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Maximising the longevity of injection molding tools is a key priority in the highly competitive 
injection molding sector, as it enables operational efficiency and cost control. Molds are 
subjected to extreme conditions, including high temperatures and corrosive materials, which 
can degrade their quality over time. This technical paper examines the benefits of copper 
alloys in enhancing mold durability, focusing on their superior thermal conductivity, corrosion 
resistance, and mechanical strength. Through comparative analysis, we demonstrate how 
copper alloys, such as AMPCOLOY®, extend mold life and improve manufacturing efficiency.

TECHNICAL PAPER

«Enhancing injection molding with 
copper alloys – a comprehensive 
guide»
Learn about why copper alloys are an essential part in 
enhancing injection molding processes.

The role of copper alloys in 
mold longevity
In the competitive landscape of injection mold-
ing, the longevity of molding equipment is a 
crucial factor in operational efficiency and cost 
management. Molds are subject to extreme 
conditions, including high temperatures, me-
chanical stress, and corrosive materials, all 
of which can degrade mold quality over time. 
Enhancing mold longevity not only reduces 
the frequency of costly replacements but also 
ensures consistent product quality and mini- 
mizes downtime. Among the materials avail-
able for mold construction, copper alloys stand 
out due to their exceptional properties that 
contribute significantly to extending mold life.

Benefits of copper alloys

Copper alloys are renowned for their excel-
lent thermal conductivity, which is crucial in 
the rapid heating and cooling cycles of in-
jection molding. This property ensures more 
uniform temperature distribution throughout 
the mold, reducing thermal stresses that can 
lead to warping and cracking. Additionally, the 
corrosion resistance of copper alloys protects 
against the corrosive effects of many plastics 
and additives used in injection molding, which 
can degrade other materials over time.
Moreover, copper alloys exhibit remarkable 
mechanical properties, allowing them to with-
stand the continuous physical stresses en-
countered during the injection and ejection 
phases of molding. This durability is crucial for 
maintaining the precision of mold dimensions 

and surface quality, which are directly linked 
to the production of high-quality plastic com-
ponents.

Comparative analysis

Copper alloys offer distinct advantages over 
traditional materials such as tool steels and 
aluminum. Tool steels are hard and capable of 
maintaining sharp detail, but they do not con-
duct heat as well as copper and are more sus-
ceptible to thermal fatigue. Aluminum is lighter 
and has better thermal conductivity than tool 
steel, but it lacks the mechanical strength 
and wear resistance of copper alloys and is 
prone to faster wear and deformation under 
high-pressure conditions.

Copper alloys are uniquely suited for pro-
longing mold life in injection molding due to 
their combination of high thermal conductivity, 
excellent wear resistance, and superior me-
chanical properties. These properties result 
in fewer maintenance requirements, less fre-
quent mold replacements, and more consis-
tent operation.

Case studies

The practical applications of copper alloy 
molds demonstrate their durability and cost- 
effectiveness.  AMPCO METAL’s research has  
shown that molds made from AMPCOLOY® 
deliver lower cycle times and higher prod-
uct quality than traditional steel molds. This 
improved performance demonstrates the 
strength of copper alloys and shows how they 
can help improve efficiency in injection mold-
ing processes.
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Beyond thermal conductivity – 
additional properties of copper 
alloys
Copper alloys are widely recognized for their 
excellent thermal conductivity, but their ad-
vantages extend well beyond that. In injection 
molding, for instance, the effective thermal 
behavior of copper alloys translates into cycle 
time efficiency and uniform cooling, which are 
essential for producing high-quality, consis-
tent products. Furthermore, the shift towards  
beryllium-free copper alloys is driven by health 
considerations, which are especially important 
in industries that require the absence of poten-
tially hazardous materials.

Enhanced thermal conductivity and 
cycle time efficiency
Copper alloys are renowned for their ability to 
conduct heat quickly and efficiently, which is 
paramount in the injection molding process. 
This rapid thermal conductivity helps reduce 
cycle times significantly, enabling quicker cool-
ing. This allows for faster processing times, 
increasing the throughput of production lines. 
This efficiency is not just about speed but also 
about energy savings, making the process 
more sustainable and cost-effective.

Uniform cooling and reduced 
warpage
One of the most significant challenges in  
injection molding is managing the warpage 
and deformation of parts as they cool. Copper 
alloys contribute to more uniform cooling 
across the mold surface, minimizing the tem-
perature gradients that lead to warpage. This 
uniformity ensures that the molded parts main-
tain dimensional accuracy and structural in- 
tegrity, reducing the rate of rejects and en-
hancing the overall quality of the final prod-
uct. Such consistency is especially crucial in 
high-precision industries and where aesthetic 
quality is paramount.

Beryllium-free copper alloys: health 
and safety benefits
Some industries with particularly strict guide-
lines want to avoid alloys containing berylli-
um. Beryllium-containing copper alloys have 
exceptionally high strength values. However, 
protective equipment must be worn during 

processing such as grinding or welding, (as 
in rare cases harmful fumes or dust can be 
produced). By using beryllium-free copper al-
loys, manufacturers can forego these safety 
measures and still comply with strict health 
and safety regulations.

Beryllium-free alloys in the food 
industry
The food industry is often subject to strict 
safety regulations, which require materials 
that are harmless and safe for contact with 
consumables. Beryllium-free copper alloys 
meet these requirements. By eliminating the 
need for special safety precautions, these 
alloys also reduce operational complexities 
and enhance safety protocols. In conclusion, 
copper alloys offer significant advantages 
in injection molding beyond their thermal 
management properties. Their contribution 
to cycle time efficiency, uniform cooling, 
and reduced warpage ensures high-quality 
production outcomes. Furthermore, the safety 
profile of our beryllium-free copper alloys 
makes them particularly suited for industries 
where health and environmental regulations 
are stringent, demonstrating how material 
innovation can align with industry needs and 
safety standards.

Copper alloys vs. stainless 
steel for molding equipment
In the manufacturing of injection molds,  
selecting the appropriate material is crucial 
to achieving optimal performance, durability, 
and cost-efficiency. This chapter provides a 
detailed comparison between copper alloys 
and stainless steel – two prominent materials 
in mold making – to assist manufacturers in 
making informed decisions based on a com-
prehensive understanding of each material’s 
benefits and limitations.

Material properties: physical and 
mechanical
Copper alloys are distinguished by their  
superior thermal conductivity, which facilitates 
rapid and uniform heat transfer. This property 
is essential for reducing cycle times and en-
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hancing mold cooling efficiency, which are cru-
cial aspects of injection molding. Conversely, 
stainless steel, known for its durability, offers 
lower thermal conductivity, which may result in 
longer cycle times and increased energy con-
sumption. 

Both stainless steel and copper alloys are 
well-known for their corrosion resistance and 
mechanical strength, making them suitable for 
certain demanding applications. AMPCO® and 
AMPCOLOY® copper alloys are renowned for 
their high strength and exceptional corrosion 
resistance, providing a balance of good corro-
sion resistance with excellent thermal proper-
ties. Furthermore, the ductility of copper alloys 
also contributes to their durability, particularly 
in withstanding the cyclical thermal stresses 
inherent in injection molding. 

Performance in molding operations

Copper alloys’ superior thermal properties en-
able more consistent and efficient mold cool-
ing, which is crucial for maintaining optimal 
product quality and consistency. This not only 
minimizes thermal stresses associated with 
rapid temperature changes but also reduces 
the incidence of warpage and defects in fi-
nal products. Uniform cooling ensures higher 
quality and consistency, which is critical for 
producing detailed and dimensionally accu-
rate components. While stainless steel is a ro-
bust material, it may not always match the lev-
el of precision cooling that copper alloys can 
achieve. This could potentially affect product 
quality and consistency, for example by result-
ing in extensive or more frequent warpage.

Cost implications

While the initial cost of copper alloys may be 
higher than that of stainless steel, the invest-
ment in copper often proves to be a sound fi-
nancial decision over time. Copper alloys offer 
enhanced thermal efficiency, which can lead 
to lower operational costs by reducing cycle 
times and energy usage. Additionally, copper 
molds have a long lifespan due to their resis-
tance to thermal fatigue, which can result in 
lower maintenance costs and fewer down-
times. Over the mold’s lifecycle, these factors 
can contribute to a lower total cost of owner-
ship compared to stainless steel, particular-
ly in high-volume production environments 
where efficiency is crucial.

Recommendations

Copper alloys offer significant advantages 
for injection molding applications, particular-
ly in terms of thermal management and mold  
longevity. Their ability to improve cycle times 
and product quality, combined with durability 
and cost-effectiveness over the mold’s life- 
cycle, makes them an attractive option for 
manufacturers looking to optimize their injec-
tion molding processes. By understanding the 
specific benefits of copper alloys, manufac-
turers can make informed decisions that align 
with their production goals and operational re-
quirements.

Environmental benefits of 
copper recycling
In today’s manufacturing landscape, envi-
ronmental sustainability is not just a regula-
tory requirement but a business imperative. 
Companies across the globe are recognizing 
the necessity of adopting sustainable prac- 
tices to conserve resources, minimize envi-
ronmental impact, and meet the expectations 
of stakeholders and consumers. In the con-
text of injection molding, utilizing recycled ma-
terials, particularly copper, is a crucial aspect 
of these sustainability efforts due to copper’s 
widespread use and significant environmental 
footprint when mined and processed tradition-
ally.

Process of copper recycling

Copper recycling involves several key steps 
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that conserve much of the metal’s original 
properties, making it a highly sustainable prac-
tice. The process begins with the collection 
of scrap copper from a variety of sources, in-
cluding industrial manufacturing scrap and 
end-of-life products. The scrap copper is then 
sorted by grade and type, after which it under-
goes a cleaning process to remove any impu-
rities. The cleaned scrap is melted in a furnace 
at a temperature high enough to liquefy the 
metal but not so high as to burn off its essential 
properties. The molten copper is then purified 
using electrolytic refining if necessary, and fi-
nally cast into new raw forms such as ingots 
or billets, ready for use in manufacturing new 
products.

Environmental impact

The environmental benefits of using recycled 
copper are significant and should be taken into 
account when making purchasing decisions.

•	 Decreased energy consumption: The 
recycling of copper requires up to 85 % 
less energy than the primary produc-
tion of copper from ores. This notable re-
duction in energy consumption results 
in a decreased demand for fossil fuels 
and lower greenhouse gas emissions. 

•	 Lower emissions: The process of min-
ing, transporting, and refining copper ore 
is highly energy-intensive and generates 
a considerable amount of carbon dioxide 
and other harmful emissions. Recycling 
copper mitigates these emissions by 
limiting the need for these processes. 

•	 Decreased landfill waste: Using recycled 
copper helps reduce the amount of waste 
consigned to landfills. Since copper is 100 % 
recyclable without loss of quality, it can be 
recycled indefinitely, thus minimizing waste 
and conserving the ore resources.

AMPCO METAL’s initiatives

AMPCO METAL is a leader in integrating sus-
tainability into its business practices, particu-
larly through its copper recycling programs. 
AMPCO METAL not only utilizes a high per-
centage of recycled copper in its production 
processes but also actively participates in 
industry-wide efforts to promote recycling. 
These initiatives help reduce the overall envi-

The role of AMPCO METAL in 
injection molding
AMPCO METAL has been at the forefront of 
copper alloy solutions since its inception in 
the early 20th century. Over the decades, the 
company has built a strong reputation for its 
deep expertise in metallurgy and its unwa- 
vering commitment to quality and innovation. 
AMPCO METAL specializes in a range of  
copper-based alloys and has provided solu-
tions to a variety of industries, with a particu-
lar focus on the unique demands of injection 
molding. The company’s dedication to ad-
vancing the use of copper alloys in manufac-
turing has positioned it as a key player in the 
industry, known for enhancing the efficiency 
and quality of the molding process.

Product range and innovations

AMPCO METAL offers a diverse portfolio 
of copper-based alloys, each of which has 
been specifically engineered to meet the re-
quirements of the injection molding industry. 
These alloys are designed to optimize thermal 
conductivity, wear resistance, and mechan-
ical strength, ensuring superior performance 
in molding operations. Innovations such as 
the AMPCOLOY® series have set industry 
standards in terms of reducing cycle times 
and enhancing the longevity of molds. These 
products demonstrate AMPCO METAL’s  
commitment to providing solutions that 

ronmental impact associated with the produc-
tion of copper alloys used in injection molding. 
Furthermore, AMPCO METAL is committed to 
continuous improvement in its environmental 
performance, regularly updating its processes 
and technologies to increase the efficiency of 
its recycling operations and reduce its carbon 
footprint. 
The adoption of recycled copper is a critical 
component in the pursuit of environmental 
sustainability in the injection molding indus-
try. AMPCO METAL’s copper recycling efforts 
demonstrate its commitment to environmental 
stewardship while also providing high-quali-
ty materials that meet the rigorous demands 
of modern manufacturing. By prioritizing the 
use of recycled copper, AMPCO METAL not 
only helps preserve natural resources but 
also contributes to a reduction in industrial 
emissions and energy consumption, setting a 
benchmark for sustainability in the industry.
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not only meet but exceed the performance  
demands of modern injection molding.
AMPCO METAL has identified an increasing 
market demand for safer, non-toxic materials 
and is responding with new product devel-
opments. In response to this growing market 
demand, the company has made the devel-
opment and expansion of its beryllium-free 
product line a priority. These alloys offer the 
same high-performance characteristics as 
their counterparts but without the health risks 
associated with beryllium, making them ide-
al for use in environments where safety and 
compliance with stringent health regulations 
are paramount. Furthermore, end users can 
more easily eliminate dangerous substances 
such as beryllium in order to minimize training 
in the handling of such substances.
AMPCO METAL’s commitment to global health 
and safety standards is evident in its provision 
of beryllium-free alternatives. This initiative is 
part of the company’s broader commitment 
to sustainability and dedication to providing 
customers with safe, reliable, and high-quality 
copper alloy solutions.

Technical support and services

At AMPCO METAL, we recognize that each 
client has unique needs. We are committed 
to providing unparalleled customer support 
and services to meet those needs. AMPCO  
METAL provides comprehensive consultations 
to assist clients in selecting the optimal alloy 
for their specific molding conditions and re-
quirements. In addition to material selection, 
the company offers custom solutions, includ-
ing pre-machined mold components and tech-
nical support throughout the product lifecy-
cle. This customer-centric approach enables 
clients to maximize the benefits of AMPCO  
METAL’s alloys, leading to enhanced produc-
tivity and product quality.

Our commitment
AMPCO METAL is committed to maintaining 
its position as a market leader in the copper 
alloys sector. To achieve this, the company will 
continue to innovate and adapt in response to 
changes and challenges within the industry. 
AMPCO METAL is actively investing in re-
search and development to further enhance 
the properties of its alloys, with a particular 
focus on sustainability and environmental im-
pact. The company is also expanding its glob-
al reach in order to support a broader range 
of customers worldwide in achieving their pro-
duction goals. With a strong foundation and a 
clear vision for the future, AMPCO METAL is 
well-positioned to continue driving forward the 
capabilities of injection molding technology.


