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Effects of Alloying Elements on Hardness of Quenched and Tempered Cold Work Tool Steel
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Takeshi Fujimatsu, Daien Yokoi and Nobuhiro Tsujii

Synopsis:

Key words:

In some of recent cold forming processes such as roll forming and fine blanking, high hardness and wear resis-
tance are required in cold work tool steels.

Hardness and wear resistance are affected by chemical compositions, e.g. C, Cr, Mo and V. Martensite start tem-
perature (Ms) strongly depends on chemical compositions of parent phase, austenite (y). In this study, effects of
C, Cr, Mo and V alloying on hardness of quenched and tempered high carbon cold work tool steels were investi-
gated and summary is as follows:

* The P value (P: —137.5C+10.5Cr—8.75Mo0+77.5V) which is a useful factor to explain variations of Ms temperature,
amount of retained austenite (yg) and hardness of quenched steel (Ho) is obtained.

» Ms temperature increased linearly with the P value. Accordingly, amount of y 5 decreased. Hy increased with the
P value up to =50 and showed the maximum at the point.

* In the P value between —40 and 70, it was expected that C, Mo and V formed an optimum balance of solid solu-
tion with ¥ phase for acquisition of high H; (H;: the peak hardness of quenched and tempered steel). And high H;
will be obtained by low amount of y and sufficient second hardening precipitates on a basis of Mo and V carbide.

« Steels with the P value near —50 achieved High H; over 64HRC under conventional austenitizing temperature
(1323K) of general cold work tool steels.

high carbon cold work tool steel; Ms temperature; retained austenite; quenched and tempered hardness; second

hardening precipitate; Ms calculation; equilibrium amount of alloying elements in y phase.
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Fig. 1. Definition of Ms temperature in this study.
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Fig. 2. Experimental procedure.
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Fig. 3. Effect of alloying elements on variations of Ms temperature.
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Tablel. Chemical compositions and P value of steels.

0 massU U
Steel P C Cr Mo \%
H1 044.3 0.97 7.97 3.10 0.42
H2 051.0 0.86 5.97 3.02 0.40
H3 047.2 1.04 6.05 3.48 0.81
H4 0 48.7 1.02 6.05 4.24 0.84
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Table2. Electrolytically extraction condition.
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Table3. Properties of steels in different P value and austenitizing conditions.

1303K-1.8ks AC

1313K-1.8ksd AC

1323K-1.8ksO AC

Steel P Ms g Ho Ho Ms Fr Ho Hy Ms Fr Ho Hy
0KO Ovol.0 O0HRCOOHRCO OKO Ovol.0O0HRCOOHRCO OKO Ovol.0 00 HRCOO HRCO
HL 0443 393 175 641 632 358 195 643 638 343 258 639 643
H2 0510 398 220 646 629 343 230 642 637 343 297 634 643
H3 0472 418 205 654 636 398 215 650 642 383 251 638 64.4
H4 0487 408 205 649 638 393 220 652 642 378 234 650 64.4
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Fig. 8. Equilibrium amount of alloying elements in y phase at 1323K.
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Fig. 9. Comparison between calculated Ms temperature and
experimental Ms temperature.

Table4. List of empirical formulae for Ms temperature calculation®°.

0 mass O
References
handbook®  M§] K1 8230 350C 40MnU 35V 20Cr0 17NidJ 10Cud 10Mold 10W0 15Co[ 30Al
Helmutand M$&] K11 9080 4741 CO 0.861 NOI 0.151 Nb Zr[ITJ 0.066] Tall Hf(TTJ 17Cr0 33Mn0 21Mo0 17Si0 11W0O 39V
Manfred"
Steven and  M§] K11 8340 474C0 33Mn0 17CrJ 17Ni0) 21Mo0O 10Co0 7.5Si
Haynes*~*"

K.W.Andrews* ¢ linearl] M§] K1 81200 423C0O 30.4Mn0J 12.1CrJ 17.7NiCJ 7.5Mo0J 10Col 7.5Si
nonlineart] M&] K[TJ 7850 453C01 16.9Ni0J 9.5Mo0 2171 C*0 71.5] CII Mn[J 15Cr0 67.61 CO CrJ 10Col 7.5Si

There are minor modifications with Steven and Haynes' equation and Andrews' linear equation by Kung et al*”shown in underlined.
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