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ABSTRACT : For the blue sapphires from Santung, China, the color change before and after has been investiga-
ted by UV-Visible spectrophotometry method. The blue sapphires from Shantung show four groups of absorp-
tion bands: the bands A (374, 386 and 450 nm) being attributed to single Fe** ion, the band B (560, 579
and 704 nth) to Fe?*/Ti** pairs, the band C (~800 nm) to Fe*/Fe*" pairs, and the D (528 nm) to Ti** d-
d transitions. From those UV-VIS characteristics the origin of blue color of the sapphires is confirmed to
be attributed by the factors such as Fe?*/Fe** and Ti**/Ti**.

The absorption spectra of natural blue sapphires before and after heat treatment show distintive features,
comparing with those of sapphires from other localities: the bands of 689 nm and of Cr** are not recorded
on the spectra of sapphires from Shantung. The band (492 nm), which resulted from Ti**, is not shown
and the intensity of the band 528 nm decreases after the heat treatment.

Decoloration of ink-blue sapphires are found to be successful by heat treatment with the control of annea-
ling and atmosphere. During the diffusion process the excess components of impurities contained originally

in the host crystal were expelled to the surface of crystals, enhancing the transparency of the crystals noticea-
bly.
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Fig. 1. The construction and inner structure of the furnace
used in this stady: @) super kantal heater, (2); high alu-
mina insulator, (3); zircar board 1700, @; zircar board
1600, ®; alumina board 1260, ); ceramic board, (7); ce-
ramic fiber, and ®; cooling fan.
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Fig.2. The brown materials expelled during the heat treat-
ment experiments (X60).
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Fig.3. Energy dispive XDX) spectrum for the
brown materials expelled during the heat treatment.
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Fig.4. The room temperature unpolarized spectra of sapphire sections cut parallel to the c-axis before (—) and after
(---) heat treatment.
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Fig.5. The room temperature unpolarized spectra of sapphire, which are measured before (—) and after (---) heat

treatment.

Table 1. Comparison of Absorption bands of natural
blue sapphires from Shantung, China with those of
other locality.

other localities
Schmetzer & Bank (1980)

sapphires from
Shantung, China

Group Absorption Polarization Absorption Polarization

maximum maximum
(nm) (nm*)
(A)  374; 386,450 c* _c 689;450; yc*_c
387,375

(B) 560; 580 _c 559 _c>|c

704 IIc 699 lc®__¢
) ~800 _c 869 _c>|c
(D) 528 Ic 542; 492 e>_¢

* converted from cm™! unit of the original work.

d” ## 71913} (Ferguson and Fielding, 1972; Henn
and Bank, 1990). Fe’* o] 9% F4ules 77t A 9 A
EY, 4T, 28] A, BT AEIE ] @Rl 9% o E

Table 2. Position of Fe** absorption bands in blue sap-
phires from Shantung, China at room temperature.

Energy (nm)
Band .
‘O-spectrum E-spectrum
SA, > ‘E° 375; 376; 377 374; 375; 376
SA, 4T 387; 388; 389 386; 387; 388
SA, — %Ay, ‘E° 450; 452 450; 452

(Lehmann and Harder, 1970 etc) £ A&o)4 vjehd
Fise] olgjdt AMo] dAE AH8s R Table 29}
e

Group (B):°] 2§ F4 W=& 560, 580 nm
(O-spectrum)®} 704 nm (E-spectrum)E FAlo2 A,
A, 22)3 54 del A Y& Ner AR F)
we Feul= By Fe?'Titt intervalence charge trans-
ferel]l <& viel}m (Table 3), O-spectrumel] 4] 34 o
99 F57} E-spectrumel] wld 7gh F4E vepdch
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Table 3. Position of Fe**/Ti** absorption bands for na-
tural blue sapphires from various localities.

Table 4. Behavior of natural blue sapphires from Shan-
tung, China before and after heat treatment.

P-spectrum  E-spectrum  Reference
(nm) (nm)

560, 579 704 this study

559 699 Schmetzer and Bank (1980);
Schmetzer and Bank (1981);
Burns and Burns (1984);
Schmetzer (1987);
Schmetzer and Kiefert (1990)

580 690  Haenni (1990)

561 704  Ferguson and Fielding (1972)

o] gee Algtole] A HEpe vehl: dag
A 5 o} Yool Avke] Garba Tulaé}, 7}
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BEFFHEE TiOy9} Fe,0,2 vlzFo s #Arslat AAE
ol Afuk viehd 4= 9)7] W&ol Feol Ti 0] Ab3zhao|
A% A& A F glon o] o gelye ded] o)L
B RS H8& g} (Ferguson and Fielding, 1972).
TBE § g 2ol O Fol Lo R BT B}
Ao} FTE AR o] Fgel o8 HAL el
Y= % Fe* -Tittegl g o

Group (C) : Fe**/Fe** Ao

Fe?* (t4e?; *Ty)Fe? (the?; 6A;) —
Fe¥* (t%5e?; *A)Fe?* (t4e?; °Ty)

o} 22 vyhyEe g zdH) O-spectrumPJ 800 nm

2 (Fis )°ﬂ"1 FrEde] dojve AL &4
E Ce Fe**/Fe* o] s}, o] Fpuizt %—}%‘ el

7 A3} A=, A Almto)o] o] AAFz)A

&.Fdo] o] F = A 265A9} 279A':~ 5L 869
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575 Age
L]-EP:}E]- (Smith and Strens, 1976). )

Group (D) : Abstelo} GEaMEE WA Tt 7} AP &
A gaA = \ERA 4 TEES (octahedral cordination))
Ao 25 Hedl, of o) Titt(3d")) 2T, Abejoll 4]
’E A2 oA 587} dolund o] BAo) 28 F47)
doldr} (Schmetzer and Bank, 1980). w2lx] E-spect-
rumol| 4] FHAEE 528nme] FHRE TP o] 23 7)
o HAE.
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before heating after heating

Spectrum Sample

band colour  band colour

1-1 a+b+d atb+d
E- 2-1 Type at+b+d ink blue a+b+d blue
spectrum 7-1 1  at+b+d a+d

8-1 a+b+d atd

3-1 Type atb+c ink blue a+b+c blue
0- 41 I atb+c at+b+c
spectrum

5-1 Type a+b ink blue a+b+c blue

91 III a+b atc
~HAEY B4 o8 3f808 EFHcHTable 4). 3
3¢ 942 §i 549 A B 283 D2 P45

E-spectrume]c}. dAe)dk & F59e By} AlelR) At
el F49E DE oa zhff}aiv}. = 3
@Az # F5UE A B, 182 C2 FA% ™ O-spect-
rumejet. @A2] 3 % F5UE B C 2w} dAjg
fiel vl dAsA ztrsigch AR SPe A A
FUE A9 BE FAEHE O-spectrum.2 Ax7 3
# FTiE O B FRUE BE A=Ay
=7t A8 7Haskelc.

E B
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Fehtel A AAe g E-spectrumel ] 49 D7}
HehbA ket daje] & % wSo) o (Schmet-
zer and Bank, 1980), Yo]x|2lo}atel = Crtel o]t
FUEs) AH2 §) o 4150me} 600 nmel| A (Kiefert
and Schmetzer, 1987) 221 7}A]w] 2 Ake) 4] 600 nm<}+
693 nmel| ] (Haenni, 1990) #35c}. 2 d7oxE UV-

Visible #3454 23} A3} gely o)) ,]a} F2m)
=7} 71E AFARe} SUsh] BRHA, Cr A4

g FHUsE FHAEA Qg o)A 4%4 Atg}o]
ofol W&t wledAd R 24143} (Na, 1992) Cr A¥o] 7)e}
Aol wls) dA S dohe AR dX g mak Tt o)
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Hel F At o= qded) olejdt AMle Ak A}
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232 g
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324 93 AYE Fed F= Uik Abglolole 4
A5 W=t intervalence charge transfero] 2J3+ o]
< Fulel Al 8] 252] G ujsf 4 100 7}sich (Nas-
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%9 ZEo] 27H AL, Alsto]ol = Fulg) njsdt A9
S 9jEte] Sl o] 199 A3} glebgule] B g )n
we}x] Alslo]el= cornflower blue ¥HAof] R 3 ]z
AERD AAY we] 48 g 2L AsiAl7)A =
Ao A AAS gred WQ3 Fed] “HiEmE”
5 AAZ Tish 243k Fe?t ek g0 73
Ad Aot
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L UV-Visble 5E4#7¢ 932 §i8) 8 ARolA
Fe¥t, Fe?*/Titt, Fe?*/Fe’t, 28)3 THte) F4ule
F50) vehdth. dAe) @ %) Fett/Tiv el o §
FAEE 22 Abon, Fe' B ol ot §

FUEE usk Pasrit Aze) BEeldeh Fettol
IR FHUSE @AY B BE ARelA WkE
14 Skskeh. wheba A4 Absholols] B RS JEE
Fet'/Tit* o) 4aatgo] o8 4oz g 5 9low
A el MAERY Ao ol WEAoE B
a9 4 slok

Fe?* +Tit* >Fe¥* + Ti**

2. 5 AFA AA Algte]e]o] UV-Visible #-3+4]
&% EAL g AA 9} vlad o Feltol 93 Feme
IF FollA 689 nme} vio]Rjoft Algto|efol| A} 3t
H9d Cr A&l o3t Frise #3257 gder 2
gl Tt o3 F49ls 72§ o)A 492 nmis #F
A gsken, 528nme] FrUEE dAE F grs)
okg= gich

3. Algtolo] AAUe] EAse BEEES A #
BEAERC 93 PrtiEle] $9E7) Frlebdc). EDX&
AT A S, Ca, Ti, Fe 502 FAHo] 9lgo] gt
# ek
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