0°35%C, 5% Cr B TILHOTEL ‘ ‘ 827

O35/C 5% Cr &M T Efonre”
(V, Mo, W, Si OFBEICDINT)

I = = I S R

INFLUENCE OF VANADIUM, MOLYBDENUM, TUNGSTEN AND
SILICON ON THE PROPERTIES OF THE HOT-WORKING TOOL
STEEL CONTAINING 0.35% CARBON AND 5% CHROMIUM_

Naomichi Yamanaka, Dr. Eng. and Kunio Kusaka

Synopsis:
To investigate the influence of vanadium, molybdenum, tungsten and silicon on the proper-
ties of the hot-working tool steel containing 0°35%, carbon and 59, chromium, the authors
measured the critical point S-curves for the transformation of austenite, as quenched and

as tempered hardness, retained austenite, dimensional changes, and mechan;cal properties at
elevated temperature.

The results obtained were as follows .

(1) The critical point was raised with the vanadium, silicon and molybdenum content,
respectively. The Ms-point was raised with the -vanadium content, but lowered with the
molybdenum additon. o

(2) As the vanadium content increased, the temperature of the tip of the pearlite knee:
occured at a higher temperature and the pearlitic reaction was accelerated, moving the:
pearlite knee to the left, and displacing the beginning line for the bainite reaction to the left.
And as the tungsten content increased, the beginning line for the pearlitic reaction was
moved to the left and for the bainite reaction ngoved to the right. )

(3) Full hardness was obtained by air-cooling from 1020°C to 1050°C, and as the vana-
dium content increased, higher austenitizing temperature was necessary for the obtaining the
full hardness. :

(4) The quantity of retained austenite after air-hardening from 1020°C measured by the ™
magnetic method increased with vanadium addition, and the tungsten and silicen had little
effect on the retention of austenite. This retained austenite decomposed at a temperature
between 550 to 650°C and resulted in the volume expansion. _

(5) During tempering, the hardness decreased slightly up to about 300°C and then in-
creased. Maximum secondary hardness was exhibited at a temperature between 500 to 550°C.
As the vanadium, molybdenum and silicon content increased, respectively, the room temperature
hardness after tempering above 500°C increased.

(6) The volume increment resulting from air-hardening was less than oil-quenching from
the ordinary temperature. As the vanadium content increased, the amounts of length
change after air-hardening from 1020°C decreased.

(7) As the vanadium and molybdenum content incresaed, the tensile strength at elevated

temperature increased and impact strength slightly decreased. And both the tensile strength
and impact strength increased with the silicon addition.
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Table 1. Chemical compostion of steel tested.
; . T r
Steel ' Chemical composition (%) Ac Ar . Ag
No. — ‘ °C) (c) , (o°C
C S Mn.P S |[C Mo V W ; X20mn)
; : g ’ ; ' : R
HWD—1 0°34 105 044 | 0°015 0°019 5710 | 1°38 | — | 830~900 | 775~685 | 240~ 90
2035 1°03.| 045 | 0°016 0°019 5°07 | 136 ' 022 | | 840910 | 785~715 |  240~110
3.0%34 1710 | 045 | 0°016 0°019 5°07 . 1°36 . 0°48 | ©850~920 | 800~690 | 250~100 .
41036 0°99 | 043 | 0°017 0°019 5°12 ' 141 074 | | 850~920 | 800~720 '  275~105
5 037 1°07 | 042 | 0°019 0°019. 5710 | 1*41 . 10 860~940 | 825~725 290~120
6 035 1°01 0°43 | 0°016 0°020 5°04 1°53 . 1°24 | { 880~960 | 820~7i0 .  310~120
7036 1704 { 043 | 0°012 0°019 5°08 1°53 1°48 | | 880~960 | 860~775 i  310~130
3,035 1°02, 0743 ; 0°008 0°019 510 0°73 ' 0°38 , ' 845~915 | 790~730 |  260~100
91037 1710 | 047 | 0°017 0°015 5°15 ( 1°19 ; 0°34 | 840~910 | 780~720 | 225~ 80
10, 0°38 1-08 | 043 | 0007 0°018 5°09 : 1°48 038 | 1 840~920 | 790~700 230~100
11°°0°37 1°08 | 0°46 | 0°012 0°019 5°13 | 1*72 . 034 | 8a0~920 | {275~705 1 35~ 70
‘ . i ‘ ‘ | — i
12 0°37 1-08 ! 0745 | 07018 07020 5°10 | 2°06 | 0°38 840~925 {:ﬁgNggg 220~ 70
13 039 1°19 1 046 | 0°018 0°014 5°13 | 153 { 0736 | 101 | 840~915 | 790~740 220~ 80
14 0°38 115 ['0°47 : 0°019' 0°020 5°16 . 148 | 0°34 | 1°50 | 840~925 | 785~705 210~ 70
15 0°41 1°19 | 0°50 | 0°018 0°019 5°16 146 ' 0°36 | 2°18 | 840~925 | 790~725 220~ 80
16 0°39 1°14  0°47 | 0°018, 0°020 5°16 | 1*46 | 0*34 | 2°76 | 840~920 | 790~730 230~ 90
‘ ‘ ‘ | | 120~
17 0°34 0737 | 0°48 | 0°008' 0°014 5°27 i 1°30 i‘ 056 g25~900 ; {2597 71° 250~ 90
18 0°35 0°65 | 0*49 | 0°010, 0°014 5°27 | 1°25 | 0°50 835~.910 {21(5):388 250~ 80
: 1 ; 0701 \ »
19 0°37 1 0°86 | 049 | 0°011{ 0°014 5°24 | 1°30 | 0°55 840~920 | 795~720 250~ 85
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Table 2.

Mechanical properties at room
temperature.

1020° air cool, 600°CX2h temper

Steel t Tensile } Elonga- | Reduc- .CharptY Rockwell
No. ;strength” tion of tzli?::la ]3;33: “CTy
kg/mm? | % o5 | kgm/cm?| hardness
HWD | bt
— 1 1242} 1770 54°2 8°29 | 40°1
— 2l 12661 16°6 52°6 5°82 | 4276
— 3] 138°0: 13°5 47°2 4-86 44-1
— 4 146°0 ! 1277 | 47°2 582 45°8
— 5l 144°0  11°7 | 39°6 5°82 470
— 6 148°2 ° 13°5 - 47°2 534 46°7
— 7. 144°0' 14*5 . 50°8 415 460
— 8 128°0 ! 14'9 | 47°2 5°34 425
— 9 135°01 16.3 : 50°8 6°37 43°7
—10i 137°0 . 14°2 472 6°92 45°7
—11! 142,01 149 | 490 | 4'86 | 448
—12/ 138°0 1 14°5 . 49° 534 45° 1
—13' 144°4 106 43°4 | 4'63 456
—14 144720 972 396 439 45°0
—15 142°0  12°4 4146 325 45°9
—16' 140°0 -89 385 2°86 46°2
_—17, 135°5 142 50°8 6'02 | 43°5
—18 140°0 14°9 454 558 43°5
—19] 141°0 14°2 436 5°10 |, 44°0
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STUDY ON THE SPRING MATERIALS (VI)

H4deji Hotta, Dr. BEng., Tatsuo Kawasaki, Kozuo Hori.
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11. Mechanical properties at
temperature, (C) 600°C and (D) 650°C.
Synopsis:

The material corresponding to a die steel No.5 as spring material in high temperature was
heat-treated in the constant hot bath which was considered as the best one being based on the

Then, impact hardness test in high tempetature, hardness test in room

temperature, impact test, fatigue test by the Upton Lewis testing machine ‘and microscopic

test were carried out and also, impact hardness test of ordiﬁary guench-tempered| Si-Mn
steel ‘at high temperature was carried out.

These results were summarized as follows.

(1) On the material corresponding to a die steel No. 5, the treatment in 600°C constant
hot bath quenched from 1100°C was reconfirmed as the best heat-treatment.

(2)

In the impact hardness test of ordinary_ quench-tempered Si-Mn steel, the almost

linear descending inclination of impact hardness was recognized with ascent of testing tem—
perature :
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