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SEGREGATION OF Sh IN Fe-Si-Sb ALLOYSY)
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materials employ surface active elements B, Sb, Se as inhibitors, The grain boundary and
free wcﬂmno segregation of Sb in model Fe-3 % Si alloys was studied by the micro w_w .

Sma.mnr._n method and by the X-ray photoelectron spectroscopy (XPS). The __wm M_M-
exhibit intercrystalline cleavage fracture of Fe-Si-Sb alloys in cotrast to :.wnmoaim_m::w

fracture of Fe-Sj alloys. The enrichme
: 3 nt of Sb on the free surface of Fe-Si- i
determined by XPS measurements. i

CETPETAIMS CYPLMBI B CILHABAX Fe-Si-Sh

B HombIx TEXHONOTHYECKHX  MeTofmax (PHTOTOBNCHHA  TeKCTYPUPOBAHHbIX
MATEPHANIOB HCMIONB3YIOTCH B KavecTre MHIUGHTOPOB HeKOTOpbIe AKTUBHbIC XHMMYec-
KHE 31eMeHTEI (Hanpumep B, Sb, Se). B pa6ore fIpH nomoum pakrorpaduyeckoro
aHatu3a ¥ MeToga PCHTIEHOBCKOH OTOINEKTPONHO ciexrpockonuu (POC) uyyaercs
cerperauus nvﬁrxr. Ha rpaHMyax sepeH u cBOGOmHOI TIOBEPXHOCTH AN MORENbHbIX
CILIaBOB mw-uab Si. Monyyennpie Pe3ynbTaTel y criaboB Fe-Si-Sb nokasany MEXKpHC-
TALTATHBI XapakTep Pa3pyuienuss B npoTuBOmONOXHOCTL ¢ TPaHCKPHCTAJLTUTHEIM
paspywienueM cnnasoe Fe-Si. IIpn noMomu POC aHanu3a 6emo  06HApyX)eHO
KOnuecTBeHHOE 06oraimenne CBOBORHOM NOBepxHOCTH 3neMeHToM Sb. >

LINTRODUCTION

The m.mmammmaoa of interstitial and substitutional “sp” impurities to free surface
and grain boundary interfaces of Fe-based alloys has been the subject of numero
studies T, 2]. Especially, with Tespect to antimony, this interest is due to a m:on”_ :

‘ .oo:d_m:o: between grain boundary segregation and embrittlement and because mm
is cmam asa new grain growth inhibitor. It is known that addition of a small amount
of antimony is effective for developing the preferred (110) [001] texture and the

_ .
) Contribution presented t th i
2 o o mxvolinuﬂh oy n&”& mn_uoamm%n:nn o:. me:nm.mﬂr WOwRum. June 58, 1984.
oy YSICs, Slov. Acad. Sci., Solovjevova 47, 041 54 KOSICE, Czechos-

= U . ¥ "
;W wnnn.. om:mwun:_:n:»m_ Physics, P. J. $af4rik University, 041 54 KOSICE, Czechoslovakia
search Inst. of the East Slovak Iron and Steel Works, NOW—OM, Czechoslovakia .

266

(100) [Ovw] texture in grain oriented silicon steel [3, 4, 5). In addition, there has
been a growing interest in studying free surface impurity segregation in order to get
information concerning grain boundary composition, since it is assumed that both
types of segregation, namely those to free surfaces and those to grain boundaries,
are related.

IL. EXPERIMENTS

The paper presented describes the study of segregation of Sb in Fe-3% Si alloys
by X-ray photoelectron spectroscopy (XPS) and microfractografic methods.

Alloying of these alloys by Sb was performed by the addition of an Fe,Sb,
intermetallic compound below the limit of solubility [6]. The composition of the
materials used in the present investigation is shown in Table 1. These model alloys
were prepared by the method of vacuum induction melting [5, 6]. Bars from the
ingot were hot rolled from 1100 °C to a thickness of about 2 mm. After heat
treatment at 700 °C for 30 min., the samples were annealed in an Ar-atmosphere
at 1000 and 1100 °C for different times up to 840 min.

Table 1
Composition (wt %) of Fe-Si alloys

Sample Alloy Si Sb N C S
(x10™) (x107%) (x107%)

1 Fe-Si 3.02 — 4 5 2

2 Fe-Si-Sb 3.01 0.007 2 5 2

3 Fe-Si-Sb 3.00 0.120 4 5 2

4 Fe-8i-Sb 3.02 0.140 2 5 2

IIl. RESULTS

Photoelectron spectra of the samples of number 1 and 3 (see Table 1) were
measured at pressure 2.7 . 1077 Pa in the V 6 ESCA 3, Mk II spectrometer with an
Al K, radiation source. The energy resolution is of 0.2 eV. The samples were
measured as casting and after cleaning by Ar-ion sputtering (with a kinetic energy
of 2keV and a current density of 20 uA/cm?) for 5 min. Identification of Sb is
difficult, because its strongest line 3ds,, interferes with line O,. Typical XPS
spectra are shown in Fig. 1, where spectrum 1 is from sample 3, spectrum 2 from
sample 1 and spectrum 3 is the difference between spectrum 1 and 2.

Ratio concentration 0.07 of Sb to Fe (calculated to the Fe,, line) for sample
3 decreases to the value 0.02 afer Ar*-ion cleaning. The results of these XPS
measurements exhibit the enrichment of Sb on the free surface of Fe-Si-Sb alloys.
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rafic analyses it can be concluded that Sb segregates on grain boundaries in

Fe-Si-Sb alloys.
g Assumed and experimentally exhibited enrichment of Sb on grain boundaries

and free surface is probably related with its inhibition effect in the recrystallization
process of the studied Fe-Si-Sb alloys [5, 7, 8].
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Fig. 1. The noa._n<2.me spectra: 1 — spectrum from Fe-Si-Sb alloy (sample 3), 2 — spectrum from
Fe-si alloy (sample 1), 3 — the difference between spectrum 1 and 2.
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Microfractografic studies of the fracture surface of all the samples
performed by scanning electron microscopy JSM-U3. In Fe-Si allo M o ~<<a~o
.:m:moa.mﬂm:_.:o fracture was identified (Fig. 2), while in Fi-Si-Sb m:ov\mv\ Bo:zw an
intercrystalline cleavage fracture was identified (Fig. 3). From our Emono?wnwow

Fig. 2. M, i i .
g - MH”.M_ON“ mm zwo Q.mnmaaaﬁ:nn cleav- Fig. 3. Morphology of the intercrystalline cleavage
re of Fe-3% Sialloy (100 x ). fracture of Fe-3% Si-0, 14 % Sb alloy (100 x ).
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