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Abstract

High manganese heat resisting steel improved in order
to obtain an alloy having excellent high temperature
properties, contain a large amount of manganese and
nitrogen. o
The reason why the alloy ¢an contain a. large amount of
nitrogen, the effects of various elements and heat
treatment on the high temperature properties of this
type alloys and grain boundary reaction recognized in
this type alloys are to be described.
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' I. Introductien

In order to improve an alloy which is not inferior to N-155 alloy
---a typical iron base heat resisting dlloy---regarding the high
temperature strength, and which contains expensive elements as small
amount as possible, furthermore, can be easily forged, we examined the
effects of austenite former such as manganese, nickel and nitrogen and
those of ferrite former such as chromium, molybdenum, tungsten,
niobium on the high temperature properties of the alloy eliminated
cobalt from N-155 alloy.

From these experiments, &n alloy whlch fits the purpose could be
improved when 10% manganese and more than 0.6% nitrogen are contained
and the proper amounts of various elements .are chosen to be gammer
single phase in solution treatment, though nickel content is reduced
only to 6%. (1)

- This high manganese, nitrogen heat. resisting alloy was named
10M6N alloy (10%Mn, 6%Ni, 20%Cr, 27#Mo, 2. S%W. 1%xb, o.zzc, N>O0. 6%,
‘balance Fe ).

When small amount of boron is added to this alloy, ‘its high temper-,
ature properties can be more improved.

In this report, four items are to be described---flrst; the reasons
why 10M6N alloy can contain such a large amount of nitrogen as more
than 0.6%, second; the effects of nitrogen, niobium and boron on -the
high temperature properties and structures of 1OM6N alloys, third;
the grain boundary reaction recognized in this type alloys, fourth;
the effects of heat treatment on the high temperature properties of
IOMGN type alloys.

II. Why Can a Heat Resisting 1OM6N Alloy
Contain a large Amount of Nitrogen?

lOMGN‘alloy is special in containing a large amount of manganese

. and nitrogen. go, we explain the reason why this alloy can contain a

large amount of nitrogen. If we keep the melt of 1OM6K type alloy
added no nitrogen for 30min., nitrogen content of this alloy increases
with the lapse of time, due to absorbing of nitrogen from the atmos-
phere.

On the other hand, if we keep the melt of 1QM6N type alloy ‘added
1.0% nitrogen for 10min., the nitrogen content reduces to nearly O. 6%
with the lapse of time.

Nitrogen content of this type alloye are affected by the cooling
velocity, the melting amount etc.,, even if the same amount of nitrogen
is added. But, it mainly depends on the nitrogen content of the melt
which is in equilibrium in the melt atmosphere.

This is recognized from the facts that the nitrogen content of the
ingots coincides with the one in equilibrium in the melt of 10M6N alloy .
which is caloulated from the activity coefficient, obtained by uaing

- the interaction coefficients of various elements. (2)

The reason why 10M6N alloy can contain a large amount of nitrogen,
is considered to be .due to the facts that the nitrogen solubility of
the melt is large because the alloy contains -a large amount of
chromium and manganese,

Next, we are to describe the effects of various ‘elements on the
high temperature properties and etructuree of 10M6N type alloys.

368



III. The High Temperature Properties and Structures
: - of High Manganese Heat Resisting 1OM6N Type Alloys.

III-1 Effects of nitrogen

. The compositions which nitrogen is eliminated from 1OM6N alloy
was selected as the base compositions. Various amounts of nitrogen
were added to this composition, using Fe-Cr-K (6.2%N, 43%Cr).

Nine ingots (N-0~N~8) containing nitrogen in the range of 0. 084%
~0,979%, were melted in air by using high frequency induction
furnace, These compositions of alloys are shown in Table 1.

These ingots were forged, water gquenched after heating for lhr.
at 1200°C as solution treatment and then cooled in air after heating
for 4hr. at 800°C. Then, the creep rupture testing was conducted.

Solution treated alloys' hardness increases nearly in proportion
to the nitrogen content. About 22% and 6% of delta ferrite are
respectively recognized in the solutlon treated alloys containing
0.08% and 0, 38% nitrogen.

The creep rupture life and rupture elongatlon at the test
condition of 700°C, 26kg/mw, are shown in Fig,l, from which it is
recognized that the creep rupture life is remarkably short, in. the
range of nitrogen up to 0.38%, because delta ferrites are easily
transformed into sigma phase and M,C, by heating, but in the range of
nitrogen content more than O, 38% where the alloys* matrix becomes
gammer single phase without containing delta ferrite, the creep
rupture life increases in proportion to nitrogen content, and is
improved to 400hr. at 0,98% nitrogen. That is to say, the increase
of 0,6% nitrogen from 038% to 0.98%, cause the rupture life to
improve about as long as twenty five times.

Photos, 1 (a)~(d) show the electron microscopic structures of
alloys aged for 1000hr. at 700°C. From photo.l(a) of N-O alloy
containing 0.084% nitrogen, delta ferrite is recognized to be trans-
formed into I C, and sigma phase, and NM,C, is found to be precipitated
in the matrix. M,C, and Cr,N precipitate with Nb(C,N) as undissolved
phase, in the alloy containing 0.615% nitrogen, O 754% nitrogen,
0.979% nitrogen. (Photos. 1(b)~(d) )

Further, from the comparison of photo.1l(b) and photo.l(c)s~(d),
these precipitates are found to be more finely distributed with the
increase of nitrogen from 0,615% %o 0.754% and 0.979%%.

From these results, the increase of nitrogen content of this type
alloys may be concluded to contribute to the improvement of the high
temperature properties, because the matrix become to be gammer single
phase and to be strengthened, furthermore, the precipitates.are more
finely distributed with the increase of nitrogen content,

ITI-2 Effects of niobium

The alloy having composition which is eliminated niobium from
10M6N alloy was melted and the half was cast. Then, 1% niobium was
added to the rest of the melt and was cast., The former was named NbO
alloy, the latter Nbl alloy. , :

As shown in Table 1, S.N. decrease and I,N. increase from the
comparison of these two alloys by niobium addition,

Table 2 shows the grain size and the hardness of NbO and Nbl



'_alloys solution treated at various temperatures, At the same

| solution temperature, the hardness is higher and the grain size is

;smaller in Nbl alloy than in N¥bO alloy.

Fig. 2 shows the age hardening properties of the two alloys

- solution treated at 1200°C. Nbl alloy is yet in the hardening

- process after 250hr. at all heating temperatures and the hardness
~dincrease cbtained by aging is about 30~40 in V,H.N. and the harden-
ing process is not different so much at all temperatures, But, NbO
~alloy's hardness increases obtained by 250hr, heatlng are about 40 in .

V.H.N, at 650°C, and about 100~110 in V.H.N. at 700°C and 750°C.
NbO alloy hardens more than Nbl alloy at all ablng temperatures and
its tendency is more remarkable at 700°C¢ and 750°C.

Photos, 2(a), (b) are the microstructures of NbO and Nbl alloys
heated. for EQOhr. at 700°C. Grain boundary reactlon( afterwards, .
denote G,B.R.) is recognized in NbO alloy, and the grain size of Nbl
alloy finer very much than that of NbO alloy. The precipitates at
the grain boundary and in the grain are slightly found in Nbl alloy.

That is to say, the remarkable hardening behaviour of NbO alloy is to

be due to the G.B.R. and the addition of niobium to this type alloy
suppresses the remarkable age hardening,

Then, the niobium addition to pure iron (3), to carbon steel, to -
Ni-Cr, Ni-Cr-Co alloys (4) is reported to cause their recrystalli-
zation temperatures to be higher, The same phenomenon is recognized
in this type alloy.

Namely, from the hardness change of Nbl, NbO alloys cold rolled

‘to the degree of 60%, when heated in the temperature range of 400°C~

1100°C, T¥-~~the temperature at which the average hardness of the
maximum one and the minimum one (the hardness at 1100°C where the
recrystallization is completed) is shown---was measured.’

- From the fact that T% of NbO alloy is about 850°C and the one of
Nbl alloy is about 875°C, the niobium addition to this type alloy can

"~ be concluded to cause the recrystallization temperature to- be higher,

The tensile strength of NbO alloy at 700°C is 54.6kg/mm , whereas
that of Nbl alloy is 58,3kg/mm --- the latter is clearly more
excellent, :

Then, it is reported that the creep rate and the recrystalllzatlon

- temperature are to a certain degree related in 15Cr-13Ni steel. (5)

3o, the high temperature properties of this type. alloy is supposed to
be improved by niobium addition.

Fig. 3 shows the creep rupture properties of NbO and Nb1 alloys
solution treated at 1200°C and the numerical values written in the
figure are the creep rupture ‘elongation, The creep rupture stress and
the creep rupture elongation of Nbl alloy are more excellent than
those of NbO alloy. .

From these facts, the improvement of creep runture properties of

10M6N type alloy by addition of niobium, is explained to be due to the
“inerease of solution treated hardness, the suppression of age harden-

ing properties brought about by the G.B.R., the grain size reflnement

and the rise of the recrystallization temperature ete.

ITI-3 Effects of boron

The creep rupture lives of the ferritic and austenitic heat
resisting steels, nickel base and cobalt base heat resisting alloys
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fare improved by addition of boron. i
| Then, in order to examine of boron addition to 1OMoN alloy, about
20kg of 10MON alloy was melted and the half of the melt was cast and
then 0.01% boron was added to the rest and was cast. Thus, MN alloy
(the former), MB alloy(the latter) were obtained. From the compari-

son of these two alloys, the boron addition to 1OM6N alloy is
recognized to be effective in the improvement of the high temperature
properties, But, as boron addition more than a certain content is
thought 4o be undesirable to the forgeability. So, in order to
determine proper amount of boron to the alloy, in considering of
various properties such as the forgeability, the oxidation resistance
and the imp&ei value, four kinds of alloys--=504(10M6N alloy), 50B

{0, 01% boron addition), 50D(0.05% boron addition), 50F (0.15% boron
addition)--~were melted by addition of boron one after another to the
same melt by the same manner as the one by which MN and ¥MB alloys
were melted,

The chemical compositions of these alloys are shown in Table 1.
By additiom of boron, the inerease of soluble nltrogen, the decrease
of insoluble nitrogen are found.

Table 3 shows the undissolved phases of SOA, SOB, 50D, 50F alloys.
gsolution treated in the temperature range of 1150°C ~1250°C. The
mark of A, B and C im this table respectmvely mean that is recognized
clearly, a 1little, not any.

By addition of borom, M,C, tends to remain in the solution treat-
ed stats am the undissolved phase. This is due %o the fact that
sarbon solubility decreases by addition of boron, as reported by V.V.
Ievitin, (6) That is to say, addition of boron bring about the
'desereange of solubls nitrogen, the increase of insoluble nitrogen and
alse decrease of carboh solubility in the matrix.

' The % phase im Table 3 is reported to be Fe=Cr-Nb found in the
creep specimen of 18Cr-12Ni-1Nb steel tested at 850°C by H.Hugh (7),
but this phase was recognized in not only Ni-Cr steel but also in
Esshete 1250=--=Ni-Cr-lin steel, and were become clear to be Cr-nbo
nitride. (8)

Next, from the comparison of aging hardness of MN and MB alloys
at 700°C, addition of boron to 1OM6N alloy is found to be operative
in the suppr@ssLon of the age hardening properties of this type alloy.

Photos. 3 (a), (b) show the microstructures of MN and MB alloys
heated for l. 5hr. at 700°C. In MN alloy, precipitates of M,C, are
found in the matrix and a% thes grain boundary, but in MB alloy, only
undizsolved phases of Nb{(C,N) and Z phase are found, and the
precipitates are not recognized. Namely, addition of boron is effect-
ive in suppression of the precipitation at the grain boundary and in
the grain, '

The microstructures of MN and MB alloys aged for bhr. at 700 C
are shown in Photos. {(¢), (d) in which the precipitate from the grain
boundary to the undissolved phase and the one between the‘undissclved
phases ars found in the state of string.

Photos. 3 (e), (f) show the microstructures of MN, MB alloys heated
for 1l.5hr. at 800°C. G.B.R. is found in MN alloy, but not in MB alloy.

Namely, boron is recognized to be operative in suppression of
diffusion of various elements t¢ the grain boundary and in retarding
of G.B.R.

Then, the hardness change of MN, MB alloys cold rolled to the




 idegree of 50%, when héated in the temperature range of 500°c‘~1000°0
Eas measured. The behaviour of the hardness change between two alloys
is scarcely different.

The solutioned hardness of the two alloys and their hardness cold
rolled to the degree of 50% are almost same, and the age hardening is
suppressed to some extent by addition of boron, and furthermore there -
is little difference between two alloys in the hardness: change of coldE
rolled specimens when heated in the temperature range of 500" c~1000°C. -

From these facts, addition of 0.01% boron to 1OMbN alloy may be '
concluded to be scarcely effective to the solution. hardening, as
pointed by Kawabe etc. (9) regardlng the effect of addltlon of boron
to 1801"12Nl"002%0 steel,

The short time tensile test of the two alloys was carrled out at
0.72mm/min, The rupture elongation of MN alloy was 22,5%, and that of

"MB alloy was 29.2%. Namely, boron is effective in the 1mprovement of
the high temperature ductility.

’ Fig. 4 shows the creep rupture. propertles of MN, MB alloys heat
treated---water quenched after heating for lhr. at 1200°c(MN), at
1150°C(MB) and then air cooled after heating for 4hr, at 800°C. The
numerical values written in the figure mean the creep rupture elonga-
tion. It is recognized that the creep rupture life and elongatlon

are both improved remarkably by addition:of boron.

. Prom measuring of the elongation between the pull rods, addltlon
of boron was found to alter scarcely the minimum creep rate and to
improve the creep rupture life, chiefly due to that ‘it delays the

-shifting  from the second stage to the 3rd stage in the creep process. .

The improvement of high temperature ductility by addition of boron,
is reported by R.F.Decker (10) to be due to that boron cause the
precipitates at the grain boundary to be finer and to supress their
coagulation.

‘In this type alloy, addition of boron suppress the diffusion of
various elements to the grain boundary and formation of G.B.R. These
¢ffects are thought to cause the hlgh temperature ductilify of this
type alloy to improve,

: Next, proper amount of boron in this type alloy is to be related,

. The forglnb of 50B alloy is as easy as 50A alloy, but that of 50D
alloy becomes difficult to some extent, and further, that of 50 alloy
becomes more difficult in comparison to 50D alloy.

As the result of the ox1dation test, at the test condltlon of
heating for 100hr. at 800°C, 900°C and 1000°C, it is recognized that
the oxidation resistance of 50B alloy is nearly equal to that 504
alloy, but that of 50F alloy become to be considerably poor. From
these results, addition of boron to this type alloy is de51rab1e to be
less than 0,01%.,

, An alloy added a small amount of boron to 10M6N alloy is named
1OM6NB alloy.

Iv. Grain Boundary“Reaction

Ve already described that the- pre01p1tatlon of 10MbN type alloy
consists of two types---one is general precipitation, the other G.B.R.
and that latter was suppressed by addition of niobium or boron,

Then, G.,B.R. has been hitherto mainly investigated regarding non-
ferrous alloys, but recently G,B.R. is reported to be recognized in
various kinds of ferrous alloys (11) and to be regarded as important to:
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gthe mechanical properties.,

‘ 50 in this chapter, the informations obtained regardlng G.B.R, of
thig type alloy, is to be described.

Iv-1 Microstructures

"hoto 4 (a) shows the microstructures of NbO alloy heated for
dhr, at B00SC zfter solution treatment at 1200°¢, From this photo.,
it is recognized that G.B.R. tends to occur at the triple points of
grain boundaries. Photes. 4 (b), (e¢) respectively show G.,B,R., from
grain boundary having knick, and that from the regions where the twin
and the grain boundary meet each other. Photo. 4 (d) shows G.B.R. at t
the front of the twin, and the G,B.R. is considered to occur from the
region where two twins meet each other,

From these photos., G.B.R, in this type alloy is recognized to
tend to occour from the reglons where the lattice is disordered,

-2 Bffect of siress on G.B.R.

Lo 5 show the effect of stress and heating time on the amount of

in the test condition that load is applied at the same time

1 the temperature of the specimen is reached tc 750°C, using of the

p rupture specimens of B alloy eliminated niobium from 1O0M6N alloy.
recognized that the amount of G,B.R. increases with increase of

g and ferther the effect of stress becomes to disappear with the

roase of heating time. '

Then the same experiment was tested, using 503 alloy which has .
almost similar cowmpositions ag B alloy and contains niobium. In this
cags, the amount of G,B.R., was also recognized to be increased by
BEress.

The contents of S.N, in B alloy and in 505 alloy, are nearly
egual, but the amount of G.B.,R. is less in 50S alloy than in B alloy
at the same test condition. Namely, also when the contents of SN,
ars neariy equal in 1OM6N type alloys, niobium is recognized to be
effective in the suppression of G,B.R.

Photo. 4 {e) shows the microstructure of alloys heated for 20 min,
at G00°C, after hardness measuring by Vickers Hardness Tester. 1In this
photo., G.B.R, is found to occur remarkably around the trace of
ingentor.

That ¢.B.R. is accelated by stress, is reported regarding 25%Cr
wistenitic steel, Al-Ag, and Al-zn alloys, R. Blower(l2) reports that
G B.R, of 1501 EONimBTi steel is not recognized by heating after small

amount of working, but recognized after large amount of working.

3.5.R, tends to ocecur from the regions where the lattice is
digordered and G.B.R. of austenitic steel, non ferrous alloys are all
accelated by cold working. So, G.B.R, can be generally concluded to be
accelated by stress. » '

T¥=3 Effect of forging ratio on G,B.R,

Fhobase. S (80, (b)Y, (¢} are respectively the microstructures of

10MEN a2lloy which are respectively forged to the degree of about 1.5,
4 an % 9, and then heated for 1lhr, at 900°C after water quenching from
125 .

o'
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'T“ As the forging ratio becomes larger, G.B.R. and the uncissolved

phase become to distribute parallel to the forging direction. -

, So, G.B,R, in this type alloy is considered to.be related to L

' Kb(C,N) of the undissolved phase at the grain boundary, - Therefore,

‘we examined it true or not by electron microscope, Such behariour

“could scarcely be recognized, ’

, Photo. 5 (c) shows that the grain size tends to become smaller in .
the regions where Nb(C,N) exisis. :

So, the fact that G,B,R. tends to distrlbute parallel to the

forging direction with increase of the forging ratio, is thought to

be partly due to the existence of Nb(C,N), but chiefly due to that

the grain size does not become coarse owing to Nb(C,N) and that fine

“grain has larger graln boundary energy than the coarse one,

IV-4 Effect of solution temperature on the amount-of G.B.R.

Fig. 6 shows the effect of solution temperatures on the amount of
G.B.R. occurred at test conditions of heatlng for 4hr. at 800°C and
for 1l.5hr. at 900°C. :

When solution temperature is 1200°C, the amounts of G.B.R. become
maximum in all test conditions. In this type alloy, as the solution -
temperature becomes higher, S.N, increase and G, B .R. tends to easlly
occur as nitrogen content increases. ‘

So, the reason why the amounts of .G.B,R. increases when the
solution temperatures become higher from 1150°C %o 1200°C, is consider=
ed to be due to the increase of 3,N,, on the contrary, the reason why -
the amount of G.B.R, decrease as the solution temperatures become
from 1200°C to 1250°C, 1300° C is considered to be due to the enlarge-
ment of grain size, because G,B.R. tends to occur easily in the fine
grain than in the coarse grain.

' That is to say, the reason why the amount of G,B.R, show maximum
in the above mentioned test condition when the solution temperature is
11200°¢, is comsidered to be due to the balance of the opposite factors
as the solution temperature becomes higher, regardlng the amount of G,
B.R.

Thus, the behaviour of G.B.R, found in this type'alloys depend on
the stress, forging . ratio and solution temperature etc. at the
condition of the same heating time and temperature. As already
described, addition of niobium and boron to this type alloys suppress
the G,B,R, and improve the gcreep rupture elongation and the creep
rupture life. .

V. Effects of Heat Treatment on the High
Iemperature Properties of High Manganese
Heat Resisting 10M6N and 10M6NB allqys

~In this chapter, the effects of heat treatment on the high
temperature ‘properties of this type alloys and the factors governing
the high temperature strength, are to be described.

" 10M6N, - 10M6NB alloys were melted by the same manner as that of MN
and MB alloys.

As solution treatment, four temperatures--—llSO C, 1200° c, 1250 ¢
~and 1300°C-~-were selected and the alloys were water quenched after
“heating for 1hr, at each temperatures. As preaging treaitment, three



Y conditiongee=air ﬁcellng after heating for 4hr. at 750° ¢, heating for |
4hr, at 800°C and heating for 20hr. at 800°C~-~--were adopted.

48 solutioned and preaging after solution treatment were sultably
selected as heat treatment.

Creep rupbture test was carried out chiefly at the test condition
of 700°C, 26kg/mm® and T700°C, 20kg/mm’®. Purthermore, in order to
consider the relation between the cresp rupture properties and the
heat breatment, the age hardening properties, short time tensile
properties and hardness at 700°C were tested. The analysis of the
electritically exitracted residue and the examination of the structures
ware carried out,

V=1 Age hardening properties

Pig. 7 shows the effects of heat treatment on the hardness change
of 10M6N alloy . heated at T00°C. As the solution temperatures become
higher, harduess of solution treated alloys falls, because such phases
ag MG, and Z phase become to solute into the matrix,

vhe differences betwsen the hardness as solution treatment and the
one obtained by 1000hr. heating, are resoectlvely 52, 52, 89 and 105
when the solubtion temperatures are 1150°C, 1200°C, 1250°C and 1300° C.
Namsly, as the solution temperatures become higher, the hardness
differspces increase, Tgpecially, the hardness of the alloy solution
@wmamau at 1300°¢, increases remarkably after 3hr, Purther, the
rianess of che alloy heated for 4hr. at 800°C after solution treat-

a% at 1200°C scarcely incrsases by heating for 1000hr.

Similar phenomenon is also recognized in 1OM6NB alloy and the
hardening property is poorer in 10MO6NB alloy than in 10MbN alloy from
gom@g sigson of two alloys heat treated at the same condition.

Photos. b {a), (b)) and (¢) show rebpectlvely the microstructures of
EOH%N al;@y% aged Tor 1090h“ at 700°C, after solution treatment at
11507, 2200°¢ and 1300°C.

Photo, & (d) shows the microstructure of 10MON alloy which is
gsolution tresated at 1200°C, then heated for 4hr, at 800°C as preaging
and afterwsrds aged for 1000hr. at 700°C. From this photo, the
precipitates clearly grow and coagulate. The reason why the age
hardening becomes more intense with the increase of solution tempera-
ture, can be recognized to be due to the fact that the precipitates of
WL and Cr:N tend to distribute more finely.

Photo., 6 (&), (f) show respectively the microstructures of 10Mb6bNB
alloys which ig soiution treated at 1150°C, 1300°C and heated for
1000hr, at 700°C. As the solution temperature becomes higher, the
precipitates become to distribute finer as in 10M6N alloy. Further-
more, the precipitates of the alloys solution treated at 1300°C, tend
to be less amount in 1O0M6NB alloy than in 10M6N alloy.

V=2 High temperature short time tensile properties

Fig. 8 shows the short time tensile propertles at 700°C, regarding
1OMéNB AllOVq which were aged for 20hr. at 700°C, after solution treat~
ment _in ths intervals of 50°C in the temperature range of 1150°C ~
1306° C.

A2 the solution temperature becomes higher, the tensile strength
tends to increase only a little, but 0.2% yield stress clearly
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llncreases and this tendency is remarkable in the alloy solution treat-
ed at 1300°C. On the other hand, the rupture elongatlon and reduction
of area decrease,

1 Hardness of 1OM6NB alloys at 700°¢ is higher than that of 1OM6N
alloy heat treated at same condition. Hardness of 1OM6NB alloy at -
700°C when it is solution treated at 1300°C and aged for 20hr. at

- 700°C, is about 220 in V.H,N., but that of the other test pleces of
two alloys at various conditions is less than 200 in V.H.N.

Photos, 7 (a)~ (¢) show the microstructures of 10MbNB alloys
ruptured at 700°C. With the increase .of the sdlution_temperatures,
the precipitates distribute more finely and this begaviour is consider-
ed to be due to the increase of yield stress. The fine precipitates
found in photo. 7 (¢) are thought to be M,Cq. ' ’

V-3 Creep runture properties

Fig. 9, 10 respectively show the effects of solution temperatures
on the creep rupture properties of 10MbN and 1O0MONB alloys. It is
recognized that the creep rupture lives are improved and the rupture
elongatlons become poorer as the solution temperatures become hlgher.‘

The creep rupture elongations of 1OM6N alloys solutlon treated at
1300°C, .are both less than 7% at the test condition of T700° ¢, 26kg/mm
and 20kg/mm; but the creep rupture life of 1OM6NB alloy solution
treated at 1300°C is about 2200hr. which is about five times as long
as 433hr., of 1OM6N alloy solutioh treated at 1150°C and the rupture
elongation is 17.7% at the test condition of 700°C, 26kg/mm®.
Further, the creep rupture life of 1OM6NB alloy solution treated at
1300 ¢°is about 9800hr, and the creep rupture elongation is about
26.4% at the test condition of 700°C, 20kg/mm? That is to say, l1O00Ohr
creep rupture strength of 1OM6NB alloy at 700°C is about 20kg/mm? and
shows fairly ductility. This rupture strength is thought to belong
to the strongest group in the austenitic heat resisting steels.

Yamazaki(13) reports that the minimum creep rates of 18Cr-12ni
steel containing various amount of carbon are improved as the
solutlon temperatures become higher, on the other hand, failure tends
to occur due to the enlargement of grain size, and that the optimum
solution temperature regarding creep rupture life, is recognlzed due
to the balance of these two opposite factors,

Then, the relation between the creep rupture elongation and
solution temperature in 1OM6N type alloy is as same as that in above=-
mentioned 180r-12N1 steel. But, though 1OM6N type alloy is solution
treated at 13007 C, its grain size number is in the range of 3~5 in
A.5.T.M., No.,, due to Nb(C,N) of undissolved phase. So it is
remarkably smaller than that of the above-mentioned 18Cr-12Ni steel
heat treated at the same condition. This is considered to be the
reason why the creep rupture lives of 1OM6N type alloys are improved
with 1ncrea51ng of solution temperature in the temperature range of
up to 1300°C. The creep rupture elongation of 1OM6NB alloy is longer
than that of 10M6Nalloy solution treated at the same temperzture.
This may be thought to be due to that ¢.B.R. is suppressed by adaltlon
of boron. .

Then, the minimum creep rate of 1OMONB alloy is more excellent
than that of 1O0MON alloy when they are only solution treated at same
_Yemperature. This may be due to the strengthening effect obtained by



‘retardation of prscipitation process due to addition of boron. The

reasons wiy the creep rupture life and elongation are both more
excellent in 10MENB alloy than in 1OM6N alloy, is thought to be due to
the above-mentioned two factors. v

The notch creep rupture test was carried out at the test condition
of 700°C, 26kg/mm? using the test piece ofdt =3,7., These results are
shown in Table 4. The valueg in the parenthesis are the creep rupture
life and elongation of the plain specimen, Except 10M6N alloy
solution treated at 1300° C, the notched specimens show longer creep
rupfure life than the plain specimens, Namely, in this type alloy,
strengthening by notch can be concluded to be obtained when the creep
rupture elongation of the plain teat piece shows more than T%.

Flég 11 shows the effects of aging on the creep rupture properties
of 10MONB alloy. As heating temperature becomes higher at constant
heating time, and as the heating time becomes longer at constant
heating temperature,---namely, as aging process is preceded--- the
creep rupture life become inferior. This ig considered to be due to
the inferation of the solution strengthening owing to the decrease of
the amount of carbon and nitrogen soluted in the matrix, and also to
be due fto the inferation of precipitation strengthening owing to rapid
growth of the precipitates. This behaviour is also so in 10M6N alloy.
Accordingly, preaging treatment of heating for long time. at hlgher
temperature than ftesting temperature, is not hopeful.

Further, the higher the sclution temperature in the range of up to
1300°C, the longer the craep fupture life, in this type alloy. But
as solution tewperature, about 1200°C is suitable in 1O0M6N alloy in
point of view of creep rupture ductility. But, in 1OMENB alloy, it is
hopeful that the solution temperature is as hlgh as possible in the
tsmperature range of up to 1300°C, because it has excellent creep
rupture ductility.

VI. Conclusion

The process how the high manganese heat resisting 1OMON type
alloys were improved, was to be described., The reason why this type
alleys can contain a large amount of nitrogen; the effects of various
elements and heat {reatment on the high temperature propert1es- and
G.B.R. recognized in this type alloy were examined.

Results oblained are as follows,

1. This type alloy contains a large amount of manganese and nitrogen,
and the proper amount of molybdenum, tungsten and niobium were selected
so that the matrix consists of gammer single phase when the alloy was
solution treated. The reason why this type alloys contain such a large
amount of nitrogen more than 0.6%, is due to that they contain a large
amount of menganese and chromium,

2. With increase of nitrogen, the matrix becomes to consist of only
gammer single phase, and the precipitates of M C, and Cr,N become to
distribute more finely when heated for 1000hr. at 700°C. These _
effects cause the creep rupture strength to increase with strengthening
of the matrix, By addition of niobium to this type alloy, the solutione
ed hardness increases, the grain size becomes finer, and G¢.B.R., the
age hardening properitiss are suppressed,

Further, by dddition of boron to this type alloy, G.B.R. is

. suppressed and the high temperature ductility is improved and also _
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'gffect:.ve prec:.pitation strengthening in hlgh temperature strength is Y,
considered to be obtained. These.are thought to be the reason why thef
creep rupture life and elongation are improved by addition of boromn. 1
3. G.B,R, recognized in this type alloy, tends to occur at such a -
region where the lattice is disordered as the triple point region of
the grain boundaries, and the region where twin and grain boundary
meet each other.
- 4, Preaging is not hopeful from the point of view of high tempera-
ture strength. As the solution temperature becomes higher, the creep
rupture life is improved, on the contrary, creep rupture elongation
. decreases. So, solution temperature of about 1200°¢C is suitable in
10MoN alloy regarding creep rupture ductility. But, 1OM6NB alloy :
solution treated at 1300°C show the excellent creep rupture ductil1ty o
and also show about 20kg/mm* of the creep rupture strength at 700°C,
10000hr, So, ‘it is desirable that the solution’ tcnperature is as
-high as possible in the temperature range of up to 1300°C in 1OM6NB
alloy. The excellent high {emperdture strength of this type alloys
is considered to be due to the solution hardening by molybdenum,
tungsten. and nitrogen; increase of solutioned hardness and refinement
of grain size by niobium; improvement of creep rupture ductility due
to suppression of G,B.R. by boron and niobium; fine distributlon of
such preclpltatesas M@CL, Cr;N,‘eto.; and 8o on, ;
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Table 1 _ Chemical compositions of alloys ( * charged composition )
Alloy C Mn cr Ni Mo W Nb S.N. I.N. B
N-0 0.20 10.23 19.82 6.59 1.86 2.45 0.54 0.0654 0.0187 -
N~-1 0.23 10.18 19.98 6.03 1.83 2.38 0,74 0,2975 0.0825 -
N-2 0.23 10.33 20.44 6.48 2,03 2.15 0.56 0.5096 0.1050 -
N-3 0.23 10.48 20.36 5.92 2.21 .2.72 0.77 0.5348 0.1204 -
N-4 0.22 9.48 20.24 5.98 1.87 2.63 0,66 0,5495 0.1149 -
%=-5 0.22 10.13 19.87 5.88 1.92 2.24 0.75 0.6013 0.1531 -
X-6 0.2% 9.68 19.27 6.42 1.87 2.37 C€.98 0.8017 0.1230 -
N-7 0.25 9.72 20.63 6.04 2,13 2.21 0.84 0.7701 0.1631 -
N-8 0.23 0.3} 19.25 5.87 1.97 2.45 0.78 0.8749 0.1040 -
Xb0 0.26 9.85 19.45 5.88 2.,0% 2.79 - 0.588 0.022 -
Nbl ©.27 10.0* 20.0% 6.0 2,0 2,6 1.0 0,455 0.115 -
MN 0.17 10.21 19.16 b5.82 1.20 2.34 0,61 0,434 0.102 -
B 0.17 10,26 19,04 5.90 1.88 2.32 0.62 0,377 0.129 0,02
504 0,26 10.0% 22.0% 6,0% 2,0 2.5+ 1,0% 0,50 0.11 -
50C 0.2% 9.41 21.67 65.72 1.90 2.43 0,65 0.482 (.123  0.009
50D 0.74 9.40 21.A4 5.67 1.92 2.42 0,68 0,447 0.144 0,04
TOF 0,24 10.0% 22,0% 6,0% 2.,0% 2. 5% 1 0% 0,27 0.20 o.1
3 0.24 £.01 19.50 §.92 2.0R D2 04 - 0.607 0.023 -
10M6N 0.20 10,0+ 20,0 5.956 20 2.6% 1.1 0.5M n.169 -
10MENE 0.21 10.,0* 20,0 .0 2.0% 2 5% 1.0 (0.197 0.187  0.0083

Table 2. Effect of niobium oh the relation
betwe en the solution temperature

and the grain size  hardness

Grain Size Alloy

Sol.temp. | yardness Nb © Nb |

. 6. S 5~6 >8
1100 C " 258 3085

. 6. 8 4~s 28
I150C " 247 299
. 6. 8 4 ~8
1200C 242 2 94
. 6. & 2~3 6~7
1250C " 236 2 69
. 6. s 2 3~4
‘300C H. 233 2 63

Z2R1



Table 3 , X-ray analysis of undissolved phase of 50i, 50C,
‘ . 50D and S50F alloys solution treated at 1150'6,
1200°C and 1250°C
note:r A, detected clearly
B, detected a lititle
C, detected not any

Sol. temp. Alloy - Nb{(C,N)
~ 504
1150°C 50C
o 50D
50F -
o 504"
1200°C 50C
50D
50F
. 850A
- 1250°C 50C
: 80D
v 50F

o
-4
=
Q

PP OOPEQQFE >0

OO.QO>>,C§O>_>OO

O S O
O mwEE P e RN

Table 4. Creep rupture properties of IOMBN, 1OMENB-alloys
of notched specimens at '700°C, 26 kg/mm
note: d4=37 R.A : reduction of area
- numerical numbers in parenthesis mean creep
rupture  life and elongation of Plain specimen

Alloy - | Sol. temp(C®) | Creep rupture life (hr) R.A.(% )
JOMEN 1200 . jn98(5413hn,306v0 7.0
‘ 1300 75464990,  7.0%) 1.9
JOM6NB L1 5O | 37862(751.2he, 416°%6)| 124
) 13.00 89853(2200.4hr, 17.7%) | 44
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(d) (e) (£)

10MEN 10MBNB 10M6NB
solution treated solution treated solution treated
at 1200°C and heated at 1150°C at 1300°C
for 4hr. at BDO°C

Photo, 6 Microstructures of 1046N type alloys heated for

1000hr. at TOD°C, after heat treated at warious
conditions. (X 3000)

(=) (b) (e)

Phote, 7 Microstructures of 10VEN alloy aged for 2Chr.
at 700°C, (X 23000)

a: solution treated at 1150°C
b: solution treated at 1250°C
c: solution treated at 1300'C
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