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ABSTRACT: In this study, a novel chemical recycling for carbon fiber reinforced plastics (CFRP) was developed using
meta-chloroperoxybenzoic acid (mCPBA). Epoxy resin in CFRP was completely depolymerized by treating it with a
1.5 M mCPBA solution at 40°C for 6 hours. The recovered carbon fiber (r-CF) retained 93.6% of the tensile strength
(4.4 GPa) and 95% of the electrical conductivity (590 S/cm) compared to virgin carbon fiber (v-CF). Notably, the
interfacial shear strength (IFSS) of r-CF with epoxy and polyamide 6 (PA6) resins reached 88 MPa (26%
improvement) and 80 MPa (17% improvement), respectively, indicating excellent interfacial bonding performance. In
particular, this method was performed at a relatively low temperature compared to existing technologies, and showed
high energy efficiency with an energy consumption of approximately 35 MJ/kg. These results suggest the potential
applicability of this approach as an eco-friendly solution for the recovery of high-quality carbon fibers and the
regeneration of composite materials.
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Fig. 1. (a) EP resin depolymerization degree, and (b) TGA results
of r-CF after a 6 hour chemical recycling reaction at vary-
ing mCPBA concentrations (0.5 M, 1.0 M, 1.5 M, 2.0 M)

(a) (b)

£ 400 - = ¥ —— Linear Fit

¢ £ 4

S 80 I J

4 o ‘é = L

§ 60 £ 3

E 8

5 « B

E & SF k=4.27x10"h"

> 20 w

2 £

@

a o 7 =
1T 2 3 4 5 & o 1 2 3 4 5 &

Time (h) Time (h)

Fig. 2. (a) Depicts the change in EP resin depolymerization
degree over reaction time at mCPBA concentration of
1.5M and 40 C, while (b) illustrates the analysis of the
depolymerization rate constant concerning the change
in reaction time
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Fig. 3. (a) FT-IR spectrum of epoxy resin and organic matters
after decomposition reaction, and (b) proposed depo-
lymerization mechanism of EP using mCPBA
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Fig. 4. (a) SEM image of r-CF obtained using 1.5 M mCPBA solu-
tion. (b) XPS C1s spectrum of r-CF. (c) Expected peak area
percentages for various chemical bonds and elemental
compositions in the XPS C1s spectra of v-CF and r-CF
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Preparation of single CF composites Contact angle after embedding
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Fig. 7. lllustration of the measurement method for contact
angle and interfacial shear strength (IFSS) using resin and
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x 1188 K
kngC

kcal
hxm?x°C

= 118 MJ

Maintain: 10 x 0.76 m? x (40-25)C

4184 1 x6h =128 M
X kcal J

Evaporation: (50 L x 1.327
M

ISLS) kg x (45-25)C

x 1188 = 1.58 MJ
kgx°C
Dry: 1 kg x 25T 1188 —_ = 0.03 MJ
kgx°C

(c) H7]= (Waste): 3 MJ (Estimate)

ZF AR AvEF ((a) + (b) + (c)): 35 MJ/kg

F7H o2, r-CFe} 17]& 35 Pt 7 L 2 ¥
Aol gk oY A] anje x3bstglon, H7E Ao 4
8 E= YA = 3 MJeg =45kt

olggh AARE Fall & AtollAl AkEE FF 2 oy
AHZFE oF 35 MJ/kgo & AR E QT o] NaOCl
(hydroxyl radical) 48 & o] &3t 7] & A5 4h3H 9
oA 2HFF (61 MJ/kg, LT R o2 ALl B &
2 xjoltt. A, A7| Y HAVIAE AHESHE BRI
Zk7} 124.4 9 499 MJ/kg®] oA 4nv]E YeRflar
38], NaOH Zulj7} 23 2UA & 9 24 A AHE o]
B9 3742 717t 258.4 9 268.5 MJ/kg®] 3= oL A] 44|
S 2 9rH[38-40]. whehA] & AroA] At WS 7)E
9] hydroxyl radical AFSPH R T} o U X] &80 S35 A2

Mo

—

mCPBAE ©]-§-3t CFRPE| 3}a}4] &8 574 434
o ZA] 2] o A& AR = FASH] flSl 2 A3t
ot 53] 40T et= HAIA Q1 A2olA FHE= o] &
A2 71 o] 500~800T Afo]ofA] o] Fo)Z|= A
W S 2 ol FH, ol|A| AsA HelA F7]4<l
HojEth mCPBA k9 Whg- AIXHE 24 s}o] s
Tg— A5 Ay}, 1.5 M mCPBA 2908 4070 o) A
= uf A5 E%Z—i% ol 7} o] ol H et 3f
7d NAe] BEE Sk e 427 x 10'h 2 A4bE
o, r-CFo] 71 A4 &= *4 3 g/do] v-CFe} AR
S ey o, A ELE 93.6% £ o R (R E Q)
r-CF@r & A T AE 54 4 23 r-CFY| 54
o] FFFE|GlAL IFSS7F F715t A0 & Uetyltt o] dHk
o] ¥ AA 2 glo]%= mCPBA N5 o]-§af A& r-
CF7} 5l 2§ HAN=A Sp3 71 & A d = 2|
gtk E3E mCPBA -89 7|6ke] &g A4S 7= 4
=off 2 Abehw e Hlﬂ At r-CFe| Q1% »‘%*é | v-CEe}

= 1~N
r\l

o Sasis, ol 2 wcﬂw A
wrer sjaL AEho] 1CRel He)4 S Ba T2
2 avdon §AFe ofula.
400 A& 32 oA Hof Bk B £ o)
ol Ao Aree] AAAH S TRA 0w WA 7E
a4 azoleh. 5] & @0 Ak mCPBA 714k
b Alslyl e 71E RS 714 % 7 WS e=el 40T
o4 F#o] 7H55tu, CERP 1 kg Halshs o 2muEE
o 7= oF 35 Mjo]l kst o= 7]E AL 714 o
H] W W o x| ® EA -CRE A 4 ol 74
e mojEth AL THoR A oA BEAL AT
& Ao FEA AN P BHE o] LuEL
245511 87 A5 £ L Be) AL <87

A 48 A Selo] @ Aol dedlos & a3 )
8 BHE A% 7Hsshi ou 7 5 E3el CFRP A2
A ARIA TE RS S5 UL Yk
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