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Pressure Sintering Characteristics with Chemical Reaction between
Dissimilar Metal Powders by DC Pulse Resistance-Sintering Process
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A DC pulse resistance-sintering process is introduced to reduce the long processing time in the
net shape sintering process of parts including intermetallic compounds by a hot-pressing (HP)
process with chemical reaction between copper and aluminum powders and titanium and aluminum
powders. By the DC pulse resistance-sintering mixed powder materials are sintered directly by a
phenomenon of microscopic electric discharge between the particles using a DC pulse generator
under a punch pressure in a graphite die. The powder mixtures of Cu-33 at % Al and Ti-50 at % Al
were milled by a mechanical alloying (MA) process. The MA powder mixtures were sintered using
the DC pulse resistance-sintering process. It has been confirmed that the mechanical properties
obtained in a short processing time of only about 10 min by the resistance-sintering processes are as
same as those in a long processing time of 2-3 hours by the HP process.
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Table 1 Powders used

Element Process Nomen| Mesh | Size(um)
Al Atomization At-100| -100 < 149
Cu  |Electrolytic deposition| MD-1 | -325 <45
Ti ) HDH TC459 | -325 <45

Table 2 Milling condition

Frequency (Hz) 12
Diameter of ball (mm) 11
Number of ball 20
“Weight of mixtured powder 10.000
Ball / powder weight ratio 10.9
Milling time (h) 24

(b) Cu-Al, MA

(a) Cu-Al, mixed simply

0.5 mm

(c) Ti-Al, Mechanical alloyed
Fig.1 Micrographs of powders by SEM
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Fig.2 X-ray diffraction of Ti-Al powder

—299 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2694 DC "\ ZEBHIEBERS R & 2 BESE BN RONE K SR E

(b) DMAIERTIE, (a) DEMBAEMEICHRT, Ti
BITAIOEFHAIT S E— 7 EFSERITEL 2
O, 7ENT 7 AMEIEARDDOHLEEZ LN,
22 Ky FTL AL BNERERE 34k
BHZFRy M TV AOBERF R FERNTHE & 88
ZFEEFICAT) S EDTE D MBI R — 5 — 12
L BB OHERIE SR, IMEIZFEE LIS 5 IE
T L TITV, REMZRE 2300°C, AN 7 200kN
Thb. BZEEIZI0CTorBETHH, HEEARAEH
TOBRETIE, BROBRLZ LT, HkddH s
BRENCHE LWL AEBRETES, $72, E
EEEEARRICIT ) S L0 LY, KEER R A
CRTVET BN EIHIT LI LT TH L. ¥
A4 213, WNE10mm, B 60mm Th L. HKDOEE
BB, MEREMENSCFBIUY 4 ANE%
BN (21b+h V%) THEE L. MAKEIL, BFZD
STEAEZ20mm, B & Smm ik 5 LS ISR L.
B4 HIE - ML S5 — > % RF. $F, 1=1,(5min)
TREHREp, TTMET S, 0#, Ihh)T, =
L CRERETIET 2 £ TMEL, HEp, & —ED
TF, ZOEEL =, FTRIFTH. 2D, Kv
ML AFNTHRGH L 2. KFFETIE, MERE
P, % 30-7035 & U°30-500MPa, BEREIREE & 500-800°C O
B CTEEL, PRI 2n L Lz, TEHME R,
BERSIRIE 500-600°C Tld, ¥4 X SKD61 (HRC60), /<
> F SKHS1(HRC60) % v 7. BEks iR E 700-800°C C

Graphite rod

Heater Pressure

A

©

Thermo
couples

~J

™ Die

Y

Fig.3 Hot Press Chamber

Punch
1{ Powder -

Anvil —]

Graphite rod

B~
P, ° T\~-—-

oY | 1 5 | }
I 1 = | |
e I 1 s 1 [
E I 1 8 I 1
@» | 1 g | |
1] | 1 5 l |
=9 | 1 = 1 1
1 1 H 1

t

1 b 1 h n
Time ¢ Time ¢

S

Fig.4 Sintering pattern by HP
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Fig.9 Influence of pressure on relative density
of Cu-33at%Al sintered
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Fig.10 Influence of pressure on Vickers hardness and
fracture strength of Cu-33at%Al sintered
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Fig.11 Influence of pressure on Vickers hardness of
Ti-50at%Al sintered
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Fig.12 Influence of set temperature on Vickers
hardness of Cu-33at%Al sintered
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Fig.13 Influence of set temperature on relative density
of Cu-33at%Al sintered
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Fig.14 Influence of powder temperature on Vickers
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Fig.17 Influence of set temperature on Vickers hardness
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Fig.16 Influence of set temperature on relative density
of Ti-50at%Al sintered
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Fig.21 Micrographs of Cu-33at%Al sintered by SPS
(Sintering pressure: p, = 50 MPa)

(b) 800°C

, FiEEE1hB X -

2B 5 SPS B RO, (a) 500°C T, X 21 (a)
OHPBEEARL Y, R7REDPEVLLWE, 20175

NFEoTwh, FNIIX LT, (b)800°C T, RTId

SlBREISAEV. ThOoDRTOEDIE, LK, H
KB plp, DRI KB L TV B2, TS HV R R
BIRIET) o, & bHEYH 2.

2213, Cu-33at%Al ® 800°C, SOMPa 2351} % HP
BEREAROXBOIHEREZ T . B HILEYCuAlL D
V= PFRTH LD, CUAIDE — 7 bBIEESI NS,

X231%, Cu-33at%Al P 800°C, SOMPa il 1} 5 SPS
mfﬁm X BB R E RS, @) FHRFEHE 2min O

1213, E22 LA, SBMIEAY CuAl, DY —
775&121&*(&)6# CuAlDY—7 bBIEINA, —
7, (b) BiEFEETmin 0% E121E, &8 ML &1 CuAl,
& CuAl D ¥ — 27 3l fmsi% B TWA, 500°C T

o
1 O CusAly
-~ i ® CuAl
3
[+
~ |
2 | °
&
g 51 o |
= e i | :
: I o9 ‘ o |
09 . LJ ;
N 1 . I I = N | 1
30 45 60 75 9 }

20 (degree)

Fig.22 X-ray diffraction of Cu-33at%Al sintered by HP
(800°C, 50MPa)
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Fig.23 X-ray diffraction of Cu-33at%Al sintered by
SPS (800°C, 50MPa)
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Fig. 24 Micrographs of Ti-50at%Al at 900°C, 5S0MPa
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Fig.25 X-ray diffraction of Ti-50at%Al sintered by SPS
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