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Preparation of the capillary copper/titanium composite pipe by floating-plug drawing

processing and its microstructure and properties
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Institute for Advanced Materials and Technology University of Science and Technology Beijing Beijing 100083  China

XCorresponding author E-mail: Liuxinhual8@ 163. com

ABSTRACT A copper/titanium bimetallic composite pipe with high interfacial bonding quality was manufactured by the high-tem-
perature rotary swaging forming and then was processed by the floating—plug drawing process. The forming ability of drawing process
and the effect of drawing process on the microstructure and properties of the product were mainly investigated. The results show that the
floating plug drawing especially the wall-reduction drawing has a great destructive effect on the bonding interface of the pipe which
results in that it is difficult to carry out multi-pass continuous drawing and single pass drawing volume should not reach over 30% .

The annealing at 575 °C for 70 min has little effect on the diffusion of interfacial elements but it can reduce the work hardening and re—
sidual stress. This process makes the pipe’ s average peel strength increase from 7. 8 N*mm ' ( worked state) to 17. 1 Nemm ™' ( an—
nealed state) which considerably improves the subsequent drawing performance of the pipe. A reasonable drawing forming process for
the copper/titanium composite pipe was made based on the strict control of drawing wallweduction and a capillary size pipe with an
excellent bonding property was successfully prepared.
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Fig.1 Floating-plug drawing process for the composite pipe: (a) schematic of the process principle; (b) die and plug used in floating-plug drawing
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Fig.2 Schematic of sampling method for peeling test: ( a) sampling /
location; (b) cross section structure of the composite pipe sample 1.3 pwm
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Fig.3 Schematic of peeling test for the Cu/Ti composite pipe sample
4 /

2.1 /

5

Fig.4 Cu/Ti composite pipe billets with the high property fabricated

by heating rotary swaging
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Fig.5 Microstructure of the Cu/Ti composite pipe billet: (a) Cu layer; (b) Ti layer
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Fig.6 Interfacial morphology of the Cu/Ti composite pipe billet (1a) and its ESD scan curve ( b)

7 () (h) ()
Fig.7 Peeling force curve ( a) and morphology of the peeled surfaces of the copper layer ( b) and titanium layer ( ¢) after peeling test
1 /
Table 1 Process parameters and stability of single-pass drawing for the /
Cu/Ti composite pipe
/ / /
( mm X mm) % AS/mm
/ N
1 $12.7 x1.30 10.9 0
2. 2
2 b 12.4 x1.21 18.6 0.09
3 $12.2x1.11 25.7 0. 19
3 3
4 b 11.7 x1.12 28.8 0.18 /
5 b 12.2x1.05 29.6 0.25
6 ¢ 11.7x1.10 29.9 0.20
7 b 11.6 x1. 10 30.6 0.20 ( )
8 ¢ 11.0x1.10 34.6 0.20 2 N
Table 2 Thickness of copper layer titanium layer and pipe wall of com—
; 5 6 posite pipe after single-pass drawing at different deformation amounts
/pm /pm
( 0.25 mm )
/
él4. 1mm x1.30mm 1017 297 1314 — — —
6.7.8
$12.4mmx1.2lmm 963 251 1214 54 46 100
0.2 mm
30% ¢ 12.2mmx1. 11mm 890 228 1118 127 69 196

G I 7mmx1.12mm 909 226 1135 108 71 179

¢ 1L.6mmx1.10mm 895 211 1106 122 86 208
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Table 3 Comparison between the measured reduction of area of copper

layer and titanium layer after floating-plug drawing and design deforma—

tion amount

/mm /mm /mm /mm (

14.1 1.314 12.4 1.210 18.

14.1 1.017 12.4 0. 963 17.

12.094  0.297  10.474  0.251 26.

14.1 1.314 12.2 1.110 25.

14.1 1.017 12.2 0. 890 24.

12.094  0.297  10.42  0.228 33.

14.1 1.314 11.7 1.120 28.

14.1 1.017 11.7 0. 908 26.

12.094  0.297  9.884  0.226 37.

14.1 1.314 11.6 1.100 30.

14.1 1.017 11.6 0. 895 28.

12.094  0.297 9.81 0.211 42.

7 30. 6%
42.2%
TA2 40% 1
8 /
8( a)
8(b)
8

Fig.8 Morphology of the tensile fracture of the Cu/Ti composite pipes: ( a) macromorphology; (b) micromorphology
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Fig.9 Effect of drawing deformation amount on interfacial bonding

strength

10

Fig. 10  Effect of drawing deformation amount on tensile strength and

|
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percentage elongation after fracture

1.2 4

18.5% 16.3% 21.6%

18.5%  28.2%

3

31.8% 37.5%

/

25.7%  20.8%

x 1. 10 mm

$10. 00 mm

41.2%

20.3%

4 /
Table 4  Results of multipass drawing of copper/titanium composite

pipe

1 G12.5mm x1.2mm  $10.95mm x1. 16 mm  31.8
2 G12.5mm x 1. 15mm  $10.56mm x1. 10mm  37.5
3 &12.2mm x 1. 15mm  $10.00mm x1. 10mm ~ 41.2

4 GI12.5mm x1.2mm  $10.56mm x1.02mm  41.5

11

41.5% .

11
Fig.11 Delamination of composite pipe by two passes drawing after

split along axis
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Table 6  Process schedule and parameters for fabricating the Cu/Ti
composite pipes with small diameter
/mm
D S AS/mm %
1z . (HY) 12,40 1.15 0.15 223 1.29
+ 9.48 1.15 0 26.0 1.35
Fig.12 Change of microhardness value of the Cu/Ti composite pipes
with original and deformed and annealed conditions * 7.30 114 0-01 26.7 .36
+ 5.90 1. 14 0 22.7 1.29
5
Table 5  Peeling strength of the Cu/Ti composite pipes with different 15
conditions :
/(Nemm ™)
1 23.5 36.6
2 7.8 17.9
3 17.1 27.2
3 /
13 /

1.3 pm
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13 3 / . (a) / i (b) 25.7% v (e) 25.7%
Fig. 13 Interfacial structure and composition of the Cu/Ti composite pipes with three different conditions: ( a) before drawing; (b) 25.7% deforma—

tion amount ; ( c¢) annealed after 25. 7% deformation

(1 7/
30%
14 / (2)
Fig.14 Cu/Ti composite pipes with different diameters fabricated by /
floating-plug drawing . 575 C 70 min
/ 7.8 Nemm '
17.1Nemm .

(3)
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Fig.15 Cross section of Cu/Ti composite pipes by different processing methods: ( a) floating-plug drawing; ('b) multi-pass sinking drawing

$5.9 mm x 1. 15 mm /
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