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Aluminium is one of the main engineering materials used extensively in aircraft and automotive industries
where the weight is an important factor. Chemical machining of aluminium and its alloys has widely been studied
to produce parts. Chemical machining is based on selection of optimum chemical solution which is named as
etchant for shaping the required material. In this study, chemical machining of aluminium and its alloys has
been surveyed to provide scientific data for industrial applications. Other chemical machining parameters such
as etchant concentration, chemical machining temperature, and additives to main etchant have been extensively

examined.
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1. Introduction

Chemical machining is a typical nontraditional ma-
chining method that implements strong chemical solu-
tion (etchant) to remove selectively the required sec-
tion of material by controlled dissolution. It has vari-
ous names like etching, chemical etching, wet etching,
chemical milling, chemical blanking, etc. It is also the
oldest micromachining processes, used for jewellery pro-
duction from copper etched with citric acid in the An-
cient Egypt [1]. The process has been heavily used since
1950’s to produce micron sized components. Nowadays
it is a popular nontraditional machining method that
offers unique benefits for distinct part productions for
aerospace, automotive, medical, and optic industries [2].

Aluminium has a wide engineering application as a ma-
terial in aircraft, aerospace, and automotive industries
where high specific strength, low specific weight, heat
and electrical conductivities are highly required. It has
various types and each aluminum alloy has several advan-
tages. Therefore chemical machining of aluminium and
its alloys is vital.

Etchant is the major parameter in chemical machin-
ing. The selection of suitable etchant for any material
affects the process performance. There is an excellent
reference covering most of possible etchants for various
materials, which gives initial informations relating chem-
ical machining [3]. The ideal aluminium etchant should
combine several properties such as easy control of chemi-
cal machining application, high chemical machining rate,
high dissolved aluminium capacity, regeneration of used
etchant, and aluminium recovery from used etchant.

In this study, the chemical machining of aluminium
and its alloys is examined by detailed research of litera-
ture. It is aimed to provide possible industrial solutions
when aluminium and its alloys are chemically machined.
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2. Etchants for aluminium and its alloys

Aluminium is a soluble material in dilute mineral acids
and alkali metal hydroxides or acid etchants. Litera-
ture provides limited information regarding these etchant
types. The selection of optimum chemical etchant is
complex and delivers various results. The chemical ma-
chining of aluminium and its alloys was used for dec-
orative purposes in early applications, but industrial
applications have come up around 1950’s and continu-
ously extended. Several studies have been conducted
over chemical machining of aluminium [4-12]. Most of
these reports mentioned limited etchants which are viable
for industrial applications, while others had restricted
opportunities.

Ferric chloride (FeCls) is a popular acidic etchant,
widely used in chemical machining industry and known
as universal etchant suitable for most of materials. The
chemical reaction with aluminium is simple, but the used
etchant will have some problems in case of regeneration
and recovery of metal. The process is fast, causing con-
trol of the machining operation. Hence concentrations
should be kept around 1.2-1.25 mol. A chemical ma-
chining temperature should be also maintained low, due
to high heat generation during the process. The surface
quality is also poor, and rougher surfaces have been re-
ported [5, 6]:

3FeCls + Al — 3FeCl; + AlCIs.

Ferric nitrate (Fe(NO3)3) has been reported to be a pos-
sible etchant for aluminium due to higher etch rates [7].
Again, ferric ion like in FeCls, is converted to ferrous
during dissolving metallic aluminum as the nitrate

3F€(N03)3 + Al — 3F6(N03)2 + AI(N03)3

Sodium hydroxide (NaOH) is an alkali metal hydroxide
type etchant for chemical machining of aluminium and
its alloys [6, 8, 9]. This etchant provides faster machin-
ing performance comparing to FeCls. The hydrogen ex-
istence occurs and this would be a problem. The con-
centration should be 1 mol. The control of chemical ma-
chining of temperature would be some of difficulties and
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temperature should be 50°C if high machining perfor-
mance is required. It was also reported that the surface
quality would be better

3NaOH + Al — N33A103 + 3/2H2

Potassium hydroxide (KOH) can be selected as etchant
and the performance in aluminium’s chemical machining
is similar to sodium hydroxide [8]. This etchant is useful
when pure aluminium is chemically machined, but alloy-
ing elements would make the process harder [10]:

Hydrochloric acid (HCI) can be employed when dilute
mineral acid etchant is required. It can be used alone
or can be added to main etchant for extending chemical
machining period. This etchant, as is reported, ensures
the highest chemical machining performances [6-8]. It is
noted that machining performance is better even when
low temperatures are used

3HCI + Al — AICl; + 3/2H,.

Other possible chemical etchants can be named as sul-
furic acid (H2SOy), nitric acid (HNOg), alkaline potas-
sium ferricyanide solution or mixtures of mentioned
etchants like FeCl; + HCI, sodium fluoride (NaF) +
chromic acid (CrOs). Table I present mainly used
etchants for chemical machining of aluminium and its
alloys [11, 12].

TABLE I

Application parameters and potential results of various
etchants for aluminium.

Tem Machining | Surface

Etchant | Concentration FO CI; speed quality

Jjom /min] | [um]
30 1.3 8
FeCls 1.2-1.25 mol 50 4 10
Fe(NO3)s 50-100 g/1 50 0.5-1 -
30 1.3 1.5

NaOH 1 1

a0 mo 50 4 3
30 1 1
KOH 1 mol 50 95 3
HC1 1 mol 30 7 2
50 30 6
. 30 0.1 -
HNO3 |10:1 (v/v ratio) 50 04 B

Chemical machining of aluminium and its alloys pro-
vokes some health and environmental problems: the
etchant is either strong acid or alkaline solution which
causes serious damages to health. The fume genera-
tion during chemical machining must be controlled and
proper ventilation and personal protective equipments
are necessity. Moreover, the used etchant contains sev-
eral chemical elements which are listed as hazardous
waste and environmental legislations are tight. Therefore
chemical machining industry prefers optimum etchant
that is regenerated and chemically machined material

recovery [13, 14]. The regeneration process oxides the
used etchant back to starting form of solution and
the machining method turns into environmental friendly
manufacturing process, as well as cost-effective one.

3. Conclusion

Chemical machining of aluminium and its alloys have
been examined with limited studies. Some works are
patented, and those are also employed with similar
etchants and/or some additives. Aluminium can be
chemically machined by choosing any acid etchants (like
FeCls), alkali metal hydroxides (such as NaOH or KOH),
or dilute mineral acids (HCI). It should be noted that the
chemical reaction should be simple to control and regen-
erate the used etchant. Therefore, the etchant should
be kept as simple as possible. The studies contributed
possible etchants for this group of materials and etchant
application would be performed with strictly maintained
required concentration and temperature. The chemical
machining process should also cover an efficient result
from the point of view of environment-friendly and cost-
effective operations. Literature review suggested that
new studies should be set to supply more efficient etchant
or etchants reducing overall costs and maintaining sus-
tainable manufacturing.
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