off ¢ BRIFL

PERRREELR faesbar s

%

-w'\v

3¢ FERRILZFTY

The study of heat treatment of colorful gemstones
PR eBEedrEd o e3RA
3 %% I NSC  100-2116-M-276 -001
HEFHPF 100#01 % 0l px101#&72 31p

AR FeT o B

PRSI EE
LA A
PRFEARCEER R IR S RS

At K/f AN R FREI LT RIS
DAL R P By e FRL

oA~ M BB 7 o fﬁ

n ARG s AR L
ORI & TP AR LIRS

%

}%@,;'%;“Zﬂl/f}lj%‘ % b BT oB B

L3z T ;IJ:]%-"I
D2 B R E B FEMAE - 0 BT OB A3

PooE X R/ 100 # 8 ' 10 P



FEFEFREILZFTY
LR £

Tode ¥ SR GG BB E AR A EE 0 S ST o KA 2 E

Rt

Q

NFFEpP R P L AF R o TN P EBLAIAIREF O ~EP R ZE
RIVBEFAEENEDREL AL o mFFE
%?%E‘%iﬁgﬁﬁ}\p%”};fg;
S BE A R R RER A s?»%#\ PSRN
BT 600CHIERE » F 2 A Mo TR o LB RABIFEHI R DLR
BAEE R o FHARFRFRE > d SA&EMAcD 30448 7 F L 4
BARB TR F R 200C -

F-2good P8 kY HFR600CT RIpRTE L > AT HP L WEER

b g o
REEET - d

=
‘,_L!‘\
¥

PR EEEE LD BT HREDL 2RI FOER
%°%ﬁ%%*ﬁﬁéﬁﬁ EREEEL NS RS F L
A

Mt  RF P F AW LT FIET ETE o Hke

II



The study of heat treatment of colorful gemstones

Abstract

Minerals that display good crystal habit and have good optical clarity and color
are, in some cases, treated as gemstones. Natural "gemstones" are not common and
are difficult to find. The color, transparency and clarity of the majority of gemstones,
however, can be vastly improved through proper heat treatment processes and
resulting in the perceived beauty and a better monetary value. To understand the
impact of the gas environment and annealing duration on the heat treatment processes,
the investigations of high temperature treatments on gemstones (tourmaline,
chalcedony, ruby, chrysocolla and sapphire) were then carried out by Raman
spectroscopy in this study. The samples are annealed at 600°C for different duration
time from 5 to 30 mins in the air- and nitrogen-saturated environment, respectively.
No significant effects are found on gemstones with different gas saturations. Also, no
evidence for phase transition is seen in Raman spectra, which indicates the crystal
structure remains stable over the temperature range (25-600C) in this study. The
colors of gemstones are found to change at annealing 600°C with duration time of 5
mins, and the transition temperature can decrease by 200 C with increasing duration
up to 30 mins. The experiments show that the temperature for the changes of
gemstone colors is very sensitive to the surrounding environment (for example,
transition temperature of the different colors depends on the annealing duration),
when the crystal structure of gemstones only changes at certain temperatures
regardless of the changeable environments (such as duration time or gas saturation).
According to the observations, an assumption can be given here that 600°C may be a
crucial temperature that the color of gemstones starts to change.

Keywords : Tourmaline, Chalcedony , Ruby, Chrysocolla, Sapphire, Heat
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A Study on the Effects of Heat Treatment on Colored Gemstones

wOE W e R R e BT

EP. Huangl, Eugene Huangz, PY. Chen'

CEURE R SN RS -
RAARABAME TR BES - &
PARENRCLEORRPERFR -
B THEBALRZEET LM
e ERRAPREFIRFUFIHK
MBETHRE BARST L XL
Mt - RFRMHFETRSL - F
FMALETLFREOBRALITSESR
RAEKH - JHEk$ B4 300 -
fF EIF 100°CHER4diE 5 248 - 2k &
HREAGBARBITIESEETH -
EREHEH2 L Bk E 800°CH
M AR REF R EEE
B-BAREMARLE - FliFL#4E S
ABPREILI KIS E -

EE 1000°CH » SN R D
ANRIBAZEER  ATFTHL
ARERCHFTR2MK - FSAK
Rz R EMRERA TEVETAR
Be-wEEG0CH rReRhhi
Be700°CEME kR ER LiFE
g EALGE RAI I AN
FLaWREL - XL HENHR &
A FEAYFERE MEANSE
600 CHEME ik - LB ABLLMR
B-HTRE  FEMAETH2
ZHFLHERIFRER  BEMN
600°C £ 800°C -z M if » & ¥ B4y M
e gey EEMeLZR -

MRF: AL H R 2T 5
BRE I AN

Minerals that display good crystalline properties,
optical clarity and color are considered as “gemstones”
Natural "gemstones" are not common and are difficult to
find. However, the color, transparency and clarity of the
majority of gemstones can be vastly improved through
proper heat treatment. In this study. we conducted stepwise
high temperature treatments on several gemstones:
tourmaline, chalcedony and ruby, and recorded Raman
spectra of the specimen at each temperature step. The
samples are subjected to a heating rate of 300°C per hour
and annealed for 5 minutes at each 100°C step up to
1000°C. Initially, the color of tourmaline is black at room
temperature; at temperature above 800°C a filmy brown
stripes appeared on the surface. The Raman spectroscopic
modes of molecular water shifted when heated up to 1000°C
when no evidence for water in the structure was observed.
Cracks also occurred above 1000°C implying the tourmaline
was fully dehydrated at this temperature. At ambient
conditions, chalcedony is yellow-brown that was changed
to red-brown above 600°C. At this point cracks began
to occur and above 700°C the edge of sample gradually
became milky; however, no change in the Raman spectra
was observed. The color of ruby is dark purple at ambient
temperature that became lightened above 600°C; again, no
obvious change in the Raman spectra was observed. Results
of this heat treatment study on the three different gemstones
indicated that the temperature range 600°C-800°C is the
critical temperature range causing the physical property
change of the gemstones.

Key words: tourmaline, chalcedony, ruby, heat treatment,
Raman spectroscopy
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The study of heat treatment of gemstones
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The study of heat treatment of colorful gemstones in the nitrogen environment
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