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METHOD FOR Acxkidiiuis THE SAME, PARALLEL SEPARATI NG ANALYZER AND
ANALYSI S MET|{I) _ HROUND OF THE INVENTION 1. Field of the Invention
The present Tnvention relates to a high purity pentaal koxytani alvwagpisa
mathod for manuf3®%iring the 10 sane. The +nvention al so relgtgéﬁgga§m4
separating analyzer for rapid and efficient analysis of inpurity elenents
in materials, a continuougrbhowyanalyseRTRRLROAyTaANIGRURUr ity tantal um or
hi gh purity tantal um conpounds and a U%(roe eciric rn-filmformed using

them 15 2. Description BEIRER are
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used as a filmformation starting material 1n the nmanufacture o
sem conductors. Wth respect to the 20 nethod for manufacturing it, for
exanpl & (1) Japanese Unexam ned Patent Publication No. 6-192148 descri bes
a nethod of treaty ri - aining tantalum al koxide with
an al koxi de of an%%%%ﬁﬁyeﬁgpgﬁawqﬁ%e earth netal to reduce the
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di ssol ving a tantalunlgq%>Pé§%%ﬁ%ﬂ%ﬂ%ﬁéﬁf?ﬂaréikt%ﬁ,t?%P Jpurity
hydrol yzi ng Peamadlkexyagndfalime agldaximbe: hid | Bor stanuf awr iy odhse a
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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 a
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
arnd 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

M

+G0001*



various metals, as I mpurities, has been keenly demanded. According to the
method (1), the chlorine element is illU 111l +(,00001+ D 8 MAR 2004 - 2
reduced to 10 ppmor |ess, however, the nethod for renoving netal

impurities is not described. The nethod (2) has a problem
numerical values of Al, Cd, Cr, Cu, K Mp M, N, Pb, an%mﬁaéﬂiept

for Fe, Ca, 5 Sr, Na and U are not descrlbed and since netals such as

are renoved byehmd@glxéla@ %ﬂﬁ‘gﬁnqgégnzgggggéga {gg g+€é% ts |neV|tany

reduced, though t he subsequent distill’ation can beé 5iM fl1ation.
For renmoving FH@génﬂeﬂﬁF%hanHqﬁkﬁ;e%ﬂhﬂnnﬂi(ﬁeaaﬂibedon TRy hethBdeasily

t hought out, \yber ﬁash@\/\@f%'bleﬁla(i%urﬂh%tﬂt'}'xlel ‘I?'xtdn%rf:t%er gf%fssar%gbgg ﬁﬁft ne

tantal um al koxide is low in t vapor pressure i on
and purlflcaFFon Hsi g 'He HPﬁf@#enébllﬂﬂtW@dumhnexnepsLﬁdr Fépntaupurlty
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t he ot her Rg? for se aration of necessary targe conponeh

conponent conbFndfFoh&? OVFd|?YnB§Fr°éEﬁﬁﬁﬁ E@Qmﬂﬂngahumraiknxiﬁe,ytﬁéd

only the targpieldompomﬁébstabﬂgrQhuu@eggngm%dgyﬂfﬂénggbék@@ nent 20
apparatus using a separatlon

conmbi nation i t hrou separ n

net hod such d%lgéfiggyéQEhﬁgﬂege ﬂ&ﬁi Sgsﬁéﬁ%ﬁ$1QPsuﬂﬁRﬁner@VH@glon
method, a preképetmeteh imparaties, np&bedseadg%&lllﬂltﬂﬂl%rﬁ%w gté on net hod,

a distyhplati ggi og 3€§h£h8uL'ke 8§ 25 either alogneor_ In

conbination ratron 19 of 'efts WHVEShed 3aUus fistd Sk iori ne of

a feM/secondsl$on%ce$§arn1hacessebuhelbagealpmrumkbxﬂaéaﬂgmadung§ tea few
ays are Sonmgji ar ion _of the et conponents,

% 08 pEskied, AhLELs8ERa' 8hL0L LeBarania Hga&%'p |

steps for washing ahd regeneratlon o aratus are
necessary, arRRELEICEEEPR u@inGnthequféeHehoag1pemh@dv@@m&abaastdﬁb

that, of the ﬁ%ﬁﬁ”fﬁbﬁ%ﬁE&OEEHﬂSEndEEQErgg??iyoﬁlEglcu gLl %Lég¥3bed
15 in the patent publication.

On the other hand, for separation of necessarxy
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. Aafter 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



analysis time, however, usually only one separating apparatus is present
In the anal yzer, and theref.ore an 35 anal yzer or an anal ysis nethod t hat
can shorten the analysis tinme has been desired. when | ong periods are
required for separation 0 8 MAR 2004 - 3 of target conponerll § MARF 8§04
_maﬁhing and regeneration of separating appa+atuses, a single separating
apparatus is inefficient because it cannot sinultaneously acconplish the

separation pr%@@gﬁ@@%é%ﬁé@%&%@r%r@9§ﬂfﬁﬁt LRA PeBbRESHURGS affter

separation: in particular, n the object I1s that of analyzing specific
el ements or treRRRIITG i IPPJTIRILS, id FARBEFaFSP25RVEPEI 2RPAGEEY St &S

sever al dozenﬂﬂé?ﬁf?&éﬁ@’ﬁ@té&%&“ié“k&%ﬁ@@déﬂﬁuQBah%Suslypgc@meﬂQsmﬁin

conponent or target component to be 10 separated, and it ILs extrenely,
i nportant to &g GeRATtienrpIreRAUIHAYRsHrAgWaRbiPEgaRdr AEFEREIAEIS™ or

the separati ng ARRAIALYISaféLrséper S80S At | O PaELEULEr, ARhexardlee IS the
analysis of inmpurity elenents contained in tan%alunhéongounds, %%%ically
tantal um and 9B 9%htF UFR AT KK RRLY FNINFRACE heC B HBMENREsOhe&face

i ncreasing in jgaentcy eal sméMEs SEN ROPESIILADS , US€seralaninlues @ a
constituent elenent of ferroelectric thin- fi obtai,ned from.tantal um

| s, IS .

al koxi de st ar tSHEFF Tt TR SIBREES e PRI TRAIRE PR AFBEP AP TaRBe 4t gel y
20 depends on dyiee iduthé ymedmceshpanent, ot heaagetintonponenputbt bes in the
t ant al um, al koxi de startin terial h kg.
inpurit?és of %?ﬁ?ﬁ%ﬁﬁé’ %?%H%}elgf%ﬁg?%$%nﬁn£¥5$g£§ﬂ%h%§séfgég?egﬁggﬁium
and nickel, at&aty ot atlse anaskihkgl amd eagehenatabn stehsafoz5tdedi um and

gnesi um he S dog ad,,NQna j C
gﬁenents sucﬁ%%?%gﬁéiﬁgpﬁéé% o?ﬁ% ?%ﬁ%}?ﬂg?rggggﬁggggg.B?ﬁg%?ggklto obtain
hi ghly precise measureneht epimplecks appenaBadysifpefi ippurésEned cgeMs

greater than g0, if%t@&@éMOéoﬁaagahym es;gpg]gmgﬁ, thhth3udssen i al
e

to carry out a procedure f separation and renova
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 reported.
.For example, metal eléments are specified



mat 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 inpurity el enments have been reported. For ex ﬁg?%
elenments are specified 0 8 MAR 2004 - 4 according to JI'S H16 3 ( od for
determ nation of iron in tantalum. Howeyer, the JIS analysis nethod is
problematic in that: (1) it is designed for analysis of the g/g 5 |evel

and hi gher, ﬁaggézéan ICU QaEEEBQEEQQQhoanq gh%eQéyﬁitg drs of Ner&fore

r
ti me consum |es are encountere n stri y controlllng
t he condltlonsnsuamtatumme f Howeveat etbe UAE eamliysdissaiaftiash ietc. 10 A

w dely known et ggmggléeggrgﬂhgg and neasuring the non-netal el enent
boron involv a al co (methanol) to the sanple sol ution,
distilling off the bor@m)aittusnﬁbhybnbdr&be and 1yfssics mifngehid ungu]
aqueous sodi um hydr oxi de sol ution, and then neasuring the 15 anount of
boron by titrb&Y®h GPdsBéSP?SphBPGnEtry (JIS Gl227: Method for

determ nation of boron ip)iieniand bategl m)athldfal\/)E\a@fd ﬁ/bfherpﬁdné;‘dmhbsi is
applied to the determ nation of bqron i al u is proble n
that: 20 25 (H?eﬁ?§PF?IEFWSnCBPSPﬂéHSOFBQ ghﬁ#gﬁﬁﬂ c#?x%??235%§ea
difficult whepnfEdpicheyi eonte&enhnqun:mg condd tdicgts |dwdh as el flows

poorly suited as a aratin boro fron1tanta|un1sanp|es t hat
will not easF?§ed?£E5B9ecﬁFFﬁ8 tS é ﬁg uorlc acid; (2) the

distilli@ti on apparat us and;deiylkhahmometmmdb&dumepﬂnatingﬂam®1ed and

mpasur ing prOPERERELAIn G SO RE MR B0 g (IR < A RhPEREY a8y an

significant; ahdohol (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 ug/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 determ nation on the |evel of
below 1 g/g by titration or spectrophotonmetry. Another reported nethod

i nvol ves production of ion pairs of boron in a sanple soluti |
nethyl ene 35 blue or the like in the presence of hydrofluori@qgﬁwg?2004

extraction in dichloroethane and neasurement_by 0 8 MAR 2004 - 5
séectrophotonetry (JI'S G1227; Method for determ nation of boron in iron

and steel), but this t i I r e LC LN af; : t.an um
to be separ atg; %%reﬁprs}:go{bggee%(%r g(c‘]tsfe)‘:'d @n%ﬂ%%%ﬁoéof%gr%%?é%aﬁéhgg)lbﬁhtg%
extraction prdeadur dn nugresandicdteson it contamrethed L8odlshe reagents

and appar at us. %ﬁﬂ! J qgﬁy , therefore, analysis of inpurity
rﬁghl 'é%pﬁghta J?

elenents in ta&l um an ['um conpounds 10 using conventional analysis
net hods entail the followingtherotenmn (4 heenepargbedptsi adsare

requi redsor - SARAIAIPN faddif 46K 98} 55APEneRhg and washing and

regeneraiion of the separating apparatus, the procedures, 15 are i nef.ficient
because t he separation[ﬂ%ﬁxﬁhﬁe?%ﬁﬁFQ¢%Pnwﬁgﬁ?ﬁeuéﬂdlﬁébéﬁéréPF&HSl°“

procedures aftgyr sapadies CAUPtce séaybhaseanal ¥ppseetnki shed; (2)
because they are batch nethods, the_ procedures are tine ggnsun1n and

difficulties. are 20 i nAt vPI3ingd RPYe cohPPEREPRE  t AB2LERAFE Pons such
as the flow rigfguoft el smedterisotadt HMumesfd; tantdlumli sbinpbaniden of the

the  satpl e SOIRABIECTAPREOAHE Spbhrst tonst BRGSaPRERE L abhan £ RLgeRm LS
are conpl ex afgkdbMmsred; (5) the contam nation from apparatus and
rgagents s common, while e, aha Y2l Sy PLEEEEULCR 8" Seqh FB4CEBRIM NG, and
separation of the target components and washing and
regeneration of the separating apparatus, the procedures
1S 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 I Vg/g; and (7) tantal um cannot be renoved by extraction.

BRI EF SUMVARY OF THE | NVENTI ON 35 The present invention has{bdMAReagg4 under
these circunstances and the object of the present invention is to provide
a, high purity pentaal koxytantal um extrepreby-0 8 MAR 2004 - 6 lowin the
contents of various netal inpurities and further reduced in the chlorine

el ement Conte?%w Y@iEHeiéonESHHErgﬂ 9hraoaemeeadug@urirtiess and and al so
an industrially a d f [ '

vant ageous net ho or producing a high 5 purit) .
pent aal koxyt afeateri redugeddidi &ha 69195é88nﬁi&F%HqI9§ﬁ99ﬂé%MWQ#%$aﬁs
her et of ore begg gopshdsked sdinfibbadbEtofsmateesulll, ahdedlersiare
i nvestigations 70 overconme the above-descglgf% probl%fsp t he present
i nvent ors havéndustfsahdyt AgVankagesuAePREG6T tRE BTG & Sol ution
con;aimgm)pe€ﬁ§§{¥oggﬁgggakggyuahmg;amdEatbl@wddmyﬂaﬂdﬂbyiuaqumm, a high
purity pentaal koxytantal um reduBeglé |p1 t he %ontents ofcov%)r.lé)egfseéret al s and
al so reduced SASERE12ERPBY | HBLERHEH NESREIRLTEAPHEE SVFISE And t he
obj ect 15 of fherprgsent invention can be attained. The present invention
has been acconplished based.on this_ finding.. . [ | | at es
to the fol | owing nB&né Ef?“lgo°€1?fFePf$V% ﬁﬁﬁﬁgﬁﬂgﬁﬁ§ﬁg§h€§¥| dig?%%galun1
havi ng Al, cﬁthgoﬁgvegﬁesego,ibsa, pﬁpb;szgmsm,waa,pm%ernb,irz«rﬁnaﬁr%naaw |
contents each_of le a pph. gl ty Aaaad kpxytant al um
as desddd bed fPHneliﬁﬁgongnwﬁeB%Fﬁgﬁhgkcgﬁggﬁggggki5fﬂ Ca,_ Cd, O, CQu,
" Fe, K, My, McohizaiNingPpenZaalRiexytanyadum adding es A8t it 290 ppb; (3)

| L)gﬁtg'ngg g;‘”A}:?élgggﬁt %%l B%r&éta&t 14N 35 d8SL it ali b yldaihomen ;\ﬂ?&ﬁeéa t he
in 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, Cd, 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 (¢) above, wherein the

35 pentaalkoxytantalum is pentaethoxytantalum;

(6) a method for manufacturing a high purity
pentaalkoxytantalum having Al, ca, Cd, Cr, Cu, Fe, K, Mg,



Fe; K, My, Mh, Na, N,'Pb, Zn, Th and U are each less 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 p ng ﬂE%é@Bg
hi gh purity pentaal koxytantal um as described in any one of ('I)"to

apove, wherein the 35 pentaal koxytantal-ui i-s pentaethoxytantal um (6) a
net hod for manufacturing a high purity pentaal koxytantal um having A, Ca,

Cd, Cr, Cu, Fge, a Maii, @18 MQ*R 21@046rrd70 dnhtdvars NeactPbof ZhesFhthad U
contents each of |ess than p conpr|3|3$ di st

pentaalkoxytéﬂuﬂahn(QQRﬂfl%&ﬂQnéaﬁF%kﬁ%ﬁFeﬁ ???Lf?%%gégFﬁﬁnm ey dehe

nmet hod for m%§a$%¥dﬂld§l iugﬂlgggllatfbﬂxﬁﬁfwmﬁpxytantaIun1as descri bed
in (6) above

erein the high purit e aalkox tant al um chl orine
el ement content of(%)eddhe H‘é?r?'—l'i“bpé:‘? r%‘2)1'8‘1 C'ﬁ‘é?"h% fort nB‘Pg |ng' a
high pugity AA R A A N 25 deseribed in (6) abovd) abeve;n 10
wherein the distillation colum is acked c Iunnas(g)ckmg ggghod for
nanufactur|n@h@fﬂkﬁprﬂﬂq¥gﬁ Rﬁﬂﬁ%ﬁ§k§g TN f déscribed In (8) above,
wherein the dagkait cdnitent sopabessl vham Bupgmer packing; (10) the nethod
for manufacturing hi gh puri 1 e aku bed in any
one of (6) to (9) %% 13% Wgé Eéﬁ £%$§%§$FM% % : Hl ﬁ g?%ggythrough a
theoretlcal[ﬁéﬂﬁazukﬂxytaﬂtilumnébtdeﬂﬁmubeéges (éll?rthé)néPﬁUG'for
nanufacturln a h| ur i o) a a r n any one of

20 (BEE gb W%EE%IH %ﬁf&ﬁ égi h 2k gm, gaéﬁée £Bedmhn

(6) t ot I St atlon [ formed .at a bottom
tenperature of 300@9prtmesm¢tm4Q)f@hemﬂﬁﬂﬁé@tﬂéinﬁaﬂuP&SPuPPﬁé d high

ur Ity - pent agl koxyd AOGL R ZPafleSET 408Er i BednynORg ) OhiobGE  anekbiin above,

~vherein the df Is perforned at a 25t cdumwtmmaauneof
300C or | ess;tlid Packhed neehemn f b¢ Bﬂﬁh?écWﬁFFnﬁ“ 2REgR2GHLPEY

(10) the method for manufacturing a high purity
15 pentaalkoxytantalum as described in any one of (6) to (9)
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



pent aal koxyt ant al um as descri bed in any one of (6) to (12) above, wherein
the distillation is perforned at a top columm pressure of 1,500 Pa or

| ess; 30 (14) the nethod for manufacturing a high purity

pent aal koxyt antal um as described in any one of "(6) to (13) pVﬁA mz 4e|n
tpe pent aal koxyt ant al um crude sol uti on i-s gobt ai ned through a fil g @f
reacting a tantalumhalide with an alcohol in. an inactive solvent 35 and

remving the BxdERIen-talhde rirn%d%ec&h%n AR UiRACtd ANt 4uh bubbliegngn inert
gas, and a secon step o 0 8 MAR 2004 anmoni a or%fn aglggeto

the reacti on fobot tbe ﬁégﬁﬁtﬁﬁgp'ﬁﬁbmhﬁﬁ%W|41£¢%ﬁ R BHRLS
pentaalkoxytaggﬁhggbﬁrude solution; (15) the nmethod for manufacturing a

hi gh purity entaalkoxytantalun1as descri bed in any one of %g to (14)
above, wherein the(@ént&épkﬂﬁﬂhﬂﬂe§QHnmﬂﬂRﬁ?%ﬁHR&WQNP|¥9QHHEH through a

first step fO{,eB%gfan%k%anttQQuﬁtﬁaa%t s i ved al alnyn hied isle vé § hean

al cohol 1 n an® inactive~sol vent under atnospheric ressure and then 10
reduci ng the pRédsabever PELTEIH fdiq e AN BHY lup HRLY pressure,

ther egy r em}’%@»gutég%nh}i‘ér QA ihrld dﬁxrdifqmt&eﬁhxfﬁrf]t tdiee s epert | per fanding
second step for adding, ammni a or n the reacti utjo
resulting fr&Ret P?éaF%rl?tn Sfef ttt?rbttﬁ }ha%]ec% ARG ah a?lﬁ%i c%ﬁdgn

sol ution; (16)nhbeivet kedvieat rmma‘xacatumos@esriu girrqmsmtey and then
pentaalkoxytant | um as _described in 14 i

i nacti Vi sol v&fEYF ol §n§ EGC $1é¥° #ﬁ%ﬁfor ﬁ%%% a%%ﬁr?%ggf hi gh
purity 20 peabaabkﬂxpt@BBMHﬂnzthehﬂhy|ﬂnmbvxngumhenhy@W0§€9 kalides)
bove, wherein tgﬁ nt aal koxyt ant.al d Pedast dgqué fugadfﬂ?ther

e

-Vt is an objegf ‘?ﬁesent I nven o O provi an yzer W
separating appamanis capan emifne X rtp owg/acatmprefwb%mm yrésalyndg

IHPH:Ity el ement s RS TSRS sl f XY | SYi04Eh Td PeRbRd YRRy FRAPS%umhEglde
P Y 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 u51ng 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



tantal um and high purity tantal um conpounds, and a ferroelectric thin-film
formed using them As a result of diligent research ainmed at overcom ng 30
the above-nentioned problems, the present inventors conpleted t[egpMgRenps
i nvention upon finding that the problens can be solved and inpurity
ehenents can be analyzed at a high sensifivity in a short period of tine
‘by using an anal ysis nethod whereby a plurality of 35 separating
appar at uses apeheengephedtingpapphlakusand iat wadshast sonke wdgdrwer aepdr ati ng
appar atuses connected i | i.s,used for an %igﬂﬂpile at | east one

n aral | B
of the .1J 8 WRtﬁéMa@a&%'Eéls §8§awﬁfihﬁé]gaﬁ§§r §fdes 9 S Washed and
regenerat ed, ssfutbhaheanallysi sTand waslei pyementcamiesdioat akionul t aneousl y.

Thus, the present .i.nvention_als prQvi alyzer,
a continuous BEPVORAPENA ??Féﬁr]n??h8&P%ﬁiag%%ﬁiraﬁfag/ﬂ{éae§{’aisaﬁ%aggﬂédilﬁ?%ﬁg purity
t ant al um conpeusds analgsa sf eethedectiigh tphimi-ty [vandfaumdndimyg@hhem as
laid out in (18).to (32 el ow, par g | £ls SERA Ald g ; i ch
is a conti nuBHél%Vo&/agkgﬁ‘ﬁne\rgoem l%fg)ﬁgeéd \%ﬂ?’iﬁ agﬁ i"qui 160{%‘::%%%%%}%
separ ati ng apparaedsusdngargbles, st deddcciwon il (48) £xsolir) FELA t chi ng

val ve, an i”puritgrllé%h%%r%aqea RN Sl L8 AL [ 28 i Nt hat

a plurality of separating apparatuses are provi

) ] each separating
apparatus is conmecueusiﬁhﬂﬂwﬂmﬂﬂxz%ﬁu$QH}HHﬁ9sﬂﬁﬁﬂeﬂi%&ﬂ%ﬁﬁaratuses are
connectgd in %ESF\sgoﬁ% Ma %@%}ar@ti'n%aﬁpﬁl%tﬁfs,t he sapsI@ting appar at uses

ySi's

S use& for ana \ il e at ‘| east gne of the, other sqggratiqg
appar at uses i énfroRuGtien VaddBar & SPLUSI AN AW HHERIRI ALY WARhi ng and

Tggener ati on ak6.eakYl edytiver2lot MikicU Sy ddisle A dtRurldeis seedr ani ng
~a

al yzer according to_ (18) above, wherein the separating apparat are
connected i n shék & raiFélityarls SeRATG TS %ﬁ??%ﬁ%& es ¢ d%¥$Y§§§aare
si mul t aneous| gaswpRleipad dtd i apparsanay als ngoragated usn yserh Ibel anahygsi s
and1ﬂ“3§epar%%%n%eparating 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



appar atus bei ng washed and regenerated. (20) A parallel separating anal yzer
according to (18) or (19) above, wherein the separating apparatuses
enpl oy, as the separating neans, a nmethod sel ected from 30 anopng
| on- exchange separation nmet hods, solvent extraction separati A NéRhBEM,
preci pitation separation nethods, gas/kFi d@id separation nmethods and
distillation nmethods. (21) A parallel separating analyzer according to any
one of (18) tadPa@laYmede] nyddleLiqPLd i $¥pi £8PYER m3bneHB! @yd, as the
means for inmpurity renoval, a nethod selected from anong i on-exchange
separ ati on metHeddllaiqreediQdsict i on separati on methods, precipitation 0
8 MAR 2004 - 10 sepayptd hiet hodssegasd 16y Snsepasat bosoralhgdgcaaty
distillation nmethods. (22) A parallel separatin nal yzer according to any
one of (18) t &R0 dodtle, tunkr na*?%‘ée'rre‘g%%ﬁ? H 9i%§a§u€ﬁﬁﬁo§§"gﬁe
i nductively ceupiesylasnndessi vPEEtcouEled . p142@3 Mapar apkekroepaeat.i ng
anal yzer according to aqg oqglof (%ﬁ% to (22) abﬁve which_i,$ usgd far
anal ysis of inpuri%3’ el AR iG] STHRATI CTAT P PALY 28547 ROESAPINTSuE™ ow
anal ysi s net hatheche act®y itzed(2210 abovdatwiphuisal isgdofosepandyisig of
appar atuses ar.e __cannec | ar al t one of the plurality
of separating li“p%’]arrla yuséel‘saeq%éoé]%h%c rgd4 ﬁé\e%%?grp%?kfgfmed for analysis while
at | east one of thdBthex cwpaimueuwsg f bppaanelygessisethhotedharactiatized
anal ysi s, and ' |, ede O ' n; ) cont i nuous
fl ow ang ysi s\&?fet Hog% g{:i%lr]‘%’i%lgf‘{% fS]If( 24 P%}%Jé%’avﬁg#%%tgéggt Fgﬁs of
di fferent conuegindatesl In cparadlebneond|§t skepstedneoof heheepdnaaligy
apparatus us f ' ' ppar hnge2 hed
;%gf_ (ﬂ%félﬂA %’xﬁ%ﬁﬁg%u@%é&p@é &80e4PPR ﬁ%iz‘ﬁl?@ﬂ. 9s2QsWas

“ahd regener at [ ! ow anal ysi s nmethod according to (24)
or (25) abovefuha@mElytite Wbkt At nkPaphaPe uREsthenprBy* aSSPREASEPSr at i ng
neans a met hod el eaheskd o wAdREY, | 9- EXEHaR8L1 $EP3T ahaORaBRiRgdare
sol vent_extraction .
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 tantglum 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



25. separation nethods, precipitation separation nmethods, gas/liquid

separ ati on net hods and distillation nmethods. (27) A continuous flow

anal ysis nethod according to any one of (24) to (26) above, which is %ﬁﬁf
for analysis of inpurity elements in a metal material. 30 (28§ & MAR
continuous flow analysis nethod accordihgtto- (27) above, wherein the neta
nﬁterlal is tantalumor a tantalum conpound, or niobiumor a niobium

conpound. (29;ofp sgnal naaasaélcew;aaal ¥y fafiipd aesendiinguaity 27) or (28)
above, wherein an i nducti vel ﬁe Iasna 35 SS q%tro ter i s used
for the analy§#§m8PtlﬁﬁﬂFPP§ éPQ HFS SEORL hqgﬁVﬁt mor a high

puri lty tantal um 0I $3M§~RHZ%®4purli;y e:ramfaulmdx oomar anmr pred Hyy ﬁmvtalbum

total inmpurity elenent con entr a 0 0

H gh purity tSRFRFYH oPc§°ﬁ g% P|t3°?a ogh lé%gbﬁggﬂgufié%BO)

above, \r/]ywerel Iﬁah:&alhmgho(ﬂpl‘ouhyl fl5 M@Fﬁmmnmn@d@dxmmlw

pent aet hoxyt ant al u A ferroel e nLzed by
Thdh Apd ke e B am oy i 4iigh GRS 2Ly

bei ng forned u5|ng un1or puri tant al um conpound
with a total bﬁnMQ|Eprmbﬁnm-ungchng@n@mamum1nﬁnhﬂiqw6§neﬂ Righ ROVDEYQ/ g.

BRI EF DESCRI PTLON_OF BR@ IINGS B g t%:t'asl & ey i) e of , a

separating ap Ah% or tantalun1and oron accordi'ng to an enbodlnent of
t he |nvent|onoﬁcgnt2amsoa gfaple grestey tthen 9 st p bet ween 15 el uent

( hydr ocf BJ ori ¢ aci d??&%@c%%%%itxb%o%”%fa@#ﬁ‘tnﬁwnﬁisﬂ ed boron, according to

an enbodi ment of t Invention. Fig I's, a graph show ng, t he rel ationship
between el uent (h¥ddociH dsi @ sehemaddic ShtgwntdhrR RPN IHE ARPAT FBHS of

eluted tantal yg: AGGAEAA0 ahd BrotMRURInPid e ienast inine Fog. chel s a
sthematic of a par% Separating
invention.

Fig. 2 is a graph showing the relationship between
15 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 separatlng analyzer used
to carry out the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

That is, the present invention provides a high
purity pentaalkoxytantalum having Al, Ca, cd, 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

30 than 1 ppm and a method for manufacturing a high purity
pentaalkoxytantalum having Al, 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



anal yzer showi ng one case of a separating anal yzer used to carry out the

I nvention. 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON That is, the present

i nvention provides a high purity pentaal koxytantal um having A, Ca, Cd,

Cry Cu, Fe, K My, My, Na, Ni, Pb, Zn, Th A nd U contents eac af h SSha
t.han 50 ppb and having a chlorine el enenfi2centent of |ess 30 tha M gﬁﬂkénd
.a’nmethod for manufacturing a high purity pentaal koxytantal um having Al,

Ca, Cd, C, ﬂ%i d@@br dNMe1 5P, Zn, Th and U contents each of
| ess than pp haV|n ori ne elenent content of less than 1
ppm Conpr|5|ng mﬁhQIh49ﬁ)EpikﬁﬁaB?%%%?%bﬂ%&Fﬁﬂ?é?BHe°§5t§6IBFFéﬁnGS|ng a

di stillation jopjdiEhonl NEs NhEdf @EEbLY Hﬁ@ﬁ aghkoyyt geheba&maa thheameihod
for manufacturing the conpound accord to thf gresent éFg MAR 2004
p

i nvention ar EXIERNS beF HEGHE #ﬂevﬁ¥bﬂ PUPEES ﬂPHSFEb??taWP G t he

presents lT“NHHlpﬁbﬁériﬁﬁ?éﬁﬁ&ﬁyablghs@MitbudﬁeﬁbaehheértamtaIm&b extrenel y
reduced in various neta

whi ch_can__5 preferabl used as a
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Cu, Fe, K Mg, Mh, Nea, Mi, Pbb, Zznn,Ti\haadduueeabhi isl eesst knan580 ppb

preferaoly | oss, el OB [BL2 Lol ohROLNe| SRaeg RhearRRRy [0S0 orine

pent aal koxylt ajia e ai Tise chloride, eﬁllainentdeorﬁenﬁr lbrﬁesshrumaim? in an

anount ess t nte ghlor or

manuf at ur|n&@?tﬁﬁé:€R$§2@9a%§n§§§fk%§ tgﬁ? %%ga é I ﬁon?he présent

i nvention |schmbxkdmr|¢hibtmﬁemaoﬁherpfeaenchlqven9|on as amgantto ¢ fof

distilling a,z¢ Hit n ngea Kk alumand in
a0l 1R £RNtalRL ngsacheataakkaxyhanta

“phrticular, préfrerably use manufacturing high purity
pentaethoxytantaldhhe1m@¢m@dnﬁ@ho@aﬂbfaﬁtbéaegng Bighugurdslhuti on

contai ning pesfsa & kOXYL 2L 81 8 h8cHLLiRGT £bCHhar byekiehik! @dvBHiionOris
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



exanpl e, the crude solution may be produced by the follow ng nethod (1) or
(2): (1) a nethod conprising a first step for reacting a 25 tantalum
halide and an al cohol in an inactive solvent and renoving the fayds

.hati de produced on the reaction by bubbling an inert gas, and a sg%ﬁgﬂﬂé
.sﬂep for adding ammonia or an am ne to +h&3reaction solution resulting
fromthe first step to obtain a pentaal koxytantal umcrude 30 solution; or

(2) a method ¢ouRSikpkngizshi ktlepstep doaiterd Geti vt Ly taacdlvn Ofude
tantal um halide with an alcohol 'in an _inactjve solvent under. at nospheric
pressure and ERANtASRuci A§ Pﬁéhpr“@s'g‘tﬂdé'ort%efncﬁ rﬁ%é”i?#el?ag‘?ajc)fi‘bﬁe nddr

35 reduced prassunh@ctiter by vV iingdiie Iy Hageidtpdd teed paHekreed on the
reaction, and a second step for addi n%rer amﬁieﬂf or Cfmlsfixm ne to the regction
sol uti on resuPEgIUABTRRR2 054 20 PRIG ot et 97T St dF TS Tt Al n*

pent aal kpxyt apiodlelpreredablygl Wiisail Yat at hisreidwftsrmddl aner i s pref erably
used as an inactive sol.vent, inza%Ir | e salt deposited after addi ng ammoni a

or an am ne | SOPCANETEFINE ROLEE Y:and 5 nore preferably, distillation
i s performed after Theordenrtindtsitigmuide sdmigrméhenslirsy i 4 | disohllat penf or med
using a distillation. col.umm by placi y, entrated :

pent aal koxyt‘ar‘ﬁ:t0 il gﬁu&}asc&ln iaorlpaoldr?qga%o]t?g%rg%‘n tall.aﬁgérwlo equi pped with a
heati ng devi c@enflaaldiosdyitlanatalom cotude sokatpiert ekmia Voot prm keen tal BeH

usi ng acki -yar hi_g f r%'ng acking JBdefiplsideresvhrne
devel o;a)led; may é\é%s?g(dwég’ht ﬁempe%(;e%r% oreﬁeﬁe packed distil IJét lon, colum
used in the prisserefiemadinl énpaskes @olumkWing & PRk MRI a rEEsAPacki ng

terial o ap3uh? Yt Aackitlg lifdtlPla PACK L JBG£E | RvaTIpbE
sdii t ably used. these, a Sul'zer packing 1s preferred. Wth respect to
the theoreticalayphbs &seshidsr the nacking ftg% ‘b‘?%s%ﬁﬁk? Ve FbhlaREoRt s

too small, inMYilirnessedd AN e satid sTracdwtidy, sepaswéef pikiséhe

concentrations . X . .
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
quality. 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.

Wwith 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 decxreases,

3S 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,



of - various netals increase, whereas an excessively large theoretical plate
nunber is not preferred in view of profitability, though there is no
adverse effect on the quality. The optinal plate nunber i% gehﬁﬁtﬁﬁlby
taki ng 25 account of the structure of al koxy group in the t
ﬁgntaalkoxytantalun1or the purity before H#stillation, however, the plate
unber is preferably from2 to 100 stages, nore preferably from2 to 50
stages, and syhikth derdipaehanallgeousoin? iewl @ fstragesi tathi Cik ¥ s thieenunber

30 used practicall i th respect to the hot.tomjenperature at, the
distillati on PHCLAEL PSRN CRTGREFGHES Mat 4o QORAEAIdTy High
deconposi t i onsetutharepetit adkiosyy tgaoual um tthlee oyl tacelsk @ ditea Jumel but
decreases, 35 whereas if the bottomtenperature is |Iow, although there is

no adverse ef FBEt PBR O LETREFAFUIE RiSgRTPHETAR Y% THRR 3hriP afl® & speci al
devi ce g5 1 eauhr eflol ROLE! Ay 7 WAR RN et petftiehh dhfll YRGSy ageous 1
view of "profitability. "The™ optimal bottomtenperature varies depending on
the structurepefifikoryagpdgp ithe hotiom damperatamalmmirfexdRlYot t om

tenperature i referably.from 150 to 300C. 5 in the case of distillation
of pentaethonggﬂtgﬁgnggszgo g%ecific exanple, the bottomtenperature is

preferably from 1%Q¢hord2@ectWich thespegt dod urhie detip&d tiie tLopEkat ure at
t he distilla&Lon.hg t he pnesEpt i nvention, |if gi is 10 excessively high
deconposi ti on9f *the2t3eRt 33 EEFEA T YIRS W e e art tHe yi el d

decreasds, wesressivklyhéighy delcompasanpenataff e-hies | ow, al though there
oo ar e Sepht Ll Ay IR AR okl Hidlbel Al Pnd §(0REFAL- 20052

peci al devic requi theéere ageous 1 n vliew of
ér of i tabilitywh@heasoptfi thle ttop collumn t derpeaiure ars esowlepelcheigabn t he

Cerper at ur o | PSP APafry PV Es BT SR AR AT 2 L S on of
pent aet hoxyt ahtahesessaxy 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. In

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 from 10 to 1,500 Pa, more preferably from 10
to 700 Pa. '

35 The contents of various metals al, Ca, ¢d, Cr, Cuy,
Fe, X, Mg, Mn, Na, Ni, Pb, 2n, 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,
both the bottomtenperature and the top tenperature nust be high but if

t hese tenperatures 25 are excessively high, deconposition d}BtHAR q

pgnt aal koxyt ant al um t akes pl ace and the- yi%®ld decreases, whereas If the
‘top pressure is excessively low, although there is no adverse effect on

the quality %'pré§eﬁ@tlnbéﬂt16ﬁ cénSE@Ciaabl@Q\éldcefb% e&qmpaed and drhi s
i's 30 di sadvantageous in view of profitability. The optinmal _ top s%r essure

vari es depend3rMU%WY%%Ys@?‘&E%ﬁ?ePBFS%{PkE}WS Srp(%:ﬁroﬂ‘eﬁ"ﬁé (ICP-H
pent aal koxyt ajih at pén a1y Hestvp mcgss:srethe mmfteb&bkiyette&Mnh&m 500

Pa, nore preferably fr n1 0 o7 0 5 The c var,i
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Uo MAR52004 ppELS ah&etnéemmﬁ_ti aﬂedétenmdaatb@ramfl gt'hedl,ndf or isxdnd e, by
an |nduct|Vﬁ%¥ coupl ed plasma nmass spectroneter (ICP-MS). In the analysis
by | CP- M5 Pimit of determination of A, Ca, Cd, Cr, Cu, Fe, K, nm,
M, Na, Ni, Pb andrHe cBsléribeppbementl thetkint tcasf beectarliyzed,ofaf Th and
Uis 0.5 ppb The chl opi I n a 5%?% fa npl e,
in such a nanPSP"Phat % aE gﬁ ga? thagt%ﬁgklge%%%%feg%l %%w ngﬁ?ree
wat er and themebgdhydtblybédrand i@eehwa$§peﬁmﬂxﬂhefabﬂHNM§EQQY%ﬁﬂjand

I b A ;gkpp SRect of th
?RSexfﬁgn d IQHF ggﬁggﬁgggé@ggétfﬁgggﬁggpgfﬁgéé st sui'ted forO sepgration

of the targethDqgéhearthM the non-target 15 conponents are connected in

p rallel, and the galdth9Rql $o §ngbltggr5|ar§|§et&nws;lmé tigvidma igparad i ng
paratus used for separaglon and the separating apparatus belng washed

and regener at 82Fh SVEeFePATILANP ARPBESLP SES ARG SHiteh&H i on of the
target and nogapargeioROBBORRB! $a28€t component and the non-target

15 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

20 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

25 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 tec directly introduce them into a
high sensitivity measuring apparatus which is sensitive

30 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

35 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. When the analysis nethod of the invention is used [f@rMa abmgls
~inpurity elements in a sanple, it is_possible to acconplish rapld
gpparatlon of trace inpurity elenents rnlﬁlgh purity nmetals or high purlty
met al conpounds using a continuous flow systemwhile preventing
contan1natlOQdTUMﬂdﬂumseﬁnﬂamnwusﬂ;ngﬂnhdrmﬂg¢MEﬁatE@mlwayrb¢oduce t hem

into a high seng t|V|t asurin u C e, ugh
for anal ysis o Hﬂﬁ NGt dﬁ th%@Eé€%+y%?s@%¢ %%§a§9tfﬂg
el ements. Accppd mg;\tsoast he Imvemis oma,sea, pdnalt@tge’epra@rapcpmgnt a!p@nrbeus vm th

a plurality aof St?ﬁa;ta%ﬂgp%tapaoafﬁ&ffs £ONSeCL 8 §n pPRraLiel ixﬁ?fi‘?lt?red £ or

appar atus i n3th ural Eparati NG appar at uses. nost s ul
separat$on ofirt ar deitglc grpoitentee tal @orivegh RN ThtY phebal efompadndhe

sol ution used for. & gﬁfr@g |J&n=_. %é,@@l@n Slé\/lﬁ.ﬂ, zp,ggung; eB&h&hi on used for

washi ng and regener si mul tanepusly to at | east two of

the separati rigicw altYUs*‘ése hhglf* W%r%%%é“e‘f% ?Jér@é‘ﬂhcﬂ%bﬁén‘f‘eﬁﬁ} be in
the formof g | d{;&‘é{_{ rfagtf‘sx}é”%zsé’ 348 ’é}éﬁafeu%wuréﬁ% £né Ns SmPi §hmRYT BbY

metal or high ound accordi fothe invention is” an
i npurity elemmﬂthérmﬂﬁmkﬁﬁlm $@B1&;gh1@wmdtqrngaal ornhthhspoasey ekt a

conpoun at no greater b n e m of a
solid, 1Pi qui d"%gp Eb]t"n%?u%ufg%g% gh %%ﬁ?gggggg g?éntghgjﬁprﬁ%g %ghsarrpl e
sol ution t hatli’tiiﬁeﬂim:h wit]queimeﬂaw ad:ud:s ner athacl iikeotot hkel akelyeerhe

nal yzer for_anal Jnste S p irectly to
-3he anal yzer . fﬁﬁm?%ééﬁﬁ%?s%ﬁ% B stB%*M%gy ?ugégglﬁﬁ F@ggggﬁgsgthe net al s
or netal conmemdstngiﬁ@pamaiamaiyoartheThﬁpaampyeeSehbhtgnb9UPHéled
separating  appalil Whafife Al hall e eprg&aw 8f hbeageoshpbafakTpurity

el enents are Td sensitivity nmeasuring a paratus for
hi gh séﬁg1”\ﬁqgaggﬁg@sﬁgowfthgelmpurlty elements by the separa ing

apparatus, and all or a poxtion 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




Inpurity elenments. 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 S
element, but it is needless to nention that the parallel sedh8aMARQZL:4
asalyzer of the 25 invention is not linrtéd to a separating anal yzer for
trace inpurities in tantalum The separating analyzer for trace inpurities

in tantal um ¢RISEeeS e 1iqHid tirANS PAIdHEly CosePi W i Mne APDAEALHS, 18
sanpl e introduction valve, a solutiqn 30 swtching valve, an i rity
renover, pipi A BXGILTRSL ﬁEQﬁSHQﬁQ“kﬁuquQﬁRQFEr%ﬁﬁﬁﬁﬁt%ﬁg¥$aﬂ§p6rts
sol utions sucheddstianenidy pniplusang o adard Bael i ortise paryl £Dow(dpeed
separation of tantal um and j nmpurjty. %%enents,%AZ washi ng_ of tg syst em of
a neasuring 353&pF&r x )scéﬁgéﬁ% R SATTY 3Phhr fﬁg
sensitivity, @ateheddd ke alolatfiiored rHie swpatatting appibpzent f ythdj ust ed
flowrate, and when .the , Q0 8 u0 l g .11,. - 17 tran t l'iquid
is a highly cIVEHHE Wﬁtﬁeﬁnaﬁpofcﬁsd?lﬁchlc}lit °pr%‘? ei\éfg}dt%w%s%g%ggigéhﬁg
transport systppdratedes to guerdmpldlsh cepamatisdmaard Tygon tube. The punp
flow speed c I | r e nece, : rate
ML AR A% ARSI 1P° A6F oS5V LSNP

for the solution. arating analyZer I nventron transports
liquid to at ldddfertans SompasiinipnapFar &tlisesee cexansppt tedh separatfdy and

washi ngf ¢ egengraty iy i LRNEgEY %J&nc& & i ongrof | x%;éféfgtpum s
conpositions nay also be transported separately 10 at different desired
fl ow speeds. TRYs Pemussidwhqiu s TREL e SR vPRN N T FeF®Ht sol utions are

uied. The separ at igijg W@éﬁg_@,d BN atdisad OdppsePeistep of tantal um
and inpurity elenents in a samm;iﬂéxﬂLqipn, and the separating nethod may

be any separ aSERPFEFLAR vy (A SR ITE SLEReRES ok of $ARPAPUM
and inpurity 1e/ErS, 3Rl atiee G dgNratimyIgné o @A NgEe 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/ligquid
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 nmethods, gas/liquid separation nethods and distillation

nmet hods, and it is 20 carried out with a plurality of separatip‘%8 "
apparatuses suited for the nethod used, arranged in paral &6 i%%“‘*

| of- exchange separation as an exanpl e, -an tBn=exchange resin is packed
into small tubes preferably of Teflon or polypropyl ene, and both ends of
the resin are paekedts tisi2y Fefilsosepaaiatdon hedddee i R ewrntySsaape of

the resin as rier lution fl.o t hrough. Wien an i on-exchange
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dependi n§ on tfepPAzRGiagoRPPATasng Neve themplferePbeker riedfffdieane 0f use

are tubes wi thggayi RRRT afhapeLer - MaLQ ngth.of 10-300 nm The
35 type of ion-exghangearesFE nanqge%a%gwt pe?gFgrégfnunéglQ%té&“ﬁbcording
to the sanpl e FRepeepagparangdangAyess stephef iswpatdbnngrokddesntaal um and

i npurity p B N@fhﬁ@ﬂitylgf_@EEH?BEEnHSEBBaEQEESEEPQEQBi%ﬂeaggﬁrat s, a few
dozen mnutes may be . rfequired for washrng and regefneration he system
after separatiBA*xsPLEABIt BRCaPURPERdOEnpamPlgs Shetenes. beorvaityizeralper

anal yzens usi 08l yropems. sepakabk a R e _he
y Ngn o8l ¥£0BEmE . SePABAbRPE1 2B Eaba§aﬁaﬁepé§§&§}gEOP%tﬁ#g_ The

i nefficient as, theg.can.analgze oalx,a few sanpl es
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arfal yzed per 10 u i PLI#%?EO The gar ilel segaratlng anal yzer of the
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opociiter | Maleea L) £ elfas gRAE lebUEPLICL SR LELL00 13, oo
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 out simultaneously, thus increasing the number of
samples that can be aqalyzed per unit of time. The
number of apparatuses used here may be selected as
desired, depending on the analysis time required 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 depending on the need, so long as it is
before the separating apéaratuses. The sample

30 introduction valve is preferably made of highly corrosion
resistant 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 elenments and the step of washing and regeneration
the system after separation of the tantalumand inpurity ele % n be
20 carried out simultaneously, thus increasing the nunber gﬁ}qﬁﬁiép t hat
cgn be analyzed per unit of tine. The nunber of apparatuses used here nay
be selected as, desired depending on the analysis tine required for one
step. 25 The Sanb} PFofehabtYi BAGaPTehiabl¥dEeEE08 hensarpRsetass! ution
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long as it is SHFHRRSt heTBpePhtFhgn appaFabiBesvaivie danppemadly used
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the attached ikeftsdudelbete WasHiwg spéyéh&Patlbh CHO DGt YBhVEnSer¥esyk@edl | OW
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i 48 ang 550

i
Svi tching of PHEPRrTTRIT6TER I Bh Fhow2RhaT et epepgs
preferably mudsmndfpiegmy cottasimatiesi of avhe Mehswning appbypaepyl ene at
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washi ng/ r egen ' | AL 1 | S t epa i gn .t he
tantal um and gﬁ%ﬁy&gl%ﬂn%ﬁ?esﬂké}n%?%r%éé%?&%‘g%tg%%a% %ﬁ%oga?ggl asuring
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depending on ddie dnPec £ LAiFi€IoB bl dMmASLs L £KHE eRgRd: ARBLYSESokD and
the configuration of channels in the continuous flow
system.

The impurity remover is 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 depending 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 anounts when 20 the el enent to be analyégyﬁgga possent as
an inpurity in the carrier solution. The inpurity renovi ans used nmay
beyany renoving neans that can effectivet yz%erparate I mpurity el enents,
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resi stance agarsfeduedl y corrosive m neral aci ds such as hydrochloric
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acid, nitric acid d Q%Q£ofluor|c ag
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enbodi ment of an apparatus T ySI's
the anal ysis fthGnakysife meﬁ)mﬂ ioh the nbavéntiomdisonot limited to

15 the analysis of boron.
(1) The carrier solution 1 (14) is introduced using
a peristaltic pump 9a for preliminary washing of the
system. Here, an impurity remover 13 is provided at the
inlet or outlet of the peristaltiec 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 analysis 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 pr% vent an |ncreaS|ng]gaMéRlﬂm4of

t measuring apparatus due to the conpo ent” to be anal yzed in the
carrier solution 1 éshomn in Fig. 4 at the inlet of the Eerlstaltlc punp) .
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sanpl e solutio a fixed rate into the i.er sol ution
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of the tantal uggﬁp{itoﬁ LHZ fe s r(5¢),f ?? (Szégjr“ g t ant al um and

inpurity el eme T on i R Yare
i ntroduteéd |rﬂlﬁm¢mtan|on exchange reS|n col um 12 for adsorptlon of the
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I ntroduced into the inductively couple pl asma mass spectrohete
t he senS|t|V|t®'§%ﬂa mass spectrometer 16 If the sen51t1v1ty is

15 sufficient enough for analysis of trace amounts of under
1 pug/g, 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 abowve, 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
impurity elenments into the nmeasuring apparatus. (7) After conpletion of
the quantitative analysis by 20 the measuring apparatus, the: soliutiion
switching valve 10g is switched to allow2he washing/regen&ration sol ution
17 to flowinto the colum used for analysis, while allowing the carrier
sol ution 1 toafl awsititld az icdinf fsepaatdonuamd tdolougit vdiutctadthieon are not
washi ng/ regeneration _saol ution 17 had 25 been flow ng, and procedures (1) to
(7) are then nﬁgﬁ(?&taéa'_' As expl ai ned above, the separation and assay nethod
for trace inpurity (8)enmdroduc ttiam afurnhesisapple oraral issics ke hodroierhe

i nvention is characteri in 30 .t. (1) P t C r dly
carried out b%@g‘&g oit ﬁé‘eggﬁarcﬁqﬁtoln%% % ;frﬁozfua%{%r?}oé) [ rrp%%)y e%%?s in
the ani%n- exahaogaticl s@parstdan icfd tamtadiurh ardinswypsrity elémertsrier
solution at a_fi fl " pey.i.st ' %gm, ) Lon of
tant al um and Fﬁpdﬁﬁgtaytg]\@g%hﬁ%s%aaﬁl s g%‘&é}nﬁﬁésﬁne I n lé%hﬁg’[a%?r&eé because
procedures such 223)- tBeapadiadtlidl mengecsdimay f creraRRiI¥ent extracti on

are not  necessalyathdles RN LM iy AR SIS ONCEE ITHO dSBuRAT £ber
solution of the continuous flow analysi’'s systemallows 5 autonmatic

separati on of Peaf@aTrdedapt Agumataldiednstittd HiR IRRATAIELAN RFFRAYEEs

with they measyhiyRd pRkRdkality a (Pedttd RMAINElo CUMELd 0N ir SePatating
appar atuses al | ows washi ng/ regeneration of the columm to be carried out in
paral l el withtf@iseparation procedure, 10 thus.pernmtting a greater

amount of anal ysi s (39r agppidoprliats s GBRIPrdale Lo Siitdieingl waloas
Wi tehing valves alloys a,l oW iaselingd & 8% SOt a L YndRi g  ngd fa 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
tantalum, but there are no particular restrictions on the

25 targets for analysis using the parallel separating
analyzer and analysis method of the invention. They are
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
allows 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. 73t 4 s thereby pasfi Pﬁ’é{ﬁ z‘gﬁ: confirm
t ot al irrpurity 20 el enent contents of 1000 ng/g or | ess¥i Allm The
paral | el paratln anai%gqg and anal ysis nethod of the invention were
expl ai ned ade% Vit The assunptlon of an apparatus and nmet hod used for
trace inpurities iks ¢emamplesnobupre fiereedr mporphyt péengnteeser ib& i ons on

the 25 targets, dgg,g {':Eghé’fﬁ tlOggafrlﬁﬁ@frééﬁskaéﬁnarQkhmgzeimalmzer and

anal ysi s net ho |nv n ey are_ ~preferabl ed for analysis of
inpurity el ersmalkysis metkod %ﬁdt%%tbPV%@ﬁﬁeﬁnﬁgeranﬂaﬁxéﬁpm€§tép ferred

conpoungs to e esl\ﬂgﬂ VEedub laddldbd | 9 seobpntal v i ngl ude dAqt aptaam (111)
oxi de, Tantalum ( oxi d pent aet hoxyt ant al um tantalun1(|||) chl ori de,
tantal um (V)SeHDIr2 deSCp@fﬂfia’Fsob‘?%bB%??aﬂ%al(hﬂw CBenPEmeNRox pflantd um

tantal um borige, $@nNtgy UnEdi ted depm, t @pt abym, shktehdeds ralrﬁbl um dfl obl um
(1'11) oxide, ni obi um (V%¥OXIde pentaethox§n|ob|u HB 0 I um I
I

chloride, ni@E®een{V)TEhl &F i ¥Rd %@n?5|§56PBp xyHi 8Bfu Gro
2832 anet Boxyr&pblwdanalwbwr@p@ﬁpde, MhOfoUGthbrWeFéndfl G23>up088 MSR

ni obi um silicide ex es of prefer mpurity ele S e
anal yz&8 usi rfgP+ D paRa| F81© gqgﬁ?%?lég NhaPfz FoﬁﬁdYB néPy?Fge%§iﬁgg of the
lnvengl on th&f@otﬁmﬁbﬁ IR NEhONed 5fLG;oup 12( Bh ahd Ga,offnGamdp T0, B, My,
Ca and Ba . of 2, .Sc.and an , Br, R
f}j’ Tb, Dy, |5éF°‘EP ijgmf‘“ﬂ) G‘Eu)sna%{’g %Pd g ?fﬁu$£4 ’Cﬁgdplg%[ "?{H % and

of Goup 4f \Gﬁtﬁl\dpl\llsofaﬁloﬂqa and Te, ofbGandp\W 6f dgnomlbees,lqmg dfox® oup

7, Fe of Gou 0. of C?oup 9, N of Goup 10, Cu and Ag of
G oup 11, Zn‘%%dt%% Pépﬁgoup %biée in and TI of Goup 13, Si, Ce,

Sn andlsb of G oupThd, pPesept Envgnglgn 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 also 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. G oup 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 concentrat'gn_of no greater ﬁllﬁaMAﬂoﬁﬂﬁlmg/g
as determined by the aforenentioned anal §Sis nethod, and the 20
flerroelectric thin-filmis preferably formed usip ' pur i

hi gh ty. '
pent aet hoxyt ant al urBwitesd s stfalPenfAREhSKY e IPa@EBﬂ‘*o?':’LB%@)PEat er than

1000 ng/g. The fergpelfrty i@ 19 tadi] M4 stawesh @ pehBsenbatedeal sDOr g
fabrication of surface acoustic wave devi ces or a,g&iggé F25 devi ces a%nd
d r

it may be fabrifRPPUE Mps Rddedhrard bt e pretRy BRRSFATYASaRSse
Unexam ned Patgnt, Pd“%)!ti[c?aséﬂ 03 6W0-g 41304349, J0Te el Grad Nedded .
i n-Fi

ferroelectric mTorired usi’ng the hi'gh purity tantalum or high
purity Tsant alammeeonpouratidiasi en vef yetloame hpuwwhiyecoaipheigdngngheherefore
can provide inproved performnce, | ' u Lbpregyatah 2def ect s
and an enhanc %%Cge&‘l?qema urre%kd%mnﬁ'%?%%e?gg\hﬁﬁg Ft_ can al so be

sui tably used ms/mihefaf c®ereiniteed bSweseawentdy, whalpr kserinonF&St i on

il be further; Ji ¢S &t rane PO DY3 101 £51) NGr! arivBA1EXAER! Blded.

however, the pre%en n'v%lon Shoul ~hot be construed as being limted to
t hese Exanpl esBy -tlipel add Bt AR @O 0AMByRt hestBMeRipBNEREPKALFt WABAl um Cr ude

Sol ution,To 2 0. ) .ha HeBL aghteri dae 208i¢iodf ofol uene
was addgg and%‘?ﬁh‘go?(%e%%st el(ltj'e%lg%g‘tgﬁre at from 4e to 55C, 460 g (10
mol ) of ethanoimmpriaddeie B¢ EEent Rl WEHPR| YASoFORLRINGP, TRAM e

mai ntai ni ng t hegmbd At Grd CAMET QLT Brmdn Dok " BEBrgde was lulkleeddat 120
“m/nmin for 30 minutes. Subsequently, while ke L th% Iui %irdrte%eer@tyre,
60 g (3.5 nol )Thereakbst a WS %ﬁlﬁ‘éé‘.‘t B?stﬂésggbjﬁgldoﬁ &t %mm &, amoni um
chloride was 19r§%oeHs egh@stite spesfidueheasf osed abter the addition of
annDnlaisthe rSggéégghgg§€éﬁgglﬁgsé%88Legoigtﬁgﬁq] The amount of
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.



tenperature and the ammonium chloride was filtered. Thereafter, the
solvent was distilled off under reduced pressure and the residue was used
as a 15 pentaet hoxytantal um crude solution. The anpunt of chlﬁgg? 6+enent
contained in the pentaethoxytantal um _craugde. sol ution was an I g@
agronatography and . found to be 1,000 ppm Al so, the contents of various

tals were analyze S ble spdeple 1 A
distillation appa%a?uggg%%gg%éﬁng£g§r$%§§ E r1@ ?askg&% , a gl ass
distillationftesknh2ltel amalaeag hStlllQGGOﬁnFOéémﬂnﬁC&me& ngdhiim), a
glass condengesgoang> gb aandagshékake ﬁ?@ehﬁ§r’aagihébnb%ﬁaéﬂéﬁ¥ [akson
ring packing! a botfom eater and a vacuum punp wa used.
pentaethoxytﬁh@%ﬁuﬂ*éth@éa§©IEP?@hVQFeparéGabyleﬁﬁesﬁﬁéﬂeﬁﬂééﬁﬂ bed net hod
was Chgrged %chcbﬁ bog t g8 +bhagkagdRdndhsbir! had aThacdiugl idu hais condi tions
were 30 set 3such t at the bottomtenperature was 220C, the top tenperature
was 180C andused-t op BeRtARthP¥¥sapsalus crodepsolupdon Prepaged

pent aet hoxyt@ﬂéasymaadeacgbbealﬁethsheaaat cﬁ%&%%@lt i@f thes$Hddtam 0. 1 ppm
The contents _of various nmetals were ana ¥zed and the results obtained are

35 shown in Thdtk indEﬂéﬁﬁFélﬁd 38e 915 MAREGOR &OFIELANS Wi Sappar at us
COMPI { g 32 gL 855 ROLKOHT +ba5keah) £ cRplkatardl Sl 976N eALUTBR( col umn

| ength; 1, 20 nm co |aneter , a glass condenser, a glass

di stiljlpat e reeeuMRr te@pétatikeseast $8b°§uéﬂ&rtﬁepﬁﬁtsl Pgessubet wam fLldask
heater and a vacuum punp was used. A gentaethoxytantalun1crude sol ution
prepared by Pahe BhevéigtadiprhcHentapthondsaphalylddhad eneATIdR 1 ask

3nd distilledyefBgedishibhat ben1egndihiaansy . #epPm. seipngUedritattd her bot t om
t’enperature was, 190C, the top 10 col unmm tenperature S 18 C and(%he top

pressure masviﬂe°upameTﬁéde§FFlPEalﬁéﬁFaéPﬁo kAl

shown 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.



el.enent content of less than 0.1 ppm The contents of various netals were
anal yzed and the results obtained are shown in Table 1. 15 Conparative
Exanpl e A pent aet hoxyt ant al um crude sol uti on prepared by the
above-descri bed nmethod was distilled undegygconditions such that the
distillation tenperature was 180C and the pressure was 270 P{} 8§TMAR 2004
r%sulting pent aet hoxyt ant al um 20 singl%aghgthllation product had a chlorine

el ement content of 200 ppm The conte arious netals were analyzed
and the resul[ts obtai ped are_shown ijn Table 1. - {26 Table 1 D [gg;gggﬁ
Kind of Crudg é%él%gﬁxﬁgél lggnparmimplwel al Sdl&ﬁtﬂmlrﬁx%lrrolcgjg o
Al 340<5<529 Cal ¥52 IEL80 1 970<5<5<5_Qu10<5<5<5 Fe ng,r%"’}?‘é’nlaahg
K1, 100<5<5<5] My75Q¢5<5<y M30<559<5 |Na32<500<5<529 N L@<5<5<5| Pb10xp<5<5
Zn28<5<5<5 Th4<0 50 5<0 5 15<0 5<015<0 5 uni-t-—gpb As—appareht—frem-the
results shown in Fable 1, when3pf tHe nekigod of distilkdsing a 22
pent aal koxyt | sol uti op—ysi-hrg—a—di-stiHatonr—eetur—ef—the
present inventiogd s usjed, theilgontlents<af varidus nmetsals injthe <5

Cr 570 <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-
1s exchange resin column 4 (inner diameter = 3 mm, length =

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



pent aal koxyt antal um can be extrenely reduced and the chlorine el enment
content can al so be reduced. 10 Exanple 3 Fig. 1 shows a continuous flow
tantal um and boron separating anal yzer constructed using a @ngﬁéglgm,
punp 1, a solution switching valve 2, -a2ganpl e introduction a ?0 15
- sanple i ntroduction volune), an anion 15 exchange resin colum 4 (inner

diameter = 3493 ITSTO a a je n €t | r

m), and - 27 od I\/ARé}'lu-52094 t@%pﬂg at gs%goﬁn%u‘?n é B@%r%é?@il% o
det er mi ne th@dﬁﬂﬁﬂﬁkﬂﬂ(ﬂf(ﬁamﬁml@muﬂ$@n§0§©noﬁn§ﬁtGhﬁhéna@moﬁx@%@maﬁge
resin colum g el a0- £XChARga s £5h NexURSHUCE 8 CAUEE %_aaueg avail abl e
strongly basic and weakly basic g (bot h”“50- 100 nesh t he
carrier sol utGsHrerqizllh EFY@’-L&})‘]-Wa% h?HYOPPﬁéFl énécwea:kéwhacsﬁcm a

Concentgat'onﬁeé)]bégﬂliolf@@S@@éﬁ?d ahaathbowaspeed ab1u2i@only nisn. Test
solution 6 (a solutlon prepared b dISSO|VIn a 10 tantalum sanple in

hydrofluon<:%ﬂn§#§ﬂuﬁknﬂ%$caa%Yﬁr° heer Ay écbéréﬁl§F&ﬁﬁaPG §ol ution and

then diluti ng:dril:e’:l'xtﬁﬁ\i&{ UsE concend L AL i Pafbpd@RedUall adfdodr RYe@d of
concentratio é , g/ mM) was introduced into the ani on- exchange resin

colum 4 of t dting apparatus 15 through the sanple introduction
val ve 3, and the smésut|smlueicutximg(irgmnhﬁoan'p@apemhangedriesidlvdcmngm 4

was ctio i nt o ol ypropyl gne hottle.7 ev m_nut e _.over
perlod @ :% %g $6}§p5¥$%?€?“8r§5nﬁFéd 88 u%ﬁ&ﬁl nFFd§UCt|on
The tantaJLnn&d&hdgwanbaxnneStﬁmHéfuiﬂolhelbnaandomhénodulaamphetueme each

measur od, the oAl U L0l LY LY e0UPhEdS! 8B oo

, Pectronetry a e boron ctively co Sma Imass
spectronetrchﬁdénuxé&mbﬂEﬁmﬂ4$ ﬁ@ﬂmm)lﬂagabhEraduEaalanoS&hQnghﬁon—
basi cWeakl basic T|ne/n1nTantaIuniugBoron/ngTantaIunigBoron/n

0- 1NDND10300 B¥sthange resin column he separating apparatus

15 through the sample introduction 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 Waakly basic
Time/min Tantalum/ug Boron/ng Tantalum/pg Boron/ng
0-1 ND ND 10300 1050
1-2 ND ND 940 150
2-3 ND ND 450 61
3-4 ND ND 370 33
4-5 ND ND 320 27
5-6 ND ND 280 19
25 Note: ND indicates a tantalum elution of less than 0.2 ug and a

boron elution of 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



1-.2NDND940190 2- 3NDND45061 3- 4NDND37033 4- 5NDND32027 5- 6NDND28019 25 Not e:
ND i ndicates a tantalumelution of less than 0.2 i.g and a boron elution
of less than 0.2 ng_ Wth the strongly basic resin, no tantal umor boron
was detected. This indicates adsorption gfghoth elenments 30 to LEGW@ZSin
Wth the weakly basic resin, homever both tantal um and bdr BnMaRuZ
dennnstratlng Lh gl§fy%§ %004 of the two elenents is

g#t] sg‘gar ai 5
difficult. ® 2¥The E??Bﬁal§ basi'cani on- exchange resin colum 4
used in Exanple 3 Exmmplednaneter and length the same as 5 Exanple 3) was

used for |ntroduct nggrgﬁﬁ g&hogng hne&gﬁgﬁﬁgerEEQB? qqple 3,

for adsorption of Boion 6Af0 an exchange Pesih.
sol ution swﬁtuhédglnaExemﬁlaaé ﬂheneswdnemederoaaﬂl@WHQﬁthhﬁ-&§m3|&ﬂ

soluti o 2 <83ﬁsﬂ35159g)1&,?gt31£8w539 dhEEBUERL 160NCEN Al QB3 e aehl ori ©

acid at 2, 3 the solution eluting fromthe anion-
exchange resi bncthennamevwasnfiescesoRxanBle Bnt 04 aﬂépywﬁdﬁwléﬁé bottle 7

every 20 secogdiLPinaaREY bBFoR! oflcoThAUL 8- eHin kgl dleymrand jyar on

contained in each 15 fractioned out sanple were each neasured, .the tantal um
by |nduct.vesylwe‘éagneawbtﬁbmgeﬁaéyﬁoﬁ ¥BSC NSRS teh@ e aldidh by

i nductively C?H%egfpkﬁiﬂeﬁ‘i.%élﬁﬂﬁﬁhrQmﬁsr)i,n Fiile ngsut der the boron
neasurenment are _shown in 2, and the results f.or the tanta

measur éfent af_fERBAAT EBnFﬁnFFétlgnsFﬁa%Pfﬁé SE G 8519 Aty %'aﬁh 3t

is seen that andgsemberigongpat taki eplakibndedoklion cram dhecsuwiicad- i n
greater elution of boron andﬁgFtho gh a grea%éo anpunt, .of tantalumeluted
t

$§ wel |, the PFEPBPERORSRAR SRAMFEr “2¥2PhAR ISE O MRS Sh of bor on.

he tantalun1polppropylene 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 are 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 (elution for about 2-3 minutes
after switching the carrier solution to hydrochloric

30 acid). |

Example 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.



ratio in the test solution was 2500:1, while the tantalunm boron ratio in
the hydrochloric acid eluates were approximately 32:1 (elution for about
2-3 mnutes after switching the carrier solution to hydrochloﬂi@ MAR 2004
acid). Exanple 5 The parallel separatingpgnal yzer shown in Fig. 4 was used
fﬁ‘r) guantitative analysis of trace boron in tantalum In Fig. 4, the
afmunt of sapple_introduction 35 through the sanple introduction valve 11
was 0.15 m, ARd"SFRMEET Yo Rg PB4 i%ﬁﬁ?ﬂé&éﬁ@ﬁ@r%&iﬁWEBFBhﬁg 12
(i nner di anekech=o3 nae henlgids ackildimg wes eclps ovifedor&gBadPEhdff4in 29
The measur enpi l%f boron was acconplished by switching each of the valves
according to fhe St i're program shown in Table 3. Table 3 5
Ti me/ mi nProcedure Before(1l) The peri stkadliec unp 9a is operated to allow a
fl ow anal y5 b‘i‘fimgfp‘%gﬁ - (2) FHre—sotuti Cﬂ}OS'v. . .

. - = 1 ) : ] P = reJL:nngeen ! r
sw tched toprmgLpLICe 1 g SR} LRl el T e pessed —through
the inmpurity r.apyals 1B.£ ¢ gldi//Lipate oro I'n-the carrrer Sot Ut iPon™ T ({14) .
(3) The sol hition sw t chi5g 4al 688l s 10585 &30kt 1ed, t 9 allow, bl ow o
the carrier|solution 1 {d4dbat& RRY hReisf sbherR onp@¥Cchange, rasi;gqcol Ums
12. (4) The|sol ution sWwKRRERGERNAL MRS itPTendbr ABELd RERR Gl Q860L AR PievEnt
fl ow of the|{washi ng/repgeneckaities sallutibodn %¥4) (5) The sol ution sw tching
val ve 10d i § switched t 3aFhewdiiholwnobwifdisarvailess @bt ade (sld}rehdb)| The
washi ng/ regenar ati on sjotualdew ifdov rfr Gteicedrinr shiutpeni St @ld) | €& prgperdh.| The
sol uti on sw t chi ng val &5 the anion-exchange resin columns 12,
(4) The solution switching valves 10g, 10j are then
closed to prevent flow of the washing/regeneration
) solution 17.
(5) The solution switching valva 10d is switchad to
allow flow of the carrier solution 1 (14).
(6) The washing/regenaration solution is introduced by
the peristaltic pump 9b. The solution switching valves
10e, 10f, 10h and 10i may be switched to allow flow of
the washing/regeneration selution at this time to allow
washing and rageneration simultaneously with separation
of the tarxrget component. The wasta solution is
dischargaed to 189.

B

—

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

allow flow of the carrier solution 1 (14).

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

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

S min {1) The solution switching valve 10a is switched to
introduce the carriexr 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



1Qe, 10f, 10h and 10i nmay be switched to allow flow of the
washi ng/ regeneration solution at this tinme to all ow washi ng and

regeneration sinultaneously with separation of the target conﬁoge@AR %ﬁg
waste solution is discharged to 19. Stact 3gf (1) The sanpl e solbubi 18~i's
introduced fromthe anal ysi ssanpl e introduction valve 11, and passed
through the (Qashiha)irQureddtangs r&si Q 12 f.or adsorption of
tant al um and boron %nr?%% s!jngﬁgéfﬁfghéiéﬁﬁq%?ﬂ]) ea%%{£?+5n58ﬁﬁﬁching
val ve 10d i s ¥t Ehédmpdesl IRew oW ofwhieh ceas avosol Gittimed €A4). (2) The

sol ution sw t glimnpg vg&vga%Qgeis ' [ nf he carrier. solution
2 (15) and initi até el ution ,ofs tt):gl\rlgt}ln%zf k%eﬁealr{;e}alw\gzdﬁﬁ%é’rt R e AL B fig
apparatus 16 P$NEpEr §LRATES ifadpRanata e Skimplegter Sodwtj On When

di schar ged toth8. gratls ERSweOliW i Su ' val Ob_and 10c are
swi t ched and ghe :gFut I on swi t chi r%g \f;il%ve\g tfgég;é r!_J%OefGiaa"'\r/ogzsa esa()s@{,\?x{\%% d°¥o
i ntroduce t he”RA8Ai ifFFEGESer Rt FORNSSICHE1dY EVaintab kehet ardtaham af tlee

separation, whaleet@ascasoi enosalgyig qas2 thid)averd 'V%Eﬂéﬂ%frEﬁEége ani on-
exchange resig cglgng 12 to be u%e f.or the subsedquent anal ysis. e

sol ution sw ttRPRG-VEI PEESEEFMeRss widheséemdiagnd daveatiian k olpriesems 1 ow
of the washi ngfreheneratinalsmbutilonand Wh%h1h538358¥'ﬂ@éyhfﬁﬂ%%ﬁngg val ve
10a isygwi tched o) 'ggggﬁ%ge.the carrier solution 1 (14). 10mn(1l) The

anal ysi's procedur e % ® 18 ﬁPﬂTnglFé3¥éF€@FH&F%ﬁﬂﬁﬂ?§§%ﬁmwﬂ#x#e,
separating anety?as 2a6chBdngdgt ¢satmbe dnveetrman dft theS RATHINYIE J:bide

si mul t aneousl ti.Qn .the target cagnponént and - 30 0 8
VAR 2001 msh%’%gl?fr%eﬁfé%a??%%@é? 2eB51itn 2P e et rEies RepaaPLAes
Sanpl es per HWAke @hfthient measurémentssofherasenberodf inarpaSs ifw@t can
be anal yzed pgid hoarm+ M &R @omﬁggggg_separating apparatus (one sanpl e per

hour).lgﬁen As described hereinabove, b 1 i
+ 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 analyzerx
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 removing 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 t10 ng/g (as t he

average val ue of three repeated nmeasurenments with standard: devﬂai|0n) in

terms of the original netal, and when u for measurenent”of 10 boron

centents in connerC|aIIy avallable tantalUmoxide, it was 26 3 ng/g (sane)

in ternms of the or|9|n€ oxXi the present invention can therefore
BffPc

be applied toPoHRKR PBA yﬁﬁa§HEeﬁ8HF§n5F Pﬁa5§QﬁﬂwiTHW¥%?¥neuun1 and
tantal um COWD@yékdént§5u‘r\5mQ€§9Eh@@dohe{:ﬁb”@é%q I 1“347% 'ER{&H acturing
met hod of the present invention, high purity penta xyt ant al um usef ul
as a senlcond@@dopanbL@ularlycan bbenanaéaoﬁufeﬁrdammﬁanmommldatimmmg t he
pent aal koxyt u X C t 20 vard ous net al s
and al so redﬁggﬁélﬁ}ghgggﬂgé¥l%ggg @%%églgcon g%t%%% etﬁP i nvention,
the yi ePd of S@éﬁ@%@n@@@@%tsclanﬁpdevedeSTHHSOPﬁh@a@r@s&n@es%uwhemnl is
very useful. fe'rwe{mpweaﬂéetef ferﬁa{ﬂle}ne{u%ﬁpﬁ acfe'ﬂ%ﬁ%n%'a%

according to the invention allows separation of non- et coﬁboneﬁfs and
t ar get conpon%ﬂ?slmmuEFEénﬁPétFBtBelna@ééﬁﬁlF§h§Gd§C@uﬁﬂ Mecayistadi t h
washing and regeseeat hea oQidéhELQﬁI' HPBaki8lnr #Bi1¢ a4d pelbieint «gfparation
of trace |npur|tLes in sanples, thus allowing a reater 30 nurtber of

sanpl es to bePRFahiel %%PaﬁﬂF%nﬁfaﬁﬂé¥§§FsanF|ﬁﬁa Feisheerbos, afsitde an

i npuri g renDymﬁ@hﬁp@@rﬁéU§seﬂﬁl”§@t“§nal§bibeogfp@h@a@%bdﬁ?@&ﬁ%%idﬂ‘;ﬂel
ile

basel i ne due t.he e analyzed_ in |er Sol uti on
the use of a ¥ t?m%oﬁﬁk?lganggfgnFﬁ ?ﬁemégegaﬁéﬁt % SETZOEIAGTFLC
2ntan1natlontmxmmfihmsenV|ronnent to be absolutely nlnlnlzed during the
“anal ysis 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-filns that are used as base materials for fabrication
of



- and U contents are each less than

5_surface acoustic wave devices or optical devices, where it is inportant
to formthemw th materials having very low inpurity contents in order to
reduce filmcrystal defects and oxide film breakdown voltage problens, the
paral |l el” separating anal yzer and analysis nmethod of the 10 invention is
seful for analysis of pentaethoxytantalum and the |like that-.are used as
~materials for ferroelectric thin-filns. -32 0 6 MAR 2004 CLAIMS 1. A high

purity pentaal koxytantal um obtained by,5.distilling a pent nt al um
crude sol ution using a packed colum. 55 The high puri tyﬂl &iEMAiROWﬁ@
pent aal koxytantal um as clained in ckn_%'hg@_%, having Al, Ca, Cd, & Cu, Fe,
K, Mgj, Mh, Na, N , Pb, Zn, Th a ontents each | ess than 50 ppb
10 3. The hi gh pdrity Poenbégh kopyriby al pentaslichagitartalum cbbBtairkd wheyein

the contegis. of 18k £2 @f’ K., My,....Na, N, Pb, Zn, T h
and U are each Iléés thgr?ggsa%o. .tg}ﬁ%mhicégg%uﬁqutbgﬁt 3ARIxyA akRSkEth as
cl ai ned ieclwimai m 2, wherein the contests of Al, Ca, Cd, C , Cu, Fe, K
My, Mr, 15 Na, N, Ph, Z..Th and U are each less than Spp . S. The high
purity pent aa :ykoxy?gﬁt ahlq-gurr?uﬁgt%l gfeﬂﬁﬁaa)rc]??xgﬁ?nt‘?ﬁfﬂ“ oftSc| @taided tin 4,
wher ei ntdkaichlior haeirg enkbntcacondentr| scd ese, ®)angl mPMnL. ythephi 98,
purity pe,&';aal kﬁx%(itan alumas_claimed in any 20 one of clains " 1 to 5,
t

wherei n sHt #FeHt S &RGR SAERI 1S than $emPRet hoxytantalum 7. A nmet hod
f facturi .a hi H f: LSi digtilli
or npnufacturing.a hirgh Miight YpuPiy aabﬁ@&@&&ééﬁ%&%ﬁ*ﬁ%ﬁ?'&%ﬁgéé_ 'llphgng

a pentaal koxytantal um_ crude solution using a pac (
net hod f F1a#Endf atkereify thehrantents ©f Apertaalddoxgrantal e, & Mgaimed in

claim?7, M’leﬁgi, nPlA,l 7ch,:a91‘hc£lndq ’are%acljl:eibeslé’ t{y%)] %ﬁ&p#a’ N, Pb Zn, . Th .

0 ppb. 9. e od for manufacturing
a high purity XépentZhekdigharputtivy pentdadikosgtantadlumi nag @ladmedherei n
the highclaim 2, wherein the contests of Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn,
1 Na, Ni, Pb, 2n, 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 S, 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, Zn, Th and U contents are each less
than SO 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.



purity pentaal koxytantalum, has a chloride element content of less than 1
ppm 10. The nethod for manufacturing -a high purity pentaal koxytantalu
as claimed in any one of clainms 7 to 9, wherein 35 said packed colum is
packed with Sul zer packing. D B MAR 2004 -33 11. The method for
n%nufacturing a high purity 5 pentaal koxytantalum as clainmed iin any one of
cl/laims 7 to 10, wherein the distillation is performed through a theoretical
plate nunber of from2 to 100 stages. 12. The nethod . for UﬂBhMﬂRCQMMing a
high purity pentaal koxytantalumas clainmed:in any one of clains 7 to 11,
10 wherein the distillation is performedB&t 'a bottomtenperature of 300C
or less. 13. The nethod.for manufacturing a: high purity

pent aal koxytantal um as claimed in any one of clains 7 to 12, wherein the
distillation is pdifor®be atmexrhpbdp cidbmiMmaaapectining 15 0fnidR0C ghrdgss.

14. The ne [ nufacturing a_hi urit ent aal koxyt ant al um as
clai med i rfg%%%agﬁ%x%n%néagﬁ% ap tSfTs“,‘eq;]wE%r &“gf t‘gﬁ? dP§t i9Y3dfmeon i 0 10,
per f or ned witeraihopheokisni Prat4sur @ s0perfobMl RenRfughe$S tne@rdBi N fRfN0d
for manuf actr#,ri n%faf hi gh Fur i&ﬁ/ pent aal koxyt antal um as cl ai ned i n any one
of clai ns “PPET1Y W‘?g?e R 4 $TAER% aal koxyt ant al um crude solution is
obtai ned through 12 fited Shephbar r&acti pgn@edantakym hali it

al cohol in an jnactive solvent and renovi nré t he hyhériogg‘irgll hgﬁf‘:’gﬂe 1(f)llnltj-'(l,'ed

on the 25PeB5ERIEAIMFRIEARBTI 3§ aflaimed: Husanundne sefomdasmep 7 otoadding
anmoniig Olyhake N BRet QibbE1 1RAGhH! L¢bionresulting fromthe first step
to obtain a pgnt aal tIE<OX)1/t ant al um C?EdZ’%sfgf’ﬁ'?‘f%nsél%. b?gtéo%g]ﬁ%%ezf‘a&‘re of
n{anuf act uBPfA ®#rhilgdspurity pentaal koxytantalum as clained in any one of
claims 7 to 15, V\hﬁ{ein | d. pent aal koxyt.antal um crude solution is

obt ai ned t hrough I:':?O'fi rst st g%@ %} pgstrofor A faﬁ%ufé%%t i éh oPight aRUAiEM

hal i de wi pentamllxixythotalum ansi ndetimed siol veny whderomt BRSPRET i7C @ egsure
o essur o “PRECSLWhe A R HES o1 Cor e et pfodaee GoomE HEsmpezatuze

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 l 15. The method for manufacturing a high purity
pentaalkoxytantalum as claimed in any one of claims 7 to 14,
Qherein said pentaalkoxytantalum crude solution is obtained 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 method 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



35 reaction, and a second step for adding amonia or an anine to the G 8
MAR 2004 -34 reaction solution resulting from'the first step to obtain a

5 pent aal koxytantal um crude solution. 17. The method for nmanufacturing a °
hi.gh pentaal koxytantalum as clainmed in claim15 or 16, wherein said

I nactive solvent is toluene. 18. The nethod for manufacturing a high purity

10 pent aal koxytantal um as clainmed in any one of clains 7 toflg, gin
sai d pent aal koxytantal umis pentaethoxytantalum 19. A paralléel s ating
anal yzer according to claim18, .wherein the separating apparatuses are

connected in such a manner that sol utiofs of different conpositions are
‘simul taneously 15 supplied to the separating apparatus used for analysis
and. the separati nsg appar atus bhei ng washed and regenerated. -20. A parall el

separ at i nFeRTEFGD erFHUEIPRI P SUFtdRdi nFeem " bhe 1Eingter 8E¢P t IF@ sebtaint i By

appar aus gsen@HRL RxytahthlEm SGRAIALbIG idEaNs, a nethod sel ected from anong
| on- exchange separation 20 net hods, solvent extraction separation nethods,

precipitation separatTem netmeekeod gas/fInui d sepefeatuoingret hods andigh
di'stillat'gtgﬁggeqﬁ A_par.al_l; sqpar.ati.ng alyzer. accordi.ng tq any
one of c#’alﬂrrifsl 18 t'o %%iuv\%eragi nataﬁglaflrrgﬁri yalfnerrg)fé\q/ef’¥eEi I'og”,erﬁént #8feans
25 for inpoactive ardveant s netllwedesel ect ed from anong i on- exchange

separation met hoglse_ S l_}/e_nt mggﬁr%\cti n separat i onrmet hods, Ereci pitation
separation methods’ " gasliiqlrd Separati on"HEtITGCHE aRd & st Prehe i dwrity
met hodé. pentaalkoxytantalum as claimed in any one of claims 7 to 17,
;wherein said pentaalkoxytantalum is pentaethoxytantalum.
' 19. A parallel separating analyzer according to claim 18,
-wherein the separating appatatuses 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, whe;ein the separating apparatuses émploy, as the separating
means, a method selected from among ion-exchange separation

20 methods, solvent extraction separation methods, precipitation
separation methods,.gaslliquid 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 ibn-exchange
separation methods, solvent extraction separation methods,
precipitation separation methods, gas/liquid separation methods and

distillation methods.



