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ABSTRACT

Chemical machining (CHM) is the stock removal psscéor the production of desired shapes and diroassi
through selective or overall removal of material dpntrolled chemical attack with acids or alkali$is is one of the
oldest non-traditional machining process and haweesdrawbacks also. The main issue faced by chémiaahining is
the reduced material removal rate when comparesthter non-traditional machining techniques. Accyrat machining
should also paid attention. Apart from that, simee are using chemical etchants for the processsit have got some
environmental issues. The machining quality of cisahmachining is comparatively less. So it is resagy to think of an
idea to improve the quality of machining. Laser+oi@al machining is a method which can be adoptednfiproving the
quality of machining. Improving the surface rougbsmehould also paid attention. This study is arstigation to find the

ways to solve the above specified issues.
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INTRODUCTION

Chemical machining is a well-known nontraditionadghining process and is the controlled chemicaladigion
of the machined work piece material by contact wétistrong acidic or alkaline chemical reagentslgiso called as
chemical etching. Nearly all the materials from atetto ceramics, can be chemically machined. CHMcgss is
employed where blanking or metal removal is diffi@r impractical by the conventional machining geeses because of

material hardness, brittleness, size of part, ceriy of shape or thinness of the part.

Chemical milling, photochemical blanking and miginchemical engraving, and chemical deburring éwsety
relatedprocesses. Special coatings called maskpamtisct areas from which the metal is not to beaeed. The purpose
of etching is to optically enhance microstructdesdtures such as grain size and phase featurdsngtselectively alters
these microstructural features based on composgioess, or crystal structure. The most commolnigae for etching is
selective chemical etching and numerous formulatimewve been used over the years. Other technigobhsas molten salt,
electrolytic, thermal and plasma etching have &smd specialized applications. The process is tiegtoduce pockets
and contours and to remove materials from parténgaa high strength-to-weight ratio. Moreover, thachining method
is widely used to produce micro components forawsiindustrial applications such as micro electeximanical systems

(MEMS) and semiconductor industries.

Photochemical machining (PCM) is one of the leasll-knhown non-conventional machining processes.
It is a type of chemical machining. Itemploys cheahietching through a photoresist stencil as théhatk of material
removal over selected areas. The technique isvellatmodern and became established as a manufagtorocess about
fifty years ago. The processing technology has begnt a closely-guarded secret within a small numdfeindustrial
companies but despite this, the sales of parts rhgd®CM at the end of the twentieth century wasaxmately US$ 6

billion.
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Chemical machining method may be the oldest noitivadl machining method which is used to shapepeop
with citric acid in The Ancient Egypt in 2300 BCntil the 19th century this process was widely usmddecorative
etching. The development of photography provideew dimension to chemical machining and in 1826 Blidpce was
the first to use a photoresist made from bitumerdwfea asphalt for etching pewter (an alloy of 8%9%of tin and
10-20% of lead). William Fox Talbot (1852) patente@rocess for etching copper with ferric chloridging a photoresist
made from bichromated gelatin (GB Patent No:56&8)nJBaynes, in 1888, described a process for egaheterial on two
sides using a photoresist which was patented iv8& (US Patent No: 378423).

The main industrial application of chemical mach@qideveloped after the war. In 1953, North American
Aviation Inc. (California USA) used the processeith aluminium components for rockets. The compaamed the
process "chemical milling" and patented it (US Raido: 2739047) in 1956. The machining method i&edan different
names such as etching, chemical etching, wet ejcleitt. Chemical machining process is mature antles&ablished.

It is simple to implement. There is no addition&aning step needed. Chemical machining is the peremachining

process. These are the factors contributing tetpeilarity of chemical machining.

The major process characteristics of chemical nmacdiare material removal rate, accuracy and serfash.
The main challenges for the process are the sarnte esaracteristics. Material removal rate is dej@nt on the selected

etchant. Accuracy of the process may be affectetthdynder cutting behavior in simple contouring.

The main uses of chemical machining are to crdzéiasv, wide cavities on plates, sheets, forgingd eastings
to reduce weight. This is very heavily used in &lmucs manufacturing. This technique is commordgdito make flat
springs, metal bookmarks, encoder wheels, leadefsafor IC chips, sieves and filters used in medagplications,

microwave oven filters, heat sinks that are attddbeprinted circuit boards etc.

In this study, chemical machining process was desdrits importance as nontraditional machiningcpss.
The steps of process were discussed in detail. tblezances, material removal rate, accuracy, serfagish and
dimensional factors of machined parts were examidedther issue facing by chemical machining is ¢ngironmental

problems. The environmental effect on chemical rimact and the solutions were mentioned.
PRINCIPLE

The main working principle of chemical machiningfgmical etching. The part of the workpiece whuosgerial
is to be removed, is brought into the contact afrottal called etchant. The metal is removed byctemical attack of

etchant. The portion of workpiece where no matesiab be removed, is masked before chemical egchin

Chemical machining is the stock removal processherproduction of desired shapes and dimensiansigh
selective or overall removal of material by corledl chemical attack with acids or alkalis. The naedbm is to use
chemical reaction between the material of the wiidce and some chemical reagent, so that the piodiéithe reaction
can be removed easily. Thus the surface of the pieck is etched away, exposing the lower layerd,tha process is
continued until the desired amount of materiakisoved.

A typical chemical machining setup is as showrhmtelow figure 1.
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Figure 1: Typical Chemical Machining Setup [1]

Chemical blanking is wused chiefly on thin sheetsd afoils. In most applications photoresist

(photosensitive masking) is used to define thetlonaon the work piece at which the material ibéoetched.

Chemical contour machining or chemical milling &ed mainly to produce three-dimensional shape&legtive
or overall removal of metal from relatively largarface areas. The main purpose is to achieve shdlat complex

profiles, reduction in weight by removing unwantedterial from the surface as in the case of the skan aircraft.

METHODOLOGY

Procedure for Chemical Machining
“Chemical machining process has several stepgdéaiuging machine parts. These are given below:

»  Workpiece Preparation: The workpiece material has to be cleaned in ttginipéng of chemical machining
process. The cleaning operation is carried outetnove the oil, grease, dust, rust or any substéoce the
surface of material. A good cleaning process predut good adhesion of the masking material. Therdwo
cleaning methods; mechanical and chemical methidus.most widely used cleaning process is chemiethaod
due to less damages occurred comparing to mechamriea Ultrasonic cleaning machine is applied witing

special cleaning solution and heating is benefutialng the cleaning process.

» Coating with Masking Material: The next step is the coating cleaned workpiecenatwith masking material.
The selected masking material should be readilgmble mask, which is chemically impregnable addesent

enough to stand chemical abrasion during etching.

» Scribing of the Mask: This step is guided by templates to expose thasatieat receive chemical machining
process. The selection of mask depends on thetthe work piece material, the number of partbeégroduced,
and the desired detail geometry. Silk-screen mas&spreferred for shallow cuts requiring close digienal

tolerances.

e Etching: This step is the most important stage to prodiee required component from the sheet material.
This stage is carried out by immerse type etchirghime. The Work piece material is immersed infected
etchant and the uncovered areas were machined.pfdigss is generally carried out in elevated teatpees
which are depended on the etched material. Thepttiieed work piece is rinsed to clean etchant fromchined

surface.
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» Cleaning Masking Material: Final step is to remove masking material from etcpart. The inspections of the
dimensions and surface quality are completed bgfackaging the finished part.

Maskants and Etchants Used in Chemical Machining

Maskants

Masking material which is called maskant is usegdrtiect workpiece surface from chemical etchaalyifer or
rubber based materials are generally used for mggkiocedure. The selected maskant material shuale following

properties.
e Tough enough to withstand handling
* Well adhering to the workpiece surface
e Easy scribing
» Inert to the chemical reagent used
» Able to withstand the heat used during chemicalhimacg
» Easy and inexpensive removal after chemical macini

Multiple maskant coatings are used to provide dérgtchant resistance. Long exposure time is needhedh
thicker and rougher dip or spray coatings are usatious maskant application methods can be useld as dip, brush,
spray, roller, and electrocoating as well as adieetipes. When higher machined part dimensionalracyg is needed,
spraying the mask on the workpiece through silleegrwould provide a better result. Thin maskantingavould cause
severe problems such as notwithstanding rough hendlr long exposure times to the etchant. The iegfbn of
photoresist masks which are generally used in mhetmical machining operation, produce high accyr@aase of

repetition for multiple partetching, and ease ofifioation.

Table 1: Masking Materials for Various Chemical Madined Materials

Work Piece Material Masking Material
Al and alloys Polymer,Butyl rubber, neoprene
Polymer, Polyvinyl chloride,
Polyethylene butyl rubber

Fe and alloys

Nickel Neoprene
Magnesium Polymer
Cu and alloys Polymer
Titanium Polymer
Silicon Polymer

Etchants

Etchants are the most influential factor in themtwal machining of any material. Various etcharg available
due to workpiece material.

e High etch rate
* Good surface finish
*  Minimum undercut

»  Compatibility with commonly used maskants
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» High dissolved-material capacity
e Economic regeneration

» Etched material recovery

» Easy control of process.

» Personal safety maintenance

Figure 2 shows the etch profile development.
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Figure 2: Etch Profile Development (from Top to Botom) as Etching Time Increases [2]

Different etchants are commercially available c@ tequired etchant can be prepared in shop. Fehiaride
(FeCI3) is the most widely used etchant in chemicathining. It is mainly used for etching iron-bésdloys as well as
copper and its alloys, aluminium, etc. Cupric cider(CuCl2) is generally applied for copper andpempbased alloys in
electronics industry because various regeneratimtesis are available for the waste etchant. Alkaktchants are
introduced to the fabrication of electronic compaisesuch as printed circuit board.

Typical applications of chemical machining are tfalowing. Chemical blanking can be used make
burr-freeetching of printed-circuit boards (PCB¥gcdrative panels, thin sheet-metal stampings, aedptoduction of

complex or small shapes. Chemical milling is usedlie weight reduction of space launch vehicle.
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Figure 3: Parts Made by Chemical Blanking [3]
Laser-Chemical Machining (LCM)

In laser-chemical machining (LCM) the advantagedath laser machining and ECM are combined using an
etching liquid which is injected coaxially to theskr beam, enhancing the machining quality. Howeterdynamics of
the laser light absorption, heat, chemical reastittyydrodynamics and transport phenomena caus@waitbertain range
of parameters a disturbance of material removalerBgl and internal sources could be responsibrléhi® disturbances

which can be explained due to interface instabditi

Since LCM is a temperature driven process, incekdager power results in increased material remoaals.
This effect is used to machine work pieces wittighér processing speed. However, high reactiorsriai&d to increased
formation of hydrogen which could result in gas blels. Furthermore, high laser power results in lsigtiace temperature

which could cause etchant boiling and again réswgts bubbles too. Thus disturbance of materiabral can occur.
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Figure 4: Laser-Chemical Machining Principle and Mehanisms [4]

Table 2: Experimental Setup Specification [4]
Experimental setup specifications.

Setup Version 1 Version 2
Telescope design 2 Lenses 5 Lenses
Laser spot diameter 59’ Upm®
Optical path App. 3040mm App. 1171 mm
Etchant jet velocity 1.6mjs and 23 m/s 35mfs

T

Selective material removal using LCM is based anl#iserinduced thermochemical reactions betweesiciant
and metal atoms on the surface of the work pieckisupossible for all metals with material specifi@ssivation layer.
The passivation layer is locally reduced under fion of hydrogen and water soluble metallic sedtased by thermal

influence of the laser. The chemical material reatowithin the reactive fluid is driven by the tematire-dependent
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proton activity of the redox reaction, and is mgirdsponsible for the formation of the electrocteahpotential.

Another fundamental influence on material removasitle the thermal activation of chemical reactienthe
mass transport limitation. These transport limitatof the etching processes leads to a reducedvedmate. The etchant
jet-stream provides a fast exchange of the reagtamtich results in increased removal rates. Thesnéinuous wetting of
the surface with fresh etchant is the basic requarg for the chemical removal reaction. On the ottend it should be
kept in mind that the etchant is also cooling th&face, which might reduce the etching speed oibinthe chemical

reaction.
New Etchant for Chemical Machining of St304

Chemical machining is prone to pitting problems atdaining better surface finish in chemical maatgnof
St304 is very difficult. Therefore a new etchaméeded for the chemical machining of St304. Neshaatt is a mixture of
H,O+ HCI + HNO+ HF + HLCOOH + TEA (triethanolamine).Scan electron micrgee¢SEM) and roughness tests were

employed to observe the surface topography.

RESULTS AND DISCUSSIONS

Material Removal Rate

Material removal rate is chiefly dependent on thlected etchant. However etchants that remove rfettdr
tend to have many side effects including reducimosurface finish, increased undercutting, highesiting, greater chance
of etch rate with temperature and attack on thedldmiween the maskant and the work piece. Theratehis generally
limited to 0.02-0.04 mm/min when surface finish amturacy are not important, the etch rate as &ig0.1-0.2 mm/min
have been achieved. Although these penetratiols sgem to be low, overall metal removal rates aite diigh. In an
aircraft industry, the metal removal rate on anmahium is reported to be about 140%min. Table 2 gives the material

removal rate for various materials.

Table 3: Material Removal Rate [5]

Material Etch Rate mm/min | Tolerance mm
Aluminium 0.025 +/- 0.025
Magnesium alloys 0.033 +/- 0.025
Stainless steel 0.13 +/-0.025
Titanium alloys 0.13 +/-0.09

Accuracy

The undercutting behavior in simple contouring ssemtially the same as in chemical blanking. Undeper
edge is approximately equal to the depth of cuthHactor in chemical contouring is defined asuheercut divided by
the depth of cut which is the reverse of that dedfiin chemical blanking. Allowance for undercutviade in the design
itself. With optimum time, temperature and solutmntrol, accuracies of the range of +/- 0.01 mm loa achieved on

relatively shallow depths of cut. Tolerance on Hegftcut for various materials are shown in table 3

Table 4: Tolerance on Depth of Cut in Chemical Maciming [5]

Material Depth of Depth of Depth of Depth of
Cut (0-1.3) | Cut (1.3-2.5) | Cut (2.5-6.4) | Cut (6.4-13)
Al alloys +/-0.025 +/-0.040 +/-0.050 +/-0.075
Fe alloys +/-0.050 +/-0.075 +/-0.100 +/-0.150
Ti alloys +/-0.075 +/-0.100 +/-0.150 +/-0.250
General +/-0.050 +/-0.075 +/-0.100 +/-0.150
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Maximum taper, when produced by slow immersion @hdvawal rates, is usually 0.08mm for 200mm depth

steel and 0.08mm in aluminum alloys. Sharp radincd be produced in the cutting direction.
Surface Finish

Initial surface waviness and defects are not gyedteéred in contouring most metals, but may becthened out
to a certain extend. The quality of finish is lovier extrusions, forgings and castings. The surfadsh obtained may be
around 5 pm. Aluminium alloys show better surfat¢he order of 1.6 pm.Hydrogen embrittlement magusawing to
the absorption of hydrogen in chemical machiningsiime metals. Aluminium alloys are not subjectechydrogen
embrittlement. Considerable care should be takeswvtid hydrogen embrittlement in steel, stainldegls copper alloys
and nickel alloys. If hydrogen embrittlement occlirsan be overcome by heating the work piece’d 6r 1 to 4 hours.

The surface produced by CHM process are otherwissssfree and show no thermal effects.
Environmental Issues

Environmental issues in chemical machining openatimaybe the most important factor affects the i
process should be used or not. Most of the chem&ath as cleaning solutions, etchants, strippgersiee very hazardous
liquids. Therefore handling and disposal of them @ery costly. Industrial trend of using these cloails are to select
more environmentally accepted ones for chemicalhin@ngy process. Moreover, regeneration of wastbagttand etched
metal recovery from waste etchants have been studid there could be a suitable regeneration avesy systems for

some etchants like FeCICuCl and alkaline etchants.
Laser-Chemical Machining

The resulting process boundaries for machiningtelli® 21were determined experimentally.
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It is shown that increasing flow velocities of teichant determines higher laser powers in ordgusrantee a
successful removal of material. Increased flow ei¢joleads to increased cooling of the work pieadace. No material
removal is detected when laser power is too lowe Bw this cooling effect the boundary between nmaeal and
successful removal is shifted. Higher laser povasid in part lower feed velocities are necessagutrantee a successful
removal. Furthermore the boundary between sucdassfioval and erroneous removal isshifted toos Khown that with
an increased etchant flow velocity the range obrezous removal paths decrease and it is possibtethine successful

removal paths using higher feed velocities.
A New Etchant for the Chemical Machining of St304

It is found that by adding TEA (triethanolamine) ttee etchant O + HCI + HNGQ+ HF + H,COOH, an
improvement in surface finish is observed. The edcturface when the TEA solution is added becomemther but the
corrosion rate is reduced. TEA solution behaves ¢k absorbent protector. It reduces the chengeation rate between
specimen and etchant. TEA also decreases the atifferbetween the rate of corrosion of grain anihdsaundaries,
therefore not only surface finish is improved bigoathe pitting defects and grain boundaries atiacieduced and a
smother surface is obtained. It is concluded tbatniachining of St304 adding 5-10% of TEA to thehant solution
(H,O + HCI + HNGQ+ HF + HLCOOH) can be recommended. In order to increaseatkeof machining (to compensate the

reduction of machining rate due to adding TEA)t#maperature of the etchant was increased.
CONCLUSIONS

Material removal rate, accuracy, surface finish andironmental issues are the major challenges almical
machining face. Rate of removal of material is dejemt on the type etchant used for the machiningcgss.
Etchant which remove metal in a faster manner ndlve many side effects including surface finisighbr heating etc.
So the etchant should be selected in such a wayt thlaould balance among all these problems. Undgng is the issue
which reduces the accuracy of machining. Hydrogeabrétlement also causes alterations. If hydrogerbrétlement
occurs, it can be overcome by heating the workepie2(c for 1 to 4 hours. The surface produced by CHMcpss are

otherwise stress free and show no thermal effects.

Chemical machining greatly affects the environmsnte it make use of chemical etchants. Regeneratio

waste etchant and etched metal recovery from vestants are the acceptable ways to control thieamaental impacts.

To improve the material removal rate of chemicakthiaing is to combine both laser machining and dham
machining. In laser-chemical machining (LCM) thevaidtages of both laser machining and ECM are coedbirsing an

etching liquid which is injected coaxially to thesker beam, enhancing the machining quality.

Adding small amount of of TEA to the etchant sauatiH20 +HCI+HNO3+HF+H2COOH) improves surface
roughness. Increasing the temperature of the etdhareases the oxidising power (machining ratej decreases the

surface finish values.

Adding 5-10% of TEA to the etchant solution decesathe difference between the rate of corrosiomefal

grain and grain boundaries, which results in bestface finish.
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