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Effect of Nb(CN) Precipitation Conditions on Abnormal Grain Growth in Nb Added Steels

Toshio MURAKAMI, Hitoshi HATANO and Hiroshi Y AGUCHI

Synopsis : In high temperature heat treatments like carburizing treatment, 4A or 5A elements that make nitride or carbide are doped to suppress abnor-

mal grain growth. Nb, which is one of 4A elements, is known as one of the most effective elements to suppress abnormal grain growth during

carburizing and added in commercial steels. Therefore the effects of Nb addition on abnormal grain growth in carburizing has been studied

by many researchers, but there are few reports about the influence of Nb(CN) precipitation conditions before carburizing.

In this study, Nb(CN) precipitation conditions were changed into solid solution, fine precipitations and coarse ones by pre-heat treatment,

in order to investigate the effects of Nb(CN) precipitation conditions on abnormal grain growth behavior during a heat treatment at high tem-

perature quasi-carburizing. The results are as follows:

(1) Abnormal grain growth was suppressed in a sample containing solid solute Nb before heat treatment quasi-carburizing more than

ones in which all Nb was precipitated as carbide.

(2) If the size of Nb(CN) precipitates was too fine or too coarse, abnormal grain growth was stimulated. There is a suitable size of

Nb(CN) precipitation to suppress abnormal grain growth. It is considered that factors to cause abnormal grain growth were not only amount

and size of precipitation and austenite grain size, which were parameters in the theory of Hillert and Gladman on abnormal grain growth, but

also Ostwald riping rate of precipitations.
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Table 1. Chemical composition of the specimen (mass%).

C Si
019 | 0.25

Mn P S Cr Nb Ti N
0.85 [ 0012 [ 0014 | 1.00 | 0.104 | 0.010 | 0.0104

2 014
[«]
Eor2 k

17
@010 |

£

9-5 008 |

precipitate 1
- - - ~precipitate 2

5006 [
2

e I
Sooa |
€002 |

S

Z 000

1173 1373 1473

Temperature (K)

1273 1573 1673

Fig. 1. Atomic fraction of phases calculated by Thermo-
Calc.

Table 2. Chemical composition of the phases calculated by

Thermocalc.
(mol%)
Nb Ti Fe C N
precipitate 1 50.3 0.2 0.0 42.3 7.0
precipitate2 0.6 39.2 10.3 0.1 49.8
1573K 10.8ks A : As solution treatment
B 1173K X 0.6ks 1323K 0.6~10.8ks
C: 1173K X 54ks
D : 1273K X 54ks
w.Q w.Q. w.Q. w.a. wa.

Precipitation treatment Quasi-carburizing

Fig. 2. Heat treatment diagram.
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Fig. 3. Microstructure before quasi-carburizing treatment at 1323K (a) as solution treatment (sample A), (b) precipitation treat-
ment at 1173K for 0.6 ks (sample B), (¢) 1173K for 54 ks (sample C), (d) 1273K for 54 ks (sample D).

Fig. 4. Micrographs of prior austenite grains in sample A after quasi-carburizing at 1323K for (a) 0.6 ks, (b) 10.8ks.
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holding time : 7.2ks holding time : 0.6ks

holding time : 10.8ks
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Fig. 5. Micrographs of prior austenite grains of (a) sample B, (b) sample C, (c) sample D, after quasi-carburizing at 1323K for (i)

0.6ks, (ii) 7.2 ks, (iii) 10.8 ks.

Table 3. Diameter of prior austenite grain after quasi-car-
burizing at 1323K for 0.6 ks.

Sample No. Diameter of prior austenite grain / t#m
A 13.5
B 13.4
o] 11.7
D 140 *Diameter of normal grain region
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Area fraction of abnormally coarse
grains (%)

Fig. 6. Area fraction of abnormally coarse grains against
quasi-carburizing time at 1323K.
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Before quasi-carburizing
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for 0.6ks
. 8. TEM micrographs of (a) sample A, (b) sample B, (c) sample C and (d) sample D, (i) before quasi-carburizing at 1323K,

(ii) quasi-carburizing at 1323K for 0.6 ks, (iii) for 10.8 ks.
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Fig. 9. Average diameter of NbC particles against quasi-
carburizing time at 1323K.

HALERTZIZ 1323K IS L 72354, (RFERER230.6ks £ T
120.092~0.096mass% (ZE L, ZOHDOREBTENL &
Moz, TORERD O HAEMIZ, QI X DN
BIIZIEND AAND(CN) & L TETHH L7248, 1323K I/
FT5L06ksETICEHBEITHEBL, ZORIZAMER
HIZFEONHNDED Z FE L k520 A 5,

42

for 10.8ks

Fig. 812 A~D# @ 1323K I #L T, 1323KX0.6ks R % ,
1323K x10.8 ks f£ ¥ D Nb(CN)#HT H IR BE D TEM BLEZ#E R |
Fig. 912 Nb(CN)D IR F1ENZEAL, Fig.10 12 Nb(CNYKi T
EDOLR NI LERT, 1323KMERTOFHR F1EIL,
AW AT L, BHE D 7.0nm, CHF: 12.50m, D
M 16.5nmTH O, I LFERER 23 R, B LBEIR
BEHENRD AR KIZ 8 - T/,

1323KX0.6ks tRIF Tid, A% . 11.1nm, BFf : 9.6nm,
CHf 1 16.0nm, DH# : 255omTH D, JIELETIZHT i A
EREN TG -7z AMIEBHM L D IZHKZELRCHED
I < ND(CNYAMTH U 72, & 72, MRSt (B~D#1)
@ Nb(CN)F-EPRi 7 R 3 U BT O MER MR 7= 7= & %
i | ANGRYAR

1323Kx10.8ks (R¥F TId, A#f : 19.70m, B4 © 23.1nm,
CH#f : 25.50m, D 3270mTH D, 0.6ks DEHFEIZ I
IR TR TAM L BMOIERE R ANEH > Tz, Fig
1HLOE AT L5 5 & 0.6ks Tldk AR AT BUIE A
INS SRR TFIES/NE 5 2BHA, 10.8ks TIETR AN
TENPAMIZHANKREZLS E->THED, AFHIHARBHMOH



(a) Before Quasi—carburizing

102! N = 190 (sample B)
56 (sample C)

36 (sample D)

102 |

100 sampleA
O sampleB
10'8 | B sampleC

B sampleD

10|7 i
1021 (bL1323K 06k
& N = 70 (sample A)
£ 47 (sample B)
~ 1020 4 55 (sample C)
(ZJ 24 (sample D)
!
2 10" |
w“
o
>
2 101
<
3
o
1017 &5
102
N = 39 (sample A)
43 (sample B)
]020 B 56 (sample C)
15 (sample D)
100 }
10'¢ |
1017

~10 ~15 ~20 ~25 ~30 ~35 ~40 40~
Diameter of Nb(CN) (nm)

~5

Fig. 10. The histogram of Nb(CN) size (a) before quasi-
carburizing, (b) after quasi-carburizing at 1323K
for 0.6 ks and (c) for 10.8 ks.

Table 4. The rankings of NbC size and abnormal grain
growth starting time.
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A - 2 1(fine) 1(late)
B 1(fine) 1(fine) 2 3
[o] 2 3 2 2
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Table 5. The value of the parameters used for calculation
of critical precipitation diameter for abnormal

growth.

parameter value
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Fig. 11. Average diameter of NbC particle when the ab-
normal grain growth happened.
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burizing calculated with the volume fraction and
the average diameter of Nb(CN).
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Fig. 13. The density change of Nb(CN) during quasi-car-
burizing calculated by Ostwald ripening model
(Eq. (4)).
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