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Eco-friendly Preparation and Performance of Polyimide
Foam Composite Current Collector

JIANG Shang-ning, SHEN Ao, FEI Chen-tao, MIN Yong-gang”
(School of Materials and Energy, Guangdong University of Technology, Guangzhou 510006)

Abstract: A PIF@Cu composite current collector was prepared using polyimide foam (PIF) as a
lightweight porous substrate through a glyoxylic acid-based formaldehyde-free electroless copper plating
process combined with a palladium-free silver activation strategy. The effects of bath pH, temperature,
glyoxylic acid concentration, and plating time on the deposition rate and electrical conductivity were
systematically investigated. The optimal performance was obtained at pH 12.5, 60 °C, a glyoxylic acid
concentration of 0.1762 mol-L-!, and a plating time of 60 min, giving a deposition rate of 15.71 um-h-!
and a sheet resistance of 2.805 mQ-sq!. The obtained PIF@Cu showed good adhesion, thermal stability,
and conductive stability under deformation. After 500 bending cycles, the increase in sheet resistance was
25.0%, lower than that of Cu foil. When used as the anode current collector in a CR2032 lithium-metal
half-cell, the capacity retention after 200 cycles was 94.22%, higher than 92.40% for the Cu foil-based
cell, and the specific capacity at 2C reached 150.0 mAh-g!, higher than 128.0 mAh-g! for the Cu foil-
based cell. In addition, PIF@Cu exhibited a lower areal density and a higher gravimetric energy density
than commercial Cu foil. These results indicate that PIF@Cu has advantages over commercial Cu foil in
lightweight design, conductive stability, and electrochemical performance.

Keywords: Polyimide foam; Composite current collector; Palladium-free; Glyoxylic acid; Electroless
copper plating
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Table 1 PIF-related parameters

TH DA ZH
FWH ¥ (g-om ™) GB/T 6343—2009 0.185
TFALE (%) GB/T 10799—2008 >95

TRAE 2 (%) GB/T 20312—2006 <3
FAf R E (kPa) GB/T 6344—2008 >45
JE4E 58S (kPa) GB/T 6344—2008 4.83
RELRA T GB 8410—2006 A-0

PR 5 (%) IR >37
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Table 2 Sheet resistance of PIF electroless copper plating at

different copper plating times

YRR 3] (min) JiB (mQ-sq ")
10 4334
30 116.8
45 33.38
60 2.805
75 3.824
10 min 30 min 45 min 60 min
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Figure 2 Photographs of samples plated for different times
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Figure 3  The effect of (a) pH value, (b) reaction temperature and (c) glyoxylic acid concentration on the deposition rate and

sheet resistance of PIF@Cu
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Figure 4 FTIR spectra of modified PIF and unmodified PIF
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Figure 5 (a) Surface morphology of alkalized PIF; SEM images after activation for different durations: (b) 5 min, (c) 10 min,
and (d) 15 min; (e) Enlarged SEM image of the sample after 15 min of activation; elemental mapping images after activation:

(f) surface morphology, (g) C element, (h) N element, and (i) Ag element

(a) (b) (©)

500 pm 500 um 500 um

(d) (® ()

500 pm 30 um 10 um
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Figure 6 (a) Surface morphology of pristine PIF; (b) Surface morphology of alkalized PIF; (c) Surface morphology of Cu-plated
PIF; (d) Cross-sectional image of Cu- plated PIF; (e) Enlarged image of Cu-plated PIF; (f) Continuous coverage of Cu particles
on Cu-plated PIF; EDS elemental mapping of the cross section: (g) C element, (h) N element, and (i) Cu element
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Figure 7 XRD patterns of PIF, PIF@Cu and Cu foil
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Figure 10  Cycling performance of lithium-ion batteries based on (a) Cu foil and (b) PIF@Cu; (c) Rate performance, (d) EIS curves,
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Table 3 Comparison of reported polyimide-based composite current collectors with this work
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