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ABSTRACT

Casting cleaning is a crucial post-production process in metal casting industries, ensuring the removal of
unwanted residues, burrs, and excess material to enhance the final product's quality. The casting industry
employs various cleaning techniques to ensure the quality and integrity of cast products. Various cleaning
techniques have been developed to achieve efficiency, cost-effectiveness, and precision. This review paper
discusses traditional and modern casting cleaning techniques, comparing their advantages and limitations
while highlighting emerging trends in the industry and explores the different casting cleaning techniques, their
effectiveness, and their implications on the final product quality. Techniques such as blast cleaning, chemical
cleaning, and innovative methods like laser cleaning are examined in detail. The paper also discusses the
importance of surface preparation in achieving optimal bonding and mechanical properties in cast materials.
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1. INTRODUCTION

During the casting process, surface imperfections like sand, scale, oxides, and excess metal may occur.
Cleaning these castings is done for aesthetic, mechanical, and functional purposes. Over the years with the
advent of technology, conventional techniques have transformed namely and help in increasing efficiency &
lessening carbon footprints. The casting process plays an important role in producing different parts in
industries such as automotive, aerospace and various machinery. Surface contaminants can have a substantial
influence on the quality of castings, and therefore require appropriate cleaning methods. The surface of cast
products should be cleaned not only for cosmetic reasons, but also to guarantee the mechanical properties and
durability of the product. Its advantages and limitations have led to the development and refinement of various
methods. This paper aims to review literature have already done for different casting cleaning methods and its

use in industry.

2. TRADITIONAL CASTING CLEANING TECHNIQUES

2.1 MECHANICAL CLEANING

e Grinding and Fettling: Removes excess metal using grinding wheels or cutting tools.

e Shot Blasting: Uses high-velocity steel shots or abrasive materials to clean castings. Mechanical cleaning
techniques, including shot blasting and abrasive cleaning, utilize physical means to remove contaminants
from the surface of castings. Johansson et al. highlight that blast cleaning is a standard industrial process
used to eliminate mould residues and oxide scales from cast surfaces, which can significantly enhance the
mechanical properties of the material by inducing surface plastic deformation and residual stresses [1]. This
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method is particularly effective for materials like grey cast iron, where surface integrity is crucial for
performance

2.2 THERMAL CLEANING

. Burn-off Ovens: Uses heat to remove organic binders and coatings.

. Flame Cleaning: Direct application of flames to burn off unwanted residues.

It is categorized as a technique in which the unwanted surface contaminants such as residues from moulding

materials, oxides and other unwanted phases are removed by controlled heating and thermal treatments. The

efficiency of this purification method depends on several physical mechanisms, exhaustively described in the
literature. Thermal mechanisms have a strong impact on the microstructure and quality of castings. This is
critical as defects like shrinkage can be mitigated by optimizing thermal profiles during the casting process.

Moreover, Sowa and Skrzypczak's examination of the thermal processes related to riser design emphasizes how

heat management can prevent the formation of shrinkage defects in casting-riser systems, reinforcing the idea

that thermal dynamics are a pivotal aspect of clean casting production [2].

The properties and mechanical behaviour of casting surfaces are significantly influenced by thermal treatments.

Research by [3] highlights how cooling rates and thermal treatments directly shape the microstructure of lead

brass alloys, ultimately affecting their mechanical performance. This insight suggests that refining the cleaning

process through targeted thermal strategies can enhance the overall mechanical properties of castings.

Supporting this idea, [4] emphasize the importance of thermally controlled processes in producing high-quality

alloy castings. However, their work primarily focuses on advanced casting technologies rather than cleaning

processes specifically.

Temperature control plays a crucial role in thermal cleaning. A study by [5] underscores the significance of heat

in the thermal regeneration of spent foundry sands used in casting. Their findings indicate that higher

temperatures contribute to more effective cleaning and regeneration of spent sands, reinforcing the need for
optimized thermal conditions to successfully restore chemically contaminated materials.

The relationship between thermal treatment and surface properties is also evident in various studies. [6]

explored how microstructural evolution occurs during thermal and electro-thermal cleaning processes,

demonstrating that effective cleaning significantly improves microstructural properties. This effect makes
thermal cleaning a vital step in ensuring high-quality casting surfaces.

Additionally, advancements in thermal cleaning technologies have expanded the understanding of efficient

material management, particularly in handling scrap and surplus materials. On the other hand [7] discuss

processing techniques for optimizing materials derived from suboptimal sources, their work places less
emphasis on thermal cleaning

2.3 CHEMICAL CLEANING

e  Pickling: Uses acids to dissolve scales and oxides.

e Alkaline Cleaning: Strong alkaline solutions are used to get rid of contaminants.

Chemical cleaning methods, on the other hand, break down contaminants using acids and solvents.

[8]emphasize in their discussion of the importance of melt treatment in the die casting industry that sufficient

cleaning of molten aluminum by fluxing and degassing is necessary to produce castings free of defects [8].

These chemical procedures help dispose of impurities that could lead to defects in the final product.
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3. ADVANCED AND EMERGING CASTING CLEANING TECHNIQUES

3.1 WATER JET CLEANING

e High-pressure water jets remove contaminants without causing surface damage.
Qualities of water jet:

e High performance, high production.

e Light in weight, simple mechanism to operate and maintain.

e  Combines the power of a pencil jet with the large area coverage.

Fig.3.1 Water Jet Cleaning Process [24]
Water jet cleaning is a non-abrasive method that utilizes high-pressure water jets to remove contaminants from

surfaces. This technology is particularly advantageous in the casting industry, where the removal of sand,
grease, and other residues is crucial for ensuring the quality of the final product [9]. The process is characterized
by its ability to clean intricate geometries without damaging the underlying material, making it suitable for
various casting applications [10].
The cleaning mechanism of water jets involves the impact of high-velocity water on the surface of the casting.
When the water jet strikes the surface, it creates a dynamic interaction that dislodges contaminants through a
combination of mechanical forces and fluid dynamics [11]; [12]. The effectiveness of this cleaning process is
influenced by several factors, including the nozzle design, water pressure, distance from the nozzle to the target,
and the angle of impact [13]; [14]. For instance, Zhang et al. demonstrated that optimizing these parameters can
significantly enhance cleaning efficiency and reduce energy consumption [15].
Water jet cleaning technology has found numerous applications within the casting industry. It is particularly
effective for removing sand residues from castings, which is critical for ensuring surface integrity and
dimensional accuracy [9]; [16]. Moreover, the technology has been adapted for cleaning complex geometries,
such as those found in automotive and aerospace components, where traditional cleaning methods may fall short
[10]. The versatility of water jet cleaning makes it a preferred choice for pre-treatment processes before surface
finishing or coating applications [9].
3.2 LASER CLEANING
e  Uses laser pulses to vaporize unwanted materials.
e  Offers precision and minimal substrate damage.
With advancements in technology, new cleaning methods have emerged, offering improved efficiency and
effectiveness. Laser cleaning; for instance, has gained popularity due to its environmentally friendly nature and
ability to selectively remove contaminants without damaging the substrate material. Xie et al. note that laser
cleaning is advantageous over traditional methods as it provides better control and higher efficiency, making it
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suitable for various industrial applications [17]. This technique is particularly beneficial for delicate
components where traditional abrasive methods could cause damage. Another innovative approach is the use of
super hydrophobic surfaces that facilitate self-cleaning. [18] Describe how bio-inspired surfaces can achieve
self-cleaning properties, which could be advantageous in reducing the need for manual cleaning processes in
casting applications [18]. These surfaces can repel water and contaminants, thus maintaining cleanliness over

time.

4. IMPACT OF CLEANING TECHNIQUES ON MATERIAL PROPERTIES

The choice of cleaning technique can have found implications on the mechanical properties of cast materials.
For example, Neumann et al. explored the effects of cleaning strategies on steel melt, revealing that reactive
cleaning methods could enhance the removal of non-metallic inclusions, thereby improving steel quality [19].
Similarly, Asad and Schwarze emphasized the significance of reactive cleaning in induction crucible furnaces,
which plays a crucial role in enhancing inclusion removal and overall steel quality [20]. These findings highlight

the necessity of integrating effective cleaning methods into the casting process to achieve high-quality materials

5. ENVIRONMENTAL CONSIDERATIONS IN CLEANING TECHNIQUES

As environmental regulations become increasingly stringent, the casting industry must adapt by adopting
cleaner technologies. Chemical cleaning methods often involve hazardous substances that pose risks to both
health and the environment. Therefore, the industry is shifting towards more sustainable practices. For instance,
the use of eco-friendly cleaning agents and methods like laser cleaning can significantly reduce the
environmental footprint of casting operations. Campbell discusses the challenges posed by turbulence and air

entrainment during casting processes, emphasizing the need for cleaner methods to mitigate these issues [21].

6 COMPARATIVE ANALYSIS OF CLEANING TECHNIQUES
A comparison of these techniques based on efficiency, cost, environmental impact, and applicability is essential
for selecting the most suitable method. Advanced techniques like water jet, laser and ultrasonic cleaning provide

high precision but may involve higher costs.

7 THE ROLE OF SURFACE PREPARATION IN BONDING
Surface preparation is critical in ensuring the bond strength of cast components, especially in applications

where mechanical integrity is paramount. [25] Conducted a comparative evaluation of bond strength in all-
metal crowns subjected to various surface treatments, concluding that micro-blasting significantly improved
retention values [25]. This finding aligns with Al-Zain's research, which indicates that a combination of
airborne-particle abrasion and ultrasonic cleaning yields superior results compared to hand cleaning alone [25]
Such studies underscore the importance of employing effective cleaning techniques to enhance bonding in

casting applications.
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8. INDUSTRY TRENDS AND FUTURE PROSPECTS

With increasing automation and sustainability concerns, the future of casting cleaning leans toward energy-
efficient, non-toxic, and smart cleaning solutions. Automation and robotics in cleaning operations will further
enhance productivity and consistency. The future of casting cleaning techniques lies in the integration of latest
technologies.  For instance, [22] highlights the potential of oriented polylactide materials with super
hydrophobic properties, which could be utilized in casting applications to enhance cleanliness and reduce
maintenance [22]. Furthermore, the development of smart cleaning systems that utilize sensors and automation
could streamline the cleaning process, ensuring consistent quality and efficiency. [26] Conducted a
comprehensive study on the dynamic characteristics of a pipeline jet cleaning robot, focusing on its operational
efficiency and the effectiveness of its design. The research particularly targets the jet cleaning mechanism of a
spiral-driven robot designed for pipeline inspection and cleaning applications. The objective of the study is to
identify the optimal motion state and cleaning parameters that influence the effectiveness of the cleaning
operation within the closed space of pipelines. The authors conducted experimental methods to analyse the
cleaning process, disclosing significant insights into how various parameters affect performance. One of the
critical findings indicates that the cleaning efficiency improves considerably when the target surface distance
from the nozzle outlet is maintained at approximately 12 to 13 times the diameter of the nozzle, which is around

25 mm.

9 CASE STUDY

Aluminum Casting Cleaning Techniques In a notable case study, [23]. investigated the effects of various casting
cleaning techniques on bimetallic castings composed of aluminum alloys and cast iron inserts. The researchers
specifically evaluated the impact of abrasive cleaning methods such as shot blasting, as well as thermal pre-
treatment methods that involved heating the cast iron inserts to 220°C before aluminum alloy pouring at
temperatures of about 780°C. This multi-faceted approach aimed not only to enhance the cleanliness of the
casting surface but also to improve the bonding quality between the aluminum and the iron. The study
concluded that utilizing both mechanical cleaning (shot blasting) and thermal pre-treatment significantly
increased the bond strength of the aluminum castings, a desirable outcome for industries that rely on multi-

material parts for automotive and aerospace applications

10. CONCLUSION

A review of the literature reveals that the effectiveness of casting cleaning techniques is imperial in ensuring the
quality and integrity of cast products. Traditional methods such as mechanical thermal & chemical cleaning
remain relevant, but advanced techniques like laser cleaning, water jet cleaning and the use of self-cleaning
surfaces are gaining traction. The choice of cleaning method not only affects the aesthetic quality of the castings
but also their mechanical properties and overall performance. As the industry moves towards more sustainable
practices, the integration of innovative cleaning technologies will be essential in intermix both quality and

environmental standards.

% |Page




International Journal of Advance Research in Science and Engineering
Volume No. 14, Issue No. 03, March 2025

. IJARSE
www.ljarse.com ISSN 2319 - 8354
REFERENCES:

1. Johansson et al. "Bending Fatigue Behavior of Blast Cleaned Grey Cast Iron" Materials Research Forum

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

LLC - Materials Research Proceedings 2 ,2016, 193-198

Sowa and Skrzypczak "Numerical Evaluation of the Impact of Selected Physical Phenomena and Riser

Shape on the Formation of Shrinkage Defects in the Casting-Riser System" Acta Physica Polonica A No. 5,

Vol.144, 2023

Hammi et al. "The influence of lead brass alloys sampling parameters on the surface properties and

mechanical responses”, Research Square ,2024

Zhao et al. "An Advanced Cast/Wrought Technology for GH720Li Alloy Disk from Fine Grain Ingot"

,TMS (The Minerals, Metals & Materials Society), 2010

Lucarz and Brzezinsk "Influence of the Amount of Resin in the Spent Furfuryl Mass on the Thermal

Regeneration Process”, Archives of Metallurgy and Materials 68, 2023, 4, 1233-1239

Wau et al. "Microstructure evolution and surface cleaning of Cu nanoparticles during micro-forming fields

activated sintering technology”, MATEC Web of Conferences ,2015,

Ge et al. "Progress of Research on P/M and Spray-Formed Superalloy in ISCPM, USTB", TMS (The

Minerals, Metals & Materials Society , 2012.

Bhaskar et al. "Melt treatment in die casting industries”" , Research Square, 2021

Islam et al. "High Pressure Water-Jet Technology for the Surface Treatment of Al-Si Alloys and

Repercussion on Tribological Properties” Journal of surface engineered materials and advanced technology,

2011, Vol.1 No.3,

Anglani et al. "A numerical study on high-pressure water-spray cleaning for CSP reflectors”, AIP Conf.

Proc. 1734, 160001, 2016

Patkavak "An Experimental Study of Effective Factors on Soil Removal Efficiency in Cleaning Process by

Solid Stream Jet Nozzles", Journal of thermal engineering , 2016, 2(3): pp 774-779.

Kondo and Ando "Simulation of high-speed droplet impact against a dry/wet rigid wall for understanding

the mechanism of liquid jet cleaning”, Physics. Fluids 31, 013303 ,2019.

Zhang et al. "Structure Optimization and Numerical Simulation of Nozzle for High Pressure Water Jetting",

Advances in materials science and engineering , Article ID 732054, 2015

Wang et al. "Optimization of a Self-Excited Pulsed Air-Water Jet Nozzle Based on the Response Surface

Methodology", Strojniski vestnik — journal of mechanical engineering, 67(2021) 3, 75-87.

Zhang et al. "Structure Optimization and Numerical Simulation of Nozzle for High Pressure Water Jetting"

Advances in materials science and engineering (2015) doi:10.1155/2015/732054.

Miao et al. "Application of a water jet for cleaning grease and improving the surface adhesion properties of

galvanized steel wire ropes", Scientific reports , 12, Article number: 9680,2022.

Xie et al. "Effect of different laser energy densities on the corrosion resistance of aluminum alloys" ,Anti-

corrosion methods and materials, 2020,ISSN: 0003-5599,

Luo et al. "Photo-Detachable Self-Cleaning Surfaces Inspired by Gecko Toepads"”, Langmuir,2021, 37-

8410-8416.

Neumann et al. "Numerical Simulation of an Industrial-Scale Prototypical Steel Melt Tundish Considering
97 |Page




International Journal of Advance Research in Science and Engineering
Volume No. 14, Issue No. 03, March 2025

Www.ijarse.com

20.

21.
22.

23.
24,

25.

26.

IJARSE
ISSN 2319 - 8354
Flow Control and Cleaning Strategies”, Advanced engineering materials (2019)

Asad and Schwarze "Numerical Investigation of the Combined Effect of Reactive Cleaning and Active
Filtration on Inclusion Removal in an Induction Crucible Furnace™ Steel research international, 2021
Campbell "Melting, Remelting, and Casting for Clean Steel" Steel research international,2016

Chen et al. "Superhydrophobic, Self-Cleaning, and Robust Properties of Oriented Polylactide Imparted by
Surface Structuring”, Acs sustainable chemistry & engineering,2021,Vol 9/Issue 18.

Suryadarma et al. "Improving Bimetal Bond Quality Between Cast Steel and Aluminum Alloys Using
Response Surface Methodology" ,International Journal of Metalcasting, 2021, Vol 16, pp1432-1441,(2022.)
Guha et al. "An experimental and numerical study of water jet cleaning process" Journal of materials
processing technology, 2011, Vol. 211, issue 4, pp 610-618 .

Tomar et al. "Comparative evaluation of bond strength of all-metal crowns with different luting agents after
undergoing various modes of surface treatments: An in-vitro study”, The journal of indian prosthodontic
society ,2015,15(4), pp 318-325

Yan et al. "Study on Dynamic Characteristics of Pipeline Jet Cleaning Robot”, Actuators, 2024.

98 | Page




