e W WL TGO T
=T Y J

STABI LI ZED AQUEOUS SOLUTI ON OF HYDROGEN PEROXI DE BACKGROUND OF THE e o
| NVENTION 1. Field of the Invention The present invention relates to a
stabilized aqueous sol ution of hydrogen peroxide, and nore particularly, to
an aqueous sol ution of hydrogen peroxi de which conprises a snmall anount of
a nmetal elenent, such as tantalum zirconium and niobium and has
excell ent storage stability and heat stability. 2. Description of the
Rel ated Arts Hydrogen peroxide is an inorganic industrial material useful
as an oxidi zi HSWEIZEEMUMS%BU@GMQE\PH@BOWN PEBOXIDHE
bl eaching fiber and pulp, as germcides, in organic synthetic reactions,
and in recent years, for cleaning wafers in the electronic industry.
Various stabilizers ar e oeneraII added to an aqueous sol ution of hydrogen
peroxide to prég £ 1S : QB | on of hydrogen peroxi de
during transportation and storage before the solution is used for the above
applications. The concentration of hydrogen peroxide in an aqueous sol ution

of hydrogen pero eased mai nly because hydrogen peroxide is
catal ytically dem éﬂ‘eg{};“{%‘i%s metal inpurities contained in the
solution. To prevent,deco ition,. of p ke

-2- sealing) these %ngn%ﬂ% vay’éﬁWf%ﬁggﬁgwa‘e%%p%ge:d lﬁé&?@ggn pe‘?lgill dfe,

hydrogen peroxide, and more particularly, to an aqueous solution of

hydrogen peroxide which comprises a small amount of a metal element,
such as tantalum, zirconium, and niobium, and has excellent storage

stability and heat stability.

2. Description of the Related Arts

Hydrogen peroxide is an inorganic industrial material useful as
an oxidizing agent. Hydrogen peroxide has widely been used for
bleaching fiber and pulp, as germicides, in organic synthetic reactions,
and in recent years, for cleaning wafers in the electronic industry.
Various stabilizers are generally added to an aqueous solution of
hydrogen peroxide to prevent decrease in the concentration of hydrogen
peroxide during transportation and storage before the solution is used for
the above applications.

The concentration of hydrogen peroxide in an aqueous solution of
hydrogen peroxide is decreased mainly because hydrogen peroxide is
catalytically decomposed by various metal impurities contained in the

solution.

To prevent decomposition of hydrogen peroxide by masking (or
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I norgani c salts, such as pyrophosphates and stannates, or organic
conpounds, such as organi c chel ating agents and organic acids, are added to
the solution. Introductory description on deconposition of hydrogen

per oxi de, el ements and conpounds showi ng the catalytic activity for
deconposi tion of hydrogen peroxide, and nmethods for stabilizing an aqueous
sol ution of hydrogen peroxi de can be found in "Hydrogen Peroxide" by SCHUMB

et al., published.b El NHOLD Pub] i shi ng .Conpany, New York (1955), pages
447 to 529. Ty%‘?"géq‘g)e |I€§Bblﬁ whg%m&lyum depempane hysragen ipp@oxiqde,
used in |arge QTGRS (oS EUgh R PiaPbOEPRAIGR AT IRESBRtaR) o1 Eanic
hosphat es mus d to,an _aqueous solution of hydrogen peroxide in

Ioar gg amount s %"e‘giﬁgg‘%tghguésihnafé) GERIGEC gi%‘ﬁ’d B S iR oTganic Aqids; aze
effect to stabjki oXi t egradati on,of phosphates b
hydr ogen perOX|%%é(?sthﬁ{aﬁO%SH§gﬁj't i gﬂg"(’? (lglrc P? e?te%%ﬁpaé’fl QBf gf"é‘”ﬁﬂo"f’ﬁ@n of 7
el ectronic ind | t] n er.nl.ci r h.ar as of
application of H%?/ic:i(?goeé{eﬁ%gﬁ%’ d%l\éﬁer}%cgﬁltq fﬁ%&gﬂﬁ&sﬁg}é@%ﬂ ecgﬁﬁﬁf of
a stabilizer igcti@pi fopd d&oﬁgosim%p%dﬁ%@hog%rg,\é@%; egolrﬂéého s for

containing a | arge "anount of stabilizer” 1s™vap use, e

amount of a re§ﬂs£anir% hACiQ@sRis saRBidef Usfirdket SEARI éZc:%éx {b(@) %g'n%f o8

anount is not preferable. Pyrophosphates whi'ch are ‘consi dere
effective for YHgdrogenmePatoxid@Urhyt ISCHUMB at dilaiadished! gt REINHOLD

pyrophosphates are deconposed i nto orthophosphoric acid in an agueous
sol uti on of Publishing Company, New York (1955), pages 447 to 539.

Typical examples of the widely used inorganic stabilizer include
phosphates, pyrophosphates, and stannates. These stabilizers are used
in large amounts because of low prices. Among these stabilizers,
phosphates must be added to an aqueous solution of hydrogen peroxide in
large amounts because the single use of a phosphate shows only a
limited effect to stabilize hydrogen peroxide although degradation of
phosphates by hydrogen peroxide is small.

Solutions for treatment of wafers in the electronic industry, food
additives, and germicides are the major areas of application of hydrogen
peroxide in recent years. Decrease in the amount of a stabilizer is
required in all these applications. When a solution containing a large
amount of a stabilizer is vaporized after use, the amount of a residue is
increased, and the use of a stabilizer in a large amount is not preferable.

Pyrophosphates which are considered to be effective for masking
metal impurities have a drawback in that pyrophosphates are

decomposed into orthophosphoric acid in an aqueous solution of
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-3 - hydrogen peroxide at high tenperatures to decrease the effect of
masking nmetal inpurities to the | evel shown by phosphates. Stannates have a
drawback in that excessive elusion of alum numtakes place when stannates
are stored in a vessel made of alum num and the eluted al um num causes
precipitation of stannates thenselves. Therefore, stannates cannot be used
for practical applications. As the organic chel ate conpounds which are
considered to be effective, for exanple, chelate conpounds derived from
phosphoni ¢ aci bydeegen qeerexidd eﬂtediigﬂi temperatuxdsy lte nd earemsph dhe ceffectd Jof

et hyl ene- diam netetraacetic acid, and nitrilotriacetic acid, are described
i n Japanese Pamaskipghhetadiimpuistiendo tlo¢ lkoebphawadisy phesphiatehese chel ate

conpounds, ethyl enedi am netetraacetic_acid and nitrilotriacetic acid have a

drawback in that thetanrgesdaves deawback Hythat wsfg:@ﬁivgr@lu@évmbebﬁmimm
hyd i de | | i od of time t d in t

Y abi 1 21 hg. of FES BYAPRTARN FEUBALBERR e i e el et o AR Inwimg
& long peri od SR ReeIBE Ay Blipl? sHiGed BRe bl bl Hiritisten thetiielves. ™
mar kedl y Co”o‘i'“ﬁe{l@fo%'@!ain ked é‘ﬂfﬁoc IV%l%ec;ﬁﬁ]o@ra%%{c'a'ﬂ%Bgaﬁi%giﬁ%gt° cause

elution of netal Thpuriires having a econp T hydrogen

per oxi de al t hough t Aes gné RkahE. CARRAGSNBRANAS' {AR0h Ad lchsfdhrRR S e

deconposi ti on of hydrogen peroxi arge anoun

corr 02,07 L Bkaied o Ukt e ULV HOIMIOHR i,

descri bed abovgu¢R hBalethPRrdpariinéfetParnethFléfefHRAPhARCT 4&GRY] Wthylene-
diaminetetraacetic acid, and nitrilotriacetic acid, are described in
Japanese Patent Publication Showa 50(1975)-36838. Among these chelate
compounds, ethylenediaminetetraacetic acid and nitrilotriacetic acid
have a drawback in that these compounds containing nitrogen are
decomposed with hydrogen peroxide in a long period of time to cause
decrease in the stabilizing effect although these compounds show an
effective stabilizing effect in the initial period of the use and are not
suitable for using for a long period of time.

Chelate compounds derived from phosphonic acid markedly
corrode materials of tanks and vessels during storage to cause elution of
metal impurities having activity for decomposition of hydrogen peroxide
although these chelate compounds show strong ability to prevent
decomposition of hydrogen peroxide, Therefore, a large amount of a
corrosion inhibitor for metals, such as sodium nitrate and ammonium
nitrate, must be used in combination. This causes the same drawback

as that described above in that the amount of a residue after vaporization
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IS increased, and the solution can be used only for Iimted applications.
Mor eover, these organic chel ate conpounds have anot her drawback in that

t hese conpounds are expensive, and the production cost is increased. As the
ot her organi c conpounds used as the stabilizer, many organi c conpounds,
such as organi ¢ hydroxyl conpounds, diglycolic acids, organic sulfonic

aci ds, acylation products of phosphorous acid, phenanthroline,

am notriazines, and acetoanilide, are known. However, these organic
conpounds haveisdmemeasdd amd thetsohiidosicagl ke used ohly fasHncited applicativaies a
smal| effect of stabilization, and that these conpounds are degraded by

oxi dati on wi t hMoeydevemthgee oxgaricachielabe confrpuinds havabindtheridmwlsadkoin .
Therefore, these conpounds cannqgt practically be used particularly when the
sol uti on nust Watsthess) ¢uppaundsgaper pepenrgive; mndr theysproduagion “cost is
concentration of hydropgen peroxi de. SUMVARY OF THE | NVENTI ON The obj ect of
the present i n\VERERBF s to develop a stabilizer which is not affected by

Stabi [1zer 1o addedPSnifbALER: BT ERLIS PREPUITAR (5ed: by i ShADIBGBbOmARY
solut on o hygten BELRSLA0, Y 200 Sl AP St e
per o 9o Shovt 8, 3Bkl Rl SEGRDRANH ISR SRAsRRY PR Asp B
it was found tﬂﬂéngﬁﬂ{ﬂﬁ{b,peﬁﬁﬁhgﬁ'ime@t 268 O@@&SQnM&& CQPROURSwn.
However, these organic compounds have drawbacks in that the single
use of these compounds shows a small effect of stabilization, and that
these compounds are degraded by oxidation with hydrogen peroxide and
the effect of stabilization is lost. Therefore, these compounds cannot
practically be used particularly when the solution must be stored for a

long period of time or has a high concentration of hydrogen peroxide.

SUMMARY OF THE INVENTION

The ohject of the present invention is to develop a stabilizer which
is not affected by the concentration of hydrogen peroxide in the aqueous
solution to which the stabilizer is added and enables sustained
stabilization of an aqueous solution of hydrogen peroxide by addition of
the stabilizer in a small amount, and, as the result, to provide an
aqueous solution of hydrogen peroxide showing a small loss by
decomposition and having excellent heat stability.

As the result of intensive studies to solve the above problems, it

was found that hydrogen peroxide was not decomposed when compounds

(T
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-5- containing tantalum zirconium or niobium anong various netal

el enents, were added to an aqueous sol ution of hydrogen peroxide, and this
condition of suppressed deconposition of hydrogen peroxi de was sustai ned.
The present invention has been conpleted on the basis of this know edge.
Accordingly, the present invention provides a stabilized aqueous sol ution
of hydrogen peroxide conprising at |east one netal elenent selected from
the group consisting of tantalum zirconium and niobium DESCRI PTION OF
THE PREFERRED (@wtaDuimENtantalumhe zpresgdgnm, oy enickinm,aanzeng ovarienk utietal of
hydrogen peroxide shows sustained stability and is provided with excellent
heat stabil it yelpjnentgpmereiasddedie amaamesus solntion ofhydydgen qerpside;iatad by
the addition of ,at | east one netal elegent sel ected fromthe group

consi sting of ¥dhicongdition; of-shpnrgssgdqdesasppesitign eh hydsogem parokide ywas

deconpose hydr ogen. peyoxi de when used,al gne. . Anong these three netal .
el enents havi @Pﬁ%ﬁg?eé.fibp geseh 'VPPHOH}%I’%‘?{M%%EP%%g@H the basigyef thisn
per oxi de, ni oﬁi( um an tantal um are preferable, and tantalumis nore
preferable. | T Sent invention, an ion or a conpound containing one

peroxt de. Two or . moceorgiaefh i bkt TR ERUSR Ve el S3HH5oU <o
be added, wh ' i Qn,
ol enont s may BR1naed OLnydrbdel IRrRkRRORbmoRERY AR Iet s o e btk o

contai ni ng OxygR&sted from the group consisting of tantalum, zirconium, and niobium.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the present invention, an aqueous solution of hydrogen peroxide
shows sustained stability and is provided with excellent heat stability by
stabilizing the aqueous solution of hydrogen peroxide by the addition of at
least one metal element selected from the group consisting of tantalum,
zirconium, and niobium which show no activity to decompose hydrogen
peroxide when used alone. |

Among these three metal elements having the effect of stabilizing
an aqueous solution of hydrogen peroxide, niobium and tantalum are
preferable, and tantalum is more preferable.

In the present invention, an ion or a compound containing one of
these metal elements is added to an aqueous solution of hydrogen
peroxide. Two or more ions or compounds containing these elements
may also be added, where necessary.

In the present invention, the above metal elements may be used, as

described above, in the form of ions or compounds containing oxygen,
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-6- such as hydroxi des and oxi des, inorganic conpounds, such as sulfates,
nitrates, borates, phosphates, and carbonates, and organi c conpounds, such
as acetates, oxalates, and citrates. The netal elenents in all these forns
exhi-bit the excellent effect of stabilizing an aqueous sol ution of hydrogen
peroxi de. The form of the species containing tantalumas the netal el enent

I S not particularly limted in the present invention and may suitably be

selected fromio % oluble in water, and acidic solutions which
can be unifor rﬁlyc A e&na @ gapmala)w WH?@Hégeﬁuﬁbr&ﬁxﬁd&f@t er
bei ng added to the solution. res nve preferable exanpl es
"hel ade ¢ ant aEGRAeR) HBFHAS PhRRPHEE: BRAdaTEPTa 44 Braealc sumposadanny

comoine o A e B ST Bl S S
dissol ved | n WIOLIRIIE 1AE LA S f gﬁfzgggogrgchlgqrogl Bl BES

in an aqueous SO Ion, such as nitric aCI

solution is a%ﬂ&@x‘og@n dxfdd t abl e concentratlon and added to an aqueous
sol ution of hydro p&;om de. In the present invention, the anount of

tantal um added to thRe FSrAUIThE @pEtieRtotaiidl '
elenment is in the range of 0.01 Po lgo p())pmal by S‘E? pre era fa?%l&ﬁ%ﬁ{;

;rggtgep?fe f gr ggl i;sm&opmﬁmﬂhrwehﬁﬁmd i®the rmé&maﬁmén(ema had2harsnRibMebght |
selected from ions, compounds soluble in water, and acidic solutions
which can be uniformly mixed with an aqueous solution of hydrogen
peroxide after being added to the solution. In the present invention,
preferable examples include tantalum fluoride and sodium
octafluorotantalate.

Because many compounds of tantalum used as the species
containing the metal element show small solubility in water and
hydrogen peroxide, these compounds may be dissolved in an inorganic
acid which does not decompose hydrogen peroxide in an aqueous
solution, such as nitric acid and sulfuric acid. The prepared solution is
adjusted to a suitable concentration and added to an aqueous solution of
hydrogen peroxide.

In the present invention, the amount of tantalum added to the
aqueous solution of hydrogen peroxide as the metal element is in the
range of 0.01 to 50 ppm by weight, preferably in the range of 0.05 to 50
ppm by weight, more preferably 0.7 to 20 ppm by weight, most preferably
1to 10 ppm by weight.

When the amount is less than the above lower limit, a sufficient
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1 to 10 ppm by wei ght. Wien the anount is |ess than the above lower [imt,
a sufficient stability cannot be obtai ned. When the anpbunt exceeds the
above upper limt, the stability is rather decreased, cost is increased,
and the anmount of a residue is increased. Therefore, such anounts are not
preferable. Metal inpurities which catalytically deconpose hydrogen
peroxi de are contained in practically used aqueous sol utions of hydrogen
per oxi de. The above anmount of tantalum generally varies depending on the
concent r at i onsstabilitiiesanotther chtaised. SWhémithy ansonhe expesisethecalnivel apper
tantalumas the netal elenent, the formof the species containing niobium
as the netal dimibrtheistabidity psrather decreasddyicostisi mcraasqd,caedthe mreonntn
and may suitably be selected fromions, conpounds soluble in water, and
aci di ¢ sol ut i o< 1gidue dgingreagads dihargforexsuchiannowmtsaaeenoispragexatlen of
hydr ogen peroxi de er. being added to, the solution. |n the present

i %ven?i on, prefer agﬁj@t%&ah‘ﬁpé‘é'ltil%l L]Qfl’émﬁﬁ obatalytigake jdecemmasei c hydregen

ni obi um carbonate iLn nitric acid, hydragen ni obi um oxal ate.in oxalic acid,
Bt el U hontskrosie e hateiied in P AER Ty Pres Seass SoktioEn af ByHyaRe o

Serauee, oY, CRRRIRG il OB AL 3B 25 TR BE R on

anualum used i Kol o] Pk iEhgas garbOLNS ey be d seolved | an

solution, such as ;‘Sféfﬁilgfgﬁnd& h8'ipedids'ddntirhigtanth RN 4B (R HEcd1eIMldrit]  ©
the form of the species containing niobium as the metal element is not
particularly limited in the present invention and may suitably be selected
from ions, compounds soluble in water, and acidic solutions which can
be uniformly mixed with an aqueous solution of hydrogen peroxide after
being added to the solution. In the present invention, preferable
examples include niobium oxide in sulfuric acid, niobium carbonate in
nitric acid, hydrogen niobium oxalate in oxalic acid, potassium
heptafluoroniobate, and potassium heptafluorooxoniobate hydrate.

Because many compounds of niobium used as the metal element
show small solubility in water and hydrogen peroxide similarly to
compounds of tantalum used as the metal element, these compounds
may be dissolved in an inorganic acid which does not decompose
hydrogen peroxide in an aqueous solution, such as nitric acid and
sulfuric acid. Niobium oxide in sulfuric acid shown above is an example
of such cases. The prepared solution is adjusted to a suitable

concentration and added to an aqueous solution of hydrogen peroxide.

In the present invention, the amount of niobium added to the
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of such cases. The prepared solution is adjusted to a suitable
concentration and added to an aqueous sol ution of hydrogen peroxide. In the
present invention, the anmobunt of niobium added to the - 8- aqueous

sol ution of hydrogen peroxide as the netal elenent is practically in the
range of 0.01 to 50 ppm by weight, preferably in the range of 0.10 to 30
ppm by weight, nore preferably 0.3 to 20 ppm by weight, nost preferably 0.7

to 3 ppm by wei ght althoygh, similarly to the apmount of tantalum used as
the netal el er?&ﬂ%ouﬁtﬁéT%%ﬂﬁf ?‘é’g]ﬁ%‘%n perride py the mefad ielemgnp i practically

R R A A
el>/errent a sufid PPan b igight, )’n@éﬁlrﬂﬁg?%'@%%t%é ﬁté’d%h/nEHmc ﬁ&' é’ﬁ%‘gﬂ‘g’ dpost
cxceeds the aRSoioabbe 0% R Erintl Syeiehh opoicel. Ao B oot Aot of
oot e af e naPnSERRHTEA 8 the kAl 81rheh BOURE RRRdU SRERAF prBHAllE B or
ni obi um as t hequplly BLEAEM the LR x&ri{py&ﬁi%@tae@eﬁgiﬁgﬁ%aéo Bl A t§ G um

as the netal elfenment 1s not particular present 1 nvention

A e e ML Ay it
hydrogen per oxhdexafdotis sobiitign afligdrogert perg@let i on. I n the present

Similarly to the amount of tantalum used as the metal element, a
sufficient stability cannot be obtained when the amount of niobium is less
than the above lower limit. When the amount of niobium exceeds the
above upper limit, the stability is rather decreased, cost is increased, and
the amount of a residue is increased. Therefore, such amounts are not
preferable.

Similarly to the species containing tantalum or niobium as the
metal elements, the form of the species containing zirconium as the
metal element is not particularly limited in the present invention and
may suitably be selected from ions, compounds soluble in water, and
acidic solutions which can be uniformly mixed with an aqueous solution
of hydrogen peroxide after being added to the solution. In the present
invention, preferable examples include zirconyl nitrate pentahydrate,
zirconium dinitrate oxide dihydrate, zirconium sulfate tetrahydrate,
ammonium zirconium carbonate, and sodium hexafluorozirconate.

Similarly to the above metal elements, compounds showing small

solubility in water and hydrogen peroxide, such as zirconyl hydroxide,
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i nvention, preferable exanples include zirconyl nitrate pentahydrate,
zirconiumdinitrate oxide dihydrate, zirconiumsulfate tetrahydrate,

anmoni um zi rconi um car bonate, and sodi um hexafl uorozirconate. Simlarly to
t he above netal el enents, conpounds showing small solubility in water and
hydr ogen peroxi de, such as zirconyl hydroxide, 9 - zirconyl oxides,
acetates such as zirconium acetate, and oxal ates such as zirconi um oxal at e,
may be dissolved in an inorganic acid which does not deconpose hydrogen

per oxi de i n areincprgduwsxides,wcetates such aszirconiumacethtepand wxbildties sahdas |
the present invention, the anount of zirconium added as the netal el enent
to an aqueous Zisteniugn oxilabed magehe dissokieddn an pnexgdrialdojd iwhidhedoesiget of
0.01 to 50 ppm by weight, preferably in the range of 0.05 to 20 ppm by

wei ght, nore predosmpasehydroges peyogida By andayteous sobition crughnas yu&w acid 3
ppm by wei ght al though, simlarly to the anount of tantal um or niobium used
the metal ele SUILLC 36 int cannot general |y be specified because the

catal'ytical Iy deconibabe iHaREgLATKEOR dths ATl dhseninyeRgrdgrs the

rydrogen, oo Ot QOB kot Rl O GHnChr AP B Bt B

e ol DL T T

cost is increagpdhpAhy WeiHPYRbro prafé &by UEs & ilﬂci)ﬁﬁegy weight, most
preferably 0.7 to 3 ppm by weight although, similarly to the amount of
tantalum or niobium used the metal elements, the amount cannot
generally be specified because the amount is varied depending on the
concentrations of metal impurities which -catalytically decompose
hydrogen peroxide in the aqueous solution of hydrogen peroxide.

Similarly to the amount of tantalum or niobium used as the metal
element, a sufficient stability cannot be obtained when the amount of
zirconium is less than the above lower limit. When the amount of
zirconium exceeds the above upper limit, the stability is rather
decreased, cost is increased, and the amount of a residue is increased.
Therefore, such amounts are not preferable.

When the species containing tantalum, niobium, or zirconium as
the metal element is added to an aqueous solution of hydrogen peroxide,
the species soluble in water can be added directly as a liquid or a solid.
The species containing the metal element may also be added in the form
of a master batch which is prepared by dissolving the metal element in

water, hydrogen peroxide or an inorganic acid which does not
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Therefore, such anpbunts are not preferable. Wen the species containing
tantal um niobium or zirconiumas the netal elenent is added to an aqueous
sol ution of hydrogen peroxi de, the species soluble in water can be added
directly as a liquid or a solid. The species containing the netal el enent
may al so be added in the formof a master batch which is prepared by

di ssolving the netal elenent in water, hydrogen peroxide or an inorganic

aci d whi ch does not -10 - deconpose hydrogen peroxide, such as nitric
acid and sul f Weicompgse hydrogepmerexide sughmsmitricacidend suldusinacidy Theo
be added in conblnatlon wih oﬁher s abilizers or_a | stablllzers
Conpounds haviSkgciapegqntain ‘Hﬂqtﬁ @?nﬁﬁb“%?&ogé"e da%ﬁ)'(d?l‘i?én

dded af he, d I d

aci d \Aﬁggﬁrldt)égl thethges gqiaﬁégr%éfé?ﬁg %rﬁ%%ﬂg«?erg?@&é‘%@@%‘ﬂ Gk “ Lhe
Concent rat i on SICHBY GHbr B0 Ands g Paat BRTaS B it =08 ABrhe
D Yok Apflat a;g%qgeaqg 1505 id 3000 o8 HGE WA O

ous™s I on drogen pe
90 % by wei ght n gg&ﬁ S,SO f r n
per oxi de stabl (?ejzseaog %ﬁg‘@aﬁ‘#&gﬁ%ﬁ aguﬁg ﬁé’édtr%cglal%wm&g |Blr1r(1a or

Zirconi um hasllgre@%@ss%mﬁbﬁ Méﬁwﬁﬁv@ﬁréﬁ’itﬂﬁeb&é%rhgﬁﬂe of 20 to 70

% by wei ght . e present invention, as the inorganic acid and the _
organi c acid whi ch phre deneenfiditicli oF Wydrogers YERORIAeS iR fthbadg@edti8 sBltRonyM

> used in the present invention is not limited to the general range of the
concentration in commercially available aqueous solution of hydrogen
peroxide, i.e., 1 to 90 % by weight. It is preferable that an aqueous
solution of hydrogen peroxide stabilized by adding an ion or a compound
of tantalum, niobium, or zirconium has a concentration of hydrogen
peroxide in the range of 20 to 70 % by weight.

In the present invention, as the inorganic acid and the organic
acid which are used for dissolving compounds of tantalum, niobium, or
zirconium having small solubility in water and hydrogen peroxide, acids
which do not decomposed hydrogen peroxide and selected from inorganic
acids, such as nitric acid, sulfuric acid, hydrofluoric acid, and
hydrochloric acid, and organic acids, such as benzoic acid, citric acid,
oxalic acid, salicylic acid, and acetic acid, can be used singly or as a
combination of two or more types.

The amount of the above acid is varied depending on the compound

to be dissolved and cannot generally be specified. A suitable amount can

be decided because the use in an excessive amount deteriorates stability
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zirconium having small solubility in water and hydrogen peroxi de, acids

whi ch do not deconposed hydrogen peroxide and sel ected frominorganic
acids, such as nitric acid, sulfuric acid, hydrofluoric acid, and

hydrochl oric acid, and organic acids, such as benzoic acid, citric acid,
oxalic acid, salicylic acid, and acetic acid, can be used singly or as a
conbi nation of two or nore types. The anount of the above acid is varied
dependi ng on the conpound to be dissolved and cannot generally be

speci fied. A $ihysspgenpsupxidean be deci ded because the use in an excessive
anount deteriorates stability ., -11- of hydrggen, peroxide. In the present

i nvention, inorgani H&H’ées\ﬁﬁﬁéhv?fbtl%ilwgé%%lfﬁyﬂ gl slojastodecmmpaese: h

as nitric aciq,ty ul furic acid, h drofl.tloric. cid, and hyd Oﬁh| ric, aci,g,

may be added thyIREEHRETARIAS [SHGH,AS NG ECibaIiur,adl, hydzofuericagid;
toi d i.t:h_t he . f i th | uti

arout 2O RSB Bt B e Rafiogen

" <ot oni ¢ : : e e Cabili h

2000 & e SR AU AL I RN YR A

sol ution of hySlcagedipR! SLNSsSuitlde ealihelt SRHRIAR | 0N A descri bed

above, the aqueous ;oluflon of hydrogen peroxide o t he present invention
can be stabilized %%é@&ﬂfo?%djﬁsﬂﬁggﬁw,ssww%&'%@[ isdteRid Ag&its, bAthads
e

aqueous sol ution of hydrogen per oxi I n conbi nati on.
sodium chloride, and auxiliary stabilizers, such as sodium silicate and
magnesium silicate, may be added to an aqueous solution of hydrogen
peroxide singly or as a combination.

As described above, the aqueous solution of hydrogen peroxide of
the present invention can be stabilized without using various
conventional stabilizers for an aqueous solution of hydrogen peroxide in
combination.

To summarize the advantages of the present invention, an
aqueous solution of hydrogen peroxide having excellent storage stability
and heat stability is provided by addition of a small amount of an ion or a
compound of tantalum, niobium, or zirconium to the solution as a
species containing a metal element.

The additives are used in very small amounts and are less
expensive than conventionally used organic chelate compounds.

Therefore, the additives are economically advantageous stabilizers.

EXAMPLES

The present invention is described more specifically with reference
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To summari ze the advantages of the present invention, an aqgueous solution
of hydrogen peroxi de having excellent storage stability and heat stability
is provided by addition of a small anmount of an ion or a conpound of
tantalum niobium or zirconiumto the solution as a species containing a
netal elenent. The additives are used in very small anounts and are | ess
expensi ve than conventionally used organic chel ate conpounds. Therefore,
the additives are econom cal |l y, advant ageous stabilizers. EXAMPLES The
present i nventtPoAl £Xaswple; pad rompangdbie iexamples; « hHosvevesncihe present ¢ o
an exanpl e and conparative.ex l,e However , e present .inventiqn i s not
fimted by the‘n&gﬁﬁﬂe‘sa{wg 1%3@3’&(3&?&8&%1@ thacomparatize examplesi zed
aqueous sol utions of hydrogen peroxi de were prepared by adding 0.05 to 50
ppm by wei ght of tantalum niobium or zirconium (each using a
corresponding;g*;g&géq solution of 1,000 ppmfor the atom c absorption
anal ysi s manufactured by KANTO KAGAKU Co., Ltd.) and 1 ppb by wei ght each

Cbach using o ort cRliiidabiade bollitkghe S RSAPORAT P HNBORR- O B8 HnEE
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31.2 % by weig aqueous sol ut rogen peroxi'de (nanufac
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atomic absorption analysis manufactured by KANTO KAGAKU Co.,
Ltd.) and 1 ppb by weight each of iron and chromium having the activity
to decompose hydrogen peroxide (each using a corresponding standard
solution of 1,000 ppm for the atomic absorption analysis manufactured by
KANTO KAGAKU Co., Ltd.) to a commercial 831.2 % by weight aqueous
solution of hydrogen peroxide (manufactured by MITSUBISHI GAS
CHEMICAL Co., Ltd. and KANTO KAGAKU Co., Ltd., a reagent grade
for the electronic industry), and the stability of the prepared solutions
were obtained in accordance with the method of measurement of stability
of industrial hydrogen peroxide described in Chapter 5.5 of Japanese
Industrial Standard K-1463 (1971). In this method, a specific amount of a
sample is placed in a measuring flask made of a hard glass, and the
measuring flask was heated for 5 hours in a boiling water bath while the
marked line is placed under the surface of water. The concentrations of
hydrogen peroxide in the sample before and after the heat treatment are
obtained by titration using a 1/10 N potassium permanganate solution
(Japanese Industrial Standard K-1463, Chapter 5.4.2). The residual

fraction of hydrogen peroxide after 5 hours is obtained in accordance
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for the electronic industry), and the stability of the prepared sol utions
were obtained in accordance with the nethod of nmeasurenent of stability of

i ndustrial hydrogen peroxi de described in Chapter 5.5 of Japanese

I ndustrial Standard K-1463 (1971). In this nmethod, a specific anpunt of a
sanple is placed in a nmeasuring flask nade of a hard gl ass, and the
measuring flask was heated for 5 hours in a boiling water bath while the
marked line is placed under the surface of water. The concentrations of
hydr ogen per ox; i, t I are heah a

obt ai ned by tﬁllggt F}gbn ﬂﬁgﬁgﬂg %?{%gﬁﬁflboat%ggs%ém%gteélﬁgﬁggl%g%éﬁgfgEF ?%Crl\ for
(Japanese | ndgghliftingtROdaIHlity. 1463, Chapter 5.4.2). The residual fraction

of hydrogen peroxide after 5 hdurs is obtained in accordance 13 with the
fol | owi ng equation, and Sthkilitpitheded nao6®er is used for evaluating the
stability. Stability H=J"/J x 100 H stability (%9 J': t he
concentration of hydrogen peifbxi det4dBiditsa{%er heating for 5 hours J: t he

concentration of hydrogen peroxide (% before heating The results of the
stability tests are shown i ndJfabl éhe comegntgation ofthgidrogen pevpxisedds) i zer

anount
(ppm) after heating for 5 hours
J: the concentration of hydrogen peroxide (%)
before heating

The results of the stability tests are shown in Table 1.

Tablel1-1
stability (%)
stabilizer amount (ppm)
0.08 0.10 0.30 0.50 0.70 1.00
Ta 97.21 97.67 98.34 98.53 99.22 99.61
Nb - 97.33 08.89 98.86 99.48 99.45
Zr ' 97.33 9741 98.27 98.71 99.13 99.16
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0. 05 0.10 0. 30 0. 50 0.70 1.00 Ta

97. 21 97. 67 98. 34 98. 53 99. 22 99.51 Nb

- 97. 33 98. 89 98. 86 99. 48 99. 45 Zr

97. 33 97. 41 98. 27 98. 71 99. 13 99. 16 -14 - Table 1
-2 stability (% stabilizer anount (ppm 3.00

5. 00 10. 00 20. 00 30. 00 50.00 Ta 99. 85 99. 73
99. 60 99. 25 97. 25 98.27 Nb 99. 61 99. 54 99. 01
98. 76 98. 45 Zr 98. 79 Table1-2 198.10 98 01 -

- As clearly | |

el ement is nost excellent anDng t he above thre o) es used as the
stabilizer. Conparative Exanple 1 An aqueous E@#ﬁ?f&h of hydrogen perOX|de
was prepared by addlng 1 ppb—t =gt v Liomme i g the
activity to deg ?e hydrogen per oxi de (eac aﬁkg&ng correspondlng

st andard solutlon of 1,000 ppmfor the atomc a ption anal ysis
manuf act ured by KANTO KAGAKU Co., Ltd.) to a comrercial aqueous solution of
hydr ogen peroxi de used in Exarmjoe 1, sod, W tipoeit adgbgog angooet al m.g@rent
showi ng the stabilizing effect, the stability test of the prepared solution
was conducted in accordance with the sane procedures as those

Ta 99.85 90.73 99.60 99.26 97.25 98.27
Nb 99.61 99.54 99.01 98.76 98.45 -
Zr 98.79 - 98.10 88.01 - -

As clearly shown in Table 1, the species containing tantalum as
the metal element is most excellent among the above three species used

as the stabilizer.

Comparative Example 1

An aqueous solution of hydrogen peroxide was prepared by adding
1 ppb by weight each of iron and chromium having the activity to
decompose hydrogen peroxide (each using a corresponding standard
solution of 1,000 ppm for the atomic absorption analysis manufactured by
KANTO KAGAKU Co., Ltd) to a commercial aqueous solution of
hydrogen peroxide used in Example 1, and, without adding any metal
element showing the stabilizing effect, the stability test of the prepared
solution was conducted in accordance with the same procedures as those

conducted in Example 1. As the result, the stability was found to be
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conducted in Exanmple 1. As the result, the stability was found to be

96. 5% Conparative Exanple 2 An aqueous sol ution of hydrogen peroxi de was
prepared by adding 1 ppb by weight each of iron and chrom um havi ng the
activity to deconpose hydrogen peroxi de (each using a correspondi ng
standard solution of 1,000 ppmfor the atom c absorption anal ysis
manuf act ured by KANTO KAGAKU Co., Ltd.) to a commercial aqueous sol ution of
hydr ogen peroxi de used in Exanple 1, and, after adding 1 ppm by wei ght of
sodi um hydr og88¥s.ophosphat e which is a conventionally used stabilizer for
hydr ogen peroxide, the stability test of the prepared solution was
conducted in accordance with the sane procedures as those conducted in

~ Exanple 1. As the respylt, the stability was found to be 97.4% Conparative
Exanple 3 An QQUHEH§L§61E¥?EHH%Q hydr ogen peroxi de was prepared by adding 1
ppb by wei ght each,o )

hydr ogen per oxi de éé;eﬁ‘ag@ﬁgoq&%@g&éﬁ%%\éhg’%ég Z‘?(}EBIS&%’ '?;"g%ggfgo ,‘888
[P0 ) To a cotmbyeit HBbb R A0RE TR AR SRRABIRm dieibe the i ¢
RN R e e e
be ggf)ge(yfondgah%ﬂafﬁba@m for the 4f3niteHebiptib GndiAls haNubRtu Loy tO
KANTO KAGAKU Co., Ltd) to a commercial aqueous solution of
hydrogen peroxide used in Example 1, and, after adding 1 ppm by weight
of sodium hydrogenpyrophosphate which is a conventionally used
stabilizer for hydrogen peroxide, the stability test of the prepared solution
was conducted in accordance with the same procedures as those

conducted in Example 1. As the result, the stability was found to be
97.4%.

Comparative Example 3

An aqueous solution of hydrogen peroxide was prepared by adding
1 ppb by weight each of iron and chromium having the activity to
decompose hydrogen peroxide (each using a corresponding standard
solution of 1,000 ppm for the atomic absorption analysis manufactured by
KANTO KAGAKU Co., 1Ltd) to a commercial aqueous solution of
hydrogen peroxide used in Example 1, and, after adding 1 ppm by weight
of nitric acid, the stability test of the prepared solution was conducted in
accordance with the same procedures as those conducted in Example 1.

As the result, the stability was found to be 97.3 %.
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WHAT IS CLAIMED IS: 1. A stabilized aqueous solution of hydrogen peroxide
conprising at |east one netal el enent selected fromthe group consisting of

t ant al um and ni obi u “H ”ﬂ'lLIIHi ﬂﬁ menber sel ected fromthe group
consi sting of zircon ydrate, zirconiumdinitrate oxide
di hydrate, zirconium sulfate tet rahydrat e, anmoni um zi r coni um car bonat e,

and sodi um hexaf |l uorozirconate. 2. A solution according to aim1, which
conprises the netal elenent in a form of an ion or a conpound cont ai ni ng

the netal el ayeDAT I8 CLAAMBDUIG.0on according to Claim1, wherein a
concentration of the netal element in the aqueous sol ution of hydrogen

peroxide is in a range of 0.01 to 50 ppm by wei ght. 4. A sol ution
according to Claim3, wherein a concentration of tantalumin the agueous

sol ution of HydAcgeahilipedmquieussolution bihgdreferDpefoxide Omprizimg atleght . 5.
A sol ution accordi ng to Claim3, wherein a concentration of niobiumin the

aqueous sol utanen métalyeleognt peleskedjé'rmm ithe agroapy econsigting ofo tantaphmpy
wei ght .
J zirconium, and niobium.

2. A solution according to Claim 1, which comprises the metal element

in a form of an ion or a compound containing the metal element.

3. A solution according to Claim 1, wherein a concentration of the metal
element in the aqueous solution of hydrogen peroxide is in a range of 0.01

to 50 ppm by weight.

4. A solution according to Claim 3, wherein a concentration of tantalum
in the agqueous solution of hydrogen peroxide is in a range of 0.05 to 50

ppm by weight.

5. A solution according to Claim 3, wherein a concentration of
zirconium in the aqueous solution of hydrogen peroxide is in a range of

0.05 to 20 ppm by weight.

6. A solution according to Claim 3, wherein a concentration of niobium
in the aqueous solution of hydrogen peroxide is in a range of 0.10 to 30

ppm by weight.
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