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A RELIABLE AND REPRODUCIBLE TECHNIQUE FOR MACROSCOPIC ETCHING 
OF TYPES 304 STAINLESS STEELS 

James F. Capes, James W. Snyder and Arthur E. Calabra 

Abstract. An extremely reliable procedure is described for 
macroscopic etching of 304 and 304-L type stainless steel 
forgings. The method is rapid and 100% reproducible. The 
surface of the forging to be examined is mechanically 
ground through a sequence of decreasing grit-size on 
silicon-carbide papers, including 600 soft grit. Prior to 
grinding, the entire forging is masked with a spray lacquer 
so that after grinding only the surface in question will be 
attacked by the etchant. 

The surface to be macroscopically etched is immersed in or 
swabbed with an aqueous solution of cupric ammonium 
chloride and hydrochloric acid. The results show in fine 
detail the strain lines effected by the forging operation, and 
the forging is also ready for examination and 
photographing. 

INTRODUCTION 

Large forgings of 304 and 304- L stalI'lless slt:el 1nu3t bo 
macro-etched to reveal strain lines (flow lines) induced by a 
forging operation. The flow-line configuration is the 
critP.rion upon which the quality of the forging is judged. 
Many of the macro-etching methods descnbed in lauu1atory 
text books 1 • 2 require an acid, or a mixture of acids, heated 
to the boiling temperature. These etchan ls have proven to 
be cumbersome, time consuming, ineffective, potentially 
dangerous, and not reproducible. 

The flow-line patterns resolved by some methods require an 
ink staini11g followed by a finP. erinding to reveal the details 
for examination and photography . Therefore, other 
macro-etching procedures were throughly investigated. The 
authors believe that the procedure described in this report 
is the most efficient and reliable of the macro-etching 
techniques. 

NOTE: Superscripts relate to references. 

PROCEDURE 

The surface preparation procedure is simple. First, the 
entire macro section is sprayed with lacquer. 3 This will 
assure the technician that only the prepared surface in 
question will be attacked by the etchant. Experience has 
shown that a more efficient attack is effected by exposing 
only the area in question to the etching solution. The 
lacquer on the surface to be etched is removed by the 
subsequent grinding. 

Grinding is performed using the normal sequence of 
<lecreasing grit-size on silicon-carbide papers; that is, 180, 
240, 320, 400, and 600 grits. An additional fine grinding 
step, however, is used which makes the difference between 
a well-defined flow line and one of lesser quality. This is 
done using the 600 soft paper.4 This is a 600 silicon-carbide 
grit on a soft paper backing. 

All grinding is done with copious amounts of cold water as 
a lubricant and coolant. Polishing beyond fine grinding is 
time consuming and will not increase the resolution of the 
forging now lines. 

When the surface preparation is completed, the:: surface in 
question is then immersed i11 lhe aqueous solution of cupric 
ammonium chloride and hydrochloric acid which is at room 
temperature. (See Table I.) 

Etching time normally will take approximately 45 seconds. 
If the macro specimen is too large for an immersion, 
excellent results can be obtained by swabbing with cotton 
soaked in the etch;int. The time for the swab technique will 
take 30 to 60 seconds longer. 

The etchant as shown in Table I is a modification of 
Humfry 's Reagent. 1 • 2 The hydrochloric acid is added only 
at Lhe time of use . Fresh HCJ appears lu "liven" the etchant 
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(a) (b) 

FIGURE I. Comparison photographs : (a) the remarkable results obtained using the procedure described, and (b) the results 
obtain using water - HCI (50: 50), and ink stained. Observe the excellent resolution in the (a) photographs. 
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TABLE I. Macro-Etching Solution. 

Stock solution 

Working solution 

Temperature 

resulting in the extremely fme, macroscopic, flow-lint 
resolution. The working solution is used at r()om 
temperature. 

After etching, the specimen is rinsed throughly with cold 
water and dried. The maeroscopic structures are resolved to 
such fme detail that no additional preparation is required 
for examination and photography. 

CONCLUSIONS 

Flguu:: 1 (a) 5l1ows the excellent forging detail obtained 
using the described procedure. Figure 1 (b) consists of 
comparison photographs of similar forgings but etched by 
using a boiling mixture of water and hydrochloric acid and 
an ink stain on the su1face. The superior structural 
characteristics effected with the reported procedure are 
obvious. 

lS grams CuC12 • 2NH,O · 2H20 
(cupric ammonium·chloride, 
reagent grade) 

100 ml -.distilled water 

100 ml stock solution 
S inl HO 

. Room temperature 
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