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Abstract

Sapphire is mainly composed of Al;0s. Sapphire is one of the world’s five most precious stones and
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is very popular in the world. This paper mainly discusses the gemological characteristics and op-
timal treatment of colorless sapphire. Firstly, the gemological characteristics of sapphire, the re-
search status and research background of internal inclusions and optimal treatment in recent
years are described. It is clear that the object of this research is the gemological characteristics of
colorless sapphire and the optimal treatment process (heat treatment, surface diffusion treat-
ment). On the basis of literature review, the basic gemological parameters of colorless sapphire
are studied by conventional gemological instruments. The results show that the gemological
parameters of colorless sapphire are not much different from those of sapphire of other colors.
The spectral characteristics of colorless sapphire are studied by infrared spectrum and ultravio-
let-visible absorption spectrum. Based on the comprehensive analysis of previous conclusions, it
is concluded that under the same testing conditions, the infrared reflection spectrum and absorp-
tion peak positions of sapphire of various colors are mostly similar. There are several absorption
peaks in 400~500 cm-! and absorption peaks in the vicinity of 600 cm-1. Comparing the ultraviolet
and visible light absorption spectra of sapphires with different colors, it is found that colorless
sapphires have absorption peaks at 377 cm-1, 387 cm-! and 450 cm-1, but the intensity of absorp-
tion peaks at 450 cm-! is small, which shows that absorption at this place has a great influence on
the color of the sapphire. Based on the summary of basic gemological parameters and spectral
characteristics of colorless sapphire, the similarities and differences between colorless sapphire
and other colors are analyzed, which can provide reference for the future research of colorless
sapphire.
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X AR B AR I A N EAR AT TR TS AT, BR T ORI A L — S Ak, BRI T
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LR D AR TG € AR R ) A RIS A B IR KR 2] AR SC R BT R B R A E
FEEREE, BFERL BT LA R B RERAE, WL S AR AR ZE 5, BB H LR = b 1 4R AE
B, BRI AN, ZEE T BB EARHE, N2 aE A EAF N 5O iRt —u
B,

2. WIXHERHEAR

FERFPEIR VU R I Sty 2035 A T S el Y e o 0 A R T 0T PR, R AR I i 8 14
WIEHT G R &y, BARRFI EZR VR, b S R R Wb B PE A AL, XA,
REIHIX, S RO A 0 S A 7 (5] 1)

WE AR AR R B A RCE T AR . AR A R AR, 1) A RE TR A
PR, P T () X s R R XA IR A AR, UK BEUIR, 2Kl gikaEl,

DOI: 10.12677/ag.2021.1112160 1654 HUERRL =RV


https://doi.org/10.12677/ag.2021.1112160

BRI

WIEEAZEEA N, T XEZESMAEPELARE R WL RARES . R i [7]; L=, 7
B - FEEEPEA T AR, FETAKEZES, S0 RS RERR™ W, MR G,
W Tt R DA O, 2 2P 2 56 [ SR M A XA [8]; 2) USRI IR, EEONELE Xt
e A A s BUa A IS A 0R, Fr SR ESE A, WA BN AT OKOR . HEJE
W Hr L RIGED A MAE[9]; 3) AR MR, P IE KA 5 RS AR S 00K, W
HMART W A, HRE XA TR R s BL & [ 5 RS [10]

og: 120" 140" 1607~ 8° 7 J
TR O 4
N :;z\\i@oc l (N
s \
i
i —
[
\

L

N ”‘/47%» L0 FERMAXREREER ) mame

F-RTEZRAES SR
A 2760
N / #3 > 50kmithX / EBERER

J
80° * ERA-FARATARETA

Figure 1. Schematic diagram of the production location of gem-grade corundum in eastern and central Asia
Bl TMARBEPHREARNENEUEREE

HE AR B R ACTE S PE R X 1 AR GBI Sttty , BTN ET Ab S =5 52 R I Z0H 80 42 6 & RIAR g k.
, &XZREEHNEARL N 400 km?, B SRHLIX TSR Z) 25~31 km. JRA R AT R —B A
A7 2 A N R 8 R L[ 11T AR AT A1 B A5t 45 3, B XHUZ HEAT R 90 RN
2m EREXRAERAENRRNEE L K NTATKENSAILZXRE)E, JEE 25 m, X H R
HIERMIE , 76 22~25 m JZ00 10 Z 5 BN (4085 5 A), I BURBLE A B A B 47 T 23K 27~31
m A FEAE—E 4 m ERETHE, BT 1 m BERXERRIIEE A, NEEHNE RN ZR
o AT 3m R EEE ARG, HAET ZRBKLATRE T E6 T2 31~43 m 4bF 12 m &
P RABLRMIE T K OSILLRE 2, HEERES T AN E)218 43-48 m kbl 5 m JE 13K (L
PR Z A s 51~55 m A [FFEAE K AR SFLR XA s 7228 55~59 m, ¥ A FR R L TiR 2K
BRRLAZE, ZERS@IREA LD M TEER3m A, H—NEEN 4m HENHOREE R &
AHME AN LA, KPS ey e, mxRE TP NSEFERA; Eermit, NEFE
FEAMERKEOFESRZRE, ZENXRAET S DB S OAE12]. EidaT AFFFRRIL, J71LE
ZRETELHEWNEEERE, FEZEEEASE, vHTJUKEILK, KA Z Al —2R05,
AT NE . SRR, NaTH 5~6m, K% 30 cm, —BONAKCSFZIRGEd, fEH
AN PTRE H B SR B R AR A K [13].
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EORIOTTI, FAEKZ) 2 km, ARPGFEL) 1.1 km, #Eik 250~300 m, EN—AT PRI E S R,
Feoa A BRI oA i X as, H B KENNE 2 RIRSE R E L, K2 NE0.
HOKMNIE, 5 e A ERA . BB REASEEIEE R R E . B, ILRE
IREEA, S TR AR XA RGBT, R
MEATE B SR IR A Rl S IR UK T 2 XA (KA A B, A9 A Pl 3 BB AR, T BL B IR
AR TR AR A I A [14].
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TEFEAY , R—MBOVRREME, AaCRESA, e AE2F, B BEAITON “40)
A7 (H2).

Figure 2. Milk stone [3]
2. H4hA[3]

T EARCES HPE RS S AR, —REDREFMYITL, S5 EREER
BHOERE: LOEEA - RAEWELEY, UEWSHEEWREN, NEEESEA A - SaEfT
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TEARE T A= A AT E 208 1.762~1.770, XAt 30y 0.008. A& FHAE[ L] 6f AR B4 (06 50
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BRmFEE AR A KRN ZESR, BHIERER .

FHXT % FE SR e A B E S FARR 4 CRIKINRE R A . ARXEE[2D0 To 6 - He i85 50 AR X
HREEATIE, R EOKIRE Y, EHERERET SR E, ENEEKPRRE, 22 RiE,
HCPS5ME, 15 H J0 B0 5 A A X % B2 2908 3.99~4.06.

BRIt A 3607, WA SRR ISR, £ Mtz E4ssie
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AT7 E AR IS . T UV B R A, ROy B N ST SRR 2 Ak, SRR
HT A, BN A8 9] AR 17 M .

RATOEFEA, ERMET, SHREENE, 7T LBRAMT Ve, B6RReE SR IR
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Table 1. Summary of basic gemological characteristics of colorless sapphires
# 1 REEFTANEXEAFFHERS

Es Pripf e, X% T A 65 RFAIE ARBE T RFAIE S L

s ; RS 5%, ] L3S ¢4

L762-1770, W] %ﬁ?*;i?% AN e e
0.008 PRI wﬁma%fmg PR YR, LSt
A TC 2375 W 1 A A

3.99~4.06

4. TBEEFEAAEFRHE
4.1 LISPRIESHAIAR

4.1.1. MEERNERRE

TE B RGP VS, AR T 0] W 5 O 2 TA) () F A SR A NATTRR 2 R 409k 0, B B IE A
0.75~1000 pum. ZLAMGTER BE g K AT BAAr A : 840 41X (25~1000 pm). HHEL4MX (2.5~25 um), I
#hIX(0.78~2.5 um) [15] [16].

WAL LT A MR IE ISR A, SR AR St RS, 3% B o RS R o 8, 1R —
R HICRIELZ, (F AR AN O TS . PRI R A Sz R SO B IS AR A AL REA,
NIRAAN T, HRTBOE B 58 =AM e, eis i 7 B AR S R AR LA
[17]. R N A B S 18],  SEHERIIRTE FEy 400~2000 e, kRN 4 cm™,
FIEREIA N 64 Y B REE SR A IATER A 2000~4000 cm .

4.1.2. LAIKAES R

A 25 [AT XK f) 35 5 A R ShadEAT T 20N e i ik (1] 3), i@ Id [ 245 4F 400~2000 cm™
JEFE W AZEAE AR EN AR, Zid 5 RRUFF B85 o NI K FIRFIE L Ah SO i AT UL, P MRS, REiE
v 630 cm™. 519 cmt. 490 cm™. 454 cmt. 436 cm™t. 2015 ERXWEE[2)%F RARA IR O = A BT T 0T
T, I RN AT AR (] 4), SRERMIZAE . R 220V, 4G 400~2000 ety ATiERCA
50 Hz. i A% WKL AT 744 om ™ T H I AL-O JREN TG . 619 em™ PR H BRI |
400~500 cm* 2 J] H B AN i 0
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Figure 3. Infrared spectra of sapphires of different colors [4]
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Figure 4. Infrared spectrum of colorless-light sapphire [2]

B4 T - e EERNIINGEE]

S TG 6 5 5 HAR I (¥ 05 R A A0S SR i, R BIAE 400~500 cm  #l S AR AE A T AR IS0,
7£ 600 cm * T e IR . A3, ZENNR SRR AH IR LR, S AR I A AT AT, T
e e Fr) 47 B K 2 AR AL

4.2, SE5NA] DO RIS S

HE AR RSN RSO T T 2 E A B GIRE, XAARPEE A, SESEA0%
E SR T B 1 B R o AT I A RSN - AT O OE AT

4.2.1. SN MRS T B AR R

LA WS R TEAPETF. BF. oM BRI FHUE LT, 7R RS E
N, TR T ARG R BT = AR 1 — B o TR IO [19]. B AR ARSI S AR, NI
FXF P AR, 4R ATIRISOE I KTE B E],  3 A e AT W e v, &K
A - A Wtk sr e VE[20].

AN WSO S MR VA WA, — R BB L, BRERERER G L, SRR R
WO, ZMR TR AR IR, (ERNARAE EAA R, OB 5 A 133 B B LA — S i it 6 (R iR
AIEEME o 5 — PR V22 S i, RO - o WG Y BE TR SR B, e BB s
BB P, DT FR R SR A AT WSRO i 1 — 2B R [21] [22] [23].

4.2.2. EINAT FEIRUL S 53 4R

AN RSO, TR A B R AN T T, WEANEEFEE, RAZIEES
HREVERT I EAFAT T, TREEANESEE TR R AR RS [41E 0RO R — R 5
FARESEAT 7O WO SRR T, IR FUHBE S (6 2). MREE R, Ui A T R 2R i EL
BTN Fe BTN, FrEu R bl s i A 388nm A2 14 540 nm. 700 nm LA Az 1050 nm {55 7%
WesEs, PEAMBEE G, T Fe™ BTG, BIZSICAFTA RS #A AR 377 nm. 387
nmﬂ4mmmW%m@Ea,ﬁﬁ#ﬁ%ﬁ,Wmm%%%W%%mFﬁmwnyUD)d@%%ﬁ
ﬁ#imamnmﬁ%wﬁﬁ%m$Fﬁ%%%MyJBUD)d@%ﬁﬁﬁim,ﬁ%é%%Wﬁ¢,
SEE A BT AR A[4]
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Table 2. Common absorption wavelengths and colors in sapphire
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Fe’*-Ti* B 7%t LA 560 nm Sy L IR e
Mg -Ti** B ¢ / FERIR AR
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Fe*"-Fe* B 1%} 377 nm. 450 nm WL IE e
Mg?* 5 48078 37 (3 JE 24855 / o3 gk
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Figure 5. UV-Vis absorption spectra of sapphire with different tones [4]
5. ARG IFIEE AREINAT ISR iE4]

ot b A 2 8 O BE 5 A0 (R A AT BRSO, RIS . E 377 cmt. 387 cmt. 450 em ™ ibd
AR, (HZBREEAH . 377 cm™ 387 em MR I, KT RS I/ NARTESE , 2015), i 450 cm ™
Ak FR RO B R R LK, R 5 AT, TR IR S A 7E 450 om T AR IS AN B R . LA e TR
(547, IBAFAES LA 890 nm A H LMK 700~1100 nm WIS %65, 2B i T Fe®*-Fe™ B 10 2 [a] f) L i %
B A, BRI B datk, Fe® &5 Tiv R4S T4, 5 Fe® RA BT R B T4,
F=AE L 890 nm Ay 1) 700~1100 nm Wi T A

T3 EA NGRS, /TN IE IS AL 2E B T, R = A B LBk 3). R
IR F BRI A N R SR, PR, BEAMESEG TR KW RFcRG R
1, ERESERAEEIN, REBGHERARS. SRS EREREEZER, FAh, 5IEER A5
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IS ST A TR DA R A i (2 AR R I RE R EE A, B R A S R E R T 1) Fe
BT 2) FeX TV Tt 2 MR A 6 Bt 3) Fe?™-Fe® 2 MM B 6688,  LLRL S TV B s .

Table 3. Comparison table of chemical composition of sapphires of different colors in Penglai, Hainan

3. BEERTEHENEEANUER S LR

TCERBE R R sk Tt

Al,0; 97.71 98.05 97.94 98.51

Tio, 0.08 0.079 0.063 0.12

Cr 0.002 0.001 0.001 0.002
Ni 0.0005 0.0009 0.0007 0.0005
Co <0.001 <0.001 <0.001 <0.001
\% 0.0006 0.0004 0.0005 0.0005
Sc 0.00049 0.00025 0.00029 0.00031
Ga 0.029 0.03 0.029 0.03

Si0, 0.78 0.13 0.20 0.28

TFe 1.10 1.09 1.23 1.10

CaO 0.14 0.13 0.08 <0.02
MgO 0.043 0.006 0.006 0.005
MnO 0.014 0.006 0.006 0.005
Zn 0.0079 <0.002 <0.002 0.0039
Nb,Os 0.074 0.034 0.030 0.0061
Ta,05 0.009 0.007 0.005 0.0059
H,O" 0.11 0.04 0.06 0
it 100.10 99.61 99.65 100.08
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FAXT AT N 3.99~4.06, I
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7E 600 et B I 35145 H B R i 0
3) FAHMAT WO TE /BT R B, ol A BOR BN AlLOs, NI B T4/, (HTE
2541 a] 5% 388 nm. 540 nm. 700 nm LA %z 1050 nm WA ATV IR AR R 5 Fe® B B A SR I .

o 5 0 S0 N LT EE BT, AT LS A AR IR S0 I A
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