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Influence of Heat Treatment on the Mechanical Properties and Structure of MozNiBz Base

Cermets Produced by the Spray Coating Method

Koro HiraTA, Hiroki Y anaca, Hirofumi TASHIRO

Synopsis :

MozleBz and MozNiBz boride base cermets, which consist of the boride phase and Fe or Ni base
binder phase, have had good mechanical properlies, excellent corrosion and wear resistance and
have been applied o plastic injection molding machine parts like cylinders and screws. At present,
however, those product sizes are limited by their particular manufacturing process such as a liquid
phase sintering process and by their low machinability. Therefore, we have developed a thermal
spray coating method for these cermets, which makes possible to form the cermet layer easily on
large-size or complicated-shaped substrates.

In this paper, in order to investigate the suitable conditions of the spray coating method for the
screw parts, specimen A, B and C spray-coated by three types of cermet powder A, B and C ,
respectively, were prepared and their mechanical properties such as torsion and hardness, and
their microstructures were studied. The chemical composition of powder A was Ni-5. Owt%B-
51wt%Mo-17. 5wi%Cr and those of powder B and powder C were Ni-3. 0wt%B-26. 6wi%Mo-
17. 5wi%Cr-2. 0wt%Si-0. 3wt%C. The powder A and B were manufactured by the granulation-
sintering method while the powder C was by the gas atomization method.

In comparison of the three specimens, the torque value of specimen C showed the highest value
of 260N - m. The torque values for each specimen began to decrease when heated above 300°C and
showed the minimum value around 400°C . In contrast, the hardness increased with an increase in
the temperature and showed the maximum values around 400°C . At the heating range from 200°C
to 400 °C , the torque values of each specimen dropped with a different slant and the slant drop
became larger in the order of specimen A, B and C. This corresponded well lo a degree ol
amorphous phase included in the Ni base binder phase. Therefore, it was considered that the
decrease of torque value by heat treatment at these temperature ranges was influenced by a degree
of the amorphous phase in the binder. It was also assumed that structural relaxation ol amorphous
phase in the Ni base binder resulted in the decreasing of the torque value of the cermets.
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Table 1 Chemical compositions of spray powders and methods for producing the powders.
Powder Chemical compositions (mass%) Method for producing thermal
B Mo Cr C Si Ni spray powders
A 5 51.0 1.5 — — bal. Granulation - sintering
B 3 26.6 | 17.5 0.3 2 bal. Granulation - sintering
C 3 26.6 1%.:5 0.3 2 bal. Gas atomization
Table 2 Thermal spray conditions for specimen A, B and C.
Bt | Beniler Spray distance Oxygen flow Kerosene flow
Preim (mm) rate (scfh) rate (gph)
A A 300 1850 6
300 2100 6
G C 300 2100 6
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Fig.2 Base material for torsion test.
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Fig.6 X-ray diffraction patterns of specimen A, B and C without heat treatment (R.T.) and with heat treatment at 400°C .

45



YRS Vol.38

Specimen A Specimen B Specimen C
R.T.
400°C
- l '_JT.' POll—lt 1 i Point 4
/ [ — Ni = . =)
i B c g ]4 ety Ni g
g Mo ' i g - Cr £
= Point 2 = Ko Point 5 3
g = g
% M - J \—[) % L — [ % \
AES |4 | Cr Ni - Mo Cr \TJ Mo G N,
Point 3 L « L Ni
"FMN" '-ﬂg: 0 500 1000 0 500 1000
| ¥ 0 ¢ Energy (eV) Energy (eV)
0 500 1000
Energy (eV)

Fig.7 SEM images and Auger spectra at seven analysis points of specimen A, B and C without heat treatment (R.T.) and with heat
treatment at 400°C .

Table 3 Chemical compositions estimated from Auger spectrum analyses ol specimen
A, B and C without heat treatment(R.T.) and with heat treatment at 400°C. (at.%)

Specimen A Specimen B Specimen C

) Mo | Cr | Ni | B | Mo | Cr | Ni B | Mo | Cr | Ni B
N{J‘gggfz RT | 515|159 44 | 283 | 42.8 | 21.9 | 52 | 30.1 | 42.2 | 200 | 72 | 30,6
400°C | 514 | 166 | 58 | 262 | 41.1 | 220 | 55 | 314 | 432 | 214 | 54 | 301

) Mo Cr Ni Mo Cr Ni Mo Cr Ni
N;&’jyse RT | 542|213 (246 212 | 24.7 | 542 209 | 25.1 | 54.1
400°C | 542 | 22.5 | 23.4 21.2 | 255 | 5313 21.5 | 25.6 | 52.4
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Fig.8 Results of image analyses, (a) volume fraction of
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free path of Ni base binder.
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