A1

HAREMEIFEEGE, 46, 4 (2020), 121-129

CFRP B85 12817 % weak bond DF4: X = X A

A ET, A BHSA*Y, MEE ADRY, mE o EH
(2019 11 B 7 H=3A)
Mechanism of Weak Bond Formation in CFRP Adhesive Joints
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Abstract: This work aims to explain the mechanisms of weak bond formation in CFRP epoxy
adhesive joints by studying aqueous NaCl mist contamination. First, a mechanism of epoxy ring
consumption by Cl~ ion was proposed to explain the reduction in covalent bond density at the
adhesion interphase, as a function of pH alkaline drift. Second, double cantilever beam test (DCB
test) was applied to CFRP joint samples with aqueous NaCl mist contamination at the adhesion
interphase to prove a weak bond triggered by Cl~ ion contamination. Third, contamination layer
thickness was estimated by substituting the data into the drift function. Obtained nanometer-thin
thickness indicates that the stirring flow of the adhesive dissipates the layer to form a standard joint,
while steady flow keeps the layer to form a weak-bond joint. Therefore, 1) CI~ ion contamination
at the adhesion interphase and 2) the handling in the adhesion process explain the statistical aspect

of weak bond formation in the production line of CFRP adhesive joints.
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Fig. 1 Cure steps of epoxy adhesive.
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Fig. 2 Contamination on epoxy adhesive surface.

7 4 WAIRDEEARRE, “weak bond film” #4792
bOET 5, &, KD T OV VIEED TREL/NE
Wiz SR EN R RS E ORI 510, (ERICE
2 TR F REEEFNIADSHNCEREAETH 2 b D &
R cencss, 20w, fIELEKk 7Y
NEETEFACRIN/ ECFRIGT2b0E L, KED
BKICIRET 256 CiEE 25, TH - BEHIOBE
H, 7 3 Y REEFIOBEH R OTRO GEnE T 2
[72v7 vy 7| EOBRCBFEYLEVWHD L
T 5.

A (11) TIRHEA EESEFD Ao TH—ITIRUYVE S
O LERILLTB Y, FEERIDBIEEET LT 5%
IE LKA TENU EOEESANEET LI ENTE
R B0, RETHEIZ TR F VERBPHEE S Iz BNk
@ weak bond film #4£F23dbDEL T3, Lal,
BEAASROEARIG L, WAPESAINEEL DO
FA A V& D TR F VERIEE S N ARG
WZHER S 2 EBEO 70 A BRI, ERIC TR Y
BROMBRZHET 52 L 3HLL, SBEMD%IC X 3
BUERRNT 2 F D 1 BEE e S B s 72 B, — T, weak
bond film £ TIF T RF VROMENRKLAMEATE
D, REBATENEIN TV 05, B THE,
weak bond film EA AN L T—E DFRH THAH
HEAR DO EARET 256, TRF VROMEEEE X
Ay DRSS HANIH U TR T % b O & —RKTL
THIENTEL, ZOHE, AADIWC T % dx/2
WE Sz TRREES.

ﬁfﬂ—N*““(ﬁ%ﬂ(”jﬁyckﬁ%i>um

72721, NaCl O/KHIZB T 2 el 13T 1 TH 57

(5)



126 HABE A MBI 58

H46%E 45 (2020)

o, H(12) BRD & 5 LS 2 2 LB TE 3,

EE A
r—_1_ —14+pH1, . N
B =1—-2X10 ( ) (AxE

o )

Wrze g FE A O =R F v R il & L oREN L
HDD—DTh 5 EAI36 (Henkel) D5, Henkel #:
Technical Process Bulletin %12 & 2 AFE L VIEEE
DEEIR puee=1.14X10% (kgw/m?), FTHIDOZKRF Y
13 1.075X102 (mol/kgw), WE{LH| X DRSER L
100 :30 TH 2 Z &5 EE=8.269%x10' (mol/kgw) 7
ZEENAN AL TUT 255,

P Casepm, (A%
B =1—1.45X10"15+PH <Ax5> (14)
2 (13) (14) CREEF/REEEOKTEE %2 pH D7 v
BVEBTERLTED, forOFEICLD (%)
E
BEDDLZENTENE, TRFVEROEEFEEHSS pH,
DAHADEME L TR T A ENTERI LR D,

3. DCBRE& L U pH AIE 2B W - #EMm|
IZHT2IEKFLRIZERE OHER

BERZ ST 2 X0 CBADPERT 2552 HE
L, RSN 2EHOBEAERES & ICEE SIS T AL
F—IHBT 5 [T ANVF—MRBEE] 20 EF 5, %
DOED/NS LG ECITBRHEOERPES LD o
weak bond IZHHY 3 2 #FERE R R T 5 RE OB
ERVELD, TRFVREEROEEIZZ R ¥ VB8R
OFB-EACH I EAEBEGEEL LTS 2 en b,
[EEROBIEICHES =2V —OHE I, Yiishs
HHEREEORE L PIERIC D 2 | L O—BHBAATR
RE 2T, HEEREL 3B B L ORGSR O
FIZB 2 23N —fBBEROFRIC TR F VRO
el o asEL, (9) wiEd s,

CFRP O JEMnEsI MR, B X, =RF v REE
FNC B 5 = A —fRBEEOFHM A & L TREN %
bOD—21Z, ASTM D5528, 1SO 15024 B L UEZED
JIS K7086 Z iz 52 & L C s 3 DCB 3RERHS B 259139,
DCB #Bi13, E—NIMBADERE S B XL Fcrack
opening displacement (COD) 2%t L T Rx)VF—NF
YADFEZ S AL T ANVF —RRE G 2Rk 5
bOTHY, JIS K7086 Tl Fig. 3 1277 T 2RERRHHELE
ENTW3,

WizZeFH 3% D CFRP £ L TREM LD DD—>DT
» % T800S/3900-2B (L) % 8HREIE L7z, E& t=

12.00

/AI Block
o
Film Crack_| 40.00 +0.80

Adhesion

o]

.00 +0.20

160.00 +0.50

25.

(a) Specimen geometry

Crack Opening
Displacement

(b) Specimen setup
Fig. 3 DCB test system (JIS K7086).
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(b) Saltwater contaminated sample
Fig. 4 DCB test results.

Table 1 Energy release rates in DCB test.
(X107! kJ/m?)

Contamination free Contaminated
1.24 1.79
2.38 1.44
1.70 0.84
2.58 0.44
1.76 0.67

Average: 1.93 Average: 1.04

Bottom three: 0.65

KRB E FEIAL /2,

KIZ, WAEGIHES pH D7 v ) B2 WEET 5.
EA9396 ZHEHIR AL TH 5 EHIA © BLAIB=100 : 30
pBERELICTRESL, EE30mm Oz HwTH
BRI L 728 O 7 WIR O EH 12 5 wt9 NaCl 7k
W EB L Z80mgwii T4 2 icky, EEH &
Z 100 gm QAP THERL, RIERBOBEL2NZIZ5E
T 9 % 24 FEEREE I HIAKYEE 32 2 10 £ D pHE
BUER By 7| 2EERLT. o8, HEAKRE
TR, HLY Y 7VEEIZER E 5 Tw b 2 & 055
WENTWD, Fi, MEEEE LT, fEREHL W
B [RELY > AN ] b PE THER L7,

pH L34Sk, RO, 7 va ) HEOME 2K T

(7)

Fig. 5 pH measurement system.

Table 2 pH measurement results.

pH: Contaminated pH: Contamination-

Sample

section free section
A 9.27 7.54
B 9.05 7.65
C 8.88 7.29
D 8.98 7.57
E 9.08 7.60
F 8.81 7.22
G 8.96 7.52
H 9.27 7.71
I 9.19 7.64

BChy, JIS K213 IZ@HEN T3 Lo [AEA
AV OFERDOBRBOBBOFERNHTHY, i
LoERERTEMTERWE]ITHY, JISZ8802 TIX[Z
OFUEGICHIE LTz pH B¥ERR O pHEREHEE L, 77
2B pH EHC L > THIES B EEI»r oKD 5 3
] EHESN T2, [EFRELRERO pH] &1, 4k
DEZETHDWED S DS 3 NIARTHY,
W [EHARENCTEE T 2 Eh 72k 0 pH] 2 EKT 2
bDER DI, e EE L — &% pH
ER7 0 —7%EHAT 5L 3RECHL, 2D,
DI IKSITHT T BRI TIRE L 2 5 £ 5, AT ATEfE
FEHER 2 18 CHWRGE T H N — L T 2555k 7o
— 7 REGARETH B, EFRARIC T AN HbER
FHo pH ZHIET 2 HHWO pHHIEY XA T A TH 5,
Fig. 5 I2#Mii #7539 CL-9D02 (ASCH JAPAN) 1= AHL
A pH#EIE 7 v — 7 MCS-30L ZfHAE&bE HlER %
BRHL.

B « RIGRY 7TV ENZE N9 A2 B 1T 5 pH HIE
FES % Table 212783, RELTCIHIZIZFETH -7 pH
23, HAKTERITEE 8.81~9.27T N1 T D HEAGER L
T3 ZENHLLTHY, R IRT, EHELZH
IRF VEMEEINDEIC pH 7 Vv ) BT
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Table 3 Estimations of fracture energy reduction in
saltwater contamination.

B”: Estimated

pH: Contaminated

Sample section fracture energy ratio
A 9.27 0.33
B 9.05 0.60
C 3.88 0.73
D 3.98 0.66
E 9.08 0.57
F 8.81 0.77
G 8.96 0.67
H 9.27 0.33
1 9.19 0.44

LHREME R R T AR E R o T 5,

BRSNF o TR VENEET 52 EICLD
BENEHHRT 2O RET 255G, R8T
B’ M A NF —EBEROETEHEGTHY T 2D EF
Z25N3. 22T, Table 1 125 2 KEREH 1.93 5
S OB YTAL3 S #4065 (X107 k]/m?) Ok Y
B7=0.34, Table 225} 3 ELRBOBSAM X » pH, =
927 L ZhZTRET 254, N14) kb

Ay \_
(TxE >—2.5><105 (15)
HBREES. Tbb, EA9396 DRI L THEA
VGRINEBE T D E A 1%, HKBRBEDE S A ioxt
L CTHimic d v 2 & SHEE S 7z,

4. % %=

Weak bond ¥ & Uf kissing bond O FEAESEE % RS b
270, (15) ZRADRAL THLXRX %2 AWV,
Table 2 ® pHEZRAL THS U HHELT 2L ¥ —(K
T#& % Table 3 12R7.

B7=1-3.6X1010rrm (16)

Table 3128 2T A V¥ —DIETEE 7 13
#70.57, HEHEMRZE 0.15 OIEMSZRLTHED, ZOR
D CRENEAZZ I AN LG, HWEREHL -
BEER O 5% BE TR /=042 To L x )L ¥
— R TEG T 2%, KGRI S W -5
DA 7 BRWEIE D b D kissing bond TH % D
KO R EFHEHT 5 BRI NI,

Riz, HAKBRIZHEWE USSR OE & Ay 2
ET 5, HKBEROBE S An 1BHTHEE TH 55, K

RETEFR SN T2 FEN TIHEREAS 0.5 mm K &
ENTWVWBZEnD, RIZAx=0.50 mm 7% 5 5K HS 5
RITELIDDERET 2401, K (15) LV de=
2.0X107° (m) &%, TRFVEBRIZBIT S C-0 KA
WEXB X% 147Tpm Th 720, TDAx I TRF VB
SR L CHRERECHE T 5 2 e, EEEE
LOAT VLD THOWERTH 2 b LiEflan
3. EBOEEFETE, EDICESEAIZEMEL, MY
Eb¥BBICHHE S ® 5 2 L2 & D RS EEH L Rk
R ETEE S 2720, 20L& R EROIERS
[BIFEEER ORE) - BRI HEVEEL, REROSGE L
FSOWEN2FHRT 2B 0bDLEHEZSND,
—7, ®DHERTIEEEEIEE LSS S0
BWEER 2T 570, TRALFESZDOEH 2RT
weak bond, # % \»[3 kissing bond & U CTIREE S 72 0%
EREY O TR E 2GR KR E SRS b D L
Fzohd, BE, EBREFETCEIH 200D, Tablel
Wasd DCB BT, HARG R 20 L 7 3B 5 i 3
M8 weak bond 2RI T 21K\ T 4OV F — R & FE
HL, 2 mEREGERORER & IZIZRESEOEE2FHEHRT 2
% weak bond IZMERFRIICFET 3 L DFELE 2GR
DGR ERLTVD,

PI_E, weak bond # & OF kissing bond O ¥4 % Bl 9
271X, BT 2SR U OGS 2 HERR 2
ENIRETH B0, FEHBE» D TH W 2 & 2iEH
L, SMCEIWCHSE 2 BEH 2 B L TR bR S
EI LI LD, IR BEEL THRL S ¥ 5 10F
bREOHRE L THRENICET 5.

5. &

il

CFRP %453 258 1CHE L 725 C\» % weak bond
DFRRE % RIS 2 72012, ANEBEET R0 ek
ErDHREECTH 5, TRIPLRE I EWEEFIREICHRD T
WG ROENET 2HRICEH L, EHER weak
bond #F4E LG 2 hE L ERE Lz, & 612, HEAKBEY
DI RF Y REEFINEET2HESEHEL, UTDX
PRAS R S o
- NEOFR, WRICER T 2 EAEGRE, =R Fy

L2EEEHI O weak bond AL LSS,

s FUKBRAC R, TR O REEFIOREELIZ BT

pH 3L S 7V h VN EER T 2,
cpHODO7 VA VB REI, ©KR*: Y REEEHIOIL

BREEEET2EBBICERT I ENTE S,

« TRFVREEROEKBYRE AT 5, BEHDE
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ZZTIE, MIEFHABRO T RF VREERIE L TR
£H72 b DD—>TH % Henkel EAI396 ZHL D _[1F,
[ Mz FHERBICEEOH S CFRPO—DOTH 3
T800S/3900-2B (FRV) X3 2 EERFLE #1T->TH
D, & V&K CFRP-E#EROMHEGDEICBWT, i
IKIEHIZFES weak bond ZFIR L, pH D7 VA V) B
E OB EHERD b, FEERERIRO 4 Tlde < EoR
EZ A R BB N ICB W T b weak bond 25

HENE L ODEPMERT 5 2 LW, SHOEERHE
ThdEEZ D,

AWIFEIS, BRGNS 5 L IR RATT St
EFEOI T EZ T b DTHD, Fiz, KPS 4
FREEIEL Y » RO 7 AC B 2EH S OFERNF I
LCIHW/CHEE 2 & 2 THR RS2 b DTH 5.
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