Complex Use of Mineral Resources. 2023; 324(1):12-17

ISSN-L 2616-6445, ISSN 2224-5243

M= Crossref
DOI: 10.31643/2023/6445.02
Earth Sciences

@creative
commons

Studies of the influence of the composition of the CHM on the properties of

the casting

Ysagulov A.Z., *Kulikov V.Y., Kvon S.S., 2Michot G., *!Alina A.A.

1Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
2Jean Lamour Institute of Metallurgy, University of Lorraine, Nancy, France

* Corresponding author email: altynbekovna_21@mail.ru

Received: March 18, 2022
Peer-reviewed: May 8, 2022
Accepted: July 05, 2022

ABSTRACT

The quality of the finished casting is largely determined by the quality of the mold. Currently, there
are a large number of variations in the composition of CHM (cold hardening mixes), differing both
in the nature of the main component and in the nature and ratio of binders and other technological
additives. As cleaning dust has a very developed surface due to technological reasons. According
to various estimates, the specific surface area of gas cleaning dust is from 8, 000 cm?/g and higher.
In order to verify this assumption, studies were conducted on the effect of the composition of the
mixture using SCF (sand-clay forms), on some of its properties. In conclusion, the conducted
studies have shown that in order to ensure the maximum performance of the technological
properties of CHM, the optimal content of SCF in the mixture should be 2.0 - 10.0 wt.% in the ratio
with orthophosphoric acid is not higher than 1.25.
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Introduction

The quality of the finished casting is largely
determined by the quality of the mold. In the
manufacture of castings from alloys with high hardness,
such as Nihard cast iron, such casting quality parameters
as surface cleanliness and compliance with geometric
dimensions are of particular importance, because the
high hardness, wear-resistance, and relative fragility of
these alloys complicate the machining of the finished
casting. Accordingly, in the manufacture of castings
from these alloys, it is necessary to strive for the
maximum possible surface cleanliness and accuracy of
geometric dimensions.

Casting in sand-clay molds (SCF) does not provide
these quality parameters, the use of other casting
technologies (investment casting, casting on gasified
patterns, coquille casting) is limited due to various
reasons: the complexity of the process, high cost, etc. In
this case, a good alternative to these methods is the
production of casting into molds made using cold-
hardening mixtures (CHM).

The essence of the CHM method is the approval of
a sand-resin mixture under the influence of a catalyst.
The main advantages of this method are high surface
cleanliness and accuracy in the geometric dimensions of
the castings obtained; the minimum number of casting
defects formed; there was the possibility of
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regeneration of the molding mixture. In addition, the
drying and heating stage of the mold is completely
eliminated, which leads to a significant reduction in the
time of the mold manufacturing process.

The main disadvantage of using the CHM method is
the toxicity of some components of the mixture and in
this regard, the need for special conditions for their
storage and use [1].

Currently, there are a large number of variations in
the composition of CHM, differing both in the nature of
the main component and in the nature and ratio of
binders and other technological additives [[2], [3], [4]].

For example, in the work of CHM [[5], [6], [7]], a
mixture is proposed that contains synthetic resins and
inorganic binders: liquid glass, cement, iron scale, iron
ore concentrate, magnesite, and chromomagnesite.
This CHM includes a refractory filler based on silicon
dioxide, a material based on iron oxides, and
orthophosphoric acid. Its peculiarity is that in order to
reduce crumbling, the mixture contains such a
technological additive as aminopropyltriethoxylane.
However, the cost of this additive is quite high, in
addition, this mixture has fairly low survivability (3 - 15
min) and low compressive strength (0.1-0.49 MPa).

Based on a brief information analysis, it can be
concluded that the composition of CHM should be
selected based on the optimal cost—property ratio. In
turn, this ratio will be determined by the availability and
availability of available raw materials.

In this paper, it is proposed to use a mixture as a
CHM, which consists of a refractory filler based on SiO,,
a highly dispersed component, and orthophosphoric
acid as binders and water. The purpose of introducing a
highly dispersed material into the composition of the
CHM is to increase the interaction surface between the
reagents, which should ensure a rapid reaction and
reduce the curing time.

Methods and materials

The composition of CHM is proposed for the
manufacture of molds containing a refractory filler, iron
oxides, orthophosphoric acid, and bauxite. The
disadvantage of such a mixture is the need for
preliminary preparation of bauxite before use in CHM
[8], namely grinding and drying. In addition, the
instability of bauxite in chemical composition
significantly affects the possibility and amount of
formation of iron phosphate ligaments. The
composition of CHM is given [9], including a material
based on oxide and iron oxide in the form of waste dust
from electric steelmaking, orthophosphoric acid and

chromium anhydride. The main disadvantage of this
mixture is the presence of a poisonous and carcinogenic
substance - chromium anhydride.

It is proposed to use aqueous solutions of phenolic
substances reacting with aldehydes and gaseous acetals
as a binder. In [[10], [11]], it is proposed to use a mixture
containing epoxy resin and furfuryl alcohol as a catalyst.

It should be noted that the variations in the
compositions of CHM concern not only binders and
technological additives but also the main component —
a refractory filler. For example, in [[12], [13], [14]] it is
proposed to use a material extracted from rice husks as
a refractory filler since it contains a large amount of SiO..

As a highly dispersed material, it is proposed to use
gas purification dust produced by ferrosilicon (SCF), the
average composition is given in Table 1.

Table 1 - Composition of gas purification dust produced by
ferrosilicon, %

SiO2 Fe203 Al,O3 MgO Ca0

80-95 0.2-4.5 1.8-8.6 1.3-15 0.4-2.6

It should be noted that gas cleaning dust has a very
developed surface due to technological reasons.
According to various estimates, the specific surface area
of gas cleaning dust is from 8, 000 cm?/g and higher
[[15], [16]]. Such a developed surface provides a high
degree of contact between reagents (silicon dioxide and
orthophosphoric acid) with the formation of a
compound of  silicon pyrophosphate  and
silicophosphate of variable composition of the type x
xSiO, *YP,0s. The formation of this compound causes
the mixture to harden, which ensures the formation and
properties of the mold.

Conducted studies and their results

In order to verify this assumption, studies were
conducted on the effect of the composition of the
mixture using SCF on some of its properties.

The mixture was prepared as follows. Refractory
filler (quartz sand) and highly dispersed filler (SCF) were
loaded into the paddle mixer and mixed for 5-10
minutes. Then orthophosphoric acid was added,
previously diluted with water to a density of 1.5-1.6 g/
cm3, and mixed for another 5-10 minutes. During the
manufacture of the mixture, the number of
components varied, the compositions of the mixtures
are shown in Table 2.
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Table 2 - Composition of the studied mixtures, %

Mixtur Highly

e Orthophosphori | disperse | Wate | Quart
numbe | cacid d filler | r z sand
r (SCF)

1 3 2 4 other
2 4 35 4.5 other
3 5 45 5 other
4 6 6.0 5.5 other
5 7 7.5 6 other
6 8 10.0 6.5 other

Samples were prepared from the finished mixture
to determine compressive strength, survivability, gas
permeability and crumblability. Compressive strength
was determined on the INSTRON device [17], crumbling
on the PP-1100 (02212) device, gas permeability on the
P04315-M device according to generally accepted
methods. The survivability of the mixture was
determined every 30 minutes for 3 hours. In this case,
survivability was understood as the minimum time
during which the strength drop is more than 30%. The
results of the research are shown in Figure 1.
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Figure 1 - Change of properties depending on the
amount of PGPF

As can be seen from the above figures, an increase
in the amount of SCF in the range of 2-10% has a positive
effect on such an indicator as the strength of the
mixture, but an increase in the amount of SCF over 6.5%
practically does not affect the strength. At the same
time, such indicators as survivability, crumbling and gas
permeability of the mixture are falling. According to the
requirements for the specified parameters, the
compressive strength should be at least 0.45 MPa after
1-hour exposure; survivability - at least 10 minutes; gas
permeability greater than 150 units; shedding less than
0.3% [[18], [19], [20]].

A comparative analysis of the results obtained with
the minimum requirements for the properties imposed
on the CHM allows us to draw the following conclusion.
The content of SCF in the composition of CHM in the
range of 2 - 10% provides the necessary indicators of the
mixture within the norm.

A further increase in the amount of SCF in the
mixture is impractical since an increase of more than 7-
8% practically does not affect the strength. However, at
the same time significantly reduces such indicators as
survivability, gas permeability and crumbling, which
leads to an increase in the cost of the mixture and is

— 4 ——
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economically impractical. A decrease in the amount of
SCF below the lower limit (3.0%) is also undesirable since
the contact surface created will not be sufficient for
active interaction of reagents, which leads to a
deterioration in strength indicators.

As can be seen from the data in Table 2, the content
of orthophosphoric acid increased with the content of
SCF. This is necessary in order to ensure the
completeness of the curing reaction and the formation
of the complex compound xSiO, *YP,Os. Figure 2 shows
the effect of the ratio of the amount of SCF and
orthophosphoric acid (OPA) on the strength of the
mixture.

As can be seen from Figure 2, with anincrease in the
ratio of SCF / OPA, the strength of the mixture increases,
but then when the ratio is reached equal to 1.25, the
strength of the mixture begins to fall. This indicates that
with an increase in the proportion of PGPF relative to
orthophosphoric acid in the mixture above 1.25, the
formation reaction of silicon silicophosphate practically
does not proceed, and the curing process does not
develop further. Accordingly, it is impractical to exceed
the specified ratio.
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Figure 2 - The effect of the ratio of SCF to OPA on the
strength of the mixture

Conclusion

Thus, the conducted studies have shown that in
order to ensure the maximum performance of the
technological properties of CHM, the optimal content of
SCF in the mixture should be 2.0 - 10.0 wt.% in the ratio
with orthophosphoric acid is not higher than 1.25. A
further increase in the ratio of SCF / OPA in the
composition of the mixture leads to a drop in the
strength of the mixture.

The proposed mixture has a high survivability (35 -
180 minutes), low crumbling (0.03 - 0.1%) and a wide
range of strength from 0.55 to 1.3 MPa with a required
minimum of 0.45 MPa, depending on the ratio of SCF /
OPA, and the content of SCF should be organic to the
specified limits. Consequently, by changing the amount
and ratio of SCF and orthophosphoric acid, under other
equal conditions,
technological properties of the proposed CHM in a wide

it is possible to regulate the

range.

The studied mixture can be used for the production
of small, medium, and large molds and the manufacture
of rods of all five complexity classes in conditions of both
small-scale production and serial and mass production.
The preparation of the mixture can be carried out on
standard equipment, which does not require additional
costs for the purchase of specialized equipment. The
most important advantage of the composition of this
mixture is the use of waste from metallurgical
production, which contributes to the solution of two
tasks: reducing the cost of molds and rods and solid
waste disposal and, consequently, improving the
environmental situation of the region.
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KOMMOHEHTTIH, TabufaTbl 6olblHWA A3, H6alNaHbICTbIPFbIWTAP MeH 6acka Aa TEeXHONOMUANbIK

KocnanapablH, Taburatbl MeH KaTbiHacbl 6oMbIHWA Aa epekweneHeTiH CKK (cybikTai KaTaaTblH
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Kocnanap) KypamblHAA KenTereH sapuauuanap 6ap. TasanaraH Ke3ge WaHHbIH TEXHONOMUANbIK
cebenTepre 6GalnaHbiCTbl ©Te JamblfaH b6eTi 6onagpl. OpTypni bGaranaynap 6olibiHWa ras
Ta3apTaTblH WaHHbIH, YECTiK ayaaHbl 8000 cm?/r skaHe oaaH Aa Ken. byn 6onxkamabl Tekcepy yLiH
KCK (Kymapl-casabl KanbinTap) KeMerimeH Kocna KypambliHblH, Kelbip KacueTTepiHe acepiHe
3epTTeynep Kyprisingi. KopbiTbiHAbINAK Kene, 3epTreynep KepcetkeHaew, CKK (cybikTai
KaTaATblH KOCMNanap) TEXHONOMMAMBIK KacMeTTepiHiH, MaKCMManabl eHIMAININH KamTamacbi3 ety
ywiH kocnagafbl KCK-HbiH, OHTainbl menwepi dochop KplwKbiAbiMeH 1,25 Kofapbl emec
KaTblHacbiHAa 2,0 — 10,0 macc. % 60nybl Kepek..

Tyiiin ce30ep: CKK, KCK, Kylima, KacneTTtep, Kocna, 6epikTik, 6eT.
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AHHOTauuA

KayecTBO roToBOW OT/IMBKM BO MHOFOM OnpeaenseTca KayecTtBom ¢popmbl. B HacToAlee Bpema
cywectsyeT 60blIoe KOAMYecTBO Bapuaumii coctaBa XTC (xonoaHo-TBEpAglOWME CMecw)
PasNNYaOLMXCA KaK MO NPMpPOoLe OCHOBHOMO KOMMOHEHTA, TakK U MO XapaKTepy U COOTHOLIEHUIO
BAXYLLMX U APYrUX TEXHONOTMYeCKUX [06aBoK. MpM OUUCTKE NblIb MMEeT OYeHb Pa3BUTyo
NOBEPXHOCTb MO TEXHONOFMYECKUM NPUUYUHAM. M0 pasHbIM OLLEHKaM yAe/IbHasA NOBEPXHOCTb MblAn
rasooumucTku coctasnset ot 8000 cm?/r v Bbiwe. [NA NPOBEPKM 3TOTO NPEAMNONONKEHUA 6blin
npoBeAeHbl UCCIeA0BaHUA BAUAHUA COCTaBa CMECU C Ucnosib3oBaHnem MNP (necyaHo-rAMHUCTbIX
bopm) Ha HeKoTopble ee CBOMCTBA. B 3aKntoueHWe NpoBeAEeHHbIE UCCNEL0BAHWSA NOKa3anu, YTo
AnAa obecneyeHnA MaKCMMasbHbIX NOKasaTenel TeXHONOTMYeckux csoicTe XTC onTMmanbHoe
copepaHue NP B cmecu fonxkHo coctasnaTb 2,0 - 10,0 mac.% B cooTHOLEHMM ¢ opTodochopHOit
KMCNOTOM He Bblwe 1,25.

Knrouessie cnosa: XTC, CK®, nntbe, cBOMCTBA, CMECb, MPOYHOCTb, MOBEPXHOCTb.
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