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Bing-Joe Hwang (National Taiwan University of Sci-
ence and Technology) and his co-workers recently in-
vestigated rechargeable Al batteries composed of an 
Al negative electrode, a graphite positive electrode 
and an ionic-liquid (IL) electrolyte at temperatures 
down to -40 °C.1 The reversible battery discharge 
capacity at low temperatures could be superior to 
that at room temperature. X-ray diffraction (XRD) 
experiments operando at TPS 09A (Fig. 1) were per-
formed to probe the intercalation of chloroaluminate 
anions into the positive electrode, graphite, during 
electrochemical charging and discharging in situ of 
rechargeable aluminum batteries. These XRD data 
indicated that well defined staging and long-range or-
der exist in the anion–graphite intercalation structures.

The XRD data in situ indicated electrochemically driv-
en structural evolutions from stage n to stage n – 1 (n 
= integer; a staging number corresponding to every 
n graphene layers being intercalated with a layer 
of ions) of the anion–graphite intercalation com-
pound. The results revealed a surprisingly ordered 
anion-intercalation staging behavior in the graphite 
despite the large anion size and the remarkably sta-
ble graphite structure upon repeated intercalation 
and deintercalation with the large anions. Specifically, 
electrochemical and synchrotron XRD experiments in 
situ and operando combined with theoretical mod-
eling revealed stable AlCl4

−/graphite intercalation up 
to stage 3 at low temperatures, whereas intercalation 
was reversible up to stage 4 at room temperature. 
The higher-degree intercalation of anion or graphite 

at low temperatures affords a rechargeable Al battery 
with a greater discharge voltage (up to 2.5 V, a record 
for an Al battery) and energy density.

In summary, the reversible discharge capacity of the 
battery at low temperatures was superior to that at 
room temperature because of the increased staging 
stability and the reversibility of intercalation of chlo-
roaluminate anion in graphite at low temperatures. 
Electrochemical and synchrotron XRD experiments in 
situ and operando combined with theoretical mod-
eling revealed reversible stage 3 intercalation at low 
temperatures, whereas at room temperature inter-
calation was stable up to stage 4. A remarkable cycle 
life and high rate performance were achieved for an 
Al battery operating at temperatures down to -30 °C 
and -40 °C. (Reported by Yan-Gu Lin)

This report features the work of Bing-Joe Hwang and 
his co-workers published in Proc. Natl. Acad. Sci. USA 
115, 5670 (2018). 
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Rapid Reconstruction of Amorphous Nanofilms for 
Bifunctional Electrocatalysts 
A facile strategy based on rapid reconstruction of amorphous nanofilm precursors is pro-
posed for the exploration of catalysts free of precious metals.

T he development of efficient bifunctional electrodes with extraordinary mass activity and robust stability is 
an eternal, yet challenging, goal for the water-splitting process. Under conditions of operation of the oxy-

gen-evolution reaction (OER) or the hydrogen-evolution reaction (HER), some perovskite electrocatalysts were 
recently found to undergo a slow reconstruction over the surface, which transformed into an amorphous phase 
of thickness ≈ 20 nm, resulting in increased activity. For such transformation to be utilized for the development 
of new electrode materials for water splitting would be highly attractive, but several challenges must be over-
come. First, the rate of reconstruction should be significantly increased; for a conventional process reported for 
perovskite electrocatalysts, a period of several hours is required for the electrode to attain the greatest activity, 
following which an amorphous film of thickness from several to dozens of nanometers was formed on the sur-
face of the perovskite oxides. Second, charge transfer in the reconstructed electrocatalysts is a great concern, 
as most perovskite oxides are poor electric conductors near 23 oC, which might significantly retard the reaction 
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Fig. 1:  (a)–(b) SEM images of SCFP-NF after (a) OER and (b) HER at current densities 10 and -10 mA cm−2 for 2 min. The scale bars are 
200 nm and 1 μm, respectively. (c)–(d) XAS of (c) Co and (d) Fe before and after the first LSV of OER. (e)–(f) XAS of (e) Co and (f) 
Fe before and after the first LSV of HER. [Reproduced from Ref. 1]

kinetics at the electrode. Third, crystal perovskite oxides are typically prepared at high temperature with a well 
sintered bulk and surface, resulting in a small specific surface area; the mass specific activity of the perovskite 
oxides is consequently small, even after surface reconstruction.

Zongping Shao (Nanjing University of Technology) and his co-workers recently developed electrocatalysts 
without precious-metal oxides, namely, SrCo0.85Fe0.1P0.05O3−δ (SCFP), to split water with outstanding activity and 
stability based on electrochemically induced rapid reconstruction of amorphous nanofilm precursors.1 Soft 
X-ray absorption spectra (XAS) at TLS 11A1 were used to detect the initial surface electronic structures of the 
transition metals in the SCFP nanofilms. The electronic structures of Co and Fe in SCFP before and after the first 
linear-sweep voltammetry (LSV) treatments are shown in Fig 1. The initial average oxidation states for Co/Fe of 
the SCF catalyst free of P are near those in the SCFP catalyst. The oxidation states of Co altered with a different 
tendency with or without P after the OER; explicitly, the portion of Co2+ decreased in SCF but increased with the 
presence of P in SCFP (Fig. 1(c)). The retention of the P element in the SCFP nanofilms indicated that an efficient 
and stable amorphous Co-P catalyst might be generated in situ. After the HER, the Co-L2,3 XAS revealed that all 
Co ions converted into Co2+ in both SCF (blue line) and SCFP (red line) catalysts (Fig. 1(e)). The state of Fe3+ in 
SCF (blue dashed line) and SCFP (red dashed line) remained unaltered after the OER as the Fe-L2,3 XAS (Fig. 1(d)) 
show little change. The poorly resolved spectral feature for SCF and SCFP relative to that for Fe2O3 (green line) 
indicates the existence of a low local coordination, as shown in Fig. 1(d) for the YBaCo3FeO7 (magenta line) 
spectrum with a FeO4 tetrahedral coordination. The Fe-L2,3 XAS of SCF (blue line) and SCFP (red line) after HER 
in Fig. 1(f) became much sharper; the t2g and eg related signals became well resolved. This effect indicates an 
increased coordination number of Fe ions, in turn an enhanced crystal field interaction of 10 Dq, especially for 
SCFP. Because of the larger electronegativity of P, its presence can draw electrons from the metal ions; the Fe ions 
thus become more positive and attract the additional ligands from solution, to benefit the HER activity.



Energy Science

A
CTIV

ITY
 REPO

RT  2018

064

In summary, a facile strategy based on rapid reconstruction of amorphous nanofilm precursors is proposed for 
the exploration of catalysts free of precious metal and with satisfactory electronic conductivity, ultrahigh activity 
and robust stability. The rapidly reconstructed SCFP bifunctional catalysts show ultrahigh mass activity and pro-
tracted operational stability, significantly over-performing precious-metal catalysts at the state of the art. (Re-
ported by Yan-Gu Lin)

This report features the work of Zongping Shao and his co-workers published in Adv. Mater. 30, 1804333 (2018).
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•	 MCD, PES, XPS, XAS
•	 Condensed-matter Physics, Materials Science

Reference
1.	G. Chen, Z. Hu, Y. Zhu, B. Gu, Y. Zhong, H.-J. Lin, C.-T. Chen, W. Zhou, and Z. Shao, Adv. Mater. 30, 1804333 

(2018).

Neutrons See the Mechanism of an Energy Materi-
al Without Destroying the Component
The advantages of neutrons as a probe are utilized, i.e. with sensitivity to Li and the ability to 
penetrate through the battery as a whole. Neutron diffraction has served in an investigation 
of the structural changes of the anode and cathode materials, with the focus on the former, 
that take place during charging and discharging.

T wo mainstream advanced-energy storage sys-
tems are well known and are under development 

for end-user applications. Lithium-ion secondary 
batteries (LIB) have already become practical as small 
power supplies for devices such as mobile telephones 
and notebook computers, but for large power sup-
plies, such as grid energy storage, the weight of the 
material that increases cost, environmental impact 
and cost performance, becomes the top priority 
instead of energy density. One candidate for the 
next generation of secondary batteries that has been 
proposed to meet this demand for large-scale energy 
storage is the sodium-ion secondary battery (SIB), 
that uses sodium instead of lithium as the charge 
carrier.1 

For this application, there is no doubt that safety 
during discharging and efficiency upon charging are 
the most urgent issues for the lithium-ion batteries, 
especially at low temperature. Investigations of the 
phenomena on an atomic scale are essential for a 
full understanding of the processes during battery 
operation. Also, batteries are operated within a broad 
temperature range, both below and above room 
temperature, and temperature change affects the 
performance and safety limits. Li-plating, i.e. forma-

tion of lithium metal on the graphite anode, severely 
degrades the performance of the battery, including 
loss of capacity, increased impedance, slowed activity 
and accelerated aging. Neutron diffraction has been 
used to investigate the structural changes of the 
anode and cathode materials, with the focus on the 
former, that occur during charging and discharging.2 
Chun-Ming Wu (NSRRC) utilized the advantages of 
neutrons as a probe, i.e. the sensitivity to Li and an 
ability to penetrate through the battery as a whole, to 
undertake an nvestigation in operando on an LIB of 
18650 type at and below ambient temperature with 
the first Taiwan cold-triple axis spectrometer ─ SIKA 
at OPAL, ANSTO.3 

Figure 1 shows the temporal evolution of neutron 
diffraction patterns over scattering angle 2θ in the 
range 35° to 42° in monitoring the LiCx from the LiC6 
phase transition to the graphite phase for the dis-
charging or the opposite transition for the charging 
state at varied temperature. The five stages in Fig. 1 
show the substantial loss of capacity at low tempera-
ture, especially at -20 oC at which the capacity was 
found to decrease to 229.5 mAh, which is one sev-
enth that at ambient temperature (stage 1). Stage 4 
at ambient temperature was tested to verify whether 




