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Synthesize of ultrafine YAG powders using crystallization method
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Abstract: Synthesize of ultrafine YAG powder using crystallization method was investigated. The results show that
YAG powder can be obtained by calcining the mixed solution of aluminum and yttrium nitrates at 1 100 C. Y,0j3 crystal
seed can decrease the forming temperature of YAG phase by 100 C. YAG powder is also fabricated by calcining the alu-
minum and yttrium sulfates at 1 300 C. YAG powders obtained by nitrates crystallization method are severely agglomer-
ated, the maximum relative density of the sintered body is only 74.3% . YAG powder obtained by sulfates crystallization

method is less agglomerated, the primary diameter of the powder is 300 nm, and the relative density of the powder is 95.

2% .
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WHIAL R, I Bk ke gt Rir, (HEER S, 5~
EARMK . ACAEBWI T KA & b Bk K =20 %
YAG AR T2

1 SEI
1.1 5k

SEIU6 JEORE A A1(NO)3 » 9H,0 .« Y05 K
(99.99%) , ¥ Y,03 WfE TS, HIHY(NOs)s
VW . AI(NOs) 3 WP AT IR FEEI T TCP( %
B RS e . AT40 R R 2 PR,
DURIFEL S 4R BE R EE2 305, % 2 P iR & 1
AREER VIR VR A IR AT KB 1 mol
LY WP K 4 75 K 5 I 43 B AT(NOs) 5 FiI
Y(NO3) s IR df A, ZEAR b AN TR RS R e
pnfl . BRR FR TR AR B & AR F B, (Hi T
Yo(SO04) sFEKH IR B AR (5. 02 g= L7 1), Heh
MRELIB AW, BB TFRIRERIL, AP K
4 0.15 moleL™ ', SBH I N, BITRAM 2 Fiihve
I R B S A R IR AN ], AR VEA 5 3R
BRIFMIEA . Bk, b 78RBS 25 4 1R
4, IRAALE 600 CHEBE 1h J5 R ERER 24 h 107
ok R R TR A TR .

KT Y205 K diohd i B2 5V A J %
R YAG AHTE %, % SCHR 12] R 0732
I Y205 4000 1E Ok i B I 2R & A,
Y205 ¥ a0 PR A2 20 4 60 nm! ',

BB E kY B DL 4l ZrO, BRIREE 24 h, LAV
BRIPRAZ, BREAN TN TGK CRE . BREE 5 KR
EHE 800 CHIANE T A M HBbe 2 h, DABRZEER
BRI R A NI LA IR . 800 CHERE G IR B
FHARASEX ) Fs 8L, il s 7724 200 M Pa, &l
JERRAER N 13 mm, EEHN 3 mm. K45 KA
VSF-7 BB, HAFE KT 1x107° Pa.

SKH PhilipsEM 420 Z13% i ¥ 1885 (TEM)
MEZF B R TE S, KA H A% D/MAX-RB !
X S ATHACR A R 4 1F T KIAH A2 4L, K
FH BB KA R e 5 Ja A RE I 35 B2, SR H A B
At SHIMAZDU SSX-500 %4474 B T B3 5% ( SEM)
MW o 5 A R BT 1 TE 3

1.2 FFEmaEsE
FER PR B 22 A FE v, R e B e it
FEHP AR B TE A IR K IVE A . ZEMB e M IR R VR

IR, ALOs 5L Y205 ¥F i #AEIR HE YAG #H
MR, (HHT AI(NOs) 3 MY (NO3) 5 73 fiftila 5 1
ANFE], P RE A AH R .

AI(NO3) 3 F1 Y(NO3)3 73 fi# e ALOs F1 Y,0;3
FIEREH, AL(NOs) s 5 Y(NOs) 3 HI3 G A
[, Al(NOs); FIZMEIEEZ N 120 C, 21250 Ch
IMERTEEE . T Y (NO3) 3 B 23 i 2 — M A B Y
FE, TREEF) 500 CUA LA RESER, BT Aol
FEH ALOs B 5EA R, 1 HABGEE R, 1 Y,0,
AR, TEROEERE . I ALOs ¥Fdh i, Bl
FAL(NOs) s 2 AT, 47 fB A L ALOS 1
ALOs FF i _BATH, Tkl BT RERY(NOs) s/
IIEURIE, FTUABEAE Y.05 fE4F 8 EATH, BE R
FERE—2 T, ALOs #T H & B kD>, iR
K3 Y(NO3) s B i B, FFER4E Y203 #rih,
HE| Y(NOs3) 3 A3 ofE . SR T s ok 2 i 3
AR M ALOs ¥ di 5, B AUk 3K %,
BRAKIIAZ 73 ALOS K8, FEJEN AI(NO3) 3
I3 ) ALOs, AN E A Y(NO3) 3 73 fiFf i)
Y205 . WK 1(b) Frax, A Y205 £ &t )5 55 BT B
SR RORE NN B Y205 A A% 0o 1R, SORE ) v [ J2 0
BAMNEK IR N ALOs F1 Y203 . YAG B4 i MK EE
Y AP Z AR B EOR SE B . N ALO;
FFARI, R AZ 0058 43 1 ALOs 5 4MNZ I Y205
IR B AN R, BT LA R YAG Bids Y2F gk AP
B H B R AR R, X T R ) R B
LG R PR R AN B K PR ORI ], A (R R
WIRET, AOAESEMED =4, HIt ke
1 B B E KRR N 7] S8 5 A AR Ok KK, AT
Bk AR (R e 4 R fg . T LA S I ALO; ¥F & AH
bb, 78 RIRE R BE N AT BRARR S, Y203 ¥ db )
RMRELF . RARSZIR I Y205 ¥ dn, HmA
AN RTER 2% .
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Y205 crystal seed

—ALOy —

TY05
(a) (b)

Bl 1 IAARIFERE S YAG JORL I A 2
Fig. 1 Schematics of YAG particles with
different crystal seeds
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Fig.2 Phase transformation of yttrium

and aluminum nitrates calcined at
different temperatures for 2 h

BAVEIR T I 2. 0% Y,03 ¥ 54 5 46 A R i
FETMBRE 2 h AR AR i 3 fior, W LLE
IO KF & 5 TR f AR £E 1 000 CERIAJ 58 4 5 A8 Oy
YAG, S5AIFF iR A AE AR S FEAH b, A
AR YAG W AR ERFIKT 4 100 C,

FF i 00 A AR LR BRI AR o] A 2 AN 5 T SR
R — HIFFRIRE T YAG B EE, Y0,
FammAK YAG T8 et 736385 e % #%
L, YAG REfBLL Y205 NI DI EA%; 55— 71,
FFEhT LU 25 BRAK YAG MITEZA R, X T AEH
i IFER, YAG R E T B R, WA
FomE e mE T B KRB, HIGFR % IiEzE
INTF BRI, XA b R & e BRI
TIEAZ R AR . BT LA, IS DIOFF & S5 AH AR 5 B 1 P
KR TEALE E R m AT S22 RS ER S
R
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800 'C et
T - i
20 30

28/(°)

A
40 50
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Fig. 3 Phase transformation of yttrium

and aluminum nitrates with 2. 0% Y ,O3crystal
seeds calcined at different temperatures for 2 h

2.2 YAG B EmIES

B 4 BT 7 R BCEE R TR B IOFT 5 FUAS KT it PR VR
e AN [RIR BB RS J5 A AR TE S . AT DU Y, H IR
ha AT VAR B RO R A RIS M, i H R
JSHEER, R AR AT . INKT &b 5 Bk R ks
JOF AR 85, BRI ™ B AR I G AL
KR X 5 ST i 1) 22 7 FE B A L0 SRR 14 K TE S
FEERKIZESR .

2.3 BEERFREME

SEMRELAR L, BRIREL B A W A e .
With! 1 8 57 th 2% BB R R JL 95 7 F YAG HIH
TERTE B R AL d, BaAsd 1
300 Chake3 h J5, ¥4 YAG HH(KElS) .

LIREIR R B Ge - AR B, BRER Bh IR BRE =
HEBIFMIES, BARLRZ K 300 nm, FERM
M), ¥A RKEIFZEE(E 6) . Bk, ATLLHAK, B
BIRPRNT T4 S AT VA& 1 YAG R R Be B
TR HIRE A .

2.4 YAG KR4t e

R 1T HAEIR Eh 45 fbT VRS B PR B be sl
RIARNT BT e A T 0. 5% (R 2 %)
ITEOS T Sk 8 45 8 Jn 7). J98 &5 44 (9 A X 25 5 4%
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Fig.4 TEM morphologies of YAG powders
obtained by yrtrium and aluminum
nitrates crystallization method
(a)—Without yttria seed crystals, calcined at 1100 C;
(b)—Withaut yrtria seed crystals, calcined at 1200 °C
(c)—With yitria seed crystalsy calcined at 1000 Ty
(d)—With yrtria seed crystals, calcined at 1100 C ¢
(e)—With yttria seed crystals, calcined at 1 200 T

BT ey 40 50
20/(%)
KB 5 BREBELIESLATE 1300 CHEE 3 h J5 1 XRD i

Fig. 5 XRD spectrum of yttrium and aluminum
sulfates calcined at 1 300 C for 2 h

1%, FC o B B K B Be 45 R X O B R E I
74.3% . IXFR YR PR EL 45 W AT ik B ol 4% ik
RGeS BB, RARME P T EHE
WA REE AT R BB g I, IRmBRG R . A
FF0h AT AR ok AR o be g s , (lbe s VR (K AR X 2
JEE & i, 3K AT RE S BTN AKT it A R B 57 RO A%

K6 ELARBRIE 4 T ik
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Fig. 6 TEM morphology of YAG pow ders

obtained by yttrium and aluminum
sulfates crystallization method
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W, REERNEHRKERSL . LUK, %
gh T H V2T AR A e 4 1 2 1Y) 2 B DR R kA
KEHARERAELE . SR LB =ML, R
AR BE =) BAA TR s P RE, e gl A A X
FEH 95.2%, CHELHE(E 7(b)) .

R OFFENB AR S L R
Table 1 Effect of crystal seed on
sinterability of powders

Powd Calcining Relative
owder temperature/ C density/ %
1 100 69.2
Without crystal seed
1200 65.2
1 000 72.1
Y ,0scrystal seed 1100 74.3
1200 67.2

K7 YAG FB¥WT D SEM B30
Fig. 7 SEM morphologies of YAG ceramics
(a) —Powders produced by

nitrates crystallization method;

(b) —Powders produced by
sulfates crystallization method

3 4R

1) BFNELHHIR EhVR AL 1 100 CHFE T 3R

2 YAG ¥4k, IO Y05 ¥ & FIAE YAG HTE BOl
JE T 100 C,

2) FHPEREL &S it BT I & 1 YAG ¥k A1 5
WG, PR RSTECR, KRt AN S, bedht
RETF A, AHXT 3 BE R KANCh 74.3%

3) FEFELHIBIRER AL 1 300 CHtkE 3 h
AIERTS YAG M4k, B 2 2k i VR o A B BE 159 21 11
YAG ¥rABA REFHIES, B iahiie44 300 nm,
[ ] LA B 4 R R 45 M e, e 4 A R AR X % B R
95.2% .,
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