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INFLUENCE OF CARBON, NICKEL, COBALT, TUNGSTEN AND
MOLYBDENUM ON PROPERTIES OF 9.5% TUNGSTEN
CHROMIUM HOT-WORKING TOOL STEEL

Naomichi Yamanaka, Dr. Eng. and Kunio Kusaka

Synopsis:
The influence of C, Ni, Co,

W and Mo on properties of the hot working tool steel

containing 0°3% C, 9*59, W, 2°59 Cr, and 0*49, V was investigated.

The Result obtained were as follows:

1) The addition of Ni lowered the critical point, and enhanced the hardenability remarka-
bly. Ni, being a gamma-forming element, led to a decrease in the amount of ferrite exist-

ing at high temperature.

2) The addition of Co raised the critical point and Ms-point and improved the tensile
strength and impact value at elevated temperature at the higher quenching temperature.

3) As the carbon content increased,

the hardenability increased and the ‘Ms—point was

lowered. The tensile strength increased and the impact value decreased at room and elevated
temperatures in parallel with the increasing carbon content.

4) The addition of Mo lead to the presence of additional quantities of ferrite at the heat-
treating temperature and decreased the hardenability.
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Table 1. Chemical composition of steels tested

¢ Chemical composition (%) .
Steel Nq. . Ac(°C) Ar(°C). Ar’
C S | Mol P | S | C | W | V Ni | Co ' (1050°A-C)
wWCZz—31 a1 | .22 | .28 | .007 | .009 | 2.62 | 9.50 | .39 ‘
—32 17 | a9 | .25 | .oz | o0 | 263 | 9.33 | .38 905~980 | 920~870 |{320~723
—33 23 | .21 | .32 | .010 1 .009 | 2.66 | 9.89 | .38 850~0950 | 885~810
—34 28 | .21 | 31 | l010 | ‘o1 | 2066 | 9l69 | a1 825~935 | B75~B00 | 465~360
—3 33 | zz | 3 | ‘oz | ‘010 | 263 | 972 | 40 810~910 | 850~765 | 435~325
—36 90 | (2| 35 | loo7 | l009 | 2064 | 9l40 | a7 800~850 | 790~725 | 375~250
—38 50 | .23 | .20 | 010 | 010 | 264 | 9'o1 | 39 800~845 | 775~725. | 310~235
—37 6l | 25 | 32 | loul | lon | 262 | 9.38 | .37 790~835 | 760~715
. —32C | .20 | .21 | 30 | .009 | 008 | 266 | 9.69. | 31 R
—33C..| 23 | 23 | 30 | loo8 | |009 | 2'68 | 9.8 | .39
—34C | 28 | 21 | 33 | 006 | .009 | 2.64 | 951 | .36
—35C | 34 | 22 011 | 010 | 261 | 964 | 35 ‘ _
—az 23 | 25 | 26 | ‘o1z | 015 | 261 | 6.07 | .37 805~870 | 845~785" | 420~310
—43 27 | 24 | (26 | l012 | 014 | 2061 | 804 | .36 810~895 | 855~760 | 430~320
—u4 %5 | .24 | .35 | 012 | .014 | 259 |10.17 | .36 ‘845~925 | 885~815 |{So00~50
—45C | 28| .23 | .33 | .01z | .016 | 2.62 |11.06 | .37 850~945 | 900~810
—46 7t | .24 | .29 | .012 | .016 | 2.61 [11.95 | .37 865~965 | 920~835 | {300 200
—47 27 | .21 | .30 | .010 | .010 | 2.46 | 9.55 | .38
—57 2| .22 .29 | .015 | .016 | 265 |10.52 | .40 840~945 | 910~820 |{5e0%30
-5 32 | .20 | .3 | .01z | .07 | 260 | 8.95 | .34 ~ | 792~885 | 815~735 | 390~285
—6 32 | 21 | 29 | 013 | lo15 | 266 | 9.08 | 40 1.01 | 795~890 | 830~760 | 410~300
—7 30 | 19| 2 | ‘013 | lo17 | zes | 898 | 40 198 | 800~805 | 870~775 | 425~310 -
—8 31 | 20 | 2 | [013 | ‘016 | 264 | 908 | .39 2.99 | 810~910 | B45~755 | 445~315
-9 29 | (18| 29 | ‘o3 | ‘o7 | zes | Blo5 | 40 386 | 810~915 | B45~755 | 425~300
—10 30 | 19 | 26 | w013 | lo17 | 257 | 900 | 39 5.05 | 817~920 | 850~760 | 455~320
—39 o8 | .1a | a1  lo07 | ‘013 | 252 | 9.5 | 43 2.3
—40 ¢ 4| 5 | 5 | loo7 | 013 | 2061 | 949 | 43 2.48
-1 | | | s | lous | lows | o261 | 917 | 3 2048 | 840~935 | 885~815
—1z 25 | 20 | 28 | loia | loas | 2066 | 9017 | a0 251 | 810~910 | 865~765 | 470~360
—13 32 | .21 | 28 | ‘013 | 018 | 264 | 900 | .39 2053 | 810~885 | 830~740 | 425~310
—1 3 | 20 | 20| ‘13 | ‘015 | 262 | 9710 | 40 2.48 | 800~880 | 810~730 | 410~315
—15 g2 | 22 | 28 | ‘013 | (019 | 266 | 908 | .40 2.51 | 800~845 | 800~730 | 355~265
—16 52 | .21 | 20 | ‘014 | lo19 | 266 | 910 | .38 2.53 | 785~845 | 780~725 | 205~22
—17 ‘2 | 21 | 30 | lo14 | ‘019 | 266 | 9.06 | .38 2.48 | 785~835 | 780~720 | 300~185
—18 81 | 7 | 32 | o7 | lou4 | 27 | 912 | 32 | .05 | | 800~895 | 845~715 | 410~310
—19 82 | 20 | 35 | 006 | .013 | 2067 | 920 | .32 { 5 795=880 | 800~715 | 420~310
—20 31| ‘19 | 31| loor | ‘o1z | 265 | 9.06 | .31 | 1108 765~870 | 760~785 | 353~265
—21 30 | 7 | 33 | loor | ‘o1z | 2065 | 920 | .32 | 1.58 740~825 | 720~645 | 335~240
—22 30§ .8 | .33 | .012 | .013 | 270 | 876 | .36 | 2.04 735~815 | {590~520 | 300~205
—53 24 | .21 { .30 | .010-| 018 | 252 | 9.72 | .39 | .62 810~945 | 840~760 | 400~310
—54 25 | 21 | .30 | .01 | ‘016 | 2:52 | 961 | .40 | 1.08 785~895 | 705~760 | 340~235
—55 27 23 .31 010 017 2.52 9.75 .39 1.59 - | 765~845 760~ 665 325~225
—56 6 | .22 | .30 | (010 | (017 | 250 | 9'67 | .39 | 2.10 | Mo | 735~815 | 715~640 | 305~215
—58 | .28 | (18 | 3 | lou | ‘o4 | 281 | 9.32 | 27 40 | 815~925 | 775~840 | 380~300
—59 29 | l19 | 31 | lo0o | .05 | 272 | 936 | .28. 182 | 830~935 | 790~875 | 385~310
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Photo. 2. Microstructures.
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Fig. 7. Mechanical properties at room
temperature
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Table 2. Mechanical properties at 650°C.
: Testing temp. ‘Tensile | Elongation ! Rednction of Charpy impact f
Steel No. ! ) strength area | value 1 Heat treatment
°C kg/mm:? ,1 3 { % ' kgm/cm? .

WCZ-31 650°C 56.0 22.0 51.0 12.6 1050°C0O.Q, 650°Cx2h
—32 ” : 74.0 17.0 45.0 10.4 R #”
—-33 ” 79.0 17.0 45,0 7.0 ”
—34 ” 85.0 17.0 43.5 7.2 ”
—35 ” 86.0 16.0 43.0 7.2 ”
—36 ” 89.0 16.5 43.0 4.8 ”
— 5 i o 85.0 14.0 40.0 5.4 ”
— 6 i ” 91.0 13.5 37.0 4.6 Lo
— 17 ” 91.5 12.0 36.0 4.0 ”
— 8 ” 91.5 11.0 35.5 6.0 ”
—~9 #” 92.0 12.0 34.0 4.7 ”
—10 4 92.0 12.0 24.0 5.2 ”

-39 ” 61.0 17.0 43.5 11.9 ”
—40 ” 72.5 16.5 41.5 8.8 ”
—11 ” 80.0 11.0 31.5 ”
—12 ” 89.0 11.0 29.0 ”
—13 ” 90.0 11.5 28.0 ”
—14 ” 91.5 10.0 25.0 #
—15 - ” ., 92.0 10.0 - 21.0 "
—18 ” 82.0 18.0 45.0 4.8 ”
—19 ” 85.0 18.0 46.0 4.7 /”
—20 ” 78.0 19.0 47.0 . 4.8 4
—21 ” 75.0 16.0 49.0 5.3 ”
—43 ” 82.0 16.0 47.0 6.0 # o
—44 ” 78.0 15.0 44.0 5.0 ”
—46 ” 72.0 15.0 42.0 5.0 ”

WCZ—-39 650°C 87.0 . 9.0 22.0 1150°A.C, 650°x2h
—4 ” 98.0 9.5 20.0 ”
—11 ” 108.0 10.0 19.0 5.3 ”
—12 i 112.0 9.5 15.0 5.5 ”
—13 ” 115.0 9.0 12.0 4.1 ”
—14 ” 119.0 8.0 12.0 3.4 ”
—15 ” 125.0 7.0 10.0 2.9 ”
—5 ” 92.0 10.0 14.0 5.3 ”
— 6 ” 108.0 9.5 13.0 4.4 ”
— 7 ” 117.0 9.0 13.0 4.8 #
— 8 ” 117.0 9.5 15.0 4.6 ”
— 9 ” 117.5 9.0 11.5 4.4 ”
—10 ” 124,0 8.5 12.0 4.6 ”
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