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Effect of Precipitation Behavior of AIN on Abnormal Growth
of Ferrite Grains in Low-carbon Steel Wires

Ikuo OcHiAl, Hiroshi OHBA, Yooji HIDA and Michikike NAacuMO

Synopsis :

Abnormal growth of ferrite grains in low—carbon steel wires (€<<0.04%) was studied from the viewpoint
of AIN precipitation during annealing after cold drawing of 70.2%, in reduction.

(1) Abnormal grain growth occurred when Al/N ratio of steel wires decreased to the range from ! to 6.

(2) AIN precipitation in wire rod within above range of Al/N ratio was delayed in the course of cooling
after the hot rolling, followed with fine AIN precipitations during recrystallization and grain growth at
annealing stage after drawing. Such precipitates generated a large restraining force on the grain boundary

movement and grain growth was completely depressed.

In the case of the isothermal annealing at 800°C,

however, abnormal grain growth occurred in accordance with decrease in the restraining force as a result
of the coalescence of AIN precipitates immediately after the precipitation had been completed.

(3) The critical conditions investigated for the abnormal grain growth initiating in the restrained grains
were in good agreement with HiLLERT’s theoretical expectations.

(4) The restraining force of the fine precipitates on the grain boundary movement can be evaluated as

follows :

_JS(-logfHe
3r

S

where s is the restraining force ; r and f are radius and volume fraction of the second phase particles, re-

spectively 5 ¢ is the grain boundary energy.
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Table 1. Chemical composition of specimens(wt%).

C Si Mn P S Al N o

0. 004 0.004 0.0013 0.0022
~ 0. 01 0, 30 0.017 0, 0004 ~ ~ ~

0. 038 0,060 0.0129 0.0076

800°C x (0.5min~ 10h)

750°C x (0.5min ~10h)

700°C x (0.5min ~10h)

Temperature

560°C x 1h

Rapid heating

Rapid
heating
Water
quenching
Water quenching

R.T.

Time
Fig. 1.
cycles.
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Photo. 1. (a), (b) Abnormal grain growth ob- 0 ; \ )
served in 0.029,C steel wire (3mm), annealed for 0 02 -04 06
Al (%)

10h at 800°C after 70.29,
subsequent 560°C x lh pre-annealing. (c¢) Recry-
stallized grains observed in the same steel, pre-

annealed for lh at 560°C after 70.29, cold
drawing.
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Fig. 2. Effect of Al and N contents on grain-
coarsening characteristics for low-carbon steel
wires, annealed for 10 h at 800°C. Dotted line

represents solubility product of AIN at 1 100°C1®,

700°C x 10h
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Fig. 3. (a) Variation in number of
fine AIN precipitates (<0.1lpm) per
320pm? with ratio of Al to N(AIl/N)
(b) Relation between ferrite grain size
(FGS) and number of fine AIN preci-
pitates (<0.lpgm) per 320pm?2.
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Fig. 4. Effect of Al/N ratio on N in solution and
number of fine AIN precipitates (<0.1pm, /320
pm?) of as-rolled wire rod. Specimens represented

by solid marks exhibit abnormal grain growth at
800°C.
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Fig. 5. Effect of Al/N ratio on changes in
Diamond Pyramid Hardness (DPH) of spe-
cimens annealed for 1h at various tempera-
tures. Specimens represented by solid circles
exhibit abnormal grain growth at 800°C.
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Fig. 6. N as AIN content in drawn wires heated
for 1lh at different temperature, after annealing for
1h at 560°C.
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Fig. 7. Changes in ferrite grain size (FGS) and
ratio of N as AIN to total N during isothermal
grain growth at 700°C, after pre-annealing for 1h
at 560°C (*1 By chemical analysis, *2 By strain
ageing test). Specimens represented by solid marks
exhibit abnormal grain growth at 800°C.
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Fig. 8. Changes in ferrite grain size (FGS) and
ratio of N as AIN to total N during isothermal
grain growth at 800°C, after pre-annealing for 1h
at 560°C. Steels and marks are same as those in
Fig. 7.

Arrows indicate initiation of abnormal grain
growth.

Table 2. Average size of AIN precipitates (gm).

\ Steel A7 A3 A2 A5
Annealing AN 2.9 5.4 7.4 20. 0
560°C x 1h

-+700°C x 10h 0.014 0.015 0.123 0.117
560°C x 1h
—800°C x 10h 0. 023 0. 030 0.126 0.118
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Fig. 9. Variation of ¢/b with a/b, according
to Eq. (4).
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Fig. 10. Correlation between r/f and critical

radii of grains (R%., R§%Y). r and f are radius
and volume fraction of AIN precipitates re-
spectively.
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Fig. 11. Relationship between average grain radius
(R) and r/f for specimens annealed for 10h at
700°C..

Table 3. Critical radii of grains (R¥%,, R%*) for normal and abnormal grain growth, and correlation

factor for back stress against grain boundary movement (k).

Authors Steel Second e f RY, RY k
4 r 3
) _ —_— JE— * = . —_
1. C. ZeNEr? R TF ’
2. P. HeLLMAN et al.i? 18-4-1 high speed steel (y) Carbides 0.10 R§.=—9—4ﬁ~-?'r 0.75
= L
Decarburized surface layers £=0.125In T
0.20%C (a) Cementite 0.03 p: Radius of undis- 2.0
0.382,C (a) Cementite 0.057 turbed boundary 1.6
0.80%C (a) Cementite 0.120 0.9
3. T. Grapman et al Medium carbon steel (7) Nb(CN), AIN  0.0012 RE = 71(; —_3_‘2._)5. 2.0 (Z=1.7)
z- R
R
4. Y. Ocmo et al® Medium carbon steel (7) Nb(CN) 0.00031 R"=0.l3~} 2.5
5. Present work Low carbon steel (a) AIN 0.00015 Rt,=%-7rr 2.8
4
a1 r
0.0004 R 37 3.3
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