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Microstructures and Mechanical Properties of Austempered Cast Steel
Sung—Kon yu*

Abstract

This study has been performed to investigate the austempering heat treatment response
and mechanical properties of a high carbon(0.9%), silicon(1.5-4.5%)-alloyed cast steel, with
a chemical composition similar to that of the matrix of a ductile cast iron. Tensile and
hardness tests were used to evaluate the effects of a wide variety of austempering heat
treatment variables, SEM metallography and X-ray measuements of stabilized austenite
were also performed for all the specimens employed. The austempered microstructures
which contain up to 39% stabilized austenite were obtained. Mechanical properties and
microstructures depended primarily on the austempering time and temperature.

The optimum mechanical properties were obtained at the chemical compositions of 0.9%
C and 2.5% Si.
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Table 1. Chemical composition used in the ex-
periment

element (%)

Mn Mo P S
0.28 0.29 0.022 0.011
0.28 0.29 0.021 0.011
0.27 0.30 0.022 0.011
0.25 0.31 0.021 0.012

alloy

C St
0.86 1.51
0.88 2.51
0.86 3.57
0.88 4.56

= W N

2.2 QAHITZ] &2
slhvbe)l YEE o=z RE 25x25X200mme] Al
HE 2718 HEAT 22 dsEAA S Ad 2

-

o} AJHE 00T AAXE7] el 1AIZE
T e 2H o ESE F 7] The 2x9 A7

oA @ ~¥lH e MelE AaAct. Table 20 2t
ool exdng 2xol Ae YehhAL

2.3 QEAIH
e 2€EHE S 3 AFHoez HE KS 43
AFAAE THE F AP HL Fa3ch

Al ¥

A

£ 8 o
=2
r’ e—

A 120, 240, 320,
<1, 0.3, 0.05xm &+
1 AnkAIZ1E 5% nital
1 5000 vi&= gsh 9
zh2y sk

600mesh 8] 0.2
vy BEkS ARgS)

T =

=
S

-1
1>
)
)
.

00
:

Htj

PN
A
o

2.5 XAEQAH|LIOIE &£X
D= el

oxdHy Hes AW A7 10mm, Fol
10mm 2719 9EHOE J1EF F B A}

Az Avidt 3 Xeray FEAES 7A (200,
v(220), 7(311) 3@H9 peakE A E3to ZFH
Q2HNo|ES £ 3T

Table 2. Combinations of austempering time and temperature

| alloy No. austempering temp.(C) austempering time(min) Si(%)
123 320 30 1.5
126 320 60 1.5
121 320 120 1.5
223 320 30 2.5
226 320 60 2.5
221 . 320 120 2.5
323 320 30 3.5
326 320 60 3.5
321 320 120 3.5
423 320 30 4.5
426 320 60 4.5
421 320 120 4.5
103 400 30 1.5
106 400 60 1.5
101 400 120 1.5
203 400 30 2.5
200 400 60 2.5
201 400 120 2.5
303 400 30 3.5
306 400 60 3.5
301 400 120 3.5
403 400 30 4.5
406 400 60 4.5
401 400 120 45
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Fig 1. The relationship between the amounts of
retained austenite and the elongation

Table 3. Mechanical property of austempered alloy

tensile yield elongaton hardness retained
alloy strength strength austenite
No. (kg /mm?) (kg /mm?) (%) (Hs) (%)
123 134 123 2.1 469 12.8
126 98 98 2.6 461 38.6
121 129.5 129.5 — 469 9.9
223 145 133 6.6 467 23.6
226 - — — 444 17.5
221 154 149 8.0 461 17.8
323 144 144 2.4 444 4.4
326 133 133 0.9 453 5.7
321 155 113 3.0 456 19.4
423 126.1 126.1 1.0 438 13.0
426 113 99 1.6 454 11.9
421 122 109 - 454 9.1
103 95.5 95.5 1.3 335 18.2
106 98 82 2.0 317 4.8
101 99.8 99.8 - 325 9.2
203 93 93 7.4 321 31.8
206 99 85 7.5 321 35.7
201 99 83 7.8 335 38.3
303 101 91 2.4 343 13.5
306 102 88 3.2 341 31.0
301 99 90 3.2 332 19.1
403 84.7 84.7 0.4 388 10.0
406 94 04 1.0 401 12.3
401 91.6 91.6 0.7 376 17.2
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Photo 1. SEM microstructure (5000%) of the al-
loy(0.9% C—4.5% Si) austempered at
320°C for 30 minites.

Photo 2. SEM microstructure (5000%) of the al-
loy(0.9% C—4.5% Si) austempered at
400°C for 30 minites,
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Fig 5. The relationship between the elongation
and austempering time austempered at
400°C
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