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ABSTRACT

Non-metallic inclusions in steel and graphite ones in cast
iron,which are non-coherent with a metallic matrix,are con-
centrators of stresses and as consequence of this produce a
nronounced effect on mechanical and service properties of
steel and cast iron.In the sense that properties of these
tlloys are determined by their resistance to fracture inde-
<es,which enable to evaluate quantitatively the impurity of
tlloys with inclusions were suggestedjthe function of the
inclusions in processes of initiation and propagation of mi-

crocracks at low,room and high temperatures was ascertained
15 well,
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INTRODUCTION

‘he effect of non-metallic and graphite inclusions on mecha-
nical properties of steel and cast iron has been studied
completely.The shape,the gquantity,the size and the nature of
inclusions location are the basic characteristics determi-
ning the effect of inclusions on the alloys properties.For
non-metallic inclusions the composition of which as opposed
'» graphite vary within wide limits,their physical and me-
chanical properties are of importance: coefficient of ther-
mal expansion,modulus of elasticity,hardness,strength,etc.

Concentration of thermal stresses around inclusions,their
low mechanical properties and non-coherence with a metallic
matrix makes the inclusions potential microsources of metal
‘racture.Initiation of microcracks in non-metallic and gra-
phite inclusions has been studied in nany works.Therewith
the opinions of different authors as to the function of
non-metallic and graphite inclusions in initiation and pro-
pazation of microcracks in steel and cast iron are very
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discrepant. The abave outlines ' 3

A nt. 3 utli currently topical problem
elaboration of the mzthods ,which prcvidg to evaluate qunnzf-
tatively the rols of non-metalliec end fFraphite inclusionz in
the processes of the fracture of farrous-carbonie alloya.

E{FERIMENTAT

Tt is well known that the more iz hon-metallie 1 iona i
?ESt Steel and graphite inelusione in cast irﬂn_::l::i?u:sﬁn
e higher is the parameter of inelusion shape (relation of
DAXImum size to minimum one) the lower the meeharisal and i*e
GEFVIGE braperties will be.In this connecticn Uszvak V, and i
_?:chok I. had suggested to determire the inelusion index
which is dimensicnless integral index the value of which 1g
related to both quantity and shape of insluaions, L

Indexes of inelusicns /1. for steel,I

d : 8 /L= -for cast iron/ wera

§ 1 r ’
ﬁﬁ-erq1ned by methode of quantltgtlveggpt:cal tetallography.
_.2F were the ratio of the sum of the DAaximum size af ineln-
3lons ic the lencth of the arbitrary secant crossing them,

Kethods fopr quantitative evaluaticn of the ro -meta]l-
lic apd graphite incluszicns in Procesaes :Ehf;:ciir:uﬂeigdal
g;ﬁhcrated And thgy are tasad on the Procedure of guantita-
ive mgtallagrapp;c analysis.In quise of destructisn charan-
teristica,determined Ly a caleulaticn method with the use of
optical mieroscopes af £ 0% accuracy have heen chosen: the
parameter Ae of relationsnip between the microcracks formed
in inelusions and extending through them and the oﬂramntp; of
the contribution of inelusions to destruction /Aj-for stesl
and Ag-far GBSt iron/,the parameter equal to the fraction of
;nclusluna_whlch cauzed the formation of microeracks and
nanced theirp Propagation.Tesis had been carried out on flat
F&mples by means of statiec and eyclic loadirg.Tenszile teats
gege CErried out over the temperature range “pom -120 to
20BC for steel ang from 20 tc 900°C for cast iman EY measu-
Ting the applied force and tre residual strain samples.

Strength and plasticity indexes of steel ang ca3t iron were
determined on eylindrical samples of 10mm diameter,fatigue
strength was determined by the circular bend on a basis of

:G cycleaelcw—cycliz Tatigue strength was determined an &
.fat_samp_ES by the method of pure tending with a residual
sirain of 0.45%.The effectiva surface energy was determined
! flat zamples 0100w 1.5 oe with the central hole and two
1at1§ue ceracks,Cast iron heat resistapea (the number af ewe—
lei Lo failure) was determined with the help of high :emp;-
fj-;Fe H1CTC8cops,on sAmples of Zx3 mm gection,subjected to
1.hnshle test with T2 ¥Pa constact stress and to thermocye-
~1Pg as per condition 500 700°C,Cast iron resistance to ther-
Dochemical Bresion was judgsd by the rate of its oxidation in
}he Bir and dissolving in the Blazs mase heated to 11009z
Limersion of gamples into a molten gless wes carried out
over 3.5 hours on a freguency of 52=1) as well as b¥ the
changing the surface roughness of the samples.
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EXTERIMENTAL RESULTS

‘racture of Steel.The effect of the shape, type and quantity
ol non-metallic Inclusions on the miercmechanise of the cast
iteel fracture was atudied.Three fractions of the medium—car-
bon steel of the same composition after deoxidation with alu-
minium and ytirium had thres types of inclusions sccording ta
‘lazaification of 5.5ims and F.Dahle: glcbular yitrium oxy-
sulphidea of type I,film ferric-mangansse sulpnides of type
IT and dense but acute ferric-manganess sulphides and oxysul-
hides of type ITI.

#hile testing the flst samples for tensicn atrong erack Tor-
mAation in steel began at stresaes plase to Field strength
though the first mieroceracks vith a length of some microme-
ters initiated through the failure of inclusians and their
Making off from the metallic metrix at stres=zes reaching
V.E=N.8 of the yield strength.FParticularly these processes
“iave taken pronounced progressicn with type IT non-metallie
nclusions.dn sverapge length of microcracks related 1o type
Il inelusicns was vastly superior to the same index for steel
with the type 1II and in particular type I inclusiona{Fiz.1).
Farameters A4j and A, for all degrees of deformation had mexi-
mum valuss for a steel with film inelusions eand minimur omes
for a steel with globular inclusions. From the figure it is
seen that the first microeracks in s steel with the type II
inelusiona {(at deformation atout 2%) initiated only in non-
wtallic inelusions fAp=1.0/ but at deformation about 10%all
inelusions contributed tc steel fracture /Ai=1.0/.As the area
rccupied by inelusions was 0,11% of sample area it was pose~-
aible to state about uneven localization of microeracks or
atzout 4 partieular great role of ineluosions in tHe Processes
' cast steel fracture.
The influence of temperature on the function of inclusiong af
three tyges in processea of fracture aof medium carbon cast
iteel wes studied.Fig.Z shows the temperature relationghip of
the processes of ecrack prepagation at impsct banding tests,of
total pumber N microeracks,of the numter of eracks Hi related
Lo inelusions,indexes Ap and A4 with a residual strain af
S-3%.From the figure it is seen that there was a definite re-
lationship between the shape (type) of inclusians and the
temperature of maximum crack formaticn: extreme valusg of ihe
parameters studied corresponded ta =%20°C for the steel with
type II inelusions,to -#09C with type ITT and -60-7300 with
tyoe I inclusjons.It should be noted that these temperaturas
turned to te lower of ecold shortness Lempereture determined
of impeet samples with fRtigus cracks for 20-&0f Cyit is pro-
lalbly due to more smooth conditions of loading the samples
in the firal case.

As well it was found that with decreazing in cast Or-Ni-W
iteel the sulphur content from 0.0%1 o0 0.009% lowering tam=-
perature of resimun erack formation for 20-50°C was obzerved
[{Fig.2),ther the effect of steel desulphurization vas found
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to be similar to the effect

- : of globulari i
lic inclusions. & arization of non

~metal-
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Fig.1.The action of defor- Fig.2.The influence of

mation on the value temperature on inde-
of stresses,average xes NyNij,Ai,As and A,
length of micro- figures at curves
cracks in inclusions correspond to the
I;,parameters A; and type of inclusions.
Ac.Figures at curves
correspond to the
tvpe of inclusions.

The adoption ¢f the quantitative charact

) : eristic of inclu-
Slons,index open the way for t

he deriving the correlation re-
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lationships of steel properties to the inglu31op 1ndex.and
retting mgre objective assessment of the inclusion action on
the steel quality.So for the medium-carbon steel (0.49% )
the following relationships were obtain: relative elogation

yimpact strength IS,critical fracture temperature T.,the
~ffective surface energy § ,the fatigue 1limit €, and frac-
ture toughness K4, to index of inclusions Ii:

& = 29-2500 Ii (%) 1)
IS = 0.93-82.5 Ii (Mj/m2) (2)
Te = -85+12500 I3 (°C) (3)
Y = 0.013-0.61 15 (Mj/m2) )
©w = 395-21500 Ij (MPg) (5)
Kfc= 48.9-910 Ij (MPy VW) (6)
30y v
a
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Fig.3.The influence of
temperature on inde-:
xes N,N;,A: and Aq:

a -0.009% $;
b -0.041% S.

“rom the fracture mechanics it is known that in a rigid body
tﬁere may be small (microscopic) defects 1like cracks which do
not decrease its brittle strength.In the sense that non-metak
lic inclusions may be considered as filled voids,an attempt
~ns made to determine the critical size ofllncluS}ons which
1o not cause fracture (cracks) in a metalllg matrix.Tests
were carried out on the steel with.compogltlon:O,ZQ% C,1.64%
Mn,0.40% Si,0.27% S,0.16% P,deoxidized with aluminium and ti-
tanium;this made possible obtaining the followlng types of'
non-metallie inclusions: corrundum,titanium nitrites,sulphi-
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2228 and their complexes as well ss thoze laballed as -
vhidea.Samples were deatructed at temperatureIEODC byogg:ﬁi
af tenailg tests and flexing (bending deflecticn 045 -mm, Frea-
quene : neriz,mumbter of cyeles nefore destructicn 128&91
15000) . Conffiaients of contritution of non-metallic inglu-
glonz to frecture were determined op g poliahed sample sur-
1§;?E in the immediate vieinity of the fatal eracks [0,1-n.2

A . i
a

as} 7 ] |
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*grysul phides

azr 1 ¢ salumna
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Fig.#.Rﬂ]ation_uf A to sizes of inclusiona;:
a = tensiong = eyclie loading,

F:“T tﬁe Higfﬁ it is seen that there iz a critical size of
taclugions which do not cause the formetion of eracks i
metallic metrix. B
i . el

lhzs ?;ze 13 3.6 m on tension and 2.0 on cyclic loading,
:Fom the f;guFe it ig asen as well that the eritical =ize iz
nft practically dependent upon the natupe of inelusion: with
E?ua¢_31zes of types of inoculatim being studied their cont-
ritution to fracture of steel was aporoximately alike,

Fractiure of Cast Iron, An attempt was rmade to evaluate the
eflect of thg shape of graphite inclusions and the graphite
index to resistance nr cast iron to fracture under the ae-
tlDPIOf tens;le loading at room tsmperature snd under thermo-
eycling load}ng.Tte congecutive change of tha shape of gra-
_ph}te_znclualons from the flake to the nodular one was ob-
ta:neq as & result of incluczions of a melt casat iron with in-
creasing additive of magnesium, i

Just as at Toom 20 at high terpsratures the formation and
pPropagation of microeracks in a grey iren with & “lake gra-
phite cecured exclusively on graphite inclusions without a
perceptible deformaticn of a metallic matrix (Fig.Za),

.
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Fig.5.Fracture of cast iron with flake (a),
vermicular (b) and nodular {e¢) graphite.

In a cast irom with vermicular graphite cracks were formed
zainly through cblong inclusions normally perpendicular to
the mction of tensile loading(Fig.5b).Wiin inereasing the ex-
tent of apheroidizing of graphite ineluaiong their partigipa-
ticn io the forrmation and propagation of cracks {Fig.5c) was
declining as this took place,a nodular graphite played the
least role in ¢rack formation and cast ircn fracture.

A change of graphite shape
from the flake to nodular

one resulted in a reduce

af the stress intensity factor
for inclusionsede 3.5 fold,
and ineremase of tenszile and
crossbreaking strength €3

and Op 5 and % folad res-
pectiively and relative elon-
gation 50 fold.Impact
strength ¢ therewith in-
creasad 7 Tald heat resistan-
e Np 4 fold (Fig.6).Expe-
rimenial data shown in fig.5
and 6 point to the availa-
bility of succes=ive Tela—
tionship: shape and guanti-

t¥y of inclusions graphite
index fracture meshanics
cagt iron properties, B

! Ay
aF 48 a8 42 |

The possibility to improve
cagt iron resistance to
fracture at eyeliec loading
enables to enhanece the re-
liability and useful life of .
ingot moulds for metal casting,metallie moulds,glass mould-
ing tools and different articles made of cast iron and ope-
rating in conditions of thermal shock.Date listed in the
table 1 point to the availability of inverse relationship

Fig.6.Relation of cast
iron properties to
graphite index.




between the graphite index and the service life of ingot mo-
uld: with a decrease of the latterp i.e.the change-over from
grey iron to high-strength cast iron the useful life of ingot
moulds increased 2.5-3 fold.

Table 1. The influence of graphite index on the
useful life of ingot mould

Metal poured into Graphite index Service life of ingot
a mould mould (number of
filling)
Nickel 1.1 = 1.4 26.0
0.5 - 0.7 63.4
0.15 - 0.22 81.5
Copper T1e1 = 1.4 2840
0.15 - 0,22 7100

At the same time for glass moulding
tool,where the roughness of working
surface ig basic,more complicated re-
lationship between the roughness R

Obtained results may be explained by
the following.Thermo-chemical frac-

ture of cast iron under the action of
molten glass mass and air occurs pri-

marily in graphite inclusions.Most I e
fine and at the same time rather Fig.7.Relation of R
dense inclusions of vermicular gra- and V to gra-
phite hinder at a maximum erosion phite index.

processes,and grow of roughness of a
working surface of tool.

CONCLUSION

graohite inclusions.Non-metallic and graphite inclusions pro-
note as well the bropagation of microcracks in steel and cast
iron.
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