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Effect of Zirconium on Austenitic Grain Size in Iron and Steel..
Akira ADACHI and Kiyoshi MIZUKAWA

Synopsis: , _ o
The effect of zirconium compounds on the austenitic grain size refining and grain-coarsen-

. ing temperature was studied by adding ferrozirconium to the pure irons which had contained
oxygen, nitrogen or carbon  respectively. It was found that the gram size was refined and
its coarsening temperature was enhanced by the presence of zirconium n1tr1de or zirconium
carbide; and that the nitride was more effective than the carbide, but zirconium in solid
solution or in oxide gave no effect on them. The amount of zirconium nitride required for -
grain refining was about 0°035%, but its effect was not so remarkable as that of aluminum nitride.
In order to clarify the behaviour of zirconium nitride as a grain-growth inhibitor, some. .

- considerations were made on the experimental results obtained with the specimens which
had been heat-treated at various temperatures. ‘ -
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Table 1. Chemical composmon of ‘samples.
Composition %
No Sample : -
' C Si Mn P S Cr Cu Zr (¢] N
1 {Fe-C : 4°52 —_ — —_ | = — n— — | 0%0001 | 0-0001
2 |Originary pure iron| 0°04 001 001 *006| 0°003; 0°07 0+008 — 0085 0+0023
3 |Refined pure iron (<0°02 — — _| — — — — 0°0003 [<0°*0001
4 {Fe-O series 7 — — —| — — — — 0°*010 |<0*0001
5 P ” — — —] - — — — [ 0020 {<0°0001
6'|Fe-N series 4 — — — | — — — — 0°0003 | 0°0061
71 S // — — — —_ —_ —_ — 0°0003 0+0084
8 |Fe-C series ' 012 — — — — — — —_ 0°0003 0-0001
5 p v 0+ 40 — — —| — — — — |0°0002 | 0°0001
10" |Fe-Zr , — — — - — — — 1591 | — —
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Fig. 1. Relation between zirconium in solid
.solution and grain size at 925°C.
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Table 2. Relation between zirconium nitride and austenitic grain size at 925°C

Zr add. 2 Zr [Zr]mes. Z1)7rN [N] (N) Grain size

Marks % % % ( a)/o % % number
N—1 o - 0 0 0 0°0061 0 31
N—2 0°005 0°004 0-002 -0°002 0°+0058 0°+0003 31
_N—3 0°01 0°008 0-002 0°006 0°0052 0°0008 3°5
N—14 0°02 0018 0*0034 0014 0°0043 0°0019 42
N—5 004 0037 ‘0-011 0°026 -0°0028 0°0036 6°3
N—6 006 0*056 0022 0037 0°001t 0°0051 6°5
N—7 0°08 0°077 0°033 0045 0*0001 0+0059 6°3
N-—38 0°10- 0°095 0*055 - 0°044 0+0003 0°0058 673
N—o9 0°12 0°114 0-073 0°045 00003 0°0059 .6°5
N—10 0°15 0-124 0°079. - 07043 0°0001 0*0059 6°3
N—11 0°20 0°180 0°128 0°040 0°0001 0°0054 6°3
N—i12 0°30 0274 0+229 0°041 0°0001 00055 6°0
N—13 ‘0°02 0°019 0°001 0°020 0°0055 0°0026 47
N—14 0°05 0°048 0*017 0°031 0°0040. 0°0042 6°0
N—15 0°10 0°098 0°049 0°042 0°0021 . 0*0056 6°0
N—i16 0°15 0*126 0°068 0°045 0°0007 - 0°0061 - 6°0Q
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Table 3. Ammnunts of aluminum and zirconium nitride required for grain refining.
AIN Nifrogen in AIN "~ Grain size

% A number

Born and Kocu® 0°010 0°0035 7°5

' Takao, Nopa, Kuni and Taxapa 0-008 0+0027 - = - 8~9
ZrN Nitrogen in ZrN Grain size
‘ % 7 - number

Present work 0°030, 0°0036 63
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