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Abstract: To prevent the galvanic corrosion between TC4 titanium fasteners and aluminum alloy of the fuselage, aluminum
coating was prepared on the titanium alloy by MF-DC magnetron sputtering technology. The microstructure and composition
of the as-produced coating were characterized by SEM and EDS. Adherence of the coating to the titanium alloy was evaluated
by tensile and scratch methods. The hardness, indentation creep and cyclic mechanical behaviors of the coating were studied
by micro-indentation, and the low temperature cyclic properties of the coating were tested. The results show that the tensile
adhesive strength and scratch adhesive force are 61.75 MPa and (2.46+0.37) N, respectively. The hardness of the coating is
(0.348+0.015) GPa under the testing force of 70 mN. When the indentation creep loading time increases from 5 s to 30 s, the
creep displacement decreases from 87.0 nm to 49.3 nm. When the holding time increases from 5 s to 30 s, the displacement
increases from 27.8 nm to 92.9 nm. The hardness of the coating decreases with the increases of loading time and holding time.
When the soaking time increases from 1 h to 6 h, the scratch morphologies change from the plough mode to cutting mode, and
groove edge stripping degree increases as well as the scratch end accumulates. Adhesive strength of the coating reduces while
the hardness firstly increases and then decreases.
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Fig.1 Surface morphology and EDS of the coating
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Fig.2 Cross section morphology and EDS of the coating

23 REMLEEMRE

PR FE TR S AN B 3T, AR IR )2
YIgE 408 61,75 MPa, 1 [E47 A1, S &
IRV S5 FEE 82 7 W Bt 9 78 d 0 g R A 25 KR
WAL, 38 BEE T i R i A s i e 2
1o WA RO S PSR BL, I s 2 i
RRAT, ZJ5 MR W IG5 s b ik m g
(2.46+0.37) NEIIRJZLE & 71

TR S B0 3R A . RIIR R0 A S 15



86 b B xR T LT IR 2017 4¢

(A ifnvad 0l Ty 2

Fig.3 Fracture morphology of the tensile specimens

Critical point
2.5

Friction /N

Scratch distance / mm
K 4 RIRRIIEIR K25 S
Fig.4 Scratch morphology and adhesive force of the coating

S, BRI A LA S IR S B ADIRIE S . 4
KIS, RIRBTEII ZA4 I MR . X
SN RUYRAIIAE ARG 10 180, TR ARIE
AN, RIIRSK AR Z TR Wi i, S BO0R Sk A B4R
AU A o 20 154 3 9 Jmg 0 Hh B K R E
S, RRFRIE ST A RIS D ) AR TS R 2
JE SRR G . TS (b) oA AREZ N T A IR
[ PRI FLR AL o TR AR R R k18
HER, KR Sk 5 R 5 i ™ A i S IR IR A
IR, U AR B B AR . BERRIE SR
TR BLBCRE, P A R s R Sk
T A BV A7, S A TR 2 BT Y1 T 78RR Sk
SR, IFFREFR 1 S B g O, MR IR Sk
Hij S B RS I, SR 0N 4 v K R 8 A
NREOZRER I/ N R EE R G A HAE, TRIEAET
BRBEAAL A R AL

KI5 ()7 g LU (2 O ORI A 2. 3%
AR, B RIITESGE S, BB AL S, 1D

Counts / (10° CPS)

Ellipse-like?

(c) Wavelike/phoughing transition

Al
6 F
4 L
2 L
Y Y%
' Ti
T "
! 1 L 1 TLIVI 1 Il
0 1 23 4 5 6 7 8 9
E/keV
(d) EDS

K5 WRERERIFOEAR KA
Fig.5 Scratch morphologies and EDS of the coating



ERE ] PRI, 45 Poii- B RGN SRR Z OR IE AR AR IR RE 87

TR B i SRR AT B . b R
Bt PR BT DR B A AIE, R B Rl Sk it o
BT E R FHRIRZEN SIS E ., ESd)H
KI5(c) IHE X SEDSRERE, BR T AL, BEIEid
LT TRV, WIAARE R 238 4l i

24 FREMFHKER

F T IROR RUBE U J2 e IR I i 25 S 32 38 g AL
AVREE RS, PRk kg (R A 32 {8 o0 E i /N
[Fi) s e AR BE R 0 S IR B 1/10~ 1/ 7 F a5k
(RZREE N(11.8+1.3) pm, JEARENTEL. 18~
1.69 um3GHE ), #EATHCHHAL:, 158 R ARE
50 i 2 A P AR AL o FR TR 63k for - R AR B
HIZE AT 0. 50, 60170 mNXF 07 Fib A T4 il ot 22
Ky S der-RE I T, ARG R, REER
B, AR S IR RSN A U, R A
IR . EEG T, BE 70 mNAE S IR 2 A
FEAT, ASIRZ 08 4(0.348+0.015) GPa.,

22 0.40

——Depth
—a— Hardness
2.0
4 035
£
£ 18} S
= 4030 2
g6t ?‘z
=
4 0.25
14
12 1 1 1 1 1 1 020
40 50 60 70 80 90 100 110

Load / mN

K6 AR T IR)Z R R A RIS
Fig.6 Depth and hardness of the coating under different loads

R IR AR AT Ry, [ E B 70 mN, g3
SRR AR R R PR R R . E I 7(a) T T, ik
BRI S sYEREI15 s, PRERF B A RS 1 i
(RVERAR 7 F2)FH 87.0 nmyii/NE49. 8 nm; Jizk st ]
BERFN30 s, SRS AR /N 2249.3 nm. XA
g JNEREHE B NS s, AR Kk A B
I, FRAT AR TCAR AR TR, AT ZEfR
I BRC R, MR AR RS B A, gt [a]
H15 sHEKFN30 s, S gt Fe v 8 v AR P i 1)
FE, DREPTBIRPEARIEWN, AN AR T
Foo Tn#kETEI S s mE30 s, AL H0.354 GPa
W/NE10.351 GPa, [AK1.1%.

A 7(b) I, [ R 15 s, Pkt a]
S s RFN30s, IHEANFH27.8 nmi K 3|

92.9 nm; 5 0.382 GPalii/N5]0.338 GPa, [FAI%
11.4%, PRI AR 23 HsF (DX R 35 A BT KA i) o 3
Py s B DR A1 0, IR A 5 B 8
NI e RS LT 28 N 34 A

IR BRI 12T R, [ IR 1S s
FE PR B TOW, 43 ) el 7% 28 ap 1P 2 B[]
[&]8(a) M &R AT 23 91 450, 1001200 mN &4 T A2k
fuf-TRBE AR, AT 60 AR B R R IR T AR Bt o 28k Ao
R Th: oy N | EP = W e AN E Y i R = 4 2 91
RIS, BRI Z 025 A — i T i i 2%
RIEARRIFAL, WHIRZERYA . E8(b)N
[£18(a)7E100 mN 2k faf- TR B £ i il KAl 78
—ER R, mEth &k S AL A EH S,
MG T — B U, SR ]38 ) T R R AR
BB RE R . A3 n, IR PR AU
REHEK, URZRPTME AR RE s, i B
BN, E AT 100 mN, AR R 2051 10 sAl
20 sZ& M T AR AT TR I 2 2 B an 8 (e)(d) s, A
AR, R ARER R, ULIHRZ7ER

80

Load / mN

1 1
1.2 1.3 1.4 1.5 1.6 1.7 1.8
Depth / pm
(a) Under different loading time

80

70 T
60 | 5s
50 | 155

30s
40 +

Load / mN

30 ~

20

0 05 1.0 15 2.0
Depth / um
(b) Under different hold time

K7 IR A IR AT ik

Fig.7 Indentation creep behaviour curves of the coatings



88

b B xR T LT IR

2017 4¢

220
200
180
160 |
140 -
120 +
100 |
80
60 |
40 +
20 |

Load / mN

1.5 2.0
Depth / pm

0 0.5 1.0 25 3.0

(a) Load-depth curve under different loads

120

100 |

80

60 |

Load / mN

40 L

20 |

(=]

0.5 1.0 1.5

Depth / um

2.0 25

(c) Load-depth curve under hold time of 10 s

Load / mN

Load / mN

120

100

80

60 Hysteresis loop
40

20

1.80 1.85

Depth / pm

1.90 1.95 2.00

(b) Hysteresis loop of 100 mN load-depth curve

120

1.0 1.5
Depth / pm
(d) Load-depth curve under hold time of 20 s

0 0.5

2.5

K8 WRIEMTERR AT i

Fig.8 Cyclic mechanics behaviour curves of the coatings

B B A W AR (8 R LA PR 28T TR 38 0 1T A e
BER o A, DRARIT ]I, IR [ B A T AR
K, RWIEBPEAIE R0 RBUE

2R FH IR A 32 R NE BRI IT #k F  pEA JE
172 s S 3 ] IS i = = o L B [P 5 i
Oy Fr FOE DR RIRJZ B, HRPTIE A BE ) £

0.44
——0s
—0—10s
040 | ——208
I
& 036 |
T 032 |
jas)
028 |
024 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11

Cycle
19 #4100 mN, JNARIE]LS sHEAS[R] G E s E] T 2 5 m
UK FR
Fig.9 Hardness relationships with cycles of different hold time
under load of 100 mN and loading time of 15 s

55 o R A JBE B 6 N U R B T A1, k2
PR 5 — Uz, ARFA N 3 i By G 4 F
HEUST, BRAR T RE— IR BB Sy, AT fe A R
TR

HREMIKREI TR
T S FEAS R Tk 4 T s [) 6 J 22 2 T B 45
[ RENR o AT PRI 56 5 U 2 R T S AP LR R
bp, WA I ERIENS . HE10(a)(c)(e)A]
e W E R PUORLANNG S, R AR AE ML,
E10(b)(d)(D)53 H1 K B 10(a)(c)(e) T FIHE X 8k 1137t
MIROIESL. ATLAE Y, RIS e, [MIbT
A B S A /N ST LTI (T 10(b)) 5 AR TS ]
WK Z3 h, ML A E LT R LI RS,
M 2k MAEL(EI10(d)); PRIGETE R6 hi,
BT 2R AN MG RS, R T AL R
HE— AR (E 10(D) -

FEHJE . W2 R R ML M E80Y K
55 0R 2 R [R)ERA T il 25 S5 RN ) R O
AbF = IRIAEE(Z925 CHRF, T2 TR K
TR A e, THEZK S BURTH ML R . h

2.5



ERE ] PRI, 45 Poii- B RGN SRR Z OR IE AR AR IR RE 89

5 um

(d) Pit, soaking time 3 h

(e) Surface, soaking time 6 h

(f) Pit, soaking time 6 h

10 S [ E AR 794 2 2R T 5

Fig.10 Surface morphologies of the coatings under different low-temperature soaking time

TIREREGFOHAR R EE R, AR A 2 B A7 R
B, HUFE 63 CARHR PR 5 28 SR E = R A
[ B2 S 120 77 FE OSSR A AR Sm A e v o A TRIA R
Hr, RN ANRE SR, NTTIAE R — IR AR
R R, FEEROULEAE R E R M ST 54
JE o AR PR IR RIS, W RBUE R, FAIE
R ML R L

P11 (a)(b)(c) i Sk 7 BE 45 - SR i i £k
R IR 78 A RITRI IR SR 280 SRy W R T L R
Pl A, PRI A 1 hins, Il 5 2 5 AR
B AN, W BFALIOESE R, RIR
BGEAP ST ME1O)FR, AR AR

Critical point
2.0

Friction /N
=

Friction /N
=

(]R3 hish, FEHE 7Sk B B AR AR Ak, Xt
o7 KO JR TA ¥ P B % R B K i LA 5 IR AR TR s
[E) 3 nEN6 h, 11 (c)ik Fros BE#E I it Zahb 2
AL, MR QR R T e B R I R B
K11 (c)h SEMYARE I IR 2 03 RIS T iZ e,
H-5Wheeler J MUY AFFE A4S o

mEN2f7R, FE IR AR AT E B 1 hag
6h, HZE5E TIN(2.26£0.13) N R[4 Z(1.53+038) N,
BUNTEERTIEE J1(2.46£0.37) N IRE4GIR
£ M53.73 MPa F[#%E30.94 MPa, ¥J/NFEIT
HIZ5 A 5RE61.75 MPa,

AN IR T PR 85 s ) T 300 9 A i T2 A5 4052 i 1

Critical point
2.0

Friction /N
=

Scratch distance / mm
(a) Soaking time 1 h

05 10 15 20 25 30 05 10 15 20 25 30 0 05 10 15 20 25 30
Scratch distance / mm
(b) Soaking time 3 h

Scratch distance / mm
(c) Soaking time 6 h

B 11 R AR AR IR T T o 2 R i R4

Fig.11 Scratch morphologies of the coatings under different low-temperature soaking time
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