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ABSTRACT

The article analyzes the results of heat resistance of cold-harmful mixtures with the addition of
clay. The article presents the results of an experimental laboratory study of the properties of
samples from CTS, obtained by various methods. The scientific novelty of the technology lies in the
fact that the technology of casting in cold-rolled steel ensures high quality of the casting surface,
the absence of gas defects and blockages in the casting. The selection of the composition and
technological parameters for the manufacture of the mold, contributing to the production of high-
quality defect-free castings, will significantly reduce their cost, which will have a positive effect on
the economy of our country. The study of the change in density over time depending on the
applied load was studied in a series of experiments. The density of the mixture was determined
every thirty seconds during the entire time of the formation of the dispersed medium. These
experiments showed that at the beginning of the formation of the shell, its density increases
significantly. In works on the thermal stability of polymers, the general laws of thermal
decomposition and carbonization of cyclic, spatially crosslinked hot curing polymers were
investigated and it was shown that the kinetics of destruction, the composition of gaseous
products, the amount of coke formed and its properties depend on the properties of the initial
polymers - the degree of crosslinking of molecular chains, chemical structure, the presence of
impurities of catalysts and other curing conditions, as well as the heating conditions - speed and
temperature. The article summarizes some of the results of the study, which is most appropriate
for thin-walled steel castings to use the following mixture composition: filler - quartz sand; binder -
clay of the Kazakhstani deposit, epoxy resin, hardener.
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Introduction

An important problem of modern foundry
technologies is the mechanization and automation
of the manufacture of casting cores and molds, the
complexity of the manufacture of which is very
significant. The development of technological

processes based on the use of cold-hardening
mixtures (CTS) plays a significant role.

In works on the thermal stability of polymers,
the general laws of thermal decomposition and
carbonization of cyclic, spatially crosslinked hot
curing polymers were investigated and it was
shown that the kinetics of destruction, the
composition of gaseous products, the amount of
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coke formed and its properties depend on the
properties of the initial polymers - the degree of
crosslinking of molecular chains, chemical
structure, the presence of impurities of catalysts
and other curing conditions, as well as the heating
conditions - speed and temperature.

Experimental Procedure

The composition of the cold-hardening mixture
in the studies was as follows: filler - sand, binder,
catalyst and hardener, characterized in that the
composition of the mixture is used as follows: sand
grade 1K0316-75%, clay (Beloe Glinische minefield)
- 35%, epoxy resin EP- SM-PRO 1.8-2%, hardener
consumption 921 OP 0.8-1%.

Picture 1 — CHM structure: c - 100 g cvar. sand + 15g
epoxy with a mole with a hardener + 10% white clay

Defects in castings, depending on cores and
molds, form defects in castings. The process of
interaction of mixtures with metal. The most
important characteristic of this interaction is the
heat transfer between the casting and the mold.
Temperature fields in the casting - mold system at
different moments or periods of time determine
the conditions for the occurrence of almost all
processes at the metal - mold interface and in the
volume of the mold [1-5].

Analyzing heat transfer from the stated
positions, three parameters can be considered as
determining:

1. to - the duration of direct contact of the
liquid metal with the mixture. During this period,
almost all types of surface defects are formed
(burn-in, notches, snakes, etc.), therefore, the
properties of cold-hardening mixtures during the
period 10 are of particular interest. Knowledge of t0
is also necessary to assess the probability of certain
physical and chemical processes occurring at the
interface.

2. Temperature field in a rod or mold at a
given time:

t=f(T,x) (1)

where ty - mixture temperature at a
distance x from the interface, °C; t - time.

Temperature fields can be used to study
the effect of mixtures on the solidification of
castings, to investigate and analyze temperature
transformations in mixtures under conditions close
to real ones, the nature of gas release during
heating, the formation of the properties of spent
mixtures as an object of reuse or regeneration, etc.

3. Heating rate of the mixture at a given
point of the rod or mold ux, °C/MuH. This
parameter, determined from the previous one, is
necessary for the development of methods for
studying the properties of mixtures at high
temperatures, for the maximum approximation of
the experimental conditions to the conditions of
real interaction.

The mass of castings varies from tens of
kilograms to several tens of tons with a wall
thickness of 20-30 mm to 500-600 mm, therefore,
the issues of interaction of mixtures with metal
should be considered with such a degree of
generalization, which, at least in the first
approximation, corresponded to the actual variety
of cast parts. ... With this formulation of the
problem, the most reliable is a combination of
theoretical and experimental methods.
Fundamental work in the field of the theory of heat
conduction and heat transfer in a casting mold
makes it possible to solve the problem in the
following way.

The duration of contact of a liquid metal
with a mixture for a wide range of wall thicknesses
under certain assumptions can be determined
analytically for the plate-semi-infinite form system,
if there is data on the thermophysical properties of
the metal and mixtures [3-4]

Results and Discussion

The theory and, in particular, the principle
of heat flux stability provides methods of transition
from plates to bodies of more complex shapes and
a corresponding approximation to practical
conditions. You can also analytically analyze the
temperature fields in the bars for slabs with a given
thickness interval.

If now  experimental temperature
measurements are carried out on real castings with
a wide range of geometric parameters, then it
seems possible, firstly, to check the results of




KomnnekcHoe Wcnonb3oBaHue MuHepanbHoro Coipbs. Ne1 (316), 2021

ISSN-L 2616-6445, ISSN 2224-5243

theoretical calculations, secondly, to clarify the
calculation methods, and thirdly, to determine the
limits of their application, taking into account the
assumptions made.

The thermal stability of molding mixtures
with resins in the manufacture of large castings is
one of the most difficult and poorly studied
problems in the technology of casting molds.
However, there is a certain analogy between the
thermal stability of mixtures and the thermal
resistance of polymers, which is devoted to a
special section of polymer chemistry.

In polymer chemistry, thermal stability is
the limiting temperature at which a chemical
change occurs in the polymer, which affects its
properties. More accurate, apparently, is the
determination of thermal stability as the limiting
temperature at  which the thermal or
thermochemical degradation of the polymer begins
[5].

For a molding mixture with resins, the
definitions of thermal stability adopted in polymer
chemistry should be significantly expanded [5].
Traditional polymers, as a rule, are operated for a
long time at low (up to 300 ° C) temperatures, and
under the conditions of their operation, significant
chemical changes in the material are not allowed. It
is this circumstance that is reflected in the
definition of thermal stability. On the other hand, a
molding mixture is operated for a short time at very
high temperatures and its thermal stability as a
physical concept should reflect these conditions.

A similar problem is being addressed in the
field of polymer chemistry. So, for example, when
assessing the thermal stability of high-molecular
compounds, it is necessary to take into account not
only the maximum temperature at which certain
properties of the material do not significantly
deteriorate, but also the holding time at this
temperature, as well as the kinetics of polymer
heating.

In principle, synthetic resins [6] used in
foundry for cores and large casting molds have
similar properties. All of them in the cured state are
thermosetting polymers, infusible and insoluble. As
already indicated, this property is necessary
because it provides the overall stability of the
mixture against metal pressure. The thermosetting
properties of casting resins are due to their three-
dimensional, spatially cross-linked structure. From
a chemical point of view, high thermal stability is
explained by the presence in the structure of resins
of six-membered (PFS) [7-9] or five-membered

(furan resins) cycles with a high concentration of
carbon atoms in each structural unit of the
polymer.

The studies carried out confirm the
presence of a direct relationship between the
structure and thermal resistance of resins. The least
heat-resistant resins do not contain aromatic cycles
in their link; an increase in thermal resistance is
associated with an increase in the concentration of
atoms in the structure. On the other hand, a
comparison of coke numbers allows one to make a
preliminary forecast about the possibility of using
certain classes of polymers as foundry binders.

The important role of coke in form
resistance to the action of liquid metal is
determined by the fact that, unlike the initial
polymer, it can exist for some time at temperatures
up to 3000 ° C. Thus, there is a fundamental
correspondence between the heating conditions of
the molding sand and the properties of the binder.

In works on the thermal stability of
polymers, the general laws of thermal
decomposition and carbonization of cyclic, spatially
crosslinked hot curing polymers were investigated
and it was shown that the kinetics of destruction,
the composition of gaseous products, the amount
of coke formed and its properties depend on the
properties of the initial polymers - the degree of
crosslinking of molecular chains, chemical
structure, the presence of catalyst impurities and
other curing conditions, as well as the heating
conditions - speed and temperature [10].

The study of the change in density over
time depending on the applied load was studied in
a series of experiments. The density of the mixture
was determined every thirty seconds during the
entire time of the formation of the dispersed
medium. These experiments showed that at the
beginning of the formation of the shell, its density
increases significantly. This is due to the removal of
interstitial air from the volume of the mixture and a
more compact packing of sand grains and particles
of unmelted resin under the action of the applied
static pressure. A further increase in density occurs
insignificantly and is associated with the melting
and hardening of the resin, which fills the
remaining pores between the grains of sand.
Prolonged thermal exposure to EPS will lead to
resin burnout and, as a result, to decompaction. A
similar distribution of density over time is observed
for any degree of compaction used in the
experiments.
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A series of experiments was carried out to
determine the effect of the filling height of the
mixture into the filling frame (flask) on the strength
properties of the shell (Table 1).

Table 1 - Mixture into the filling frame on the strength
properties of the shell

No. of Density, | Applied | Initial density
experiments | kg /m? load,
MPa
1 1420 0
2 1560 0,1 Initial density
3 1690 0,2 1400 kg / cm?
4 1740 0,3
5 1790 0,4
6 1420 0
7 1630 0,1 Initial density
8 1780 0,2 1500 kg / cm?
9 1790 0,3
10 1805 0,4
11 1310 0
12 1530 0,1 Initial density
13 1705 0,2 1300 kg / cm?
14 1880 0,3
15 1900 0,4

Experiments have shown that, within the
filling frame, the filling height does not have a
significant effect on the properties of the shell mold
due to the small height of the PSS column (Table 2).

Except for the backfill height, which is close to the
shell thickness. The filling height with the mixture
was determined from the highest point of the
model plate. The pressure at which the shell was
formed was 0.30 MPa.

Table 2 - Experimental data

Backfill height of the | Tensile strength of the
PSS in the flask, mm shell, MPa

20 4,3;4,2;4,1

40 4,9;4,8; 4,3

60 5,3;4,6;4,4

80 5,4;4,9; 4,5

100 5,4;4,9; 4,6

Conclusions

To sum up, the content of the binder in the CTS
is the main indicator of the composition, which
determines the level of strength characteristics of
rods and molds, the quality of castings, the sanitary
and hygienic characteristics of the process and its
technical and economic efficiency.
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TYWIHAEME

Makanaga cybiKTail KataTblH Kocnanapfa (CKK) 6anwblik KOCy apKblibl bICTbIKKA TO3iMAiniriH 3eptrey
HaTWXKenepi TangaHagbl. Makanaga oapTypai aaictepmeH anbiHFaH CKK  yarinepiHib, KacuetTepiH
TOXipNbenik 3epTxaHanblK 3epTTeyaiH HaTuKenepi KentipinreH. TeXHONOTUAHbBIH, FblIbIMM KAHA/bIFbl -
CyblKTall KaTaTblH KOCManap apKplibl anblHaTblH KyilmanapablH, 6eTTiK canacbiHbiH, Kofapbl 60ybIH,

KyliManapga ras Kenipwiktepi 60/mayblH KamTamacbl3 eTeTiHAiriHge. Mofapbl cananbl akaycbi3 Kyt
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eHAjipiciHe ynec KocaTbliH Kanbin AaiblHAAyFa apHaiFaH KOMNO3ULMA MEH TEXHOIOTUABIK NapameTpaepi
TaHAay onapAblH, KYHbIH eAdyip TomeHaeTyre MyMKiHAIK 6epeai, 6yn 6i3aiH, enimisaiH 9IKOHOMUKACbIHA OH,
acep etefi. TbIfbI3AbIKTbIH YaKblT 6OMbIHIWA KOAAAHbINATBIH KywKe 6alinaHbicTbl e3repyi bipkatap
Toxipubenepae 3eptrenreH. KocnaHblH, Tbifbi34blFbl AMCNEPCTi OpTaHblH, naiga 60nybiHbIH, 6apabik
Ke3eHiHAe ap OTbI3 CeKyHJA CaliblH aHblKTanabl. byn Taxipubenep KabbiKTbiH, Naga 60nybiHbIH, 6acbiHAQ
OHbIH, TbIfbI3AbIFbl €43Yip apTa TyCeTiHAiriH KepceTTi. MonMmepnepaiH, TepMUANbIK TYPAKTbIIbIFbI Typasbl
KYMbICTapAa UMKNAIK, KeHiCTiKTe e3apa 6alinaHbiCKaH NOAMMEpPAEpAiH, TEPMUAAbIK blablpay XKaHe
KapboHM3aumMaAnayablH, ¥Kannbl 3aHAbINbIKTapbl 3€PTTENIN, XOWbINY KUHETMKACDI, a3 Tapisaec eHiMaepaiH
KYPambl, Ty3i1TeH KOKCTbIH, Me/LLEPi KaHE OHbIH, KacueTTepiHiH, 6acTankbl NoAMepaepaiH, KacueTTepiHe -
MoneKkynanblk Ti3bekTepaiH ©3apa 6ainaHbicy aaperkeciHe, XUMMANBIK KypbllbiIMbIHA, KaTanusatop
KOCManapbiHbiH 60ybIHa KaHe bacKka Aa KaTalo »KafaannapbiHa, COHbIMEH KATap Kbi3Ablpy XKafaannapbiHa
- KbINJAMAbIK NeH TemnepaTypafa 6ainaHbICTbIAbIFbI KepceTingi.. byn Taxipmubenep KabbiKTbiH Naiga
60nybIHbIH, 6acbiHAA OHbIH, TbifbI3AbIFbl €43Yip apTa TYCETIHAIrH KepceTTi. Makanaaa 3epTreyAiH, Kenbip
HaTUMXKeNepi XuHaKTanbin, byn »KyKa Kabbipfanbl 60naT KyliManap ywiH Keneci KoCnaHbliH: TONTbIPFbIW -
KBapL, Kymbl; 6ainaHbICTbIpyWbl - Ka3aKCTaHAbIK KeH OPHbIHbIH, 6aswbIKTapbl, 3MNOKCUMATI LWalbIp,
KaTalTKbIW KypaMblH KONAaHY eTe Konaiibl 6onaTbiHbl KepceTingi.

TyliiH ce30ep: KoCNa, Kanbin, KacCMeTTepi, KbI3AbIPY, METaN, bICTbIKKA TO3IMAINIK.
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AHHOTAUMA

B cTaTbe aHanM3UpYIOTCA pesy/bTaTbl TEPMOCTOMKOCTM XONOAHOTBEPAEOWMX cmecen ¢ pobaskoi
TNWHBI. B cTaTbe NpuBeaeHbl pe3ynbTaTbl SKCMEPUMEHTAbHBIX 1ab0PaTOPHbIX UCCAEeL0BAHWI CBOMCTB
06pa3suo8 13 XTC, NOAyYEHHbIX Pa3AUYHbIMK CNocobamu. HayyHas HOBM3Ha TEXHOIOMMK 3aK/I04aeTcA B
TOM, YTO TexHosorua AunTba B XTC no3sosifeT o6ecneynTb BbICOKOE KayecTBO MOBEPXHOCTU AUTbA,
OTCYTCTBME ra3oBbIx AedEKTOB U 3aCOPOB B OT/MBKe. M0A6OP COCTaBa M TEXHONOMMUYECKMX NAapPameTpoB
M3rotosnieHnsa GOpMbl, CNOCOBCTBYIOWEN MONYYEHUIO KAYECTBEHHbIX 6e30edPeKTHbIX OT/IMBOK,
3HAUYUTENbHO CHU3UT UX Ce6ECTOMMOCTb, YTO MOJIOKUTE/IbHO CKAMKETCA Ha SKOHOMMKE Hallei CTpaHbl.
MccneposaHme M3MeHEHUA NAOTHOCTU BO BPEMEHMW B 3aBUCMMOCTM OT NPUIOMNKEHHON HarpysKku usydanm
B CEpWMM ISKCNEpPUMEHTOB. Kaable TpuALaTb CeKyH4, B TeyeHue BCero BpemeHn ¢GpOopmMMpoBaHMA
AVCNepCcHOW cpeapl onpeaensnacb NAOTHOCTb CMECU. ITW 3KCMEepUMMEHTbI MOKas3anu, 4to BHauvane
bopmmnpoBaHna 060104KM €€ NJOTHOCTb 3HAYUTENbHO MOBbIWAETCA. B paboTax No TepmoCTOMKOCTH
NoMMEpPoB UCCNeAoBaHbl 0bWMEe 3aKOHOMEPHOCTM TEePMMUYECKOro pacrnaga M KapboHusaumm
UMKANYECKUX, NPOCTPAHCTBEHHO CLUMUTBIX MOJIMMEPOB rOPAYEro OTBEPNKAEHNUA M NMOKa3aHO, YTO KUHETUKA
[ECTPYKLMKM, COCTaB ra3zoobpasHbiX MPOAYKTOB, KOMYECTBO O6pasytolierocs KoKca M ero CBOMCTBa
3aBMCAT OT CBOMCTB MCXOAHbIX MOJIMMEPOB - CTEMEHWU CLUMBKM MOJIEKYNAPHBLIX LENei, XMMUYECKoro
CTPOEHMA, HAINUMA MPUMECEN KaTaiM3aTOPOB W APYIUX YCNOBUIA OTBEPKAEHWA, @ TaK—~Ke OT YC/0BUN
HarpeBa - CKOpPOCTM M TemnepaTypbl. CTaTbs NOABOAWT HEKOTOPble MTOMM M3yyeHus, 4YTo Hambonee
LenecoobpasHo A1A TOHKOCTEHHbIX OTAMBOK M3 CTaAM MCNO/b30BaTb CAEAYIOLWMIA COCTaB CMecu:
HaMo/MIHUTENIb — KBAPL,EBbI NECOK; CBA3YIOWEE — IIMHA Ka3aXCTaHCKOTO MECTOPOMKAEHUA, IMOKCUAHANA
CMONa, OTBEPAUTENb.

Knrouessbie cnoea: cmecb, dopma, CBOMCTBA, HArpeBs, MeTasll, TEPMOCTOMKOCTb.
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