature and slow hydrogen sorption kinetics still restrict its application. To
solve this, we have designed several hybrid catalysts, including bimetallic catalyst, carbon supported nano metal or metal oxide,
metal/metal halide, etc. The as-prepared hybrid catalyst was added into magnesium-based hydride by mechanical milling. Then, the
structural and hydrogen storage performances of the Mg-based hydride composite were studied systematically. Compared with the
single-component catalyst, the multi-component hybrid catalyst exhibits superior catalysis on hydrogen sorption kinetics of
magnesium-based hydride. In particular, the obvious synergistic catalytic effect between the catalyst components has been clarified.
Owing to the effective catalysis of the as-prepared hybrid catalyst, the magnesium-based hydride shows greatly improved hydrogen
sorption kinetics. Moreover, the catalytic activity can be well remained upon repeated hydrogenation/dehydrogenation cycling. Our

results show that the magnesium-based hydrides enhanced by hybrid catalyst are promising for solid-state hydrogen storage.

A01-43
Superwetting Nanoarray Electrodes for Gas-involving Electrocatalysis
Xiaoming Sun*

Beijing University of Chemical Technology

Electrochemical gas-involving reactions are now of great importance in energy conversion processes and industries. Besides

22



highly active catalysts, the fast diffusion of reactants/intermediate and desorption of products on the catalyst surface are of critically
importance. Based on this principle, micro/nano-engineering of the catalyst directly on the current collector are fabricated.
Specifically, we demonstrated the effectiveness of the low-adhesion surface according to the structural designing (MoS:, Pt, Cu,
layered double hydroxide nanoarray) with superaerophobic properties, which exhibit excellent HER, OER and HzOR performance.
These electrodes significantly decrease the surface solid fraction and cut triple phase (solid—liquid—gas) contact line into
discontinuous dots, and thus small bubble’s volumes and low viscosity between electrode and gas bubbles are realized, thereby
achieving enhanced electrocatalytic activity. On the contrary, providing an unobstructed gas-diffusion pathway to continually supply
enough gas reactant to the active catalytic sites is vital for gas consumption reactions. A micro-/nanostructured and PTFE-modified
CoNCNTs arrays with superaerophilic properties, which accelerate the gas-diffusion process as well as electron transport, shows
superior ORR performance in both base and acid media. In summary, rational structural design of both highly activity and surface

wettability is critically important for highly efficient and stable heterogeneous electrochemical reactions.

A01-44
Layered/Spinel Lithium-Rich Oxide Nanowires as Excellent Performance Cathode Materials for Lithium-Ion Batteries
Xianyou Wang*, Ruizhi Yu, Xiaohui Zhang, Yan Huang

Xiangtan University

Lithium-rich cathode materials have attracted great attention due to their less environmental impact, low cost, high capacity and
wide working voltage range. However, their low cycling performance, poor rate capability and severe voltage decaying impede their
commercial applications.!'>2] To cure these issues, herein we report an efficient strategy to fabricate high-rate and cycling-stable
lithium-rich oxide nanowires with layered/spinel heterostructure by using a solvothermal method and subsequent high-temperature
calcination technique. The structure and electrochemical performance of this cathode have been systematically investigated and the
results reveal that the layered/spinel heterostructured nanowires are a kind of self-assembly of a lot of nanoparticles, and the
LisMnsO12 spinel phase is embedded inside the layered structure, which are in favor of Li* transport kinetics and structural stability
during the charge/discharge process. Benefitting from the unique architecture, this novel cathode material reciprocates a high initial
reversible capacity (289 mAh g!), excellent cycling performance (94% capacity retention after 200 cycles at 0.5 C) and mitigated
voltage fading. Moreover, it exhibits an outstanding rate capability and can achieve about 63.7% (184 mAh g™') of the capacity at 0.1
C during ultrafast charging/discharging (10 C). The favorable results provide a feasible route to enhance the electrochemical
performance of lithium-rich cathode material for constructing the high-energy and high-power lithium-ion batteries.

References:
[1] S. Chu, Y. Cui, N. Liu, The path towards sustainable energy, Nat. Mater. 16 (2017) 16-22.
[2] J. Lee, D.A. Kitchaev, D.-H. Kwon, C.-W. Lee, J.K. Papp, Y.-S. Liu, Z. Lun, R.J. Clément, T. Shi, B.D. McCloskey, J. Guo, M.

Balasubramanian, G. Ceder, Reversible Mn?>*/Mn*" double redox in lithium-excess cathode materials, Nature, 556 (2018) 185-190.

A01-45

Microchanneled supporting electrodes of solid oxide cells: fabrication and applications
Libo Yu*!, Jingjing Wang', Zhengmao Ye', Dehua Dong!?, Craig Buckley?

1.The University of Jinan

2.Curtin University, Australia

Solid oxide cells, including solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs), have a sandwich structure
supported on an electrode, cathode or anode. The electrode-supporting configuration has replaced the initial electrolyte-supporting
cells to reduce cell resistance. However, the thick supporting electrodes (0.5~1 mm) can cause gas diffusion limitation during cell
operation. Firstly, electrolyte film supported on electrodes is densified via high temperature sintering of the double layers, which
causes the low porosity of the supporting electrodes. Particulate pore former is employed to increase porosity, but it is not efficient
because the formed pores have low connectivity. Gas diffusion pathway through tortuous pore channels greatly extends gas diffusion
distance to 2~5 times. In addition, applying nanocatalysts over electrodes is an effective way to accelerate electrode reaction, which

is prepared by infiltrating catalyst precursor solution into porous electrodes. However, it is not efficient to deliver catalyst precursor
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to the electrode/electrolyte interface like the gas diffusion.

Some researchers had devoted to develop new electrode microstructure to improve gas diffusion. Porosity-graded anodes
include several layers with different porosities, and these layers were prepared with different pore former amounts and/or ceramic
particle sizes [1]. In addition to multistep preparation, sintering shrinkage match among layers need to be carefully considered to
avoid deformation or crack formation. A channeled microstructure of anode supports was formed by freeze-drying, forming channel
sizes ranging from 10 to 20 um, which is not ideal for supporting dense electrolyte and constructing three-phase-boundary within
electrode reaction zone [2]. A phase-inversion process has been used to prepare hollow fibre anodes with embedded finger-like pores
with the consequence that it cannot perform gas diffusion effectively due to a less-porous skin layer [3]. Efforts have been made to
open the finger-like pores, requiring additional steps or accurate control of phase-inversion process.

Our group, for the first time, developed phase-inversion process to prepare planner ceramic membranes as oxygen separation
membrane and supporting electrodes of solid oxide cells. With the aid of stainless steel mesh during the phase-inversion,
microchanneled membranes have been developed with an integrated structure formed by a single process; numerous parallel channels
are formed with one end open on one side and the other end closed with a separation layer on the other side of the membrane [4, 5].
The as-prepared oxygen separation membranes exhibited high oxygen permeation fluxes owing to improved gas diffusion compared
with conventional porous supported membranes [6]. The microchanneled membranes have been demonstrated as anode supports of
SOFCs and cathode supports of SOECs, providing channels as fast gas diffusion pathways [7, 8]. Additionally, the channels facilitate
catalyst delivery to the electrode reaction zone for CO: electrolysis [9, 10] .

A second generation of microchanneled membranes has been developed by modifying the phase-inversion process [11], and the
membranes have a dendritic pore channel structure. The pore channels start from one side of the membranes and gradually split into
small channels like tree root while crossing the membrane, ending up with a thin layer about S5pum in thickness on the other side of the
membranes. The naturally formed channel structure provide efficient mass transfer pathway for gas diffusion and catalyst delivery.
Compared to the cell prepared with the first generation of the membranes, the cells with dendritic pore channels have demonstrated
higher performances under both SOEC and SOFC modes in terms of gas diffusion and electrode polarization resistance. The
microstructure optimization of the supporting electrodes has been attempted to achieve high cell performances. The potential

applications of the second generation membranes will be discussed.

A01-46

A stability study of flat-tubular solid oxide fuel cells with double-side cathodes
Jun Yang*!, Zhiwen Zou?>', Wu Liu*!, Wanbin Guan', Jianxin Wang', Long Jiang?
1.Ningbo Institute of Industrial Technology, Chinese Academy of Sciences
2.School of physics and Optoelectronic Engineering, Yangtze University

3.School of Materials Science and Engineering, Shanghai University

1. Objectives

Fuel cells are capable of directly converting chemical energy in fuels to electricity with high efficiency and low pollutant
emission. Among various kinds of fuel cells, solid oxide fuel cells (SOFCs) have been attracting intensive attentions from academic
and industrial communities due to their unique advantages compared with other kinds of fuel cells. The most important characteristic
of SOFCs is that SOFCs employ metal oxides, exampled by yttria-stabilized zirconia (YSZ), as the electrolytes. Since the oxide
electrolytes gain sufficient ionic-conductivity only at high temperatures, current SOFCs are mainly operated 600-800 °C. Such high
operating temperatures lead to significant challenges to the stability of SOFCs: (1) chemical stability and compatibility; (2)
mechanical stability under severe temperature variation; (3) mechanical stability against redox cycle of Ni-based anode. The
chemical stability and compatibility are mainly guaranteed by selecting suitable materials for the components. On the other hand, the
cell structure plays key role on the mechanical stability of SOFCs.

In previous research, our group developed a novel flat-tubular SOFC structure with double-sided cathodes (DSC cells). Such
cell structure integrated the advantages of planar and tubular cells namely ease for current collecting and sealing. Compared with the
flat-tubular structure developed by Kyocera, two cathodes are deposited symmetrically on double side of the cell. As a result, the cell

gains larger cathode area. Moreover, the integration of cells into a stack becomes much easier.
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In this study, the stability and durability of the DSC cells with the cathode area of 180 cm? were investigated in three aspects: (1)
long-term performance; (2) resistance to thermal cycling test; (3) resistance to sudden fuel cut-off.
2. Methodes

DSC cells with a dimension of 10 cm *10 cm*0.6 cm were used for the tests. The total area of two symmetric cathodes was 180
cm?. Air and pure hydrogen were supplied to the cathode and anode, respectively. For long-term stability test, the cell was discharged
at 36 A at 750°C for 500 h. A thermal cycling test between room temperature and 750°C was conducted for the cell. The OCV and I-V
characteristics of the cell were measured to evaluate the cell performance after thermal cycle test. The cell was discharged for a short
period under a sudden fuel cut-off condition. Then, the fuel supplied was recovered and the OCV was monitored. Such operation was
repeated for 13 cycles and subsequently the /-V characteristics were measured.

3. Results

1. long-term performance under constant discharge current and temperature: the degradation of the cell at 500 h was negligible,
demonstrating the good long-term stability of the novel cell structure.

2. Resistance to the thermal cycling test: After 4 cycles, the OCV of the cell remained unchanged, indicating the sealing
condition was not damaged. After the first cycle, some performance degradation was observed by /-V characteristics. However, the
subsequent three thermal cycles did not cause more performance degradation.

3. Resistance to fuel cut-off: the results revealed that the new cell structure provide a good resistance for the discharge at low
current density under fuel cut-off condition. However, the cell was damaged rapidly when the discharge current increased.

4. Conclusions

The novel cell structure was proved to possess good durability and stability to three kinds of operating conditions.

A01-47

The Rational Design of Nanocarbon and Metal Composite Materials for Lithium—Sulfur Battery Cathode: Li- or S-Binding?
Xiang Chen*, Qiang Zhang

Tsinghua University

Lithium—sulfur (Li-S) battery is considered as an ideal next-generation energy storage device for its high energy density.
However, the poor electroconductivity of sulfur and its reduced products (Li2S and Li2S2) and the well-known “shuttle” of soluble
sulfides have resisted its practical applications. Conductive materials, like carbon nanotube, graphene, and their hybrids, have been
used to increase the conductivity of cathode materials, but these materials cannot provide strong binding effects towards soluble
lithium polysulfides. We apply first-principles calculations to systematically investigate heteroatom-doping (B, N, O, F, P, S) effect in
enhancing the binding between cathode materials and plolysufides. Then an implicit volcano plot is obtained to describe the
dependence of binding energies on electronegativity of dopants and the N, O co-doping strategy is predicted to achieve even stronger
interfacial interaction to trap lithium polysulfides. The strong anchoring effect between N/O-doped nanocarbon and polysulfides was
further verified induced by the Li-binding, called “Li bond”. Besides, various metal composites have been considered as additives to
enhance the binding effects and promoting the conversion of high-order polysulfides. An analogous periodic law of anchoring
strength was find in 3D-metal sulfide system, which can be extended well to the 3D-metal oxide system well, and VS was predicted
to be an excellent polar host candidate for sulfur cathodes. This finding provides a general and practical principle for rational design
of advanced sulfur cathode materials, which is expected to be an effective toolbox to screen composite sulfur cathode for Li—S

batteries with high energy density and long cycle life.

A01-48

Improved structural reversibility and cycling stability of Li2MnSiO4 cathode materials for lithium-ion batteries
Xia Wu*!2, Shi-Xi Zhao'

1.Graduate School at Shenzhen, Tsinghua University, Shenzhen

2.School of Materials Science and Engineering, Tsinghua University, Beijing

Li2MnSiO4 cathode material possesses a high theoretical capacity ~330 mAh/g for lithium ion batteries. However, Li2MnSiO4

suffers from structural collapse caused by irreversible transition of [MnOs] tetrahedrons to [MnOs] octahedrons and layer exfoliation
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upon full delithiation. In addition, Li2MnSiOs is generally accompanied with impurities, such as Li2SiO3, Mn2SiO4 and MnO, which
inevitably results in capacity loss. Pure LioMnSiO4 has been successfully synthesized by a two-step method. A central goal is to
alleviate the structural collapse during cycling and thus achieve a stable cycling performance. We have exploited 7i and S substitution
for high Coulumbic efficiency, cycling stability and structural reversibility.

For alleviating the irreversibility of [MnOx] polyhedrons: [TiOs] tetrahedrons and [TiOs] octahedrons coexisted LizMnSiO4 has
been synthesized. [TiOx] pillared Li2MnSiOs presented greatly improved cycling stability, especially [TiOs] enriched
Li2Mno 8sTi0.15Si04, which achieved a high initial Coulumbic efficiency (86%) and excellent capacity retention (89% at 8 cycles for
instance). Moreover, Li2Mno ssTio.15Si04 exhibited excellent rate performance and retained 85% of initial discharge capacity after 50
cycles at C/2 rate. Ex-situ XPS revealed [TiOx] pillars, especially [TiOs] pillars facilitated the reversible transition of [MnOx] during
cycling. Ex-situ XRD demonstrated the enhanced structure reversibility of [TiOs] enriched sample.

For relieving the layer exfoliation: we introduced S into O sites of LioMnSiOs. The solid solubility of S was proved to be
limited and excess S resulted in MnS impurity. The existence state and site of S element in LizMnSiO4 was also confirmed. It was
found that S doping significantly improved not only the electronic and ionic conductivity but also the structural reversibility and
cycling stability. 1mol% S doped sample exhibited a remarkable initial Coulombic efficiency (88.3%), capacity retention (98% at 10t

cycles for instance) and rate performance.

A01-49
A First-principle Study towards Understanding Surface Reactions in Li-I Batteries.
Zhixiao Liu*

Hunan University

Large-scale stationary energy storage urgently demands to develop rechargeable batteries with low cost, high energy density,
and enhanced cycling stability. Beyond conventional Li-ion batteries, secondary Li-I2 batteries based on the conversion reaction
mechanism is considered as a promising next-generation energy storage device. However, Li-I12 batteries also suffer shuttle effect
caused by the high solubility of iodine in the organic electrolyte.

A first-principles approach is employed to probe the effect of 12 molecules on corroding the metallic Li anode surface. It is
found that the I2 molecule always tends to dissociate to two I atoms on the Li surface. Electrons in the metallic
substrate spontaneously migrate to I atoms, resulting in the self-discharge. According to the ab-initio molecular dynamics simulation,
the metallic Li surface can be oxidized to Lil species. Lil species cannot binding to the metallic substrate strongly and will be
exfoliated easily, leading to the loss of active materials and irreversible capacity fade. According to the present simulation, LiNO3
additive can also prevent the Li surface from the iodization corrosion. The NO3" group can completely dissociate and penetrate into
the Li substrate, result in forming a protective ternary compound layer. This layer can provide a strong affinity to Lil species, leading
to alleviating the loss of active materials. Beyond LiNO3 additive, using N-doped graphene is another strategy to improve the battery
performance. The N dopant can provide a strong attraction to trap 12 molecules. In addition, the N heteroatom can shift the Fermi

energy level above the pi-antibonding states, which can enhance the reduction and dissociation of the 12 molecule.

A01-50
Multilevel structures of li3v2(po4)3/c-p nanocomposites derived from low-cost, hybrid v-mofs for long-life lithium ion batteries
Zhaoyang Wang*
Wauhan University of Technology

Fast charge/discharge rate and service life performances are still challenges for Li ion batteries. In this paper, Multilevel
structures of Li3zV2(POas)s/carbon-phosphorus (LVP/C-P) nanocomposites were synthesized using low-cost, hybrid vanadium

metal-organic frameworks (V-MOFs) as precursor via a hydrothermal-assisted sol-gel method. Spheroidals, foams, prism and

hydrangea like structures are found in the nanocomposite, which were characterized by SEM, TEM, Raman, XRD and Mapping
analysis. The nanocomposites delivered a remarkably long service life, exhibiting a discharge capacity of 65 mAh g at 10 C with
nearly 90% capacity retention after 1100 cycles. The excellent cycling stability is attractile for application in rechargeable lithium ion
batteries. More importantly, our results demonstrated that glass fiber drawing wastewater could be facilely transformed into treasure

of multilevel structure nanocomposites for cheap Li ion batteries.
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A01-51

Stable operation of Ag-based anode solid oxide fuel cells on propane

jiang liu*!, Yapeng Zhang', Fangyong Yu'?, Xiaogiang Wang', Qian Zhou'!, Meilin Liu'-
1.South China University of Technology

2.Shandong University of Technology

3.Georgia Institute of Technology

Ni-based anode is commonly used in solid oxide fuel cells (SOFCs) operated on hydrogen. However, when an SOFC operates
directly with more available carbon-containing fuels such as propane, Ni promotes carbon deposition which deconstruct the anode,
resulting in performance failure. To avoid this problem, an effective approach is to use some alternative anode material.

In this work, a cermet of sliver and gadolinium-doped ceria (GDC) is investigated as the anode material of a SOFC directly operated
on propane. The ambient air used as the oxidant. Their electrochemical and durability performances of the SOFC are tested and
compared to those of an SOFC with conventional Ni-GDC anode.

Experimental results show that the initial performances of the SOFCs, respectively with Ag-GDC and Ni-GDC anode, are
similar, while quite different over operating time. The open circuit voltage (OCV) of a SOFC with Ag-GDC anode is stable at ~1 V
while that with Ni-GDC anode continuously drops from the initial 1.2 V to 0.85 V in 140 min. A SOFC with Ag-GDC anode has
been stably operated on propane at a constant current density of 103 mA cm for more than 160 h while that with Ni-GDC anode for
only 50 h (Fig.1b). SEM examination shows Ni-GDC anode is destroyed by carbon deposition during operation on propane, while
Ag-GDC anode is well conserved and has a carbon layer, with some breakages, built on its surface.

It is concluded that the performance degradation of a SOFC operated on carbon-containing fuel is not caused by carbon
deposition covering the active sites of anode. The stable operation of SOFCs with Ag-GDC anode on dry propane is realized because,
not like on Ni-based anode, carbon deposition on Ag-GDC does not reconstruct the structure of the anode. Therefore, the SOFC with

Ag-based anode can survive even though there is carbon deposition on the anode.

A01-52
Solid state lithium sulfur battery and its in-situ mechanism study
Chenglin Yan*

Soochow University

Solid state lithium sulfur (Li-S) batteries, as a next-generation high energy density storage system, has generated great interest
due to its signally theoretical energy density (2600 Wh/kg), high capacity (1675 mAh/g), and the availability of low-cost sulfur.
However, the soluble polysulfides forming in the cathode willtransport to the anode where they are reduced to Li>S, namely shuttle
effect, which results in the loss of active material and poor cyclability. Moreover, uncontrolled dendritic and mossy lithium growth
seriously threat the security and hinder the practical application of Li-S batteries. Strategies for avoiding shuttle effect and achieving
dendrite-free lithium anode are of significant attracting and have driven investigation in multiple fields in the past decades.

Previous researches have been devoted to preventing the dissolve or transport of polysulfides. In the development of this solution, the
most popular strategy is composing sulfur with carbonaceous materials, but it still suffers from rapid capacity fading over long-term
cycling, because the nonpolar carbon can only provide weak physical adsorption to the polar lithium polysulfides (LiPSs). The
lithium protection is a significant and effective subject considering the spontaneous side reactions between highly reactive Li metal
and liquid electrolytes. Electrolyte additives such as LiNOs, ILi and P2Ss also have been shown to efficaciously delay the onset of
crude dendritic deposition on Li surface through the growth of solid electrolyte interphase (SEI). In this talk, I will mainly talk about

the recent progress in solid state lithium sulfur battery and its in-situ mechanism will be also discussed.

A01-53
2D Materials in Energy and Environmental Applications: Piezocatalysis and Water Splitting
Jyh Ming Wu*

National Tsing Hua University

The decomposition of organic pollutants serves as an increasing challenge in chemistry, and a major impact for environmental
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purification associated with industrial wastes. A variety of semiconductor photocatalysts have been utilized for the advanced
oxidation process to generate the reactive oxygen species, by producing the hydroxyl (OH.) radical via the illumination of the UV
light and the visible light, as it can oxidize the organic pollutants, a major remediation for environmental purification. This work, I
will report that the non-centrosymmetric structure of the catalyzing material was applied by an external force, an electric field was
therefore built up instantly inside the piezoelectric crystal due to its spontaneous polarization, which can efficiently separate the
electron and hole pairs to trigger the catalyzing process for destroying the organic matters and producing radicals species in the dark.
The non-centrosymmetric structure have been discovered in 2D materials such as, MoS2, MoSez, and WS> etc.. The piezoelectric
response in the odd number of layers in 2D material possess the uniquely piezo-catalyst effect by applying a mechanical deformation,

which provides a great potential role in the energy and environmental applications without any lighting assistance.

A01-54

Active, durable nanostructured bismuth oxide decorated cobaltite oxygen electrode of reversible solid oxide cells
Na Ai*!, Minle Chen', Shuai He?, Kongfa Chen', Teng Zhang', San Ping Jiang?

1.College of Materials Science and Engineering, Fuzhou University

2.Fuels and Energy Technology Institute and Department of Chemical Engineering, Curtin University

Solid oxide cells (SOCs) are a device of choice for efficient storage and regeneration of renewable sources by alternatively
operating in solid oxide electrolysis cell and solid oxide fuel cell modes. Cubic bismuth oxide such as Er and Y stabilized bismuth
oxide (ESB and YSB) possesses excellent surface exchange capability and highest ionic conductivity among the electrolyte materials
of SOCs. However, the high reactivity between bismuth oxide and cobaltite oxygen electrodes is a bottleneck in developing active
and reliable bismuth oxide-cobaltite composite oxygen electrodes for SOCs. In this presentation, a Sr-free Smo.95C00.95Pdo.0503-5
(SmCPd) oxygen electrode decorated with nanoscale ESB is synthesized and assembled on barrier-layer-free Y203-ZrO2 (YSZ)
electrolyte film. The cell with the ESB decorated SmCPd composite electrode exhibits a peak power density of 1.81 and 0.58 W cm™
at 750 and 650 °C, respectively. More importantly, excellent operating stability is achieved in fuel cell mode at 600 °C for 500 h, in
electrolysis mode and reversible mode at 750 °C for 200 h. The results demonstrate the feasibility of applying bismuth

oxide-cobaltite composite oxygen electrodes in developing high performing and durable SOCs.

A01-55

N-p-MCNTs Supported Mn304 Quantum Dots ORR Electrocatalysts for Zn-air Batteries
Zongxiong Huang*, Guangzhou Li, Zhicong Shi

Guangdong University of Technology

High efficient and low-cost electrocatalysts that favor a four-electron pathway for oxygen reduction reaction (ORR) are essential
for high-performance metal-air batteries. Herein, we show an ultrasonication-assisted synthesis method to prepare Mn3Os quantum
dots (QDs, ca. 2 nm) that anchored on nitrogen-doped partially exfoliated multi-wall carbon nanotubes (Mn3O4 QDs/N-p-MCNTs) as
a high-performance ORR catalyst. The Mn3O4 QDs/N-p-MCNTs facilitated the four-electron pathway for the ORR and exhibited
sufficient catalytic activity with an onset potential of 0.850 V (vs. RHE), which is only 38 mV less positive than that of Pt/C (0.888
V). In addition, the Mn304 QDs/N-p-MCNTs demonstrated superior stability than Pt/C in alkaline solutions. Furthermore, a Zn-air
battery using the Mn3O4 QDs/N-p-MCNTs cathode catalyst successfully generated a specific capacity of 704 mA h g™ at 10 mA cm™
without the loss of voltage after continuous discharging for 105 hours. The superior ORR activity of Mn3O4 QDs/N-p-MCNTs can be
ascribed to the homogeneous Mn3O4 QDs loaded onto the N-doped carbon skeleton and the synergistic effects of Mn3O4 QDs,
nitrogen, and CNTs. In addition to the high ORR activity, the cost of production of Mn3O4 QDs/N-p-MCNTs is low, which will

broadly facilitate the real application of metal-air batteries.

A01-56
First-principles study on the core-shell cathode for solid oxide fuel cell
Xiaokang Lu*, Xiaofeng Yang, Lichao Jia, Dong Yan, Bo Chi, Jian Pu, Jian Li

Center for Fuel Cell Innovation, School of Materials Science and Engineering, Huazhong University of Science and Technology
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Solid oxide fuel cell (SOFC) is considered to be one of the most promising new energy technologies with its clean, efficient and
wide fuel source. Current research activities focus on developing electrode materials operating at intermediate temperature
(650~850 °C) in order to meet the requirements of the commercialization of cost and stability. At present, the perovskite type cathode
materials are widely used in intermediate temperature SOFC, including LaixSrxMnQOs-s (LSM), Bai-xSrxCoi-yFeyOs-5 (BSCF) and
so on. BSCF has good catalytic activity at low temperature, but its stability is poor in air, while LSM has good stability, but it has
little ionic conductivity at low temperature. Therefore, we have prepared a composite cathode with core-shell structure, in which the
surface of BSCF is densely coated with LSM to achieve the dual optimization of material stability and high catalytic activity.

In this work, the interfacial atomic structure, oxygen adsorption and diffusion properties of the cathode-shell structure cathode have
been studied by the first principles method.

In the core-shell structure, there is an interface between the shell and the core. The binding energy of the La-O plane of the LSM
(100) surface and the Co-O plane of the BSCF (100) surface is 9.12 eV, greater than the other interface binding energy, suggesting
that such a combination is the most possible composite structure. The O2 molecular can be adsorbed on the LSM (100) more easily
than on the BSCF (100) surface. In the study of the interface model, the oxygen vacancy formation energy of LSM is 2.24 ¢V, and
1.58eV for BSCEF, thus the oxygen vacancy is more likely to be formed in BSCF, which is also one of the reasons why BSCF oxygen
ion conductivity is better than LSM. At the interface between LSM and BSCEF, the conductance of oxygen ions is accomplished by
migration of oxygen ion (vacancy) from LSM to BSCF. The oxygen diffusion barrier is determined to be 0.66¢V, indicating that the
transmission of the oxygen ion in the interface is relatively easy.

In summary, we have used first-principles density functional theory to study the process of cathode bonding and reaction of
core-shell structures: interfacial binding and bulk diffusion. It can be concluded that LSM@BSCEF is a promising cathode material
that can be applied to intermediate temperature SOFC.
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A01-58
The investigation on stabilization mechanism of long-term operation of solid oxide fuel cell stacks
Jian Pu*

Huazhong University of Science and Technology

Solid oxide fuel cell (SOFC) is an efficient and clean energy conversion system. The key to commercialization is to reduce the
degradation rate of the stack. There are important influencing factors relating to performance degradation, including of oxidation of
metal interconnects, the reliability of high-temperature sealing, and the interfacial stability of adjacent components. In the study, the
oxidation kinetics rate of interconnect are reduced by controlling the chemical composition, phase structure and micro-morphology
of the oxide scale on the surface of the interconnect alloy, and the effect of Cr poisoning cathode was inhibited. A new type of
flexible SOFC seals is developed which can enhance high temperature sealing stability and eliminate interfacial gas leakage. It has

been investigated on the mechanism of temperature gradient and thermal stress on the sealing performance. A flexible interface layer
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between the interconnect and the cell cathode is constructed to achieve improved interface electrical contact and thermal stress
dissipation, which is beneficial to reach long term operation and thermal cycle stability of stack. The relationship between stack
stability and the above factors is clarified, which provides a theoretical basis for the manufacture and evaluation of high-performance

stack.

A01-59

Thermoelectric properties of SnSe thin films
Jiyan Dai*

HK PolyU

SnSe single crystals have been demonstrated to possess excellent thermoelectric properties. In this work, we demonstrate a grain
size control method in growing nanocrystalline SnSe thin films through a glancing angle pulsed-laser deposition approach. Structural
characterization reveals that the SnSe film deposited at a normal angle has a preferred orientation along a axis, while by contrast, the
SnSe film deposited at a 80 glancing angle develops a nanopillar structure with the growth direction towards the incident atomic
flux. The glancing angle deposition greatly reduces the grain size of the thin film due to a shadowing effect to the adatoms, resulting
in significantly increased power factor for more than 100%. The maximum Seebeck coefficient and power factor are 498.5 and 18.5,
respectively. The enhancement of thermoelectric property can be attributed to the potential barrier scattering at grain boundaries
owing to the reduced grain size and increased grain boundaries in the film. Given this enhanced power factor, and considering the
fact that the nanopillar structure should have much lower thermal conductivity than a plain film, the zT value of such made SnSe film
could be significantly larger than the corresponding single crystal film, making it a good candidate for thin film-based thermoelectric

device.

A01-60

Fabrication and Supercapacitive Properties of N/P Co-doped Carbon Materials

Kaisheng Xia*, Bo Han, Qiang Gao, Chenggang Zhou

Faculty of Material Science and Chemistry, China University of Geosciences, Wuhan 430074, PR China

Supercapacitors have attracted great attention due to their high power density, superior rate capability and long operation life.
Improving the energy density of carbon-based supercapacitors is one of the most urgent demands for developing high-power energy
supplies, which in general requires delicate engineering of the carbon composition and textures. In the present work, by
pre-functionalization of graphene nanosheets and successive one-step (NHa);POs activation, we prepared a type of nitrogen and
phosphorus co-doped graphene (NPG) with high specific surface areas, hierarchical pore structures as well as tunable N and P
contents. The as-obtained NPG shows high specific surface areas of up to 320 m? g and efficient N/P co-doping as high as 3.7 at.%
for N and 1.3 at.% for P. Our results demonstrate that the NPGs exhibit high specific capacitances of 219 F g7! (123 F cm™) at 0.25 A
g land 175 F g' (98 F cm™) at 10 A g7!, respectively. Accordingly, the NPG-based symmetrical supercapacitor device, working at a
potential window of 1.3 'V, could deliver an enhanced energy density of 8.2 Wh kg™ (4.6 Wh L") at a power density of 162 W kg™!
(91 W L"), which still retains 6.7 Wh kg ™' at 6.5 kW kg'. In particular, under a current density of 5 A g”', the device endows an 86%
capacitance retention of initial after 20,000 cycles, displaying superior cycle stability. Our results imply the feasibility of NPG as a

promising candidate for high-performance supercapacitors.

A01-61
Hollow Nanostructures for Applications in Li/Na-Ion Batteries
Chuncheng Yang*

School of Materials Science and Engineering, Jilin University

Energy storage devices play a significant role in conserving fossil fuel and reducing greenhouse gas emission. Among various
feasible energy storage technologies, lithium-ion batteries (LIBs) and sodium-ion batteries (SIBs), as representatives of the current-
and next-generation rechargeable batteries, have attracted intensive interests due to their (potential) applications in portable electronic

devices, new-energy vehicles, military equipment etc. The main challenge for them is the development of electrode materials with

30



superior electrochemical performances. Recently, hollow nanostructures (such as carbonaceous materials and transition metal oxides)
and their hybrid materials have shown great advantages for applications as anode materials in LIBs and SIBs due to their high
surface/volume ratio, high electrical conductivity and large void space. Here, by using template-removal methods, we synthesized
hybrid materials of NiO nanoparticles/carbon nanohelmets (NiO/CNHs) for LIBs and Ni-NiO nanoparticles/porous carbon
nanosheets (Ni-NiO/PCNs) for SIBs, which show high reversible specific capacity, superior cycling stability and rate performance,
attributed to their ingenious architectures. The facial strategies reported here provide new insights for rationally developing novel

hollow structures for advanced energy storage devices.

A01-62

Investigation of Catalytic Activity Mechanism of Cathode Materials for Fuel Cells by Synchrotron Radiation Soft X-ray
Absorption Spectroscopy and High Temperature In Situ Photoelectron Spectroscopy

Zezhi Chen*, Ranran Peng, Jianlin Wang, Yalin Lu

University of Science and Technology of China

Synchrotron radiation soft X-ray absorption spectrum (soft-XAS) has the advantages of deep detection depth, signal sensitivity,
etc. for the electronic valence states, spin states and coordination states of electrons in 3d metal oxides. The working temperature of
the fuel cell is at high temperature, and the high-temperature in-situ photoelectron spectroscopy (XPS) technology can detect the
electronic structure at the actual operating temperature. Compared with the normal temperature XPS spectrum, it can reflect the real
electronic structure characteristics. The Ruddlesden-Popper phase layered oxide La3Ni2O7 has excellent conductivity, but has poor
catalytic activity. By doping Co ions at the B site, the catalytic activity is improved which is manifested that the polarization
resistance of LasNi19C00.107 is 1.12 Q cm? while that of LasNii.6C00407 is only 0.35 Q cm? measured at 650 °C. By analyzing the
photoelectron spectroscopy of oxygen at high temperature, it was found that Co doped samples exhibit higher intensities of
chemically adsorbed oxygen at high temperatures, which indicates that doping of Co is beneficial to maintain a certain amount of
oxygen defects at high temperatures to absorb the environment oxygen. The presence of oxygen vacancies at high temperatures
provides oxygen adsorption sites and oxygen ion diffusion channels during oxygen reduction reactions, thereby enhancing catalytic
activity. At the same time, through the X-ray absorption spectrum, we found that Co shows a +3 value at a certain doping amount,
and the +3 Co ions have a certain local effect on electrons. We have demonstrated this feature by measuring the electrical
conductivity and magnetic properties. The localized electrons indicate that the 3d metal ions tend to covalently interact with oxygen,
which favors the adsorption of oxygen by metal ions during the oxygen reduction reaction, thereby enhancing the catalytic activity.
This design and characterization method provide direct evidences for exploring the catalytic reaction mechanism of fuel cells, and

provide ideas for the design of cathode materials.

A01-63
Prussian Blue-Based Cathodes for Sodium Ion Batteries
yinzhu jiang*

School of Materials Science & Engineering, Zhejiang University

Rechargeable sodium ion batteries (SIBs) are emerging as one of the promising candidates for applications in large-scale
energy-storage systems. Prussian blue analogues have been considered as potential cathodes because of their rigid open framework
and low-cost synthesis. Nevertheless, PBAs suffer from inferior rate capability and poor cycling stability resulting from the low
electronic conductivity and deficiencies in the framework. Crystallinity and electronic conductivity are challenging issues for PBAs
to be tackeled.

Nickel substitution is an efficient method to improve the cycle stability of PB and activated the low spin Fe?*/Fe3* couple.
Further regulation of the distribution of the substituted nickel ions generates PB with a gradient nickel substitution , which features a
high-Ni-content outer layer and low-Ni-content inner layer in a single grain. The outer layer prevents side reactions, ensuring
excellent cycling stability, while a small amount of nickel ions in the inner layer efficiently activates the low spin Fe for achieving
high capability. Growing the nanosized PB cubes directly on carbon chains is also a promising way in improving PB’s crystallinity

and electronic conductivity. First-principles computation revealed that the electrochemical activity of the low spin Fe couple is

31



closely associated with the [Fe(CN)s] vacancies in the PB crystal.

Through the incorporation of nickel ions into PB structure, the low-spin Fe (Fe'S) couple is sufficiently activated for sodium
storage, which leads to higher capacity contribution at larger potential and more stable redox energy. Moreover, iron-nickel
hexacyanoferrate (FeNiHCF) is better crystallized with less water content compared with single metal hexacyanoferrate of FeHCF
and NiHCF. As a result, the FeNiHCF cathode exhibits synergistic advantages of high capacity, excellent cycling stability, high rate
performance and ~100% Coulombic efficiency. Through the unique gradient nickel substitution on PB, higher performance in sodium
storage is obtained. The implications of Ni substitution in protecting the active material can be twofold. First, the electrochemically
inert Ni can efficiently inhibit the side reaction with electrolyte occurring at high voltage. Second, alleviation of the volume change
on account of the larger volume of the Ni-N octahedron than the Fe—N octahedron is also beneficial to prolonging the cycle life.
Furthermore, the nickel ions across the entire grain of PB play an important role in activating FeLS redox couple and promoting the
electrochemical kinetics of the electrode. The resultant Ni-substituted PB electrode achieves a capacity as high as 114 mA h g'! under
a current density of 100 mA g! with 100% coulombic efficiency up to 600 cycles. In addition, a high capacity of 84 mAh gl is
retained after 1000 cycles with 90% capacity retention. An ultrahigh-rate and long-life sodium ion battery cathode consisting of
PB@C was developed through a facile in situ synthesis. The nanosized PB cubes directly grown on carbon chains were well
crystallized with a low vacancy content. The small size and intimate contact of the PB cubes with the carbon matrix assured both a
shortened Na-ion diffusion length and fast electron transfer within the electrode. The low [Fe(CN)s] vacancy content in PB@C was
verified to greatly activate the electrochemical reactions associated with the FeLS redox couple using first-principles calculations. the
density of states (DOS) of FelS atoms neighboring the vacancy was largely affected by it and the unoccupied peak states of FelS
nearly disappeared, indicating the electrochemical activity of the neighboring FeS had dramatically degraded for reaction with Na.
The superior reaction kinetics in the redox reactions of the high spin Fe (Fe!’S) couple were demonstrated, which relied on the partial
insertion of Na ions enhancing the electron conduction. Once one Na ion had been inserted into the crystal cell, the enhancement of
the electronic conduction of the electrode greatly improved the insertion kinetics and correspondingly resulted in a superior rate
capability at the low voltage plateau contributed by the Fe™S couple. With the synergistic effect of structure and morphology
improvements, the resultant PB@C composite achieved an unprecedented rate capability (77.5 mAh g at 90 C, 90 mAh g'! after
2000 cycles with 90% capacity retention at 20 C) with outstanding cycling stability.
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ironenickel hexacyanoferrate for sodium ion batteries,” J. Power Sources 2014, 275, 45.
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A01-64
The effects of external stresses and chemical stresses on the lithium ion diffusion in battery electrodes
Wenjing Gong*, Yunya Liu

Xiangtan University

On account of the high energy density and light weight, Lithium ion battery has attracted wide attention in recent years.
However, deformation can be induced due to the electrochemical processes of Li insertion and extraction in the electrodes.
Meanwhile, lithium ion diffusion in battery electrodes is easy to be affected by external load. For example, external stresses and
chemical stresses can affect the reaction rate and energy storage density of lithium ion batteries. In this presentation, based on the
thermodynamic theory and Finite Element Method, we develop a two-dimensional model that couples mechanics and
electrochemistry in anode materials, with the goal to analyze the effect of external stress on the lithium ion diffusion. Results show
that the external stress can significantly influence the electrochemical performance of lithium ion battery, including lithium ion
concentration and diffusion rate.
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A01-65

Electrochemical synthesis of titanium carbide -polyaniline composite film with high capacitance performance
Baozhong Liu*!, Ding Jie!, Fan Yanping', Peng Qiuming?

1.Henan Polytechnic University

2.Yanshan University

Rational design of composite has been confirmed as an effective and economical pathway to achieve high performances of
titanium carbide (Ti3Ca2Tx)-based electrode materials. Herein, we report a new composite of titanium carbide-polyaniline
(Ti3C2Tx-PANI) film by one-step method of in-situ electrochemical polymerization bestows high gravimetric capacitance. The
as-prepared binder-free Ti3C2Tx-PANI film exhibits a high specific capacitance of 2813.5 F g! at a current density of 5 mVs™ in 3 M
H2SO04 solution in a three electrodes test system. Moreover, the efficiency of 96.3 % remains even after 10000 cycles at a current
density of 100 A g''. The capacity and cycle performance overwhelms the majority of MXene (Ti3C2Tx) and MXene-based composite.
These outstanding properties of the as-synthesized composites are attributed a unique sandwich architecture, which not only provides
a wide lamellar distance for facilitating fast ion transport, and a large number of effective sites for high capacities, but also extends

cycling life by preventing sheet agglomeration, and improving its conductivity.

A01-66
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A01-67

Solid polymer electrolytes for all solid state lithium ion battery
Ruiping Liu*, Zirui Wu, Peng He

China University of Mining & Technology (Beijing)

Solid polymer electrolyte (SPE) with outstanding performances is considered as one of the ideal electrolytes for LIBs due to its
excellent safety performance, good flexibility and light weight. Furthermore, the SPE can not only successfully overcome the
disadvantage of traditional liquid electrolyte, such as leakage of liquid and corrosion of electrodes, but also exhibit the good

flexibility and wonderful film-forming properties, which makes it possible to be applied in many occasions with the special request
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for the shape of cells. However, the SPE still confronted with several problems which limit its application in lithium ion batteries,
such as the weakness of lithium ion conductivities of polymers and the failure of PEO-based polymer membranes in blocking the
growth of lithium dendrite across the cathode.

To overcome this problem, we proposed to fabricate the PEO-based electrolyte by organic doping, inorganic doping and
structure design. Firstly, practical, high-yield mesoporous organic polymer (MOP) spheres were successfully synthesized by a novel
self-template method, which can be used as fillers to prepare poly (ethylene oxide) (PEO)-based polymer electrolytes membranes.
Secondly, the mechanically robust, thermally stable electrolytes with high ionic conductivity were prepared by blending MOP with
the polyethylene oxide. Thirdly, to further enhance the electrochemical performance of the electrolytes, we design a symmetrical
sandwich-like electrolyte and an asymmetric electrolyte by inorganic doping, respectively, and the electrochemical performance of
the electrolytes were compared. Finally, we try to prepare a new polymer solid electrolyte with three-dimensional network by UV
irradiation, and also the electrochemical performance of the electrolytes before and after inorganic doping were compared. All the

above method show the potentials in enhancing the electrochemical performance of the solid polymer electrolytes.

A01-68

An all-organic aqueous battery based on quinone- adsorption
Yuan Xu*, Qing Chen

Hong Kong University Of Science and Technology

The intermittency of wind and solar energy prohibits it as sole, stable power supply. Safe and inexpensive energy storage with a
long life as well is thus necessary for the development of renewable energy. Supercapacitors can deliver high power and long cycle
lives, but a low energy density. In this study, based on the architecture of conventional supercapacitors, we design an all-organic
aqueous battery by adsorbing quinones onto porous carbon electrodes. By using two inexpensive low-molecular-weight organic
compounds, it is possible to reduce costs while substantially increasing energy density. In addition to the formation of the double
layer, protons shuttle between the two electrodes of Pyrocatechol-3,5-disulfonic acid disodium salt and
9,10-Anthraquinone-2,7-disulfonic acid disodium salt during charge and discharge which contributes capacity. The battery delivers a
capacity 3 times larger capacity than that of a supercapacitor. The work demonstrates a new strategy of designing low-cost, safe

means of energy storage.

A01-69
Effects of combination method on the electrochemical performance of graphene-CaTi204(OH)2 electrode material
Qifu Bao*, Weixia Dong

Department of material Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen, 333001, P. R. China

As a new electrode for energy storage device, CaTi204(OH): has better electrochemical performance in our previous report. To
further improve its electrochemical properties, the graphene which has excellent electrical conductivity is chosen. Effects of the
graphene-CaTi2O4(OH)2 combination method on the electrochemical properties of the electrode are studied. The microstructure of the
samples are analyzed by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The electrochemical properties of the
samples are tested by galvanostatic charge discharge (CP) and cyclic voltammetry (CV). The experiment results show that compared

to other methodse.g. impregnation method and solvothermal method, the electrochemical performance of the

graphene-CaTi2O4(OH)2 composite sample electrode prepared by solid phase mixing method is the optimum specific capacitance
0f 300.15 F*g! at the current density of 5A/g, which is increased by 81.22% compared with specific capacitance value of the pure
CaTi204(OH): electrode (165.63F*g™).

A01-70

CO2 Plasma-Treated TiO2 Film as an Effective Electron Transport Layer for High-Performance Planar Perovskite Solar Cells
Kang Wang*!, Dapeng Wang!, Shengzhong Liu'

1.Key Laboratory of Applied Surface and Colloid Chemistry, National Ministry of Education; Shaanxi Key Laboratory for
Advanced Energy Devices; Shaanxi .

2.Engineering Lab for Advanced Energy Technology, School of Materials Science and Engineering, Shaanxi Normal University,

34


file:///C:/Users/Administrator/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
file:///C:/Users/Administrator/AppData/Local/youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);

Xi’an 710119, China

Perovskite solar cells (PSCs) have received great attention due to their excellent photovoltaic properties especially for the
comparable efficiency to silicon solar cells. The electron transport layer (ETL) is regarded as a crucial medium in transporting
electrons and blocking holes for PSCs. In this study, CO2 plasma generated by plasma-enhanced chemical vapor deposition (PECVD)
was introduced to modify the TiO2 ETL. The results indicated that CO2 plasma treated compact TiOz layer exhibited better surface
hydrophilicity, higher conductivity, and lower bulk defect state density in comparison with the pristine TiO2 film. The quality of the
stoichiometric TiO2 structure was improved and the concentration of oxygen-deficiencies induced defect sites was reduced
significantly after CO2 plasma treated for 90 s. The PSCs with TiO: film treated by COz plasma for 90 s exhibited simultaneously the
improved short-circuit current (Jsc) and fill factor (FF). As a result, PSC based TiO2 ETL with CO: plasma treatment affords a power
conversion efficiency (PCE) of 15.39%, outperforming that based on pristine TiO2 (13.54%). These results indicate that the plasma
treatment by PECVD method is an effective approach to modify ETL for high performance planar PSCs.

A01-71

Effect of Microstructural feature of Precipitate on the Strength and Toughness Relationship
Hang Wang*

Tubular Goods Research Institute of CNPC

Effect of microstructural feature of precipitate on the strength-toughness relationship of drill-pipe steel was investigated using
optical microscopy (OM), transmission electron microscopy (TEM) and In-situ tensile testing in a TEM, based on alloy composition
design and severe plastic deformation. The results show that the strength-toughness relationship is distinctly different from the
general observations when tempered from 580°C to 625°C, of which strength reaches to 150ksi, and impact toughness still remains
151J at 625°C. Microstructural examinations reveal that ferrite with fine grain and dispersive precipitates were observed when
tempered from 580 to 625°C. However, precipitate segregated along grain boundaries and formed banded structure when tempered
from 650 to 680°C. On closer examination, rod-shaped precipitate formed at 580°C, spherical and rod-shaped precipitates occurred at
625°C, and spherical precipitates appeared at 650-680°C. During in-situ tensile testing in a TEM, a straight path of crack propagation
formed along rod-shaped precipitate boundary. However, this path changed into zigzag due to the obstruction of spherical precipitate.

Finally, the mechanism responsible for the unusual strength-toughness relationship is discussed.

A01-72

Ions Transportation through MOF Membranes and Its Applications in Li-S batteries and fuel cells
Yi Guo*, Xinsheng Peng

Zhejiang Unioversity

Metal-organic frameworks (MOFs) have attracted much attention recently since their unique channel structure and tunable
properties. The fabrication of MOF membranes has extended their applications. The self-confined conversion method was employed
to prepare MOF membranes. Positively charged metal hydroxide nanostrands were used as metal source of MOF and negatively
charged function molecules, such as polystyrene sulfonate (PSS) and DNA, could easily assembled with them. Then the metal
hydroxide nanostrands film converted to well-intergrown MOF membranes when soaked in ligands solution. Meanwhile, the
function molecules would be encapsulated in MOF membranes.

Since MOFs are generally poor ionic conductors with low ion conductivity, the PSS and DNA were encapsulated into
HKUST-land ZIF-8 membranes, respectively, to improve their ion conductivities by building hydrogen-bond networks. The
continuous well-intergrown MOF membranes are promising for separators of energy storage and conversion devices, attributed to the
porous structure and ions selectivity.

The PSS@HKUST-1 membrane demonstrated high Li* conductivity with excellent ions separation factor, due to the size
sieving effect and ion affinity of sulfonate groups. The Li* conductivity can reach up to 5.53x10 Scm™! at 25°C, 1.89x1073 Scm@1
at 70°C, and the membrane present nice property of blocking polysulfide during the cycles of Li-S batteries to mitigate the shuttle
effect. The Li-S cell assembled with PSS@HKUST-1 membrane and regular sulfur/super P carbon cathode exhibits outstanding
cyclability with a negligible capacity decay of 0.05% per cycle over 500 cycles at 0.5 C and excellent rate capability up to 5 C, which
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are far superior to that of commercial Celgard separator. Moreover, a high areal capacity over 7 mAh cm-? is achieved when areal
sulfur loading reaches 11.27 mg cm at 0.5 C, surpassing that of commercial Li-ion batteries and superior to most interlayer-related
or modified separator-based Li-S batteries.

DNA@ZIF-8 membranes were also synthesized by the self-confined conversion method. The linear DNA molecules
significantly improve the proton conductivity of DNA@ZIF-8 membranes through the generated hydrogen-bond networks between
the incorporated water molecules and these hydrophilic groups from the DNA molecules inside the cavities. Because the pore
entrance aperture of the DNA@ZIF-8 membrane is smaller than thesize of the methanol molecule, methanol crossover has been
significantly blocked through the membrane. The well-ordered crystalline structure of the DNA@ZIF-8 membrane shows no
swelling after the water uptake. The DNA@ZIF-8 membrane has high proton conductivity of 3.40 x 107 S ¢cm™! at 25 °C and the
highest one ever reported of 0.17 S cm™! at 75 °C, under 97% RH, but low methanol permeability of 1.25 x 1078 cm? 5. In addition,
for the first time, an MOF-based PEM was assembled for DMFC with maximum power density of 9.87 mW cm 2.

The approach developed here is universal, which will significantly facilitate extensive research on the exploration of other
polymer functionalized MOF-based membranes and eventually produce some advanced materials for the energy storage and

conversion devices.

A01-73
Lower-Dimensional Perovskites for Solar Cells and Optoelectronics
zhao kui*

ShaanXi Normal University

Lower-dimensional organic-inorganic hybrid halide perovskites have recently attracted great attention due to high photo- and
electroluminescence and photovoltaic potential.l*2] However there is still a lack of understanding of some fundamental
material/physical/chemical properties of these lower-dimensional materials, which are critical to optoelectronics and high efficiency
solar cells. Here I will discuss our recent studies toward a better understanding and control of chemical structure, crystallization,
charge dissociation and transport and device performance for a variety of lower-dimensional (A)2(A")n-1PbnXsn+1 perovskites. Our
findings suggest an important role of the chemical structure and precursors crystallization in charge dissociation and transport in
quantum-well structure. In addition, we will briefly discuss the relationship of properties-device performance for (A)2(A " )n-1PbnXsn+1

film in terms of solar cells and optoelectronics.

A01-74

Mechanical properties and microstructure of epoxy resin enhanced oil-well cement stone
Mingdan He"!, Ming Li', Yongjin Yu?, Weiyuan Xiao', Junlan Yang', Hao Wang!

1.Southwest Petroleum University

2.CNPC Engineering Technology Research Institute

the present work aims to mixed epoxy resin with oil-well cement, evaluating possible improvements on their mechanical
properties, microstructure and ultimately coming up with an ideal and effective concentration for future applications. Epoxy resin
dosage vary from 10% to 50%, and the mass fraction of the epoxy resin were used to replace the quality of the cement, cured at 50°C,
70°C with 100% relative humidity for 3days, 7days, 14days and 28days, respectively. The oil-well cement stone prepared with the
various amounts of epoxy resin were analyzed by scanning electron microscopy (SEM), mechanical testing, X-ray diffraction (XRD),
infrared spectrum analysis (FTIR), and thermal stability analysis. The compressive strength of the sample with 30%, 10% cured at
50°C, 70°C for 7 days, respectively, increased 71% and 100.6%. These improved the mechanical properties of the oil-well cement

stone primarily because of forming the three-dimensional structure of epoxy resin curing.

A01-75

Low-Temperature-Gradient Crystallization for Multi-Inch High-Quality Perovskite Single Crystals for Record Performance
Photodetectors

Yucheng Liu*!, Yunxia Zhang', Zhou Yang', Kui Zhao', Shengzhong Liu'-?

1.Shaanxi Normal University
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2.Dalian Institute of Chemical Physics, Chinese Academy of Sciences

With their excellent optoelectronic properties, the practical application of single-crystalline organolead halide perovskite
materials is now limited by the lack of a method to prepare high-quality perovskite single crystals in large dimension. Herein, we
report our development of a low-temperature-gradient crystallization (LTGC) method for high-quality CH3;NH3PbBrs (MAPbBr3)
perovskite single crystals with lateral dimension as large as two inches. The theoretical analysis suggests that a small temperature
gradient should be used to restrain the growth condition, particularly the solution concentration, within the optimal
single-crystal-growth (OSCQ) zone. The solubility curve as a function of temperature reveals a sharp turning point at ~60 °C, across
which the first-order solubility derivative (dC/dT) shows very different behaviors: below this temperature, the dC/dT changes
dramatically as the temperature increases, while above this temperature, the dC/dT enters a plateau where further temperature change
has little effect on the derivative, meaning that one can attain both a substantial crystal growth rate and crystallization yield below
this temperature. Utilizing this discovery, a MAPbBTr3 single crystal as large as 47 x 41 X 14 mm is obtained with high quality via the
LTGC method. The single crystal exhibits the best optoelectronic quality among all MAPbBr3; materials reported in the literature,
including the best trap state density, mobility, carrier lifetime, and diffusion length. These superior optoelectronic properties are
further transferred into a high performance planar photodetector. The device exhibits high operational stability, high external
quantum efficiency (13453%), excellent detectivity as high as 8 x 10'3 Jones, and a fast response speed as quick as 15.8 ps. To our
knowledge, both the detectivity and the response speed are the best among all MAPbBrs devices reported to date. The unique
synthesis method and excellent crystalline quality of the perovskite single crystals make them promising candidates for the next

generation of optoelectronic devices.

A01-76

Influence of Manganese Dioxide Catalyst on Electrochemical Performances of Magnesium Air Battery
hui liu*, Kun Yu, Li Li, Xiangchun Xu

Central South University

Magnesium air battery is a promising electrochemical energy storage and conversion device due to its high energy density, high
safety, environmental benignity, and earth abundance of Mg. Low-cost, earth-abundant electrocatalysts of the oxygen reduction
reaction (ORR) at the cathode is essential for magnesium air battery. Electrolytic manganese dioxide (EMD) is the most attractive for
ORR due to its cheaper price.

The electrochemical properties of MnO2 materials strongly depend on their crystal structure and morphology. In this study, the
influences of ball-milling and thermal treatment on the structure and discharge performance of commercial EMD were studied.

It is found that the morphology of commercial EMD was obviously changed from irregular shap to spherical particles with a
significant decrease in particle size after ball-milling, and the crystal phase of commercial EMD converted from y-MnO?2 to
B-MnO2 via thermal treatmen. EMD as electrocatalyst by ball-milling or heat treatment in magnesium air battery exhibited much
higher discharge performance in comparison with the commercial EMD.

Consequently, controlling the morphology and crystal structure of electrolytic manganese dioxide as cathode catalysts of

magnesium air battery is important for both fundamental research and technological applications.

A01-77

Highly conductive NiSe2 nanostructures for all-solid-state battery-supercapacitor hybrid devices

Lu Meng*! ,Haoyu Wu!, Tian Zhang', Haichao Tang!, Yang Tian', Yuliang Yuan', Qinghua Zhang', Yujia Zeng?, Jianguo Lu!
1.Zhejiang University

2.Shenzhen University

Battery-supercapacitor hybrid (BSH) comprises of a battery-type electrode offering plenty energy density and a capacitor-type
electrode with ample power density. Transition metal oxides/hydroxides, as a kind of available battery-type electrode materials,
whose low electronic and ionic conductivity have already become the principal restriction to the development of high-performance
hybrid devices.The objective of this research is to synthesize high conductivity NiSe2 nanostructures serving as electrode materials

for hybrid devices, which is expected to be a potential candidate for all-solid-state energy storage devices.
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The NiSe2 nanostructures were synthesized by a simple hydrothermal procedure. Ni(NO3)2-6H20 and SeO2 were dissolved in
deionized water to form homogeneous solution. Subsequently, the solution was transferred into a Teflon-lined stainless autoclave
with a piece of pretreated nickel foam immersed into, and then the autoclave was sealed and heated. Finally, the NiSe2 sample was
washed and dried to obtain the final products.

The NiSe2 nanostructures are composed of the NiSe2 films uniformly covered on the Ni foam and the NiSe2 nanopyramids
directly grown from the bottom films. The NiSe2 nanopyramid electrode exhibits a high specific capacity of 240.83 mAh g-1 at 1 A
g—1. The small values of the internal resistance (0.85 Q) and charge transfer resistance (0.41 Q) demonstrate the excellent charge
transfer rate and electrical conductivity. The hybrid device delivers a high energy density of 0.196 mWh cm—2 at a power density of
1.6 mW cm-2. The equivalent series resistance (ESR) of the all-solid-state hybrid device is 1.52 Q, which firmly reveals the nature
of low resistance and high conductivity for BSH devices. Meanwhile, connecting two hybrid devices in series is able to drive a red
LED for more than 3 minutes after charging for 9 seconds.

A facile one-step hydrothermal strategy has been carried out to synthesize pyramid-like NiSe2 nanostructures on nickel foam.
The NiSe2 nanopyramid electrode exhibits a significant specific capacity, good rate capability and high conductivity. The
all-solid-state hybrid device integrates the merits of high energy density at a high power density and low internal resistance. These
results demonstrate the pyramid-like NiSe2 nanostructure is expected to be an ideal high-specific-capacity electrode material,
representing a type of promising electrode for energy-storage hybrid devices with wide-scale applications, particularly in

all-solid-state energy storage devices and portable electronic devices.

b

A01-P01

Effects of neutron irradiation on the elastic modulus of reactor pressure vessel steels
Chengliang Li*', Guogang Shu?, Wei Liu'

1.School of Materials Science and Engineering, Tsinghua University

2.Sate Key laboratory of Nuclear power Safety Monitoring Technology and Equipment, China Nuclear Power Engineering Co., Ltd

The elastic modulus of material performance parameters are taken as the design input to perform the stress analysis and
structural integrity evaluation of reactor pressure vessel (hereinafter referred to as RPV). Fast neutron irradiation damage is one of
the main reasons leading to the deterioration of RPV material performance. The influence of irradiation on the elastic modulus of
RPV steel and its variation in the whole in service life of RPV has been the focus for nuclear power designers. The neutron
accelerated irradiation test of RPV steel was carried out at 290 °C by irradiation test reactor. Then, the elastic modulus, Poisson's ratio,
shear modulus and longitudinal wave velocity of RPV steels after irradiation were tested by ultrasonic resonance spectrometer in the
hot laboratory. The results showed that the elastic modulus and other parameters of Hualong No.1 RPV do not change significantly
during the whole in service life, and the fast neutron irradiation damage has no effect on the above materials performance. The
conclusion is helpful to improve the reliability of the integrity evaluation results of RPV during the long term service, and provide

support for RPV life extension demonstration in the future.

A01-P02

Microstructures and Properties of Zn-Al-Mg Alloys with Different Mg and Al Contents
Guanghui Liu*

Shougang Research Institute of Technology

Zn-Al-Mg coating is the highest corrosion resistance new coating of theZn-based coating and the surface is beautiful, it has
broad application prospects in the industry. The addition of Mg has a certain influence on the structure and properties of the coating,
but Mg has a strong affinity for oxygen and is easily oxidized. Therefore,Zn-Al-Mg alloys with different Mg and Al contents were
smelted in the electricalresistance furnace by heating the mixture of pure Zn ingot, pure Al ingot and Mg11Zn alloy to 600°C, holding
temperature for half an hour, sampling and cooling. Through component analysis, the actual compositionwas close to the target. The

microstructure and chemical composition of the Zn-Al-Mg alloys was analyzed by scanning electron microscopy (SEM) and energy
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dispersive spectrometer (EDS), respectively. Electrochemical polarization experiments were carried out on the samples. The Tafel
polarization curves were exported to judge the corrosion resistance of the samples. As the Mg content in the Zn-Al-Mg alloy
increasing, more lamellar and fine Zn/Al/MgZn: eutectic structure replace dendritic and coarse Al-enriched structure in the
alloys.Also the charge transfer resistance shows differently values which concludes that the alloy contains 6 wt.% Al has the biggest

anti-corrosion ability.

A01-P03
A high-performance hybrid Mg2+/Li+ battery based on hierarchical copper sulfide microflowers conversion cathode
Aigiong Qin*, Ting Li, Hao Wu, Yanru Hu, Daohong Zhang

South-Central University for Nationalities

Hybrid Mg?*/Li* batteries featuring dendrite-free Mg anode and Li-storage cathode are promising safe energy storage systems.
However, improving the energy density remains a grand challenge due to the quite limited capacities of traditional Li-intercalation
cathodes. To circumvent this limitation, a new type of conversion cathode for hybrid Mg?*/Li* batteries, microflower-like CuoSs, is
reported herein. The CuoS5 cathode is compatible with the dual-salt Mg?*/Li* electrolyte and delivers a high reversible capacity of
300mAh g! at 50mAg! via electrochemical conversion reaction, with 94% capacity retention over 100 cycles in hybrid Mg?*/Li*
batteries. The electrode also shows an outstanding rate capability providing 155mAh g'lat 1000mAg™! and a superior long-term
cyclability over 1000 cycles. This excellent performance is attributed to the hierarchical architecture of CusSs which facilitates the
reversible conversion reactions and stabilizes the electrode structure during discharge/charge process. This work provides new insight
for the nanostructure design of stable conversion electrodes and opens a new avenue for building safe and high-performance hybrid
Mg?*/Li" batteries for practical applications.

This work was financially supported by the National Natural Science Foundation of China (Nos. 21403305 and 51402113) and
Hubei Major Projects of Technological Innovation (2017AAA131).

A01-P04

Nanoencapsulated phase change materials with polymer-SiO2 hybrid shell materials: compositions, morphologies, and properties
Yalin Zhu*'?, Shuen Liang?, Xuan Luo', Lin Zhang'

1.Science and Technology on Plasma Physics Laboratory, Research Center of Laser Fusion, China Academy of Engineering Physics

2.Institute of Chemical Materials, China Academy of Engineering Physics

Organic-inorganic hybrid materials are promising for encapsulation of phase change materials (PCMs) to achieve exceptional
capsule properties. In this work, novel polymer-SiO2 hybrid shelled nanoencapsulated PCMs (NanoPCMs) were fabricated in one-pot,
through sequentially executed interfacial hydrolysis-polycondensation of alkoxy silanes and radical polymerization of vinyl
monomers. The morphologies, chemical compositions, and crystal structures of the NanoPCMs were characterized by SEM, TEM,
FT-IR, and XRD methods. The thermal energy storage capability, thermal reliability, and thermal conductivity were tested by DSC,
accelerated thermal cycling test, and heat flux method, respectively. The leakage proof property and mechanical property were
evaluated by seepage test and nanoindentation test, respectively. Compared with NanoPCMs with SiOz shell, the NanoPCMs with
polystyrene (PS)-SiO2 shell possess smaller size and bowl like shape, while NanoPCMs with poly(hydroxylethyl methacrylate)
(PHEMA)-SiO2 shell possess larger size and perfect spherical shape. The polymer types have great impact on the supercooling
behavior of the NanoPCMs. The polymer-SiO: hybrid shell materials endow the NanoPCMs with improved thermal reliability,
thermal conductivity, and leakage proof property. More importantly, the compressive load at yield increases remarkably from 14.7

uN for nanocapsules with SiOz shell, to >34.6 uN for that with PS-SiOz shell, and 65 uN for that with PHEMA-SiOz shell.

A01-P05

Electrochemical Performance of Polypyrrole Nanowires/Nitrogen Functionalized Graphene Composite supercapacitor electrodes
Jing Li*, Junfeng Shi, Chen He, Yang Li

Shanghai Polytechnic University

Conducting polypyrrole (PPy) nanowires have been electrodeposited on nitrogen functionalized graphene (NFG) surface and
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obtain the PPy/NFG composites. The scanning electron microscope (SEM) results demonstrate that PPy nanowires with 80 nm in
diameter. The direct and close contact between electroactive material and conductive current collector is beneficial to improve
specific surface area and the conductivity of supercapacitor electrodes. The obtained PPy/NFG composites exhibit good capacitive
behavior with specific capacitance of 1058 and 910 F/g at current densities of 0.5 and 10 A/g. However, the PPy nanowires and NFG
present specific capacitance of 309 and 160 F/g, 265 and 185 F/g, respectively. Symmetric supercapacitor device based on the
PPy/NFG composite also presents a high specific capacitance (601 F/g at a current density of 0.5 A/g), large energy density (83.5
Wh/kg) and power density (10 kW/kg). Moreover, the supercapacitor shows excellent charge/discharge rate and good cycling

stability, retaining over 93% of its initial capacitance after 3000 cycles.

A01-P06
Novel core/shell CoSe2@PPy nanoflowers for high-performance fiber asymmetric supercapacitors
Yun Ma*, Xiao Liang, Qiufan Wang, Daohong Zhang

South-central University For Nationalities

Objectives: Portable and wearable electronic products are attracting more and more attention in recent years. Here we reported a high
performance flexible fiber asymmetric supercapacitor (FASC) assembled from a CoSe2@PPy core/shell positive electrode and an
electrochemically activated carbon fiber (EACF) negative electrode.

Methods: Nanostructured CoSez chrysanthemum flowers are synthesized via hydrothermal reaction. The highly hierarchical and
electrochemically active material is electrodeposited with PPy to produce high performance nanostructured core/shell CoSe2@PPy
flower electrode.

Results: The lightweight and flexible fibre-shaped asymmetric supercapacitor CoSe2@PPy//EACF exhibits high volumetric energy
density, superior flexibility and long lifespan,which provides a stable output voltage of 1.6 V and achieves a high energy density of
2.63 mWh cm? at 14 mW cm?, a high volumetric capacitance (7.6 F cm™) at 18 mA cm™ and good capacity retention (-80%) after
15,000 charging/discharging cycles. The resulting FASC has been used to power a mini-scale flexible photodetector.

Conclusion: These encouraging results open up new opportunities for the novel nanostructured core/shell electrode as next generation

high performance flexible and lightweight SCs and other energy storage devices.

A01-PO7

Facile Synthesis of Carbon Supported Nano-Ni Particles with Superior Catalytic Effect on Hydrogen Storage Kinetics of MgH2
Zhongliang Ma*!2, Yunfeng Zhu'?, Jiguang Zhang'?, Yana Liu'?, Liquan Li'-?

1.College of Materials Science and Engineering, Nanjing Tech University

2.Jiangsu Collaborative Innovation Centre for Advanced Inorganic Function Composites, Nanjing Tech University

Metal nano-catalysis is an effective method to enhance the hydrogen storage properties of magnesium hydride (MgH>), and the
catalytic effect can be further improved by a matrix materials supported nano-metal. In this work, carbon supported nano-Ni (Ni@C)
was synthesized by calcination of dimethylglyoxime dinickel chelate, and then it was doped into MgH: to improve the
de/re-hydrogenation kinetics. It shows that the homogeneously distributed Ni with refined particle size in carbon base leads to
superior catalytic effects on hydrogen absorption/desorption of MgHz-5 wt.% Ni@C. The MgH»>-5 wt.% Ni@C starts to desorb
hydrogen at 187 °C, which is 113 °C lower than that of as-milled MgH2. Moreover, it takes only 500 s to thoroughly desorb hydrogen
at 300 °C, which is 3000 s faster than as-milled MgH> under the same dehydrogenation conditions. According to the Kissinger’s
method, the apparent activation energy for desorption of the MgH2-5 wt.% Ni@C is 66.5£1.8 kJ-mol™!, which is about 79.9 kJ-mol’!
lower than that of as-milled MgH>. Cycling experiments show that the capacity retentions of hydrogen absorption and desorption
after 10 cycles at 275 °C are 91 % and 93 %, respectively. Transmission electron microscope analysis shows part of Ni transformed

to Mg2NiH4/MgoNi during hydrogen absorption/desorption cycles.

A01-P08
The diffusion phenomenon of cathode components in YSZ electrolyte of SOFC
Si Chen*, Dong Yan, Manman Liu, Jian Li, Jian Pu, Bo Chi

Center for fuel cell innovation, School of materials science and engineering, Huazhong University of Science and Technology
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Solid oxide fuel cell (SOFC) is a new type of power generation technology that directly converts chemical energy into electrical
energy. It has clean, high-efficiency advantages and broad application prospects. The energy conversion efficiency of SOFC is not
limited by the Carnot cycle and can reach 60 to 70%, becoming a hot spot for energy research. The electrolyte needs to have high
chemical and structural stability, high ionic conductivity, and low electronic conductivity at the operating temperature. Add a certain
amount of Y203 to zirconia ZrO2, on the one hand, the introduction of low-priced Y3 ions stabilizes tetragonal zirconia, and on the
other hand it provides a large number of oxygen vacancies, which improves the oxygen ion conductivity. Therefore, yttria-stabilized
zirconia (YSZ) has become the most widely used solid electrolyte material.

In recent years, although research on the flat-panel SOFC has made great progress, the attenuation problem is still the major

bottleneck restricting its technological development. There are few studies on the diffusion of metal elements in the electrolyte
induced by the current in the discharge state of SOFC.
This paper mainly studies the diffusion of Mn of a lanthanum strontium manganite (LSM) cathode in YSZ electrolyte after
polarization test and the effect of diffusion on the mechanical properties of YSZ electrolyte. It is necessary to study the phenomenon
of diffusion in electrolytes under the function of current, and find out the influence of polarization time and current density on the
diffusion of elements, so as to make the suitable discharge state for the long time stable work of the SOFC.

The polarization test was respectively performed at a current density of 1A/cm?for 100h, 250h, 500h and 1000h, then using
scanning electron microscope (SEM) to observe the microscopic morphology of the sample, and using the Energy-dispersive X-ray
spectroscopy (EDX) linear scanning spectrometer attached to the SEM and eletron probe microanalysis (EPMA) to analyze the
interface between the electrode and the electrolyte. The effect of current density and polarization time on the diffusion depth is
obtained.

The effects of current density and polarization time on the vickers hardness and fracture strength of YSZ electrolyte were
studied by indentation test and ring-on-ring test. Through the microscopic observation of the fracture mode by SEM and X-ray
photoelectron spectroscopy (XPS), the data is obtained and the curve fitting is carried out, and the corresponding relationship
between the time of electricity and the strength and hardness of the fracture is obtained and the phenomenon is explained.

Finally, it is found from experiments that under the function of polarization current, the Mn can diffuse into YSZ. With the
increase of polarization time and the increase of current density, the depth of diffusion is larger. In addition, the diffusion of Mn has
an effect on the mechanical properties of YSZ, and the different polarization time and current density have different effects on

mechanical properties.

A01-P09

Fe3+ doped TiO2 octahedrons derived from a metal-organic framework toward visible-light photocatalytic conversion of
CO2 into solar fuel

Yang Chen*

Anhui Polytechnic University

With the fast development of MOFs in the field of photocatalysis during the past serval decades, MOFs have been considered as
a good template or precursor in the synthesis of new photocatalytic materials. But the majority of the work were focused on the
thermal decomposition of MOFs and MOFs composites by heat treatment. In this work, Fe** doped TiO2 octahedrons with lengths of
300-600 nm, were prepared by a hydrothermal route in the presence of HF, using MIL-101(Fe) as template and the source of Fe. The
Fe3* doped TiO2 octahedrons show great potential in photocatalytic reduction of CO2 to CHs under visible light. On the one hand,
the morphology of octahedron has a large specific surface area. On the other hand, the doping of Fe3' reduces the band gap of
TiO2 and makes it responsive in visible light. After annealing, the oxygen vacancies of the samples increased because of the increase

of Fe doping content. Photocatalytic reduction of CO2 under visible light and the yield of CH4 is up to 5.70 pmol/g.

A01-P10

Surfactant dependent zinc cobalt sulfide: high performance charge storage material for asymmetric supercapacitors

Yuan Yang*, Pengchao Si

Key Laboratory for Liquid-Solid Structural Evolution & Processing of Materials (Ministry of Education), School of Materials

Science and Engineering, Shandong University
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Composite electrode materials, Co3S4/Zno.76Co0.24S, with different morphologies on three dimensional nickel foam by a facile
hydrothermal and subsequent ion exchange techniques method. With the hexamethylenetetramine (HMT) serving as alkaline source,
different surfactants such as ammonium fluoride (NH4F) or poly-vinylpyrrolidone (PVP) will contribute to develop various
morphologies. The morphologies, structures and crystalline phase, specific surface area and electrochemical performance will be
analyzed to research the superiority of thin kind of material. The NH4F actuated a flower like Zn-Co-S, expressing a superior
electrochemical performance of 2798.16 F g in 5 mA cm™ and retaining 93.8% after 7000 cycles, which is better than the branch
like Zn-Co-S actuated by PVP. The fabricated asymmetric supercapacitor, flower like Zn-Co-S //RGO, effectively improve the
voltage window up to 1.6V and consequently lead to a high energy density of about 62.22 Wh kg'! at a power density of 800 W
kg!,excellent specific capacitance of 175 F g’ at 1 A g'l,and long cycle life ( retain 86.29% after 8000 cycles).

A01-P11

Basic Properties of Proton Conductor BZCYYb Material

Yifan Zhang*, Jian Li, Lichao Jia, Dong Yan, Bo Chi, Jian Pu

Center for Fuel Cell Innovation, HuaZhong University of Science and Technology

Proton conductor BZCYYb(BaZro.1Ceo.7Y0.1Ybo.103-5) have a wide range of applications in SOFC due to its resistance to carbon
deposition and good electrical conductivity, while less research is conducted on the basic properties of BZCYYb materials. In this
paper, the water storage capability, oxygen vacancy concentration, phase transition, chemical stability and conductivity of BZCYYb
were studied. In a steam atmosphere, a 1.4% weight gain was observed in the experiment of heating up to 650°C and holding for one
hour. The 6 in BZCYYb measured by the iodometric method at room temperature was 0.215 to 0.216. Thermogravimetric analysis at
high temperature found that BZCYYb material has weightlessness, indicating the precipitation of oxygen in the material. Oxygen
vacancies and water absorption are the key factors affecting the resistance to carbon deposition. In addition, DTA and thermal

expansion tests have found 5 phase change points from room temperature to 1100°C.

A01-P12
A novel perovskite Nd(Ba0.4Sr0.4Ca0.2)Co1.6Fe0.405+9 as cathode for proton-conducting solid oxide fuel cells
Junyu Chen*, Bo Liu, Peng Qiu, Licao Jia, Jian Li

Center for Fuel Cell Innovation, School of Materials Science and Engineering Huazhong University of Science and Technology

Layered perovskite oxides have received extensive attention as promising cathode materials for solid oxide fuel cells (SOFCs)
because of  their faster diffusion coefficient and oxygen transport  kinetics. @A  novel  perovskite
Nd(Bao.4Sro.4Cao.2)Co1.6Fe040s+5(NBSCaCF) is fabricated by simultaneously doping strontium (Sr) and calcium (Ca) in the layered
perovskite NdBaCoi.6Feo4Os+ and initially examined as a cathode for proton-conducting fuel cells (H-SOFCs) based on a
BaZr0.1Ce0.7Y0.1Yb0.103-5 (BZCYYD) electrolyte.

NBSCaCF is synthesized by the sol-gel method and its structural characteristic, electrical property and redox behavior are
investigated. Anode supported single cell (Ni-BZCYYDb anode, BZCYYb electrolyte, and NBSCaCF - BZCYYb cathode) and
symmetrical fuel cell NBSCaCF - BZCYYb electrodes and BZCYYD electrolyte) are fabricated and their performances are measured.
The interfacial polarization resistance for the symmetrical fuel cell is as low as 0.41Q cm? under open circuit conditions, at 650°C.

This study reveals a novel strategie for layered perovskites' doping and demonstrates the potential of NBSCaCF - BZCYYb as a

cathode material for proton-conducting intermediate-temperature solid oxide fuel cells.

A01-P13

First-Principles Study of the Surface Stress and the Surface Strain of Pt Catalysts
Guangdong Liu*!, Huiqiu Deng', Zhenhua Zeng?

1.Hunan University

2.Purdue University

Using the first-principles density functional theory calculations, we have conducted a systematic study of the surface stress and

the surface strain of the stepped Pt surfaces. We examined both n(111) %(110) type and n(111)x(100) type stepped surfaces. We found
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that, for both cases, the surface stresses are similar to that of (111) in the direction along the steps, but smaller than that of (111) in the
direction perpendicular to the steps with the dependence on the number of terrace atoms n, i.e. there is a linear relationship between
the surface stress and the inverse of the terrace width 1/n. The stress in the direction perpendicular to the steps induces a compressive
strain of the surface atoms, which increases with the decreasing width of terrace (n). As surface strain modulate the surface electronic
structure and energetics of adsorbed reaction intermediates, we will discuss the implication of the surface strain on the catalytic

activity of various Pt surfaces, using oxygen reduction as an example, and further compare with available experimental results.

A01-P14

Hydrogen desorption properties of MgH2 promoted by the hydrogen-induced Al* formed in situ from Al112Mg17 in hydriding
combustion synthesis

Shicheng Luo*!?, Yanglin Zhu'?, Jiguang Zhang'?, Yana Liu'?, Yao Zhang>?, Yunfeng Zhu'-2, Liquan Li'*?

1.College of Materials Science and Engineering, Nanjing Tech University, Nanjing 210009, China

2.Jiangsu Collaborative Innovation Center for Advanced Inorganic Function Composites, Nanjing Tech University, Nanjing 210009,
China

3.College of Materials Science and Engineering, Southeast University, Nanjing 211189, China

The effects of the hydrogen-induced Al* formed in situ from Ali2Mgi7 in hydriding combustion synthesis (HCS) on the
dehydriding properties of MgH2 were investigated. Thermal analysis showed that the peak temperature of dehydriding of the
as-milled MgH:> prepared by HCS was reduced by 15.2 °C when commercial 20 at% Al was introduced by mechanical milling. It
would be further reduced by 24.9 °C when 20 at% Al* was introduced in situ from the hydriding of Ali2Mgi7 during HCS. Isothermal
desorption measurements showed much better dehydriding kinetics of MgH2-20 at% Al* than MgH»-20 at% Al, that is, 4.14 and 2.92
wt% hydrogen were desorbed at 300 °C after 60 min for MgH»2-20 at% Al* and MgH»>-20 at% Al, respectively. It revealed that the
Al* resulted in a finer grain size of MgH2 and a uniform distribution of aluminum which is beneficial greatly for a reduction of
hydrogen diffusion length and for its high thermal conductivity. Furthermore, the apparent activation energy was reduced from 144.4

kJ/mol for the MgH> to 133.2 kJ/mol for the MgH»>-20 at% Al*

A01-P15

Hierarchical core-shell structure of the FeCo2S4@Ni(OH)2 arrays for all-solid-state asymmetric supercapacitors

Shuo Li*!, Wei Huang?, Pengchao Si'

1.Key Laboratory for Liquid-Solid Structural Evolution and Processing of Materials, Ministry of Education, School of Materials
Science and Engineering, Shandong University, Jinan 250061, People's Republic of China

2.Department of Chemistry Technical University of Denmark DK-2800 Kongens Lyngby, Denmark.

Supercapacitors (SCs) have attracted tremendous interests owing to their long cycle life, high power density and fast recharge

capability compared with other commercial batteries.[l: 2

Herein, a hierarchically core-shell and ultrathin double-layer
FeCo02S4@Ni(OH): three-dimensional (3D) network on Nickel foam (NF) was successfully prepared for the first time by a simple
method. The morphology, composition and structure of the prepared hybrid are characterized by SEM, TEM, EDS, XRD, and XPS.
The FeC02S4@Ni(OH)2/NF electrode exhibits a high specific capacitance of 2984 F/g at 5SmA/cm? and shows a remarkable cycling
stability (about 95.7% of capacity retention after 5000 cycles at the current density of 50 mA/cm?). The as-fabricated ASC using
FeCo02S4@Ni(OH)2/NF as the positive electrode and reduced graphene oxide as the negative electrode delivers a considerable energy
density of 64 Wh/kg at a power density of 800 W/kg and superior cycling performance (about 92.9% of capacity retention after
10000 cycles at 6 A/g), which output voltage can achieve 1.6 V, and two ASCs connected in series can power a light-emitting diode

(LED). Our strategy provide a facile method for fabricating hierarchically multicomponent heterostructures with unique structural

superiority for prospective energy storage devices.

A01-P16

Phosphorus-Based Materials for Sodium-ion Batteries

Bi Fu*!, Jiangyu Li'?

1.Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences, Shenzhen, Guangdong 518055, China
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2.Department of Mechanical Engineering, University of Washington, Seattle, WA 98195-2600, USA

Sodium-ion battery is one of the most promising candidates to replace lithium-ion battery for large-scale electrochemical energy
storage, because of their similar electrochemical performance, but the natural abundance of sodium raw material. Excellent
electrochemistry performance and low-cost sodium-ion batteries are highly desirable for a wide range of applications including
electric vehicles, hybrid vehicles, and renewable energy storage systems. Until now, a great number of researches have been devoted
to developing alternative anode materials with superior electrochemical properties since the anode materials used are closely related
to the capacity and safety characteristics of the batteries. In spite of many challenges, the development of sodium-ion batteries is
relatively slow and immature in comparison to lithium-ion batteries primary due to the large radius of Na* (1.09 A vs. 0.76A of Li*).
The electrode materials with high specific capacity, long cycle life but low cost, which are significant important for large-scale
electrochemical energy storage.

With regard to anode materials, the limited theoretical specific capacity (372 mAh g™!) of the traditional commercial graphite
significantly hampers the progress of electrochemical energy storage. Phosphorus takes the advantage of high theoretical specific
capacity of 2596 mAh g!, which is considered to promising anode material for sodium-ion batteries. Such a high theoretical specific
capacity and three electron transfer reaction of phosphorus with Na* forming NasP. Generally speaking, solid phosphorus has three
main allotropes, including white phosphorus, red phosphorus and black phosphorus. Due to the chemical instability, white
phosphorus is in no doubt impossible to be employed as electrode materials. Moreover, the synthesis of balk phosphorus materials
are more complicated. Similar to silicon as anode materials for lithium-ion battery, the key pointes of the red phosphorus for
sodium-ion battery are the low conductivity and severe structural destruction caused by large volume change during electrochemistry
cycles.

Graphene, a carbon monolayer packed into a two-dimensional honeycomb lattice, with numerous advantages including superior
electronic conductivity, large surface area, and excellent mechanical strength, leading to a wide range of application as a conductive
additive in electrochemical energy storage application. In contrast with graphene, graphene oxide can be easily dispersed in many
solvents, through chemical method, the functionalization of graphene oxide with active materials to form hybrid graphene oxide
materials, which lading to extensive use as conductive additive in electrochemical energy storage. In all case, graphene oxide matrix
seems to enhance the electronic and ionic transport properties, thus improving the cycle and rate capability.

Herein, we reported the synthesis of hybrid red phosphorus/graphene oxide anode materials. When applied as anode material for
sodium-ion battery, the related cyclic voltammetry, cycle performance, rate capability and electrochemical impedance spectroscopy
were investigated.

Acknowledgements: We acknowledge National Science Foundation of Guangdong Province (2017A030313342), Shenzhen Science
and Technology Innovation Committee (JCYJ20170818155200084), Shenzhen Institutes of Advanced Technology Innovation
Program for Excellent Young Researchers (Y6G0051001), and China Postdoctoral Science Foundation (2017M612777).

A01-P17

Nitrates induced stress corrosion cracking in tubing from oil well

Peng Wang*, Xinhu Wang, Yaorong Feng

State Key Laboratory for Performance and Structure Safety of Petroleum Tubular Goods and Equipment Materials, CNPC Tubular

Goods Research Institute

The 110 Ksi tubing failed in use when reservoir acidification reconstruction and production testing were performed in a HPHT
oil well, which is longitudinal cracking of coupling. Failure analysis was conducted on the coupling. The failure zone was studied by
means of macroscopic analysis, metallographic, scanning electronic microscope, energy dispersive spectrometer and X-ray
diffraction analysis etc. The results indicated that the failure of the coupling is caused by stress corrosion cracking (SCC). SCC
initiated from the exterior surface of coupling and displayed the fracture feature of intergranular crack propagation. The corrosion
products at the grain boundaries were found to be mainly some oxides. The failure is in connection with the completion fluid

composition, which are mainly nitrates.

A01-P18
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Surface-engineering enhanced sodium storage performance of Na3V2(PO4)3 cathode via in-situ self-decorated conducting
polymer route

Jiexin Zhang*, Xinping Ai, Hanxi Yang, Yuliang Cao

Wuhan University

The rapid development of new energy sources requires efficient energy storage technology. Among the various technologies,
Na-ion batteries are the most promising alternative because of low cost and wide-spread availability of Na.

Since the 1980s, a variety of polyanionic materials have attracted much attention. Among them, NASICON-type Na3;V2(POa)s
(NVP) received considerable attention because of its high reversible capacity of 117 mAh g! and high potential plateau at 3.4 V vs.
Na*/Na. Conducting polymers are ideal coating agents because they not only improve the electrical conductivity, but also provide
mechanical flexibility. Among the conductive polymers, poly(3,4-ethylene-dioxythiophene) (PEDOT) is a commonly used
conductive intermediate because of its high electrical conductivity. Therefore, NVP@PEDOT composite was prepared for the first
time using an in-situ self-decorated conducting polymer route that does not require further calcination.

Bare NVP was prepared by ball mixing and subsequent calcination method. NVP@PEDOT was prepared by in-situ
surface-self-decorated method. To partially oxidize NVP, NO2BF4 was used as the oxidizing agent. The coating content of PEDOT
can be controlled by tuning the oxidizing state of NVP using different molar ratios of NVP and NO2BF4. In this study, two different
molar ratios of NVP and NO2BF4 (5:1 and 5:2) were selected, marked as NVP@PEDOT-1 and NVP@PEDOT-2, respectively.

NVP@PEDOT-1 electrode showed the best electrochemical performance, reaching a reversible capacity of as high as 89, 79, and
58 mAh g! at high rates of 5, 10 and 20 C, respectively, while the bare NVP electrode only delivered 25, 13, and 5 mAh g’!,
respectively. When the current was returned to a low rate, the initial capacity of the three electrodes was recovered, exhibiting
excellent structural stability. The cycling behaviors of bare NVP and NVP@PEDOT electrodes were also investigated.
NVP@PEDOT-1 electrode delivered a high discharge capacity of 100 mAh g! at the initial capacity and 93 mAh g! after 100 cycles
at 1 C rate, corresponding to a capacity retention of 93%, while only 89% and 59% for NVP@PEDOT-2 and NVP electrodes,
respectively. Even after 200 cycles, NVP@PEDOT-1 electrode exhibited a capacity retention of 82%. The enhanced electrochemical
performance of the electrode with PEDOT coating can be explained as follows: the coated PEDOT improves the electronic
conductivity and buffers the structural change during the Na- ion insertion and extraction.

The experimental results show that the conducting polymer-coated NVP can be used as a low-cost, high-energy, and
long-cycling-life cathode material for the construction of cost-effective Na-ion batteries. This facile self-decorated synthetic method
has a potential to achieve an in-situ conducting coating on the surface of materials in the energy storage, catalysis, and biomass

fields.

A01-P19

A Scalable Strategy to Develop Advanced Anode for Sodium-Ion Batteries: Commercial Fe304 Derived Fe304@FeS with
Superior Full-Cell Performance

Baohua Hou*, Yingying Wang, Jinzhi Guo, Qiuli Ning, Xinglong Wu

Northeast Normal University

Sodium-ion batteries (SIBs) have recently attracted a great interest as a promising alternative to lithium-ion batteries (LIBs) for
large-scale energy storage applications owning to their low cost and abundant Na resource. However, the larger diameter of Na ion
than that of the Li one hampers the electrochemical kinetics of SIBs electrodes, making it difficult to achieve the reversible
insertion/extraction of Na ions into/out the crystalline host. Hence, it's still a huge challenge to find the appropriate and scalable
anode materials with high specific capacity, outstanding Na-storage reversibility and excellent rate capability.

Herein, a novel core-shell Fe;Os@FeS composite with the morphology of regular octahedra has been prepared via a facile and
scalable strategy by using commercially available Fe3O4 (C-Fe304) as the low-cost precursor. When investigated as anode material
for SIBs, the prepared FesOs@FeS exhibits the much improved Na-storage performance, which combines the high capacity of FeS
and the excellent cycling stability of Fe3Oa. It delivers a reversible Na-storage capacity of 169 mAh g after 750 cycles at 0.2 A g’!
with a capacity retention of 90.8 % and a Coulombic efficiency of around 100 %. Furthermore, it is disclosed that such outstanding

electrochemical properties should be attributed to the partially pseudocapacitive behaviors in the kinetic of FeS shell and the

45



synergies between Fe3Os and FeS in the core-shell structure. Furthermore, the full cells are assembled by coupling the prepared
Fe;0s@FeS anode with our previously reported NasVa(PO4)202F (NVPF) cathode. The FesOs@FeS//NVPF full cell delivers a
reversible capacity of 157 mAh g after 50 cycles at 0.5 A g'! with a capacity retention of 92.3 %. The good performance, simple
preparation and low cost raw, carbon-free, make Fe3Os@FeS become a promising anode material for SIBs and it is expected to
large-scale commercial applications.
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A01-P20
Co304 nanofasciculus consisted of nanowire on carbon fibers as electrode materials for long-life pseudocapacitors
Yawei Yu*, Xiulan Hu

Nanjing Tech University

Among these electrical energy storage systems, supercapacitors have been paid more and more attention as the most promising
power sources compared to other energy storage devices (such as Li-ion, Pb-aicd, and Ni-MH batteries) in terms of higher power
density, short charge time and long cycle lifel']. Electrode material is one of the key factors that affect the capacitive performance of
supercapacitors. Therefore, the regulation of material morphology, composition and specific surface area has become an important
way to study and develop high performance electrode materials(?l,

Redox-active transition metal oxides and hydroxides, such as RuO2, MnO2, Co304, CoO, NiO, CuCo0204, Co(OH)2 and Ni(OH),
are the most fascinating candidates as pseudocapacitor electrode materials in virtue of their high theory specific capacitances and
power densities relied on the fast redox reaction on the surfacel’l. Cobalt oxide (Co30a) is believed to hold a high capacitance up to
3560 F/g and an excellent redox reversibility according to theoretical predict!®l. In this work, Co304 nanofasciculus consisted of
nanowire on carbon fibers was been prepared by hydrothermal. The loading amount of active material is 1.0 = 0.1 mg/cm?. All the
electrochemical measurements were performed with an electrochemical workstation (CHI 660E) under a conventional
three-electrode cell with 6 M KOH aqueous solution as an electrolyte at room temperature.

Almost all of the CV curves have a pair of obvious redox peaks within the rang of 0 to 0.6 V. The reactions in charge/discharge
may be described as (Co304 + 40H" < 3Co0: + 2H20 + 4¢°). The specific capacitance can achieve 604.6 F/g and 425.5 F/g at the
current densities of 4 and 32 A/g. After cycling 40000 times at a big current density of 32 A/g, the specific capacitance still retains
117 % of its initial capacitance. The results prove that the novel nanofasciculus structure is promising candidate materials for
high-performance pseudocapacitor.
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Carbon-coated Na3V2(PO4)3 Microspheres as a Superior Rate and Long Cycle Lifespan Cathode Material for Sodium Ion Batteries
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Sodium ion batteries have been of great interest in recent decades on account of the richer natural abundance, lower price and
similar electrochemical mechanism to lithium-ion batteries. Nevertheless, the energy density and cyclic stability of existing cathode
material haven’t reached a satisfactory level due to poor conductivity and low average discharge voltage. NASICON type materials
with high Na ionic conductivity and stable 3D framework have been widely investigated as sodium ion battery materials. Among
them, Na3;V2 (POs); with an average operating potential of 3.4 V and high cycling stability, is considered as a promising cathode
material for sodium ion battery. However, inferior electronic conductivity limits rate capability and reversibility, which hinders its
practical application.

In this contribution, carbon-coated NaszV2(PO4)3 microspheres (denoted as NVP@C) are synthesized by a facile spray-drying
method. NVP@C appear near-perfect spheres, which could improve effectively the surface area NVP@C composites. The carbon
layer was uniformly coated on the surface of NazV2 (POs)s particles by using glucose as carbon source. When used as cathode for
SIBs, NVP@C microspheres exhibits excellent electrochemical performance in voltage range of from 2.0 V to 3.9 V. The reversible
capacity of 108.7 mA h g'! was obtained at a current rate of 0.2C (1C corresponds to 117 mA h g!). Even at 50 C, the electrode can
deliver a specific discharge capacity of 62.1 mA h g !. After the long-term 7000 cycles at the rates of 10 C, the reversible capacity
can reach 70.2 mA h g1, corresponding to capacity retention of 74.2%. The superior electrochemical performance is ascribed to the
3D carbon matrix which could promote the electronic conductivity of the electrode and accommodate effectively volume variation

during Na insertion/extraction.

A01-P22

Water-in-salt electrolyte enables aqueous supercapacitors

Xiaowen Zheng*, Pengchao Si

Key Laboratory for Liquid-Solid Structural Evolution and Processing of Materials, Ministry of Education, School of Materials
Science and Engineering, Shandong University, Jinan 250061, People's Republic of China

Electrolyte is the charge carrier in electrolyte, which has a key effect on the overall performance of the capacitor. There are
many factors that affect the performance of electrolyte, such as concentration of electrolyte salt in electrolyte, electric potential
window of electrolyte, ionic conductivity of electrolyte, etc. At present, organic electrolyte (2.7 V) and ionic liquid electrolyte (3.5
V) is widely applied, but it is restricted of ionic conductivity, short cycle life and low toxicity, so the development of low cost,
environmental protection, high-performance water electrolyte is promising. However, the decomposition voltage of water system
electrolyte  is  only 1.23V. Herein, comparing  the  linear  sweep  voltage(LSV) window  of  different
electrolyte(LiTFSI,Li2S04,Na2S0a),different scan rate (100mv/s. 50mv/s. 10mv/s) and different concentration (0.1m. 0.5m.
1.0m) in three-electrode system.,which uses glassy carbon electrode as the working electrode ,graphite electrode as the counter
electrode and Ag/AgCl as the reference electrode. When increasing the concentration of LiTFSI from 1M to 18M, the linear scanning

voltage window can reach up to 2.6V.

A01-P23

A 0.5LiNi0.8C00.15A10.0502-0.5Li2MnO3 composite electrode with high voltage and stability
Jingsong Yang*, Yuliang Cao, Jiangfeng Qian, Xinping Ai, Hanxi Yang

College of Chemistry and Molecular Sciences, Wuhan University

Li-rich manganese-based oxide materials have been considered as the most promising cathode materials for next lithium-ion
batteries because they can deliver a high capacity more than 250 mAh g. However, they suffer from serve capacity fading and
voltage decay upon cycling. In this study, we propose a new strategy to mitigate capacity fading and voltage decay by combine
LiNio.8C00.15Al0.0s02 with LizMnOs.

As a result, the 0.5LiNio.sC00.15A10.0502:0.5Li2MnO3 (NCA-LRMO) composite electrode shows high stability (94% capacity
retention and 197 mV voltage decay after 100 cycles at 0.1C) and high voltage (3.71V average discharge voltage). In contrast, the
NCM111-LRMO (0.5LiNi13Co013Mn1302-0.5Li2MnO3) electrode shows 63% capacity retention and 436 mV voltage decay in the
same condition.

By employing cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and transmission electron microscopy
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(TEM), we revealed that the high stability of the NCA-LRMO electrode is due to its high Ni content, which could suppress the

activity of Mn and inhibit the structure to transform from layered to spinel-like structure.

A01-P24

A Practicable Li/Na-Ion Hybrid Full Battery Assembed by a High-Voltage Cathode and Commercial Graphite Anode:
Superior Energy Storage Performance and Working Mechanism

Jinzhi Guo*, Xinglong Wu

Northeast Normal University

Nowadays, although Li-ion batteries (LIBs) are still dominating the market of energy storage and Na-ion batteries (NIBs) are
regarded as a promising alternative of LIBs especially in the large-scale energy storage applications owning to the low cost and
abundance of Na resources, both have their own shortcomings, such as higher and higher prices of LIBs due to the low and unevenly
distributed Li resources, and relatively poor electrochemical properties of NIBs due to the large ionic radius of Na and sluggish
Na-diffusion kinetics.! Hence, it is highly imperative to develop other advanced electrochemical energy storage devices. Amongst
them, hybrid Li/Na-ion batteries (HLNIBs) should be a highly effective design concept to overcome their each disadvantages and
give full play to the advantages of both LIBs and NIBs. 3¢

In this study, we propose a new design of Li"/Na*-hybrid full battery composed of a high-voltage and lithium-free
Na3;V2(PO4)202F (NVPOF) and commercially available graphite (MCMB) as cathode and anode, respectively. The assembled
HLNIBs exhibit two high working voltage at about 4.05 and 3.69 V with a specific capacity of 112.7 mA h g!. Its energy density can
reach up to 328 W h kg! calculated from the total mass of both cathode and anode materials. Moreover, the HLNIBs show
outstanding high-rate capability, long-term cycle life and excellent low-temperature performance. For example, at a very high current
density of 2.6 A g'!, the delivered discharge capacity is 73.9 mA h g!, and the corresponding capacity retention is above 66%
compared to the value at the low current density of 0.065 A g~!. After even 2000 cycles at 1.3 A g”!, the capacity retention is still
about 86.3%, implying a very low capacity fading rate of only 0.0068% per cycle. At -25 °C, the capacity retention is up to 80.6 % in
comparison to room temperature. In addition, the reaction kinetics and Li/Na-insertion/extraction mechanism into/out NVPOF is
preliminarily investigated by the galvanostatic intermittent titration technique and ex situ X-ray diffraction, and these test results
reveal the fast Li/Na-migration kinetics of NVPOF electrode as well as the high reversibility and stability of NVPOF lattice during
the successive Li/Na-intercalation/extraction processes. This work provide a new and profound direction to develop advanced hybrid batteries.
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A01-P25

Hydrogen storage properties of AB4-type single-phase La—Nd-Mg-Ni—Al-based alloy
Yumeng Zhao*!?, Wenfeng Wang?, Yuan Li?, Shumin Han'?

1.State key laboratory of metastable materials science and technology, Yanshan university

2.College of Environmental and Chemical Engineering,  Yanshan University

Superlattice RE-Mg—Ni-based alloys have been considered as one of the promising hydrogen storage materials. Herein, we
obtained a new rhombohedral AB4-type single-phase La—Nd-Mg-Ni—Al alloy by induction melting method followed by annealing
treatment. The structural characteristics of the AB4 phase involved in the hydrogen absorption/desorption and its electrochemical
hydrogen storage properties are studied.

The hydrogen storage capacity at the 303 K of this alloy is 1.75 wt.% and the corresponding plateau pressure is 0.15 MPa. With
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the test temperature increases to 343 K, the hydrogen storage capacity increases to 2.21 wt.% and the plateau pressure decreases to
0.09 MPa. Moreover, the reversible hydrogen desorption amount is high to 95 % at 343 K. The electrochemical discharge capacity of
the alloy electrode is 390 mAh g! and the capacity retention rate at the 100" cycle is 90%.

The rhombohedral ABs-type superlattice structure is consisted by three CaCus-type [ABs] subunits and one C15-type [A2B4]
subunit stacking along the c-axis. The component [ABs] subunits could be devided into two patterns: the bilateral layer [ABs] subunit
connected to the [A2B4] subunit (J[ABs]!) and the middle layer [ABs] subunit neighbored to the inner [ABs] subunits ([ABs]?).
Refinement results show that the volume of [ABs]? subunit gets larger than those of [ABs]' subunit. It is believed that the
participation of the C15-type [A2B4] subunit in the stacking sequence results in the lattice deformation of [ABs]! and [ABs]? subunit.
As the RE-Mg—Ni-based alloys store hydrogen by the H atoms entering the crystal lattice interstice, the lattice distortion certainly
would impact the hydrogen storage properties. It is believed that the increased volume of [ABs]? subunit results in the improvement

of the hydrogen storage capacity.

A01-P26

A new type of composite electrolytes with high specific capacity and good air-stability for room-temperature solid-state
lithium battery

Huanliang Guo*, Zhuoliang Jiang, Mengyang Gao, Jianyong Hu, Hui Sun

State Key Laboratory of Heavy Oil Processing, Beijing Key Laboratory of biogas upgrading utilization, Institute of New Energy,
China University of Petroleum-Beijing, Beijing, 102249, China, sunhui@cup.edu.cn

Solid-state lithium batteries call for polymer electrolytes with high energy density. easy processing and excellent flexibility.
However, the low ionic conductivity and high interfacial impedance hinder its further application. Therefore, we utilized lithium
bis(oxalate)borate (LiBOB) to prepare the PEO-LLZTO-LiBOB solid electrolytes via the solution pouring method. Compared with
the traditional LiPF6 as a lithium salt, the BOB- anion could stabilize the Al fluid. And the solid-state electrolytes with LiBOB as
lithium salt held a higher ionic conductivity and a wide electrochemical window. Moreover, the fabricated solid-state LiFePO4|Li
batteries delivered a higher specific capacity and excellent cycle performance (165.9mAh g-1 with capacity retention of 84.6% after
100 cycles) at room temperature. The larger volume of BOB anions lead to weaker binding force with Li+, which resulted in the
easy dissociation of lithium salt and the improvement in the conductivity of the whole system. These results provided a new prospect

for solid polymer electrolytes of solid-state lithium-ion electrolytes at room temperature.

A01-P27

Effect of carbon nanotubes on the microstructural evolution and hydrogen storage properties of Mg(BH4)2
Zan Jiang, Jianguang Yuan, huanqing Han, Ying Wu, Shaoxiong Zhou

China Iron &Steel Research Institute Group, Advanced Technology & Materials Co., Ltd

As an important member of complex hydrides, Mg(BH4)2 has a high gravimetric capacity (14.9 wt%). In this study, the
Mg(BH4)2 was synthesized by the ion exchange method. Afterwards, the Mg(BH4)2 composites with different amounts (2, 5, 10, 25
and 50 wt%) of carbon nanotubes (CNTs) were prepared by mechanical milling. Effects of the CNTs on the microstructural evolution
and hydrogen storage properties were investigated. The onset temperature of the Mg(BH4)2-5 wt% CNTs is decreased to lower
temperature around 120 °C from 275 °C. The desorption plateau of Mg(BH4)2-5 wt% CNTs is the highest, which ascribes that CNTs
causes the reaction pathway change. Additionally, the Mg(BH4)2-5 wt% CNTs shows the best dehydriding kinetics properties, and
can desorb 6.04 wt% hydrogen within 2000 s at 300 °C. The dehydrogenation activation energy of the Mg(BH4)2-5 wt% CNTs is
decreased to 130.2 kJ/mol H2, which is much lower than that of pure Mg(BH4)2.

A01-P28

Triboelectric nanogenerator based on turbine structure for efficient water wave energy harvesting and self-powered water
flow velocity sensing

Xi Chen*, Cong Zhai, Jian He, Shanshan He, Ziyang Yang, Tao Wen, Chenyang Xue

Science and Technology on Electronic Test and Measurement Laboratory, North University of China, Taiyuan, 030051, China

49



With the gradually depletion of fossil fuels, researchers have worked on related environmental problems and looked for
alternative renewable energy sources. Water wave energy is promising clean energy source, which is difficult to collect effectively. In
this work, we demonstrated a turbine-triboelectric nanogenerator using silicone rubber, epoxy resin and flexible electrode which
generates electricity from the motion of water flow. Turbine-triboelectric nanogenerator is an energy collection device based on the
coupling between contact electrification and electrostatic induction of triboelectric materials, converting the water flow energy into
electrical energy.

Turbine-triboelectric nanogenerator is composed of basement, fan blade, electrodes and turbine support. When the water flows
through the turbine, the triboelectric materials on the fan blades will be contact each other. At the same time, the electrodes have
potential and the charges will transfer between the electrodes. On the surfaces of the triboelectric layeres, we prepared the nano-fiber
structure, which can increase the contact area of the friction material and enhance the output of the turbine- triboelectric
nanogenerator. In addition, CNTs were added into silicon rubber to increase the surface charge density of triboelectric materials of
turbine-triboelectric nanogenerator.

With the size of the blades of a turbine of 4x3 cm?, the peak-to-peak short circuit current of 3uA and the peak-to-peak open
circuit voltage of 50V and the maximum power density of 12.5 uW/cm? at a load resistance of 100 MQ can be obtained from the
turbine-triboelectric nanogenerator under the velocity of 30L/min. 50 light-emitting-diodes (LEDs) can be completely lit up and
2.2uF capacitor can be easily charged to 2.8V in 9s. Due to the output current and voltage change with the water flow velocity,
turbine-triboelectric nanogenerator can be applied to self-powered velocity sensor of water flow. The turbine-triboelectric
nanogenerator has the advantages of low price, small size, high sensitivity and simple preparation process. The results obtained in
this work open the prospects for the future development and optimization of an effective strategy of water flow, as well as the
possibility of using as sensors to monitor the water supply system, which can use the energy generated by the water movement in the

pipeline to work and send data. Additionally, turbine-triboelectric nanogenerator can be miniaturized for technology of microfluidics.

A01-P29

The Design of Minitype Broadband Micro-Energy Generator

Cong Zhai*, Xi Chen, Jian He, Ziyang Yang, Shanshan He, Tao Wen, Chenyang Xue
North University of China

Micro-energy harvesting has become the key technology for extending the endurance of mobile terminals. Unlike the traditional
chemical batteries, Micro-energy harvesting system could generate unlimited power as long as there is mechanical energy. The
traditional micro-energy harvesting system has many problems such as large size, low sensitivity and poor efficiency, because it is
mainly composed of electromagnetic generators(EMGs), triboelectric  nanogenerators(TENGs) and piezoelectric
nanogenerators(PENGs), and the limitation of EMGs is a major factor causing these problems. Therefore, the traditional
micro-energy harvesting system only converts low-frequency mechanical energy into electrical power.

In this work, a novel generator harvesting both low and high-frequency mechanical energy is demonstrated. The main structure
consists of two strong magnets and a support rod with a limiter. The strong magnets are placed with opposite polarity, resulting in one
of the magnets is levitated. The coil is wrapped in rubber film, which attached to an electrode surface and placed on one of the
magnets, and another electrode is placed on the other magnet. Due to the restriction of the limiter, the gap between to magnets is
narrow and the gradient of the magnetic field becomes larger. Therefore, the coil will output huge power when the levitation has a
small shock. Besides, the TENG composed of the two electrodes and the rubber produces electric power efficiently under the
coupling effect of vibration and repulsion generated by the magnetic field.

The whole size of the minitype broadband micro-energy generator is 4.5x4.5%2.2 cm?® and its weight is about 60 g. In the
verification experiment, the generator produces peak output power of 42 mW, and the frequency response range of the device is from

2Hz to 200Hz, which is extremely sensitive for micro-energy generators. The other dynamic response characters are analyzed in this

paper.

A01-P30
Highly efficient synergetic catalysis of graphene supported nickel on hydrogen storage of Mg90Al10 composite
Haixiang Huang*!'2, Jianguang Yuan?, Zhongliang Ma!, Linglong Yao', Shicheng Luo', Yunfeng Zhu', Liquan Li!, Ying Wu?,
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Mg-based materials are a very promising candidate for hydrogen storage. However, its application is severely restricted by its
high thermodynamic stability and sluggish hydrogen sorption-desorption kinetics. Compounding with transition metal elements has
been adopted to improve the performance of Mg-based materials for hydrogen storage to resolve urgently these above problems. In
the present work, the graphene supported Ni (Ni@rGN) was introduced to the Mg90Al10 composite by hydriding combustion
synthesis and mechanical milling (HCS+MM). The Ni@rGN catalysts were synthesized by a facile chemical reduction method. The
microstructures of the composites show that Ni nanoparticles are well supported on the surface of graphene and the graphene
supported Ni catalysts are dispersed uniformly on the surface of MgHa particles. Moreover, it is revealed that there is a synergistic
effect of Ni, Al and graphene on the hydrogen storage properties of the composites. The MgooAlio-8wt.% Ni@rGN shows the optimal
hydriding/dehydriding properties, requiring only 100 s to reach its saturated hydrogen absorption capacity of 6.1 wt.% at 473K, and
desorbing 6.4 wt.% hydrogen within 1200 s at 573 K.

A01-P31

Synthesis and electrochemical properties of Sn/RGO composites as lithium-ion battery anodes
Ying Liang*, Jiawei Shi

East China University of Science and Technology

Among various available anode materials, metallic tin (Sn) has long been considered as alternatives due to its high theoretical
capacities (Lis4Sn: 993 mAh g), low cost, environmental benignity and high electrical conductivity. However, tin electrodes often
behave rapid capacity decay and weak cyclability during cycling process because of the large lithiation/delithiation associated
volume change. In our recent research, crystalline tin (Sn) nanostructures and tin/reduced graphene oxide (Sn/RGO) composites have
been synthesized via two reduction methods separately (liquid reduction method and gamma-ray reduction technique). Comparing
with Sn, the cycling stability of Sn/RGO composites is greatly improved to perform a long cycling life. For instance, Sn/RGO
electrode, in which Sn spherical nanoparticles with the diameter of ~ 5 nm disperse uniformly on the surface of RGO, delivers a
reversible discharge capacity of 355 mAh g! at the end of 50 cycles at 200 mA g'. (Some results and details can be seen in our
recent article: International Journal of Electrochemical Science, 13(2018), 2366-2378)

A01-P32
An Ultralong Lifespan and Low-Temperature Workable Sodium-Ion Full Battery for Stationary Energy Storage
Yingying Wang*, Baohua Hou, Jinzhi Guo, Xinglong Wu

Northeast Normal University

In order to substitute the currently market-dominant lithium ion batteries (LIBs), which would become unaffordable to
consumers due to the low abundance and uneven distribution of Li resources in the Earth’s crust and therefore the higher and higher
prices, sodium-based batteries (SBBs) have drawn great attentions of energy-storage scientists. Traditionally, SBBs are the
molten-sodium batteries, mainly including the high temperature sodium—sulfur and sodium—metal halide batteries. Although high-T
SSBs have been developed for the utilization in grid-scale energy storage, such a high operation temperature signifies the highly
severe safety concerns in practical applications because the metallic sodium anode is in the liquid state with extremely high reactivity.
Therefore, room-temperature (room-T) sodium-ion batteries (SIBs) were proposed and extensively studied to reduce/solve the safety
hazards of high-T SBBs in recent years. In addition to high/room-T workability, low-temperature (low-T) Na storage is another
principal concern for the wider applications of SIBs.

Herein, an outstanding anode material with superior low-T Na-storage performance was first prepared, and then an advanced
low-T sodium-ion full battery (LT-SIFB) was assembled and studied via coupling such low-T anode with Na3V2(PO4)202F cathode.
The prepared low-T anode material is a nanocomposite, in which amorphous selenium (a-Se) is evenly coated on the surface of 3D

conductive network with open channels composed of reduced graphene oxide (rGO) nanosheets. Thereafter, it is abbreviated as
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3DSG. The prepared 3DSG delivers outstanding Na-storage properties in terms of high capacity retention (Cr) from room-T (25 °C)
to -25 °C, long-term cycling stability, and superior rate capability. As expected, the assembled SIFB indeed exhibits superior low-T
energy-storage performance as well as ultralong cycle life (e.g., after even 15000 cycles, the Cr is still up to 86.3% at 1 A g'!) and
outstanding rate capability.
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Ni/Co-LDH Modified PP Separator for High-Performance Li-S Batteries

Zhaoyan Zhu*, Yang Na, Wu Gang, Wang Yu-Zhong
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PP as the separator of lithium-sulfur (Li-S) battery has a large of pores. During typical discharge, the polysulfide being
dissoluble in electrolyte migrates to anode through the pores, i.c. the so-called shuttle effect, which results in a series of side effects.
Therefore, the specific capacity and stability of the battery are affected. It has become a research focus to improve the performance of
the battery by introducing a dense barrier layer on the surface of PP separator to block the shuttle effect. At present, there are many
reports on the modification of separator based on single carbon material or metal oxide.l'! Carboxylated multi-walled carbon
nanotubes can increase the conductivity of the cathode and enhance the mechanical properties of the separator. In addition, nickel
cobalt layered double hydroxide (Ni/Co-LDH) has strong affinity with polysulfide, and thus can inhibit the shuttle effect of
polysulfide. In this study, we combined both to modify the commercialized PP separator through a facile filtration method, and the
modified separator was used in the Li-S battery. The results show that the battery had a high initial specific capacity of 1039mAh g’!
during 2C cycles, and the specific capacity of the battery can remain at 705mAh g™ after 100 cycles. Therefore, the stability and
specific capacity of Li-S battery based on Ni/Co-LDH modified PP separator have been greatly improved.
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Metal-Organic Framework Template Derived Porous CoSe2 Nanosheet Arrays for Energy Conversion and Storage
Tian Chen*

Wauhan University

Aims: With the development of modern society, the energy crisis and environmental problems are those we must face now.

Developing highly effective electrocatalyst and supercapacitor are important method to solve these issues. However, transitional
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metal oxides, metal hydroxides, and carbon material difficultly satisfy the requirement of electrocatalyst and supercapacitor.
Compared with above transitional materials, metal selenides have attracted considerable attention with high electrochemical activity,
good electronic conductivity, and stability. Among various metal selenides, CoSe2 proved to possess good electrochemical activity
and stability. Nevertheless, preparation of higher effective electrocatalyst and supercapacitor electrode material is still urgent. The
strategy of constructing porous architecture is one of the effective method to improve electrochemical performance.

Methods: 1. Preparation of MOF-Co on CC. An aqueous solution containing 2-methylimidazole (C4HeN2, 40 mL, 0.4 M) was quickly
added into the aqueous solution of Co(NO3)2:6H20 (40 mL, 50 mM), after which a piece of clean CC substrate (1 x 1.5 cm?, the
front of the CC was protected by glass slides) was immersed into the mixture solution. After reaction for 4 h, the sample was then
taken out and cleaned with deionized water, finally dried in vacuum overnight. 2. Preparation of Porous CoSe2 on CC. First, a piece
of MOF-Co on CC (1 x 1.5 cm?) was etched by an etching reaction process in deionized water/ethanol solution followed with a
thermal treatment for 4 min. Then, a piece of treated MOF-Co (1 x 1.5 cm?) was placed in the middle of tube furnace, and 0.6 g of Se
powder was put in a crucible, and put in the side of a quartz tube inlet (the distance of MOF-Co and crucible is 16 cm). The tube
furnace was heated to 450 °C at a fast ramping rate of 10 °C min—1 and held for 2 h with argon flowing at 100 sccm. After cooling
down to room temperature, porous CoSe2 was successfully prepared.

Results: The porous CoSe: has both a larger specific surface area and outstanding electrical conductivity. As the catalyst for oxygen
evolution reaction, the porous CoSe2 achieves a lower onset potential of 1.48 V versus the reversible hydrogen electrode (RHE) and a
small potential of 1.52 V (vs RHE) at an anodic current density of 10 mA cm. Especially, the linear sweep voltammogram curve of
the porous CoSez is in consist with the initial curve after durability test for 24 h. When tested as an electrode for supercapacitor, it can

2 and exhibit excellent cycling stability in that a

deliver a specific capacitance of 713.9 F g at current density of 1 mA cm’
capacitance retention of 92.4% can be maintained after 5000 charge-discharge cycles at 5 mA cm?.

Conclusions: The results suggest that introducing Se atoms into electrode material could effectively alter the nanostructure, which
can solve the problem of the lower electrical conductivity, thus dramatically enhancing the catalytic activity and durability. This
porous structure fabrication strategy for metal selenides may be generally applied to the materials for diversified applications such as

electrocatalyst, supercapacitor, and others.

A01-P35

Preparation and characterization of nano spherical V203 powders
Mingrui Zhang*, Yuan Qin, Dao Zhang, Guangyuan Wang, Sen Yang
Nanjing University of Science and Technology

The traditional methods of preparing V203 powders exist many disadvantages, such as dangers of combustion, explosion or
toxic gas leakage, and high requirement of equipment and cost, low production efficiency, which limited the prospect of industrial
application. In this paper, the liquid phase reduction -thermal reduction has been used to prepare V203 nanoparticles with spherical
morphology to overcome these drawbacks. It is a novel method that the precursor was developed by Oxalic acid dehydrate
(H2C204-2H20) reduction of V20s powder in anhydrous ethanol. Nanoparticles of V203 were successfully synthesized through
thermal treatment of the precursor. The phase, composition, structure, and morphology of the as obtained samples were confirmed by
XRD, FTIR, EDX, XPS and SEM measurements. Meanwhile, the process of the formation of nano spherical V20; in
the heat-treatment is briefly discussed by analyzing the DSC. The results show that the average size of particles of V20; is about 40
nm~50nm. The possible formation mechanism of V203 is proposed as follows: the reduction reaction prepared precursor Vanadyl
oxalate(VOCO4) and thermal reduction of VOCO4 obtained the Vanadium oxalate V2(C204)3. Then the nano spherical V203 was
acquired by further thermal decomposition. It was found that the preparation of V203 by the method of this paper is simple, effective,
easy to operate, low cost and high efficiency. Besides, the utilization rate of raw materials and purity of the V203 powder can be
improved.

Keywards: nano spherical V203 powders; liquid phase reduction; thermal reduction
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Preparation and characterization of barium strontium titanate powders
Zhang Yue

Institute of Materials, China Academy of Engineering Physics

The barium strontium titanate is the promising material for high energy density capacitor because of its high dielectric constant.
The fine grain BST ceramic with high density shown the improved dielectric performance. Therefore it is essential to prepare BST
nano-powders to obtain fine grain materials. The aim of this study is to prepare nanoscale BST powders by sol-gel method. The BST
powders were characterized by TG-DSC, XRD, SEM, TEM and ICP-AES respectively. The results showed that the BST

nano-powders with high purity and fine uniformity were obtained.

A01-P40

High-temperature Transport Properties of Cao.9sDyo.01Re0.01MnO3 ceramics (Re=Nd, Gd, Yb)
Zhan Bin

rh [ AR BT FE A RHITE 7T i

Perovskite-type Cao.9sDyo.01Re0.0:MnO3 (Re=Nd, Gd, Yb) ceramics were synthesized by co-precipitation method combined with
the solid-state reaction. Their thermoelectric properties were evaluated from 300K to 973K. All the samples are single phase with an
orthorhombic structure. The introduction of second doping elements will cause the lattice distortion and change the density of state
near the Fermi level. As a result, the highest power factor is obtained 3.28 uWem'K2 at 973K for Cao.98Dyo.01Ybo.oiMnO3s sample.
Meanwhile, the dual doping can lead to a low thermal conductivity, so the best figure of merit 0.22 can be obtained for

Ca0.98Dy0.01Ybo.o1MnO3 sample at 973K, which is an anticipated result for CaMnOs.

A01-P41

Free-standing N-doped carbon foam based highly compressible all-solid-state asymmetric supercapacitors

Yue Li', Junwei Sha', Naigin Zhao!

1.School of Materials Science and Engineering and Tianjin Key Laboratory of Composite and Functional Materials, Tianjin

University, Tianjin 300350, China

With the rapid development of flexible energy storage technology, the compressible all-solid-state supercapacitors have attracted
much attention. Compressible electrodes require not only resilient property but also high capacitive performance. Here in, we
fabricated compressible all-solid-state asymmetric supercapacitors (ASCs) composed by hierarchical structured Fe-Co-Ni ternary
sulfides (Fe-Co-Ni TSs) coated three dimensional (3D) macroporous N-doped carbon foam (NCF) as positive electrode and vertical
aligned carbon nanotubes (VACNTSs) wrapped NCF as negative electrode in alkaline gel electrolyte. The as-assembled compressible
ASC device exhibits a relativity high specific capacitance of ~150 F g at 1 A g under a compression strain of 60% and desirable
stability with 85% capacitance retention even after 5000 cycles. Due to complex and rich redox reactions and strong adhesion of the
hierarchical structured Fe-Co-Ni TSs to the compressible 3D NCF, the Fe-Co-Ni TS/NCF electrodes exhibit excellent supercapacitive
performances and ideal structural integrity under pressure deformation. Furthermore, the dense arrangement of VACNTSs covered on
3D NCF provide a better flexibility and cross-linked conductive network which benefit to rapid transmission of ions/electrons during
elastic deformation. These impressive results provide a great promise of controllable, low-cost preparation of compressible electrodes

for future deformation-tolerant energy storage applications.

A01-P42

mesoporous lamellar-shaped lithium-rich cathode material for lithium-ion batteries with exceptional rate capability and
stability

Min Li #®, Yi Zhou *°, Xiaoyan Wu °, Lei Duan ®, Chunming Zhang °, Fang Zhang °, **, Dannong He ® *
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With the development of society, the problem of energy has become more and more serious. Lithium-ion battery, acting as the
new energy, has a lot of advantage, such as environment-friendly and portability. Although the lithium-ion battery has been
researched for many years, the low energy density and severe cycle performance are also hardly meet the current requirement.
Lithium-rich oxide layer material, which could exhibit the over 250 mAh g! when the charge voltage reaches the 4.8 V, has become
more and more attractive to researcher. However, the drawbacks of encountering structural reconstruction, sharp voltage decay
during cycling as well as low packing density still exist, which retard their further commercial development. This paper presents a
novel approach to construct mesoporous lamellar-shaped Lii.2Mno.s4aNio.13C00.1302 particles. One crucial step during the synthetic
process is the usage of Hexadecyl trimethyl ammonium Bromide (CTAB) and Hexamethylenetetramine, which act as the precipitant
and nucleate. And the key control parameter is time and temperature of hydrothermal reaction, which directly affects the morphology
and size of particles. Of particular note is the desirable architecture which not only inherits the merits of hollow structures but also
facilitates the tight particles packing. Owing to these advantages, mesoporous lamellar-shaped Lii.2Mno.54Ni0.13C00.1302 exhibits the
excellent discharge capacity and cyclic stability. Under the 0.5 C rate, its initial discharge capacity reaches the 236.13 mAh g, and
the capacity retention above 85.3 % over 150 cycles. These results reveal that structural design of cathode materials play a pivotal

role in increasing the electrochemical performance of lithium-rich oxide layer material.

PURFB L
A01-PO-01
Comparative study of the discharge performance for magnesium alloy and aluminum alloy

Songbo Wei*, Lin Chen, Ran Wei, Chenglong Liao, Xinzhong Wang

PetroChina Research Institute of Petroleum Exploration & Development

Objectives: The light metal elements like magnesium, aluminum are abundant in the earth, and this kind of metals or alloys is
extensively studied to be used as energy storage material. The energy of light metal can be released in the form of electric energy by
using metal fuel battery. In this study, the purpose is to study the difference of the discharge performance for the magnesium alloy
and aluminum alloy and to study the influence factors for different alloys.

Methods: In this work, magnesium alloy and aluminum alloy were prepared by vacuum-melting method. The prepared alloys were
used as anodes in the metal fuel battery testing system, the MnO: catalysts was used in nickel foam based cathode, and the
performance of electric energy conversion of these metals were studied. The short circuit current densities and open circuit voltages
with different anodes were tested and analyzed. Scanning electron microscope (SEM) was used to characterize the microstructures of
the alloy after discharging.

Results: The results revealed that the magnesium alloy and aluminum alloy had showed different discharge performance. The
difference of the discharge performance for the magnesium alloy and aluminum alloy were analyzed according to the
electrochemistry properties and the microstructures of the alloys. The battery with magnesium alloy anode exhibited relatively higher
voltage about 1.5 V and the current density could reach up to 6 mA/cm?.

Conclusions: The discharge performance was determined by the electrochemistry characteristics of the metal element to a great
degree. The microstructure of the alloy also influenced the discharge performance. The magnesium alloy and aluminum alloy can be

applied in different fields according to different requirements.

A01-PO-02
Research Progress of All-solid-state Thin Film Lithium Ion Battery
Xiaoping Liang*

General Research Institute for Non-Ferrous Metals, State Key Laboratory of Advanced Materials for Smart Sensing

Compared with the traditional liquid lithium-ion battery, all-solid-state lithium-ion battery can significantly improve its safety,

and has also been greatly improved in terms of specific energy, specific power and cycle performance. With the development of
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smart society, the intelligent devices has become a trend, and the corresponding energy supply system has gradually attracted
attention. Among them, the all-solid-state thin film lithium-ion battery is a better smart device energy unit. The all-solid-state
thin-film lithium-ion battery adopts a physical film forming process, and the process is compatible with the manufacturing process of
the micro-nano devices, which is conducive to the integration of the micro-device and the micro-energy source.

This article first introduced the advantages and key issues of all-solid-state thin film lithium-ion batteries. The electrolyte of the
all-solid-state thin-film lithium-ion battery is a key factor that affects the battery performance. The electrolyte includes the inorganic
solid electrolyte and the polymer electrolyte. The development of inorganic solid electrolytes includes three generations, of which the
second generation of lithium-phosphorus-nitrogen is the most commonly used electrolyte in commercial batteries. The
third-generation garnet-structured electrolyte has the best performance, but it needs further development. The interface problem is
also an important factor that affects the performance of all-solid-state thin-film lithium-ion batteries.

Next, the preparation process of all-solid-state thin-film lithium-ion batteries is introduced, including RF magnetron sputtering,
atomic layer deposition, pulsed laser deposition, template deposition, laser direct writing, thermal evaporation, and sol-gel method ,
chemical vapor deposition process. The batteries prepared by these processes can be small in size and have better performance and
cycle characteristics.

Finally, the latest advances in the all-solid-state thin-film lithium-ion battery are described, including a flexible all-solid-state
thin-film lithium-ion battery and a three-dimensional all-solid-state lithium-ion battery. The flexible battery can be applied to a

wearable medical device, and the three-dimensional structure can significantly improve the battery's power density.

A01-PO-03

Lithium Storage property of Al-base alloy prepared by Mechanical Alloying
Haijuan Wang*, Xiao Lan, Xunyong Jiang

Tianjin University of Technology

As an important part of the lithium-ion battery, the negative electrode material directly determines the energy density and cycle
life of the battery. Aluminum-based metal materials have a high lithium storage capacity, but their cycle performance is poor. In this
paper, pure Al, Cu and Fe powders were used as raw materials. AlICu and AlFe binary alloys were prepared by mechanical
alloying(MA) method. The evolution of alloy structure during the mechanical alloying process was studied. The electrochemical
lithium storage properties of different alloys were studied. XRD results show that the diffraction peak of elemental single phase
gradually decrease with longer milling time for AlCu and AlFe alloy. Alloys form after milling for 30 hours. Electrochemical tests
show that the discharge capacity of the alloy increased with the milling time. The cycle stability of alloy acquired by MA method is
better than pure Al.

A01-PO-04

Nanosheets-assembled LaMnO3@NiC0204 core-shell nanoflowers Architecture supported on Ni Foam as Advanced
Electrodes for Supercapacitors

Hongwei Tian*!, Xueqin Lang', Xiaoying Hu?

1.Jilin University, School of Materials Science and Engineering

2.Changchun University, College of Science

The effective composited materials with structural optimization have potential for improving the electrochemical performance
of supercapacitors in recent years. Herein, we put forward a rational design to fabricate LaMnO3@NiC0204 core-shell nanoflowers
architecture supported on Ni foam substrate by facile hydrothermal processing. Owing to the synergistic contribution between
LaMnOs; nanoparticles and the porous nanosheets of NiCo20a, the hierarchical electrodes with high oxygen vacancies achieved
remarkable electrochemical performances with a wide potential window (-0.8-0.6 V). This makes such hybrid structure possess a
high specific capacitance of 772 F/g at 0.5 A/g with capacitance retention of 73% after 10000 cycles at high current density of 20 A/g
and nearly 100% coulombic efficiency in 6 M KOH electrolyte. It is noteworthy that the energy density of the asymmetric
supercapacitor with activated carbon (AC) as the negative electrode is 36.6 Wh/kg at a power density of 800 W/kg, and the maximum
of 25600 W/kg can be obtained with a remaining energy density of 19.4 Wh/kg. The capacitance retention of the as-prepared
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LaMnO3@NiCo204//AC device is 144.8% after 10000 cycles, demonstrating its long cycle life, which is much superior than most of
previously reported aqueous supercapacitors. Therefore, the proposed strategy of LaMnO3@NiCo204 electrode on Ni foam paves the

way for high-performance supercapacitors.

A01-PO-05

Effects of H4 SiW12040 on the photoelectric conversion of TiO2 nanotubes
Shuyan Sun*!, Xinze Luo',F engyan Li?

1.Yili Normal University, School of Chemistry and Environmental Science

2.College of Chemistry, Northeast Normal University, Changchun

Nanotube composite films of SiWi2-TiO2 were fabricated by electro-deposition a layer of HaSiWi2040 (SiW12) on
TiOz nanotube films. The structure and morphology of as-prepared composite films were demonstrated by X-ray
diffraction, Scanning electron microscopy and Infrared radiation. And then assembled such compounded film into a PV cell and
determine their photoelectric conversion efficiency. The experimental results show that the photoelectric conversion efficiency of
TiO2 nanotube films modified with SiW12 was 3.66%, which makes 10 times more than that of the non-modified (0.36%). Meaning

that SiW12 has a great effect on TiO2 nanotube films, which makes its photoelectric conversion efficiency remarkably improved.

A01-PO-06

Failure Analysis of X80 Helical Seam Submerged-arc Welding Pipe Leak Out
Xiaodong Shao*, Dongna Zhang, Dongtao Qi

CNPC Tubular Goods Research Institute

One ®1219mm X80 helical submerged-arc welding (HSAW) pipe leaked out abnormally in the process of hydrostatic burst test
analysis. This paper gives a systematic investigation of the abnormal leaked HSAW pipe. Failure reason of the leaked HSAW pipe
was researched through visual inspection, X-ray non-destructive inspection, chemical composition analysis, mechanical properties
test, metallographic examination, fracture surface analysis and scanning electron microscope (SEM) with energy dispersive
spectrometer (EDS). The results show that the HSAW pipe leaked out in the welding seam. The failure course was the large
non-metallic inclusions, which from the outside and exists in the welding metal. Such inclusions undermining the continuity of the
weld metal matrix, and causing stress concentration. At the same time provides the weakest parts for the destruction of the material.
When the metal deformation, the cracks first formed in the inclusions, as the deformation increase, the further expansion of the

cracks. In the end, the cracks penetrated through the wall thickness, finally HSAW pipe leaked out failure.

A01-PO-07

In situ cross-linked polymerization of poly(ionic liquid)-based quasi solid electrolytes for lithium ion batteries

Teng Huang*, Man-Cheng Long, Xiu-Li Wang, Yu-Zhong Wang

College of Chemistry, National Engineering Laboratory for Eco-Friendly Polymeric Materials, Sichuan University, Chengdu 610064, China

Lithium ion batteries have been widely used in fields ranging from portable electronics to electric vehicles due to their high
energy density, high working voltage and long cycle life. However, the use of conventional liquid electrolyte with high volatility and
flammability triggers serious security concerns such as fire, explosion and electrolyte leakage. The solid electrolyte with high energy
density can mitigate lithium dendrite penetration due to its high mechanical strength which is currently expected to replace liquid
electrolytes as a new type of safe electrolyte. However, the rigid nature of ceramics usually leads to high interfacial resistance and
unstable electrolyte/electrode interface contact during charge-discharge cycles which limits its practical application in lithium
batteries. In this regard, designing the solid electrolytes that possess both favorable ionic conductivity and optimized interfacial
properties, yet a great challenge.

In this paper, we fabricated a transparent homogeneous elastic free-standing poly(ionic liquid)-based quasi solid polymer
electrolyte (PIL-QSE) by in-situ cross-linked polymerizing imidazole ionic liquid in poly(vinylidene fluoride-hexafluoropropylene)
(PVdAF-HFP) porous membranes prepared via phase inversion. The properties of the quasi-solid electrolyte membrane such as

thermal stability, crystallinity, mechanical properties, ionic conductivity, electrochemical stability, and lithium ion transference
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number under different preparation conditions were studied in detail. The interfacial characteristics between the electrolyte and the
electrode material were also investigated. The results show the electrolyte membrane with the casting solution concentration of 20%,
the plasticizer content of 80%, and the additive content of 15% exhibits optimal performance with an electrochemical window of 5.0
V and lithium ion transference of 0.52. The electrolyte membrane was assembled into LiFePO4|PIL-QSE|Li half-cell. It was found
that the cell deliver a discharge specific capacity of 130 mAhg-1 at 0.1C with 96.2% capacity contention after 100 cycles at
25 °C .The method of in situ polymerization provides an effective way to improve the interfacial properties between electrodes and

electrolytes with good mechanical properties, favorable thermal stability and improved electrochemical performance.

A01-PO-08

An Anode-Supported Planar Solid Oxide Fuel Cells Based on Double-Sided Cathodes

Wu Liu*!2, Zhiwen Zou?, Fuxing Miao®, Xin Li%>, Wanbing Guan?, Jianxin Wang?, Jun Yang?, Xiaodong Zhou>*, Zheng Zhong’
1.School of Materials Science and Engineering, Shanghai University

2. Ningbo Institute of Material Technology and Engineering, Chinese Academy of Sciences

3.Department of Mechanical Engineering and Mechanics, Ningbo University

4.Department of Chemical Engineering, University of Louisana at Lafayette, Lafayette, LA 70503

5.School of Science, Harbin Institute of Technology, Shenzhen 518055, China

A planar solid oxide fuel cell (SOFC) is a multi-layered thin sheet with a composite structure. The coefficients of thermal
expansion mismatches among the layers and materials in a traditional electrode-supported cell may result in thermal stress during
operation and micro-cracks of ultra-thin electrolyte and operational damage. This work proposed a new symmetric planar SOFC
design based on double-sided cathodes offset asymmetry of thermal stress from the structure. This structure has been applied to
prepare an anode-supported SOFC that maintains integrity after two complete redox cycles. Its anti-fracture load is 20 times stronger

than that of traditional ultra-thin cells. These properties are promising for applications under harsh operational environments.

A01-PO-09
Porous Ni-Fe alloys as anode support for intermediate temperature solid oxide fuel cells: cell performance and stability
Xin Wang*, Bo Chi, Jian Pu, Jian Li

Huazhong University of Science and Technoloty

Porous nickel-iron alloy supported solid oxide fuel cells (SOFCs) are fabricated through cost-effective ceramic process
including tape casting, screen printing and co-sintering. The cell performance is characterized with humidified hydrogen as the fuel
and flowing air as the oxidant. The cell performance and stability under thermal and redox cycle are investigated from the point of
view of structural stability. Single cells supported by nickel and nickel-iron alloy (50 wt.% iron) present relatively high discharge
performance, and the maximum power density measured at 800°C is 1.52 and 1.30 W-cm respectively. Nickel supported SOFC
shows better thermal stability between 200-750°C due to its dimensional stable substrate under thermal cycles. Post test analysis
shows that a dense iron oxide layer formed at the surface of the nickel-iron alloy during the early stage of oxidation, which prevents
the further oxidation of the substrate as well as the functional anode layer, and thus, making nickel-iron supported SOFC exhibits

better redox stability at 750°C.
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Rechargeable Zn-air batteries have attracted much attention due to the high theoretical energy density, low cost and
environmental benignity. To improve the cycling life and efficiency of the battery, highly efficient and durable bifunctional catalysts
for air cathodes are urgently needed. Supporting transition metal oxides on carbon nanotubes (CNTs) is an effective way to improve
the activity of catalysts due to the high surface area and superior electrical conductivity of CNTs.

In this study, a novel flower-shaped nickel-cobalt-oxides/polyaniline/multiwalled carbon nanotubes (NiCoO/PANI/MWCNTs)
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nanohybrids were prepared via a simple in situ method. Briefly, the solution containing Ni?" and Co?" was mixed with CNTs and
aniline followed by subsequent borohydride reduction. The flower-shaped NiCoO and leucoemeraldine oxidation state of PANI
supported on the surfaces of MWCNTs were obtained during the preparation.

The as-prepared NiCoO/PANI/MWCNTs exhibited enhanced activity for both oxygen evolution and reduction reaction in
alkaline KOH electrolyte. When adopted as cathode catalyst for rechargeable Zn-air batteries, high power densities and excellent
cycling stability over 80 h were obtained. High performance of the as-prepared catalyst could be attributed to the synergistic effect
among transition metal oxides, PANI and MWCNTs.

This work outlined here contributes to the advancement of designing novel and inexpensive hybrid electrocatalysts for

rechargeable metal-air batteries.
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Rechargeable Zn-air batteries have attracted much attention due to the high theoretical energy density, low cost and
environmental benignity. To improve the cycling life and efficiency of the battery, highly efficient and durable bifunctional catalysts
for air cathodes are urgently needed. Supporting transition metal oxides on carbon nanotubes (CNTs) is an effective way to improve
the activity of catalysts due to the high surface area and superior electrical conductivity of CNTs.

In this study, a novel flower-shaped nickel-cobalt-oxides/polyaniline/multiwalled carbon nanotubes (NiCoO/PANI/MWCNTs)
nanohybrids were prepared via a simple in situ method. Briefly, the solution containing Ni2+ and Co2+ was mixed with CNTs and
aniline followed by subsequent borohydride reduction. The flower-shaped NiCoO and leucoemeraldine oxidation state of PANI
supported on the surfaces of MWCNTs were obtained during the preparation.

The as-prepared NiCoO/PANI/MWCNTs exhibited enhanced activity for both oxygen evolution and reduction reaction in
alkaline KOH electrolyte. When adopted as cathode catalyst for rechargeable Zn-air batteries, high power densities and excellent
cycling stability over 80 h were obtained. High performance of the as-prepared catalyst could be attributed to the synergistic effect
among transition metal oxides, PANI and MWCNTs.

This work outlined here contributes to the advancement of designing novel and inexpensive hybrid electrocatalysts for

rechargeable metal-air batteries.
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