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High-Temperature Ductility and Morphology of Aluminum
Nitride in Medium-Carbon Steel.

(Study on aluminum nitride in steel—II)

- Synopsis:

Shigeo HASEBE

The effect of aluminum nitride (AIN) precipitates on the high-temperature ductility of
medium-carbon steel was investigated. Small tensile test pieces (Fig. 1) were made from the -

steels containing different amounts of alumin

drawn at 500~1000°C.

um and nitrogen (Table 1 and 2), and were

At first, tensile test pieces were made from the 50kg ingots as cast and were drawn:

without preheat-treatment.

1) The high-temperature ductility of medium-carbon steels as cast was decreased extre-
mely by the addition of aluminum (Fig. 2 and 3). The steel containing about 0°05% acid-
soluble aluminum had the lowest ductility, which was reduced from half to one-fourth of
the ductility of the steel containing no aluminum. This phenomenon seemed to be on account
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that the small AIN particles pr‘ee'i\pitated dispersedly and pearlite obstruct to deform uniformly,
and consepuently the rupture proceeded along the line of AIN particles precipitated at the
grain-boundary of austenite.

2) The steels containing more than 0°05% acid-soluble aluminum had higher ductility
(Fig. 2 and 3). This phenomenon seemed to be due to the fact that the more the aluminum
content, the higher the precipitation temperature of AIN became, and consequently the large
AIN particles prec1p1tated at wider intervals.

Next, the effect of AIN precipitates on the high temperature ductility during cooling after
the solution-treatment of AIN precipitates was investigated. The tensile test pieces as cast
were heated for 30mn at 1350°C in order to dissolve AIN precipitates. Some of them were cooled
slowly (cooling rate 150°C/h) and some rapidly from 1350°C to 1000~500°C, and then drawn.

3) The ductility in austenite (above 800°C) during slow-cooling from 1350°C did not dec-
rease by the addition of aluminum (Fig. 6). This phenomenon seemed to be due to the fact

that the AIN partlcles precipitated during slow-cooling from 1350°C are large and at W1dev

- intervals.

4) The ductility in ferrite and pearlite (below 700°C) during slow—coolmg from 1350°C
decreased by the addition of aluminum (Fig. ¢). This phenomenon seemed to be due to the
fact that the rupture started from the line of AIN particles precipitated  at the center of
ferrite-net and proceeds along it. '

5) The steel containing about 0°05% acid-soluble aluminum had the lowest ductility below

700°C and the steels containing more than 0°05% acid-soluble aluminum had higher ductility

(Fig. 6). This phenomenon seemed to be due to the fact that the more the aluminum con-
tent, the higher the precipitation temperature of AIN becomes and the cylindrical AIN parti-
cles precipitated at wider intervals, and consequently the brittle rupture became difficult to
occur.

6) The ductlhty during rapid-cooling from 1350°C was decreased by the addition of alu-
minum. This phenomenon seemed to be dependent on the fact for the line of small AIN
particles precipitated along the austenite grain-boundary during cooling.

Next, with the tensile test pieces made from the forged steel, the effect of AIN precipi-
tates on the high-temperature ductility during cooling after solution-treatment was investigated.

'7) The ductility during cooling of the forged steels was also influenced by the addition of

- aluminum like the ductility of the steels as cast.

Finally, the mechamsm of panel cracking found in medium-carbon steel ingot was consi-
dered. -

8) Presumably there was a relation between the phenomenon that the panel cracking*of
medium-carbon steel ingot was increased by the addition of aluminum and the experiment
- resulted in that the, ductility at high temperature was decreased by the addition of aluminum.
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Table 1. Chemical composition of 50kg steel ingots used for study
(melted in the high-frequency induction furnace and as cast)

‘Sample C% Si% - | Mn% P% S% A“i@?mm'MmlN% N as AIN%
a 0°45 0°32 0°80 0°015 0021 0°001 0°008 0°001
b 048 0°32 0°73 0013 0°023 0°013 0°007 0°003
c 0°45 0°33 0°80 0-017 0021 0°054 0°006 0°*005
d 0°45 0°33 0°75 0°014 0°020 0°130 0°009 0°006
€ 047 0°29 0°82 0°012 _ 0-021 0°310 0°010 0006
) Table 2. Chemical compoéition of 50kg steel ingots used for study
. (melted in the high-frequency ind_uction furnace, as cast
and containing higher nitrogen content)
Sample | C% | Si% | Mn% P% s9 |Aciqseluble | mora1 Noj | N as AIN %
A . 0‘49 0°24 0°75 0°014 70‘020 A 0°002 0-012 0°001
B 1 0°47 0°30 - 075 0°014 "0°020 0°015 0°017 0008
C 046 | "0°28 0°68 0°013 0°022 0°049 0°019 0°013
D 0+48 0°31 0-81 0°013 0°022 - 0°+125 0°018 0012
‘E 0°47 - -0°38 0-81 0°*011 0°019 0°280 0°018 0°015
-— 19 —
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content on:the hxgh temperature
. ductility of the steels as shown
in-Table 1 :

Test pieces without mnotch
were made from the 50 kg ingots
as cast and drawn without
preheat-treatment.

content on the high-tempera-
ture ductility of the steels
shown in Table 2

Test pieces without notch
were made from the 50kg
ingots as cast and drawn
without preheat-treatment.
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Upper (a) Sample ¢ shown in Table 1
Lower (b) Sample C shown in Table 2

Photo. 1. The lines of small aluminum nitride
’ (AIN) precipitates extracted by car-
bon replica from the tensile test pie-
ces without notch, which were made
from the 50kg ingots as cast and
drawn at 1000°C without preheat-
treatment.
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Fig. 4. The effect of aluminum nitride (AIN)

content on the high temperature ductility
of the steels shown in Table ! and 2.

Test pieces without notch were made
from the 50kg ingots as cast and drawn
without preheat-treatment.
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Test  pieces without notch were made
from the 50kg ingots as cast, heated for
30mn at 1350°C in order to solve alumi-

num nitride, cooled slowly (cooling rate.

150°C/h) to 1000~500°C and then drawn.
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The large aluminum nitride (AlN)
precipitates extracted by carbon replica
from the tensile, test piece, which was
made from the 50kg ingot (sample C as
shown in Table 2) as cast, heated for 30
mn at 1350°C, cooled slowly (cooling rate
150°C/h) to- 850°C and then drawn at 850

a ’ b
a : Sample a shown in Table. 1
b : Sample ¢ shown in Table 1

. The shape and micre-structure at the rupture part of

" tensile test pieces.

Test pieces were made from the 50kg ingots as cast

heated for 30mn at 1350°C,

cooled slowly (cooling rate

150°C/h) to 650°C and then drawn at 650°C. The reduc-.

tion of area of the test pieces is shown in Fig. 6.
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Influence of Melting Atmospheres on Austenite Stability and |
- Mechanical Properties of 18-8 Stainless Stéels.‘ ‘

(Influence of melting atmospheres on various properties of 18-8 stainless steels—I)

Synopsis:

Ryohei TANAKA and Rokure FujiMoro

Influence of melting atmosphere of 189%Cr- 8%N1 stainless steels on austenite stability,
hardness change due to subzero-treatment, ageing after cold rolling and mechanical proper-’
- ties at room- and high temperatures was studied. Main results obtained were as follows :
(1) The steels NM (0°158%N) and NNM (0°177%N) both melted in nitrogen atmosphere
at 600 mm Hg ‘had greater stability of austenite to martensite transformation due to high
content of nitrogen compared with the steels melted in vacuum (VM) or in air (AM).
- (2) In the steels VM and AM, isothermal martensite transformation was found to occur
at temperatures below their Ms point, and in AM even at temperatures above the Ms point.
(3) Remarkable work- hardemng caused by rolling at room- and subzero- ~temperatures,
' and further hardemng caused by subsequent ageing at 300°C were observed with all of the
steels except with the steel VM, which consisted largely of martensite in a solutlon—quenched

state:

(4) High-nitrogen steels NM and NNM exhibited lower strength and higher duct1l1ty at
room temperature than VM and AM in solution- -quenched state due to greater austenite
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