.1 METHOD FOR PURI FYI NG AQUEQUS ALKALI NE SOLUTI ON
TECHNI CAL FIELD [0001] The present invention rel ates
to a method for purifying an aqueous al kaline
solution. This application clainms priority from
Japanese Patent Application No. 2004-231330 filed on
August 6, 2004, the disclosure of which is
i ncorporated by reference herein. BACKGROUND ART
-[ 0002] u kal t] r
and there g)r ?O?{ @%@b@gﬁn l#dr%&r@gg iAﬁ‘éﬁaﬁéﬁp I%odyl‘g"gldﬂacg\I
etching agents for silicon wafers instead of a
har d-t o- handl e m xed acid which contains hydrofluoric
acid, nitric acid and aceti¢c _acid._ The aqueous
al kal i ne sol utions, howeveYICRBnY¥AFHPtrace anounts of
metal s such as iron, nickel, nolybdenum and/ or
[%%%bbr. Such netals are derived fromraw nmaterials for
t he ' t] n ] d ring. . .
produls ot Ea B Sliién B0l LORELEE  EOL MRAR rol b eying
tal s such.as,iron npckel , nol ybdenum and/ or copper
a%ﬁ%% Fale %}§?++%%n$%b?t Onduring etching, remain
therejn, after. etchin d, t hus cause hange in
el oct TR E| SFPATFATIOR HFOFBS (PELODI Y hEr QR [fapARese Patent
waf er . Accordiggli such_aqueous al kal i ne solutions 2
¢ %ﬁz%h
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inpurities are L - )
- disclosure of which is incorporated by reference herein.

:BACKGROUND ART

[0002]7

Aqueoﬁs alkaline sclutions are easy to handle, and
therefore it:have been increasingly employed as etching
agents for silicon wafers instead of a hard-to-handle mixed
acid which contains hydrofluoric acid, nitric acid and acetic
acid. The aqueous alkaline solutions, however, contain trace
amounts of metéls such as iron, nickel, moiybdenum and/pr
copper. Such metals are derived from raw matefials for the
aqueous alkaline solutions or contaminated during production
processes. These impurities éontaining metals such as iron,
nickel, molybdenum and/or copper penetrate a silicon wafer
during etching, remain therein after etching and thus cause
change in electfical insulating properties of the silicon

wafer. Accordingly, such agueous alkaline solutions




substantially difficult to use as etching agents
practically. [0003] In order to use in etching of
silicon wafers, the content of each of netallic
inpurities which are contained in trace anounts in
t he aqueous al kal i ne sol utions, should be reduced to
200 ppb or less, nore preferably 100 ppb.or | ess.
More specifically, it has been demanded to reduce an

content to 100 r nDre ferab
BhE A iR g ﬁ&ﬁys% 85n EBRE BEEY Thgh 2P égsles
ref rabl i or |ess; and nlckel cont ent
BB Fabin 1oy ASEEI Mo (o teroran iy Popih APt drac tical ly.
5%004] Cbrtaln nmet hods for purifying an aqueous
Kali ne solution have been known to use activat ed
carbon. However, no nethod is known which reduces
net al EPc OFABEr i B§et dns@Erhivgneéntiaicens vaders .hahe
used for the aqueous al kaline sol utions etching of
ceplteadn oWatecs. ofhacsaldic dopurdnies whdclesds lsegtained in
bel ow di scl oses a method for purifying an aqueous
tgadeummbyditexiide thel atiienuby adsieddnen seduitianed should be
carbon. In the nmethod, iron contained in the aqueous
reddicerh thy800xpgb 9@I&Esen s reepreddrabilly L6 ppd ofr 1e55
~activated carbon, thereby to avoid problens in
MpredspbcmﬁlohligdlmM1hhﬁpbebhodemandéhlsodmédmeetan iron
however, nerely discloses that iron contained as
cbnpanttyocanobppbeﬁnveésho aoceenpeptetbb2y310pppbi Br less; a
ternms of Fe203 by allow ng the aqueous sodium
‘molybdenum content to 100 ppb or less, more preferably 10 ppb
or less; and a nickel content to 10 ppb or less, more
preferably 1 ppb or less.
[0004]

Certain methods for purifying an aqueous alkaline
solution have been known to use activated carbon. However,
no method is known which reduces metallic impurities to such
concentrations as to be used for the aqueous alkaline
solutions etching of silicon wafers. The patent document 1
as described below discloses a method for purifying an
agueous sodium hydroxide solution by using an activated
carbon. In the method, iron contained in the aqueous sodium
hydroxide solition is removed with the use of activated
carbon, theréby to avoid problems in production of sodium

hypochlorite. This document, however, merely discloses that

iron contained as impurity can be removed to a content of 2



hydr oxi de solution to pass through a | ayer of granul ar
activated carbon. [0005] Patent docunent 2 described

bel ow relating to a nethod for renoving nicke

di scl oses that the nickel content can be reduced to

the order of about 10 ppb by ?Iloming an aqueous

pot assi um hydroxi de solution to pass through a

filtrating device precoated with activaged car bon

derived from coconut shell. This docunent, however,
PREr &Py tar8E| 8éekeel s huc |afJ11@W1é59arF&ee RIS I“Fth%él

ni ckel content is reduced to about 50 ppb.

hydaprida, sphutisadtacPreat Breugbod ﬂ§Y@Faﬁﬁl§FaHU1ar

acti vated carbon prepared from coconut shell and is
agpivasedbeashenti ne powder. This often invites

clogging of the filtrating device and/or scattering
[6008Ust and thereby requires excessive facilities

such as dustproof devices in practical use. In

addi t Pehenthdcachéenat 2ddeachbhedsbetloff rebbtitg to a method

reactivate, which obstructs reuse of the resources.

fbur thabumhg, niekbni queslvbhesethaanthet hvakell canbenti san be

used to renove copper have not been known yet. [0006]
rdbacpat est tHecummet 3rdapettbed ppbowydastbesag an aqueous

anot her nethod for purifying an aqueous sodi um
pbydsexiflengakbkigr BY¥1uteBRVEHIpABEakthk6ubAPHr ELl€Sating
“therefrom “in which the aqueous 4 sodi um hydroxi de

d&0Lbki PReb8abllli ieH BY¥teb8ebROLYShSnWHERided from coconut
shell. This document, however, ﬁerely discloses a specific
ekample in which the nickel content is reduced to about 50
ppb. In addition, the used activated carbon is granular
activated carbon prepared froﬁ coconut shell and is apt to
become fine powder. This often invites clogging of the
fiitrating device and/or scattering of dust and thereby
requires exceésive faqilities such as dustproof devices in
practical use. In addition, the activated carbon is
‘difficult to reactivate, which obstructs reuse of the
‘reSOurces.

Furthermore, techniques wherein an activated carbon is
used to remove copper have not been knoﬁn yvet.
[0006]

The patent document 3 described below discloses another'
method for purifying an aqueous sodium hydroxide solution by

removing metallic impurities therefrom, in which the aqueous



cati on- exchange nenbrane. This docunent nentions that

this nethod can reduce the concentration of netallic

inmpurities in the aqueous sodi um hydroxi de sol ution

to 10 ppb or less. This nethod, however, is lowin

efficiency, since netallic ippurities are renoved

whil e increasing the concentration of the aqueous

sodi um hydr oxi de sol ution by further electrolyzing an

gueous sodi um hydr oxi de sol uti gn, once iep r q X

| SgfaBRry BYgEPEige §8aPEﬁPehP8rPHélfﬁeéo?y = F&ﬁFO ysis with a
docunent 1: Japanese Patent Application, Firs

CPEbPRCAEFBATNES. mswers;zeszs@sma@%%m%%uﬁ%‘ﬁl%ns that this
Japanese Pat ent Ellcatlon, First Publication No. _

meppod203828cRurenthgocaneantzatigpanéseepatépc impurities in
Application, First Publication No. 2002-317285

thESCHOSURE 6PdiNVENTHONX1PeobPéntipd be 461 vebl My dRes.
I nvention [0008] Under these circunstances, the ‘

Thieseathbdyehtwenehasisbéew aocefiplicdéhedy,andnagr metallic
obj ect of the present invention ip to provide a

imptbhodiéer araduemoirall yhpilediaocngaaihgghhpucbhygentration of
aqueous al kal i ne solution which is reduced in content

thé ageekaliki sotifmur hvdesxtidesgehukeval byasutrohbe
satisfactorily 5 wused as an etching agent for silicon

eVBters1Pyihfeatsaqbods kbhiamshgarbyatedseanhedn once
Anot her object of the present
prepared by electrolysis of sodium chloride.
[0007]

Patent document 1: Japanese Patent Application, First
Publication No. Sho 52-52898

Patent document 2: Japanese Patent Application, First
Publication No. 2000-203828

Patent document 3: Japanese Patent Application, First

Publication No. 2002—317285

DISCLOSURE OF INVENTION
Problems to be solved;by the Invention

[0008]

Uﬁder these circumstances, the present invention has
been accompliéhed, and an object of the present invention is
to provide a method for industrially producing a high-purity
aqueous alkaline solution which is reduced in cantent of

metallic impurities to such levels as to be satisfactorily



invention is to provide an etching agent for silicon

waf ers. Yet another object of the present invention

is to provide use of a fibrous activated carbon for
efficiently renmoving netallic inpurities froman

aqueous al kal i ne sol ution, ang a device for purifying

an aqueous al kaline solution dsing a fibrous

activated carbon. Means for Solving the Probl em

[ 0009] After intensive investigations, the present
upfdeatorn RAShisgnagERat farf SBLogeNaFRIieaSe®YCahBONSESs Of a
capable of highly renoving netallic inpurities such
fabrouskectivated capbpbdenimo tinelr coppest cont thaeprénent
trace anmounts in an aqueous al kaline solution. He
iaksothas fisund phatitlkeanf ebrbidsgaetenat édrcanbdoonamafers.
have further increased capability of renoving
Yeet ahbithernpbretites fbyhkr phgeagtt havehithbaus saebi pavedde use
carbon into contact with an acid or a mxture of two

o@raﬂﬁibroaeld&t&&h&éﬂedaibaﬁ1EMﬁréfthﬁbﬁtdylQemov1ng
nitric acid, sulfuric acid and phosphoric acid. The

mpkasent impuentien BasmbeanagcBbe¥edi1Rasede0BolN@S6n, and a
findings. [0010] The present invention provides, in a

abis st @é@eghr1@}1ngaaﬂeaaeeoﬁeramuanaxbngoﬁﬁtaaﬁeaging a
al kaline solution as follows. 6 (1) A nethod for

- fRHEbhYi BEt3PaREHeRdspBhkal i ne 50|Ut'0n conpri si ng:
Means for Sclving the Problem
10009}

After intensive investigations, the present inventor
has found that a fibrous acfivated carbon is capable of
highly removing metallic impurities such as nickel, iron,
molybdenum and Copper contained in trace amounts in an
Iaqueous alkaline solution. He also has found that the
fibrous activated carbon can have furthér increased
capability of removing metallic impurities by bringing the
fibrous activated carbon into contact with an acid or a
mixture of two or more ‘acids selected from hydrochloric acid,
nitric acid, sulfuric ;cid and phosphoric acid. The presentA
invention has been achieved based on these findings.

[0010]

The present invention provides, in a first aspect, (1)

a method for purifying an aqueous alkaline solution as

follows.



bringing a fibrous activated carbon into contact with
an aqueous al kaline solution to renove a netal _
conmponent other than alkali netals and al kaline earth
nmetals fromthe aqueous al kaline solution. The
foll owm ng enbodi nents (2) to é12) are preferred in
the present invention. (2) The nmethod for purifying an
aqueous al kaline solution according to claimn,
~wherein the agqueous al kaline, solution is an

\ eous .
ol kal {he BoTSERSH GRT CRUEbRGINGean ap TUPRHSt abhaline solution,

hydr oxi de of at |east one netal selected fromthe

COrotpS EBHSi sting of alkali netals and al kaline earth
metals, and further conprises the at |east one netal |
conpopehkgbitier filpbpual karivakedl Sanpen alkePi Aenkafthwith
netals. (3) The nethod for purifying an aqueous

an| kanépes abkation seterdbngteorényvera (metahheppanent
the fibrous activated carbon has an average aspect

otla¢r otioén 181 bal honetald)afithea hké hode f earplurnéyahg fnom the
aqueous al kaline solution according to any one of (1)

atroed33 , a bl tha $dkutfiobrous activated carbon has a
specific surface area of 1000 nR/g or nore and a pore
vol unehef £ 01 Usw g gemisodiment§ 00A1] t§ 5]1 Thearetphodf éored in
purifying an aqueous al kaline solution according to

thayppagent {dyehvidd), further 7 conprising: :
activating a fibrous activated carbon with an acid or
‘a m X{y eripd hdeh®d FF p@el Bpine! £etagudsom dhealine
solution accordinglto claimi, wherein the agueous alkaline
solutibn is an agueous alkaline solution which comprises at
least one hyﬁrdxide of at least one metal selected from the
: grbﬂp consisting of alkali metals and alkaline earth metals,
and further comprises the at least one metal component .other
than alkali metals and alkaline earth metals.

{3} The method.for‘purifying.dn agueous alkaline
solution according to (1) or (2), wherein the fibrous
activated carbon_has an average aspect ratio of 10. or more.

{4) The method for purifying an aqueous alkaline
solution according to any one of (1) to-(3),.wherein the
fibrous activated carbon has a specific surface area of 1000
ﬁzfg-or more and a pore volume of 0.45 ml/g or more. |
[0011]

(5) The method for purifying an agueocus alkaline

solution according to any one of (1) to (4), further



group consisting of hydrochloric acid, sulfuric acid,
nitric acid, and phosphoric acid before bringing the
fibrous activated carbon into contact with the

aqueous al kaline solution. (6) The nethod for

purifying an aqueous al kaline_ solution according to

any one of (1) to (5), wherei d the at |east one netal
conmponent other than alkali metals and alkaline earth
metal s contained in the agueous al kaline solution
CEHRCAFABTAt 2FEaTEtERE AefabrovreactédvRitem CA&bgRoupth an
consisting of iron, nickel, nolybdenum and copper. (7)
athd att BollikoRrpuptf fWagoanmagaecagddsl kRallensedsbiram she
according to any one of (1) to (6), wherein the
gaqueogenalikalingeofohytironhiisran agadousudddiram acid, nitric
‘hydr oxi de solution or an aqueous potassi um hydroxi de
as®byt eod. phpePhAki¢8acTHebatbhedbiangpuyi tiiendiamous
aqueous al kaline solution according to any one of (1)
at@i¢dredwberebh anteoncenhcdt w@Bhotheekghebudr axkdeine
conprised in the agqueous al kaline solution before
sbLumgbAg i nto contact with the fibrous activated

carbon is 10 to 55% by weight. (9) The method for
purifysngres aguredsrabkphi-neyisgl Hhi 8quas6er diRg1tfe

any one of (1) to (8), conprising: continuously _
sB2ageiBe hBeo2ayRgUEoakkal bRe 88! yih oRot hEPUIRNEL8in the at
colum containing the fibrous activated carbon thereby
1&§§ﬁb§ﬁggm5931fbeﬁﬁaﬁeﬁﬁtbxﬁéfdtﬁeﬁbgmkamiomgeaiecgnd_

alkaline earth metals contained in the aqueous alkaline
solution contains at least one metal selected from the group
consisting of iron, nickel, molybkdenum and copper.

(7) The method for purifying an agqueous alkaline
solution according to.any one of (1) toA(6), wherein the.
aqueoué alkaline solution is an aqueous sodium hydroxide
solution or an-aqueous potassium hydroxide selution.
[0012j |

(8) The method for purifying an aqueous alkaline
sglution according to any one of (1) to (7), wherein a
concentration of metallhydroxide comprised in the équeous
alkaline solution before bringing into contact with the
fibrous activated carbon is 10 to 55% by weight.

(9} The method for purifying an aguecus alkaline
sGlution according to any one of (1) to (8), comprising:

continuously passing the agueous alkaline solution through a



aqueous al kaline solution. [0013] (10) The nethod for
purifying an aqueous al kaline solution according to
(9), wherein the colum containing the fibrous
activated carbon includes at | east one fibrous
activated carbon |layer and at_,l east one vacant |ayer
free fromthe fibrous activ ?ed carbon, and wherein
‘the at | east one vacant |layer is arranged upstream
from downstreamfro and/ or inside the at |east one
C?l%‘f"éu@%‘é@Wh‘t’l‘édt]&%n]éb‘ﬂr‘l"é?/e‘?‘Ct’(‘ﬂ*}eqfh%aﬁ]%‘P%oE ?s?by to
puri fying an aqueous al kaline solution according t
broggokhe 16ibronererhivabedr caphen EotanaentRfEhwith the
contain the fibrous activated carbon and are
agoanest atkabieachobuhéenare used. (12) The nethod for
‘purifying an aqueous al kaline solution according to
[(0@Q)3br (2), further conprising: washing the fi-brous
‘activated carbon, which is a spent fibrous activated
car bonl@sethé anedhgdr f61 caint bfiy Dig tdme a@ueewsisalkaline
al kaline solution, with pure water; bringing the
sabshedn f abeobdingt tvaied, canbpeinnthe cohtmact cohthiaing the
acid or a mxture of two or nore acids selected from
FiPLoGE OXPL COASES EAGhoh DdT @bk 0st Clasgst, ondi fibgous
acid, sulfuric acid, and phosphoric acid for

aéﬁi#&@éaOﬁaiﬁoﬂbléy@raaﬁ@caﬁ|Egaétbéﬂésvﬁﬁéhtalgﬁer free
carbon; and 9 wusing the fibrous activated carbon

£ P éoflﬂﬁébé'géiiQQt@a ARrBeNeolsdakkKaléNg the at least
sol uti on.

one vacant layer is arranged upstream from, downstream from,
and/or inside thé at least one fibrous activated carbon layer.

(11) The method for purifying an équeous alkaliﬁe
solution according to (9) or (10), wherein two or more
columns which contain the fibrous activated carbon and are
connected to each other are used.

(12) The method for purifying an agqueous alkaline

solution according to (1} or (2), furthef comprising:

washing.the fibrous activated carbon, Whi@h is a spent
fibrous abtivated carbon used for a purification of the
aqueous alkaline solution, with pure water;

bringing the washed fibrous activated carbon into
‘contact with an acid ér a mixture of two or more acids
selected from the group consisting of hydrochloric acid,
nitric acid, suquric acid, and phosphoric acid for

activation to obtain a recycled fibrous activated carbon; and



A set of tree processes of (12) can be repeated one or
nore tines. The present invention also provides the
following etching agent according to (13). (13) An
etching agent for silicon wafers, containing an
aqueous al kal i ne solution purified by the nmethod
according. to any one of (1)9to (12). [0014) The
present invention further provides, in a second
aspect, (14) use of a fibrous activated carbon. (14)
Use ofisang@ri bheusiheeobgaretiivacbdncavbobr agingfene
fibrous activated carbon into contact with an aqueous
pakkdlicasisol otfi en tgqueemsyveliefldheceppoténns ot her
than alkali nmetals and al kaline earth nmetals fromthe
aqueods sedl kbdl tmeesplrockesnesThée dgdéouasnabkalrepeated one or
sol ution may be an aqueous al kaline solution
moeat &iimeBg a hydroxi de of at |east one netal selected
fromthe group consisting of alkali netals and

al kal rRe paekbnietakendndnf H1kBepreontiakNtAg a@blleashg
--one netal conponent other than alkali netals and

e@bhqbgnggggmt@ccggaghg.t$hqlg§esent i nvention al so
provides, in a third aspect, (15) a device for

RUGale29, 80 Saunels abkak ne:SOLULERY, HccbelOtentdBhing o
agqueous alkaline solution purified by the method according to
.any ocne of (1) to (12).

(0014} 7

The present invention further provides, in a second
aspect, (14) use of a fibrous activated carbon,

(14) Use of a fibrous activated carbon for bringing the
fibrous activated carbon inﬁo contact with an aqueous
. alkaline solution to remove metal components other than
alkali metals and alkaline earth metalé from the aquéous
alkaline solution.

The aqueous alkaline solution may be an aqueous
alkaline solution con&aining a hydroxi&e of at least one
metal selected from the group consisting of alkali‘metals and
alkaline earth metals and further containing ét least one
metal component other than alkali metalé and alkaline earth
metals. | | |

The present invention also provides, in a third aspect,

(15) a device for purifying an aqueous alkaline solution



solution, conprising a vessel containing a fibrous
activated carbon, wherein the vessel has an inlet for
i ntroduci ng an .aqueous al kaline solution into the
vessel , the aqueous al kaline solution containing at
| east one hydroxide of at |east one netal selected
fromthe group consisting of d%ali netals and
al kaline earth nmetals and further containing a netal
conmponent other than alkali netals and al kaline earth
hehet s, and al so has an outlet for discharging the
aqueous al kal i ne sol ution, from which the netal
conpon@rft) ¢t gvidmnfonlkatifykttal an aaguadkal ahkakaneh
nmetal s has been renoved, out of the vessel. Effect of
schieti iventdampr J901%] a Thes pebseot taimengi anfibrous activated
efficiently renoves a netal conponent or neta
corponemissraiuchtlas veckel ,has oan inbéybfenuimandducing an
copper, other than alkali nmetals and al kaline earth
. atptead s Gkl itesl ddl Bl aguEots Bh&alésees0l the oagasdus
can industrially produce a high-purity aqueous
aAlkealine sl tfdiontddedintnguit abbes8SoRd BY@REROde of at
agent for silicon wafers. BRI EF DESCRI PTI ON OF THE

1R NES o BL6]s i dotdd | Brdin SERENGES Gp CEO8ST SEERE 08l a1kali
view of a columm 11 containing a fibrous activated

reANAN R 19 1 iheNea LD QRlk-NB1Y éﬁdtfﬁifﬁgff&8ﬁ£é9ﬂing a

nmet hod .of the present

metal component other than alkali metals and alkaline earth
metals, and also has an outlet for discharging the agueous
alkaline solution, from which the metal component other than
alkali metals and alkaline earth metals has béen removed, out
of the vessel.

Effect of the Invention

[0015]

The present invention efficiently removes a metal
component or metal componentsf such as nickel, iron,
molybdenum and copper, other than alkéli metals and alkaline
earth metals contained in an aqueous alkaline solution and
can industrially produce a high-purity aqueous alkaline
solution that is suitable as an etching agent for silicon
wafers.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a schematic cross-sectional view of a column



invention. Fig. 2 is a schematic plan view of a device
conprising a plurality of columms connected in series
at sone intervals for use in another aspect of the
purification nmethod of the present invention. Fig. 3
is a schematic plan view of g.device conprising a
plurality of columms continuously connected in series
for use in yet another aspect of the purification

nmet hod, of the, present invention. Fig. 4 is a,

CeRRRMRLTE @r Sé,Qr%EEt ?6EéYa’v'?@mF?F}P‘a§t FaFinge 4o c%’P um

containing a fibrous activated carbon and havi ng
epedipertept the. Psritglaa*ééwénlﬁ?ﬂamér%&st}é%cw%ﬁ%ﬂlt
_view of a device for use in an enbodinent of the
ipvwentienti on nethod of the present invention, in

which purification is carried out by wusing a o

pl uraFigy ofigokusmikematangetan nviewies 4 ndevytareemprising

gl ass tube with a jacket while circulating warm wat er
aipluhelitpckft coBume$ Bescecpédoinofethes Refesemeeintervals

Synbols [0017] 1: activated carbon |layer - 2: vacant
fobayese3innesbthelt espdlt 4f théupurbfi¢acket . method of the
present invention.

Fig. 3 is a schematic plan view of a device comprising
a plurality of columns continuously connected in series for
use in yet another aspect of the purification method of the
present invention,

Fig. 4 is a schematic cross-sectional view illustrating
‘a column containing a fibrous activated carbon and having a
mesh filter.

Fig. 5 is a sChematic cross—sectional view of a device
for use in an embodiment of the purification method of the
present invention, in which purificatidn is carried out by
using a plurality of columns arranged in series in a quartz
glass tube with a jacket while circulating warm water in the
jacket.

Brief Description of the Reference Symbols
[0017]
1: activated carbon layer

2: vacant layer

3: mesh filter



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [0018] The
present invention relates to a technique for

produci ng an aqueous al kal i ne sol ution suitable for
etching of silicon wafers. This is achieved by

removing netallic inpurities;4ypified by nickel,

i ron, nol ybdenum and copper %ron1an aqueous sol ution

such as an aqueous al kal i ne sol ution containing one

or nore ne&al hydr oxi des sel ected fromal kali netal
hydr oXi dES14® al kal i ne earth netal hydroxides. The
present invention also relates to an etching agent for
silicadn HBF2P§; conpri sing the aqueous al kal i ne

solution. [0019] Aqueous al kaline solutions to be
purified according to the present invention generally
contain several parts per mllion (ppm) to severa

part-s per BEST iMyPR ARWEENG OWD Myt T EENTEMN as

iron, nickel, chrom-um copper and/or - manganese. '

[#Aé8¢ metal conponents are derived from production
processes and/or raw materials for alkali metal

hydr oXhdepresentkahivastéant heietak hydroxedbsiqglie fse

the aqueous al kaline solutions as an etchi ng agent

. produsiihpcen awakens, aftkedénmetallutdpposentabdehéort banhing
al kali netals and alkaline earth netals should be '

ofempiedoaswatiebsas Tiossi bé eacHABev&AarhHy coemsving Mded11lic
conponents such as iron, nickel nolybdenum and copper
impyratiashtyypidtddpppehiakelsi LreQn mvaiBasnukh and copper
contained in the agueous al kaline solutions and

from an aqueous solution such as an aqueous alkaline solution

containing.one or more metal hydroxides selected froﬁ alkali
metal hydroxides and alkaliﬁe earth metal hydroxides. The
present invention aiso relates to an étching_agent for |
silicon waférs, comprising the aqueous alkalinersolution.
t0019]‘

| - Agueous alkaline solutions to be purified'accérding to
the preseht invention generally contain several parts per
million (ppm) to several parts per billioh.(ppb) of metal
éomponents such as iron, nickel, chromium, coppér and/or
manganese. These metal components are deri&ed from
production processes and/or raw materials for alkali metal
hydroxides or alkaline earth metal hydroxides. To use the
aqueous alkaline solutions as an etching agent for siiicon
wafers, these metal components cher thén alkali metals and

alkaline earth metals should be removed as much as possible.



nmust be renoved therefrom [0020] To use as an etching

agent for silicon wafers, the aqueous al kaline

sol ution which can be purified according to the

present invention conprising a hydroxide or hydroxides

of at |east one netal selectgp fromal kali netals and
‘alkaline earth netals is pré&erably an aqueous sodi um

hydr oxi de sol ution or an aqueous potassi um hydroxi de
_solution. Nanmely,  the hydroxide js preferably sodi um
PAYHL-6RTAEL Yy B@%é%sFaﬁpoﬁﬁaFéx?HEP Rir thePmoPeckad

long as there is no adverse effect, another aqueous
malKafAPRBMsandt FORBSSUBAYad tEAB8etoudPrAgPgReTRARMe silicon

(tetramet hyl amoni um hydroxi de) can al so be purified
W@ﬁefﬁeiﬁeﬂﬁ@ﬁaéﬂeﬂhénptggeﬁﬂUEﬁVén@ﬂBﬁliAefB@ﬂ@@éons and

activated carbon nust be used for renoving trace
magbubhesrefmowetakthecefmpuriti es from t hese aqueous

al kal i ne solutions. The fibrous activated carbon for
[0820in the present invention can be freely selected

according to necessity, as long as there i's no

adverBe eféest. abxatphesgoigehe fobrefiticant wadted, the

carbon are one prepared by spinning a phenol resin
ageebuedaikanifnar bonaecoHSwHRERN tahSbeappet Fakauatpbtahng to

or the |like and subjecting.the spun fiber to heat
théeptaBahit 2AdeNBeoRdcoRpePaifg BYhgabbeElENEraAydroxides of

acrylic fiber or rayon fiber to heat treatnent.

at 0023kt one metal selected from alkali metals and alkaline
egrth metals is preferably an agueous sodium hydroxide
solution or an aqueous pdtassium hydroxide solution.. Namely,
the hydroxidé is preferably sodium hydroxide or potassium
{hydro#ide. "Furthermore, as long as there is_no adverse
effect, another aqueous alkaline scolutions such as fhose
using an TMAH (tetramethyl ammonium hydroxide) can also be
‘purified by the method of the present invention.

A fibrous activated carbon must be used forrremoving,
trace amounts of metallic impurities from_these agqueous
alkaline sblutions.

The fibrqus activated carbon for use in the present
invention can be freely selected according to necessity, as
long as there is no adverse effect. Examples of the fibrous
~activated carbon are one prepared by spinning a phenol resin
derived from carbonaceous méterials, a petrecleum pitch or the

like and subjecting the spun fiber to heat treatment; and one



The fibrous activated carbon for use in the present

i nvention can have any shape, as long as it is not
granul ar. For exanple, any activated carbon havi ng at

| east a fibrous portion can be used as the fibrous
activated carbon. The fibrous, activated carbon can be

any of an activated carbon Hﬁ%ing a fibrous shape, an
aggregate of activated carbon fibers, an activated

carbon at least partially having a fibrous shape, and
praapagefvhy egubarBomngt 2aReasStypact fabey oma¥pMg§rpfikgr to
mcrofibrils. The fibrous activated carbon for wuse in
hept presementnvention is preferably an aggregate of
nonof i | aments of activated carbon. Exanpl es thereof,
[A8@1l]i ncl ude an aggregate of nonofil anents of

activated carbon in the formof a knitted product, a
wovenTpeoflibtoos acbimdtedotarhonafgregyateinf the present
nonofi llaments of activated carbon. Specific exanples
ihteneabni sghulevachhyakrdpear henlbngt he fLar isohot granular.
continuous fiber, activated carbon in the form of
rehoekahpber, an{ychoppedtaat tuabed Bawvhag) atackh¥at edfibrous
carbon in the formof fabric such as a knitted fabric

pOEtYBMeRahaPEi GsedNds 88kI YabedusaubeRvhReliheakBHM. Of The
nonwoven fabric such as a felt. The dianmeter of a

£mBpehis!| apentaPeaPeatbOA ChnfbRehngf ort BR hLREOHSed carbon
acti vated carbon can be set according to necessity and

h£§i9?e£ef§9k¥u§b9H5pé,tQnZQg eJREe Brefhetabh¥edScarbon
about 5 to 15 m An activated carbon having a fiber

fgbéggﬁeégméggEGakgﬁ.@ PﬁSﬁSQQChEEEQ _999 aﬁ%g having a
prefefred. for satisfactory strength and godd

| fbﬁPQLSthLbE¥-ah& Lﬁeagkgsgted carbon at least partially
‘having plural microfibrils. The fibrous activated carbon‘for
use in the present iﬁvention is preferably an aggregate of
monofilaments of activated carbon. Examples thereof may
include an aggregate of moﬁofilaments of acti#ated carbon in
the form of a knitted product, a woven product or a bundle of
an aggregaté of monofilaménts of activated carbon. Specific
examples fhereof-include activated carbon in the form of
continuous fiber, activated carbon in the form of short fiber
(chopped activated carbon), activated carbon in the form of
fabric such as a knitted fabric or woven fabric, and
activated carbon in the form of nonwoven fabric.such as a
felt. The diameter.of a monofilament or portion of fiber of

the fibrous activated carbon can be set according to

necessity and is preferably about 5 to 20 MUm, more preferably



~diameter is less than 5 m the filter may be

significantly clogged, resulting in decreased

operability and decreased purification efficiency.

The length of the fibrous activated carbon for use in

the present invention is not gpecifically limted and

can be 'set according to necessity. Wen the fibrous

acti vat ed carbon is, for exanple, an activated carbon

in th for rt fiber he I ength of the hort
e S et yRBbBHEIBEE8 EREB0 AR bRl o BHRGT

about O 1 to 20 mm nore preferabl about 0.5 to 20

efifd MittHEr e ahrdreSRSSH fAF6UT AP0 180 Pr@herhsel for

l ength of the fibrous activated carbon is preferably

safdtt ag P rivo SEG emgitho 2 nsladiosfa bedy edlvdrditay |ﬁfotﬁe fiber
columm and good handl eability. [0022] The ratio of
dipenetengtis tle seshdh@inavetay, @betﬁelﬁﬁwr@ay bgceilgaidd cantly
carbon (hereinafter referred to as "aspect ratio")

clogged avesagsing0 ior desreaskedl vherabdladgy aslﬁedtecreased
ratiois less than 10, filling bulk density may .
PoeddieattdorhiegificSealey.a high filling bul k density may
invite increased pressure |oss. Wen a |ong-fiber

fi br odheadtengahedfcahkofibsousedrotivherd carbonufiper use in
limt in the average aspect ratio, and the upper
thiemplrecan thé nfvieaeliynséls actospicrd ficanegeddmitedbad aan be
16 short-fiber activated carbon is used, the average
sagpacicordahigo tof n2e8saryDrghés tRé pivienabietivéted
short-fiber activated carbon having an average aspect

caabbd Qf,20Q8Q @kample, an activated carbon in the form of
short fiber, the length of the short fiber is genérally about
0.05 to 20 mm, preferably about 0.1 te 20 mm, more preférably
about 0.5 tb 20 mm, and furthermore preferably about 1 to 20

- mm. The length of the fibrous activated carbon is preferably
about 0.1 to Zd mm fof satisfactory charging into a column
and gocd handleability.

(0022]

- The ratio Qf the length to the diameter of the fdibrous
activated'carbon {hereinafter referred to as “aspect ratio”)
is, on average, 10 or more. If the average aspect ratio is
less tﬁan 10, filling bulk density may become.too high. Such
a high filiiﬁg bulk density’may invité increased pressure
loss. When a long-fiber fibroﬁs activated carbon 1is QSed,
Zthefe is.no upper limit iﬁ the average aspect fatio, and the

upper limit can be freely set according to necessity. When a



nore may becone excessively bul ky, be difficult to

charge into a colum or be charged unevenly in the
colum. The distribution and average of aspect ratios

of 'a ,short-fiber activated carbon can be determ ned
according to the foll ow ng qﬁihod. Initially, a

sanple fibrous activated carbon is dispersed.in water

to yield a dilute slurry. The slurry is filtrated

through a filter paper, and the filter paper is. .
shipTeal et 2r by aph o?afﬂ%nf%BrBﬁédachga BHredrpdnpect

di spersed on the filter paper is taken under a L
*aRyPi PF cAPPOnCr oFou® 15 ket HReFeyaRLe: vat ethartorPer
fibers are. selected at random fromthe m crograph,
aghivehedf Fpehon chgy hRIt fer @verage appastregtio of 2000 or

Separately, electron m crographs of ten activated ;
mene boay fbdeeme sexeesetival vy rmtbm abe dakémcuhtietoacharge
- magni fication of. 3000 tines, and the fiber dianeters

inbereofolame oeaseredardbe ameveykyoint heet enlfunber

di ameters is defined as the fiber dianeter of the

fi br oTise ati s vatledt tam bomd addeadée bef depgttsraticohecf a

thirty activated carbon fibers are divided by the
shbpver tieé i nedt { v heed dbanpder cah boedétbroisedasttyaiitdg to

carbon to give each. aspect ratio, and the variation :
thdi sd1ibwih®metnedaver age of the aspect ratios are

then determ ned by calculation. 17 1In the case of a

shortrdibedl Bl | ¥ &t &b TAr POProhd €a QY EF RG] ASHEW SN r 81 O

is nore preferably 50 to 1800, and further preferably

dﬂéﬁbi@eé599-water to yield a dilute slurry. The slurry is
filtrated through a filter paper, and the filter paper is
dried. A micrograph of‘the fibrous activated carbon
dispersed on the.filter paper is taken under a magnification
of 10 times. Thirty activated carbon fibers are selected at
random from the micrograph, and the fiber lengths therecf are
measured, Separately, eieétron micrographs of ten activated
carbon fibers selected at random are taken under a
magnification of 3000 times, and the fiber diameters thereof
are measured. ?he average of the ten fiber diameters is
defined as the fiber diameter of the fibrous activated carbon.
The fiber lengths of the thirty activated carbon fibers are
divided by the above-defined fiber diameter of the fibrous
activated carbon to give each aspect ratio, and the variation
(distribution) and average of the aspect fafioé are then

determined by calculation.



[ 0023] When charged into a vessel having an inlet and

an outlet, such as a colum, the shape of the fibrous

activated carbon can be sel.ected according to

necessity. For exanple, the fibrous activated carbon

can be an article in the fornipf short fiber, a

conpression nolded article inthe formof a sheet or

nonwoven fabric such as a felt, a finely cut product

of these articles, .or an article prepared hy

conpr 6&sithE &AGE 1RSI Gi ﬁg‘%tr‘ 5&5’% B‘EglgF%ﬁoFﬁ-rPiOBer the

activated carbon in _accordance with the shape of the

VST, CPRETH BAGES dct MPECe&®TELEE6R 1or Cude ilf U0he and
resent -invention preferably has a BET specific

SFHEEe Paed£ 560 1¥0880 1 ¢ 98P -nore, and a BET pore

volunme of 0.45 m /g or nore, both as determ ned

[R8&rdi ng to a BET method from nitrogen adsorption.

It has nore preferably a BET specific surface area of

1500 ey ohawged andgoaaBFEsgedeheylingeasf 10145 wihtdgan

or nore. [0024] If the fibrous activated carbon has a

ogrid@itf,i suslr igca calean esdet lsdape00d ey fibromsy agdiivated
sufficiently reduce nickel content in the aqueous

calrbahi mans tleutsiedecttedl @ cgplrding Ites segrded tyoneFor example,

treatnent conditions, even if it has a pore. 18 "vol une

tole FidGomls/ gotivemed carboanteasbe anf Bltddde in the form of
activated carbon having a specific surface area of

s300% Thber,0n Mpraeyike dofibeduhirtielpr dtuetcafdrirs of a
not practical. -

sheet or nonwoven fabric such-as a felt, a finely cut product

of these articlés, or an article prepared by compressing and
molding a long—fibér or sheort-fiber activated carbénhin
accordance with the shape of thé column.,

The fibrous activated carbon for use in the present
invention préferably has a BET specific su£face area of 1000
nﬁ/g or more, and a BET pore volumeﬂof 0.45 ml/g or more,
both as deﬁerﬁined according to a BET méthod from nitrogen
adsorption. It has more preferably a BET specific surface
~area of 1500 m?*/g or more and a BET pore volume of 0.45 ml/g
Or more. |
(0024]

If the fibrous activated carb&n has a specific surface
area less than 1000 mz/g, it may not sufficiently reduce
nickel content in the aqueous alkaline solution to 10 ppb or

less under some treatment conditions, even if it has a pore



Li kewi se, a fibrous activated carbon having a pore

volume of 1.5 m/g or nore may be difficult to

produce and is not practical. The reasons why the

fi brous activated carbon is capable of renoving trace

amounts of netal conponents ch nore satisfactorily

t han conventional granul ar activated carbon have not

yet been clarified, but one of them may be that the

fibrous activated carbon can nore efficiently utilize
velppaces ofPrib(gi A PO @dsorptiVH-4aEh tthef YrLriti ar

activated carbon. In conparison between a fibrous ,
agtiveabeddcarhehohauhdg ad gppael ficasurfacedatapbeh 3000 m"/g
- havi ng equi val ent specific surface area or pore
oyohore, mahebgranfif aculitt toapedducar bod hasnatspaiteical.

aspect ratio, and its nunerous pores reside deeper
Likewisbe sufilceusfathévatedvasedovanboingl & ppse volume of

therefore difficult for an aqueous al kaline sol ution,
1speqlfacatlyotermap bquebisiatkal toepsoduteoantiavs ngoa

hi gh concentration and a high viscosity, to penetrate
pHeepitato the pores. Thus, only inside surfaces of

pores residing near to the surface of the granul ar

acti veh€dr£25 698 W tsedr {I9Fousds@f Prad08d ¢drbon is capable
contrast, the fibrous activated carbon has a |arger

o fSPERLyIRY | OradBUahbSn DY NBE OHSL RO 88mpESLAEs Shath OMEFe
fromthe Surface of the activated carbon. Assum ng

sdPaL £ 080191y IERLR CEnPOhESoRE1 t§RahihPAPUSCRLLAVEE E8arbon
carbon which the aqueous al kaline solution can

hRGOCHEE Pl SHEQHI UPLEDES LA, (BAL ok LECLBEAMHARIbe that the
activated carbon, the fibrous activated

fibrous activated carbon can more efficiently utilize
surfaces contributing to adsorptiqn than the granular
activated carbon. In comparison between arfibrous activated
carbon and a granular activated carbon having equivalent
specific surface area or pore volume, the granular activated
carbon has a smaller aspect ratio, and its numerous pores
reside deeper from the surface of the activated carbon. It
is therefore difficult for an aqueous alkaline solution,

" specifically for an agueous alkaline solution having‘a high
concentration and a high viscosity, té penetrate deep into
the pores. Thus, only inside surfaces of pores residing near:
to the sﬁrface of the granular activated carbon are used for
adsorption. In contrast, the fibrous activated catbon has a

larger aspect ratio, and its numerous pores reside shallower

from the surface of the activated catbon. Assuming that the -



carbon has an area of inner surfaces of pores that can
be used for adsorption |arger than that of the
granul ar activated carbon, which probably contributes
to increased capability of renpbve trace anmounts of
nmet al conponents. The contentfbcﬁ iron, nickel, and
copper inherently contained as netalllc |npur|t|es in
t he fibrous activated carbon are each preferably 10
l ess. Large. a ts o such talljc )
oBREDr Pl B3Zhay Ohe CHPs oPyEUS] ACKIGSEOR aRFRARehIRE the
aqueous al kal i ne sol ution upon contact therew.th,
afgg28% ﬁéEé#apﬁgSPé“FH@oné§eB?nPﬁ€éﬁ?|6ﬁ eHHévalent to that
adsorptivity of the fibrous activated carbon can be
ofictheageanylarnartayageny caghppecthfg fihEopPshRsls vated
activated carbon to a pretreatnent wth an acid. This
cprbeadhee Bp ptkerpédinpeassuadeceat pbnporefhghat can be
activation of the fibrous activated carbon can be
ugadr fed adabrpyibni hgrogrt hbahi bhetsodctheagednvdebon
into contact wth an acid or a m xture of two or nore
aatidstedl| eatrbdnf remichhprgbabpyconstsibngjesf to increased
hydrochloric acid, nitric acid, sulfuric acid, and
cppabphotycodckdmbtier eraakt emotiheseofsnbsbaneespanents.
referred to as "activator(s)"). The acid concentration
of thehacténeentsi 8£0itoh ABchel, parfiecapb¥rOibhkoently
6.5 N, and nore preferably 0.8 to 3 N. The 20
c6Abhents 95 metallie impurities 1A the @E€bk¥akOhckSvated
preferably as snmall as possible. In the present

chO¥BAtLOB, chBR PEbE¥ALLOY TBNpPRA 627 1bEF. Large amounts of
such metallic impurities may be dissolﬁed in and contaminate
.the agueous élkaline(solution upon contact therewith.

[0025]

According to the presenht invention, thé adsorptivity of
the fibrous activated carbon can be activated or increased by
subjecting the fibrous activated carbon to a pretreatment
with an acid. -This procedure 1s referred to as “activation.”
The activation‘of the fibrous activated carbon can be carried
out bf bringing the fibrous activated carbon into contact
with an acid or a mixture of twé 6r more acids selected from
the Qroup consisting of hydrochloric acid, nitric-aéid,

- sulfuric acid, and phosphoric acid (hereinafter these
substaﬁces are referred to as “activator(s)?).

The acid concentration of the activater is 0.1 to 13 N,

-preferably 0.5 to 6.5 N, and more preferably 0.8 to 3 N. The



out before and/or after subjecting the fibrous
activated carbon to purification of an aqueous

al kal i ne solution. The reactivated fibrous activated
carbon can be repeatedly used ,in purification.
[0026] The fibrous activated %@rbon can be brought
into contact with the activa according to any
procedure appropriately selected For exanpl e,

cont a y b rried out.,b i ppilng the fibroys
S er%si i Srpufi tieh d TR ACALEBAE of of
the activator. IS nore preferred that the fibrous
Prefpyrably éérﬁﬁﬁlﬂsaéhHPééa ilfto a packed tower such
as a colum and that the activator is allowed to pass .
throu§h the BaerRedtt dbREEPEREPebfPRoRRRE2ESARaERN be carried
between the fibrous activated carbon and the sol ution
oBt bréEoxetpudrer. aftaes sehpecaingetbpofiboavgcacitsvased
specifically limted, as long as it is a tenperature
carbpal 6w puriiichtihe aft Avatgnecdecedpedéveorsobuition. The
but it is preferably 100C or below, and nore
rpactévabky EOGrbous86C€tivVheefieedrbaneceh bherapertetidy used
when passing through the packed tower can be set
iacpordEngatbonnecessity but is preferably 0.2 H -1 or
nore, and nore preferably 0.5 to 10 Hr -1 in ternms of
[8p26¢ velocity. If the space velocity is |less than
0.2 H-1, it my take a nmuch long 21 tinme to carry

out theet fEBtoBRBt afBctavali 88Ybohf chh B¥CBEEGghtOinto
Hr-1, sufficient activation may not be achi eved. The

caneabt Rithhenachbvabatob0abBostPRYi €8 HRY peoleliipBS

or. m)re,_ '
appropriately selected. For example, contact may be carried
oﬁt by dipping the fibrous activated carbon in a tank filled
with a solution of the activator. It is more preferred that
the.fibrous activated carbon 1is cha;ged into a packed tower
such as a column and’that the activator is eilowed to pass
through the packed tower thereby to make contact between the
fibrous activated carbon and the solution of the activator.
The temperature upon contact is not specifically limited, as
long as it is a temperature'er below at which the activator
decomposes or boils, but if is preferably 100°C or below, and
" more preferably 20°C to 80°C. The feed rate of the activator
when passing through the packed tower can be set according to
necessity but is preferably 0.2 Hr”‘or more, and more

preferably 0.5 to 10 Hr™! in terms of space velbcity. If the

. space velocity is less than 0.2 Hr'!, it may take a much long




and nore preferably 3 tinmes or nore the volune of the

vessel such as a columm. Wen contact is carried out

in a batch system a single treatnment tinme is

preferably 30 minutes or nore. The fibrous activated

carbon after the activation ii preferably washed with

pure water thereby to renove?the activator. [ 0027]

The water content conprised in the fibrous activated

- carbon (% by weight) can be determned by the ratio of
time tqutahty reducthontobranent deivakigmg t HE it exceeds

fibrous activated carbon bearing water at 60C for 2

- 1hotrd, Fhéficsenthacwavetiopomagnnotahebachéeuedi nebhe

by follow ng equation. 100 X ((the weight of the

atholnt o usf ach e vatedvcrboo bearsuppl ed erahdiore dinggngr more,
- (the weight of the fibrous activated carbon after

ad ydge tiee fébaloly Actined esk carbontieare hgne waf ethatvessel
60C for 2 hours))/ (the weight of the fibrous

s@Eh | yat£dosBEON herm nepnvricdr ilkefcare ididyiont) ithe batch
fibrous activated carbon is preferably subjected to :

sEeVah erd ngi g1 &r i dwred oreihdei Pusidfeadb on I mheutes or
aqueous al kaline solution, so that the water content

mbFe ! harHd BigHSHuAGdMAAE L P 2 £AQ% RheRicHitvaion is
| ess, preferably 60% by weight or less. If the

pdPLPLIST RCHA ¥R &Y, S8 Bolrd Swdeddl gtk 2oy | o ardliid el the
state, it often forns Tine powder. Accordingly, to

aé% 2L e.a vessel such as a colum charged with a dried
I brous activated carbon, it is preferred that the

(6625 pus

The water content comprised in the fibrous activated
carbon (% by weight) can be determined by the‘ratio of the
weight reduction obtained after drying the fibrous activated
carbon bearing water at 60°C for 2 hours. That is, the water
content can be determined by following equation.
100 X ((the weight of the fibrous activated carbon bearing
water before drying) —.(the weight of the fibrous activated
ca;bon after drying the fibrous activated carbon bearing
water at 60°C\for_2 hours))/ (the weight of the fibrous
activated carbon bearing water before drying)
The fibrous activated carbon is preferably subjected to
dewatering or drying before the purification of the.aqueous
alkaline solﬁtion, so that the water content in the fibrous
activated carbon is 70% by weight or less, preferably 60% by

weight or less. If the fibroué activated carbon is handled



activated carbon is charged into the colum while
.containing 30% by weight or nore of water and is then
dried. [0028] An aqueous al kaline solution to be

purified according to the present invention can be

any one, unless adverse eff s occur. The

concentration of the netal hydroxide or netal

hydr oxi des in the aqueous al kaline solution before

purification is generally 10 to 55% by wei ght, )
lBr@f@Féﬁgysﬁétet0152@§E§nm§95ﬁﬁ tang gﬁwgeﬁref%ﬁ%REQAHQlY'
30 to 52% by weight. Wen a pre-purified aqueous :
tq| REPPAESsB| UEPBR1NAYCH A8t al cohyBroghasgednréhbr at fehed
within the above-specified range, netal conponents
fapesorsf activerydr eatbed . f Lomishera§eesed thPkakhmpefibrous
. solution using a fibrous activated carbon. The

- apbsvapedi fasbdoaqéeogbagbkdl intosbhet coduing whidebrenisining
an etching agent for silicon wafers. The present
30avbpt wehghanort meat aflywataeoasdalikalthes doliatli on

havi ng any viscosity, as long as there is no problem
[6o2eVer, the viscosity of the aqueous alkaline

solution to be treated nay be generally about 1 to 70

nPa' spnpsghevabl ¥1REDUhe 1561101 Gbabe, pandfisodr &ccording
preferably about 1.9 to 60 na's. The viscosity herein
tbstHet prakend ahvantebpecahupe ehyt BReaquRdESsabdakise
solution of 30C using a rotational visconeter. 23

cE8020L bBchbe priesefinddverit h Bt he GRORONEYEroxide or
other than alkali netals and alkaline earth netals
m&BH1PByHPERides in the aqueous alkaline solution before
purification is generally 10 to 55% by Weight, preferably 20
to 52% by weight, and more preferably 30 to 52% bf'weight.
Whéh a pre—purified agquecus alkaline solufion has a metal'
hydroxide concentration within the above-specified range,
metal components are effectively removed from the aqueocus
alkaline solution using a fibrous activatéd carbon. The
pOSt~purified aqueous alkaline solution is suitable as an
etching agent for silicon.wafers. The present invention éan
treat any agqueous alkaline solution having any viscosity, as
long as there is no problem. However, the Viscosity of the
aqueous alkaline solution to be treated may be generally
about 1 to 70 mPa's, preferably about 1.5 to 70 mPa's, and
more preferably about 1.9 to 60 mPa's. The viscosity herein

is determined at a temperature of the aqueous alkaline

solution of 30°C using a rotational viscometer.



efficiently renoved, for exanple, by charging the

fibrous activated carbon into a colum, and all ow ng

t he aqueous al kaline solution to continuously pass

t hrough the colum thereby to nake contact between

the fibrous activated carbon,_and the aqueous al kal i ne

sol ution. Specifically, the § ueous - al kal i ne sol ut.i on

is continuously fed into the colum froman inlet

such as a feed tube, is brought into contact with the
[¢93? bus activated carbon for purification, and the

resulting treated solution is continuously discharged

from &h Big |R¥eseehingenhiexhaigtal ypemrahen s eaBher than
~invention nmay enploy contact between the fibrous
abkel varetatar ot ahkal hee agaeblusmet&bs i aansee URPBa i n

a batch system In the batch system however, the
effjlebestlnl kehoned sof ot i examglei | by echakghngatke fibrous

contained in the fibrous activated carbon.
adcrod tiedgtyrboheibhad ch sybtem aedualbswingrtheeagnents

such as concentrating the aqueous al kaline sol ution,
alner ersi gl beos obe etdri ai hoously thesal Kardoughethé column

hydr oxi de by adding a solid alkali netal hydroxide to
théeebp| thh i0dke Ofothdt Chethbyn deyd ngibheus | HeoiBated carbon

activated carbon. Such a pretreatnent may decrease
ahderied fAghepeyY &DkaPihiél 60t 06n . arghddiifSi daISty beche aqueous

taken into account. [0030] 24 The tenperature upon

alpRdi Bet Peiveesnthe aewedisoaskel Fae setotivd adtuhhefrom an
fibrous activated carbon is not specifically limted,

1PH £ 1 Sull LT abkYe40Cube, 10006ro@@flt into contact with the
fibrous activated carbon for purification, and the resulting
treated solﬁtion is continucusly discharged from an outlet
such as an exhaust tube.

The present invention may employ contact between the
fibrous activated carbon and the agquecus alkaline solution in
a batch system. In the batch system, however, the aqueous
alkaline solution is diiuted with water contained in the
fibrous activated carbon. Accordingly, the batch system.
requires a pretreatment such as coﬁcentrating the aqueous
alkaline solution, increasing the concentration of the alkali
metal hydroxide by éddiné a solid alkali metal h&droxide to
the solution; or sufficiently drying the fibrous activated
carbon. Such a pretreétment may decrease the efficiency in

purification, and this must be taken intoc account.

[0030]



nmore preferably 50C to 80C. If the contact tenperature
is excessively |low, the aqueous al kaline solution nmay
have an excessively high viscosity, to deteriorate
the contact efficiency and to reduce the renoval rate
of nmetallic inpurities. In cgntrast, if the contact
tenperature is excessively high, constitutiona
materials typically of tanks becone susceptible to
corrosj on, which cause contam nation of
aqueoﬁ%eaﬁ?%??ﬁ%tgﬁgu??%% C?%Ea?gt?%t%?e?hEh%n%%H?OB?
t he_aqueous al kaline solution to be treated to that
apkalpeef sptBhsoncendathe Tthrpus 2ahivatagpFapprat epynot
set_in each treatnment depending y |caII¥ on the
seont Bhcablyi hpoitedesbith %ﬁepéa§@§@leaﬂRaF|ﬁ@ 100°C, and
sol ution, the type of the fibrous activated carbon
mend phefprakly The GrtourR & Of lfe thgueond agitk dlemperature is
solution and the fibrous activated carbon can be, for
exxaspieclpbbov, Bhetaql60ut ahkahboeat sélubifnKygay have an-
respectively, in general use. For exanple, to treat
edfBstivélyheigguebsisoalkn| i he detationatet hbeaconhacof
the fibrous activated carbon is about 0.5 to 2 Kg.
effhi siendgeantioveveeduecs tReerymblhlstagtedfasetnllic
exanpl e, and the anount of the fibrous activated
igpaboNican b sEintithstCAGHF NS eShEO thnijge fbture is
conditions. In the present invention, the aqueous

eﬁéggéia@1§ohy%hpncaﬁstggﬁtb@néEdm&@efhgléibypyﬁally of tanks
act.ivated carbon according to any procedure. It nay

 pbOhmEX8HPLEPPELT 80t Ocb PR EL bR OUSh 1 8RR 8dusar bOn Dy

a pressure punp or- be asplrated by a
contamination of the aqueous alkaline solution.

The ratio df the amount of the agueous alkaline
sélution to be treated to that of ﬁhe fibrous activatéd
carbon can be approﬁriatély set in each treatment depending
typically on the content of impurities in the équeous
alkaline solution, the type of the fibrous:activated carbon
and the like. The amounts of the aqueous alkaline solution

and the fibrous activated carbon can be, for example, about

50 to 300 L and about 1 to 2 Kg, respectively, in general use.

For example, to treat 100 L of the aqueous alkaline solution,

the amount of the fibrous activated carbon is about 0.5 to 2

Kg. This range, however, is merely illustrated as an example,

and the amount of the fibrous activated carbon Can be set in
each process according to conditions.

In the present invention, the agueocus alkaline solution



suction punp. [00311 The vessel containing the fibrous
activated carbon, such as a colum, for use in the
present invention preferably has one or nore vacant

| ayers free fromthe fibrous. activated carbon
arranged upstream from downsideam from and/or inside
the fibrous activated carbon Tayer, as illustrated in
Fig. 1. The presence of one or nore vacant layers in

P RE RE% s g £ pEORS RRE s aGeBna AbsR aathnsdans  td any
fl f . th | kal I the fib
pge?:weﬁfsd e | Sy B ST £y Of o ek TR BIPTRRS

fi brous actlvated carbon nore effectively. In '
ag&dveieA, cAZPPRgOENE BFeﬁﬁPéevBBQHt°Fa9@r§sﬁﬁké§eﬂhéy a

connection of colums arbitrary. The total vol une of
SPYREIBP PHBPe vacant |ayers is preferably 10% or |ess
of the total volune of the columm. If the vol une
[8Réééds 10% of the total volune of the colum, the
columm may have an excessively |arge volume in total.
The fTheovussaeli ventaivingonhéofibseusi actbheapedsearbon,
invention may constitute plural fibrous activated
suahbea hageisymdi videduby ¥mcahé pagsestoinvehéion preferably
| ayers. At |east one of such fibrous activated carbon
hpayens omayohaveacént bapepsefraentsbmobthéet sisnotacactivated
26 In the present invention, it is preferable to
cgohoechirtranged upsereahufinsmi odowesBhedefromh&nd/or inside
col uims can be connected in any manner such as in
teer fébrousi acpvatéedl carbon layer, as illustrated in Fig. 1.
The presence of one or more vacant layers in the vessel
markedly increase the amount of the aqueocus alkaline solution
to be treated and avoids uneven flow of the aqueous alkaline
solution in the fibrous activated carbon layer thereby to
make use of the fibfous activated carbon more effectively.
In addition, having one or more vacant layers makes the
connection of columns arbitrary. The total volume of one or
more vacant layers is preferably 10% or less of the total
volume of the column. If the volume exceeds 10% of the total
volume of the column, the column may have an excessively'
large volume in total. The fibrous activated carbon for use
in the present invention may constitute plural fibrous
activated carbon layers divided by vacant layers or other

layers. At least one of such fibrous activated carbon layers

may have, for example, a mesh on its surface.



When they are connected in series, they may be
connected directly as illustrated in Fig. 3 or
indirectly at sone intervals as illustrated in Fig.
2. The vessel for use in the present i nvention is not
limted to such col ums and y vessel can be used
herein, as long as it contal s the fibrous activated
.carbon. The nunmber and size of the vessel can be
sel ected according to necessity The inlet and outl et
for the %%%e@ﬁ%s%Wka}mY@PE%W%t|b% 1% rrefepalle| tepgonnect
be the same as or different fromeach other, and
tYPOF BOBPesOlWinBeE], OPOSARPBRET . afh et U st &1e
can be set according to necessity. [0032] The fibrous
cerné¢vheddivarhpnmainer puchfasain oveniedh odetnepsrallel.
capability of renmoving netallic inpurities can be
Whegehieent ®de (ceanecvad et byriesattingy wnah bhaeconnected
activator. The regeneration (reactivation) of the used
dirdeolg aacilVatedatadbbn Edg. b carineéirectlyfat some
~exanple, by the followng nethod. Initially, the

iftdreubs ags i valegdtcatddninchagger. in a colum is
- washed with pure water until water discharged form

the oriid efeddelof piMud@si@ntiad kattd Sent CongeMt Iah | DO Bt
1% by wei ght or less. The fibrous activated carbon is

11REFe B 08108 ch NESL GANS Aghd VahY Poks 61 | ¥k Obe W66 Hdrein, as
is an acid or a m xture of two or nore aci ds sel ected

1da@msthe SERERI £ONShS £ NGr Shs NWEE OE O | GaASbA, The number
nitric acid, sulfuric acid, and phosphoric acid.by _
_aﬁﬁ|§W%@gofh@h§0$é¥§é9rcan be selected according to necessity.
The iniet and outlet for the agqueous alkaline solution in the
vessel may be the same as or different from each other, and
their shapes, numbers, positions, and other-parameters can be
set according to necessity.
[0032]

The fibrous activated carbon after purification with
decreased capabllity of re&oving metallic impurities can be
regenerated freactivatéd) by tréating with the activator.

The regeneration'(reactivation) of the used fibrous
activated carbon can be carried out, fo; example, by the
following method. Initially} the fibrous activated carbon
charged in a column is washed with pure water until water
discharged form the outlet of column has an alkaline

concentration of 1% by weight or less. The fibrous activated

carbon is then brought intc contact with an activator which



to pass through the colum continuously, or to pass
through the colum in a predeterm ned anount and-

ceasing the flow of the activator for a predeterm ned
time to contact the . activator and the fibrous

activated carbon. The pure me% r for renoving

al kal i ne components is preferably warmwater at 40C

or higher, preferably 70C to 90C. Pure water at an
.excessively |ow tenperature may not efficiently renove
igeesl BLédi Rpupi MLESUERICAI KYPi RE BERBoAEAHS éﬁi&@ﬁ@& from
to the fibrous activated carbon. The tenperature upon
thenoaetr Benwéemirgecichidarehlandct RE1fbpdggsic acid,
activated carbon'is not specifically limted, as |on

sad furicsagitenpedapbrepbprriel ewidabywhiléhwithg the activator
activator does not deconpose or boil, but it is

tpr phesalbhyot@BCtbe bellomn andthiopeupigf epablty RBEst ¢hrough
80C. The feed rate of the activator is preferably 0.2
the- tooumADL e, a arddroeemphebernabliytOabdt ee2@8iky- thenflow of
terms of space velocity. |If the feed rate is |ess '
thBaac@iZalbbrlfoirt anpyetiakermingahtimengot corthatcahey

out the treatnent for reactivation. If it exceeds 10
abtikatsef bhai €Ak Fedebu¥ahteAvAR¥dNehrbenachtgyesure water
The anount of the activator to be supplied is

Bretenabh¥glalkhT@8cO0bofBbRendBd i BDRRcPERhBLGbEre water at
times or nore the volume of the vessel such as a

4§@buﬁﬁ-hIBﬁeELbeB§e§SEh?aW@dCC@éb@@“CQfﬁ%&e water at an
reactivation is preferably further washed with pure 28

eﬁ@%gﬁibgﬁpeéﬁwtQeﬁﬁgggﬁukgemggth&gtgkficﬁgg%§% FBgove
qgueous alkaline solution obtained by the nethod of

metallic impurities andralkaline components attached to the
fibrous activated carbon. The temperature upon contact
between the activator and the fibrous ectivated carbon is not
specificaily limited, as long as it is a temperature or below
at which the activator does not decompoee or boil, but it is
preferably 100°C or below, and more preferably 20°C to 80°C.
The feed rate of the activator is preferably 0.2 Br! or more,
and more preferably 0.5 to 10 Hr™ in terms of space velocity.

1, it may take a much

If the feed rate is less than 0.2 Hr
long time to carry out the tfeatment’for reactivation. If it
exceeds 10 Hrq, sufficient reactivation may not be achileved.
The amount of the activator to.be supplied is preferably 2 |
times or more, and more preferably-S tiﬁes or more the volume

of the vessel such as a column. The fibrous activated carbon

after reactivation is preferably further washed with pure




the present invention, in which netal conponents ot her
than alkali netals and al kaline earth netals are
reduced to specific anounts or less, is highly
renmoved in nmetal conponents such as nickel, iron

nol ybdenum and/ or copper. The resulting aqueous

al kal i ne solution can be suitZdhly used as an etching
agent for silicon wafers. [0034] Exanples The
present invention will now be illustrated in detail by

wha¥rofnhexanpl es, rehbel brengcheansokint the scope of
the present invention. [0035] Exanples.1l to 9 and

(Genparative Exanples 1 to 3 Each of fibrous activated
carbons listed in Table 2 was charged into 17-n

CO'””?ﬁe(gﬁQeoﬂ%’aﬁ Xfﬁgg'§8f§t9$ntgﬁtaﬁﬂéﬁgﬁg Eﬁéuﬂaﬁhod of

were continuously placed In series Into a quartz

tg%g§§eggg% %%LQ abﬁCk?h &ﬁigﬁegétiﬁngomgaﬂbﬂ@geﬁtﬂér than

was circul ate | trogen gas was

S 418 b t“sﬁgﬁ'r@%ﬁ%s;%%@ (ohLeg) 5
oLSBEBYR SELURLEd,CARED (BCTOERLD Lapbgyc, pOHeels

col ums, An a ueous 4% W % sodi u ggdrOX|d ;9
CSBPURPBHSCBHEL: APnGLE6e bpb 6P| BRLYPATIEY 553 gf copper.
iron, and. 20 ppb of nplybdenum was fed into
TBEI GRAYLFLBM ATFEREP a#hﬁéﬁnsfS?hgtaaﬁrF%ngPﬁsgu%EﬁBly used

at a feed rate of 300 m/hr.
‘as an etching agent for silicon wafers.

[0C34]
Examples

The present invention will now be illustrated in detail
by way of examﬁles, which by no means limit the scope of the
presenﬁ invention.
[C035]
Examples 1 to 9 and Comparative Examples 1 to 3

Each of fibrous activated carbons listed in Table 2 was
charged into 17-ml columns (Fig. 4), seven pieces of the
charged columns were continuously placed in series into a
quartz glass tube with a jacket (Fig. 5), and warm water at
63°C was circulated in the jacket. Nitrogen gas was allowed
to pass.through the columns at an inlet-side pressure of 0.11
MP% for 2 hours thereby to dry the fibrous activated carbon
before allowing a aqueous sodium hydroxide solution to pass

through the columis. ﬁn aqueous 48.3 wt% sodium hydroxide



Fractions from200 m to 400 m of the aqueous sodi um
hydr oxi de sol uti on passed through the colums. were
collected froman upper outlet of the quartz gl ass
tube, and netallic inpurities were quantitatively
assayed by. inductively couples plasnma-nass
spectronetry (I CP--M5) The sp@ﬁ‘fic surface areas and
pore vol unes of the activated carbons listed in Table
2 are values determ ned fromthe nitro%en absorption :
sptaturedcoytabniufachOrept afcoiakay. t b10RerPETORei noE, and
In Exanple 6, a fibrous activated carbon FR-20 was
20sppb ab £ enolybdensinngas nféds5inthytdhechbbninns ardmf @r lower
oue hour, washing wth water, and dewatering by -
_1ﬁfetrofughé|Qﬁartm gxaspl eule aa &i beedsratei vt 260 ml/hr.
carbon FR-20 was used after imersing in 1 Nnitric
. ragtdidns epemhpo0, mvasbi ngownl hovatre, agndoudewad tuinng
- by centrifugation. In Exanple 8, the procedure of
n{FIPORE 8e 25 ¥RE L £ORT bEYsOHt theyagnt ther cal ansngens collected
aqueous-48 w % pot assi um hydroxi de sol ution

£EORAt 8h NhPBeP0QuPPELOE £l £R8 aRYtE80gPRBsOtuBkskehdtRetallic
pass through the col um. 0836] In Conparative

1S RPPLESs kb Pel quEH€195Qﬁggy§ea9§ay§aaﬂP|Eﬁdﬁcﬁﬂvglyﬁéouples

carried out, except for using a vessel prepared by

pERBRILAGSE GoBEiRolibapy! REcRCsyal Ofh& ARAM £1dShedthce

s act i vat carbon into a colum, and

aggggi9&89§5¥epbefhagsssyeehe'ssﬁﬁvg£eaheagﬁsaggﬁgsted in

series into a quart ass

reBiPos hEdcerlf I@gLsggéﬁ&ngﬁggefrgme;ﬁe”ﬁleggsgﬂsaﬁggwaon
measured by manufactﬁrers according to the BET method. In
Egample 6, a fibrous éctivated carbon FR-20 was used after
immérsing in 1.5 N hydrochloric acid for one hour, washing
with water, and dewatering by centrifugation. 1In Example 7,
a fibrous activated carbon FR-20 was used after immersing in
1 N nitric acid for one hour, washing with watef, and
dewatering by centrifugation. In Example 8, the procedure of
Example 2 was carried out, except for allowing an-aqueOus 48
Wt%.potassium hydroxide 'solution containing 500 ppbk of iron
‘and 60 ppb of nickel to pass. through tﬁe column.
[0036]

In Comparative Examples 1 to 3, the procedure of
Examples 1 to 8 was carried out, except for using a vessel

prepared by charging 8 g of a granular activated carbon

instead of the fibrous activated carbon into a column, and



1 was allowed to pass through the colums. In
Conparative Exanple 3, the sane aqueous potassi um
hydr oxi de solution as Exanple 8 was all owed to pass
through the colums. In Exanple 9, an aqueous al kal i ne
solution to be analyzed was purified by placing and
m xing 100 mM of the sane adﬁ%ous sodi um hydr oxi de
solution as Exanple 1 and 2 g (dry weight) of a
fibrous activated carbon FR-20 in a vessel nmde of a
cbhtubnopesily, pbechgongevhenpiacesnpicthai chasged ceihaps in
at 60C for one hour, and separating the aqueous
sakkaki heteohutinantbygtabtr atiben. MetGdmparanpee i Exagples 1
in the separated aqueous al kaline solution was -
agtink| achy sgmankghabu¥ebydassapgdrokhdExanpueidd, aanExample
aqueous sodi um hydroxi de sol ution containing 350 ppb
10§a§0RPEHhwHaS LB pRaEEdhbYughmehBodonignel. N 1@ PowseroHtive
nmet al copper was inmersed, for eight hours, in an
- EREMBPHES3SOodhHMshXAr Qylid8usobUitheRivhi BhdvBsitiBesBalRion as
aqueous sodi um hydroxi de solution as Exanple 1 and
eReAbed a8t w8QCa115heaaguepssSefir8iyhy dnaxideumakut i on
contai ning 350 ppb of copper was purified by placing
100 m 0 gyeo ' Lde : bAN+8Nde2
g (d?%nmgféﬂ?}éo?'agﬁi%ggﬁgﬂga§¥g%g§gg gg?gg%bgRPgog?n
: I d A | ygr l XL 0g st Re bringisn
=faifees nAR Buflrtel BOCRIERRD aRUCHARIROCTDOPRATOE G
our ., _an e N e .kal Lpe 1.0
sgmﬁt?gPegug BBH LI Ayhg.30UCs L BL KR LOCEROhILOR B¥a 2 g

i Ion: IFmpurrties I'n the separa
ueous kal.i ne_spl ution s.siml _ .
(aggnyﬁng? eP§ gsgéggags ac%@va%eglcgEEXn FR-20 in a vessel

made of a fluororesin, bringing them in contact with each
other at 60°C for one hour, and separating the aqueous
alkaline solution by filtrétion. Metallic impurities in the
sepérated agueous alkaline solution was similarly
_quantitatively‘assayed.

In Example 10( an aqueéus sodium hydroxide solution
containing 350,ppb'0f copper was prepared by a method wherein
a piece of metal copper was immersed, for eight hours{ in an
aqueous sodium hydroxide solution which was the same aqueous
sodium hydroxide solution as Example 1 and heated at 80°cC.
The aqueous sodium hydroxide solution contaihing 350 ppb of
copper was purified by placing 100 ml pf the agueous sodium
hydroxide solution and 2 g (dry weight) of a fibrogs
activated carbon FR-20 in a vessel made of a fluorocresin,

mixing them, bringing them in contact with each other at 60°C



[0037] Table 1 denonstrates that the fibrous activated
carbons according to the present invention are

capabl e of renmoving nickel and iron contained in the
aqueous sodi um hydroxi de solutions nmuch nore highly

than the granul ar activated rbon having equival ent
specific surface area and pore volune. It also
dennnstrates that the fibrous activated carbon having

speci fic surface area of 150.0 nR/g or -nore and

fBBr@“@thHﬁ 8ndos2BaRRLYTGr ther 8IHESTE ﬁékﬁﬁéPEh?@hutlon by
capability of renoving nickel; and that the fibrous
fébtraﬁi@d-cdﬂ%ﬁﬂlh@timﬂ@ﬁtw conttlee seraraped agueous
activator has a markedly inproved capability of
atkabynagsalukebn The compasripnabennetcatiExanpl assaped.
Exanple 9 shows that bringing the fibrous activated
[@@BBHn into contact with the aqueous al kaline

solution in a continuous system enabl es higher

puri fTelaleéoh fibmonbtragengthhenthat oisbohacictivated carbons
batch system The conparison between anot her Exanpl e
aabdrdCagpasath¥epkbsaanpteifdesnisbhabes thpablbeofetndving
of the present invention enables renoval of nickel
n@Bkelr @Adf £ 8Fh aBon 84 UREHS 1 ROLAS ShYTEBYEN 9XH dem SRl dtbRIde
as from an aqueous sodi um hydroxi de sol ution. The

sbBsPLén8f mEXBMRbLBe 101 §ROWS thhRathEhgrEh Bl QUSaaeti ¥ BE€dcarbon
carbon used in the present 32 invention has a

h&@Pﬁ@'EQﬁYvépeﬁ€n9¥§c9999e§urf5993§}e§3and pore volume It
also demonstrates that the fibrous activeted carbon having a
.specific surface area of 1500 m?/g or more and_a pore volume
of 0.45 ml/g or more has a further high capability of
removing nickel; and that the fibrous activated carbon
activated by contact-with an activator has a markedly
improved capability of removing nickel.

The comparison between Example 1 and Example 8 shows
that bringing the fibrous activated carbon into contact with
the agqueous alkaline solution in a continuous system enables
higher purification than bringing them into contact in a
batch system. The comparison between‘another Example and
Comparative Example demonetrates that the method of the
oresent invention enables removal of nickel and iron from an
aqueous potassium hydroxide solution as from an aqueous

sodium hydroxide solution. The result of Example 10 shows

that the fibrous aotivated carbon used in the present



U)
N

N a0 O co
r-1
ON

N NNNN

Cri
PO r'yl

01,)) %r"
MV to NtO U
NONto Urt
OO0O0Tr-I
0O CO CO
Orib b -
C

O
O
O

! & .
A“M“N Nﬂunu
< Z0
D0 Tz O
20> ovwnb
Oo wm“UAan
0387220
—_ TS~
CO — . o<
1 —_ —
00 o Z2 0

invention has a capability to remove copper.

[0038]




00O0OO0OUUOOODOOO CCCCCONCCCCCC
t -PC 4ANNT-1ri ONONOGCDcol NONU.. 6 ri
OLri NMVU wl- comO4Dr-1'3 NM NNNNN
NNNNNN4IN-PN Ecri r-l r-1 ri r1r-1" r-1 .
rior-1 ri ri tori "" UUUB343 [0039] Exanples 1 to

.10: The water content of the fTibrous activated carbon

was adj usted to 50% by wei ght before charging. The

val uesr-sted—rh—ihe—t-abl-p—are—dry—wai-ght-s-
Conparfas i¥le EXdanplies 1 to| 3: [The |product |as | ntagct vwlas
charjgelai®lt o dol ugms. | Fi by ous| act|i vatied ¢ar bpr2FR
(matlerligllg| phgnol jresin):|[a [product |of KURARAY
CHENI GA. @O, , |LTD. Average filber |diareten: 1P m
Fi brlous—agtTvgted|car pom A (materfrat—[—petfTotgum
pitCh_)_Z:Eij prqduct of f UNITI KA, LTD. & andll ar|act] vatled
car Qefi] 815: (mat erifal : | cocpnut
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Example 3




shell): a product of KURARAY CHEM CAL CO., LTD.
Granul ar activated carbon WH2C (material : coconut
shell): a product of Takeda Pharnaceutical Co., Ltd.
In the above table, blanks represent that neasurenents
were not conducted. [0040] 3534 Table 2 Specific Pore
Average Activated surface Aspect ratio carbon
Manuf act urer area vol une aspect (distribution) (m2)
[éﬁk %A ratio FR 25 CHEM CAL 2500 1.2 525 1040 FR-20
8 EM CAL 2000 0.75 400 1500 FR-15 KURARAY 1500

Qe G P B AR 30,8 Y scevases

M CAL 16Q0Q 1.1 The cific surface areas_and pore
<OGPERoY™Fi SH3HSther 6bn SaFe e HEIPEG DEIAES GPoFarass The

listed_in catalo ues of . manufacturers. [0041]
VEXERHI éd512dard TheAtrPBroAZ Y HPEENESr bon FR- 20

was activated by
Comparative Examples 1 to 3: The product as intact was

charged into columns.

Fibrous activated carbon FR (material: phenol resin): a
product Qf KUEARAY CHEMICAL CO., LTD.

Average fiber diaméter: 10 pm

Fibrous activated carbon & (material: petroleum'pitch):
a product of UNITIKA, LTD.

Granular actiVated carbon GLC {(material: coconut
. shell): a product of KURARAY.CHEMICAL CO., LTD.

Granular actifated ca:bon WH2C (material: coconut
shell): a product of Takeda Pharmapeutiéal Co., Ltd.

In the above table, blanks represent fhat measurements
were ndt conducted.-

[0040]



bringing into contact wth 1.5 N hydrochloric acid by
the procedure of Exanple 6. The treated fi brous
activated carbon (2 g, dry weight) was charged into
18 M colums having the sane structure as in Fig. 1,
except for having a 1 ni vacqgi | ayer adjacent to an
inlet for agqueous sodi um hydroxi de solution. Six

pi eces of the colums containing the fibrous.

activated carbon were continuously placed in series in
Tablguart z glass tube with a jacket as in Exanples 1 to

8, and wWarm water at GaécmGSCC' &# ategvé é{
Ncaaketedrmdéaogact L jasumizsseal |1 0 0 J) % hr dgghct ratio
tdeerkeol umMS 17 Of T he opaméa tR@uQ%ﬁ S |t{gbetatbution)
an inlet-3|de pressur g ofm’ g1l a or our<.

l-"

thereby o deorArde fi prous actijvated carbo . Next, 120-
- 1680%m  of ZAEAGLEOUS 48?§D%£@6soai%n1hyd?gaide 1040

sotutTon Con|Jl qu 5p ppb of Tjickel —and TI00 ppb of ¢

i FER20@s | all

Loned,. ? hasg00fr oygh .t71%e [col éddhs from tr\ﬁoo

bott om of flg oAy Zmlnce tybe at afnor] r.at

cTTOTO T T 4

m.&hg E\eryKQRﬁiNﬁ hf tBgoregquld ispg jaqueous sod|un1
hydroilde sGHEMIOHM was  col | ectled, and| t he nickel and

iron contents were analyzed by | ICP-MS. . In lnple
12230l uims WY EBr epar ed>BY char%i®lg | fi H7dus

activateg car bon FRZ0, and—an [aqueous| sodi um

hyd¥iaxi de sofNRTIER was pubdéi ed andowas anal yzed by
-t he progedure—of Exapple-ll.—gxcept—tor—usingreolumms
hayi pg no VEBRRAY| ayer . 140042] Fabbe [3 shows t/hat

usi ng cqunﬁﬁEMéQ$MQ 0 vaeipt |layérl

The specific surface areas and pore volumes listed
herein are measured values.or values listed in catalogues of
manufacturers.:

[0041]
| Examples 11 and 12 

A fibrous activated carbon FR-20 was activated by
bringing into contact with 1.5 N hydrochloric acid by the
procedure of Example 6. The tfeafed fibrous activated carbon
(2 g, dry weight) was chargéd into 18 ml columns having the
same structure as in Fig. 1, except for having a 1 ml vacant
layer adjacent to an iniet for agueous sodium hydroxide
solution. 8Six pieces of the cqiumns containing the fibrous
activated carbon were continuously placed in series in a
quartz glass tube with a jacket as in Examples l to 8, and

warm water at 63°C was circulated in the jacket. Nitrogen



and containing the fibrous activated carbon enabl es
conti nuous production of an aqueous sodi um hydr oxi de
solution having a nickel content of 0.1 ppb or |ess.
- [0043] 37 Table 3 Analysis data (ppb) Metal 100- 300-
500- 700- 900- inpurities 20Q 400 600 800 1000 0.1 or
0.1 or 0.1 or 0.1 or 0.1 or nple Ni less |less |ess
less less 11 Fe 6.4 4.6 10 8.2 10 0.1 or 0.1 or 0.1
‘or Exanple Ni less less less 0.11 0.13 12 Fe 4.0 2.4
gas4was ablofedsnp Exaspresoughafbe1g40AURer HeM the tOP of,
activated carbon FR-20 was activated by .immersing
the 5qtk hyver gthor bebacall, aphbnéetas élecBREBANT GaS T Qhéh MPa
adjusted to 50% by wei ght by the procedure of Exanple
f6r 2Theutseatkdrébprbusdagt that Edbranboachévathdr gagbon.
into colums having a capacity of 17 m as
Nektystoa0edli of Fag. adueSayens. pi etéssoflithehgfiargéde
-‘col uitms were continuously placed in series in a
sguatigngtassainbegwsthppbj acketckElgand) 11a0dpphacm iron was
water at 63C was circulated in the jacket. N trogen

eg§§wé@St§|b@ﬁ@dth@oﬁgﬁsthhr@dghmhbefethﬁhs pbtadm of the
i nlet-side

quartz glass tube at a feed rate of 300 ml/hr. Every 100 ml
of the resulting aqueous sodium hydroxide solution was ‘
collected, and the nickel and iron contents were analyzed by
ICP-MS. . In Example 12, columns were prepared by charging
fibrous activated carbon FR-20, and an aqueous sodium
hydroxide solution was ﬁurified aﬁd was analyzed by the
procedure ef‘Example 11, except for using columns having no
Qacant layer.
10042]

Table 3 shows that using columns having a vacant layer
and cdntaining the fibrous_activated carbon enables
continuous production of an aqueous sodium hydroxide solution

having a nickel content of 0.1 ppb or less.

10043]



pressure of 0.11 MPa for 2 hours thereby to dry the
fibrous activated carbon before allowi ng a sanple
aqueous sodi um hydroxi de solution to pass through the
colums. . An aqueous 48.3 wt % sodi um hydr oxi de
solution (800 m) containing 30 ppb of nickel and
1100 ppb of 'iron was then allowed to pass through the
colums fromthe bottom of the quartz glass tube at.a
feed rate (gassing rate) of 300 m/hr, to give a used
38 fIBPdGs3activated carbaon. [0045] Subsequently  the

aqueous Rl kal i ne soljuti on cont sAmelysis ddea useb)

fibrous pctimeatad car bpggFR-|203ghar ged siom-t hé  &R¥en 900—
col ums W@ﬁpﬁ%i&@@éed @@b'e theyfg brpusg@gti yat gdo 1000

carbon was plraced ag TH_{hg.d U@Rﬁzogl(§§]ngg 0.1 or
gggﬁ le the teﬁperature ég th féESU|a£ﬁ%%s fgg less
l a\,r\cl UI l.IIU guai t2Z yrdss tUuT was : cvat cu
éO and 1980 nl |of 6. ﬁure VWﬂeﬁ* was ﬂ@ssej Ar Bugh 10

lIIC L,UI 01 RLRIS) fIUIIItIIt lUIII lIIC gdllLrg asS S tUIUt
a Ieed rateiof 30 :iﬁ %t 50 DS IN 0.13
rat gs%f Qn(leﬁis/ h and (

(<}

C%l o -aci-d-at
LI >4 AT T © IUU\JI LILEL Y AL A

r% CATTOA
m 6t pure waker at |a heed rat@_qi 300 o4/ hf were 46

I !\1 al | r\\nnrl t N 3aS9 thronahl tha ~nl

faVal INaaal=l
uquu TC AT T OVIVCTTY LA H Tr UUUII CTTre \" AW | LLLLE=JE]

ha
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Ys the fibrous activated carbon in the col ums was
acéivated - Again, nitrogen gas was allowed to pass

Eﬁg%p#%F %Bhsaﬁsq hereﬁt an inlet-side pressure pf 0.11

y to dry the fibrous activated
caroq. JObO0S oL U NI ATOLEL, BUAS SOUNR 1vca 1y
immersing in 1.5 N hydrochloric acid, whose water content was
then adjusted to 50% by weight by the procedure of ﬁxample 6.
The treated fibrous acfivated carbon was charged into columns
having a capacity of 17 ml as illustratéd in Fig. 4. Seven
pleces of the charged columns were continuously placed in
series in a quartz glass tube with a jacket (Fig. 5), and
warm water at 63°C was circulated in the jackét. Nitrogen
gas was allowed to pass through the columns at an inlet-side
pressure of 0.11 MPa for 2 hours thereby to dry the fibrops
activated carbon before allowing a éamplé agueous sodium
hydroxide solution to pass through the columns. An aéueous
48.3 wt% sodium hydrokide solution (800 ml) containing 50 ppb
of nickél and 1100 ppb of iron was then allowed to pass
through the columns from the bottom of the guartz glass tubg

at a feed rate (passing rate) of 300 ml/hr, to give a used




The tenperature of the circulating water in the jacket

of the quartz glass tube was controlled to 63C, and

800 m of an aqueous sodi um hydroxi de solution to be

treated containing 50 ppb of nickel and 1100 ppb of

iron was purified by passing.3 t hrough the col ums at

a feed rate of 300 m/hr. The %ickel and iron

contents of the purified agqueous sodi um hydroxi de

solution were anal yzed by | CP-M5 by col |l ecting

IipzevsoRS VA C23B0™ to 400 mi of di scharged

aqueous solution. [0046] In Exanple 14, a used

[pgﬁﬁdus activated carbon was obtained and the used

“ fibrous activated carbon FR-20 was - regenerated by the

pr ocefubeedherkaipl he3aqureupst alkal inessglution contained
hydrochloric acid as an activator was not passed
inhtbeghsehle fibgbusnactiypdled ceboaqi@odd sbdirged in the
hydr oxi de solution to be treated was purified by

spassi nglunsughscektmastethehdilec thiegddblrogei dcwasated
col l ected and anal yzed by the procedure of Exanple .
cd3bohabke Hlshedsaandhnysict dat ahef gheanpl gdas3 antbeld. Next,
Tabl e 4 denonstrates that the fibrous activated carbon
teghitbinpe retukedby taeoveredleapabl Waky e@bteemivi Ae jacket
metallic inpurities by bringing into contact with an
o@cth¥ah@hrtanglakBatubbe waemevakagapakiol BOJC| Sam@t1000 ml of
sufficiently recovered wthout activation with the '
paebi vaker. wh@0féks48 through the columns from the bottom of

the guartz glass tube at a feed rate of 300 mi/hr. Ne#t, 500
ml of 1.5 N hydrochloric acid at a feed rate of 300 ml/hr and
500 ml of pure water at a_feea rate of 300 ml/hr were
subsequently allowed to pass through the cblumns. Thus, the
fibrous activated carbon in the columns was reactivatea.
Again, nitrogen gas was allowed to pass through the columns
at.an inlet-side pressuré of 0.11 MPa for 2 hours thereby to
dry the fibrous activated carbon before allowing another
aqueous sodium hydroxide solution fo pass through tﬁe columns.
' The temperature of the circulating water in the jacket of the
quartz glass tube was controlled to 63°C, and 800 ml of an
aqueous éodium hydroxide solution to be treated containing'SO
ppb of nickel and 1100 ppb of iron was purified by passing.
through the columns at a feed rate of 300 ml/ﬁr. The nickel
and iron contents of the purified aquecus sodium hydroxide

solution were analyzed by ICP-MS by collecting fractions from



Tabl e 4 Anmount of Analysis data Activator activated
Activated used in carbon N ckel Iron carbon
reactivation (per columm) content content (g) (ppb)
(ppb) Exanple 1.5 N 0.1 or 13 FR-20 hydrochloric 2
less 4.8 acid Exanple FR-ZOégpne 2 2.8 352 14 [00481
. Exanpl e 15 and Conparati ve anpl e -4 In an etching
tank havi ng .an internal capaC|ty of 11000 nm was
aced 60 f an .a ous wt % sodi um, hydr oxi de

2BRE 5R 38D Pieal AASFhRRaetoRAPEP Ao SoF Tt nl 6 6

and haV|ng a nlckel content of 0.1 ppb or |ess, and
[PH&®&0l ution was heated to 80C. A | apped waf er havi ng
a p-t resistivity of 0.01-to 0.02 0-cm and having

a diaﬁﬁt%ﬁaeplzobﬂ inided fihepvedarhivaéedt earhgn was
agent in the etchlng tank for 6 mnutes. Such a wafer
obtajpeel andcepei bpedt fibsanamesivefedwicarbanckR-20 was
Thus, the level of contam nation of the wafer wth
regekeratad bratheedrofodugt JliecEkampleof 3comkarbtiathels 1.5 N -
wi th nickel was determ ned
hydrochloric acid as an activator was not passed through the

columns. Namely, the aqueous sodium hydroxide solution to be
treated was purified by passing throughidolumns, the
discharged liquid was collected and analyzed by the procedure
of Example 13.

Table 4 shows analyéis data df Examples 13 and 14.
Table 4 demonstrates that the fibrous activated carbon
exhibits markedly recovéred capability of removing metallic
impurities by bringing into contact with an activator, and '
thatrthe removal capability is not sufficiently recovered
wiﬁhout activation with the activator.

[0047]



in the followng manner. Initially, the surface of the
et ched wafer was washed with pure water for 5 m nutes,
was further washed with 0.1 N hydrofluoric acid for
one mnute, and the wafer was fully dissolved by the
action of vapors of 41 hydrofluoric acid and nitric
.acid, and the residue was aﬁ%ﬁyzed by ICP-M5. In
Conpar ati ve Exanple 4, etching was carried out and
the | evel of contam nation with nickel was determ ned
Tappleh€ procedure of Exanple 15, except for using, for

et chi ng, an aquepus 48. 3 wt %|sodiampuhy dsoxi de 3@5@959@ data
havi ng a P &ﬁd coricettratdr 50 pphceitioat purificatipn
by the|f act ingatieth carlbon. dwaftloa 5 dendAskeht ps Tron
that the “€chad mﬂégﬂtﬁuﬁti@hgniﬁpéruddypmneduc%RP?%?ttn€°“tent
ni ckel | content when an aqueous songh1hvdrOX|H§’) (ppb)

EsoI tion having a ni ¢kelncontlent of 0.1 ppb Igss
F%ﬁ, i f pR-B1 chi RgdrddNB@}ic [Tabl e 52Ni ckel coﬁ&egf n 4.8
Niickel | content ih acusiaus sgdi um hydr oxi de

soquinn (ppb) (1010 atons/cgnR) Exanple 15 (0.1 or
| 0|2 ranparpti vend2 8.1 | Exanpl2 4 | NDUSTR AL 352
APPLI CABILITY [PO51] .

[0048] -
‘Example 15’and Comparative Examplei4

In an etching tank having an internal capacity of 1000
ml was placéd_SOO ml of an aqueoﬁs 48.3 wt% sodium hydroxide
solution purified under the conditions of Example 6 and
having a nickel content of 0.1 ppb or less, and the solution
was heated to 80°C. A lapped wafer having a p—-type
resistivity of 0.01-to 0.02 Q-cm and having a diameter of 200 °
mm was_immersed in the etching agent in the etqhing tank for
6 minuﬁes! Such a wafer is most susceptible to contamination
with nickel. Thus, the level of contamination of the wafer
‘with nickel was analyzed.

[0049]

The level of contamination with nickel was determined
in the following manner. Initially, the surface of fhe
etched wafer ﬁas washed with pure water for S minutes, was
further washed with 0.1 N hydrofluoric acid for one minute,

and the wafer was fully dissolved by the action of vépors of



The net hod and device for purifying an aqueous
al kaline solution according to the present invention
enabl e production of high-purity aqueous al kaline
sol uti ons containi ng narkedly reduced anounts of
metallic inpurities. The resyl |.ting aqueous al kal i ne
sol utions can be suitably use&'as an etching 43
CLAIMS 1. A nethod for purlfylng an aqueous al kal i ne
solution, conprising: 5 bringing a fibrous activated
hydF pbhUPELF ngCaH %Q@r%b%rl‘és%%b’fi' rabfotBe 16SsHURDYES
a specific surface area of 1000 nR/g or nore and a
apalezd| el 6P-MS 45 1 /Gpraraisriere iFtarrim acttdliing was
an aqueous al kaline solution to renove a netal
caonpedeptt oahdr thhaheutkabf nerhpsinatienkeirhenéakeh was
nmetals 10 fromthe aqueous al kaline soluti.on. 2. The
dee¢hoinédrbputhéypngcaduaguebuExankati he, swtaptohor uSlng,
according to clains, wherein the aqueous al kaline
feol attbings an aqueous 48kal whe sollitinohydhboshde sclution
conprises at |east one hydroxide of at |east one
haeiny secheckel Eontehbeof550rppp ebbsbati pgrofiabkabn by the
nmetal s and al kaline earth nmetals, and further
FCOPPLE SeStitetal teasbnone netal conponent other than
al kali nmetals and al kaline earth nmetals. 3. The nethod

for ppabhiyi nodamoRsuestss atkat i fke Sothéd Oapee0igli Ng
to claim1 or 2, wherein the average 7?0 aspect ratio

st i??l@énﬂPﬁereéucgaelﬂeiﬂédni@kePUébﬁﬂéﬂg WHeAJHLONGueous
al Kal | ne

sodium hydroxide solution having a nickel content of 0.1 ppb

or less 1s used for etching.

[0050]
Table 5 . _
Nickel content in Nickel content in
agueous sodium hydroxide wafer
sclution (ppb) : (x10*° atoms/cm?)
Exampie 15 0.1 or less 0.2
Comparative :
.1
Example 4 .50 , 8
INDUSTRIAL APPLICABILITY
[0051]

The method and device for purifying an agueous alkaline
soclution according to the present invention enable production
of highfpurity acqueous alkaline solutiqns containing markedly
reduced amounts of metallic impurities. The resulting

aqueous alkaline solutions can be suitably used as an etching
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sol ution according to any one of clains | to 3,

further conprising: activating a fibrous activated

carbon with an acid or a mxture of two or nore acids
selected fromthe :5 group consisting of hydrochloric

acid, sulfuric acid, nitric 44,.acid, and phosphoric

acid before bringing the fibrous activated carbon

into contact with the aqueous al kaline solution. 5.

The nethod for. purifying an aqueous al kaline 5

sol ution.-according to any o MElains 1 to 4, _

wherein the at |east one netal conponent other than

al kali metals and alkaline earth netals contained in

t he aqueous al kaline solution contains at |east one

met al sel&dt@bhed ofe ¥ heugt dupnacanseguenysorlkedine solution,
ni ckel, nol ybdenum and copper. 10 6. The nethod for
PR ¥ 38 yg? an aqueous al kaline solution according to

any one of clains 1 to 5, wherein the aqueous

al kal ilmei rsping | onfilsrams agwebustsddcapbbydhaxidg an average
sol ution or an aqueous potassi um hydroxi de sol.ution.

dspeite metiwdf aro por ifyiag anspguedis slikahiaeatba of 1000
sol ution according to any one of clains 1 to 6,

miligr eirnmdreC anee At patreco irAfuntietced dyal axi de sPMBFSLdinto
in the aqueous al kaline solution before bringing into ‘
aoitaant Wit drheaqddipus) vsliNat 861 GREERNt6Srdflol® a metal
55% by weight. 8. The nethod for purifying an aqueous

nprdit: AheSOItHd P BELO] dhd¥a1o SN QDR Ping! 8hPBhlmetals
to 7, further conprising:
from the aqueous alkaline solution.

2. The method for purifying an aqueous alkalihe
solution according to claiml, wherein the aqueous alkaline
solution is an aqueocus alkaline solution which comprises at
least one hydroxide of at least one metal selected from the
group consisting of alkali metals and alkaline earth metals,
and further comprises the at least one metal component other
than alkali metals and alkaline earth metals.

3. The method for purifying an aqueous alkaline
solution according to claim 1 or 2, wherein the average
aspect ratio is 50 or more.

4. The method for purifying an aqueous alkaline
solution according to any one of Cléimsll to 3, furthér
comprising: activating a fibrous activated carbon with an

acid or a mixture of two or more acids selected from the

group consisting of hydrochloric acid, sulfuric acid, nitric
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conti nuously passing the aqueous al kal i ne sol ution

t hrough a columm containing the fibrous activated
carbon thereby to bring the fibrous activated carbon
into contact ?5 with the aqueous al kaline solution. 45
9. The nethod for purifying an, aqueous alkaline

sol ution according to claim8, wherein the col um
containing the fibrous activated carbon includes at
Ieagt onﬁ fbbrous ,activyated _carbon | ayer and at | east
ontSyatRit PPAYBROF1Ee28 1 fr BRFPRE PrBPELEJathPy diibdous
carbon, and wherein the at |east one vacant |ayer is
arthngyktd upaFPeBni rEenfoabaRtt Wehm Fhenpaugrysoglkaline
inside the at | east one fibrous activated carbon
$ayekiono. The method for purifying an aqueous

al kaline solution according to claim8 or 9, wherein
two oro noflee e toddinber wiithf ¢ong adm adeebdbibr slikaline
activated carbon and are connected to each other are
sk idil. adberdetdodo fany poné f gf nglatmaglebas4al khkiragén the
sol ution according to any one of clains 1 to 10,

durldmst coaqnésahgeorboneshi dghéhetfiahr UBaadt nedhed and
carbon, which is a spent fibrous activated carbon

aisledl] frox <o Pih idcals cfofaihed afuEIMSagh&a8hknNglkaline
solution, with pure water; bringing the washed fi brous

@l tiadre e Dok | 4K Ole£ONtGEE Mb£d] A0 PELLeQ FAom the group

m xture of two or nore acids 20 selected fromthe
TS A0S | St | NP AYHOCh RS PodCh e Mhd ' bppetd,
sul furic acid, and phosphoric acid for

6. The method for purifying an aqueous alkaline
solution according to any one of claims 1 to 5, wherein the
aqueous alkaline solution is an aqueous sodium hydroxide
solution or an aqueous potassium hydroxidé solution.

7. The method for purifying an agueocus alkaline
solution according to any one of claims 1l to 6, wherein a
concentration of metal hydroxide comprised in the aqueous
alkaline solution before bringing into contact with the
fibrous activated carbon is 10 to 55% by weight.

8. The method for purifying an aqueous alkaline
solution according to any one of claims 1 to 7, further
comprising:

continuously passing the aqueous alkaline solution
through a column containing the fibrous activated carbon

thereby to bring the fibrous activated carbon into contact

with the aqueous alkaline solution.
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activation to obtain a recycled fibrous activated
carbon; and wusing the fibrous activated carbon again
for purification of an aqueous al kal i ne sol ution. ?5
12. An etching agent for silicon wafers, containing an

47 al kal i ne sol uti on cont ai ni at | east one
hydr oxi de of at |east one net sel ected fromthe
group consisting of alkali nmetals and al kaline earth

metal s _and further containing a metal conponent other

than af kalh® feeERQd ah@r aPR&ELf HéngapPhaguastal 3l kahdne

al so has an outlet for discharging the agueous

wMkatiore aererdbng teomliabinch. t whenedal tbenpohenn containing
other than alkali nmetals and al kaline earth netal s _

tHes biderouenpvietlvaoed cafboheivedsdées 47. 1§hetdeukcéibrous
for purifying an aqueous al kaline 10 solution

adcioratien) tarledai hagéyr aheéretnleéhetavecagecaspettyer free
ratio is 50 or nore. 18. The device for purifying an
faguwedits: af Katoune asolubten agepbod] ngnéowkbaeihlbherat least
17, wherein the vessel containing the fibrous -

card iwadatt Copon 90 velesgad hf@@fe@ﬂefiémfi@éﬁﬂ§tream from,
activated carbon |layer and at |east one vacant |ayer

dnidg®f rigB 1de fHDrous) a&di Veh&dr CRFHH . adPivdPEqdeyissn layer.
for purifying an aqueous al kaline solution according

to anyconerd fd@dB A6 0 A8 v INEr 8l i deouy essl1ine
contai ning the fibrous activat'ed carbon conprises two

S84 v IR G LY OBl g dheg f im%’:’ec’iﬁctt,d}cyatgfdmore
carbon and being connected to each ot her.

columns which contain the fibrous activated carbon and are
connected to each other are used.

11. The method for purifying an aqueous alkaline
solution according to any one of claims 1 to 10, further
comprising:

ﬁashing the fibrous activated carbon, which is a spent
fibrous activated carbon used for a purification of the
aqueous alkaline solution, with pure water;

bringing the washed fibrous activated carbon into
contact with an acid or a mixture of two or more acids
selected from the group consisting of hydrochloric acid,
nitric acid, sulfuric acid, and phosphoric acid for
activation to obtain a récycled fibrous activated carbon; and

using the fibrous activated carbon again for

purification of an aqueous alkaline solution.

12. An etching agent for silicon wafers, containing an
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47

alkaline solution containing at least one hydroxide of at
least one metal selected from the group consisting of alkali
metals and alkaline earth metals and further containing a
metal component other than alkali metals and alkaline earth
metals, and also has an outlet for discharging the aqueous
alkaline solution, from which the metal component other than
alkali metals and alkaline earth metals has been removed, out
of the wvessel.

17. The device for purifying an aqueous alkaline
solution acco;ding to claim 16, wherein the average aspect
ratio is 50 or more.

18. The device for purifying an aqueous alkaline
solution according to claim 16 or 17, wherein the vessel
containing the fibrous activated carbon includes at least one
fibrous activated carbon layer and at least one vacant layer
free from the fibrous activated carbon.

19. The device for purifying an aqueocus alkaline
solution according to any one of claims 16 to 18, wherein the
vessel containing the fibrous activated carbon comprises two
or more columns containing the fibrous activated carbon and

being connected to each other.



