CHAPTER V

EXPERIMENTAL HEAT TREATMENT

5.1 Introduction

Seven groups of blue sapphires (totally 45 samples) have been

inspected physical and optical properties before heating experiment; these properties
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samples were subsequently placed
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. # .
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5.2 Heating Cycle

soaking and cool-down) are set in

Successive s me;-r;t_sﬁ Xe) @ '

every heating processes. The Cleangj sa

temperatures (1000 C,l1200 C, 1400 C and 16504Gﬂr§‘pours soaking time under
l

ere heated at 4 different maximum

reducing atmosphere. _at—up segment wa room temperature to

maximum temperature-\-ilate of temperature mcrementJvas controlled at about 4
°C/minute for al lt iﬁﬂ d that the maximum
temperature is %jﬁ[ﬁ ﬂﬂfi] ﬁ?‘lﬂ set at 3 hours. Cool-
down sin terﬁperature froffe soaking segfmént at maximum
temperaﬁnﬁﬁﬁ%ﬁitm uemgclglvm Ej E;l)grammed at
approxmately 3 — 4 °C/minute. These segments were applied with consistent rates in all
heating cycles, in which they have been operated individually from the lowest
temperature (1000 °C) to the highest temperature (1650 °C). All sapphire samples were

observed every time after heating in each cycle. Results of the experiment are

compared and present below.
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5.3 Effect of Heating Experiment on Color Appearance

The GIA GemSet was used to compare color codes between unheated
and heated sapphires. Results of comparison are shown in Table 5.1. Figures 5.2 to 5.8
reveal color appearance of sapphire before and after step-heating at 1000 °C, 1200 °C,

1400 °C and 1650 °C, respectively. Details of each sample groups are described below.

Dark blue sapphires: Color appearances of dark blue samples before
and after step-heating at 1000 °C, %l?
Figures 5.2. Most of dark blue :
under reducing atmospher weé stl after heating experiment at

mWeveloped again after the

0 °C and 1650 °C are displayed in

shade after burning at 1000 °C

1200 °C. However, blue col

maximum temperature reac

DB5).
Medium blue sapp‘ElrE
e -:-_a -? .
before and after step- hatmg at 1000 °C C,1 ¢ _mnp 650 °C are displayed in
Figures 5.3. Most of les er burning at 1000 °C

under reducing atmosphere é?f&' were sﬁﬂ unchanged after heating

experiment at 1200 °C. A few,samples (IMB3, IMB5 and MB4) turned partly blue colors

again after heau@u(%}’(g nﬂ mlﬁ qu_d ’Q ﬂo§eveloped at 1650 °C

burning. Many me%llum blue samples (IMB1, IMB2, IMB4, MB1, MB3,;MB6 and MB9)
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heating.

Very light blue sapphires: Very light blue samples and their colors before
and after heating experiments at 1000 °C, 1200 °C, 1400 °C and 1650 °C are revealed in
Figures 5.4. Very light blue samples were almost turned colorless after burning at 1000
°C under reducing atmosphere and these colors were still unchanged after heating at

1200 °C. Many samples were able to developed blue colors again after the treatment
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was operated at 1400 °C. In addition, blue zones were developed at 1650 °C in a few
samples (IVLB1, IVLB2 and VLB1), whereas blue components in whole grains of a few
samples (IVLB5, VLB2 and VLB4) were intensified at this temperature. Some very light
blue samples (IVLB3, VLB3, VLB5, VLB6 and VLB7) have lost the blue shade and

became colorless after step-heating.

Milky, very light blue sapphires: Untreated colors of milky, very light blue

ﬂg 000 °C, 1200 °C, 1400 °C and 1650 °C

after experiments at 1000 C : C Mo (MVLB3, MVLB5, MVLB7 and

2rer he teayﬁbm\enﬂa:\d they yielded even more
W ’ e%ﬂle\ith blue zone after the end
‘-', N ;: 4 ‘ I.v"'l. , .

sapphires and their colors after step-hea

are displayed in Figure 5.5. M t%g to be unchanged in their colors

MVLB8) have shown blue
intense blue at 1650 °C..8al

of experiment.

e AU : Iy
were developed signiﬂcﬂly after heating

BN AN T s

sapphires also ylelded different colors ‘after heating.at. 1000 °C, 1200.°C, 1400 °C and

105 c heleckhine SN BTANND e o,

however, the light violet sapphires still gave slightly different colors at each step of

ndﬂGSO °C (see samples DV1

heating (Figure 5.8). Blue components in medium violet sapphires were mostly lightened
after experiments at 1000 °C and 1200 °C and they were partly developed again at 1400
°C and 1650 °C.

Most violet samples have lost their purplish coloration after 1000 °C

heating under reducing atmosphere. Their colors were still unchanged after they were
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heated up to 1200 °C and 1400 °C, respectively. Some samples were developed bluish

color after heating at the highest temperature of 1650 °C (see samples DV1, DV2, MV3

and LV1 in Figures 5.6 — 5.8).

Table 5.1 Color codes of sapphires before heating and after heating at 1000 °C, 1200

°C, 1400 °C and 1650 °C in comparison with GIA GemSet (List of hue, tone

and saturation terms for describing gem color was shown in Appendix I).

Sample aturation
No Unheat He Heat 1400°C Heat 1650°C
Dark blue ;

IDB 1 BV6/5 + RV5/3 ( | BP 4/4 +P.3/4 7/4+BP3/3  BV7/A+RB7/5+
V65 + P 4/3 | BV 5/4.. " BP 2/3

IDB 2 V 6/4 + RP 5/3 ' 8P 4/4 + P 3/4 P 6/3 P6/3
*V6/5 + P8/3 r f \ \

IDB 3 BV5/4 + RP5/3 5 +HRPE/ 8P6/3 + RP5/3 BP 6/3 + RP 5/3
*\/ 6/5 + rP8/3 | " '

IDB 4 BV 6/5 BV 7/4 VB7/5+V 6/5

IDB 5 BV 6/5 BV 7/4 >V6/5

IDB 6 BV 6/5 BV5/5 + B2/2 BV 7/4 +VB7/5

DB 1 BV 6/5 BV 5/4 BV 4/3

DB 2 BV 6/4 4/3 Va4/3

V7 T
DB 3 BV 6/5 m BV 5/5 BV 7/4
DB 4 BV7/4+VT/4 P 6/3 BP 6/3 P 6/3 BP3/3 +V 3/2
" 7/4
DB 5 ﬂuﬂ’}?ﬂﬂﬂﬁwﬂ’]ﬂﬁ B8P 7/4 + VP 5/3
Medium b
ﬁmmmm URIAINLUINY ...
IMB 2 V5/4 + BV4/5 B 3/1 B3/1+bV2/3 VSLGB 2/2 + bV 4/3 + B 3/1
B 2/2

IMB 3 BV 8/3 gB2/2 vsigB 3/3 VSLGB 3/3 B 6/2

IMB 4 BV 5/5 + B 2/2 vsigB 2/2 vsigB 2/2 B 3/1 B3/1+B5/2

IMB 5 BV 4/5 B 3/1 B3/3 bV 3/4 bV 7/4
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Sample Hue Tone Saturation
No Unheat Heat 1000°C  Heat 1200°C  Heat 1400°C  Heat 1650°C
Medium blue (continued)
MB 1 BV 2/3 vsigB 2/2 vsigB 2/2 B 3/1 B 3/1
MB 3 BV 4/3 <B2r2 B 3/1 B 3/1 B 3/1
MB 4 BV 3/4 B 2/2 + bV 3/4 B 2/2 + bV 3/4 bV5/4 + B3/1 VB 7/5 + B 3/1
MB 6 BV 5/4 <B22 B 3/1 B 3/1 B 3/1
MB 9 BV 4/3 P2/1+V + P 3/4 bV5/5 + bP2/3 bV 7/4 +bP 2/3
Very light blue
IVLB 1 B 2/2 B 2/2 B 3/1 +bV 3/4
IVLB 2 B 3/3 B 3/1 B 3/1 +vB 5/3
IVLB 4 vB 4/3 vsigB 2/2 B 4/2
IVLB 5 B 3/3 bV8/3 + B4/2 bV 6/4
VLB 1 B 3/1 3/4 + B3/1 bV 3/4 + B 3/1
VLB 2 bV 2/3 BV5/4 VB 7/5 + V 6/5
VLB 3 bV 2/3 <B3/M B 3/1
VLB 4 bV % bV8/5 + B2/2 bV 5/4 + B 3/1
VLB 5 bV 2/3 <B3n B 3/1
VLB 6 bV % <B3n1 <B3n1
VLB 7 B 3/1 <B3/1 <B3n
Milky, very light blue
MVLB 3 B 2/2 4\B 4/3 B 7/4
MVLB 5 B 3/1 _ 4 + B3/1 B4/2 + bV 7/4
MVLB 6 B3/1+V2/2 colorles <B3/1 B 2/2
MVLB 7 B 3/1 _ colorless << B3/ vB4/3 + V5/2 bV 7/4
MVLB 8 B 2/2 + bV 5/5
Dark violet
DV 1 V 6/4 4%4/4 P6/3+P 34,  P6/3+rPa/4

PRIPRS/3 + & rP3/4+rPﬂ3

ove N FETRNTIAE A1) NUARY .

DV 3

bP5/5 + P6/4

* bP 6/5

PR/RP 6/3 P 5/3 RP 5/3

* bP 6/5

rP 5/3
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Sample Hue Tone Saturation
No Unheat Heat 1000°C  Heat 1200°C  Heat 1400°C  Heat 1650°C
Medium violet
MV 1 V43 P31 P 3/1 P 3/1 P21
* bP /6/5
MV 3 Vv 4/4 P31 P 3/1 BP 2/3 P 6/3 +V 5/2
*bP 6/3
Light violet
LV 1 V22 B2/2
Lv 2 V272 P2/1
Lv3 V272 <P2/

*under incandescence light

AULINENINYINT
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1400 °C and 1650 °C in dark blue sapphires.
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Figure 5.3 Natural colors of medium blue sapphire samples and their changes after heating at

1000 °C, 1200 °C, 1400 °C and 1650 °C, respectively.
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Figure 5.4 Very light blue sapphires and their colors before and after burning at 1000 °c,

1200 °C, 1400 °C and 1650 °C.
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1400.°C and 1650 °C, repectively.

Figure 5.5 Changing in colg %yéw apphires from unheated stones to
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Figure 5.6 Color appearances in dark violet sapphires comparing between unheated stones

and heated stones at 1000 °C, 1200 °C, 1400 °C and 1650 °C.
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Figure 5.7 Color app in me iolet 'sa , comparing between unheated
: °C, 1400 °C and 1650 °C.

)
..ﬂ*";ﬁ_'ﬁ,

Figure 5.8 Color appearance in light violet sapphires showing very slightly different in color

during the experiment.
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5.4 Effect of Heat Treatment on Internal Characteristics

As reported in chapter 3, several kinds of internal features have been
observed in most sapphire groups. They are characterized by some mineral inclusions,
healed fractures, tubes and color zones. These internal features have been
distinguished and documented throughout the heating experiments at 1000 °C, 1200 °C,

1400 °C and 1650 °C. Changes of these internal characteristics are reported below.

Zircon inclusions _ar colorless and often show slight

development of tension discs ; es. The crystals were however
altered into a whitish crysta -treating ﬁ{ Moreover, the tension discs
were enlarged at higher temp i 5. ver, some zircon crystals were

still unchanged after step , d 120 but decomposed to whitish

°C. Small tension discs were develUTpe;q’ o -treatlng at 1200 °C and they were

(Figure 5.12)./

r gerprints, were commonly

= ",’

expanded progressuvelgjgt higher temperatﬂres

Fluid - heated
found in the host corundums They can be observed within both unheated and heated

stones. In some ﬁ%ﬂﬂ%ﬁﬂ?ﬁﬂ‘ﬂ)ﬂ ? widened gradually

after step heating fiom 1000 C to 1650 C (Flgure 5. 13)

o Vil el 0 UBAINY A s oo

samples from the study area, appeared to have been altered at high temperatures
especially at 1400 °C and 1650 °C (Figure 5.13). These temperatures may imply
dissolution temperatures or eutectic temperature between TiO, of rutile inclusions and

Al O, of corundum host.



In addition, its should be noted that recrystallizations were somehow
occurred on the surface of some samples after heating at high temperature (1650 °C)

(Figure 5.14).

]

¥
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Heated 1000°C

Heated 1400°Cy

Figure 5.9 Zircon inGlusionsiwith tefision’ discs Beférel did aftef heat-treatment. After step
heating frém 1000°C to 1650°C under reducing atmosphere, they were gradually
ehangedTheycrystals durngd whitish @nd, were) obyiously £nclosed by tension

dises (sample no. LV 2; about 70 times magnification).
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At
Heated 1200°C

Figure 5.10 Zircon inclusions Withstension discs béfére and after heating experiments. After
step-heating Ifiom_10Q0°C ta_1650; Ceunder (reducing atmosphere, they were
slightly changed. The tension disc surpeunding crystalsswere obviously
exparided land zircon ofystals were' also decomposed | aiter ‘heat-treating at

1400°C to 1650°C (sample no. LV 2; about 70 times magnification).
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Unheated Heated 1000 C

Heatedal200°C

Figure 5.11 Showindjkzircon clusters before and after heating experiments. After step-
Heatifig ~from 1Q0@°C ato £1650°C) angler tedugingp atmosphere) some zircon
crystals in the clusters were slightly changed. The tension disCs appeared to
have been more extensive at higher temperatures (sample no. LV 2, about 70

times magnification).



B Heated 10003884

Heated 1400 C

Figure 5.12 8howing ansapatitesinalusion beforeyand after heating _exp,gc‘iments. After step-
heating from 1000°C 'to 1650°C tnder reducing atmoSphere, ‘the“apatite crystal
was slightly altered into whitish material with surrounding tension disc (sample

no. IMB 4, about 70 times magnification).
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Unheated Heated 1000°C

,“Heated 1200°C" § 'V Heated 1400°C

Heated 11680 C

iU
Figure 5.13 Showmﬂefl)ﬂ (IKT LY‘ he]aﬂ m 1000°C to 1650°C
sphere. The fingerprin

under reglucing atmo S were gradually expanded. In

CHMER ROV iR (1M1

sapphire generating dot-like pattern after heating at 1400°C. Eventually, they
were dissolved completely at 1650°C (sample no. IVLB 2, about 45 times

magnification).
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Bt >
=l \Heated 1650°C

N
‘.

gled 1650°C

Figure 5.14 Showing areas of recrystallization developed after heating at 1650°C under
reducing atmosphere (sample no. IDB 1and IMB 5, about 70 times

magnification).
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5.5 UV-VIS-NIR spectra

Absorptions of light in the ranges of ultraviolet (UV), visible light (VIS) and
near infrared (NIR), effect directly the color appearances of sapphires as well as those
of other gemstones. Hence UV-VIS-NIR absorption spectra of sapphire samples before
and after step-heating would give important information on the causes of colors and
their changes after heating. UV-VIS-NIR spectra of 7 sapphire groups were measured
before heating experiments, subsequ n!; absorption spectra were consistently

detected at the same points after eachgl experiments (e.g. 1000 °C, 1200
°C, 1400 °C and 1650 °C). ed specé&splayed in Figures 5.15 to 5.20

and more samples are S:We d|x1ll The abseiption spectra of a natural stone
before experiment and ' ‘5

3 12%4400 C and 1650 °C were
usually overlained in the

nqpanson"mwever these spectra are

somehow different in the be caq'lsed by a slightly different
-0
mﬁ%rison could not be straight

forward. Technique of spec ; if otio ' refore considered to solve this

indicate that absorptionsj1 heated s relatively I@s than those in unheated

stones, whereas, reverse peaks located in the negative area apparently reflect more

ﬁi UHIANUNINYINS
Ve@mm@ LRI (1T

charge transfer (IVCT) band at 562 to 704 nm with highest peak at about 588 nm
(Figures 5.15 to 5.19). Additional peaks caused by iron (Fe ") at 388 nm also show in
Figures 5.15 to 5.19. Fe*'/Fe’" ion pair absorption at 450 nm can be observed in some
samples (Figure 5.17). Heights of absorption bands and absorption peaks are obviously

related to color intensities of stones.
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Figure 5.15A, color of dark blue sample (IDB6) was changed from dark
blue before heating to pale blue after heating at 1000°C. Its blue color was slightly
recovered after heating up to 1200°C and 1400°C; eventually, dark blue color appeared
again after heating at 1650°C. The residue spectra after subtraction (Figure 5.15B) show

a board band about 562 nm to 704 nm, which corresponds to Fe’'/mi*" IvCT (Hager,

2001).

Figures 5.16A, color o i blue sapphire sample (IMB 5) was
changed to very light blue after Mw till remained the same color after
burning up to 1200°C. Blue col l toJae rmﬁer heating up to 1400°C and
deeper blue componen Xf Vi ‘ he remaining spectra after
subtraction between bef: ard band of Fe*'/Ti*" IVCT
at about 562 nm to 704

Some medi K st their colors after heating at
1000 C (Figure 5.17A) and bl 0 appear even temperature in
creasing to 1650 C. The r btra 1on (Flgure 5.17B) show board

5) between before and ‘-‘- step heatln; ' changed from very light

|
blue to almost colorless fter heating at 1000°C. Blue

ot vl AL A e R A o e
- NIl NI NYNa Y

UV-VIS-NIR spectra between before and after step heating of milky, very

'r
or have been intensified

light blue sapphire (sample MVLB 7) in Figure 5.19A show the same color of stone
before heating and after heating at 1000°C to 1200°C. Blue color was slightly developed
after heating at 1400°C and more intense blue shade appeared after heating 1650°C.
The remaining spectra after subtraction between before and after step heating show a

board band of Fe**/Ti*" IVCT at 588 nm (Figure 5.19B).
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Comparisons of absorption spectra between natural color and treated
color as revealed in Figures 5.15 to 5.19 indicate clearly that the main cause of blue
component in these samples is Fe>'mi*" IvCT, showing board band of absorption at
between 562 and 704 nm. This absorption band is significantly increased when blue
shade is intensified; in contrast, it appears to have been decreased when blue color is
lightened. Consequently, subtracted spectra would remain Fe’'/Ti"" IVCT absorption

band when the blue component is Iightened after heating; otherwise reversed band in

negative area is present when bI nt is intensified after heating. Most
information clearly show that ave been developed with more
intensive than the initial co tung!at 1 wever some samples start to

have deeper blue at 1400 C

.er"\axgtlQpeaks (eg. Fe’" at 388 nm

and Fe*'/Fe’" at 450 nm) h ring heating experiment (see

Figures 5.15-5.19).

effected by Cr’" in octahed ;
.'- ’ o
about 405 — 410 nm and 555 I,ﬁ;?are :
-

violet to pink shades (Figure 5. 20) ﬁe

_,..-‘_, ..--"'”' s

contain absorption pe@gs of ¢’ in comB';natuon M

Fe”'mi*" IvCT absorptien bands in these sap

IVCT bands. However,

eak and low intensive;
therefore they may be inaenc&:i%an ostly by Cﬂ peaks at about 555 nm —

560 nm; besides, tails of Fe**Ti'" absorptiontbands parti (i]extend to 704 nm then

these absorptlona u&@ 1%1 i %&J g}
) WYNNTTT Eﬂﬂ‘ﬁ’“’l "W”EI"“’F@%“"‘"QG" "

medium vielet before heating to very light pink after heating at 1000°C and still be the
same color even it was heated up to 1650°C. Absorption spectra are obviously
dominated by crt components with additional absorption peaks of Fe®* at 388 nm
(Figure 5.20A), which they are mostly disappeared after subtraction (see Figure 5.20B).
The result indicates likely that concentrations of both cr’* and Fe* have not been
effected by high temperature burning under reducing atmosphere. In addition, sign of

Fe”'/Ti*" IVCT absorption is slightly observed, particularly in unheated color (Figure



5.20A) and it is rapidly decreased and eventually absent after the heating, while blue
shade in the stone is significantly lightened. It is very crucial to note that all violet
sapphires with presenting color change effect were lost this valuable characteristic after

heating up to 1000 °C.

AULINENINYINS
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Figure 5.15 Typical UV-VIS-NIR absorption spectra of a dark blue sapphire (sample no. IDB

6) on the vibration plane perpendicular to the c-axis (o-ray). (A) The observed

spectra of unheat dark blue sapphire before experiment and after step heating

from 1000°C to 1650°C, respectively. (B) The remaining spectra resulted from

subtraction between the spectrum of the unheated natural stone and each of

the spectrum earned from each step of heating.
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Figure 5.16 Ty?)ical UV-VIS-NIR absorption spectra of a medium blue sapphire (sample no.
IMB 5) on the vibration plane perpendicular to the c-axis (o-ray). (A) The raw
spectra of unheat dark blue sapphire before experiment and after step heating
from 1000°C to 1650°C, respectively. (B) The residue spectra resulted from
subtraction between the spectrum of the unheated natural stone and each of

the spectrum earned from each step of heating.
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spectra of unheat dark blue sapphire before experiment and after step heating

from 1000°C to 1650°C, respectively. (B) The remaining spectra resulted from
subtraction between the spectrum of the unheated natural stone and each of

the spectrum earned from each step of heating.
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Figure 5.18 ?ypical UV-VIS-NIR absorption spectra of a very light blue sapphire (sample
no. IVLB 5) on the vibration plane perpendicular to the c-axis (o-ray). (A) The
raw spectra of unheat dark blue sapphire before heating and after step heating
from 1000°C to 1650°C, respectively. (B) The remaining spectra resulted from

subtraction between the spectrum of the unheated natural stone and each of

the spectrum earned from each step of heating.
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(A) The raw spectra of unheat dark blue sapphire before heating and after step
heating from 1000°C to 1650°C, respectively. (B) The remaining spectra

resulted from subtraction between the spectrum of the unheated natural stone

and each of the spectrum earned from each step of heating.
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Figure 5.20 Ty%ical UV-VIS-NIR absorption spectra of a medium violet sapphire (sample no.

MV 1) on the vibration plane perpendicular to the c-axis (o-ray). (A) The raw

spectra of unheat dark blue sapphire before treatment and after step heating

from 1000°C to 1650°C, respectively. (B) The remaining spectra resulted from

subtraction between the spectrum of the unheated natural stone and each of

the spectrum earned from each step of heating.
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5.6 FTIR spectra

Volynet et al. (1972) and Baran (1991), cited in Smith (1995) discovered
and reported the structural bonding of OH groups in corundum. They have been
recorded in verneuil synthetics of various colors and compositions, hydrothermal
synthetic rubies and also natural corundums such as Sri Lanka rubies, Montana
sapphires and Mong Shu rubies. Volynet et al. (1972) has indicated that hydrogen
atoms are typically incorporated wﬁhng 'tge structure of corundum as a charge

compensation mechanism. They may ous trace transitional metal ions,

occupying interstitial sites b ox"y’ge ) or may also be trapped by

cation vacancies. These i lead to q orundums that have been

treated at high temperat may be allowed to diffuse

into the crystals. Ther ssumed to have higher
concentration of these ‘ir?.j*form of their interaction.

Systematic measurements ' _ efor [ before the experiment and

o 5.27, whereas all FTIR

.113
I

spectra collected in this study are displayed in Appendlx In general, all sapphires

show absorption ﬁt EJH’g Wgﬁﬂ(ﬁ w ﬁ‘té?rﬂfiH stretching at 2926

—2918 and 2862 +2860 cm ', and patterns of CO, at 2365 — 2360 and 2360 — 2340 cm’'

respectiv; m § ﬁ ﬁ?crys aag ﬂvﬁfa ' is the most
crucial for siderat ature treatm this is ecause e other peaks

are possibly effected by contamination of the stone. For examples, peaks of H,0 and

and after step heat-treai ent are shown i

CO, may be involved by vapor and air surrounding the sample, whereas C-H stretching
peaks would indicate organic oil film coated on the surface. Volynet et al. (1972)
suggested that O-H stretching peak could be appeared and intensified after heating up
corundum at high temperatures. Therefore, only O-H stretching peaks will be

considered below.
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An unheated dark blue sapphire sample (IDB 4) showed a small O-H
stretching peak at 3309 cm’ that was rapidly increased after heating at 1000 °C and
1200 °C but it was abruptly decrease after heating up to 1400 °C and 1650 °C (Figure
5.21). The medium blue sapphire sample (IMB 2) appeared to have no O-H stretching

peak at 3309 cm’' in the unheated state as well as after each step of heating experiment

(Figure 5.22).

Sapphire samples (VLB 4 light blue group has no O-H stretching
peak either in unheated state or aﬁe;\h # t 1000 °C. This peak was created
slightly after heating at 1200 t was disappeared again after

heating up to 1650 °C (Fi

,‘llky very light blug sapphire samples (MVLB 8)
was also absent in O-H heat treatment and it still

showed similar FTIR pa 0 °C. The O-H stretching

peak only appeared whe A O} &was to disappeared again

heating at 1000 °C. The O-H s tc{qugpea ' ,.,,... ver totally removed after heating
J.j“n- ,Jlf A

up to 1200 °C and it was still d|s§$ear‘ even, temperature was risen to 1650 k #-

..-ed_, i T

(Figure 5.25). A medlumvnolet sapphire sé{mple (M_“ go O-H stretching peak in
FTIR spectra both in the dinheated state and ng.from 1000 °C to 1650 °C
ample (Il_ﬂ2 showed O-H stretching

(Figure 5.26). An unheatg light violet sz
peak at 3309 cm” but it waés.disappeared aftérstep heating from 1000 °C to 1650 °C

(Foure .27 ﬂ Ue ‘ﬂEJ‘Vl‘EWEHﬂ‘ﬁ
m ;J ME gm ffect of high
temperature effect on occurrence of stretching pea spectra. Some

samples contain O-H stretching peaks in their natural condition which may decrease
rapidly or disappear after step heating experiments. On the contrary, the O-H stretching
peaks may not occur in some natural stones but they can be developed in some stages
of heating; and destroyed later at higher heating temperatures, especially at 1650 °C. A
few sapphire samples appear to have no O-H stretching peaks in their natural condition

as well as throughout all step heating experiments. Based on this study, FTIR spectra
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are unlikely to be used as a good evidence to indicate high temperature treatment of
corundum. The application of this kind of information for gem testing should be

undertaken with great cares, particularly in aspect of heat treatment.

AULINENINYINS
RIANTAUNM TN



74

o “v""':"" -&—W
H s .-(‘“ Y
S s N ‘Q
50- H,0 C-H Stretching
co
45| 3900-3400 [ 2925-2918,
3309 2365-2360

2RR2-285N
40 0O-H Stretching
%] 3309

%Transmittance
g
g

8

Figure 5.21 FTIR spectra of el d:se phire B\4) before the experiment and

after step heating i
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Figure 5.22 FTIR spectra of a medium blue sapphire (IMB 2) before the experiment and
after step heating from 1000 °C to 1650 °C.
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Figure 5.24 FTIR spectra of a milky, very light blue sapphire (MVLB 8) before the
experiment and after step heating from 1000 °C to 1650 °C.
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Figure 5.26 FTIR spectra of a medium violet sapphire (MV 1) before the experiment and
after step heating from 1000 °C to 1650 °C.
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