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18. A96TRACT

The influence of Sn, Al, Cu, Ti., Sbo Bi, As,, Pb, *and Ce on the
surface tension ~pre Fe-C-Si melts of hypo- and hypereutectic
point q~pf~ 4p, h-e~eun investigated. The expts. were carried
out at 1500 degrees in He atm.- Sn, Al, Cu, Bi,. Sb, As, Pb, and
Ce are surface active in the Fe-C-Si melts whereas Ti is in-
active. The surface activity of these elements is 1.5 times
higher in the. hypoeutectic point melts than in the hypereutectic

point melts.

NOVD IJNv$17 NCLASS IFIED
seurity Classification-



LeadN

ItiOD *6 T ML T ML

---------

Mea SufceTnso



FTD-HT-23-l46-72

EDIED TRANSLATION

STUDY INTO THE EFFECT OF IMPURITIES ON THE

SURFACE TENSION OF IRON MELTS

By: L. I. Levi and S. A. Gladyshev

English pages: 6

Source: Izvestiya Vysshikh Uchebnykh
Zavedeniy. Chernaya Metallurgiya.
(Transactions of the Higher
Institutes of Learning. Ferrous
Metallurgy), No. 7, 196%j

Tran~slated by: *R. J. Zeccola

UR/0O14~8-69-000-007____________

N& PMON WIXVITNUT ANY ANALYTICAL oit

A11011 WT MICINA111 1111LICT TU POWIWM TEMGILATION two"N
44 04MM OF HIw F01111 TICHOOLOGY 3f. POR11161 TICHNOLMSY OW"VSO

FT 2 ý- Dot 2_8 Mar 1972



K All figures, graphs, tables, equations, etc.

merged into this translation were extracted

from the best quality copy available.

I.'
II

-~ I

4'

- 4= !-



U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration
A z A a A, a P p P p R, r
6 6 B 6 B,b C C Cc S, s
B a Be V, v T T T m T, t
rr r G G, Y Y Y y U, u
Si a D, d F 0 F,f
E E Ye, ye; E, e* X x Xx Kh, kh
)Kme X W Zh, zh U U q Ts, ts

S 3 8 liZ, z 4j Ch, ch
H IH u I, i 1W 11 30hh, sh

An Y,y WU M V1 Shch, shch
SXK Xx K0 k
lit J7• A L, I bi h aW Y, y

M X MA M m b h b&
H K H v N, n E ,D E.e
0 o 0 O ,0 10 0 10 vo Yu, yu
11 n 17 n P, p A X 2* Ya, ya

* ye initially, after vowels, and after %, b; e ?1sewhere.

When written as 1 in Russian, transliterate •as "' or L.
The use cf diacritical marks is preferred, but such marks
may be omitted when expediency dictates.

.1

I1



N/ =
F !

"STUDY INTO THE EFFECT OF IMPURITIES
S~'ON THE SURFACE TENSION OF IRON MELTS

L.I. Levi and S. A. Gladyshev

* The structure and properties of metals and alloys in cast items
depend on numerous factors, among which a major - if not a decisive

- role is played by the liquid state. On the basis of an analysis
of the structural properties of metal melts, specifically cast -

irons, from the standpoint of colloidal chemistry is has been
possible to establish that Fe-C-Si alloys with high carbon content

!represent a colloidal-type ionequilibrium microheterogeneous system

with an enormous interface and, consequently, with a large store of

surface energy 11, 2). As a result, the presence in the melt of

even thousandths of a percent of surface-active .impurities may

exert a substantial effect on the structure and properties of the
WA melt, as well ae on the modification and crystallization processes,

so as to determine the quality of the castings obtained.

Of particular importance to the production of cast iron with
spherical graphite are such admixtures as Ti, Bi,. Sb, As, and others.

Their presence in the melt hinders, and occasionally altogether

ftxcludes, the acquisition of spherically shaped graphite [l, 3-5).

The degree of globularization is related to the impurity quantity.-

AIthough increasing the amount of magnesium introduced improves
44mewhat the globularization conditions, the required results are
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forthcoming orly in the event the sum of the microimpurities does
not exceed 0.2% C4]. Of interest is the fact that when they are

Jointly present in the cast iron, the deleterious effect of such

jimpUrities as Ti. As, Sn, Al, Sb is intensified. While in the

* i labs~nce of other elements titanium in the amount of 0.1% has noII
negative erfect on the formaticn of globular graphite, in the
presence of very small amounts of Sn, Pb, and Bi it has a marked

linfluence at a concentration of even 0.08% [5]. The mechanism of

Ithe antiglobularizing effect of microimpurities is not clear. In
i[6) the effect of Pb and Bi is explained by the increased content
in the cast iron of gases, especially of cxygen, which leads to a
lessening of the surface tension of the melts. The negative effect

* of oxygen on the globularization of graphite is also noted in
* references [4, 5); however, no quantitative dependence has been

*"established. It is possible that the effect of the deglobularizing
elements is associated with the development of modifier-demodifier
;compounds or else with impeded modifier adsorption on the graphitel

* :inclusions.
* Using the method of maximum pressure in a gas bubble, a studN<

-was made of the individual effect of Sn, Al, Cu, TL. Sb, Bi, As,
and Pb on the surface tension (a, dyn/cm) of pure Fe--C-Si alloys
of hypo- and hyper-eutectic composition, as well as the effect of
Ce on the surface tension of pure Fe-C--Si alloys and alloys con-
Staining demodifier elements. The Fe-C-Si alloys were produced by
melting in an atmosphere of helium (VCh grade)' at a pressure of

0.1 atm abs of class V-3 carbonyl iron (grade "particularly pure"),
semiconductor silicon, and 99.999 pure graphite. The iron was
additionally remelted in a vacuum at a vacuum pressure of 1.10-5 mm
Hg inalundum crucibles. The chemical coniposition of the test alloys

'is indicated below.

I-

W- *'(Translator's Note: The letters "VCh" may stand for the
M: ussian "vysokoy chistoty" "high purity.")
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•_ .PM-C,-'U 0,1% Sn I Fe--C -- Si+0,3% Sn IFe"-C-- A A 2 Fe-C-SI-0,1% Al 2

Fe--C--Si+O,5% Cu 3 FC--C--SI..-O.5% Cu $ SFe- C-- SI+0,3% TI 4 Fe- C-- S1-4-0,5% Ti 4
Fe-C-SI4-0.1%BI 5 Fe -C -SI+,1% B1 5
Fe-C-. Sl+ .I%Sb 5 Fe-C-cSf :1% Sb 6

-Pe-C-SI- ,I%As 7 Fe-C-SI+•,1% As 7
Fe--C-SI+0,1%Pb 8 Fe-C--SI+0,1% Pb 8

SNove: Element content in the hypoeutectic
alloys: 3 5% C, 1.0% Si, remainder
Fe. Elemeji; content in the hypereu-
-.ectic alloys: 3.-% C, 3.3% Si, re-
..,Jinder ?e.

K:' kl) Hypoeutectic alloys; (2) Alloy No;
(3) Hypereutectic alloys.

The apparatus and the methodology of surface-tension measure-

ment have been described in detail in reference [73. *The measure-

ments were ._ nducted at a temperature of 1500 0 C in an atmosphere

of grade VCh helium. Zone-melted "particularly pure" elements

along with 98% cerium were employed as admixtures. The established

surface activity (dyn/cm) relations with the introduction of 1% of

9a surface-active element in Fe-C-Si a '.oys (concentratioii 0.1%)

have the following values:

Type'
Alloy alloy Sn At Cu TI oI Sb As P . Co

Fe-C-SI A 1420 832 360 0 4638 3000 1400 2740 1796
Fe-C-SI B 1010 - 840 0 2896 2200 10J60 1544 960

r Such elements as Sn, Cu, Bi2 Sb, As, and Pb are surface-active

in both hypo- and hyper-eutectic Fe-C--si alloys (Fig. 1). Titanium,

is inactive. Aluminum is surface-active in the hypoeutectic alloy.

The increase in surface tension accompanying the introduction of

0.001% Al in the hypereutectic alloy is evidently caused by the

binding of the oxygen residue. V~om th. data presented it is clear

that. for all the tested elements, with zhe exception of copper,-the

magnitude of surface activity in the hypoeutectic alloy is approxi-

mately 1.5 times greater than in the hypereutectic.. This is-w"

FTD-HT-23-146-7- 3
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evidently related to the higher silicon content in the hypereutec-

tic alloy, preventing the concentration of other elements on the

interface surface.

, dyý/om.
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Fig. 1. Effect of deglobularizing elements
on the surface tension of Fe-C-Si alloys of
hypoeutectic A (a) and hypereutectjic B (b)
composition.
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Studies of the effect of cerium on the surface tension of Fe,-

C-Si alloys indicated that this is a surface-active element in both

pure alloys (Fig. 2) and in alloys containing deglobularizing

elEments (Fig. 3). in the hypoeutectic Fe-C--Si alloy, with the

addition of 0.3% Ti, surface tension remains unchanged up to a

0.2% Ce content; with the cerium content further increased, surface

tension falls off (Fig. 3). In the hypereutectic Fe-C-Si alloy,

with 0.5% Ti added, the surface tension remains constant even

in the face of a 0.3% Ce concentration. It is probable that Ti

has the effect of neutralizing the cerium, preventing it from

co.Acentrating in the surface layers. In amounts exceeding thE

effect of the titanium, the cerium acts as a surface-active element.

The surface activity of serium in hypoeutectic alloys is higher

r. than that of Al, Ti, Cu, As, and Sn; in the hypereutectic alloys

it is lower and exceeds only Al, Ti, and Cu.

Fig. 2. Effect of cerium
on the surface tension of

t hypo- and hyper-eutectic
Fe-C-Si alloys.

too8

6, drn/om•

? --. a, dyn,/cm

15 OO_ _

401 49S W 42 ce,% 7,05 Of 492 Cf, 'Y

Fig. 3. Effect of cerium on the surface tension
of hypoeutectic (a) and hypereutectic (b) Fe-C-SI
1.lloys with deglobularizing element admixtures.
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It was established that the elements Sn, Al, Cu, Bi, Sb, As,
Pb, and Ce are surface-active in Fe-C-Si alloys, with their surface

activity approximately 1.5 times greater in hypoeutectic alloys

than in hypereutectic. Titanium is inactive.

REFERENCES

I. J1 e 9 It A. 4., K a Ifr eT t I x C. K. J1rnTeA.ae crlarn,. H3At..o ,BfuCusaq w1oiiav, 1967.
2. BcpTMaH A. A., liia Hou on.ln.,CaMapHIi A. M., e:ta tnuoa E.C.J I•i-T

1.me JpON3aO3rCnO, 1964. X 10, c. 30.
3. r I p w o a 4 1'. r, KpHcTaajuH3381X m cHorficTa %yrytia a oTtIWaxax. H3A.0o tMaut,.

4. Ono Katsuya, t ani mura H irom u, Ko damna Koret aka, SatoK an.
n e h i r o. 33 Congr. Internat. fonderile, mdc, 196, RAnchl. S. 23/1-15, SH B1HHTH.
N't 15. 1967, p. 17

5. A k f o C h i d a, T o m j i r o T o t t o k 1: 35th International foundry Congress. Kyoto,
October, 1968, S. 27/1-9.

6. l it a b m a i. B. C. B cO. cKpalie-aman3a3WnIt mamoss. HsA. AH CCCIP, 1960, c. 237.
7. Jless a11. 14., rA a Auwea C. A. H431. ayo3. 4CepuaH Meranayprim, 1968, JA 11,

c. 126.

Moscow Institute of Steels and Alloys

Received 24 December 1968

:1

PTD-HT-23-146-72 6


