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BeCold equipment technology combines Minimum Quantity Lubrication (MQL) 
with cooling provided by liquid CO2. The combination of these two systems 
results in excellent machining performance.

HRE Hidraulic offers different BeCold equipment series which can be adapted 
to different needs.

WHY USE 
cryogenic machining?

As a result of the industrial sector becoming 
highly competitive, reducing production costs 
together with the use of technologies with  
lower environmental impact are vital in the 
development of new applications.

BeCold equipment is fitted with an innovative 
system which combines Minimum Quality  
Lubrication (MQL) and CO2 cryogenic cooling to 
achieve performances equivalent or sometimes 
even better than traditional wet machining.

Removing or reducing conventional cutting  
fluids is paramount to succeed and the  
advantages offered by Cryogenic Machining 
make it the best option. 

BCD-V2-XXX 
Cabinet dimensions: 500x500x300mm



main 
APPLICATIONS

recent 
ARTICLES

CO2 cryogenic milling of Inconel 718: cutting forces and tool wear 
https://doi.org/10.1016/j.jmrt.2020.05.118

Cryogenic and minimum quantity lubrication for an eco-efficiency 
turning of AISI 304.  
https://doi.org/10.1016/j.jclepro.2016.08.030

Nozzle design for combined use of MQL and cryogenic gas in machining.  
https://doi.org/10.1007/s40684-017-0012-3

Cryogenic hard turning of ASP23 steel using carbon dioxide.  
https://doi.org/10.1016/j.proeng.2015.12.523

Internal cryolubrication approach for Inconel 718 milling.  
https://doi.org/10.1016/j.promfg.2017.09.013

Manufacturing of human knee by cryogenic machining:  
Walking towards cleaner processes.  
https://doi.org/10.1016/j.promfg.2019.07.054

MILLING Finishing Tempered steel

  Inconel 718
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  Cr-Ni steel

  Tool steel

  Titanium

  Structural steel
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DRILLING Peck drilling Titanium
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TURNING Conventional AISI 304L

 Hard-turning ASP23

Use is highly recommended  
due to many advantages
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process, with cost savings 
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a b s t r a c t

In recent years, the need for more efficient machining processes has notably increased, both in terms of
productivity and eco-efficiency. In this paper, the use of combined techniques based on cryogenic cooling
and minimum quantity of lubrication is proposed and compared with other near-to-dry coolant alter-
natives. To evaluate the success of the proposed technique, technical feasibility on the one hand and
ecological footprint on the other should be analyzed. Results show that this combined solution implies a
tool life improvement (more than 50%) and the possibility of increasing the cutting speed (more than
30%) comparing with dry machining. Moreover, cutting forces and surface integrity are maintained or
even improved in comparison with conventional techniques. From an ecological point of view, a life cycle
assessment was performed providing a comparison of the different alternatives proposed. Results show
that the combination of cryogenic and minimum quantity of lubrication techniques is the key to success,
reaching a balance between technical and environmental issues. Stand-alone systems (no combined
ones) do not provide a complete solution. Cooling without lubrication or vice versa is not enough when
machining these materials.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Nowadays, and taking into account the existing competitive-
ness, industrialized countries need to perform a continuous
improvement in their manufacturing processes. Concretely,
machining processes should be more efficient to deal with
emerging countries which do not have strict rules in terms of
working conditions and environmental laws. Improvement of
machining performance on difficult-to-cutmaterials for high added
value parts is a hot topic today. Achieve new alternatives and so-
lutions in this line is extremely worthy for machinists to find an
opportunity to deal with competitors. Stainless steels and other
difficult-to-cut materials such as nickel-based alloys or titanium
were studied by authors in the last years (Fern�andez-Valdivielso
et al., in press; Fern�andez-Abia et al., 2011). Results from these
papers provide data to improve productivity taken into account a
technical point of view, but eco-efficiency should be highlighted to
perform a full process optimization.

Cutting fluids are commonly used duringmachining difficult-to-
cut materials (Srikant and Ramana, 2015). The use of wet
machining can produce health problems and increase
manufacturing costs. Some authors claim that they represent be-
tween 7% and 17% of the total manufacturing cost in the automotive
industry (Klocke and Elisenbl€atter, 1997), reaching values of 20% for
difficult-to-cut materials (Shokrani et al., 2012). Chemical compo-
nents can be harmful to workers health, causing skin and breathing
problems. According to NIOSH (National Institute of Occupational,
Safety and Health), there are 1.2 million of workers in the United
States of America exposed to these injurious effects (Sharma and
Sidhu, 2014; Park et al., 2010). Moreover, it is well-know that
their application is not efficient enough. Over the z320,000
tonnes/year consumed in Europe (Debnath et al., 2014; Lawal et al.,
2012), 30% is lost in system leaks or evaporation (Byrne et al., 2003)
and their treatment and disposal costs between one and two times
its purchase price.

In the last years, some advanced lubri-coolant techniques were
developed inside the “green manufacturing” philosophical frame-
work. The driver of these techniques is to minimize or eliminate the
use of conventional cutting fluids and oils. Some of these alterna-
tives are based on the cryogenic assisted machining concept. This
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Nowadays, the need for not only technically but also environmentally efficient machining processes is increasing. In this context, the

reduction of oil emulsion type coolants used during machining of aeronautical engine components supposes a great challenge. In this

paper, a novel approach based on the design, optimization and validation of a nozzle adaptor combining cryogenic technology and

minimum quantity lubrication systems is proposed. The proposed work also deals with the aim of obtaining a cost-effective process.

Thus, CO  flow and velocity was optimized in this line. Theoretically-based analysis were performed and compared with

computational fluid dynamics (CFD) simulations and with real experimental tests as well. Once optimizing these key factors, two

nozzle adaptors were designed and simulated by CFD. Different geometries were tested looking for the most efficient design. Finally,

to obtain a feasible industrial product, the developed nozzle was tested as a CryoMQL demonstrator comparing with other lubri-

coolant techniques during milling Inconel 718. Results show a successful balance between technical and environmental issues using

this technology when milling aeronautical alloys.
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1. Introduction

The use of heat-resistant alloys in aeronautical turbomachinery

industry is growing worldwide. These alloys apart of working with

high temperatures, they have to support extreme mechanical

conditions. In particular, these alloys are characterized by properties

such as: high strength in comparison with its weight; high elastic limit;

high corrosion and erosion resistance; high hot strength and hardness

and low conductivity. On the other hand, in machining processes, these

advantages become in low material removal rates, high cutting forces,

adhesion, welding and other problems on the cutting tool, and

consequently premature tool wear.  Furthermore, surface integrity

often is damaged by both thermal and mechanical effects.

In order to avoid these problems, it is common to inject cutting

fluids in the cutting zone. Generally, cutting fluids are composed by

mineral/synthetic oil emulsions. They suppose over 17% of the total

manufacturing costs.  Moreover, the amount consumed in the European

Union is around 320.000 Tm/year. 30% of these cutting fluids are lost

through leaks in circuits and/or in pieces cleaning processes. Thus, the

treatment process when its useful life is finished results inefficient and

finally, this contamination ends up in rivers, natural springs and finally

inside the alimentary chain.  Besides, the use of these cutting fluids

implies problems in workers’ health such as asthma or acne,

pneumonia, and even skin or lung cancer.  In addition, this treatment

process supposes between 2 and 4 times its purchase price,  what it is

unacceptable due to the high industrial competitiveness. Thus, due to

growing environmental consciousness and competitiveness as well as

recent regulations,  it is being necessary to consider new alternative

cooling-lubrication systems more efficient, cheap, reliable and

environmentally sustainable.

An alternative to mineral/synthetic cutting fluids studied for last 15

years is minimum quantity lubrication technology (MQL). With this

one, instead of using oil emulsions to inject in the cutting zone,

biodegradable oil microparticles are sprayed. With this technique, oil

flow rate is reduced until values between 10 mL/h and 100 mL/h. At

the same time, oil penetration capacity in the cutting zone is enhanced

and workers’ health matters are solved.  However, despite MQL has

good lubrication properties, cooling and evacuation chip capacities are

lost, what makes technology insufficient to be applied on

turbomachinery materials.
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a b s t r a c t

Machining Inconel 718 alloy is a challenge due to its low machinability. This thermal resis-

tant alloy combines high strength even at high temperatures with strain hardening tendency

that causes high forces and extreme cutting temperatures during the machining. These

issues force industries to achieve suitable machining processes to deal with this kind of

alloys and the high worldwide competitiveness. Nevertheless, environmental considera-

tions must to be taken into account due to growing environmental concerns. In the work

here presented, cryogenic cooling with external MQL lubrication (CryoMQL) working along

with CO2 as internal coolant is proposed for milling Inconel 718 with the aim of not only

improving from a technical point of view but also environmental. This technique was com-

pared with other lubricooling techniques. The results show that internal CryoMQL improves

tool life by 57% in comparison with emulsion coolant, achieving 120% if it is compared with

MQL in stand-alone mode.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Heat resistant super-alloys (HRSA) in aeronautical turboma-
chinery industry are growing worldwide. HRSA are gratefully
acknowledged by mechanical designers to satisfy the extreme
requirements of combustion chambers and other hot parts in
aircraft turbine. Nickel-based super alloy Inconel 718 is one of
the most used in turbomachinery critical components due this
HRSA presents good tensile strength, fatigue resistance, creep,
along with high corrosion resistance at high temperatures
[1,2]. However, these properties during machining processes
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become into high cutting forces, low material removal rates,
alloy adhesion on cutting tool rake face, and cutting tool degra-
dation processes such as abrasive and diffusion wear [3–7].
Therefore, improving these heat-resistant alloys machining
becomes a challenge in order to look for a more efficient way
to both lubricate and cool the cutting zone area, being oil
emulsions used as cutting fluids as the key to deal with these
issues. However, these oil emulsions can have injurious effect
not only in the environmental foot print but also on workers
which deal with them every day [8,9]. In particular, cutting
fluids implies workers’s diseases such as pneumonia, acne or
even skin or lung cancer [10,11]. Besides, although once fin-
ished its useful life coolants are disposed and treated, 30%
is lost in system leaks, evaporation, cleaning processes [12].
Therefore, looking for new lubri-cooling alternatives more effi-
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