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TABLE 1 Macroetchants for Aluminum and Aluminum Alloys
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Alloy Composition Procedure Comments

All NaOH 10g Immerse sample 5 to 15 min in solution heated to 140 Good general-purpose etchant, can be

H,O 100 mL to 160°F (60 to 70°C). Rinse in water, and remove used on almost all aluminum alloys.

smut in strong HNO; solution. Rinse and repeat Does not require fine grinding.
etching if necessary.
3XXX HCI (concentrated) 75 mL Mix fresh before using. Use at room temperature. May Used to develop grain structure. May be
4XXX HNOj (concentrated) 25 mL be used as immersion etch or swabbed over diluted with 25 % water to slow down
5XXX HF (48 %) 5 mL specimen surface. Rinse specimen in warm water and etching. Does not require fine grinding.
B6XXX dry.
High Si castings
High purity A1 HCI (concentrated) 45 mL Immerse specimen at room temperature until desired Tucker’s etch. General purpose etch for
1XXX HNOj; (concentrated) 15 mL contrast is developed. Rinse in warm water and dry. revealing microstructure of both cast and
3XXX HF (48 %) 15 mL wrought aluminum. Does not require fine
4XXX H,O 25 mL grinding.
5XXX
B6XXX
All except high Si HCI (concentrated) 15 mL Same as above. 1+ 2 Tucker's. Same as above, but
castings HNOj; (concentrated) 5mL slower acting.

HF (48 %) 5mL

H,O 75 mL
2XXX HCI (concentrated) 15 mL May be used as an immersion etch or swabbed over Flick’s reagent. Best results are obtained
High Cu alloys HF (48 %) 10 mL the specimen surface. When desired contrast is with a ground surface. 180 grit will

H,O 90 mL obtained, rinse in water and remove deposits with suffice.

concentrated HNO;. Rinse in warm water and dry.
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TABLE 2 Macroetchants for Beryllium and Beryllium Alloys

Metal Composition Procedure Comments

Be HCI 10 mL Either swab or immerse at room temperature for a few Works best on coarse grained Be.
NH,CI 449 minutes, rinse in water and dry.
H,O 90 mL

Be HCI 10 mL As above. An alternative when No. 1 does not work. Fine-grained
NH,CI 29 metal may not give good results in either case.
Picric acid 29
H,O 90 mL
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TABLE 3 Macroetchants for Cobalt and Cobalt Alloys

Alloy Composition Procedure Comments
49Co-49Fe-V HCI 50 mL Immerse specimen in hot solution (140 to 180°F) for General structure,
Some Co-Cr alloys H,O 50 mL 30 to 60 min. Rinse in hot water and dry. porosity.
25Cr-10Ni-8W HCI 50 mL Swab until desired contrast is obtained then rinse in Grain size, general
21Cr-20Ni- HNO4 10 mL warm water and dry. structure.
3W-3Mo-1Cb FeCly 1049

H,O 100 mL
18Cr-10Ni-14W CuCl, -2NH,, CI-2H,0 29 As above. As above.
FeClg 59
HNO4 5mL
HCI 50 mL
H, O 80 m

TABLE 4 Macroetchants for Copper and Copper Alloys

Alloys Composition Procedure Comments
Cu and all brasses HNO4 10 mL Immerse specimen in solution at room temperature Emphasize grains and cracks.
H,O 90 mL for a few minutes. Rinse in water and dry.
Cu and all brasses HNO4 50 mL As above. Brings out grain contrast, pits result
H,O 50 mL unless agitated. Aluminum bronzes may

form smut which can be removed by brief
immersion in concentrated HNO3.

Cu and all brasses HCI 30 mL As above. Good grain contrast.
FeCly 10g
H,O or ethanol 120 mL
Cu, high Cu alloys, K,Cr,0; sat 29 Immerse specimen in solution at room temperature Emphasizes grain boundaries and oxide
phosphorus, tin soln of NaCl for 15 to 30 min then swab with fresh solution. inclusions.
bronzes H,SO4 Rinse in warm water and dry.
H,O
All HNO4 50 mL Immerse specimen in solution at room temperature.  Brilliant deep etch.
AgNO, 59 Rinse in warm water and dry.
H,O 50 mL
Brass 20 % acetic acid 20 mL As above. Strain lines.
5 % chromic acid 10 mL
10 % FeCls in H,O 5mL
Silicon brass or bronze CrO5 409 Immerse specimen in solution at room temperature,
NH,CI 759 rinse in warm water and dry.

HNOj (concentrated) 50 mL
H,SO, (concentrated) 8 mL
H,O 100 mL
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TABLE 5 Macroetchants for Iron and Steel

Alloys

Composition

Procedure

Comments

Plain and alloy steels,
high-speed and tool steels,
cutlery (12-14 % Cr) and
stainless steels

High-alloy steels

Plain and alloy steels, cutlery

steels

High-alloy steels

Stainless steels, high-alloy
steels

Austenitic stainless steels

Plain and low-alloy steels

Plain and alloy steels

Mild steel, Bessemer and high
N, steel

Plain and alloy steels

Stainless and high-Cr steels

Plain and alloy steels

Plain and alloy steels

HCI (concentrated)
H,O

HCI (concentrated)
HNO; (concentrated)
H,O

HCI (concentrated)
H,SO, (concentrated)
H,O

HNO; (concentrated)
HF (48 %)

H,O

H,O

to

HNOj (concentrated)
HF (48 %)

H,O

HCI (concentrated)
H,O
H,0, (30 %)

HCI (concentrated) sat
soln
CuS0O, in H,O

(NH,)»,S,0g (@ammo-
nium persulfate)
H,O

CuCl,

MgCl,

HCI (concentrated)
Alcohol—up to
CuCl,

HCI (concentrated)
H,O

CuCl,
HCI (concentrated)
H,O

HCI
Alcohol
Picric acid

HCI (concentrated)
H,O

HCI (concentrated)
H,O
HBO4

50 mL
50 mL

50 mL
25 mL
25 mL

38 mL
12 mL
50 mL

10 mL
4 mL

87 mL
87 mL

40 mL
10 mL
50 mL

50 mL
50 mL
20 mL

50 mL
25 mL
10g
100 mL

25¢g
1049
5 mL
250 mL

90 g
120 mL
100 mL

459
180 mL
100 mL

10 mL
100 mL
19

6 to 12 mL
100 mL

6 mL
100 mL

19

Immerse specimen in solution heated to 160 to
180°F for 15 to 30 min. Desmut by vigorous
scrubbing with vegetable fiber brush under
running water. Stainless steels may be desmutted
by dipping in a warm 20 % HNO; to give a bright
finish.

Immerse specimen for 10 to 15 min in solution at
room temperature. Rinse in warm water and dry.

Immerse specimen for 15 to 45 min in solution
heated to 160 to 180°F. Rinse in warm water and
dry.

Immerse specimen in solution heated to 160 to
180°F until desired etch is obtained and rinse in
warm water and dry.

Mix HCI and water then heat to 160 to 170°F.
Immerse specimen and add H, O, in several
parts. Do not mix. Make each subsequent
addition after foaming from previous addition has
stopped.

Immerse specimen in solution which may be
heated or not depending upon alloy. Time also
depends on alloy. Rinse in warm water and dry.

Swab solution at room temperature over
specimen. Rinse and dry.

Immerse in solution at room temperature until a
coppery sheen appears. Rinse thoroughly and
dry.

The surface should be rubbed with cloth soaked
in etching solution. Wash in alcohol or rinse in
HCI (1 + 1) after etching to prevent deposition of
copper.

As above.

Immerse specimen in solution at room
temperature until desired contrast is obtained.
Rinse and dry.

Electrolytic, 5 to 10 A per square inch, specimen
vertical, rinse, brush, and dry.

Electrolytic, specimen moves past a cathode bar,
30 to 40 A per inch of specimen width, rinse,
brush, and dry.

General purpose.

Ratio HCI:HNO; runs 2:1 to 3:1.

Works well on 12 % Cr steel.

Ratio HNOg-HF varies.

Produces bright finish.

Marble’s reagent. Light etch, good for
structure.

Grain size, weldments.

Stead’s reagent. Salts dissolved in HCI
with minimum of hot water. To bring out
P-rich areas and P banding.

Fry’s reagent. Before etching, sample
should be heated to 200 to 250°C (302
to 482°F) for 5 to 30 min depending on
condition of steel. To show strain lines
due to cold work.

Modified Fry’s reagent. Same as for
reagent No. 9 but modified by Wazau,
may give more contrast specimen can
be washed in water without depositing
copper.

Vilella’s reagent.

Small specimens, <20 in.2 area.

For specimens over 20 in.2 area,
blooms, billets, and slabs.
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