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Figure 1 - C82200 alloy casting. As-cast micro-

structure shows interdentritic network of
large primary beryllide phase in a matrix of
alpha solid solution. Preferred orientation of
small secondary beryllides is observed
within the matrix. (Etchant 6, Table 1).

Figure 3 - C17200 alloy strip, mill hardened to AM

(TMOO) temper to achieve maximum forma-
bility at moderate strength. Longitudinal sec-
tion shows roughly equiaxed grains of alpha
phase with smaller cobalt beryllide

particles. Metastable precipitates that form
during hardening and increase strength and
hardness cannot be resolved optically.
(Etchant 1, Table 1).

Figure 2 - C82500 alloy casting, solution annealed at

790°C (1450°F) and aged to peak hardness
at 315°C (600°F) for 3 hr. Microstructure
consists of Chinese script beryllides in a
copper-rich solution matrix, with angular
beta phase transformed to a lamellar
aggregate of alpha and gamma phase.
Striations are the result of metastable
precipitation in the alloy. (Etchant 1,

Table 1).

Figure 4 - C17200 alloy strip, mill hardened to XHMS

(TMO08) temper for high strength and limited
formability. Longitudinal section shows elon
gated grains of alpha phase and cobalt
beryllides. Striations result from
precipitation of metastable phases not
resolved by optical microscopy. (Etchant 1,
Table 1).



Figure 5 - C17200 alloy strip, solution annealed at

790°C (1450°F) and water quenched.
Longitudinal section shows equiaxed grains
of supersaturated alpha phase solid
solution of beryllium in copper. Cobalt
beryllide particles are uniformly dispersed
throughout the structure. (Etchant 1 or 2,
Table 1).

Figure 7 - C17200 alloy strip€solution annealed at

790° (1450°F) and cold rolled 37% to full
hard temper. Longitudinal sections shows
elongated grains of alpha phase and cobalt
beryllides. (Etchant 1 or 2, Table 1).

Figure 6 - C17200 alloy strip, solution annealed at

790°C (1450°F), quenched rapidly to room
temperature and precipitation hardened at
315°C (600°F) for 3 hr to achieve maximum
hardness. Longitudinal section shows
equiaxed alpha grains with small cobalt
beryllide particles. Metastable phases are
not resolved, but small quantities of
equilibrium gamma phase are present in
the grain boundaries. (Etchant 1, Table 1).

Figure 8 - C17200 alloy strip, solution annealed, cold

rolled full hard, and precipitation hardened
at 315°C (600°F) for 2 hr to achieve
hardness. Longitudinal section shows
elongated grains of alpha phase and cobalt
beryllides. Striations are caused by
metastable precipitates not resolved by
optical microscopy. (Etchant 1, Table 1).



Figure 9 - C17510 alloy strip, solution annealed at

900°C (1650°F), quenched rapidly to room
temperature, and precipitation hardened at
480°C (900°F) for 3 hr to achieve maximum
hardness. Equiaxed grains of alpha
supersaturated solution of beryllium and
small nickel beryllide particles are shown.
(Etchant 6, Table 1).

Figure 11 - C17500 alloy strip, solution annealed, and

precipitation hardened at 480°C (900°F)
for 3 hr to achieve maximum hardness.
Microstructure shows equiaxed grains of
alpha supersaturated solution of beryllium
and cobalt in copper. Small cobalt beryllide
particles are uniformly distributed, and
metastable hardening precipitates are not
resolved. (Etchant 6, Table 1).

Figure 10 - C17510 alloy strip, solution annealed, cold

rolled, and precipitation hardened at
480°C (900°F) for 2 hr to achieve
maximum hardness. Structure consists of
alpha phase and a uniform distribution of
small nickel beryllide phase. Elongated
grains are the result of cold work.
Metastable precipitates are not resolved.
Etchant 6, followed by a swabbing with
Etchant 8 (Table 1).

Figure 12 - C17500 alloy strip, solution annealed, cold

rolled, and precipitation hardened at
480°C (900°F) for 2 hr to achieve
maximum hardness. Structure consists of
alpha phase and a uniform distribution of
small cobalt beryllide particles. Elongated
grains are the result of cold work, and
metastable hardening precipitates are not
resolved. (Etchant 6, Table 1).



Figure 13 - C17200 alloy strip, solution annealed and

aged at 370°C (700°F) for 6 hr to attain an
overaged condition. The structure shows
gamma precipitates in the grain
boundaries, which appear as dark nodules
in a light matrix. (Etchant 1, Table 1).

Figure 15 - N03360 alloy strip, solution annealed at

990°C (1800°F) water quenched, and aged
at 510°C (950°F) for 1.5 hr. The structure
shows nickel beryllium compound
particles dispersed uniformly through the
nickel-rich matrix. Hardening precipitates
are not resolved, but equilibrium gamma
(NiBe) is present in grain boundaries.
(Etchant 10, Table 1).

Figure 14 - C17200 alloy plate, cast, homogenized,

and hot worked. The microstructure shows
nonuniform distribution of grain sizes,
which is typical of a hot worked product.
Greater uniformity in grain size
distribution may be achieved in the
finished product by successive cold
working and annealing operations.
(Etchant 1, Table 1).

Figure 16 - C17200 alloy strip, solution annealed, and

age hardened. The white constituents of
the structure are beta stringers. These
Zones of beryllium segregation are from
billet casting. (Etchant 1, Table 1).



Figure 17 - C17200 alloy strip heated to 885°C

Figure 19 - Lead-containing C17300 rod, solution an-

(1625°F) and water quenched. The
microstructure shows "burned metal"
caused by solution annealing at too high a
temperature. Incipient melting at the grain
boundaries, caused by extreme
temperature, resolidifies as beta phase.
(Etchant 1, Table 1).

nealed, quenched rapidly to room tempera-
ture, and precipitation hardened at 315°C
(600°F) for 3 hr, to achieve maximum hard-
ness. Cobalt beryllide particles similar to
C17200 are shown. In addition, the micro-
structure shows uniform distribution of
lead particles, appearing as fine particles
inside circles which are etching artifacts.
The presence of lead particles is made
visible through a special etching process,
consisting of swab etching for 2 to 3
seconds in a potassium dichromate-
sulfuric acid-hydrochloric acid solution
(Etchant 3, Table 1), and rinsing, followed
by etching again by emersion in a 1%
potassium cyanide solution in water.
(Etchant 6, Table 1).

Figure 18 -

Figure 20 -

C17510 alloy rod, solution annealed in air
at 980°C (1800°F) for 3 hr, then aged at
480 °C (900°F) for 3 hr. The micro-
structure shows internal oxidation
resulting from solution annealing without
a protective atmosphere. Note the loss in
hardness (as indicated by the micro-
hardness indentations) within the internal
oxidation zone. (Etchant 6, Table 1).

C17410 strip, mill hardened to HT temper
to achieve high strength, high conductivity
and superior stress relaxation resistance.
Longitudinal section shows elongated
grain structure. Metastable precipitates
are not resolved by optical microscopy.



Table 1: Etching reagents for beryllium copper and beryllium nickel alloys

Etchant

1. Ammonium persulfate/
ammonium hydroxide

2. Ammonium persulfate/
ammonium hydroxide
(variation)

3. Dichromate

4. Hydroxide/peroxide

5. Ferric chloride

6. Cyanide

7. Persulfate hydroxide/
cyanide

8. Cyanide peroxide
hydroxide

9. Nitric acid and water

10. Modified Marble's
etchant

11. Phosphoric acid
electrolyte

Composition

1 part NH40H (cone) and 2 parts
(NH4)2520 8 (ammonium
persulfate) 2.5% in H20 (a)

2 parts 10% (NH4)2S20 &

3 parts NH40H (cone),

1 part 3% H20 2, and 5-7 parts
H20 (a)

2 g K2Cr20 7 (potassium
dichromate), 8 ml, H2S04
(cone), 1 drop HCI per 25 mi

of solution, and 100 ml H20 (a)

5 parts NH40H (cone), 2-5 parts
3% H20 2, and 5 parts H20 (a)

5 g FeCI3 (ferric chloride), 50 ml
HCI, and 100 ml H20 (a)

1 g KCN (potassium cyanide) and
100 ml H20 (a)

4 parts ammonium persulfate
hydroxide etchant (Etchant 1 or
2) and 1 part cyanide etchant
(Etchant 6)

20 ml KCN, 5 ml H20 2, and
1-2 ml NH40H

30 ml HNO3 (cone) and 70 ml
H20 (a)

4 g CuSO04 (copper sulfate), 20 ml
HCI (cone), and 20 ml H20 (a)

20 ml H20 (tap, not distilled),
58 ml 3% H20 2,48 ml H3P04,
and 48 ml ethyl alcohol

(@) Use distilled water, unless otherwise noted.

Comments

All beryllium copper alloys. General structure.
Preheat sample in hot water (optional); swab
etch 2-20 seconds; use fresh.

All beryllium copper alloys. Offers improved grain
boundary delineation in unaged material. A, ‘Aw,
‘AW, H tempers (unaged) use less H20. AT through
HT (aged) use more H20. Use fresh; swab or
immerse 5-60 seconds. Preheat specimen in hot
H20 if etching rate is slow.

Grain structure of wrought C17000, C17200,
C17300. Use for AT through HT and mill hardened
(aged). Etch first with ammonium persulfate
hydroxide (No. 1 or 2); wipe dichromate 1-2 times
over specimen to remove dark etch color. Do not
overetch; sample may pit. May be used with
laboratory aging of annealed or as-rolled material
at 370°C (700°F) for 15 to 20 minutes to enhance
grain boundary delineation for grain size
determination.

Common etchant for copper and brass, also appli-
cable to beryllium copper alloys. Use fresh.

Common etchant for copper alloys, also applicable
to cold rolled tempers of beryllium copper alloys
C17500 and C17510 to show grain structure.
Immerse 3-12 seconds.

General structure of beryllium copper alloys
C17500, C17510 (No. 6). Immerse 1.5 minutes; stir
slowly while etching; use Etchant 7 if others are too
weak to bring out structure. A two-step technique
for improved results on C17510 includes immersion
in Etchant 6 followed by swabbing with Etchant 8.
Caution: Poison fumesl Use fume hood. Do not
dispose of used solutions directly into drains. Pour
used solution into breaker containing chlorine
bleach. Let stand 1 hour to neutralize.

Beryllium nickel, all tempers. General structure.
Swab etch.

Beryllium nickel, all tempers. General structure.
Swab etch. May also be used with sensitive tint
illumination to reveal grain structure of hot
worked or annealed material.

For deep etching of beryllium copper. Polish
specimen through 1/im or finer A1203. Use
0.5-1cm2(0.08-0.16 in2) mask. Use 0.1 A to etch
(higher amperes to polish), low to moderate flow
rate; 3 to 6 seconds to etch, up to 60 seconds to
polish.



Table 2: Chemical compositions of beryllium copper alloys

Composition, wt%

Brush Alloy UNS# Be Co Ni Pb

Wrought Alloys

165 C17000 1.60-1.79 @ @ -
25 C17200 1.80-2.00 @ @ -
M25 C17300 1.80-2.00 (@ @ 0.20-0.6
174 C17410 0.15-0.50 0.35-0.60 - -
3 C17500 0.40-0.7 2.4-2.7 - -
10 C17510 0.20-0.6 0.30 (b) 1.4-2.2 _
Cast Alloys
10C C82000 0.45-0.8 2.4-2.7 0.20 -
3C C82200 0.35-0.8 - 1.0-2.0 -
165C, 165CT €82400 1.65-1.75 0.20-0.40 0.10 -
20C, 20CT C82500 1.90-2.15 0.35-0.7 0.20 -
21C C82510 1.90-2.5 1.0-1.2 0.20 -
245C, 245CT C82600 2.25-2.45 0.35-0.7 0.20 -
275C, 275CT C82800 2.50-2.75 0.35-0.7 0.20 -

(a) Nickel +Cobalt, 0.20 min; Nickel +Cobalt +1Iron, 0.60 max.
(b) Maximum, if no range given

Table 3: Chemical compositions of nickel alloys

Composition, wt%

Alloy Type Be Ti Cr c
UNS N03360 Wrought 1.80-2.05 0.4-0.6 - —
220C Casting 2.00-2.30 — — 0.50-0.75
41C Casting 2.7 — 0.5 —
42C Casting 2.7 — 12 —
43C Casting 2.7 — 8 —
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