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Abstract: With continuous increase in integration of the semiconductor devices, the requirements 

on size accuracy and surface quality of the etched lead frame are higher. The etchant is a key factor 

on etching process and etched surface quality, while effects of the difference in etchants on 

microscopic etched surface morphology of the Cu alloy have not been directly studied. In this study, 

the aqua regia, acidic FeCl3 and CuCl2 solutions were used as etchants, and different CuCrSn 

specimens were etched and characterized. The results show that the etching rate in aqua regia is 

high, and the grain orientation, grain boundary (GB) and dislocation have significant influence on 

the local etching rate. The preferential etching of some atomic planes forms steps between grains 

with different orientations, and the preferential etching around the GB and dislocation group forms 

grooves, resulting in high surface roughness. For the surfaces etched by the FeCl3 and CuCl2 

etchants, the steps and grooves are blurred, thus their roughnesses are much lower. The CuCrSn 

alloy surface etched by the aqua regia is clean, with little Cr-rich particles, while high density Cr-

rich particles are remained on the surfaces etched with the FeCl3 and CuCl2 etchants. For the same 

kind of etchant, the ion concentration can affect the etching mechanism and etching surface 

morphology. 
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1. Introduction 

The lead frames are widely used for electrical connection between chips and the external circuit 

in semiconductor packaging. With the development of semiconductor devices towards higher 

integration, the requirements on size accuracy and surface quality of the lead frames are more and 

more strict [1]. At present, the high-precision lead frame is mainly processed by etching [2,3], and the 

materials are the high-strength and high conductivity Cu alloys [4,5]. Etching is a precise material 

reduction processing method which selectively dissolves the unnecessary part of the Cu alloy strips 

to obtain the devices with specific size and shape. Therefore, both the etchant and microstructure of 

the Cu alloy will affect the etching chemical reaction and the etched surface. 

The Cu alloy foil can be processed by a variety of etchants with different etching characteristics 

[6]. Among these etchants, the acidic FeCl3 solution is a common etchant composed mainly of ferric 

chloride and strong acids, which has fast etching rate and suitable for small-scale etching process of 
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Cu [7–10]. Compared with the FeCl3 etchant, the acidic CuCl2 etchant has slower etching rate, while 

the Cu dissolve capacity of the acidic CuCl2 etchant is higher than that of the FeCl3 etchant, thus it is 

suitable for large-scale etching of Cu [11–14]. Besides, the alkaline CuCl2 etchant composed of 

ammonia, ammonium chloride and CuCl2 is also widely used in the etching of Cu foils [12,15], but it 

can change the chemical properties of the resist mask on the lead frame and making it difficult to 

remove [16]. In addition, some strong acids such as the nitric acid, sulfuric acid or the aqua regia can 

also etch the Cu alloy [17–19]. Recently, the influences of microstructure and defects on etching 

behaviors, etched surface morphology and roughness of the Cu alloy etched by aqua regia have been 

revealed [20,21]. Whereas, to obtain precise etching lead frame with high size accuracy and proper 

surface roughness, it is necessary to further understand the etching characteristics of the Cu alloy in 

different etchants, and effects of the microstructure of the Cu alloy on the etching behaviors in 

different etchants has not yet been directly investigated. 

For the reasons above, in this study the aqua regia, acidic FeCl3 and two acidic CuCl2 were 

selected as the etchants. The aqua regia is a typical strong acid etchant similar to the H2SO4-H2O2 and 

the HNO3 etchant, which can obtain clean etched surface that can be easily observed, thus it is selected 

to compare with the widely used acidic FeCl3 and acidic CuCl2 etchants. The CuCrSn alloy was 

selected to be the experimental material based on some earlier investigations, which is a new CuCr 

series high-strength and high-conductive [22,23]. The CuCrSn alloy specimens of different processing 

states were firstly etched using the above etchants, then the etched surface morphologies observed 

and the surface roughness were measured. Based on that, the etching behaviors of the CuCrSn alloy 

in the different etchants and influences of the microstructure of the Cu alloy on the etched surface 

were discussed. It is expected that this work can provide a reference for controlling the etching 

accuracy and etched surface of the lead frame. 

2. Materials and Methods 

2.1. Preparation of Materials 

In this study, the CuCrSn specimen used was smelted in an atmosphere protection furnace with 

Ar of 99.99% purity as the shielding gas. The raw materials are pure Cu (99.99 wt%), Cu-10Cr 

intermediate alloy and the Sn particles with purity of 99.99wt%. The designed composition of the 

alloy is Cu-0.45Cr-0.25Sn (wt%), and the raw materials were weighed according to such a 

composition. To decrease the burning loss during the smelting process, the internal temperature of 

the furnace was first heated to 1000 °C, and then the raw materials were put into the graphite crucible. 

The furnace was continue heated to 1250 °C and kept for 50 min. After that, the liquid alloy was 

casted in a mold and air cooled to obtain ingots of 10 mm in thickness. 

To make the composition more uniform, the CuCrSn cast ingot was homogenized annealed at 

960 °C for 6 h, and then cooled with the furnace. The composition of the ingot was analyzed by an 

inductively coupled plasma emission spectrometry (ICP-OES, Spectro AcroII), and the results show 

that the mass fractions of the Sn and Cr elements in the alloy were 0.253% and 0.437%, respectively, 

which were quite close to the designed contents. The homogenized CuCrSn alloy specimen was cold-

rolled to 2 mm, and thus the cold rolling deformation is 80%. To obtain CuCrSn specimens with 

different microstructure and grain size, the cold-rolled specimens were annealed at 600 °C, 700 °C, 

750 °C, 800 °C and 850 °C for 15 min. 

2.2. Etching and Characterization Methods 

The surface microstructure of the cold-rolled and annealed specimens before etching was 

observed by metallographic microscope (NMM-800RF). For all CuCrSn specimens, the cross sections 

parallel with the cold rolling direction of the plates were observed. The grinding and polishing 

processes of all the specimens are as follows: sequentially ground with 500#, 1000#, 1500#, 2000# and 

3000# sandpaper, followed by vibrationally polishing with the 2.5 μm and 0.5 μm sized diamond 

polishing agents. To clearly show the grains of the alloy specimens, the proportion of the corrosion 
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solution used for the metallographic etching was 5 g ferric chloride hexahydrate +10 ml concentrated 

hydrochloric acid+100 ml absolute ethanol. 

The composition of the acidic FeCl3 etchant is 45 g FeCl3·6H2O+100 ml deionized water+10 ml 

concentrated hydrochloric acid. Two different CuCl2 etchants were used. The composition of the first 

is 20 g CuCl2·2H2O+100 ml deionized water+15 ml concentrated hydrochloric (CuCl2-1), and the 

composition of the second is 28.5 g CuCl2·2H2O+112 ml deionized water+10 ml concentrated 

hydrochloric acid (CuCl2-2). The contents of the Cu2+ and Cl- in the CuCl2-1 etchant are 1.0 mol/L and 

3.24 mol/L, and are 1.3 mol/L and 3.38 mol/L in the CuCl2-2 etchant, respectively. The aqua regia was 

made by mixing concentrated nitric acid and concentrated hydrochloric acid in the ratio of 1:3, and 

it was kept for 1 h after mixing so that the two acids can fully react. All the specimens were etched in 

the etchants for 3 min. The etched surfaces were ultrasonic cleaned and then observed by scanning 

electron microscope (SEM, FEI Sirion 200) and confocal laser scanning microscope (CLSM, Zeiss 

LMS700), and the surface roughness was also measured by the CLSM. The distributions of the 

elements content on the etched surfaces measured by energy dispersive spectrometer (EDS). 

3. Results and Discussion 

3.1. Grain Structure of Specimens Annealed at Different Temperature 

The microstructures of the cold-rolled CuCrSn alloy before and the annealing are shown in 

Figure 1. Before the annealing, the cold-rolled specimen shows a typical rolling texture structure, and 

high density deformation defects and grain boundaries (GBs) can be observed, as shown in Figure 

1a. The cold-rolling process results in a large number of dislocations and defects, which decreases the 

binding energy and becomes the preferential etching site [24,25]. Meanwhile, grain fragmentation 

also occurs, thus the density of GBs increases significantly. After annealed at 600 °C for 15 min, 

recrystallization occurs in almost all the area, forming very fine grains, and meanwhile the 

deformation texture has been eliminated (see Figure 1b). As the annealing temperature increases, the 

grain size increases gradually, while the defects in the Cu alloys are basically not observed, as 

presented in Figure 1c–f, because the annealing treatment can eliminate most of the dislocations and 

some other point defects induced during the cold rolling process. As most of the defects have been 

eliminated, some precipitation particles can be clearly identified in the specimens annealed at higher 

temperature. Generally, the deformation texture and defects are eliminated and recrystallized grains 

with different size are obtained after annealing at different temperature. 

 

Figure 1. Microstructures of the different CuCrSn specimens: (a) the 80% cold-rolled specimen 

without annealing, and the specimens further annealed at (b) 600 °C, (c) 700 °C, (d) 750 °C, (e) 800 °

C and (f) 850 °C for 15 min after cold-rolling. 

3.2. Surface Morphologies after Etching with Different Etchants 

Surface morphologies of the different CuCrSn alloy specimens etched for 3 min in the aqua regia 

etchant are shown in Figure 2. For the 80% cold-rolled specimen, high density etching grooves can 

be observed on the etched surface, as exhibited in Figure 2a, because dislocation groups and GBs are 
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formed during the cold-rolling, and the Cu atoms close to these locations are preferentially dissolved. 

The deep etch grooves will increase the adhesion strength between the molding compound and the 

etched lead frame. After annealed at 600 °C and 700 °C, the dislocations and the original parallel GBs 

disappear, and high density new GBs are formed, as shown in Figure 2b,c. Although dissolution of 

Cu atoms close to the GBs is faster and thus the GBs are etched preferentially, the difference in etching 

rates between different grains is not very serious, and the etched surface remains relatively flat for 

the grains are fine. The etched surface morphologies of specimens annealed at higher temperature 

are shown in Figure 2d–f, in which the grains become larger, and the difference in the etching rates 

of grains with different orientation gradually emerges. As a result, some protruded grains are formed, 

because the etching rates of these grains are lower, and some steps are formed at the GBs. Meanwhile, 

as the density of the GBs decreases, the effect of GBs on the etching becomes less serious. In addition, 

it has been found by the authors that that the microscopic etched surface morphologies of different 

grains are very different and basically dominated by the orientation of these grains, and the 

mechanisms have been revealed [21], thus it will not be deeply analyzed again in this paper. 

 

Figure 2. Surface morphologies of the different CuCrSn specimens etched by the aqua regia: (a) the 

80% cold-rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, (c) 

700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

The surface appearances of the CuCrSn specimens etched for 3 min in the FeCl3 etchant are 

shown in Figure 3. It can be found that effects of the GBs, grain orientation and dislocation groups 

on the etching can still be seen. For the cold-rolled specimen shown in Figure 4a, the etching grooves 

at the GBs and dislocation groups are obvious. Whereas, compared with the specimen surface etched 

by the aqua regia, the etch grooves at GBs and the dislocation groups become blurred. In Figure 4b,c, 

although recrystallization has occurred, it is difficult to distinguish the GBs. As the annealing 

temperature increases, the grain size becomes larger and the difference in etching rate due to different 

grain orientations becomes more and more obvious. In Figure 4d, clear height difference between the 

neighboring grains can already be seen, and this difference becomes more obvious in Figure 4e,f. 

However, the steps at the GBs are not so sharp as that on the surface etched by the aqua regia. In 

addition, the microstructures of the etched surfaces of different grains are very similar, and some 

residual particles can be found on the etched surfaces. 
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Figure 3. Surface morphologies of the different CuCrSn specimens etched by acidic FeCl3 etchant: (a) 

the 80% cold-rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, 

(c) 700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

Figure 4 shows the morphology and composition of the particles on the surface etched by FeCl3 

etchant. In Figure 4, it can be found that the size of the bright particles ranges from one to a few 

micrometers, and have different shapes. The elemental distribution obtained by EDS mapping 

reveals that these particles are Cr-rich phase precipitates, which was also observed in Figure 1. Figure 

5b,c show the EDS point analysis sites and the corresponding composition, which also demonstrates 

that the particles are Cr-rich phase, and the rest of the surface is almost pure Cu. The presence of 

these residual particles should be due to the very low dissolution rate of the Cr-rich phase in the FeCl3 

etchant. These particles on the surface can hardly be removed by ultrasonic cleaning, thus if they are 

too large in size, they may be detrimental to the bonding of the molding compound in the subsequent 

packaging process. 

 

Figure 4. (a) Microscopic surface morphology and elemental distribution of the 80% cold-rolled 

specimen after etched by the FeCl3 etchant, (b) sites for the EDS characterization and (c) compositions 

of these sites. 

Figure 5 exhibits the surface morphologies of the CuCrSn specimens etched by the CuCl2-1 

etchant. As can be seen from Figure 5a, the dislocation groups and a large number of GBs generated 

by cold-rolling are indistinguishable. With the recrystallization and growth in size of the grains, the 
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influence of grain orientation on the etched surface morphology is still not obvious, and there is 

almost no protruded grain on the etched surfaces, as shown in Figure 5b–f. As a result, all the 

specimens in Figure 5 have very similar morphology after etching. There are also surface residual 

particles on the etched surface, but their size is smaller than that in Figure 3. 

 

Figure 5. Surface morphologies of the different CuCrSn specimens etched by the CuCl2-1 acidic 

etchant: (a) the 80% cold-rolled specimen without annealing, and the specimens further annealed at 

(b) 600 °C, (c) 700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

The surface morphologies of the CuCrSn specimens etched by the CuCl2-2 etchant are presented 

in Figure 6. For the cold-rolled specimen, the dislocation groups and GBs have little effect on etching, 

and the surface is flat, as shown in Figure 6a. Whereas, after the recrystallization occurs, effects of the 

grain orientation on the etching rate become visible, and some slight protrusions can be observed (see 

Figure 6b–f). Therefore, it can be predicated that even for the same etchant, the concentrations of the 

ions will affect the etching behavior. 

 

Figure 6. Surface morphologies of the different CuCrSn specimens etched by the CuCl2-2 acidic 

etchant: (a) the 80% cold-rolled specimen without annealing, and the specimens further annealed at 

(b) 600 °C, (c) 700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

Figure 7 shows the surface morphologies and elemental distributions on the surfaces etched by 

the two CuCl2 etchants. For the surface etched by the CuCl2-1 etchant, the surface microstructure is 

very fine, as shown in Figure 7a. Some residual fine Cr-rich precipitates can be seen on the etched 

surface. For the surface etched by the CuCl2-2 etchant shown in Figure 7b, it seems that is not so 
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uniform as that of Figure 7a, and the surface roughness is higher. From the microscopic etched surface 

morphologies, it can be predicted that the ion concentration of the CuCl2 etchant affects the etching 

process and morphology of the etched surface. With higher concentration of ions, the etching rate 

will be higher the surface also become coarser. 

 

Figure 7. Surface morphologies and elemental distributions of the 80% cold-rolled specimen etched 

by the: (a) CuCl2-1 and (b) CuCl2-2 etchants. 

 

Figure 8. 3D morphologies of the different CuCrSn specimens etched by aqua regia: (a) the 80% cold-

rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, (c) 700 °C, (d) 

750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

3.3. 3D Surface Undulations after Etching with Different Etchants 

The 3D surface morphologies of the specimens etched by the 4 different etchants were 

characterized using the LSCM, in order to reveal the difference in height between different areas of 

the etched surfaces, with different colors indicating the difference in height. Figure 9 shows the 3D 

morphologies of the specimens etched with the aqua regia. For the cold-rolled specimen, the deep 
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grooves locate at the GBs and dislocation groups can be clearly seen, and the difference in height 

between the grooves and the surrounding areas is about 3-4 μm. After an annealing at 600 °C, the 

deepest sites on the etched surface locate at the GBs, as presented in Figure 9b, and the difference in 

etch rates of different grains is not very obvious. As the annealing temperature increases, some 

protrusions with red color appear, as shown in Figures 9c-f. The obvious difference in the etching 

rate occurs not only at the GBs and inside the grains, but also between different grains. Therefore, 

some red areas can be observed on the etched surfaces, and the height differences on the etched 

surfaces are about 5-6 μm. 

Figure 9 shows the 3D surface morphologies of the specimens etched using the FeCl3 etchant. 

For the original cold-rolled specimen, it seems that the etch grooves at the dislocation groups become 

blurred. The depth of the etching grooves is only about 1 μm, which is much shallower than that on 

the surface etched by the aqua regia, and the width reaches to about 20 μm. In Figure 9b,c, some red 

protrudent particles can be seen, which are the residual Cr-rich precipitations. The height of these 

particles raised more than 2 μm. With increasing grain size, the protrudent etch-resistant grains can 

be observed, as presented in Figure 9d–f, as well, but the height of the protrusions is only about 2-3 

μm. 

 

Figure 9. 3D morphologies of the different CuCrSn specimens etched by the FeCl3 etchant: (a) the 80% 

cold-rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, (c) 700 °C, 

(d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

The 3D surface morphologies of the specimens etched by the CuCl2-1 etchant are shown Figure 

10. It can be found that all the surfaces are very flat, with no obvious protrusion appears, as shown 

in Figures 10a-c, both the dislocation groups, GBs and grain orientation have little influence on the 

etching surface. For the specimens with coarser grain, some very fine red particles can still be found 

on the etched surfaces through careful checking (see Figure 10d–f), which consistent with the SEM 

images. Figure 11 shows the 3D surface morphology of the specimens etched by the CuCl2-2 etchant, 

for which the surface fluctuation is higher than that etched by the CuCl2-1 etchant. For the cold-rolled 

specimen, the deformation defects have little influence on the etching surface, but the grain 

orientation shows obvious influence and forming some protrudent grains. 
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Figure 10. 3D morphologies of the different CuCrSn specimens etched by the CuCl2-1 etchant: (a) the 

80% cold-rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, (c) 

700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

 

Figure 11. 3D morphologies of the different CuCrSn specimens etched by the CuCl2-2 etchant: (a) the 

80% cold-rolled specimen without annealing, and the specimens further annealed at (b) 600 °C, (c) 

700 °C, (d) 750 °C, (e) 800 °C and (f) 850 °C for 15 min after cold-rolling. 

3.4. Surface Roughness 

The obtained surface roughness of the specimens etched by different etchants is shown in Figure 

12. For the surfaces etched with aqua regia, the roughness is significantly higher, because the 

preferential etching at the GBs and dislocation groups in the aqua regia is very serious. Whereas, it 

seems that the FeCl3 and CuCl2 etchants are insensitive to these defects, thus the GBs and defects are 

blurred and almost indistinguishable on the etched surface. It has been revealed that the grain size 

affects the roughness of the CuCrSn alloy surface etched by aqua regia [21]. For the FeCl3 and the two 

CuCl2 etchants, the recrystallization and grain growth has little influence on the etched surface 

roughness, although the etched surface morphology is affected by the grain structure, and the 

annealing temperature (grain size)-surface roughness curves show almost no fluctuation. Figure 13 

shows the microscopic surface morphologies of the CuCrSn specimens etched by the 4 etchants, with 

the same magnification factor, in which the difference in surface roughness is very intuitive. 
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Figure 12. Surface roughness of the CuCrSn alloy specimens etched by the 4 different etchants. 

 

Figure 13. Microscopic surface morphologies of the specimens etched by the: (a) aqua regia, (b) FeCl3, 

(c) CuCl2-1 and (d) CuCl2-2 etchants. 

3.5. Discussion 

From the above experimental results, it can be found that the grain structure, GBs and crystal 

defects of the CuCrSn alloy can affect the etched surface morphology. Whereas, the influence levels 

of these factors are quite different in the etchants with different etching mechanisms. In the aqua 

regia, the main substance that reacts with Cu is the concentrated nitric acid and Cl- is easy to form 

complexes with Cu2+, which decreases the reduction potential of Cu and accelerates the reaction. The 

reaction equation is as follows [26]: 

 Cu(s) + 4H𝑁𝑂3(𝑎𝑞) = 2𝐻2𝑂(𝑙) + 2𝑁𝑂2(𝑔) + 𝐶𝑢(𝑁𝑂3)2(𝑎𝑞) (1) 

During the etching process, Cu is directly oxidized to Cu2+ and then rapidly dissolved. As the 

reactivity of atoms near the defects and GBs is higher, which accelerates the dissolution rate, the aqua 

regia etchant is strongly influenced by defects, GBs and crystal orientation. Besides, the bonding 

energies between different atomic planes are different, resulting in the difference in etching rates of 

grains with different orientations and step morphologies within the etched surface of the grains. 
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For the FeCl3 etchant, the Fe3+ ion on the surface of alloy oxidize Cu atom to Cu+, the resulting 

CuCl is insoluble in the solution and will cover the surface of the alloy. Then, the CuCl can be further 

oxidized by Fe3+ to CuCl2, the reaction equation is as follows [16,27,28]: 

𝐶𝑢(𝑠) + 𝐹𝑒𝐶𝑙3(𝑎𝑞) = 𝐶𝑢𝐶𝑙(𝑠) + 𝐹𝑒𝐶𝑙2(aq) (2) 

𝐶𝑢𝐶𝑙(𝑠) + 𝐹𝑒𝐶𝑙3(𝑎𝑞) = 𝐶𝑢𝐶𝑙2(𝑎𝑞) + 𝐹𝑒𝐶𝑙2(𝑎𝑞) (3) 

For etching in the FeCl3 etchant, the Cu atoms at the surface atoms direct contact with Fe3+ at the 

beginning, thus the etching rate is the fastest. Since the dissolution rate of the CuCl is low than the 

generation rate, the CuCl film will form on the alloy surface, which prevents the Fe3+ from contact 

with the alloy surface and hinders the reaction (2). As a result, the generation rate of the CuCl film 

decreases until the generation and dissolution of the CuCl achieve a dynamic equilibrium, and the 

etching rate begins to stabilize [29,30]. Since there is a CuCl film that affects the etching mechanism, 

the surface morphology etched with the FeCl3 etchant is obviously different from that etched with 

the aqua regia. The effects of defects, GBs and grain orientation on etching can still be observed and 

are suppressed to a high extent. 

The reaction processes of the CuCl2 etchant with the Cu alloys are as follows [11–13]: 

𝐶𝑢𝐶𝑙2(𝑎𝑞) + 𝐶𝑢(𝑠) = 𝐶𝑢2𝐶𝑙2(𝑠) (4) 

𝐶𝑢2𝐶𝑙2(𝑠) + 4𝐶𝑙− = 2[𝐶𝑢𝐶𝑙3]2− (5) 

The Cu2+ ion first oxidizes the Cu atom to Cu+, which also forms the CuCl films. Unlike the FeCl3 

etchant, the CuCl film can only be dissolved through the adsorption of Cl- to form a complex, and the 

dissolution rate of CuCl film in the CuCl2 etchant is lower than that in the FeCl3 etchant. Figure 14 

shows the characterization sites and the corresponding compositions of a specimen etched by the 

CuCl2-1 etchant, with no ultrasonic cleaning after the etching, which demonstrates that the etched 

surface before ultrasonic cleaning is almost covered by the CuCl. Therefore, the influence of the CuCl 

film on the etching process is more serious, while the influence of defects, GBs and grain orientation 

on the etching process is much weaker, so the consistency of the etched surface in the CuCl2 etchant 

is better and the surface roughness is much lower. The CuCl2-2 etchant has a higher content of Cl- 

and Cu2+ than the CuCl2-1 etchant, which is more erosive to the CuCl film, and the etching is less 

uniform. As the difference in etching rates of CuCl2 to the matrix and the precipitates is low, the 

residual precipitation particles on the surfaces etched by the CuCl2 etchant are smaller in size. 

 

Figure 14. (a) Characterization sites and (b) the corresponding compositions of a specimen etched by 

the CuCl2-1 etchant, with no ultrasonic cleaning after the etching. 

4. Conclusions 

The etching surface of a set of the CuCrSn alloy specimens with different microstructure and 

grain sizes by 4 different etchants (aqua regia, FeCl3, CuCl2-1 and CuCl2-2) were characterized in this 

study. The main conclusions are as follow: 
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1. The etching rate in aqua regia is high, and the grain orientation, GBs and dislocations have 

significant influence on the etching rate. The preferential etching of some atomic planes forms step-

like structure between grains with different orientations, and the preferential etching around the GB 

and dislocation group forms grooves. For etching of the FeCl3 and CuCl2 etchants, such steps and 

grooves become blurred, and almost invisible on the surface etched by the CuCl2 etchant. 

2. The CuCrSn alloy surface etched by the aqua regia is clean, with very little Cr-rich particles. 

For the specimens etched with the FeCl3 and CuCl2 etchants, high density Cr-rich particles are 

remained on the surfaces, indicating that etching in these two etchants are more likely to be affected 

by the alloy composition and the precipitations. 

3. Due to the serious difference in etching rate at different locations, the surface roughness of 

specimen etched by the aqua regia is the highest. There is little fluctuation on the surfaces etched with 

the FeCl3 and CuCl2 etchants, thus the surface roughness are much lower. For the same kind of 

etchant, the ion concentration can affect the etching mechanism and etching surface morphology, 

although not fundamentally. 
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