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CHARACTERISTICS OF HYDROTHERMALLY
TREATED BEESWAX AMBER

Yamei Wang, Yan Li, Fen Liu, Fangli Liu, and Quanli Chen

The gemological characteristics of natural milky “beeswax” amber are compared with those enhanced by hy-
drothermal treatment. A layer of variable thickness of yellowish white or greenish yellow hydrothermally treated
skin is generated below the natural, weathered skin of rough amber after this treatment. Different-sized pores
and newly grown brown or yellowish white crust-like skin appear locally on the surface of the rough amber.
Finished products show a white residue of hydrothermally treated spots. The treated beeswax displays abundant
gas-liquid inclusions with small and flattened gas bubbles or disk-shaped bubbles accompanied by tiny strain-
induced fractures. The gas bubbles are uneven in size and densely distributed, forming a cloud-like effect. A

series of comprehensive tests are required to identify hydrothermally treated beeswax amber (HT amber).

mber is an organic gem, formed tens of mil-
A lions of years ago when sap from ancient trees
hardened and fossilized. Scientists, gemolo-
gists, and collectors treasure amber that contains sus-
pended insects or assorted plant fragments, creating
a fascinating time capsule (Ross, 2010). Amber has
become increasingly popular in the jewelry trade. It
is usually translucent to opaque, and its opacity is
caused by the reflection and scattering of incident
light by an abundance of internal tiny bubbles.
“Beeswax,” a term commonly used in the Chinese
gem trade, refers to amber that is semi-translucent
to opaque with greasy luster. Beeswax accounts for
about 60% of natural amber production globally. Due
to the saying “Millennium amber, million years
beeswax” in the Chinese gem market, many Chinese
consumers mistakenly believe that beeswax takes
much longer to form than amber. This misimpres-
sion has driven demand for beeswax and significantly
raised its price.
Among beeswax, the “chicken-fat” yellow variety
is highly desired in China for its vivid color, but lim-
ited in global production. It is worth noting that in
the international rough amber trade, transparent and
opaque materials are usually mixed together for sale,
just as they are mixed together in nature. There is
usually a layer of weathered skin on the surface of
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both transparent and opaque rough amber, making it
impossible to choose them individually by hand
under normal lighting. There is no price difference
between the two. Quality is judged according to
weight, size, shape, and impurities.

Due to the popularity of beeswax in the Chinese
market, however, amber processing enterprises have
preferred to purchase and store rough beeswax mate-
rials, artificially driving up the price of the rough ma-

In Brief

e Hydrothermally treated amber is produced by heating
the material in an aqueous solution with some catalyst
to convert it from transparent to opaque.

¢ Hydrothermally treated amber shows yellowish white
or greenish yellow hydrothermally treated skin below
natural weathered skin. Various-sized pores and newly
grown cracks or brown crust-like skin are developed
on the surface of treated rough amber, and a residue of
white spots is left in treated products.

¢ Hydrothermally treated amber displays abundant gas-
liquid inclusions with small and flattened gas bubbles
or disk-shaped bubbles accompanied by tiny strain-
induced fractures. The bubbles are of different sizes
and densely distributed, forming a cloud-like effect.

terial. Numerous researchers (e.g., Brody et al., 2001;
Zhang, 2003; Zhang, 2006; Feist et al., 2007; Ab-
duriyim et al., 2009; Ross, 2010; Wang et al., 2010,
2014) have investigated the methods to enhance the
quality of amber. Many techniques have been at-
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tempted to improve the color of beeswax amber, such
as heat treatment. Driven by profit, foreign rough sup-
pliers have converted ordinary and low-quality trans-
parent amber to opaque beeswax via hydrothermal
treatment to cater to Chinese consumers.

In recent years, Chinese amber manufacturers
have gradually mastered hydrothermal treatment
through continuous exploration and technology
transfer. This is a novel method to optimize the ap-
pearance of semi-translucent to opaque amber by
heating it with controlled temperature and pressure
in a furnace in aqueous solution and inert atmos-
phere. Submicron- and micron-sized gas bubbles are
able to migrate into the amber during this process.
As aresult, the treated amber exhibits a uniform and
compact appearance, and these commercial products

HYDROTHERMALLY TREATED BEESWAX AMBER

Figure 1. Various com-
mercial HT amber
products. A: calabash
beads (751 g total). B:
light yellow and yellow
beeswax drop-shaped
pendants. C: carved
pendant (white HT
beeswax). D: roasted
“chicken-fat” yellow
beads. E and F: good-
quality and poor-qual-
ity necklaces of roasted
HT amber. Photos by
Yamei Wang.
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are commonly known as hydrothermally treated or
“HT” amber. This treatment expands the availabil-
ity of amber products but leads to identification
challenges.

The quality of HT amber varies, since manufac-
turers employ a range of technologies and rough ma-
terials. This method is generally applicable to rough
amber materials, semi-finished products, and fin-
ished products. Common HT amber products in-
clude beads (figure 1A) and some pendants (figure 1,
B-C). The majority of HT amber beads are used to
produce “roasted old beeswax” (figure 1, D-F; box A
details this and other common terms in the Chinese
amber trade). Hydrothermal treatment followed by
heat treatment can produce beeswax with a
“chicken-fat yellow” color (figure 1D).
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Box A: TERMINOLOGY USED IN THE CHINESE AMBER MARKET

Beeswax: a common term in the Chinese gem trade, re-
ferring to semi-translucent to opaque amber that has an
opalescent, milky appearance with greasy luster (figures
A-1C and A-2A).

Chicken-fat yellow beeswax: the most desired beeswax
variety, possessing a vivid yellow color (figure A-1D).

Gold-twisted honey amber: amber with semi-transpar-
ent and semi-opaque internal features (figure A-1B).

Golden amber: golden transparent amber (figure A-1A).

HT: hydrothermally treated, as in HT amber, beeswax,
or copal resin.

Roasted HT beeswax: hydrothermally treated beeswax
that subsequently undergoes heat treatment to enhance
its color (figure A-2C).

Roasted old beeswax: white or light yellow beeswax that
is heat-treated to enhance the color to a dark or saturated
yellow (figure A-2B).

Weathered skin: a rough layer developed on the surface of
amber after tens of millions of years of exposure to heat
and pressure. Due to density variance between different
resin layers, evaporation and volatilization occurred to-
gether with oxidation, which caused the surface layer to
shrink, crack, and form irregular linear features.

Through experiments, investigation of manufac-
turing processes, and extensive research and identi-
fication practice, the authors have developed a
method to identify HT amber (Wang et al., 2010,
2014, 2017). In the present work, the authors studied

372 HYDROTHERMALLY TREATED BEESWAX AMBER

Figure A-2. Images
of (A) a natural
beeswax strand,
(B) a roasted old
beeswax strand,
and (C) a roasted
HT beeswax
strand. Photos by
Yamei Wang.

Figure A-1. Images of (A) golden
amber, (B) gold-twisted honey amber,
(C) beeswax, and (D) chicken-fat yel-
low beeswax. Photos by Yamei Wang.

the inclusions and IR spectra of the specimens be-
fore and after hydrothermal treatment, providing
valuable information regarding the formation mech-
anisms and identification characteristics of HT
amber.

GEMS & GEMOLOGY FALL 2019



Figure 2. Rough amber materials before hydrothermal treatment, photographed at manufacturing facilities.
Gold-twisted honey amber rough is shown on the left, transparent golden amber rough on the right. Photos by
Yamei Wang.

MATERIALS AND METHODS

Specimens. The rough amber for hydrothermal treat-
ment experiments in this study was sourced from
Kaliningrad, Russia. Beeswax is a unique variety of
Baltic amber, and amber rough material for HT is
mostly selected from Baltic amber. (The use of
Colombian copal resin for HT copal is also found in
the market; see the Results section under “Micro-
scopic Characteristics of Hydrothermally Treated
Copal Resin.”) Two types of commonly used rough
materials for hydrothermal treatment were chosen
as samples: gold-twisted honey amber (partially
transparent and partially opaque) and transparent
golden amber (both are shown in figure 2). Three rep-
resentative specimens, labeled as I, II, and III, were
used for the hydrothermal treatment experiment in
this study (gemological characteristics of chosen
specimens can be found in table 1 and figure 4). Sam-
ple Il was further heat-treated to mimic old beeswax,
since in the trade HT amber is often heated to form
roasted old beeswax.

Some rough amber pieces (with and without
weathered skin) presented in the Results and Discus-
sion sections were typical HT specimens collected by
the authors from Chinese manufacturing facilities.
The others were client submissions previously exam-
ined at the China University of Geosciences gem test-
ing center in Guangzhou, China. All of these samples,
studied by the authors over many years, were used to
show identification features of HT amber.

HYDROTHERMALLY TREATED BEESWAX AMBER

The HT amber finished products and copal resin
beads were client submissions previously examined
at the gem testing center in Guangzhou. These are
typical examples of commercial HT amber and HT
copal resin to mimic natural beeswax in the trade.
Observations of these products are also presented in
this study.

Hydrothermal Treatment Experiment. Hydrother-
mal treatment aims to introduce an abundance of
tiny bubbles (nano- and micron-sized) into the amber
in an aqueous solution with some catalyst. Doing so
optimizes the appearance of amber by converting it
from transparent to opaque to mimic beeswax. Hy-
drothermal treatment is carried out in a pressure au-
toclave by controlling the temperature and pressure
and selecting an inert atmosphere (figure 3), similar
to the pressure furnace established for amber heat
treatment (Wang et al., 2014).

Optical Microscopy and Scanning Electron Mi-
croscopy. Morphological analysis was carried out via
optical microscopy (Olympus BX 60) and scanning
electron microscopy (FEI Inspector-F) with an elec-
tron beam of 20 kV. SEM was conducted to assess the
morphology of the bubbles in the amber with gold
coating at room temperature.

Fourier-Transform Infrared Spectrometry. Three
amber samples before and after hydrothermal treat-
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Figure 3. Diagram of the pressure furnace used for hy-
drothermal treatment.

ment were measured using a Bruker Tensor-27
Fourier transform infrared (FTIR) spectrometer to
check the variations among the functional groups of
samples. FTIR was used to reflectively scan each
sample 32 times in the range of approximately 4000
400 cm™.
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RESULTS

Gemological Characteristics of Rough Amber Before
Hydrothermal Treatment. Three semi-finished
amber samples were chosen and polished as much as
possible to remove their weathered skin before hy-
drothermal treatment (figure 4). The gemological
characteristics of these rough amber specimens (sam-
ples I, II, and III) before hydrothermal treatment are
listed in table 1. Sample III was heated after hydro-
thermal treatment.

Characteristics of Rough Amber Material After Hy-
drothermal Treatment. In our experiment, the three
samples changed from transparent to translucent or
opaque after hydrothermal treatment, achieving the
expectation of treatment (see the characteristics in
table 2). The color of the golden amber (samples I and
II) became darker, while the gold-twisted honey
amber (sample III) became white. All three developed
a layer of khaki-colored, hydrothermally treated skin
or white hydrothermally treated spots (figure 5, A-
F). However, the samples’ refractive index and fluo-
rescence intensity did not change much.

There was no significant difference in the infrared
absorption spectra of the three samples before and
after hydrothermal treatment (figure 5G). Spectra
show that the characteristics of the aliphatic skele-
ton structure consist of absorption peaks caused by
the stretching vibration of C-H saturated in the range
of approximately 3000 to 2800 cm™ (Wang et al.,
2010). The corresponding absorption peaks at 1457
and 1378 cm™ are attributed to 6 (CH,-CH,) bending
vibration and carbonyl stretching vibration absorp-
tion peaks ranging from 1695 to 1736 cm™'. In addi-
tion, the samples have a wide absorption shoulder
(Baltic shoulder) in the range of 1261 to 1164 cm™,
which is attributed to the C-O stretching vibration.
This is an unusual peak shape for Baltic amber.

The effect of hydrothermal treatment can vary de-
pending on the starting materials. The gold-twisted
honey amber (translucent, semi-beeswax-like)
achieves the best appearance after treatment, while
golden amber performs the worst. An important
value factor of beeswax is “waxiness,” a term that
describes whether the materials look and feel com-
pact and uniform. Compact and uniform high-qual-
ity HT amber only accounts for one-third of the
material treated. Waxiness is related to the number
and size of the gas bubbles inside the amber. Larger
bubbles generate more surface area to diffuse light,
but they also make the texture of beeswax rough.

Gems & GEMOLOGY FALL 2019



Figure 4. Gemological
characteristics of rough
amber specimens before
hydrothermal treat-
ment. A: sample I
(golden amber, 10.20 g).
B: filament and flow
striation in sample I
(field of view 11 mm).
C: gas-liquid inclusions
in sample I (field of
view 5.5 mm). D: inter-
nal impurities in sam-
ple I (field of view 7
mm). E: sample IT
(golden amber, 2.24 g).
F: internal red crack in
sample II (field of view
22 mm). G: sample II1
(gold-twisted honey
amber, 2.39 g). H: trans-
lucent, semi wax-like
inclusions in sample II1
(field of view 16 mm).
Photos by Yamei Wang.

3 il

Therefore, high-quality beeswax needs to have alarge  curred below the natural weathered skin of most HT
amount of small gas bubbles. amber rough materials (figure 6, A-B). This HT layer,

Visiting the factory, author WYM also noticed fea-  which formed when a large amount of tiny gas bub-
tures that developed on HT rough amber. A new  bles quickly gathered in the shallow surface, had a
layer of greenish yellow, yellowish white HT skin oc-  relatively high porosity (figure 6A). A gradual transi-

TABLE 1. Gemological characteristics of the rough amber samples.

. - uv -
Sample no. Weight (g)  Category Origin Color Transparency fluorescence (LW) Internal characteristics
| 10.20  Golden amber Russia Golden yellow  Transparent Medium Internally clean, partial flow pattern,

yellowish white  gas-liquid inclusions, filaments, and
internal impurities

1l 2.24  Golden amber Russia Bright yellow  Transparent  Strong yellowish Internally clean, with only a small

white red crack
1] 2.39 Gold-twisted Ukraine Yellow Translucent and  Strong yellowish Transparent and opaque beeswax
honey semi wax-like white twisted together, as well as various

sizes of bubbles
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Figure 5. Variations in the appearance of amber samples before and after hydrothermal treatment: samples I (A
and B), II (C and D), and III (E and F). G: infrared absorbance before and after hydrothermal treatment. Note that
there was no weight change after hydrothermal treatment. Photos by Yamei Wang.

tion was observed (figure 6, C-D) from larger bubbles
to smaller bubbles with increasing depth (figure 6, E-
F). No such size change was observed within the
white HT skin.

A circular weathered disk often forms around HT
spots with various sizes, a feature that can be used
to distinguish treated beeswax (figure 7, A-B). This

disk can penetrate the amber and remain on the sur-
face after polishing (figure 7, C-D). It was speculated
that the weathered disk around HT spots formed
after prolonged soaking in the condensation water
droplets and that HT spots might be caused by va-
porization of water molecules in the furnace. Some
of the water vapor molecules are recondensed into

TABLE 2. Gemological characteristics of specimens before and after hydrothermal treatment.

Sample no. Color Transparency RI Fluorescence (LW) Appearance
The purpose of treatment was
Before Gold yellow Transparent 1.54 Medium yellow achieved, but the effect was just
| fair. A white layer of HT skin
After Darker yellow-brown Semi-translucent 1.54  Strong yellow-white was de\{elopeq (figure 5( /-\'a!wd
B). The inclusions were invisible
after hydrothermal treatment.
Before Light yellow Transparent 1.54  Strong yellow-white A new layer of HT skin and
Il spots developed (figure 5, C
After Darker yellow-brown Opaque 1.54  Strong yellow-white  and D).
Before Yellow Translucent and 1.54  Strong yellow-white ~ The amber changed to white
" e — and showed uniform wax luster
after hydrothermal treatment
After Yellow-white Opaque 1.54  Strong yellow-white (figure 5, E and F).
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water droplets left on the surface of HT amber (a per-
manent residue).

The surface of the freshly HT amber shows a
“water ripple” structure (figure 8, A-B), and is often
locally accompanied by a layer of yellowish white or
greenish yellow HT skin with various thicknesses,
or a corrugated, crust-like skin containing mostly
oval pores (figure 8, C-D). Some surface areas on the
HT skin are cracked, forming a crust-like texture (fig-
ure 8E). In some cases, yellowish white HT skin is
found below the black naturally weathered skin of
rough amber (figure 8F). All these features are quite
different from the weathered skin or cracks on un-
treated amber. The HT skin and spots are therefore
diagnostic evidence of HT amber.

Microscopic Characteristics of Finished HT Amber.
The appearance of HT amber is mostly uniform and
waxy (figure 1, B-E) with undeveloped flow lines,

HYDROTHERMALLY TREATED BEESWAX AMBER

Figure 6. External and
internal characteristics
of HT amber rough. A:
yellowish green HT
skin. B: yellowish
white HT skin. C and
D: HT skin transition
phenomenon. E and F:
bubble stratification
phenomenon. These
previously examined
samples were collected
from manufacturing fa-
cilities. Photos by
Yamei Wang.

FOV=5.5:mm

sometimes with white HT spots as well as a compact
structure. With magnification, one can easily detect
an abundance of gas bubbles around HT spots. These
bubbles lower the transparency of the amber. A larger
number of smaller bubbles provides a higher-quality
treated amber (figure 9, A-B). Dense, flat, or disk-
shaped gas bubbles or gas-liquid inclusions are com-
monly found in HT amber (figure 9, C-F). The size
range of gas bubbles in HT amber is substantially
greater than that in untreated beeswax.

HT amber retains the natural flow lines of gold-
twisted honey amber. However, the flow lines ap-
pear disordered, less clear, and smoother compared
to the pattern in natural beeswax, which may be at-
tributed to the impact of later gas intervention (fig-
ure 9, G-H).

In the Chinese market, most HT beeswax mate-
rials are further heated to obtain a vivid yellow color.
The surface of HT beeswax is slowly oxidized during

Gems & GEMOLOGY FALL 2019 377



Figure 7. Features of
hydrothermally treated
spots. A: newly gener-
ated spots on the HT
skin of sample II. B:
newly generated spots
on the weathered skin
of sample I. C: spots
penetrated the HT skin.
D: spots on the pol-
ished surface. These
previously examined
samples were collected
from amber manufac-
turing factories. Photos
by Yamei Wang.

3 ; 4
FOV=22 mm : = FOV=33.8 mm

the heat treatment, and the color may reach chicken-  sized and different-colored bubbles near the surface
fat yellow. There is an obvious layering of different-  of roasted HT amber (figure 91). There is no color dif-

Figure 8. Features of
hydrothermally treated
skin. A and B: water
ripple structure. C and
D: oriented and distrib-
uted bubbles or resid-
ual porosity on HT
skin. E: cracked or
brown crust-like HT
skin. F: yellowish white
HT skin below the
weathered skin of rough
amber material. These
previously examined
samples were collected
from amber manufac-
turing facilities. Photos
by Yamei Wang.

378 HYDROTHERMALLY TREATED BEESWAX AMBER Gems & GEMOLOGY FALL 2019



FOV=22 mm

Figure 9. Inclusions in
HT amber. A: HT spots
on the surface of roasted
HT amber. B: HT spots
on finished amber sur-
face. C: dense, flat gas
bubbles. D: dense, disk-
shaped gas inclusions.
E: bubble cluster near
the HT spots. F: en-
riched gas-liquid phase
inclusions. G: fuzzy
flow lines. H: disordered
flow lines. I: color zon-
ing close to the surface
of roasted HT amber. J:
a spread white pattern
along the crack. These
previously examined
samples were collected
from amber manufac-
turing facilities. Photos
by Yamei Wang.

FOV=14.7 mm

’
FOV=7.35 mm FOV=4.4 mm

FOV=22 mm

FOV=22 mm S FOV=22 mm

ference if the sample is not roasted but only hy-  pears along the cracks after hydrothermal treatment
drothermally treated. A white diffusion pattern ap-  of originally cracked amber (figure 9J).
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Figure 10. A: concentric
structures of HT copal
beads. B: thick and
thin straight lines of
HT copal beads. C:
flow lines similar to
beeswax. D: striped
structures of HT copal
beads. E: round dot-like
HT spots. F: large HT
spots. G: densely dis-
tributed HT spots along
the white belt. H: obvi-
ous boundaries be-
tween the opaque and
transparent areas (the
diameter of the bead is
around 11-12 mm).
These previously exam-
ined samples were from
a client’s collection.
Photos by Yamei Wang.

Microscopic Characteristics of Hydrothermally
Treated Copal Resin. The HT copal resin finished
products (figure 10) mimic the appearance of natural
beeswax. For example, Colombian copal resin can be
transformed into yellow or yellow-green opaque
copal after hydrothermal treatment. The client who
sent the copal resin beads for examination acknowl-
edged that they went through multiple cycles of hy-
drothermal treatment, around 20 hours total. Since
the original copal resin material is transparent with-

380 HYDROTHERMALLY TREATED BEESWAX AMBER

out flow lines, the HT copal will not show the flow
patterns. This is very different from HT amber,
which often starts with gold-twisted honey amber
full of flow lines. These flow lines are often retained
in the HT products. HT copal resin instead shows
more concentric rings and a straight, irregular, and
banded or striped texture (figure 10, A-D). There are
various forms of HT spots (figure 10, E-G), and the
boundaries between the opaque and transparent areas
of copal are often very obvious (figure 10H). There

Gems & GEMOLOGY FALL 2019



Figure 11. A and B: Disk-like bubbles in HT copal resin. C: Large HT spots on the surface of a copal resin sample.

i | 3 de bl INT

-

These samples were from a client’s collection. Photos by Yamei Wang.

are obvious disk-like bubbles in the HT copal resin
and large HT spot residues on the surface of copal
resin (figure 11).

DISCUSSION

The Mechanism of Hydrothermal Treatment. The
purpose of hydrothermal treatment is to generate the
same mechanism that turns natural beeswax opaque
by adjusting the temperature, pressure (inert gas), and
saturated vapor pressure inside the furnace to make
the water vapor penetrate the softened amber. To bet-
ter illustrate the equilibrium of two-phase wet steam
on the amber surface, the hydrothermal treatment
process is illustrated in figure 12A. The effect is sim-

ilar to when a tap water valve is opened all the way
and the high water pressure in the pipe causes bub-
bles to form as air is trapped within the water, mak-
ing it appear white and opaque. When the water
pressure is reduced close to atmospheric pressure, the
flowing water does not contain so many air bubbles
and becomes transparent (figure 12B, top).

There are two types of vaporization: evaporation
and boiling. Evaporation occurs on the surface, while
boiling occurs when the saturated vapor pressure is
equal to the external pressure. Both forms are suitable
for hydrothermal treatment of amber. First of all,
amber in the furnace will be affected by the dual role
of temperature and pressure, resulting in softening

Water
Chamber

Inert Atmosphere

Bubbles

Transparent

f Bubbles

il e Figure 12. A: Evapora-
tion of H,O steam on
amber in the chamber
under inert atmos-
phere. B: Hydrothermal
treatment introduces
tiny bubbles into trans-
parent amber (the red
triangle represents hy-
drothermal treatment).

H,0 Ilustrations by Yan Li.

L.
Transparent

Wax-like
gold white
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(making it rubbery). Meanwhile, at a certain temper-
ature when the conditions in the chamber are ade-
quate to give the water molecules enough kinetic
energy to break away from the surrounding mole-
cules, steam will form. Water vapor in the chamber
by means of steam pressure and the pressure of exter-
nal inert gas constantly penetrates the softened amber
in the form of wrapped bubbles; the amber becomes
opaque, with a wax-like or milky color, achieving the
appearance of beeswax.

Beeswax is translucent to opaque and milky in ap-
pearance, the result of reflection and scattering of
light by abundant tiny gas bubbles in the amber.
Wang et al. (2016) used SEM to observe the size and
distribution of bubbles per unit area and the area
ratio of bubbles in a variety of amber specimens. The
gas bubbles, caused by the volatile materials within
amber, have a round shape (ranging from 100 nm to
15 um, with a density of hundreds to thousands of
bubbles per mm?) and are uniformly distributed. The
density of the gas bubbles is positively related to the
amber’s opacity. The higher density of the gas bub-
bles leads to a less transparent appearance. The
smaller the gas bubbles, the smoother or more com-
pact the texture is.

382 HYDROTHERMALLY TREATED BEESWAX AMBER

Figure 13. SEM images
of bubbles in (A) natural
beeswax and (B) HT
beeswax amber. SEM
images of (C) natural
white beeswax and (D)
crust of HT white
beeswax. Samples were
collected from amber
manufacturing facilities.
Photos by Yamei Wang.

HT Amber Quality and Durability. Softening the
amber is a prerequisite of treatment. Once softened,
the amount of gas bubbles penetrating the amber
during hydrothermal treatment is related to pressure.
There is no obvious difference in the size range of gas
bubbles in natural beeswax and HT beeswax under
SEM because of the much smaller area of observation
(figure 13, A-B). However, the observation is dramat-
ically different under an optical microscope: The gas
bubbles in HT beeswax are small and flattened or
disk-shaped and densely distributed (figure 9D). Gas
bubbles in natural white beeswax can only be ob-
served under SEM of 5000-10,000x magnification. In
general, 30x or higher magnification is required to
see bubbles in natural beeswax, while 10x magnifi-
cation is sufficient for HT amber. The white HT skin
is caused by rapid accumulation of tiny gas bubbles
in the highly porous shallow surface of the amber.
Gas bubbles can be divided into two different groups:
the micron-scale bubbles that are clearly visible at
800x magnification (figure 13B and 13D, red circle)
and the secondary nano-scale bubbles visible at
10,000x magnification (figure 13D, blue circle). The
density of bubbles in beeswax is positively related to
opacity. Both the porcelain white color and the com-
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Figure 14. SEM images A-D show the characteristics of natural beeswax. A: layering structure. B: gas bubbles scat-
tered in the amber matrix. C: gas bubbles with a size of 8-11 um, uniformly dispersed in the matrix. D: closely
distributed gas bubbles, 8-17 um. SEM images E-H show the characteristics of hydrothermally treated beeswax.
E: oval bubbles oriented along the long axis. F: residual stress cracks along the oval bubbles. G: a parallel stress
pattern. H: submicron-/micron-sized bubbles. These previously examined samples were collected from amber

manufacturing facilities. Photos by Yan Li.

pact structure of high-quality natural white beeswax
are attributed to the nano-scale bubbles (figure 13C).
Hence, the large amount of artificially introduced
nano-scale bubbles (figure 13D, blue circle) in the
treated samples will lead to an even more compact
structure of white HT skin and a milky appearance.

HT beeswax beads are especially prone to breaking
or cracking in the process of drilling. In comparison,
natural beeswax has high toughness, possibly due to
its layering structure (figure 14A). The distribution,
amount, and density of tiny gas bubbles in the HT
amber was different from that in natural beeswax (fig-
ure 14, B-D). Depending on the cutting direction, it is
possible to see both circular and oval bubbles in HT
amber, and figure 14E shows an orientation along the
bubbles’ long axis direction and residual stress cracks
along the oval bubbles (figure 14F), accompanied by
small but obvious stress patterns (figure 14G). HT
beeswax is easily burst during processing due to resid-
ual stress cracks. The submicron-/micron-sized bub-
bles (figure 14H) penetrating the HT amber are
associated with a certain pressure that has not been
disclosed. It is presumed that gas bubbles form in HT
beeswax from the synergistic effect of temperature and
pressure during the hydrothermal treatment process.
Adjacent gas bubbles may squeeze each other, result-
ing in deformation and forming stress patterns or lines.

HYDROTHERMALLY TREATED BEESWAX AMBER

Definition and Identification of Hydrothermally
Treated Amber. Definition and Naming. Since HT
amber is a new product, the authors suggest that sev-
eral factors be taken into consideration for defining
it:

1. The hydrothermal treatment process is similar
to heat treatment in practice, as both are com-
pleted in a pressure furnace. They have oppo-
site outcomes, however (Wang et al., 2010).
Heat treatment is a purification process for
squeezing gas inclusions out of the amber to
form transparent golden amber, while hy-
drothermal treatment aims to introduce sub-
micron-/micron-sized bubbles into the amber
to create a milky appearance (figure 15).

2. Hydrothermal treatment aims to improve the
appearance of amber by artificially creating in-
clusions, causing the appearance of natural
beeswax. Translucent amber, semi-beeswax,
gold-twisted honey amber, transparent gold
amber, and low-quality beeswax usually serve
as the starting materials for hydrothermal treat-
ment.

3. HT amber (figure 16, left) is mostly used for fur-
ther heat treatment to produce roasted old
beeswax (figure 16, right; see definition in box
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Figure 15. Semi-finished amber before and after hydrothermal treatment, photographed at the factory. Photos by

Yamei Wang.

A). Natural beeswax with a faint yellow color
could be heat-treated to mimic saturated yel-
low or dark yellow beeswax (see figure A-2C).
The roasted old beeswax formed slowly due to
oxidation from more than 15 days of continu-
ous heat treatment at 60-90°C under atmos-
pheric pressure (figure 1, D-F). However, the
structure of the roasted HT amber did not
change significantly, indicating its durability.

4. HT amber is mainly composed of foreign gas
bubbles in the structure through physical intro-
duction, but natural beeswax contains its own
volatile ingredients (Yang et al., 2002). A series
of processes take place during the formation of
amber from resinite. Two key processes have
been recognized by researchers, namely poly-
merization and volatilization (Scalarone et al.,
2003; Guiliano et al., 2007). Volatilization refers
to the process in which volatile components
(VCs) contained in the original resinite continu-
ously escape during the geological process. The
VCs mainly include terpenes, unsaturated com-
pounds, and carboxylic acids (Matuszewska and
John, 2004). According to the shape and distri-
bution of bubbles in amber, it is speculated that
the formation of bubbles is related to terpenes,
succinic acid, and other volatiles carried by
amber itself. This is distinctly different from gas-
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liquid inclusions, which are isolated, gas-liquid
two-phase inclusions (figure 9F, observed by
gemological microscope).

Baltic amber comes from pine and cypress trees.
Infrared spectroscopy shows that it has a higher con-
tent of volatile components and succinic acid in the
initial resinite than amber from other areas (such as
Myanmar, Mexico, China, and the Dominican Re-
public). FTIR results show that almost all Baltic
amber without heat treatment has a set of absorption
peaks near 3070, 1645, and 888 cm™! caused by C=C
stretching vibration and out-of-plane bending vibra-
tion of C-H on the double bond of methylene outside
the ring (Wang et al., 2016). These absorption peaks
reflect the fact that while the evolution of Baltic
amber took place over a period of 50 million years, a
small amount of volatile terpenes containing unsat-
urated bonds remained. The VCs were buried to-
gether with the resinite, leading to the change in
shape and distribution of bubbles with the variations
of temperature, pressure, wall rock type, and other
geological conditions. Since the Tertiary period, the
geological conditions of the Baltic Sea area have con-
tinuously evolved. The volatile components of
buried resin fossils have continuously escaped over
that time. However, amber can be found in geological
environments with high pressure (for example, the
surrounding rock of amber in the Baltic Sea was

Figure 16. Left: HT
amber beads. Right:
The roasted HT amber
with enhanced color.
Samples were collected
from the factory. Pho-
tos by Yamei Wang.
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The appearance of HT amber is mostly uniform and “waxy”

l

Disordered flow lines

Figure 17. Flowchart
for the identification of
hydrothermally treated
amber. Photos by
Yamei Wang.

|

White diffusion pattern appears along the cracks

B

3

mainly a blue mud layer). Occasionally bubbles are
enclosed in amber to form beeswax, and they tend to
become smaller. Gas chromatography coupled with
mass spectrometry has been successfully used for
identification of VCs contained in the fossil resin ma-
trix (Stout et al., 2000; Virgolici et al., 2010), and the
results confirmed that the VCs mainly consist of aro-
matic compounds such as terpenes, semiquinones,
and biguanides.

The authors believe that hydrothermal treatment
is a practical and acceptable method to enhance the
appearance of amber to fulfill market demand in cer-
tain locations. Western markets might not enjoy the
opaque products as much as the Chinese market.
This belief is based on a comprehensive analysis of
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the nature of the HT treatment materials, technical
process, purpose, effect, stability, market acceptance,
and detection standards. In recent years, it has been
used more and more widely in the market and ac-
counts for a relatively large proportion of bead prod-
ucts. In order to ensure that consumers are informed,
it should be referred to as amber rather than beeswax.
However, the use of hydrothermal treatment needs
to be disclosed.

Identification of Hydrothermally Treated Amber. As
explained above, it is feasible for experienced gemol-
ogists to definitively identify HT amber pieces.
Identification focuses on external and internal char-
acteristics (figure 17):
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1. The appearance of HT amber is mostly uniform
and waxy.

2. It sometimes displays white HT spots as well
as a compact structure.

3. There are usually dense, flat, or disk-shaped gas
bubbles or gas-liquid inclusions in HT amber.
Also, the gas bubbles in HT amber are generally
much larger than those in natural beeswax.

4. HT amber retains the natural flow lines of gold-
twisted honey amber. However, the flow lines
appear disordered, less well-defined and smooth
than the pattern of natural beeswax, which
may be attributed to the impact of later gas in-
terventions.

5. A white diffusion pattern appears along cracks
after treatment of original cracked amber.

CONCLUSIONS

Hydrothermal treatment can be used to improve the
appearance of amber materials (from transparent to
opaque) to cater to Chinese consumers. During the
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