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The Effect of Matrix Component on the Precipitation Strengthening
of Austenitic Hot Work Die Steels

Hisashi TAKADA, Hiroshi HATO, Yuichi SEKI

Katsumi Tsupi, and Shigeru KaAwAHARA

Synopsis :

An attempt has been made to survey the effect of Ni, Cr and Mn in the matrix on the precipitation
strengthening of austenitic hot work die steels containing 0.5%C and 2% V. The materials tested are a Fe—
Cr-Ni austenitic steel with 15%Cr and 15%Ni and two kinds of Fe~Cr—Ni-Mn austenitic steels in which
some of Ni is replased by 13%, and 25%Mn respectively. Cr is decreased with the increase of Mn in order
to suppress the precipitation of g—phase.

The maximum hardness of Fe-Cr—-Ni-Mn steels are much higher than that of Fe—Cr-Ni steel, while
the maximum hardness decreases slightly when Mn increases from 13% to 25%.

The hardness in the early aging stage rises more rapidly with the increase of Mn content. This is prob—
ably attributed to the difference of the amount of G and V in matrix when solution treated and the dif—
ference of the coherency between the matrix and VG carbide which precipitates during aging. The e—
longation and reduction in arca of aged steels decrease markedly with the increase of Mn content, because
the fracture occurs on the grain boundary. But, it is possible to improve them by hot rolling at about
1 200°C before aging without the decrease of the strength.
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Table 1. Chemical composition of steels. (wt9;)
c | si | P Mn Cr Ni \ Fe
S1 0.53 0.13 0.025 0.005 0.12 14.75 15.46 2.05 bal.
S2 0.55 0-14 0.011 0.003 12.78 9.90 8.23 2.12 bal.
S3 0.56 0.21 0.007 0.006 24.74 5.42 1.99 2.08 bal.
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Fig. 1. The methods of heat treatment.
(a) : ordinary solution treatment and aging.
(b) : hot rolling before aging.
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Fig. 2. Effect of aging time on the hardness of
S1.
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Fig. 3. Effect of aging time on the hardness of
S2.
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Fig. 4. Effect of aging time on the hardness of
53.
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Table 2. Identified carbides in extracted residue
of solution treated steels.

Steel | 1150°Cx1h [ 1200°Cx1h | 1250°Cx1h
S1 vC vC VvC
S2 vC vC vC
S3 vGC VvC vC
e ——— —
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Fig. 5. Effect of solution temperature on dissolved
carbon and vanadium contents. (—-— : total car-
bon or vanadium content in steels.)
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Photo. 1. Optical micrographs of steels solution
treated at 1200°C.
(a): S1, (b): 52, (¢):S3
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Fig. 6. Tensile properties of steels at elevated
temperatures. (aged at 700°C for 7 hours after
1 200°C solution treatment.)
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Photo. 2. Transmission electron micrographs of steels aged at 700°C for 7 hours after solution
treated at 1200°C. (a),(d): S1, (b),(e): 82, (¢),(f): S3
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Fig. 7. Effect of solution temperature on tensile _
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(a) : S1 op=119.3kg/mm? ¢=24.4 %
(b),(d): 52 e=138.5kg/mm? ¢p=4.7 %
(c) : 83 og=137.7 kg/mm? ¢=3.5%

Photo. 3. Scanning electron micrographs of fracture surface of tensile specimens aged at
700°C for 7 hours after solution treated at 1200°C.
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Photo. 5. Scanning electron micrograph of fracture
surface of S2 hot rolled 5094 at 1200°C and aged
at 700°C for 7 hours.
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Table 3. Lattice parameter of steels.

Steel Heat treatment Lattice parameter
S1 1250°Cxx1h 3.594 A
S2 1200°Cx1h 3.609A
S3 1150°Cx1h 3.612A
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(a) : micro structure of S1.
(b) : micro structure of S2.
(¢) : electron diffraction pattern of precipitates of S1.

Photo. 6 Micro structures of S1 and S2 solution treated at 1200°C and aged at 700°C for

120 hours. (carbon extraction replicas)
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Photo 7. MlCI‘O structure of 52 hot rolled 50%
at 1200°C and aged at 700°C for 7 hours.
(carbon extraction replica)
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