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To get a better Insight Into phys, properties of the Fe-Sl 
system the kinematic viscosity and the surface energy were 
calcd. for alloys with variable amts. of SI. From the slope 
of log given vs 1/T curves the activation energy was calcd. 
and the change In the Isobar-Isothermal potential given. By 
plotting the given potential vs T It was possible to obtain 
the energy of activation of viscous flow. The dependence given 
and given potential on the alloy compn., which deviates from 
the rule of addltlvlty, shows that the Fe-Sl melts do not behave 
as Ideal solns. The energy of activation of viscous flow should 
be related to the bonding energy in the melts and to the dimensions 
of at. assoens, representing the units of viscous flow. A 
higher energy of activation of Fe-Sl permits concluding that 
in this case the units of viscous flow are the quasimols. of 
Fe-Sl. In other melts together with quasimol. complexes par- 
ticular atoms of the component in excess appear, their influ- 
ence on the viscous flow being essential. At higher temps, 
the no, of these particular atoms is slightly Increased which 
contributes to a decrease in the activation energy. 

' 

DD ^..1473 r UNCLASSIF: 
Security Clastifi 

lED 
icalion 



nRBNf'MVfH1)'*' 

UM» u mwi IIIHWWW—iwiiiiwmi iiwtim w« 

S<cuttty ClMttiioUon" 
14. 

NtV  «OHO* 

Iron 
Silicon 
Viscous Plow 

■% 

LtNK  * 

note      WT 

LINK  C 

KOLK NT MOI.I 

UNCLASSIFIED 
Security CUBtittcatinu 



«mmmwmm s»j i TW^w^mif ■'■!(-"■' 

FlO-HC-i2=iaSl-7i 

UNEDITED ROUGH DRAFT TRANSLATION 
by Joint Publications Research Services 

VISCOSITY, DENSITY AND SURFACE ENERGY OF MOLTEN ALLOYS OF 
IRON AND SILICON 

By: P. V. Gel'd, P. V. Kocherov, Ye. S. Levin, B. A. Baum 

English pages:  7 

Source: Fiziko-Khlmicheskiye Osnovy Proizvodstva Stall 
(Physical-Chemical Basis of Steel Production) 
1968, pp. 9-13 

Approved for public release; 
distribution unlimited. 

UR/0000-6 9-000-000 

THIS TRANSLATION IS A RENDITION OF THE ORIQI 
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR 

!          EDITORIAL COMMENT.  STATEMENTS OR THEORIES. 
| ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE 

AND DO NOT NECESSARILY REFLECT THE POSITION 
1 OR OPINION OP THE FOREIGN TECHNOLOGY DI- 

VISION. 

PREPARED BY:                                               1 

TRANSLATION DIVISION                              1 
FOREIGN TECHNOLOGY DIVISION 
WPAFB. OHIO.                                                | 

nft.Hf^-isai-Ti ß/ Date 2^ Mar      1^72 



VIJCOSITY, Di~PSI'l'Y AHD SU0i•'AC~ '~HTmGY 
OF MOLTEN ALLOYS OP IRON AND SILICON 

/Article by r.v. Gel'"'• P. V. l:ochcrov, Yo . S. Levin md a. A. 
EaW"l; Physlcal-Chomlc~l J)a::d s of Stee l Production, Russian, 1968, 
pp ':'-13/ 

Invc stir:n t ion s o.,. h~n.t l)_nd \·o l.ul'le ef i.' · ,~ ts .i.n mix ing, . heats 
or fusion and l nur.Jbc r of o t;1· ·. r• c:1 J'=trnct or:i. ~ i~ :!. ~ s of molten alloys 
or !1il1con with fovrt h p0 .:'i o d tl' f' ... s :ttion l'!h:~i-'"': l s ::_nd t cates a high 
onorgy of in t e r !lctior: of.' di ~ s lmil r:tr atom~ nt~ thc l l" sovere mlcro­
het~rogenoity /1, 2/. 

Results of d~ t. e!'n:i.n ~ .ng vi s cosi t. :.•, •· uri' :~. c~ en orgy and density 
of •"e-31 r.tlloys nre1 ~"\-J'OROR I ;.~,.d b low. 

Kinematic v i ~ co!li t y \ ·~ns cR.lculated ~ccord ·!.nr to the decre­
!118n t. or dampine of n c yJJ nc1 .- ·leal crucihlc :11 ~h. t~'! C melt I 3/. Sur- , 
raeo enP.rgy and drms .i. '· ~,· ~· -1:r· ~ rle term:.r .:: 1 h ~r the 11 11!\rc;e drop" method ' 
-/4, 5, 6/. 

On tho l)asin of. da t. n. C' "' t h o relnt :: '.>tH:: !1lp of ldnt:Jmatic vis­
co:.ity or tho melt ~ t o ton ·· ~l .. ~t;u.r<? , rcp1· 11~ en t c rl ln F'ig. 1, it is 
ponsible to cal culate t !: . net\ vat l on on :: r g y ~. n a :Jtra18ht-lil'!e 
slope in coordinate ~ lg v--T; , ~:1c chn'lgc or i sobaric-1 sothormal 
potontial AZ • nT l n\•·il'wi·N) r.nd ;!1c encrBY of Betivn.tion ot vis­
cous tlow ·by the Lnn 7 _.nt ·or t i1.e :1traight line ln coordinatoR · 
AZ--T /7/. 

'rhc non-ldenlnoss or t · 3 exami ne e ~yotem ·can be confirmed 
by the rclat1on~~~-1p of v ~nd lZ to compos! tlon as s h own in Fig. 2 9 
whieh does not conform to .. ::.e . od:t ti ve rule • 

.it'rOJn date pre sen t ed : rt .?l .:;s. 1 and 2 1 t follows that the 
11etivotion ener~y of v t 'lCOti " flow (E) of all the melt~ \with the 
exception of Fo-Si ann Si) t_ s V':} ry c lose ~nd depend~ vory 11 ttle 
on temperature. •r .1e c ·1n.ngt:: of ac ~ion entropy of viscous flow is 
di::tinr;ui~hed b ;r tt:l~. 

The mn.s'f"\ t tude of' 3 cvr. be. dotA rmin c:-: ~ batticnll;r by the bon­
dlnR energies in the rnc1lt end by t~c d.imen !:i.ons of tho atom group­
ing~ which are units of vi~rous flow. ~le · h igher activation ener­
~y ror Fe-Si pol"'mit !; or· ~ tc ~u:;gest that t . ~e units of viscous f l ow 
in t he melt of MOl')( r11Jcidr q j.r., cviclent l y "cp.HlSi:nolecull"S" of Fe -Si 
/1. 2/. In melts of o t:he:r ·· · ·~os1t1ons \FCJ3i , .to1a21Si11 , Fe5si

3
, 

1 
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Fig. 1. Relation~hi•• or kineMatic vi.scosity of Fe-Si 
alloy~ t o t n 1'1!l~ X"lture: J--Iron; 2--25 At.~ Sl 
(Fe3Si); 3--34:-7 \ Fe21s111 j; 1!---37.5% lFe5s1

3
); 

5--)0~ (FoSl ); 6--67% '7e3i?); 7--6~; 8--85~ 
3 1 ; 9--Silir.on; a--v•lO , m~/nec • . 

1.fl"·" ~ !oflv·ii'J 

"· 1,1 

1,1 

''"' I, I I,S 

,, 1,. 

1,1 1,1 

'lr .,J 
I I I I 

nil IISI 1111 lll#l T, 1c 
Fig. 2. Relation~hl ;1 ?f lc v of Fe-Si alloys to magnitude 

of T- : 1 tm1~; i--:- s ncA.r the straight lines are the 
aro t:1e a.e t .: nrtion cncr~ios in the given tempera­
ture int r-: r v~l ~ • lo-3 kjoules/ke-atom. 
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iO'eSi 2 , etc. } alonr, wlth t he quasimolecmlo.~ complexes, in l-l!liCh 
strong homopolar hon1 s p1"ev :1. .i. l, indi vl du a.l atoms or the oxcess 
componont /Fe-up \;o 50 o. t . _.::, ~i ·m d S t - P.h · ·VO 50 at.;& 3i/ have 
substantial signif t conce in vi scous f l ow. S"t zes and energies or 
interaction between thor.1 lG npnroximn.te l •.r t .r ' same which leads 
to closeness in the activa t i on ene rci e~ of vlaeous flow. Certain 
d1fterenc~s in magnitude~ wer e prob~b :'y cur:u:;P. d by t h t) fact that 
the ~tructure a..."ld compos 1 t c,n ~ t· t he qua~ .!llolec l;. l ar gl"'OUpings 
are hO.::Jic ~lly d t erm ne <i b ' r th.J ::~ true tu.•e Md Cl) .. 1posi tion Of the 
soli "1 phase ~nd v~ri o~ w:l t h 6rowth o t• Nsi. >/i th lncreased tempera­
ture the energy or thcrr.1nl . overr.., n t or t fie particles grows ~o~hich 
lead~ to a decre ase ln t he ;, :t zos ol' the eybotact tc groupings in 
the 10lts and an increase i•' thG number of "free" atoms. This 
develop~ with somP. docrea s e :n the activ r:1.~ lon enorgy (see Figs. 
1 an ! 2). 

For 1,.on l'l onos ll ic i c~ · nt temv~ l"Ft t.t ~r -~ ., abo·Je 1700 C the 
acti·1atlon energy turn :-: out t o b~ hiL)ter t:·mn ~ t low tert1perature s 
which was causod by a chang•"l i n the !'neC}t:r, tsm or viscous flow. 

Appn.r.:mtly t h':l rll f;~ or. I ntion of " q :. !' ~ :i. P lOl·~cules'', st 9.rting 
nt almo ~t 1700 C, Jnit ·~ . R lly l~ nd s to a r~ c l' 3EI. ~; t3 l n t :·,e onerr;y or 
inter action batwou.n ;.m l tr: of ·"1 :-:; c --:n c flow t·z:"li ch beco:"t~ not only 
"qua:1imolncules" but also lndt ·Jldu n.l. ate ~ !: of l ron nt"d silicon. 

T'ne self-formt ng s tru cture of the monosiliclde can be con­
firmod,as shown in Fign. 3 ~md 1~, nl so by t he shape or the surface 
tenslon isotherms and den ~ lty of .ft,e-31 all<:' ,Yfl• 

With the addition of ~ llicon to iron, as n result or a 
strong inter-iction of t h e d L:; simllar atoms ( l' l•,(j-Pe < t.FeSi Csi-S1), 
qutulmolecul1tr complexes a.re f orme d. o.nd t h e melt acquires a micro­
heterogeneous structure /1, 2/. Here singlA cybotnctic groupings 
are enriched with these conm lexes nnd the others with iron atoms. 
InRsmuch as the lnteractlor. · o1' at ·:):r.'S i n the lndtcnted complexes 
take ~ place primafily :i.n the directed hol"''opolar bor.ds, then they 
turn out to bo re la t i vo ly we a!-: ~onds to~i t :i:1 the me 1 t and with each 
other and flow into t'!'-.e surf 11r.o l a yer t hus 1 owe r i ng fl'. According 
to the dogree or :tncrcn~r·l d ::: .ill con content the CO!Tl!'osi tion of the 
alloy approx1mat9 s be~.ng equ i ntorr! lc. "Q.un ~ imcleculcs of FeS1 
are in the compos l tion Hl th struc t.ural unit ~ ~nd t~·~e bonding ener­
gy between them 1::; quite l11rge w!~lch o.llovrs one to tnlk about th~ 
relatively high sur~ace ten ~ lon or the melt (almo s t 1210 ergs/em ). 
With a further increa:::0 of s i l i con conccntrntlen the microhetero­
geneity of tbe mel~ is aga i n increased nnd fo~n micro-Broupings 
respectively enrici:ed w1 th i'''1 .,.3 .i. -compJ 0XCHl a s \·1011 as excess 
atom~. Since bonding of the 1 'l.ttr. r· wl t h the melt; is weal<:er they 
flow into the surface l'l~rer r.n.us inG (l l o·w~rint) or i t s surface 
ener(;Y'• This f:i.nds conf::.Pmll!.lon lr. the r.onc :-:. :1.tr8.tion relation­
ship of silicon adsorption ( .. :e ~ Fig. L~ ). 

-
Accuracy of the pre :1 1mt ~~ d concepts can also be confirmed 

by th9 value of compression observed l n the form~tion of melts 
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Piß.   3.     RolnbionsM.n of kinowaLio vlsnooity v,   change in 
isobarlc-isothoiwal potential AZ  an-l  activation 
oner,^;,   of "Iscous flow E to compoaition of the 
alloys:   1--Ä2,   1600 C;   P—v..   li;;o C:   3---v..   1500 C; 
[f-v..   1600 K,\ 5--V..   1700 C: 6—T<15;70 C;  7— 
T = l^70-17"'0 C;   a—v  .   10',  n'?/nec; b—ÄZ .   IG7, 
Joulea/lrC-^-om;   c—33,   f^.opic >, 
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Fig. 5. Rolatlon s'!"dp or molar \ V) and parl~inlly molar 
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to C0'1mosi tion at 1550 C: a--V, cmJ/g-atom; 
b--<n, f1t oml c :;~~. 
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of the puro molten components IPlc«-.!?)» Tho maximum values of 
compreasion UV = ((9.68-8.3^)/ö.3liJ x 100 « 16%) oorroaponds to 
alloys close in oomposition to equ'-.atomic which speaks about the 
high energy of intor-partlcle int  ottion in tuo.i. 

The temperature relationship of density and surface energy 
in the first approximation car. bo represented by the equations: 

^= ?0-at; G  = 6u-bt 

whore t is temperaturo in 0C! and o , (J , a and b are constants 
presented below: 

(a)Boc. %Sl ....    7.0 14.3fi 23,18 28.SO 33,46 37,50 50,0' Oii,50 100,00 
P
vb)po, »/<••,',     7,0; 6,99 0.06 0.07     6,57 0.22     5,32    4,7«    3,11 
|cj(il0« «/«•••«pod .    7.7'i 0.40 7,01 10,0 10,4 9,6       8,0      9,2      4,0 
'dW jp»/r.«* .... 19,85 18,79 1815 1665 1620 1450       1210     1025     8M 
be)J, »ptlcMipad . .    0.250 0,233 0,300 0,284 0,333 0,267 0,217 0,167   0,104 

Kuy: a-'-Viteiglit 7, ^ •' 

c - - a* 10^ f ^ciii-5 -do^ 
d—CT f  ürgs/erri' 
e--b,   ergs/cm-deg 

Thuc,   analv.Uo of  :'.je  i- athcrms of the  studied characteris- 
tic J of molten fori-csilicJde   (v,  ÄZ,   S,  Q,   ff,   G^^,  V, V)  indicate 
the change witu incrotjod  -ilJ Leo:; concentration with a structure 
of close order of molls  arid the possibility of xoi'ining micro- 
groupings in th^ra,   cloro  in composition nn l str-i-cture  to the mono- 
S^llclde. 
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