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Abstract. This paper presents a study about the porosity aifteering and the final weight percent of coppéer
infiltration into the parts produced by Powder Metagy. The pieces are based on tungsten powdé&b\W8& 20% Cu-
2%Ni. For this research two kind of tungsten powdeith different grain-size distributions have bemed. After the
homogenisation of mixture 98%W-2%Ni the paraffimmnt was varied. Thus, were obtained six differanttures,
with 1%, 2% and 3% paraffin contents. The homogasemixture W-Ni was pressed with 400 MPa compaction
pressure. After sintering the porosity of tungssieleton determination was made with the methothefsurface
integration. After copper liquid infiltration theopper weight percent content for each final pieag Ibeen determined.
Also, the final mechanical and physical propertiEthe composites based on tungsten powder havedpeeified. The
microstructure characteristics and manner of coppi#fration into porous tungsten skeleton havemeresented, too.
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1. Introduction

The low thermal coefficient of tungsten and
the high thermal conductivity of copper make
W-Cu composites attractive for thermal
management applications, like for the electric
contacts [1]. Processing of W-Cu composites is
usually done through copper infiltration of a
porous, pre-sintered tungsten compact, or through
liquid phase sintering of compacts [2]. The actual
technology of pieces from WNiCu for electric
contact achieves the density necessary for copper
infiltration from paraffin dissolved in alcohol [3,

5]. Study about the influence of paraffin contents =
on the properties of these materials has been made. p 1 - y
. r ' d ;" L |

2. Experimental results DRl ¥ S 4P,

For the experimental research, two tungsten- : YLy e
powders with different grain-size distributions “ s X, 4 i & 5
have been used. Thus, a kind W-powder with a big LWl “ . Fes
grain-size distribution of 5m, noted like B and a b 4 4 ot gt (’ﬁ g T
fine W-powder, noted F, with gum grain-size e R U ;
distribution. In figures 1 and 2 the form of these %~ ol "':'. Y :
W-powders is presented. . ,,;“" I S, e Ve

Copper-powder was obtained through Figurle 2. W-powde; noted E
electrolysis, having a grain-size distribution less
than 0,060 mm. Before utilisation Cu-powder was After the homogenisation of mixture W-Ni
deoxygenated through reduction into hydrogen. (98% W, 2% Ni) the paraffin content was varied.
Nickel-powder has been obtained from the Thus, were obtained six different mixtures, with
reducing of the Nickel azotize into hydrogen. 1%, 2% and 3% paraffin contents.
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The homogeneous mixture W-Ni was pieces it is considered that the opened pores are
pressed with 400 MPa compaction pressure. black and the interconnected pores are grey.

Then, it was realised by pre-sintered at the In figure 4 the dialog window that allows
1200°C in hydrogen. this operation is shown.

After that, when was obtained the tungsten After automatically pores selection based on
porous skeleton, was measured the porosity in their characteristic colour, figure 5, for selected
accordance with the method presented in [6, 7]. zones that means the pores, it reverts to frequency

This method consists in porosity selection analyze stage. Thus, in figure 6 the outcomes of
on the basis of the contrast and the integrating this analyse is presented.
occupied surfaces with equations.

The porosity value on scanned images with
grey and black colour nuances of the
microstructures had been evaluated.

Further on, the primary statistical analyze of
colours had been achieved.

In figure 3 the result of this primary
statistical analyse is presented.

.
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Figure 5. Automatically selection of pores
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Figure 3. Result of primary statistical analyse Mean: 46.75 Level:
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Figure 6. The result of statistical analyze
for selected area

In window shown in figure 6, one of the
statistical results displayed is number of selected
points. By reporting on the initial point’s number,
presented in figure 3, the percentage relative
k- T surface of pores is obtained by primary statistical
@ Selection C image analyze. This result is a directly measure of pores

volume percentage.
Selection Preview: I None vl FOF:’ analysgd case:
Figure 4. The dialog window Porosity = 48579 x100= 2081% (1)
23337t
Next step in numerical determination of The opened and interconnected porosity is
porosity the pores automat selection on the bdsis o achieved with relationship [3]:
characteristic colour constituted. _ (G -Gy) .
It can be mentioned that with this method of —mxloo, [%], (2)
par \°2

integrating surfaces on the microstructure of the
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where:dy = 0.778 is paraffin densiig/cnt].
Thus, the value of close porosity results:
P=R-Py,  [%], 3
where Ris effective porosity andHs open and

interconnected porosity.

Thus, it have been made three
measurements, in different part places, and then
had been calculated the measurements’ mean.

The porosity values dependent on the
paraffin content are presented in table 1.

Table 1. The porosity of the porous compacts

1.. J 'I--‘.._-!r____-
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Figure 9. Mlcro;tructure of part produced by
W-powder, noted B, with 3% paraffin

W-powder | Paraffin content Calculated porosity
% %
1 19.67
W-powder 2 24.85
noted B 3 29.61
W-powder 1 16.13
noted F 2 21.34
3 23.53

For each porous compact the added copper
guantity was the same as that for the ordinary
technological itinerary [8].

Thus, in the next figures is presented the
microstructure of the porous compacts after pre-
sintered.

tl :_"'I‘
Figure 7. Microstructure of part produced by
W-powder, noted B, with 1% paraffin
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F|gure 8. Microstructure of part produced by
W-powder, noted B, with 2% paraffin

Figure 10. Mlcrostructure of part produced by
W-powder, noted F, with 1% paraffin

Figure 11. Microstructure of part produced by
W-powder, noted F, with 2% paraffin

15;.":1

Figure 12. Mlcrostructure of part produced by W-
powder, noted F, with 3% paraffin
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In the table 3 is presented the copper infiltration increase with increasing of copper

guantity remained after infiltration. infiltrated quantity into porous tungsten skeleton
From values shown in table 2 it can be [9, 10].
noticed that for porous compacts with 1% paraffin In next figures are presented the values of

non-infiltrated residual copper had been observed, final density and hardness for composites based on
but it's a normal situation because the porosity of tungsten powder.
these parts was less than 20% and the copper

added quantity befo_re infiltration ha_ld been =W powder B
calculated for a porosity of 20%. Also, it can be 15,4 1 Ow -powder F
observed that the residual copper quantity is more 15
obvious on the parts surface based on coarse-| ¢ )
grained W-powder, noted with B than the S 154
compacts achieved with fine W-powder, noted F. >
2 14,8 1
Table 2 The characteristics of weight of sintered- a
compacts after copper infiltration 14,6 1
5 @ o 3 5
s S EE 23 QEES ; 0 14,4 . . .
o3 889|835 | 2228 2E2G 1% 2% 3%
c = © o 09 s c s
<< | &8 x® §ES£2| 7875 P araffi t, %
; 15 O (] E g_ o arairin percent, 7
1% 41 204 10.6 Figure 13. Final density obtained after copper
B 204 41 197 - infiltration
3% 39 196 -
1% 39 198 6.7
250 - -
F 2% 38 190 0.4 E v W-powder B
3% 38 192 - = OW-powder F
8 230 -
After copper liquid infiltration the values of § 220 4
density and hardness for final pieces obtained have| T 210 4
been determined. 2 200 4
For the part obtained by coarse-grained W- S 1904
powder with 2% paraffin a small quantity of ke
residual copper after infiltration had been obsérve 180 . ' ] ' . '
but, the part porosity was 19.8-20% after sintering 1% Paraffinzc{?ntent, 9% %
therefore is normal situation.

Figure 14. Final hardness obtained after copper

In table 3 the values of dimensional, PN
infiltration

physical and mechanical final properties of the
final pieces are presented.

From the results present in table 3 can be
noticed that density and hardness after copper

Table 3. Final characteristics for infiltrated pdeallys

Kind of W- Paraffin Weight Diameter Height Density Hardness
powder content, g mm mm glent HV50

% daN/mnf

1 179,9 29,9 17,5 14,64 196

B 2 184,5 29,8 18 14,696 202

3 187,5 29,7 18,45 14,669 198

1 187,5 29,3 18,4 15,113 219

F 2 192,5 29,3 18,7 15,267 225

3 191,25 29,1 18,85 15,174 221

From diagrams 12 and 13 can be noticed that 2% paraffin content for both composites achieved
the values of final density and hardness obtained f with coarse-graining W-powder noted B and fine
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tungsten powder noted F.

The smallest values of density and hardness
have been obtained for pieces with 1% paraffin
content because the low quantity of infiltrated
copper, the porosity of parts before infiltration
being smaller than the other situations.

For composites with 3% paraffin content the
final density and hardness values have been
intermediary.

3. Micro structural aspects
In the next figures the pieces microstructures
after copper infiltration are shown.
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Figure 14. The microstructure of the pieces produne
W-powder, noted B, with 1% paraffin

Figure 15. The mlcrostructure of the pieces produne
W-powder, noted B, with 2% paraffin

Figure 16. The mlcrostructure of the pleces prodiume
W-powder, noted B, with 3% paraffin
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Flgure 17. The mlcrostructure of the pieces prodlh;e
W-powder, noted F, with 1% paraffin

Figure 18. The microstructure of the p|eces prodiume
W-powder, noted Fyith 2% paraffin

Figure 19. The microstructure of the pieces produme
W-powder, noted F, with 3% paraffin

From the microstructure point of view, for
the pieces formed with 1% paraffin content was
observed that the copper diffusion was superficial
and exist a residual porosity, especially for
composites achieved with coarse-grained W-
powder, noted B, figure 14, than the same pieces
achieved based on fine W-powder grain-size
distribution, noted F, figure 17.

For pieces formed with 2% paraffin content
the copper distribution around tungsten grains is
uniform, and for composites based on coarse-
grained W-powder, noted B, a lagoonar copper
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