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Preparation of amorphous Ti-Cu coatings by mechanical alloying

DING Run-dong, SHEN Yi-fu, LI Bo, HU Yong-zhi, GUO Yan

(College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China)

Abstract: The Ti-Cu amorphous coatings on Ti6Al6V (TC4) substrates were prepared by mechanical alloying. The
microstructures, elemental and phase compositions of the mechanically alloyed coatings at different milling durations
were studied by SEM, EDX and XRD. The studies on micro-hardness, friction and wear and adhesion strength behavior
of the coatings were performed. It is found that a proper increase in the applied milling time enhances the densification
and non-crystallization level of the coatings. The coating at a milling time of 11 h is almost fully dense and amorphous
with a thickness of 40 um. The inter-diffusion at the coating interface occurs to form a metallurgical bonding between the
coatings and the substrates. The micro-hardness from the top surface to the inner substrate at the section of the coating
decreases gradually. The maximum micro-hardness of the coating reaches 593 HV, ;. The friction coefficients of the
substrates with coatings are obviously lower than those of the TC4 substrates. At a milling time of 11 h, the friction
coefficient of the coating is 0.18 and the corresponding wear mass loss is 0.8 mg. The adhesion strength between the
coatings and the substrates is improved with increasing milling durations and reaches the maximum value of 44.6 N at a
milling time of 11 h.
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Schematic diagram of preparing coatings by

mechanical alloying
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Fig. 2 XRD patterns of coatings at different milling times
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Fig. 3 SEM image showing cross-sectional microstructures of

coating at milling time of 5 h
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Fig. 4 SEM image showing cross-sectional microstructure of

coating at milling time of 7 h
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Fig. 5 SEM image showing cross-sectional microstructure of

coatings at milling time of 9 h

(b) Element w/% x/%

Al 5.69 9.76
Ti 89.03 85.96
\Y% 243 2.20
Ti_ Cu 2.85 2.08

Al v
s JW cu

E/keV

© Element w/% x/%
Al 1.94 3.82

) Ti 53.24 58.83

Ti \'% 0.14 0.14

Cu 44.68 37.21

Cu

Cu
\'%

AL mWA

05T 2 3 4 56 I
E/keV
Bl 6 EKEE 11 h 52400 SEM 1% 3 5 1 Rk 2 ALt
eyl

Fig. 6 SEM image showing cross-sectional microstructure of

coating at milling time of 11 h (a), EDS analysis results

showing elemental distributions in point 1 (b) and point 2 (c)

W, WREBUETAL, 5K S AR, WENTREER
WREEM, HRRIZEREE IS, B 6(a)t i 1 IREIS
SATE R WK 6(b) i, WA % AU B Y N
5.69%(Fi 5 £, HARF)E Al JUEA 2.43%0 V J6
#. K 6@t i 2 MReE AT Es R 6o, 1E
Zm AL TR TN 1.94%, V ILERSEN 0.14%.



F22 % T

VA, A5 BUBA @ ALl Ti-Cu JEMR)ZE 2027

MR IER A P AE Ti Al Cu J0 R, ISR UG E A
FARR A T R EMEY . VA St R b AR
TR (R Z 0 200 °C), (HITRZ LA
KA T SmFI B AR, IXFES AR E RS b e
AP A FHOK B b b SRR, A3 0 2 I BUR B0 K,
WIS 2 5 R 2 o) R A

RO A Cu JCEGEN 2.85%, ALK A H
Cu JCEMEGERIL 35.00%, &KX A AL 5 A
2 AN[A HANR ARG, i 5 A A SO SAR,
Tiak, He AUFIV JCER B8 5 5544 TC4 (1) & &I
WOZ X S0AT B8 A TCA FEMCE BBk W i /E N L B
I 1) TCA Jovkr, {EvR =il £ FE b bk Ti AT Cu KoK
P a B A IR EAR R T S o el T IR
NGB HARBRR, MARE. ARG, [l
DX 355 o B ) IR G A DX A AR L, SO o3
Bor Mo i IR TCA BARA e — € 225+ R 2 &k Cu
JCR TN 44.68%, T IRIRG K AR 35.00%
Cu U &e, XEZRMTHATEMM) Ti A1,
[LAL T Cu BAR G, 5 TR A
W, DS G TRV, WET Cu JoHEEHE S
TR AT Cu R G E. 2SI IS
SEEIEMW, ST SRE, R SSRGS
Uf, WRZIEBEL KN 40 pme

2.3 Ti-Cu IER R B BANIBIRTT

FAE P55 Ti-Cu YR JEPAH S5 I3 1 53 #r 45
AP0 Ti-Cu AR AR 2T O FEEAT W1 . ¥R 2 B
BGOSR AR 3 AN B, Wl 7 s

1) & @M AR 5EAAR IR & OLE 7).
TEBRIERIN, T A1 Cu M AR AE BRI E FR) v T e 2 R
BRSO R R AR, RIS Ti A Cu R A
AR, R AR RS8N s RS2 B B K e B 4 o
RIMAA R, HAERZX R AR — e & AR
YBTEARTE . 34, WREA /D TCA BRI % 2
Wizd, BivgFE NEREEGEN . DRI, JEARRIZARTIY
PN, BREEGE AN A PR SR R R T T AN A
R, SR AU, IS JE R
L Z . ALBHABITIRZ

2) BUARVRZNIE RS 2SR RO
7(b))o 4RLEREE, FEEEERMBEL N, W HURR G
DURAAE TCA FEARR M4 Jm b R 2 28 R 52, 42
AR Z N8 SRy RS2 5 AR [ R AR S, TEILT
JZROIR Ti I Cu FURLAH BAZ S E SR IE . B BREE
IR E, Ti A Cu JBURL A J2 (R BN, 242 R

Cu

~
~
~
~
~
~
~
~
~ N
~ ~
- ~
~ ~
~ ~
N ~ ~
~ ~
~
~ ~
~
N ~ ~
~ ~
~ ~
~ ~
N ~
~ ~
S ~
. ~
~
~
~
~

Collide

(Ball

Collide

<

Amorphous layer

Cu

(b)

Amorphous layer

Collide

Diffusion layer

(©)
7 Ti-Cu AR5 IRZ B A LB R R &
Fig. 7 Schematic diagrams of formation mechanism of Ti-Cu
amorphous coating: (a) Mechanical interlocking between metal
particle and substrate surface; (b) Beginning of non-
crystallization of coating; (c) Further non-crystallization of

coating and diffusion between coating and substrate

WNE—5E RSFIE, Ti A Cu J2 RSS2 1818 Tk
FEXSFRY O, SR TRV Cu JR T A E Ti
DRI 1 R RSO Ti ) s Cu XA
BOR R . A, Ti 1 Cu 208 BV #h 74,
HBRER IR BN, 3XRE Ti A Cu AR S BT 75 11
N TR 228 2D T T Bt AAAH Jr 75 2 1R IS 1) o BRI T A
Cu Z 8] () B3 BUOEHAE Ti Al Cu J2 IR GE ¥ (A8 F Ak 1
B Ti-Cu i J2

3) W — AR A B R S AR A ) T
P HLIE 7(c)). BIAEEREER ALK, Ti 1 Cu 25
REEAE AR S = — 2 m AR, 515002



2028 A G EE R

2012 4E7 H

(IR e A S SRR 2 S Bt RS T Ti
AN Cu Js 7 BUARRSFRYHL, SRR AR S AT e -
LIRS, fERE S AR W S Btk T
FERERIATELY /L, DA, ¥R)R S Z 8] e MR 4 o
IR LT -

24 EREWMEEST

TR AT ) R P ) 8 P . EREE S AT h
Ja BT A5 R 2 T AL 2 A8, DR el
HIL RIS . BREE 9 A1 11 h 5 A AR 1 ) 5 s
SRR, RIEEMRZAN RN SR, WAl
Ko BB BRA T v 2 A L Al i A IR AR J2 7 A o Al
o, FTLL, 5 TC4 SEARAALE, W2 BAT 8w s p
FE o TR o3 A1 FH 2R AEVR 2 5 TC4 FLARR ST AL R 2
K, WA R IR N AE TCA FEARX IR, A%
WEFE AL/, A B )8 A B2 B TR A
)R P DX S P TR AR BE AN R T 5 12 1. BRES 11 h
5, RN BEEE LEERER 9 h S I Ry, X
e T ERES 11 h J5 a2 10 8508 R S AR 2 o
TR A R R AL Sy W B A R 2 2 T A ()R
Wb, BREE 9 F 11 h 5 BN A 220K, X
LT TC4 & 4 1) Je s s, I AL e A i e
I FE P i A PR

600 -
NN it
= 5001
jus)
%mw
<
=
e
2 L
S 300
200}
0 40 80 120 160

Distance from top surface/um
B 8 AN[F) BB I [A) T 2 46 e R AN [ R LA 11 4 ok
T Az Ak
Fig. 8 Changes of microhardness with distance from top

surface to inner substrate at different milling times

Hi TC4 SEARMI BEBR I IR L e 2=, I, TR)R
M REBR AR E BE A TR R K — DN E PR e diRbs . K 9
JIs g AN [RIER B IS 18] 1 i 6 (K098 2 10 R AR B 45 P
k. M9 rTLURHL, BREE 5 h JEIR)E R D5
Bt I 18] R 3 I AR AR AR E » H B

SZOEHTIKEE 5 h il iR 2B, WIZE AL
W%, HAERE, WK 3 fix, WRIZENESSAE
B, ORI R VIR G 0408, AR AR AS
ARRATAERTY, PN — R (U 52 21 R JE 11 BY . )
FTRE R AR AT BB T (0 JURE £3 TAE R 2 P R 4
JERPERE. XTBEZ) 10.5 min J5, BERENEGZ WD,
2 14 min W BB REAGESE 0.4 Ao, 5 TC4 FAKM)
PEEDVEAHLT, UiEERE OB IE, WML A
5 TCA S . BREE 5 h 5 BTl v 2 10 B 2
PERBRLZE, ARRedE S M R EREEEME R . 3K 7 h
S BT A B R 2 PO PR AR DR 5 B ot 8 B ) A4 il 2 4 A T
T, CEATT IR 2 T PR A DR 50T A 6o B i 1] 1 S A Ty 1
I, TR T PRSI AR AR, IR S R R i DR
2920 0.32. AHLLERES 7 h 5 il &R )2, BRES 9 h Jo
8 VR 2 I R B0 — 2D RAIG, 2000 0.2 X 22
T R R B . EATALIN, HABEERM R E
R E R AR AN TR, R R
B, FLamEEANRERE S IG Sy, DN 2 R R DR
FIN, WRE I PEEEE AR . EREE 11 h J5IRZ
PR EdE— 2Pk, BEERDNELZ 0 0.18, UBIR)E
FEnECE, [RINRE ARG B — P, WO
PEBERIBUEAR, WRJEERERE AT .

Friction coefficient

072 4 6 8 10 12 14 16
Sliding time/min
B9 AN[EIBRIE I TA) N A 2 A JEE % DR Bt o B I 1] PR A2 1
ith 2k
Fig. 9 Variation curves of friction coefficient of coatings at

different milling times
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