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A Study on the Formation and Sintering of LiNbO,

S. SHIMADA, K. Kopalra and T. MATSUSHITA
(Receiued July 8,1978)

Abstract

The formation and sintering of LiNbO; were studied from the results of TG
experiments, X-ray analysis, shrinkage measurements and/or SEM observation. The
formation process of LiNbO; was followed by heating the equimolecular mixture of Li,
CO; and Nb,Os at 20-900°C. The reaction between Li,CO; and Nb,Os proceeds with
CO; evolution to form LiNbO; at ca. 300-700°C. The diffusion of Li,O through the
layer of LiNbO; is rate-controlling. At 600-800°C, a slight formation of LiNb,O4 or
Li;zNbO, occurs by the reaction between LINbO; and Nb,Os; or Li,O, respectively. The
single phase of LiNbQO; is formed above 850°C. Thus, powder of LiNbQO,; with a
homogeneous composition was obtained by heating the equimolecular mixture of Li,CO;
and Nb,O; at 900°C for 2 hr, and was used for the sintering study.

The effects of oxides of CdO, ZnO, Co0O, Fe,0; and GeO; on the sintering of
LiNbO; were discussed on the basis of Kingery' s model of initial sintering. Among
these oxides, CdO was found to be most effective. Exaggerated grain growth in pure
LiNbO; occurs at 1050-1100°C and hinders the attainment of sintered densities higher
than 83-87%. Addition of CdO causes rapid densification to a density of 989% at
1000°C for 2 hr. DTA curves indicated a reaction between CdO and LiNbQO, at 750
-895°C : the second phase thus formed probably hinders exaggerated grain growth.
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HBENTWA, LrLiehb, BMETHEELBIYOREERCH L TED X5 IiRkinnE
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2. 1 LiNbO; &R NS

R LCOs (BBt #) & Nb.Os(HiRE 99.9%) T, TONEISEM#ZiZ L), Th
Fn1.0~3.0x, 0.1~1.0 4 DEFITH >72o =D LiCOs & Nb,Os % 1.1 oA THITH %
AT 1 EBMES L TKRD TG, DTAEBOH0RE & L, TGERT, ~17m3v R
(BBSERFTSM RMB-5V) 2 & h ol EBTiTh -1, 7, EROBRESHBH 0 mME #F
HHAAy v b (BERE7mm, WX 3mm) FRBECHEL, <1275 VY207 vy 272k hD
FARES (B 300 mm) i 0 Fifts, = & 24 % 20 ml/min DEE& CHL T, FIED
REZEC5C/min DRREHEECIEALC, ABOEREMY BHNCREE L, »& 1, BEE
B Thermoflex A LT, Li,COs & Nb,Os 0 BEEF %225+ C 10C/min © FEEE T
nE L T DTA 84T 7. TG %1 0'DTA ERCHIEDERE * TR L TELR-3E

O X oM T e REEH S L ORICERD X BEL 1.

2. 2 LiNbO; ok RS

2.1 25 LiCOy & Nb.Os DIREFHE % 900C T 2RRIMEAT 2 2 Lo X v — Bl v B
LiNbOs BT % = & 235 - Te, = @ LiNDO; ¥k (BRI 1 0.4 p) 2 22 OB 4
Iwt%inz THH L, 1000°C T 2 BRelEEiE L 72, LINDO; D EEiE it U C{RESROZE L VB LY
AU, Zhk LINDG; i 3wt BEmML ToH D 5 b T4 MBS L, Zh bk I UUHEER
@ LiNbOs #3k% 400 kg/cm® O ECHFEL, B E 2~3mm, EE 5mm & 20 mm O HHES
fERL 7o, EE 5 mm OB ARENE (R 10mm) TR, 805~980C O —ERE T 120
SEMEL T, AEOBEB Y HAI Y BMAOIEERY KD, —7F, BEE20mm OfFEY
950~1100C D& T 15~200 S HMEAL T, HERELTOGRBLEEIOERBEYHE L, 20

BéBHEEOEE 4.64g/cm® L O LHNEE Y RD I,

22 BE OBt D 7e>© CdO 25 LINDO; o BfEix L TR REDRE YR T2 L2355 - 7o,

2T, 950~11007C DELF THERS L THE S8k LINDO; 35 X ¢ CdO o Beks o
T, ZOEMHEOBMAESEY SEMic X v BE L, 7, CALDOBREEEAOTMEIICA A#EY V¢
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Fig. 2 Changes of X-ray intensities
for Nb,O;, LiNbQ;, LiNb;O,
or Li;NbO, in samples heated
to temperatures correspond-
ing to points on TG curve.

Vv =Nb,Os (001),
D\ = LleOx (012)7
O=LiNb,Os (410),
@® =Li;NbO, (400)

Reaction temperature (°C)

Weight loss and DTA curve
on heating the mixed powder
of Li,COy and Nb.Os in mole
ratio 1:1.

TG experiment: ¢ =5C/min, flowing

air : 20ml/min, DTA experi-
ment : ¢=10"C/min, static
air

(D

LiNbO3

Fig. 3 Schematic representation of a
powder reaction between Li,
CO; and Nb.O:s.

(a) 300-600°C,
(c) 700-850°C,

(b) 600-700°C,
(d) above 850C
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L7zhDTH B, NbOs BFIGRE & & L i2@id LT 700~750CAHETHEET 2, ZOEERE
TCHB L Y RO ERIGERTEELBIE-3T5, LrLEAs, COREBEMETRLES
LiNbO; D A BT LFI 850C T T+ 5%, —77, Li & Nbodta1:1 & v Nb@# 7 LiNb,
Os 75 600°CH5E D 5, Li@F7e LNDO, 28 700C a0 B &R LiA®, & & LINDO; o A5 H
5271 % 850°CAE THET 5,

X3, LEofEE iS50 T Li,COs & NboOs D iz & 5 LiNbO; o4 pfllBfE*» /R L 72
LDTH D, Tk, BH 300CHEH, SR X T CO, FEL->2(CO, DFA 7207C
F THt < ONb,Os o T LiNbOs 23 4md 5 (K 3-a), = DB, Li,O ofk#ic X 9 LiNbO;
O ERIGIET L F0EME/L= % A ¥ — 351 keal/mol TH %,V 23T, 600CHITA B
(DD RIEDHEST & F4T L THER L 7 LINDO; &R FRHEBE T 5 KD Nb.Os & 2 K5
L C, LiNbsOs 23 LiNbO; &0 Nlic A5 L (2020, D AERE 1L Nb.Os 23T % 750 C Ak
TRAED 850C & THEEST S (K 3-b),

LiNbO;+ Nb,Os—LiNb;O4 @)
720CTCO, OFRAEIKT T 50T, ZOREN ETHEQRORIGK L » HE X iz NbOs Bic
S U 7o LLO (38 FAMBic i ET 5 b 0 L Bbh b, Z @ LiO 43, LiNbOs & K& L T LiNbO,
Bo sz LNDO, AR LT (B3 HEIhLDEE2AZ ETED (K30,

Li;0+ LiNbO;—Li;NbO, (3
LLE@FE L@ & »THER L fz LiNbsOg & LisNbO, o & it LINDO; A2 h&T 5 Li* &
O OBEHIC X » THETL, H—EEO LINDO; O 42 850C T8 715 (K 3-d),

LLED#RD L, Li,COs & Nb,Os DF = A BEFHKBE 900C T 2 BERREE L TH— el o
LiNDO; %R X8, kOBERSCET 538 & L,

3. 2 LiNbO,; o ifs

(1) LiNbO: mBEREc R IFTEEMOIR £ 13, LiNbO; i 22 BEOB D% 3wt %

Table 1 Relative density and AL/L, of sintered compact of oxide-added LiNbO;

Additive non CdO Y,0; ZnO Fe,0; CoO GeO, PbO Bi;O; CuO NiO MnO,

R.D.(%> 635 97.8 91.5 90.5 89.8 89.5 88.8 837 8.5 880 87.8 87.6
AL/L,(%) 8.8 19.2 18.7 16.8 19.4 17.5 17.7 17.5 16.5 13.3 16.9 -

Additive V.0 BO; Si0, MgO In0: AlLO;, TiO, Ta0s; Sb.0; Cr:0; ZrO,

R.D.(%> 83.8 82.1 79.7 78.3 73.0 67.4 65.5 58.2 56.6 56.1 39.1
AL/L, (%) 15.9 16.6 15.3 14.2 16.0 9.5 8.5 4.4 3.5 3.9 2.2

HINL T 1000°C T 2 BefgEsS Lok, BoncREROENEE () LR (AL/L) ofE
RELDLLDTHD, Thib, FE/CHL TREDRYRTLDE LT, CdO, Y.0s, ZnO,
Fe,0;, Co0, GeO,, PbO, Bi,0;, CuO, NiO, MnO, 7z K 23h b, W BEERHET L 0L L
T Ta,0s, Sb,0;, Cry,0s, ZrO, BT b b, T OdT, 1+ R0k Cd, Y, Ca*,
Bi** o b a¥in L 7=k, LINDOs BB L 7o X #Elif e — 7 238 bk, Y,0; 0BE&
=23 YNDO, TH % Z L 2dr-1e, ZHBE -7 i L By - LiNDbO; o Kt
IAE2HOERYRL, BEFSIPT 5 X512 DF 242 LINDO, 0B Ibic B84, RIFL
TwALDEEbhs, £, PbO, Bi,Os, V.05, B:0; OB BEEEE CIIERL T 5D
T, WHIC LD EEVMBEINTWH3DEEZLNRD,
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Fig. 4 Isothermal shrinkage of
compacts of pure and
CdO-added LiNDO.,.
O : pure LiNbQO;,

(a) 900°C, (b) 940cC,

(c) 960°C, (d) 980°C
X 1 CdO-added LiNbO,,

(e) 805C, (f) 820°C, (g) 840C

i, (RESHRELRL B D 7ehT, CdO,
Zn0, Co0, Fe, 05, GeO, % & 1 HIFF D REE
BurowvwTHEHEL L B4~H6i, B o
LiNbO; 3 X O' EEC OB b® % 3 wt %n z 7o b
D% 805~980°C D HEIH TR L T log(Aa L/Ly)
L Tlog t(t KD 7=y b LicbDT
» %, kingery,™ Coble'™® 51z X 5 & BEfE O ¥
BEINMR TS L T~10% B4 T5 L Ebh
THEY, TORBEERET—BCEKATELEIN D,

(AL/L)Y" =KDt/ T
I(l:: ES)Q§3/I.ﬂq{
log(AL/L)Y=log(K,D/T)+log ¢

@
(5)
(6)

2T, DHECER, yIRE=F L F —, 84T
2O TRRE, v LRIER, kA Y = viER, T
HxtRE, P, m, BidSEfilgc L - TR R D E
Bchh, MBS ERELEC X V8T 5
HEP=2/5 B=20A/2, m=3 Lich, KR

LiNDbO, o BB RIS & Bef e B3 5 BroE

shrinkage (AL/L.;

Shrinkage
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Fig. 5 Isothermal shrinkage of
compacts of ZnO-and
Co0O-added LiNbQ,.
O @ ZnO-added LiNDO;,

(a) 8357C, (b) 8507C, (c) 900C
x . CoO-added LiNbO;,

(d) 850°C, (e) 870°C, (f) 906°C

slope=2/5

//’////,/»/jj: slope=l/3
e
/
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Fig. 6 Isothermal shrinkage of
compacts of Fe,Os-and GeO,
-added LiNbo,.
O : Fe,0s-added LiNDO,,

(a) 835C, (b) 840°C,

(c) 870°C, (d) 906C
X GeO,-added LiNbO;,

(ey 820°C, () 830C, (g) 850C

Bz X 0T T A P=1/3, B=15b(b: RADER), m=4 L5, Bkod LINDO; s &
U CdO oA, BREOMEEI12/5 TH Y, WTFNOBE b RIS ER & 7o b SRS 0ET
THHDEEL LGNSR, CoO, ZnO HindH4A, 835, 850 CHRE CHHERDOEXIL2/5 &
I 0 RIS L e 505 TR I D EVERETEE R 1/3 LT 0 RIRIBAEE L 70 5 (R
5), FREEER N Fe,0; 0B/ W W THEES R, 835 CTIEZ I 2/5 ThEORE T
EHET1/3 Ll BRI RADIBBEOBIT AR bR S, GeO. a3, HEIIF2/5 &
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D RRRILE D EBIR & 72 5 (K 6), Zn?, Co*, Fe’* o 1 # v
FRIThENO0.T4A,0.72A, 0.64 A TH D, Li*t, Nb**
DA FVHE0.68A, 0.69A L, Zh by
LiINDO; BB L TWL o LR TFHRER, 2oz &y
LiNDO; o BtfE & (BT 5 —2oDHHA L E 2 b b, L
Liszs b, MREMRBUC X D IR 0 MERE D DR A~ZE S
BHIELTRY, CAOHEMOBE, sildo X 5 i
LiNbO; £ CAOp R IE @ T - T AR L = £ 248 »
LiNbO; 0 #hic Kk & < B L TH ) kEICFAMc N
T 5,

Relative density (%)

(2) LiNbO; ot Ic BRI CdO R K1k X Time (nin)
UM 4~6 L v, BErvRET BB LY D ch T Fig. 7 Relationship between
CdO 748 b A & BRI LB - 1DT, SHIE o e
DEINE, BERE, BRSO EL AT OfFERAERT Pure LiNbO;;

SUTHE LTz, CAO OVRIE DEBA 1~10 Wt %D & O U800, 21 1000,
! N v 11025, [J:1050C,

B oW TRRE LIcAER, 3wt BRI BIERITH - 7o, & : 1100

B 713, 950~1100°C D #ifH < #kod LiNbO; & CdO % 3 CdO-added LINEGS

WE%TIL TR L TR LIS O BN BEOBER O loee. a - 10900,

BT 2B 2R LD TH D5, HEMOBE, B v 1100

BRENSL B IEONBREENKE L b ), HNBEN 83~8T%ICET 5 L EERERE, B
M nsb 32 BB 3ET L eV, —77, CAO D4, WTFhoRE T 30 505
REEIN CHEAEIZE L <HETL, 0B EoEREE RO/ G1IB LN, LsLianb, %
N EERRSES L CHOAREEOHEREL LT IRIE—E LTt b, E1, RED9007C, 10007C &
& < T B O AR B EOME N 5 53, 1025~1100C Tiific @+ 5, CdO 2l T&
bAE AR BERYEOEMBENE LN D D12 1000C T 2 BHEEE L -BETH o7, K8, 9

iy - » G ¢ P, 4 R ¢ s
y * €3 By ﬁf: :fl_‘a : W *‘W 3 ‘;w%‘% sy
: : P R e U e

Fig. 8 Scanning electron micrographs of Scanning electron micrographs of
fractured _surfaces of sintered compacts fractured surfaces of sintered compacts
of pure LINbOs. of CdO-added LiNbO,.

(A) :1000°C, 30min, (B) : 1000°C, 60min, (A) :1000°C, 30min, (B) : 1000°C, 60min,

(C) 1 1050C, 60min, (D) :1050°C, 200min (C) 1 1000°C, 120min, (D) : 1050°C, 200min
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W, ThERERME CAO HmNOBE BT 5 10007C, 1050°C DR E CHELS L Ao BE kS R O BE Wi
DSEMEETHL, MIZH\T, Hbko LINDO; ¢ 1000C T ZEBE L bink v 2 D
MR DR RRESBE T5H 2 ENBEI R, 1050CI7e5 SR F I B AR 0.4 41
5605 TE5~10 uDKRE X, 200 5T 30~50 uie ¥ THEL, FRCKEIALETHRBELT
WHIZENG D, AEEOBSI, 1100CK BT HHEI N 30 5T TP Fit 30~50 uD Kk X
JWECHRRKE LA, Llkx b, LiNbO,; B3 1050°C A Ec /e % & BERBENSRE TH7 2
BIRSLRFRICE D EIR, 202 Lkt ) LINDO; DB BT & i THXHEE 83~87%LL
LR BREEI LRI E G ode, CAO HRMT A E, MO GMBEn L 5B
o LINDO; i s\ T SR BRERREIE RS 2 53, FEA B RR O R - 7o/ & fokr
FbED > TEELL T2 005, 2oz & X b, CdO #@im+ 5 & LINDO, m B3
BEESIIH I N, TOBRBELEGEI I Bohicd o LiERTE 5, CdO % 10 wt BiinL
o LINDOs o ¥ 5K % 1100°C % T L € DTA EE 24770 » 1o dE 8, 750~790°C i/ X 7o Fe 34
B =22, DD T 830~895CI B E e — 7 nllbhlc, CdO, LiNDO; Bl T3 1100C ¥ T#
WEALERD bR Z LD, by — 213 Cd0 LLINDO: RIS LA b D & B b,
7, 20 DTAERBECEShLHBO X BEEFTo4E, LINDO, » v — 27 0i3hiz d=5.40
A, d=3.20A, d=2.77TA KA -2 PEDORI, ZThbov -3, CdO & LINDO; o
IS L A8 2MOERATRETHL0LE L

L, =020 LINDO, o BEEHE > 100

BT LHEETE B, 2
(3) LINbO, E#EoBFBERORE K [ 00 3 B

10 4%, LiNDbO; ¥ L 0°CAO % FHmL #= © oo 0

o o-
LiNbO, Be# th DB BR (o) & Btk D IR E o s

o (o]
ELOBREYRLESDTHE, WThols 5 | oS °
i) Ykﬁﬁ;ﬁi O :)JZO : & ﬁ;%%)() i ]2() 50 60 70 80 920 100

IOgE — <1_R)10g£, +R logEZ (6) I el Re}at}i}ve density (%) .
e iy e fig. 10 Relationship between the dielectric
LT, R THNBE, &, IFEKOBEE, &= constant of sintered compact and the
51 12 R=100%~ L THE LN A ETCHYE relative density.
B 100% DB DFEBLTH 5, O : pure LINDO;, ® : CdO-added LiNbO,
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