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Metallography of precios metals for Jewelry
By: Jeff Stewart & George Vamder Voort
Editors Note: We are pleased to present this Tech-Notes on
the preparation of precious metals written by Jeff Stewart,
Metallographic Laboratory Supervisor for Stern-Leach Company
in Attleboro, Massachusetts. Jeff is Chairman of the IMS-ASM
Graduate Student Challenge Poster Competition and webmaster
of The Virtual Metallographic Laboratory (“metallography.com”).
Precious metals are extremely difficult to prepare due to their
softness and challenging to etch due to their extreme corrosion
resistance.

Jeff Stewart, metallographer and webmaster.

location. Castable resins are used for fragile beads and balls.
The following technique, employing POLIMET® I wheels rotating
at 400 rpm, can be used to successfully prepare fine and sterling
silver, yellow and white gold alloys up to 18-karat, nickel, copper
alloys, and silver solders.
1) Grind through a succession of SiC papers from 240 through 600
grit using moderate pressure with running water lubricant. Rinse or
ultrasonically* clean after each paper. Dry.
2) Coarse polish on a napless cotton cloth (BUEHLER METCLOTH®)
with 6μm METADI® SUPREME polycrystalline diamond, odorless
kerosene or diamond extender lubricant, and moderate pressure.
Ultrasonically clean and dry.
3) Fine polish on a short-napped synthetic velvet cloth (BUEHLER
MASTERTEX®) with 1μm METADI SUPREME polycrystalline diamond
and deionized water lubricant using moderate to light pressure.
Ultrasonically clean and dry.
*To avoid cavitation, each ultrasonic cleaning step should not
exceed 30 seconds.
Alloy Composition
Nominal composition of some commonly encountered jewelry alloys
are given in Table 1.
Table 1. Jewelry Alloy Compositions (wt. %)

Goldsmithing has been practiced since as early as 4000 B.C. [1], but
precious metals are still an enigma to many metallographers. Not
only may precious metal specimens be infrequently encountered,
but the metallographer may have difficulty locating preparation
instructions when they are needed. The precious metals industry,
historically secretive, was slow to share technology internally, let
alone with the outside world. In fact, it wasn’t until 1977 that
two insiders were persuaded by the editors of “Metallography” to
publish the first extensive guide to metallography of the precious
metals in an international journal [2]. That treatise dispelled much
of the mystery of precious metals preparation particularly for alloys
encountered in electronic applications.
Perhaps even more mysterious than metallography of the precious
metals per se is its application in the jewelry industry. This article
will serve as an introduction.
Preparation
Most of our specimens are mounted due to their small size and
the frequent need for edge retention. Consequently, EPOMET®
thermosetting epoxy resin is used routinely. TRANSOPTIC™
thermoplastic resin is used when we need to grind to a specific

Alloy Au

AG

12-karat*50
14-karat 58
18-karat 75
Fine silver

100

sterling silver**

92.5

* 24-karat gold is 100% gold. In yellow gold alloys,
silver, copper and zinc make up the balance of the
composition. Copper, nickel, zinc and occasionally silver
and palladium are added to the gold to make white
alloys.
* * The balance of the composition of sterling silver is
usually copper

Etchants and Applications
Due to their exceptional corrosion resistance, etchants for precious
metals are extremely strong and potentially hazardous. Their hazards
should be reviewed by well qualified safety personnel before use.
Etchants containing cyanide (CN) compounds must be used with
extreme care due to the potential for forming deadly HCN gas.

Solutions for Materials Preparation, Testing and Analysis

All etching must be conducted within a properly constructed and
properly operating chemical fume hood. Do not breathe in the
fumes from these etchants. All appropriate protective clothing
(gloves, apron, face shield, or goggles, etc.) should be used – but
they are not a substitute for good laboratory procedures. Disposal
of the spent etchants may pose problems and must be performed
according to local legal guidelines.

Figures 2 and 3 show a similar product, but without the gold and
copper electroplates. The package is 1/20 by weight 14-karat gold
(gold filled) bonded to commercial bronze (90Cu10Zn), often used
for relatively inexpensive jewelry, in this case an emblem which
began to tarnish. The tarnish is oxidation of the copper alloy

Etchants used by the author are given in Table 2.
Table 2. Etchants for Jewelry Alloys
Etchant
1

Composition and Use
Part A: 10% NaCN (sodium cyanide)
Part B: H2O2 (hydrogen peroxide, 30% conc.)
For gold alloys up to 18-karat.
Mix equal amount of A and B directly on sample either from droppers or
with swab. If swabbing with H2O2 using a clean swab.
Reaction will cause foaming. Continue alternately swabbing with NaCN
and H2O2 using clean swabs until desired result is achieved (usally less
than 1 minute). If brown stain appears, it can be removed by swabbing
with NaCN

2

50/50 mixture H2O2 (hydrogen peroxide, 3% conc.) + NH4OH (ammonium hrydroxide). For sterling silver. Use fresh. Apply by swabbing.

3

50/50 mixture H2O2 (hydrogen peroxide, 30% conc.) + NH4OH (ammonium hydroxide). For fine silver. Use fresh. Apply by swabbing.

4

350mL H2O (distilled water) 16mL H2SO4 (sulfuric acid. conc.)
4g K2Cr2O7 (potassium dichromate)
1 pinch NaCl (sodium chloride)
For copper alloys and silver solders. Apply by swabbing can be restored.

5

50mL saturated aqueous sodium thiosulfate plus 1g potassium metabisulfite. Klemm’s I. For brass, bronze, and AgCuZn alloys. Immerse
seconds to minutes. A purple haze will form on the specimen. Colors can
enhanced with polarized light

6

50mL saturated aqueous sodium thiosulfate
45mL distilled water.
20g potassiu, metabisulfate. Klemm’s III. For brass, bronze, and AgCuZn
alloys. Immerse seconds to minutes. A purple haze will form on the
specimen. Colors can be enhanced with polarized light.

7

30g Kl (potassium iodide)
15g I (iodine, sublimed)
30mL H2O
Stock solutio. Dilute 50% with H2O to use as a chemical polish/etch for
gold alloys over 18-Karat or use as indicated elsewhere in this article.

Examples
Metallographers occasionally encounter monolithic precious
metals specimens but, more often than not, they are laminates
or sandwiches of several different alloys posing a challenge to
the preparer. Figure 1 shows a cross section through just such a
sandwich. The top reddish layer is a copper electroplate applied
in the lab to protect the thin gold electroplate (yellow layer)
on the specimen surface. Beneath the gold electroplate is an
electrodeposited layer of copper of similar thickness. Below that is
a wide white layer of 14-karat gold which is bonded to a copper
alloy (88.5Cu9.5Zn2Sn) substrate. The blotchy blue-green band
running across the copper alloy marks the remnants of a AgCuZn
solder which was used to attach the original gold/ brass package
to a thicker brass backing.

Figure 1. Cross section through a gold plated finger
ring. The specimen was etched with etchant 1, then
tinted by immersion in Klemm’s III (etchant 6) for
three minutes (500x, brightfield).

Figure 2. Gold filled die-struck emblem which
tarnished due to breaks in the gold layer (upper left)
caused during forming. Swab etched with reagent
4 (50x, brightfield).

Figure 3. Same as 2 but with crossed polars. The etch
sensitizes the copper alloy to polarized light whether
it is applied by swabbing or immersion.

Figure 4. 1/20 by weight 14-karat gold on commercial
bronze chain link which tarnished due to diffusion of
the base metal through the gold layer. The specimen
was etched with 5mL NH4OH + 3.5mL H2O2 (3%) +
2.5mL H2O to reveal the diffusion (500x, brightfield).

substrate which can be due to breaks in the gold layer caused
during forming or finishing. Tarnish can also be due to heat-induced
diffusion of base metal atoms through the gold layer, if no diffusion
inhibiting interliner is present. The diffusion effectively lowers the
corrosion resistance of the gold alloy making it susceptible to
oxidation. In cross section, the gold layer will look as if it has been
selectively dissolved. This is most often seen in small diameter wire
[3] (Figure 4).

Figure 5. Transverse cross section through a 1/20
by weight 14-karat gold on commercial bronze
(90Cu10Zn) chain link with a silver solder (56Ag-CuZn) core. Etch 4. (250x, brightfield)
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Figure 6. Longitudinal cross section through the joint
area of a finished gold filled/solder-filled chain link.
Etched with Klemm’s I (etchant 5) (700x, polarized light).

Figure 10. Longitudinal slice through a 14-karat gold
continuously cast bar. Tint-etched by swabbing with
10mL etch 7 mixed with 70mL H2O (2x).

Chain is frequently made from wire with concentric layers of various
alloys; often including a central solder core to enhance ease of
manufacture or reduce cost (Figure 5). Manufacturers must ensure
that their chain machines make clean cuts during link formation so
that solder flow to the joint is not constricted. Tinting or selective
etching is often employed during investigations of link failures to
enhance contrast between the various alloys. Figure 5 shows a
transverse cross section through a 1/20 by weight 14-karat gold on
Figure 11A. Transverse cross section through a
14-karat gold earring post etched to reveal grain
boundaries with etch 1 (125x, brightfield).

Figure 7. 14-karat wire with a 14-karat solder core.
Etched with reagent 1, then the solder was revealed
by selectively tinting by swabbing with a saturated
aqueous solution of ferric chloride (80x, brightfield).
Figure 11B. Same as Figure 11A, but tinted for
enhanced grain contrast by swabbing with a saturated
aqueous solution of ferric chloride (125x, brightfield).

Figure 8. Longitudinal cross section through the joint
area of a finished chain link made from wire similar
to that shown in Figure 7, but with a 33% gold solder.
Overheating has caused the solder to diffuse throughout
the 14-karat case. This sample was also etched with
reagent 1, then tinted with a saturated aqueous solution
of ferric chloride to reveal the solder (200x, brightfield).

Figure 12. Two pieces of fine silver joined with a
AgCuZn bonding solder (250x, brightfield).

Figure 9. A longitudinal cross-section through the joint
area of an 18-karat gold chain link with an 18-karat
solder core. This link is fresh off the chain machine and
has not gone through the soldering furnace. Etch 1,
then tinted by immersion in 1 part etch 7 to 10 parts
H2O (250x, brightfield).

commercial bronze (90Cu10Zn) chain link with a silver solder (56Ag,
balance Cu and Zn) core. Note the relatively poor contrast between
the various metals. Figure 6 is a longitudinal cross section through
a similar chain link after its trip through the soldering furnace.
Contrast has been enhanced by immersion in Klemm’s I. Frequently,
the composition and color of the gold alloy case and the gold alloy
solder core are so similar that it is difficult to distinguish one from
the other. Variations in the silver, copper and zinc components of
the solders, versus the case material, often allows the solder to be
revealed by tint etching. Figure 7 shows a 14-karat gold wire with
a 14-karat gold solder. The solder was revealed by selective tinting
with a saturated aqueous solution of ferric chloride. Figure 8 also
has a 14-karat case, but the solder is only 33% gold which would
normally be visible without tinting. Unfortunately, in this case, the
chain manufacturer overheated the material enough to diffuse the
solder into the 14-karat alloy rendering the solder invisible. Tinting
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with FeCl3 revealed the diffused solder. Figure 9 is an 18-karat wire
with an 18-karat solder core. The coloration is unrealistic, but the
contrast was achieved by immersion in 1 part etch #7 plus 10 parts
H2O. Other applications of tint etching are shown in Figures 10 and
11. The slice of a 14-karat continuously cast bar shown in Figure
10 was swab etched with a dilute solution of etch #7. It provided
contrast and coloration to illustrate the structure better than if using
a flat etch such as #1. Figure 11 shows a similar example of using
tint etchants to enhance contrast. Flat etches like #3 are useful when
no additional contrast is necessary (Figure 12).
Castings are certainly monolithic, but offer their own challenges.
Porosity, the precious metal caster’s worst nightmare, is often
characterized by the appearance of comet tails on the product’s
surface during buffing (Figure 13). Unfortunately, inclusions have
a similar manifestation. Metallographic cross sectioning is relied
upon to determine the true nature of the defect. Figures 14
through 17 illustrate the microstructural appearance of several
specimens, all of which exhibited comet tails on the buffed surface.
Interdendritic shrinkage porosity (Figure 14), characterized by its
irregular appearance, is often due to poor metal flow during casting.
Round pores, on the other hand, usually indicate gas entrapment
(Figure 15). Improper addition of alloying elements used to enhance
an alloy’s properties [4] may cause inclusions in the final product
which can appear as hard spots on the surface, also causing comet
tails during buffing (Figure 16). Failure to supply a protective
atmosphere during casting allows sterling silver to absorb oxygen.
It’s copper constituent tends to oxidize, often forming a dark haze
on the surface or discrete oxide particles frequently accompanied
by porosity (Figure 17).

History and Aims”, Principles of Metallography, Metals Park,
Ohio, pp. 5-14.

Figure 14. Interdendritic shrinkage porosity in a
14-karat gold ring casting. As polished (1000x, DIC).

Figure 15. Gas porosity (round holes) in a 14-karat
gold ring casting. As polished (250x).

Figure 13. Comet tails on the buffed surface of a
jewelry item (150x).

Conclusion
The first microstructural examination of a precious metal sample
probably occurred at the end of the 19th century following the
development of effective preparation techniques by Sorby. Their
preparation and the practice of metallography has come a long
way since Antoni van Leeuwenhoek claimed there was no true
structure in metals except for the fern-like crystals of a silver “tree”
[5] (Figure 18).
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Figure 16. Undissolved cobalt (blue stars) in a coppercobalt alloy. Etch 1 (500x, brightfield).

Figure 17. Porosity (darkest areas) with accompanying
copper oxide (gray irregularly shaped areas) in a
sterling silver casting (200x, brightfield).
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Answer: For thermoplastics, compress some EPOMET resin in a
mounting press (without heat) to form a wafer, eject the wafer. Place
your specimen in the press then break off pieces of the wafer to
place strategically around the specimen being careful not to obscure
the area of interest. Cover with TRANSOPTIC™ thermoplastic resin
and prepare as usual. The EPOMET resin will maintain its shape
throughout the mounting process while preserving the transparency
of the thermoplastic. When using castable resins, glue pieces of
cured EPOMET resin to the base of the mold around the specimen,
then encapsulate as usual. In both cases, EPOMETs’ hardness will
assure more uniform grinding characteristics between specimen
and mount thus minimizing edge rounding. To examine specimens
with thin surface layers, it is always prudent to apply a protective
electroless nickel plate or copper electroplate prior to mounting.

Figure 18. Fine silver dendrite (15x).

Question I’m having difficulty getting a good polish on fine silver
castings (100% Ag) and “annealed” gold alloys with greater than
90% gold content.

For more information on Buehler products, log onto
our web site at: http://www.buehlerltd.com

Tech-Tips
Question: I have a specimen consisting of a yellow 14 karat gold
alloy (58Au, balance Cu, Zn, Ag) bonded to commercial bronze
(90Cu- 10Zn). How can I etch it to reveal the grain size of each
simultaneously? Swabbing with NaCN and H2O2 reveals the
microstructure of the bronze nicely, but the gold alloy turns black.
Answer: If you etch with the following reagent combination, you
will bring up the grain structure of each alloy. Mix equal parts of
Solution A and Solution B. Immerse the specimen for about 2
minutes. Solution A: 10% aqueous solution of ammonium persulfate
(NH4)2S2O8. Solution B: 10% aqueous solution of sodium cyanide.

Answer: Fine silver castings and gold alloys approaching 24-karat
can be difficult to prepare due to their softness. They both have the
tendency to develop deformed surface layers and are susceptible
to abrasive pick-up. Attack polishing can be used to minimize both
problems. Fine silver castings can be prepared using conventional
procedures though ¼μm diamond. Attack- polish at low speed (less
than 200 rpm) for several minutes or less on a CHEMOMET® cloth
moistened with a solution of 100mL of saturated aqueous CrO3,
45mL of aqueous 10% HCl and 800mL water, no abrasive, followed
by a 30 second swab with the same solution while rinsing. Gold
alloys over 18-karat can be prepared using conventional procedures
through 6μm diamond but the time on this wheel should be
extended to about five times that used for other alloys. Final polish
by attack-polishing on a fresh MASTERTEX® wheel charged with
1μm diamond and several mL of dilute etchant #7 from this article
(diluted four parts water to one part etch). Wheel speed should be
less than 200 rpm to prevent spraying. Etch by swabbing with stock
etchant #7. Rinse as the surface begins to darken, then continue
swabbing. The final polish/etch sequence may have to be repeated
several times to achieve desired results. A light reddish-brown haze
may appear on the specimen (sensitive to polarized light) which can
be removed by swabbing with NH4OH.

Question: I’m trying to identify the cause of “hard spots” in my
castings. Cross sectioning seems to show some sort of inclusions,
but I can not tell if they are really polishing artifacts.
Answer: Hard spots are generally due to particles or groups of
particles at or just beneath the specimen’s surface. Individual
particles may not be visible at magnifications less than 500x .
Several different oxides and inclusions are similar in appearance
when viewed with bright field illumination at this magnification.
Pieces of silicon carbide and/or diamond, which may have been
embedded in the specimen during preparation, will both appear
dark blue-gray, as do both oxides of copper. Polarized light can be
used to help distinguish between them. The silicon carbide and
diamond particles will have a bright transparent glow when viewed
with crossed polarized light. One of the two oxides of copper glows
red in polarized light while the other looks black.
Questionn: How can I minimize edge rounding when using
transparent thermoplastics and castable resins?
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