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Purity > 99.0 % 

Purity > 99.0 % 

Purity > 99.0 % 

Rtrity 7 98.5 % 

Ignition loss < 1.0 % 

Particle size - 1 micron 

No. 20-8130432 

No. 20-8132-008 

NO. 151283 

99.5% min assay 

99.8% min assay 
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Mcttler instrument (Swia~rland) 

Hitachi (Japan) 
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Kobclco (Japan) 
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~ i ~ ~ ~ r i u ^ n r ~ u l ~ o ^ r ~ n n ? n ~ l r r f l n u i ~ o ' u n * a n i ~ d a z n a u ~ n f i i ~ a ~ l ~ ~ u p l  

'Inniiun (PZT) i i i~nthulun zr L~;I~IJ 0.52 n ~ z u ~ ~ n i r ~ r n ~ u u r i n p l ~ & ~ ~ d ~  3.1 
" * I  

my PZT ipl~uuoinnif~~plut~~~n PbO diu~u 69.2372 n h  210, d iu?~  19.8760 fl% 
u r Y 

rrnr TiO, (IU~U 11.8969 niu ;.rrrnnq~uplnwi 3.3 nir~~~unn~rtnaurtqn.rIuu~nufi 
-r ir 4 ' i 1n"nronnaunun~iu~uiii~u~~ (HDPE) rrnrrGu R O ~ ~ I  alcohol w~iinuindu~?nmi.r - -- 

rn~ufilu~mri?~ loo unmfirianirdufi loo nfu iinzursp~nufirlrotnriu~szuio12 
il 

lu 3 uo.rd?uiplruo.ru~fiufi rjiuafiu~~iffidil~u"n~d~i~uurnra~~fi~1uuuanu"n~n~u 
r r 

t&unaiui+n~sruior 214 sauP;auiii uiu 28 nu. ouiitumrwnutuoifiu~ (Homogenous 
d * 4 

powder) OIfllfUnY0~101 Propyl alcohol a0fl I i~:~lLWQ~lYdUfiW~~iv*laU~UqU~n . I 

QOINIJ~^ 80 OC OU&H~~fif l . )~~~VAn5::0iUA'?O~n~4 [Pestle and mortar) &lfl?41ltWGfi 

1 I I 

u ~ ~ ~ r r u ~ ~ ~ t n u ~ . d ' i ~ ~ o ~ ~ ' f i ~ ~ t f i a ~ n ~ ' ~ A ' ~ u i ~ ~ ~  114 i u  iu~ui~firnauuifim~wiu~u~nni.~ 
4 

15 Nu. iinfi~~szuiocli;fia:: 8 nr'u ii;f lnisun~~~wiiina~lr;~u&uw~oQ~iiuiqn~u~ 
i * 

~nnn;~ 99.9% diffiw~ndifl;uwi~~u Zrq paste 1~ada~n'un1~3rrnuua~pl:~~  cad 

vapor) aon~urruini~r riiAuwiiur~~ri;~nis~v*~~n~~~~~~nr~irrn~~~U;i;aia~j~tn~~ 
* I 

2d i  3.2 t~~~~u~0~n~~10\1LWl~ln~o1n~lina4fi?Uo'flYin19~H*R2iU~au 150 O ~ N .  1dii.l 
* .  

pUJ~g~Mlfll%;! 650, 700. 800 H?O 900 OC L L R Z " ~ ~ ? ~ ~ O I H ~ C I I P ) ~ ! % ~ U ~ U  2 nu. 

li;~~l2nzl'~~1llnn~%~~nfi'1?onouid~ (Phase analysis) iinriln~nUOdni~n~.rniami 
9 

(Weight loss) A ? U ~ ~ ~ J I U H Y ? & ~  3.5.3 16nr 3.5.5 
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1 s ,  

URJ~UW1Ufl:ll~fJ 50 mesh 





m~d$=n~u I%(%,,, Tb4)03 , (PZT) 6~i~nnwama'Isr~~wu'~i i  
i i 

* 
xOu "C ou'Idmrds=nou1dn1~u?nnu~9~ (Single phase) Q ~ U R R ? U ~ ~ J J U O Z S ~ U  

2 
H7un:lln'lqtuo; 50 (EI~~RVU~R 297 I~RTOU) L I ~ J ~ ~ ~ ~ u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ J ~ u ~ u ~ u ( R D U  

mrwl~rno; ua:6nff?uQnri~'ldu~oz$u~uiu 28 nu. t~u1~um~u=nluPi?dr:a1~ 

trt8'l?u'nrronnoson' (PVA) n ~ u ~ ~ u n 1 u ~ ~ t u . r ~ ~ ~ 1 u u o ~ n i 1 ~ ~  mrazmu~~dr:n1u . . 
L -. 

~Riuueinnnnznani PVA 1 m i  0.01 nfimoriin&u I uuaom~ i1um.1 

~ids=a~i~kRtlbuo'~slf f~um~ PVA XOQII PZT I);I~U 0.01 : 1 tnuJiuCn nl~in1u 
* 

nlrvrwnlrnsv 28 au.Qn~i~~n~oauoauo?oonua::ou~u~ou~u~d~ufln~a~ u~nfz01U 
* , 

-imruuor so ~ S R ? ~ I I O ; J ~ I ~ ; D U ~ Y ~ ~ U P I ~  dlnlr ~ d d ~ u ~ d d ~ ~ ~ u ~ ~ n ~ o ~ d ~  
" 

blmiin6~*?uus+ 114 siu r4udwuinGu;luvlnniq u uu. div~nd~n: 4 niir 

U T ~ \ ~ ~ R ~ ~ ~ R ~ ~ U ~ P U ~ J ~ ~ E ~ ~ ' ~ ~ ~ ' R L ~ U ~ ? ~ U U U ~ ~ ~ ~ U ~ R U ~ ~ L ~ ~ ~ ~ Q ~ ' R .  (IP (Cold I64& 
w i v 

R~s*) R m l n  m wm2 o~~i1mm~1~~0un~8~npij 80 oc tWlonRR?~u& unw1 
* J * .  # '4 

~cno~~~emr~u~?uwioQu '~ id ro~r tu~ iu~~nauw~~o~m~dsznuu  PZT hrcm'luwo 

n~~~un~~~r iu1ouo.r (~z iu1nz~~un~n1~~~1ql l i luuo~n: i~  (w loss) e7ndnmr iImUln 
w Y 

d&um1*,u ao, paste r r n z f i i n l . ~ w i f i r ~ n ~ ~ ~ ~ i !  3 3  t ~ u t ~ u ~ w u g ~ ~ i n ~ ~ u ~ ~ ' ~ ~ ~  
I 

mu&brr?n,sl~'?iuAu iso 'w. 1d8qgolugii 550 "C u~:R~'I?u~u in ru. 14owi 
v 

'I~n1~3uni~oono7n1u'~a1z ~~u~wugu'R;ao'n~i~~'u'Idd~~u'~u^ wo "c rra~n~l?uiu 
' i 9 

1 au. oin~uwu~oln~iin~u~'maini~'~H'fi~iu&u 300 *mu. 1d84~ungilq.rq~u~9ni'1~~? 
'2 htnusn 1120, ~m H ~ O  12m OC IIO:~JI;UIU 2 m. ~ R C ~ I ~ ~ H ~ U ~ I J W ~ I ~ O ~ ~ ~  
I " . . 

dn (OU~JUOU 5 IU~R) u n 5 ~ v ~ i ~ ~ ~ ~ z ~ ~ r i ~ ~ w ' n t ~ o i ~ n ~ ~ : H ' ~ i n ~ n a f l l u ~ ~ ~ ~ n ~ ~ ~ d " a u u  
' U n ~ l n ~ u u i ~ u n j w i ~ t n o ~ ~ ~ u ~ ~ n ~ ~ l u ~ i ~ o ~  35.5 

",  
~ ~ ~ R ~ ~ ~ Q ~ ~ ~ J ~ ~ U ~ R ~ ~ ~ ~ ? U U ~ R ? U M ~ ~ J ~ R I ~ ~ U ~ S : A ~ ~ ~ ~ M U  300,600 

IIU: BOO niuti+iu t t n z ~ k a z i ~ u n t ~ u t & . t ~ f l o ~ ~ ' i ~ o u ~ ~  1.0 IU~YDU di;~nisuiiJnis~ 
9 * 

unfii'Id?~nnzH;rla na~rmu~rtiu u~ms~m~~uqntns~ns~~ n?u~na~u+& 3.5.2, 
, 

3.5.3 tin: 3.5.4 v11utii411 1d~ai~d1ui~mr31nr~~n'nu~n1~1vlvlii1ntt~jut~Gnn~n . v ,  
~nu'Rou~wiion?~uuuid~zui~~ 0.85 uu. ( ~ r ~ n ~ u r m ~ i u ~ ~ n a ~ ~ X o n ~ ~ u u u i u o ~ t i ; ~  

naumn;~ 10) uazd4ihlnre 



add 3.2 Iwua3parnQfimnu161p1a~~~'(~a~cination profile) 





I d  Y mrdr::nou m numa~unmrour%uuiifio~Iuniuni'5ds::mn isovalent 
id Y 

substitution Q n l m ; u u ~ a u ~ n i r ~ 4 t t n ~ ~ E ~ 6  3.4 ni~Jr::nou PZT n~m?t%.~ Sr I!UU~UZ~ " .  # 

~~II~Iu (~b,. , .  Sr,)(Zr,,,. T~,,)o, , PSZT(X) f;l x nou~nue~i sr 

d5rnouiio 0.02,0.04.0.0~. 0.08 ti= 0.10 t m f i ~ ~ ~ l n o l n i s t ~ u n m r o u ~ ~ u ~ ~ ~ ~ u ~ o u n :  

2.4 ,  6, n ttn:: 10 1fiuozmou ~iublgu iUaoui~nirtmiuuni~da::nouqmr (~b,, Sr,,) 
" 9 .  

(zr,,,. T~JO, ni~iUqmu1~11n P ~ O  diuau 68.3415 n?u S~CO, (luau 0.9274 nr'u 

iiuau 20.0231 nr"u tm:: TiO, h u ? ~  11.91149 nfu 641lufi4ml~l~i 3.3 ~ n i J  
* i . J .  

rmrurrqn~luuam HDPE r~&u~n~ueulmnisnu~uot~uan'u rmuo~maaiUanni~oon~trr= 
r ;  * * 

Cim~ldeu~tH;~ouwutnalrutwol~~~~dnt~uauo~nis PS~JT oin~uu~nnunnh 
.r ,I 

si?rl~zmuttnr~fi~u~dtd~td~~tn*awi~~tn~r~au'iirni'itmiuutnu'oun'~nia~m~uunia pn. 

6' I~n~iaIu~ou~u ni~wittnnl~u~m::ni~wi~umoh~ninvol::~nioun'un~~tmiuuni~ 

m t ~ ~ Q o l n Q ~ w i ~ m n ~ w U ; t ~ : : Q o l n Q i i w i ~ t n o ~ ~ o  noo 'c tm:: 12no "C miu6ih 

oin~u~.ru'i~d~rn~'Id~tn~i::&uG~ni.~niuniw nu~~ni~ldiitrn:r~u~wo'tinn~n 
* "  

diniunndrznou PSZT Q p l s ~ ~ 7 ~ m j u u l ~ u n i z ~ ~ n i ~ s l ' ~ ~ u ~ ~ ~ ~ n ~ ~ ~ i ~ i ~ ~  3.3 

iininoonIwX ( ~ 4 0 , )  ~ ~ ~ n i r i i i ~ o l n ~ ~ ' n ~ o u t n n a ~ r : : u i o l  mo-ntio oc 
, I 

nnJu sip, lun~zdrtnou (no,,  Sr,,)(Zr,,,, TI.,,@, ~~iumsttn~lau~auln 
II 

liifl liquid phase iuuirni~wl~umo~ ni98n~iii;i¶dr~nou (no,. Sro,)(Zr,,,. TI.,.,)% 
, 1 1 1  

4 C 
njo PsZT(6) ~ntm~uu~au'iirnla~~nnia'Ia~uu'umounl¶lmiuun1~ PSZT ounwumouniy 

wit mala; m5 PSZT(6) nn~wirtnn~&nriiu~ufia::t~ufiw;ou~uni s5o3 i t ~ u ~ w  
, , s  

5 ~ k I  15. 3.0 l d ~ ~ t 9 J U ~ ~ f i ~ 6 1 ~  t l ~ ~ ~ ~ ~ u ~ ~  PSZT(6)Bl. PSZT(6)BZ f l i ~ b l g ~  t% 

t m i i  3.4 m~armuplY?drrniu PVA un t~un~~uua~~uk tud  27 uowiru~ 

tta::umm5outanin5u 28 m. nro~~ai0i?nai~1uni~~~oonoinni11taz~ini~t~ioutu4;ou . . J OUIIH; u m n ~ ~ ~ i u n i ~ S ; l u ~ n ~ ~ t ~ ~ ~ o ~ ~ ~ i ~ ~ z ~ t n r ~ t u o  M C I I I ~ ~ I ~ U U ~ I ( I I U ~ $ R I ~ ~ I . ~ '  
A * A  m~o~~~ls1~~n'nt1nzo'mt~unaiunuitt~udmni'1mau1n'1o~ crp ~~(III'IJ kgfImZ 

a i n ~ w i h t n o ~ d f i s i r l u ~ a u w 1 F ; a u n ' n ~ ~ 1 : : n i ~ w i o i ~ 1 t ~ ~ ~ ~ d ~  3.3 ~ u p n ~ ~ q ~ q m v o q  

rnzwihtnoA+io 960. 1040, 112.0 n j ~  1 2 ~  oc l d ~ ~ l 5 i ~ i 1 u n 1 5 w ~ l n o ~ ~ n ~ ~ n ~ 1 : : H '  

&nu'nuqniu nntddowdn~uuim an::6ild~mrw'o~t~rizH'~a1unuit~~u tdn 

~ntnr.rn;ia m ~ n i ~ l d ~ i i m z t ~ u t w ~ t d n n ? n  
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uR.i0WWlWatllnS4 50 mesh I 
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I 3 ~fiuu~lJlluuri;i3 
1 

wi4wmo; - , 
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I 
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ri1ut?arli1 
1 

riinnlnn s 

i ] 'itnsizN;tu~nwl~l~li 
.I I $UJIW PSZT + unz~IuI&dnn?n 





iina 
X msuu~dtm~oi~unir8'finiz~1un'~o'fi (Extrusion process) Qdnzdnlr~ 

I ~ U I ~ Y Y  piston extruder l l I T~4~4~dd  3.6 d'IZflOUF&l fl?::lJ~flo'PI (Barrel) UUlfl " .  
~rfu~iuau&ni4rnu~uiil6u 26 uU. n1lUUl7UO4 die land lri16U 16 UU. fl?lUUl7 

I .  

9104 orifice in'lh 4 Uu. JK exit l ~ U S L ~ R 1 4 ~ ~ ~ ~ ~ l f i l d ~ ~ l ~ g u ~ f l ~ 1 4 ~ ~ 1 ~  1 UU. 11n:~U 
X 4 i a  1 . ns?u (COW an&) ~ i i n ~ ~  450 n i r ~ ~ ~ ~ ~ ~ i ~ ~ i ~ ~ u u s r ~ m ~ ~ ~ ~ i u n n u n n u a u ~ w a ~ ~ r o u a z  

* 
12-16 I ~ ~ ~ ~ U O ~ ~ ' R I ~ T , C ~ A ' ~ I I I W ~ ~ J ~ ' R ' I ~ ~ P I Y ~ ~ ~ ~ I I ~ ~ ~ ~ ~ ~ ~  3.7 ~ ~ U ~ I ~ U I I ~ ~ ~ ~ ~ I U ~ Y  

H i u a ~ ~ ~ o o ~ u i ~ u ~ u o r z r r ~ . r v n a r ~ ~ ~ ~ R ; o r n : c l i ~  A4 (nmuui? 29.60 inu.) gatnsl4 
)I I 

3.8 ~~slnni~~un~o~~ti~t~i~^n~~r::u~a 2 M U ~ U R Y P ; ~  I ;juiq ~inUuy11n4 
* 1 2  ~wiiin~noulawaiumnpan~ii 110 "C uiu 12 au. lu&~u rJii~n~~.aziiinoonuis~~~du . i. ~~n~ui~drzuior 2.5 w. ~ ~ ~ ~ m w n n u n n u l & ~ o n i o i i ~ n ~ ~ u o n n i ~ i r n ~ ~ ~ n ~  

4 i ~ i ; u ~ ~ ~ ~ ~ ~ f i u u i ~ I u ~ ~ n ~ ' ( ~ o o n  11n~nziunn1n4o~nrJi1rl~i~1u alumina boat 4 
# "' ,. roarrufiwnir Pszr(6) ~ ~ n z ~ i ~ t n o r ~ ? a i i n u a z n ~ z w i ~ ~ ~ ~ n f i ~ ~ ~ $  3.3 bun473 

pernqZwi~urno;d 1040 "c uiu 2 au. .. 
rrn~1~ziiind~nn5uuiitl~iut1~~itr~niuira~un'o'1fi~i~ a s i l y  w) 

d * . n?unu~uo.nmi.na~1iin~n~l~d;ilw~1::H'~?~unui1miu an:: pnlnr.snri~ &udruiie~v 

t ~ i u u ~ q ~ ~ ~ ~ a z n o u r r t l u  1-3 ;old 





l d i  3.6 pdnk piston extruder h~ ju~a"mr~~i ln~du& 
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1 I 1 ' 
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.'. r. L I 
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p~~pn~un~~c~la~~~n~~~nnn~iz~~~~u~n~~~~~~~~u~u~~c~~~~i~~~~p~~pu E-I nnii " #" 

ncuztpb~ibla: 01 LLUUL~L~~NLLUQ~~LUU~~~~~M~~~@L~~EQ~~LIZL~@,~G~ 'nn ss'o , a 6 

~n~n~~uo~nlnoin~~_~z~~iiuin~n~pu~ub E-I nniineu~ap~~ib~_~ L 

UOQRG~ME~L~~~~LQ~~O~~ .nn 2.1 . 'Pa 

minzrpn~mMiiccbinnniLun~u_niLRpiEuiin,uuier!u!Lnii$~LfiMiY2n~ntunicn~Y~ 
L. 1 1 " L 

.rcn E nin 30 ss ~bnmbunobn~ %uns ig t!ekiironigouna 'rtn ZI ninns1nynir.u r 6 

wm3!~lp umnm~ n~~~n~iz~ii~~~~~ieuiin~~no~~ii~~nn~~o~ui YLULQEO~ 
C .. 

nnkno !sd 92 n~luin\niun~niLuu (loiesa!sap urnnm~) YLULGY~EO~~IIL~~~L~~LON~~QU 
-. r C 

b~snu~i~z~untu~uii~_n~~bi~uii~n~i~~~i1~~un~pn,nu~~ nppnuncunnEitc;nniu 7 1 , -r 6 4 I - LUIIYOUH~LU~ 'nn R'II n~iuin~n~unuun~n~~nuiuin~~~~n~up~uii~ounn~~~ 
s I . * 1 " 

mLnLyUnLnL~NLW E'E UGRL~n\N~~~l5LUUL~Y\UUNLLblEUllER~l~_O~U~ SV 2Ull W 'OZ 
r ? ' . P' 

'or zunern$iuiu~irbirwin$ntuup~n\ 61 ff~iin~u"npk&lbu~nn~ul L. " 
n$iunpMno~iuzrunLun\nuLuii U~HL~NLM 1 GM 9 ntUufn\ (~auvw 

" C ' L 

hod3) ~_YE~llLLU~LRLL~~Ull (~15li A~od3) ~~~1RUOMGERLLUULON~~MlLQNl~QM LGNlEOM 
P - ? , , 

n~~~cpcgtniin~~~~itu_ni~bi~~ii~~~nou~~p c-I nn!ln~~2rpc~lhl)~ - L 



* *  
nirnrruiuuu~~o~ninuo~ni~~ni inr ieH'~uu~r i f lo  Centrifugal particle 

size analyzer (SA-83) ~ ~ u ~ i n n r e ~ i u n i r ~ ~ ? o d i ~ ~ ~ r e u i ~  0.3 nju lumraeaiu sodium 
" A  A I * . . 

hexametaphosphate iiuuin$u cieflocculant nn2iuIuuuu 2 ~o t~utin~lfl  njiin?ums . w 
uiuoui~uou lo ui~ioumsnreviusi?n~i~nuo 1; pipette O ~ ~ ~ f f ~ ~ ~ o ; i ~ u ~ ~ q i ~ u i ~ n  

I 'A 9 .  

u n ~ ~ i ~ ~ l a a l u ~ n ~ u ~ ~ n ~ i e n ~ ~ o i i i ~ u n ' n n i ~ ~ n ~ ~ n a u ~ ~ t ~ u ~ i ~ ~ t u u n ~ ~ i i a e i i ~ ~ u i i ~ u ~  

1) Gravitational sedimentation : 

2) Centrifugal sedimentation : 

Constant speed rotation 

Accelerated rotation 



3 

p, $0 nmunul1ruuuo.s dispersant (g/cm ) . . 
D $8 uu~ulrau~nu~uinai.suo.so~n~~ 

q l o  n?iunu'rtuo.s dispersant 
v 

.8 40 i~n~doyninlvfin~loun1~n'.sr::6un~d 

p $0 f l? l~ l ;~ l%~~ 

' " A  ~ d n u o . s n ~ r d ~ o l ~ u ' H ' o ~ ~ n i i n ~ ~ : : ~ t ~ u ~ ' ~ ~ ~ n ~ o a  X-ray diffractomder 
. d .  

(XD-610) d~ul'u~?r~?oul.srruu~(~oyn~ncz~n~~~uriuur~1u~o.sr~~uo~u'ru'uu~ o4iu 

h0~1 .s  (Aluminium holder) f f ~ ~ d ~ n 1 ~ 0 i ? 0 ~ 1 . s ~ : : ~ n ~ ~ 1 ~ ~ 0 . s r ~ ~ o ~ u ' 1 u ' ~ u ~ o . s i ~ s i 2 o ~ 1 . s  
1- v . 

~~alv~uhuir~?uwy.srraz~~u~~uo.st~~nlrfl~~riuuuu~un'urrnuo0u'ru'uu rnriifinr; 
A ldnla'Cu-~a radiation i d 1  h = 1.5405 A" yu 28 = 20 - 60 ' 1la:mouyuiiflnrH' 

" " 
R ? U ~ Y ~ ~ Y I  2 a.sflinou~fi wnn~rjrfln::H;rn~afl~ d, I liar 28 wsou x-ray 

9 ,  

pattern ~ i ~ 0 ~ n d l ~ 1 d ~ ~ n ~ ~ r r f i u ~ t ~ i ~ ~ n ' ~ n i ~ ~ u i k ~ ~ ~ ~ u 0 . s n ~ 1 s l ' . s ~ ~ 1 1 n z i ~  PZT ;.s 

iinr\~funmwu~n u. 



(d-.L)-@-M) 
= "d 

-d ((a - a) 

r~unun~n~~u~uho~~~o~nnlt~nun~tum~n~y M nptiyugn_n:uitcnp~ipc~Euti 
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OanOiiHoq niolln?iui I lr~z 
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