B Y >,

BRETEHOSREEICKITIEETROTEL
4 HhZ AFEORERE

The effect of alloying elements on high-temperature strength and
the development of hot work tool steel for die-casting die.

A MR # SR PR ke

Yuta SHIMAMURA, Yukio TACHI, and Kazuo NAKAMA

Synopsis: Heat checking, caused by cyclic thermal load during the operation, is one of the common damages to die-
casting dies. It is ideal for die steels to retain well-balanced high-temperature strength and toughness for good
resistance to heat checking. In this report, the effect of carbide-forming elements on these properties was
investigated by use of several 100kg VIM ingots of steels with varied Cr, Mo and V. As a result, in order to design
the steel with good softening resistance, it is effective to increase the amount of M>C carbide. On the other
hand, toughness tends to decrease with increases of the total amounts of MgC, M>C and MC types of carbide.
From these results, controlling the amounts of Mo and V is critical taking consideration of both high-temperature
strength and toughness. In addition, it was found that the amount of M>C carbides tends to increase with an
increase of V content and with a decrease of Mo content. Based on the above knowledge, hot-work tool steel
QDX-HARMOTEX is developed from the standpoint of controlling types and amounts of precipitated carbides by
optimization of alloy design. With its excellent toughness and softening resistance, QDX-HARMOTEX
demonstrates excellent heat checking resistance.
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Fig.2 The cross-sectional microstructure of a damaged
surface of die-casting die.
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Table 1 Chemical compositions of samples in mass%.

Steel C Si Mn P S Cr Mo Vv
D1 0.33 | 0.12 | 0.60 |0.009[0.001| 5.06 | 2.04 | 0.50
D2 0.33 | 0.12 | 0.56 {0.009|0.001| 5.01 | 2.53 | 0.50
D3 0.35 | 0.12 | 0.56 {0.009|0.001| 5.02 | 2.51 | 0.65
D4 0.38 | 0.13 | 0.56 {0.010[0.001| 4.75 | 2.06 | 0.65
D5 0.32 | 0.28 | 1.00 0.008[0.002| 5.47 | 2.54 | 0.57
D6 0.34 | 0.38 | 0.42 [0.016|0.001] 5.42 | 1.50 | 0.51
NADCA | 0.32 | 0.10 | 0.10 [0.020|0.003| 4.70 | 2.00 | 0.40
Grade C ) ) ) ] ) )
specification | 0-40 |©0.50 | -1.2 | max | max | -5.85 | -3.30 | -0.70
0.35 | 0.80 | 0.25 |0.030|0.020| 4.80 | 1.00 | 0.80
JIS SKD61
-0.42-1.20(-0.50 | max | max |-5.50|-1.50 | -1.15
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Table 2 Calculated volume fraction of stable carbides in
quenched and tempered condition.

Volume Fraction (vol. %)
Steel
M23Ce M¢C M,C MC Total
D1 5.55 0.29 0.19 0.19 6.22
D2 5.30 1.17 0.00 0.19 6.66
D3 5.01 0.71 0.54 0.10 6.36
D4 5.55 0.00 0.66 0.21 6.42
D5 5.07 1.29 0.00 0.10 6.46
D6 5.80 0.00 0.00 0.27 6.07
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Fig.3 Schematic representation of the effect of Mo, V and
Cr content on the type of precipitated carbides.
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Fig.4 Effect of tempering temperature on hardness of
steels D1 to D6.
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Fig.5 Effect of holding time on hardness of steels D1 to D6.
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Table 3 Drop in hardness after keeping at 600C for 100 hours.

- Tempering Drop in hardness after keeping
Temperature (°C ) at 600 °C for 100h (HRC)
D1 620 12.1
D2 620 11.9
D3 627 11.0
D4 627 11.0
D5 615 14.5
D6 615 13.4
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Fig.7 Results of X-ray diffraction of extracted carbides of
steel D1 and D6.
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Fig.9 Schematic illustration of heat check equipment.
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Fig.10 Effect of tempering temperature on hardness of
QDX-HARMOTEX and SKD61 ESR.

Fig. 1112, QDX-HARMOTEXRU'SKDE1 ESRD#E1L,
EMMEBRERZRT . QDX-HARMOTEXIZ. SKD61 ESR
LB LU TEREDEEAN DL EBICEN-EERNL
EHnMtEBL LD E2RR LI, REBERLCLE
BOBEARI VISV e, SERLICKDER. \¥
URUE— b FIVIDEENMFIENDZLICKY. &
BOREHIENEBETCED,

50 T T T T T T
—&— QDX-HARMOTEX
—O—SKD61 ESR

o
Q
T

Hardness (HRC)
N
)
T

35 -
O
Test temp. : 600°C
| MR | L L0l L
Initial 1 10 100
hardness Holding Time (hour)

Fig.11 Effect of holding time on hardness of QDX-
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Fig.13 Results of Heat-check resistance test.
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