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Preparation of ZrSiO, Powders by Sol-Gel Process (Part 2)

—Preparation Conditions of ZrSiQ, Composition Precursor Gels——
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* Advanced Materials Research Laboratory TOSOH Co., Ltd ., 2743-1, Hayakawa, Ayase-shi 252

ZrSiO, powders were prepared from partially hydrolyzed solutions of Si(OC,H;), (TEOS) and ZrOCl, aqueous solutions
by the sol-gel processing, and the influence of amount of water for partial hydrolysis of TEQOS, pH of the ZrOCI, aqueous
solution and mixing time on the formation rate of ZrSiO, was investigated. The preparation conditions were evaluated by
the formation rate of ZrSiO, after 1.5 wt% ZrSiO, seed crystals were added to the precursor powders and then the powder
mixtures were heated at 1200° to 1500°C for 2h. In the preparation of ZrSiO, composition precursor gels from TEOS-ZrO,
sol and SiO, sol-ZrOClL,, the H,O/ TEOS molar ratio of about 2 and the pH of the ZrOCl, aqueous solution of about 3 were
appropriate, About 2h were necessary for mixing of partially hydrolyzed solution of TEOS and ZrOCl, aqueous solution to
improve the homogeneity of precursor sols, and more than 10k was required for the mechanical mixing of precursor sols.

The formation of ZrSiO, produced by firing the precursor sols obtained from the partially hydrolyzed solution of TEOS and
ZrOCl, aqueous solution at 1300° to 1400°C showed an accelerative increase through the Hedvall effect by silica,
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D ZeSi0, B IC RITTHEEZ BRI Lz, 2 ORI,
Si(0C,H;),~Zr0, V' IV R ¥ Si0, V' )u-ZrOCl, D & &
HEZEHRNT, Zr0, Vv dH % 0E Si0, VIiZ kY v
AZTHBNEY) AR OMEETERZEE L2, &
1z, TNHOFIVEBEEOFHEICE, ERU &S
TH B U 72 ZrSi0, MR O BB R 8 R IT 1.5 wt%
ZrSiO, FT-#5 5 % IR0 U T 1200°~1500°C, 2h Tk
U, ZiSiIO, K Z GRS E AT &2k, ZiSiO, %
DRGSR A OAFEICHES < ZrSi0, Dk
ROKNBEFRERA U

2. EBEX

HREEFERCI Va7 ELTAF VEEY VO
v 2 (ZrOCL-8 H,0 @ BIRIL 78, R E, DT,
Z0C L WKEL ¥ %), Zr0, Vv (HE(LF T ¥,
NZS-20A), YU BB E LT AT F )L (Si
(OC.H;), : @i b2, MUTF, TEOS &#giC
$%), Si0, VW (HELFTEM, X/ —TF v 7 2-0)
ZzZNENFHER-L 7.

FFNsOHREERZHAEDESZEICEY, &
D 3D ZrSi0, FK O RSk AR % FAE U 72.

(a) TEOS ofnhkstEikosg (H,0/TEOS &
W) OZrSiO, BT A S VIcE 2 2B AT D
iz, HFEERHIC TEOS & Zr0, VIV AR U 72,
TEOS 0 % 0.2mol/I-EtOH |12 {8 U 712 1ATK 12,
HCl ¢ pH 2 IcfARE L 12 2 [H#&E k% TEOS OEEIC
tUul, 2,4, 10fEEVEMA C0°CTlhRAL,
TEOS %Ik S S 7z, ZOEKIC TEOS &%
ENVEDZIO, VVEMATIWESE LT/ M E 1.
ZD%, TNAKRNL—F—ICL0BEEEKREL, 2000C T
HBSETERmER (LIF, 88 (a) &95%) &Ure.

(b) ZrSiO, HAHIERIA T VDO FERIZ B 13 5 Z0C
KK D pH OB ZFAN S 1217, HFEFRIC Z0C
& Si0, VI ERFEHR Lz, 0.2mol/l ® ZOC /KIZHKIZT
YE=TAEM pH % 1.0, 2.3, 3.8, 5.0 12 /KL 1
HEDIZ, PLIFAUKNLSEETLED SIO, VIV EINZ,
1ThE&LTA M. 20MIEER (a) &FEEE
WUT, BBR (LT, #8(b) &95) 2R L 7.

(c) 0.2mol/l® ZOC kAWK D PH 27 v =T
AKTpH3ICTHRE Uz, ZOBKIZH HH» U Hio
0.003 mol/IHCl & H,O/TEOS = VW it 2 KR U'10T
TEOS % #onAks R L 72 BT VREDBEKR%Z » < 13X
ALB»¥HINZ, BERKRZ0.5, 1, 2,5, 10h 21t
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) Z1L5wt% MATHDH IHTRS - BikL,
Ry 7 AR EE KGN (Necco ) % L T,
20°C/min O F B HEE T 1200°~1500°C, 2h TIREEL /7
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Zh o DFERTE SN ZrSi0, DEREOHIE 1,
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EUTHHBULUR?Y, 2o, ZR 13 ZrSi0,, M i m-Zr
O,, T & t-Z10,, FEMN IR TH 5.
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Ba U GREUZER (a) @ ZiSi0, #rk O fiBR g
* % 1300° ~ 1400°C, 2h TIREE L HBRICEB 5 h 12
Z1Si0, o4 g - H,0/TEOS EVH OB AE 1 12
RY. ZOBIZ, ZSiO, BT R OBRMOE S D
ZrSi0, £RRIZOVWT AT, 2 OHEAIC 1L Z1Si0,
DEBRHSE <, 1400°C, 2h CREL THK 1 ITEL
& HI10~15% BETH > 1255, 1300°~1400°C, 2
h ORBEICB W T Z1Si0, o4&z, H,O0/TEOS £
H2fHETHOENKDEE LV LT TIED S 58
MUz, iU, ZeSio, Bt ORMDB A
2, EORBEEIZBWVWT S ZrSi0, O £ KR 1k
H,O/TEOS b # &b ETHIEEAEST(LL L
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Fig.1. Relation between a0, and molar ratio of
water to TEOS for sample (a).
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BNTHEASEROEEIL Z1Si0, D& RERICHEL 5 %
TWABW, ZSIO, FERZRMT 52 EITKY
Zr5i0, OERBESHEEICHNT 2 712961, TEOS o
RGBT ER T B4 ) T —DEER T2 DHRD Y
X4 VAR v —DEREOHEEIC £ 5 BEH Z1Si0, @
ERRIZEN Lo zbDEEZ NS, Tz, YNVa
TS E LT ZI0, YV EFE LIz & s, TEOS
DEAS MK RER & Zr0, V' L DiR4E © TEOS o3¢
35 0,0 o & 20, TEOS oinkso s
RPIZHEIT L, TV EMEEI ALY & TEOS
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HERELS>TVWALDEERDNS.

3.2 ZrOCl, K& D pH OesE

ZrOCl,-8 H,0 137K IC VAR & & 5 & /K % 5850 12 fd
LT HCL 2R3 5 2012, KIEKRISEBELZRT.
2o HCLIZ & A DREE N TEOS Ok fis 7 v
1!:&:%2:%;252 69),13).15),17)7»:&5’ TEQOS & 7Z0C @YJ'::_II:/E:\
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IZZ0C 2T 5BEITXZ0C DO LY ) — VIBHKED
5 WVIBKBBDOMAKSRERMZRN2D2BEBN D 5.
ZOC OIASRIZ L BFEEED Vv a = TR RIS
BT, BREBE, NKSEEE, BKRO pH & h4:
WKTA2RNFORES, BEREACHERBEICEEZ KT
T L ASENTVS.

FHM 2 E LT, 50°0~70°C MR T ZOC »
LY = WIBRITKERMU 12856 LER T Z0C Dk
BRIZTY ) —VEGIL T 50°~70°C IZiNig L 2354
DT IVALORIEZHEB L T2 & T 5, BB TIRERHITHE
KIRD I MEDSHET U120 LT, BETCEAEBT S
LDDTNMEIEBWZ EXT ol 2D En b,
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Fig.2. Relation between azps;0, and pH of ZrOCI,
solution for sample (b).
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fz. 20ORREE 2 I1ZRT. ZrSi0, D AR Z0C
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fz. ¥z, ZOC AKEKD pH io3t3 5 ZrSi0, AR
HIFR DR S B IRERE & bEETH - 72,
- ZOC oMK BIZ E D ZiO, RTOERITBNT
ZOC Kz pH ZFEE L 1235412, s pH o
#hE ZOC ok g% (g U pH 2 i ¢ Zr0, o4k
RSB AE 555, Bz pH #BFICHEINS ¢ 1254
1213 Zr(OH), oikBk % 4% U T ZrO, DAL % #H) 4 5
ZERBELEMIZLT VS, ZiSIO RO SHRDOB AT
b FERE s AL BHN, Bio ZOC KIEK % pH 5 12 3%
U728& 1213 Zo(OH), oIkERIZ £ 0 Z10, D4 s ASHnE
ah, FORER ZrSi0, DERENZWT S LK -
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k95 H & Clr ot FA 4 v OENHH. H 4 F
v DI Zr0, DA EE %, F1Cl- 4+ O
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ek B A X VIBESRA TS L& A iOSBHE
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DEEZZHNB.

NI | -El ectronic Library Service



The Ceramic Society of Japan

1112 NIV & B ZiSi0, K OERE (52 R)
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T1I0h FTCRAET A E 2h DFEEICEWN ZSi0, DA
ReERUI.

ZrSi0, DAEREDM EITIE, HHEGARISIERHL T
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GICEAHEMEOM EIC 2h BEA2NREE 452 L0550
Motz Fio, BRBICTFELET HKPBHEEBREXKZTER
UVBEBERISHEETZFIEEL L Tna? iz, 2
h %82 2 B AR T3 F N2 N ORI RE Y DR
EROHEZDOEE RN TARYE s BEAREIC 2 55
HAETRTLDOEWE LU, UL Lass, BN zRS
WEBEEEOHRIIOhDRBEAETENS Z &0
»oiz.

3.4 TEOS-ZOC M#AEhEIZL B ZrSiO, kD
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I-TIWRIT & B ZeSi0, SRR O RER ATV DSBS
e oRF% TEOS RO ZOC it LU T 4 IckiEt »
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Fig.3. Relation between agrsi, and mixing time after
hydrolysis for sample (c).
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Fig.4. azrsio, as a function of firing temperature for
sample (c).
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2@ ZrSiO, MR DRI S NV OFBLLH 2 HH L T
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wt% @ ZrSiO, iR Z G U 12 6 O % 1250°~1500°C, 2
h oI L T ZrSi0, #yk % AR UL 12.

B4 1213 ZeSi0, DAERRHR & RPERE OBIfRZ R T .
£, 1250°C, 2h DRBED B AT 1E ZrSi0, i & A
EHERLUIL T, ZrSi0, DARR ZREEED L5
EEBITHEINY A ER U, S FROEBRRE
AERT V) ADOERBELOBREANDOEBICES
“Hedvall 5" 1= &k 2 IR ERY 72 ZrSi0, £ R D i
HE BB X W is ot F1, BABKRO VAL
BB E 512012, TEOS-ZOC ORAERK % < 1E
A LA 5 70°C THIRS LT, ZrSiO, MAE D HiEk ks
KEFELL, 1300°~1500°C, 2h CRMEL - & 2 5,
Z1Si0, D AERBICESEROIEDRIZFIEAERS
nigp-oiz.
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Fig.5. azrsio, as a function of firing temperature for

gels prepared with ZrOCl, and TEOS.
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V, Y1) D “Hedval 3h " - L 2 INEE R /s BPBELTH -7z,
h&mimwﬁﬁﬁﬁMém&met&%ana (2) TEOS o#psamksrgim s ZrOCl, KER D
%=, TEOS-ZOC @RESEKRD 7 VLiE NH,CliE  BARESRIERES LV OEEEDR B2 2 h {28 2 /3
EEEKIZEVBRORLERERE LU, 2O0LHIZULT EUTz. F12, BRZIREIC X 2RI IVOEEL

FEL UL /2 ZrSi0, £ B O 7 BR K 8 K 12 1.5wt% O
ZiSiO, R Z I L 12 % D % 1200°~1500°C, 2 h TR
ﬁbt%mﬁ6nt%ﬁﬁﬁ§tm&@®$&$®%
BAERSIZRT. 227, 1200°C, 2h ©id ZrSi0, 1
FEAEERET, 1250°C, 2h 0B 4 Tﬂ&O@E
BRIL A% BETH - 12, ZrSi0, DA FKE 1L 1250° ~
1350°C o#ifl caEic#EimL Th Y, K4 DR
Bys&, Bomicy)HD “Hedvall hB” k-7
BEINTVWEZENSGP-Tz. Tz, 1450°C Ll ET
W ZrSiO, ® 4 B 1% ZrSi0, #H BR O B ER gy 5K b o
NHCUREOF®IC L H2EELILALEZTTNELS
fo. Utzdi- T, ZrSi0, #ipK o piRik ki iz NH,CI
WAETE T 5 &, ZrSi0, ORER % & 5 HEEMNEI L T
LES 2 Emn, ¥ HD “Hedvall ZHER” 12 kD
ZrSi0, O 4 R B & N 5 (IR FE # B < 13 Z1Si0,
DEREITERGFST S NHCIEOEEAZ I TNE LD
EEZOLHND.

4. ¥ B

TA BT VOB IAKSRERE A ¥ VIELY Vo
= MK AR R U 72 V- VI k0 ZiSi0, R
DERE 7, ZrSi0, AR D RIEKR 7V O FHELZM &
LT, (a) YABTF VOIS IKSRKOR, (b)
FF VBNV a0 LAKBEED pH KU (c) gibkiE
TIVFASKE DR SR D ZrSi0, AR KT T HE L
MaflLz. (a), (b) ZFEBEIC, Si(0C,H,),-Zr0,
SIWEG Si0, Y I-ZrOCl, O A S bE 2BV, £
fz, Tho DORBEHOFMICE, B&EFTHREL
ZrSi0, AR O BIERE K IZ 1. 5wt % ZrSi0, s %
¥sin U T 1200°~1500°C, 2 h T{REEL 728D ZrSi0, ®
ERRROANERARBA L. Z20R, ROMRIE
Hhiz.

(1) TEOS & ZtO, V' v R O Si0, V' )v & ZrOCl,
OB EDEZFEMLT, Rilid TEOS O#R5 ks
mm@;thMHmmﬁ@ﬁ%ﬁmtt 2,
H,0/TEOS £ VT 2 BT ZrOCl, kK © pH=3 §f

I 10h DL EDOBREDPNETH - /7.
(3) 1300°~1400°C D{RMET ZrSi0, DK 1T >
) Hd “Hedvall 35”7 12 & - THBRERMICHEML /2.

#HOB AHREORITIC fﬁlﬁ%mﬁmtéﬂa‘fiﬁfkn—cl“ﬁ
2 PREEK (BEHELETE (B)) ECEHoE
RFEULES. F12, YUBVYNVREINVI=ZT I VEREELT
T o BEMFELE () KEIBILHL LETFET.
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