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Abstract: This study investigates the impact of blade shape, stirring speed, and stirring time on the
performance of lost foam casting coatings, specifically focusing on their viscosity, coating weight,
and surface morphology. Commercially available lost foam coating materials were used, with
varying blade shapes employed in high-speed dispersers. The effects of different stirring speeds
and durations on coating viscosity and coating weight were systematically analyzed. It was
observed that blade shape significantly influences the uniformity and performance of the coating.
Among the blade shapes tested, the three-blade configuration demonstrated the highest efficiency
in achieving uniform mixing, with optimal viscosity and coating weight. Stirring speed was found
to have a minor effect on viscosity but a notable impact on coating weight, with speeds of 800 to
1200 rpm producing consistent results. Stirring time was shown to stabilize viscosity and coating
weight after reaching a certain duration, beyond which no significant changes were observed.
Drying behavior was analyzed at various temperatures, revealing that higher temperatures led to
increased surface roughness and more pronounced cracks.

Keywords: lost foam coatings; blade shape; viscosity; coating weight; surface morphology; drying
behavior

1. Introduction

Lost foam casting, recognized as a prominent casting process of the 21st century, has a history
spanning over thirty years. This technology is widely applicable, capable of producing castings with
precise dimensions and smooth surfaces, facilitating mechanization of the production process, and
reducing production costs [1-3]. It offers significant design flexibility, thereby enhancing production
efficiency and enabling clean production to achieve environmentally friendly casting [4,5]. Currently,
many domestic companies have adopted advanced processes and equipment to meet the
requirements for producing castings of various materials. Lost foam casting, also known as
evaporative pattern casting, involves the use of a foam pattern that evaporates when in contact with
molten metal, leaving behind a precisely shaped casting [6-10]. The process eliminates the need for
traditional cores and parting lines, which can reduce defects and improve the overall quality of the
castings. This method is particularly beneficial for producing complex geometries that would be
challenging to achieve with conventional casting techniques.

In the lost foam casting process, the coating is a crucial technology. Reviewing the development
of this process reveals the increasingly prominent role of lost foam casting coatings. In recent years,
numerous scholars have identified lost foam casting coatings as one of the three main research
focuses for the further development and application of this technology [11-16]. Additionally, scholars
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have emphasized the importance of coatings in process control. The functions of lost foam coatings
include supporting and protecting the foam model, preventing liquid metal from infiltrating the sand
and adhering to the sand, absorbing decomposition products, and allowing decomposition gases to
pass through the coating [17,18]. When the foam mold breaks, it helps maintain the integrity of the
cavity's air while preventing the rapid loss of heat from the liquid metal. Therefore, lost foam coatings
must have sufficient refractoriness, appropriate mechanical strength, suitable thermal insulation and
conductivity, appropriate permeability and absorption capacity for liquid decomposition products,
a smooth surface, adequate brushing performance, and must not chemically react with the foam
model [19-21]. These properties are essential to ensure that the coating performs its protective and
supportive roles effectively during the casting process. Advances in materials science have facilitated
the development of coatings with enhanced properties, enabling better performance and wider
application of lost foam casting.

In recent years, casting technology has developed rapidly, leading to further improvements in
coating performance, expanded coating functionalities, and an increase in coating varieties. Correct
selection and reasonable use of coatings are crucial for producing high-quality casting products. Due
to the complexity of coating compositions and their critical role in the casting process, the selection
of coatings and the success of the EPC (Expendable Pattern Casting) process are vital, necessitating
ongoing performance analysis and measurement of the coatings, particularly their viscosity, coating
weight, and surface morphology. These parameters significantly impact the final quality of the
castings and the efficiency of the production process [22,23]. Undoubtedly, coatings are key to
obtaining high-quality castings. Research and production have proven that improving coating
performance significantly increases the probability of successful castings in the lost foam casting
process [24-26]. The mixing of coating powders and liquid carriers is the primary process for most
coatings. To ensure the effectiveness of the coating, the performance of the mixed coating must be
uniform and thoroughly mixed. Thus, the mixing process parameters, such as mixing time, blade
shape, and mixing speed, are crucial for coating performance, with the shape of the blade being
particularly important. Studies have shown that variations in these parameters can lead to significant
differences in the coating's viscosity, application consistency, and final surface quality of the castings
[27-32]. For example, improper mixing can result in non-uniform coatings, which can cause defects
such as uneven surfaces, poor adherence, and inadequate protection of the foam pattern during
casting. Consequently, optimizing the mixing parameters is essential to enhance the performance of
lost foam coatings.

This paper focuses on lost foam coatings, discussing the effects of blade shape on coating
viscosity, coating weight, and surface morphology after drying. It aims to provide technical support
and theoretical reference for the proper use of lost foam coatings. By investigating the influence of
blade geometry on the mixing efficiency and the resulting coating properties, this study seeks to offer
insights that can lead to more consistent and high-quality castings. The findings are expected to
contribute to the broader field of casting technology, offering practical solutions for industrial
applications and advancing the overall understanding of lost foam casting processes.

2. Materials and Methods

2.1. Experimental Materials

The materials used in this study are commercial lost foam casting coatings. These coatings are
characterized by high layer strength and excellent permeability, allowing for multiple applications.
The final product is easy to apply and has high coverage. The refractory aggregate of the coating
primarily consists of zircon sand, while the binder is mainly phenolic resin, and the suspending agent
is Na-based bentonite. Figure 1 shows the powder of the coating used in this study.
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Figure 1. Lost foam coating powder used in this study.

For the preparation of the coating solution, a ratio of 1.25:1 was used, i.e., 250g of coating powder
to 200g of water. The mixture was then blended using a high-speed disperser to ensure thorough
mixing. The high-speed disperser ensures that the coating powder is evenly distributed within the
solution, which is critical for achieving uniform application and optimal performance during the
casting process. The choice of blade shapes was intended to evaluate their impact on the mixing
efficiency, viscosity, and final coating properties.To analyze the effects of different blade shapes on
the performance of the coatings, this study selected several blade shapes: straight, tri-blade, quad-
blade, and serrated, as shown in Figure 2.

Figure 2. Actual images of blade shapes.

The experimental setup involved preparing multiple batches of the coating solution using the
different blade shapes mentioned. Each batch was subjected to the same mixing conditions, including
mixing time, speed, and temperature, to ensure comparability of results. The performance of each
coating mixture was then evaluated based on key parameters such as viscosity, coating weight,
drying behavior, and surface morphology.

2.2. Viscosity Measurement

Measuring the viscosity of casting coatings is crucial for effectively predicting and controlling
their application performance. In this study, a rotational viscometer ,which is manufactured by
Shanghai Fangriu Instrument Co., Ltd., as depicted in Figure 3,was used to measure the viscosity of
the casting coatings. When the rotor rotates in the liquid, the liquid generates a viscous torque on the
rotor. The higher the viscosity of the liquid, the greater the viscous torque; conversely, the lower the
viscosity, the smaller the viscous torque. This viscous torque acting on the rotor is detected by a
sensor, and the viscosity of the tested liquid is calculated and processed by a computer.
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Figure 3. Photograph of Viscometer.

To ensure the accuracy of the experimental data, the viscosity is measured at three different
positions at the same rotational speed, and the average value is taken as the viscosity of the casting
coating. To precisely characterize the changes in coating viscosity, the rotational speed of the rotor
during measurement is set to 6 rpm, 12 rpm, 30 rpm, and 60 rpm, respectively. Since the viscosity of
the coating increases gradually once the stirred coating is left to stand, it is essential to minimize the
time interval between sampling and measurement to ensure data consistency across samples.All
testing processes were conducted at room temperature, which was approximately 20°C. In addition
to measuring viscosity at different rotational speeds, the study also considered the thixotropic
behavior of the coatings. Thixotropy refers to the property of certain fluids to exhibit a decrease in
viscosity over time when subjected to shear, followed by a gradual recovery of viscosity when the
shear is removed. This property is particularly important for casting coatings, as it affects their
application and settling behavior.

2.3. Coating Weight Measurement

The measurement of the coating weight was conducted using metal sheets, as shown in Figure
4. The specific method involved ensuring that the surface of the metal sheet was smooth and dry
before the experiment. Initially, the metal sheet was tared and weighed using an electronic balance.
The metal sheet was then fully immersed in the coating solution. After two minutes, the sheet was
removed and clamped onto a test rack for observation.

(a) Before coating; (b) After Coating.

Figure 4. Measurement of coating weight.
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When the coating stopped dripping or dripped very slowly, the metal sheet was weighed again
using the electronic balance. The difference in weight before and after immersion represents the
relative coating weight. This process was repeated three times for each sample to ensure accuracy,
and the average value was recorded.

To ensure consistency and accuracy, the coating process was standardized across all samples.
The immersion time was carefully controlled to be exactly two minutes for each measurement. This
time frame was chosen to allow sufficient coating absorption while avoiding excessive dripping,
which could affect the weight measurement. Understanding the coating weight is essential for
optimizing the application process, as it directly influences the thickness and uniformity of the
coating layer. These factors are critical for achieving high-quality castings with the desired surface
properties and structural integrity.

2.4. Observation of Coating Surface Morphology

To observe the surface morphology of the coating, glass slides were prepared as specimens. The
preparation process involved immersing the glass slides into the thoroughly mixed coating solution,
as shown in Figure 5. After a two-minute immersion, the slides were removed and allowed to air dry
naturally. The surface morphology of the dried coating was then observed using a stereomicroscope.

During the immersion process, it is crucial to slowly submerge the glass slides to avoid
entraining air bubbles, which could lead to defects in the coating layer. Once the glass slides were
immersed, they were gently vibrated to ensure the uniformity of the coating and to remove any excess
coating material.

v

(c) Drying the coated glass.
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Figure 5. Outlines the steps in the coating preparation process.

Once dried, the coated glass slides were examined under a stereomicroscope with high
magnification capabilities. This allowed for a detailed analysis of the coating's surface features,
including uniformity, texture, and the presence of any defects or irregularities. The stereomicroscope
was equipped with a digital camera to capture high-resolution images of the coating surfaces for
further analysis and documentation.

2.5. Analysis of the Coating Drying Process

To analyze the drying process of the coatings, the stirred coating mixture was slowly poured
into molds with a diameter of approximately 40 mm and a depth of about 2 mm, as shown in Figure
6. The coatings were then placed in a constant temperature oven for drying. The weight of the
coatings was measured at regular intervals to analyze the drying process under different conditions.
The constant temperature oven used in this experiment was the XMTA-6000 model.

Figure 6. Analysis of the coating drying process.

During the drying process analysis, the samples were dried at constant temperatures of 30°C,
40°C, and 50°C. Before each drying cycle, the oven was preheated to the required temperature to
ensure consistent drying conditions. The samples were placed in the center of the oven to achieve
uniform drying, as illustrated in Figure 7. Each sample was carefully prepared to ensure uniform
thickness and volume, minimizing variability in the drying process.

(a) Constant temperature oven; (b) Coating drying samples.

Figure 7. shows the experimental setup.


https://doi.org/10.20944/preprints202407.2343.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 July 2024 d0i:10.20944/preprints202407.2343.v1

3. Results and Discussion

3.1. Influence of Blade Shape on Coating Performance

Different blade shapes used for stirring the coating can result in varying degrees of uniformity,
thereby affecting the performance of the coating. The stirring speed was fixed at 1000 rpm, and the
stirring time was set to 30 minutes to analyze the influence of blade shape on the performance of the
coating after stirring. The results are shown in Figure 8.
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(a) Variation in coating viscosity; (b) Variation in coating weight.

Figure 8. Effect of blade shape on coating viscosity and coating weight.

As seen in Figure 8a, changing the blade shape leads to different coating viscosities under the
same stirring speed and time. At a constant rotor speed, the viscosity of the solution stirred by Blade
2 is the highest, while the viscosities of the solutions stirred by Blades 1 and 4 are similar, both being
lower than that stirred by Blade 2. The solution stirred by Blade 3 has the lowest viscosity. This can
be attributed to the shear thinning characteristic of the lost foam coating, where the viscosity
decreases with increased stirring intensity. The viscosity measurements in Figure 8 indicate that
Blade 2 has the weakest stirring ability; achieving the same mixing effect would require a longer
stirring time or higher stirring speed. Blade 4 shows the strongest stirring ability, quickly achieving
uniform mixing. The coating weight also varies with different blade shapes, with Blade 4 resulting in
the lowest coating weight and Blade 1 the highest, consistent with the viscosity results. Overall, Blade
3 demonstrates the strongest mixing ability, making it the preferred choice for efficient and thorough
mixing.

The surface morphology of the dried coatings after stirring with different blades was observed,
and the results are shown in Figure 9.
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Figure 9. Effect of blade shape on coating surface morphology.

Figure 9 shows that the surface morphology of the coatings stirred by different blades does not
exhibit significant differences. However, localized areas of uneven particle distribution and
aggregation were observed in the coatings stirred by Blades 2 and 4. The coatings stirred by Blades 1
and 3 were more uniform. The poorer uniformity and larger particles in the coatings stirred by Blades
2 and 4 suggest insufficient mixing. The particle distribution is directly related to the viscosity of the
stirred coating; Blade 2 produces a higher viscosity coating, resulting in greater shear resistance and
less uniform particle distribution during application. Conversely, Blade 3 produces the lowest
viscosity coating, facilitating more uniform particle dispersion.

The observed differences in viscosity and surface morphology indicate that blade shape
significantly influences the mixing efficiency and coating quality. Blade 3, with its superior mixing
capability, ensures a more uniform and consistent coating, which is crucial for achieving high-quality
castings with minimal defects. The findings highlight the importance of selecting the appropriate
blade shape to optimize the coating process and improve the performance and quality of the final
cast products. The insights gained from this analysis provide valuable guidelines for improving the
efficiency and quality of the coating process in industrial applications, contributing to advancements
in casting technology.

3.2. Influence of Stirring Speed on Coating Performance

Understanding the effect of stirring speed on coating properties is crucial for ensuring the
optimal performance of the coating. In this study, Blade 3 was chosen, and the stirring time was fixed
at 30 minutes to analyze the influence of stirring speed on coating performance. The effect of stirring
speed on coating viscosity and coating weight are shown in Figure 10.
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Figure 10. Effect of stirring speed on coating viscosity and coating weight.
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From Figure 10a it can be seen that, the viscosity of the coating shows a slight decrease with
increasing stirring speed, although the overall change is not significant. This indicates that the coating
achieves uniformity at the selected stirring speeds of 800-1200 rpm after 30 minutes of stirring. At a
stirring speed of 1200 rpm, the coating weight is slightly lower than that at 800 rpm and 1000 rpm, as
shown in Figure 10b. This reduction in coating weight at 1200 rpm is due to shear thinning, where
the viscosity of the coating decreases under higher shear rates, leading to lower coating thickness.

The surface morphology of the coatings after being fully air-dried was observed at different
stirring speeds, as shown in Figure 11. As the stirring speed increases, the coating mixture becomes
more uniform within the same stirring time. The surface morphology of the coatings at stirring speeds
of 800 rpm to 1200 rpm appears uniform with no significant differences.

L kL ;- e g : v ‘ ' "- -‘. N
tn. . 4-#"‘.‘;"’_51 ﬁ o A
() Stirring speed 1200 rpm.

Figure 11. Effect of stirring speed on coating surface morphology.

The observations from Figure 11 indicate that the coating's surface morphology remains
relatively consistent across the different stirring speeds. This uniformity suggests that the coating
mixture achieves a sufficient level of homogeneity within the tested speed range. The slight variations
in surface texture are attributed to the differences in shear forces and mixing efficiency at different
speeds. Higher stirring speeds can enhance the dispersion of particles within the coating, leading to
a smoother and more uniform surface.

The results demonstrate that stirring speeds between 800 rpm and 1200 rpm are effective for
achieving a homogeneous coating mixture. The slight decrease in viscosity and coating weight at
higher speeds can be beneficial for specific applications requiring thinner coatings. These findings
underscore the importance of optimizing stirring speed to enhance the coating performance, ensuring
consistent quality and optimal properties for lost foam casting processes. The insights from this study
provide valuable guidelines for industrial applications, aiding in the selection of appropriate stirring
parameters to achieve desired coating characteristics.
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3.3. Influence of Stirring Time on Coating Performance

The duration of stirring during the preparation of lost foam coatings affects the performance of
the coating. Typically, a short stirring time may lead to inadequate mixing, while excessively long
stirring can lead to wastage and increased costs. This study investigates the impact of stirring time
on coating performance, using a stirring speed of 800 rpm and Blade 3. The effects of stirring time on
coating viscosity and coating weight are illustrated in Figure 12.

4.5
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(a) Variation in coating viscosity; (b) Variation in coating weight

Figure 12. Effect of stirring time on coating viscosity and coating weight.

As depicted in Figure 12a, with a constant stirring speed of 800 rpm and blade shape, the
viscosity of the coating exhibits a slight decreasing trend as the stirring time increases. The viscosity
quickly stabilizes after a sufficient stirring period, indicating that further increases in stirring time
have minimal impact on viscosity. Figure 12b shows that at a stirring time of 10 minutes, the coating
weight is slightly higher than the average value; at 20 minutes, the coating weight is lower than the
average value; and at 30 minutes, the coating weight approaches the average value. However, the
differences in stirring time do not result in significant changes in coating weight, which remains
within a small range of fluctuation. Therefore, once the coating achieves a stable viscosity and coating
weight after a certain stirring period, extending the stirring time further has minimal impact on
coating performance.

The surface morphology of the coatings, after being naturally air-dried for different stirring
times, is shown in Figure 13. As illustrated, there are no significant visual differences in the surface
morphology of the coatings with varying stirring times. The theoretical analysis suggests that as the
stirring time increases, the coating becomes progressively more uniform, although the observable
changes are subtle.
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(a) Stirring time 10 min; (b) Stirring time 20 min;
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(c) Stirring time 30 min.

Figure 13. Effect of stirring time on coating surface morphology.

In conclusion, extending the stirring time beyond a certain period does not significantly alter the
coating's viscosity or weight. The surface morphology remains relatively consistent with increased
stirring time, indicating that the coating achieves uniformity relatively quickly. This finding
highlights that optimal stirring time is crucial for achieving consistent coating properties while
avoiding unnecessary wastage and cost. These insights are valuable for optimizing the preparation
process in industrial applications to ensure efficient and effective coating performance.

3.4. Analysis of Coating Drying Behavior

After the coating is prepared and mixed, it is applied to the model surface and subsequently
dried to achieve a certain strength and maintain a specific shape. Inadequate selection of drying
parameters can lead to defects such as cracking, deformation, and insufficient strength during the
drying process, adversely affecting the performance of the coating. Coatings mixed with different
blade shapes were subjected to drying at temperatures of 30°C, 40°C, and 50°C. The surface
morphology of the fully dried coatings is shown in Figures 14-17.

Figure 14. Coating macroscopic morphology of blade shape 1.
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Figure 16. Coating macroscopic morphology of blade shape 3.
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Figure 17. Coating macroscopic morphology of blade shape 4.

Based on the surface morphology of the fully dried coatings stirred by different blades, as shown
in Figures 14-17, it can be observed that, higher drying temperatures result in more pronounced
surface cracks and rougher surface textures. At room temperature, coatings mixed with all four blade
shapes exhibit relatively smooth surfaces. At 30°C, slight cracks are observed on the surfaces of all
four coatings, with the coating mixed with Blade 3 being the smoothest. At 40°C, more noticeable
cracks appear on the surfaces of all coatings. The coating mixed with Blade 1 and 3 shows relatively
fewer cracks compared to those mixed with Blades 2 and 4. At 50°C, the surfaces of the coatings show
very prominent cracks, with the coating mixed with Blade 2 and 3 exhibiting fewer cracks compared
to those mixed with Blades 1 and 4. It is evident that temperature has a significant impact on the
surface morphology of the dried coatings. Higher temperatures lead to more noticeable cracking and
a shorter drying time. Initially, higher temperatures accelerate the drying process, but as drying
progresses, the rate of change in the coating's properties becomes less pronounced regardless of the
temperature.

Optimal drying conditions must be carefully selected to balance drying time and coating quality.
Excessive temperatures can accelerate drying but may lead to surface defects, while lower
temperatures may prolong drying but improve surface finish. Thus, understanding the interplay
between drying temperature and coating performance is essential for optimizing the coating process
in industrial applications.

4. Conclusions

This study investigates the effects of blade shape, stirring speed, stirring time, and drying
temperature on the properties of lost foam coatings. The findings are summarized as follows:

(1) The shape of the stirring blade significantly impacts the uniformity, viscosity, and coating
weight. The three-blade configuration achieved the highest mixing efficiency, resulting in consistent
viscosity and optimal coating weight. In contrast, the two-blade and serrated blades produced less
uniform mixtures, affecting the final coating quality.

(2) Increasing the stirring speed from 800 rpm to 1200 rpm slightly reduced the viscosity and
coating weight due to shear thinning effects. However, the overall change was minimal, indicating
effective mixing within this speed range.

(3) Extending the stirring time beyond 30 minutes did not significantly alter the coating’s
viscosity or application weight. A stirring time of 30 minutes was sufficient to achieve stable
properties, with prolonged stirring offering no substantial improvements.
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(4) Higher drying temperatures increased surface cracking and roughness. Coatings dried at
50°C exhibited the most significant defects, while those dried at room temperature were smoother
with fewer cracks. Thus, controlling the drying temperature is crucial for minimizing surface
imperfections and ensuring high-quality coatings.
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