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On the Effect of Nitrogen-Absorption Treatment on
Properties of Low Ni-18Cr Stainless Steels.

t Masazo ORKAMOTO, Omi MIYAKAWA,

Takeshi NarTo and Toshiaki ‘TsujiNo

Synopsis:

- Studies have been made on the mode of the formation of a nitrogen-bearing austenite in
189, Cr-Ni-Fe alloys containing Ni up to 6% and Mo up to 3% by the authors’ nitrogen-abso-
rption method and on the stability of the formed austenite at the plasti¢ working. Mechanical
propert1es and corrosive resistivities of those alloys have alsc been investigated, the results
obtained being as follows.

(1) Austenite containing about 0°5%N is formed to a considerable depth in the surface
zone of 189 Cr-Ni-Fe alloys by nitrogen-absorption at 1250°C for 32 hours. The depth of
the nitrogen-bearing austenite zone from the surface increases with an increase in the Ni
content of the alloys and with a longer time of nitrogen-absorption. By nitrqgen—absorption
treatment at 1250°C for 32 hours, the specimens having 4°Omm thickness and containing 2%
or more of Ni without Mo have been found to turn completely austenitic to the core of the
plate. :

(2) When the Ni content of the alloys is 2% or less, the nitrogen-bearing austenite de-
composes into martensite on cooling to room temperature, while one bearmg 3% or more of Ni
is retained as austenite without being decomposed by water quenching from high temperatures.
However, some part of the austenite of the alloy containing 4% Ni and free from Mo decom-
poses into martensite on subzero-cooling in the liquid-nitrogen bath. Nitrogen-bearing aus-
tenite containing 1% Mo and 4% Ni or more of 5% Ni is not decomposed into martensite

" even by the cooling to the temperature of liquid- -nitrogen.

(3) When the alloys containing 4% or more of Ni are rolled  at room temperature, the
mtrogen—bearlng austenite is considerably hardened due to. the martensitic transformation
of a part of the austenite, while in the alloys containing 5 to 6% Ni and t to 3%Mo, the
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nitrogen-bearing austenite is not decomposed into mértensite even by the 30% rolling at room
temperature. - :

(4) Tensile properties of the mtrogen—absorbed alloys contammg 4%, or more of Ni.and
up to 3% Mo are ¢p 95~84kg/mm?, g5 68~61kg/mm?, § 45~68%. To make the alloys stronger,
it is adequate to cold roll the mitrogen-absorbed alloys by 302, at room temperature, the final
tensile-properties of them being op 115~135kg/mm?, gs 113~128 kg/mm? and & 21~40%.

(5) Corrosive res1st1v1t1es of the alloys to the aqueous bmhng solutlon of 5% H:S0,
“or 19, HCl are improved- markedly by the nitrogen-absorption treatment; especially those
alloys are characterized by the strong resistivity against HCI solution. The corrosive resis-
tivity to boiling HCI solution of the nitrogen-absorbed alloys contammg 1% Mo and 5%
Ni is consplcuously superior to that of SUS 27 stainless steel water-quenched from 1050°C

after held at this temperature for 30 minutes.

I # |
BT, T =54 MO Cr 27 v XEIELE

i
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T B EBIEL T V.

SUEHE Table 1T 13 BWEDOBDE Ni &gl A
E&%Eva SUS 24 §l (C 0706, Si 0°39, Mn 0°56,
P 0°0l6, S 0°003, Cr 16°32, Ni 0°27, Mo 0°03,

(Recemed 13 Nnv 1963)

Tabie 1. Charge compos1t1on% of spemmens ‘

used.

Mark Si Mn | Cr Ni | Mo Fe
130 0°*3 3*0 | 18°0 1°0 0°0 | Bal.
220 0°3 2*0 | 18°0 2°0 0°0 4
221 0°3 2°0 | 18°0 2°0 10 ”
320 03 2*0 | 18°0 3*0 0°0 7
321 0°3 2°0 | 18°0 3°0 10 4
420 03 2°0 | 18°0 4°0 00 7
421 03 2°0 | 13°0 4°0 1*0 4
520 0°*3 2°0 | 18°0 50 0°0 4
521 0°*3 2*0 | 180 50 10 4
620 0°3 2*0 | 18°0 6°0 0°0 4
621 0°3 2*0 | 18°0 6°0 10 /
622 03 2°0 | 18°0 6°0 2°0 4
623 0°3 2°0 | 180 6°0 30 4

Estimated carbon content was order of about
. 0*03% in every charges.
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Photo. 1. Microstructures of the alloys hot rolled
by 60% and then water-quenched from
1000°C-20min in vacuum, etched electro-
lytically with 10% oxalic acid, X400(1/2)
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Photo. 2. Microstructures of the quenched
alloys after the N-absorption treatment at
1250°C-23hr. Each left photo shows the
structure about 0°7mm, below the surface
each right one at the position 2mm from
the surface, etched electrolytically with 10
9, oxalic acid, X60 (1/2).

520

620

622

Photo. 3. Microstructures of the quenched
alloys after the N-absorption treatment at
1250°C-32hr. The left end of each photo
shows the surface of a part having 0°7
mm depth from the surface. Electrolyti-
cally etched with 10% oxalic acid X60(4/5)
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various hours and subsequent rapid cooling.
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Photo 4.. Microstructures of the ‘specimen 221 § - / ‘
rapidly cooled in nitrogen after the N- E
absorption treatment for various hours. ' T§,ZM v
Each left photo .shows “a’'part having R .
0*7mm depth from the surface, and the 150 , , . . ' y
centre of each. right photo is the po- o 4 8 12 6 0 M4 B 2 ®
"sition 2mm distant from the surface, Holding time ot /250° (hr)
etched with 159 HCI alcoholic solutxon, Fig. 1. Weight increase due to the N-absor-
X660 (1/2) :
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Mark of the.alloys used.

Surface hardness and ferrite indicator
9% of alloys which were hot-rolled and
then water-quenched at 1000°C or hot-
rolled and then N-absorbed at 1250°C
32 hr. ‘
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Table 2. Chemical composition 9% of the furnace cooled alloys having 4mm thickness
after the N-absorption treatment at 1250°C-.32hr.
Postion of

Mark samples taken C Cr Sol. N Ins. N T. N
Near the surface 0°033 17°79 07505 0011 0°516
130 Inner part 0°*039 17°79 0°440 0-014 0°454
" | At the centre 0°024 17°69 0°440 0021 0461
Near the surface 0°033 17°61 0°464 0°+007 0471
220 Inner part 0°032 17°63 ~0°418 0018 -. 0436
At the centre 0°044 1768 0°426 07025 07451
Near the surface 04039 - 1744 0-488 0-018 0°506
221 Inner part 0028 17°26 0°422 0014 0°436
At the centre 0°035 17°47 0°401 0°025 0°426
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treatment,

NQHR: N-absorption treated at 1250°C-32hr rolled at 1000°C by 30% and
then water-quenched at 1000°C-20min.

NQCR: N-absorption treated at 1250°C-32hr followed by rapid cooling,
and rolled 30% at room temperature. '

Fig. 6. Tensile properties of steels which were N-absorp-
tion treated and then rolled. : . v
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Q: Water-quenched from 1000°C-20min.

QCR: “@Q was rolled 30% at room temperature.

NQ: Rapidly cooled after the N-absorption treatment
at 1250°C-32hr in pure nitrogen.

NQCR: ““NQ” was rolled 30% at room temperature.

" Fig. 7. Weight decrease due to the corrosion
in 59 H;SO, boiling solution for 1hr.
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Q: Water-quenched from 1000°C-20min.
~ QCR: “Q’” was rolled 30% at room temperature.
NQ: rapidly cooled after the N-absorption treatment
© at 1250°C-32hr in pure nitrogen. )
NQCR: ‘“NQ’” was rolled 30% at room temperature.

Fig. 8. Weight decrease due to the corrosion in
19, HCI boiling solution for 3hr.
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