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INFLUENCE OF VANADIUM AND MOLYBDENUM‘ON THE
PROPERTIES OF AIR-HARDENING DIE STEEL CONTAINING

R T O#B B

e -

1.5% CARBON AND. 12% CHROMIUM

Naomicht Yamanaka and Kunio Kuseka

Synops1s

To investigate the influence of vanadium and molybdenum on the properties of air-hard--
ening die steel con_tammg 1.5% carbon and 129% chromium, the authors measured the critical.

~ point, hardenability, quenched and tempered hardness,

and toughness.
. The results obtained were as follows:

retained austenite, dimensional change

(1) The critical point was raised with the vanadium and the molybdenum content respec-
tively. The hardenability increased by the addition -of molybdenum and mcreased slightly.

by vanadium by its addition up to 0.8%.

(2) Vanadium addition refined the grain size,

the grain size.

and the molybdenum ‘had little  effect on

Full hardness was obtained by quenching from 1000°C to 1050°C, and as the’

vanadium content increased, a slightly higher a_ustenitizing femperature was necessary ‘ffor .

obtaining the full hardness.

(3) The quantity of retained anstenite measured by the magnetlc method decreased thh_
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- vanadium addition, and the molybdenum had little effect on the retention of austenite.. The
authors found.more retained austenite in air-hardening than .in .oil-quenching. from. the same.
_temperature, and the amount of retamed austenite increased as the austemt;zmg temperature
+ was raised. iR , :

'(4) Sub-zero treatment following the.ofiginal hardening operation caused the transforma-
tion of large amount of retained austenite ‘and this breakdown of austenite at —68°C decreas-
ed with vanadium addition.

(5) The volume increment _resulting from the air- hardemng was less than oil- quenchmg
from the ordinary température. This increment decreased by the addition of vanadium up to

© 0.49%, then .increased with. .more vanadium content. A steel containing 0.45% vanadium
. showed a dimensional change of 40.109% in the direction of hot-working and —0.03% in the
. transverse direction- by alr-hardemng from 1050°C. ) S

(6) Some of retained austenite in hardened steel decomposed during aging at room tempe-
rature and about half -of that durmg the first 24 hrs after the quenchmg Small amount of"
retained austemte decomposed- on tempering up to 500°C, and all of the retained austenite
decomposed at a temperature between 550°C to 600°C, the secondary hardness was exhibited at
500°C after quenching from 1050°C and was very marked at 550°C after quenching from 1100°C.

(7) The toughness measured by static bending test increased with addition of vanadium
up to 1% and then decreased w1th more vanadlum content and also 0.8~1.0% molybdenurn

increased the tou ghness
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Table 1. Chemical compositions of specimens
. . - , . . .- Ar""(°C) during Grain
“ - [o] . (o]
Steal | Chemical composition Ac (°C) ; Ar CC) | " air cooling size
o : ‘ o . 950°C | 1000°C | 1050°C| 1050°C
No.|. C ‘ Si | Mn- Cr | Mo VﬂrBegm End'|Begin) End | . \om 5 x 20mn|. x 20mn| x5h
D—IQ 1755 | 0°26 | 0°48 | 12:24| 084 | — | 810 | 875 | 765 | 725 | 220 ; 170 | 100 | G7
—11! 1°55 | 0°23 | 0°45 | 12°47| 0°80 | 0°22 | 810 | 870.| 7657 710 | 230. . 180 | 115 : G8°5
—12 1°55 | 0°22 | 0*52 | 1250 0°82 | 0*a5.| 815 | 875 |..765 | 705 | 240 | 190 100 | Gs's
—13 1°55 | 0°23'| 0°50 | 12°67| 0°79 | 0*62 | 815 | 875 | 765 | 720 | 245 190 120 | Gs8
—14 158 | 0°28 | 0750 | 12767 086 '0*79 | 815 | 880 | 770 | 715 |- 260 190 | - 125 | G9
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I !
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—21)-1°54 | 0728 | 050 | 12°58| 1*17 | 0*45 | 820 | 885 | 755| 705 | 235.| 180 | .115 | G8'5
—22| 1°55 | 0°25 | 0749 | 12°75| 1°49 [ 0°43 | 820 | 885 | 765 | 720 | 245 185 ‘ 115 | G8
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Table 2. Results of bending test . 7
Steell 100°C x 1h oil quench, 175°Cx 1h \ 1050°Cx 1h air cool, 175°C ><v1h‘
Bend . Absorbed Bend ‘ - Absorbed 1ot
Deflection 'Rc! Deflection Rc
t th Ener
No.1 stlzilée‘)gth (mm) S{I;ef:%%’ ) Hardness | ° r(ilg (mm) (kg C“fﬁ' ). Hardness

D-10 970 0°92 44°6 60°0 800 | 0°72 28°8 613
-11 1,030 0°93 47°9 606 820 078 32°0 613
-12 920 0-82 37°7 592 740 0°65 24°1 614
-13 950 0-88 418 592 850 076 32°3 61°*5
-14 1, 090 097 528 594 950 085 404 61°6
-15 1, 050 0+90 47°3 58°0 880 0*79 - 34°8 "61°1
-16 650 060 19°5 570 840 0.71 29°8 60'5,
-17 820 0°72 29°5 61°1 760 068 25°8 620
--18 850 074 31°4 602 720 067 24°1 616
-19 1,030 087 44°8 60°0 840 0‘7‘4 31°1 61'7‘
-20 1, 00 086 43°0 600 900 0-81 36°5 616
-21 1,050 092 48°3 60°3 870 077 33°5 612
-22 1,030 0-84 43°3 598 780 072 28°1 é61°5
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