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Study on the bonding properties of TC4 titanium alloy/composite

materials with different surface treatment processes

Fanke Tou" 2, Bowen Wang?, Tingting Wang?, Huan Wang?, Bowen Gong?, Huaxin Peng?
(1.Polytechnic Institute, Zhejiang University, Hangzhou, Zhejiang, 310015;

2.School Of Materials Science And Engineering, Zhejiang University, Hangzhou, Zhejiang, 310058)

[ AbstractIThe surface treatment process of titanium alloy is a crucial factor affecting the single-lap strength of
titanium alloy/composite materials. In this paper, on the basis of plasma treatment of composite surfaces, SEM,

roughness test, contact angle test and other means are used to characterize and analyze the titanium plates under
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different surface treatment processes, to compare the single-lap strength of titanium alloy/composite materials and
failure mode analysis, and then to determine the optimal surface of titanium plates. The results show that both
mechanical treatment and anodizing can enhance the surface roughness of titanium plates and help titanium alloy
gluing. Among them, the single-lap strength of titanium plates was increased to 37.6 MPa and 40.9 MPa under the
two treatment processes of grinding and anodizing after pickling, which were 14% and 23% higher, respectively. At
the same time, the surface treatment agent AC-130 can significantly enhance the surface activity of titanium alloy,
improve the single-lap strength of titanium alloy. The single-lap strength of titanium alloy is increased from 33.1 MPa
to 41.4 MPa after treatment with surface treatment agent, which enhances the performance of titanium alloy to a
greater extent.Moreover, under different surface treatment processes, the use of surface treatment agent AC-130
improves the bonding strength of titanium alloys to different degrees. In addition, the temperature is the most
important factor affecting the performance of AC-130, when the temperature is 25°C, the surface treatment agent can
maximize the role of improving the surface properties of titanium alloy.

[ Key words] Titanium alloy, single-lap strength, surface treatment, the surface treatment agent
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Fig.5 Effect of surface treatment agents on the strength of titanium alloy/composite single-lap strength at different
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Fig.6 Effect of surface treatment agents on the strength of titanium alloy/composite single-lap strength
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Fig.7 Topography of untreated titanium alloy : (a) surface SEM topography and (b) 3D shape interference topography
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Fig.8 Surface SEM morphology of titanium alloy under different surface treatment processes: (a) grinding treatment;

(b) grinding and pickling treatment; (c¢) pickling and grinding treatment; (d) pickling treatment; (e) sandblasting and

pickling treatment; (f) pickling and anodizing treatment

K a-c BEWSFE BIRE AR DT BE ARG,  Holt T NTTATEE, QR . KA. TTRA—: Bl b hiTEIR
IR, FR > RO R R A, TE ¢ FERL R RIRVEAL I, FRATEE, JLRIJRTENWIR, FEMhZRRUE A2 &
d R, RIGETEE; B e AWML, MASLAMAE R I PR AES; K ONRAEHE, e
SR AREBUE A, A O RE OO ZE R, 39N 1 2R T AL R 1

(7 BN 0] FH = 3 S Gl 7 o0 BN ) AR PR T 250 B < 3R T MRS B2 S, L = RT3 B n 181 9 o .
RENSE Bl IRV AL B 5, ARG S IRIRE AT, JEHDONIRYEAC B, BR & G2 1 (1 AL JZ 4R %5
FOETPIRES . AT B R kG R i LA ARG “ 2R, Hl P A TITE, RIJRJTE . IRERA—.
XHLESEAT B SR IR Ve SR Ve JE FT I (R &, REWER Y, A Sh e b AT RRVE AT I A8, JLRIRIR BRI, M
RERETE R AHELTT S, SEEEATHT B AL B RO RE SRR IF AN]SR, (HEIAAERR VR MR, R =ZE 5 B
PIRE I AR, DIBE, R 3, TR IRUEMRE S, Rz B, R B g 5 R Ry (2248, M TIRVE T
P FRRE il BE R (RN, b Kb T KR P58 3t M0 17 it S T (RO REL R B o FHUBR S AL AE R R T BRI, =4
T CLE B IR MM S kR, A RSN TR R R . i, AT RS A B R, R KR
FIRERE R, O 7.02 um; T ERUGERE AL PG HORE S ORLRE B2 e/, 08 0.38 um.
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9 AFRELEHTZTREEM=4HE: @ITELHE; ORELHE; (TSRt ()RS
ITRERLEE; (eymitd HIRVEALHE; (DIRYE S PR A ALAL 2
Fig.9 3D morphology of titanium alloy under different surface treatment processes: (a) grinding treatment; (b) pickling
treatment; (c) grinding and pickling treatment; (d) pickling and grinding treatment; (¢) sandblasting and pickling

treatment; (f) pickling and anodizing treatment

#3 AFRMCHETETRE SRR (Ra) 5RMERZE (R2)

Table 3 Surface roughness (Ra) and surface peak-to-valley difference (Rz) of titanium alloys under different surface

treatment processes

TALEE ATRE et ITEHRYE  RVEHTE Wi+ BRI

Ra/um 0.61 0.65 0.38 0.57 0.63 7.02 0.82
Rz/um 8.52 9.10 6.34 9.02 7.21 61.73 8.34

ok, TR RE R R R R SR T BN R I R R SRR R R AT, (AR S & R AR 4%
fl ARG N, A RE L IR S R AR T T RS M LR £ S DIRG9 B o S A SRS Ak A /N R T
JE & RAPEIER T IR, Bl S5-I B RS BRI R % . i 10 Fros, s, v s
Y sv Ay s PR - TR [ AR R T 5K 7, 24 4% T0UF I AR T 5K 7038 P PRSI, BRI -
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Fig.10 Schematic diagram of solid-liquid contact angle

ARFMAAHE T ZERRGESK. P RIEMAWE 11 Fs, SKE0KE, TS K
eI RN, N 7590, IR, T ASFEEBCT rilAs il A, s kAR SR —F T
FGE IR RE /N 17K, DRIR R — A i £E B R G 000 T A A A 250/ 1 25 88 /Kl s it A

K11 AFRRMEACEE T Z MR 5K . R Be i 4 fid £

Fig.11 Contact angle of titanium alloy with water and diiodomethane under different surface treatment processes

Owens-Wendt J5 2122 I B AR T BE V22 M U7 1R 22—, 1205 A HTAS [RIE AL 1T £ B 55 A0 Je ARk ok
PP R PRIRAEE, R4 Owens-Wendt 5 #2, BIA (1) 5 (2) HEARRMAR T 25 &EMEKZER
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MRE. Horb Wa N AR A dRE, M8 d p 2l EREmK PGB RS &. WHEER
i 2 AT EAT O ORI 3 A . i 25 B /KR DA DR PRI, T A e T A (0 G TR

We=y,, (1 +Cos 9) = 2\/7?V7?V + 2\/7§V7{V (D
7SV:}/;IV+7§V (2)

R4 WeWERmIK IS

Table 4 Parameters of surface tension of test solution

MR (mN/m) (mN/m) (mN/m)
EETIK 72.8 21.8 51.0
R 50.8 48.5 2.3

W AXER 4 PR T /KE B i & I0S 50T DLSR H A (6] 28 TH AL PR T2 J5 FF i 1 3R TH g DL A6
N E S B SE. RERNFBIR, BYELY, o ESRAREMILEZ KTFHES>E, 225K E
BeR/NERER, PHARZAAL AL BRI R RS i R, A 61.683mN/m, HVCHITEE b HE 5miib S5 gse, RGeS A
41.639mN/m F1 39.219mN/m, i HAMEERPEACEE fFRIFES,, R EIK T TCALEEEE S .

5 ARIRMATE T2 NS RERNE AR

Table 5 Apparent surface energy of titanium alloys under different surface treatment processes

ZMAE (mN/m) B & (mN/m) et 4r & (mN/m)

oAb B 37.114 30.728 6.386
T8 41.639 35.764 5.875
[izers 34.924 31.515 3.409
FTEE+IR B 34.568 31.114 3.454
FRUEHT B 34.408 31.154 3.254

W Rb+PR e 39.219 38.530 0.689
TR e+ BH AR AL 61.683 37.811 23.871

R RE-5 AR A & AT i ER A RENE AR I, BRI A 3 S R I RE AL A — 2. BHAR
SEACKLHE G AORE fh R T VR BE By, B FE ORI fie e, FHUE AT 0T EEAS [T il PR BB R 0 B 5 R A 3, 8k
GPAPEACAC TR, LRI R, A 40.9 MPa,  RBUE S A B9 TR IR . O ST B A B R
FERBAR ARG IR, W 13 fos, W ekE &R iS5 EE MR A AU R MPERE. T2 iR
AbERJE, HBCESREL T R, HENRRUE A R I RS T, RIMRERRAR, RS IRER R T A, SR E)E-
FERE TR A, TR, SRS BN SRR A o 1 S 4T B R MR Ve AL BRI, BSR IRV AR 1 R I ARG 5, ELEh
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R, T AT < - RO S TR 4 0 K T R MR- IR 70, B LA 3 A ot t B R 5 M- R T AR
IS, WERD 55 RV AL ER (¥ 5 B om S AN U T B AL T, R T Wb A B 5 R IARE RS K, S BURIREIEA
B S ARG
K6 ANFEIRMACHE T 2G5 T G R R

Table 6 Failure modes of titanium alloy/plasma treated composites after different surface treatment processes

A4 HEME JRE #5585 55 /MPa KRB
Tohb 3 33.1 4 )8 - IR N S THTRHA

FTBE 37.6 TR A ST IR
L8 32.1 & R -2 JE L TR AR

FT B+ R EETAR 36.9 TRA SR

R We+4T B 36.4 TRA SR

IR D-+ IR 35.3 TRA SR
i e+ BH AR AL 40.9 4 J - IR N S THTRH A

K13 FTRE A PR BR A < SR IR AR o BT R i JH T T 30

Fig.13 Morphology of cemented interface after tensile shear damage of sanded titanium alloy single-lap test specimen

5.2 AC-130 SRETRALIRF X PR M RERIR M

S M il B SR R T TR SR F ARG o BT 28 7 R 1 SR ke 2, 7 6 W A3 SR T TR B, R ) o 3
RAEX IR A TR AL A M-I T TR IR, U648 5 IR (B (R RG 45 7078 5, {3149 SR8 4 FE N
36.9MPa # 52l 40.2MPa, AC-130 3 [ TRAL B K45 AR R TR RE . (H 2 4ab BRI BT 22 60°C Iy, MR 2k &%
AR NG R - IR IR S TR, U B R AL B AR R AR, R & LI S5 & 105,
RETHEERE & SRR B G IR, RIERABI 5. SRR EE E T 150°CRE, KA
RS v, T BT AL B RV B R I K B R SRk, A AR R AL BN S Bk (R PR 45 S RS, FERR
Brge e hr M R AR 5 R, R S BRI N R - 2 S TR AR
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F7 AFHREET, R EFIAEPAT R YL AL BE T2 k& S R R

Table 7 Failure modes of titanium alloys at different temperatures with surface pretreatment agent treatment and

polishing pickling treatment process

N ZETHI Ab T 5 Jie 58 5 /MPa R
o 36.9 VB F T AR
25°C 40.2 S M- B S T A
T BE+HR VL
60°C 344 G & - B ST i AR
150°C 23.8 &)@ - I S T A R

RIS, W AC-130 FRTH TRALEE IR AN R L AL T 25 IR & S ICEERE RO RE R, XA HE . TEE . R
Ve S B SEALBORE i, 70 AT AC-130 R FALBGHAL TR, 5 RS0 T AL BEFRURIAE A0S B, S5 25R IR 8
Fizs, IR B R AE TARR e A, Wl 14 B, T B b B AR i 2 R0RE =M FH T 1 <6 s - e I
AN AA - 5 5 TV 5 S T BB AR PR BN M-I S T, TEAR B BRI 5 BH AR SR AL AL B RO i A
5 IR NR SR T AR N AR R SR - R, 1 W) R T AL B ) 5 R R T AT AL e, A R D 7 [ R
SARERE, MOR T SR SRR Sy, TR e R R R

R 8 ARMAEIHFXS A [F AL BE T2 B A 4 1) 2R A =X 5 )

Table 8 Effect of surface treatment agents on the failure mode of titanium alloys under different treatment processes

N AC-130 JBe % 38 /M Pa KA
P L % 33.1 45 ) - JIR L R TR B A
JohbHE & 41.4 - 5 S T A
TR .75 36.9 AR IR 8N
T+ R e P 40.2 S B S T AR A
1T = 37.6 AR N2
TEE & 37.4 S-S SR TR
R VE-+BA R AL 7§ 40.9 < - M 5 T A AR

fim

MR e+ PR A AL 41.8 - JE B T T s A
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K14 BB EERIG AR B B G IR EE L IETE S : ()3T BEALEE; (b)4T BE+AC-130 FTH TACFEFIALFE; (c)fT BE+
FRVEALTE,  (d)FT BE+HIRVE+AC-130 2 [ FAL 3 7 4b 71

Fig.14 Morphology of the glued interface after tensile shear damage of the single lap test piece: (a) sanding
treatment; (b) sanding + AC-130 surface pretreatment agent treatment; (c) sanding + pickling treatment; (d) sanding +

pickling + AC-130 surface pretreatment agent treatment.

6 it

AR AN R AL B T2 N AR & <6 5 B GO I BB SR (R 5, d A3 Aront AR R T 3 I | HLKES 2
HERMRE, S5REERENNRLea R—8, B[R T45e:

1 FTESACIE . FRUe 54T BIRA A . W hb 5 1 e A B R IR e 5 BH AR A A b B 357 i 2 A 6 4 3R THTAEL IS
FE, HEMGRER A &/ 2 G MR R ERE, B MRS SRS PR BT, K& &R IMHRERE M 0.61 um
BEINZE 0.82 um, FRETEREARTH SRR, BREEMRE RS, N 409 MPa, $#-TF T 23%; HUCWHUST B Ak 3
JERERE e, JLEREERE Y 37.6 MPa, 2Tt T 14%:

2. i AC-130 KT FAL BRI RS B35 I8 Mk & R, INaRER A &5 R [/ R#E 77, i34k
B/ AR A PE R IR BE I, KA 2 R TAL BE AL B )5, PRAEHER 2 A 33.1 MPa $2 71 % 41.4 MPa,
BTGNS S rERe, JFHEARRIGHE T2, I AC-130 FKiH AL I A [FF2 B g m ek &
IR AR

3. UREERFLNT AC-130 K HTRAL B HE R 2, SIS, AC-130 2 [ F5Ab 7 ) dig A 1 B2 A
25C. HSEHINE 60°CH 150°CHER, AC-130 R AAFEFIH — e R IR L.

I MAS, FIRRAAL . 978 5 R WA BRI B A AR Sk & S SR8 B, (0 T RLH sk it BRT
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