1 DESCRI PTION H GH PURI TY PHOSPHORI C ACI D AND PROCESS OF PRODUCI NG
THE SAME Technical Field [0001] 5 This invention relates to high
purity phosphoric acid and a process of producing the sane. Mre
particularly, it relates to high purity Ehosphoric acid that is
substantially free frominpurities causihg deterioration in

el ectrical characteristics of fine devices and suitable for use in
el ectronics, for exanple for renoviggseripri6R/n nitride film etc.
by etching in the sem conductor manu acture and a process of 10
produci ng the sane. By virtue of its Iom1inpur|ty content, the h|gh
purity phosphaoric acid of the invention is useful _as not on
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solution, an etching solution for liquid crystal devices, an alum na
etching solution for ceramics, and a material of phosphate gl ass for
optical fibgechnBatkgrdound Art 1s [0002] It is known that processes
for prodUC|Rﬁp£Posphoric acid include a dry process and a wet

process manuf act ure of phosphoric acid by the dry process,
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Background Art
15 [0002]

It is known that processes for producing phosphoric acid include a dry process
and a wet process. In the manufacture of phosphoric acid by the dry process,
phosphate rock is reduced in an electric furnace, and the resulting yellow phosphorus is
burnt into diphosphorus pentoxide, which is hydrated to obtain phosphoric acid. In the

20 wet process, phosphate rock is decomposed with sulfuric acid, and produced calcium
sulfate is separated to obtain dilute phosphoric acid, which is then concentrated into
high concentration acid. By whichever process it is produced, phosphoric acid is

required to have high purity in electronics applications.

[0003]

25 Phosphoric acid from the dry process (dry-process phosphoric acid), which is
produced via yellow phosphorus, contains less impurity of phosphate rock origin and is
said to have better quality than that from the wet process. High purity phosphoric acid
from the dry process with a purity ranging 75% to 85% by weight is used in etching of
semiconductors. If phosphoric acid for this application contains much antimony or

30 arsenic as impurity metals, fine particles of these impurity metals tend to remain on



30 arsenic as inpurity netals, fine particles of these inpurity
metals tend to remain on 2 silicon wafers dependi ng on equi pnent for
the sem conductor fabrication. Such inpurity netal particles can
cause trouble in the followi ng step or necessitate an extra step for
washing the particles off the wafer. Hefice, it has been demanded to
provi de phosphoric acid with still higher purity. 5 [0004] A process
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acid to precipitate t urity neta e aci

preci pi t at hosphevipasid e sti lélm}tenEutheat ed acid at a terrperature of at
| east 60C. According to the purification process, phosphoric acid
after the purification having a concentration of 85% as wei ght
perceng FB $ontains 13 to 20 ppmof antinmony and 0.02 to 0.1 ppm
of arsenic. [0005] 15 A nethod of renoving arsenic by bri 9
phosphoric acid PntiEossht et Pwiilymga Phosphpagetrithatl d6% stoalgéé I@Yomlght
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content of phosphoric acjd concentration; 65% reached in the

working eRavipeé ?@celﬁra}wau&u%% 25 7WeigRioPFCRI Rl P COMARS, &F QI 30sPRiRtOf
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Mor eover, the method needs hydrogen 25 peroxide, and iron chloride or
tin chloride nmust be used before bubbling hydrogen <chloride in order
to achieve @ﬁ)g'Cie”t renoval of arsenic. [0006] Apart fromthe
above- descl 3 nmet hods, a techni que of purifying phosphoric

15 A method of removing arsenic by bringing phosphoric acid into contact with a

hydrogen halide is also known (sce Patent Document 2). The method is capable of
reducing arsenic in phosphoric acid to 1 ppm or less. The publication also says that,
when the contact between phosphoric acid and a hydrogen halide is in the presence of a
compound capable of generating a hydrogen halide under an acidic condition, the
20 arsenic removing effect increases to reduce the arsenic content in the resulting
phosphoric acid to 0.1 ppm or lower. According to the disclosure, however, the
arsenic content of phosphoric acid (P2Os concentration: 65%) reached in the working
example is only about 0.07 to 0.8 ppm, which level does not sufficiently meet the
demand for high purity phosphoric acid. Moreover, the method needs hydrogen
25 peroxide, and iron chloride or tin chloride must be used before bubbling hydrogen

chloride in order to achieve sufficient removal of arsenic.

[0006]
Apart from the above-described methods, a technique of purifying phosphoric
acid by crystallization is widely known (see e.g., Patent Document 3). This patent
30 document discloses a process in which a series of purification operations consisting of

crystallization, separation from the mother liquor, and melting is repeated three times to



acid by crystallization is widely known (see e.g., Patent Docunent
3). This patent 30 docunent discloses a process in which a series of
purification operations consisting of crystallization, separation
fromthe nother liquor, and nelting is repeated three tinmes to 3
obtai n desired phosphoric acid purity. Basic physical property data
necessary in purifying phosphoric acid by crystallization are known
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Di scl osure of the Invention [0008] An object of the present
invention imoby provide high purity phosphoric acid 20 with
extrenely reduced contents of antinon an inpurity netal that has

hi thetfo been r ?"GQ@CH‘P’FﬂiIéJ?IA‘ﬂbI?’ﬁ@Qﬁ)ve, and sulfide ions and a

process of produciiht BleehmBhtPh wowoidogophosphoric acid. [0009] The
present invention acconplishes the ve object by providing high
purity 25 phosprﬁj’tt‘?né%é’é}"&eﬂa{'\}i}%@‘ﬁ%?%@?content of 200 ppb or Iess

and a sul fide i orNG&RPIEIM DO 1: PRBUAS et £5 Tod§ SolP Wehku FRRSIENHS]. A,
a 85 wei ghtNgezr:%_eEit (15%5)04 basi s.
15 Non-Patent Document 2: Aoyama et al.,, Proceedings of a Conference of
Industrial Crystallization, pp. 413-420 (1976)

Disclosure of the Invention
[0008]
An object of the present invention is to provide high purity phosphoric acid
20 with extremely reduced contents of antimony, an impurity metal that has hitherto been
regarded difficult to remove, and sulfide ions and a process of producing such high

purity phosphoric acid.

[0009]
The present invention accomplishes the above object by providing high purity
25 phosphoric acid having an Sb content of 200 ppb or less and a sulfide ion content of 200

ppb or less as impurity contents on a 85 weight percent HsP O, basis.

[0010]
The present invention also accomplishes the above object by providing a
process of producing high purity phosphoric acid comprising a first step of blowing

30 hydrogen sulfide gas in excess into crude phosphoric acid containing an impurity metal



[ 0010] The present invention also acconplishes the above object by
providing a process of producing high purity phosphoric acid
conprising a first step of blowng 30 hydrogen sulfide gas in excess
into crude phosphoric acid containing an inpurity nmetal 4 to
precipitate the inpurity netal in the formof a sulfide, a second
step of filtering the phosphoric acid fromthe first step, and a
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present |nngaﬁlon will be described in detail. Unless otherw se

not ed, al l e percents, parts per billion (ppb) and parts per
nllllon (ppm are by weight. "Phosphoric acid" as referred to in the
description is a mxed lLiquid of a conponent represented by formula:

H3PO4 and ﬁh@fpﬁﬂéwﬁaﬁﬁfﬂﬁéﬁ?WﬁEX|ng ratio. "High purity 15

phosphori c @gqg" as referred to in the description denotes phosphoric
aci d fronlthe dr¥ or wet process having an H3PO4 concentration of
from 75%to 89% Fignl ivrediggpm ippgeading thewatbad of gHfide iopenlysisphosphor us
is followed by hydration to obtain crude phosphoric acid, which is
purified into high purity phosphoric acid. In the wet process,

phosphat e Beskvib&e fdeCanpRseat Wellfiveafioh Nor gani ¢ strong acid fol | owed
by 20 conc&gﬁrﬂtion to obtain crude phosphoric acid, which is
purlf%ed i igh purity phosphoric acid. The concentration of high

purity phosphor [ E‘h@ﬁie@eﬂt&mdﬁh@lﬁ RN 86 dbyeribbd i @dtaiDn Whikk @BV noted, all
hydr oxi de as eC|f|ed in Jh§1 %835316? ho% ho%lg kﬁ%  oht.
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per unit phpspbdicCaci@tadrefasad to2m h@Qksdription is a mixed liquid of a component

represented by formula: HyPOy and H,O in an arbitrary mixing ratio. “High purity

15 phospheric acid” as referred to in the description denotes phosphoric acid from the dry

or wet process having an H3PO,4 concentration of from 75% to 89%. In the dry

process, combustion of yellow phosphorus is followed by hydration to obtain crude

phosphoric acid, which is purified into high purity phosphoric acid. In the wet

process, phosphate rock is decomposed with an inorganic strong acid followed by

20 concentration to obtain crude phosphoric acid, which is purified into high purity

phosphoric acid. The concentration of high purity phosphoric acid is determined by

titration with sodium hydroxide as specified in JIS K-1499. The phosphoric acid

concentration is represented in terms of mass ratio of the elements per unit phosphoric

acid mass.

25 [0013]

Strongly corrosive to various kinds of metals, the high purity phosphoric acid
of the invention is suitable as an etching solution for the surface of metals, etc. It is
not easy to purify phosphoric acid by distillation because of its low vapor pressure
compared with other mineral acids. Moreover, industrial purification is practically

30 very difficult. Notwithstanding such difficulties of purification, the high purity

phosphoric acid according to the present invention has a low content of Sb, an impurity



Strongly corrosive to various kinds of metals, the high purity
phosphoric acid of the invention is suitable as an etching sol ution
for the surface of netals, etc. It is not easy to purify phosphoric
acid by distillation because of its | ow yvapor pressure conpared with
ot her m neral acids. Moreover, i ndustri al purification is practically
30 very difficult. Notw thstandi ng such difficulties of purification,
the high pupity phosphoric acid according to the present invention
has a | ow content of Sh, an inpurity 5 metal. [0014] Specifically,
the high purity phosphoric acid of the present invention has an Sb
content of 200 ppb or lower, preferably 100 ppb or |ower, stil
preferablylﬁg‘ﬁpb or 5 lower, as an inpurity content on an 85% H3PO4

basis. If the Sb gpsiRMy %ﬁgﬁ%uﬁ%%%orﬂ&'aﬂm RuUbé biesah apRARSH BasBif Sh
can cause troubles such as adResion of Sb particles on the surface

of a silicoinitat ef 20@mpb arHewen PerferablyaHepthphipves) sl sreferaply 50 ppb or
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85% H3PO4 baS|s In a preferred enbodi nent of the invention, hydrogen

sul fide is deyiessueh aﬁé@fﬁ@%}c&ﬁé}ﬁwrﬁw@ ligyid Flﬁf?tah%lﬁ%lfllép?ﬂ@&n
phosphoric acid as will be obvious fromthe process of producing
hi gh purity phosphoric acid described infra. It can 15 follow t hat
sul fi de iorngolslavoi dably remain in the phosphoric acid after inpurity

retal ororval AL gnel b . phosplorlcoaohd antalos, suliLocs, o
renovabl e ke fnvehti@t hasr sulfidelibg bofrbiit d20p @b PhOdve as a6 ikphayicagtedt on an
Sulide T on co o iexsectl 09, 200, Pob L5 Uoed L0 Lol n0oSufh e i
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and antimony sulfide, which are not removable by filtration. If high-purity phosphoric
acid having a sulfide ion content exceeding 200 ppb is used for etching, e.g., a thin Ag
film or an Ag electrode layer formed on reflective film of a reflective liquid crystal
20 display panel, the sulfide ions react with silver to form silver sulfide, which can damage
the product qualities. The high purity phosphoric acid of the present invention
eliminates such disadvantages since it has an extremely small impurity metal content
and, in addition, a markedly reduced content of sulfide ions used for the impurity metal
removal. That 1s, the high purity phosphoric acid of the invention satisfies the two
25 conflicting requirements, reduction in impurity metal and reduction in sulfide ion. The
terminology “sulfide ions” as used herein denotes the total sulfide present in phosphoric
acid, including the sulfides formed as a result of blowing hydrogen sulfide in
phosphoric acid (e.g., antimony sulfides and arsenic sulfides) and residual hydrogen

sulfide.

30 [0016]
It is preferred that the high purity phosphoric acid of the invention have an As



removal . That is, the high purity phosphoric acid of the invention
satisfies the two 25 conflicting requirements, reduction in inpurity
nmetal and reduction in sulfide ion. The termnology "sulfide ions"
as used herein denotes the total sulfide present in phosphoric acid,
including the sulfides forned as a resuft of bl owi ng hydrogen sul fide
in phosphoric acid (e.g., antinony sulfides and arsenic sul fides)
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such as Sb and As are essentially present in yellow phosphorus and
are carried over into crude phosphoric acid. Hence, it is desirable
to start @ﬁ7 |gh 10 purity yellow phosphorus in order to obtain

hi gh purity phos oric acid. It is very difficult nevertheless to get
highly purified &@tqlmsm‘:}d@pﬂwﬁb aad o pre gspentisBy presprt in egller ghosphorug @nd
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etching solution for renoving an al um ha min the liquid crystal

di spl ay pafethegedsiPbe®ire, a netallic al uni num etching sol ution, an
al um na etching solution for ceramcs, and a raw material of
phosphate glass for optical fiber. 20 [0019] In the sem conductor
fabricati oppoaBeps involving mcro processing, in

The high purity phosphoric acid according to the invention is not particularly

15 limited in application. For example, it is suitably used as an etching solution for
removing a silicon nitride film in the semiconductor device manufacture, an etching
solution for removing an alumina film in the liquid crystal display panel manufacture, a
metallic aluminum etching solution, an alumina etching solution for ceramics, and a raw

material of phosphate glass for optical fiber.

20 [0019]

In the semiconductor fabrication steps involving micro processing, in
particular, use of the high purity phosphoric acid of the invention as an etching solution
for silicon nitride film removal results in no impurities of Sb origin remaining on an
etched silicon wafer. Impurities known to be present in phosphoric acid include As,

25 Fe, Mn, and Na as well as Sb. Of these impurities, those of Sb origin have been
revealed as a result of the present inventors’ rescarches to give the most adverse
influences in the field of semiconductor micro processing, especially micro processing
on the order of 0.5 microns or less in line width. Thus the high purity phosphoric acid
of the invention with a reduced Sb content is extremely useful as an etching solution in

30 the semiconductor micro processing. For the same reason, the high purity phosphoric

acid of the invention is also extremely useful as an etching solution in micro processing



particul ar, use of the high purity phosphoric acid of the invention
as an etching solution for silicon nitride filmrenoval results in
no inpurities of Sb origin remaining on an etched silicon wafer.
I mpurities known to be present in phosphoric acid include As, 25 Fe,
Mh, and Na as well as Sh. O these inpurities, those of Sb origin
have been revealed as a result of the present inventors' researches

to give thQnﬂQ&%nﬁQ%%kﬁﬁofhﬂﬁhMQﬁﬁﬁﬁdh@k&ﬁ%n&ie|d of sem conduct or
mcro processing, especially mcro processing on the order of 0.5

mcrons or less in line wwdth. Thus the high purity phosphoric acid
of the invlﬁb# n with a reduced Sb content is extrenely useful as an
et chi ng sol n in 30 the sem conductor m cro processing. For the
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Each of thebesiesptbediih Hethiér ei nafter 15 be described in detail. [0021]
The crude phosphoric acid used in the first step is obtai ned either
by the dry process or the wet process. The one fromdry process is
preferred.égﬁ% hever process is followed, the crude phosphoric acid

has an Sb nt of about 1 to 10 ppm
The crude phosphoric acid used in the first step is obtained either by the dry

process or the wet process. The one from dry process is preferred. Whichever
process is followed, the crude phosphoric acid has an Sb content of about 1 to 10 ppm
20 and an As content of about 10 to 100 ppm on a 85% H;POy4 basis. Preparation of crude
phosphoric acid through the dry process is carried out, for example, as follows. Any
industrially available yellow phosphorus (P4) species can be used as a raw material.
Yellow phosphorus usually contains 4 to 40 ppm of Sb. Needless to add, yellow

phosphorus with more Sb is employable as a raw material.

25 [0022]
Liquid yellow phosphorus is burnt with air in a combustion furnace to produce
diphosphorus pentoxide gas, which is then hydrated to produce crude phosphoric acid.

The reactions involved are represented by the following reaction formulae:

Py + 50, = P4Oyq (1)
30 P4Oy¢ + 6H2O — 4H3POy4 (2)



20 and an As content of about 10 to 100 ppm on a 85% H3PO4 basi s.
Preparation of crude phosphoric acid through the dry process is
carried out, for exanple, as follows. Any industrially available
yellow1phosphorus (P4) species can be u%ed as a raw material. Yellow
phosphorus usually contains 4 to 40 ppmof Sb. Needl ess to add,

yel l ow phosphorus with nore Sb is enployable as a raw material . 25

[ 0022] quqoquellom/phosphorus is burnt with air in a conbustion
furnace to produce diphosphorus pentoxide gas, which is then
hydrated to prodBepawtigaef prigs phetrheriaedid throqghethe aveé PIoGess is pAFGEY e, for

are repres b ol t
(1) 30 P4§?§8ﬁﬂle6é|{|szf8h§\af§ 4%@’%9@1&%@&9 rhi0Re g%dﬂd &€ of @fb“éﬁ%c %Erulfj Iy

Preparati
phosphor i c 1@wdes th Beryhl @%@%tonp Ffb‘éfb§ P|h§SE]Lha¥erl‘|Oél‘él isdpeompeged veslagubfusic

as fold ows acfﬁhﬁle"x‘@‘stultgﬁt%ﬁ:%?m fsﬁlrfaté DS%GBEEI%H &4 b&@lnocflhﬁ‘é"ﬂﬁﬂ CachE Mhich is
typically i ncl udes the st 2&@/ dear senation, 1 n which phosphate rock

i s deconpos$e@reprard sfal aput adidd arsepie sk §Plichipatien| 4 LiEPasaed ofrem| the
separ at ed tpﬁo baé Rl iy Qep f&@%ﬁ'ﬂﬁﬁbﬁ AChHichWhE QRodnft m%REF&@%]&@édeﬂ e

about 40% arsenic and solid matter are separated fromt
phosphori c phespam@ 1eeids isepridativeler degonmesed: theuftephof watrastigarand vaghing in

di ssol ved Whﬁlﬂﬁe pﬁ&%ﬁ&tﬂ@ébé z%iﬁd'vﬁttpi%bﬁ@%ﬁ\é?do}ﬁoﬂ%ﬁ@fﬂé%‘?&ﬁne Esrk%pa?rﬁﬁﬁ
of extraction and washing, .in osphoric acid is m xed

wi th 1%opr &9 R0 gKEwHEnd 2 Zeriduen @eﬁtesptqfrsedluugl wEparaieyhieh thaedraghis treated

extract angyify P &inds@hadddereshan 18foPO HUBHEARent b aﬂfﬁrﬁibnt hke step of
extract is treated wth an_ion eXChange resin to renove sodi um

content by d8igeaRi@ionein Whird e spdigm-free FXiEisy I tererpted taahesrhemeacid and

sodi um f r eesoxdpyaalcohd; AR e lTddiRbANARASRIOLLSorREh HatRRd in WIOEH Qpcya{ce
al cohol ; the stép_of. def|uorination and deisopropylation, in which

trace anp@WOURf 0@ esidualaisorrepyr derhc!l and diering dee FipaeaidnEomy e phosphomc

separgt ed heiamnk faﬁepnmsmw n6itdrSe@6id; intWigcs bﬁg@nﬁfm&feﬁ aaﬁaﬁnﬂﬁg%ﬁéamved
rennval mh ganlc matter renalnln unrenoved b

oxi dat i on/ P@dﬁ"@t Péﬁ*a QPR HeABd 15 TERO%ed | W étftlﬁ%rﬁ%owrb%da&%éh%t%ﬁp of

concent r at b@rﬁbentrﬁhdfﬁlrpﬂhicﬁ%@ﬂﬁﬁﬁm{d £ei®fs @nbént@RAAE b yAd Rt tRer 1o %5%.
and furthe t 85% ge vari ous stE%xigave een £oposed for the

product i on SATLOY3 steas a‘f?n HBPRqse e production of wet-process phosphoric
acid, the phosphoric acid before the dearsenation step is taken as crude phosphoric acid

20 in the present invention.

[0024]
Hydrogen sulfide gas is blown into the thus prepared crude phosphoric acid.
As a result of the present inventors’ study, it has been found that the temperature of the
crude phosphoric acid through which hydrogen sulfide gas is to be blown is of extreme
25 importance in the present invention. Specifically, the temperature of the crude
phosphoric acid in which hydrogen sulfide gas is blown is 59°C or lower. It is
preferred that the temperature is as low as possible. The temperature is decided taking
the solidification point of phosphoric acid into account. For example, the temperature
is kept usually between 20° and 59°C, preferably between 20° and 40°C, when the
30 H3PO4 concentration is 85% by weight. The present inventors’ investigation has
revealed that antimony sulfides formed by the reaction between hydrogen sulfide gas
and Sb can be precipitated in a large quantity thereby to reduce the Sb content of the
phosphoric acid to an extremely low level by controlling the temperature of the crude

phosphoric acid at or below the recited temperature at the time of, or after, blowing




acid, the phosphoric acid before the dearsenation step is taken as
crude phosphoric acid 20 in the present invention. [0024] Hydrogen
sulfide gas is blown into the thus prepared crude phosphoric acid.

As a result of the present inventors' study, it has been found that
the tenperature of the crude phosphoric acid through which hydrogen
sulfide gas is to be blowm is of extrene 25 inportance in the present
i nvention. 13pecdchisGRidelsas.t he tenperature of the crude phosphoric
acid in which hydrogen sulfide gas is blown is 59C or lower. It is
preferred that the tenperature is as | ow as possi ble. The tenperature
i s decided tgging the solidification point of phosphoric acid into
account. FdP anple, the tenperature is kept usually between 20 and

59C, preferably hehyessd BlnphshedQfenihaanotibel BRIGRRQUFRNLEN &akiON the
is 85% by melqgﬁﬁﬁThe present inventors! investigatjon has reveale

that anti nowgP OTREQNf oM FERISEY WRE B & theRmeailidirRegR sgiéige to be fed.

sul fi de gasTheaRgoePlth€ *RcdRS, MEQGbRI thatReduchod Jfaler Méaddifides 1k NREQEYted.
hosphoric acid to an extrene

to reduce the Sb_cqontent qf the ly |

| evel by co‘%@iil&sﬁya@gﬁ%éuiﬁé?rﬁletpaﬂ%%er&m%lﬁéleépwa@ssamﬁhwﬁl&eéﬁ? aiThge
gr OIbel ow t@?dlgﬁbhﬁd)uﬁ@g%%@’aZS tlégiﬁhﬁfﬁkihi:rdditl)xﬁ%rpéost ﬁﬁ% a&ﬁsﬁre;afti_ah,owww't t1ci9be
ydrogen su| fi de gas. as al.so en proved signifjcant _to

f eed hydrog}Eﬁ begiy fiode téago 1 S aBeer; gl ey Ebd%egerh&l%ﬁﬁtfjﬁ%wﬂﬂﬁéﬁ%e
i's no uppersoldbilitl ih thetphesproByatidof hydrogen sulfide to be fed. 5 The
| arger the excess, the nore the production of Sb or As sulfides is
accel erated. Feeding hydrogen sulfide in too | arge excess is
neaniggles% %ﬁough, because the sul fide production would be

sat ur at ed. ?8 ng production cost into consideration, it would be

t he best node to Rlowinrgohydrdyenumpiéde tdsninto e phbephoyidraeges wmuficfabiie cffermet
wthin the . sol ubi

hydr ogen s ublyf TS !I;\ﬂ%et %’rﬁé%plﬁqggh%ﬂcg SCECE gc{ fl@w %@‘:‘ngfoég H{egtf(%ﬁ ?’g Bﬁ?lf}gsgmqg)& fgyer
by causi ng wiit cnsidg hpirogphorfide goitd rise fifhmothe dottem bf t dbbeptiaptovfer anas
ggf?gﬁ} I019n tth govr\gjrgstg%;i:;l 6)ngq?1§§éé$lg’rse%¥ gér%ggtn %Htla fc'oz?tgct ae%wtee% {hlesp%ofslgh%rr?cta%?d
15 and hydrogen sulfide gas may be by a parallel flow. By the above method, hydrogen
sulfide gas can be made to react with the impurities in the phosphoric acid efficiently.

The absorption tower is preferably packed with a packing, such as tellerettes or saddles,

so as to sufficiently assure the contact between phosphoric acid and hydrogen sulfide

gas. By blowing hydrogen sulfide gas, Sb, As, and other impurity metals are

20 converted to water-insoluble sulfides and precipitated in the crude phosphoric acid.

The reactions between hydrogen sulfide gas and Sb and As are represented as follows.

SbyO5; + 3H,8 — ShyS3 +3HO (3)
SbaOs + 5SH,S — SbySs+5H,O (4)
Asp;O3 + 3H,S —» As;S; +3H,0  (5)
25 As30s5 + SHaS — AsySs + 5HO  (6)

[0027]

The crude phosphoric acid after hydrogen sulfide gas blowing is subjected to
the second step. It is preferred that the crude phosphoric acid from the first step be
aged to let the Sb and As sulfides be precipitated sufficiently. The aging time is 1 to

30 10 hours. In carrying out the aging step in practice, an aging time of 2 to 4 hours



to bring theminto countercurrent contact. The contact between the
phosphoric acid 15 and hydrogen sul fide gas may be by a parallel
flow By the above nethod, hydrogen sulfide gas can be nade to react
with the inmpurities in the phosphoric aﬁ{d efficiently. The
absorption tower is preferably packed h a packi ng, such as
tellerettes or saddles, so as to sufficiently assure the contact

bet ween ph r i d B QW PO
hydr Ogenpsgﬁgﬂgeéugggég r{—l ep%{rxﬂﬁgasepﬁ%r; t}rﬂﬁp ﬁur f‘l%ﬁ% WP sgé@ﬁan%d)eration is

converted needgdtier aglmm@grne celu b¢ ﬁﬁe@eéﬁmnéy by m}ﬂm’samem thﬁ crude phespderic

phosphoric [ g
and As areaggﬁgé?ggggi g?ﬁih EZOQMQE§%§%géHﬁﬁ bz% %§(%?ﬁ£

(3) Sh205 prafaralilymbout %2@50%,534:219 Waere thesBEDcoppggation Aé@ls:rnh@smg

(5) 2p As207isdsdhi2, 2S5 + 5H20 (6) [0027] The crude phosphoric
acid after ﬁ érod§n§gﬁ?lﬁze gas blowing is subjected to the second

step. It is preferred that the crude phosphoric acid fromthe first
step be ?ed to let the Sb and As sulfides be precipitated
suf ficient The aging time is 1 to 30 10 hours. In carrying out the

agi ng step in pragtieBnd &8 age B@p bf MRedg AT iR sﬂlﬁmw@ afb@ caridal srf 59°C
suffices to |let the, sulfi precipitate sufficientl No speci al

operation P§ Ow&r@aa%ro ﬁ@r frr@t Stegi nbPec Hhragen érmeee‘e&r ercrrﬁrdyd fgking into

mai nt ai ni nGoﬁsﬁ&reﬁfoﬂdﬁe @blﬁtﬁﬁbélfohcpoxﬁcdn@ th8 visla@sdya{%th@tphbi}ﬁoﬂy%ﬂ%ﬁ the
ur e or | ower preferably about 20

| fide bl
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acid i s 85%skc¥eingMitrai @0 ZddpefiiereSRC@NEIH LOP t6 tIVeCSs hberablyf 24t R hovg.
off the sulfrdeﬁwﬁgghalso carried out., at 59C or Iomer sim|/| ar

the first SEEpS PPERERIOSPRAT RS RAVIRSIER coReeRigEtps wgcquﬁ)rﬁaul at
consi der at aﬁamehhel Fngtef it GRIOBe fBaftagedtd finBlntiss ebiaisg tRd tetiRrature of

phosphorrc i the 10 ca abrlrt of th filter iltration
area) . P‘grseﬁ%foﬁe@nfor S9UGR it VSO oFION YR alﬁc% tppgerature of the
filtrati On h e @bl €s iefevhied abd lrhgzlo tﬁd)sdiﬁ&és d?fc@f;@écﬁiﬂfayedzﬁr the phB&shoric

Seei ng t hat | urit hori . c aci n con ent rations is
a Vi sgous Fleradr?oaﬂcg crease é?)?u% yand re-disso ve m ti‘re 811osp§0nc act

[0029]
The manner of filtration is not particularly restricted. Seeing that the filtration
temperature is relatively low, at which the phosphoric acid has a relatively high
20 viscosity, it is advantageous to use filtration equipment providing a wide filtration area.
The filtration mode includes pressure filtration and vacuum filtration.  Filtration using
a pressure leaf filter, such as an ultrafilter press, is particularly preferred. Sb or As

sulfides can be removed with the ultrafilter press.

[0030]
25 The phosphoric acid obtained by the filtration is clear and has an Sb content of
200 ppb or lower and an As content of 10 ppb or lower on a 85% H3;PO4 basis.

[0031]
The use of hydrogen sulfide for the removal of impurity metals results in
excess hydrogen sulfide remaining in the resulting phosphoric acid. In order to

30 remove the excess hydrogen sulfide, air is bubbled through the phosphoric acid in the



anbi ent tenperature, it would be advantageous for filtration to raise
the tenperature of the phosphoric acid to reduce its viscosity.
However, if the tenperature of the 15 phosphoric acid is elevated too
hi gh, the sul fides once precipitated in_the phosphoric acid would
increase solubility and re-dissolve in the phosphoric acid. [0029]
The manner of filtration is not particularly restricted. Seeing that
the filtrat ﬂlﬁﬂ tertc;e MRSk 1€ tﬂes ﬂﬁi&%h‘é@%&ém r2ifbn ﬁtremeg’ I?o %‘@ppb or lower to
phosphoric aci d has a relativel viscosity, It

advant ageougorige highlsf Purtﬂeétnh@ﬁ)h@qe|aplﬁé>rﬁfthmf93ﬁntimmgltwnw de filtration
area. The filtration node includes pressure filtration and vacuum
filtration. Filtration using a pressure |leaf filter, such as an
ultrafilterppggss, is particularly preferred. Sb or As sulfides can

be renpved mnth the ultrafilter press. [0030] 25 The phosphoric acid
obtai ned by the fRIRGVAl Pb§xFess dydingen sl lﬁlasfr% thgh phesphene asil is Juefersbly

or | ower anﬁn«m o%sz b?%ir edm@E, cﬂaqsﬁag lﬂle%holsﬁ‘l’é%fc 211 8 fﬁ:‘s'av/eiéﬁl?%mé kS of a

[ 0031] The use gen sul renoval of Inpurity netal
results in re@fe&@stgwr%wh Pg@wsg{a am %ﬂfﬁ%ﬁ@}pﬁhﬁaowmméher EEve] tegyer so as to

phosphori ¢ @i §dhe1hrlnt%ré$@f1tefrc@trre§pccﬁl@arwv eTRGon8ae %@t%fe@ﬂl HOGRRpIRIH S dcﬁ? and
air i s bubbled throu ﬁﬁos horic acid in the 11 thlrd st ep.

a result, tafemayps PH@ PREHCLBRR ent Patquenyal Wwep urelgradly wlferbwh@rpackmg,

lover to pwelbdRlbleah o Badks iseds Wﬁﬂi’&l@ﬁtl)ﬂas@&’e‘ﬂhé)éonttaf&?b&&z%&?ﬁﬁosphonc
invention. [0032] .Renpval of excess. hydrogen sulfide fromt

phosph®ri c 2 3d ar. pRecapsghigh pwity ah?spéaﬂ% agid s a htﬁh VaSEAREY @% St@@fhgbq’vg

t he phosphgenevadfdmparifyl QW ERWRel (0 BhéPBRotORi@hafbedhERNH c4rB¥®but in a
whil e causing . air torise fraomth bottonlof t he renoval tower so as

to bring 18§ MASecBUMENCHF reowbimiac heaty vesseh ade CB’éttf‘\‘rﬁée‘ilietHﬁ%Sem

phosphori c 1ﬁ€ér@or§'ﬂ1@ve &und TRt H?{ﬁr(@én uRle alab %iss&llvéth ihe W ‘es;abh&s
is preferabl h a packing, suc as tellerettes or, sad

packe t
so B to el E%ﬁ%%ﬂyw%sge@%%'eé nEsscel HaemRE PREs Bred Vit aaR?Png

and ais. BetadsBndi@h tHyrinkthoRhesRbedli 6f aBidebddas si@fibé OfhsVicHE Osd takhidded
stated above, renpval of inpurity gas dissolved in phosphoric acid
has been u§ﬁ9WQTP° ried out in a

[0033]
In the third step (degassing step), the phosphoric acid temperature is set at or
above the solidification temperature, usually 25°C or higher, preferably 50° to 65°C.
20 By this step dissolved hydrogen sulfide gas is released from the phosphoric acid almost
completely. Where necessary depending on the concentration of dissolved hydrogen
sulfide gas or the quantity of the phosphoric acid to be treated, a plurality of removal
towers connected in series can be used. In this case, the phosphoric acid and air are

brought into contact in a countercurrent or parallel flow in each of the removal towers.

25 [0034]
The present invention is not limited to the foregoing embodiments. For
mstance, the process of obtaining the high purity phosphoric acid of the invention is not
limited to the above-described one. Any process will do as long as the Sb and the

sulfide 10n contents can be reduced to the respective recited levels.

30



heating node, in which air is blown into a heated vessel. In
contrast, the present inventors have found that hydrogen sulfide gas
di ssol ved in high viscosity phosphoric acid can easily be renoved by
the use of a renoval tower packed with g packing. 15 According to
this method, renoval of hydrogen sulfl&g gas can be achieved
economcally. [0033] In the third step (degassing step), the
phosphori ¢ e gpt. erature is set at or above the solidification
tenperature, usually 25C or higher, preferably 50 to 65C. 20 By this
step di ssolW¥Ed] hydrogen sul fide gas is released fromthe phosphoric

acid al nost Corrpll"gé g nt ﬁﬁgﬁ%ﬁ?ﬁé@% 1@@931%&9'11@ %Be%ﬂartdgﬁﬂ w1t1} re{erenc]p to

concentration of ved rogen

t he phosph&xhwples, bllttltt) sheuld r@a@l@t&rst@dpﬂm e tnyem*.ionr ermzactonstmdeassbemg
connect ed th%ﬁhkﬁ ocan be used. In this case, the phosphoric acid
and air are rought into contact in a countercurrent or parallel
flowin each of the renoval towers. 25 [0034] The present invention
is not limted to the foregoi ng enbodi nents. For instance, the
process of @Eﬁhlnlng the high purity phosphoric acid of the invention
is not |imxisedpiethe above-described one. Any process will do as

|l ong as the Sb and the sulfide ion contents can be reduced to the
respective(HdEist¥@P | evel s. 30 12 EXAVPLES [0035] The present

invention will np u'RﬁPféllde%hB ﬁ%s'ﬁaﬁﬁﬁﬁk&ﬂmﬂﬁéﬁhh S HbsBHE HORGE ah@
Exanples, but_ it s be understood that the invention is not

const¥ued Esulbeehphosphqrag P@HO’FH%&& Was hydragy tomxepapg rude phoyphprie gcid.
step Li qw q‘hagblh&w pREQRBARIHE M@ S/t B&Heol the Bbfiblidtiod t6RED WD vaiich air
t ower, resul ting di phosphorus pentoxi de gas was hydrated to
prepar e Cr wae b&%%@lxp%ss dejallow for complete combustion. The combustion gas was
cooled and hydrated while passing through a cooling tower to obtain crude phosphoric
acid having an H3PO, concentration of 86 wt%. The crude phosphoric acid contained

15 4 ppm of Sb and 40 ppm of As.

[0037]

The crude phosphoric acid (86%) was adjusted to 35°C and fed into an
absorption tower packed with a packing (tellerettes) from the top while hydrogen
sulfide gas was fed in excess from the bottom. As a result, the phosphoric acid and

20 hydrogen sulfide gas were brought into sufficient contact in a countercurrent flow,
thereby to produce water-insoluble sulfides of Sb and As as a precipitate. The amount
of blown hydrogen sulfide gas was 10 times the total equivalent of Sb and As on a 85%
crude phosphoric acid (H3POy) basis.

[0038]
25 The crude phosphoric acid as containing the water insoluble sulfides was aged
at about 35°C for 2 hours.

[0039]
(2) Second step
After the aging, the crude phosphoric acid was passed through a leaf filter

30 (ultrafilter press) under pressure to remove the insoluble sulfides thereby to give clear



The yel | ow phosphorus was fed with a burner to the conmbustion tower,
into which air was blown in excess to allow for conplete conbustion.
The conbustion gas was cool ed and hydrated whil e passing through a
cooling tower to obtain crude phosphoric_ acid having an H3PO4
concentration of 86 w% The crude phosbﬁoric acid contained 15 4
ppm of Sb and 40 ppm of As. [0037] The crude phosphoric acid (869@

packing. (1 ai el sy B chBbaR® orRE HPhinaRe ME AR A My Vs

fed in excéKBCfron1the bottom As a result, the phosphoric acid and
20 hydrogen sulfide gas were brought into sufficient contact in a
countercurrent flow, thereby to produce water-insoluble sulfides of
Sb and As 3804 ayprecipitate. The amount of bl own hydrogen sul fide gas
was 10 tinmes the total equivalent of Sb and As on a 85% crude
phosphori c @tThir¢ #ePPO1) basis. [0038] 25 The crude phosphoric acid

th f 5
gshg 3;\;&5 ai Fbgg o] E\Zé@és%ﬁenc g}g&hgﬂb%@ﬂk ab&iﬁgas\a&@?tﬁgg@ﬂ Emda%(aqﬁto?‘a SerdoQh1
g

phosphori ¢ fa¥edp p\a%ls@@a@mmg)(tgﬂeratwsééxfom ithet op wk&@a gigwasdflown drom the
press) Undgott@&esﬂéﬁ)htogb}foﬁ'@a\éﬁi L atr NGk %9&&@&1@9 fﬂﬁﬁ sﬁf@sfeﬁﬁxo&t&t in a

gi ve cl ear oric acid. The tenperature {g
acid while O@éﬁitﬁ@ufrpmt Bowdhorgly t@ganoyiwoxcegs3hydragands @EdeSth@d in the

resul ting %@%fhoﬁ@ %@Bh 0 'P'ufe RFted vdﬁ@%dﬁ@aitoetﬂe 1R.R0 ?h oﬁg Qﬁfdntb%b‘f{’a\}\?] h}gél

removal tower pac a packin erette %

air was bl mnﬁtwlmﬂﬂw acubhatvmﬁ arifgd’ %bmgm@nan@n at ijwé%d air were thus
brought into sufficient contact in a countercurrent flow thereby to
renove the excess hydrogen sulfide dissolved in the phosphoric acid.
Pure wat er [p@sijadded to the treated phosphoric acid to obtain high

EXAMPLE 2
(1) First step
Crude phosphoric acid was prepared in the same manner as in Example 1.
15 The crude phosphoric acid contained 4 ppm of Sb and 40 ppm of As. The crude
phosphoric acid (86%) was adjusted to 58°C and fed into an absorption tower packed
with a packing (tellerettes) from the top while hydrogen sulfide gas was fed in excess
from the bottom. As a result, the phosphoric acid and hydrogen sulfide gas were
brought into sufficient contact in a countercurrent flow, thereby to produce
20 water-insoluble sulfides of Sb and As as a precipitate. The amount of blown hydrogen
sulfide gas was 10 equivalents per total equivalent of Sb and As on a 85% crude
phosphoric acid (H3POy4) basis.

[0042]
The crude phosphoric acid as containing the water insoluble sulfides was aged
25 at about 55°C for 2 hours.

[0043]
(2) Second step

After the aging, the crude phosphoric acid was passed through a leaf filter
(ultrafilter press) under pressure to remove the insoluble sulfides thereby to give clear

30 phosphoric acid. The temperature of the phosphoric acid while being filtered was



10 purity phosphoric acid having an H3PO4 concentration of 85 w %
[0041] EXAWPLE 2 (1) First step Crude phosphoric acid was prepared
in the sanme manner as in Exanple 1. 15 The crude phosphoric acid
contai ned 4 ppmof Sb and 40 ppm of As. The crude phosphoric acid
(86% was adjusted to 58C and fed into *dn absorption tower packed
with a packing (tellerettes) fromthe top while hydrogen sulfide gas
was fed in ess fromthe bottom As a result, the phosphoric acid
and hydrogén Sul fide gas were brought into sufficient contact in a
countercurrent flow, thereby to produce 20 water-insol uble sulfides
of Sb and As as a precipitate. The anobunt of blown hydrogen sulfide
gas was 10[®4di val ents per total equivalent of Sb and As on a 85%
crude phogghg&h%&%cid (H3POX4) basis. [0042] The crude phosphoric
acid as containing the water insoluble sulfides was aged 25 at about
55C for 2 hours. Thoosgfing ¢Rpr sesphaticsacipwas heated toeb08giand fed ingo & remeval
phosphoric J qgg? e fii I j
underGpresgﬁﬁgq?ﬁﬁﬁéﬁggéﬁgﬁgggn 0 ﬂ e@-@%P#Péggyﬁ'ggg%;@%%ﬁgﬁééﬁéﬁgg%
30 phosphobé¢ttomaci the Phesphempesidtandepin fverehthup hosyghbiite saficddenitvoniect in a
being filt 4 J i :

cl ear phosg @??rgag%ﬁ%ﬁlov“\ggg e t%détlné) v(g%%e -al;,%!éésg e}%HlI%%F %ngiidgsrrdg%/sg}%gﬁn j[he
t ower packppsghertic acipackirpgvaterevaseadsed ée fher (repted pleosplgsiorid & abtrinigh
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into suff In a “countercurrent flow thereby to renove
t he excess hydrogen sulfide dissolved in the phosphoric acid. Pure
wateHOwas ﬁ%&g? to the treated phosphoric acid to obtain high

EXAMPLE 3

(1) First step
Crude phosphoric acid was prepared in the same manner as in Example 1.
The crude phosphoric acid contained 4 ppm of Sb and 40 ppm of As. The crude
15 phosphoric acid (86%) was adjusted to 40°C and fed into an absorption tower packed
with a packing (tellerettes) from the top while hydrogen sulfide gas was fed in excess
from the bottom. As a result, the phosphoric acid and hydrogen sulfide gas were
brought into sufficient contact in a countercurrent flow, thereby to produce
water-insoluble sulfides of Sb and As as a precipitate. The amount of blown hydrogen
20 sulfide gas was 10 equivalents per total equivalent of Sb and As on a 85% crude

phosphoric acid (H3;PO,) basis.

[0046]

The crude phosphoric acid as containing the water insoluble sulfides was aged
at about 38°C for 2 hours.

25 [0047]
(2) Second step
After the aging, the crude phosphoric acid was passed through a leaf filter
(ultrafilter press) under pressure to remove the insoluble sulfides thereby to give clear
phosphoric acid. The temperature of the phosphoric acid while being filtered was
30 36°C.



purity phosphoric acid having an H3PO4 concentration of 85 w% 10
[0045] EXAWPLE 3 (1) First step Crude phosphoric acid was prepared
in the same manner as in Exanple 1. The crude phosphoric acid

contai ned 4 ppmof Sb and 40 ppm of As._The crude 15 phosphoric acid
(86% was adjusted to 40C and fed into an absorption tower packed
with a packing (tellerettes) fromthe top while hydrogen sulfide gas
was fed inmg Qﬂss fromthe bottom As a result, the phosphoric acid
and hydrogén sul fide gas were brought into sufficient contact in a
count er cur r@hThitd &ap t hereby to produce water-insoluble sulfides of

Sb d As i.pd af _ hl Sul fi
S and s 25 Dl TIROMIRT LA RN U950 80 4 { L
crude phogpthor packad ivdth( HpRUH)g alérsites) Gidae theTiop whilelair pregspbron ifom the

g el ! i _ _
36C of 5 nsiblh "gpbfetaet 4iF %%%Efﬁ?%?é%ﬁﬂﬁigﬁﬁfw?a%g.‘lﬁ%?f PRt in o
crude phosphontersugentdilowsthersby dol rempougte exdessahydrpganesulfidedisselied irethe
d : t ! | mbl | i . .
press) un %hgﬁah%ﬁﬁ%ﬁ. ‘%uFeeQ/QEFﬁ wWall @ab AR HP tl%al%ﬂ lpﬁgﬂagﬁggp 1EBY bt 8n high

give clear " phosphoric acid. The tenperature o oric acl
whi | e bei ngufity plesplbrigessid B850, HE%)4 do008jati¢Bpf Fhivt’d. st ep The
resulting clear phosphoric acid was heated to 60C and fed into a
renoval tower packed with a packing (tellerettes) fromthe top while
air was bl qoapydjromthe 5 bottom The phosphoric acid and air were
t hus brought_into sufficient contact in a countercurrent flow thereby
to rekdve tIHeAMPLESS hydrogen sul fide dissolved in the phosphoric
acid. Pure (pptigdi sips added to the treated phosphoric acid to obtain
hi gh
J Crude phosphoric acid was prepared in the same manner as in Example 1.
“The crude phosphoric acid contained 4 ppm of Sb and 40 ppm of As. The crude
phosphoric acid (86%) was adjusted to 35°C and fed into an absorption tower packed
15 with a packing (tellerettes) from the top while hydrogen sulfide gas was fed in excess
from the bottom. As a result, the phosphoric acid and hydrogen sulfide gas were
brought into sufficient contact in a countercurrent flow, thereby to produce
water-insoluble sulfides of Sb and As as a precipitate. The amount of blown hydrogen
sulfide gas was 10 equivalents per total equivalent of Sb and As on a 85% crude

20 phosphoric acid (H;POy) basis.

[0050]
The crude phosphoric acid as containing the water insoluble sulfides was aged
at about 35°C for 2 hours.

f0051]
25 (2) Second step
After the aging, the crude phosphoric acid was passed through a leaf filter
(ultrafilter press) under pressure to remove the insoluble sulfides thereby to give clear
phosphoric acid. The temperature of the phosphoric acid while being filtered was
30°C.

30



purity phosphoric acid having an H3PO4 concentration of 85 wt %
[0049] 10 EXAMPLE 4 (1) First step Crude phosphoric acid was
prepared in the sanme manner as in Exanple 1. The crude phosphoric
acid contained 4 ppmof Sb and 40 ppm of As. The crude phosphoric
acid (86% was adjusted to 35C and fed ifto an absor ption tower
packed 15 with a packing (tellerettes) fromthe top while hydrogen
sul fide gafo(y@ fed in excess fromthe bottom As a result, the
phosphoric-acid and hydrogen sul fide gas were brought into

suf fi ci ent (Pohtiwlettesi n a countercurrent flow, thereby to produce

wat er - i nsol ubl e il fi:gfefcaPBn@dlokSad® wis REAE B 4@lCeuna 108 1RIDYGN O
bl owmn hydrogen sulfide éas S equi val ents per tota eqU|vaIen?
of Sb and rsveyrpaak@b%ith raupkskingd(telleodishpfiom theitdp EHBIPOMY) whablosin rO@5HE
The crwude ho# ' i 1] i: NS0 .S [
wes aged SeaRourhgpRipoS EAA At 8 M )b R Gyl L B
t he agi ng, covrgercrmend fivodlpireini to camayevihs passs dydrdgensgtide dissmfveti int the
ltrafilt 4nd I v ' i.des:
T o s s
phosphor i ¢ pagivehakghiosicseidigvinglandh:80s warcen3g@n EBS5M3%.[ 0052] ( 3)
Third step The resulting cl ear phosphoric acid was heated to 40C and
fed into a renmoval tower packed with a packing (tellerettes) from

the top whifdgsair was blown fromthe 5 bottom The phosphoric acid
and air were thus brought into sufficient contact in a countercurrent

f1 ow 1%her e BPMBARSBYE HRaMBldeks hydrogen sul fide dissolved in the
(1) First step
Crude phosphoric acid was prepared in the same manner as in Example 1.
The crude phosphoric acid contained 4 ppm of Sb and 40 ppm of As. The crude
phosphoric acid (86%) was adjusted to 65°C, and hydrogen sulfide gas was blown
15 therein in excess. As a result, water-insoluble sulfides of Sb and As were produced as
a precipitate. The amount of blown hydrogen sulfide gas was 10 equivalents per total

equivalent of Sb and As on a 85% crude phosphoric acid (H3PO,) basis.

[0054]
The crude phosphoric acid as containing the water insoluble sulfides was aged
20 at about 64°C for 2 hours.

[0055]
(2) Second step
After the aging, the crude phosphoric acid was passed through a leaf filter
(ultrafilter press) under pressure to remove the insoluble sulfides thereby to give clear
25 phosphoric acid. The temperature of the phosphoric acid while being filtered was
63°C.

[0056]
(3) Third step
The resulting clear phosphoric acid was heated to 60°C and fed into a removal

30 tower packed with a packing (tellerettes) from the top while air was blown from the



phosphoric acid. Pure water was added to the treated phosphoric acid
to obtain high purity phosphoric acid having an H3PO4 concentration
of 85 wt% [0053] 10 COVPARATIVE EXAMPLE 1 (1) First step Crude
phosphoric acid was prepared in the sane manner as in Exanple 1. The
crude phosphoric acid contained 4 ppmoft’Sb and 40 ppm of As. The
crude phosphoric acid (86% was adjusted to 65C, and hydrogen

sul fide ga s bl.gwn .15 therein i n _excess aresult, .. .
wat er -1 neo PR st HBSP AR a A Rt BerdebGRR Suificient contact in
pr eci pi t at ecouitteecuaent fivwothetzbpwn rhyidve genesushd hddrogas sulfide Hikssolved in the
equi val ent s_,per, total ui val ent of and .As. gn.a 85% crude —y
hosphor o HEFErReside FHE ValeF R g hichRE i HrBaineh el opray nien
cont ai ni ng ungy plaisphoricsdd hbhire sUHER Gesnvasratigedf 820t%t about 64C for
2 hours. [0055] (2) Second step After the aging, the crude
phosphoric acid was passed through a leaf filter (ultrafilter press)
under presy gnto remove the insoluble sulfides thereby to give clear
25 phosphori c Jcid. The tenperature of the phosphoric acid while
bei ng filt dfwathajas of p8mMa0e56] (3) Third step The resulting clear

h hor i id - 10. 60 - ' :
Packed w th a pacieropraticcRifh SR bERxpilbs Bk R ALavE BRI were
from the 17nalyzed fon Striand ghiospittents enddomisudfide airr condent in agsordameghith the
I nto SUff'Q%ﬁ&&ﬁ%?&&ﬁ9s ! hérsﬁﬁyghﬁ@sé&&%EBWLhﬁ%@h??%@ﬁ%at9 remove
t he excess 'hydrogen sulfide dissorved in the phosphoric acid. Pure

wat er was added to the treated phosphoric acid to obtain high purity
phosp?gric[ggaﬂ havi ng an H3P04 concentration of 85 wt% 5 [0057]

[1] Analysis of Sb

(@) A sample weighing 50.0 g was put into a 200 ml beaker. Water was added to
make about 100 ml. A few boiling stones were added to prevent bumping. The
beaker was covered with a watch glass, and the sample was boiled on an electric heater

15 to be concentrated to about 50 ml.

(b) Preparation of sample solution for ICP (JY 238)
After cooling, the liquid was transferred to a 100 ml measuring flask. Into the
flask was put 10 ml of arsenic-free hydrochloric acid (35 to 37%), and water was added
to fill up to the mark on the measuring flask. The flask was shaken. Separately, 10
20 ml of arsenic-free hydrochloric acid (35 to 37%)was put into each of two 100 ml
measuring flasks for the preparation of a blank solution and a standard Sb solution (Sb:

0.2 ppm)

(c) The Sb content of the sample solution was measured with an ICP spectrometer
by vaporizing the sample by reduction. The measuring wavelength was 231.147 nm,

25 and the standard solution (Sb: 0.2 ppm) was used.

(d) The Sb content was calculated from equation:

Sb content (ppb) = reading (ppb) x 100/sample weight (g)



Eval uati on of performance: The phosphoric acids obtained i n Exanpl es
and Conparative Exanple were analyzed for Sb and As contents and for
sulfide ion content in accordance with the follow ng nethods. The
results obtained are shown in Table 1 below. 10 [0058] [I] Analysis
of Sb (a) A sanple weighing 50.0 g was Put into a 200 m beaker.

Water was added to nmake about 100 ml. A few boiling stones were
added to p v5§ﬁ1t bunmpi ng. The beaker was covered with a watch gl ass,
and the sair@ was boiled on an electric heater 15 to be
concentrated to Eheﬂﬂio&@ngﬂs.the(:tperd?roaqm@tih@rfomheSGM‘EDsgétuhi on for

I CP (JY 238) Aft ing, t Uld str rredto 00 i
rmsuri ng {1 ask. TPRtGT RETPIEEE WAL TIPS 10T i BH A Ceblt pees e for
hydr ochl or sab#ieattbn( 35 to 37%, and vvater was added to fill up to the

mark on the neasuring flask. The flask was shaken. Separately, 10 20
m of arsenic-free hydrochloric acid (35 to 37% was put into each of

two 1Q0 m for the preparation of a blank sol ution
and a%stané}:\fﬁgélé{l ?ﬁ#@?&‘? 0.2 ppm (c) The Sb content of the

sanpl e sol (®&)i on Hé?é (arsesiorfed, \Eﬁt}?‘Va)nwamdégbm reagie todrthe [hanka panfien, n@e

h I
R R e e
was cal cul él‘e)eld/o NaBM4eqhuaDn onNaBH4 eantately “(qlgitm)g H) gendi2hg of PO were put
100/ sanpl e.e ]1 19 '1?(26 f %%@J%G{ 895%%ed£$ﬁagﬁﬁlé:§%%%0' ml 51}\9at91p er 'sgﬂtlan was

procedur e stem sSpectronet er was

at | edst odéutmbwthbﬂed?t@‘rtemﬁée lﬂ@@mlst abilization. 5 1) Preparation of
sol utions R [ Rogeniyeq br 35-37% was added to each of the

bl ank sol u@or%hggsﬁ Ogt an ar soI ution, and the sanple solution in an
amount of 1 nol (10 m HC /100 ml).

2) ICP-HYD operating conditions
Power: 1.0kW or 1.2 kW
Plasma gas flow rate: 12-14 I/min
15 Nebulizer flow rate: 0.6 1/min (the pressure approximated zero.)
Sheath gas flow rate: 0.4 1/min
After the plasma was stabilized, the tube was put into the rinse solution and the
NaBH,4 solution.

3) Measurement
20 (a) A configuration file for Sb analysis HYD method was set up.
(b) The blank solution and the standard solution were analyzed in that order to

prepare a calibration curve. The sample solution was then analyzed.

[0060]
[1I] Analysis of As

25 Antimony analysis was carried out in the same manner as for Sb, except for
preparing a 0.1 ppm As solution as a standard solution and a measurement wavelength

of the ICP spectrometer was set at 193.696 nm.



(b) 1 %NaBH4 sol ution: NaBH4 accurately weighing 10 g and 20 g of
NaOH were put in a 1000 m beaker and di ssol ved by addi ng about 500
m of water. The solution was 10 diluted with water to make 1000 m .
(c) Rinse solution: HC12 nol 2) |ICP-HYD operating conditions Power:
1.0 kWor 1.2 kWPl asma gas flow rate: #2-141/nmin 15 Nebulizer flow
rate: 0.6 1/mn (the pressure approxi mated zero.) Sheath gas flow
rate: 0.41/m.n - After the plasma was stabilized, the tube was put into
the rinse s[gp@t]i on and the NaBH4 solution. 3) Measurenent 20 (a) A
conf i gur at i[dih] Andlesié of sufliidesinal ysi s HYD net hod was set up. (b) The

bl ank sol ution a t he.standard sol ytion re.an zed in that ord

Do ennrd1R” arth! A AR P 4 LB uIE" ST HeYRE b Y RelBROec AFfice
anal yzed. [#206@}ing [bottle Anallysidsteofor Asb@3. Afthe rietegtcanaby 2 & wvasposed of a
carried out_ rrg ann

AR THENE ¥ i TR W M T N
of the |CP ssplledimatet gortivas Skhte détedt&S nGB62 nim ofed af] BB 1¢nds| theteof. The
A0l YS1 5 Sl e TR £ AR LT el 125, V50, The
tube 2. The det eci samplubeighing | @bgpas etighed antoShshettle 1di dovehesample were
Phe. smal | - doareRL Rt obh BREF inpRes i BirdPREasE by P Bia BT BT e
thereof. The 500esetids hydivehlBric acigranduatiag atemoOmblee 1 li%erjrind 4 glfGindy
05, AR B0 0% Bt WAETRARTE R BRGLb e -
(prepared packidssoh Wadgc@atg sdicatdehwhs bdnnebed imdediately to the bottle 1 by means
of a rubber stopper 3. The “lead acetate silica gel” is a substance obtained by
dissolving 5 g of lead acetate in 500 ml of methyl alcohol, adding 500 g of white silica
15 gel (500-297 um), mixing well, leaving the mixture to stand for about 10 minutes,
spreading the mixfure thin on a stainless steel vat, and drying the spread layer
spontaneously. The upper and the lower ends of the small-diameter portion of the
detector tube 2 were plugged with absorbent cotton 4, and the space therebetween was
packed with the lead acetate silica gel. The lower end of the large-diameter portion of
20 the detector tube 2 was also plugged with absorbent cotton 4 for stopping mist of the
sample in the bottle 1 from rising through the detector tube 2.

(2) The hydrogen sulfide gas rose in the detector tube 2 to cause the white lead
acetate in the detector tube 2 to change to brown lead sulfide. As a result, the color of
the contents of the detector tube 2 changed upward gradually from white to brown.
25 After the bottle 1 was allowed to stand in a water bath at 35° to 40°C for about 1 hour,
the detector tube 2 was removed. The detector tube 2 was tapped a few times against a
table with its lower end down, and the volume of the packing having turned to brown

(hereinafter, “discolored volume™) was read in 0.01 ml.

(3) Separately from the operations (1) and (2) above, a calibration curve of the
30 brown-discolored volume vs. amount of hydrogen sulfide (mg) was created. To create
the calibration curve, a standard hydrogen sulfide solution for comparison was prepared

as follows. In a 6 w/v% sodium hydroxide solution was dissolved 7 g of sodium



10 in 500 g of 36% hydrochloric acid and addi ng water to nake 1
liter) and 4 g of sandy zinc, whereby hydrogen sul fide gas generated
in the bottle 1. The detector tube 2 packed with |ead acetate silica
gel was connected imrediately to the bottle 1 by neans of a rubber
stopper 3. The "lead acetate silica gel?0 is a substance obtained by
dissolving 5 g of lead acetate in 500 nm of methyl alcohol addi ng
500 g of SI|IC xi ng wel | V|ng
mixtore t oMfddn sftendrseictet i makedne g Foitaps sk acRibe Th Rogh
ahst ai nl essol(ﬁ;ﬁcﬁﬁbvalb'ahbjeﬁﬂdi dt@irlyddm@ttyha 6¢1&@gde ltleey eiter. Sﬂ%ﬁrﬁ«ﬁlﬁ@ﬂﬁﬂ;\@/ stock
The upper the | ower ends o amet er. portion t he
dotector t IO Seep @Y feRomint CLBR AR Blc B2 eieRanifeton
t her ebet wethe tvas Waek echswidded tdehd patdioﬁctetrﬁﬂ&: Sid h&a@, ghich Wieudedwara

end of the | arge-dj anet ortion e .detector tube

ol goed w EACAESPHERE (B eBERuIRRor 1oF Sy e ofor et patifed
t he bott| e0.01 tgmi HiSSpen gnitlihitaaugh the det ector tube 2. (2) The
hydrogen sul fide gas rose in the detector tube 2 to cause the white

| ead acetate in the detector tube 2 to change to brown | ead sulfide.
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cal i brati oy, GYLY Qo 81 St eftﬂﬁfag;dh%’ﬂfﬁget;‘f ét'aﬁl(far anoﬁocr mparisor
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conpari son was prepared _ I um
sol ution \Aeélbmﬂ@gcﬁuv&@obfﬁhgbmfwrs@mqlwnedwolum of thie detaeidr mdme@rva/vet@ @dd@d

to ngke Onﬁn%c&?ﬁ/d PLERAL €4 8‘95 solution. The stock solution

was subjected to“1o onetry to ermne the titer. A portion of the
stock solution accurately correspondlng to 10 ng hydrogen sul fide
was wei ghed out based on the titer. Water was added to the portion
to make on@)Cal@latiofhi ch was used as a 5 standard sol ution for

C?”ﬂgrs' son. Tlhf ’lﬁﬁe?ﬁﬁ@tfr@ (2.9} &t hydito deBl'su FRIFRA! cHRin &IOS tRESkowR-Hcol d?6d
0 er m 111
P volume of the detector tube 2 read out in (2) and the calibration curve. The amount

(ppb) of the sulfide ions was calculated to two significant figures according to equation:

20 [0062]
Sulfide ion concentration (ppb) = (A x 1000 x 32.07/34.07 x 1000)amount (g) of

sample

where A is the amount (mg) of hydrogen sulfide corresponding to the discolored

volume of the detector tube.



(4) The thus prepared standard sol uti on was put
sul fide:
0.01 ng) or 5.0 mM (hydrogen
thereto to make about 50 ni.

anmount of O

m (hydrogen

sul fide:

0 ng),

0.05 ng),

in the bottle 1 in an

1.0 m (hydrogen sulfide:

and water was added
Into the bottle 1 10 were placed 50 m

of the tin (11) chloride solution and 42§ of sandy zinc to generate

hydr ogen sul fi de gas.
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Des @pwyr e of 3¢

Sulfide Ton (ppb) 20 150 40 190 380

As (ppb) 2 or less 2 or less 2 or less 2 or less 2 or less

[0064]

As 1s apparent from the results in Table 1, the high purity phosphoric acids
obtained in Examples (the products of the invention) have an extremely low Sb content,
As content and sulfide ion content. In contrast the phosphoric acid of Comparative
Example contains considerable amounts of Sb and As and has a high sulfide ion

content.

10 Industrial Applicability
[0065]

As hereinabove described, the high purity phosphoric acid according to the
present invention has extremely low contents of antimony, an impurity metal that has
hitherto been regarded difficult to remove, and sulfide ions. The high purity
15 phosphoric acid of the invention is useful as an etching solution for semiconductor
devices having a silicon nitride film, an etching solution for liquid crystal display panels
having an alumina film, a metallic aluminum etching solution, an alumina etching
solution for ceramics, a raw material of phosphate glass for optical fiber, a food
additive, and so forth. The process according to the present invention allows for easy

20 and economical production of such high purity phosphoric acid.



Stop (C) Sb (ppb) 20 170 40 2 450 Sulfide lon (ppb) 20 150 40 190
380 As (ppb) 2 or less 2 or less 2 or less 2 or less 2 or less
[0064] 5 As is apparent fromthe results in Table 1, the high purity
phosphoric acids obtained in Exanples (the products of the

i nvention) have an extrenely |ow Sb cort?ent, As content and sul fide
ion content. In contrast the phosphoric acid of Conparative Exanple
cont ai ns Cgiﬁﬂﬂﬁiable anmounts of Sb and As and has a high sulfide ion
content. trial Applicability [0065] As herei nabove

descri bed, the high purity phosphoric acid according to the present
invention has extrenely | ow contents of antinony, an inpurity netal

t hat has i t her Hghbpeny mhgsphded adidf having tn tSb combant @f 290(1)pbuirf1iesteand a
ions. The 5, cid o he i.nyentio

as an etchgggagaﬂtféﬁﬁﬁfggﬂgiﬁ?con U f%ﬂnmﬁg@zSmﬁmﬁ%QPﬁbgg‘??qﬁ&gﬁ“mt
nitride fi HafOahasd, chtangedsigt atfirsinstémppf blogungl hgdxyogeralsulﬂds Ehayn pareed Bito

having an BAILARehb e LR & SLURIHILELE B0 AR h 8@ Reral i

gl ass for thgtfmmlof fisbHrde, a séwwod steadﬂlfﬂiemeg tleenphos phdrar dcid ermethprﬁnsIes@

accordi ng ti o
product i onLl? Eh g%ﬁé'tﬁgs Sﬂﬁnﬂ%ﬁ?ﬁ@ o o Ogrg:ggl aC|IH%%¥eC°?£§\tFR/%It§ cSﬂ%?
purity pho&phoawmn@ﬂﬂdﬂhHVDmgn@ﬂﬂﬁﬁnﬁmnmeﬁﬁcqhsﬁﬁﬁlmp@hOHmstamdnduha
sulfide io r

wei ght per @Jﬁ%tﬁ@%ﬁ%@&%&?%@ ﬁrLt 315 tﬁessecn}i?#'é % E{héaof?rtsﬁ Q'E)e] segondaan%ﬁhe
hydr dgen sm@ﬁgskmgkmmgﬂMHMEGSQIQ&unMBCbHddeaphosphor|c acid
containing an inpurity netal to precipitate the inpurity netal in

the formof a sulfide, a second step of filtering the phosphoric acid
fromthe fhrst Sfgppigh I%HUS ithrit §8d Oc{cc&‘air%g{dqgiaﬁrﬁel p@fﬁé‘@iﬁofﬂe crude
acid fromthe second st ontac in a renoval tower

to renove PR bfgw%lsfdrwrwés phaspiariseacishekipiied by basiiag yellew phosphorus
to generate diphosphorus pentoxide gas and hydrating the gas.

3. The high purity phosphoric acid according to any one of claims 1 to 2, which is
15 for use in etching of an electronic device.
4. A process of producing high purity phosphoric acid comprising a first step of

blowing hydrogen sulfide gas in excess into crude phosphoric acid containing an
impurity metal to precipitate the impurity metal in the form of a sulfide, a second step of
filtering the phosphoric acid from the first step, and a third step of bringing the

20 phosphoric acid from the second step into contact with air in a removal tower to remove
hydrogen sulfide gas from the phosphoric acid, and a further step of aging between the
first and the second steps, the first, the second and the aging steps being carried out at
20 to 40°C or lower.

5. The process of producing high purity phosphoric acid according to claim 4,
25 wherein the first step is carried out by bringing the crude phosphoric acid and the
hydrogen sulfide gas into contact with each other in an absorption tower packed with a

packing.



further step of aging between the first and the second steps, the
first, the second and the 10 aging steps being carried out at 20 to
40C or lower. 2. The high purity phosphoric acid according to claim
1, wherein the crude phosphoric acid is dry-process phosphoric acid
obt ai ned by burning yell ow phosphorus &8 generate di phosphorus

pent oxi de gas and hydrating the gas. 3 The high purity phosphoric
acid according to _any one of clains to 2, which is 15 for use in

et ching of @n el ddediefess @@wé@m&hlghpymat@s@plaﬁnc;ﬂcéh@?@pﬁbnwgqﬁanns 4 or

purity phosphegd&nagd ¢hikPSBp ii$ 'cﬂ%e@ dut b5 toritlefiy @F pHobMrRGclY #PFRNnto
sul fide gas in excess into crude phosphoric acid contalnlng an

i mpurity meaEfactiy AIPBeVHiteHerPac W%épﬁ‘fl?ngret al inthe formof a

sul fide, a second step of filtering the phosphoric acid fromthe
first step, and a third step of bringing the 20 phosphoric acid from

the second 7st ep ITHe®resd ap% ouuchﬂg Bigh dufitAphRpBvad adi@Wedordifg (MY 6ne of
hydr ogen sul f.i de, gas froom.t ﬁ hOfIﬁ aC|d and a further step of

agi ng bet weBHIS K 1O 1 dereip Jhe HEudee e Aeid qontaipipg &4 Uit ARG RS
and the agldﬂgpsdoems pb@dpﬂ@n@as[cid eﬂte@ﬂﬁd @Sf bidflinkOyd & QPhobghteds. t&.gelfitte
process of(€$ Ci g ur|t SPSH ric acid according to claim
4, 25 wher lﬁumﬁu P?@ 1% &5 apd hedipfinge@dt by bringi ng the crude
phosphoric acid and the hydrogen sulfide gas into contact with each
other in an absorption tower packed with a packing. 23 6. The
process of producing high purity phosphoric acid according to clains
4 or 5, wherein the third step is carried out by bringing the
phosphoric acid and air into contact in a renoval tower packed with
a packing. 7. The process of producing high purity phosphoric acid
according to any one of 5 clainms 4 to 6, wherein the crude
phosphoric acid containing an inpurity nmetal is dry-process
phosphoric acid obtained by burning yell ow phosphorus to generate
di phosphorus pent oxi de gas and hydrating the gas.





