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Effects of Aluminum Nitride -on the High—Témperature Ductility
and on the Welding Crack of Low-Carbon Steel.

(Study on aluminum nitride in steel—III)

Shigeo HASEBE

Synopsis: :

Effects of aluminum nitride (AIN) precipitates on the high-temperature ductility and on
the welding crack at heat-affected zone were investigated. Small tensile test pieces were
made of the steels containing different amounts of aluminum and nitrogen (Table 1 and 2),
and were drawn at 500~1000°C. The specimens of C.T.S. (controlled thermal severity) test
(Fig. 1) were used for the investigation of the welding crack at the heat-affected zone.

1) The high-temperature ductility of low-carbon steel as cast is decreased extremely by
the addition of aluminum (Fig. 2 and 3). The ductility of low-carbon steel at a temperature
lower than 800°C is higher than the one of medium-carbon steel.

2) The ductility during rapid-cooled from 1350°C of low-éarbon steel as cast or as forged
is decreased at a temperature higher than 850°C by the addition of aluminum (Fig. 5). The
ductility of it during slow-cooling from 1350°C is not decreased by the addition of aluminum
unlike the ductility of medium-carbon steel (Fig. 4). The ductility without preheat-treat:
ment of low-carbon steel as forged is decreased at a temperature higher than 850°C by the
addition of aluminum.

'3) Presumably there is a relation between the decrement of the high-temperature ductility
of low-carbon steel by the addition of aluminum and the morphology of aluminum nitride
in the steel (Photo. 1 and 2).

4) In the heat-affected zone directly under weld-deposit of the steel contammg more alu-
mindm and nitrogen, the precipitates of aluminum nitride scatter undissolved by welding

. heat. The precipitates in the steel containing less aluminum and nitrogen are dissolved in

the heat-affected zone by welding heat. The aluminum nitride precipitates which exist
dispersedly undissolved by welding heat in the heat-affected zone seem to promote the
transformation during cooling after heated by welding heat, and consequently the welding
crack in the heat-affected zone (Photo. 3) is decreased by the addition of large quantities
of aluminum and nitrogen. : : )

5) Presumably there is a relation between the mcrement of the welding crack in the heat-
affected zone by the addition of aluminum up to 0°01~0°02% and the decrement of the high-
temperature ductility by the addition of aluminum. "It is considered that the hot crack in
the heat-affected zone initiates on account of the decrement of the high-temperature ductility
by the precipitation of aluminum . nitride, and that consequently the cold crack in the heat-
affected zone is increased with the hot crack as its starting point. ‘

6) The welding cracks in the heat-affected zone observed in the steel as cast are much
more than those in the steel as forged, and are not decreased by the addition of great quanti-
ties of aluminum unlike with the steel as forged. This phenomenon seems to be based on
the fact that the ductility at high temperature is decreased by formation of the line of alu-
minum nitride precipitates and the network of sulphide inclusions.
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Table 1. Chemical composition of 50kg steel ingots used for study.
(Melted. in a high~frequency induction furnace and as cast)
Sample| C% | si% Mn% | P% S% Ad%zmme Total N% | N as AIN%
A 0°19 0°25 1719 0+011 0019 | 0001 0006 0°000
B 0-21 0°30 1922 0°012 0°025 0°011 0+006 0°003
C 0°23 0°31 | 1°35 0°015 0+021 0°042 0+008 0°005
D 0°19 0°30 1+34 0°013 0°020 0°125 0°007 0°004
E 0°19 0°33 1°35 . 0°013 | © 0°024 0°315 0+008 0°005
Table 2. Chemical composition of 50kg steel ingots used for study.
(Melted in the high-frequency furnace, as cast and containing higher nitrogen content.)
Sample | C% | Si% | Ma% | P% so | ACUSOEPle | Total N9y | N as AIN%
1 0-21 024 ©1°20 0°013 0°+020 0°003 0°+019 0°001
2 0°19 | 0°28 | 1°35 0°015 0°022 0°012 0°021 0°005
3 0°20 0°29 136 0°016 0-021 0°050 0°017 0-012
4 0°22 032 143 " 0016 0°023 0+130 . 0°019 0°014 \\
"5 0°18 0°30 | 1°40 0°015 0°022 07300 0°016 0°014
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Fig. 2. Effect of aluminum content on the
high-temperature elongation of the low-
carbon steels shown in Table 2.

- The test piecies without notch were
made from the 50kg ingots as cast and -
drawn without preheat-treatment. ’
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Fig. 3. Effect of aluminum content on the
reduction of area of the steels at high
temperature as shown in Table 2.
The same test pieces as in Fig. 2 were
used and drawn without preheat-
treatment. '
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Lines of small aluminum nitride (AIN) pre-
cipitates extracted by carbon replica from the tensile
test. piece, which was made from the 50kg ingot
(Sample 3 shown in Table 2) as cast and drawn at
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Fig. 4. Effect of aluminum content on the
reduction of area of the steels at high
temperature as shown in Table 2.

The test pieces without notch were
made from a forged bar, heated for 30
mn at 1350°C in order to dissolve the
precipitates of aluminum nitride (AIN),
cooled slowly (cooling rate 150°C/h) to
1000~500°C and then drawn.
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" Fig. 5. Effect of aluminum content on the

reduuction of area of the steels at high
temperature as shown in Table 2.
The test pieces without notch were made
from a forged bar, heated for 30mn at
1350°C, cooled rapidly to 1000~500°C and
then drawn."
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Photo. 2. Lines of aluminum nitride (AIN) precipitates

extracted by carbon replica from the tensile test piece,
which was made from a forged bar (Sample 3 shown in
Table 2) as cast, heated for 30mn at 1350°C in order to
dissolve aluminum nitride, cooled rapidly to 1000~500°C

and then drawnf

Photo. 3. Welding cracks in the heat-affected zone of the
low-carbon steel observed in the specimen of C.T.S. test.
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Effects of Compdsition and Structural Conditions on Corrosion

Resistance of Cr—Ni Stainless‘ Steels.

(Effect of Ni and Mo additions)

Yasuo OTocuro, Yoshikuni KAWABE and Ryuichi NAKAGAWA

Synopsis:

In the previous report (Tetsu-to-Hagané, 48 (1962)6, p. 776), the anthors reported the
effect of Ni and Mo content on structures of Ni-Cr stainless steels and the effects of struc-

tures on mechanical properties.

This paper describes the effects of structures, mainly those of 0 ferrite on corrosion resis-
tance to nitric acid and sulfuric’ acid and also describes. the relation between corrosion
potential in both acids and compositions and structural conditions.

Precipitation of chromium carbide and decomposition of ¢ ferrite to ¢ phase resulted in

an increase in corrosion rate in nitric acid.
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