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Abstract: This paper is focused on the preparation procedures, using a talc-based
filler, to improve the rheologic properties of the lost foam refractory coatings.
Talc, with grain size of 40 um, was mechanically activated in a vibration mill
over the following times: 10, 20 and 30 min. Depending on the time required for
the mechanical activation, the change in the filler grain size and shape was ana-
lysed along their effects on the talc-filled lost foam coating dispersion ability and
stability. In order to characterize the filler, the following methods were used:
X-ray diffraction, scanning electron microscopy and optic microscopy. The coat-
ing composition was tuned by choosing the suitable grain size and shape factor of
the activated filler. In addition, different coating components (additives, solvent)
were applied to alter the coating generation procedure. It was shown that the
application of this type of the lost foam refractory coatings — water-based coat-
ings — have a positive influence on quality of the aluminium alloy castings, which
contributes to reducing the cost of cleaning and processing of the castings. Also,
alcohol-based refractory coatings with talc-based activated fillers were tested and
used to have the castings produced in the sand moulds.

Keywords: mechanical activation; talc-based fillers; rheologic properties of coat-
ing suspensions.
INTRODUCTION

Lost foam process is a new method for production of high quality low-cost
castings. The technological possibilities for the lost foam casting process are
examined and basic laws for the influence of numerous parameters on the process
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492 PAVLOVIC et al.

flow and castings quality are determined. The process includes a large number of
insufficiently examined phenomena in connection with physicochemical and
thermodynamic changes in the system: evaporative pattern—refractory coating—
~liquid metal-sand.1=3 The technological parameters important for the process to
unfold and obtain high quality castings are: pattern density, granulometric con-
tents of moulding sand (mould permeability), thermophysical features of coating
materials, pouring temperature and pouring system.4->

Unlike sand mould casting, where liquid metal flows into the “mould cav-
ity”, with the lost foam process, the patterns and pouring systems made of poly-
mers are retained in the mould until a liquid metal has flown in (“full mould cast-
ing”).1:6-9 In contact with a liquid metal, polymer patterns degrade, evaporate
and simultaneously the castings solidification takes place. As a consequence of
the degradation and the evaporation of the polymer pattern, a large amount of
liquid and gas products is released. These products are a frequent cause for cast-
ings’ defects. To obtain quality castings, it is necessary to apply highly perme-
able lost foam refractory coatings.!0-17

Basic role of the refractory coating is to form an efficient refractory barrier
between the sand substrate and the liquid metal flow during the casting phase, and
to control the solidification and the forming of the castings.!! This provides a
smooth and clean surface of castings, with no adhered sand or defects due to metal
penetration into the mould (e.g., rough surface, lumps, dents). The application of
higher quality refractory coatings significantly can provide either reduction or eli-
mination of the expensive foundry cleaning and mechanical operations, thus dir-
ectly reducing production costs of a castings. The coating properties are strictly
defined by standards; therefore, it is very important to make the right choice of
coating, as well as its preparation and application procedures in the foundry work-
ing conditions.18:19

Contemporary coatings, depending on their use, represent thermophysical
mixtures of ceramic materials in a suspending medium which contains suspen-
sion bonding agents. The coating composition analyses show that the coating
consists of a number of components of which the most important are: refractory
filler, bonding agent, suspension stability agent, liquid carrier and the sol-
vent.1,15,20-23

Complexity of the casting solidification process is influenced by the insulation
effect, governed by the lost foam refractory coatings. At the stage of filling the
mould, when degradation and evaporation of polymer pattern take place, the refrac-
tory coating causes a temperature drop of the liquid metal. As soon as the mould is
filled with liquid metal, i.e., while polymer pattern is evaporating, the refractory
coating, through the insulation effect, causes the decrease in the castings’ cooling
and solidification rate. The endothermic degradation of the polymer pattern causes
subcooling of the liquid metal and affects the formation of a fine structure of the
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castings. If subcooling is considerably fast, a fine tiny-grained structure is formed
on castings.l-7-13 The pattern degradation and the evaporation rate depend on poly-
mer density, casting temperature, lost foam refractory coatings’ permeability and
sand mould permeability. Here described research paid particular attention to these
factors.

For the development of the lost foam refractory coatings with the controlled
rheologic properties, the influence of the mechanical activation process on the
talc-based filler’s properties was examined. The test preferentially referred to the
change in filler grain size and shape, and afterwards to the dispersion quality and
the stability of the coating suspension.24-30

The composition and the production procedures for the lost foam refractory
coatings, with a mechanically activated talc-based filler, were planned along with
the research activities, and refer to the dependence of the castings structure and
properties on the casting process parameters.

Talc is a magnesium hydrosilicate with the general formula HyMg»(Si03)4
or Mgg(OH)4(SigO50) with the additions of Al,O3, FeO, NiO and CaO. Talc was
chosen to be the filler for lost foam coatings, owing to its following properties:
Mosh hardness 1; density 2700-2800 kg/cm3; low heat conductivity coefficient,
A =3.5-4.0 W/(m K); low linear thermic expansion coefficient, a = 2.7x106/°C
(20-1000); high adherence and cladding ability to surfaces; high melting point,
1400-1550 °C; high inertia, i.e., resistance to acids, alkalines and heat.16.31.32

The influence of following parameters on the casting process is analyzed:
casting temperature, mould permeability and the design of the pattern and pour-
ing systems. The subject of research was the correlation between these para-
meters and the polymer pattern density, as well as the type and thickness of ref-
ractory coating layers.

EXPERIMENTAL
Talc-based filler synthesis

Talc used as filler was obtained with the use of combined preparation procedures from
mineral raw materials; talc excavated at the site Studenica, Serbia, was crushed and leached.
The particular attention was paid to the talc purification procedure, as well as to reduction of
the Fe,O5 and CaO content as follows. The initial talc sample was of a heterogeneous chem-
ical composition, Table 1.

TABLE I. The initial composition of talc used for production of the filler T
Compound Si0, MgO AlLO; Fe,0O; CaO  Na,0O+K,0 Lol
Content, mass % 61.50 2945 1.78 284 250 1.90 8.50

Talc purification was performed by means of leaching to reduce the Fe,05 and CaO con-
tent. Talc was leached by hydrochloric acid (15 wt. %). The leaching was performed at a
constant temperature (¢ = 80 °C), in a three-neck bottle during 3.5 h of reflux. Calcite (green)
precipitated as bottom solid, whereas talc concentrate (white) appeared as an upper layer. Car-
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bon dioxide (CO,) was produced during the leaching process, which lifts up the fine talc par-
ticles concentrate, lighter than calcite particles remaining at the bottom. Next, warm talc con-
centrate was rinsed by water, then filtered and dried. The same process was applied on calcite
and intermediate product (talc—chlorite) which remain as final tailing. The talc samples pro-
duced were ground in a ceramic ball mill down to the limit grain size of 100 % — 40 pum. It
was the initial grain size of the filler T; then, it was subjected to the mechanical activation
process in a vibration mill over different times (min): 10, 20 and 30, with the filler sample
codes: T;, T, and Ty, respectively; Table II reports the grain size and shape data.

TABLE II. Talc-based refractory fillers after mechanical activation

Sample Mechanical activation time, min Grain size, Um Grain shape factor
T, 10 100%- 30 0.62
T, 20 100% - 22 0.69
T; 30 100% - 10 0.72

Characterization of filler T

To identify the composition and structure of the filler T, the method of X-ray diffraction
analysis was applied. The XR diffractometer, model PW-1710 (Philips Analytical, Almelo, the
Netherlands) was used; it involved a curved graphite mono-chromate meter and a scintillation
counter. The intensities of the diffracted CuK e of the X-ray radiation (wavelength 1.54178 A)
were measured at room temperature with the 2 @ intervals of 0.02° over the time of 1 s, within the
26 range from 4 to 70°. The X-ray tube was under the voltage of 40 kV and the current of
30 mA, while the primary and the diffracted rays’ slots were 1° and 0.1 mm.

The morphological and the quantitative chemical analysis was carried out by means of
the scanning electronic microscope “Jeol”— model JSM 6610 LV (Jeol, Tokyo, Japan). In
order to improve conductivity, the sample was coated with gold powder.

Refractory coating synthesis with activated fillers T), T, and T;

The talc samples produced after mechanical activation were used to produce both water
and alcohol-based refractory coatings, Table III.

TABLE III. Talc-based refractory coatings composition

Component Refectory coating
Type I Type II Type 111
Refractory filler T, (72-75 %) +

T, (82-85 %) T, (83-86 %)

T; (9-11 %)

Bonding agent Bentonite 4-4.5 %;  Bentonite 4.5-5 %;  (CyoH300,) 3.54.5%
Bindal H 4-4.5 % Bindal H 4.5-5 % Dextrin 0.5-1 %

Additive Suspension Suspension Bentone 25
maintenance agent: maintenance agent: 1.5-2.5 %;

carboxymethyl cellu- carboxymethyl cellu-  phenolformaldehyde

lose (CMC) 1-1.5% lose (CMC) 1.5-2 % resins, 0.2-0.5 %
Solvent Water Water Isopropylalcohol (C3HgO)
Density, kg m™3 2000 2000 2000

The paper investigates refractory coatings based on activated talc filler for casting alu-
minium alloy castings in sand moulds. The sand moulds and cores were coated with a Type III
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refractory coating. Also, Type I and Type II coatings for casting aluminium alloy castings by
the lost foam process were investigated. These refractory coatings were used to coat polymer
models. The coatings were tested in accordance with the standards for this type of refractory
materials,'®1? and with respect to our previous works in this field,!!-1¢-22:25:32 which also rep-
ort the results of testing of the influence of mechanical activation on the structure and pro-
perties of talc.26-30 The sedimentation stability of the produced refractory coatings was tested
at a temperature of 22 °C; thickness of the wet coating film layers was: 0.3, 0.6 and 0.9 um.
Refractory coatings were applied to polymer patterns through immersing and pouring proce-
dures, while sand moulds were coated by means of brushes.

In order to obtain a homogeneous suspension of the coating, during application, light
mixing was performed at a speed of 1 rpm. The water-based lost foam refractory coatings
were air dried during 24 h. The alcohol-based coatings were burned to get dry.

Characterization of lost foam refractory coatings

In order to elucidate the filler and the binding agent’s distributions, the lost foam refract-
ory coating suspension was analysed on the polarized microscope for the transmitted light
JENAPOL, manufactured by Carl Zeiss-Jena, Germany, with Microphoto System Studio
PCTV; Pinnacle System, Mountain View, CA, USA. Measurements of the filler grain size and
shape were carried out on 4000 grains, while the analysis was conducted by means of the soft-
ware application package Ozaria 2.5 (interval 0-1), Vaga Lab, Belgrade, Serbia. The shape
factor was: for 0 — corresponding to the position of the needle, for 1 — corresponding 158 to
the circle. There is the following division according to the grain shape factor: from 0.0-0.2
159 — angular; from 0.2-0.4 — sub-angular; from 0.4-0.6 — sub-rounded; from 0.6-0.8
rounded and 160 from 0.8—1.0 — well rounded grain shape.

Properties of the refractory coatings obtained were examined in accordance with the stan-
dards.!819 The test procedure is described in a previous paper.2?> The sedimentation stability of
the suspension of the obtained coatings was tested by keeping the prepared coating samples for
24 1 in a cylindrical vessel with a plug, with a volume of 10 m? and a height of 0.28 m.

The test result is expressed in percentages: the volume in mL of transparent layer read is
equal to the precipitation of solid particles in percent. Determination of the penetration of co-
atings into sand moulds was investigated using tubes made of moulding mixture. After applying
the coating and drying, the tubes were broken and the depth of penetration of the coating in mm
was measured at the fracture. The refractoriness of the filler was determined by a comparative
test with bodies whose softening points at high temperatures are known. The symbol SK
(Seger’s pyramid) and the number that represents the code for the temperature.!! Testing of the
coating properties was performed by applying the prepared coatings on the surfaces of the test
bodies made of moulded sand mixture and polystyrene. Coatings created in the described way
should be easy to apply, adhere well to the surface, are not susceptible to leakage and creation of
drops, bubbles, dry easily, without cracking and rubbing the dried layers of the coating.

To assess the quality of the obtained coatings, test castings of plate shape of dimensions
0.2 mx0.05 mx0.02 m were cast by casting in sand moulds and by the lost foam process. The
casting alloy was AlSi12CuMg. Prior to casting, liquid casting was prepared by refining, deg-
assing and modification processes. The refining and degassing process refers to the treatment
of liquid metal with salts based on sodium and potassium chloride in order to remove impur-
ities, inclusions and slag, as well as dissolved gases. To obtain a finer structure and better
mechanical properties of castings, liquid metal is treated with structure grinding agents such
as sodium, strontium, antimony, and phosphorus before pouring into moulds. Sodium was
used in the experiment as a cheap modifier. The casting temperature was 778 °C. Sand moulds
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are made of a moulding mixture based on quartz sand with a grain size of 0.17 mm, with 3 %
bentonite and 0.15 % dextrin. The moulds for the lost foam process were made of dry quartz
sand with a grain size of 0.26 mm. The polymer models in the experiment were made of poly-
styrene with a density of 19 kg/m3.

RESULTS AND DISCUSSION
Talc-based filler properties

Composition of the sample talc filler T, which was, after mechanical activat-
ion, used for production of refractory coatings, is shown in the Table I.

Fig. 1 shows XRD pattern of the talc samples with the dominant presence of
talc in the initial sample. Fig. 2 shows SEM microphotograph of the initial talc
sample before the mechanical activation. It is seen that the mineral was exclus-
ively present in the proper foliar aggregates.

120 A

100

Intensity, a.u.
85 8 8

N
o

0. L«'.....a LFJM’U‘\JL\JWWL\-VW
30 40 50 60 70 Fig. 1. XRD of talc samples before act-
20/° ivation.

Fig. 2. SEM microphotograph of talc
samples before activation.

Figs. 3 and 4 show XRD pattern and microstructure of the talc samples after
activation (30 min).

Fig. 3 shows that the diffraction peaks got less intense, thus indicating the
alteration of microstructure, amorphousness of the material treated, change of the
filler grain size and shape (Table II), as well as the crystal defects.25 During the
mechanical activation, the structure was changed, the talc grain was crushed
and rounded.

Figure 5 shows the histogram of the filler grain size distribution.
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Fig. 3. XRD of talc samples after activ-
ation.

Fig. 4. SEM microphotograph of talc
samples after activation.

50
40 +——
_§:‘ \\ \k —+—Filler T1
Al B \\\\\ —&-Filler T2
= 10 i \é ~t—Filler T3
0 ;*

0-10 10-20 20-30 30-40 40-50 50-60 >60
Grain size, ym
Fig. 5. Histogram of the filler grain size distribution.

Based on the data on the filler mean grain size, it may be expected that the
lower-grained fillers will precipitate slower in suspension; they will keep their dis-
persed state longer and the coating suspension will homogenize more easily. Smal-
ler grains have a larger active surface, they are more difficult to settle, which con-
tributes to the improvement of sedimentation stability of the coating suspension.

Fig. 6 shows the histogram of the filler grain shape factor. Based on the data
on the shape factor, the T1, T, and Tj filler grains are classified in the category of
rounded grains (according to division for the grain shape factor of 0.6-0.8).
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Properties of refractory coatings with activated fillers

The microphotographies of suspension for all the 3 types of refractory coat-
ings, with a talc-based activated filler (Table II), are shown in Figs. 7-9.

Fig. 7. Microphotographs of suspensions of the lost
A —homogenous; B — diluted.

AR W

St ] i X% & g
s b O A
u S e RN

RSCSEAY 05 s N o A e S

Fig. 8. Microphotographs of suspensions of the lost foam refractory coatings, Type II:
A —homogenous; B — diluted.

During the research referring to water-based coatings, Types I and II, a
certain dissolution of the coating film was noticed on the surfaces of polymer
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pattern, when a lower content of bentonite-based binding agent was used, up to
2.5 %, in reference to earlier works.22

Fig. 9. Microphotographs of suspensions of the lost foam refractory coatings, Type III:
A —homogenous; B — diluted.

Furthermore, due to the mechanical activation, the filler grains got crushed,
and increasing the amount of bentonite-based binding agent (to 4.5-5 %), led to a
better coating layers adherence to the pattern surface. A of the coating, trade
name Bindal H, was also introduced to the binding agent composition (in amount
of 4.5-5 %), thus increasing the binding agent ability to get firmly adhered to the
polymer pattern surface (Table III). Carboxymethyl cellulose (CMC), in amounts
up to 1.5-2 %, was added as an additive in order to increase the coating sus-
pension stability (Table III).

Type III alcohol-based coatings did not show any defects. By using both colo-
phonium-based binding agents (up to 4.5 %) and the suspension maintaining agent
Bentone 25 (organic type, up to 2.5 %), Table III) uniform and homogenous coat-
ing layers were formed on the surfaces of sand moulds and cores.

Table IV shows the technological properties of the refractory coatings pro-
duced: Types I-III.

TABLE IV. Comparison of technological properties of refractory coatings

Sedimentation (24 h) Penetration® , Layer thickness

Coating o mm Drying  Refractoriness mm?

Typel 5.5-5.7 <1 Air -dried SK 14/1410 °C 0.4-0.7
Type I 4.5 <1 Air-dried SK 14/1410 °C 0.4-0.5
Type 111 5 <2 Heat-dried SK 14/1410 °C 0.3-0.8

*Penetration coating suspension into the sand mould; *Seger’s pyramid and the number that represents the code
for the temperature

During the production of the Type I-III refractory coatings, it was observed
that the coating suspensions with the density of 2000 kg/m’ got homogenized
quickly and easy.

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



500 PAVLOVIC et al.

The use of a filler with various rounded grain sizes (Type Il coating) led to a
better mutual grain stack within the coating layers facilitating the filler grain —
water-binding agent blend which contributed to the production of a highly per-
meable, thin (below 0.6 mm), homogenous and continuous film of coat on the
pattern surface.

The application of the activated talc-based filler significantly improved the
Type I-I1I coating suspension stability (sedimentation 4.5 - 5.7 %, Table 1V).

Earlier research referring to talc-based coatings with grain size of 100 %, 40
um31-32 showed that the amount of precipitated matters was much higher (7-8 %).

In accordance with the standards,!8:19 the results obtained for sedimentary
suspension stability of all types of coatings were satisfactory, as well as the
results obtained for the depth of their penetration into the sand mould (Table 1V).

After the visual inspection of surface of the sand—produced castings (with
the application of the Type Il refractory coatings) and lost foam process (with
application of the Type I and II refractory coatings), it was acknowledged that the
surfaces were clean, smooth, and glossy with no visible surface defects like
roughness or uneven spots. This will help reduce the cleaning and the mechanical
operations applied for the castings, i.e. it will help make the production costs in
cast houses lower.

CONCLUSIONS

The result of this research is the determination of the compositions of the
water-based lost foam refractory coatings with the mechanically activated, talc-
-based filler (with grain size 10-22 um). As for sand moulds and cores, the
composition of the alcohol-based refractory coatings with talc-based activated filler
(with grain size of 22 um) was defined. As activated talc-based fillers with a
smaller grain size were applied, the compositions of coatings were altered in terms
of content of binding agent and additive, which helped them both improve sedi-
mentary stability of coating suspension and utilization properties of the coatings.

The preparation procedures for the coating suspensions were defined to
accomplish the pre-defined coating properties in terms of refractoriness, gas
permeability, easy application and adherence to mould and pattern surfaces, easy
adjustment of the coat layer thickness, no bubbles, no cracking, or erasure of the
dried coat layers. The coating suspensions with density of 2000 kg/m3 presented
high sedimentary stability (precipitated matters below 4.5 % during 24 h).

The results of examination of the quality of AISi12CuMg castings, produced
by the lost foam casting process, show that the following technological parameters
have the significant influence on the castings quality: pattern density, thermo-
physical characteristics of the refractory coating based on talc, shape and dimen-
sion the gating system, and particularly on the process flow and balance of the
evaporative pattern—refractory coating—liquid metal-sand system. The application
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of thinner layers (0.5 mm) of a water-based coating of Type I and I, as well as the
application of polystyrene patterns with lower density (19 kg/m3) have a positive
influence on the surface quality and the structural and mechanical properties of
castings made of aluminium alloys.

Talc-based filler has lower hardness; in order to increase the mechanical pro-
perties of the dried coat layers, the further research should focus on combined
talc-based fillers with the addition of cordierite, zeolite or corundum, which
could reduce distortion and defects of polymer patterns during the production of
moulds in the lost foam process.
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U3BOJ
CHUHTE3A HOBHUX “LOST FOAM” BATPOCTAJIHUX TTPEMA3A HA BA3U TAJIKA

MAPKO TIABJIOBUR', JACMMHA HUKOJIUR, JbYBUILUA AHIPUE’, IEJAH TOLLOPOBUE’,
KATAPUHA BOXXUR"® n CALLA IPMAHUR®
1Konmp0ﬂ unciexi, beoipag, ? Yuugepsuitein y Beoipagy, Texnonowko—mettanywxu axyniieid, beoipag,
3Yuusep3umeu7 y Beoipagy, Hnctuutiy i 3a WexHOIOTU]Y HYKTeAPHUX U gPYIUX MUHEPATHUX CUPOBUHA,
Beoipag, 4Yuueep3umeu7 y Beoipagy, Hnciuitiy i 3a xemujy, TexXHOnotujy u memanypiujy, Lientaap 3a
enexiipoxemujy, beoipag u °Yuusepsuiiei y Beoipagy, HHCIUY T 30 XeMujy, TeXHOTOTU]Y U MeTaTypiujy,
Lentriap u3zy3eiinux 8pegroctiiy 3a XeMUjy u unsiernepuni sugomine cpegune, beoipag

HctpaxuBame je GOKyCHpaHO Ha NMOCTyNKe NMPUIIpeMe NMyHHoLa Ha 0asu Taaka y LWy
nodosplIaka PeoolKUX cBojctaBa “lost foam” BaTpocTanHux mpemasa. Tajnk BeTMYHHE 3pHA
on 40 m MeXaHHWYKH je aKTUBHUPaH y BUOpaLlMOHOM MIIKHY Yy BpeMmeHuMa of 10, 20 u 30 min.
Y 3aBUCHOCTH OfI BpeMeHa MeXaHWuKe aKTHBalldje, aHa/JM3UpaHa je NMpOMeHa BeJH4YMHE U
odnuKa 3pHa MMyHHUOLA 3ajeHO Ca BHUXOBUM YTHLIAjEM Ha AUCIEP3HOCT U CTaDUIIHOCT CyCIEH-
3Yje mpemasa. 3a KapakTepusauujy NMyHHoLa kopuurheHe cy cienehe merone: peHATeHCKa
IudpaKkIMoHa aHaan3a, CKEHUHT eJIeKTPOHCKA M ONTHYKa MUKOpCKonuja. McnuTtuBaH je yTu-
1]aj cacTaBa Impemasa U300poM MOJEeCHE BEMYHMHE U O0JIMKA 3pHA aKTUBUPAHOT IyHHOLA Ha
KBaJIUTET Npemasa. OCuM Tora, IPUMEBEHE Cy PA3IMUYUTE KOMIIOHEHTE ITPEMa3a U U3MEHEH
je moctymak wu3pajge mpemasa. IlokaszaHo je ma je mpumeHa oBe Bpcre “lost foam”
BAaTPOCTAIHHUX [IpEMasa Ha BOIEHOj OCHOBY MMasa NO3UTHBaH YTHULIAj HA KBAJIUTET OJJIMBaKa
op nerypa anyMmuHujyma. Takohe, TecTUpaHu Cy BaTpOCTaIHM NpeMasy Ha Dasu ankoxosa ca
aKTHBHpaHUM IyHHOLIeM Ha 0a3H Tajlka KOjU Cy KOpHIIheHHU 3a TUBEHE OAIMBaKa y KalyTe of,
necka.

(ITpumsbeHo 19. oxrodpa, peBunupano 14. neuembpa, npuxsaheno 16. neuemdpa 2021)
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