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Abstract: This study investigates lost foam shell casting coatings, focusing on the effects of mixing
time and standing time on the viscosity and rheological properties of the coatings. The results show
that the viscosity of the coating decreases with increasing mixing time and eventually stabilizes.
Conversely, the viscosity initially increases and then decreases with prolonged standing time. To
ensure optimal coating performance, this study determined that the mixing time should be no less
than 50 minutes, and the standing time should not exceed 40 hours.
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1. Introduction

Lost foam shell casting combines the advantages of foam lost foam casting and investment
casting, aligning with modern casting concepts such as “clean casting,” “green casting,” and
“environmental casting.” This method is recognized as a green casting technology for the 21st century
[1-4]. The lost foam shell casting process involves preheating foam to liquefy and discharge it,
achieving shell casting without foam residues. This prevents issues like slag inclusion, surface
wrinkling, and carbon increment [5,6], making it ideal for high-demand low-carbon steel and
stainless-steel castings.

While investment casting is an advanced near-net-shape forming process, it encounters
challenges with larger components due to high costs and mold shell thickness limitations. For large
castings, the costs of mold making and the required shell thickness often exceed feasible limits,
restricting its application [7-11]. In contrast, lost foam shell casting uses specialized coatings to form
shells, making it suitable for producing large, complex low-carbon steel and stainless-steel parts
[12,13]. This green, energy-efficient process holds significant potential.

Research and production practices have identified coating quality as a crucial factor affecting
product quality under consistent smelting and pouring conditions. Previous studies have
investigated the rheological properties of coatings for magnesium alloy casting and the impact of
shear thinning on coating performance [14-16], as well as the effect of viscosity on titanium alloy
casting quality. Additional research has focused on how sodium bentonite content influences coating
viscosity and brushing performance [17,18]. The application of orthogonal design, machine learning,
and neural network learning has significantly improved coating quality [19-21].

For effective brushing, coatings must possess adequate viscosity to maintain the requisite
thickness. However, excessive viscosity can hinder coating flow [22,23]. Optimal coating viscosity
should be low during brushing to enhance flowability, then quickly increase to prevent runoff and
ensure uniform shell thickness. These requirements are directly linked to the apparent viscosity and
rheological properties of the coating. Most coatings require thorough mixing before use and may
need standing time during production, both of which alter the coating’s properties [24-28].
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Typically, the application of a cast coating involves a process of stirring. To obtain effective
performance, it is essential to understand the effects of mixing and standing times on viscosity and
rheological properties. This study analyzes the effects of mixing and standing times on the viscosity
and rheological properties of lost foam shell casting coatings, aiming to provide technical support
and theoretical reference for their proper use.

2. Experimental Procedure

The coating used in this study consists of powders and a liquid component, mixed in precise
proportions and thoroughly stirred before application. The powder component primarily comprises
ALO; and SiO; as refractory fillers, with an average particle size ranging from 300 to 800 pm.
Additionally, small quantities of iron oxide powder, sodium bentonite, and sodium carboxymethyl
cellulose are included. The liquid component is a water-based solution containing latex and SN
thickener, with a pH value of 8-9 and a density of 1.2 g/cm?.

Initially, 140 kg of the liquid component is poured into the mixer, followed by the gradual
addition of 250 kg of the powder component, maintaining a mixing speed of 800 rpm, as illustrated
in Figure 1. During the mixing process, 500 ml samples are taken at regular intervals to measure
viscosity, rheological curves, and shear thinning ratio using an LVDV-2T viscometer with a No. 3
rotor at rotational speeds of 6, 12, 30, and 60 rpm, as depicted in Figure 2. After 60 minutes of mixing,
an 800 ml sample is allowed to stand. Measurements are taken at regular intervals during the
standing process, with all experiments conducted at an ambient temperature of 18°C.

Figure 1. Coating mixing processes.
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Figure 2. Photograph of fluidimeter.

3. Results and Analysis
3.1. Effect of Mixing Time on the Coating

It is well-established that two non-Newtonian liquids with identical apparent viscosities can
exhibit different flow curves. To accurately assess the impact of mixing time on the apparent
properties of the lost foam shell casting coating, a No. 3 rotor was used at various rotational speeds.
The effect of mixing time on the coating’s apparent viscosity is depicted in Figure 3, while the impact
on the rheological curve is shown in Figure 4.
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Figure 4. The rheological curve under various mixing times.

Under different rotor speeds, viscosity rapidly decreases with increased mixing time during the
initial period and stabilizes after 50 minutes. The rheological curve (Figure 4) indicates that the
properties stabilize with further mixing up to 60 minutes, consistent with viscosity trends. This
suggests that a minimum mixing time of 50 minutes is required for thorough mixing and wetting of
the components.
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Shear thinning is a crucial indicator of coating performance during brushing. The shear thinning
ratio of the coating increases with mixing time, as shown in Figure 5.
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Figure 5. Shear thinning ratio of coating.

Shear thinning, crucial for brushing performance, increases with mixing time, as illustrated in
Figure 5. As mixing time increases, the shear thinning ratio gradually rises, reaching a peak at 40
minutes. Beyond 50 minutes of mixing, the ratio slightly decreases, fluctuating between 4.2 and 4.3.
A higher shear thinning ratio indicates better brushing performance. Practical production and
research confirm that a shear thinning ratio below 3.5 results in poor brushing performance, while a
ratio above 4.0 indicates good performance. In this study, the coating, after thorough mixing, achieves
a shear thinning ratio above 4.2, demonstrating excellent brushing performance.

3.2. Effect of Standing Time on the Coating

In practical production, freshly prepared coatings are ideally used immediately, but they often
stand for some time before application. Understanding the changes in coating properties during this
standing period is essential for maintaining optimal performance. The change in viscosity with
standing time is shown in Figure 6.
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Figure 6. Viscosity under various standing times.

Viscosity exhibits a slight increase within the first 7 hours of standing, which can be attributed
to the gradual settling and interaction of particles. After 20 hours, the viscosity rises rapidly, reaching
its peak around 35 hours. This increase is likely due to the ongoing interaction and structural
rearrangement of the coating components. However, beyond 40 hours, viscosity begins to decrease
due to sedimentation and partial degradation of the coating components. These changes indicate that
the optimal standing time should be controlled within 40 hours to prevent deterioration in coating
performance.

The rheological curve (Figure 7) and shear thinning ratio (Figure 8) trends align with the changes
in viscosity, confirming that the standing time significantly influences the coating’s rheological
properties. The shear thinning ratio increases with standing time up to a certain point, enhancing
brushing performance, but decreases beyond 40 hours, which correlates with the observed drop in
viscosity. This further validates that the standing time should be limited to 40 hours to maintain
optimal performance.
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Figure 7. The rheological curve under various standing times.
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Figure 8. Shear thinning ratio under various standing times.

The influence of standing time on the surface state of the coating was observed, as shown in
Figure 9.
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Figure 9. Surface morphology with different standing times. (a) 0 hour; (b) 24 hour; (c) 48 hour; (d) 56
hour.

Observations of the surface state of the coating (Figure 9) reveal that particle distribution
remains uniform within the first 48 hours. However, beyond this period, significant deterioration
occurs, negatively impacting the coating’s performance. Uniform particle distribution is crucial for
maintaining the coating’s structural integrity and application quality. In conclusion, to ensure the
best performance of lost foam shell casting coatings, it is critical to use the coating within 40 hours of
preparation. This timeframe balances the benefits of increased viscosity and improved brushing
performance with the risks of sedimentation and component degradation.

3.3. Discussion of Coating Performance Changes

Uneven distribution and changes in viscosity emphasize the necessity of adhering to optimal
standing times for lost foam shell casting coatings. Prolonged standing beyond 48 hours adversely
affects the flow properties and compromises the coating’s ability to form a consistent shell. The results
show that viscosity decreases with increasing mixing time, eventually stabilizing. Initially, viscosity
increases with standing time but begins to decrease after extended standing periods, which can be
attributed to structural changes occurring during both mixing and standing as shown in Figure 10.
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Figure 10. Structure evolution of coating.

The viscosity of the coating is composed of structural and plastic viscosity. Plastic viscosity is
primarily determined by intermolecular forces and internal friction within the liquid. In contrast,
structural viscosity arises from specific internal structures within the coating, such as particle
networks and agglomerates. Changes in viscosity observed during mixing and standing are mainly
due to alterations in structural viscosity. During thorough mixing, these network structures are
disrupted, leading to a reduction in structural viscosity. This viscosity then stabilizes after sufficient
mixing time, as the coating components are uniformly distributed.

During the standing period, the disrupted network structures gradually reform, leading to an
increase in viscosity. This reformation continues until sedimentation and partial degradation of the
coating components occur after prolonged standing, causing a subsequent decrease in viscosity. This
indicates that while initial standing can enhance the coating’s properties by allowing structural
reformation, excessive standing leads to negative effects such as sedimentation and component
degradation.

Therefore, controlling both mixing and standing times is crucial for optimizing the performance
of lost foam shell casting coatings. Ensuring thorough mixing for at least 50 minutes disrupts and
redistributes the network structures, while limiting the standing time to within 40 hours prevents
sedimentation and maintains optimal viscosity and structural integrity. By adhering to these
guidelines, manufacturers can achieve consistent coating performance and high-quality castings.

4. Conclusion

This study systematically investigated the effects of mixing and standing times on the viscosity
and rheological properties of coatings used in lost foam shell casting. The key findings can be
summarized as follows:

(1) The viscosity of the coating decreases with increasing mixing time, eventually stabilizing
after 50 minutes. This stabilization is attributed to the thorough mixing and uniform breakdown of
the network structures within the coating, leading to a minimal structural viscosity and a stable
overall viscosity.

(2) After mixing, the viscosity of the coating initially increases with standing time due to the
reformation of network structures that trap free water, thereby raising the structural viscosity.
However, after 40 hours, the viscosity begins to decrease, likely due to the sedimentation of particles
and the degradation of active components within the coating. This suggests that the optimal standing
time for the coating should be controlled within 40 hours to maintain its performance.
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(3)The study highlights the critical balance between mixing and standing times to optimize the
coating’s viscosity and rheological properties. Adequate mixing ensures a homogeneous slurry with
stable viscosity, while controlled standing time prevents excessive increases in viscosity that could
hinder application performance.
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