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Syntheses of ruby and sapphire by flux-method
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Abstract

Syntheses of ruby and sapphire were performed by flux-method.

As for the synthesis of ruby, the using flux is PbO-PbF,, and the coloring reagent is Cr,O;. In almost
all runs, hexagonal thin platy transparent crystals were obtained. The total color is light pink, and the
center part of crystal shows red color. As by-products, light brown platy-hexagonal form of PbAl;,04
crystal and light pink octahedron form of PbALO, crystal (spinel type) were also obtained, which were
synthesized by the reaction between Al,O; and flux component (Pb).

As for the synthesis of sapphire, the using fluxes are MoOs;, MoO5-Li,O and PbO-PbF,, and the coloring
reagent is Fe,Os. In the case of the only MoO; flux, light blue, and in the case of the MoO,-Li,O flux, dark
blue platy-hexagonal sapphire crystals were obtained. In the case of the PbO-PbF, flux, from transparent
to light blue platy-hexagonal sapphire crystals were gained, and light brown platy-hexagonal form of
PbAl,0, crystal was also obtained as like as the case of the synthesis of ruby.
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REDEANVE—EHFLOFAT 7 74 71%, L7V I+ (ALO,) 2 FWOET2HE (255 4)
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bDIE, AF—NE— - A =BT 7 A TEFINARDALE > TWA, FEMIE, VE— - %7747
H 4 - IR —-AVT U ARV TEORET VT, F =T - THDADNEDT 7Y N
THHEN, HT77ATRHITI—NVHERTA—ZAFTYTTHEL, AT I—NVEOTV—HT7 74
TREI—Y 77T =7 Nh— IR, AN TIEEM TR SN Tw b, EfiamPAoFHE LT,
VE =R EL—F—-LED L LT, XH 77 AT IEZOEMEDZIZ, La—Fé- by K-
V- BEREET O #l 2T - BEEF T AFICHIH S Tw b,

ST Ty 7 AEEHGT, RRIZETS L) BFEOVE-ROIFLOT 7 7 4 7 OREOE K% ik
fTLCTHRI WVE=IZHRLTIET7 9 v 27 AL LTPbO-PbF, %, XHEMAE LTCr,0, %, %774 7IIH
LTiE79 v 27 AL LT Mo0O,; MoOs Li,O U PbO-PbF, #, X#tu#l& LT Fe,0, & W THMFERZ
fTolz s, FhEh, BWRa~Y 70N -, BHREE~BEFROY 7 7 4 7 k& OV
Kb HRIEWIGONT-OT, ZNO ORI, KEHE, MSKERR @, ROHEMSFNREEE S
HCTHmETAIEE LT,

I. %iTHR

WVE—EEDT7 Ty 7 ZBITLBHEKE LTI, KA (1997) @ PbF,B,0; %7 F v 7 X% H\w 74
geL KA (2006) D MoOs Li,O 27 5 v 7 A% 2 WM ENAE D, BiH TR EED 2N /AR
DOFEG, BETIIROBERL AN TMHEROKEPEONTVWD, a5V FARmRDOT Iy 7 AFEIT L B
OB E LTIk, H#E - F#E (2012) 45, MoOs Li,O %275 v 7 AZ VT, i 1,050C,
Li,0:Mo00,;=1:2, ALO; D&% 75 v 7 AIZk LT 5wt% D&M T, BEORMEHRE TS L W) HENDH
Bo W SAVER L 2R EIZ, ¢(0001), r(10-12), n(11-23) HWHED H DT, Cr'" % Ti" % ALO,; T 1wt%
A 7-EEBTIX, FhFh, 02mm KOY Y7, Imm KOEEKELEZETWSL, X, H2 - W (2013)
X, MoOy Li,O%R 7 5 v 7 A% Wiz EBRZ#D, ALO, 2 TiY, Cr', Fe¥, La* # #h £h ALO, it T
1wt% Mz, 1,100C-100hs DML TEEZ 1T\, Ti', Fe¥, La* TOH4A 05 ~ 1.5mm K0 Mt o i
fE X Cr' oA 05~ 15mm KOV ¥ 7 o2, Th2hsSEnoMEEEZ SEM I TEZEL
TWAY, FEROFLDOITT V¥ ATV RV, EEB (2013) (&, PbO- PbF, 275 v 7 A&/
BRERZ AR, R~ 700N E—ihiEEIEY, R8T PbALLO, #ifh L kY » 7 {1 PbALO,
MESTBY, L LB (2014), B - E¥ (2015) &, MoO,; MoOs Li,O K O PbO-PbF, 75 v 7 A %
W72 E R ERE AR, HOOV 7 74 7RIS EEIEY, %EEO PbALO, MHmEH TV 5,

. =B

Zeal, A VE—IZE L TIE, PbO- PbF, 275 v 7 2 WG RERZBIML TiTo Thlz, £
D ALO, I2EBHAE LT Cr0; 2 FRAEDEREILT08 ~49% 12425 L H ML, E5I279y
27 A& LTPbO & PbF, & £ + HOHOEEKEIIN L TERZILTI3I ~ U HBREICRHEL- 02 1
FEWEHE L, HEVY RIZANWMBGREE Lz L, 7 74 7L TR, FHGD ALO; ICHK Al L L
T Fe,0, 2 EAmDOEEILT08 ~156% 122 A L) ITHML, E5I1277 v 7 XA LT MoO;, MoOs
Li,O ¥ O PbO-PbF, # W mIZ L CTEEILTENEN, 4765, 14485 7~ 28 FEREEICHEL DD
ZHEWEE L, HEV Y RIZAIINEGE & Ulzo AERK OV K L 7245 S o LBz E8b (2012) &
FIARD 3% FHv7zo MEGREE, 1,050 ~ 1,100C <, Mm#dimix 7 ~ l4days TH 5.

V. SHRERER

(1) WE—DERERRVFRTEER

Table 112, 77 v 7 AL BNV E—DERFEBROKE R Z R T MEWEON, EHH5D ALO, &, ]
d 1.020g(10mmol) T, #HEHID Cr,0, 1%, 0.008 ~ 0.050g D T6EY IZELEET WD, 7TV 7
Z 1%, PbO % 6.866g(30mmol), PbF, % 7.528g(30mmol) & % L CT#H 5 L TWwb, Aim#Fid 4C/min ~
12C/min £ 2L STV 5 %%, BERFIE 5C/min IZEE L Twab, & SmEE, 1,050 ~ 1,100C & %
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Table 1. Results of the synthetic experiments for Ruby by flux-method

Run Nos. Reactants  Temperatures(C) Heating hours Products Crystal form, size, color etc.
RUB-YT4-1 AlLO; = 1.020g 20 Ruby hexagon plate, max.1.0mm grain,
Cr,0; = 0.008g } 8C /min light pink (transparent),
PbO = 6.866g 1,050 72 aggregates of triangular hillocks on (0001) plane
PbF, = 7528g } 5C /min
400
Cry0;: 0.8 wt.%
RUB-YT4-2 AlLO; = 1.020g 20 Ruby hexagon plate, max.0.6mm grain,
Cr,0; = 0.012g } 4C /min light pink (transparent),
PbO = 6.866g 1,100 72 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min
400
Cry0;: 12 wt%
RUB-KH1  AlLO; = 1.020g 20 Ruby hexagon plate, max.1.0mm grain,
Cr,0; = 0.009g } 10C /min light pink (transparent),
PbO = 6.866g 1,100 43 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min PbAl,0,y hexagon plate, max.1.0mm grain,
400 transparent
Cry05: 0.9 wt.% aggregates of hexagon hillocks on (0001) plane
RUB-KH3  AlLO; = 1.020g 20 PbAl,0,s hexagon plate, max.1.0mm grain,
Cry,045 = 0.009g } 4C /min transparent,
PbO = 6.866g 1,100 72 aggregates of hexagon hillocks on (0001) plane
PbF, = 7.528g } 5C /min
400
Crzog 109 wt.%
RUB-KH4  Al,O; = 1.020g 20 Ruby hexagonal plate, max.1.0mm grain,
Cr,0; = 0.009g } 12C /min light pink (transparent),
PbO = 6.866g 1,100 72 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min PbAl,0,s hexagon plate, max.1.0mm grain,
400 light brown (transparent),
Cr,0;: 0.9 wt.% aggregates of hexagon hillocks on (0001) plane
RUB-KH6  AlLO; = 1.020g 20 Ruby hexagon plate, max.1.0mm grain,
Cr,0; = 0.009g } 12C /min light pink (transparent),
PbO = 6.866g 1,050 96 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min PbAl;,0,s hexagon plate, max.1.0mm grain,
400 light brown (transparent),
Cry0;: 0.9 wt.% aggregates of hexagon hillocks on (0001) plane
RUB-KH9  ALO; = 1.020g 20 Ruby hexagon plate, max.1.0mm grain,
Cr,0; = 0.020g } 12C /min light pink (transparent),
PbO = 6.866g 1,050 144 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min PbAl;,0,s hexagon plate, max.1.0mm grain,
400 light brown (transparent),
Cry054: 2.0 wt.% aggregates of hexagon hillocks on (0001) plane
RUB-KH10 AlLO, = 1.020g 20 Pb (Al Cr),0, tetrahedron (spinel structure), max.l.0mm grain,
Cr,0; = 0.040g } 12C /min light pink (transparent),
PbO = 6.866g 1,050 72 spinel twin
PbF, = 7.528g } 5C /min Ruby hexagon plate, max.1.0mm grain,
400 light pink (transparent),
Cry04: 39 wt.% aggregates of triangular hillocks on (0001) plane
RUB-KH11 ALO, = 1.020g 20 Pb (AL Cr),0, tetrahedron (spinel structure), max.1.0mm grain,
Cr,0; = 0.050g } 12C /min light pink (transparent),
PbO = 6.866g 1,050 168 spinel twin
PbF, = 7.528g } 5C /min Ruby hexagon plate, max.1.0mm grain,
400 light pink (transparent),

Cr203 149 wt%

aggregates of triangular hillocks on (0001) plane
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Fig. 1. Stereoscopic photographs.

(A) ruby (RUB-YT4-3), (B) ruby (RUB-YT4-2), (C) ruby (RUB-YT4-8)
(D) ruby (RUB-KH10-R), (E) PbAl,O,sphase (RUB-KH4-2),
(F) PbALO,phase (RUB-KH10-S)
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Table 2. X-ray powder-diffraction data for Ruby
(corundum), ALO;

1 2
d(A) I hkl dy(A) d(A) 1
3479 75 012 3501 3483 59
2.552 90 104 2563 2551 84
2.379 40 110 2389 2384 35
2.165 1 006
2.085 100 113 2092 2088 100
1.964 2 202
1.740 45 024 1745 1742 40
1.601 80 116 1.600  1.602 31
1.546 4 211
1514 6 122 1514 1517 7
1.510 8 018 1509 1510 4
1.404 30 214 1407 1406 25
1.374 50 300 1376 1376 37
Rhombohedral, R3c Rhombohedral, R3c
(hexagonal) (hexagonal)
a = 4758(A) a=4767(3) (A)
c=12991(A) c=1298(2) (A)

1, JCPDS Card No. 10-173 corundum, syn;
2, This study (Sample No.=RUB-KH-4)
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D11mm S$S30 i 15kV WD14mm S$S30

7
15kV WD13mm S$S30 15kV WD12mm S$S30

Fig. 2. Scanning electron microscope (SEM) images.
(A) ruby (RUB-KH6-11), (B) PbAl,,O,o-phase (RUB-KH6-1),
(C) PbALO,phase (RUB-KH10-1), (D) PbALO,phase (RUB-KH11-1)
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5n, Cr 753‘?‘&%%1/'(\/\7@ bbb, FiglBl i*ﬁ
M7zl %2 L72d 0T, BN AMEACIRE SO
WK 03mm 2T, RIS PRITIZERD
WIS H S5 5, FiglC ik k—i A 05mm
O FEW 7 A FEHBCIRAE B 3 ~ 5 D 2 7R LT
B, BRIy 78 em 0, R0 R
PRI ERD AR DIL & D S B ARk &
D HNbH, FiglD X, run no. RUB-KH10 T# 5
ﬂfdnaa@%ﬁ-‘ﬁﬁ?ﬁfﬁgﬁfﬁ)éﬁ RRF LY
o W 7R E v 7 o B R B R OB AR T,
A Imm O K E S TRRE A% Ko 72 8RR
FEEE o TWnb, ERREFHMEEIC L BIgET
%L, (0001) Wi ICH S EBSRED O, =
AIEOREEN L KBONS (Fig2A).

Run nos. RUB-KH1, KH3, KH4, KH6, KH9 @ £
BRcix, RS L 79y 7 ARG ORI X VTR
SN # 2 515 PbALLO,w (NHESR) O
75, & UF Run nos. RUB-KH10, KH11 ® % B Tl
PbALO, (LR, AE R VEERE) OIS
N7zo FiglE 2, #EHEHN AR PbALLO, #
D FERBBMBEEZ RS, NARKTH 720
T, WAINE =D& Bb/zas, X%‘ilﬁl
T ofER (Table 3), AR D PbALLO, fHdh T
H5HZEPHHEL 7. PbO+6ALO;—PbAlL,0 @D
OB THERL-EZE 2 515, Fig2B 2, Run no.
RUB-KH6 T & W & 1172 PbAlL,O % i @ SEM 14

ERT o —RONABCRE M ((0001) TH) &
8% { OARAIL OGS R D 5 2 L2
¥%. X, ENHARKLOTEANG A RTHY 27
L OFE %, RUB-KH-1011 ® 2 5® run THEH N
7z (FiglF) 2%, X#mEHFofR (Table 4), )
BRD A A NVAEEZ RO TH D T LAV L
720 Fig2C IZ Run no. RUB-KH10 TA& K & 72 1E
VIR B &Y, X Fig2D 12 Run no. RUB-KHI11 T
B ENTHEED A R VR E ARG % #T SEM
% % 7R 9o PbO+ALO;—PbALO, ® )t TH B L
TR EZONDLD, REVIHERT LI END,
AlO—F% CrPEBRLTHEBLLTVDLEEZD
i, AL L Pb(ALCT) 0, ETRT ONE Y TH
590

(2) 47 747 DERERRVETEER

Table 512, 79 v 7 AFEWZEX B 774 7D
EWEBROREE RS, MWEWEON, FH5D
ALO; 1Z, 1.020 ~ 1.032g(10 ~ 10.lmmol) D [T 4
BB, HFBAD Fe,05 1, 0.008 ~ 0.160g
OB TTHEYIZEZIETVD, 7T 27 RIF,
MoO; ® & % i \» 72 run T, 4.803g(33mmol),
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Table 3. X-ray powder-diffraction data for PbAll,O,q

1 2

d(A) I hkl dp (A) dee(A) I

11.00 80 002 1127 1110 100
547 10 004 558 555 32
470 80 101 476 472 17
441 55 102 446 443 16
402 35 103 407 404 8
3.66 45 006 371 3.70 79
362 25 104

324 25 105 328 327 10
2778 70 110 2798 2788 32
2746 35 008 2769 2774 52
2693 30 112 2715 2704 11
2627 100 107 2653 2650 53
2479 85 114 2497 2491 32
2.390 16 201

2286 45 203 2300 2295 13
2.198 45 0010 2215 2219 35
2.176 8 109 2191 2196 7
2112 55 205 2125 2121 18
2011 30 206 2023 2022 13
1.955 8 118 2010  1.967 6
1.846 16 1011 1858  1.862 9
1.813 8 211

1.766 10 213

1.723 16 1110 1726 1736 7
1.714 16 209

1.682 6 215

1.604 8 300 1600 1610 6
1575 25 217 1578 1582 17
1538 30 304 1546 1546 16
1.391 25 220 1396 1394 11

Hexagonal P63/mmc
a=5576(9) (A)
c=2219(7) (A)

Hexagonal P6;/mmc
a=5554(A)
c=2194(A)

1, JCPDS Card No. 20-558;
2, This study (Sample No.=RUB-KH3)

Table 4. X-ray powder-diffraction data for Spinel-
phase, Pb(Al Cr),0,

1 2
d(A) I hkl dp (A) doe(A) I
466 35 111 4711 4678 19
2858 40 220 2873 2865 24
2437 100 311 2448 2443 90
2.335 4 222 2336 2339 3
2,020 65 400 2027 2026 57
1.650 10 422 1654 1654 6
15554 45 511 15595 15593 35
1.4289 55 440 14317 14323 100
1.3662 4 531 1.3694  1.3696 2
Cubic, Fd3m ) Cubic, Fd3m .
a=80831(A) a=28102(2) (A)

1, JCPDS Card No. 21-1152 Spinel, syn MgAl,O,
2, This study (Sample No.=RUB-KH11)
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Table 5. Results of the synthetic experiments for Sapphire by flux-method

Run Nos. Reactants  Temperatures(C) Heating hours Products Crystal form, size, color etc.
SAP-TN2  AlLO; = 1.020g 20 Sapphire  hexagon plate, max.0.3mm grain,
Fe,0; = 0017g } 3C /min light blue (transparent),
MoO, = 4.803g 1,050 192 aggregates of triangular hillocks on (0001) plane
} 5C /min
Fe,04: 1.7wt.% 400
SAP-TN5  AlO,; = 1.032g 20 Sapphire  hexagon plate, max.0.7mm grain,
Fe,0, = 0027g } 36C /min light blue (transparent),
MoO; = 4.803g 1,050 192 aggregates of triangular hillocks on (0001) plane
} 5C /min
Fe, 05 : 2.6Wt.% 400
SAP-TN6  Al,O; = 1.025g 20 Sapphire  hexagon plate, max.1.0mm grain,
Fe,0; = 0.019g } 36C /min no color (transparent),
PbO = 6.866g 1,050 192 aggregates of triangular hillocks on (0001) plane
PbF, = 7528g } 5C /min
Fe,05: 1.9wt.% 400
SAP-TN7  Al,O; = 1.028g 20 Sapphire  hexagon plate, max.1.0mm grain,
Fe,0, = 0027g } 36C /min no color (transparent),
PbO = 6.866g 1,050 192 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528g } 5C /min
SAP-TT1  AlLO; = 1.028g 20 Sapphire  hexagon plate, max.0.omm grain,
Fe,0; = 0.054g } 36C /min light blue (transparent),
PbO = 6.866g 1,050 240 aggregates of triangular hillocks on (0001) plane
PbF,= 7528g } 5C /min PbAl,0,s hexagon plate, max.1.0mm grain,
Fe,05 : 5.3wt.% 400 light brown (transparent),
aggregates of hexagon hillocks on (0001) plane
SAP-TT2  Al,O; = 1.028g 20 Sapphire  hexagon plate, max.0.7mm grain,
Fe,0; = 0.108g } 2C /min light blue (transparent),
PbO = 6.866g 1,050 336 aggregates of triangular hillocks on (0001) plane
PbF, = 7.528¢g } 5C /min PbAl,0,y hexagon plate, max.1.0mm grain,
Fe,0;: 105wt % 400 light brown (transparent),
aggregates of hexagon hillocks on (0001) plane
SAP-TT3  AlLO;=1028 g 20 Sapphire  hexagon plate, max.0.3mm grain,
Fe,0, = 0160 g } 08T /min light blue (transparent),
PbO =343 g 1,050 144 aggregates of triangular hillocks on (0001) plane
PbF, =376 g } 5C /min PbAl,0,4 hexagon plate, max.1.0mm grain,
Fe,0;: 156wt% 400 light brown (transparent),
aggregates of hexagon hillocks on (0001) plane
SAP-TT4  ALO;=1.028 g 20 Sapphire  hexagon plate, max.0.8mm grain,
Fe,0,=0108 g } 2C /min light blue (transparent),
PbO=1374 g 1,050 192 aggregates of triangular hillocks on (0001) plane
PbF, =15.06 g } 5C /min PbAl,0,s hexagon plate, max.1.0mm grain,
Fe,04:105wt% 400 light brown (transparent),
aggregates of hexagon hillocks on (0001) plane
SAP-KH1  ALO;=1020 g 20 Sapphire  hexagon plate, max.0.7mm grain,
Fe,0; = 0008 g } 4C /min dark blue (transparent), star figure
MoO; =14.393 g 1,050 168 aggregates of triangular hillocks on (0001) plane
Li,0 = 0.299 g } 5C /min
Fe,05: 0.8wt.% 400
SAP-KHZ2 ALO;=1.020 g 20 Sapphire  hexagon plate, max.0.3mm grain,
Fe,0; = 0008 g } 15C /min dark blue (transparent), star figure
MoO; =14.393 g 1,050 168 aggregates of triangular hillocks on (0001) plane
Li,0 = 0.299 g } 5C /min
Fe,04: 0.8wt.% 400
SAP-KH3  ALO;=1020 g 20 Sapphire  hexagon plate, max.0.8mm grain,
Fe,0; = 0008 g } 15C /min dark blue (transparent), star figure
MoO; = 14.393 g 1,050 168 aggregates of triangular hillocks on (0001) plane
Li,0 = 0299 g } 5C /min
Fe,0;: 0.8wt.% 400
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Fig. 3. Stereoscopic photographs.
(A) sapphire (SAP-KH1-S), (B) sapphire (SAP-KH3-S),
(C) sapphire (SAP-TTI1-S), (D) PbAl;;0,y-phase (SAP-TT1-P)

MoO; & Li,0 # H w72 run TlE, 1 ZFi1 14.393g(100mmol), 0.299g(10mmol) & [E % L, PbO & PbF,
ZH w7z run T, #hZFN 6866g(30mmol) & 7.528g(30mmol), 3.430g(15mmol) & 3.760g(15mmol),
13.740g (62mmol) & 15.060g(61mmol) & Z L 8¢ TH LG L TWw b, A 0.8C/min ~ 36C/min & »
) ZEAL STV DAY, BERFEIE 5C/min ICRE L TwWabo BRI, 1,050 ~1,100C & £k S+,
B i C OB, B/ 144 BERE 2 & 5K 336 REfE & 027 D 2L 3 E T 5,

79 v 7 AL LT MoO; DA% M7z run Tld, &K 0.7mm FE O P S MABCIRE RS S 5 iz,
77 v 7 AL LTMoO; & Li,0 # 7z run Tid, K 0.8mm 2O oS MACHKE WK M 23 b 7z
(Figs.3A & 3B). Fig3A i, run noSAP-KH1 T# O N7z AW O FEARBMKEG EHTH DA, K4 %
ANAWRBEFOY 7 74 7TOHEREZROLH PN KL, ZHRRTH 20 0H, 3 H OO
BIROLFNPHELD, AT =TT 7 A TOEREZEZ SNLMRWTH %S, Fig3B &, run noSAP-
KH3 T O N7 O FARBEME G TH 5205, WBEOANAEHIRT 7 74 THBOEEHKRTH S, A
MEARTH 5 HIE, EERHEME TR L CHET5 L EH S,

77 v 7 AL LTPbO & PbF, Z I\ 7z run T, HH O Fe,0s DREMPD 2 VEE (1.9 ~ 26wt%)
&, MEOE I 2 S AU S AS, EMAEID Fe,0; DEDZ WS (5.3 ~ 156wt%) &, REFTEHZRN
MBCIRAE S (Fig3C) M6 hiz. ZOWE, WE—OAROE: L [H UM, PbO+6AL0;—PbAl,0, DK
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Table 6. X-ray powder-diffraction data for Sapphire
(corundum), ALO;

1 2
d(A) I hkl dyps(A) dee(A) T
3479 75 012 3493 3482 61
2.552 90 104 2557 2551 100
2.379 40 110 2385 2382 37
2.165 1 006
2.085 100 113 2090 2087 92
1.964 2 202
1.740 45 024 1.743 1741 35
1.601 80 116 1.604 1601 83
1.546 4 211
1514 6 122 1513 1516 9
1.510 8 018 1508 1510 6
1.404 30 214 1406 1405 27
1.374 50 300 1375 1.375 39
Rhombohedral, R3c Rhombohedral, R3c
(hexagonal) (hexagonal)
a= 4758(A) a=4764(3) (A)
c=12991 (A) c=1298(2) (A)

1, JCPDS Card No. 10-173 corundum, syn;
2, This study (Sample No.=SAP-KHI)

IR THB L7 ZZ N REEE ET 5 R)76RD PbALLO, fidh b K L Tz (Figd3D)o $XTO
run C, XMEHICE D a5y F 20— 27 ZiERZLTWEDT (Table 6), 7 74 7HERINT
W5 LTSNS, FigsdA, 4B, 4C 12, AR ENY 7 7 4 T O EFRE - HMEEIC X 5 SEM %% R
9, FigdA 1, Run noSAP-KH2 TR O6N/2H 7 74 TOEETH LA, Fie R ANABCRE M E2RD 5 H
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Fig. 4. Scanning electron microscope (SEM) images.
(A) sapphire (SAP-KH2-7), (B) sapphire (SAP-KH3-2),
(C) sapphire (SAP-TN6-1), (D) PbAl,,0,,-phase (SAP-TT2-P)
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Fig. 5. Ball-and-stick representation of synthesized single crystals.
(A) ruby, a-b plane; (B) ruby, a-c plane; (C) PbAl,,O,sphase, a-b plane;
(D) PbALO,phase, (111) plane
Pink ball is aluminum, red ball is oxygen, and green ball is lead.
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