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mer electrolyte integration design
based on continuous composition and preparation
technique for high performance lithium ion
batteries†

Feng Yu, ‡*ab Lingzhu Zhao,‡a Hongbing Zhang,a Zhipeng Sun,a Yuli Li,c Qing Hud

and Yong Chen *a

Gel polymer electrolytes (GPEs) combine the high ionic conductivity of liquid electrolytes and good safety

assurance of solid electrolytes. However, the poor interfacial contact between electrode materials and

electrolyte is still a big obstacle to the high performance of solid-state batteries. Herein, an integrated

cathode/GPE based on continuous composition and preparation technic is obtained by simple UV

curing. The improved interfacial contact between cathode and GPE helps to facilitate the fast ions

transfer at the interface. Compared with cells assembled with separated cathode and GPE, the cells with

integrated cathode-GPE showed much lower interfacial impedance, lower potential polarization and

more stable cycling property. This work provided a low-cost natural material gelatin and a simple UV

irradiation method to prepare an integrated cathode and gel polymer electrolyte for solid-state lithium

batteries. The capacity retention of the cells assembled from integrated structure was 91.4% which was

much higher than that of the non-integrated cells (80.9%) after 200 cycles.
1 Introduction

With increasing demands for electronic devices (i.e. portable
computers, mobile phones or cameras), electric vehicles and
smart power grids, rechargeable lithium ion batteries have been
widely applied due to their high energy density and long cycle
lives.1–4 However, the leakage or ignition of ammable liquid
electrolyte and the short-circuits caused by the growth of lithium
dendrites are still major safety issues for lithium ion batteries.1,2 In
recent decades, solid state electrolytes (SSEs) especially polymer
electrolytes, have been reported to solve the safety problems of
lithium ion batteries by suppression of the lithium dendrites owing
to their mechanical exibility.5–8 However, the lower ionic conduc-
tivity and the poor interface compatibility of the solid-state electro-
lytes are two main obstacles to their application in lithium
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batteries.9,10 In recent years, many researchers are aiming at
improving the ionic conductivity of solid electrolyte to be comparable
to liquid electrolyte.11–13For instance, YuanYang's grouphas reported
a PEO-SiO2 composite polymer electrolyte via in situ hydrolysis of
tetraethyl orthosilicate (TEOS) in PEO solution. The crystallinity of
PEO decreased rapidly through the strong interaction between PEO
and SiO2 particles, and the ionic conductivity reached up to 1.2 �
10�3 S cm�1 at 60 �C.11 Wei Liu et al. have designed a composite
polymer electrolytes with well-aligned ceramic nanowires to increase
the ionic conductivity.14 They displayed that polymer electrolyte with
well-aligned nanowires had a higher ionic conductivity than that of
polymer electrolyte with randomly aligned nanowires.

In additional, compared with liquid–solid interface, the solid–
solid interface impedance between cathode and electrolyte is not
negligible at all. The poor interface contact could result in the slow
ion transfer at the interface, larger polarization of battery and the
degradation of electrochemical performances.15,16 Furthermore, in
some cases, volumetric expansion effect of electrodes such as
silicon during repeated charge-recharge process could also lead to
the degradation of the interface contact within solid-state electro-
lytes and anode or cathode materials.2,17,18 Therefore, designing
a strategy to modify the interfacial issue is the efficient way to
improve the electrochemical properties of solid-state electrolytes in
lithium ion batteries. So far, the popular strategy to obtain a solid-
state batteries with relatively good interface contact is to use a gel
polymer membrane by in situ thermal or irradiation-induced cross-
linking method.19–23 The crosslinked gel polymer electrolyte (GPE)
© 2021 The Author(s). Published by the Royal Society of Chemistry
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usually possessed a high ionic conductivity and an intimate inter-
facial contact with cathodes and anodes due to the high uptake of
liquid electrolyte and the exibility of polymers. For example, Dong
Zhou has reported a cyanethyl polyvinyl alcohol (PVA–CN)–based
GPE in situ with less resistance and better electrochemical proper-
ties for lithium-ion batteries (LIBs).24 Meanwhile, an in situ cross-
linked GPE based on PVDF and PS–PEO–PS triblock copolymers
were prepared with a low interface impedance and a high ionic
conductivity of 1.38 � 10�3 S cm�1 at room temperature.25

However, due to the compositional incompatibility between cath-
odes and GPE, it's very hard for the solid-state electrolytes to diffuse
and permeate into the pores of cathode particles in contrast to
liquid electrolyte even in the in situmethod. That could be themain
reason for the poor interfacial contact, high interface resistance and
large polarization of solid-state lithium ion battery.24,26 At the same
time, the in situ polymerizationmethods including the complicated
monomers and initiators are usually uncertain. The most obvious
drawback of in situ system is that the separator or non-woven fabric
membrane is still indispensable in order to avoid short circuit of
anode and cathode materials.

It's well known that the continuous structure between solid elec-
trolyte and cathode can not only provide unintermittent transporting
channels for lithium ions, but also facilitate the charge transfer at the
interface to decrease the interface impedance.27,28 Therefore, in this
work, an integrated cathode/gel polymer electrolyte was designed by
using a crosslinked polymer network replacing both the cathode
binder PVDF, liquid electrolyte and separator. The integrated cathode/
gel polymer electrolyte structure can totally discard the commercial
separator. In this case, the integrated design is low-cost and envi-
ronment friendly compared with the in situ polymerization method.
The methacrylate-modied gelatin was mixed with a crosslinker
dimethacrylate polyethylene glycol (PEGDA) to form a crosslinked
polymer network through the UV solidication. The crosslinked
structure can not only adhere the LiFePO4 active particles to current
collectors with stable performances but also can be utilized as a GPE
with satisfactory ionic conductivity. The continuous composition and
crosslinkednetwork in integrated cathode-solid electrolyte accelerated
the fast transfer of lithium ion at the interface and largely reduce the
polarization, decrease the interface impedance.
2 Experimental
2.1 The synthesis of methacrylamide-modied gelatin

The methacrylamide-modied gelatin (GelMA) was synthesized
according to Van Den Bulcke.29 Typically, gelatin (5 g) was dis-
solved in PBS (100 ml, pH ¼ 7.0) at 60 �C. Methacrylic anhy-
dride, namely MA (4 ml) was added dropwise. The mixture was
stirred at 50 �C for 6 h reaction. Then, the solution was dialyzed
by deionized water for 3 days. Subsequently, the product was
lyophilized and stored at �20 �C for the experiments.
2.2 Preparation of UV curing GelMA/PEGDA electrolyte lms

GelMA (10 g) was dissolved into deionized water (100 ml) at
40 �C. The PEGDA was then added into the GelMA solution with
photoinitiator Ir2959 (0.5 wt% with respect to the total mass of
GelMA and PEGDA). The above mixed solution was used as
© 2021 The Author(s). Published by the Royal Society of Chemistry
electrolyte precursor and the mass ratio of GelMA/PEGDA was
1 : 1 here. The mixed solution was casted into Teon template
and photo-crosslinked by exposure upon UV-lamp for 120 s. The
crosslinked gel was further dried at 50 �C in an air oven to get
a dry lm. The GelMA/PEGDA dry lm was immerged in liquid
electrolyte in order to obtain the gel polymer electrolyte.
2.3 Preparation of the cathode slurry

GelMA/PEGDA (1 : 1) aqueous solution, containing 10wt%GelMA,was
used as cathode binder solution. The cathode slurry comprised 80wt%
lithium iron phosphate (LiFePO4), 10 wt% KB carbon and 10 wt%
binder, in which LiFePO4 and KB carbon were added into the GelMA/
PEGDA aqueous solution and blended to homogeneous mixture.
2.4 Battery assembly

Two types of lithium battery structures based on gel polymer elec-
trolyte (GPE), non-integrated LiFePO4//GPE//Li and integrated
LiFePO4-GPE//Li, were assembled to investigate the effect of different
battery assemblymethods on battery performances, especially on the
interfacial compatibility between cathode and gel polymer electrolyte.

(1) Non-integrated coin cell: LiFePO4//GPE//Li. Conventional
gel-state lithium batteries, LiFePO4/GPE/Li, were assembled by
combining a separate cathode electrode, a separate gel polymer
electrolyte lm and ametal lithium sheet. The separate LiFePO4

cathode lm was obtained by doctor blading the prepared
cathode slurry on the Al foil and exposed to UV light for 30 s.
The cathode electrode was punched into round sheets with
a diameter of 10 mm and then dried in vacuum at 110 �C for
12 h. Finally, the batteries were assembled with LiFePO4//GPE//
Li, layer by layer, which was operated in a glove box.

(2) Integrated coin cell: LiFePO4-GPE//Li. Cathode supported
gel-state lithium batteries, LiFePO4-GPE/Li, were fabricated by
directly incorporating the cathode supported gel polymer electro-
lyte and a metal lithium sheet. The as prepared cathode slurry was
cast on the Al foil by doctor blade and exposed to UV light for 30 s.
Subsequently, the polymer electrolyte precursor was directly coated
onto the cathode tape and exposed to UV light for 60 s. The inte-
grated lm was initially dried at 80 �C for 4 h and the residual
solvent was completely removed by heating the lm at 110 �C
under vacuum overnight. The dried and integrated lm was
immersed into liquid electrolyte for 24 h to form a cathode sup-
ported gel polymer electrolyte lm (LiFePO4-GPE). Aerward, the
batteries were assembled with LiFePO4-GPE/Li, which the metal
lithium sheet was directly pressed on the LiFePO4-GPE layer.
2.5 Characterization of materials

The functional groups and chemical structures of GelMA before
and aer modifying were investigated by 1H-NMR spectrum
(Bruker AV 400). 1H-NMR spectrum was obtained using deu-
teroxide oxide (D2O) as solvent. TGA curves of prepared GelMA/
PEGDA lm were obtained by thermogravimetric analysis (TGA,
Netzsch STA 449C) with a heating rate of 10 �C over the range of
35 –500 �C in nitrogen (N2) ow. Scanning Electron Microscope
(SEM, PHENOM, PROX) was used to observed the morphology
of the prepared GelMA/PEGDA lm and cathode. The liquid
RSC Adv., 2021, 11, 3854–3862 | 3855
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electrolyte absorbing rate (h) of GelMA/PEGDA lm was done in
a glove box and calculated by the eqn (1):

h ¼ Wt �W0

W0

� 100% (1)

where Wt and W0 are the weights of the lms before and aer
absorbing the liquid electrolyte, respectively.
2.6 Electrochemical measurements

The ionic conductivities of GelMA/PEGDA electrolyte lms were
measured by electrochemical impendence spectroscopy (EIS)
Fig. 1 (a) The scheme of methacrylamide-modified gelatin and crosslinki
state (d) the SEM image of the GelMA/PEGDA crosslinked film. (e) and (f

3856 | RSC Adv., 2021, 11, 3854–3862
using a Biologic VSP-300 electrochemical workstation. The GelMA/
PEGDA electrolyte lm was sealed between two symmetric stain-
less steels (diameter is 16 mm) for ionic conductivity test, with an
amplitude of 5 mV from 106 Hz to 0.01 Hz and temperature range
from 15 �C to 85 �C. The samples were treated at each temperature
for 1 h before testing. Then, the ionic conductivity was obtained
based on the eqn (2), where R (U) and l (cm) are the bulk resistance
and thickness of the electrolyte lm, respectively; S (cm2) is the
actual contact area of the electrolyte and stainless steel.

s ¼ l

RS
(2)
ngmechanism between GelMA and PEGDA. (b) The dry state (c) the gel
) the preparation scheme of the integrated cathode-GPE.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 1H-NMR spectra of gelatin and methacrylate-modified gelatin.

Fig. 3 The electrolyte uptake of GelMA/PEGDA gel polymer electro-
lyte after immersing 24 hours.
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The electrochemical stability window of GelMA/PEGDA elec-
trolyte lms was measured by cyclic voltammetry (CV) using
electrochemical workstation with Li/GPE/SS coin cell. The CV
was tested in the range of �0.5 V to 6 V (vs. Li+/Li) at a scan rate
of 1 mV s�1 at 25 �C.

Symmetric Li//GPE//Li cells were assembled to obtain lithium
ion transference number (tLi+) and assess interfacial compatibility
between metal lithium sheet and GelMA/PEGDA electrolyte lms.
The lithium ion transference number was tested by chro-
noamperometry, and tLi+ was calculated by the eqn (3), where I0
and ISS are the initial and steady state current, respectively. R0 and
RSS are the resistance of initial and steady state, respectively. The
impedance spectra was obtained before and aer polarization at
25 �C (frequency ranging from 106 Hz to 0.1 Hz with a amplitude of
5 mV). DV is the applied voltage (DV ¼ 10 mV).
© 2021 The Author(s). Published by the Royal Society of Chemistry
tLiþ ¼ IsðDV � I0R0Þ
I0ðDV � IssRssÞ (3)

The battery performances of LiFePO4//GPE//Li and LiFePO4-
GPE//Li cells were performed on a multichannel battery testing
system (LAND CT2001A) with cut-off voltages of 2.5 V
(discharge)–4.2 V (charge) at various current densities for gal-
vanostatic cycling measurements.
3 Results and discussion
3.1 Fabrication of the GelMA/PEGDA crosslinked gel lm

As showed in Fig. 1a, the gelatin was rst modied by methacrylic
anhydride via amidation and the reaction was characterized by 1H-
NMR in Fig. 2. The hydrogen atoms of methacrylamide (H1, H2
and H3) were carefully labeled in the 1H-NMR spectrum. It's
obvious to observe that the chemical shis at 5.3 and 5.5 ppm are
assigned to the H2 and H3 (the hydrogen atoms at the carbon–
carbon double bond), respectively. And the chemical shi at
1.78 ppm demonstrated the hydrogen atoms H1 of methyl. The
spectra clearly displayed that methacrylic groups were successfully
graed on the backbone of gelatin.

Then, the crosslinked structure of GelMA/PEGDA (GP) was
formed through the UV initiation. The crosslinked lm GP was
compared with gelatin (G) to demonstrated the thermal
stability. The Fig. S1† showed the TG curves of G and GP. It was
obviously observed that the degradation temperature of GP (345
�C) was higher than that of G (285 �C). The crosslinking process
improved the thermal resistance. The pictures of dry and gel
state of GelMA/PEGDA lm were displayed in Fig. 1b and c. The
dry lm was soaked into liquid electrolyte to evaluate the uptake
capacity at room temperature. Fig. 3 exhibited the electrolyte
uptake capacity of GelMA/PEGDA lms at different immersing
time. The results showed that the equilibrium swelling ratio
could reach up to about 356.5% aer immersing 24 hours. The
surface morphology of lm was also provided here in Fig. 1d.
The brous network structure on the surface of the lm was
clearly observed and porous network structure played a key role
in liquid electrolyte uptake.

The design scheme of integrated cathode-gel polymer elec-
trolyte was showed in Fig. 1e and f. In brief, the cathodematerial
mixed with GelMA/PEGDA precursor solution to get the cathode
slurry and then coated on the current collector under UV radiation.
Here, the GelMA/PEGDA precursor solution was utilized as the
binder to adhere the LiFePO4 cathode particles which was already
reported in our previous work.30 Subsequently, the GelMA/PEGDA
precursor solution was blading on cathode layer to obtain the
integrated cathode-GPE structure.

The surface and interface morphology images of cathode-
GPE integrated cells were provided in Fig. 4. The surface and
cross-section structure of cathode layer was provided here in
Fig. 4b and c. It's obvious to nd the rough surface and cross
section of LiFePO4 particles. Aer blading the GPE precursor
solution on the cathode layer (Fig. 4a), the integrated cathode-
GPE structure was formed via UV curing (Fig. 4d). The surface
morphology and the cross section of cathode-GPE layer was
RSC Adv., 2021, 11, 3854–3862 | 3857
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Fig. 4 The surface and cross-section morphology of cathode layer and the integrated cathode-GPE layer by SEM. Scheme of (a) cathod and (d)
integrated cathode/GPE. (b) and (c) show the surface and cross section morphology of cathode. (e) and (f) show the surface and cross section of
cathode/GPE.
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demonstrated in Fig. 4e and f. The surface became smooth
because LiFePO4 particles were coated with a GPE layer. There
was no gap was observed between cathode and GPE layer and
the interface structure was intimate and void-free. This compact
interface structure could be ascribed to two reasons. Firstly, the
Fig. 5 The EDX mapping of the cathode and the integrated cathode-GP

3858 | RSC Adv., 2021, 11, 3854–3862
GelMA/PEGDA precursor solution could gradually inltrate into
the pores of cathode during the solidication process.26

Secondly, the compositional compatibility between GPE layer
and cathode layer was another important factor to improve the
interface contact. The thickness of cathode layer was about 15–
E.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 (A) Impedance plots of GelMA/PEGDA GPEmembrane at different temperature. (B) Arrhenius plot of GPEmembrane. (C) The CV curve of
GPE membrane. (D) The current–time curves of DC polarization and Nyquist plot before and after polarization for GelMA/PEGDA crosslinked
GPE.
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20 mm and the thickness of GPE layer was about 30–40 mm. The
thin lm of GPE was benecial for the penetrating of liquid
electrolytes and the transporting of lithium ions.

In order to analyze the difference of each layer clearly, the
EDXmapping of cathode (LiFePO4) and integrated cathode-GPE
were provided in Fig. 5. From the result showed below, it could
be found that the element Fe and P in cathode was clear. But it
was totally covered up aer coating by GelMA/PEGDA lm. By
contrast, the element N in GelMA obviously appeared in inte-
grated cathode-GPE. Therefore, it further veried the difference
of each layer and guaranteed the success of integration design.
Fig. 7 Nyquist plots of (A) non-integrated LiFePO4/GPE/Li and (B) integ

© 2021 The Author(s). Published by the Royal Society of Chemistry
The electrochemical performances of gel polymer electrolyte
(GPE) was carefully characterized in Fig. S2† and 6. Firstly, the
interfacial compatibility between GPE and lithium metal sheet
was characterized in Fig. S2.† Due the formation of passivation
layer at the interface, the impedance of Li//GPE//Li cell was
gradually increased from about 580 U to 900 U. The interface
resistance of GPE was satisfactory to meet the requirements of
cell coins. Then, temperature dependence of ionic conductivity
for GPE sample was tested and shown in Fig. 6A and B. It can be
seen that along with the increase of the temperature, ionic
conductivity of GPE lm increased gradually. This could be
rated LiFePO4-GPE/Li coin cells at 0.2C.

RSC Adv., 2021, 11, 3854–3862 | 3859
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Fig. 8 (A) CV curves at a scan rate of 0.1 mV s�1 between 2.3 and 4.5 V (vs. Li/Li+) (B) The charging and discharging voltage platforms at different
cycles of (B) non-integrated LiFePO4//GPE//Li and (C) integrated LiFePO4-GPE//Li coin cells at 0.2C.
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ascribe to the faster motion of polymer chains at higher
temperature to promote faster migration of lithium ions. Based
on the eqn (2) above, the ionic conductivity of GPE lm at 25 �C
could reach up to 2.32 � 10�3 S cm�1. When the temperature
increased to 85 �C, the ionic conductivity could increase to 5.63
� 10�3 S cm�1 showed in Table S1,† which was relatively higher
than other reported GPE lms.31–33 The high ionic conductivity
of GPE was attributed to the high uptake of liquid electrolyte
and the ether linkages in the PEG chains which coordinated
with lithium ions to facilitate the ions transport.34 In Fig. 6C, the
electrochemical stability window of GelMA/PEGDA GPE lm
was exhibited by the linear sweep voltammetry. The cell
assembled with GelMA/PEGDA GPE lm was shown to have
stable currents at a high voltage of 5.2 V. It meant that there was no
appreciable decomposition of any components of GPE over a wider
voltage range. The GelMA/PEGDA GPE lms possessed better elec-
trochemical stability even compared with the liquid electrolyte (no
more than 4.5 V).35 Therefore, this kind of GelMA/PEGDA GPE lms
provided a promising alternative for high voltage LIBs. It's well
known that a high lithium ion transference number could improve
the rate and cycle stability, since the concentration gradient at the
GPE surface and potential polarization could be avoid at a high Li+

transference number. In Fig. 6D, the Li+ transference number was
calculated based on the eqn (3) above. We found that the GelMA/
PEGDA GPE has a higher Li+ transference number of 0.48 than
liquid electrolyte at room temperature. The high Li+ transference
number was probably ascribed to the high liquid electrolyte uptake
of GPE and the hydrogen-bond interaction between functional
3860 | RSC Adv., 2021, 11, 3854–3862
groups (e.g. –NH2 and –COOH) of GPE and anion part of lithium
salts (TFSI�). The anion part of lithium salt was trapped in the
network of GPE, which limited the transport the anion.36,37

The electrochemical properties of the GelMA/PEGDA gel lm
was carefully evaluated, and the results guaranteed the suit-
ability of GelMA/PEGDA lms as a gel polymer electrolyte. Then,
the integrated and non-integrated cathode-GPE structure was
designed to further investigate the interface compatibility and
the cycle performances. In Fig. 7A and B, the impedance of non-
integrated LiFePO4//GPE//Li cells and integrated LiFePO4-GPE//Li
at rst and 50th cycle respectively were tested to display the inter-
face stability between GPE and LiFePO4 cathode. The single
semicircle in high frequency region represented charge transfer
resistance (Rct). As shown in Fig. 7A, the Rct of the non-integrated
cell was about 1000U at the rst cycle and slightly decreased to 900
U at 50th cycle. However, the integrated cells in Fig. 7B displayed
a much lower Rct of about 700 U compared with non-integrated
cells, and the Rct decreased to about 600 U aer 50th cycle. In
addition, the intercept of x-axis in high frequency represents the
bulk resistance of electrolyte (Rbulk). It is shown that the bulk
resistance of the two cells were about 8.2U that was negligible. The
low interfacial impedance of integrated LiFePO4-GPE//Li cells
could enable higher performance during cycling.

Furthermore, the electrochemical properties of the two
kinds of cells (LiFePO4//GPE//Li and LiFePO4-GPE//Li) were
compared to demonstrate the effect of integrated solidication
method. Fig. 8A exhibited the CV curves of the two different
assembled cells between 2.3 and 4.5 V (vs. Li/Li+) at a scan rate
© 2021 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra10743c


Fig. 9 Cycling performance of the non-integrated cathode/GPE/Li
and integrated cathode-GPE/Li coin cells at 0.2C.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Ja

nu
ar

y 
20

21
. D

ow
nl

oa
de

d 
on

 3
/8

/2
02

6 
12

:2
1:

43
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
of 0.1 mV s�1 at room temperature. From the curves, it was
found that LiFePO4//GPE//Li and LiFePO4-GPE//Li cells both
exhibited obvious redox peaks. But the integrated LiFePO4-
GPE//Li cells showed sharper anodic and cathodic peaks than
that of non-integrated cells LiFePO4//GPE//Li. Meanwhile, the
interval between oxidation peak and reduction peak in inte-
grated cells were smaller than non-integrated cells. At the same
time, curves of the charge and discharge voltage platforms at
0.2C at different cycles were shown in Fig. 8B. It could be found
that the potential gap of non-integrated LiFePO4//GPE//Li cell
was 0.30 V at rst cycle. Aer 100 cycles, the potential gap
increased to 0.54 V. In contrast, the potential gap of integrated
LiFePO4-GPE//Li cell was 0.24 V at rst cycle and there was no
signicant voltage interval increase aer 100 cycles showed in
Fig. 8C. It demonstrated that the cells prepared by integrated
method exhibited stable potential plateaus, which strongly
decrease the polarization effect during the repeated charging
and discharging processes. Therefore, the integrated construc-
tion of GPE-cathode could not only efficiently improve the
interfacial contact, but also improved the cycle stability and
reversibility solid-state batteries.
Fig. 10 The cycle performance of integrated LiFePO4-GPE/Li coin
cells at different rate.

© 2021 The Author(s). Published by the Royal Society of Chemistry
Fig. 9 showed the cycling performances of two different
assembled batteries. The discharge capacity of integrated
LiFePO4-GPE//Li cell was 136.7 mA h g�1 and had a high
capacity retention of 91.4% aer 200 cycles at 0.2C. In contrast,
the discharge capacity of LiFePO4//GPE//Li maintained only at
122.1 mA h g�1 aer 200 cycles and the capacity retention was
only 80.9%, which were both lower than that of the integrated
cells. Moreover, the coulombic efficiency of integrated LiFePO4-
GPE//Li cell maintained above 95.2%, which was much higher
than that of non-integrated cells (only 81.2%). It could be found
that the coulombic efficiency of LiFePO4//GPE//Li cell gradually
decreased starting from the 100th cycle, which was consistent
with the results of potential polarization in the Fig. 8B. There-
fore, the good interfacial contact and low potential polarization
of LiFePO4-GPE//Li cell endowed the good cycling stability.
Meanwhile, the rate property of the non-integrated and inte-
grated cells was also compared in Fig. S3.† It demonstrated that
there was no signicant difference at the discharge capacity
within the two kinds of cells at 0.2C. But at the high rate of 0.5C
and 1C, the integrated cells maintained higher discharge
capacity than the non-integrated cells. Furthermore, the long
cycle performance of integrated cells at high rate were also
evaluated in Fig. 10. It could be seen that the discharge capacity of
cell at 0.5C was 119.5 mA h g�1 aer 200 cycles. And the capacity
retention was 89.4%. It maintained a high capacity of
102.7mA h g�1 with a good retention of 80.1% at 1C even aer 300
cycles. It could be concluded that the integrated cathode-GPE
structure based on crosslinked GelMA/PEGDA gel possessed
superior long cycling and rate performances compared with other
reported gel polymer electrolytes.31,33,38–40 It meant that the
continuous composition and fabrication method design was
a prospective strategy to get integrated cathode-GPE lithium ion
batteries with lower interface impedance, faster charge transfer,
lower polarization and more stable cycling property.

4 Conclusion

As a conclusion, a crosslinked polymer network GelMA/PEGDA
was utilized both as the cathode binder and polymer electrolyte
by simply UV solidication method. Because of the continuous
composition and crosslinked network in the integrated
cathode-GPE, the interfacial contact was dramatically improved
and the charge transfer at the interface was faster than the non-
integrated structure. And the assemble coin cells based on
integrated LiFePO4 cathode-GPE displayed lower interfacial
impedance, smaller polarization and excellent cycling stability.
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