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Effects of Chemical Coniposition in the Specified Range on Cor_ltinu»ous '
Cooling Trahsformation Behaviors of 0°6%C-Ni-Cr-Mo Steel.

Tatsuro KUNITAKE

‘Synopsis: :

Continuous cooling transformation diagrams were determined for five steels selected from
the same grade, 0°62,C-Ni-Cr-Mo steel. It was revealed that small variations in chemical
«composition- within the specified range ‘of the steel resulted in an appreciable difference in
transformation behaviors. Transformation behaviors of the steels were expressed or com-
pared quantitatively in terms of important characteristic values capable of representing CCT
diagrams. Various empirical relations were presented which enabled us to predict continuous
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~cooling transformation behaviors of the steels from their chemical composntlon and grain
size. Critical cooling rates for various amounts of bainite formation were correlated to ‘‘the
ideal critical diameter” which was calculable from chemical composition and grain size of
steel. Critical cooling rates for various amounts of pearlite were shown to be evaluated from
the C content of steel. Interrelat10nsh1ps among various critical cooling rates (corrésponding
to various amounts of transformation) were shown for bainite and pearlite transformations.

Hardness of as-continuously-cooled and as-cooled-and- tempered specimens was determined
as a function of cooling rate oh continuous cooling, and it was correlated to the constitution
of microstructure. The relation of the amount of transformation product (bainite or pearlite)
to the d11atometr1c expansion due to transformatmn was also investigated.
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Table 1. Chemical compositioﬁ and austenite grain size of steels investigated.

ERD DR LT
Liz. £ LT, TOMEOEESR, RBHEOLERS

Qo

: Chemical composition (wt %) Austenite grain size
Designation ‘ ' 5 o SR
| c|si |Ma| P |S |[Cu|Ni|Cr |[Mo| v | 9BE T[] 900°C

A 0°63 | 0°24 | 0°73 | 0*011} 0°013| 0°13 | 1*46 | 0*83 | 0°27 tr. 4°8 8°0
. B 0*60 | 0°32 | 0*83 | 0*009| 0006 0°*18 1*51 {1 0°90 | 0°27 4 4°3 6°5
C 0°58 | 0°20 | 064 | 0*010| 0°007] 0°15 | 1°45 | 1°04 | 0°27 4 3°1 7°1
D 0°*55 | 0°31 | 0*70 0°0Q7| 0°*010; 0°29 | 1°47 | 0°76 | 0°*28 4 34 7°3
E 0°55 | 0*30 | 0°67 | 0017 0*013| 0*10 | 1°51 | 0°83 | 0728 | 7 4°0 7°8

‘Note: tr.=trace, * carburization, ** oxidation method."
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Table 2. Critical cooling time.

Critical cooling: time (cooling time from A, to 450°C, s)
Steel - K Bainite (Kg) Pearlite (Kp)

o1 |- ot | 0B 08 001 0°10 0°50
A 30 | 420 650 1500 7400 | 9300 13500
; ‘ . . n.d.
B 650 710 1100 1750 6800 11000 (>15000)
C. 550 610 920 1400 - 8000 11800 21000
' L n.d.
D 230 300 580 1100 (>11340) n.d. n.d.
E- 170 183 235 1420 14500 16500 24000

‘n.d.=not determined.
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Table 3. Calculated and experimentally determined beginning temperatures
of martensite and bainite transformations. °C)

Steel A | Steel B | Steel C | Steel D | Steel E
o STEVEN, et alius® 194 203 217 233 233
b GRANGE, et alius® 214 - 217 227 246 244
et . Pavson, et alius® 222 225 236 249 © 248
R Calculated Ms | ,paprrra® 235 238 247 257 256
o ‘ NEHRENBERG? 237 240 251 263 262
- - - -
S Determined Ms 220 236 239 245 261
S~ Calculated Bs STEVEN, et alius® © 460 452 467 488 484
EX . , _ .
= Determined o : . . ]
[ 3
2] © (Max. temp. of bainite transfomation) 480 460 480 480 485
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Fig. 10. As-continuously-cooled hardness vs.
% bainite in B+M structures.
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Table 4. K & Ho in Eq. (4)

Temperlng temperature '
C) K| H
350 3°29° | 658
450 2°22 563
550 . 139 | . 458
650 0+82 | 371

* Hv=—KXxX%B+H, :
Hv=Hardness after tempermg,
%B=Bainite, per cent
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