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Syntheses of YAG by flux-method and crystallography
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Abstract

Syntheses of Yttrium-Aluminum-Garnet (YAG) were performed by flux method using Pt-crucible and
electric furnace. The principal ingredients are Y,0, and ALO,, and the coloring reagent is Cr,O, for some
kinds of colors. The fluxes are PbO and PbF,. The mole ratio of Y,0,: Al,O, is 3: 5, which is the composition
of YAG. For the total weight of the principal ingredients, the weight % of Cr,0, were varied between 1.26
and 46.2, and for the total weight of the principal ingredients and the coloring reagent, the total weight
of fluxes were varied between 59 and 10.9 times. The maximum heating temperature was 1,100 C and
heating time was 192 hours.

In all runs, beautiful polyhedron single crystals and crystal aggregates were obtained. As increasing of
the contents of Cr,0,, the crystal color of YAG has changed as follows; light pink—deep pink—red—deep
red—light green—green—light brown—brown.

The crystal faces occurred are d{110}, n{211}, and s{321}. So, the principal crystal forms obtained in this
study are dodecahedron, trapezohedron, combinations of these, and combinations of dodecahedron and
hexoctahedron.
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YAG k1%, Yttrium-Aluminum Garnet ® 2 & TH Y, Y3Al0. DILZEME 2 F o A8 T, @FR [v
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TEALEN, HRRIRFOERBRER - T - SRHBSEO TEHICETZ > TRTVL, 7997 R
FI2X 5 YAG S OMFEE, =R (1974) 12X 2 A0, HEM (1974) 12X 2RE, KRBk (1974)
W2 X BHET KRB, HERE - /MR (1975) 1S & A RUIRRBG, Sedlfl (1976) 12X % YAIO; & o BI4R I OV EAd A
(w%)L;5YAG$hm®#wﬁﬁau% va v O, BELhE3NTwh, R¥ETIEI IKFE
M, fb¥Oe2 @ L TR ZFRL, %htmm®@$kXﬁbi%Mﬁ®ﬁﬁfﬁ L)) el i A7)

g% RO HHE mﬁmkﬁﬁfkwﬂw%m%wé EERHVE LT, ZEi - Bamhiseo 77—~ T, i
BESICHE SR Z AL 75y 7 ZBICEDEABEWOERZRATETVS (BI2I1X, Ll
(2013))o Cr & F—=7L72Cr: YAG OAWMZEICEH L TD, BIZWLO2hDF—=F1IIR/EK LTS (EH-
¥ (2010), REPME (2012)) 2%, SEAERPOK SR ZEML TIT> TAZZDT, ThETIXHDS
N7z Cr: YAG OO REZDTICE LD TALI L E LT

I. H—%v &R

=4y MITRHATIE, MROEDOHKRLRCATHL I E0H, TE*%E&H?&i\ﬂ“Cb‘éﬁ“, Z DAL

MR OV EEINLIWMER SO EEPD, K2 TIERL, #H Y¥rr, & & % ® 2 H
s, FITA LB ERETAFEALNTDH 5,
7'7‘ v b Eid, —H bR AsBSi0n TRE S 7 A BRI O—H T, AFIZIE, £& LTl Ca,

Mg, Fe, Mn %25A 0, X BREICIX, F& LTl Fe, AL Cr, Ti S5 A o THEBEAZ KL TWb, E—
AR, LRI E D 252865 ~ 75 O#EIPAT, FAHEMIE LTI S W HEEDS, XD iin7:
DOFRGEOKY A1), H—F v M FELTHBRAICOEH SN TWS, HESILFHRICE ) 2 Ld
5D, 30~ 45 OHHTT A BRIESME LTWEEWET, v MVOBEREW DO —212b %> TWwb, #
moR IR OZLFER) EEDNT0 55, LIS X o TEEEE R D 5 R0, (RS T
TIEER = I VTR S ITFRE 2R THIED 5, MmO/EE LT, A E U %
CHRHNS,

LRI K D T 0 6 FE O3 125300 T 5 2 L 3SR 525, RIRTIX I NI a 26k 4 s TR
LY &HoRBEks LTHIEL TV A,
@ fgi *H*KDE (almandme) F63A12813012

BIE, KBS, RERV Y 72 VAFRRTT Y 4 MERIZHET 5,

@ WEMMA (pyrope) MgAlLSi;Or

WA Y7 Va, oayy A PICET S, REODOIIFAL%RLH, FaoRIIMES $

N5 Cril&s,

A (spessartine) MnsAlSisOre

U VICEALRRER S, ROAAN Y, RV A MERIZET 5,

IKEAMMIA (andradite) CasFesSizOus

Twﬁukﬁa FIREBRARN Y7 2 VAT ATV Y ERICET 5o

MM (grossular) CasALSisOrs

EW%%$»V7;»Z,%ﬁ%¢&01ﬁwyﬁ%ﬁﬁﬁéo

JK 27 a 2 HMikE4 (uvarovite) CasCreSizOns

WRCET RO AH N Y, 70 WGRICHET 5,
INSOMIZ, V 2&T goldmanite CasVaSisOrz , Ti, Zr % & kimzeyite Cas(Zr, Ti)2(Si, Al, Fe)30is,
morimotoite Ca;TiFeSi:On WA D, X, &M E LTESEIY LiF724 vy P AT VI H =% b
(YAG: Y;ALALOR) U@, 4 v NI ATAT v H—%v b (YIG YsFesFesOp), HRY = AHY
LA =2 v b (GGG: GdsGaxGas0r), T—ua ¥ 2y 7 AH—% v b (EGG EusGasGaz0), ¥~ 74
HY) 7 LT =% b (SGG: SmsGa:Gaz012) FEAH Y, TNENE. - 7-WExRo%, L—F—-L LT
FIHZIECDNA T 7 HEEFR TR > TV b,

EOALELTOH—4y bOEBELTIE, A F, AUSYA, 77VA%M (¥ ¥F=7, ¥=7, ¥
TIVH, XV, RTAAAN), AFaA, hFF, FAENBTFTOEND,

YAG &, 3Y:0:+5A10; — 2Y3ALALOp OIS TRELSOERIIWETHY, CrezRmMTrI &

@ © ®
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I Y7 ~ptaz B LA —%y PRI LKL S0, CrORMEZ»%2 V%L, ERT
DEEFMREIILIZE TS, fa~FOOHfiz biFs 2 LAtk (EH&, 2009).

OI. ERVOEBHET S v I XIZDWT

79 v 27 A (lux) BICEA2FAEWOERIZOVTIE, KA (1994), KA (1997, 2006), Bt
(2013) 2 ENLL, 22 TR, YAGOBKRIHH LZ2EHS, 79 v 7 A RTEBBETIZONT
FHT B, BB (1974) TIE, 79 v 2 A& LT, PbO, PbF,, BOs D=RIEZHNTW72DT, Th
W28 o> TWIZEL R O 4 F (2004), 4kR (2005), fRzk (2006) ORI TIE, PbO, PbF, B.0; D=
REEXHV, ERSLoBSMEMELREEZ WV TEREZITV, H0ES O Cr0; OFRMEIZIB LT, ¥
7, R Rk AN =T, FANY —mEOR A % YAG OBKISKII Lize LALAEDS, FEWTD Y.0;
ALOs DEIVIAS, 3:621 T, YAG D#ME (YsALALO) DFEIVE, 3:5 TEEWE, ALO; BEIZ L 7%
WE, YAGDOEEBBENZ VDN E W) B U7, 2 THEMA (2009) OB@mMEICB T, £k
BD Y05 ALO; DENVE, 1:1 K2 1I1CEZ, LA ALO;DEADPE YIRS L TERERZIT-
THEZA, Wiy, YAGOHWIIEII L2, Y05 ALO;s DENILE, 3:621 &3 5 LEMI3MH
WEHIBT SN, E5ICEA (2009) TIX, 79 v 2 AL LT, B0s %4 %, PbO, PbF, DAIZT 5 EE
bIT- 7225, YAG OERICKII L7z, BOs Z AT 2 LEIHE LIS, 22T, 5 (2010)
4 (2012) DEGHFGED HIE, EHTD Y05, ALOs DENVHZE, YAG O (Y;ALALOR) DFEIN
H, 3:5CEEL, X795 v 27 AL LTik, PhO—PbF, ZTHESTH S EHM LT, GREREZIT- 72
A (2010) &4 (2012) DOFEGRIIFEOM R LM (2009) DEGmAROT—F 2L O, S HITHEF
WEZE MR 72O ERNIETH 5,

V. KB

FHAGTD Y:0s ALO; & YAG OMEL (Y3ALALOw,) 2742 XHICENVHTI 5 ICEFRIETHEL,
FFE LT CrOs %, TS EREnERRTE%ICALEIITHML, E51275 v 27 2& LT PhO-
PbF, %, FEWROOEREIHTL2ERLTIHBEEICHA LD HEWE L L, 30 75X 7 7Lk
TTIA4 T4 7 L7tk HEVY RICANMBGE & Lze RICHET S > 7 VEESIImBGRE % A
N, SR, REPLERE, MR, BRREOEMGEHEAZER, B OMBEWIEREZIT - 720 ME
APHIBRIFTOIREAT 400C LT ICH 2728 L, 225 TH4 L7218, 35 50% @ HNO; il D A -
728 —H — I AN G DI ERE 2 T 24 AR IRENESE 21T, 7T v 7 AOREFE L EMRELL, &
BRI L TR o 2k 2 L) L 720

AR L 7RG, RS TH, B, KIEE S£ERNEEZHLL, CCD I XA FICX e r
v, Wifgz 8y oy ETUELEE 7 74V (JPEG) & LTI L7z, Ak SHO—ifiz 2 2 —3L8kT
MARICL, X#EBRBPFFHI TWREOFEEZITY, BB T RO FERORE I Z1T o7z, X, #do—i8
TEZEAE L7tk EARE M IS ORMIVE, KL, HREEERE RS ROESRNEOBIZ %
L, SEM§x i LC %y a2 v LTl Z T Wli{g 7 7 £ Vv (JPEG) & L THRAFEL 72,

V. SREBRER

Table 1 \ZEBF 7, FlSEoER, MBGRE (GURIZFE, FBERZE), MBWEH, SRWE, AR 0OE
K- A4 XEERT, 1. GAT-AK31 5 11. GAT-MI5 FT®runix, EHOD Y05, ALOs %
YAG D#E (YsALALOw) 2% 5 XHIZENVHTI 5 TITo 2/ RTH 5%, 12. YAGF2 75 15.
YAGF9 FTOrunit, TNVUNDENITIT 2R TH 5,

1. GAT-AK3-1
F I L, 135wt% @ Cr:03 # A, 8 & d PbO-PbF, 77 v 7 2 (PbO & PbF, Dk lL
¥, 1:162) LIRESELZOD, ZOrun ODMERARTH 2, 77 v 7 A0eRE, FHITLAEBH O
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Table 1. Results of the synthetic experiments
Run Nos. Reactants Temperatures (*C) Heating hours Products  Crystal form, size, color etc.
GAT-AK3-1  Y,0:=0.339¢g 20 YAG polyhedron, max.2.2mm grain,
(Fig. 1) AlLO3;=0255¢g l 4°C/min (Y3Al5012) light pink(transparent)
Cr;03=0.008 g 1,050 24
PbO=1818 ¢ | 3C/min
PbF,=2.943 ¢ 1,000 72
Cr,05: 1.35 wt.% } 3C/min (3days)
400
GAT-AK3-2 Y20;=0.339¢g 20 YAG polyhedron, max.2.6mm grain,
ALO;=0.255¢ l 10°C/min (Y3AlLs012) deep pink(transparent)
Cr,0;=0.016 g 1,100 24
PbO= 13818 ¢ | 3C/min
PbF,=2.943 ¢ 1,000 24
Cr0s: 2.7 wt% { 3C/min
900 24
3°C/min
400
GAT-AK4-1 Y20;=0.339¢g 20 YAG polyhedron, max.2.1mm grain,
ALO;=0.255¢ i 10°C/min (Y3AlLs012) deep pink(transparent)
Cr;0;=0.030 g 1,100 24
PbO=1818 ¢ | 3C/min
PbF,=2943 g 1,050 24
Cr:0; : 5.05 wt% b 3C/min
1000 144
3°C/min (6days)
400
Table 1(continued-1)
Run Nos. Reactants Temperatures (‘C) Heating hours Products  Crystal form, size, color etc.
GAT-AK4-2  Y,0;=0.339g 20 YAG polyhedron, max.1.8mm grain,
ALO3;=0255¢g i 15°C/min (Y3Al5012) red(transparent)
Cr;05=10.060 g 1,100 96
PbO=1818 ¢ l 3°C/min (4days)
PbF,=2.943 ¢ 1,000 48
Cr,0; : 10.1 wt% b 3C/min (days)
400
GAT-AK5-1  Y,0:=0.339¢ 20 YAG polyhedron, max.2.2mm grain,
AlLO3;=0255¢g l 4°C/min (Y3Al5012) red(transparent)
Cr;03=0.060 g 1,100 24
PbO= 13818 ¢ | 3C/min
PbF,=2.943 g 1,050 24
Cr,05: 10.1 wt.% b 3C/min
1,000 7
! (3days)
400
GAT-AK5-2  Y,0:=0.339¢ 20 YAG polyhedron, max.1.5mm grain,
(Fig. 2) AlLO3;=0255¢g l 4°C/min (Y3Al5012) deep red(transparent)
Cr;03=0.120 g 1,100 24
PbO = 1.818 g } 3C/min
PbF,=2.943 g 1,050 24
Cr,05:20.2 wt.% { 3C/min
1,000 7
} (3days)
400




75w 7 AEIZE D YAG DR E K

Table 1(continued-2)
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Run Nos. Reactants Temperatures (*C) Heating hours  Products ~ Crystal form, size, color etc.
GAT-MII Y203=0.677¢g 20 YAG polyhedron, max.0.8mm grain,
AlLO3;=0.510g l 2°C/min (Y3AlLs012) light pink(transparent)
Cry0;=0.015¢g 1,000 72
PbO =4.464 ¢ | sC/min (3days)
PbF,=4.904 g 400
Cr,05: 1.26 wt.%
GAT-MI2 Y,03=0.677g 20 YAG polyhedron, max.0.9mm grain,
AlLO3;=0510g l 25°C/min (Y3Al5012) light pink(transparent)
Cr0;=0.015g 1,000 168
PbO =4.464 g l 5C/min (7days)
PbF,=4.904 g 400
Cry0;: 126 wt.%
GAT-MI3 Y,03;=0.677¢g 20 YAG polyhedron, max.1.0mm grain,
ALO;=0510g i 35°C/min (Y3Al5012) pink(transparent)
Cr03;=0.030 g 1,050 192
PbO =4.464 ¢ | sCmin (8days)
PbF, =4.904 g 400
Cry03:2.53 wt.%
Table 1(continued-3)
Run Nos. Reactants Temperatures (‘C) Heating hours Products ~ Crystal form, size, color etc.
GAT-MI4 Y:20;=0.677g 20 YAG polyhedron, max.1.4mm grain,
ALO;=0.510g i 36°C/min (Y3AlLs012) deep pink(transparent)
Cr;03=0.120 g 1,050 192
PbO =4.464 ¢ | sCmin (8days)
PbF,=4.904 g 400
Cr,05:10.1 wt.%
GAT-MI5 Y203=0.677¢g 20 YAG polyhedron, max.4.2mm grain,
(Fig. 3) ALO3;=0510g ¢ 37°C/min (Y3Al5012) deep pink, orange, black(transparent)
Cr0;=0.120 g 1,050 168 Cry0;3 :10.0 wt.%
PbO =5.345 ¢ | sCmin (7days)
PbF,=8.905¢ 400
Cr,05: 10.1 wt.%
YAG-F2 Y,03=0450¢g 20 YAG polyhedron, max.2.5mm grain,
AlLO3;=0.100 g i 10°C/min (Y3Als012) pink, light green(transparent)
Cr;03=10.200 g 1,000 192
PbO =2.300 ¢ | sC/min (8days)
PbF,=2.820¢g 400
B,05=0.180 g

05 : 36.4 wt.%
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Table 1(continued-4)
Run Nos. Reactants Temperatures (‘C) Heating hours  Products ~ Crystal form, size, color etc.
YAG-F4 Y,03=0.563 g 20 YAG polyhedron, max.0.7mm grain,
(Fig. 4) AlLO3;=0250¢g l 25°C/min (Y3Al5012) green(transparent)
Cr,03=0.250 g 1,000 168
PbO =2.873 ¢ | sCmin (7days)
PbF,=3.528 ¢ 400
B,03=0.224 g

Cr0;: 30.8 wt.%

YAG-F7 Y>20;=0.450 g 20 YAG polyhedron, max.0.2mm grain,
ALO;=0.200 g l 40°C/min (Y3AlLs012) light brown(transparent)
Cr;03=0.200 g 1,050 48
PbO =2.300 ¢ | sC/min (2days)
PbF,=2.820¢g 950 144
B05=0.180 ¢ | 5C/min (6days)
Cry05: 30.8 wt.% 400

YAG-F9 Y,03=0450 g 20 YAG polyhedron, max.2.5mm grain,
ALO3;=0.200 g i 10°C/min (Y3AlLs012) brown(transparent)
Cr;05=0.300 g 1,000 168
PbO=2.678 g 5°C/min (7days)
PbF,=2.942 g 400
Cr,05: 46.2 wt.%

Fig. 1. Stereoscopic photograph of YAG (light pink).
Sample: GAT-AK3-1
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FTEEOKTIHTH D, IO OHMBILIE, #iRM (1974) %3612, A& (2009) OBwIFZEOREZ
ZRLUTHE L, FE4C/min TEHED S 1,050C I LA S8, 1 HREERFEL 228, BiE%E 3C/min T
LOOOCIZFUF, 3 HIEIPRHFF L 72 400C T CHHLEBASF 2SI L7z A, #Yy 7 toLmk
H—dv b (KK 22mm) Tholzo Fig 1ICEMAKBHMBETBLE LI L-EZWEKOH2HE V710
DELEERT — % v MERESREZRT, BETEEMICAZ LD, EBRIERNICELY Y 7221 TB
D, HEENIBICEWE Y 780507 A 505, EPMA THM L TALRWEH S RWA, FOES5ITIZ,
CrAaiEELTWwWBEEZ LN,

2. GAT-AK3-2

B @ run 12BN, Cr.0s D&% 2850 27wt% & L7208, Z® run DWHFEEE TH %, PbO-PbF; 7
5y 7 AQRIIHIEEFRLTH LD, 795 v 7 ADEREIE, FRSEEOHOATTERON 781 TH 5,
AL 10C/min TEiEH, 5 1L,100C I EH 34, 1 HMRFFL72%, B 3C/min T 1,000C 12 FIF,
1 HREERFF L7218, B ORER®E 3C/min T900CI2FF, 1 HBEARRE L 7-#Bi#%E 3C /min T 400C £ TH
HMUBSIFAOWY L7z W, By 7oLk sr—4 vy b GrKRKAE 26 mm) Th-o 7o

3. GAT-AK4-1

RO run (2R, Cr0; DEZ S HI2 2512, ERGEERED 505wt% & L2025, 2O run O
BB TH S, PbO-PbF, 77 v 7 AOmILIIHIRIE R UTH 2%, 75 v 7 A0EElE, ER5E A0
DEFEREOK 76 5 TH 5o HilFiL 10C/min TEilA, 5 1,100C 12 EF- 4, 1 HEEREL72%, Bk
# 3C/min T 1050C I FIF, 1 HREIPRFFL21%, B OFRS 3C/min T 1,000C I T, 6 HEMRREL %
REiR = 3T /min T400C F THEALEBLAF 2O W L7z B, BuEry 2 aoLmksr—% v b
(RAKEE 21 mm) Th o720

4. GAT-AK4-2

IO run IZEEX, CrO; DmAZ EH 22512, ERTERED 101wt% & L2025, @ run O
FEHAETH %D, PbO-PbF, 77 v 7 ADEWIEIHIH EF UL TH LA, 77 v 7 A04ElE, TR & AGA
DEFEREOK 73/ TH Do FHiliHIZ 15C/min THEilA S 1,100C 12 ERA S8, 4 HEEFE L%, B
#F 3C/min T 1,000CIZFUF, 2 HBEPRFFL 721, BEiRZE 3T /min T400C £ THHILEXAF 2 SW D H L
Too WL, REOZEHAYT— % v b (&AKE1Emm) THho7z.

5. GAT-AK5-1

HIEIO run & KA O=ILIIFE L E LT, FiFE%E 4C/min L2 TEiREA2 S 1L100CIZ LA S, 1 HH
PREEL 7212, B 3C/min T 1L,050C I T, 1 HREPRFEL & 512, FEiE= 3C/min T 1,000C IZ FVF, 3
HEPRFEL 72%, B 3C/min T400C £ THHILESF 200D L7z BRI, REaoZmksr—
v b (KR 22mm) THo7ze st A AHIENIERE S RECRE L0, AREFELZIR 72
PH2S LNV HHIE X Rz v,

6. GAT-AK5-2

B run 12X, CryO; DEZ X522/, ERGEERED 202wt% & L7025, T run O
BAETH %, PbO-PbF, 77 v 7 ZAORIIIHIH EF L TH LA, 77 v 7 A0LwlE, FHR5 & AEOH
DEFTEBEOH 67T TH 5. AlFE % 4C/min L2 THEEmA 5 1,100C I LA S8, 1 HERFEL 2274,
FEiE 3T /min T L050CIZFUF, 1 HEELRFRL 2 512, [Fi=E 3T /min T 1,000CIZFF, 3 HEREEL 72
#%, B 3C/min T400C F THHLERFE 2SI L7z, AEWiE, #iHO run & D BEVIREBOZE
HAT =2y b ThHo 7205, fifH A ZIEREICR/RS 220 72 GRRRAE 15 mm) o MEASGDH Lo
2, #EEAVNE Do ERIE, Cr0;s DEZMPL L2 EICHKRTE2O0D L, Fig 2 (ZFEARBEM
THBIR LIE L-EWHEO D 5 WRBOLHR T — 4 v D EEREARE RS,
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Fig. 2. Stereoscopic photograph of YAG (deep red).
Sample: GAT-AK5-2
7. GAT-MI-1

B O run 2R, ERSOREE 2/ICL, 75 v 27 AD PbO & PbF, Dw % LT DENED 10 5
(PbO & PbF, ®E&EILIX, 1:110)) &L, HMH® Cri0; # ERGEERED 1.26wt% & L=DD, D
run DHFERETH D, 75 v 7 20L&, RS EERAORFIEREORN 78 TH L. AFE% 2T
/min &2 TEEA S 1,000C 12 EA 242, 3 HEARFEL A%, BiE3E5C/min T400C F THAI L EA
FASED L7z AL, run No. GAT-AK3-1 LRI UM # Y v 7oL AT — 4 v b KR £
08mm) THo7zo FFDY A AD/NE Do 7z201F, IMEAFNERESS 1,000C &, N F TO run BT
Aoz b LTSN, KEXGRSE2ESI121E, 1,050C L oM ZRESLEEEZ 5N,

8. GAT-MI-2

Wil run & BRI, 77 v 7 A, HAlIEE CRILTH 525, Az 25C/min £ 22 ) KREL LT
L000CIZ k-3, 7 HEPRFFL 72, BEA 5C/min T400C £ THHLESF LI W L7z,
&, B SRR Y S DR o 2L AR — % v b (KR 09 mm) Th-o7ze Wil run 12
BN, RMORE SIIRBEDS o 72h, ARz LiF2 L €Y 7 ahpRRiR o728 Th b,

9. GAT-MI-3

BBl run 12BN, BRAD Cr,0; D®E% 2L, FERSEFED 253wt% & L7zO705, Z® run ®
MIAETH %, PbO-PbF, 77 v 7 ZOmILIEHIB E R U TH S5, 77 v 7 AnE=lt, ER5LEH
HOGEITHEBEOM 77T TH 5, AiliE% 35C /min &%) KEL L, 1.000CIC ER S, 8 HIEEL
72t%, B&E=E 5C/min T400C £ THHLBLAF SO H L7z £EWIZ, ¥ ¥ 7oLk A— 4 v b
(AR 1OmMm) THorzo L LAFEEZEOICLHIRERIIKRESEETL L) TH S,

10. GAT-MI-4
A (2010) #25#ICL, HHRAO Cr0; DEZE 415 TERSERRED 101wt &L, 7527 A
® PbO & PbF, 2HEBWTENENER T D 34E, 5L L72DOA, ZOrun OWMBERETH DL, 75 v
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Fig. 3. Stereoscopic photograph of YAG (deep pink).
Sample: GAT-MIb5

7 AOERER, TG EABAOGETHEREON 72 TH 5, A% 36C/min 2% ) K& L, 1,060C
W ERSE, 8 HMARFF L 721%, = 5C/min T 400C £ THHILESHF 2SI B L7z AW, &
WE Y I BOLHET —F v b (RAKAE 14mm) Tholzo FimFE2 DI L TEFHERE L 1,050TC
L, EERECORBRHMEZECLY, 7997 A0RELOICT L EMBIIREIHETLEZEZLN
%o

11. GAT-MI-5

HIE O run IZER, ERGEEORORIIEZ T, 77 v 27 AD PbO & PbF, D&%, ®mIIIEZT
BHEISHICHR L0, 2O run OMERRTH L, 79 v 7 A0EEIF, FRSEEOFOGER
DO 1095 TH D, HilnFEx 37C/min LD K& L, 1L050CIZ LA S, 7 HMRRE L%, BiRE
5C/min T400C FTHHLEBERN LMY L2 AW, FRENEP LB, By 2y, B
FTLyY, At e bt REZOLMAEYT—F v b (ANZE42mm) Tho 2. Fig 3 ICEMARHM
WCBIZ LIoE LZWEO D LY Y 7O L AT — % v PHEREZRT, 77 v 7 AO&RIEERS
R L CTHERITEIZ1R2HBEDPLRVEEALLZERTH 20, HBOKE SIPRBEWIMIT-LZHE
AL, FRHOKRMIZIZ TSy 7 ADBEF—FHENTHLEEZ BN,

12. YAG-F-2

O run X, FTD Y05 ALOs ZENIETH2:1& L, 2% Y0082 LTALZHDTH
o BEALNHNEL L, FERSEREIIH L TCrOs D& 364wt% & o>TWh, 75 v 7 AL,
PbO-PbFs-B:0; % % vy, W& AEls % L L8810 LERLT, PbO X314, PbF, & 38 1%,
ByOs B2 024k o T b, EWPICKNTH 7T v 7 ARG OBRRIIERILTICRHTH SA, Cr05 D
BAT364wWt% ENR VL VE, 75y 7 AR, TS EERHOGERERON TIBEETH 5,
A= % 10C/min T 1,000C 12 LA 3¢, 8 HMEMAFEL 2%, Bz 5C/min T400C F THH L BSUF
POEY U7z WL, ¥y 7l koL mEksr—4 v 8 GRARAE 25 mm) Tho iz, #Hifk
DFEEE, ORIV DIV L TV DD, ZThiE YAG OFE S OICEY) AT 2R UED
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Fig. 4. Stereoscopic photograph of YAG (deep green).
Sample: GAT-F4

Cr:03 DHIKLTH W REED B Ve R EREITH L T Cr0s D& 364wt % L0722 WE, 3o
Al 75: Cr 75“[%‘1@@ L—(, ﬁiuf:%ﬁ%@'ft%%ﬂﬁku:, Y3CI‘2A13012 kitof\/\%ﬁfﬁ%‘fifﬁf‘%b\o Oi V), /f Vi }\
Uk -0l - TVIH—Fy heEZONS, EPMA IZ X AL 00 0 7= 5

13. YAG-F-4

LB @ run i, EHGD Y05 ALO; ZENETH1:1& L, HHH Cr.0; D& Y0; IR L TEN
T, 071 L, FHOEEREICH LT Cr0s DX 308wt% & %o TWwWb, 75 v 27 A%, PbO-PbFy-
B:0s 2x v, ERGEBFOESE R LRI LERT, PbO I 27 f%, PbF: i 33 £%, B.0; %l
02f5L %> TBY, 77 v 7 2A0EEE, ERSTEEOHOATTEROR 62 FH5FE CTRiNIIK~R, 2&f
79y 72 A8V R o TwWh, A% 25C/min T 1,000C 12 EH-X2, 7 HERE L%, B
H® 5C/min T400C FTHH LB 2S5 L. AW, SEoZmksr—+y b KR
07mm) Tholzo ERSEEREIIH LT Cr0; DEI 308wt% & 27 ) %\, millFEkE, 31Mtio Al %
CrEI LT, A UKL, YiCrALOy, & o TV AL E V. 2F 0, £ v b Y
Lezal-TVIHN—%y bEEZONDS, Fig 4 ICFEEBEMBETHRE LIRE L-EWEDO D 5kt
DLEERT — % v M BEERESEKEZRT SO A XAVNE DX, 759 7 2AOEKEERS L72FIC
RNTHEEZOND,

14. YAG-F-7

AW O run i, HIEIO run 2N, ER, Z@H, 77 v 7 A0EIEE—T, &% 3EHFIC
WL TWb, HH Cri0; O&IEFTNRIFEEE, Y0, 123 LTELVIT, 0758 L, FRoEf=Ix LT
Cry0s DRI 308wt % Lo T\ b, 75 v 7 AD4LRIE, TS L ERHOGFTREREDOR 6.2 fGFEE THI
HEFUTHD. FiE%E 40C/min & A 7% 0 25812 1,050C T EA S8, 2 HRERFL 228, BiRR5T
/min T950C £ TFFT6 HMMEFL, KRS 5C/min T400C F THHA LB S B L. A%
Wi, MROOLMET— % v b (AR 02mm) THo7zo B0CETFIFT6 HMRIFLAZDIWE, 7
== IO EARADLHNTH 720, HEMITHEHVPLLANSLS LT LESZDOT, T==Y ¥
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SEl 15kY WD12mm 5330

Fig. 5. Scanning electron microscope (SEM) image of YAG (trapezohedron).
Sample: GAT-AK3-2

FOMPFENEHBENDL, FESEEREIH LT Cr03 DE1Z 308wt% & 22 7% ) %\ 2%, Hilnl[E A,
i Al % Cr 2% L C, A U7 RO LML, YCrAOw & o> TW A EEEEH V. 2% 0,
£y FNYBL-270L - TAVIFT—Fy NeFEZDNS,

15. YAG-F-9
LB @ run 1, FEGD Y05 ALO; RUE®BA] Cr.0; DEIELZENIETLI:1:1EL, 77y 7 R,
PbO-PbF. &z My, T LAl nz e LRI LERILT, PbO X 2845, PbFid31f5& LT
b\é HEORORIN %YL, FRGEERITH LT Cr0; DRI 462wt% &> TWd, 77 v 7 A
wl, T FRHOGFITER O 5.9 AL TR ENIIRN, 2RNIZT7 7y 7 A0®IIP B ko
Tb\éo Aim# % 10C/min T 1,000C 12 L5348, 7 HHEPRFF L 721, BEiRE3 5C/min T400C £ THHIL
“ﬁkﬁﬁ‘%ﬁlbtﬂbto AR, REOZEART—F v (RARAZE25mm) Tholzo SERMICHEE
TR LI E ¥ 78OS BEE L, water-melon O E Lo TWEd Db dHo7e IS H IR
RN LT Cr0; ORI 462wt.% & 207 ) Z Wiy, fillEek, 3o Al % Cr 2ME# LT, L7
naﬂ@'ﬂﬁ%‘fﬂ}ﬁi YsCr2AlOq k&o’(‘z‘%‘f Iﬁﬁ‘ WV, OF U, Ay M)A 700 TIVIH—
Ay bPEEZEZOLND,

V1. #EEmfsE

SHOERERTHONIMH R OTHEREGHEON, HREOELVDDIZOWT, EAEME M
(SEM) X CTHWSIERBOBIZR #1757,

AR L, di110t TP E 7z =W AR (dodecahedron) & ni211} i < P F 7z A MU T A
(trapezohedron) T& %A%, nf211} & di110} O HAE5 2 55> di110} Hi & s(320) 10 O A7 3 5 6 b
R oo Fig 512 nf211} HCTH F /- —+PUiifk (trapezohedron) Hifks (RifEF 5mm) @, X Fig.
6 [OOSR MEEARD SEM 8% Z IR d, Fig 6 © - FHEAKHOHIZIE, DS wnps

dl10jEAR SN BH DB H 5, Fig 712 {110} 10 TPH F 72+ 1K (dodecahedron) D EEARIEIZ {320}
A U Twa HiEs (hexoctahedron, FiEEK 4 mm) @, X Fig 8IFN 5 DL HEMESKRD SEM 4%
ZFNZFNRT, Fig. 912, Dana (1959) X W HlivnzF—+ v bOREMIEERZ/R$, Dana DX D
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Fig. 6. Scanning electron microscope (SEM) image of the assemblage of
YAGs (trapezohedron). Sample: GAT-MI4

SEl  15kV WD15mm  SS30 X220 100pm

Fig. 7. Scanning electron microscope (SEM) image of YAG (dodecahedron).
Sample: YAG-F1
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Fig. 8. Scanning

net. From Dana (1959) showing d(110), n(211) and s(321)

Fig9. Crystal forms of gar
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Table 2. Main X-ray powder-diffraction data and lattice constants obtained by least-square method

for YAGs
JCPDS Card No. = 330040 GAT-AK3-1 GAT-AK3-2 GAT-AK4-1 GAT-AK4-2
Al5Y;301;  Cr03=0 wt.% Cr,05=1.35wt.% Cr,05;=2.70 wt.% Cr,05=5.05wt.% Cr03=10.1 wt.%
d(A) T hkl dA) 1 dA) 1 dA) 1 dA) 1
4.905 27 211 4.924 22 4.935 21 4.946 24 4.973 18
3.210 19 321 3.216 15 3.218 26 3.227 18 3.241 17
3.002 27 400 3.009 41 3.011 20 3.015 23 3.027 23
2.687 100 420 2.688 100 2.693 100 2.696 100 2.704 100
2.452 20 422 2.453 19 2.457 29 2.461 19 2.466 19
2.192 23 521 2.193 26 2.196 27 2.201 26 2.205 25
1.9474 26 532 1.9498 28 1.9513 24 1.9537 26 1.9577 28
1.7330 17 444 1.7348 19 1.7354 13 1.7379 14 1.7409 23
1.6652 31 640 1.6659 37 1.6676 29 1.6693 39 1.6721 37
1.6046 28 642 1.6055 31 1.6065 30 1.6086 32 1.6107 34
1.5006 10 800 1.5017 28 1.5030 6 1.5043 10 1.5065 13
Cubic Ia3d
a (A) = 12.0089(3) a(A)=12.016(1)  a(A)=12.0252) a(A)=120412) a(A)=12.06003)
12.07
12.06 *>
12.05
=<
2 1204 L
1]
€
o
3
2 12.03
g
]
12.02
(4
12.01 S
12
0 2 4 6 8 10 12

Cr,0; wt.% in YAGs

Fig.10. Relationship between a-axis parameter and the content of Cr,0O, in YAGs.
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881 & & Fig. b D HifA, KU 884 L Fig. 7 DHKMOBEN R —H L TnDH I EHH 5,
VI. HBRFNT—4%

X R REE

AIE]@"BZ;%%%’C X, Fia & LT, Y203 ALOs ZfHH L, 3Y,05 +5AL0O; — 2Y3ALOn O Kt
T, <L DOrun BT YA DN ENL Z MR, RBICERESELHNT, ERTEKE
ZxF L, 1.35 ~ 101wt.% @ Cr.0; 75:3[]7\'_“(@,0)(%’6 DAL Z T2 HS, 1.3/wt% TIEHEWLE Y 76 TH
BN, 2Twt% BETRVWE X 7L 20, 101wt BETIERVREOEERPEONSL Z AV L
770 Cr:03 D @AY 101wt % F2 BE @ run TH U 7285 M 1&, M AY YsCrzAlOpe 1238 W Yttrium-Chromium-
Aluminum Garnet (YCAG) &Ji»> TWAHREMEAEVAS, EPMA TOGH 217> Twiews, 22Tl
YAG IZHEB L LT Cr Ao 7eiliih & LT L TH <, Table 212, #ikA2HMio YAG (JCPDS
Card No0.=330040) & run GAT-AK3-1, GAT-AK3-2, GAT-AK4-1, GAT-AK4-2, TiE 5Nz YAG O X #iky
KF—7 LiR/DRBEICEDFEINEREROBTFER (a#ORS) 2/RLTWwb, Fig 10 IZHFEW
B D Cr:0s DEBSIH T 2HE% LT EM (aWORS) LOBRERT . AP O A 4 ¥ REIE 4 A
T049A, 6 A7 TO51A, Cr¥* o4 F VEEIZ065A 20T, AP %2 Cr¥* ST 81280, BTFE
B (a®oRkS) ZWRELLoTwbEEZLNL, TOMERLIRY, Cr0; DERDICHTLHEREY &

Fig.11. Ball-and-stick representation of YAG projected to b-c plane.
Green ball is yttrium, pink ball is aluminum, and red ball is oxygen.
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Fig.12. Ball-and-stick representation of YAG projected to (111) plane.
Green ball is yttrium, pink ball is aluminum, and red ball is oxygen.
WrEH (aioRks) | )T —ORRICHLLEFZL LD

GAT AK4-2, GAT-AK5-1, GAT-AK5—2, GAT-MI4, GAT-MI-5, YAG-F-2#» 6 YAG-F-9 £ T ® run
T ONTHENIE, HEWETD CriOs DEHY10 wt% 22 TWw5b %, 3Y.0; +2Cr.03 +3AL0; —
2Y3Cr2A13012 O e TH U 72 Yttrium-Chromium-Aluminum Garnet (YCAG) O ZHRA L TWwW5 L&
ZbNb, EPMA THEZER LD CTREVOTIEMZ & 2 AIEAWZDS, YAG K55 & YCAG K55
73‘(5': U0 Ao 72BEA (Ys(Cr,ADsOw) 2L TWE EEZZ 200G ERbNRLSE, 2 b D Cr0;
GHEREDL\ run THONZ2 YAG O FERIX, NS sEMERE, Fig 10IIRENE) =T —
@Egt%’i"lﬁﬁfc Kl ehe YW DA F EEFIZ088A L) KEVOT, Y Z2EBLTCH A AL
L BT EEDNSL b2 ez 61, (Y.Cr)s(ALCr)s0n &\ ) FBEEKZEE L TWAHEED B 5,
WEFNIZL TS, 4% EPMA F TG 21T o T b S L IR VEmE T A T ETH 5o

2. 48 X FEHTE

SEDOERERTHE SN YAG OFEGEON, A4 XWICTERY (R 09mm) DHESS (GAT-MI-
2A) FHWT, 4l X #EPED (Bruker SMART APEX II System, 50kV, 30mA, Mo-K a, -173C) 12T,
HAEE O X7 — % Z W o THhizo Fig 1112 aili s 5 M7z bc iNOfEixw¥%Z, X, Fig 1212
1] FFmh 6 Rz (111) EANO# R T RT . REFEE (0), EX7ERTVI=a—24 (A,
BENAL Yy M) a—2a Y) BF42ET 4 v MY a—2a (Y) BETEAERMCY HEROROIMEL, 7
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VIzZa—2 (AD FEFIE, MEALO D OFIEMEAOH.OIZ, X, ANEAO D OIZNHAKRD FLOI AL E
LTWbZ ML, ZORNE, CrOs 2PFEWSIIH LT126 wth BEFhTwbad, 7as (Cr) K
T, 7hvIzZa—2 (AD) ETF2BEBRLTHEEL TS EEZ BND,

V. $EHRVEE

Ll ERAIC Y.0; & ALOs &, HESIC Cr0s 2, 75 v 7 AEITTYAG OERFEREIT-
THhize 7T v 7 A& LTIE, K PbO, PbF; B0; D= EMNHW LN TWAAS, PbO, PbF; ik
HWCHRDHRESOMELEREHESLZEDHH Lz, X, ERERDTD Y0, & ALO; OEIIE, E
WIET3:621 L E3NTW2S, YAG O#EL (YsALALOR) DENVI, 3:5123XEEHML, £/4-5%E
Bk 3: 5 ISR L CTiTbhize, B Cr0s OmiE, FEWSISH LT, 135 ~462 wt% & Z LS &7
MR BONZYAGOMIE, HE Y7 BV E Y7 B uR—ooB vk & 2T
HIEDPHP Lz, HE Y 7BV E Y 7 R BWRETO YAGIZ, AlOZMOH A M2 Al ZiEH#R L
TCrBA>TVDLHOEMLEEZ LN, ARV ESRVELO YAGIE, MEWHEHOD Cr,0; O
ERICH L T30 wt% DT, CrABAlOZMMON A4 M2 TIEELS, YOS MZHAVIAAT
(Y.Cr)3(ALCr)s0m & W) BEEAKREZBE L, CrhERG 2B THOAEWE LToOBTHLEIEZONS,
5, EPMA %2 W<, B ERILEGTZIT ) LEDVD S, SHOERERTH LN MoRER
i, di110} 1 CPH E -+ 4R (dodecahedron) & nf211} M CTHH F N7z -+ PUTEI{A (trapezohedron)
T3V, nl211} W& di110} O AT 5 FE LR d110) T & s{320) 1 D HA4£9 5 hexoctahedron O FEEL D R
B7z. LA & AERIEE L OBRIZOWTIE, SHBOILESITIIZEIC 725, BTt RECRES
HHHICE, REEDEREL L05S0CLL e L, AilEx R, RERECORFEREZERL 27K (1
BELE) EHLENRH DL, L, ERFICNTLT7I59v 72 A0 HKL72174< (EELTI0/LLE)
LR, liquidus DIMEEZ TUF, MMRELZRET LI IR LEEZOND,
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