CHAPTER VI
CHEMICAL ANALYSIS
6.1 Introduction

Corundum is chemically composed of aluminium oxide (Al,O,) which is
naturally colorless in its pure state. However most natural corundums not pure but
contain trace concentration of other el
Consequently, various colors o ',_;\
elements and perhaps crys&

corundum, they are usuall

nts replacing in their crystal structures.
p/e generated by particular trace

mﬂter. For coloring elements in

I
itional metals, particularly Cr, Fe
and Ti. Chromium norm in corundum depending

on its concentration. Iror . pale green, yellow and

W,
brownish color) to corund _ iWith titanium which they are
able to produce wide ranges of gr olors (Nassau, 1994)
In the previ ters; del n has been reported on the
physical properties and abso hﬁ%dré akaka-Sakaraha sapphire samples
This chapter will present and diéagg%h | es which were analyzed using

ﬂ) ses of color and color
development after heat treatment of corundum trace analyses would be investigated.

Then, chemical ﬁﬁg tﬂ% Ej% ?rﬂﬁ lfT?T?les sapphires were

taken into accoun
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Energy Dispersive X-ray Fluorescence (EDXRF) Spectrometer is a non-
destructive analysis method; therefore, it has been conventionally used to investigate
chemical compositions of gemstones in most gemological laboratories over the world.
This technique is an application on energy emission of electrons in atoms. These
electrons are excited by X-ray and then they move to the higher energy levels in their

own atoms or may be ejected away from their atoms. Consequently, electrons in the
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higher energy level will replace the lost electrons; this process must emit energy in
particular range. Each element has different atomic weight that leads to dissimilar
energy level. Therefore, those different energies can be utilized for determination of

chemical constituent of material.

In this study, the trace analysis of sapphire samples was carried out

using Oxford Energy Dispersive X-ray Fluorescence Spectrometer, model ED 2000

(Figure 6.1) at the Gem and Jewelry Instituteyof Thailand (GIT). The X-ray source used in
p rdless calibration is applied for all

analyses. Therefore, trace =@ S i his technique would be just

Trace elemg# i d\ sar es. were analyzed and reported

as weight % oxides (e.g. F 04 ¢ D, an O,). The analytical results are

Appendix IV. Each sam both polished faces. These

trace element contents ar imum and maximum values in

Table 6.1. In addition, analytical &éfé‘gnT; reraphica"y revealed as histogram

in Figure 6.2. Variations of tracefcgﬁ'ﬁés'iﬁé,- 88

A

are described below . = : ;

sapphire group under this study

Figure 6.1 Oxford energy dispersive X-ray fluorescence spectrometer, model ED 2000,

based at GIT.
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Table 6.1 Ranges of EDXRF analyses of some trace elements contained in llakaka-

Sakaraha sapphire samples. Minimum - maximum values are given along

with the average + standard deviation in parentheses below each range.

Group of | Number Concentration (wt%)
samples of Fe,0, TiO, Cr,0, V,0, Ga,0,
samples

Dark blue 5 0.10-0.35 | 0.05;0.1 0.00-0.13 | 0.00-0.01 0.02-0.03
(0.20+ 0.102) | (@ 0,01+ 0.008) | (0.00+0.004) | (0.02+ 0.002)

6* 0.28 - 0.44 0.13 | 0.00-0.01 0.01 - 0.01
(0.37+ 0 +0.018) 031) | (0.01+0.004) | (0.01+ 0.002)

Medium 10 0.12-0 1-0.04 0.00 - 0.01 0.00 - 0.03
blue (0.29+ ' 14) | (0.00+ 0.002) | (0.02+ 0.006)

Very light 11 097 - -042 0.00 - 0.01 0.01-0.04
blue © + 0.0 + (0.00+ 0.001) | (0.02+ 0.007)

Milky, very 5 0.1 027 000-001 | 001-0.02
light blue 044+ 14{0.095) 2) | (0.00+0.002) | (0.01+ 0.004)

Dark violet | 3 0.2 0.035: 01 041- }\ 0.00-0.01 | 001-0.02
(0.31+ 0062)' | €003+ 001 1 4) | (0.01+0.004) | (0.02+0.002)

Medium P 0.3340.3 0040 0.05 -0. 0.00 - 0.01 0.01-0.02
violet (0.33+ 0.001) {1{0:04+0.010 +0.003) | (0.01+0.002) | (0.01+0.008)

Light 3 0.15-0.50 004 - 1-0.03 0.00 - 0.01 0.02 -0.02
violet ) ) [#€0.05+0.004) | (0.02+0.001)
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EDXRF Analysis
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Figure 6.2 Histogram showiiig ave SEn
S ‘. ire samples before heating
experiments; data af€ plotte |

DB, DB*: Dark blue s3p Jedium blue sapphires;
VLB: Very light b y, very light blue sapphires;

DV*: Dark Viojet; MV Mediom Eight Violet.

* Samples wi@:olor —che m

0.35% Fe,0,, 0.05 —
0.13% TiO,, <(Iﬁ’nt[p? Y[;Ijj ?ﬁﬂ ji)(iazo For dark blue
sapphl mﬂqﬁmumﬁ iqﬁ ﬂ tents of Fe,0,,
Cr,0, tlo O,a ples.

Medium blue sapphires have trace compositions ranging from 0.12 -

0.66% Fe,0,, 0.01 —0.04% TiO,, <0.05% Cr,0,, <0.01% V,0, and <0.03% Ga,0;.

Very light blue sapphires possess wide ranges of trace elements 0.14 —

0.49% Fe,0,, 0.03 — 0.12% TiO,, <0.01% Cr,0,, <0.01% V,0, and 0.01 - 0.04% Ga,0;.
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Milky, very light blue sapphires contain 0.10 — 0.23% Fe,0,, 0.04 — 0.27%
TiO,, <0.01% Cr,0,, <0.01% V,0, and 0.01 - 0.02% Ga,0,.

Dark violet sapphires which usually show color change effect, comprise
approximately 0.27 - 0.39% Fe,O,, 0.01 - 0.04% TiO,, 0.11 - 0.14% Cr,0,, <0.01% V,0,
and 0.01 - 0.02% Ga,0,.

Two medium violet sapphires which mostly possess color change effect;

yield about 0.3% Fe,O,, 0.03 - 0. 04%% Wrzos. <0.01% V,0, and 0.01 - 0.02%

Ga,0,.

Light viole
TiO,, 0.01 -0.03% Cr,O

.50% Fe,0,, 0.04 — 0.06%

3 =Y

In conclusi in t‘ltmce element in all sapphire
groups. The milky, very li ;'t‘ively higher than titanium
contents those of the oth apphire group can be heated
to develop a blue coloration d t mounts and proper ratios of
titanium and iron that will be de n tﬁe next chapter. Concentration
ranges of chromium contents of bTue” HE phi ith.color - change effect are

higher than those of the Sihers{Figure-6:2)-On-the-contan St sapphires without color
- change effect containjer'y” SN |umahat is usually lower than
detection limit. Generally, fhromlum in corundum can produce red to pink colors;

however, combnrﬂoﬁ%ﬂ%rﬁj%%ﬁ@ ﬁ\%r (IVCT) of Fe*'/mi*"

(cause of blue shade) will therefore cs?ate violet color with respect to sapphires with
ot - I Qe P A1) 5] 40 BB s vor
Cr contentsiare likely to be higher than Ti contents. However, the other possible causes,
particularly V, should still be taken into consideration. Vanadium and gallium contents
are fairly uniform in all sapphire types. They are mostly very low concentrations that are

below or close to the detection limit of the machine.

EDXRF analyses with standardless calibration most likely yield semi-

quantitative results. All trace analyses and major Al contents measured from this
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technique are automatically recalculated to make up total values as 100%. Hence the
concentration of trace elements analyzed from this technique seem to be estimate value
should be regarded as an approximation value only. Electron Probe Micro-Analyzer
(EPMA) is an advanced technique that would yield analytical results with more
accuracy. Then it was engaged for quantitative trace analyses in the final stage of this

study.

6.3 EPMA Analysis

Twenty-five sa

(/;&}phlre samples were selected for

quantitative analysis usmg -emEfectmh Pr Analyzer (EPMA) model JXA

8900 equiped with EDX Le\G@ne Research, Institute of
Geosciences, University of !

or analysis were set at 20 kV
and 20 nA with different I

‘%&e\ment. The TAP crystal in
spectrometer 1 was sel \\ﬁh counting times of 40, 40
and 100 seconds, respgCtively. S r or each element were synthetic
corundum for Al, wollastoni O for Mg. The PET crystal in
ing times of 100 seconds, pure
metal MnTiO, and metallic chrommﬁiy@fe sed’a ‘standards for Ti and Cr, respectively.
The LiF crystals in 0“~ ...... 4 were engaged- fior-v and Ga with counting
times of 200 seconds; Stande : " reas pure vanadium was

calibrated for V. The LiF ry:,tal in spectraeter 5 was theni applied for Mn and Fe with

s e YT ;m i
'sab"“tqii RIa nm wn 18 a ¢

The major element (AL,O,) and some trace elements (TiO,, V,0,, Ga,O,,
Fe,0,40m SiO,. Cr,0,, MnO and MgO) of selected sapphires after heating up to 1650 °C
were analyzed. Each sample was analyzed about 6 - 12 points depending on
homogeneity of the samples. At least three analytical points were made for each color
zone. Generally, trace analyses from the homogeneous zone are quite similar. On the

contrary, trace elements, particularly TiO, and Fe,0,,, of different color zones in the



same sample appear to be somewhat different values. These oxide contents were
converted into atomic proportions on the basis of 3 oxygen atoms as in the typical
formula of corundum (Al,O,); they are displayed in Table IV.2, Appendix IV. Table 6.2
shows statistically EPMA analyses in different color zones of each sapphire group (see
Figures 6.3, 6.5, 6.7, 6.9, 6.11 and 6.13); in addition, these data are also presented as
histograms (Figures 6.4, 6.6, 6.8, 6.10, 6.12 and 6.14).

AUEINENINYINS
ARIANTAUNNIING 1A Y



85

o)
(S00°0710°0) | (#00'0700°0) | (200°0FLL'0) | (200°0¥20°0) | (900°0¥62°0) | (€00°0FLO'0) | (€00°0FL0'0) | (900°0%20°0) | (06%'0FL2'66) (9
10°0-00'0 10'0-00'0 L1'0-0L'0 200 0£'0-82°0 20'0-L0Q g 51'66-95'86 uld
(v00'0¥00°0) | ($00'0F00°0) | (Lb20°0F20°0) | 4(¥0Q'0FZ0'0) ( (v69'0%1€'66) (0g)
10'0-00°0 10°0-00°0 | , ¢v'001L-G2'86 en|q Wb
(900°0¥10°0) | (¥00°0¥00°0) (087°0¥£2'66) (¥2)
10°0-00°0 10°0-00°0 L0°00L-¥S'86 an|g
(900°0%10°0) (¥00°0+00°0) (6,9'0+.2'66) (v2)
2¢0'0-00'0 10°0-00°0 62'00L-€2'86 aniq xleq
..w:
OBW OUuW ‘0%v
$8U0Z J0|0D

ﬁm__ "§]UI0d |eonAjeue Jo siequinu

Jussaidal UWN|OD ISUl} BY} Ul SBUOZ JOJ0O MO|eg sesayiusied ul siequnN ‘dnolb yoes Jo S8UOZ JOj0D Emﬁ WwoJj paziewwns ale
sesayjualed Ul sanjeA UONBIASP pJiepue)s F sebelaAe Jiay) pue senjeA WnNWiXew — Wnwiuly ‘sisAjeue aio0jeq Qo 0G91 0} dn pajeay aiem

sa|dwes g |Iv ‘dnoib 18j0iA 1yBi| 1deoxs sdnoib auyddes Jsow jo JazAjeuy-0J0IN 800.d UoJ08|3 Buisn sesAjeue Juswale adel) Jo sebuey z'9 8|qeL



86

(900'0¥20'0) | (¥00°0%00°0) | (¥00°0¥00°0) | (S20°0F€0°0) | (600'0F0L'0) | (S00°0FL0'0) | (S00°0FL00) (rL0'97900) | (€22 07LL'66) ©)
€0°0-10°0 10°0-00°0 10°0-00°0 60°0-20°0 L1°0-60°0 20'0-10°0 100000 | B9800 | 51'001-95%66 | eniq yeg
saJiyddeg enig bi7 Aiep Q..d m
(500'0%00'0) | (¥00'07000) | (E00'0F00'0) | (800:0¥€0:0) | .‘N:.oﬂmm.e | (e00i0%10°0) | (6v9°0725°60) (Z1)
10'0-00°0 10°0-00°0 10'0-00°0 $0'020°0,4 | 4E0- 200000 | $0'00L-8L'L6 | SS8LOIOD
(000'0%00°0) | (¥00°0¥00°0) 760 00 (S00; (l06:0F100) | (618°0%1966) )
000 10'0-00°0 |/ s00z00 | erovto g koo 20:0-000 | 20°001-60'66 | Nuid JBIT
= NS R e (21)
(€00°0710°0) | (00°0700°0) o.oﬂ,,;“e_ ﬁa“@w_. mom (L mwwwo (L6000 | (oec 070 66) on|g
£0'0-000 10°0-000 f o J1z'0-6800 5 w“.“" A_r“.vm.s.n p9'66-99'86 | Bl Alop
(€00°0%00°0) | (¥00'0700°0) | (200" o&ﬂ. ﬁ\v— .. . (500'0%40 0) | (02Z'0%6¢'66) (2h)
10'0-00°0 10'0-00°0 10°0-00° 0400 0- 20°0-L0'C olie:00 | S.66-26'86 enig
(S000%000) | (+00'0FL0'0) | (YOO'OFLOD) | (S000¥CHO) | UGHO'0TSLO) | (£00'0%0Q'0 (L0010%20°0) | (152'079.'86) ©)
10°0-00°0 10'0-00°0 10°0-00°0 £0°0-20°0 8L'0-¥L'0 10'0-00°0 m%‘.mu.o L0'66-v7'86 | ©n|q yleg
saJiyddeg anjg wnipsiy N
oBW Ouw o ys) ‘o1s (oLF) ‘0%9o ‘0°A wq ‘o%v
(% yBiam) uonesuesuo) - $8U0Z 10J0D

('Ju02) z'9 8|qeL




87

(100°0¥10°0) | (S00°0¥L0°0) | (¥00'0+00°0) | (200°0+20°0) | (800°0FZL0) | (€00°0FL0°0) | (S00°0FL0°0) Amoen.-.a.w_o.e (¥£L°0%51°001) (9)
100 10°0-00°0 10°0-00°0 €00-20°0 €L'0-L1'0 20'0-10°0 10°0-00°0 Wx.ﬂ..o.o S6'00L-91'66 en|g
(£00°0¥€0°0) | (¥00°0¥L0°0) | (¥OO'0¥00'0) | (L00'0+€0'0) | (BO0'0F90°0) | (900°0FL0°0) | (S00°0F0@0)™) (86Q'0¥20) | (655°0FLL66) (t49)
S0'0-€0°0 10°0-00°0 10'0-00°0 S0'0-10°0 L0°0-50'0 No.o-aﬁrj, 25:0:91°0 ¥7'00L-02'66 | ©NIq ‘ANIIN
S o
(800°0+10'0) | (¥00'0+10°0) Qa..,blw.wo.e (6£9'0F¥.'66) (81)
£0°0-00'0 10°0-00'0 S a..|6.o G5'00L-¥'86 | SS8|I0|0D
- M (9)
(000°0¥00'0) | (€00°0¥10°0) (600:0+ o.ﬁ“.._ o0 A:%o '0) | (€0L'0FL¥'66) en|q
000 10°0-00°0 _ k v@ 0 £9'66-66'66 | DI Asop
(500'0700°0) | ($00'0¥00°0) | (200°0%0K 1200'0% 40 (800;0%80°0) | (0¥S'072L'66) (81)
10°0-00°0 10°0-00°0 10°0-00°C " 20'0-000 p00:40'0 ¥y'00L-v9'86 | @Nn|q b
(210°0%20°0) | (r00'0¥00°0) | (¥00°0¥00°0) | (L200Fc00) | (€S0°0+EL'0) (vEO'0FL0'0) | (€£9°070Y'66) (¥2)
€0°'0-00°0 10'0-00'0 10'0-00°0 60°0-10'0 €2'0-80°0 20°0-00°0 taom-.mw 0 £2'001-62'86 enig
sasiyddes en|g b7 Aep W
OB OUnW ‘040 ‘ois ‘o%o ‘O°A o ‘o%v
(% WybBrem) uonesyussuo) N $8U0Z 10J0D

(u09) Z'9 elqeL




(S00°0¥10°0) | (¥00'0+L0°0) | (600°0¥€0°0) | (¥00'0FE00) | (LLO'OF8L'0) | (S00°0FL00) | (¥00'0FLO0) | (800" Wmm_e (£59'0%5.'86)
10°0-00°'0 10°0-00'0 ¥0'0-20°0 €0'0-20°0 6L°0-9L°0 10°0-00'0 10°0-00°0 Gv'66-88'26 yuid Y617
saJiyddes }10|0IA wnipapy kﬁd w..lhﬂ
(¥00'0+00°0) | (€00°0+10°0) | (900°0%0L°0) | (L00°0+€0°0) | (120'0F¥2'0) | (SO0'0+LOD) ¥ (S00°0F1L0 ”Goo.mﬂmm_ov (81¥'0+88'86)
10°0-00°0 10'0-00'0 ZL'0-0L'0 ¥00-200 . ,..u \z , ﬂ._%o-oo.ﬂl o 10'0:000 96'66-91'86 yuld
(L00°G¥10°0) | (S00°0+00°0) | (900°0F0% 920’ vo,.,_@ +Eg: oo.oﬂodvr.,_ ?oﬂ@ﬂov (¥08°0¥80°001) en|q
20'0-00'0 10'0-00°0 4 .o.mq\ ~5¢'0-12i0 0'0-0 10°0500°0 66'001-G0'66 UsnajoIA
Iz =
(€00'0+10°0) | (¥00°0+00°0) (200 0+ mw; ‘0+00 (S00'0F2E0) | (115'0¥80°004)
20'0-10°0 10°0-00°0 10°0 c00, 1| : .. 0'0-00" m_%. 89°001-95'66 $S810j0D
(200'07 20°0) | (200'0F 00°0) 0%0 ‘ ‘0%00; &oo_@ws 0 ﬁmo 0FLOOP [ (SL0'QF (189'0F18'001) eniq
€0°0-20'0 10°0-00°0 10°0-00°0 — ‘000 ‘0~ ¢0'0-00°0 10°0- @.ﬁ No.g ¥8'001-0€'66 Wby Aiep
seliyddes enjg b7 Aiop Ay = od o
(¥00'0710'0) | (¥00'0700°0) | (00°0F00°0) | (#00'0F20°0) | (¥OO'0FOL'O) | (YOO'OFLO'Q) | (+OO'0FOO 0) | (S5LL'0+.6'66)
10°0-00°0 10°0-00°0 000 €0°0-20°0 2L'0-0L0 20'0-10'0 10'0-00° Mmo.o@ 69'001-61'66 en|q b1
saJyddes an|g ybi7 Aiep H -
bW oUW "040 ‘o8 0@ ‘0%p "0 oIl "0y
(% yBiem) uonesuesuo) $8U0Z 10J0D

("u02) Z'9 ||qeL




89

Dark blue sapphire samples were separated into 4 zones including dark
blue, blue, light blue and pink (Figure 6.3). Averages and standard deviation values of
EPMA analyses of each zone are presented as in Figure 6.4. In general, iron contents
are quite high in all color zones, whereas the other elements are lower than iron. Dark
blue zone contains high titanium contents, which may correspond to Fe*' mi* IVCT,
caused of blue color. Pink zone in dark blue sapphire sample has significant chromium

contents that are higher than titanium.

separated into 5 zones (e.g. dark

a@gee Figure 6.5). Averages and
_ l‘ea‘*ﬂ'xmr"zone are presented as in
ntin all\Kshould note that colorless

Medium blue sapphire

”%
blue, blue, very light biue, TEeEEENEn
| —

standard deviation value

Figure 6.6. High content:
zone contains highest ir IS, quite w. Chromium contents are

obviously revealed in lig

Very light ' Dles, ware eparated into 5 color zones,

such as dark blue, blue, i

FF T

Averages and standard deviation Valies of @’ue are graphically plotted in Figure

6.8. Iron contents are S%I. highertﬁéﬁ‘&ﬁé&%ﬂgever these iron contents are

relatively lower than those-ef-dafk-bive-and-medium-—bit apphires. lron is quite

i

significant in colorless zon& butiits titanium c low which may not be enough

to generate blue componené, On the contrary, iron contents in dark blue and blue zones

=9 L
are lower but theiﬂaﬂrﬁoﬁtg%ﬁ% @'Wﬂ ﬂﬂf‘a’olorless zone.
¢ ,

Milky, very light blue ép hire samples were separated into 5 color
zones, sua aﬁava ﬁlfylﬁem m a\alucﬂvﬂ I’ighauﬂnd colorless
zones (Figu?es 6.9). Averages and standard deviation values of each zone are plotted in
Figure 6.10. Milky, blue color zone shows obviously high titanium content, which may be
caused by milky appearance of rutile (TiO,) dust. Magnesium contents are obviously
high while chromium mostly disappears in all color zones. In addition, iron is still a

significant constitute, although it is relatively lower than those of the previous groups.
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Dark violet sapphire samples were separated into 2 color zones (e.g.
violetish blue and pink zones) (Figure 6.11). Averages and standard deviation values of
each zone are graphically shown in Figure 6.12. High contents of iron and chromium are
clearly present in both zones, whereas titanium is quite low in this sapphire group.

However, titanium in violetish zone is slightly higher than those in pink zone.

Medium violet sapphire sample was analyzed only in light pink area

(Figure 6.13). Average and standard de‘w of analyses are plotted in Figure 6.14

which shows obvious high iron an@%\
"\ W

The other tr@s an yzea:@are V,0,, Ga,0,, Si0,, MnO

: \fw@.os wt%) in all color zones
, :Mle amount some of these

. These elements are not regularly

n all hire group (they are mostly
below the detection limit of .01%11 fﬁ@é‘néd‘@d gallium contents are irregularly

present with very low concentrations: = = ;—’%
N

Q) . £

Although.the data from EDXRF analyses could not be

compared directly to onganother—, the correlation may bd.'}uowever useful for a few
aspects, such as com ositiénehanged during féat treatment and estimating accuracy
of EDXRF analysiﬁnﬂr&jaaeﬂ umﬁlmﬂﬁﬁ RF and EPMA, are
quite similar, althOtEh absolute concentrations are somewhat different.dron is the most

commn 4cd orteh W il sapbrics b, vneat cithr] & inacium are

9

present with very minor amounts or perhaps absent in some samples. Titanium
concentration appear to be related to blue shade while chromium contents are more
likely compatible to violet sapphire groups. These similar trends may imply that
qualitative analyses yielded by EDXRF are good enough for routine analysis in
gemological laboratory. However, they could not be used for advanced scientific

research. For chemical change during heating experiment, there is still no strong
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evidence to prove this aspect; however, similar trends of average analyses of each
element in most sapphire groups may potentially indicate that proportions of trace
elements in the whole stone are not much changed during heating. However,
composition transfer between different zone may be taken place in proper condition.
The best example would be shown by milky very light blue sapphires that appear to turn
intense after heating at high temperature (above 1400 °C). EPMA analyses show clearly

that titanium contents in these stones are different in each color zone (Figure 6.10).

AULINENINYINS
AR TUNNINGAY
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Light blue zone

Dark

Figure 6.3 Dark blue sap or heatea-at 1650 °C; IDB 1 shows dark blue,

blue and light pesy e \ /s | e, light blue and pink zones.

TiO
V203

GaZO3

FeO
Sio,
Cr203
MnO
MgO

qoee pOoOmdqa e

. ¥
‘Q b §.c 1919 .x"‘ A El

Figure 6.4 Histogram showing averages and standard deviation values of trace element

analyses using EPMA in different color zones of dark blue sapphire samples

after heated at 1650 °C.
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Dark blue zone

Colorless zone

MB 9
1650 °C: MB 4 shows dark

MB 4
Figure 6.5 Medium blue
blue, blue a blue, blue and light pink

zones.

TiO2
V203
Gazo3
FeO
Sio,
Cr203
MnO
MgO

qe e pOEm 4O

Autifing
Mam@\ﬂﬁﬁ k3 'smmf ]

Dark blue Very light blue Light pink Colorless

By

Figure 6.6 Histogram showing averages and standard deviation values of trace element
analyses using EPMA in different color zones of medium blue sapphire

samples after heated at 1650 °C.



Light pink zone

Figure 6.7 Very light blu ire s& 11650 °C; VLB 1 shows dark

blue, blue and light pink

TiO

v,0,

Ga,0,
FeO
Sio,

Cr203

MnO
MgO

qoe pOoOmdadeoO

uwﬁiwﬂw ¢)
J}l

Dark blue Blue Light blue Very light blue Colorless

0.0

Figure 6.8 Histogram showing averages and standard deviation values of trace element
analyses using EPMA in different color zones of very light blue sapphire

samples after heated at 1650 °C.
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Milky blue zone

MVLB 3 MVLB 5

Figure 6.9 Milky, very ligh heated at 1650 °C; MVLB 3

shows milky b blue and colorless zones.
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Figure 6.10 Histogram showing averages and standard deviation values of trace
element analyses using EPMA in different color zones of milky, very light

blue sapphire samples after heated at 1650 °C.
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Figure 6.12 Histogram showing averages and standard deviation values of trace
element analyses using EPMA in different color zones of dark violet

sapphire samples after heated at 1650 °C.
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Figure 6.13 Medium violet sappil mple (V ‘ ter heated at 1650 °C shows light

violetish blue zones:

TiOo
V203
Gay03
FeO
SiOs
Cry03
MnO
MgO

1 AugIneninens
ARIAINTUYRIININY

Light pink

0.0

Figure 6.14 Histogram showing averages and standard deviation values of trace
element analyses using EPMA in different color zones of medium violet

sapphire samples after heated at 1650 6.
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