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Solid State Reaction between Y.0; and Nb.O;

Noriyasu HOTTA, Yasuhiko MATSUSHITA and Shigetomo MATSUO
(Faculty of Engineering, Niigata University, Nagaoka-shi, 941)

Solid state reactions between sintered Y,0, and Nb,O, have been studied from 1275°C to
1350°C, in which two kinds of sintered Y,O;, 70 and 95% dense, were employed. Techni-
ques used were electron microscopy, EPMA, X-ray diffraction and dilatometry.

A layer of Y,0,-Nb,O; formed at the Y,0,-Nb,O; interface, of which growth was controll-
ed by the one-way diffusion of Nb,O; across the product layer. The apparent activation
energies of the diffusion for 70% and 95% dense Y,O; are 150 and 200 kcal/mol, respectively.

EPMA of 1350°C-specimen showed the concentration gradient of Nb across the reaction
layer ranging from 50 to 55mol% of Nb,O, increasing towards the Y,0,:Nb,0s~Nb,O,
interface. The observed separation of diffusion couples is probably due to the difference of
thermal expansion coefficients between the product and Nb,O;. [Received March 31, 1977]
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€Iy 7 REEGBELOERCEL TREREFRD
HRIZX VE L OMERTOh TS, Zhbn—ok
LT, BfbA v FY v a (Y.0,) BEREAL =4 € v A
(Nb) &8 L o#Eix Y,0, & Nb & o BUEELRER
FEEILTRY, HEEEE LT WHADETHSH L
HEasns. bhiic Y,0, OEERIT (7.0~8.0)
x107/°C (25~1400°C)V, Nb % (7.1~7.8) x10-/°C
(25~1000°C)? TCH 3.

L2:L Nb Zfbic§8< >, BWEROMBEE X
I Tk =4 € A (Nb,O,) OEMLEZER LA
b5ThH5. ZOBRLBHRUFOHERR I CRIETEES
Bz NbOs & Y,0, & oEHREEERLZ.
BT FEKD Y,05-Nb,O; ROHE Dre & 1370
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2.1 ImEEEOER

Y20, B L UTHIEBE 0% KO 95% o 2 f@fH
ERHWz., Zokzbizi, SEERE 0.5 4m, HiEE 99.9
% O Y,0; K% 1.2t/em? DEHT 8¢x12mm @
TR L, FERBE 70% O b0k 1375°C T 45
FDBERE, HERBE 95% @1 ok 1500°C, 30 4, 310
kg/cm® OFEAT kv b v aBERE L. F£72 NbO,
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BekEth L L CIAEEE 5% ob oA, T h
XEREIA 0.8 um, FEE 99.9% © Nb,O;, ¥k % 3t/
cm? DOEHT 8¢ x12mm OFRICFRHE Lk, 1375°C
T AR L.

IhbDEEREERE R FhERS LY TIH LT 5
fosd, FOBERMNBREICTR B X5 I ZRLEE 600 Fo
/K EFEESS (RFBERGRLE 13 #m SiC) CHEE L, FiETH
Eliz.
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7 A FHREE EIc SR ERTT Y0, SRtk %
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BCTHER7 VI 7oy 7 (X 20g) ZDHTZ.
H&MRIZ Y.0, KU Nb,Os FEfE A3 3 kAR O EH
Fuy B ERTEOEEIET A THD. Fih
BT vy 73 ERICERRAREEET 2 DD EI
Th5b.
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BORETERER 0.5,1, 2, 4, 8 05 LBV D
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2.3 #EAROFIEEER

AEBRICBT BIBRA 2D DI~ —h —HiIc X
DERELT -7, THMEE 0% © Y,0; Bef & AHxf
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WT, ZOELA&LEEREICE 10m 0OASKREIE

EH, 1325°C © 2 ReRIMBA L, RIEEABERO VT

ROWEIZAE T B EHEPDI.

2.4 BEREICERT SRICEDRENT

Hnzis D FEBGE % WD C RS T T AN SEAT I GOl
L, FOYWE & 600 FOWKIEMR CIFEE L%, &
FHEMERE, X#~A 7 aT7F 54 F—ROXR
ETC & 0 RKISBOBEE, BT EIT 7.

7B, XREHFT KO MR 2 HET 5 v,
Y,0, 5k & Nb,O, 35K & % 2.5 mol% @i 40~60
mol % DOHFEFETEE I BOBAIK & BIEHRM L, 1350°C
T ARRRIME L 72 b 0 O XREHT % IEBo R TO K
JRBOETSR & L 7.

¥7c, KGR, Y.0, RO Nb,Os 0 BigiRRAlE &
7o, BEREOBERE ICRIETRBIZ OV TLRFL
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54 F—i2 X BHIRERERT. Ptig~— % —13 Nb,O;
BrEEEEOBIZH 5. +T72bb RiEIR NbO;,
Y.0, oih»oEREHEREL LT Y0, BRlicikEL T
w3, “hrd NbO, 8 Y,0, fic—FKiEgt+ 340
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(A) absorbed electron image

(B) X-ray image of Y

(C) X-ray image of Nb

Fig. 1. Absorbed electron image and X-ray

images of the specimen heated at.
1325°C for 2h (relative density of
Y.0;; 70%). '

LHREINS. 3, MBS NbO; 2T & 5\ ik Nb¥
A AV ELTRIZDEIAHTHS.
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LEED NDOs L oflic Atn bERRICE»EIE
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Fig. 2. Scanning electron photomicrographs of
the specimens (A) heated at 1300°C for
4h and (B) heated at 1350°C for 4h
(relative density of Y,0,; 70%).

R LA bE IEEcRE %2 1300°C R 1350°C ¢ 4
B REINEER L R0 BTEMETE 2 =T, KtEL
Nb,Os @i, X <BEL TWzAs, Zoik < BRI sk
BEOEWE E,MBEEEOENE Y, £z Y0, Bk
BEO/NSWEEE L o7, BET S LRENEY
IEEELW. 2B 1300°C ofmekihiz BTt Y.0,
BEOoBERELCRBIEERRENRELY. ZDX5A
H&Ix MgO-ALO; RiziWnWT MgO 23 ALO, ~ksk
LT, MgALO, 24k T 385481 d, ALO:, filicEF -
TR ERRESE LW ERES h T w50, —F
1350°C o ke < ik Y.0, B L o EBRMAELY,
Nb,O, BRI 9 13 ERIREBE L.

3.3 RICEBO X244 907 54—

RIGE % S HICHERT 570, FREBHC W TR
FHRICETIC XB~A 7w TF 54 F— BN 51T
W, Y & Nb oBESHEHA. HExEE 0% o
Y0, AR ) 95% © Y0, EiEECER LR
iz & bizMU Nb BERFELTWzZ., —Fl: LTE 3
CHBHEEE 0% o Y0, Biksfk L iE b i dkdoe s
Bhx 1350°C T 4SRN L 72 b D #5RF. Nb T80
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Fig. 3. Concentration distributions of Y and Nb
in the specimen heated at 1350°C for 4 h
(relative density of Y,0,; 70%).

ST L Tix Nb,Os a5 Y.0; Bfllici - T 55
~50 mol% DEHE TREAE LS ~7z. L L 1300°C
Tik Nb BEMEIXED bhvkd ok, Hic 3.2 HT
Bz X 5z, M2®) oRERHRT Y0, BREXY
Nb,Os Bl > TRIRRFEICERTD b BRI, &
Z TIRR7HF 55~50mol% @ Nb THREOSHEN
FHELTwBLLELZBRS.
RNCRISBOREE Xk~ A 7 w7+ 54—
VR, CORSBOERBRERM L. KIFE
8 (x) o iSEREC X Y EFIE2 L0,
Refl () OFHRISH LERBRICSD -7z, ZHh b0
#E R 41T, 202 XY Y,0,-Nb,Os RO
RO BE O BERIR L FR, BEETHLLEELD
n3. ¥4 A), B T, Y.0, 0BEHEE
RicT 5 2BOIHOARIEE 2 BT 5 &, RUGRFRIC
345 RIS BIEORIET Y0, BERG A HEE S 95%
DHDDFHNT0% DLD XY b/ -7z KiT, 2°=
2 Dypt &, (x : JEEGERE, Do @ RENT OIEUREL, 2
BUSEERD e S\ TSGR B0 SRR 0 R o
JERURE Dny #EH L7z, K4 (A), (B) onFhoR
BHTh, 20 Dy OXEIE & HHRE DK (og Dy
UT) LREMERER 7. ZhX Vg%
F—%Rd I FHEE 70% © Y.0, fEEk L i@abt
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Fig. 4. Width of the reaction products vs.
square root of firing time. :
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T PEECe B CI3 &9 150 keal/mol, & 7 FHGHBEE 95%
D Y0, Bk L A DY 3B 200 keal/mol T
Holr. 7B, Y,0, BEEBED/N2D b0 Nb $ii
B DFEMAV T 2 VX — N B DR REIEE, BRI
Bic X 2 REHEIBEEL TS L0 L Bbh .

3.4 X BEFIC & BRICERRE OB

A S hicE 40 BORBIOBREICERT 5K
FRRBEEELY Y.0, BHAICEREL THREL
DOMUNK S Z LI REEHT 24T - 7228, TR TE—E
FRB b, TRLbLRSBTIEEE» S Y,0, &
KEDETLEOEHS biiFR—0 Y,0,-Nb,Os #TH
v, B#o BEBHEHRLD Y0, Nb,Os o [FrE”
(BgHR) L—B LT, R 2TRLE, RIEE
2o k< BEL Nb.Os @ Eifrgiz, Nb,Os EoH
RO BATIC 81T B EHf R & —B LT e,

3.5 X #gE#TIC &k BARICEHER DR

%0 2.4 FTERR IBOBRAWMKOEFHBRD S .,
Y,0, (45 mol%)-Nb,O; (55 mol%) #pkak & Y.0,
(50 mol %)-Nb,O; (50 mol%) FHERFE & 1T IEF—ME
FeTHhHo, &ibic .0, L Nb,Os AHIZFRD bh{,
PBot R A S e RISBOE kL —B L. 2R
EHrEREEDS 3 /BB ICK & WEHTAZRIE + 5 &, 20
(Cu K,) =47.75° (55mol % Nb,0;) & 26 (Cu K,) =47.85°
(50 mol % Nb,0,) L74b, 20=0.10°DERH 7. T
2B Nb,Os 54D 55mol% KRR F5 H% T kR A3k
xRETHS. 2oz kix Y,0,-NbO; 8 1350°C T
it Nb,Os 3 %% 5mol% & CERT b0 LE
z2bh, RO XB<A v T F 54 F—RMMTIcE 5
FEREA icis1F 5 Nb,Os #RD 50~55 mol% D
COBEBLEHELTNS.

3.6 BERFAE

B 3.2 CRISE L Nb,O, & iz {HHRIER 28
BOBRAEZICIERT 5 LR LR, ThEEIrDS
7291z Y,0;:Nb,Os, Y,0;, B} Nb,Os 0)#&%%’%% it
BRREMRCRE Le. 238 Y,0,-NbOs 3
ik Y,0, #335k & Nb,Os ¥R 0% VB AR O ERE
% 1350°C C ARSI L=b D TH Y, Y,0;, & NbO;
REHI T REHC WD E[A—D LD TH B, E-
BIEROBEAIT A H 5 R EHERBOBFR E Sos-
man L VOEEERE L LTRD. ThHDORERRE
B 5 ot |iE» S 1000°C 231 5 Nb,Oy o3y
BESRY 0.6x107%°C Th Y, AL FEE OBy
CHE L T/RE o7z, L L Y08 & Y,0,-Nb,O; @
BFERIHEISEELTEY, #.9x107°%/°C TH
Sl ThbLRISRICHEY T % Y.0;-NbOs & Nb,Os
LCRAREARBIEEENRD Y, ZOEFCER U THkHEC
KEOREEE Nb,O, BLOERE TR BT S LD
LERbh5.
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Fig. 5. Linear thermal expansion of Y,O,,

Y,0;:Nb,O; and Nb,O;.
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Pk, Y,0,-Nb,Os ZOREMKISRIC2WT, EDOER
micAERT A RGBERMN L ERETRCELD 5.

(1) Y,0;, BL Nb,O;, Bo sEREIC Y.0;Nb,O;
BBRIGEPERT 5.

(2) =—h~BCED RGBT <—~—D Y0
ik v, KEoEFHFREE Y.0, BF~n NbOs O—
FHHETHD.

(3) RISEERRCEROEFRICHATHZ & &
D IBEEORETH S .

(4) Y,0;,:Nb,O; i3 Y,0; LI IFEL WBYRR (9
x10-¢°C) & L, Nb,O; DBEZESR (0.6x107%/°C)
LEBNL L. ZOBEZICIYREE Y.0, Bid
BEEL, KEBE NbOs Bixix{BLzbol#
EENS.

(5) KIEBRIizEWT, 1350°C Tk Nb,Os i ix
5mol% DEFETRBLBEARZALTVS.

(6) RISED 1%  BERE AL T ORI Smol%
HHENTO Nb,O; RAELERFLEL TS LD LED
ns.

WEar O—ERESEICE 16 EIREAR RS (WfI241 A
CTRELE. BRI Uz Y0, R RS Nb,O; #yK
RERYEETE G X0 FErZIALL0THS. BBLTUE
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DY SRS £ PR
(ERERE TEH SHILZERD

VIANPLHHELIZKUT T AN EETIE IR T 59 7 (C LK) L DREWE, 1300
~1450°C, 1~10 BEERKHER TGS TH AR, Si,ON*, #'-Si;N,, «-Si;N,,
AIN Bt 8-SiC T % - 7-. B-Si,N, i3 Si,N,~AIN-ALO, %o FEHME TH Y, SiL,ONF ik
SizONz &'ﬁlﬁfﬁﬁﬁgﬁ?é SiaNA“AlN'Sioz"Alzoa ;fﬁd)[ﬂ%ﬁ:*@%%

Clv.g. (BEEH)=0.2 Tix Si,ON* 3, C/v.g.=0.3 Tix Si,ON* & £'-Si;N, O3 &
LTELNRS. C/vg.=0.4~0.5 TR iz #/-SisN, 23,C/v.g. =1 BLETix #/-Si;N, & ¢-Si;N,
OHHAELNS. £LTC Clv.g fHLFUGRHEROBMCL 7283, 28{kr 1 EFHicEH 3
a-Si;N, OEBEASRIHEML 2.

B'-Si;N, 1ZkILF 5 255 SLON* #FM U TAER L E, F7/2 «-SLN ZKUH T 2835 —
R OBIAEREZF CRCEMRIGIC X » TERKR LI EE L LN S. (1977 45 A 4 HEAD

Nitrides Formed by Reducing Process of the Shirasu Glass with Carbon

Kinji SHIMADA, Yasuo FUKUSHIGE and Yoshihiro HIRATA
(Department of Applied Chemistry, Faculty of Engineering, Kagoshima University, Kagoshima-shi, 890)

The mixtures of silicious volcanic glass (shorten as v.g., 74.76%Si0,, 13.36%Al,0,,
0.60%Fe,0,, 1.73%Ca0, 0.69%Mg0O, 4.00%Na,0, 3.27%K,0, 0.61%Ig. loss) separated
from the original Shirasu and carbon black (shorten as C) were heated at temperatures
from 1300 to 1450°C for 1 to 10h under N, gas flow. As the reaction products, Si,ON,*,
£'-Si;N,, «-Si;N,, AIN and g-SiC were observed. Si,ON,* and #’-Si;N, are solid solutions
appeared in the system of Si;N,-AIN-SiO,-Al,O;.

The kinds of reaction products and their amounts were altered according to C/v.g. value,
reaction temperature, reaction time and impurities. Each of Si,ON,*, g’-Si;N, and «-Si;N,
was mainly formed in a range of C/v.g. value, 0.2~0.3, 0.3~1 and above 1, respectively.
Relative amounts of ¢-Si,N, were increased with increasing C/v.g. value.

The nitridation of the volcanic glass by reducing process with carbon is induced below
1300°C and this temperature is lower than that of pure silica. £'-Si;N, is considered to be -
formed via Si,ON,* from the volcanic glass but «¢-Si;N, is accounted to be formed through

-vapour phase by the reaction between the volcanic glass and carbon under N, atmosphere.
[Received May 4, 1977]
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