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Investigation of Electrolyte Solution in Electrochemical Oxidation Treatment of
Carbon Fiber Reinforced Plastics
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ABSTRACT :

In order to recover carbon fiber from CFRP (Carbon Fiber Reinforced Plastics), the effect

of electrolyte solution in the electrochemical oxidation treatment of the unidirectional CFRP was

investigated. A two-electrode cell using a CFRP monolayer as an anode was used for the treatment. As a

result, the weight loss of the CFRP depended on the treatment time, although the carbon fiber was damaged

in case of over 15 h treatment. From the damage mechanism estimation based on the observation of the

CFRP after the treatment, it was suggested that the generation of localized high electric field caused the

damage of carbon fiber recovered from the CFRP. From the investigation of the electrolyte solution and the

its pH, a clear correlation between the weight loss and the electrolyte solution was not obtained.

Keywords :

1. XL®IC

e # ki Est{e 7 7 A 5w # (CFRP: Carbon Fiber Re-
inforced Plastics)i®, FEFHEHEZ =R ¥ WP AR Y 7o
E L ETHELEEEMETH Y, BE - S9RE - &
WA AT 2N METh S, ITE, EORPEELTEN
L, #Zepg=e A o — Ao KRR & L
THENEE 2TV D, 2014 FTIL IR CHERIK 70.000
k2 Cdh > ~CFRPHFEIL, 2020 H=12(% 140,000 k> £ T
Wn+s L RiAEFRTEY, SEbREINKTHET
HMERTWA[] —FHT, 2T 30 4, BB
10 FETHEMEKZ D720, IEVVFRCFRPIIAE ] i -5
MELTKEICHEHENS ZEBESBIZHESIND,
FlE T E M B Th A2, RIS L OB AT
M OB S, EFFACFRPO ) o 7 VEIFIZTER
DHEF-TWE, —RICAI=AL S A 2L EHER

5

*1 .

L= Ty LR #L (koshima@st.seikei.ac.jp)
2 FIRAAIE T A TR GAT

R - 8 B i € G T i s o & e s e
U LR B

*4

carbon fiber reinforced plastic, electrochemical oxidation, damage mechanism

(Received December 4, 2018)

AW ODS VT CH DA%, CFRPIZIN IR 544
BlCdh A=, U 7 A SO KOS M | L
BoTWD, FmRAX—Y B0 — i3, KoL -
FEORBEZZ T RORLEER LTWD05, BONDELY
BARNCKRFESNS L5 ICHANHIR IR HA 1S
L, BEGETAZEREELL R, 2O LR
R 6, B SEHEHE 2 I BT 5 CFRP Y 4 — F A
by Z VWAL I N~DEEBEHE-2THS,
BITEOCFRP 7 4 — KA kw2 V4o 2L, s & 2
#%ﬁaﬁtmﬁ }ﬂ?rﬂﬂ. MIJI‘H L7844 }mTfM\-i ik i o
H—HT, R#
ﬁiﬂﬁmmﬁﬁ’-ﬁﬁfﬁ;ﬁwl’%ﬁ& oaTEL, VA 7000
HRHESR I (LT 5 & Bl LT 70~80 %R IZE TR R
B3] MATESGRPIZH BT AREETHD, 0
WUER BT K OFEEE L fp > T D, Z OBV IRIEOM
Bz T 5 FiEL LT, EEEACHE Rk 2 Fuviz
by il & 4 U 4o & RIS ST A [4,5).
R L O R O T b o —ouid, Bl 2 R0

TWa

(CFEfR SHDERBEL I D720, BHERE 2 < IREHHEZ
B2 Z LAFRETH D, L LEEER S0 dE Ao i

[ZILHMERSZ L, B sicif@sgsTunso



HEXZEIZXHARS

BEIRTH S,

IO AT A FIEL LT, mWiLHNEE TS
BRE R —Z W =B LER R B 5[6,7).
AT R AF =TI, e ALY L0 G
HENAZENRRIAEZNTEY, A7 oA FRENICH
BHEMNCHRT vy L ED TS, ERELIEE,
R R NF— 2RI CBIE AR IRAT S 2 £ T,
IR FEHAE OBNHR B A BN AP OME 2 W T& 5,
BRERE O & L TSun® OMAE[6,7]03 64T L TV
503, MOEHCFRPA-IM L IRE STV 5 53, B 2]
HMZZERLTWD A6, ERE~OBBIIILRL T
WABIRBIZSH D, A TRFEFHEBILD 2 I = X L%,
BAHERER T B LIS R ET RS P ICRi S T
BT, ERMEFROEOOERNmANERSh
Ty, &0 b RWGLERRFIIZ A E~D K & fefiE
BEThY, RO DO BENARRERLEATH
%, & ZTAMTIL, HECFRPZ{ER L, EitEEkizE
i 2 BRI HTE A RIET RIS VTR L=,
Sun® |, CFRPEMFAEE(LICNaCIENE Z TV % H3(6),
BREE ORI E TRE > TV, KFE TS
AR A R s & L 7= SR ED AR 4y OB AR ifpH o0 B B
DWTHH LTZ, MATTF v, /nAra—7|Zk
2 EARALERE OCFRPORZE 2 0 L T, TAREELALBE A i
HEHRHE R T TR 2 R oW TR L7,

2. £ B

AEERZ L, WRECFRPOISUEL L L C—J7 ) b e ke i
bR A HENTT00SC2592, ##EARIS A 0,6,
FehF YT L NERWE, A7Y T L2 % 70 mmx70
mmiZEEHT L, DIETC 130°C, 2 RFMBERR T 5 Z & THLE
CFRP%#1%7-, FOth, ¥AY¥YEY Kh v Z—%HTS0
mmX 15 mm® HEIEEIAZ U L 7=, TEAREE AL L,
7 7 — FIZHECFRP, 71 Y — RIZERFHEH2.0 mm) 2 JHu
fo ZHEkEE AT THEN L7z, BUFECFRP 28k )7 ) & i ifi
M A2 5 L 5 (CEMKIZR T 20 mmZ TRITS
o, EEIEHE T CEALBL 1T - 7=, SEHARIEICIINaC
AKVEHE, 5 RARMTIE, & MipHEEHER 2 I\ o, TEARMLERRT
MR T 20 Wi & L, B XM A dE L, B
JHCFRPO BRI 3813, AEARALITL I % O HLECFRP O Hi ik
R LC, R o@RE AR E LTHRIH L, 22
HAGTERTIZIX 60°CT 2 WELL_ Rzt S Tkar & bRk
L7z ECHiheafllE Uiz, MARLEEE OWHHEILpH A —
A —Z L WpHEIFE ATV, CFRPIZFT U # <A 7 1A
—7(SKM-S31C-PC : HIENF)IZ L D RMBEELIT T2,

Vol.55 No.2(2018.12)

3. BRBEFLUBE

[ 1 [ZNaCIK iz & TEARIK & L - i b alBic s 1
% H k) O BRI e 2 o4, ALERIE ORI (2
FEVCE B I L, BB AR 5 R TRIIE S AT
D40 wi%IZETEELTZ, & 612 15 REH LA B
v HiciiR L, IoOBIES 5% LR S 'k
BB ESN e, EfLREZOEMIEOTITEM 2 (27
T AR ORIV ERKOEESBRI S - Z
Linh, e EREPICEHLZEEA6NS,
PLEDFER XV, BHCFRP TIXEAPALELRN 6% 5 R C
BHEIZIZRAICE N L E AL,

F7=, 20 WM OEMAMEIT -2 551X, HECFRP
[C & Eh D BEE A RE0 wive)LL o kR R
EhizZ &R, BMENBEELTW-Z Lib, REY
HE LR - WEBT L C—MAH LT LE-Tm £ L
BID, £ T, GREE(LBLH: O BEGCFRPOINIE % §F
MTAfbIZTF oo LA 7 0 Aa—F |2 THFECFRP
DOREBLEEHAT o Tz, AALELO HFCFRP T35 ki)
B)—TirHOIZxF LT, EAALPLHE O B CFRPCILIRFE
WO INCREE, oMo o hy BElRESh-, &
Y b R ERIER A 5 R B 7T, K 3
2 L o IS IREMEAE T O IR BB S TR Y, #
Nevat - RO S B S It 7=, ZLT,
BRI Lo REEAHEIC Tohv ) BEUERRE B

6l

50

40

Weight loss / wi%
fad
[~

D 1 1 L 1
0 5 10 15 20 25
Time on stream / h

1 BECFRPOEEHLE & RICHHOMERF

10h 15h 20h

3h  5h

H2 BROUEZOBHRANSH



B B X

i VB R Z R PT Ze A AR Ay 2V LT, IRFEkED
EWT s A Uiz B HEZS L=,

200 pm

3 MEEOCFRPTZAILTA 2 ARI—THE

LA s, BRIP4 3 BER L L, ERIR
oy DEEITo 2, £, NaCUKIERPICEHEND
WEORBZOWTHIT S0, HENDEEALR
VpHAE T D AW RAETE, pH 7.0)45 K UpHAT i (h
PV A B HERE, pH 6.86)12 '"CFRPILWMHL #1771z,
NaCUZHAMHED B WEMEE CTH S b oo, #G4TH=epH
BB LTV \'ﬁﬁﬁ%’éf&) n, EleEHIhDE#EK
SIXAMREIGIZTF ST 2ME Th 5, FEMKA RV
AR LI A EWRMEORIFE( A 4 12737, &8
FRIE TREMROPPEEITI R R 5 00, WTFhOBERIK
IZBWVTH 180 minkE #2134 50 mAOMEHM 27~ L
7z, = OO ERERASIE, NaCliEEDS 28 wt%, % 1#ik
AN 33 wi%, BEERS 22 wite b WA S EAR LTZ, En
P&~ L= AR E & TR B K & Wi A&
RL TS, EAREARZ 31T D NaCIKEE Pz &
HTaFEORBIL RIS R o0,

®&1 KpHIZHEITACFRPEMREMLMEIEE

pH Weight loss Current pH
/- /wit% / mA /-
1.68 26.3 94 2.12
4.01 28.2 66 3.96
6.86 21.9 72 6.65
9.18 15.2 38 7.71

10.01 390 68 8.61

SE TSR REE

Vol.55 No.2(2018.12)

—e—Na(l solution
—a— Buffer (pH = 7.0)
—+— Standard (pH = 6.86)

300

Current / mA

0 50 100 150 200
Time on stream / min

K4 ZHPMERRICHTDIEREKREFNE

Z L TEMEOpHO W TE S B LU IR
T HpHOERHEIZIE, EpHIUM G, = U, 74
ARESE, 0 ARRHE, 13O MM, IREBMEATEAREL L L7oEE
HipEitE iz, pHBKRE KRBT Y, mEMEAEP/N
&L AR Az L7225, pH 10,1 TR R S0k
L7z, ZOBEOENN & ORI % 2 6 (2757 pH 1.68
hrE, FFLGELCERMEASR Lz, EoERD R
LA OB T, IRWEERE{ A 7~ L72pH 9.18 [E (KW
AERA R R Lz b oo, EfikpH & R I2H
fietIBid s & Mo, Fhof 1 DR TERLEEO

HIE, S b ML & pH 1.68 ZFRE, FEMEICHI< =
J:;w &z, pHZE(LOER & LT, Bk OEHSe,
IROBR T IROMETIZOE S WA P O A A L REDEL
BEZBNDA, B TIEHEMIZEE XA, #E
EHO BRI A=A LG E, ERHHRENHSNET
Hho,

50

Weight loss / wt%

10

5 BRNEHROCFRPERREYVELpHOEE



BB XFHETI

200
.'"'\ —e—pH 1.68
. —=—pH 4.01
igi \.\ —+—pH 6.86
\ —+—pH 9.18
R\ —+—pH 10.01

Current / mA

50 100 150
Time on stream / min

200

6 HpHIZHITHERIEDERHEL

4. % R

13 FEHkHEss(k 7 7 A F » 7 (CFRP: Carbon Fiber Re-
inforced Plastic)® U ¥ 7 g% By & LT, — [ ~7
V7 L7 6 Ak L 7= WG CFRPO AR AL AL PR I 35 1
HEMEORBERF LI, TORE, LLFOMRA G
5% 1
1. FUSOMETIC W EARR L HET T 2728, EMR LD

HEATICHE S, BRaskt B IR - WO b BZ S,
2. BRSO B & LT, BISIIC & o THik

HEO SR REL, RFICEAE LizmER o L - T
FMHENSRE L7 L HERT 5,

3. FREEEARIECpH A SR CIL, P B il & f AR
OB 2R As, AR & B AR o M2 AR A
AR E o,

PLEofER X0, HECFRPEMBMEIZH VT, #ikiR
$53 4 U AWV EE O ALERRE R Gl T 2 LB A H Y, B
RRIRRIZ 1350 < RAF LAaWBlim R &z, L L
b, BARELLEIT BT D EIETAI A B = X LTk &
L TR EHEY, SLR0MHPNETHS Z L0
mERNT,

# O

AGFFE LR BN B A B AR BUY [ 0 L 29 4F
BEWFFEBNARIZ K 0 FEhE S iz,

SE X

I) S. Pimenta, S.T. Pinho, “Recycling carbon fibre

reinforced  polymers for structural applications:

A

;

2)

3)

4)

5)

6)

#

% & Vol.55 No.2(2018.12)

it

technology review and market outlook™, Waste
Management, Vol.31, No.2, pp.378-392, 2011 4

Official Journal of the European Union, “Directive
2005/64/EC of the European parliament and of the
council™, L310/10, 2005 4 11 H

P. Feraboli, H. Kawakami, B. Wade, F. Gasco, L. DeOto,
A. Masini, “Recyclability and reutilization of carbon fiber
fabric/epoxy Journal  of
Materials, Vol.46, No.12, pp.1459-1473, 2012 4=

R. Pinero-Hernanz, C. Dodds, J. Hyde, J. Garcia-Serna, M.

Poliakoff, E. Lester, M.J. Cocero, S. Kingman, S.

composites”, Composite

Pickering, K.H. Wong, “Chemical recycling of carbon
fibre
supercritical water”, Composites Part A: Applied Science
and Manufacturing, Vol.39, No.3, pp.454-461, 2008 4

1. Okajima, K. Watanabe, S. Haramiishi, M. Nakamura, Y.

reinforced composites in  nearcritical and

Shimamura, T. Sako, “Recycling of carbon fiber
reinforced plastic containing amine-cured epoxy resin
using supercritical and suberitical fluids”, Journal of
Supereritical Fluids, Vol.119, pp.44-51, 2017 4=

H. Sun, G. Guo, S.A. Memon, W. Wu, Q. Zhang, J. Zhu,
F. Xing, “Recycling of carbon fibers from carbon fiber
reinforced polymer using electrochemical method”,
Composites Part A: Applied Science and Manufacturing,
Vol.78, pp.10-17, 2015 4

H. Sun, S.A. Memon, Y. Gu, M. Zhu, J.H. Zhu, F. Xing,
“Degradation of carbon fiber reinforced polymer from
cathodic protection process on exposure to NaOH and
simulated pore water solution”, Materials and structures,

Vol.49, No.12, pp.5273-5283, 2016 4



