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ABSTRACT

The effect of aluminium and sulphur on the embrittlement in
the temperature range from 1000 to 700°C was studied in case
of a steel containing 0,2% C, 1,2% Mn and 0,3% Si. The
investigation was carried out in the aluminium concentration
of the range of 0,005 to 0,22 and sulphur of 0,004 to 0,025
weight percent. A sharp drop of ductility or percent reduction
in area was found to occur when the content of aluminium was ~
0,01%, showing maximum embrittlement in the range from 0,05 to
0,13% of Al. According to Auger spectroscopy deformation by
the value of £=9,5% at 800°C resulted in the average S
concentration increase from 0,3 to 2,5 at.% at austenite grain
boundaries.
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INTRODUCTION

It is known? that low-alloy Al-deoxidized steels exhibit high
temperature embrittlement, i.e. the decrease of ductile
properties in the temperature range from 1000 to 700°C. The
highest degree of embrittlement corresponds to the interval
from 850 to 750°C, which is due to the fractu5e3 along
austenite grain boundaries. It is ascertained®’ that
aluminium content affects the ductility trough. The question
of sulphur’s role in the range given above is disputable since
the steels studied contain more than 1% Mn which binds sulphur
into sulphides (MnS), which are difficult to dissolve. The‘'aim
of this work is to study the role of Al and S as well as their
combined effect on the process of embrittlement of low-alloy
steels in the temperature range of from 1000 to 700°cC.
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EXPERIMENTAL PRCOCELURES

The experiments were ecarried cut on the stesl of high purity
of the following composition: 0,2% C., 1,2% Mn, 0,3% 5i. The
content of Al was varied from 0,004 ta 0,028 waight percent.
?ng of the heats contained a small gquantity of Ti (0,032%)
which was added to prevent grain boundary precipitations of
AlN. High temperarture tensile teBting was carried out in the
chamber of IMASH 20-75 plant in the atmoephere of an inerc gas
orn the_gampl%a of 3x3x70 mm. The strain rate was minimized at
&, 5x10 & ~. The =samples were heated by radiation with a
tantalum radiator. -The mechanical properties of sresls were
determined by cocling from the temperature of 135090, The
prior heating to this tempsrature was used with the aim to

dissclve a nommetallic phase and cbtain large austenice
grains.

RESULTS AND DISCUSSION

The investigation of sulphur's role
gamples With two different contents of aluminium: a higher
content (0,06-0,07%) and a lower content {(3,01%). in the steel
with a higher Al content on cogling kelew 1000°C one could
observe a ductility trough with a minimum value of reduction
in area at 300”C (Fig.1, cuarves 1,2). The reduced valus of

was carried out on the
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ductility was expectad, as it is the characteristic for the
gteel with 0,025% S. Cooling down to the temperature af BO0CC
widens the range of embrittlement up te 1200°C for the =teel
with 0,025% S (curve 2'). Further, the ductility in the zone
of widening wae 10-15% lower for the stesl with an incrsased S
content in comparison to the steel with 0,005% 5. The
mechanism of failure in both cases was of a grain boundary

fracture with negligible microdimples indircating brittle
failure.
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‘'he results of 5 effect for the s;sel_w;tn a radg:gd"alum;ntzz
cont=nt [(0,01%) are presented in Fig.2. The failure o -
zamples in this case can referred to as that of ductile gra
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poundary fracture. Unlike Che .prEVLDuS_ caa? lF}%-l;ﬁE:§2Z
increase of 5 conbent  results  in the lowering o Ao
propertiss (Fig.2,curves 1,2) . The broadening DE the thaturé
troﬁgh waz not observed aftsr cooling down tultne tempgr iy
af 7509C in the case of steels with 0,01% Al [compare CUrv
amd 1) :

In an earlier pub;ica:i:n4 ir was shawn that preHFrain in thg
temmerature range of B50-7507C resulted in Che ﬂruaden1ngho
the ductility trough towards higher temperatures by mcrid :ha?
100%C. The experiments carried cut in this work shows aE
with the 5. content of 0,020% the deformation by the value o
54 at the temperature of 7509C rssulted in the broadening of
the ductility trough upto 1000°C (Fig.2, curve 271; w1thta *E?
S pontent (0,004%) defcrmation dxd rnot affect the charaﬂieri .
the dependence of ductiles propertles on cemparature [(curve :

Thus, from the results prasented in Fig.2 it is ewvident :1;?;
5 the resulk G ;

in Ehis greal with a low ARl content (0,01%). & nﬁgitl;E"E11=
of sulphur is revealed only in the Pprocess Eg ; E*mper;Fur;
ief 1 ] -f the 5 effect on high E€ arat
deformatian. The resulfs of T 5 effect T AL
duetility of a prestrained stpel with a different aluminium
content are summarized in Fig.l.

Similar concentration ﬂependence_illustra:ing th% A} effg:;r;;
shown in Fig.4. Curve 1 shows Lie change af rgducg-giaoé i
Uyl of K BT Wi Q04 - $; Ccurve - 0, -0,

[¥] of the sctesl with 0,004 U.ﬂﬂﬁt . Syl - :
;? The samples were ncot prescrained in this case, 1.8, :;ﬁ:
curves show che change iny wvalue in the range of the an_Lhﬂ
ductility rtemperature. Embricttlement 1S esn Lo cccur HLE:ties
content of Al is 0,0l%; the maximum fall of ductile prope
corresponds to a range of g,05-0,13% of Al.
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Fig.4. Effect of a1l content
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1 - 0,004-0,005% S;
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qugngi?;ntgfwegg performed on the steel containgigmegt‘smggf
(0, 0058 any o 1(0(8,032%) as well as lower contents of Al
3 +005%) . The results of high temperature

mechani i i

exceedegaéo%tegslng of this steel showed that the value of

grain  bouncar er thg whole temperature range studied without

EHe e o s gt eTbylttlemegt.. The data obtained proved that

Ehat. Ehe probabgf' 1s of prlnc1p}e effect as well as the fact

TSt be by ok ility of AlN precipitation at grain boundaries
imized to eliminate high temperature brittleness.

To determi i i
o ther:;?zcghefchemlcal composition of the grain boundaries
of hot ductile deformation on it, the fracture
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surfaces were examined by an Auger analyser. The samples after
different deformation at 800°C were cooled down te room
temperature, electrolytically saturated with hydrogen, loaded
according to the scheme of three-points bending till failure
occurred and after that the samples were placed into the Auger
microprobe chamber. The investigation was carried out on a
model Cr-Ni steel containing 0,17% C, 2% Cr, 4% Ni, 1% Mo,
0,045% Al, 0,006% S, which allowed to obtain brittle failure
at grain boundaries after hydrogen saturation.

Fig.5 shows the effect of the extent of deformation on S
enrichment at grain boundaries. On increasing the deformation
extent upto strain level €& =9,5% the average S concentration
at grain boundaries increases from 0,3 to 2,5 at.%; the
maximum S content on separate facets being 5,5 at.%.
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Fig.5. Effect of ductile
deformation on S
enrichment of grain
boundaries of Cr-Ni
steel.

CONCLUSION

The phenomenon of high temperature embrittlement of low-alloy
steels in the temperature range from 1000 to 700°C can be
accounted for by the combined effect of ALN precipitations and
the process of formation of S-atoms segregations at austenite
grain boundaries.
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