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Effects of Austenitizing Temperature on Resistance to Temper Softening in Hot Work Tool Steel for Forging
=i BRT g sEAT EH kT
MIURA Kodai, TACHI Yukio, SAWADA Toshiyuki

Synopsis: We investigated effects of austenitizing temperature T, on resistance to temper softening in modified JIS SKT4.
Generally, variation of T, affects not only size of martensite (packet, block etc.), but also contents of solid solution
elements in austenite. To separate these effects of T,, four T, were selected based on solid solution temperature
of carbide. In addition, austempering was utilized to coarsen block size with the same T,.

To characterize resistance to temper softening, isothermal holding test at 893 K was done. After this, hardness
test and X-ray line profile analysis were performed. The hardness after isothermal holding test decreased with
increase of tempering parameter. On the other hand, the hardness increased with increase of T,. Dislocation
density obtained from line profile analysis behaved as the same as hardness.

As for resistance to temper softening, hardness and square root of dislocation density holds Bailey-Hirsch
relation. Moreover, introducing line tension effect of dislocation, we modified Bailey-Hirsch relation and obtained
relatively higher linearity. It let us presume that dislocation strengthening is dominant factor governing variation
of hardness.

Kinematical analysis was adapted to variation of dislocation density after isothermal holding test. Decrease
coefficient m of dislocation density obtained assuming annihilation of edge dislocation pair activated by
dislocation climb. Coefficient m decreased with increase of T,. However, behavior of coefficient m was not
explained by only block size. We concluded that the effect of increase of secondary carbides after tempering is
relatively larger than block size effect on reduction of dislocation density.

Keywords: hot work tool steel; martensite; X-ray line profile analysis; dislocation density; tempering
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Fig. 1 Variation of volume fraction of carbides as a function of
equilibrium temperature in m-SKT4.
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Fig. 2 Heat treatment conditions. (a) Quenching and tempering,

(b) Austempering, (c) Isothermal tempering test after (a) or
(b) for m-SKT4, (d) Quenching and tempering for Fe-18Ni.
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Fig. 3 V contentin o’ or y as a function of temperature.
Measured value of as-quenched a’ in m-SKT4 are
analyzed by ICP-mass analysis.
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Table 1 Parameters for line profile analysis; Burgers vector b, contrast factor Co, parameter q.
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Steel b (nm) Choo® Choo® q- q°
m-SKT4 0.248 0.262 0.298 1.372 2.652
Fe-18Ni 0.249 0.295 0.330 1.610 2.694
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Fig. 5 Crystallographic orientation maps in m-SKT4 austenitized
at (@)1143 K, (h)1223 K, (c)1273 K and (d)1203K
followed by austempering(AT) at 603 K. All specimens
were tempered to approximately 380HV.
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Fig. 8 Variations of (a)hardness and (b)dislocation density
in m-SKT4 as a function of tempering parameter after
isothermal tempering test at 893 K.

Table 2 Lath width evaluated from EBSD data. Step size is 0.05 um. In this evaluation,
lath boundary is defined as a boundary with misorientation of 1 to 5°.

1203 K
Austenitizing temperature 1143 K 1203K 1273 K
followed by austempered
Lath width (um) 0.27 0.19 0.25 0.22
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Fig. 9 Variation of dislocation density in m-SKT4 as a function of
tempering parameter after isothermal tempering test at 893
K. Both specimens were austenitized at 1203 K.
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