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manhuf acturing the same. The inventionialso relates to a s

anal yzer for rapid and efficient analysis of inpurity elenments in
materials, a continuous flQuanal &s (LKO ' rify tantalum or
purity tantal um conpounds =+ ormed using t
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respect to the 20 nethod for manufacturing it, for exanple, (1) Japanes

Unexam ged Patent Publication No. 6-192148 describes a nethod of treat
a chlorine elenent-containing tantalum al koxide with an al koxi de of an

al kali netal or arPAGIGERPYTR RBTHE N BENTEONeduce the anpunt of the
chlorine 25 elenment, to AfePPredPrthESPnvéhePon(2) Japanese Unexam ned
Pat ent Publication No. 10-139788 descri bes a nethod of dissolving a
tant al um al koxi de cont & Mt NgFEReNEaINERNtAGn Kabateshyar al highgphirényl
20% of the algemtiaialWdrytantalddi Hdt neossgesdrsphhdraeasctifg phaduct
and 30 gistillation- e arating.the ieact%gn groduct fromthe dnreacted
al koxi 13 to rdver UBY BEEERR At ROxF G e ket @R | §EPRRRABFeri al has
been require@nziyzanaibﬂﬂ;ﬂp&dandigfﬁbcﬁénthﬁnyQﬁe ﬁheimbﬁkﬂt9f
sem conduct org,. .| rj . Vv nt. o [ 35, purit
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high purity tantalum or high purity tantalum compounds

and a ferroelectric thin-film formed using them.

15 2. Description of Related Art

Pentaalkoxytantaiums are semiconductor

materials and, particularly, pentaethoxytantalum is
widely used as a film formation starting material in the
manufacture of semiconductors. With respect to the

20 method for manufacturing it, for example, (1) Japanese
Unexamined Patent Publication No. 6-192148 describes =z
method of treating a chlorine element-containing tantalum
alkoxide with an alkoxide of an alkali metal or an
alkaline earth metal to reduce the amount of the chlorine

25 element to 10 ppm or less. Also, (2) Japanese Unexamined
Patent Publication No. 10-139788 describes a method of
dissolving a tantalum alkoxide containing Fe, Ca, Sr, Na
ard U, hydrolyzing from 1 to 20% of the alkoxide while
stirring to produce a solid reaction product, and

30 distillation-separating the reaction product from the
unreacted alkoxide to recover the objective alkoxide.

Recently, the material has been required to

have a higher purity so as to improve the yield of
semiconductors. In particular, the development of a high

35  purity pentaalkoxytantalum with reduced amounts of
various metals, as impurities, has been keenly demanded.

According to the method (1), the chlorine element is
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various netals, as inpurities, has been keenly demanded. According to the
nmethod (1), the chlorine elenent is *@0002* 08 MAR 2004 - 2 reduced to
10 ppmor |ess, however, the nethod for renoving netal inpurities i s not
descri bed. The net hod (2) has a problemin that the nunerlif values of
A; C, C, Cu, K M, M, N, Pb, Zn agdsz except for

and U are not descri bed and since netals such as Fe are rennved by

hydrol yzi ng thg 4.0 koxi de eld is inevitably reduced, though
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nmet hod, a preeieRiel adtan Si t d se |on nmet hod,

a disti)Jation r?e hod .and ter%%ﬂkie)& nﬁ%: Sd"'aztgEg {'%ﬂgké?an

conbi naty on. FAREL IR Qutof (e V%hedvmmmumndihel$mattoh|ne of
a fem/second51sonaceE@WﬁyIB@d#hséﬂﬂhé(HEH¥aIEﬁ'£@E 91?3 1§mi§§n%§ %ﬁFa few

days are sonefines required. After Iparatlon of

sPeps for was aﬁ’& PEYEKar TN het sepprationy amparatus are
necessary, anpusulcflicatte_psx uefitngn R irfer & d i ﬂ?l‘ﬁ}ﬁ? ¢ Préxp%,%sﬁge

that.of the gppar %xb@gi%ryo%%%%%%nfeq.ar dgaelsrs yOfdltfth.cult as described
15 in the patent publication. '

On the other hand, for separation of necessary
target components from component combinations, it is most
common to employ methods that yield only the target
Components, whereby a sample containing a component

20 combination is passed through a separating apparatus
using a separation method such as an ion-~exchange
separation method, a solvent extraction method, a
precipitation separation method, a gas/liquid separation
method, a distillation method and the like, employed

25 either alone or in combination. The separation is often
accomplished within the short time of a few seconds to a
few minutes, but longer periods of a few hours to a few
days are sometimes required. After separation of the
target components, steps for washing and regeneration of

30 the separating apparatus are necessary, and such steps
often require a long period comparable to that .of the
separating procedure. Regardless of the length of the
analysis time, however, usually only one separating
apparatus is present in the analyzer, and therefore an

- 35 analyzer or an analysis method that can shorten the
analysis time has been desired.

When long periods are required for separation



anal ysis time, however, usually only one separating apparatus is present

I n-the anal yzer, and therefore an 35 anal yzer or an anal ysis nethod that
can shorten the analysis time has been desired. when | ong periods are
required for separation 08 MAR 2004 - 3 of target conponent g

washi ng and regeneration of separating apparatuses, a single s£?§$ém9%
apparatus is inefficient because it cannot simnultaneously acconpllsh the

separation procedure and the washi ng and regegeratlon 5 procedures af
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20 depends on he [ y c LAD, n uri i in the
i argh& mS?E SB&FSBERQ % a%@%%rgog%oneﬁQ tld k%ﬁe
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and nickel, Eéﬁgt grtaLheandsfingl an %@g@ﬁe'fﬁ:}@b% $eehsa A5 el um and

magnesi um heav s such as cadm um an and non-net al |
el kments such aepbﬁabhHGpﬁ§§sﬁéFU§ aERGTt kO SERRFIFAGE. Hﬁ?Q94ﬂﬁe¢o obtain
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15 tantalum alkoxides, of which the demand has been
increasing in recent years'for semiconductor uses;
tantalum, as a constituent element of ferroelectric thin-
films, is obtained from tantalum alkoxide starting
materials, and since the thin-film performance largely

20 depends on the impurity concentration, the amount of
impurities in the tantalum alkoxide starting material
must be no more than 1 pg/gl The impurities of interest
here are transition metals such as iron, chromium and
nickel, alkali metals and alkaline earth metals such as

25 sodium and magnesium, heavy metals such as cadmium and
lead, and non-metallic elements such as boron, phosphorus
and their compounds.

In order to obtain highly precise measurement
of trace amounts of impurity elements at no greater than

30 1 ug/g in tantalum or tantalum compounds, it is essential

to carry out a procedure of separation and removal of the
main component of tantalum prior to detecting the
impurity elements with the measuring device, and a
variety of~separation-methods.and measurement methods for
35 impurity elements have been repgrted.
For example, metal elements are specified



mai n conponent of tantalumprior to detecting the inpurity elenments with
the nmeasuring device, and a - variety of separation nethods and neasurenent

nmet hods for 35 inmpurity el ements have been reported. For e al
el enents are specified 0 8 MAR 2004 4 according to JIS H168§?%Rgaﬁogﬁﬁor

determnation of iron in tantalum. However, the JIS analysis nethod is
pnoblematic in that: (1) it is designed™ dr "Tanalysis of the g/g 5 |evel
and higher, and (2) it is a batch nethod, and the procedure is therefore
time consum ngcaodddnfif koulEiSe81488 éNeshodefed datesmrinatior ok rofPRng

the condi tiong,Sueh.asuhfje ThBelake ehd NsCald il soliddip #c. 10 A
wi del y known Tet hod of separating and neasuring the non-netal el enent
boron invol vesradliemgtan ial &8RS (nethanol) to the sanple sol ution,

aqucous sodi um hydr oxi dd Hoflt 16 CoAAd Ve e S T e 28 BT of
boron b5 t!trggbgm ghdsggqhégphgh@netry (JIS GL227: Met hod fpr .
appl 1 od To the  determi 11301 68 G BoFBarh TEENE wAnd (1S BHOHTSRE 1 551 n-
that: 20 25 ({hedegbickl @limen cohsumenkorom abl #fiiqEtids doe atrcoenvergd
poor |y sui t edas SEEHEATY PR eIl T DGO TrisTHe e oAt o2 Lot ha
will not easkbyedbssahee cartrient sﬂﬂwq}dnmk&ﬁduoric acid; (2) the
nvol vad (3) [ me i s rBqdiredy srthie e Y | Pt 00 a6d g N
nmeasuri ng pr omedsneingndheomoarimedtaloe femant thareminopkves »ddbrgsan
_§pgnificant; QTgohol (methanol) to the sample solution, distilling off
the boron as trimethyl borate and absorbing it in an
aqueous sodium hydroxide solution, and then measuring the

15 amount of boron by titration or spectrophotometry (JIS
G1227: Method for determination of boron in iron and
steel). However, when this method is applied to the
determination of boron in tantalum, it is problematic in
that:

20 (1) distillation of the boron as trimethyl
borate is very difficult when fluorine is present during
the distillation, and it is poorly suited as a means of
separating boron from tantalum samples that will not
easily dissolve without using hydrofluoric acid;

25 (2) the distillation apparatus and distillation
procedure are complicated and involved;

(3) time is required for the distillation
procedure and measuring procedure, and contamination from
the environment becomes significant; and

30 . (4) it is not sensitive enough to the
determination on the level of below 1 pg/g by titration
or spectrophotometry.

Another reported method involves production of
ion pairs of boron in a sample solution with methylene

35 blue or the like in the presence of hydrofluoric acid,

extraction in dichloroethane and measurement by



30 (4) it is not sensitive enough to the deternmi nation on the |evel of
betow 1 g/g by titration or spectrophotonetry. Another reported nethod

i nvol ves production of ion pairs of boron in a sanple solutigon with

met hylene 35 blue or the Iike in the presence of hydrofl uoriBBacN,A;R 2004
extraction in dichloroethane and neasurenept by 0 8 MAR 2004 - 5
spectrophotonetry (JI'S G1227: Method for™ detérm nation of boron in iron
and steel), but this method is also problematic in that: (1) the tantalum
to be separat etpd-ramotEuesay aci® ¢ Al Xebhodofebr eat eaRdnaiophOf

extraction progady & d nddesadclusion ol: contamuBanba fsomtae reagents

and appar at us xpl al ned above, therefore, analysis of inpurity
el erents in t@RElenanE” teEht®Wamki conpounds 10 using conventional anal ysis

nethods entail the fol |l o N h@robh€Bum (dd ¥BeSepaRICEAPEET QUSo0AN €
required for separation of the target conponents and washi ng and

regener abi on EXRTRC TR okt 3R BpPArE? ROTPRe PPBcedures 15 are inefficient

because the separation pyofeghis eeﬁ@ﬁlaémonv\?ﬁbhaauaadiﬁegeaerahbcmsion
procedures after separajion nnot be sinu taneouglgpaccogﬁlished; (2)

c
because they #% RN IRAMLISLIIPRELDBERAGRES AP R&*26R8unmi ng and

difficulties. are 20 inved vedplaisédishodyeconhepkfong,t hratgadst odns such
as the flowrate of the carrjer.solution,  etc.. .. istillati,on of the
boron as tri metTEH* 2ot RS ety %ﬁ???gﬂptaﬁﬁeﬁaP%SéPﬁnéchgogbggent in
the sample salsinPreoRdefdjohit apabystssmethndsdesthlilathenfpldesdures
are conpl ex and infolvpd; (5) the contam nation from apparatus and
reagents is c %,e 11e the anal ysis procedures are tine consum ng, and
cgntamination fromthe etV)renemntonger periods are required for

separation of the target components and washing and
regeneration of the separating apparatus, the procedures

15 are inefficient because the separation procedure and the
washing and regeneration procedures after separation
cannot be simultaneously accomplished;

(2) because they are batch methods, the
procedures are time consuming and difficulties are

20 involved in strictly controlling the conditions such as
the flow rate of the carrier solution, etc.;

(3) distillation of the boron as trimethyl
borate is very difficult when fluorine is present in the
sample solution; ,

25 | (4) the apparatuses and distillation procedures
are complex and involved;

{5) the contamination from apparatus and
reagents is common, while the analysis procedures are

~ time consuming, and contamination from the environment
30 becomes significant;
(6) they are not sensitive enough for analysis

on the level of 1 ug/g; and
(7) tantalum cannot be removed by extraction.
'BRIEF SUMMARY OF THE INVENTION _ _
35 The present invention has been made under these
circumstances and the object of the present invention is

to provide a high purity pentaalkoxytantalum extremely



30 becones significant; (6) they are not sensitive enough for analysis on
the level of 1 g/g; and (7) tantalum cannot be renoved by extraction.

BRI EF SUMVARY OF THE | NVENTI ON 35 The present invention hasgb&qqugﬂ@ under
these circunstances and the object of the present inventio S ﬁovide
a high purity pentaal koxytantal umextrenel,y 0 8 MAR 2004 - 6 lowin the
contents of various netal inpurities and further reduced in the chlorine
el ement content, which is required of a sem conductor material,.and also
an - industri alkpy aﬁvéh?a§@6&§nﬁ§tﬁ@dvﬁ6ﬁoﬁﬁb&ﬁﬁ?ﬁg BTG 5@ ¢y

pent aal koxyt apaky@yi Reaugead iy @h@ R Ivaduyne Idinsdrid |@drwmt whwlhchags
her et of ore been considered difficuJt. As a .result of(§§£f sigﬁ

i nvest i gati on5egeis@er 86nd SEE 9&s AR ST P oty e Hr esent

i nventors have,qlQ+haund yt hatvatheleduetethof 26mstptdduning ca uibgBol ution
cont ai ni ng pent aal koxyt ant a distillati

! |l um usin nc [ , a high
purity pent aapké%ﬁﬁaﬁﬁélt&ﬁ%m(?@d‘ 19T HE & SYJD?Oiéjlargr‘sf o‘aasé'&rr‘glgal s and
al so reduced incthe1aghlonr,i R iglreme neartentomarbéen praukiicderedd t he
object 15 of the present invention can be attained. The present invention
has been accoﬁ&ﬁ?%ﬁ Yvased on this finding. The present invention relates

to the foll owi ng maana EBsule (Cf7 gxers highipestigaeirndl kKOx9YVEREAMEm
having Al, Ca,. 20 Cd , , , h bon €0 né8ntdbsandvd
contents eacht8FIﬂgﬂyqﬁ%s§é%#?ﬁ%;péégﬂ%h%}?#d%b%ﬁ$%?§ pE%taalk8é¥tantalum
as descro bed fioundl)th@Eowhemiemethaheotohishtklbrg @ crydecgoleflopy
~Fe, K My, M, Ng._ N, 030105 A4 2118m 886 n & €854 28t L DRAL 28nppb; (3)
t he high puri tcf’}%earﬁ é‘é’ligjxey%at%%m as descri bed'éipmglz_ abo¥em vvhgr %i %Ut he
chntents of Alcolman Gd ugedOp high RIrigy REOLARIKRERYSPREAZAM FREANG
are each 1 ess . the contents of various metals and also reduced in the
chlorine element content can be produced and the object
15 of the present invention can be attained. The present
invention has been accomplished based on this finding.

The present invention relates to the following means (1)

to (17):
(1) a high purity pentaalkoxytantalum having Al, Ca,
20 cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Zn, Th and U

contents each of less than 50 ppb;

(2) the high purity pentaalkoxytantalum as described
in (1) above, wherein the contents of Al, Ca, C€d, Cxr, Cu,
Fe, K, Mg, Mn, Na, Ni, Pb, 2n, Th and U are each less

25 than 20 ppb;

(3) the high purity pentaalkoxytantalum as described
in (1) above, wherein the contents of Al, Ca, Cd, Cr, Cu,
Fe, K, Mg, Mn, Na, Ni, Pb, 2Zn, Th and U are each less
than 5 ppb;

30 (4¢) the high purity pentaalkoxytantalum as described
in any one of (1) to (3) above, wherein the chlorine
element content is less than 1 ppm;

(5) the high purity pentaalkoxytantalum as described
in any one of (1) to (4) above, wherein the

35 pentaalkoxytantalum is pentaethoxytantalum;

(6) a method for manufacturing a high purity
pentaalkoxytantalum having Al, Ca, ¢cd, Ccr, Cu, Fe, K, Mg,



than 5 ppb; 30 (4) the high purity pentaal koxytantal um as described in any
one of (1) to (3) above, wherein the chlorine elenent content is |less than
1 ppm (5) the high purity pentaal koxytantal um as described ip any one of
(1) to (4) above, wherein the 35 pentaal koxytantalumis ‘618 ﬁkﬁ 2004
pent aet hoxytantal um (6) a method for manyfacturing a high purity

pent aal koxytantal um having Al, Ca, Cd, Cr, Cu, Fe, K My, -Q8 MAR 2004 - 7
Mh, Na, Ni, Pb, Zn, Th and U contents each of |ess than 50 .ppb onpri si ng
distilling a WentHakkBiyt &Rrafim Thuged UoFaritERYSsiSs ta i J975 SHon

colum; (7) thg Fyggbogoﬁggigaﬁgf askuninNgng A grpaailikpdytantalum crude
pent aal koxyt ant al um as descri bed in. (6) .above, wherein the high purity
pent aal koxyt apPaRGAPRaYSANEhPoFRAE L LEPERCR: SOIMTEYt of |ess than 1 ppm (8)

the nethod for manyh3ctHel patdocli gdrpwanifacpentiag kondgntmlninys
described in (6) or 17) above 1 '

, 0 erein . the .distillation ¢ .1s a
packed ol unnPenypatkexyEARGE By 2fa §5ﬁEFQnJQa(ﬁ)gﬁ&ﬁﬂ??Tﬂﬁﬂéggaﬂ
pent aal koxyt aghal 4AGas pdedeki bedtiaa 1(Bkyahorte lurdras . dhlepacked col um
I s packed with_Sul zer packing; (£? th?ﬁpeﬁhod for manufacturing a high
purity 15 penBa&MRaFyCRREEMTMCLs 188858 i #P5Hy one of (6) to (9) above,
wherein the distill(@ti @hei sepdioldorfoed ramudagit ur inheorstdtcaupliey e nunber
of from2 to 100, stages:; ) e t : fact w.in | urity
pent aal koxyt aﬁfa&ltﬁﬁ’?gs?xaé:s%‘%’laﬂﬁej& ian@egg%%(gﬁ'geﬁ?g)@o%g 2%7 )?1%%&2%8%,
wher ei Lot he divhkirdeliat ithie ids.sperlflenied solammdis FmRraHird AWWRF 300C or

l ess; (12) the netgggng%%fq%%#&?gggka%%ﬂ%ﬂydyhﬂygété/h%?ﬁ?éﬁ%$§¥ytantalum

as described in an above, wherein lation is
parforned at Pe5 and i contant alawp ersadase et 0@ ok8 ) aROVe 1 HNeRe et hod
for manuf act ugiRg A Nedh RHRirky 1 PYUARK PR 268 gsacieBeg j bed in any
one of (6) to (10) the method for manufacturing a high purity
15 pentaalkoxytantalum as described in any one of (6) to (3)
above, wherein the distillation is performed through a
theoretical plate number of from 2 to 100 stages;
(11) the method for manufacturing a high purity
pentaalkoxytantalum as described in any one of (6) to
20 (10) above, wherein the distillation is performed at a
bottom temperature of 300°C or less;
(12) the method for manufacturing a high purity
pentaalkoxytantalum as described in any one of (6) to
(11) above, wherein the distillation is performed at a
25 top column temperature of 300°C or less;
(13) the method for manufacturing a high purity
pentaalkoxytantalum as described in any one of (6) to
(12) above, wherein the distillation is performed at a
top column pressure of 1,500 Pa or less;
30 (14) the method for manufacturing a high purity
pentaalkoxytantalum as described in any one of (6) to
(13) above, wherein the pentaalkoxytantalum crude
solution is obtained through a first step of reacting a
tantalum halide with an alcohol in an inactive solvent
35 and removing the hydrogen halide produced on the reaction
by bubbling an inert gas, and a second step of adding



(12) above, wherein the distillation is performed at a top columm pressure
of -1,500 Pa or less; 30 (14) the nethod for manufacturing a high purity
pent aal koxyt ant al um as described in any one of '(6) to (13) above, wherein
t he pent aal koxyt antal um crude solution is obtained through a f'rs}1ste of
reacting a tantalumhalide with an aIcoth_in an inactive sol &Hd
renmovi ng the hydrogen halide produced on the reaction by bubbling an inert
gas, and a second step of adding - 8 0 8 MAR 2004 ammppia or_an_amne to
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pent aal koxyt aptalunner yde sSAudd o8 dBSdind e ped bedl koxy tanuaaahurciingea
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resul ting fr&@iatean rist %HE&%Q?ﬁcikﬁﬁﬁgg %eﬂf Ek%géP ?alé%%gkgggn915
sol ution; (16)Heha-dmitiach foff dmwmﬁﬂslwm|MQladh|ghtpuantylcohol in an-
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hati ve.sbl vereas Core artr 147 ke Rengy PEERRRaIAtLAT D o i

purity 1@0 pem@mﬁd«ngnﬁhuepmmssmrdeenrp@eﬂormlaﬁytbﬁeréﬁCFePntBn 656)
above, mherelnt#ﬁ}égﬂﬂfgg{gggtagﬁgé |§em8§gﬁgegﬁgxx§aggggﬁnhaﬁﬁa@her It

is an object STIHE priesen nVentlo rovi de an anal yzer wit
~separating apummmduﬁﬁqumﬁnmeoweaqslvaplan9 anaeépﬂﬁcﬁ§ﬁPl§°5néF§2Pﬁg

mpurity el emtiRod Sl ST £ faE0Rb! BHAUSebEROANSLY ko raed. tingh
purity tantalun1an h purity tantal un1conpounds ﬁ
from the irst stép to obtain a pentaal oxytantalum crude

15 solution;

(16) the method for manufacturing a high purity
pentaalkoxytantalum as described in (14) or (15) above,
wherein the inactive solvent is toluene; and

(17) the method for manufacturing a high purity

20 pentaalkoxytantalum as described in any one of (6) to
(16) above, wherein the pentaalkoxytantalum is
pentaethoxytantalum.

Further, it is an object of the present invention to
provide an analyzer with separating apparatus capable of

25 rapidly and efficiently analyzing impurity elements in
samples, a continuous flow analysis method, high purity
tantalum and high purity tantalum compounds, and a
ferroelectric thin-film formed using them.

As a result of diligent research aimed at overcoming

30 the above-mentioned problems, the present inventors
completed the present invention upon finding that the
problems can be solved and impurity elements can be
analyzed at a high sensitivity in a short period of time
by using an analysis method whereby a plurality of

35 separating apparatuses are connected in parallel, and at
least one of the separating apparatuses connected in
parallel is used for analysis while at least one of the



ferroelectric thin-filmformed using them As a result of diligent research
aimed at overcom ng 30 the above-nentioned problens, the present inventors

conpl eted the present invention upon finding that the problens ﬁta ﬁﬁ
solved and inpurity elenents can be analyzed at a high sensiti vt 8 i RaZGM
short period of tine Dby using an anal ysig method whereby a plurality of 35
separating apparatuses are connected in parallel, and at |east one of the
separati ng apggéat uses connected in__ parall.el is

used. for ' ile at
| east one of ©§3 SRRRATSOGAY. 2@PAGATE P SSepar é'fa\%Pgedglpapnafaﬁ%£egrggfé§%%2hed
and regenerat gd, thae khallyaial wsids warsth iwas femeg cerericad rawd out
si mul taneously. Thus, the.presepnt in ti ; A ralle
separ ati ng anéFV£g$?h§°8§&ﬁrnu§ﬁ§ss f%%wpg%h f§?§J§&¥H%§$§H?Hﬁ§purity
tant al um and pirgkridesr iat yatradilelumepam@dunds  amnkly zef ergd oI RU@UEhi n-film
f or med I ng em | ai. L0y (38).44 1 el
separ at i%ﬁg anglliﬁf'ela?‘%\hiﬁ%cl% %s%%goladohigr?u%l}{sgfzgyo%a%lL(z’i?arglacgule lgd wth a
liquid 10 trapspdtyeranddepacanpeyrasparrdidus e RCEXHE refmet AT
valve. a sol UlLoReSIGHNG NG Vs Abid BU L4y (AIPUR E9Eh aRasuring
device, characCtérized 'n” that a plurality of separating ap&_altrat uses are
provi ded, each sefdBat iPn@agddiedt SLHF AGTHE ALY hardt1eh  13n8 15 the

separating appahaliyses A RPMRAAG A REUHpad MRera 1hgiiat | east one of
t he separating apparatuses is used for analgsi s while at. | east one of the

ot her Sbar at EAG N SR AER ude SERATAIHE 3RRPT YL eratAMPLY that anal ysis

and washi ng and+RQRRAIYH VA1V GArddlaftidt Wi séiing anebus) yan(19) A
paral | el separating anal yzer accoydi (r_:]r?q to (18),abpve
séparating appEPRTIdYs TEOVEe At t%

Arunine ASnres SHRaebrtefels LBy
different conpay td QnuuraNa S B teuentsd \h ¢ Uppbacaties her @5psepadetl, ng
oy ared each sophralihd NpparactiP AL ddithe SRR A Ba P81 161 1OERAT 2Nd
15 the separating apparatuses are connected in such a manner
that at least one of the separating apparatuses is used
for analysis while at least one of the other separating
apparatuses is washed and regenerated, so that analysis
and washing and regeneration are carried out
20 simultaneously.
(19) A parallel separating analyzer according to
(18) above, wherein the separating apparatuses are
connected in such a manner that solutions of different
compositions are simultaneously supplied to the
25 separating apparatus used for analysis and the separating
apparatus being washed and regenerated.
(20) A parallel separating analyzer according to
(18) or (19) above, wherein the separating apparatuses
employ, as the separating means, a method selected from
30 among ion-exchange separation methods, solvent extraction
separation methods, precipitation separation methods,
gas/liquid separation methods and distillation methods.
(21) A parallel separating analyzer according to any
one of (18) to (20) above, wherein the impurity remover
35 employs, as the means for impurity removal, a method
selected from among ion-exchange separation methods,

solvent extraction separation methods, precipitation



(20) A parallel separating analyzer according to (18) or (19) above,
wherein the separating apparatuses enploy, as the separating neans, a

nmet hod sel ected from 30 anong i on-exchange separati on met hods, solvent
extraction separation nethods, precipitation separation net R 204
gas/liquid separation nethods and distillggion met hods. (21) para
separati ng anal yzer according to any one (18) to (20) above, wherein
the inpurity remover 35 enploys, as the neans for impurity renoval , a
met-hod selecte%e@@6%¥aﬁﬁn@etbﬁdéxcﬁaﬁéélgéﬁéré@P@ﬁaﬁéPWo@§th9ﬁﬂ\Rﬂﬁ
extraction sepgfgti pnapebhodscnBagCi pitation 08 MAR 2004 - 10 separation
nmet hods, gas/liquid separation_nethods and_ distillation nethods (22) A
paraIIeI separ at i ng{ 4A4l 3zBATA&EBLAFARAEBLARY 28R4 YERT( BSF G )
wherein the nmegsdrbpg(deyi €8 52@Isrphgweanwha§@th esleymmxlzqdmgolmarmss
spectronmeter. (23) A parallel ratin al yzer accordln one of
(18) to P22) a%‘BQIeW%gEhlI‘Q“EEéHe MrcaHgllﬁ’g FLEEM3 MFTS 5P AR e

netal material. (24)24)canphpd0Uelf kepazaalivg anmiyhed chajoaetierd zes aril.3® in
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appar at us bei ng regen conti nuous ow analVysis
t hod accordi@f sepafasingrappsyasbses, canoested e Pagaldieng sapbeht uses

| oy as. the ﬁ@?%ﬂ&i?glgﬁ@ﬁilé gt IﬂQQs%eb‘ﬁ%t oF ft'h%mot%@n%éﬁ%ﬁ(ﬁ{?nge
separatlon met vent extraction 25 separation nethods Py eci pi ation
separation netﬁgggratuses is washed, so that analysis and washing dre

15 carried out simultaneously.

(25) A continuous flow analysis method according to
(24) above, wherein solutions of different compositions
are simultaneously supplied to the separating apparatus
used for analysis and the separating apparatus being

20 washed and regenerated.

(26) A continuous flow analysis method according to
(24) or (25) above, wherein the separating apparatuses
employ as the separating means a method selected from
among ion-exchange separation methods, solvent extraction

25 separation methods, precipitation separation methods,
gas/liquid separation methods and distillation methods.

(27) A continuous flow analysis method according to
any one of (24) to (26) above, which is used for analysis
of impurity elements in a metal material.

30 (28) A continuous flow analysis method according to
(27) above, wherein the metal material is tantalum or a
tantalum compound, or niobium or a niobium compound.

(29) A continuous flow analysis method according to
(27) or (28) above, wherein an inductively coupled plasma

35 mass spectrometer is used for the analysis of impurity
elements.

(30) High purity tantalum or a high purity tantalum



gas/liquid separation nmethods and distillation nethods. (27) A continuous
fl ow anal ysis nethod according to any one of (24) to (26) above, which is
used for analysis of inpurity elenents in a netal nmaterial. 30 (28) A
continuous flow analysis nethod according to (27) above, wherg,g pﬂ@ mﬂgal
material is tantalumor a tantalum conpoynd,_ or niobiumor a bi um ©
coppound. (29) A continuous flow analysis nethod according to (27) or (28)
above, wherein an inductively coupl ed pI%%ga, 35 nmass_spectroneter is used

for- the anal ysSS@MRAURGpFFR5AC Rt LY (BAYIRFgR pBFRLy PBATAFEmM or a high
purity tantal um 8 MAR 208¢n trddi o€ 0ePOoRPdgrehaeact rehzedobynhdgi.ng a total

impurity elenment concentration of no greater than, 1000 ndglg. Hi gh
purity tantal um or éah}g%l%%r??@l?%n?%ﬁﬁﬁfu%oﬂﬁoﬁnalgchPg%g %g%%féf%
above, wherei ncéisolnh@haPesidingStdanda) uabovapowhdresnhihh paght purity
pent aet hgxyt ant al u 10 (32) A,ferroelectriec thin-fi hi,zed by
bei ng foPned u%%%@g%?%hcéﬁ?%?9dthit5%%91%?rétﬁiB%n%é%?béggggﬁ%gﬂﬁﬁkconpound
with a total inpurity2gl®neatroebacenicathbn-6filmochrcacerrirgd Y00 ng/ g.
BRI EF DESCRI PTI ON. OF, THE Lg. ks.a I ¢ VLEeWw: :
separating apﬁ%?b?%sf°¥%?gfﬁ%¥ggﬁkggﬁdp%gég g%gggg?hgBfohaﬁ&gﬁbggﬁégﬁ of
the inventiontaftglu® ¢empogndphithoai hgtaheimphaitynshrpepEt ween 15 :
el uent (hydrochlgéigaggég%nc$90§gt&gggggraggaﬁnggab gg/geluted bor on,

eRDodr TRt of ~the

according to an’ I nventi on. FI%. 3 i's”a graph show ng the
rel ati oashi p bet weePRIBF uBRSCREDAEORhPBr THEaBPRAYI®GACcent rati on and 20

concentration of elyjed §antabunnangeidi dclootna eEbadkRERy ebpdiatus
invention. Fig. 41i's schematic of a parallel separa hg% ,analyz%r ﬁpomnng
one case of a feparabtaguanangzepragegccording to an embodiment’ of the

invention.
Fig. 2 is a graph showing the relationship between
1S eluent (hydrochloric acid) concentration and amount of
eluted boron, according to an embodiment of the
invention.

Fig. 3 is a graph showing the relationship between
eluent (hydrochloric acid) concentration and

20 concentration of eluted tantalum, according to an
embodiment of the invention.

Fig. 4 is a schematic of a parallel separating
analyzer showing one case of a separating analyzer used
to carry out the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

That is, the present invention provides a high
purity pehtaalkoxytantalum having Al, Ca, Cd, Cx, Cu, Fe,
K, Mg, Mn, Na, Ni, Pb, Zn, Th and U contents each of less
than 50 ppb and having a chlorine element content of less

30 than 1 ppm and a method for manufacturing a high purity
pentaalkoxytantalum having RAl, Ca, ¢d, Cr, Cu, Fe, K, Mg,
Mn, Na, Ni, Pb, zn, Th and U contents each of less than
50 ppb and having a chlorine element content of less than
1 ppm, comprising distilling a pentaalkoxytantalum crude
35 solution using a distillation column.
The high purity pentaalkoxytantalum and the method

for manufacturing the compound according to the present



to carry out the invention. 25 DETAILED DESCRI PTI ON OF THE | NVENTI ON That
I's; the present invention provides a high purity pentaal koxytantal um
having Al, Ca, Cd, C, Cu, Fe, K My, M, Na, Ni, Pb, Zn, Th a.nd U
contents each of less than 50 ppb and having a chlorine el enent content of

| ess 30 than 1 ppm and a nethod for nanufffturing a high puritWhg MAR 2064
pgnt aal koxytantal um having Al, Ca, Cd, Tr7“Cu, Fe, K M, M, , N, Pb,
Zn, Th and U contents each of |less than 50 ppb and having a chlorine

el ement cont entvehtiessarfpadeserpgped SeAPWi-sing distilling a

pent aal koxyt ant al ughgr H?gh?’gu?‘ilt#t IR £ WS R xE c@indtld 1R ld O e I gy enbe hi gh
purity pentaal koxytantal dm and the _nethod for, manufacturing the conpound
according to iheeptésents- prefegablypk igdoPurdrehBesht aatddedan et hel ow.

The high puritycpentagl kayutant ahUmaef dulke raraserniimpd fiMad ORvti scipreder abl y
hi gh purity pentaethoxytantalum extrenely reduced in variaqus t al
i mpuri t iPes, mh?cﬁregﬁraglﬁeuﬁPéféﬁa@lfqmﬁﬁTW§¥%¥?ﬁﬂﬂﬁﬁﬁﬁﬁélbr eri al

The contents @bntBhak bAPHethilesmpuri€desCdl ,Cca Ocd Fer Kcu MEe MK, Na,
Ni, Pb, Zn, Th and U each i,s | ess than 50 ppb, preferably |ess than 20
ppb, more pre8ralify NassNiph& 'SZﬁ’pb.ThTr?é“gﬁll e 1§ Z’T?ﬁ\%t tg'tﬁﬂeﬂ@ is |ess
than 1 In ppnpgBd phiSeranly tlaals thanpau apbkomimntpdafarapiiyi sss _
chl oride. chl obidesransor hee eI ik Moo o ensd ot o i
pent aallkoxyt appal amdachdsdmegniso tiHat prhes gren iaaldmixdrantsalib adestaibed
cont ai ni ng & BORPAAFRxTAACATm T Thn T1os I B arE iR o "
preferably usgdstothmandf gptudinng enimgh qfurdhbpgiae sslemeatant al um  The 20
R e B e S
produced by t pentaalkoxytantalum according to the present invention 1is

15 described below.

The present invention is a method of distilling a
crude solution containing a pentaalkoxytantalum and in
particular, the method can be preferably used for
manufacturing high purity pentaethoxytantalum. The

20 method for producing a crude solution containing penta-
alkoxytantalum is not particularly limited but, for
example, the crude solution may be produced by the
following method (1) or (2):

(1) a method comprising a first step for reacting a

25 tantalum halide and an alcohol in an inactive solvent and
removing the hydrogen halide produced on the reaction by
bubbling an inert gas, and a second step for adding
ammor.ia or an amine to the reaction solution resulting
from the first step to obtain a pentaalkoxytantalum crude

30 solution; or

(2) a method comprising a first step for performing
the reaction of a tantalum halide with an alcohol in an
inactive solvent under atmospheric pressure and then
reducing the pressure or performing the reaction under

35 reduced pressure, thereby removing the hydrogen halide
produced on the reaction, and a second step for adding

ammonia or an amine to the reaction solution resulting



following nethod (1) or (2): (1) a nethod conprising a first step for
reacting a 25 tantalum halide and an al cohol in an inactive sol vent and
renovi ng the hydrogen halide produced on the reaction by bubbling an inert
gas, and a second step for adding ammonia or an anmne to the reﬂcsuv 0
solution resulting fromthe first step tQ_obtain a pentaalkoxytantalu% 4
crude 30 solution; or (2) a nethod conprlélng a first step for performng
the reaction of a tantalum halide with an alcohol in an inactive sol vent
under at mosphefriam pries siies mrgk ethete reliteihg? t RN pReLKeKELBRtPERROFFIAS t he

reaction underg 33 fgduceg, %@&?%@th&@@re@dlu@H@ViQgpi'gﬁef‘é{gﬂ.g’gﬁﬁeﬁa@sde

produced on the reaction, and a second B@ ammoni a or an ani ne
to the reactldﬁlgmaﬂﬂxﬂﬁrﬁﬁiﬂﬁm¢m)IM§Q#WP OaaltléeP?Fbﬁ?FhéfFFFst step to

obtain a pent S PN S ughe S sphaIt i @nsilpebOlhi FERBEES kYl UGRE S
preferably use an I nact1ve sol vent, insoluble salt deg05|ted after

addi ng aﬁnomaﬂQﬁeeEFQﬁﬁ#ﬂblE:f¢+$%¢€HaF%°ﬁeé§sE§F§°rﬁﬁ 5SRbre

preferably, dl@éﬁééﬁ@f&%&ﬁé ﬁ@aépgg@g after concentrating noderately. The
distillation is perforned usjng ¥|Ila%|on colum by

| aci a
moder at el y concentr%ﬁ%ddliﬁﬁ&%éﬁk%&yfénPﬁF AFReddESIBELA § Esgﬁiggﬁ&PPOm
cont ai ner 10 e@wmmob)rmlsba@m@aélmgddzatwy bacshseakkati on col urm

preferably a packed us a Kin Lho r
packi ng nater|%$%t%%f%?6¥5?%tﬁg€%I%g%ﬁ §u§§ hsgg ?thﬁ Eéh % of the
Egcked dbStI||@@mgppe@0&£ﬂm msn?atﬂnghéepmeeentThavémst@hlahowavepluwrksog

rings as a ran acking_nmat e [ pa S ure
packi ng mat eri&f ﬂ%€}%ﬁa§t¥t3b?§C%§§d°°o?mn ﬁéég B §5F22P§ achEE F%
pseferred W thigespecfotmahbe paebirgi natephaie hanb@pfbaﬁ ds&elp@e@he
present invention, t S i s a

ym%%p%ra?SEd 35 ?ﬁe ggkkln?"?HE £h8SpadRefaRACt B8 ation

satisfactoril ed and ncentrati ons o various netals increase,
wher eas an excestuwe| ysédrge the present invention, however, Dikson

15 rings as a random packing material or a Sulzer packing as
a structured packing material may be suitably used. Of
these, a Sulzer packing is preferred.

With respect to the theoretical plate number for use
in the present invention, if it is too small, impurities

20 cannot be satisfactorily separated and the concentrations
of various metals increase, whereas an excessively large
theoretical plate number is not preferred in view of
profitability, though there is no adverse effect on the
guality. The optimal plate number is selected by taking

25 account of the structure of alkoxy group in the
pentaalkoxytantalum or the purity before distillation,
however, the plate number is preferably from 2 to 100
stages, more preferably from 2 to 50 stages, and still
more preferably from 2 to 10 stages, which is the number

30 used practically.

With respect to the bottom temperature at the
distillation in the present invention, if it is
excessively high, decomposition of the
pentaalkoxytantalum takes places and the yield decreases,

35 whereas if the bottom temperature is low, although there
is no adverse effect on the quality, a high vacuum is

necessary and a special device is required therefor,



theoretical plate nunber is not preferred in view of profitability, though
there is no adverse effect on the quality. The optinmal plate nunber is

sel ected by taking 25 account of the structure of al koxy group in the

pent aal koxytantal um or the purity before distillation, hoWk@eMARtQmmplate
number is preferably from2 to 100 stages, nore preferably from2 to

stages, and still nore preferably from2 to 10 stages, which is the nunber
30 used practically.. mnth respect to the bottom erature, at the
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view of profitability. The optlnal bot ttom t enperature varies dependi ng on
the striuct ur &nofthel kase gnfomsmltltae:mnt@ialpmmmmmmualumhesbat tom

temperature | spacalatallinio 10 40,4000 Sl ahe-gase ofoglatbhyation

of pentaet hoxytantal um as specitic exanple ttom enperatu eis
preferably ffaeml10d0t ad2230.° cmlth respect to the top colum tenperature at
the distillation in ng present invention, s 10 exceSS|veIéehigh,

deconposi tion of tRK&tHh&ERSPaN0ER émﬁﬂﬁﬂﬁt%ﬂ&ﬂ@?ﬂ%ﬁﬁP%EﬁF?ﬁ% IFeF
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IS no q%erse ef f ect, oqrthe aI . a Qﬁﬁ? vangg& I S necessary and a
speci altHevi cEXCESSHYH e it MBS ik Th 9 Sadvant ageous in vi ew of
profitablI|typeﬁMeanmaxyﬁﬂnﬁanmmxﬂakestpﬁanﬂwﬁnﬂexNer?Eelde@emﬂéageem t he
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ts)terrperature |shﬁfg¥i§gé%13:r\‘er c;;r%pl "}5“%0 rqu?&% < %e 0 'dl%?R?FgPI on of
pent aet hoxyt athaemiss re0 adverse effect on the quality, a high vacuum
is necessary and a special device is required therefor,

15 which is disadvantageous in view of profitability. The
optimal top column temperature varies depending on the
structure of alkoxy group in the pentaalkoxytantalum but
the top temperature is preferably from 150 to 300°C. 1In

the case of distillation of pentaethoxytantalum as a
20 specific example, the top temperature is preferably from
160 to 230°C.

At the distillation in the present invention, if the
top pressure is high, both the bottom temperature and the
top temperature must be high but if these temperatures

25 are excessively high, decomposition of the
pentaalkoxytantalum takes place and the yield decreases,
whereas if the top pressure is excessively low, although
there is no adverse effect on the quality and it is not
limited, a special device is required and this is

30 disadvantageous in view of profitability. The optimal
top pressure varies depending on the structure of alkoxy
group in the pentaalkoxytantalum but the top pressure is
preferably fxom 10 to 1,500 Pa, more preferably from 10
to 700 Pa.

35 The contents of various metals Al, Ca, Cd, Cr, Cu,
Fe, X, Mg, Mn, Na, Ni, Pb, 2Zn, Th and U referred to in



20 specific exanple, the top tenperature is preferably from 160 to 230C.

At-the distillation in the present invention, if the top pressure is high,
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35

separation of the target component and the non-target
components are connected in parallel, and the solution is
supplied simultaneously to the separating apparatus used
for separation and the separating apparatus being washed
and regenerated in order to simultaneously accomplish
separation of the target and non-target components and
washing and regeneration of the separating apparatus,
thereby shortening the analysis time and accomplishing a
more efficient separation procedure. When the analysis
method of the invention is used for analysis of impurity
elements in a sample, it is possible to accomplish rapid
separation of trace impurity elements in high purity
metals or high purity metal compounds using a continuous
flow system while preventing contamination from the
environment, and then tc directly introduce them into a

high sensitivity measuring apparatus which is sensitive
enough for analysis of below 1 ug/g, for quantitative

analysis of the impurity elements.

According to the invention, a parallel separating
apparatus'with a plurality of separating apparatuses
connected in parallel is an apparatus in which a
plurality of separating apparatuses most suited for
separation of target components are connected in

parallel, and the solution used for separation and the



20 washi ng and regeneration of the separating apparatus, thereby
shortening the analysis tine and acconplishing a nore efficient separation
procedure. Wien the analysis nmethod of the invention is used (H nal ysis
of inmpurity elenments in a sanple, it is possible to acconplis &@Hﬂzﬂ@g
separation of trace inpurity elenents innig gh purity nmetals or high purity
net al conmpounds using a continuous flow system while preventing

contam nation_ fromthe _environ . an h L I i.nt.roduce them
into a high %%%%?%?%i?§e%e %grgggﬂéﬁ agg%uggﬁ%ﬁggaFggéeﬁ?&t%&e 30 enough
for anal ysis sfipprledv dimglganéonsfyanti aat Leestanabysifstbe tskearapuma y

el ements. Accordin he Lpvent|o p I p | a ratus with
a plurality d?p%%p%}gf?%g a%ﬁa?géésggsgéoﬁhgc%gg?ﬁg g%@gFﬂgptigggn?k
apparat us in ivnithe af @Bmpbfiral Ligudl, sgparari Aglagpar at tsesemigipusdittyed f or

separation of;fa o] nept n ed, LB+ P LLhe he
solutioﬁ usedléo%ggé%gr t?gﬁgaﬁaeéﬁegg g?%kRggsgzy-a%gahsgﬁﬂ ?gRHUSed for
washi ng and ragepedinyohonbyebénvenppPhedssrRULPRNEAEY] $LEBCRE | east two of

the separating,-apgasat HSefe highhbareasemethe bar a8gnCeUReRGNMeFR be in
the formof a liquid, gas or SO?Id. A trace inpurity 5 in a high purity
netal or hi ghcpmpotuydnetahoconpatad thebodduadItoanbe theyEaMPdR MaYarpe

i mpurity el ement

i ncluded_in the.hi .puri,ty _metal or._high rit t al
conpound at nb“gF%%tg?r?hgﬁ b BPS}gaﬁ lEHédS %pﬁg%ﬁayIget%%ﬁp#ﬁge¥o§§%of a
solid, 1loi qui dierpgasible thi suppldg, the sGmpdepssdnttlient ahatphlay tHeersanpl e
sol ution that. has bee L L guefied_wi .mq.neca Ci of. the |i t.he
anal yzer forlt3f%fYs 5 VﬁtﬁeQ&HSFaéq%%ﬁggs§%pk§%n&q%ﬁe%§a§§ﬁea§§ﬁ&%€?¥y to
~the anal yzer . fdheasahpkéssohateed sfipplimpdy sepplyiagatheesamgd et he metal s
or metal comaypds.is BEPERAIHan (UL N ThEPULEN o BTRAL SO A s ed
, p he

separating appara ortion o separated i fpurity
el enents are thehhgnanadiveed hasathegheseds orvieralmeesponggsappar at us for

high sqrsitiVvibya2RRbYSESoRl thBeimpurity elements by the separating
apparatus, and all or a portion of the separated impurity
elements are then introduced to a high sensitivity
measuring apparatus for high sensitivity analysis of the
impurity elements.

20 First, the parallel separating analyzer of the
invention will be explained. The following explanation
assumes a separating analyzer for trace impurities in
tantalum which is a Group 5 element, but it is needless
to mention that the parallel separating analyzer of the

25 invention is not limited to a separating analyzer for
trace impurities in tantalum.

The separating analyzer for trace impurities in
tantalum comprises a liquid transporter, a separating
apparatus, a sample introduction valve, a solution

30 switching valve, an impurity remover, piping and a
measuring device. The liquid transporter transports
solutions such as mineral acids and standard solutions
used for (1) separation of tantalum and impurity
elements, (2) washing of the system of a measuring

35 apparatus, (3) correction of the measuring apparatus
sensitivity, or the like, at a fixed rate or at an
appropriately adjusted flow rate, and when the



Inmpurity elenents. 20 First, the parallel separating analyzer of the

i nvention will be explained. The foll ow ng explanati on assunes a
separating analyzer for trace inpurities in tantalumwhich is a Goup 5
el enent, but it is needless to nention that the parall el sepﬁgﬁt' o
analyzer of the 25 invention is not limt d7[9 a separating a J@ggtﬁ'
trhce inmpurities in tantalum The separatihg anal yzer for trace inpurities
in tantalumconprises a liquid transporter, a separating apparatus, a
sanpl e i nt roduBEFBRPYIEFSE, 1a8bHuiFoA BHIBNYt ERFAGSHAley &LngFalmasdidy it

remover, pipingsapgeferABASHEI agedsvngeulaherbh%bgtt 53R tb%rsetcr fmﬁpaor ts
solutlons such as . mneral acids and standard sol utions™ used f 1)

separation of PaRtaFuhtaRdPPRBURFEDY 81 EHBARStUPE) WASE Bymer ﬁﬂﬂ?sﬁEﬁQﬂn(ﬁ

a measuring 35c§ﬁ)p6éa§y§er63) agoaéggkéentafmhlaehrrea&umb&gs%@w aftllb'i,;
sensitivity, or the ¢ flxed rghe or at an appr&prlate adj ust ed
flow raté, andrﬁﬁﬁnf?ﬁethel?o BEL3n-11Thg SEPRERTEPINEPG ﬂé&q|9ﬁ: the s a

hi ghly corrosi yeventeonl taahdpokts Equidfebrad lleaBge t&vol is@agd ddigiysport

t based talt t b Th fl d
Chn bo ol tor od BESERETPEN £b RGCCHBIRERndeBethryoR it ratc fof the |

sol ution. The Basblagfngganatyteonoﬁlmhétanamasﬂyonanuaneﬂum&&dé(ﬁﬂ d to at

| east two sepa&g%kngengp86%§5g§@§?£8 %%COQEFISEQS%Q%P%%é%?F ﬁparately

washi ng/ regeneratron srnu neously, 8t P8ns
conposi flilons nay difbebentrdaspoedefilowpapeedby Thuat, tufltdpdet poegis ed

Loon SPERoS, onhed: pEULLLE GnDHIBR FRERE UBTHCHORY dill BLBA Sol i1 one are

used. The separating apparatus 1I's an separatlon of tantal um
and inmpurity eIenenT%elﬁeaagaﬁ$n9 aEBﬁH@F@ﬁ ign@nt hepespanst ifeg net hod may

be any separatgpgat gt i8Hh9E %Eﬁ%a@hh°§ﬁd3iﬁ$ﬁih¥ Egﬁéﬁkboﬁnpk Al
and ULy P Elon, Snd°the sebarki ng method may Be any separating
15 method that allows effective separation of tantalum and
impurity elements, selected from among ion-exchange
separation methods, solvent extraction separation
methods, precipitation separation methods, gas/liquid
separation methods and distillation methods, and it is
20 carried out with a plurality of separating apparatuses
suited for the method used, arranged in parallel. Using
ion-exchange separation as an example,'an ion-exchange
resin is packed into small tubes preferably of Teflon or
polypropylene, and both ends of the resin are packed with
25 Teflon wool or the like to prevent escape of the resin as
the carrier solution flows through. When an ion-exchange
separation method is used for separation of a matrix
component and the target analysis component, the
separation performanée will vary depending on the inner
30 diameter and length of the Teflon or polypropylene tubes,
and the inner diameter and length of the tubes may be of
any desired value depending on the nature of the analysis
sample. Preferred for ease of use are tubes with an
inner diameter of 1-10 mm and a length of 10-300 mm. The
35 type of ion-exchange resin may be any type of resin
selected according to the sample to be separated.
In the step of separating the tantalum and impurity



separati on nethods, solvent extraction separation nethods, precipitation
separation nethods, gas/liquid separation nmethods and distillation

nmet hods, and it is 20 carried out with a plurality of separating
apparatuses suited for the method used, arranged in paral 'ﬁ',ﬂ MAS 0004
iog-exchange separation as an exanpl e, -an jgn-exchange res I's packed

i nto smal|l tubes preferably of Teflon or polypropyl ene, and both ends of

the resin are pagk i ; f.l on woal .or the |ike to prevent escape of
the resin as th% %g‘rt\rg: &%%’% ;I,I;[%Il(?n SPSRE TP b FRP2 RS ark i I de#rmge
separ ati on met Rédutesuged ter reeparad dorofvas Minlg iand esgenant+ geyl §he

target anal ysi g§h@0 t, .i.Qn rformance will vary dependi ng
on ‘the inner 30 digggsgﬁ ggﬁgﬁéﬁgﬁﬁgéﬁafheo%gﬁnﬁwRﬂnﬁﬁﬂ%ﬂNQﬁﬂH%ﬂﬁyﬁhﬁés,

and the inner 8?8%@@§ﬁ-an@°h§ﬁ@¢ﬁ0@hlth@aﬂuhesswmﬁﬂmg(ﬁhl hedesi red val ue
dependi ng on thepRRLYLE G0 | ysi l.e. Preferred for ease of use
are tubes with an inné?gd%gkggg?ﬂgf%??%OtﬁﬁggﬁgﬁfIQ§ﬁﬁi+Wﬁf§ﬂ§¥ﬁﬂTrﬁﬁ The
35 type of iontBR¥hSAGeapadyAenapleaadpwt ypapde s eeimn undel edt edmccor di ng
to the sanpl e tRebgepgpatahedank epnaf : rating the tantal um and

i npurity 08 MA 2002?- 18 §|Sﬁe2¥ggﬁs?EgEP i%aggggrgﬂ FoX3S8Satus, a few
dozen i nut esPhBF3bhityeRli FERAF 3L LRdsAPRG TatY SESg@iahatthen adh cifhe system

after separatimaxdhithegt 8ntahufbaRdokMBEhbl%s %h%@e@ -bQOQ%%E“ééﬁﬂper
anal yzen$g u3|qg00ﬁl foge 5 se Eratln apEaratus ave therefore Been
‘neficidnt asTFheyto ﬁmana|§ 8 BAF§ldefeReRanprdagpenadyzexobstt ite  The
separating analyventbéntbs despgheanwRtRvadpsugallkyr ki k¥ QEa%ﬁ?@{at'ng
appar at uses w épft@%Q%Of ngaxtn12Lng t he gunber of saines t hat” can be
anal yzed per 1OFUmit ot ti RR M YRESPat i PRF2LLBdr aBPAgaknaryasr obe offe
i nvention i s dds¢gpbdralityaopl sephrbying apparatiuBgs agpasaluggs connected
in parallel, qﬂg% £ . one_ of tg | urali of separating apparatuses
is used_for ana S%?s 3ﬁ$fgga?9|%%% goﬁreleo kt%geof’ﬁgfegséﬁaﬁ’%?‘h@gw
appar at ti%es | SRRSO fegeashad candf tegesepatati aptaf separation of
the tantalum and impurity elements, so that the step of
separating the tantalum and impurity elements and the
step of washing and regeneration the system after
separation of the tantalum and impurity elements can be

20 carried gut simultaneously, thus increasing the number of
samples that can be analyzed per unit of time. The
number of apparatuses used here may be selected as
desired, depending on the analysis time xequired for one
step.

25 The sample introduction valve introduces the sample
solution into the carrier solution that is transported
from the peristaltic pump, and it may be situated at any
desired location dependipg on the need, so long as it is
before the separating apparatuses. The sample

30 introduction valve is preferably made of highly corrosion
xresistant Teflon or polypropylene at the liquid-
contacting sections, and the amount of sample introduced
may be determined by the inner diameter and length of the
attached Teflon tubes.

35 The solution switching valve serves to allow a flow
of the carrier solution to any desired separating

apparatus by switching of the carrier solution flow, and



the tantalumand inpurity elenments, so that the step of separating the
tantalumand inpurity elenents and the step of washing and regeneration
the system after separation of the tantalumand inpurity el enents can be
20 carried out sinultaneously, thus increasing the nunber of g@gp%ﬁﬁ t hat
can be analyzed per unit of tinme. The nunher _of apparatusékau ere my
be’sel ected as desired, depending on the analysis tine required for one

step. 25 The le i L I ' uces_t he sanple solution
into the carri ZL%WELOSI Lﬁ%ﬁl {Hai}L ?%C{/e?aa/népﬂoﬁﬂely <TQ°r ont 1 He? p’gg‘?%‘?ﬁ‘??h punp,
and it may be defimredatpaigprafusiensl dtoddte origlepbrbmgaeni ile need, so
long as it is feqr, he % ARRA raHE. Sa e_30.

i nt'roduction vas%\e/:é:qiog_ls:)'r e_f%ﬁﬁ%dn%gjeﬁof' t?%% cvoar]?ngesilb‘%pﬁ?%@?lsjf%nlﬂs%f | on
or pol ypropyl eA@TaSWifEhingiiaf WAt vy schituin, duk tie sapuse bt
sanpl e | i r odugRd o @By HRe detear 'Bﬂ"%é%ééﬁfi’]ﬂf(rﬁ#ﬂna;ﬂ%‘éa { 80d)epgth of

the attached Teflon tubes. 35 The solution sw al've Serves to all ow
a flow of the@3FPd¥CesHhf WA K Reasianadd ofemalatiinny pparat s bym

switching of theted le@arsdli¥d ¥ fﬂr@"ﬂta%i‘lﬁruml%ﬂd[ Q%\Mépoé]lérﬁe LS
preferably nmade of hl%ply corrosion resistant Teflon“or pol ypropyl ene at
the |iqui d- confREt PAGVEIEc Gt ign @f dhesWeasmiqy angatathor nal | y

used for sw tekisrenoisol hthatarihie meFuiing appdrdth STy N efs T NB{pLe the
i nl et oﬁi;he neas ring. paratus so gs .t.o i.ntroduce the | .
washi ng/rTegenelacion St iPolf 1R KE Bt a OF&ers e Ma iR gt 2 he
tantal um and i sysitiemy ofl eientreasard ng eygnir et anivhatd Abwibddel smasuri ng
apparatus sys .hat, th asuyri pparat us, systemis al ways, 10

athed with a %‘ﬁ?aﬁggé G e AR LN o Js%f%t"é’ih"cﬁst
‘measur i ng appafelusiant Iswd tichvngayellives. majnyped gaiaved enlindsgyemfimaml e

i ntroduction vajye d Sl s | i_ng s, may be provided .
dependi ng on teh)éé t% g S %aa'rf%llg? E\gﬂll&t%qgr% Tf\(é%I ;{"%'ée i eeﬁ}fieeg;ﬁ{’aﬁ §i%° 15 and
t he conﬂgburatﬁﬁﬁ”§ ec kenfalgyriag iohe ofogthiamnels fillowhe continuous flow

system.

The impurity remover 1is provided for the purpose of
preventing an increase in the baseline, during analysis,
that can hamper or prevent analysis of trace amounts when

20 the element to be analyzed is present as an impurity in
the carrier solution. The impurity removing means used
may be any removing means that can effectively separate
impurity elements, such as ion-exchange separation,
solvent extraction separation, gas/liquid separation or

25 precipitation separation, but a column packed with an
ion-exchange resin is preferred as it is effective and
suitable for the purpose mentioned above. The inner
diameter and length of the ion-exchange resin column may
be altered as desired dependihg on the impurity element

30 concentration in the carrier solution to be separated,
the carrier flow speed and the target baseline level.
The location where the impurity remover is installed may
be any desired location so long as it is upstream from
the sample introduction valve.

35 The piping may be selected to match the type and
nature of the carrier solution used. 1In particular,

Teflon and polypropylene piping exhibit excellent



system The inpurity renover is provided for the purpose of preventing an
I ncrease in the baseline, during analysis, that can hanper or prevent

anal ysis of trace anmounts when 20 the elenent to be analyzed is piﬁgent as
an inmpurity in the carrier solution. The inpurity rennviqyﬁnMARs ed may
besany renoving nmeans that can effectively2geparate inpurity elenents,
such as ion-exchange separation, solvent extraction separation, gas/liquid

separation or c2rfysS@mitadi B RePadadi c acked with an
i on- exchange resj.n is preferred as ité%sﬁikfﬁc by g%%QQEUY?a%fgeFB t he
purpose nent i of&dIEHGHED A hHeachnziftagidndl enie haofdt &edi on- exchange
resin col um maydred 1aldreled s desid ad, pf{i-;dl i i | enent
30'concentratig§ i_n _the carrier solutioﬁ%fo (3%&?%#%&%%3 ﬂ?ﬁé %éﬁgFgfnﬁlow
speed and the FEPGELHEsES Rt RAeterghly amtinduehively heouppedi ty

remver i% | nspakked misdiormpdiasidRtd:0GH | A 0DG, ASoihr bg UPStream
se e

from the sanplg introducti on val ve. 35 The piping nmay to match

the type and Ba?ﬁpg 8P SCh EPESHTOBR S utiid] s kgl rSensiticwdty, Teflon
and polypropylenduptﬁwmgyexbhbnhdetqadmaﬂmé%§3éﬂ@%é¥3¥%ﬁefxb%fﬁéa SEQN
Fo

resi stance agaj L.ghly corrosive mneral acids such as hy orrc
acid, nitric Z%?%Eggggghydrofluoric acid, and they are preferred. The

measuring appar at u¥hes aakiyspsemertalldy ofn tied deivatad o1 QP 12 th &y Ph&S MR

em ssi ongspect ERRBLEHeAr i RHUCL Vel oupl pl_as SS spectroneter,
with a high sens??i Vity wllg ugfg:’fégﬁéc%o%% gcg‘eplpgr?;ﬁr%sg Y9et er being
nor e preferreﬂ?a#ﬁéeﬁnéﬂ}§ﬁ§rﬁﬁpﬁodnogemheaﬂnWGMHmutﬂMIﬂoﬁmmﬂﬂx¥iéﬁ 4.

expl ai ned withrigfensengeatg a .separating ,.analyzer illustrated
inygeneral schengtic forﬁ1iﬁhgﬁagai.Ehé%&i%4gpseé*%%ﬂ@ﬁﬁ??éﬂéﬁﬁhﬁng an
enmbodi nent of FP2ERpEFafas RBRINAASYSES tohcer hordmron tantadning wat but

the analysis mendodneiythe ne¥88LHI 88 kRe"Ihveh®ibed i not limited to
15 the analysis of boron.

(1) The carrier solution 1 (14) is introduced using
a2 peristaltic pump 9a for preliminary washing of the
system. Hexe, an impurity remover 13 is provided at the
inlet or outlet of the peristaltic pump 9a if necessary

20 to prevent an increasing baseline of the measuring
apparatus due to the component to be analyzed in the
carrier solution 1 (shown in Fig. 4 at the inlet of the
peristaltic pump). An anion-exchange resin column 12
through which the carrier solution 1 flows is used as at

25 least one of the plurality of columns (any number of
columns may be provided, and three are shown in Fig. 4).
(Fig. 4 represents the boron separation flow path as a
thick solid line.)

(2) The washing/regeneration solution 17 is

30 introduced into the other column(s) through which the
carrier solution 1 does not flow in (1). (In Fig. 4, the
washing/regenerating solution flow path is indicated by a
dotted line.)

(3) The sample introduction valve 10b is switched to

35 introduce the sample solution 18 at a fixed rate into the
flow of the carrier solution 1.

(4) The sample solution 18 introduced in (3) is



15 the anal ysis of boron. (1) The carrier solution 1 (14) is introduced
using a peristaltic punp 9a for prelimnary washing of the system Here,
an inpurity renover 13 is provided at the inlet or outlet of the

peristaltic punp 9a if necessary 20 to prevent an increasing ' f
t he neasuring apparatus due to the conpenZht-to be analyzedﬂﬁﬁﬁﬁgéqﬁﬂp

carrier solution 1 (shown in Fig. 4 at the inlet of the peristaltic,

punp). An ani ornmmhiaragel resion el laliﬂiolqzexfclhra%&h r‘@%‘ﬁ‘h c_tcﬁ%rﬁ@rfi €t a

sol-ution 1 flogﬁ #ﬁ ed as at, 25 | east one ,of the urality of colums
(any nunber of 8‘&% g n'E)Peﬁéi'p GFi §E@3TA%d O hode tﬁ]ﬂef@m% M. 4).
(Fig. 4 represanpurtihy ledremensepar ation flow path as a thick solid line.)

2) Th hi ng/ |_ut 7 0.int dintot th
Col umn(s). T hr ough- Wirdh LengCRAPATer SBFUREH AL Bode R E Y F (SIEREH n

Fig. 4, the washithg/ segeier soilogisal dhltmbdhlc@‘d namt h3i)s aleédlﬁﬁﬁﬁ&ﬂthye@

dotted |ine. T sanmpl e introduction.valv switched to
i ntroduce thé égﬁpleﬁgo ggpgnefghgpgg FERe F ﬁ@mpnﬁg frs %ﬂﬁHﬁlQWMPf

carrier soIut|&helen@AreThmogamplanﬁokh&nothBsbﬂhtdd@C%@ﬂﬂtHﬁﬁgIﬁaréﬁ- 08
MAR 2004 intro ed.l ani.o Si,n colum 12 at .a fixed

f1 ow speed, fogﬁgqurgkggﬁﬂgg ?h Q} %a?gﬁgang i PSR S CETEHSE (5) I f
necessary, theSPéﬁtaPunﬁaNdSDnﬁgrlE}uehenenfsonﬁylmheham@@mpk@-solutlon
introduged in &3bmahesi,ntroduced into the anion-exchange resin colum 12
for adsorption of the entire anount, and then the solution swtching valve
10a is switched to &P)oWhel 6RF5LeE SepuEACE eantadpingolthei dmpRitg) for

el ution of onlé1tahentapuépta)taiedehﬁaealﬁteé%rmetﬁér kagk a3AULION 4) or
cd%talnlng the npur ment s s§ﬁarat and elyted fromthe tant'alumin

It
(4) or (5) is! PréétpngﬁFinbEEH° £8dt hBtPnihE: APELFtdyedregouR eshm
mass spectromepkeshé. mhEst Bpesendinbt¥kt ¥6.S If the sensitivity is

15 sufficient enough for analysis of trace amounts of under
1l pg/q, it is not necessary to introduce the full amount
of the separated and eluted impurity elements into the
measuring apparatus.

(7) After completion of the quantitative analysis by

20 the measuring apparatus, the solution switching valve 10g
is switched to allow the washing/regeneration solution 17
to flow into the column used for analysis, while allowing
the carrier solution 1 to flow into a different column
through which the washing/regeneration solution 17 had

25 been flowing, and procedures (1) to (7) are then
repeated.

As explained above, the separation and assay method
for trace impurity elements in tantalum using the
analysis method of the invention is characterized in

30 that:

(1) separation can be repeatedly carried out because
the separation of tantalum and impurity elements in the
anion-exchange column is carried out with transport of
the carrier solution at a fixed flow rate by a .

35 peristaltic pump;

(2) separation of tantalum and impurity elements can

be accomplished in a short time because procedures such



15 sufficient enough for analysis of trace anounts of under 1 g/g, it is
not necessary to introduce the full anmount of the separated and el uted
inpurity elements into the neasuring apparatus. (7) After conpletion of
the quantitative analysis by 20 the measuring apparatus, the soluthan
switching valve 1Oy is switched to al | awazhe. washi ng/ r egenes &trtﬁﬁ &81°uti on
17 to flowinto the colum used for analysis, while allowing the carrier

solution 1 to 5%%@.919 2 fohf gsg&ag%mndt FF?UQRQ’@X@: atR8on are % (o

washi ng/ regeneration so ution been oW n procedures (
(7) are then nepeasaddy:As expl ai ned above, the separatlon and assay net hod

for trace inpurity 5?”?Hgfoaﬁg%§8ﬁabfn}H§ ggmgﬁ% odeadl ¥l %Ekh%%fgﬁéﬁe

invention is characterize Fation can be repeate
carried out be%@h%%lOEh@fs@bﬁrﬁ@ﬂéhnéﬂuﬁaﬁiQWuﬁﬂéﬁasﬂﬁpﬁﬂﬁﬁﬁmeﬁéﬁﬂﬂ%;|n

the ani gn-exchapggaeot UE@pb§aE%ﬁ' 6@' QHBtMHﬂ Eﬁé”iﬁ%ﬁtrﬂ;y cllRfmerald | er

solution at a fixed flow rate by a peristaltic separati on of
tantal um and i #p@rdegneleabaye é&h1Y5é5aUééhth@h@&aﬁﬁr&n§h6PP%F%ﬁ9%mmause

procedures such - 2?4)Ltla§ gasalibat b@ﬂné@ﬁ%ﬁt bensapdra@liwgnt extraction
ductlon of t e sanpl e .once into th carrler

are not I‘I(EC(E‘SSG.I‘%ﬁ %J | nt %
sol ution of th@PRIMETHESES BVFaHéF?%FS EGYERATAFLORs OF AOfofavdmn
separation of b@nzcai:ﬂﬂe@ndutrmurparaﬂ@mewiah 8Re gepatratdbnypradaldites,

ih (SQTeauA0R SPRRLRLYSL o (dhebIEPRSLhel pRoTRR LA oL SERYAC N
parallel wth tiveseparation procedure, 10 thus pern1tt|ng a greater
Srount of ana et Pel dBbkopkilEs KEL SROLORT LAEALES bR Wi
allows a low baseline to be constantly maintained in the
measuring apparatus system; and
15 (6) provision of an impurity remover allows the
quantitative analysis to be carried out with very low
inclusion of impurities by the elements to be analyzed in
the carrier solution, for a constantly low baseline.
It is thereby possible to confirm total impurity
20 element contents of 1000 ng/g or less in tantalum.

The parallel separating analyzer and analysis method
of the invention were explained above with the assumption
of an apparatus and method used for trace impurities in
tantalunm, but there are no particular restrictions on the

25 targets for analysis using the parallel separating
analyzer and analysis method of the invention. They arxe
preferably used for analysis of impurity elements in
metals and metal compounds, and examples of preferred
compounds to be analyzed in addition to tantalum include

30 tantalum (III) oxide, tantalum (V) oxide,
pentaethoxytantalum, tantalum (III) chloride, tantalum
(V) chloride, pentaisopropoxytantalum,
pentamethoxytantalum, tantalum boride, tantalum nitride,
tantalum silicide, niobium, niobium (III) oxide, niobium

35 (V) oxide, pentaethoxyniobium, niobium (III) chloride,
niobium (V) chloride, pentaisopropoxyniobium,
pentamethoxyniobium, niobium boride, niobium nitride and



measuri ng apparatus system and 15 (6) provision of an inpurity renover
aliows the quantitative analysis to be carried out with very | ow
inclusion of inpurities by the elenents to be analyzed in the carrier
solution, for a constantly |ow baseline. 'g is thereby possible to confirm
total inpurity 20 element contents of 1016 fig/ g or less (@ MARt 200ém The
paral | el separating analyzer and analysis nmethod of the invention were
expl ai ned abowéowium shid igsdenpti on of an apparatus and nethod used for

trace inpurities iRpg %aakglgglQQU%E@¥%£§€3}%§HE§¥¥ iéigﬁgnggsééigéions on

the 25 targets for analysrs using-the epdarating analyzer and
anal ysi s net heaagdy zele Usinantihen Parddyl edr & eRATE T 3N aALEER T RN@nal ysi s of

inpurity el emaptdyishs MRtRY 37U MY AlnveIBIUH dshe N hAX @ | Rsn ©I oREA&T er 1 ed
conmpounds to be analyzed in addition to tantaluminclude 30 tantalum (111)

oxi de, tant al & (W2 0¥ d&P 25enCletHoBForR duRe 1 MEalcin2rd 183 ekl ori de,
tantal um (V) gebh@r i2de schemdaiysonaermaraAMal (ta, @entmrpiNoXydRptehym
tantalum boride, tantalumnitride, tantalum silicide, ni@@%ugb nigbium
(1'11) oxide, KPabif&m 35 (9P rofFde TMperCae ioxy MTHiRAA i GHt unf Y|

chlori de, ) ni clziogx@l GY) mhlbczrri dgud mgntoad ssa:gpﬁqugym d)idJrNkzj of Group 5, -
pent ar net hoxyni obi um_ ni obi um bori de, njobi nitride and ; 23 0 MAR
2004 ni obi um girl'i ll“”dé.nr‘llAéf” Exafpre® St Mfoéj%(fq%ﬂgrii%l 2% e%‘fe?l'f% b be
anal yzeam usi ngot,h@hpanal ITel ofegaalp g analofz@rcand 1gnatysarsd neg hofl of t he
I nvention there may .he nt.i_on 54i.,_ Na . d of .. & , My,
Ca and Ba of °&° plg,’ & & g% Ioaflr;ﬁﬁraoﬁlcﬁ c}siﬁ’( I%?{ aplr:‘l‘e’ %’, N%j,g%%]'}ku,gg d,
Tb, Dy, Ho, EGrolm 1%h, Sliy) GeaciSimeairds RbTmf Grafp 1@ o0up, HAs . Ti§b ZandnBiHf
of) G oup 4, V_an of, & o qﬁarxé( o] 7,
Fe of G oup 8,0%1 rggl,p Iiﬁa%ggl ?'eofag&c')ﬂt%%] | % %’o% %Or,xé\m(,lu&g%o%%ﬂof
Goup 11, Zn @fdtbe &erdosds TF2PIB- A, Ga, in and T1 of Goup 13, Si, G,
Sn and i of Gouprid JPeshht SRv@HEiBn also provides a ferroelectric

thin-film which is formed using high purity tantalum or a
high purity tantalum compound with a total impurity
concentration of no greater than 1000 ng/g as determined
by the aforementioned analysis method, and the

20 ferroelectric thin-film is preferably formed using high
purity pentaethoxytantalum with a total impurity
concentration of no greater than 1000 ng/g. The
ferroelectric thin-film is used as a base material for
fabrication of surface acoustic wave devices or dptical

25 devices, and it may be fabricated using the fabrication
process described in Japanese Unexamined Patent
Publication No. 4-301329, for example. The ferroelectric
thin-film formed using the high purity tantalum or high
purity tantalum compound has a very low impurity content

30 and therefore can provide improved performance, including
reduced film crystal defects and an enhanced oxide film
breakdown voltage, while it can alsoc be suitably used as
the aforementioned base material.

The present invention will be further illustrated

35 below by referring to the Examples, however, the present

invention should not be construed as being limited to

these Examples.



of Goup 15, and Se and Te of Goup 16, in the long form of the Periodic
Tabl e. 15 The present invention also provides a ferroelectric thin-film
which is formed using high purity tantalumor a high purity tantalum
conpound with a total inpurity concentration of no greater ﬂhpnhqumgng/g
as determ ned by the aforenentioned analf§is met hod, and the 2

férroelectric thin-filmis preferably formed using hlgh purlty
pentaethoxytantalun$mmthe%;$o@alPenpaﬁtMQXYEéﬁﬁénvmaﬁﬁyﬁeoﬁOn@tgﬂéater than

1000 ngig. The fer4gelegtyi fol fbNnbl) bl ScHALd 18R BehAsenTeladeyl Jov g
fabrication of surface aco I c wave devices or optical 25 devi ces, and it

may be fabrlca@édtﬁkmﬁ@etﬁésfé%@@éa@ﬂénthiﬁcé§§Pdé§cFpﬁééeﬂﬁgﬁﬁiﬂﬁ%ﬁ?t
Unexar ned Pat pLy PUbl Lt Lon Mo & 905630 o5 uefBhe: The hasagel ool 1 o

thin-filmforned using the high pur antalumor high purity -tantal um
conpound shas aa¥eey thw admutiw 66nkenand0, awdltlleemfmrteammgorhfhﬂ de

i nproved perfo i ncl udj reduced filmcrystal ATl n

enhanced oxi de fﬁ?h& B?QEﬁﬁﬁaﬂgﬁolFaBégrﬁﬁFFegaF dan a éﬁgﬁitaﬁry used
afl t he afgregnnﬁm?neﬁobasefmnneteal Ebbspqeearﬂynnw@nmamkampﬂnqntﬁmrther
illustrate e referring.to e I, nt

i nventi on shoufﬂqﬁb %ﬁ% Pﬁ%dggg Eeﬂﬁg§?ﬁ§§9 % %mFﬁQSe 5%&3&5

4 - 0 8 MAR 20B¢ E&ethéémsloh @Enammbhmaytammahumm(xﬂxkpniﬂanwa§n To 250 g
(0.70 mgly of %g”&@{;ggl BS”Eagﬁi%' d%{xe)?gggge%%ftt%ﬁo% wag jaddsd snd while

keepi ng ‘the tenpérature of et hanol was
added. 5 AfteramMQnaddlthenr©¢C§@han§P1uthDeWﬁ§|mgﬂhﬂ Q}Qiﬁ9°W|qU|d

Lemperatur e, aphbgegel:gainuaenBaheq iah LRocTdmnd i Bmdut es.
'Sbbsequently, eepi n I

qui d tenperature 0
amoni a was ad@ééreaéyeFhe%BGdFPﬂHRHGfWéﬁnﬂﬁ@§1¥%ﬁﬁmﬂ§ﬁn %ﬁg%ﬁﬁglo
produced as a §Qlels§urbhah§f Qhé, réfshahetbasadl@ea @ of ammnl a, the

reaction sol ution was, cool ed 9 room rature and the amgngyn1chlor|de
was fil ter ed. pentaethoxytantalum crude olution. e amou
chlorine element contained in the pentaethoxytantalum
crude solution was analyzed by ion chromatography and
found to be 1,000 ppm. Also, the contents of various
metals were analyzed and the results are shown in Table
20 1.
Example 1
A distillation apparatus comprising a glass bottom
flask (2L), a glass distillation column (column length:
1,200 mm, column diameter: 35 mm), a glass condenser, a
25 glass distillate receiver, a stainless steel Dikson ring
packing, a bottom flask heater and a vacuum pump was
used. A pentaethoxytantalum crude solution prepared by
the above-described method was charged in the bottom
flask and distilled. The distillation conditions were

30 set such that the bottom temperature was 220°C, the top

temperature was 180°C and the top column pressufe was 140

Pa. The distilled pentaethoxytantalum had a chlorine

element content of less than 0.1 ppm. The contents of

various metals were analyzed and the results obtained are
35 shown in Table 1.

Example 2



Thereafter, the solvent was distilled off under reduced pressure and the
resi due was used as a 15 pentaet hoxytantal um crude sol uti on. The anount of
chl orine el enent contained in the pentaethoxytantal um crude sol ution was
anal yzed by ion chronatography and fog_ngstq be 1,000 ppm Ajsp MNh2004

contents of various netals were analyzed~-and the results are shown in

Table 20 1. Exanple. 1 A djstjllation apparatus conprising a glass bottom
flask (2L), a gl ads Histilialiich aRPIFACYT OFMPT L&RRE ha 9139pOPRFEBol um

di ameter: 35 filYsk & Tl PASSa CHIMNSBI st A1 Lot bR SSo Thdd | Lé@l@mﬁ%éhé@hn a
a bottom fl ask. heater and a vacuum

stainless steel D kson rin packi ng,

punp was us§d2 [ﬂﬂﬂzﬁﬂ%ﬁ%ﬁn netRs crib® Bl ut § 0%l BFEpEPRAeBF et he
above- descri bfich geetdiogt Veka thafgast vdr | e Hodionesé| aeketngudistkill ed. The
distillation conditions were 30_.set such that the bottomtenperature was
220C, the tof2% reft ORI BT AP TR 0P oY AAYPr BYSAr ¥3Ras 140
:Da. Thﬁ di st iudestl p@htp%ﬁt'&Wcﬂth]icﬂnﬂ’ah&ﬁl &redd Ofbnetiehepe?paegat agt ﬁf
ess than 0. m, The contents, of . various netal s were, an zed and the
osul 15 obt ai I Ty SRS el JHS S oFh o BE BIEERR 004 A
distillation Qppdr atng dicprlilkedyg ahp atbsthidllaviof |l askd{Ridnsawgkass
distillation cglum colum djapeter: 110 mm, a

(cqolum length; 1, 200 mm i
gl ass condens&t Sélcrbl"g?st i HITR Y (VPRI CULE gY3F n}égsc'stté'é? P zer 5
Ki b | '
Bg(r:lt IaQ?%oiyt ?nc}tla qu%&ﬁ%% glrée/@%g‘]“g;%t \r?%%a (L)if/egsfis e%cr‘f 13 ‘%r%t hod

was charged irat heHotdiznifleaspaitheakilsdiyt ook a e Khstal tBloéphneondi tions
were set such that the bottom tenperature s_190* the to Q0 colum
Lamper atur o STt COHFRNER dF Ty ol @ WhePHBo Bhe SRREERST) Ped
pent aet hoxyt arstzalans ek sl < hwerrd remalgtankrdnd ovientesdltessbt hined. Arppm
The Contentséﬁbwn in Table 1.
15 Comparative Example

A pentaethoxytantalum crude solution prepared by the

above—-described method was distilled under conditions
such that the distillation temperature was 180°C and the
pressure was 270 Pa. The resulting pentaethoxytantalum
20 single distillation product had a chlorine element
content of 200 ppm. The contents of various metals were
analyzed and the results obtained are shown in Table 1.



various netals were analyzed and the results obtained are shown in Table 1.
15 Conparative Exanpl e A pentaethoxytantal um crude sol ution prepared by the
above-descri bed nmet hod was distilled under conditions such that the
distillation tenperature was 1800C and th$ pressure was 270 Pa. The

resul ting pentaethoxytantal um 20 single d &tT11ation productmgri @Qﬁh? I ne
el ement content of 200 ppm The contents of various netals a @Led
and the results obtained are shown in Tale 1L - 26 Table 1 0 8 MAR 2004

Ki nd of CrudeExampte tHxanpte2Conmpgarative Vet at[SofutionExanpl e _
Al 340<5<529 Call00L5aE22 CdLOBE<5 |Or 970507 5<5 CU@@T@@ 5 | Comparative
Fe208, 000<5<| 549 t@l 100<5%8ks8t MyR5(0<5<5<5 Mh30<5<5<5 Na32, 10p<5Epanple
Ni 10<5<5<5 PbT0OR535<5 ZniZ8<5<5<5  Th4<0. 5<0. 5<0. 5 [U5<0. h<0.5<0]5 un §: ppb
As apparent {rom ®e results sB8fn ijn TafPe 1, when S he nethod
distilling a pentaalkoxytantahgg1crude sglution using<% di sti Iatigg col um
of the present i ntion is 8, tlhe coritents of various nelals fh the
pent aal koxyt ant al g can Pe extregely redyged and the g <5

Cr 970 <5 " <5 <5

Cu 10 <5 <5 <5

Fe 208,000 <5 <5 490

X 1,100 <5 | <5 <5

Mg 750 <5 <5 <5

Mn 30 <5 <5 <5

Na 32,100 <5 <5 29

Ni 10 <5 <5 <5

Pb 10 <5 <5 <5

Zn 28 <5 <5 <5

Th 4 <0.5 <0.5 <0.5

U 5 <0.5 <0.5 <0.5

unit: ppb

As apparent from the results shown in Table 1, when
S the method of distilling a pentaalkoxytantalum crude
solution using a distillation column of the present
invention is used, the contents of various metals in the
pentaalkoxytantalum can be extremély reduced and the
chlorine element content can also be reduced.
10 Example 3 )
Fig. 1 shows a continuous flow tantalum and boron
separating analyzer constructed using a peristaltic pump
1, a solution switching valve 2, a sample introduction
valve 3 (0.15 ml sample introduction volume), an anion-
15 exchange resin column 4 (inner diameter = 3 mm, length =

160 mm) and a Teflon tube (inner diameter = 0.8 mm), and



chl orine el enent content can al so be reduced. 10 Exanple 3 Fig. 1 shows a
continuous flow tantalum and boron separating analyzer constructed using a
peristaltic punp 1, a solution switching valve 2, a sanple introduction
valve 3 (0.15 ni sanple introduction volugg), an anion 15 exchadhd®iR &8ih
.cglunn 4 (inner dianeter 3 mm length = 160 mm) and a Teflon tube (inner
di'aneter = %g of o 0 8. ? 20a 4 the apparatus shown in Fig. 1
was used to depermpﬁ)e taﬁé}] 55‘?&’%?1% - thitad drehdt DR ore Bat Bet hlde
anion- exchangedspepmmouobmnmaﬁxaﬁhﬁxankbﬂxﬁ%ﬁhaﬁmﬁbrﬁﬁén&nﬂéﬁﬂeﬂﬁﬁgnﬁe

comercially i.la strqngl y, basi c and ak basi ¢ es (bot
50- 100 nesh), %ggéntﬁggggprﬁer &%ﬂ%qﬁ?QF?§§ Wﬁ%ﬁ{FsHﬁsW%ée%fﬂ?ﬁ?ofluorlc

aci'd soIut|oncammarcmadéytaMHnMabdb &tkdﬁﬁﬂj.Hdéﬁﬁﬂnﬁdfﬁhéﬁlf-Eé@%bSPGGd

f 2.0 n1/ | ut_ d. by d 10
?antalun1sagLngggsk gé? & aﬁéﬁﬁ1ég%f€g;%ﬁey I v Vlggrg

st andar d solu&hoﬁlandIOh@nsdBIhmdmgﬂhmqudznuxﬂLsnxnﬂmuﬁnaﬁlaon of 100
ng/ M and a bgppr rati gn 0 nt,r odu d into
enE?Q%?BB 3tf @n il hﬁ./L tq[q{ Bel aepépaartat%sf %"t?ﬁ’?ﬁéh"?he

ani on- exchange resin col e’separati
sanpl e introdécPi BA/ Wapve 3 and the solution eluting fromthe

ani on- exchange reswase%emt&owa% ( éJ %%tl'ucﬂ%% Ul Ly ana;f #’ﬂ?ofﬁr?? Y

bottl e 7 everg E over peri o m nut'es "I mredi
sanpl e 190l ut FBRLR FFOEG@PFGnlnTHEdFéﬁQQQﬁﬁqaﬁﬁﬂﬁnﬂﬂd(nmﬂnﬂcmﬁtinb|r1the

fractioned ousdgang! g Befsnegfeanaa%aurs%dut&% awté{éﬂﬂd& t@ﬁtweéy
Uucti

coupl ed plasnma en1i5|on ectronetry and the boron by |n |y coupl ed

plasma  mass SpRERIBHefPHS BFFFﬁéoﬂhéfré§@lﬁ§ /Sovand 1@ hetsian 2. Table 2 25
Note: ND i nd 6ahesnerkanbal 4 @bugwmf a8 i et AL RO S UL O

of less than 0.2 ng. Wth the str basic resin, no tantalum or bofon
was det ect ed. eﬂhhsngﬁdrealescadsmnpﬂloﬁ ahebsbbaﬁaﬂﬁﬂgsaéﬁhﬂatdﬁe resin.

Wth the “eakéﬂrgééhCtHSSEQmPEQWQX%EodBSEQQn valve 3, and the solution
eluting from the anion-exchange resin column 4 was
fractioned out into a polypropylene bottle 7 every minute
over a period of 6 minutes immediately after the sample
solution introduction. The tantalum and boron contained

20 in the fractioned out sample were each measured, the
tantalum by inductively coupled plasma emission
spectrometry and the boron by inductively coupled plasma
mass spectrometry, giving the results shown in Table 2.

Tabla 2
. . Strongly basic Weakly basic
Time /m.‘l.n Tantalu_m/ug Boron/ng Tantalu_m/pq Boron/ng

0-1 ND ND 10300 1050
1-2 ND ND 940 190
2-3 ND ND 450 61
3-4 ND ND 370 33
4-5 ND ND 320 27
5-5 ND ND 280 1s

25 Note: ND indicates a tantalum elution of less than 0.2 Mg and a

boron elution eof less than 0.2 ng.

With the strongly basic resin, no tantalum or boron

was detected. This indicates adsorption of both elements

30 to the resin. With the weakly basic resin, however, both
tantalum and boron eluted, demonstrating that separation



tantal um and boron el uted, denonstrating that separation 'Strongly

basi cWweakl basic Ti ne/ m nTant al um ugBor on/ ngTant al unf gBor on/ ng

0- 1NDND103001050 1- 2NDND940190 2- 3NDND45061 3- 4NDND37033 4- 5NDND32027

5- 6NDND28019 - 28 0 6 MAR 2004 of the tmg elements is difficult. Exanple
4 The strongly basic ani on-exchange resin Golurm 4 used | nEx MR €084
(Fnner dianeter and |ength the same as 5 Exanple 3) was used for

i ntroduction off tids® S Riewemcs nis heliEhheukBnner as Exanple 3, for
adsorption of tant@ldmpands boron onto an ion-exchange resin. The solution
swi tching valve 2 was then switched to allow flow of carrier solution 2 (8
in Fig. 1) at four TP A¥FAEH RantendRbeRoRXCRANEROERFHAI €Ohumd 4t 2, 3,

4 -and 5 mol / Psednth thearg@ldits op @bl | 8PaheLBYt BRAANERYLnEXRBARYRT &SI N
colum 4_was fractioned out into ,a polypropyl ene bottlée 7 ever¥,20 seconds
é

for a pefiod OFFHPIR Mt &85 MRPY oFthl HRTEAAUBEIBR eEntaFhe8olntéarnbls
fractioned outirsaiid & aWd enfatdr NBASEK &b 1 & he, t 86F ahasbbyribndyetively

ol s mase S RATTIUTHE ry°d YT GRERR SoF of SETENERPBAS KESS AR emehECAr o Shown
in Fig. 2, andcdlheieswsiitdoing healeat al was neasnr sweothadetshaiow20 i n
Concent rat i on Pk CEEHTE SeteErER R e +h T EFeat br 261 ferBn of boron.
and al t hdugh aigrfestesrt armpurdntdtiams al hydebchbdras aelid, athe, pBopartion
10 L uer S a4 o] e SlglieneloRosst duectan huiaan, ot
hydrochl ori ¢ ®&Kahaglgsateesin column 4 was fractioned out into a
) polypropylene bottle 7 every 20 seconds for a period of 5
minutes. The tantalum and boron contained in each
15 fractioned out sample were each measured, the tantalum by
inductively coupled plasma emission spectrometry and the
boron by inductively coupled plasma mass spectrometry;
the results for the boron measurement ére shown in Fig.
2, and the results for the tantalum measurement are shown
20 in Fig. 3.

From the results in Figs. 2 and 3 it is seen that a
greater concentration of hydrochloric acid resulted in
greater elution of boron, and although a greater amount
of tantalum eluted as well, the proportion was smaller

25 than that of the elution of boron. The tantalum/boron
ratio in the test solution was 2500:1, while the
tantalum/boron ratio in the hydrochloric acid eluates
were approximately 32:1.(e1uti0n for about 2-3 minutes
after switching the carrier solution to hydrochloric

30 acid).

Exanmple S _

The parallel separating analyzer shown in Fig. 4 was
used for quantitative analysis of trace boron in
tantalum. In Fig. 4, the amount of sample introduction

35 through the sample introduction valve 11 was 0.15 ml, and
three strongly basic anion-exchange resin columns 12

(inner diameter = 3 mm, length = 160 mm) were provided.



were approximately 32:1 (elution for about 2-3 mnutes after switching the
carrier solution to hydrochloric 30 acid). Exanple 5 The parall el
separating analyzer shown in Fig. 4 was wused for quantitative gpgl Mﬁﬁs%@i
trace boron in tantalum In Fig. 4, the a&nnunt of sanple introductio
gough t he sanpl e introduction valve 11 ®as™0.15 nl, and t hree strongly
I ¢ ani on-exchange resin colums 12 (inner  di arreter =3 mm length = 160
m’r) wer e provﬁaedmeessrﬂmﬁnzogzt boZ9n vhe mrpémfsﬁed)fbj)m’mdwmg
acconpl i shed Byc o g d| ng to the tine program
shown in Table g%?a%g Va@ }:CQ} A ?\c‘{ure %roﬁi%a"beﬁl?%‘t’%l R
punp 9a is op@FQiéd to al I ow a fl ow anal ysi sof 2. 0 n1/m n. (2) The solution

swi'tching valve 10a is switched to intrQgdyeesthe carrier solution | ' (14).
It is passed-through the inpurity rprrnv"—Ll%z—ler 0 elimnate boron in the
carrie~ solu .Rama/’mmm ('z\ The solution sREeeddamg val ves 10b, 10C are

switched to fl | 8% FFow 09‘1 ,ﬁ'ée EGF 11 “50 [PUEP oIt 1S (Jp¥Fated dryaline offlidwe

ani on- exchangef&%i*® cql $’2t The soI ut i on switching val ves 10g, [10i
are then closed to preve O\R/"ﬂ) :Oﬁ(;gggl% L FRe I"Eg;‘?ﬁ (;:lwth FQ)chn 17.

(5) The solution swtchi 3 ow-i| BwPadfsehe
carrier solution 1 (14) tbg% gl ‘fﬁe ﬁr Yi “mveér%é iGnesBraerdpores in

i ntroduced by the perigt@ahttie RUIP;QR gg gl %@t Ghi.ng val ve ¢,
10f, 10h and 10i may ba teviirhedd ol 'h’@’vc 30 oltufeﬁomshm% o & &&Fé e
solution at jthis time tjefathdwnyesixBg aad-éRACBEN AL O, Si MUl tane pi t h

separation gf the targgt(scomeonenitiod heriwarirey sQlvlsl 00g) 305 are then
closed to pravent flow of the washing/regeneration

__) solution 17.

| (5) The solution switching valve 10d is switchad to
allow flow of the carrier solution 1 (14).

(6) The washing/regenaration solution is introduced by
the peristaltic pump Sb. The solutien switching valves
10e, 10f, 10h and 10i may be switched to allow flow of
the washing/xegeneration solution at this time to allow
washing and rageneration simultaneously with separation
of the target component. The wasta selution is
dischargad to 19.

Start of (1) The sample sclution 18 is introduced from the
analysis sample introduction valve 11, and passed through the
{0 min) anion-exchange resin column 12 for adsorption of
tantalum and boron in thae sample solution.
1 nin (1) The solution switching valve 10d is switched to

allow flow of the carrier solution 1 (14).

(2) The solution switching valve 10a is switched to
introduce the carxrier solution 2 (15) and initiate
elution of boron. At the same time, the measuring
apparatus 16 is operated to measure the boron. The
waste solution is discharged to 19.

6 min (1) The solution switching valves 10b and 1l0c are
switched and the solution switching valves 10g, 103 are
also switched to intreduce the washing/regeneration
solution 17 into the column after separation, while tha
carrier solution 2 (15) is introduced into tha anion-
exchange resin column 12 to be used for the subsequent
analysis. The solutien switching valves 10f, 10i are
closed at this time to prevent flow of the
washing/regeneration solution.

9 min (1) The solution switching valve 10a is switched to
introduce the ecarrier solution 1 (14).

10 min (1) The analysis procedure (0 min - 10 min) is
repeated.

By using a parallel separating analyzer according to
the invention it was possible to simultaneously carry out
separation of the target component and



di scharged to 19. Start of (1) The sanple solution 18 is knt;gdreg; fromthe
anal ysi s sanple introduction valve 11, and passed througtantalumand bor on
i on-exchange resin colum 12 for adsorption of 0 mn) ar _ i
62 the snile solution. I =in(1) The solu£|?$ swi t ching va Vﬁ gO@lmﬁgoﬁ_&

;witched to allow flow of the carrier solutron 1 (14). (2) The so

. . : . 2 (15)
] i i ched .to i ntroduce the carrier so!ut]on
ond initrate o atranodrSHEbERSLAR ' e cortwam 1 nE eIy SnsEsd 8 16

i s ‘operated t oW#BaSusamphesbpeonholihec b%@%%ewgglgydy1 %Sﬁf'SChﬁﬁgﬁg tﬁelg-
6 mn(1l) The s@hmbden §m§5§§igg %Fg esalog and_& ; 3re iilwgﬁ%mqaj{ne

sol uti on switchjng val ves g, 1 r&28| 98 Swedynred pe gkn?? ; P he
L oy oy e cor o] aobarbhasceban hbte SERorAST. o Hhase) L
12 to be used for he Lt bes EhbfHRE TiPs THesCBPaR: 6romenabimpern v

10f, 10i axe CIUSUH GRNEPAES timeconmerevablyf kowi 0bbiBer neatum

wa th .
[ ' ' ) The solution swtching Val've 10a is
hi ng/ r egenefaatiedivad! 186 0Py o 97 H( 1) The Lon sw 19 yalve oa
smftchgd tg i ntroduce. t he carrlergyglﬁ%log 9 fy9539¢0valne1PLThS y

D ot e o ., CUBABA SRR ALLSh) 2R B0
anal yzer accowodi :?i%?r(ﬁd%%hdeln;ﬁg%%dej?'nc%ﬁn%%% %%cag_f% MeASUKARSRB04 £
washi nal egenBRAEToR OB ARG il (sRmeTns sy v baebel «amea 9ufoBRLES P!
hour, whi ch wa$ whsUR 66 3 RS/ d he amHThel f, 21D g%lcgrwn%ugpdq\hen
per hour “‘thsampig?gk%es%@%&%&kﬂ%ﬁﬂgﬁﬂfggkza;NLherefore be applied to
S/ make efficient measureménts of trace boron in tantalum

and tantalum compounds,

15 As described hereinabove, by using the manufacturing
method of the present invention, a high purity
pentaalkoxytantalum useful as a semiconductor material
can be manufactured. Furthermore, by using the
pentaalkoxytantalum extremely reduced in the contents of

20 various metals and also reduced in the chlorine element
content of the present invention, the yield of
Semiconductors is improved. Thus, the present invention
is very useful.

Further; the use of a parallel Separating analyzex

25 according to the invention allows separation of non-
target components and target components in a sample to be
accomplished simultaneously with washing and regeneration
of the column, for rapid and efficient separation of
trace impurities in samples, thus allowing a greater

30 number of samples to be treated per unit of analysis
time. Furthermore, using an impurity Iemoving apparatus
maintains a state of minimal increase in the baseline due
to the element to be analyzed in the carrier solution,
while the use of a continuous flow system has the

35 advantage of allowing contamination from the environment
to be absolutely minimized during the analysis procedure.

By using the analysis method of the invention, it is



5 the apparatus shown in Fig. 4 was used for neasurenent of boron contents
in"comrercially available tantalum the value was 150 10 ng/g (as the
average value of three repeated neasurenents with standardldqvhgkiqn) in
terns of the original netal, and when used for measurenent wf 10 boron
coptents in comercially available tantal g oxide, it was 26 th3 ng/g
(sanme) in terns of, the original oxide sanple; the present invention can
therefore be &S a o el wid | diertompasts esEnt 5265 1ﬁ§§§iggron in
tantal um and Jy .CO unds., 15 As descri bed herei nabove, Dy using the
manuf act uri ng %@% 5§T£h{ﬂ§}?ﬁ%ﬁﬁﬁn°qrﬁRﬁn*%ﬁﬁlaOﬁibhuwﬂqiey lower,

pent aal koxyt artral wartsefullaAs, & s aHL QulCt OF Lal..can be. .

manuf act ur ed. Furthernore, ﬁ using the pent ag?i%)% ah 5+%n$%k??5ﬁﬁ¥‘§
reduced in the Cont&f $56C RSO R Rt ks ofer af abr fealuted oA t he

chl ori néd el emsnr facenenisafid e @RMled NENtd 0 4 Dey ¥ £l d. of
seniconductoritiisiq%rovsq.tThus, the present i eyﬁ%{LFé% c%%fywﬁﬁﬁ?ul.
Further, the dse of “arparafitel*S&Hatiie] Aty matenbake dudimg veryhe

i nvention al | d@y dapardtiyorooftends ihakgelerC A GENlS: af}}dlrﬁ a&%ﬁétgfrrponent S
in a sanple tge?gctgcgplﬁploiﬁt&edfi mul t aneously with washing a

regeneration of the columi- ol rahPd ANEoMT valdrde qratianm, ofthetrace
inpurities inP3aaples, sepasailingwiang lg zgreaner ﬁfhl%’ﬂ&erméﬁhoiprg)ﬂt espd o be
treat ed gper upp : ahak ¥si hmg.  Furthernmore,_ using an 1 nmpurity

removi ng. appar g?ﬁglaﬁr@?’%t g?ﬁgh&”?togt n8£yﬁlﬁ i DsRteeexwtartabusel i ne
due to the eRBfiehbet dike shatyzee umethescamtiosriaie WdrOFer b1l ihE. USE
of, a continuotgihlempystem has the 35 advantage of allowi ng contam nation
‘fromthe environment to be absolutely mnimzed during the analysis
procedure. By using the analysis nethod of the invention, it is - 31
possible to analyze the contents of trace inpurity elenents in materials
on the level of 1 g/g or lower, and particularly in the case of
ferroelectric thin-films that are used as base materials for fabrication
of



5 surface acoustic wave devices or optical devices, where it is inportant
to-formthemwth materials having very low inpurity contents in order to
reduce filmcrystal defects and oxide film breakdown voltage problens, the
paral | el “separati ng anal yzer and anal ysis nethod of the 10 invention is
trJTS‘efuI for analysis of pentaethoxytantalum and the like that are used as
‘materials for ferroelectric thin-filnm. -32 0 8 ' MAR 2004 CLAIMS 1. A high
purity pentaal koxytantal um obtained by 5 distilling a pentaal yiantal um
crude solution using a packed colum. 22°The hi gh puri tyﬁag ﬁ&ﬁé éU%"

pent aal koxytantalumas clainmed in claiml, having Al, Ca, Cd, C, Cu, Fe,
K, MJj, Mh, Na, Ni, Pb, Zn, Th and U e s each |l ess than 50 ppb. 10 3.
The high purity péntaahkomigant spusdegs :%e'%i ' hm 2, er.ein the
contents of AL,,Ca, Cd, O, Qu  Fe. E ,ﬁ,qkbﬁg%.lghpb,éﬁ}ﬁ,mﬁ aky U
are each IBSS1HHHIF 268 REtaRIkeKEt IRt uBLr srydepene butl donny batial HMdcked
cl ai med i molakai m 2, wherein the contests of Al, Ca, Cd, C, Cu, Fe, K M,
Mi, 15 Na, Ni, Pb, Zn, Th and U are each |ess than 5*ppb. 5. The high
purity pentaal kox&t ant HteunPhgh cIPyzifsY | perdaplkoxetaftathai nes 1cteided whgr ei n
t he chl or cogiel BeHidvig@nhent cd S S t hgn p . The high purity

pent aal Koxyt ant al um asgc{kgf rr%é(l:l' i‘%\cﬁan%f’ 98’ o%%’ ot &%ai fg/ 1Ngg 8L, \Bker @

sai d pent gél?&ﬂ(ﬁ SRANEEEES ierchpdmescthaoxgappial um 7. A net hod for

e set 19 200 B gl atton e Sl ang St Ling

pent aal koxyt antal um crude s Ion- usi
for manuf @838 iZng whehedmh the icoptepentamlaRoxghanédl W, ag,Cl g med | (L:}dgi m?7,

wherein A . d, &, .Cu. .Fe, K M, Na, Ni, Pb,~ 2n, ‘Th'an
- Qontents a?’e%gécggf eésgs' thhgﬂd5€ Wo.e';/_gh ¥es RAR0A0 fmRb .manuf act uring a high
purity 3C pent adl.koxyhantialghm gar{dyai @gtéﬁ@,@tghgaﬂm 8as"m§fa91'm2dt hfn hi gh
claim 2, wherein the contests of Al, Ca, cd, Cr, Cu, Fe, K, Mg, Mn,

15 Na, Ni, Pb, Zn, Th and U are each less than 5 'ppb.

5. The high purity pentaalkoxytantalum as claimed in any
one of claims 1 to 4, wherein the chlorine element content is less
than 1 ppm.

6. The high purity pentaalkoxytantalum as claimed in any

20 one of claims 1 to 5, wherein said pentaalkoxytantalum is
pentaethoxytantalum. '

7. A method for manufacturing a high purity
pentaalkoxytantalum comprising distilling a pentaalkoxytantalum
crude solution using a packed column.

25 8. The method for manufacturing a  high purity
pentaalkoxytantalum as claimed in claim 7, wherein Al, Ca, Cd, Cr
Cu, Fe, K, Mg, Mn, Na, Ni, Pb, 2n, Th and U contents are each less
than 50 ppb.

9. The method for manufacturing a high purity

3l pentaalkoxytantalum as claimed in claim 7 or 8, wherein the high
purity pentaalkoxytantalum has a chloride element content of less
than 1 ppm.

10. The method - for - manufacturing “-a high purity
pentaalkoxytantalum as claimed in any one of claims 7 to 9, wherein

35’ said packed column is packed with Sulzer packing.



35 purity pent aal koxytantal um has a chloride el ement content of less than— -
1 ppm 10. The nethod for manufacturing -a high purity pentaal koxytantal um

as clainmed in any one of clains 7 to 9, mherdin sai d packed columm is

packed with Sul zer packing. 08 MAR 2004 -33 11. The nethod for ;

nagufacturing a high purity 5 pentaal koxytantalumas clainmed in any one of
clains 7 to 10, wherein the distrllation is perforned through a theoretical

plate nunber of from2 to 100 stages. 12. The method .. for r@rp@@ehwl ng
a high purity pentaal koxytantal um as clainmed in any one of QI [ 7/“ o 11,
10 wherein the distillation is perfornmed3iat a bottomtenperature of 300C

or less . 13. The method for manufacturing a high purity
pent aal koxytantalumas clained in any one of clains 7 to 12, wherein the

distillation is pédf-or e atmethap cebum r@aESkHRy 13 of,300C %{1 | ess.
14. Thes rrebmafl%: e ol uring 3 higg purity pentaal koxytartalu RLtY
clai nmed i n"any onée crai s 7t 6iamed wABr ity t Aee diodt i ¢ladmison7i €0 10,
per f or med whexeinoheoldianiplsiul & Pfperko2fq PenLiudifss 120,12, The pet hod
' pent aal I?oxyt ant a%uﬁJr% Za: TreesREdcrh BigESOne

for manuf ring.a_high purit

of clains "#’c?rlg,f f’(ﬁfgrzeitﬁ %%élcF’i?GﬁPaal koxyt ant al um crude solution is
obtai ned through 1a.fiaé Striepbar rgacti ntalumhalide with an

al cohol in an ipactive solvent and remv?‘%ﬁgf#}‘?ﬁ&?ogeﬁ th"iga‘e PPk FYed
on the 25 REIEALEXPANSIBBNI R aplaimed ims angndore SEEORAa3kep opoaddi ng

anmonila OryharedAl RBet @ikPE1T i olution resulting fromthe first step
to obtain_a pent aal --koxfl't ant aﬁ%hcﬁ%d}eggfﬁ??%nétlé. b?gémﬁefﬂwlfa&“re of
nuf act uPi%dd® #thilgBSpurity pentaal koxytantal um as clained in any one of

clains 7 to 15, B whgei n_sajd.pent aal koxytantal um crude solution is
obt ai ned through a fi rsteest(re“%@#“gcr1 pePForn?‘?%]" Ar&urengt i én ohight amuaiiom

hal i de wi PRAtadlkaxyGRotalum ansi naciined sl veRy WAderoAt ERSBRET b PI C33ure
| | e

and then | he, pr.essure or performng the reaction under fe ed
whEEKE] NGhd Fi dUiTI3H & Ol performed at a top column. temperature

15 of 300°C or less.

14. The method for manufacturing a high purity

| pentaalkoxytantalum as claimed in any one of claims 7 to 13,

wherein the distillation is performed at a top column pressure of
1,500 Pa or less.

20 15. The method for manufacturing a high purity
pentaalkoxytantalum as claimed in any one of claims 7 to 14,
wherein said pentaalkoxytantalum crude solution is obtai.ned through
a first step for reacting a tantalum halide with an alcohol in an
inactive solvent and removing the hydrogen halide Produced on the

25 reaction by bubbling an inert gas, and a second step for adding
ammonia or an amine to the reaction solution resulting from the
first step to obtain a pentaalkoxytantalum crude solution.

16. The methqd for manufacturing a high purity
| pentaalkoxytantalum as claimed in any one of claims 7 to 15,

30 wherein said pentaalkoxytantalum crude solution is obtained through
a first step for performing the reaction of a tantalum halide with
an alcohol in an inactive solvent under atmospheric pressure and
then reducing the pressure or performing the reaction under reduced
pressure, thereby removing the hydrogen halide produced on the

35 reaction, and a second step for adding ammonia or an amine to the



pressure, thereby renoving the hydrogen halide produced on the 35 reaction,
and a second step for adding amonia or an amne to the 08 MAR 2004 -34
reaction solution resulting fromthe first step to obtain a 5

pent aal koxyt ant al um crude sol ution. 17. The nethod for nanufacturing a high
pent aal koxytantalum as claimed in claim 15 or 16, wherein said inactive
solvent is toluene. 18. The nmethod for manufacturing a high %ugit 10
pent aal koxytantalumas clained in any one of clains 7 to 17, vﬂﬂé‘?eﬂgggsai d
pert aal koxyt antal um i s pent aat hoxytantalum 19. A parallel separating

anal yzer according to claim 18, wherein3he separating apparatuses are
connected in such a manner that solutions of different conpositions are
simul taneously 15 supplied to the separating apparatus used for anal ysis
and the s&Bafkidthg sapphien uselsalinyasires atkk r egeger aled 29 Qarallel
separating @H@é%’ﬁ&&y@ﬁﬁ?rﬂl ng: ta claim,18 or 19, wherein"the separ at' nd
appar at useg enpl oy, “as Fie's 55 St¥Hgtc*RBans, a nethod sel ected from anong

i on- exchange separlat.i oith20 nmetnidhed SOl V@Rt extyRgk rati on nefhods,
59&135%& hod3 andf“'gh

precipitat] aration nethods, gas/liquid separation

distillat i%%gtar?ét%%ﬁg‘i‘n?}u% R SHeEedciar slaby abalqwels acehedeily boi@Ny
one of clfmaxtild® bo1véht ikReesifeddle i npurity renover enploys, as the means
25 for inpurity renoval, a nethod sel ected from anong i on-exchange

|
separation met hod%,a'sofr\bé_nt es&hodct | 6or sepanatactunieighods, HIACT PhhALd,ON
separ afg OrpetRidaQhsxy il £ SeRLAld Ofn Ml fods, and, distillation

N ;wherein said pentaalkoxytantalum is pentaethoxytantalum.

: ' 19. A parallel separating analyzer according to claim 18,
wherein the separating apparatuses are connected in such a manner
that solutions of different compositions are simultaneously

15 supplied to the separating apparatus used for analysis and the
separating apparatus being washed and regenerated.

20. A parallel separating analyzer according to claim 18
or 19, wherein the separating apparatuses émploy, as the separating
means, a method selected from among ion-exchange separation

200 methods, solvent extraction separation methods, precipitation
geparation methods,_gas/liquid separation methods and distillation
methods.

21. A parallel separating analyzer according to any one of
claims 18 to 20, wherein the impurity remover employs, as the means

25 for impurity removal, a method selected from among ion-exchange

separation methods, solvent extraction separation methods
L

pPrecipitation separation methods, gas/liquid separation methods and
distillation methods.



