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Investigate Li-ion transference Electrochemical impedance spectroscopy results suggest high lithium-ion 
transference for perfluoropolyether tetra-acrylate (PFPETA) based GPE, but 
further study is needed to verify whether it’s due to GPE or battery setup.  

85 

Investigate oxidative stability of 
chosen gel-polymer electrolyte 
(GPE) 

Data from linear scan voltammetry suggests that PFPETA has high oxidative 
stability. 
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Investigate discharge capacity 
of Li-ion battery containing 
chosen GPE.  

We found that lithium-ion battery containing PFPETA based GPE only 
discharges at low current rates, and it has low cathode utilization. However, 
the GPE preserves its discharge capacity after many cycles, which suggests its 
potential.    
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Investigate limiting current of 
Li-ion battery containing chosen 
GPE 

PFPETA based GPEs become unstable when current density is above 0.1 
mA/cm, suggesting material starts to dissociate.  
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The experience was awesome. I work with Schaefer’s lab group during the regular school year, and the summer research experience allowed me to 
participate in research full-time. The lab personnel are very helpful and friendly. To improve the experience even more, I think we should provide more 
social activities for the students during the summer.  
 

 



FINAL WRITTEN REPORT 
 
The primary focus of this summer research is studying the properties of perfluoropolyether tetra-acrylate (PFPETA) 

based gel polymer electrolyte. The electrolyte solvent is mixed ethylene carbonate/ethyl methyl carbonate/dimethyl 
carbonate with a volume ratio of 3/3/4. The macromonomer is PFPETA, and the ionic monomer is lithium acrylate-propyl 
(trifluoromethane sulfonic) imide (LiAPTFSi). Compositions are labeled as macromonomer-ionic monomer-mass ratio-weight 
percent-solvent. For instance, the 10 wt.% GPE with a mass ratio of 2:1 macromonomer: ionic monomer is produced with 6.67 
wt.% PFPETA, 3.33 wt.% LiAPTFSI, and 90 wt.% EC/EMC/DMC, ignoring the mass of the initiator. With research data from the 
previous school year, extensive testing was only done on 2 compositions of GPE: PFPETA-APTFSi-11-10 and PFPETA-APTFSi-21-
10. Data collected for those two compositions include Li-ion transference, oxidative stability, battery discharge capacity, and 
limiting current result. 

 
We determined our GPEs lithium-ion transference number using method proposed by Bruce, Vincent, and Evans. 

Figure 1 shows the polarization profile of PFPETA-APTFSi-11-10 and PFPETA-APTFSi-21-10 electrolyte, and Table 1 summarizes 
the Li+ transference number and the parameter obtained from fitting the data to the equivalent electric circuit. 

 

Figure 1. a) Polarization curve and b) EIS measurements for Li/PFPETA-APTFSI-11-10-EC-EMC-DMC/Li,  

d) Polarization curve and d) EIS measurements for Li/PFPETA-APTFSI-21-10-EC-EMC-DMC/Li. 

 

 

Table 1. Currents and resistances of the two GPEs 

Sample 𝑖𝑖0(uA) 𝑖𝑖𝑠𝑠𝑠𝑠(uA) 𝑅𝑅0(Ω) 𝑅𝑅𝑠𝑠𝑠𝑠(Ω) 𝑡𝑡𝐿𝐿𝐿𝐿+  
PFPETA-APTFSI-11-10-EC-EMC-DMC 0.755 0.356 2045 6926 0.532 
PFPETA-APTFSI-21-10-EC-EMC-DMC 0.529 0.400 970 914 0.744 
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The Li+ transference numbers for both GPEs are high, indicating that the ionic monomer is crosslinked with macro monomer 
after polymerization and Li-ion is the primary conducting ion. However, the interfacial resistance is significantly higher than the 
bulk resistance, which may cause the modeled result to be inaccurate. 
 

The oxidative stability of the GPEs is measured in size 2032-coin cells with an Li/GPE/Al cell configuration. The coin cell 
was assembled with an Al foil with an electro-spun PVDF mat placed in the bottom coin cell casing. 30 µL of GPE monomer 
solution was added to the PVDF mat. Then, a Li foil disk was placed on the top of the PVDF mat as the working electrode. The 
Al/GPE/Li battery was then subjected to linear scan voltammetry (LSV) from 3 V to 6 V vs Li+/Li at a scan rate of 1 mV/s. GPEs 
were also tested with high-potential chronoamperometry. The cell configuration is the same as used for the LSV measurement. 
The cell was scanned from the potential as assembled to 5 V vs Li+/Li at 0.1 V increments. The cell was maintained at each 
potential for 2 h. The data collected is plotted in Figure 2 below.  
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Figure 1. a) LSV measurements and b) High potential chronoamperometry of PFPETA-APTFSi-11-10 and PFPETA-APTFSi-21-10 

Figure 2. a) includes previously collected data to provide a better comparison between different polymer based GPEs. Although 
it indicates an oxidative instability around 4.2V, the electrolytes appear to be stable with continued voltage increase up to 5.5 
V. Figure 1. b) shows a similar result. The current densities of the two electrolytes appeared to be stable and remained low 
until the voltage increased above 4.5V. 

The GPEs’ discharge capacity is measured with graphite/NMC-811full cell configuration. Due to the failure of extracting 
useful information when cycling the cells at higher rates, an alternative method was designed to investigate the cells' 
performance. The cells are cycled at C/20, C/10, and C/5 for 10 cycles each. To further understand the electrochemistry and Li-
ion transport limitation within the cell during the cycling process, the limiting current density of two samples is assessed in Li/Li 
symmetric cells. Those results are plotted in Figure 3 below. 
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Figure 3. a) Rate performance and b) limiting current of PFPETA-APTFSi-11-10 and PFPETA-APTFSi-21-10 



The cathode utilization for both PFPETA-based GPEs is around 40% at C/20 and drops drastically as cycling rates increase. It is 
far from ideal and can be resulted from the lack of ion permeation of the GPEs. However, the GPEs show good capacity 
retention and further research should be undertaken to improve the Li+ transport phenomenon. To future investigate the 
lithium transport limitation, the limiting current density of two samples is assessed in Li/Li symmetric cells. Figure 2. B) 
suggests that the battery can be charged up to 0.05 mA/cm^2 before potential fluctuation happens. When current density 
increases above 0.05 mA/cm^2, the sudden drop of potential profile suggests significant chemical activity occurred within the 
cells.  

 

  

  


