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ABSTRACT

Nebozhak IA. Inoculation of cast alloys using a dispersedllled, gasifying mod-

el.T Qualifying scientific work on manusciipt rights.

Dissertation for the degree of candidate of technical sciences in spe@altg.04
cFourdry productio®. i Physical and Technological Institute of Metals and Alloys of the

National Academy o$ciences of Ukraine, Kyiv, 2@2

The dissertationis devoted to the inoculation of the matrix melt in gvelumee of
the casting mold according to the Lfptocess. In order to obtain samples of gray cast iror
ofthe Y200, Y250 astdrend0b tCwype-3typelhaag b
resistantCr-cast i ron of the yvyml type, g aibzedf y
Cupowder ofK tthyepel,f adi spersed ferrosileic
roi di zing modi fier of the A"df[ c7 typteelyan

In the production of wear e si st ant compl ex all oy sy ece
ing of the melt of the weaesistantCr-s t e e | of the 70m[ htthepe
application of di sper sed ferrovanadi ul

Aud7041 t ytivedyswhile the zenadanensional cast composite materials of the
systemsAl-FeCrand Cu-FeCr were obtained due to the reinforcement of édsilloys of
AK12M2Me1, AK12 and cast brass of [ A16
lic FeCr ((-phase). In order to obtain a cast reinforced structure of the syster 0 0
t# Is & m,3he dispersiotiilled gasmodel of a twaayer casting was nafiorced withsheet
steel of the wuwls3 grade.

The applicant conducted a literature review on the topic of this dissertation a

made an irdepth analysis of scientific treatises by Ukrainian and foreign rdwarc his



allowed him to decide on the main directions oessh.

The study of the chemical composition, structure and properties of the cast samj
was carried out according to the original methodology proposed by the doctoral candic
personally. Testing of the studied material for wear under dry frictionittomsl was ce
ried out @cording to the methodology, which involves the use of a laboratory unit of tr
cM22Me model. The method of determining the nature of the connection between t
components of the zexdimensional cast composite material of the sysfd-FeCr aso
belongs to the acquirer.

The criteria for evaluating the effectiveness of the inoculation of foundry alloy
were the absorption indicators of the dispersed inoculator by the matrix melt, the struct
and properties of the test materials.eTéfficiency of metallurgical processing of liquid
metal with a dispersed inoculator can also be judged by the service and operatioral chs
teristics of the studied castings.

The results of the research proved that the concentrat®nrofray cast ira of the
d4Yy300 type and its absorption coefeérsof i ¢
the microstructure of the test material and the hardness of the cast samples change in
control plane. Graphical interpretation and mathematical psowe®f experimetal data
made it possible to find out that the
which depends on the geometry of the cast samples, the placeodtiation of the matrix
melt into thegvolumeg of the casting mold, andhé¢ absorption coefficient @i by the Iig-
uid metal, in turn, significantly affects hardness of iron castings. Thessemreanalysis of
the results of the ful act or experi ment showed ¢t hat
ferrosilicon in thegcbodye of the dispersiotiilled gas model, anncrease in the density of
the model material, an increase in the speed of mold filling and pouring temperature c
tribute to an increase i8i absorption by the matrix melt, ancrease in the amount of
pearlite, ferrie, lamellar graphite and the length of its inclusions, and also lead to the f
that the amount of structurally frée;C, and therefore the hdmmess of the cast samples, is
significantly reduced. It was also found out that using the same technolagpossible
t o l nocul at e t he ma tCup xwdme |, t AWMEHD A 1
Al H4000, 75 an dvamadiwn/a®ddetrotitareum rrespectively. The results of
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the metall ographic analysis of <gtreagth casta s
I r on -¥ weelHheatesistantCr-c a s t I r on yresistant comppéex alloy e
steel 75mAnu] type before and after hea

resistance tests showed that the studied materials have optimal microstrudtimghan
mechanical and tribotechnical characteristics, respabgtiv

A sample of a twalimensional cast composite material of the system 3 & @ 3
Y m @/as also obtained at the PTIMA of the NAS of Ukraine and its structure egitam
ical properties were ingtigated. After cutting the composite casting intogkates, it was
visually established that the diaphragm made of a 1 mm thick galvanized sheet shrai
little, but was completely preserved. The results of metallographic analysis and mech:
cal tests sbwed that the cast sample has an optimal microstructure andaldmrdness
of its functional layers. The presence of both sides of the diaphragm made of sheet ste
thewIs3 t ype, covednwithathickhessob6l.Dagenr ©0f aliesr e
between adjacent phases and transition zones between functional layers wkhesshot
0,15..0,18 mm indicates that in the systeny 3 & s & m &ere is a diffusiortonne-
tion, and the graphical interpretation of the results of the conducted research made it |
sible to find out that the hardness of the functional layers of the cast reinforagdrstof
the systentt Y 3 & @5 & m 8epends on the height of the compesiasting.

It has been experimentally proven that, at first glance, composite strengthening
cast brass of the [A16K4 type i s iingiath f ¢
the cvolumee of the casting mold, thé-phase dissociates inke and Cr, which negtive-
ly affect the structure of alloys based Gun. However, as it turned out later, therrei
forcement of brass castings improves their mechanical and tribotechnical properties. -
results of mechanical tests of cast samples showed tkahdhdness of the zero
dimensional cast composite material of the systarfFeCr, which was determinedca
cording to the Brinell scale, is 18,3 % higher than the similar characteristic of cast bras:
thef] A 16 K4 type. The testing of composdte
tion condtions made it possible to find out that the tribotechnical characteristics od-the z
ro-dimensional cast composite material of the systenfreCr are significantly letter than
t hose of cast brass of the [ A16K4 it63® e,
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activation of lowalloyed Cr-steel 40Xi 183,9 type; the wear rate of the samplatanal

Is 62,0; the friction coefficient of steam sliding is 33,3. Thaults of the metéographic
anal ysis of t h &lakoKafter veihfdregmentshaved that its structure
contains isolated-phase inclusions. Measurement of the microhardness of the structu
components of the zerdimensional cast composite ragal of the systenil-FeCr, ob-
tained on basis of the AK12M2Mc1 ©pi st or
| owed us to conclude that the inter met
cast brass, exists in the structure of the contpasisting as an indep#ant phase that has
not lost its physical and chemical properties. The results of #ay/ Xpetral microanay-

sis of the zeralimensional cast composite material of the sysiifeCrand the casAl-
all oy of t he A Kote2dihfoiddemnent shgwede thabtiegfhase and the
metal matrix of the composite casting do not enter into chemicahatien with each ot

er, but the connection between them isiobs, adhesive nature.

Taking into account all that was said above, aeseof experiments was alsorpe
formed, which were aimed at the compositional strengthening of silumin of the eutec
composition of the AK12 type. To achieve the goal, the microstructure of the cgiésa
was investigated, and their mechanical and teimnical properties were dataned. The
results of the metallographic analysis of the zémmensional cast composite material of
the systenAl-FeCr, obtained on the basis of silumin of eutectic composition of the AK1:
type, showed that the topography eaftectic and other allocations and inclusions is the
same in the height of the cast sample. However, the average dispersion and the sp
number of particles of the intermetallic reinforcing phaspedd on the height of the
composite casting. The analy of the research results showed that there isreopnced
functional dependence between the average dispersion and the specific nuthpeasd
inclusions. In particular, it was found that as the average disperskeGrintermetalide
particles, distributed along the height of the composite castwgases, their specific
guantity increases. It has been experimentally proven thanhitrehardness of both the
intermetallic reinforcing phase and the metal matrix of the-der@nsional cast conop
site material of the systel-FeCr, as well as the base of the ca$alloy of the AK12

type, vary with the height of the studied casting.ifthe previous case, the results of the
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X-ray spectral microanalysis of the zafionensional cast composite material of the-sy
tem Al-FeCr and castAl-alloy of the AK12 type bfore reinforcement showed that the
phase and the metal matrix of the composite casting do not chemically interact with e
other, but rather the bond between them is also adhesive in nature. A sexigsriohents
carried out in the course of this work made it possible to find outtibatechanical and
tribotechnical characteristics of composite andti@d castings depend not only on their
height, but also on the parameters of the microstructure of thelreemsional cast ¢o-
posite material of the systeft-FeCrand casil-alloy AK12 type.

The mechanism of the process of inoculatior-e{C-alloys, first of all, lies in the
thermophysical and physiathemical interaction of the nemial of the dispersedlled
gasmodel with the matrix melt. As a result of this interaction, the paliicles of the &-
persed inoculator fall directly from the disperdiéiéd, gasifying model to the molten
steel or cast iron. In adebn, the physicechemical interaction that occurs in the system
Fe-C-melti Gasmodel Disperseinoculatori Foundrymold can be explainedsing the
physical model of the LF@rocess with an amendment to thepdrsedfilled gas model
that was created at PTIMA of the NAS of Ukraine. As in the previous case, the mechan
of composite strengthening andnfercement of cas b r as s o ftypgahdecasf A
Al-al | oys of t he AKtipesNg wet as tha forohatidh Kfith2ir mechan
cal and tribotechnical characteristics, is substantiated from the standpopylietlaand
fundamental disciplines.

In order to calculi the economic effect of the process of inoculation of cast alloy
using a dispersicfilled, gasifying model, a parallel was drawn between the JpFdcess
and other methods of casting. Then wepared the technical and economic indicators of
the processs of modification and alloying of cast iron melts in gvelumes of the cat
ing mold according to the LF@rocess and the reinforcement of tlematrix melt using
a dispersedilled gas model with similar processes carried out using othbndémgies.
The main technical and economic indicator, in this case, was the cost of a suitable ca:
(grayc a st I r on tyde hdathesistamtGr-8 @ 8 t I r on tygefhight h e
strength <cast I ron wi t h -7stypdn zercdimedsaml cagtr a

composite marial of the systeni\l-FeCr, two-dimensional cast composite material of the
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systema v 3 @& G5 & m,3etc.). The figures given in the dissertation wdraioed due to
the fact that sampl es tgpég highstrangh casaison of the o
l v 540 @pe heatresistantCr-c a s t I r o n type fas wel a&s heatantl wear
resistantCr-c ast i r o ntypewere tast asiny dutike waste of ferroalloys of the
ANd 75, Ad [ ¢7 ayped regpectvel\d Phe cost of aitidnal alloying of gray
cast 1 ron typdéwthGupows @0 0 o f-K typdwas chlfukated with the

correction that the cost of such powder is 20 % higher than the cost of lyppgr.co

Keywords: reinforcement; inoculation; dispersétied, gasifying model; composite
strengtheninglLFC-process alloying; foundry alloy; matrix melt; microalloying; modif

cation;cvolumee of the casting mold.
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