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Table 1 Chemical composition of pure titanium and pure copper (wt%)
Pure titanium Pure copper
Element
N C H Fe (¢} Ti Sb Fe As Pb S Cu
Content 0.014 0.012 0.015 0.098 0.025 Bal. 0.002 0.005 0.002 0.005 0.005 Bal.
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Fig.1 BSE image (a), EPMA element line scanning (b) and

element mappings (c—d) of Cu/Ti composite interface
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Table 2 Element data of Cu and Ti

. Melting Atom Electron  Binding
Atomic
Element temperature/ radius/  density/ energy/
number
°C x10"m  x10®m>  kJ-mol”
Ti 22 1660 0.1614 1.33 468
Cu 29 1083 0.1385 3.03 336
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Fig.2 Overall interface (e) and corresponding OM (b, ¢, g, h) and SEM (a, d, f, i) images of the Cu/Ti composite interface
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Fig.3 EPMA analysis of Ti side (a—d) and Cu side (e—h) of Cu/Ti composite interface: (a, €) BSE images; (b, f) EDS element line scannings;
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Fig.4 BSE image and EDS analysis results of the copper side (Zone I) of the Cu/Ti composite interface in Fig.2e
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Fig.5 BSE images and EDS analysis results of Zone II in Fig.2e of the Cu/Ti composite



* 786 ¢ W] B RS TR

554 3%

10 um

Content/at% Probable
Point
Cu Ti phase
21 54.9 45.1 CuTi
22 34.1 65.9 CuTi,
23 95.0 5.0 Cu
24 342 65.8 CuTi,
25 49.2 50.8 CuTi
Content/at% Probable
Point
Cu Ti phase
26 49.1 50.9 CuTi
27 332 66.8 CuTi,
28 55 94.5 Ti
29 5.6 94.4 Ti
30 0.9 99.1 Ti

K6 Fl2e 1T IX FIIVIX BSE i v &% EDS 43 #1454
Fig.6 BSE images and EDS analysis results of Zone III (a) and IV (b) in Fig.2e of the Cu/Ti composite interface
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Fig.8 Nanoindentation tests results at the composite interface of Cu/Ti: (a) test area and (b) hardness contour profiles

2 1 1\?
2PVa%|:_(¢A - ¢B)2 + % ngsA - n;sB) T a ]r):|
AHS’;'I“B = l l
("wsAy3 "’(”wsBy3
2
2 2
ﬁ\:':P,Va?:V/g[lJrafBA(qﬁA—qﬁB)] (3

X, o NEIH B VNS48 A I BERIERLL 2N B
JELF 1A J 7 B it 1) Lo g3

DA b 475 il 8 2 2 5 B B 1 A RN - 4 4 ok
U, HAR S HAE — & &R ZE BN, 7] BEE AT H
JE X T 1.Si Ge Sb I Bi yo & W AN [A) Ji 7B firh Ji5 2= 77 2E
HATIERS , B SR A AL L TE A S RETH
Ko FFL AR (] 53 BIfELA -

2PV§[(¢A - ¢B)2 + g(n\%/sA - nv;vsB) :|
(4)
(nwsA)

2 ) 1 1\,
2PK{WA¢J <Ot il ap}
AHSéilnB = 1

("wsA)ig + (nwsB)

HAinB —

sol

1
+ (nwsB) }

W=

(5
P.OratfiRERER E- &R, M24H
TCHER AL P TC R, P oA 14.2; 29 2 4t AR I R T
FORL I L R ALK PR 12,352 2 A oa R Al I i
RICEI, P 10.6. RIEAKO/P=9.47HiE OfH. K
Fr/PHIME, 464 R G0 2 Bl i T R AL, /P
EWSN P IV 85 =S BUR: 3/ Dv%- W L E | S Ui/ 5IvE
YRR, /P AEIX 2 FOGER /P EITER . 4EESRE
SIS, afH90.73 : U EERE A BE S el 1.
SRR B e E & T RS AT R -
AH = x, finHAM™ (6)

sol

B R A O % T 2 K A 2 AN A
A(6)15:

: » of L 1)’
2Px,\ V3 fs 7(¢A7¢B) +P(nézsAn3vsB)

(”wsA)i

>
=
|

wl—
Wl —

Jr(nwsB)
D

Hor £ B B TR A BT B i ) e i

[t =Ci[1 +a(Cy ) (Cy)] (8)
Hot, C3 R CL 4 B BAA B T IR TS, 0 N =08
SHHFRE. 4 e e e TN, oM N0; 4
SEAE oINS,

B, 2 e SN ERF A& = . Mt
BANE A e, TR .

fo' = Gyl1 +8(C)(Cy )] 9
2 2 2
Hrr, cs —xAV,f/(xAV,erxBVB”) (10)
2 2 2
Cg=xBVB3/(xAVA3 +xBVB3) (1D

FER (O~ AHFRIRTE RS sx ¢ n VI3 I 3E
TN T B A TR IR S0 B A3 LB TR T L BE R AR
P.OREEHEH. R3IFTHET AO~AD FHSE
Ho AR ADRANAR (D A1 ZIER i —
TLEERTE S . R4FIH THEKE S AL 4 M &
VIR B« W DL Y, Cu,Ti A3 86 K 1 50T 1 48 1
CuTi A /N FIE Uk, X 5 SCHR[38-40] % FH 28 — 1 )5

%<3 Miedema {REH Ti.Cu T ZHISHE

Table 3 Parameter values of Ti and Cu in the Miedema model

1
Element Element type V3 V%/sz
Ti Transition element 3.80 1.52 4.82
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Table 4 Formation enthalpy values of different phases in Cu/Ti

liquid-solid composite diffusion layer

Phase AH/kJ-mol™ Phase sequence
Cu,Ti -10.599 Order
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Fig.9 Schematic diagrams of the formation of diffusion layer of the Cu/Ti composite interface
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Diffusion Behavior of Elements at Cu/Ti Bimetallic Liquid-Solid Composite Interface

Shao Peng', Chen Xuan', Huang Sheng', Yu Kun®, Chen Hao', Liu Kun®, Xiao Han'
. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming , China
1. Facul fM ials Sci d Engi i K ing Uni i f Sci d Technol K ing 650093, Chi
(2. Yunnan Titanium Industry Co. , Ltd, Chuxiong 651209, China)

Abstract: The Cu-Ti bimetallic composites were prepared by liquid-solid composite process, and the diffusion behavior of Cu and Ti elements at
the composite interface was investigated by OM, SEM, EPMA and other testing methods. The results show that the grain boundaries are the main
channels for diffusion in the process of Cu/Ti composite. Except for part of the Cu,Ti phase formed on the Cu matrix, the rest of the compound
phases of the diffusively-dissolved layer are generated on the Ti matrix. The compounds generated at the Cu-Ti composite interface are Cu,Ti,
Cu,Ti,, CuTi and CuTi,, where the Cu,Ti, phase grows in a “jagged” manner, the CuTi phase grows in a “bamboo shoot” manner, and the CuTi,
phase grows in a “planar” manner. The hardness values of the diffusion-dissolved layer are significantly higher than those of the two pure
components. As verified by the Miedema model, the sequence of interfacial phase precipitation is CuTi, Cu,Ti,, CuTi, and Cu,Ti. The bonding of
Cu and Ti is a combined action of Cu diffusion in Ti matrix and Ti dissolution in the Cu solution.

Key words: Cu; Ti; liquid-solid composite process; diffusion-dissolved layer; composite interface
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