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Table 1 The compositions(%;) of Shandong sapphire by electron microprobe (%)

Cl C2 C3-2 C3-3 C3-4 C4 Cs5 C6-7 C6-8 C6-9 C7-10 C7-11

SiO, 0.78 0. 48 0.68 0.78 0uB7 0.73 0. 35 0. 60 0. 85 0. 47 0.72 0.59

TiO; 0.18 0. 02 0. 00 0. 06 0.20 0. 00 0. 00 0.41 0.15 0.07 0.17 0. 05
AlL,O;| 97.76 98. 51 96. 97 97.55 97. 49 98. 28 97. 55 97.77 98. 44 98. 42 97.59 97.11
Cr,03 0. 06 0.07 0.16 0.03 0. 00 0. 00 0. 00 0.09 0.13 0. 00 0. 00 0.01
TFe 1. 06 1. 00 1. 63 1. 28 1.33 1.16 1. 06 1. 34 0. 88 1. 46 1.15 1.32

MnO 0. 00 0.11 0. 00 0.03 0. 00 0.04 0.20 0. 00 0. 00 0. 00 0. 00 0. 00
MgO 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00
CaO 0. 00 0.08 0.01 0. 02 0.03 0.08 0.10 0. 00 0. 05 0. 00 0. 00 0. 00

CoO 0.13 0. 00 0.17 0. 00 0. 00 0. 00 0.02 0.12 0. 06 0. 00 0. 00 0. 00

NiO 0. 00 0.18 0. 00 0.13 0. 34 0.03 0. 06 0. 34 0.24 0. 00 0. 00 0. 00

K;O 0. 02 0.03 0.03 0.03 0.07 0. 00 0.02 0. 02 0. 00 0. 00 0. 00 0. 06

Na,O 0. 00 0. 00 0. 00 0.02 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
P,0Os 0. 02 0. 00 0. 00 0. 07 0. 00 0. 00 0. 00 0. 00 0.19 0. 00 0. 00 0. 00
V.05 0. 00 0. 00 0.00 0. 00 0. 00 0.17 0. 05 0. 04 0. 00 0.03 0. 20 0. 00
Total | 100. 01 100. 49 99. 64 100. 01 100. 01 100. 51 99. 41 100. 75 100. 99 100. 45 99. 82 99. 14
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Table 2 The comparison of the positions of Fe®*'s

absorption belt in theory and that in analysis

5 Hig g E1b R B ’
R (em™!/nm) ¥ K (om) BeHERR
A —>4T,(C) 14350/700 700 Gerhard , 1970
17600/600 620
SA;—>4A1,4E(C) 22120/452 420 Donald, 1962
SA;—4T,(C) 17200/581 580
17800/562 560
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F(1978) A R EE R WOLTE B I Fe X ot i R it 2
Fe** —Fe’* B T & LM, AL B 7E580 nm M,
Nassau (1984) A A, Fe*t #E 0] JL Y678 B A LA Fe?t-
Ti*" X = A . FEB X LB Y, AL E 7580 nm
i E7E B 1c Y580 nm 4b %A H BB B K &R
8 5% 0% U 2 % . Cerhard (1970) 4 H T Fe B9 — 1N 7E
E | v J5 @ " W6 iE B & %o, i & 78 164000
cm R 610 nm fFiE, ZEE 1c #9610 nm MiE 7
E—NB B R ROE X, AT RE R R W BT 5
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Fig.1 The wavelength-absorption coefficient figures of Si** and the transition metal ions in sapphire
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(a)—The wavelength-absorption coefficient figures of all iron ions; (b)—the wavelength-absorption coefficient figures of Fe3*; (¢)—the wave-

length-absorption coefficient figures of Fe?t ; (d)—the wavelength-absorption coefficient figures of Ti** ; (e)—the wavelength-absorption coeffi-

cient figures of Cr3t; (f)—the wavelength-absorption coefficient figures of vanadium ions; (g)—the wavelength-absorption coefficient figures of

nickel ions; (h)——the wavelength-absorption coefficient figures of cobalt ions; (i)~—the wavelength-absorption coefficient figures of manganese

ions; (j)—the wavelength-absorption coefficient figures of Si**
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Table 3 Comparison of the positions of Cr3*'s absorption

belt in theory and that in analysis
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BRiE Ccm—1/nm) PR A K

B (nm) "
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Fig. 2 Effect of heat treatment at 1500°C in air,
on aluminum oxide doped with titanium
(After Keig,1968)
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1—Before heat treatment; 2—after 5 days heat treatment
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Table 4 The comparison of the positions of vanadium

ion’s absorption in theory and that in analysis

i E1f
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v+ 2E—~>4A; |11472/698| 710 | Slurge,1963
‘T,—>4A, [15200/658| 650
2Ty—>4A,  |17447/573| X RL
T—4A,  |21425/467| FoRERL
V3t | 3T 42A,—>3Ty, [17420/580| FRFL | Donald,1962
3T1t2A,»3T e |14930/400f 430
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Ni** 78 7 WL Y68 B AT C 3y 1 b B R o 3 iR
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Fig. 3 Transition spectrum of cobalt in aluminum
oxide after heat treatment at 1500°C in air
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Table 5 Comparison of the positions of Mn ions'

absorption in theory and that in analysis
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Effect of Si'" and Transition Metal Ions in Sapphire Coloring
—— Application of the Mathematical Method in the Analysis of Coloring by Ions
WU Ruihua, ZHU Fengfu, BAI Feng
School of Material Science and Technology, China University of Geosciences, Beijing, 100083
Abstract

There is a direct relation between the color of ideal crystals (including sapphire) and the varieties and con-
tents of the trace transition metal ions occupying their lattice. Sapphire occurring in basalt contains multiple
kinds of trace transition ions. These ions are direct factor for colouring of sapphire. Each kind of ions can ab-
sorb the visible light of a specific spectrum. Fe®' and Si** are the main ions that make sapphire blue, Cr®*" ions
can make sapphire green, Mn*" ions make sapphire yellow, and Co® makes sapphire blue. The diagram of
characteristic absorption of visible light by each trace element in sapphire, i.e. the wavelength vs. absorbance
diagram, has been constructed, which is coincident with the theoretical value and integrates the absorption posi-

tions of each ion in sapphire and its relative absorption intensity.

Key words :sapphire; lattice; ions; wavelength-absorbance diagram

B i % B

20014ECHL IR TE VSR 478 B IR RMBERRE ML AV BA7,“KAZKEQ RN KRAE”; BRI-11
VMR BEFERTIHERFRAKWEHERE" FITHERE"HNKRE”; BRI - 138 2THEESE
—CHTMEMR I~ BN ARERE AXXFE MEBAFIERKE”,
WREXE EBAERREE. B FEERERETETEIENA AXERMWEBH#1.2.3,5.6.8.11,15,17.18,20,21,
BiRI.IABERA, EMANBEARBEXZREEER  265/FE 2P B H 520004128 & 3 5 G 3L F /N3
A HEED B S EAR F 1.4.5.7.8.10, 11, 1345 87K R 4 3% EHAEREFERFTERETBRIEBREN —LEH
ERANMBEARBANERXRXFHAEBUEEYR EFHE EB/RE— NE—4HEREBARBTHEMERA ) —XHE
BN fE R H IR ISR, R E R R E. BB #1.2.3.4.5.6.7.8.9.10.12.13. 167 BAXf k. ({H

R I-1B3THRKFE RN KRAE”; B 1 -4585 AP MBERERFR AXBHEEB TS . FiEH
THRERBER KOG ER I -SEUTHREEE” BREAASHEE HFSEZER. RINEABTFEAGTE
BARBEER -T2 FEHAREBE”,83 (AFEEXEGEREA1~16).
THBRRGAE"BA LM LZRAEN, KBE”; E/K I-8 I Ak - 100037, b5 H J7HE 265, o B R B
BTHBREEH N BERAER I-1052THHEE  Bi§.010—-68327326,



	2009-07-15 (7) 0001
	2009-07-15 (7) 0002
	2009-07-15 (7) 0003
	2009-07-15 (7) 0004
	2009-07-15 (7) 0005
	2009-07-15 (7) 0006



