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Abstract

In this study, waste carbon fiber obtained by pyrolysis of carbon fiber reinforced plastic (CFRP) was used to produce carbon
fluoride through vapor phase fluorination and recycled as a reducing electrode material for lithium primary batteries. First,
the physicochemical properties of the waste carbon fiber obtained by pyrolysis were determined, and the structural and chem-
ical properties of carbon fluoride were analyzed to evaluate the effect of vapor phase fluorination on the waste carbon fiber.
XRD analysis confirmed that the hexagonal network carbon laminated structure (002 peak) of the waste carbon fiber was
gradually converted into a carbon fluoride structure (CFx, 001 peak) as the temperature of gas phase fluorination increased.
The discharge capacity of the lithium primary battery produced using this carbon fluoride was up to 862 mAh/g. This was
compared to the discharge capacity of carbon fluoride-based Li-ion batteries made of other carbon materials. These results
suggest that carbon fluoride made from waste CFRP-based carbon fibers can be used as a reducing electrode material for
Li-ion batteries.
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Table 1. The Chemical Species of W-CF

Elemental contents (%)
C (6} H N S
W-CF 95.57 0.68 0.15 3.59 -
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Figure 1. XRD (a) and Raman data (b) of the prepared W-CF and F-CF.
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Figure 2. SEM data of (a) W-CF, (b) F200-CF, (c) F300-CF, (d) F400-CF, (¢) F500-CF.
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Figure 3. XPS survey spectra of prepared W-CF and F-CF.
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Table 2. Fis Species of As-prepared F-CF
Samples
Samples
F200-CF F300-CF F400-CF F500-CF
C-F semi-ionic bond 76.97 74.67 62.61 59.21
C-F 21.97 22.42 29.65 31.86
CF, 1.07 291 7.74 8.93
F/C 0.34 0.65 1.16 1.16
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Figure 4. XPS Fjs peaks of (a) F200-CF, (b) F300-CF, (c¢) F400-CF, (d) F500-CF.
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Figure 6. The specific capacity of prepared F-CF based lithium primary
batteries.

Table 3. The Specific Capacity of As-prepared Lithium Primary Batteries

Samples Capacity (mAh/g)
F200-CF 175
F300-CF 397
F400-CF 778
F500-CF 862

Table 4. Comparison of W-CF from This Work and Previous Studies

Specific Fluorination

capacity6 Carbon temperature Ref.

(mAh/g) source C)
862 Waste carbon fibre 500 This work
837 Graphite 450 [16]
799 CNTs 400 [17]
770 Graphene 460 [18]
924 Ketjen black 520 [19]
759 Mesoporous carbon 230 [20]
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