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TECHNICAL REPORT ISO/TR 16060:2003(E)

Destructive tests on welds in metallic materials — Etchants for
macroscopic and microscopic examination

1| Scope

Th|s Technical Report gives a non-exhaustive list of etchants that can be used for thé macrogcopic and
migroscopic examination of welds in accordance with ISO 17639 for the following groups'ef materials:

—| carbon steels and low-alloy steels;
—| stainless steels;

—| nickel and nickel alloys;

—1| titanium and titanium alloys;

—| copper and copper alloys;

—| aluminium and aluminium alloys.

2 [ Normative references
The following referenced documents_-are' indispensable for the application of this document. [For dated
references, only the edition cited applies. For undated references, the latest edition of the feferenced
dogument (including any amendments) applies.

ISQ 17639, Destructive tests.'on welds in metallic materials — Macroscopic and microscopic exafnination of
welds
3 | General

Wmere details\of concentration or waters of crystallization of reagents are not defined in the annexgs, Table 1
pplicable."These values should be confirmed by the suppliers of each etchant.

4 "Etchants for carbon steels and low-alloy steels

The etchants for carbon and low alloyed steels are given in Annex A.

5 Etchants for stainless steels

The etchants for stainless steels are given in Annex B.

© 1SO 2003 — Al rights reserved 1
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6 Etchants for nickel and nickel alloys

The etchants for nickel and nickel alloys are given in Annex C.

7 Etchants for titanium and titanium alloys

The etchants for titanium and titanium alloys are given in Annex D.

8 Etchants for copper and copper alloys

The etchants for copper and copper alloys are given in Annex E.

9 Etchpnts for aluminium and aluminium alloys

The etchants for aluminium and aluminium alloys are given in Annex F.

10 Designation

Etchants should be designated either by names or by numbers of tableS)in“accordance with Annex G.

Table 1 — Characteristics of components

Camponents Characteristics
Specific gravity Concentration Hydrate Remarks
g/cm3 %
HCI 1,18 3510 38 —
1,16 31,50 33

HF 1,13 40 —

HNO, 1,42 69 —

H,S0O, 1,84 98 —
H,0, - 6 % W/V @ — Usually 20 volumes

(i.e. 20 volume available O,)
H;PO, 1,70 85 —
GH,COOH 1,05 99,1 — glacial

HBF, 1,23 35 —

C,H,0, — — 2

FeCl; = = 3

CuCl, — — 2

MgCl, — — 6

Fe(NO,), — — 9

a W/V means weight by volume.
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Annex A
(informative)

Etchants for carbon steels and low-alloy steels

See Tables A.1 to A.13.

Table A.1 — Nital

Type of etchant: Macroscopic and microscopic etchant

Composition in volume and in order of mixing:
99 ml to 95 ml industrial methylated spirits*
1 ml to 5 ml nitric acid (HNO3)

*Ethyl alcohol (C2H50H), denatured with methyl alcohol (CH30H)
Also methyl alcohol or isoamyl alcohol [(CH3),CH(CH2)20H]

Safe shelf life: Indefinite

Surface preparation:

600 grit or finer (macroetching ~ 5 % of nitric acid)
3 um diamond or finer (microetching ~ 2 % of nitric;acid)

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

Usual precautions for handling and-\disposal of acids.

Comments:

Can increase strength te-15’% for macroetching on ground surface — reveals ferrite boundarie$ —
differentiates ferrite fran-martensite. Good general purpose etchant.

Amyl alcohol is preferable for galvanized steel.

© 1SO 2003 — Al rights reserved 3
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Table A.2 — Picral (4 %)

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml ethyl alcohol (CoH50H)

4 g picric acid [CgH2OH(NO>2)3]

[+ wetting agent (sodium dodecyl benzene sulphate) (C1gH2gNaSOy) if required]

Safe shelf life: Indefinite

Surfage preparation:

3 um diamond or finer

Etchivg temperature: Ambient

EtchiLg time: A few seconds — check by eye

Addit|onal precautions/requirements:

Usual|precautions for handling and disposal of acids.

Comments:

Little attack prior austenite boundaries — detects carbides — good resolution with fine pearlite,
martepsite, tempered martensite and bainitic structures.

Table A.3 — Picric acid solution

Type pf etchant: Microscopic etchant

Composition in volume and in order of mixing:

1 | safurated aqueous picric acid [CgH2OH(NO2)3]
10 mljwetting agent (sodium dodecyl benzenesulphate) (C1gHogNaSOy)

Safe shelf life: Indefinite

Surfage preparation:
3 um gdiamond or finer

Etchivg temperature: 55,C.to 60 °C

EtchiLg time: A few seeonds — check by eye

Addit|onal precautions/requirements:

Usual|precautions for handling and disposal of acids.

Comments:

Revegls7prior grain boundaries and segregation.
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Table A.4 — Picral (15 %)

ISO/TR 16060:2003(E)

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml ethyl alcohol* (CoH50H)
15 g picric acid [CgH2OH(NO>)3]

*Also methyl alcohol (CH30H)

Safe shelf life: Indefinite

Surface preparation:

2 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds to one minute — check by eye

Additional precautions/requirements:

Usual precautions for handling and disposal of acids.

Comments:

Reveals general structure.
The composition given saturates the solution with picric acid.

Table A.5 — Hydrochloric picric acid solution

Type of etchant: Microscopic etchant

Composition in volume and in order of'mixing:

100 ml ethyl alcohol (CoH50H)

1 ml hydrochloric acid (HCI)
4 g picric acid [CgHoOH(NO2)s]

Safe shelf life: Indefinite

Surface preparation:

3 ym diamond or finer

Etching temperature: Ambient

Etchingtime: 10 s to a few minutes

Additional precautions/requirements:

Usual precautions for handling and disposal of acids.

Comments:

Microstructural characterization of HAZ, weld and parent metal.

Especially effective for very fine structures. Less effective than Nital for the ferrite grain boundaries.

© 1SO 2003 — Al rights reserved
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Table A.6 — Ammonium peroxodisulphate solution

Type of etchant: Microscopic etchant

100 m
10ga

Composition in volume and in order of mixing:

| water (H20)
mmonium peroxodisulphate [(NH4)2S20g]

Safe shelf life: Limited

Surface preparation:

6 um

diamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: 2 min to 3 min

Addit

onal precautions/requirements: nil

Comrn

Reves
Microg

hents:

Is extent of HAZ.
copic features of multipass welds.

Table A.7 — Alcoholic hydrochloric solution

Type

pf etchant: Microscopic etchant

Comp

100 m
1mlt

osition in volume and in order of mixing:

| ethyl alcohol (CoH50H)
b 5 ml hydrochloric acid (HCI)

Safe ¢

shelf life: Indefinite

Surfa
3 um

Ce preparation:

Hiamond or finer

Etchivg temperature: 40 °C to 50-.°C

EtchiLg time: A few seconds te.one minute

Addit

Usual
Add H

onal precautions/requirements:

Cl to C2H5OH.

precautions for/handling and disposal of acids.

Comrn

hents: nil

© ISO 2003 — Al rights reserved
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Table A.8 — 120/10/30 etchant

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

120 ml ethyl alcohol (CoH50H) or methyl alcohol (CH30H)
10 mliron (Ill) chloride (FeCl3) (60 % W/V)
30 ml hydrochloric acid (HCI)

Safe shelf life: Indefinite

Surface preparation:

2 ym diamond or finer

Etching temperature: Ambient

Etching time: A few seconds by immersion — check by eye

Additional precautions/requirements:

Usual precautions for handling and disposal of acids.

Comments:

Good general-purpose etchant.

Table A.9 — Cuprochloric solution 1

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:

30 ml water (H20)
25 ml ethyl alcohol (C2H50H)

40 ml hydrochloric acid (HCI)
5 g copper (Il) chloride (CuCly)

Safe shelf life: 2 h

Surface preparation:
1 000 grit or finer

Etching temperature: Ambient

Etching timé:10sto 20 s

Additional precautions/requirements:

After’the etching, the specimen should be washed in order to remove copper deposits.

Usual precautions for handling and disposal of acids.

Comments:

Reveals cold working strain lines.

© 1SO 2003 — Al rights reserved 7
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Table A.10 — Magneso cuprochloric solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml ethyl alcohol (C2H50H)

20 ml water (H>0)

1 ml hydrochloric acid (HCI)

4 g magnesium (ll) chloride (MgCly)
1 g copper (ll) chloride (CuCly)

Safe ghelf life: 2 h

Surfage preparation:

3 ym gdiamond or finer

Etchivg temperature: Ambient
Etchifg time: 60 s

Additjonal precautions/requirements:

Salts $hould be dissolved in the smallest amount of hot water, then diluted, with’ethyl alcohol.
A slight polishing (1 um) after the etching furnishes the best contrast.

Comments:

Reveals phosphorus and related segregations. The copper depasits first of all on those areas
poorest in phosphorus.

Table A.11 — Adler’s etchant

Type pf etchant: Macroscopic etchant

Composition in volume and in order of mixing:
25 mljwater (H20)

3 g ammonium tetra chloro diaquo_guprate (I) [(NH4)2CuClys-2H50]

50 ml|hydrochloric acid (HCI)
15 g iton (l1) chloride (FeCls)

Safe shelf life: Months

Surfage preparation:

320 grit or finer

Etchivg temperature: Ambient
Etchifgfime: 5st0 10 s

Additional precautions/requirements:

Add [(NH4)2CUC|4'2H20] to Hzo (a)
Add FeCl; to HCI (b).
Mix both then add (b) to (a).

Comments: nil

8 © ISO 2003 — Al rights reserved
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Table A.12 — Heyn’s etchant

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:
120 ml water (H50)
10 g ammonium tetra chloro diaquo cuprate (1) [[NH4)2CuCls-2H,0]

Safe shelf life: Months

ourrace preparation:

240 grit or finer

Etching temperature: Ambient

Etching time: 10 s to 1 min

Additional precautions/requirements:

Add [(NH4)2CUC|4'2H20] to Hzo.

Comments:

Copper deposit shall be removed.

Table A.13 — Ferric chioride solution

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:

70 ml water (H20)
30 ml iron (1) chloride (FeCl3) (60 % \W/V)

Safe shelf life: Indefinite.

Surface preparation:
1 000 grit or finer

Etching temperature: Ambient

Etching time: A.-few'seconds

Additional precautions/requirements:

Usual precaution for handling and disposal of acids.

Comments:

1) Swab the surface;

2YRinse with water;

3) Swab again the surface;

4) After etching, water rinse, alcohol rinse, dry.

© 1SO 2003 — Al rights reserved 9
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Annex B
(informative)

Etchants for stainless steels

See Tables B.1 to B.12.

10

Table B.1 — Oxalic acid solution

Type

pf etchant: Microscopic etchant

Comp

100 m
1094

osition in volume and in order of mixing:

| water (H20)
xalic acid (ethanedioic acid) (CoH204)

Safe ghelf life: Indefinite

Surfa
3 um

Ce preparation:

Hiamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: A few seconds — check by eye

Addit

Usual

onal precautions/requirements:

precautions for handling and disposal of acids.

Comrn

Electr
Revesd
Revesd

hents:

Is general structure.
Is carbides at the grain boundaries.

plytic 2 V to 6 V. Can reveal sensitivity to inter-crystalline corrosion.

Table B.2 — Thiocyanate solution

Type

pbf etchant: Microscopic\etchant

Comp

80 ml
20 mi
109 4

osition in volume“and in order of mixing:

water (H20)
sulphuric acid{(H2SO4)
mmonium thiocyanate (NH4SCN)

Safe ¢

shelf life: Indefinite

Surfa

Ce-preparation:

3 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

Usual

precautions for handling and disposal of acids.

Comments:
Electrolytic 1,5V t0 2,0 V.

Good

general purpose etchant.

© ISO 2003 — Al rights reserved
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Table B.3 — Acidified ferric chloride solution

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:

480 ml water (H50)

120 ml hydrochloric acid (HCI)
50 g iron (Ill) chloride (FeCl3)

Safe shelf life: Indefinite

Surface preparation:

600 grit or finer

Etching temperature: Ambient

Etching time: A few seconds to one minute — check by eye

Additional precautions/requirements:

Usual precautions for handling and disposal of acids.

Comments:

Good general purpose macroscopic etchant, for austenitic chromium nickel and other stainless
steels.

Table B.4 — Modified-Murakami's etchant

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:

60 ml water (H0)
30 g potassium ferricyanide [K3Fe(CN)g]
30 g potassium hydroxide (KOH)

Safe shelf life: Fresh solution

Surface preparation:

1 um diamond or finer

Etching temperature: Temperature of freshly prepared solution (hot)
Etching time:20sto 40 s

Additional precautions/requirements:

Usualprecautions for handling and disposal of caustic solutions.

Comments:

Reveals ¢ phase from & ferrite and carbides. Austenite matrix is not revealed.

© 1SO 2003 — Al rights reserved 1
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Table B.5 — Cuprochloric solution 2

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml water(H2O)
100 ml ethyl alcohol (C2H50H)

100 ml hydrochloric acid (HCI)
5 g copper (II) chloride (CuCly)

Safe shelf life: 2 h

Surfage preparation:

1 um giamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: 10 s to a few minutes

Addit|onal precautions/requirements:

After g¢tching, the test specimen should be washed in order to remove copper.deposits.
Usual|precautions for handling and disposal of acids.

Comments:

Espedially for ferritic and martensitic stainless steels, an alternative-te electrolytic etching.
Less gffective for austenitic grain boundaries that can be attacked using longer etching times. Not
effective for carbides.

Table B.6 — Chromic acid solution

Type pf etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml water (H20)
10 g ghromium (VI) oxide (CrO3)

Safe ghelf life: A few days

Surfage preparation:

1 um giamond or finer

Etchivg temperature:"/Ambient

Etchi‘\g time: 40)s to 1 min

Addit|onal precautions/requirements:

Usual|precautions for handling and disposal of acids.

Comments:

Austenitic grain boundaries. Distinguishes ¢ phase and carbides.
Electrolytic etching (3 V) for general purpose etchings. For the analysis of carbides, the etching is
carried out in two steps: first with 1 V and afterwards with 3 V.

© ISO 2003 — Al rights reserved
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Table B.7 — Alcoholic hydrochloric solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml ethyl alcohol (CoH50H)
1 ml to 5 ml hydrochloric acid (HCI)

Safe shelf life: Indefinite
{Surfacepreparation:
3 ym diamond or finer

Etching temperature: 40 °C to 50 °C

Etching time: A few seconds to one minute

Additional precautions/requirements:

Add HCl to CzH5OH.
Usual precaution for handling and disposal of acids.

Comments: nil

Table B.8 — Hydrochloric nitric acid solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

39 ml water (H20)

52 ml hydrochloric acid (HCI)
9 ml nitric acid (HNOj3), (concentration 65%)

Safe shelf life: Indefinite

Surface preparation:

3 ym diamond or finer

Etching temperature: Ambient

Etching time: A fewseconds to a few minutes

Additional precautions/requirements:

Always add-HCI and HNO3 to H»O.
Usual precautions for handling and disposal of acids.

Comments: nil

© 1SO 2003 — Al rights reserved 13
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Table B.9 — Adler’s etchant

Type of etchant: Macroscopic etchant

Composition in volume and in order of mixing:

25 ml water (H20)

3 g ammonium tetra chloro diaquo cuprate (II) [[NH4)2CuCls-2H50]
50 ml hydrochloric acid (HCI)

15 g iron (lll) chloride (FeCls)

Safe shelf life: Months

Surfage preparation:

320 grit or finer.

Etchivg temperature: Ambient

Etchifg time: 5st0 10 s

Addit|onal precautions/requirements:

Add [(NHg4)> CuCl4-2H,0 to H,O] (a).
Add FeCl; to HCI (b).
Mix bgth then add (b) to (a).

Comments: nil

Table B.10 — Fluonitric acid-solution 1

Type pf etchant: Microscopic etchant

Composition in volume and in order of mixing:

50 mlnitric acid (HNO3)
50 mlfhydrofluoric acid (HF)

Safe ghelf life: Do not store after using.

Surfage preparation:

2 um ¢gliamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: 5 min to30 min by immersion

Additjonal precautions/requirements:

CAUT|ION: When handling HF wear hand and eye protection. In the event of bodily contact,

wash [off skinfimmediately and seek medical advice.

Use rTceptacIes in plastic.
Usuallprecautions for hnndling and dispasal of acids

Comments:

Reveals general structure.

© ISO 2003 — Al rights reserved
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Table B.11 — Fluonitric acid solution 2

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

100 ml water (H50)
100 ml nitric acid (HNO3)
100 ml hydrofluoric acid (HF)

Safe shelf life: Do not store after using.

Surface preparation:

2 ym diamond or finer

Etching temperature: Ambient

Etching time: 1 min to 15 min by immersion

Additional precautions/requirements:

CAUTION: When handling HF wear hand and eye protection. In the'event of bodily conta¢t,
wash off skin immediately and seek medical advice.

Use receptacles in plastic.
Usual precautions for handling and disposal of acids.

Comments:

Reveals grain boundaries.

Table B.12.&= Nitric acid solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

50 ml water (H0)
50 ml nitric acid (HNO3)

Safe shelf life: Indefinite

Surface preparation:

2 ym diamond_orfiner

Etching temperature: Ambient

Etching.time: A few seconds

Additional precautions/requirements:

Wsual precautions for handling and disposal of acids.

Comments:

Electrolyticat3Vto 6 V.
Rinse in the solution to remove the film present on the surface.

© 1SO 2003 — Al rights reserved 15
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Annex C
(informative)

Etchants for nickel and nickel alloys

See Tables C.1 to C.4.

16

Table C.1 — Alcoholic hydrochloric acid solution with hydrogen peroxide

Type

pbf etchant: Microscopic etchant

Comp

65 ml
35 ml
4 mlh

osition in volume and in order of mixing:

ethyl alcohol (CoH50H)
hydrochloric acid (HCI)
ydrogen peroxide (H,O») (20 volumes)

Safe ghelf life: Do not store after using.

Surfa
2 um

Ce preparation:

Hiamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: A few seconds — check by eye

Addit

Add H
Usual

onal precautions/requirements:

»O5 just before using.
precautions for handling and disposal of acids.

Comn
Good

hents:

general-purpose etchant.

Table C.2 — Thiocynate solution

Type

pf etchant: Microscopic\etchant

Comg

80 ml
20 mi
109 4

osition in volume ‘and in order of mixing:

water (H20)
sulfuric acid(H2SOy4)
mmonia thiocyanate (NH4SCN)

Safe ghelf life: Indefinite

Surfa

Cé preparation:

3 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

Usual

precautions for handling and disposal of acids.

Comments:
Electrolytic 1,5V to 2,0 V.

Good

general-purpose etchant.
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Table C.3 — Nitric acetic acid solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

30 ml acetone [(CH3),CO]
30 ml nitric acid (HNO3)
30 ml acetic acid (CH3COOH)

Safe shelf life: Do not store after using.

Surface preparation:

3 ym diamond or finer

Etching temperature: Ambient

Etching time: few seconds — check by eye

Additional precautions/requirements:

Keep cool.
Nitrous oxide given off.
Usual precautions for handling and disposal of acids.

Comments:

Good general-purpose etchant.

Table C.4 — Adler’s etchant

Type of etchant: Macroscopic etchant

Composition in volume and in order of'mixing:

25 ml water (H,0)

3 g ammonium tetra chloro diaquo.cuprate (ll) [(NH4)2CuCls-2H50]
50 ml hydrochloric acid (HCI)

15 g iron (lll) chloride (FeClg)

Safe shelf life: Months

Surface preparation:

320 grit or finer

Etching temperature: Ambient

Etching'time: 5st010s

Additional precautions/requirements:

AddHNH7)7CuCizr2H0THtoH0(a):
Add FeClj to HCI (b).
Mix both then add (b) to (a).

Comments: nil
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Annex D
(informative)

Etchants for titanium and titanium alloys

See Tables D.1 and D.2.

18

Table D.1 — Keller's etchant

Type

pf etchant: Microscopic etchant

Composition in volume and in order of mixing:
950 nl water (H20)

25 ml
15 ml
10 ml

nitric acid (HNO3)
hydrochloric acid (HCI)
hydrofluoric acid (HF)

Safe ghelf life: Indefinite

Surfa
3 um

Ce preparation:

diamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: A few seconds — check by eye

Addit

CAUT|ION: When handling HF wear hand and eye protection. In the event of bodily contact,

wash

Use re¢ceptacles in plastic.

Usual

onal precautions/requirements:

off skin immediately and seek medical.advice.

precautions for handling and dispesal of acids.

Comments:

Good

general-purpose etchant.
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Table D.2 — Fluonitric acid solution 3

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

880 ml water (H0)
100 ml nitric acid (HNO3)
20 ml hydrofluoric acid (HF)

Safe shelf life: Indefinite

Surface preparation:

3 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

CAUTION: When handling HF wear hand and eye protection. In the'event of bodily conta¢t,
wash off skin immediately and seek medical advice.

Use receptacles in plastic.
Usual precautions for handling and disposal of acids.

Comments:

Good general-purpose etchant.
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Annex E
(informative)

Etchants for copper and copper alloys

See Tables E.1 to E.3.

20

Table E.1 — Alcoholic acidified ferric chloride solution

Type

pf etchant: Microscopic etchant

Comp

960 m
20 ml

osition in volume and in order of mixing:

| industrial methylated spirits™
hydrochloric acid (HCI)

50 g ifon (111) chloride (FeCls)

*ethyl

alcohol (CoHs50H) denatured with methyl alcohol (CH30H)

Safe ¢

shelf life: Indefinite

Surfa
3 um

Ce preparation:

Hiamond or finer

Etchivg temperature: Ambient

Etchi‘\g time: A few seconds — check by eye

Addit

Usual

onal precautions/requirements:

precautions for handling and disposal of acids:

Comrn
Good

hents:

general-purpose etchant, especially-forhigh copper content alloys.

Table E:2— Ammonium peroxodisulfate solution

Type

pf etchant: Microscopic/etchant

Comp

90 ml
10 md
10 ml

osition in volume~and in order of mixing:

water (H20)
ammoniumyperoxodisulfate [(NH4)2S20g]

Safe sfhelf life: Use fresh. Do not store after using.

SurfaLe—preparaticn:

3 um diamond or finer

lammoniun’ hydroxide (ammonia solution) (NH3 in H,O) specific gravity 0,880 g/cm3.

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

Usual

precautions for handling and disposal of caustic solutions.

Comments:

Good

general-purpose etchant.

© ISO 2003 — Al rights reserved



https://standardsiso.com/api/?name=363b4b73c3c473aadf22e78f1f55c497

ISO/TR 16060:2003(E)

Table E.3 — Nitric acid with ammonium and ferric nitrate solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

500 ml water (H0)

2 ml nitric acid (HNO3)

2 g ammonium nitrate (NH4NO3)
20 g iron (lll) nitrate [Fe(NO3)3]

Safe shelf life: Indefinite

Surface preparation:

3 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

Usual precautions for handling and disposal of acids.

Comments:

Good general-purpose etchant.
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Annex F
(informative)

Etchants for aluminium and aluminium alloys

See Tables F.1to F.7.

Table F.1 — Sodium hydroxide solution

Type pf etchant: Macroscopic etchant

Composition in volume and in order of mixing:

100 ml water (H20)
15 g godium hydroxide (NaOH)

Safe ghelf life: Do not store after using.

Surfage preparation:

600 gfit or finer

Etchivg temperature: Ambient

Etchi‘\g time: A few seconds — check by eye

Additjonal precautions/requirements:

Usual|precautions for handling and disposal of caustic solutions. Use in a fume cupboard.

Comments:

Good [general-purpose etchant.
Can b used in various dilutions.
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Table F.2 — Keller’s etchant

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:
950 ml water (H»0)

25 ml nitric acid (HNO3)

15 ml hydrochloric acid (HCI)

10 ml hydrofluoric acid (HF)

Safe shelf life: Indefinite

Surface preparation:

3 um diamond or finer

Etching temperature: Ambient

Etching time: A few seconds — check by eye

Additional precautions/requirements:

CAUTION: When handling HF wear hand and eye protection. In the)event of bodily conta¢t,
wash off skin immediately and seek medical advice.

Use receptacles in plastic.
Usual precautions for handling and disposal of acids.

Comments:

Good general-purpose etchant.
Warning: grain boundary attack can look like cracks.

Table F.3 — Hydrochloric nitric hydrofluoric acid solution

Type of etchant: Microscopic etehant

Composition in volume and in.order of mixing:

350 ml water (H20)

300 ml hydrochloric acid_(HCI)
300 ml nitric acid (HNO3)

50 ml hydrofluoric\aeid (HF)

Safe shelf life: Is indicated by a change of colour to greenish brown and sluggish reaction.

Surface-preparation:

3 um'diamond or finer

Etching temperature: Ambient

Etching time: 30 s to 60 s after start of reaction.

Additional precautions/requirements:

CAUTION: When handling HF wear hand and eye protection. In the event of bodily contact,
wash off skin immediately and seek medical advice.

Use receptacles in plastic.
Usual precautions for handling and disposal of acids.

Comments:

Warning: Grain boundary attack can look like cracks.
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Table F.4 — Hydrochloric nitric orthophosphoric acid solution

Type of etchant: Microscopic etchant

Composition in volume and in order of mixing:

480 ml water (H,0)

200 ml hydrochloric acid (HCI)
200 ml nitric acid (HNO3)
120 ml orthophosphoric acid (H3POg)

Safe shelf life: Is indicated by a change of colour to greenish brown and sluggish reaction

Surfage preparation:

3 um diamond or finer

Etchivg temperature: 30 °C to 40 °C

Etchi‘\g time: 60 s to 120 s after start of reaction.

Addit|onal precautions/requirements:

Usual|precautions for handling and disposal of acids.

Comments:

Warning: grain boundary attack can look like cracks

Table F.5 — Barker’s etchant

Type pf etchant: Microscopic etchant

Composition in volume and in order of mixing:

940 nl water (H20)
60 ml{fluorobaric acid (HBF,)

Safe ghelf life: Normally is stable for an‘unlimited period only.

Surfage preparation:

3 um gdiamond of finer

Etchivg temperature: Ambient
Etchifg time: 40 s to 60

Addit|onal precautions/requirements:

See ir] Clause.F.7 the description of the “Barker” procedure.

Comments:

WarnihgZgrain boundary attack can look like cracks.

For examination of grain and/or fibre structures of aluminium and aluminium alloys, the examination
of the “Barker” anodized samples under polarized light proved to be successful and produced the
required result
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