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Growth Behavior in Carbide of High Carbon Low Alloy Steel during
Spheroidizing Treatment

Taira NARKANO and Hiroshi KAWATANI

Synopsis: )

Several studies were made in the past on the spheroidization of carbide, however, most of them were on
the phenomenology of spheroidization and few of them on the mechanism.

In this paper, we have systematically investigated about the effects of chromium content, pre-treating con—
dition, austenitizing temperature and cooling rate in relation to the slow—cooling-method which is used

for surface-hardened roll materials.

The results are summarized as follows.

1) As the chromium content increases, the volume of carbide in austenite increases, and the austenitizing

temperature for complete spheroidization becomes to cover a wide range.

The critical carbide number for

complete spheroidization in cooling rate of 20°C/hr is found to be 5 X 10%/mm?.

2) The carbide number after spheroidization agrees completely with that in austenite.

Therefore it is the

retained carbide in austenite that grows during slow cooling.

3) There is a critical cooling rate.
the mean particle spacing (S) is obtained.
Ry=102 x 10-1/S—183+6

The following relationship between the critical cooling rate(R;) and
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Table 1. Chemical content and transformation témpera"turc‘of‘ specimen steel.
Stecl Chemical content (wt 925) Transformation temperature* (°C)
tee : -
C Si ‘Mn P S Cr T1 4 T2 T3 T 4
0:8C-0'5Cr| 079 | 0-18 | 041 | 0-014 | 0-011 0-50 723 753 717 686
0:8C-1Cr 078 0-13 0-41 0-010 0-010 1-03 733 762 726 677
0-8C-2Cr 079 0-18 0-43 0-016 0-011 2:05, 750 | 766 737 712
0-8C-3Cr 078 0-17 0-40 |" 0-017 0-011 2:86 756 781 742 723
0-8C-5Cr 0-80 0-24 0-48 0-016 0-020 512 763 795 |- 766 735

* Heating rate : 180°C/hr, ausfcmtmmg condition : 800°Cx 1 hr, cooling rate : 20°C/hr
T1 : Temperature at which ; formation start during heating

T2: ” at which o disappear 7 = 7 -
T3: ” at which « formation start during cooling
T4: ” at which ; disappear # 2
Table 2. Pre-treatments
. Symbol Pre-treatment
‘ 1 T-700 Isothermal transformation 1000°C x1hr — 700°C x 15 hr
- 1 T-600 . 7 4 — 600°C x 15 hr
) I T-450 4 4 — 450°C x 15 hr
Q T-700. - Quench-temper . 1 000°C X 1l hr O. Q. 700°C X 15 hr
T -600 . 7 - 600°C < 15 hr
Q T -450 h o ’/ 4SQ°C X 15 hr
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Fig. 10. Effects of austenitizing temperature on
hardness as spheroidized (0°8 C-2Cr).
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Table 3. Relation between critical cooling rate and mean particle spacing.

Carbide number | Mean particle spacing 1/Mean particle Critical cooling rate Steel
(% 10°/ mm?) a (X 10-3mm) spacing ( X 103 mm) (°C /hr) ce
5 0-585 171 5 0-8C-2Cr
5-25 0-575 174 14 4
5-75 0-558 1-79 30 7
7 0'524 1-91 10 4
8 0-500 2-00 5 0-8C-5Cr
8 # v 20 0-8C-2Cr
8-25 0-495 2:02 36 7
9-25 0-477 2-10 8 0-8C-3Cr
4 4 4 10 0-8C-5Cr
12 0-437 2:29 24 0-8C-3Cr
19-7 0-370 276 40 #
4 % 7 100 0-8C-2Cr
20-25 0-366 2-73 40 v
28-25 0-329 3-04 120 ”
30-5 0-320 3-13 120 4
120 . |02xlo a3 © G=MJF/L ~(1-11)
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Fig. 19. Relation between critical cooling

rate and mean particle spacing.
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