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RESUMO

Ligas de alta liga, nas quais cromo e niquel sdo elementos de liga, sdo amplamente utilizados como
materiais resistentes ao calor. Seu conteudo total em ligas resistentes ao calor atinge 30% ou mais. No
entanto, a vida util das pecas de trabalho feitas de ligas resistentes ao calor é limitada. Além disso, quanto
maior a temperatura de operagéo, menor € a vida util. Isso leva ao aumento de custos para manter as unidades
em condi¢cdes de trabalho. Exemplos dessas pecgas sdo a grade de maquinas de aglomeracédo, detalhes de
plantas de caldeiras, fornos de torrefacdo, aquecimento e fusdo de vidro, moldes de fundig¢do, coletores de
exaustdo de motores forgados de automdveis, entre outros exemplos. A esse respeito, reduzir o custo de
produtos resistentes ao calor, mantendo suas caracteristicas operacionais e vida util, torna-se uma
necessidade. Uma das opgdes promissoras para resolvé-lo é fabricar essas pecas de ferro fundido de aluminio
resistente a altas temperaturas CHYU22SH (CHYUZ22SH - ferro fundido padrdo). As pecas fundidas de ferro
fundido CHYU22SH diferem, em primeiro lugar, pela resisténcia ao calor a altas temperaturas no ar (até 1100 °
C) e em meios contendo enxofre, didéxido de enxofre, 6xidos de vanadio e vapor de agua. Além disso, elas
podem operar funcionalmente como um produto resistente ao desgaste, com alta resisténcia a temperaturas
normais e elevadas. O trabalho apresenta as propriedades térmicas e mecanicas da fundi¢gdo, bem como os
resultados da analise microestrutural de ferros fundidos de alta liga de aluminio. Os resultados de analises e
testes mostram que a liga de ferro fundido CHYU22SH pode ser obtida por fundigdo com paredes longas com
uma espessura de 4 mm, sem defeitos externos e internos. Ao fazé-lo, as pecas fundidas tém uma estrutura
uniforme, propriedades mecanicas altas e estaveis, além de serem inferiores em ~ 17-24% em peso do que um
ferro fundido semelhante. Os resultados de estudos laboratoriais experimentais - industriais de laboratério
confirmam a influéncia das condicbes de solidificacdo nos paradmetros da estrutura do ferro fundido
CHYU22SH.

Palavras-chave: analise microestrutural, teste tecnoldgico, teste em escala piloto, pecga fundida, capacidade de
aquecimento.

ABSTRACT

Highly alloyed alloys, in which expensive chromium and nickel are alloying elements, are widely used as
heat-resistant materials. Their total content in heat-resistant alloys reaches 30% or more. However, the life of
working parts made of heat-resistant alloys is limited. Moreover, the higher the operating temperature, the
shorter it is. This leads to increased costs for maintaining the units in working condition. Examples of such parts
are the grate of agglomeration machines, details of boiler plants, roasting, heating, and glass melting furnaces,
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casting molds, exhaust manifolds of forced automobile engines, etc. In this regard, reducing the cost of heat-
resistant products, while maintaining their operating characteristics and life, becomes very actuality. One of the
promising options to solve it is to manufacture these parts made of high-alloyed heat-resistant aluminum cast
iron CHYU22SH (CHYU22SH - standard cast iron). Castings made of cast iron CHYU22SH differ, first of all, by
being heat resistance at high temperatures in air (up to 1100 °C) and in media containing sulfur, sulfur dioxide,
oxides of vanadium, and water vapor. In addition, they can functionally operate as a wear-resistant product
having high strength at normal and elevated temperatures. The paper presents the thermal and mechanical
properties of casting, as well as the results of microstructure analysis of aluminum cast irons. The results of
analyses and tests show that cast iron CHYU22SH can be obtained by casting with long walls of a thickness of
4 mm without external and internal defects. By doing so the castings have a uniform structure, high and stable
mechanical properties, as well as lower by ~17-24% weight than similar cast of gray iron. The results of
experimental - industrial testing laboratory studies confirm the influence of solidification conditions on the
parameters of the structure of cast iron CHYU22SH.

Keywords: microstructural analysis, technological test, pilot-scale testing, cast part, heat capacity.

ABCTPAKT

B kayecTBe XapoCTOMKUX MaTepUanos LLUMPOKO NMPUMEHSAIOT B OCHOBHOM BbICOKOSEMMPOBaHHbIE CNNaBbl, B
KOTOpPbIX MNErvpylowmMMn afieMeHTaMun SiBNsI0TCA AOporocTosiume Xpom n Hukenb. Obliee cogepxaHue MX B
XapocTtonkux cnnaeax pgocturaeT 30 % u OGonee. TeM He MeHee, CPOK XM3HW pabounx peTtanen w3
)KapoCTOMKMX CnnaBoB orpaHudeH. [lpuyem, 4em Bbiwe pabouyme TemnepaTtypbl, TEM OH Kopoye. 37O
obycrnoBnuBaeT NOBbLILWEHHbIE 3aTpaThl HA NogAepXaHue arperatoB B paboveM cocTositHun. MNMprumMepammn Takmx
Jetanen SBMSOTCSA KOJMOCHWKU arfioMepauuoHHbIX MaLUWH, OeTanu KOTEmNbHbIX YCTaHOBOK, OGXWroBbiX,
HarpeBaTesnbHbIX U CTEKNOBAPEHHbIX neyen, popMbl Ans NUMTbS, BbIXMOMHBIE KOMNEKTOPbl (POPCUPOBAHHbBIX
aBTOMOOUNbHBLIX ABuratenen u gp. B cBA3M € 3TuUM, CHWXeHMe 3aTpaT Ha XapOCTOWKMe w3genus npu
COXpaHeHMn nx paboymx XapakTepUCTMK, B TOM YMCE€ M CpoKa CryXObbl, CTAaHOBMTCA BeCbMa aKTyaribHOM
3agadven. OOgHVM M3 NEpPCrneKkTUBHBIX BAapUaHTOB €e pelueHUs SBMSeTCA WU3roTOBMEeHWe Takux AeTtanen u3
BbICOKOMNErMpoBaHHOro antoMUHUEBOrO XapocTonkoro vyryHa Y0221 (Y022LLU-cTtaHaapTHbIN YyryH). OTnmBKK
13 uvyryHa YtO22lLU oTnuuatotcs, npexae BCEro, >KapOCTOMKOCTLIO NPW BbICOKUX TemnepaTypax Kak B
Bo3ayLuHon cpede (oo 1100° C) Tak n B cpefax, coaepxaliux cepy, CEpPHUCTLIN ra3, OKUCNbI BaHaaAUSa U napbl
BoAbl. Kpome TOro, oHn dyHKLMOHaNbHO MoryT paboTaTb M Kak M3HOCOCTOMKME U3LAENuUsi, UMetoLLMe BbICOKYHO
NMPOYHOCTb NPV HOPManbHOW WU MOBbILEHHON TeMmnepaTtypax. B paboTe npeacrtaeneHbl Tennoduanyeckue,
NUTENHbIE N MEXaHW4YecKne CBOWCTBA, a TakkKe pesynbTaTbl MUKPOCTPYKTYPHOrO aHamusa antoMUHMEBBIX
YyryHoB. Pe3ynbTaTbl aHan13oB 1 nabopaTopHbIX UCTbITAHWI CBMOETENbCTBYIOT O TOM, YTO 13 YyryHa Y0221l
MOryT ObITb MOMYYEHbl OTMMBKU C MPOTSHXKEHHBIMW CTEHKAMWU TOMWMHOM 4 MM ©€3 HapyXHbIX U BHYTPEHHMX
aedektoB. [1py 3TOM OHM MMEKT OAHOPOAHYI0 CTPYKTYPY, BbICOKME U CTaburbHblE MoKasaTenym MexaHU4ecKmx
CBOWCTB, @ TaKke MeHbLyl Ha ~ 17 - 24 % maccy, YeM aHanornyHasi OTrnvBKa 13 ceporo YyryHa. Pesynbtathbl
OMNbITHO — MPOMBILLIEHHOTO ONPOBOBaHNS NMOATBEPXKAAOT AaHHble NabopaToOpHbIX UCCNEeAOBaHUN O BIIUSHWM
yCNoBUIN 3aTBepAeBaHUA OTNIMBOK Ha NapaMeTpbl CTPYKTYpbl YyryHa YH022LL.

KnioyeBble cnoBa: MUKPOCMPYKMYypHbIU aHanus, mexHonoaudeckas npoba,
onpoboesaHus, numasi demarb, MENI0EMKOCMb.

OlbIMHO—-IPOMbIWIIeHHbIe

INTRODUCTION

Design technology in modern foundries uses
a variety of commonly used software packages
for modeling of mold filling, solidification, and
cooling of castings. Using these programs help to
solve many technological problems. One of the
stages of modeling in such programs (LVMFlow,
ProCAST, Polygon) is the choice of the alloy from
the database. Unfortunately, iron CHYU22SH is
not present in any of the databases of the above-
mentioned programs. Accordingly, casting
simulation in the production of castings from this
alloy is not possible. In the database for jobs of

preparing a new alloy, it is necessary to know
some of its properties, including its
thermophysical properties.

Heat-resistant materials are widely used in
most high alloys, which are expensive alloying
elements chromium and nickel. The total content
of heat-resistant alloys then reaches 30% or
more. However, the life of the working parts of
the heat-resistant alloys is limited. Moreover, the
higher its operating temperatures, the shorter its
life. This results in a higher cost to maintain the
units in working condition. Examples of such
devices are grate sintering machines, parts of
boilers, kilns, glass furnaces and heaters, molds,
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exhaust manifold-boosted automobile engines.
MATERIALS AND METHODS

2.1 Thermophysical properties

Thermophysical properties of cast iron are
needed for computer simulation of melt filling of
the cavity mold, solidification, and cooling of the
castings in order to select the best technology
option of obtaining them without having casting
defects. However, such information on cast iron
CHYU22SH is virtually non-existent. In
(Kovalevich, 1991, Zhuravlev, 1981) writing
indicates that the specific heat of aluminum cast-
iron type CHYU22SH at normal temperature is
lower than that of gray and ductile cast irons, with
increasing  temperature as the thermal
conductivity of aluminum iron increases at a time
when the undoped iron is reduced (Ten, 2015).
Therefore, at high temperatures (900 — 1000 °C)
a superior thermal conductivity CHYU22SH GCI
(gray cast iron) and HCING (high-strength cast
iron with nodular graphite) are produced
(Kumanin, 1976).

It was measured the specific heat, thermal
conductivity, and thermal diffusivity  of
CHYU22SH iron in the temperature range 500 -
1000 °C. Experiments were conducted in the
laboratory of Satbayev University on the devices
NETZSCH DSC 404 C Pegasus (to determine
the heat capacity) and the NETZSCH LFA 457
Micro-Flash® (for the determination of heat and
thermal diffusivity). Tests were conducted on
specimens made of strong cast samples and had
a density of 5909 kg/m3. Sample sizes had a
diameter of 12.700 mm and a thickness of 3.1580
mm (Tanski, 2016; Jiang, 2016, Lagunov, 1980).
The results are shown in Table 1 as the mean
values of five measurements.

According to our data the specific heat of cast
iron CHYU22SH increases with increasing
temperature to 536 J/kg K at 500 °C and 585 J/kg
K at 1000 °C, which is comparable with that of
the undoped cast iron with spheroidal graphite
(nodural cast iron with nodular graphite, 570 -
592 in 500 °C and 595-649 at 1000 °C).

Thermal conductivity of cast iron CHYU22SH
increases with increasing temperature and is
more significant than the heat - from 12.64
W/m-K at 500 °C to 15.53 W/m-K at 1000 °C. The
obtained values are much smaller than given in
(Kaldybayeva, 2011): 16.28 W/m K at 200 °C and
26.75 W/m-K at 500 °C. At the (Kaldybayeva,
2011) same temperature (500 °C) values, differ
by more than double. It is assumed that in the

figures more reliable heat, as obtained on
modern equipment, is shown with each value
measured five times and performed in a wide
range of temperatures. On this Dbasis,
(Kaldybayeva, 2011) can assume that the
aluminum cast iron CHYU22SH has a thermal
conductivity approximately 3 times lower than the
undoped iron CING (cast iron with nodular
graphite) with ferritic metal matrix, which at 400
°C has a thermal conductivity of 38 W/(m-K).
Since the thermal conductivity in undoped iron
decreases with increasing temperature, while the
cast iron CHYU22SH is on the rise at the
operating temperature of 1000 - 1100 °C, this
difference should be much reduced (Utepov,
2014; Ten, 2016; Safronov, 2017, Kerzhentsev,
1971).

Thermal diffusivity in iron CHYU22SH
increases monotonically with 4-10¢ m?/s to
4.5-10% m?/s with increasing temperature from
500 to 1000 °C. The (Kaldybayeva, 2011) lack of
published data does not allow comparing the
obtained values. In undoped cast iron CING (cast
iron with nodular graphite) the indicator is (5.5-
6.5):10® m?/s at 600 °C and (5.0-5.6)-10¢ m?/s at
800 °C. Comparison of the data shows that the
iron CHYU22SH at 600 and 800 °C has a thermal
conductivity at 33 and 20% lower, respectively,
but at higher temperatures and thermal irons
CHYU22SH and CING can be slightly different
(Kaldybayeva, 2011; Stefanescu, 2017; Utepov,
2017; Prasad, 2018; Martin, 2016, Sitko, 2017).

To assess the possibility of obtaining a
particular set of alloy castings its casting
properties such as fluidity, shrinkage, the
mechanical effect of the distance, and the
distance of the profits are needed to be known.

2.2. Casting properties

To assess the possibility of obtaining a
particular set of alloy castings, we need to know
its casting properties such as fluidity, shrinkage,
the mechanical effect of the distance, and the
distance of the profits.

The results of determining the parameters of
fluidity and shrinkage of cast iron CHYU22SH are
shown in Table 2.

As can be seen, the spiral fluidity test values
that are measured are comparable with published
data; however, free casting shrinkage is less than
1.5 times when compared with the data (Tanski,
2016). In (Utepov, 2014; Zhang, 2018; Paul,
2018) with increasing carbon content in the
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aluminum cast iron above 2%, a decrease of
fluidity occurs as a result of the graphite in the
melt.

Preshrinkage expansion of high-alloyed
aluminum cast iron CHYU22SH is much smaller
compared with that of the undoped cast iron
(0.07%) (Galdin, 1992).

2.2.1. Power options castings

There is a need for supply of castings devoid
of the formation of these defects in the form of
shrinkage cavities and shrinkage porosity. The
latter is a consequence of the formation in the
inner sections of the casting of closed areas in
which the solidification of the alloy occurs under
conditions of full or partial nutritional deficiency
(Kurdyumov, 1996; Galdin, 1992).

Casting alloys are characterized by varying
propensity for the formation of shrinkage defects.
The share of volume shrinkage, which is found in
the form of shrinkage cavity and porosity
shrinkage, mainly depends on the interval of
crystallization of the alloy and the casting cooling
intensity. Alloys that have a small range of
crystallization shrinkage of its volume mainly
found in the form of shrinkage cavities are
required. Alloys with a wide range of
crystallization of a large or a significant portion of
the volumetric shrinkage found in the form of
shrinkage porosity are also required. At the same
time with increasing intensity of the cooling
sections of the casting a high temperature
gradient is formed, due to the width of the two-
phase solid-liquid region at the final stage of
solidification, which is narrow and, consequently,
reduces the proportion of volume shrinkage that
is found in the form of shrinkage porosity (Galdin,
1992; Vasiliev, 1976; Kavalevich, 1991). All other
things being the same, the tendency of the alloy
for forming shrinkage defects in the form of
shrinkage cavities and shrinkage porosity
increases with an increase in its volumetric
shrinkage (Table 3).

In most cases, high volumetric shrinkage
results in the formation of shrinkage in the
castings because of unacceptable defects in the
form of internal shrinkage cavities and shrinkage
porosity. It is necessary to provide good quality
castings to eliminate them. This is achieved by
setting profits in the right place, required quantity,
and sufficient size. At the same time directional
solidification condition in which the solidification
front moves sequentially from the end parts
(peripheral areas) to the inside, from thin to thick

walls, and the latter to the profits must
necessarily be provided. The number and size of
the profits should be necessarily minimum. This
minimizes the consumption of metal in the profit
and complexity of their subsequent separation
from the castings.

To solve such a complex task requires
knowledge of the power setting of castings, that
is, the distance (radius) L4y of the food arrived,
the distance of the mechanical effect of Ly and
the total area of effective supply Lz = Lgp + Lme.
These parameters are estimated as multiples of
the casting thickness t or the reduced-thickness
R = V/S, where V and S, are, respectively, the
amount fed host (casting) and surface cooling.
These strongly depend on the type of alloy (Table
4).

Regarding the influence of the thickness of
the casting on these parameters, we have only a
few observations. For high-alloy cast iron,
aluminum CHYU22SH data on the parameters of
supply castings are completely absent. However,
this iron has a high volumetric shrinkage (3.2-
7.0% according to (Kovalevich, 1991) 4.5-8%,
according to (Stefanescu, 2017; Jiang, 2016;

Shayakhmetov, 2014)) and because of the
casting during solidification, it will become
malnourished. But  without knowing the
parameters of supply castings from this alloy, we
cannot properly organize the directional
solidification.

Therefore, we require a detailed study of the
power settings of cast iron CHYU22SH casting.
To do this, we developed a 2-, 3-, and 4-lobed
squared test. Figure 1 gives an example of a 2-
blade test. The sample consists of a riser - a
profit 1, profit platform (base) 2, and immediately
squared tests 3.

Profit for the samples was calculated by the
method of Namur — Shklennik (Equation 1):

Vo=m-&-Ry (1+8) y-z+3-B-V, (Eq.1)
where: m - is the coefficient of non-identity of
the metal in the casting temperature and profit by
the end of fill or a dimensionless coefficient
depending on the distance between the profit and
the place of supply of metal to the casting:
¢ - dimensionless coefficient configuration
profits (Equation 2):
g 3
ef
2

&=
Vp
where S¢f - is the surface area of the profits,
in contact with the form;

(Eq.2)
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V, - is the amount of profit;

Rru - is the effective reduced thickness of the
thermal unit (Equation 3):

\
Ry, = T (Eq.3)

STU ef
Vru- is the amount of thermal unit;

Stuer - is the effective surface area of the
thermal unit;

B - is the volumetric shrinkage of cast iron;

y - is the coefficient of a non-identity
configuration of the casting and profits - a
dimensionless coefficient that takes into account
the relative length of time of solidification thermal
unit and profits, depending on their configuration
(Equation 4):

ms.oI‘TU
r

y= (Ea.4)

sol. profit

z - is the coefficient of the cooling cooling
conditions are not identical to the profit and and
metal casting (Equation 5):

b

f.p.

z = (Ea.5)
b f.TU
where brp and brry are thermal storage
capacity of the form in contact with a profit and

thermal unit;

Vs - is the amount of form or the part for which
the calculated profit.

The thickness of the bars t was 6, 12, 24, 30,
36, 42, and 48 mm with a width of 100 mm. The
length of the bars ¢ is selected from the principle
of sufficiency. At the same time, we believe that
the  high-alloyed aluminum  ductile iron
CHYU22SH power distance is approximately the
same as that of ductile iron (L2=6-t). Based on
this, it is taken (with a small margin) £ = 7-t. These
samples were cast in sand - clay raw form.

Of the cast samples obtained template, we
customize the individual. To do this, blocks were
cut in half along the longitudinal plane. Milling
was done to the plane of the section for the
identified areas of porosity on the plate (Figure-
2).

To do this, we have tried various methods,
including visual, ultrasonic, and hardness
measurement methods. The ultrasonic method
for determination of shrinkage defects did not
give stable results, probably due to the presence
of graphite inclusions and the presence of oxide
prisoner. The visual method can detect only the

surface porosity that is manifested, which is not
always, and the hidden porosity remains
unaccounted for. The adequate results were
obtained using the method of measuring the
Rockwell hardness (HRC). The hardness was
measured on the centre line of the plate at
distances that were multiples of the petal
thickness t (Figure-3).

The distance of the mechanical effect Ly and
the distance from the feed arrived L4, and their
sum is the total distance of the effective power Ls
= Ly + Lme measured by the length of the dense
metal part and the end, respectively.

Cast iron CHYU22SH (Table 5) was smelted
in an induction crucible furnace HFICF -
frequency - 0.06 with the main lining (HFICF -
high-frequency induction crucible furnace).

Following the modification of cast iron was
poured into molds heated to 800 °C, with a melt
temperature ranging 1420 - 1450 °C.

After solidification, it was cooled in a form
completely. Then to relieve stress, reduce
hardness, and improve the workability, it was
subjected to annealing, and after heat treatment
produced crop gating system and finishing
operations (Tanski, 2016, Saburov, 1967).

The molded piece "exhaust manifold" thus
made is presented in Figure 4.

Visual inspection revealed no visible external
defects in the casting foundry. A plate control, cut
from the castings showed their lack of these and
internal defects.

We evaluate the mechanical properties of
cast iron with cast collector bars (Figure-5).

Before machining the bars were subjected to
heat treatment. Then cylindrical samples were
produced for mechanical testing having a
diameter of 8 mm and a gauge length of 50 mm.

Tensile tests were performed on the
instrument Zwick/Roell Z250. The hardness of
iron was measured on the instrument Wolpert
Hardness Taster 930, at a load of 187 kg. The
results are shown in Table 6.

The results of the mechanical tests show that
the resulting iron CHYU22SH has a tensile
strength of ~390 MPa, which is 30% above the
lower margin in accordance with GOST 7769-02
(Government standard). The hardness of iron (~
270 HB) is within the regulated values, but closer
to the lower limit. In this case, the yield stress of
iron is ~340 MPa, elongation 0.6%, and modulus
of normal elasticity ~160 GPa. The results
obtained show that the tensile strength of

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°33)
Downloaded from www.periodico.tchequimica.com

34



aluminum-smelted iron corresponds to the
ultimate strength VCH35 — VCH40 (standard cast
iron), yield strength, respectively, CVH50 exists
and corresponds to the hardness of VCH100
(standard cast iron) (G. Nuruldaeva, 2019;
Zhang, 2018).

For the structure of cast iron were performed
on a microscope Neophot 21 firms ZEISS JENA
at different magnifications. It consists of a metal
matrix and uniformly distributed in its compact
form of graphite inclusions (Figure-6a).

The metal matrix is doped with aluminum
ferrite - a phase, which is uniformly distributed in
the iron - aluminum carbide ¢ phase (Figure-6, b,
and c).

Graphite inclusions (in accordance with
GOST 3443-01) mainly take the form of NGf5
and only partially NGf4 (NGf - nodular graphite
form). The size of graphite inclusions should be in
the range of 30-60 microns.

3. RESULTS AND DISCUSSION

The results of analyses and tests show that
cast iron CHYU22SH can be obtained by casting
with long walls of a thickness of 4 mm without
external and internal defects. By doing so, the
castings have a uniform structure, high and
stable mechanical properties, as well as lower by
17-24% weight than similar cast of gray iron.

4. CONCLUSIONS

1. Thus, a combination of innovative and
traditional casting technology allows for a short
time to develop manufacturing technology options
and assess the quality indicators of the castings
of various alloys, including decreased fluidity,
high linear and volumetric shrinkage, as well as
susceptibility to saturation of the gases and dust
production. This integrated approach allows us
not only to speed up technological preparation for
the production of castings but also reduce costs
for manufacturing and finishing of expensive mold
tools. An example of such an approach is to
develop practical applications for future
technology for high-quality cast iron CHYU22SH
cast parts "exhaust manifold" with increased
operational and consumer properties.

2. Thus, the results of experimental -
industrial testing laboratory studies confirm the

influence of solidification conditions on the
parameters of the structure of cast iron
CHYU22SH. Application of the developed
technology allows  obtaining  high-quality

recommendations casting a thin (4 mm) and
thick, without shrinkage defects in origin, are
guaranteed to have the required degree of
spheroidization of graphite inclusions, high and
stable mechanical properties, as well as a smaller
mass.
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Table 1. Thermophysical properties of cast iron CHYU22SH

Temperature, °C

Name of
property
500 600 700 800 900 1000
Specific heat
capacity 536 £0.001 | 549+0.001 | 559+0.001 | 565£0.001 | 573+0.001 | 585 +0.001
C..i, J I(kg-K)
Thermal
conductivity 126440028 | oM * | 43640048 | 14190136 | 493 | 15530141
0.068 +0.157
Aci, W/(m-K)
Thermal
diffusivity 3.99+0.009 |4.04+0021| 4.13+0.014 | 4.25+0.041 f(')"(‘)l? 4.49 +0.041
aci, 10 m?/s o

Table 2. Fluidity and casting shrinkage of cast iron CHYU22SH (Ten, 2016; Safronov, 2017;
Shayakhmetov, 2014)

Fluidity, mm Casting shrinkage, % Preshrinkage

Free Difficult expension, %

(1.42 — 1.52)/(2.2-2.5)
/(2.5-2.8)

(525 - 775)/(590-830) (1.26 — 1.47) 0.01/ (0.15-0.35)

Table 3. Volume shrinkage of casting alloys (%) (Kurdyumov, 1996; Galdin, 1992; Vasiliev, 1976)

Casting alloys

Cast irons (standard cast irons) Non-ferrous metals
HCING (high-
Steels | Malleable
) strength cast
castiron | Gray cast _ _ o _
. iron with Copper Aluminium Magnesium
iron
nodular
graphite)
41-70 | 40-6.0 | 1.5-3.0 20-6.0 40-75 3.0-6.0 34-50
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Table 4. Power supply castings for different groups of alloys

Alloys Area of dense metal expressed in thickness
Profit zone Mechanical Sum
zone
Carbon steel (2.0)-t (2.5)t (4.5)t
Copper alloys (2.0-4.5)t (3.6-5.8)t (5.6-10.3)t
Aluminium alloys (2.5-4.0)t (4.0-4.5)-t (6.5-8.5)t
Gray cast iron - - Very large
Cast iron with nodular - - 6.0-6.5t
Castiron IC”HYUZZSH + + +

Table 5. The chemical compound of the experimental melting of cast iron CHYU22SH

(Stefanescu, 2017)

Element C Si

Mn

Al S

P

Mass, % 16-2.0 13-15 | 0.45-0.50

215-3.7 | 0.01-0.02

0.10-0.12

Table 6. Results of mechanical testing of tensile specimens at room temperature

Ultimate Yield strength | Elongation| Elastic
Number of tests Hardness, HB
strength o, Oo2 MPa €, % modulus
The requirements of
290 least - - - 241 - 364
GOST 7769-02

1 381 334 0.5 148 268.5 *

2 402 347 0.6 176 264.5*

3 394 342 0.5 161 274.0*

4 378 328 0.7 151 276.5*
Averages 389 £ 11 338+38 06+0.1 | 15913 270.9 £ 14.5

* Mean values of four measurements.

GOST - Government standard.
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Figure 1. 2 blade test: 1 - strut-profit, 2 - base, 3 - part of the investigated samples

Figure 2. Flow test and preparation for the testing template

oo’"' ' T
%@? f’//h%fx7 0 %

Figure 3. The scheme of measurement of hardness to determine the parameters of the
casting supplies, ¢ - the point of measurement of hardness
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100 mm | 100 mm

Figure 4. Cast item "exhaust manifold" of cast iron CHYU22SH
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Figure 5. Cast iron bars to test the mechanical properties

a) x 100 b) x 100

Figure 6. Structure of the iron CHYU22SH in the samples breaking (a) is not etched; (b)
and (c) after etching

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°33)
Downloaded from www.periodico.tchequimica.com
40



