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EFFECT OF Al, Ti AND .B ADDITION ON THE IMPACT TRANSITION
, CHARACTERISTICS OF HIGH STRENGTH Cr-Mo STEEL AS ,
TEMPERED AT LOW TEMPERATURE ~ "

: Taiji Kawat, ¥ oshiaki Masuko and Motoshi Nishida

Synopsis:

Both the low tempering temperature embrlttlement and the transition characteristics of
high strength steel-are in close connection with the quality of steel, and the effect of Al, Ti
and B addition upon them is thought to be very important from the industrial point of view,

as it is
The authors, therefore,

related to the deoxidation, nitrogen-fixation and austenite grain size of steel. .
have investigated the effect of.Al, Ti and B addition on the low’

tempering temperature embrittlement of high strength Cr-Mo steel from the view point of

impact transition characteristics.

Results obtained were summarized as follows:

¢

(1) The Al, Al-Ti or Al-Ti-B treatment improved the impact values at the tempering
temperature ranging from 100 to 450°C. Especially in the case of the Al-Ti-B treatment, the
impact value in the range of embrittlement was markedly 1rnproved

(2) The tempermg embrittlement temperature was not changed by the Al treatment,

the embrittlement occurred at about 300°C .
temperature to about 350°C.

(3)

and

-But the Al-Ti or Al-Ti-B tpeatment raised its .

In each treatment, the transition temperature varied apparently with the tempering

temperature: the tempering within the range of embrittlement at 300 to 350°C and at about
100°C causes a higher transition temperature, whereas the tempering at about 200°C (the
impact value was maximum at this state) and at about 400~450°C resulted in a lower transi-

tion temperature.

(4) The Al, Al-Ti or-Al-Ti-B treatment lowered the transition temperatqre, especially the
Al-Ti and Al-Ti-B treatments markedly lowered it in the range of embrittlement of tempe-

ring at 300 to 350°C.

Therefore, by the proper treatment with such elements, actual finished products were
presumed to be given more security against the brittle failure. -
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Table 1. Chemical composition, transformation temp.,
’ Chemical composition (%)
. Mark - e s el . e -
. C Si  Mn P S |l Cu.;, Cr | Mo | =N 'SolN |SolLAl
0 0°32 | o0°21 0'80 | 0°027 | 07026 0°21 0°66 0°20 | 0°0141 | 0*0067 tr.
A 0°32 . 0°23 083 ° 0°027 ' 0°030 0°20 061 019 0°0112 | 0°0034 C*020
AT 032 ! 0°24 =~ 0°81 0°024 | 0°026 - 0°22 0°63 022 i 0°0121 { 0°0028 0°077
ATB 533 0°22 | 0°80 : 0°026 . 0028 " 022 0'65 | 0°19 | 0°0101 | 070023 i 0-077
_ 4*7m/fsec Th 5.
M. # = #

BEAE S0 kg HEIMEEEEIFT THER L. Cr-
Mo IREISHIC Al(0°05%) ALEE, Al (0°1%)+ Ti(0°05
%) AUE, Al(0°19)+Ti(005%) + B(0°0025%) Alizm
2R LT 3 ER S L S MIE RS 220 L RO &
% 16kg MBUTEIAA, FREIZ LD 14mmBEOEE
$E L1234 DTHhB. Table 1 12127 DL, ZEEES,
BEANRER S FA4 — AT 5 A FEEREER RS . AFE
Bo4#rid  Carmine LS X212, FCEELD
Al ZbOMERIC & b T Al L, TENIZIR
DU Dd —~ AT A rERREIX Ge 4°3 kb 6 I
LERODOTNBEBBDLNS.

BEEALIIBAEIY 10mm BEEofiike Lz C
tr., Si 1°239, Al 6'899%, Ti 3°229, B 11°6% D
3D, Fe-Ti [k C 0°11%, Si 5°02%, Al2°90
9, Ti24°93% D 4D, Al BHIRO# Al Tahs.
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quenching temp. and grain size of steels tested.

" Transform. temp.

g
Austenite G.S. No.*

| o Quench
e e e ( C') temp. - Remarks
ALO, | Ti' B Aci Ac3 (°C) Gg  Gc
oo Ct T T T T ;‘ ] - T
0005 tr.  — 750 815 860 7+0 4*3 | No treat.
07008 tr. . — 750 810° 860 7:5 6°5 A1(0°05%) treat.
e . _ . . Al(0*1%)
0°0i3 004 . ! 755 i 815 860 74 6°3 ~Ti(0°059%) treat.
cria . . P ! X ) A1(0'19)-Ti(005%)
{ ) Z £ 4 (]
0018 0°05 0°0015 ! 760 j 815 860 . 70 6°5 ZB(0°0025%)treat.
* Note Gg: Actual grain size at genching temp.

[

Gc: McQuaid Ehn grain size (carburized for 6 h at 925°C )
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Fig. 2. Effect of testing temp. and. tempering
temp. on Charpy impact value of steel O.
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impact transition curves of steels tested as
tempered at various temperatures.
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