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Influences of Ni Content and Heat Treatment on the Microstructure and
Mechanical Properties of Fe-28Cr-4Mo-2W-1.5C Cast Iron

Young Sik Kim and Young Jun Song

Department of Materials Engineering, Andong National University

The effects of Ni content and heat treatment on the microstructure and hardness
of high Cr cast irons were examined using OM, SEM-EDS, XRD, and hardness
test. Microstructure of the experimental alloys consists of austenite( + ferrite) and
precipitates such as (Cr,Fe);C;, (Cr,Fe,W,Mo0),;Cs;. As Ni content increased, fer-
rite phase disappeared and the shapes of the precipitates were changed. The heat
treatment did not affect the microstructure. Decreasing the ratio of Cr/C increased
the surface hardness of the alloys. However, the hardness was not changed with
varying the condition such as heat treatment in air or vacuum, or sub-zero treat-
ment after heat treatment in vacuum.
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Table 1. Chemical composition of the experimen-
tal alloys(wt%)

Alloys Cr Ni Mo Si Mn V. W N C P S Fe
F1 281 2.03 4.04 0.53 0.04 0.51 2.220.011 1.49 0.003 0.015 bal.
F2 27.8 8.01 3.85 0.55 0.03 0.52 1.980.055 1.55 0.003 0.014 bal.
F3 282 14.984.12 0.54 0.08 0.51 1.600.017 1.54 0.003 0.014 bal.

Cu

05 24 60 0.58 0.19 - - - - - 20 - hal
A49 21.75 2.60 1.80 ~ - - - - 151 - bal.
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Fig. 1. Optical microstructures of the experimen
tal alloys(Heat treated in vacuum at 1,050C-
3hrs).
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Fig. 2. SEM micrographs of the experimental
alloys(Heat treated in air 1,050°C-3hrs).

Table 2. Chemical composition{wt%) of each
phase in high Cr cast iron by EDS(Solution heat
treated at 1,050°C-3hrs in air)

Alloys Area Fe Cr Ni Mo Si W V Remarks
1 69.520.91.954.031.441.910.29 matrix

Bl ) 50247.60.996.491.333.25 1.14 (ppt+7)
pp 1 63321897 375143 - - matrix
2 31352232 977 - 24 115 (ppt+y)
gy 1 55620518231112814 - matrix
2 48.648.915250 139 - 0.6 (ppt)
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Fig 3. Distribution of major elements of each areas in Fig. 2.
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Fig. 4. X-ray diffraction patterns of the experi-

mental alloys.
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Table 3. The d-spacing and diffraction angle(2 )
of major peaks of several phases in the high Cr
cast irons

Phases d-spacing 20
2.08 43.57
. 1.80 50.75%
Austenite 127 74.63
1.09 90.58
2.04 44514
. 1.44 64.78
Ferrite 1.18 81.99
1.02 98.49
2.30 39.13
(Cr/Fe),Cy 2.12 42.61
2.04 4437 4
1.81 50.37 %
2.38 37.77
(Cr,Fe,W,Mo),3Cs 2.17 41.57
2.04 44.37
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Fig. 5. Fe-17%Cr pseudo-phase diagram.
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Fig. 7. Effect of Cr/C ratio on the hardness of
high Cr cast Irons.

Table 4. Some index and surface hardness of the
experimental alloys

Surface hardness, HRC
in air in vacuum after sub-zero

Alloys Cr/C ratio % Carhide

F1 18.9 145 43.9 453 46.6
F2 17.9 15.2 45.5 46.8 45.5
F3 18.3 15.2 41.7 40.8 40.8

A05 7.7 35.8 60.5(as-received)
A49 18.4 14.7 44.2(as-received)
*% Carbide=13.23%C+0.383%Cr-15.9.
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