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rr m oaocTica

Most of the recently developed high-strength 
end cryogenic steels are expensive since they contain 
nickel as a major alloying element. Manganese is a 
cheaper alternative to nickel and produces similar 
effects upon the austenite to ferrite transformations 
(2) which could allow cheaper alternatives tc nickel 
steels.

whether Fo-Mn alloys can be used as a basis for 
cryogenic high-strength steels, however, will depend 
on the mechanical properties that can be achieved.

Earlier work has (2,3) indicated that although 
comparable strength levels could be obtained ir. Fa-Mn 
alloys to those of Fe-Ni alloys, such alloys were very 
brittle. This brittleness occurred at the prior-austenite 
grain-boundaries and was thought to be due to temper 
brittleness. Subsequent work by Freeman (25) and 
Gabbitas (26) confirmed these findings but no insight was 
obtained into the nature of the embrittlement mechanism.

The present studies were undertaken to identify 
the nature of this embri ttlement in fc rritic iron-manganese 
alloys and determine methods of improving the low-temperature 
toughness of these alloys.

TBE EFFECT OF THERMAL CTCLIBG TBEATMZBT.

Lath martensite forms the basic microst .ucture of 
9* Ni cryogenic steels and 18X Ni maraging steels (1).
The same microstructure is obtained in Fe-8 OX Mn alloys 
at all cooling rates (2) and therefore may form a cheaper 
bare for alternative steels. However, the Fe-8.OX Mn 
alloys suffer from grain boundary embrittlement (3).

Auger spectroscopy har shown recently that the embrittlement
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is due to segregation of Mn and S to prior austenite 
grain boundaries (4). This paper reports the results 
of attempts to improve the impact toughness of the 
material studied in (4) by thermal cycling treatments (5-9).

ezpkrzxezzu vHtx'KiJuae a m  results

The composition of the alloy studied is given in table 1. 

TABLE 1 Composition of alloy K1S2S

Mess p m

* Hn Ti Cr Mo C N Si S Si A1 P Sn Sb As

8.10 - 20 40 30 115 100 27 - 60 50 10 27

Transformation points determined by dilatometry at
o

heating and cooling rates of 50 C/Min are given in table 2. 

TABLE 2 Transformation Temperatures of alloy K1525

I • 9
M - 360 + 5°C \m - 366 + 5°C 'A - 677 + 5°c \a - 723 + 5°Ca " § L — , S - , I —

From these transformation temperatures the thermal cycling 
treatment shown in figure 1 was devised. The holding 
temperatures and times were selected on the basis that 
the austenitising temperature should be low enough to 
minimise grain growth, while the temperature of holding 
in the (OL-tl) phase reg. on should be high enough to 
maximise the extent of diffusional transformation to low 
manganic ferrite and high manganese austenite(reverted 
austenite) .
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After two complete cycles, the austenite grain size was

reduced from 80-90um. The impact transition temperature

determined from sub-standard Charpy V-notched specimens
o oof 5x10 mm section, was reduced from + 225 C to -60 C, 

figure 2.

During holding in the two-phase (ot-rY) region, reverted 
austenite froms which mag subsequently transform to a lath 
martensite and/or martensite on cooling, depending on thr, 
composition of the reverted austenite formed in the two- 
phase region. The proportion of phases in the alloy after 
heat treatment ware determined by X-ray diffraction (10)

(11) using line intensity measurements from 4 peak combinations. 
The average values are given in table 3 and thought to be 
accurate to better than + IX.

TABLE 3 Phase analysis of alloy after heat treatment

Phases Beat treatment

lh 1,000°C 
water quench 
(a)

(a) + 1A
(b)

(b) +23
(c)

(c) +2A

(d)

(d) +2B

(e)

(e) + 25 mins 
r-.t - 196°C

__
__

_J

) <2X 
) 98X

) <2X
) 98X

5.8X
28. OX 
66.9X

4.IX 
4. OX 
91.9X

8.OX 
24.6X
67.4X

6.OX 
26.3X
67. PX

It'is evident from figure 4 that the reverted austenite forms 
mainly at the prior austenite grain boundaries and to a lesser 
extent at the inter-lath boundaries, as shown in the dark 
field eleccronmicrograph figure 7.

After thermal cycling, the nature of the brittle fracture 
changed from intergranular to that shown in figure 5; where 
fracture was mainly by cleavage with ductile regions 
apparently corresponding to the grain boundary regions wr.ich 
originally con sisted of reverted austenite.



Previous work (12) has shown that alloy K1525 in the initial

heat treated condition (ie (a) rapidly embrittles on ageing
o oat 450 C. On tensile testing at -78 C at a strain rite of

-  7
0.5 min ~ the reduction of area value dropped to zero after 
5 minutes ageing at 450°C. The thermally cycled material 
was therefore subjected to the same tensile test after ageing

Q
at 450 C to see if embrittlement could be induced in these 
specimens. The results are shown in figure 5 and the 
corresponding X-ray phase analysis in table 4.

TABLE 4 Phase analysis after ageing thermally cycled material

( 1A + 13 + 2A + 2B ) at 450° C

Phases Thermally
Cycled
(Th.Cy)

Th.Cy+10 
mins 450 C 
WQ

Th.Cy+lh 
450°C WQ

t
Th.Cy+2h > Th 
450°C WQ ; WQf

Cy+2h 450°C 
+15 mins - 78 C

Y 8.0 12.5 9.5 10.6 6.0
6 24.7 11.8 14.5 8.8 9.5
ct 67.3 75.7 76.0 80.6 ' * 84.5

The peculiar stress/strain curves obtained are thought to arise 
from deformation induced transformation of Y —* t martensite 
and/or of martensite or Such phenomenon has been observed
in TRIP steels (13) and increases the toughness of the steel.

DISCUSSIOM

Holden et al (2) and more recently M.J Schanfein at al '1.4) 
have reported on the excellent impact toughness of Fe-Mn alloys 
containing (Y+6) phases. Clearly the improved impact toughness 
of the present alloy can also be attributed to tha introduction 
of these ductile phases into the microstructure as well as 
to grain refinement. M.J. Schanfein et al (14) report that the 
DB7T is lowered by 1.3°C per volume X (Y-r€). Applying this 
figure to the present results suggests that of tne total shift



of 17 5° C in DBTT.'^45CC is due to the presence of ( y-f 6;
phases and -~130 c due to grain refinement. This latter

figure, (130°C) would appear to be rather large for grain

refinement alone (15) and indicates a synergistic interaction
between grain refinement and the presence of (Yi-€) phases.

(From figures 2 and 7 of Roberts' work (15) the reduction in

prior austenite grain size from 80-90 urn to 10-15um in the
opresent alloy, corresponds co a shift in D3TT 50 C).

The exact role of the (Yr*) phases in reducing embrittlement 
is not clear. It has be^n suggested (16) that:-

(a) Austenite may act as a sink for impurities, in 
this case N, reducing embrittlement during heat 
treatment (17)

(b) The ductile phases (Y*&) may act as crack 
arresters blunting the propagation of brittle 
cracks (18-21) .

(c) Transformation of austenite to ct-martensite 
and/or €. -martensite may occur during impact 
testing improving toughness (22,23,24). Evidence 
for this is provided by figure 3.

Present work on tii.s and other alloys is aimed at 
establishing the .elative importance of such parameters.
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Figure X Schematic representation of thermal cycling t
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Figure 2 Effect of thermal cycling on impact toughness of alloy

Figure 3 Stress-strain curves of alioy after various 
at -73°C and a strain rate of 0.5 min"'

heat treatments. ested



Figure 4 Optical micrograoh of alloy Figure 5 Scanning electron micrograph 
K1525 after thermal cycling M  nriirlo fracture of alloy Klf>2T>

.i!t«'" lhi-rn;. 1 r vc ling

Figure 6 Dright-fielo transmission 
electron micrograph o f a l  lo v  K152.' 
after thermal cycling

Figure T Dark-field image of figure 
6 using (200) y austenite reflection, 
illustrating inte*-lath formation of 
reverted austenite.
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