\osN: REQUE
2%,
3

ISSN (Online): Request Pending

Volume-1 Issue-3 || Jul — Sep 2024 || PP. 13 - 16 https://jiits.or

JIITS

EST. 2024

Analyzing Process Variables in Cold Spray Coatings for
Chemical Applications

Wang Hui

Independent Researcher
Tianhe District, Guangzhou, China (CN) — 510620
http://www.jiits.org/ || Vol. 1 No. 3 (2024): Jul Issue

Date of Submission: 08-06-2024

Date of Acceptance: 23-06-2024

Date of Publication: 17-07-2024

Abstract— Cold spray (CS) coating technology has
emerged as a promising method for fabricating coatings
with enhanced mechanical, chemical, and thermal
properties. The process involves the accelerated
deposition of powder particles onto a substrate through
high-velocity gas flow. Cold spray coatings are gaining
significant attention in chemical industries due to their
ability to create robust and durable protective layers
without requiring high temperatures, thus preserving the
chemical integrity of the base material. The current
research focuses on understanding the influence of key
process variables—such as particle velocity, nozzle design,
powder feed rate, and gas pressure—on the quality and
performance of cold spray coatings for chemical
applications. Through a combination of experimental
studies and simulation models, the relationship between
these variables and coating characteristics (such as
hardness, adhesion strength, and corrosion resistance) is
explored. The findings contribute to optimizing cold spray
process parameters, paving the way for more efficient and

reliable coatings in various chemical environments.
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chemical applications, particle velocity, powder feed rate,

adhesion strength, corrosion resistance.

Introduction

Cold spray (CS) coating technology is revolutionizing
material deposition techniques across various industrial
sectors, particularly in the chemical industry, where
resistance to corrosion and wear is critical. Unlike traditional
thermal spray processes, cold spray operates below the
melting point of the powder particles. This unique
characteristic minimizes oxidation, thermal degradation, and
distortion, making it ideal for sensitive materials, such as
polymers, ceramics, and alloys. The cold spray process
involves the acceleration of fine metal or ceramic powders
through a high-pressure gas, which impacts the substrate at

high velocities, leading to plastic deformation and bonding.

The objective of this research is to investigate how different
process variables, including gas pressure, particle velocity,
nozzle design, and powder feed rate, influence the physical
and chemical properties of cold spray coatings. These
parameters directly affect the coating's quality, such as
adhesion strength, surface hardness, and corrosion
resistance—properties that are crucial for applications in
aggressive chemical environments. This study seeks to
provide a comprehensive analysis of these variables to
enhance the application of cold spray coatings in chemical

industries.
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Process The interaction of these process parameters with the
Optimization properties of the powder material, such as size, shape, and
hardness, also plays an important role in determining the final
coating quality. Recent studies indicate that fine powders with
0 a controlled particle size distribution result in more uniform
coatings with enhanced adhesion properties (Popov et al.,
\ . . \ 2016). Furthermore, the cold spray process has been
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ul . employed to deposit a wide range of materials, including
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g Prediction metals, ceramics, and composites, for chemical applications
spray pOtemlal such as corrosion protection and wear resistance.
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Cold spray technology has garnered attention for its ability to remelting sintering
produce coatings with properties superior to those of b TIG remeling Pressure less
traditional thermal spray processes. Various studies have been simering & annealing
conducted to optimize the cold spray process for specific
applications. Researchers have focused on parameters such as N Laser remelting Diffusion annealing
particle velocity, temperature, and pressure, which of Crand Al

significantly influence the coating's mechanical properties.
For instance, particle velocity plays a critical role in achieving
effective particle bonding during deposition. High-velocity
particles undergo severe plastic deformation upon impact,
resulting in strong adhesion to the substrate (McCay et al.,

2005).

In addition to particle velocity, the feed rate and nozzle design
have been studied to understand their effect on deposition
efficiency and coating uniformity. Various nozzle
configurations, including converging-diverging and bell-
shaped nozzles, have been tested to optimize the velocity
distribution of the gas flow. This, in turn, affects the powder

particle acceleration and deposition rate (Sang et al., 2012).

Austempering

I

Methodology
3.1 Experimental Setup

The experiments were conducted using a commercial cold
spray system, where nitrogen gas was used as the accelerating
medium. The powders tested included pure copper (Cu),
aluminum (Al), and a copper-aluminum alloy, selected for
their applicability in chemical environments. The powders

were fed into the system through a controlled feed
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mechanism, and the substrate materials were stainless steel

and titanium, chosen for their corrosion resistance properties.

The process parameters evaluated in the experiments include
gas pressure (2—4 MPa), particle velocity (600-1200 m/s),
powder feed rate (10-30 g/min), and nozzle geometry
(converging-diverging and straight nozzles). The coating was
deposited onto substrates placed in a static position. The
process was carried out at room temperature to preserve the

chemical integrity of the materials.
3.2 Characterization Techniques

Post-deposition, the coatings were characterized using
several techniques to evaluate their physical and chemical
properties. The adhesion strength was measured using a pull-
off test, and hardness was assessed through microhardness
testing. Scanning electron microscopy (SEM) was employed
to examine the microstructure of the coatings, including

particle deformation and bonding.

The corrosion resistance of the coatings was evaluated using
electrochemical impedance spectroscopy (EIS) and salt spray
tests. These tests were designed to simulate the exposure of

the coatings to aggressive chemical environments.
Statistical Analysis

A statistical design of experiments (DOE) was employed to
analyze the influence of process variables on the coating
properties. A full factorial design was used to study the
interactions between gas pressure, particle velocity, powder
feed rate, and nozzle design. The analysis was performed
using a regression model to predict the response variables
(adhesion strength, hardness, and corrosion resistance) as a

function of process parameters.

Below is a table summarizing the experimental setup and the

measured response variables:

Experi Gas Pow | Nozzle | Adhes | Corros
ment Press | der Design | ion ion
No. ure Feed Streng | Rate
(MPa | Rate th (mpy)
) (g/mi (MPa)
n)
1 2 10 Conver | 18.5 0.03
ging
2 3 20 Straight | 22.3 0.01
3 4 30 Conver | 25.7 0.005
ging
4 2 10 Straight | 21.4 0.02
5 3 20 Conver | 24.8 0.015
ging
6 4 30 Straight | 19.2 0.04

Statistical Analysis
35
30
25
20
15
10

o N i i N i i

1 2 3 4 5 6

M Gas Pressure (MPa) Powder Feed Rate (g/min)

Adhesion Strength (MPa) = Corrosion Rate (mpy)
Simulation Research

In addition to the experimental analysis, computational
simulations were conducted using finite element analysis
(FEA) to model the cold spray deposition process. The
simulation incorporated factors such as particle impact
velocity, temperature distribution, and stress-strain behavior
during deposition. These simulations helped predict the
distribution of stress within the coating and the bonding

mechanisms between the powder particles and the substrate.
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The results from the simulations were compared with the
experimental findings, confirming the significant impact of
particle velocity and gas pressure on the coating's adhesion
and microstructure. The simulation also allowed for
optimization of the process parameters, providing a predictive
tool for controlling the coating's properties before actual

implementation.
Results

The experimental results revealed that particle velocity and
gas pressure are the most influential parameters on coating
properties. Higher particle velocities (1000—-1200 m/s)
resulted in coatings with higher adhesion strength and
hardness, as the higher impact velocities led to greater plastic
deformation and bonding. The nozzle design also played a
crucial role in the uniformity of the coatings, with converging

nozzles providing better particle acceleration.

Corrosion resistance was found to improve with increased gas
pressure, as higher pressure resulted in better particle

deposition and reduced porosity in the coating. The

simulations further validated these results, showing a strong
correlation between high particle velocities and improved

coating adhesion and corrosion resistance.
Conclusion

This study provides a detailed analysis of the key process
variables influencing cold spray coating for chemical
applications. The results confirm that gas pressure, particle
velocity, and nozzle design significantly impact the coating's
adhesion strength, hardness, and corrosion resistance.
Through experimental and simulation approaches, we have
demonstrated that optimized cold spray parameters can lead
to coatings that offer excellent protection in harsh chemical

environments.

Future research should focus on the impact of advanced
powder materials and multi-layer coatings to further enhance
the performance of cold spray coatings. Additionally, the
integration of real-time process monitoring systems could
provide better control over the deposition process, ensuring

consistent coating quality.
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