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STUDY ON THE TOUGHNESS IMPROVEMENT BY ADDITION OF THE
SMALL AMOUNT OF FERRO-TITANIUM IN STRUCTURAL STEEL (Iy

Synopsis:

Toshio Saito

Titanium added in steels easily combines with sulphur and forms the stable TiS in steels. On
the one hand, sulphur in alloy steels has been considered a harmful element and we have made

efforts to control sulphur in steels as low as possible in steel-making process.

To prevent

toughness decrease caused by . much sulphur in alloy steels, the auther planed to utilize

small amount addition of ferro-Ti in alloy steels.

Then effects of small amount addition of

ferro-Ti in various kinds of structural alloy steels were examined, with both experimental

small ingots and practical ingots.

The following conclusions were obtained:

1. As for the alloy element that increases toughness, titanium is more effective than.

molybdenum and vanadium in alloy steel.

2. It seems especially effective to decrease brittleness in manganese-containing 'steel by

titanium addition.

3. Effect of a little addition of ferro-Ti in alloy steels are not so effective in steels that
contains such elements, as Cr, Mo,V, etc -which forms carbides easily in steels, while -
especially effective in steels that contains such elements, as Ni, Mn, etc which are soluble

into ferrite in steels,

4. Any steels added with small amount of ferro-Ti has very fine anstenite grains.
5. This treatments are not effective for plain carbon steels but extremely effective for

Ni-Cr-Mo structural steels.
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Table 1. Chemical composition of tested materials.
. . . P : . Quenching
Materials No. C Si | Mn P .S Ni Cr Mo V.| Ti temp. °C -
1 ‘25| 28100 | +018 | -029| *15| 05| — | — | —
Mn 1T | -25| 28| 1°01|-016|-039| *15| *06| — | — 02 870
Cr 2 °33| 25| 34| -019|-020| 131707 — | — | — 860
2T ‘32| 25| *34|-021|°0t9| -t3|108! — | — 03
3 *32| 29| 91| -023| 023} 13 |t11] — | — | —
Cr-Mn 3T *3t | 30| 87| -022|-023| -11 |10} — | — ‘04 850
_ 4 1 *27| 30| -+88| 021|023 <11 ]1°10 29| — | —
Cr-Mn-Mo 4T | +30| +30| 88|02t |-032| *11]1°10| *19| — | -o4 860
y 5 131 *29 "89 | *020 | *022 | -1 {1°11 =28 13 —
Cr-Mn-Mo-V | “pn *31 ) 29| 91| -020| 020 -13|1°12: 28| -13 06 860
6 181 28| -32|-012| 026 *21|1°11] 20| — —
€r-Mo 6T | +18; =27 *32|-012|-027| *15|1°12| *22| — | tr 880
4 7 20! 27| <32|-019 023 | -11}1°09 | "30| — — 860
7T *30| 27| *32|°020{-023| 05| 108 -°28| — 0°2
, 8 40§ 30| -34|-024|+033| *13|1°10: *30| — | — " 840
8T *42| *30| 29| -023|-030| -15| 1708 30| — tr
P 9 790 35| 32| +023|-034| *13|1°03; 31| — | — 830
I 9T ' <814 *35| *26| 023|020 =09 | 107 =31] — 05
_—— 10 *32{ *30| *36|°013|-020]|3°13| *85° 28| — | —
Ni-Cr-Mo 10T 31§ *29| -32|-012| 016 3°15| <84 6 -+28| — 04 840
M 11 ‘41 | *34| *36|°024|°026| 15| 159 <30 13| — 850
Lr-Mo-V 1T ¢ +a3]| 34| -36 | -017 | *016 15 | 1257 | 31 °10 ‘04 50
- 12 29 11°06 | *96| 019|016 07 | 106! — | — | —
Si-Mn-Cr 12T +29 [ 1°07 | *87| 021 | *026 | °07 | 1*04 | — | — | 074 80
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Photo. 1. Comparison of austenite grain size X200 (1/3)

Table 2. Results of small amount addition of ferro-Ti in steels.

: s y- p— Difference of ' Difference of Increase of
No. Materials Ti % grain size hardenability - toughness Results
1 Mn *02 Large i Large i Small Effective
2 Cr 03 - Large Large | None : No effective
3 Cr-Mn *04 Large Large i Large Effective
4 Cr-Mn-Mo | 04 Large . Large ! Large Effective
5 Cr-Mn-Mo-V ‘06 Middle f Small ‘ Small A little effective
6 Cr-Mo C ‘18 tr Middle ; Small : None No effective
-7 # *30 | -02 Small Large g None No effective
8 4 ‘40! tr Small Large i Large Effective
9 7 *80 | 05 Small Large Large Effective
10 Ni-Cr-Mo *04 Middle - Small 1, Large Especially effective
11 Cr-Mo-V 04 -None j Small { None No effective
12 Si-Mn-Cr *04 Small ‘i Large } Large Effective

OBEE Ti BhE L R HEETHEE LTOBE2E  TREIRS{, Ni, Mn %@ Ferrite EELS
bLESL LT B0 LA,  WERLEELISARHENTS 5 C & HBHEEIN
I @hORETES LHET L, Cr, Mo, VE 3. ¥EE-LIISEEOERSH T BT 5 BERT,

OFL % ER LBV TEE 2 SRICEET 2HEICHS Mo & Cr &HEFELIESA ORI DOV THR<TE

—_— 36 —



B TR BT 3 BFE (X VID) - ' : .

SN 5HH, ARBICBWTE Fig. 2 wRrahizmd,

Cr-Mn SHOMEIZREMED Mn $8Z 7213 Cr &ic His
UTEL DTS, RECHED 7 « uF & VUEIT
&b Cr-Mn gHOEMERIEL (BERLN, COUE
- OFEEIR Cr-Mn-Mo @& i LT & BiEO@EN Tuo
DB, Tb 5 Cr-Mn it 3 0°04% D
Ti ZImd 0°29% @ Mo Rk b AR TH 5 &N

£5%. =i Cr-Mn-Mo #ic 0'04% @ Ti »ZEL
1EAR—EREREINL, Z0O%EIR 0713% OV %
AU DOEINITWHL T3 T &l 6N 3.
Mo % V OBEMRHENAEEBNT, ZMTAFES
SR, BRINSILERD 1/3 HTOHBETHESE Lo
%%MQﬁ%%ﬁﬁbﬁéﬁfﬁ%%%uﬂ&%mﬁt
UTHfsisk 2 B2 5. (BEF0 31 48 1 B3R,

R T ELc B9 5 BFge (XVII®

I G v I

W

STUDY ON THE HIGH SPEED TOOLS (XVII)

Hidejt Hotta, Dr, Eng_,,and Itsuro Totsukawa -

Synopsis:

Following the - 16th report (Tetsu to Hagané Vol. 39(1953), p. 1177), the influence of austeni-
tizing temperatures varying from 1260° to  1350°C on the behaviour in austempering at the
intermediate region (200°~400°C) and subsequent tempering was studied by micrography and
hardness test with a high speed steel containing 0°65% C, 15°929, W, 4°309% Cr, 0°76% V and
2°649%, Co. )

The results obtained were s'ummarized as follows:

In any case, at the intermediate range the isothermal transformation of austenite, ‘such as
7->lower-bainite 41’ (austenite of higher c¢oncentration), occurred In response to its progress
the quantity and stability of retained austenite 7' .increased. Hence the. more the formation
of lower-bainite in austempering proceeded,. the seconddry hardening i in subsequent tempermg
occurred in the larger amount and at the higher temperature. As the austenitizing tem-
perature rose, the transformation at the intermediate range was delayed, and consequently:
the above-mentioned effects of austempermg on the secondary hardening also became less.
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