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Preparation of ZrSiO, Powder Using Sol-Gel Process (Part 1)

—Influence of Starting Materials and Seeding——
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The effect of temperature, heating rate and addition of ZrSiO, seed crystals on the preparation of ZrSiO, powders by the sol-
gel process was studied using X-ray powder diffractometry, ZrSiO, powders have been prepared by different precursors in
Zr(OPr*),~Si(OEt),, Zr(OPr?),-Si0, sol, ZrOCl,-8 H,0-Si(OEt), and ZrOCl,-8 H,0-Si0, sol groups. The formation
rate of ZrSiO, was higher in Si( OEt), than in SiO, sol. The formation rate was influenced by heating rate, and, in parti-
cular, increased remarkably below 2. 5 K/min. When a small amount of commercial ZrSiO, was added to the powder of
precursor composition as seed crystals, ZrSiO, powder with a purity of 94-96% was formed at 1600°-1650°C. It was
found that the addition of seeds results in lowering of the formation temperature of ZrSiO, by about 100°C. On the other
hand, a ZrSiO, powder of 94-96% purity was obtained by heating the powder of precursor composition at 1300°C for 1k,

followed by re-heating at 1600°C for 1 h. The results have suggested that the preparation of ZrSiO, powder of nearly single
phase is possible using the sol-gel process by controlling the seedings andj or the two-stage heating.
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Zr-O-Si A IR E & 1 5w BB 0 & W IR AN AS 1000
em M fHEICEN., SO kS IR AR M VIZEB
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ROT, BB (a)~(d) ZFFEDRE (1300°~1650°C)
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Fig.1. Effect of starting materials on the preparation
of zircon.

O : Si(0Et),-Zr0Cl,, A :Si(OEt),~Zt(OPr?),,

O : Si0, sol-Zr(OPr?),, @ : SiO, sol-ZrOCl,
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DBEBRIZ OV TR, B, &8 (a)~(d)
XY 5 EIESE 10 K/min, REFRE 1L TREL 25
&0 ZrSi0, OAERRR L RBERE & OBRERT. HE
Bz Si(OEt), #@H U &K (a), (b) OBEITIE,
ZrSi0, DERENS Y ) AV N EHEHR L 1238 (c), (d)
DB EIHRTHEEIIEL o1, Fi, ZSi0, 04
RERRIEE B IEBRIABITT RS A Tz, Thid
Si(OEt), ZFEHT 22 Licky, EREL» SFEREAN
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Fig.2. Effect of diol addition on the preparation of
zircon,
O i (by), & (by), [I:(b,), @:(bs)

BB K O Si0, D FmRAEAS ZrSi0, o 4K & % i
XHBDICEETHY, Z1Si0, OSW TV V-T Ik
o OBEE (a) ETVIFY FES S OREEK
(b) ERTHA I ENDroT. UL LEhs, H
FIFERDFEY & & B 1 1650°C ORBEEE ¢ —
KBIZ ZrS10, OERR B 3 2 8 5B 3 5 i %2R
Ufz. &1z, 38 (a) oAMXEM (b)) 0BFELV D
BV ZSiQ, O AERRERZIRL 2. THIEFRIEREE 2 Hk
A& 210K/mind ULizzoik, BB EKEPD
Zr-O-Si EAVHECRE L CFShasho Iz &
mH, TVIFY FEIZESEARHABOHRIBN 2
Mmofzlzd EHERINS.
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- EA A
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%) % 1400°~1650°C TIREE L 12 E OB K (by) ~
(bs) 12349 % ZrSiO, OAERREK & REEE & DRR %2R
¥ ZORBEOIREESRMA L, RBEREE 10 K/min, fRE;
B 1h ©fF - 72, 1600°C IZH 13 % Z1Si0, D AERR I
(by) T56% EHEbEL, T (b)) T52%, (by)

TH% DIEFREE -1, Zhizx LT, (b)) TIX
14% ERMBICEWEZR U, SO EpH, VA—
W% Zr(OPr), o U T 3 ENLLERING 5 &, JA4—
W& Zr(OPr), o#EEE» 5 Zr O 6 B fE 133 X
TYA—NVORMNTFTHEHEIATULE S oo, #iZ
ZrSi0, OAERZIH F B E VS T EBbhrot. —7,
1650°C i, 3B (by)~(bs) 2B T ZSi0, DA
EHRR U 1z ZiSi0, OB SHIFT B 12012, ZrSi0;
DOERFIEHD U, Fi, Y4 —VOmEO#Ens
& BT ZeSi0, OB EE IS EE I N B Z R L TW
5. ZhiX, VA —VRORBRSVEEFICHY &
LTHY, ZSi0, OEMER# B Lz o LR S
B, LtzhioT, VA —IVOEME Z1Si0, DR % {2
HxED L0, BUAERU K ZSIO, HITAHY 2
BIE X &, Z1Si0, ORREE 2 (BT ARRE TV A5
ZEMDhpoi.

3.3 ZrSi0, &R ICKIFTIREFOAREEDTE
—iRiz, ERKGICE T ABERISAEREOREL
SHEIIZUAIENAONTVWS., £ CTHEREZ
1.25~10 K/min Q@R ¢ &L & ® 728E& D Z1Si0,

T T T T T v T T T
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Fig. 3.

zircon, ‘
QO : Si(0OEt),-ZrOCl,, A @ (b,), [
A (by)

Effect of heating rate on the preparation of

L (b), @: (by),
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Fig.4. Effect of heat-treatment temperature on the Fig.5. Effect of heat-treatment temperature on the

preparation of zircon,

Heating rate : 1.25 K/min, Holding time : 1h,
QO : Si(OEt),-ZrOCl,, A (b,), O: (b)), @:
A (b,

(bs),

HRRIZ OV THNT.

® 3 iz, Si(OEt), & ZrOCl, X% Zr(OPr), & o
HEDEROERR (b))~ (b)) ItoWT, 1400°C iz
5 FEHEE E ZiSi0, DERRE OBEFEZRYT. RiE
P& 5~10 K/min Q&M I3, ZrSi0, D RFE T ZR
PR E L ABREOHREBICL2HERZFIEALES TR
Motz h, 5K/min kO RBHERERZ /NS T 5 &,
ZrSi0, DABRIZFAEREE DK T & & b ICFHZE <N
THEAERLUE. BE (by) OTVIFY FEOHS
12 ZrSi0, DA KR G R LML, 10 K/min 0B &
H#3 5 & 1.25K/min T3 31% OEME 5-72. H
EHEE I T 5 Z1Si0, o4 R ihiiix, EBREFHANO
RBEEE ClXREBsERZ R U Y, RERESEL &
% & ZiSi0, OERICKIFIRBEEOEEIINS L
T,

H4ic, FEFEEIL25K/min 45O Z1Si0, 04
AR & ARBERE & OBRO—FIR2RY. KB, RREEE
ETOBRBEEME1IbELE HREREICHT
ZrSi0, o AR E MR, B (by) ZER< &, RS
Eim 2R U, ZSi0, D AERKE L 1600°C THRKE L -
fz. &1z, ZrSi0O, OEEA & VKR (1350°C) fl &R
HHNBEHITE -1z, FIZ, FIBREHEROBHEDFHS
(3R (a), (by)~(bs)) DIEEIC k5B ZrSiO, DARK
EADEE L, 1300°~1400°C @ ZrSi0, ® AR A D
HHET, ULrbREFEED/NS VIEESICHEICRNT.
Ihodlehs, REFEELZNILSFTHIET
ZiSiO, OERRZ NI T H EHNTE, BIZ2.5
K/min DI FOFEHSE % ZrSi0, 0K ic 3 2 53
MWREL, ZrSi0, DERIZB N T Z OAERBENE
BEHTHHIENDI 1.

3.4 ZrSiO, BFERAMDE

L3EIITBER L 72 kD Iz, BERRIGK &5 Z1Si0, ®

preparation of zircon in case of the addition of commer-
cial zircon powder,

O:1wt%, &:2.5wt%, [1:5wt%,

@® : no added (a)

T T I L} T T T I T T ¥ 1
[e} O ZrSiQ,
® ZrOz(m-)
=
(7]
c
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1 1 | I L 1
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20 deg. (CuKa)
Fig.6. X-ray diffraction pattern of the sample (a)

powder in case of the addition of 1 wt% commercial
zircon powder,
Heated at 1650°C for 1h, heating rate at 10 K/min,

BB NT ZSi0, OEGBENEETCH B Z &N
b0 T, —DDORAZE L THIRD ZrSi0, ik %
BB R D ZSi0 MR ICEM L, ZrSiOm 4 &
FORMBOEZEBIZONWTHTH . THIROD ZrSi0, #y3%k
DOFMEE 1, 2.5, 5wt% & LT, 2B (a) I2FmL
THIE®EE % 10 K/min & U 1200°~1650°C, 1h ¢{RksE
Ltz

B512, & ZrSiO, iy ROWMEIC B F 5 RABEEE
Wt g % ZiSi0, O REEZRT. T D BT
Z1Si0, |EMOER (a) KDWTHRLEZ. FHERD
ZrSiO, R Z RN U 712384, ZrSi0, d 4 A% 13 1200°C
PHBICIEE-> TB Y, ZrSi0, ® £ KB EE
ZrSi0, M REROTRMIC LY, $72< &6 100°CiF &
EEAMIZBITLUIZZ &I 5. 1600°~1650°C T,
Z1Si0, BFER ORIIC £ 0 2 IFBM (Z1Si0, : 94~
96%) Lisotz. ZORBERESRME ¢E LNz Z1Si0,
MROXFEEF Y — v O—FlZB6 ITRT. ZDLS
12, ZrSi0, O &R E X HR O ZrSi0, KR 2 win L 72
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RO H B HRMOFER LV BHLSAITHEML TV 5.
17 1200°C 20 1500°C D& I3 ZrSi0, HEOTRM
PRHFPARICENTE Y, Z1Si0, OEKED 2D
meszEnbhprotz, i1z, Z1Si0, DERICB T 5
HERD ZrSiO, R OE B OPHR L L TIE, 1200°
~1300°C TIXHRMEICHKE X h, 1400°C DIET3EM
BINEFEAEREEBINENEVWY Z2DHEESA LN
fz. BT, ZrSiO, MAROBERMPRIZELAESL S
ne, B0 ZSIio, ;mEROHBMIK &0, Z1Si0, D4
B4 1200°C » 585 % 0 1600°C R T T HEAIC/E 2
ZEBbp otz Bz, BiEKEEROBERIC
1wt% BE® ZSi0, OBBTFEAEL T, Zh%E{R
BET A LT kD IFIFHEMEOD ZSi10, $E s B &I
I35,

3.5 ZER{RBEDZIR

ZrSi0, D SRRIZTHE O Z1Si0, K 2 iR & L
THEBRINT 2 ZEPDRNTH B EBRPEE -T2
5, HERO ZrSiO HEKIC I DT L IR E TN T
B, ZhdOREYH ZrSi0, OBREHRE Z KT X
HHFRE LAV EBNHNATNS. 22T, WM
U tzatkl % — B e U ¢ Z1Si0, o B s &, Th
2HOH S THHITHER, BAL, BORETS LV
H TEREER AR AT, £, BROORESRMGEELT
1, BRI 1.25 K/min, {REEERE 1350°C, {RIFHFRE
1h & U, ZOEREHFE, FREREZIZ, »OE
BCRETAHIEICED, TEHIEZFE—IHEU M
NS Z1Si0, DR Z R I 4B EEERLUIZLDTH
B, iz, FEHEE 125 K/min, {REGEE 1600°C, &
M 1h ofHcHERBEZT 12,

*x11Z, ZEBRRECESEB (a), (bo)~(ba) IZB
% Z1Si0, DA RRZE EHTRY. O BRREE
BTk, 3.AEICBER U 72 HRD ZrSi0, BysR 7z B U
RBAERBERREN A SN, ZrSi0, DERLE 94~
96% O F IHEMEHS/ LN, F1, ZSi0, AREIE—
B EORETERT B Z1Si0, DEREICF EA EBE
EZFTVENnIEbbbol, I, WRD
ZSiO AR ZBREREE LTHRMU &I, BRI
MEIREMEH HNIZP -T2 EE—FL TS,

BT O OB RBEEER > &, WA A RS 3 ICER

Table1. Preparation rate of zircon by two-stage
heating,

Sarvte "

(a) 0.16 0.96

(bo) 0.14 0.96

(b1) 0.09 0.95

(b2) 005 096

(bs3) 0.01 094

B ZrSi0, ZH{RT 5 Z EBV V- T NVETHEETH B
ZENbhot., U LN b, ZtSi0, DAEKED
100% IZBLEL 2 - 1201, REFAMOBO(LEER
ObEThIsThD, HBVIE ZSi0, B &REM,
B ISR AR O KOG EE " WE RT3 TH B
DHEND T EIZONVTIE, REBEFTH 5.

4 ¥ F
EMED ZSi0, ;R 2 G T & 12 D17, HREFEHO

CHAEbREEEZ, V-V & O RIBRERROB

K% 4 BERES L C, ZrSi0, OERFIC KT T IRER
&, BREHERERT Z1Si0, HROBTHEREINOREIC
SNTHEL, RO &> MR E2ET.

(1) Y92l oHFEERE LT Si(OE), z{#H
THE, YVIVSIWVTHREULLD LV B Z1Si0, 04
BEAEWEEZRUI. £, BHRERICEET VX
Y rFoEAEDLEZEHL, FL-MIOYF—NVER
U BEIcE, Zr(OPe), eV T3 EDO Y 4 —
WERERINT 5 &, ZiSi0, DERZG T 5 EHbro
fz. BT, VA—VOERMIZEVERLU I ZrSi0, Bk
FIZRERSPBEL, ZhW ZiSiO, i TeARMM & U
THI < TR B 0, 1650°C Tk ZrSiO, o B ik %
Blxfma L.

(2) ZSiO, 0ERRIFBEEOHELZT, 7
BHRESNE L L BI2oNT ZrSi0, D4R IZ#EMm L
7. iz, BESE2.5K/min PIT©, ZrSi0, D&
ROMEMHSHETCH -1z, £z, FEREEROCREEEE
BEVIBEICE, 2B7VaFY R o738 U -k
MR OBEKD ZrSi0, R IZ KX < B o7z,

(3) FBU RIRFER O KIZHIRD ZrSi0, ¥
KzLE (1wtx) BN 52 & kv, 1600° ~
1650°C DR BEHEE T ITBAD ZiSi0, K 2B 5 <
EWTE. COEHIT, BEO ZrSio, Yk % 55—
DOHEE LT, ZrSi0, OEMEKPICTFESE D T
EHRATH - 12,

(4) ZBREET A L2k, 1600°C DIRERE
TIEITEEO ZSiO, KR E B, Zhickv, @l
ZERYE I, SHMED ZSI0, MRZE&KT 5 2 &8
W VEETRIBEE 135 1,

(19894108 HAXIF I v/ ZABMEE 2RKEY VRV Y
LFEFR)

BB AWIFEOBRTICEBATEO L YRR R TS
4 BEERK (FE D HEZ () KECSEHOEEZERLE
.o, VUAYLERBHLTCT I HELFTE (3)
ICELSBLBEL ETET.
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