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 

Abstract— Now a days manufacture without burr and 

stress-free micro components Photochemical machining (PCM) 

is an emerging technology. To manufacture very thin, precision 

and complex parts in electronics, automotive and various other 

industries the use of non-conventional machining processes such 

as PCM are increasing. The first step of the process is designing 

a photo tool (CAD drawing) which is made by printing the 

drawing onto transparency paper. The investigation of 

Photochemical machining for Stainless Steel was analyzed at 

different control parameters. The control parameters are 

temperature and time and response parameters are etching 

depth and surface roughness. The study objective is to compare 

etching depth and roughness of Stainless-Steel (SS) material for 

two different etchants (Ferric chloride and Nitric acid) at 

different control parameters. The value of responses increases 

with increasing values of control parameters. 

 

Index Terms— PCM, Polymer coating, Machining, Etching.  

 

I. INTRODUCTION 

The Photochemical machining process has numerous 

applications in creating micro-components in different 

industries such as automotive, electronics and mechanical 

engineering.  The process is also known as wet etching, 

chemical milling etc. The photoresist used in the process has 

two types which are -  

• Positive photoresist 

• Negative photoresist 

The PCM is started with designing of drawing in 

AutoCAD and other designing software and printing drawing 

on a transparency sheet. In second step the polymer solution 

is coated onto base metal (SS). The designed tool is kept on 

photoresist and exposed by using UV light by using UV light 

units. The photo tool drawing is transferred onto polymer 

coating and it will be visible after applying the developing 

solution. Davis P.J et al. [1] etched micro components such as 

microchannels etc.  Allen D.M et al. [2][3] demonstrate the 

photochemical machining for three-dimensional applications 

and etched different micro-components in electronic and 

mechanical industries. The ferric chloride etchant 

characteristics were defined for different applications. o 

Cakir et al[4] developed a regenerated waste etchant 
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treatment process for cupric chloride etching solution . Jang 

D.M et al. [5] created a 3D SIP process for different 

electronics applications. Barron et al. [6] studied the chemical 

reaction when light incident on positive and negative type 

photoresist solution. The properties of photoresist solution 

were analyzed. Bruzzone et al. [7] created a photochemical 

machining simulation model in which the effect of control 

parameters on responses were analyzed. Saraf et al. [8] 

designed a mathematical model for the photochemical 

machining process. Bhasme et al. [11] analysed response 

parameters for SS316L steel. The selection of etching is 

different for different engineering materials. The values of 

response measures are different for different materials.  

The major steps involved on 3D PCM is given below 

• Photo tool design 

• Material selection 

• Material cleaning 

• Polymer coating 

• Developer processing 

• Etched by using etching solution 

• Stripping  

Misal et.al [12,13] studied the surface properties of Inconel 

718 and Monel material. The parametric effect was analysed 

at different conditions for hard material like monel and 

Inconel. Wangikar et al. [14] optimized brass and German 

silver and compared etching behaviors of both materials. 

Kamble et al. [15] created a 3D photochemical machining 

process for copper material by studying the UV light 

interaction with photoresist material. The innovative photo 

tool was designed to pass low and high intensity UV light into 

a transparency sheet.  The main objective is to analyze effect 

of control parameters on resulting parameters. The effect of 

process parameters on an etching depth on a Stainless-Steel 

strip were studied by using ferric chloride and nitric acid 

etchants. Different researchers [16-29] have reported the 

microfeatures, micro channel heat sink, textured bearing, etc. 

fabrication using photochemical machining and also by 

employing laser engraving method. The parametric analysis 

is also reported.   

II. MATERIAL AND METHOD 

Stainless Steel material was used to study the etching 

behaviors at different etching solutions. It is used in many 

industrial applications. The selected material is cut into 

30mm x 30 mm x 1mm (Lx B x T) . The PCM process starts 

with designing a photo tool by using different designing 

softwares such as AutoCAD, Catia etc. The required design is 
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nothing but the component which will be produced etching. 

The size and dimension of the product are given at the time 

preparation of drawing. The drawing is printed on to the 

transparency paper shown in fig 2(a) having a thickness of 80 

microns. The more the thickness the less light can be 

transferred through it. In the next step, the Stainless-Steel 

plate is cut into required size and cleaned by using a thinner 

cleaning agent. The negative photoresist is applied onto the 

plate by using a dip coating method, then after the coating is 

dried by using a drier for 2 min to adhere the solution onto 

base metal. The size of the coating is about 4 to 5 microns. 

The quality of the etching depends on the resolution of 

printing. After coating the photoresist, the design is kept on to 

coating and it is exposed by using high intensity UV light. 

The 2D exposing unit shown in fig 2(b) is used to expose the 

coating at time 90 sec.  

After exposing the base metal, the next step is development 

of base metal by using a developing solution. The exposed 

sample is dipped into a developing solution for 90 sec. After 

that it is rinsed into the running water. After the development 

process the design is visible to naked eye. In the development 

process soft photoresist coating is washed out and hard 

coating of photoresist remains on it to protect the surface 

from unnecessary etching. In the etching process, a developed 

component is dipped into selected etchants which are ferric 

chloride and nitric acid solution. In the etching process, the 

area unexposed through UV light is etched and the exposed 

area is unetched. 

In the etching process, the area which is open to the 

atmosphere is etched away and the area which is covered by 

photoresist remains as it is.The etching setup is shown below 

fig.2(c). The fig. 1 shows the PCM flowchart, which explains 

the PCM process and its different steps. 

 
Fig.1 PCM Flowchart 

 

The finished samples are shown in Fig 2 (d) 

 

a)                                             b)                                c)                                                 d) 

Fig.2 a) photo tool b) 3D exposure unit c)3D etching unit d) finished component

III.  DESIGN OF EXPERIMENTS 

To study etching behaviors of Stainless-Steel material, the 

preliminary experimentation was carried out by using two 

different etchants ferric chloride and nitric acid. The control 

parameters are etching time and temperature and response 

parameters are depth of cut and roughness. The etching depth 

of each specimen was measured by using 0.001 mm Digital 

Micrometer. The concentration of etching solution which 

kept constant which is 40 Baume scale. The depth of cut of 

selected material is analysed at different control parameters.  

The levels of experiments are shown in below Table 1. 

 

 

 

Table 1. Control parameters with levels 

Control 

parameters 
Level 1 Level 2 Level 3 

Temperature (℃) 43 46 49 

Time (Min) 10,20,30 10,20,30 10,20,30 

 

The exposure time was taken 85 sec and the developing 

time was 90 sec. The polymer coating thickness is 4-5 

microns. 

The experimental results are shown in below table 2. 

 

Table2. Etching parameters and etching depth relation 

Etching 

temperature(°C) 

Time (Min) Etching depth 

(µm) 

 

Surface 

roughness(µm) 

 

Etching depth 

(µm) 

 

Surface 

roughness(µm) 

 

For both etchant Ferric chloride Nitric acid 

 

43 

10 17 0.210 23 0.289 

20 38 0.319 52 0.347 

30 56 0.389 71 0.419 

 

46 

10 24 0.213 34 0.301 

20 57 0.355 76 0.398 

30 79 0.415 109 0.495 

 10 33 0.215 45 0.311 
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49 20 71 0.388 108 0.433 

30 106 0.502 141 0.588 

 

 

IV.  RESULTS AND DISCUSSION 

 

The etching behavior of Stainless-Steel material has been 

analyzed at different times and temperatures. The preliminary 

experimentation was performed to study the effect of control 

parameters on response measures. The depth of etch was 

recorded at three different points, and average value is 

calculated for each specimen, the etching depth and surface 

roughness increases by increasing values of control 

parameters such as etching temp and time. The energy of 

etchant molecules increases with temperature and time which 

results in more etching depth and roughness.  

 

The values of response parameters are changes by 

changing the values of control parameters. The below fig.3 

shows the effect of control parameters on response measure.  

A. Comparative study of control parameters on depth of 

etch 

The depth of cut in etching is maximum obtained for nitric 

acid etchant at 49°C i.e., 141 µm because the more reaction of 

etchant molecules on the surface of Stainless Steel. The 

energy of reactive etchant molecules is more at highest 

temperature which is 49°C compared to other temperatures. 

As temperature increases the etching reaction is faster and 

results in more material removal rate. 

 
Fig.3Etching temperature v/s etching depth v/s Time for ferric chloride and nitric acid etchant 

The control parameters such as etch temperature and time has 

a significant effect on etching depth and surface roughness on 

a surface of Steel material. The energy of reaction or collision 

increases with temperature and time as shown in above 

figure. In fig.3 compared control parameters and its effect on 

etch depth for two different etchants. At 49 ℃ etching 

temperature, the etching molecules are more reactive, which 

results in more depth of cut. The depth of etching is more for 

nitric acid etchant due to large numbers of acid molecules 

(etchant species or ions) are available to etch the base metal. 

  

B. Comparative study of control parameters on roughness 

value 

The depth of cut in etching is maximum obtained for nitric 

acid etchant at 49°C i.e., 0.588 µm because the more reaction 

of etchant molecules on the surface of Stainless Steel. The 

energy of reactive etchant molecules is more at highest 

temperature which is 49°C compared to other temperatures. 

As temperature increases the etching reaction is faster and 

results in more material removal rate. 

 

 
Fig.4 Etching temperature v/s Surface roughness v/s Time for ferric chloride and nitric acid etchant 
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From above fig 4. It is observed that the value of surface 

roughness is more nitric acid etched Stainless Steel material 

due to more etchant molecules colliding onto the surface of 

steel. 

V. CONCLUSIONS 

In this, the parametric effect of control parameters such as 

etching time and etching temperature on response parameters 

has been analyzed. As per experimentation, following 

conclusions were made.  

 

- The energy of reactive etchant molecules is more at 

highest temperature which is 49°C compared to 

other temperatures. As temperature increases the 

etching reaction is faster and results in more material 

removal rate. 

- Depth of etching and roughness goes on increasing by 

increase in temperature and etching time. It is more 

for nitric acid etched components compared to ferric 

chloride etched components of Steel. 

- The more etching depth obtained for ferric chloride 

etched components at 49°C temperature i.e. 106  

microns in 30min. For nitric acid etched 

components at 49°C temperature i.e. 141  microns in 

30min. 

- The more value of surface roughness is obtained for 

ferric chloride etched components at 49°C 

temperature i.e. 0.502  microns in 30min. For nitric 

acid etched components at 49°C temperature i.e. 

0.588  microns in 30min. 
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