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17to I . ' epar r z / . . t  . / '  Itt,t~Itll' Imrc /Tm' : t n ' . .  I . m  d~'t,s' 
¢ Zr,5"1(I,4 ) I~'~/,~ v l t .hc , t  H,WH,~ Zr (  ) ( ' / ,  a / t r l / . l l / cd  ,~'i(_), 
hi' thu wet  r'tl~'llllr'al m e t h r r l  '£he ,t~'l /orlHtltlOll 
,d~/~/n.'d hi' a~htl/I,~ N H ~  I t . 0  to the ,sh.'rl r'Oll,Sl,St 
/ll,t~ rl/ Z r (  ] ( ' / ,  ,S'~dllllr.I al /d /It/l ied .~_'/0, II'~/,S suerh'd 
~111]1 511('Oll ~'tlllr/ f]l~' o[~lilllltltl /~l'O~'~'.S',~ /Otllltl  /o 
~I'IIIIIc,W3~' /~~),Jill pin's' [711~' : t iC, . /  Imll 'rh' l '  tl'¢l,~, tO 
~'ah'/t.' tin' ,t[¢'l at  1400 C /~r 2h  a l ter  l.'~'lr'=t/ 
I/'U~//H/,'/l/ u/  71)0 (."/or 2 ]t F]I~' lmH'der,~ ohhl/ /N'd ar~' 
¢'¢~l/IpO~('d o /  .~lt/qtll¢'lOtl/~'l,'/' l~t/l'll¢'/~'.~' T']/u /'~']uIIt'~' 

rh'//,s'/t~ . /  ,V~c~'t///('.,~' h . I  l,~'.~'.~('rl at IhSO C lot  l h 
/mrl('~ .'r~,,~lf'. /~,m,I/~,,~ uu. , , , , ,  . ro t  / I . ,  lh '~ / . ' rd  

I)h'  Ih'~ ~h ' lhmt f  ~ . .  I to~' l tretm' . t ,  / c m u m  
/ . ' /~ ' . . ,~ ' t / t~ . t  Ptt/t~'r ( Zr,~'t(.),~ ) U'ltr~h' tin/or l 'cr  
II ~'lllhlll,~.~ l lilt Zl ' (  ) ( ' /  ? I/lid ,S'l( ] 2 I l l i l  H//h '  ~'IIH'I' I/ l ift 
~ l . 'm~,sr ' l . ' .  ,'~IcII.~dC mm' t ,w . 'h l  Zu  dem G,'I, rht,s 
dm~'h d . '  Z.,~.t,~' i'~,. I!,'\'~ H . O  :u dem a.,v 
/ ~ ( ' 1 :  L,.vm~,t~ m . I  ,~_'~rl. I ,~ 'v/c l . 'mh' .  S~'hl. '~'~ 
11( '1 ,[~t's'll '/11 II Ill't/U, II'lll'(h' Zll'~ otI,W/l~ Ill Wllld ILLS' A'='IIIIU 
;ll,lt(',t~¢'h('/I. [)t'l r~llllllld/t' PI'O:~'/] -II1' H~'r,s'lUi/lll/,q /Oil 
h.~ ' l .~ 'mcm, l emcm Z t r k . . s d t ~ a l p . h c r  t~t, das (h ' l  
m . ' h  ~'tm'~ 2v t .mh ,~ , ' .  I I 'm'm, 'hu/rmd/. . ,~ h~'t 7110 (" 
I~,t 1400 C' /ill' 2h  :it ~a/-IIil~'l'ell, [)1~' It~'tq~'stell/~'. 
l ' . h  cr t~'s'lclh',  a.,s' s'/d~mtk I'll/lib'it'/' ,t~l'O/)~'ll 'T'f'l/l']l('ll 
I)t¢' reh//n'~' Dt~'htc del t~'/ Ih ~0 (" tirol r'/llel// Dt I.'~ 
i ~lll 21t ,,ll f'~t I h hci / ( t~el .e /#~' .  P r o b e .  et:~.~lh ~'llll'll 
ll'~'t/ t'ott U U 2 " .  Dtc  D.tchlf fc,k,~' lcs ' t / , t~elt  hei  
Rrl/tl . teml~er~ltllr t~'tl'.,tl Ih(I ,~l Pa 

No/is' tll o//,s' t;/lldl("/~l/~//)t' l~ '~llll~lt d~' [lo//th'(',s dt' :11'~ 'Oil 
It ~;.s'/mn',s ( Zr,_~'tO 4 ~ =i I t . ' / .  ' dc Zt  O C / .  ~'1 d~' pomh'c 
r/~' ,_~'1(.) ,, ('~'r I p~ll' II d/lt'lll~'/ll l']lll/llcltl(' / f i r  z'r~lc' /llltl/Idf' 
L,,' ,t~'l . Iqc/It t  ~'~1 t t lO/lla.t  ,,%'li ~ H , 0  [z ht t~ . ' t~ l . l¢ '  rh' 
Z r O L ' /  , m('hm~,(" r)/~ pr.td~ ~' rh' ,~'t( ~ . a/'l~" e.v~'m~'m'[' 
ul'~'r' till ,S~lt~]~' d~' -lit'Oil. ,~(OllS' ~I£O//,S' II'Ollt't" qlt£ ]~' 

t m ' d h ' . t  l.'~c('~h" l m m  ,s't'.ll."li,~e/' ~h' ht p . m h ' e  ~h' 

. I .m md . i  the k,m'.pca. ( "~'~ amt~' .~'o, .,1 =' (lqsh 221 q,,"q,4,,'$7 ()(i 
(.Jreal Br l l ; l ln 

: .  c . .  #m'  el t~ ;',v l . m '  c,~t de ~'ah'mer h' g~'l ,i 14#0' C 
I~UHdUIII 2 h ~ff~l'~",~ to/l. '~'Htlcr Irdih'tHOII thermtq t r '  de 
? It ~i 7(1(I '(" I_)/I rdqle/tI ~h'.~ l,,Idrc.~' rh ' /a l lh '  ~h' grdm.,¢ 
iii]~"l'l~'lll'U ~11t i i i I t ' lOl l  t ,t l  d~'lI,wl/' I£'/~1111~' d~'~' ("('htll l l  
fll, m~ I.e,ss',",~ ,i , 'h,m,I I h ~) Ih,'~l) (" ,~'..,~ II/l~' prl',S',SIOII 
,h' 20 ,'ll f 'd p~'tll ~lllt'lll~h'~' Uq 2",, ~'l hi I't",W,S'IIIIIt'U ~) 
/h'~ I./I ~) h'lllpt"l~l/llre Ultllq~ultc C,S'I ~h' ¢(dl ,'IIPu 

I In l roduc l ion  

zl lL 'Ol l  (Z, rSK)4)I .s arl I n l p ~ r l a n l  n laI¢!  lal w i t h  mar |y  
t l n lque  p rope r l l es  II has a very  h~w ¢~eh'-iclerll ~1' 
heal C()IldlIcLI~,IIV (h I w..'rn 'C at r~,~m ler l lpera lurL '  
; Ind t n W nl C ;ll I()()() (.') and I ~ .  c~e l f i c len l  ,~I 

I l l e rn la I  eXl~;lll~l~)ll (ab,) t l l  4'1 , I~) ~' C belwt '¢ l l  
2S ( . 'a l ld  14()() (.') I Its mechan ica l  s l re l l~. lh doen t l~I 
d¢[alade e~.ell al l en lpeua lu res  h ipher  t t la l l  14()()'C. 
; l l ld  .MIll~'lk~d /IrL'()n Ila,~ a Ihe r lna l  stiLwk reSlslance 
~,Upel14)r h~ those ~l' m u l l l l e  and aJ l lmln: l  SlnLered 
b~dle,~:  l I l les¢ p i ope r I l e s  make  zlrccm a p~ len l i a ]  
c ; i nd lda le  as ;i I.I~eFLll .bl l l lCliJra] ceramic  I'~r h igh 
lu rnpu ' ra lure  appl lcal l~UlS 

1'he I~t lr l tv ~1' l l a l l l l a l  zlrc~ul sarld ~s ~d'len I(~w, 
~vll h ma II V k Ind.,,; ()1' II'n I'H.I r I [ I~'.~ ~tlch ;.IS A I ,(.) ~, Fe :(:) ,, 
'T'I(.), and s~ ~l l ,  wh Ich  ~ l l l  dec~)nlP~)se z I rcon  al 
hwuer t empera tu res  N , , r rna l l y .  pUlSe ZII~.'~HI de~.'~,rt~ 
p~.',e ~, iiI1,~ El(_): and Sl(.), al a tempera ture  ~)l 'abotll  
I '7()() C acc~ rd l l l g  1o the Z r O : - S I O ,  phase d i a g r a m  
H ~ w e v e l .  i t ,~sl a l ka l i  and a l ka l i ne  ~x ldes  p r ~ m ~ l e  
Ihe de<~unp~Sl t lOn ~l' z i r con  at a l e l a l l v e l v  h~wer 
le lnpera lL i r¢  F~. example ,  z i rcon  w~ul ld react w l l h  
AI, ( . )~  at I,-I()() C a~, I ' o l h ~ s  

JZISI(_). 4 4- ~AI : ( . ) ,  = t A I : ( . ) , .  2S1(_) 2 4- 2 Z r O :  

_~o ii i,~ Vel v m e a n i n g f u l  1o syn thes ize  z i rcon  p~wder '  
w l l h  tHti'h p l . l r l ly  I',)l ItS app l l<a l i ,ms ,  espec ia l ly  at 
]ll#h Iel l l  j.'~el :11 iJ re~ 

HIgt l ly  p~lle zlrc~m p o w d e r  is c~unmercml lv  
t lnaVal lab le .  In recent year.,,, mar ly  Mtldl¢,',; ]laVe been 
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d,,ne (,n Ihe preparallon of h~ghly pure fine zlre(,n 
powder, ' -  " the usual route used I!i Ihese studies in 
tile sol-gel rneth~d slarllng w~lh ZrOCI 2 solution 
and St(C,H,,(.)),~ (or colh,~dal SiO,). For example, 
Morl ~'t a/ reported the synlhests ~,1' fine zircon 
powder by the s~fl-gel process from ZrOCI., ,'lnd 
S~(:), s(fls,'"' ~,btainlng particles ~,1" aboul t )5pro ~n 
SIZe 

In thin paper, Ille preparatIon of hIghly pure fine 
zltc(m p~wders bY Ille wel chemical melhod Is 
rep,~rted A small amount ~fl'zlrcon sand was added 
h.> [tie homogene~ms gel precipitations as needs In 
orde~ t,, h.,wer the synlhes~zlng temperature (,1' 
z~ n.', ,n powders and tile ex peeled eft'eel was ,,bserved 
'The zircon I:,()wders ,,brained were characterized by 
different melh,,ds, including wel chemical analysis. 
X R D  and TEM.  'The mechanism of h,wertng the 
synthesizing lemperaltlre ts also discussed. 

2 Experimental Procedure 

Znrcemltlm oxychh,rlde and fumed silica were used 
:is the s l a r l l r l g  materials. Z rOCl , .NH: ( . )  was 
dms,,Ived In waler and Fumed .sil~ea was mixed with 
the solull~,n h, (,blain a h~,rnogeneous slurry The 
slurry was br,,ug.llI to pH = I[) by adding 
N H ~ '  H , O  s, fltltlOn while tlndel v~gor,,us slurring. 
'The horn~gene, ms gel (,bta~lwd wan Ih~m-lghly 
rntxed w~lh a small amount of z~reon sand seeds arid 
the mixtt l le was dried tit 12{) C 'T'he dried mixtures 
were calcined at the proper ,.'ond~tions tu obtain 
tl~l.~hlv pure fine zlrc~)rl powders. 

'The zire¢,n sand used as seeds was pr,wlded by 
Xlanyang Research & Design Instilule ~fl'Ceralnles, 
the chemical c, mlposIl ion ,~1" It ~s listed in Table I, 
and lhe 'T'E.M rn(~rphologv is als(~ shown in F'U,.,,. I, 
m~st parlicles are anl-.,.tilar with parliele sizes aNwe 
t) 5 prn 

The p~wders ,,blalned were an:llysed by the X R D  
rnet luM The I'ormatl~m rate of ZrSl().~ in the 
powders ,,biassed was ealculaled by the I~,llow~ng 
eqLla l l ( i r l ' . ' "  - 7 

'Xzr = l z r l , , o o ] [ I z r , , o m  + I,-,,,~ ~ I~ + I,T,,I I I~ + / . l l  I~] 

where I in lhe peak i n l e r l s l l y  O1' XRD. ZR m ZrSi()~, 

Table I. (.'lierrllcal c~inposili~m ol zlr~.'~m sand 

( ' l~l l l~oSII Iot l  Cotll~.,lll,S ( I , .  I 

Zr ( ) ,  62 2X 
SI(.), t l  1'7 
H fO,  I' 2¢, 
AI,,O~ t I 7 
'T'I(.),, ~) ,44 
('a(.) 1) 2'7 
Fe ,(:) ~ () 14 
Mg(.) (1(181 
Y, I )~  O i l  

Fig. I. 'T'E,M nl, ,rph~,lof:V i,l' zlrc~m sand seeds  

m is m Z.l(.):, t is l -Z rO,  and (,1he) are tile crystal 
plane indices The dlfl'erenltal Ihermal analysis 
(D'TA) curves of h,mlogeneous gel preeipilales mixed 
with zirc~,n sand were taken at a healing rate of 
I()'C...'mlll tu 15()()"C. T'he p,,wders oblalned were 
analysed by wel ehenueal ,'lnalysts, Iransmlssion 
election microscopy ('T'EM), and infrared spe,:tro. 
l:,hol,,melry. 'T'he specific surf.'lce area of the p~,wder 
was delermlned by Ihe BE','T' melhod 'The parlieles 
size distrlbutl(Ul ,,1' the p(~wder was also determined 

The ,,brained z l rom p~,wder was hol-pressed in a 
graphite die ul IhS()"C' I'~t Ih  under 2()MPa in a 
i~trc,~?.en a tmosphere  Specimens were cul inlo 

mm .. 2 '~ mrn ... 3i)mm burs wtth(,LII polishing l'~,r 
tle,~ural sltength measurement using the three point 
bending method with a span ,d" 20mm; the h,ading 
rate was ().~mrn./mltl 'T'he sample density was 
measured by Archimedes' method 

3 Resulls and Discussion 

3.1 Formotion of zircon without seeds 
'T'he relation between Ihe I'ormation rale of ZrSiO,4 
(~'zr) in gel precipitate without seeds and the 
calc~rlal~,,n temperature is shown in F'~g.. 2. Zircon 
can n,)l he formed at lemperatures bel-ow 1~5()'C'. 
Z.ttccm I',,rrnallon slarls to he L)bserved at a 
temperalLire .'~Nwe 14(1()"(_-" and the I'onnall()n rate 
increases remarkably in the temperature range of 
14(1()-15()()"C. It can he envisaged that the re- 
e~mstrtlctive transl'ormatl,m of amorphous silica to 
crlstobalIte accelerate',, the forrnatton reacti(m of 
zlrc, m by the so-called Hedvall effect 'The materml 
gels activated due to wflt lme change at transform- 
atl,m t(, induce the generation (~1" lattice strain and 
even fissures. H 

Moreover, tile I'ormatl~m ~ates ol" z~reon Li f ter  

being preheal Irealed al ?()()"C" for 2 h (curve I ) ts  
higher than those tinder the same ¢aleinallon 
c,,ndiltons without Ileal treatment (¢tirve 2). In the 
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Fig. Z. F,~r l r la l l~n r; j le ~1 / l l~ '~r l  III L.'el pr~:clpll,ulL' wl l l l ( i lJ I  !.,L'L'dh 
,Ib Li J'llilCli~Hl ~d L;Ik. ' i l ial l~m leinrwralure (I,ddlnL.,, l i t t le 2 h) (11 
&lh. ' r  JIL';JI I re ; l l r r lcm il l 1()(1 ( '  hu  .~ h, (2)r l i~ p lehea l  I r ca ln le l l l  

lepor l  b,¢ M ~ l i  ~'I . I ,  a preheat lreatmenl ~)1' Ihe g.el 
was also used bel'(~=e ~'alclnatl(m al I t.~() C lo,~btaln 
zirc(m p,>wder~ H,~wever. the eft'eel or heal lreal 
inci] l ~as I~H discti,,sed In Ihe~r paper " 

l-'iLJure J sh~)w,~ the IR speclra el 'gel pleclpilale.~ 
(.'~mparin~.:. Ihe,~e lw~ curves. It is I'(~tand lhal al'ler 
Ileal lrealmell l .  Ihe abs~tpl~(m peak at la(_)()cm-' 
disappeared, due h~ lhe I(~sn ~)1' lhe brld~.ln~. OH 
L-'r~ilp Ill addl i l~m 1o It lhe~e are Iw(~ weak 
enhanu'elnenl,, ~1 ;.IbS~Hpll(m peak~ at X~( icm- I ( a )  

and 64()Cl t l - I  ( t l ) ,  at whIch lhe chalaclerl.,.,llC 
a b ' ,~ pl i ,m peaks ~_~1' Ihe Z~-(_)-St b, md arc k,cated " 
The XRF) palle~n (F'i~ -I(a)),~l lhe gel p leclpi la le 
al'ler heal Ircaln]el l l  I'oi 7()() (.'.'2 I1 ,d~t)w,, thai it i,, 
'~llll a,tl~rl~ll~us ai~d llle~e is a I~r~.ldel]ed i'~eak at 
21/= ~()'1'7 which i,~ characlerl~l ic I'(~r I Zr(_),. 
~,tlere;.is Z~I(_)H),~ wi l l |~u l  I'llmed SI (_)?  be~.'~llleS in 
Zr(_), alle! hein~/ heal Irealed tirlder the same 
L '~H ld lLH) I lS  IFI~' ,-I(h)) S~ II I1"1;.1~' bC ;irL.,.ued Ihal al'lei 
heal Ire;.llltlelll, .'1 ,,mall aln~U.llll ~1" SI(-): may 
~'~l~lt~l~le wll l l  Zr(.), I~ I'~rln Ihe Z r - O  SI b~md and 
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the exislence (~1' I'tanled Si(.): conl r ibu les t~ lhe 
I'(~rn};.ill~m ai~d sl:lbil lzall~m ~ l ' l  Z r O :  'T'h~s w(~uld 
lead I(~ llle I'~rltlall~HI t~I' Zlrk'(~ll 

As II wan I'(~und 1(~ be dif f icult  h) rully nynlheslze 
hIChlv pllre z~rc~m p~wder I'r~rt~ lwo pure nla; l tng 
malellaln alpine, ZHC~m sand was added I(~ the ~.~el an 
seed~, h~ pl~Ull~)le lhe I'~)rlllall~H1 of  zlr~.'Oll. 

3.2 Preparat ion el" highly pure line zircon powder 
Fr~,ule ~ ',h~ws the D T A  curves ~1' gel prectptlates 
c~mlaiflt[lt~ (Jlfl~reHl c~mlenls ~1' z~rc~m '~and ,~eeds 
T'helr Ihermal behavaours are lhe same 111 Ihe 
lemperalure range o1' r~,>m lemperalu le to It)()()' C', 
the larp.e end~lhermlc  peak al around I~1) C 
c(~tre.~pond~ to the h~s,~ ~1' wale= and Ihe small 
ex(Hherinw peak corresp(mds t~ the eryslalhzali~m 
,~1 I Zr(_), The dlfl"erence am(m~, lhem Is thai there is 
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a small endothermic  peak a round  140(I"C in the nil 
seed sumple, representing the reconstruct ive truns 
I'ormati~m ~ffatnorph~lus silica, while the same peaks 
ar~und this tempera ture  almost  d isappear  in seeded 
gel precipitate curves. 

Because ~ll" the uddtt ion of  ztreon sand seeds, 
zircon I'~rmation fronl lhe gel prectpitates will be 
pr(~rrl~lted. '+ 'Therinodynamic calculat ions indicate 
ttmt lhe I'(lrnlali(ln of zircon ~s a weak ex~lihermic 
reacii~m(AH = - ~,1 kJ/'mol) It tshkelv thai the heat 
released from the forirluti(m of ztrc(m c(lunteracts 
the endcithelnllc el]eel ill' atn~lrph~)us silica 
Ira nsf(irma tl,lll. 

The influences of the amount of zitc~m sand seed 
addtt i im ~ti the Ii~=mation tll' (0,z,)in the obtained 
ptwvder,~ have been studied arid the results are 
philted in Fig. 6 The g,el preclpttales mixed wHh 
zlrctm sand seeds were calcined I'~lr 2 h at 141)(I 'C and 
I",(.)11 C' respectively At the first ~°.'o seeds addit ion, 
tire increase ~ll' "~zr Iorination IS dratnal=c. I'r,)in less 
than 2()',, to neal IV ql)'! i,. 'The effect ()1" seed seems t,~ 
level off :it ab~iut I in(if°',, It can he noticed that 
preheat treatmenl al '71)1)"C flit 2 h IS benehcial Ill 
ZllC~ln rormatlon, especially ;11 the relalivelv Iowel 
c a i c l n a l l t i n  l e m p e r a l u r e ( 1 , 4 1 i 1 )  C). 'T ' i i ls  s i i r l l l u l  I l l  the 
=es t i l i s  i l l  F i g ,  2 
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Fig. b. F l l r i r ia l ion  r;.lle ol z i rcon a,s u f l lnCl lon ~ll 'seeds , ' lddll iori,  
0 ,  Aller prehe.',i I rea l lnenl  al '7()11'1.". I ) ,  ml heal Ireatrr lei l l ,  la) 

I ~l)(l' C'/2 h lh l  I,. l l l l)"C/2 h 

The zircon sand seeds can be considered as the 
second phase particles well-dmpersed in the gel. 
'These particles provide a great deal of free surl'aee 
I'~lr heter~lgeneous nucleation and growth of new 
zircon p.'lt titles, '+ and the degree o1' lattice matching 
between the seeds and ttle new formed phase =s very 
imp(i t tant Acc~lrdtng hi the heterogeneous ntlele- 
allure Ihe~lry H 

i]C;,i + = A G "  • / ' (~ )  

where I(0) = (2 + cos0~ I - cos0):/ '4 and AG,* and 
AG + are the free energies for lleterogene(ms and 
h(lmogeneoLiS nucleatl(ms respectively, which sh~lw 
the lhermodvnamtc barrwrs for nueleatKm under 
different eondtlt~ms 'The At.;,, ~ decreases wtth the 
decreastng fl and tends h_l be zero .'is fl approaches 
zer,1 S~l the m()st faw.lLirahle ease is that the seeds are 
in identical crystal l ine or ientat ion t~i the new 
piodticl  t~ be obta ined  

The reactl(m rate cons tants  ( K ) o r  no seeded L~el 
precipitate and 7mo1% seeded gel precipitate at 
different tempera tures  are calculated hased tm the 
l 'oimatiorl rules of zlrCl_)n at d~fferent temperatures.  
T h e r e l a t , m  between In K and I/'Ttsplotted in F'lg. 7. 
According, Ill the Arrhenius  equat ion  

In A'= In ,4 - EiR'F 

where E m the actlval , .m energy, the act=vat,.m 
energies under dill'~rent condli l (ms were eah.'ulated 
I'r(irn the sh)pes ~)1" the Iw~l fines in F'lg. 7 

Nil seed' E' I = ~t~() h k.I;"m~fl 

7 mifl'!,i, seeded E: = 207 7 k J/tool 

The act ivat ion eneigv d rops  nearly 5(1% after 
seeding with '7 tool% ZllfOn sand and the rormal ion 
lemperalure ror lhe same iale nr zirc~ln rllrlnallcm 
dri lps nearly 2lift C 
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FiR. 7. 'The relallltn belweun in K and calLqriultlm lerriperalure 
la) Nil seed,s, (b) 7 m~fl",',, seed.'.; 



Pl'+'l~Ortl l/+Ul (111+1 +'l/o/'+/+'h'rl+ +lll+~ll +~/ I I /~, l l ] l '  pHI +' t l l l¢' :lr+'++H 1~+~1 ~h'r I I 7 

60 

~r 
N 

4 0  

100 

8O 

2O 

0 
I I 

1200 1300 

b 

I I I , 
1400 1500 1600 

Calcnnalion temperature ("C) 

Fig. I,I. Zlr,.',~ri lOrlT1:lll im in 7 ni<d",, ,~vcdc'd p.¢'l pr~=cipilal¢ = ;.i', a 
iUllCII(HI (+i cal~.'lnLIIllm h'ITIr+IPrLIIIJIL' (holdlnL., IlmU ~ hi (LI) W"llh 
pl('h~.';.ll IrL'+JIIII('III dl 711(I ( '  f(,r 2 h (hi IIO prl'l+ll+al IrL'allll('fll 

F'h~u~P X ,,,ll<)WS the amt+unl t~l'/irc<m I'(~rmat~on 
tIIid~'r two dif lerenl preheat tr~:atmenl c~mdlti~ms 

when the gel pr~'c~pJtat¢ ~,s s~edcd wnlh 7rn~,l",, 
,t_lrC,)ll '%and. II I~ cl~'ar thai heat Ircatm~'nl at 7()()'(.' 
I i ,  2 h I'~)st~r.~ the' I'(~rmalkm {)f zir~.'on al r¢lal~vclv 
h~w~r tempcratu;¢s and lh¢ p(~wder'% uhta~n~d ar~' 
alm~sl completely c(,mp,).~ed (~1' .~nngle z~rc, m phase 
when the calclnatn(.m lerrlpcratur~' i,% ah~n,e 1,41)11' (.' 
'T'I~P X RlY) (FnL., Oiand IR (F'n..~. I1))pallPrn,+,,h(~w the 

OJ 
U t"  
II= 

E 
r-" 

# 

2400 2000 1600 1200 800 
Wavenumber (cm I) 

400 

|'iR. I lL IR ,,purlra c)l l+l,wdcl,.; <)bh.lln~.'d Irqml 7tnld", ,  ,+~.'ed~.'d 
l:c'l pr~.'Lq+nl,m' IA)  Nq, prel+mal IrCallrlu'rl l, IBI 71)O C ' 2 h ,  (C') 
7q)(l( '  2h~- I.~()(I ( ' 2h, ID)  711111_' . ~ h +  I~()()( 2h,  (El 

7111)( .~h+ Id<lql( 3h 

(a) 

i o iii o o II ql • i & 

_J_L  AIt_ 
55 50 45 40 35 30 25 20 

2e (degrees) 

(b) 

° i n o u 
' • 

5 5  5 0  4 5  4 0  3'5 3'0 

21-) (degrees) 

o 

2'5 2'0 15 

(c) 

o 

55 50 

ql 

° t i ,  

2'0 

(d) 

u q~ 

o <J ,= o 

45 40 35 30 2'5 15 55 50 45 40 35 30 25 20 
20 (degrees) 2U (degrees) 

15 

F'ig. g. XRL)  pall~.~llr, id 'powdL, r,,Ld-~lalnc, d Ir~)m 7n l~d . ,  ~.,ec, dcd L.,.~,l pr¢~..ipil.ll~: ,I l_r(.), i . r r l  Zr( ) , ,q_)  Zlr~.'{)rl. ,,',, cri,.,hd~;llll~. ~ (a) 
'71)I) ( ' 2 h + 1 li)ll ( ' J 11 lh) 7()(r C '3 I-i + I 1'~() ( '  '? h, (~) 7q)(l C' '2 h ~- I,-I(X) < ' 2 h, Id) 7t)() (_' 2 h + I ',()ll C 2 h 



) .1 l,'mg Sht, ,Vta,,,Vt~m Hua~tg, [ ottgSh('o Y+m 

D 

+t 

Fig. I I. 'Ttan,+ml,,,,i,~t~ cleclr~m m~cr~)graph.~ ol P.,yrilhc!,lzed zlr~:~)rl p()wd~'r,., IA)'7()()"1.'/2 h + 1,41H1"(.".."2 h, (B)'71)(1"(",.'2 h + 1,4(H)"(?,."2 h; 
((-') 71)11"(.'/2 h + I '~1)()"(.',.'2 h, tl')) ,~cleclll)ri area ele~.'lr(m d~tlracli~m paltcrn ()f (A) 

same results Both of them shrew that the I'oinmtlon 
t~[' z.lr¢oil begms to be subst:lntial at about 1 2(1()"C. 
'T'he pe:~k of crtstobahte ~i+t X Rr) patterns weakens 
and d~sappears with increasing temperature, the 
small peak ~1'1 Z,r(.) a Il l ((J) and (D) ts caused by tile 
litlle overdose {~1' ZrO(."l z used 'T'he abs{~rptttm 
peaks ~.~1' IR spectra or zircon (881)t.'m -~ and 
641.)Clil - t l ` ' l )  a r e  intenMlied as the calcinatlorl 
temperature ~s increased and the pattern (E)~s tile 
same :is tile standard I R pattern ()fz~rc(.)n when tile 
calcinall~.)n t~'mperature reaches 14()()"(.'. 

From the results, tt is c{~n~:luded th,'lt ~n the course 
of processmg,, ~1 was critical tt.~ add proper amt~unt or 
zircon ,,,,and ~nt(~ the precipltale gel as seeds, and the 
,'lppr~.~prtate ctmtenls (~1" seeds wele in(~re than 
I m<4".';, XRD and I R analvMs ~ndicated thai z~r'con 
I'~rmat~on took place mainly tn the temperature 
range or 12()1)-14()1)"c, and preheat treatment had a 
I~ttle fuw~urable :lffect on the z.irc~m contents ~n the 
(~bta~ned powder. 

3.3 Characlerislics of highly pure fine zircon powder 
Highly pure title zircon powder is synthesized under' 
the ~ptlinuin ct~ndltl~.)n,.,, as already described: seeded 
with 7 s o l %  line zircon sand in the gel precmitate, 

calcined at 14()()' (.' for 2 h after preheat treatment at 
'71)1)"C fo r2  h 

The chemwal c~mposltl~m of the powder t~btatned 
analysed by wet chemical analysis is shown in Table 
2. The total am(~unt of tmpurltws, I) '182wt%, is 
much lower than tl',~se ~n normal z~rcon sand (Table 
I). 'The impurities in the synthesized powder ,'ire 
c:lused by the adding of the seeds. 

'T'EM observat ion (Fig. II) shows that the 
syntlieslz.ed tint' zircon powder ts composed of 
p:lrtlcles (~1' ablaut ().2-().'+lira (F'lg. ILIA) and IB)), 
much smaller than the origmal zirc(m sand powder 
(Fig. I) S~tne ,'lggh.~merates are observed irt Fig. 
Il iA) A selectwm area electr~.m diffraction pattern 

Table 2. C'hemlcal c~tnp~MIt~m ol ,wnlhe'.,tzed zlrcurl powder 

( ~l)lllp~L~'llll~ll ( "OPIIt'lll,~' ~ I1'1 +J o ) 

$11.), ~,1 21 
t t l ( l ,  I '4'~ 
AI,C)~ I)'14 
F'c,()~ I)(121 
C'uO () (X)f~ 
ag( . )  ()(H)S 
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tF Ig  I I(D)) reveals Ihal the part ic les arc well 
c~vslall~zed zi~cem As the calclnal I~m lempera lu re  
~ises. lhe pa~lwle SlZe also, increascs subs lan l ia l l y  
T'he average par lw le  s~ze ( [ ) , , . ) f o r  p, ,wders calc lned 
al 14()()C is dc lu ln l l r led  hv part ic les dlslr ' ibl . i l l , ,n 
almlVslsIFI.L,. 12)I~ be I ~gpm. lndlCatlngagghune~ 
ales again The specific surface area in 4~m' . .gand 
,l,~t = l )27pm. ~hlch c~rrenp, mds I~, lh~" 'T'FM 
~bser v;lll~mS 

3.4 Primary ch.',r~cterislics o1" sintered zircon 
T'hc hulk densllV ¢,l 'a specimen tleHipressed at  

Ifl~() C l'(,r lh  II1 a I l l l l ( ,~¢ t l  alnl,_,sphere tinder 
2() MPa ts 4 .~6S g...k'lll ~ A.ssl.llnlrlg lhe 4 h()g,.cnl ~ I'or 
Ihe Ihe~rel lca]  dens l lv  ~)1' zlrc~ul, I]le relal lv~ densely 
~,l'gg 2 " .  In ¢,blallled The flexllral slren[.,lh al r,,t,lrl 
l e n l p e r a l u r e  In "~61) MPu 

4 Conclusions 

(I) T h e  ~..el chemica l  melh , , d  was timed I~, 
synthesize fine zlrCl)ll powder  ~,1' hlL-'.h pu~ I1.~, 
slatl lr l t2 f rom Zr ( . )CI ,  s,,lull(.,n arld l 'urned 
S IO:  II in dlh'ricull h, ( ,b la ln  a hlgh zlrc(m 
con lcn l  al'[er ]l lI]h l empera lu re  calc lnalu.m 
wi lh,~ul  seed add~tl(m 

(2) 

13) 

Addil lOn ol 'z l rc ,  m sand as needs, even al very 
h,w Welg.hl percenlages, ham a remarkab l y  
l avou rab le  affecl ,)n the l '(,rmat~on ~,I" z i rcon 
w i lh  a h_,werlng ,.,rlhe l 'o rmalu ,n  l empera lu re  
whwh  can be exp la ined by heler(,gene(,us 
i ' l l lC lCa [I()11 

The I,,Ih_,wlng c, mdlllOns were cll,,sen from 
Ihe lesul ls  ,_,1" Ibis invesllg.all ,m t(, syn thes ize  
hu.,hlv pure  fine zlrc,,l] p , ,wder '  g.el pleClpi 
lale needed wllh '7 m¢,l"o Zl~¢'(,n sand needs. 
p~eheal l leated al '71)()(.' l',,r 2h and lhen 
cak' ined al 1.4()1)C h,r 2 h al ' ler heal lreal 
IrlL'nl il l '7111) C l',u 2 h The p; l l l i c le  size ~,I' Ihe 
p~v,,ders an ~,b,,,e~ved under T 'EM is ab,, t l l  
() 2-l l . t p l n .  the h, la l  c , ,n lenl  ~1' impLirl [ leS ~.s 
less Ihan () 2 w l " ,  
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