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VISCOSITY, DEM3ITY AID SURCACI THRERGY
OF MOLTEN ALLOYS OF IRON AND SILICON

/Article by P.V. Gel'd, P. V. locherov, Ye. S. Levin and 3. A.
Baum; Physical-Chemicnal iaris of Stecl Production, Russian, 1968,

pp 7-1

‘Investinations o” hont# and volume efi'2ects in mixing, heats
of lusion and 2 number of ot =r characterinriles of molten alloys
of silicon with fourth period tronsition meiunls “ndicates a high
enorgy of Interactior of dissimilar atoms and thelr severe mlcro-
hetnrogeneity /1, 2/.

‘Results of determin’ng viscosity, surt'nce cnergy and density
of “e=-31 nlloys are sraszentod balow.

Kinematic vincesity was calculated sccording to the decre-
meni. of damping of a cylindiical crueihle wish the melt /3/. Sur-
face energy and densils var: determircd hr the "large drop" method

/4y 5, 6/.

On the hasis of datn on the relialionshlp of kinematic vis-
cosity of the melts to tem ~rature, reprosented in Fige 1, it is
possible to calculate thc activation encrgy in a straight-line
slope in coordinates lg v--TC", the chonge of isobaric-isothermal.
potential AZ = RT lmv-n‘n_-lv) fnd she encrgy of activation or vis-
cous flow by the Lan~ent of the straight line In coordinates-
AZ--T /7/.

The non-idecnlness of t:2 examinel system can be confirmed
by the rclationship of v and AZ to composition as shown in Fig. 2,
which does not conform to iiie 2dditive rule.

From data presented in Plgs. 1 and 2 it follows that the
activation ener;y of viacou~ flow (E) of all the melts (with the
exception of Fe=Si and 31) 's vary closc ~nd denends very little
on tempcrature., The ciange of action entropy of viscous flow is
distinguished Ly tiils.

The magritude of B cun be dotermined basically by the bon-
ding energies in the mclt and by the dimencsions of the atom group=-
ings which are units of viscous flow. The higher activation ener=-
gy "or Fe-Si permites ors tec suggest that the units of viscous flow
in the mclt of monarilicide ars evidently "aquasimolecules" of Fe-Si
/1, 2/« 1In melts of other -~mpositions (Fe 331, Fe218111, PegSi,,

4 oduced from
g::l' .vail.abk copy.
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eSi,, etc.) along witi the quasimolecular complexes, in which
stroiz homopolar bonds prevnlil, individual atoms of the cxcess
component /Fe-up te 50 at.s 31 'md Si-ah.ve "0 at.s 31/ have
substantial significance in viscous flow. Sizes and energles of
interaction between them is apnroximatelyr th~ same which leads
to closeness in the activation enerpies of viscous flow. OCertain
differencos in magnitudes werec probably cunsed by the fact that
the structure and compositiun of the quas!molecular zroupings
are hasically determined by Lho structure and eomposition of the
solil phase and varics with growth of Ngs. With increased tempera=
ture the energy of thermal rovemant of %ﬁe particles grows which
leads to a decrease in the :izes of the cybotactic groupings in
the 10lts and an incrcase 1~ the number of "free" atoms. This
govelog§ with some decrease 'n the activallon encrgy (sece Figs.
an'l 2).

For iron monosilicid at tamporaturss above 1700 C the
activation cnergy turna out Lo be nigiier than at low temperatures
wniciy was caused by a change in the mechanism of viscous flow.

Appnarantly the dissociation of "quosimolecules", starting
at almost 1700 C, init'ally leads to a d~craase In thie energy of
interaction betwecn unite of vise-us flow waich become not only
"quasimolacules" but also individual atcms of lron and silicor.

The self-forming structure of the monosilicide can be con=-
firmed,as shown in Figs. 3 and i, also by the shapc of the surface
tension isotherms and densitly of Fe=-S1 alloys.

With the addition of silicon to iron, as a result of a
strong interaction of the dissimiiar atoms (CFe-Fe < €pesy 631_31),
quasimoleculur complexes arc formed and the melt acquires a micro-
heterogeneous structure /1, 2/. i'ere single cybotactic groupings
are enriched with these complexes and the others with lron atoms.
Inasmuch as the interactior of at-ms in the indicated complexés
takes place primarily in the dirccted homopolar bords, then they
turn out to be relativecly wealc bonds witi the melt and with each
other and flow into the surface layer thus lowering €. According
to the degree of incrcased silicon content the comnosition of the
alloy approximatzs being equiatomic. "Quasimcleculcs of FeSi
are in the composition with structural units 2nd thie bonding encr-
gy between them is quite large which allows one to talk about thg
relatively nigh surface tension of the mclt (almost 1210 ergs/cm<),
With a further increasc of silicon concentraticn the microhetero-
geneity of the mels is again incredased and forms micro-groupings
respectively enriciied with .31, ,-complexes as well as ecXcess
atoms. Since bonding of the latter with the mell is weaker they
flow into the surfacc layer causing a2 lowsring of iis surface
energye This finds confirfmation ir the conczintration relation-
ship of silicon adsorption (.ec Fige. i)e

Accuracy of the prescnitsd concepts can also be confirmed
by the value of compression obscrved in the formation of melts

Reproduced
e -

FTD-HC-23-1881-71 3



e
PPN

P N T —

Fig. 3.

"

7
i
A — (b 7107
e e T e
f— — - 4
| F‘eusi" f"‘CSI'. FeS(L K/-amon
s *4 | 65
[ I '-'_'W L] 5.0 |
i \‘}Nﬁ \\r
7 -‘\ 3 \ 5.5
1 &
§ ﬂs_ \L \\ 7
B
a5 “5
il T i w0
3 i\ ﬁ:
BRS
2 | | —,
105
‘?anr I N B
af-gmor § y
(b= = #:( ‘.‘. 1"'-..‘
? L _‘} -
1 I

0 0 60 &0 s“fﬁ?”‘”

Reproduced |
best avaifableroc'gpy. 2

Relationshin of kinemalic viccosity v, change in
isobaric-isotiiermal potential a2z and activation
enersy of viscous flow E to compositinn of the
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of the pure molten componcnts (Fig. 5)s The maximum valnes of
compression (AV = .E9.68-8.3u)/8.3£] X 100 = 16%) corresponds to
alloys close in composition to equ’atonic which speniks about the
high energy of inter-particle int actlon in then.

The temperature relationship of deasity and suvtace energy
in the first approximation car be repressnted by the equations:

R = Qo-at; g = cu-bt

where t is temperaturc in ©C and ¢,, 6,, a and b are constants
pretented below:

(a)Bec.% Si . ... 7,0 14,36 23,8 28,50 33,46 37,50 50,5' ¢u,50 100,00
b)po, efesd. . . . . 7.6, 6,9 6,66 6,67 6,5 6,22 532 4,78 3,41
c)a-108 efearoepad . 7,74 6,40 7,01 10,0 104 9,6 8,0 9,2 4,0
d)so, opefesd . . . . 19,85 18,79 1815 1665 1620 1450 1210 4025 884
€)b, spefca-epad . . 0,250 0,233 0,300 0,284 0,333 0,267 0,217 0,167 0,104

Koy: a-~Weight % Si

b-- e /('.h-j
0?2 :
c-—an)lOé a/emd -days ﬁ,madmldlmm A ©
¥ able coPY
d--6,, ergs/cm- best_aval
e--h, srgs/cn-deg
Thus, anal-sl. of “.e i:ostacrms of the studied characteris-
tics of molten forvcesiliclide (v, AZ, %, @, 0, Gg:, V, V) indicate
- 5o - e Y
the change witii increesed siiicon conecantration withh 2 siructure
of close order of melis and the possibility of roraing micro-
groupings In thom, closc in composition an! strecture to the mono-
gllicide. ‘
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