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Effects of Nitriding Treatment Conditions on Nitriding Rate for P/M High Speed Steel

¢~/E

i FHOHE

Masato MAEDA

Synopsis: Nitrided powder metallurgical high speed steel (Nitrided P/M HSS) has high adhesive wear resistance and high
toughness, and is used for precision molds, cutting tools and so on. Nitrided P/M HSS is manufactured by
nitriding HSS in the form of atomized powder to a predetermined nitrogen content. To obtain sufficient and
uniform nitrogen content, optimized nitriding condition is necessary. The purpose of this report is to clarify the
factors that have effect on nitrided amount and nitriding rate for P/M HSS powder. As a result, it is revealed that
the nitriding rate is influenced by nitriding treatment temperature, nitriding treatment time, powder particle size
and the amount of powder surface oxide. It is considered that the nitriding rate of HSS powder is controlled by
nitrogen atom diffusion rate through the oxide layer formed on the HSS powder.
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Fig.1 Schematic representation of nitriding process of
HSS(high speed steel) powder
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Table 1 Chemical composition of HSS powder (O and N in mass ppm, others in mass%)

C Si Mn Ni Cr Mo \% W (@) N Fe
097 |1 031 (036 | 014 | 412 | 587 | 3.69 | 591 | 50 | 280 | Bal.
Solenoidal coil heater Crucible(¢25)
: \ \ Glass wool
N: -I;'C' Specirmen F*I (Thickness: 5mm)
—=-
N, gas_, 4 f = é) eyt
I T i
—1 woSilicatuber | | ] T Height of
vacuum pump ; i O O powder

(a) Configuration of heat treatment furnace device

(b) Detail of specimens

Fig.2 Configuration of heat treatment furnace device and detail of specimen

Table 2 Nitriding conditions

Particle size (um) | Height of Furnace atmosphere
Heating . powder Oxidation Nitrogen
Test Holding . . .
No. temperature time Range Average flllec% in Trea:c.ment partial FIovlv rate
°c) ") crucible H pressure | (2/min[ntp])
(mm) (kPa)
(1) 830 5 45~150 64 10 Untreated 101 4
(2) 800 5 45~150 64 10 Untreated 101 4
3) 860 5 45~150 64 10 Untreated 101 4
4) 830 10 45~150 64 10 Untreated 101 4
(5) 830 15 45~150 64 10 Untreated 101 4
(6) 830 5 45~150 64 35 Untreated 101 4
@ 830 5 Under 45 34 35 Untreated 101 4
(8) 830 5 150~297 196 35 Untreated 101 4
9) 830 5 45~150 64 35 Untreated 51 sealed®?
(10) 830 5 45~150 64 10 Treated 101 4
¥ 1: Heat—treating at 600°C—-30min. in air by Kanthal furnace

% 2: Heat-treating in sealed furnace with N, gas under a pressure of 51kPa
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Table 3 O and N content of HSS powder after
nitriding treatment

N 0
Test No. (mass%) | (ppm)
(1) 0.67 200
(2) 0.24 290
(3) 0.79 160
(4) 0.88 200
(5) 0.90 400
(6) 0.55 170
(7 1.04 500
(8) 0.26 80
9) 0.39 140
(10)%* 0.49 750

X With oxidation treatment

Test No.
(4)

Test No.
M

Test No.

0.8 - (5)
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Nitrogen content (mass%)
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Fig.4 Effect of nitriding time on nitrogen content of
HSS powder
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Fig.3 Effect of nitriding temperature on nitrogen
content of HSS powder
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Fig.5 Effect of particle size on nitrogen content of HSS powder
(Sampling position in the crucible of powder : 10mm from surface)
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Fig.8 Effect of nitrogen partial pressure during nitriding
on nitrogen content of HSS powder
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Fig.7 Effect of oxidation treatment prior to nitriding on
nitrogen content of HSS powder
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Fig.9 EPMA Image of nitrogen distribution in nitrided
HSS powder (Test No. (1))
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Fig.10 Computed equilibrium phase diagram of experimental HSS powder (P=101kPa)
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Table 4 Measured and predicted nitriding rate in each
nitriding treatment condition

Measured Predicted

Test No. (ma':s%) (pr?m) nitriding rate | nitriding rate

(mass%N/h) (mass%N/h)
(M 0.67 200 0.134 0.114
(2 0.24 290 0.048 0.079
(3) 0.79 160 0.158 0.179
(4) 0.88 200 0.088 0.101
(%) 0.90 400 0.060 0.067
(6) 0.55 170 0.110 0.136
@) 1.04 500 0.208 0.134
(8) 0.26 80 0.052 0.067
9 0.39 140 0.077 0.097
(10)% 0.49 750 0.098 0.059

HWith oxidation treatment
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Fig.11 Relationship between predicted nitriding rate
and measured nitriding rate
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