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1 METHOD FOR PURI FYI NG AQUEQUS ALKALI NE SOLUTI ON
TECHNI CAL FI ELD [00011 The present invention relates
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 disclosbre of which is

i ncor porated by reference herein. BACKGROUND ART
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etching agents for silicon wafers instead of a

hard-t o- handl e ni xed acid which contains hydrofluoric

acid, nitric acid and acetic acid. The aqueous
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metal s such_as . iron, . nickel, nolybdenun1and/or copper
anpéﬁE?PHFeaék§FFPEoﬁoﬁﬁFéPn durlng etching, remain

therein after etching and thus cause _change in
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waf er. Accordin such aqueous al kal i ne solutions 2
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inpurities are
disclosure of which is incorporated by reference herein.

'BACKGROUND ART
[0002]

Aqueous alkaline solutions 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, molybdenum and/or
copper. Such metals are derived from raw matefials for the
aqueocus alkaline solutions or contaminated during producticn
processes. These impurities éontaining metals such as iron,
nickel, molybdenum and/or copper penetrate a silicon wafer
during etching, remain fherein after etching and thus cause
change in electrical insuléting properties of the silicen

wafer. Accordingly, such aqueous 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
impurities which are contained in trace anobunts 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 denmanded to reduce an

iron .content to, 100 ppb, or | ess, nor ef erably,10
COBS 0 Pege o5 LB FBBRIPEORDENE POCIR8 pp BPELEdgs are
nmore preferably 10 ppb or less; and,a nickel content
supg tan tige Ly didddcudsr &0 Hegr 8FabltyningppIgR tFeBgactically.
50004] Certain nethods for purifying an aqueous
[020RdI i ne sol ution have been known to use acti vated
carbon. However, no nethod is known which reduces
met aflhi erdgpuicrt nes i8 stehingopéeRilaEPBnYa4sTeo bBe
used for the aqueous al kaline solutions etching of
cogitlendor fngbehs ofTmetpdildst iopuaisaesiwhishdaser coagained in
bel ow di scl oses a nethod for purifying an aqueous
trsgcei amolmpdisodindéheokguieonsby lkgilhgeanoduotivaseghould be
carbon. In the nmethod, iron contained in the aqueous
resloiedmt oh 2@i0o pipibe osoLetsisonmogser prefedahil ivh 100e ppbeoof less.
~ activated carbon, thereby to avoid problens in ,
Moo dpetciidl cafl 1yqdittmhaky peelhl dembededhits dedunentn iron
however, nerely discloses that iron contained as
conffewit! tty 430 Pebr etouedstomadreoprefierably 30 ppn b less; a
terns of Fe2(3 by all owi ng the aqueous sodi um

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 agueous 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 aqueoﬁs alkaline
solutions etching of silicon wafers. The patent document 1
as described below discloses a methed for purifying an
aqueous sodium hydroxide solution by using an activated
carbon. In the method, iron contained in the aqueous sodium
hydroxide solution is removed with the use of activated
carbon, thereby 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 sol ution to pass through a | ayer of granul ar

activated carbon. [0005] Patent docunent 2 descri bed

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 by3allomﬁng an aqueous

pot assi um hydroxi de solution”“to pass through a

filtrating device precoated with activated carbon

derived fromcoconut shell. This docunent, however,
mmmm%%%%%w&%wwm&m

ni ckel content is reduced to about 50 ppb.
hydagx@ﬁ@nsoinélageaoa@@ﬁvaFEEOBahbénlﬁgearaﬁugaﬁnular

activated carbon prepared from coconut shell and is
acgpvated peacbar-fine powder. This often invites

clogging of the filtrating devi ce and/ or scattering
[(06058ust and thereby requires excessive facilities

such as dustproof devices in practical use. In

addi Pabanptt Hecamental edesarboedi belovwf fetatingoto a method

reacti vate, which obstructs reuse of the  resources.
foFurtherimgenitieehnddueionhsr ehatanhachivkeéddcentboh ¢an be

used to renove copper have not been known yet. [0006]
redlieefgatenthdoetgent o8 dpsati bedppel bw dlsokbsgsan aqueous

another nethod for purifying an aqueous sodi um:
poliydeaxndeyaebitibensbyuttienoybngaset ahkbaghnputiltesting

therefrom in which the aqueous 4 sodi um hydroxi de
de%kut beBcbatRYr WhiikBdabyi¢heetir ehybbs Wekhvad from coconut

shell. This document, however, merely discloses a specific
example in which the nickel content is reduced to about 350
ppb. In addition, the used activated carbon is granular
activated carbon prepared from coconut shell and is apt to
become fine powder. This often invites clogging of the
filtrating device and/or scattering of dust and thereby
requires exceésive facilities such as dustproof devices in
practical use. 1In addition, the activated carbon is
‘difficult to reactivate, which obstrubts reuse of the
resources.

Furthermore, techniques wherein an activated carbon is
used to remove copper have not been known yet.
[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 %npurities are renoved
whil e increasing the concentration of the aqueous
sodi um hydr oxi de sol ution by further electrolyzing an
agueous sodi um hydr oxi de, sol ut | e
SO@H%‘BtFB@?@i‘éd%fS%%‘lehﬁﬁlch?oP‘r‘H%gl‘f‘gg‘B’?] J?%‘Eg fYSlg/ with a
docunent 1: Japanese Patent Application, First
capiphieaEhengRoNeBpBABe. 5 MYs Paametodiffdreons that this
Japanese Patent Application, Flrst Publ i cati on No.
me 2HOY- Q@rsszsdwaeehhed@@m@mretl%p%e@%t%%éﬁtlmpurltles in
Application, First Publication No. 2002-317285
thpl SCUESWRES B NVEXTE OKider 8l Bhion otel S PR IO Byl ERR-
I nvention [0008] Under these circunstances, the
Thpsesehhoilpvbnwevarhass beenincebfiptiehe, shpcammetallic
object of the present invention i~; to provide a
impathedeboarendambredl Whipeoduckagsandi ghepoencgntration of
aqueous al kal i ne solution which is reduced in content
thef agiebak| s6digpuhytiresite suthtiemeby &srtbebe
satisfactorily 5 wused as an etching agent for silicon
e1vetersyBynhhenusguebua sbibunusydebkiatesotatbon. 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]

Uhder 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 céntent 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 renoving netallic inpurities from an

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

an aqueous al kaline solution’using a fibrous

activated carbon. Means for Solving the Problem

[0009] After intensive investigations, the present
uspvent on ehaBirgurdcthafor $ibieeR wrfevarky €BF pateif @

capable of highly renmoving netallic |npur|t|es such ‘
figgonpcketivated, canbbybddmahlai AduRsdr okl REE SRt

trace amounts in an aqueous al kaline solution. He
ingksbibasifotndptbmidehan ¢iohbug agenvafed ehlboen canfers.

have further increased capability of renoving B
Yemrehabkheri opjiecti e§ byebpregeny iheentibnois btetprvevede use
- carbon into contact with an acid or a mxture of two
ofon HObeoasi detseheetiedatbom hydrefhicienthyi demovingi c

acid, sulfuric acid and phosphoric acid. The present
metAYENt ORphastheenfachi enedghesed abhkahese $ohdthgs, and a

[0010] The present invention provides, in a first

de@$SpecCtor(phri@yiByhad &@uepusi 4YkAYiAG 8gLUEOUSN using a
al kaline solution as follows. 6 (1) A nethod for

- fiB¥bLEYhBEidRta8UBAYBoAl kal i ne sol ution, conpri sing:

Means for Solving the Problem

[0009]

After intensive investigations, the present inventor
has found that a fibrous activated carbon is capable of
highly removing metallic impurities such as nickel, iron,
molybdenum and copper contained in trace amounts in an
agqueous alkaline solution. He also has f0und.that the
fibrous activated carbon can have further 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 present-
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

netals fromthe aqueous al kaline solution. The

foll owi ng enbodi nents (2) to_(12) are preferred in

the present invention. (2).The nethod for purifying an

aqueous al kaline solution according to claimn,

wherein the aqueous al kaline solution is an aqueous .

al ka1 heh soethe@nf ohi PR EBYHRY s 2FUePeny L peine solution,

hydr oxi de of at |east one netal selected fromthe
cogpbiipiegnsi sting of alkali netals and al kaline earth

metals, and further conprises the at |east one netal |

conpbnényingher fibhawms ahkbivabed atarber k@l ¢ertaqE thith

netals. (3) The nethod for purifying an aqueous
anablyabbne asbhlinensatebidnngot vefidyeor rejal whenpdment

the fibrous activated carbon has an average aspect
othati ehah d0kalinbeeal$dandhelkel oed ¢artpunétylagfeem the

aqueous al kaline solution according to any one of (1)

aqghBo(18) alwbeirensbbecibhbrous activated carbon has a
specific surface area of 1000 nR/g or nore and a pore

vol UiRe 080 91 4R1i 7Y/ empsdimerts [ 091110 ( B} 2 Theraephoflefoed in
purifying an aqueous al kaline solution according to

th@NpreBenef ihkbntooh4), further 7 conprising: '
~ activating a fibrous activated carbon with an acid or

a mxo\r e Qf nEWRoQr £8Pr BudtE@sngehRCigdedti®OMalkeline
solution according to claiml, wherein the aqueous alkaline
solution‘is an agqueous 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 (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
ﬁz/g or more and a pore volume of 0.45 ml/g or more.

[0011]

(5) The method for purifying an aqueous 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), wherefn the at |east one metal
conmponent other than alkali metals and al kal i ne
earth nmetals contained in the aqueous al kal i ne
cogprising:centavating prelisbrone astavatedeceEdorrGhathhen
group consisting of iron, nickel, nolybdenum and
acg¢dpper a Mixtllhe o€t hwd bormpuei fgidyg aalaequedutrom the
al kaline solution according to any one of (1) to (6),
grwler ebnstiieéingquéobgdabkhlonécsatidi osul uahcagobdusnitric
sodi um hydr oxi de solution or an aqueous potassi um
achyidr axddehsebhbiran. aci B0k2Fof8) bFfhegimirhbdef Hibrous
purifying an aqueous al kaline solution according to
acaiyaged ohrbdh tatb7ronvhetewith thenaqueoasi abkaline
- metal hydroxide conprised in the aqueous al kaline
so&gkubhon before bringing into contact with the
fibrous activated carbon is 10 to 55% by weight. (9)

The neyhedef REtRBAT E¥ENguANFRUNGOHSE abkabhsealRl ihéon
according to any one of (1) to (8), conprising:

so@%%&bﬁug%%BEd@ﬁéskBgahbeo§8U§9U$1ﬁ|Eé'NB? SRh8EEQR the at
fhrough a 8 colum containing the fibrous activated .

1e%§%beﬂetR%&s@ycbapogéh@gokherft959U§1ﬁa&aVﬁ5€Q15aaQ@n

Into contact wt
alkaline earth metals contained in the aqueous alka;lne
solution contains at least one metal selected from the group
consisting of iron, nickel, molybdenum and copper.

{7} The method for purifying an agqueous alkaline
solution according to any one of (1) to‘(6), whefein the‘
aqueous alkaline solution is an aquecus sodium hydroxide
solution or an aqueous potassium hydroxide solution.
[0012]

(8) The method for purifying an aqueous alkaline
sglution according to any one of (1) to (7), wherein a
concentration of metal hydroxide cqmprised in the agqueous
alkaline solution before bringing into contact with the
fibrous activated carbon is 10 to 55% byrweight.

(9) The method for purifying an aqueous alkaline
. solution according to any one of (1) to (8), comprising:

continuously passing the aqueous 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 aj |east one vacant |l ayer
free fromthe fibrous activated carbon, and wherein
the at |least one vacant |layer is arranged upstream
from downstreamfrom_ and/or inside the at |east one
coluppogenbeipiag ebhe af BoROPayRFT1{A45d TPREDRR neFehY to
purifying an aqueous al kaline solution according to
brigy the(idprowhepretivatedorarere 1vbP UPPRTIFF Hith the
contain the fibrous activated carbon and are
aguennecttdalbneashlother.are used. (12) The nethod for
purifying an aqueous al kaline solution according to
[0Q1Blor (2), further conprising: washing the fibrous
activated carbon, which is a spent fibrous activated
car bonousedef methogufoti patidying dheaquepmsuslkaline
al kaline solution, with pure water; bringing the
sobashed htbbedsngctbvabed ehebenni the cobwhactomtéabndmg the
acid or a mxture of two or nore acids selected from
fibheugr agpicansasthpgoafl iAyUtaekl ati teast donenfibrous
acid, sulfuric acid, and phosphoric acid for
ac@¢lhyaki eArbenobhgel antesychedsti bhousasshtvabgdr free
carbon; and 9 wusing the fibrous activated carbon

frafdithel @8 pRULLT heat baReaf caPbafyeata Ahkakifethe at least
sol uti on.

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

(11) The method for purifyihg an équeous alkaliﬁe
sclution according to'f9) or (10), wherein two or more
columns which contain the fibrous activated cérbon and are
connected to each other are used.

(12) The method for purifying an aqueous alkaline

solution according to‘(l) or (2), furthef comprising:

washing the fibrous activated carbon, which is a sﬁent
fibrous activated carbon used for a purification of the
aqueous alkaline solufion, 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 aéid, sulfuric 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 kaline solution purified by the nethod
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 o$ingftheofitbrers vatetivatedora¥en IR ntPX he
fibrous activated carbon into contact with an aqueous
- pualifacanéosob@t aBonaguvepvapetkabing eohpbhent s ot her
than alkali nmetals and al kaline earth nmetals fromthe
aquedusetabkaliree pobotseas Fhe (2glLeocas beékuepaeted one or
sol ution may be an aqueous al kaline solution '
moeentamesng a hydroxi de of at | east one netal selected
fromthe group consisting of alkali netals and
al kalrhsepeasthtnehabataod Ausbherocbdeai nhagfallbwasy
one netal conponent other than alkali netals and
etehkalyl Ageddr kBcom@iagstoThe3present invention al so
provides, in a third aspect, (15) a device for
puri fiybngaaneaayenysagkkal kse 50l ubbAnwd erbel cvnt{ibing an
A device for purifying an aqueous al kaline
aqueous alkaline solution purified by the method according to

any one of (1) to (12).
[0014] |

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 into contact with an aqueous
alkaline solution to remove metal components other than
alkall metals and alkaline earth metais from the aqueocus
alkaline solution.

The agueous alkaline solution may be an aqueous
alkaline solution confaining a hydroxide 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 metals and alkaling earth
metals.

The present invention also provides, iﬁ 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 alkaline solution into the
vessel , the aqueous al kaline solution containing at
| east one hydroxi de of at Ieast one netal selected
fromthe group consisting of 18l kali netals and
al kal ine earth netals and further containing a netal
conmponent other than alkali netals and al kaline earth
bedetwal s, and al so has an outlet for discharging the
aqueous al kaline solution, fromwhich the netal
conporént Potdeeriaehdivr ghukaElfiy imst @rs aantbalskad ksl igw t h
netal s has been renoved, out of the vessel. Effect of
sctlhet ilanv,entdngr 143004 5 videes qor esemntainiventd ofibrous activated
efficiently renoves a netal conponent or neta
caxoneiex;e iductheasrad oKielhad raon, inImt yise nim asilicing an
copper, other than alkali nmetals and al kaline earth
. adRiAlsS Odaine dsd @i radiiensISciad kadd 3wl Sothi | mu e
can industrially produce a high-purity aqueous
aladKaldenes o190l 8 Wordthatnirsy i tladd £ asna@meleditige of at
agent for silicon wafers. BRI EF DESCRI PTI ON OF THE
1 RAWINES nd 101 Aol ded fifomd BEGRIUES CIRSSsERG idNadikali

view of a columm 11 containing a fibrous activated
meAH 1RO fPla USLL b %rmzﬁmaﬁ flemun iddc@divihg a

nmet hod of the present
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
cf the vessel.
Effect of the Invention
[0015]

The present invention efficiently removes a metal
component or metal components, such as nickel, iron,
molybdenum and copper, other than alkali metals and alkaline
earth metals contained in an agueous alkaline solution and
can industrially produce a high-purity aqueous alkaline
sclution 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 3 device conprising a
plurality of colums conti nd usly connected in series
for use in yet another aspect of the purification
nmet hod of the present, invention. Fi 4 is a
COREREMRY ¢ cf Hakowe AT b t8A SATHIMSTI RIS 1 &bl um
containing a fibrous activated carbon and having a
empediment t@f . the punl fkcat khatrthed Glosdha fie 5
view of a device for use in an enbodi nent of the
inpemtieémati on nmethod of the present invention, in
which purification is carried out by wusing a
pl urgigt y2 ofs col sehenat ramyeth ivieerdes idewlafugfamprising
gl ass tube with a jacket while circulating warm wat er
a phutdPbityacketol Brnefcdeserigod i bn sfriee Refsoemciqtervals
Synbols [0017] 1: activated carbon |layer 2: vacant
folayes Bn amsthéi|igped? of: tlvol pumi Hicgidketmethod 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 purification is carried out by
ﬁsing a plﬁrality of columns arranged in series in a quartz
glass tube with a jacket while circulating warm water in the
jacket.

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

2: vacant layer

3: mesh filter



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0018] The
present invention relates to a technique for
produci ng an aqueous al kali ne sol ution suitable for
etching of silicon wafers. This is achi eved by
renoving netallic inpuritigﬁ%typified by ni ckel ,
i ron, nol ybdenum and copper rom an aqueous sol ution
such as an aqueous al kaline solution containing, one
or nore tal hydroxides selected fromal kali netal
hydr Gxi §8SY8Ad al kal i ne earth metal hydroxi des. The
present invention also relates to an etching agent for
si | i éonJ®&K&ts, conprising the aqueous al kali ne
solution. [0019] Aqueous al kaline solutions to be
purified according to the present invention generally
contain several parts per mllion (ppm) to severa
parts perBEST INQIE (§pfb)CAHRWNG|OUT diifo neMEN TSl as
iron, nickel, chromium copper and/or manganese.
[0PA&de netal conponents are derived from production
processes and/or raw materials for alkali netal
- hydr @kedpseeenal kaventienr rhlattal thydr becliesqudofase
the aqueous al kaline solutions as an etchi ng agent
- prbducing eonagwebessalkhéseensbabtionpenénablet ier &hahing
al kali nmetals and alkaline earth netals should be '
ofr e ednagafues . asTipDssi bl echilSvedPdsy i camharing netallic
conponents such as iron, nickel nolybdenum and copper
impay iatkeackybd faed penatcake,stlkbagonmodgbaesuinf and copper
contained in the agueous al kaline solutions and
from an agueous solution such as an agueous alkaline soluticn

containing one or more metal hydroxides selected from alkali
metal hydroxides and alkaline earth metal hydroxides. The
present invention aiso relates to an etching agent for
silicon wafers, comprising the agueocus alkalinelsolution.
[0019]

Aquecus alkaline sclutions to be purified‘according to
the present invention generally contain several parts per
miliion (ppm} to several parts per billicn (ppb) of metal
components such as iron, nickel, chromium, copper and/or
manganese, These metal components are deriﬁed from
production processes and/or raw materials for alkali metal
hydroxides or alkaline earth metal hydroxides. To use the
agueous alkaline solutions as an etching agent for silicon
wafers, these metal components other than alkali metals and

alkaline earth metals should be removed as much as possible.



must 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 l|east one netal selected fromalkali netals and
al kaline earth netals is preferably an aqueous sodi um
hydr oxi de solution or an aqueous potassi um hydroxi de
sol ution. Nanely the hydroxide is preferably sodium
PagjdFBkpdLYor MB5RASSPURPLADEF 0R1ER. 2EUEEARY nBiEKShs
long as:-there is no adverse effect, another aqueous
mojvkdenye ssHuEPBRErsUeN attefbsEo aBfingeRAtTRAR silicon
" (tetramet hyl ammoni um hydroxi de) can al so be purified
walfprshéfmephtdioedt he pheseavepnyedlkahina spbubiens and
activated carbon nust be used for renoving trace
muatobet sepbvadt hkrefropuriti es from these aqueous
al kal i ne solutions. The fibrous activated carbon for
[oagélin the present invention can be freely sel ected
according to necessity, as long as there is no
adverseueéf ast anExaoping afjehhefbébrbsblsconacvavated the
carbon are one prepared by spinning a phenol resin
aqgdeburedlkaoineasbongteaughiisheckal Be pupefieleaarprdithg to
or the 1|ike and subjecting the spun fiber to heat
thel pabrent; iatenenenldéomprepangdabliyaubkeati 8¢ Afidroxides of
acrylic fiber or rayon fiber to heat treatnent.
atl 082%k one metal selected from alkali metals and alkaline

~earth metals is preferably an agueous sodium hydroxide
solution or an aqueous potassium hydroxide solution. Namely,
the hydroxide is preferably sodium hydroxide or potassium
~hydroxide. Furthermore, as long as there is no adverse
effect, another agqueous alkaline sclutions 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 for removing
trace amounts of metallic impurities from these aqueous
alkaline sélutions.

The fibrous activated carbon for use in the present
invention can be freely selected according toc 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 materials, a petroleum 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 ]ﬁbving a fibrous shape, an
aggregate of activated carbon fibers, an activated
carbon at least partially having a fibrous shape, and
prgpaaedi but subiarbdngann| aasylpar fikPFyornae¥ag piheal to
mcrofibrils. The fibrous activated carbon for use in
heglte tpresmantinvention is preferably an aggregate of
nonofil aments of activated carbon. Exanpl es thereof
[06&Y] include an aggregate of nonofil anents of
activated carbon in the formof a knitted product, a
wovemhpr ddbcbusr aatbuatied ofirban fggregat énofhe present
nonof il aments of activated carbon. Specific exanples
intvbareeh icaal hdeeaahiyvahegecarnbonong theitoim pbt granular.
conti nuous fiber, activated carbon in the form of
Foghekthmbilber any( akeppatdeacthvybbadhaathgnpt aetsvabeflibrous
carbon in the formof fabric such as a knitted fabric
po@k ivaveanf abr ugedand taet Fydtredscachoraitedt barbonm ofhe
nonwoven fabric such as a felt. The dianeter of a

£imRoRkl hareRhtel Rakbbancah bebahyobf bheabibvawsd carbon
activated carbon can be set according to necessity

ha@ﬁ%g’% Q&%&%h@bEﬁaﬁ@oubn5ab@r%%aﬁb Ber acproherabbyrbbn
about 5t activated carbon having a fi ber

fl%'e@%et &h wcttﬁk,atteae cabBye- %EGQEE%%dFE§@Q§IH§ having a
preferred, for satisfactory strength and good

fl%@%%legabb'ayanhf Bhgckﬁgg%ed carbon at least partially

having plural microfibrils. The fibrous activated carbon‘for
use in the present iﬁvention is preferably an aggregate of
monofilamenté of activated carbon. Examples thereof may
include an aggregate of monofilaments of actiﬁated carbon in
the form of a knitted product, a woven product or a bundle of
an aggregaté of monofilaménts of activated carbon. Specific
examples thereof include activated carbon in the form oﬁ
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 pm, more preferably



dianeter 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 noggipecifically limted and

can be set according to ne sity. When the fibrous

activated carbon is, for exanple, an activated carbon

in the formof short fiber, the Iength of the_short
abpugep it§ dénbial |1§/na%mva@%@5c%b%gfﬁﬁlrb9e€re?]a}bﬁ

about 0.1 to 20 mm nore preferably about 0.5 to 20
digmeterd withipethsr ebprer 6PaBi§ i88otanget 6520 efffTr TR fOT

l ength of the fibrous activated carbon is preferably .
saghefacioryt stzengiwhf erdsgrpdf herdi¢abhaigyng Thtehe fiber

columm and good handl eability. [0022) The ratio of
diphetlegngssh lesst tbadi ammer tbe fhéterbmeysbeagippafégantly

carbon (hereinafter referred to as "aspect ratio")
clioggedn aesudgéngl@nodenveeself opheabiéiayeaadpderreased

ratio is less than 10, filling bulk density nmay
purdFdnattion kifficiSocly. a high filling bulk density may

invite increased pressure |oss. Wen a |ong-fiber

fi br ghe aehigrat ed ehebdibrsussedrivhhedecasbno fippense in

limt in the average aspect ratio, and the upper -
thlel Preseat havkhegbyn et neecepedicigitalngcesaityd Whdncan be

16 short-fiber activated carbon is used, the average
seASRRordidly @ c0he2RRR@ i@k .NOWReh StHOt £ D £des abteivated

short-fiber activated carbon having an average aspect

car®dn0 i@f, 2090 Xample, 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 toc 20 mm, more preférably
'about 0.5 to 20 mm, and furthermore preferably about 1 toc 20
~mm. The length of the fibrous activated carbon is preferably
about 0.1 to 20 mm fof satisfactory charging into a column
and good handleability.

[0022]

The ratio of the length to the diameter of the fibrous
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 fillihg bulk density'may invite increased pressure
loss. When a long-fiber fibroﬁs activated carbon is ﬁsed,
;thefe is no upper limit in 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 follow ng thod. 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
ShaFFéH.lb%rn?EFbﬁ?Egﬂ CRIRER 17 poee” abhe VAT ERRES  BERECT
di spersed on the filter paper is taken under a _, .
raghgnPfi eBPPoAT BPre0ifi Rek. PIRIPEIPLLRt i VarBW ariiHieT
fibers are selected at randomfromthe m crograph
acghdathd £abben| BAYLRG eReRrBOFa@fcaSRRaEUFalio of 2000 or
Separately, electron mcrographs of ten activated
moter boy Pepeme ssfessiévedy bnhgbm beedifkéaulihdee gharge
: magni fi cation of 3000 tinmes, and the fiber dianmeters
intheseoblumnecnebsuckdrgdticuneeendy dh the cehumhper
di ameters is defined as the fiber dianeter of the
fi brous dtstvabedicarbéod. avdhagéi bEraseagt hsavioshef a
thirty activated carbon fibers are divided by the
shabav€ideti aedifabed daabetecaofbehdeftebmbusd actdvdied to
carbon to give each. aspect ratio, and the variation
thediestin bhuhyomptand . aver age of the aspect ratios are
‘then determned by calculation. 17 |In the case of a
shortnfther1gct hvahepl earbbnous hecavestege aspesh iatio
is nore preferably 50 to 1800, and further preferably

disPBrkedl®f0water to yield a dilute slurry. The slurry is
filtrated through a filter paper, and the-filter paper 1is
dried. A micrograph of the fibrous activated carbon
dispersed on therfilter paper is taken under a magnification
of 10 times. Thirty activated cafbon fibers are selected at
random from the micrograph, and the fiber lengths thereof are
measured. Separately, electron micrographs of ten activated
carbon fibers selected at random are taken under a
magnification of 3000 times, and the fiber diameters thereof
are measured. Ihe 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 rafios 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 selected according to

necessity. For exanple, the fibrous activated carbon

can be an article in the forymof short fiber, a

conpression nolded article i'n the formof a sheet or

nonwoven fabric such as a felt, a finely cut product

of these articles, or an ar cIe ared. b

conptBsEMfRgtans OﬁD?th@rﬁ'ﬁbﬁﬁr $V%Fe§h%?fb?Tbe?he

activated carbon_in_ accordance Mﬁth th shaf 8f th
aVEBREAMaSRECS FBF bl i 8CTP Y8t BASERFBBRY{B) BSelPROL hend

present invention referably has a BET specific
fugahﬁac@raﬁeaaBiY1é@8 tAplg08r nore, and a BET pore

volunme of 0.45 m /g or nore, both as determ ned
[08€8drding to a BET nmethod fromnitrogen adsorption.

It has nore preferably a BET specific surface area of

1500Whehgcbargedeinhd a BEFspbrbavéndanenoinbesang/ yn

‘or nore. [0024] If the fibrous activated carbon has a
ouspeti f Buckurbaseccdnma, | tbs shape1060the/ fibreugagchbvated

sufficiently reduce nickel content in the aqueous
caabkal cae bel seilented &06cppliog tbesscenadétysorkor example,

treatnent conditions, even if it has a pore 18 volune
thef fQb4busl Agtarvamedecakbononhnabe, aa &rbiolls in the form of

activated carbon having a specific surface area of ~
sh3@@0 rakeg, ar compeecBByochemdifitdcaktitdepindube &ndmi of a

not practical.
sheet or nonwoven fabric such as a felt, a finely cut product

of these articles, or an article prepared by compressing and
molding a long-fiber or short-fiber activated carbén in
accordance with the shape of the column.

The fibrous activated carbon for use in the present
invention préferably has a BET speqific sufface area of 1000
nﬁ/g or more, and a BET pore volﬁme‘of 0.45 ml/g or more, |
bdth as determined according to a BET méthod from nitrogen
adsorption. It has more preferably a BET specifié surface
area of 1500 m2/g or more and a BET pore volume of 0.45 ml/g
Or more. |
[0024]

| If the fibrous activated carbén has a specific surface
area less than 1000 nF/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

fibrous activated carbon is capable of renoving trace

amounts of netal conponents ch.nore satisfactorily

t han conventional granul ar a€tivated carbon have not

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

fibrous activated carbon can nore efficiently utilize
vobupe aefs0 cHht ]l Hut ORGP %L adddr RArdiastian & HeBFRRsul ar

activated carbon. In conparison between a fibrous |
achivéaved edarbon boavbipgl 2 tperifbe Herface aareardbn3000 m'/g
- having equivalent specific surface area or pore
orvebneepay hiee gdafifii el hctd vereduce sadnihazoty R¥aFFeeal.

aspect ratio, and its nunerous pores reside deeper
Likewiséheasfitbaces odctireated | vatlech caavbng & tpoye volume of

therefore difficult for an aqueous. al kaline sol ution,
1.5p@ati§i eal hyréonapnbagdediiscal katd nerediice i @nd hayi met a

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

pores residing near to the surface of the granul ar

act i yatede §86RONWRY ethisegli hobus aglsoipited. cdrbon is capable

contrast, the fibrous activated carbon has a |arger

ofa8BR6Y1hgt LeacaNAmblft BUSE! REEaDOESEpORENTS whah | myes
fromthe surface of the activated carbon. Assum ng

sathakatheri®y daRbhcBhveRtesnal §henhibroystacityat €dirbon
car bon mhlcﬁ the aqueous al kal 1 ne solution can.

haggnﬁgﬁaggtiﬁeSHUEY§E§EEe89 bhet on8f oEhen8hans abe that the
acti vat carbon, the fibrous activated

fibrous activated carbon can more efficiently utilize
surfaces contributing to adsorptiop than the granular
activated carbon. In comparison between aifibrous 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. I£
is therefore difficult for an aqueous alkaline solution,

" specifically for an aqueous alkaline solution havingba high
concentration and a high viscosity, to penetrate deep into -
the pores. Thus, only inside surfaces of pores residing near
to the surface of the granular activated carbon are used for
adsorption. In contrast, the‘fibrous qctivated carbon has a

larger aspect ratio, and its numerous pores reside shallover

from the surface of the activated carbon. 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 renpve trace anmounts of
nmet al conponents. The conte Hf of iron, nickel, and
copper inherently contained™as netallic inpurities in
the fibrous activated carbon are each preferably 10

ppm or | ess. Large ampunts of such netallic

depiBupft PRECAR)ThENE; ELBFORE RATLKATRINEARPAR BhiERthe

aqueous al kal i ne sol ution upon contact therewith

aqpeeps] 2hkast-aPngolBtiAR BRBSBALCERGERL LHnSaYhEalent to that
adsorptivity of the fibrous activated carbon can be

ofathevaranudpri actdyasadpyarbop; ethenfibreusi pebigated
activated carbon to a pretreatnent wth an acid. This

capbovetiaseansaretepfedinnerasurfagcesapfonoresTheat can be
activation of the fibrous activated carbon can. be

usedr fbedadeorpbyobr lagoay thenf thavusfathevaraguéarbon
into contact with an acid or a m xture of two or nore

acativdsedekacbed, f whirht heochabllp consksbiihgsofo increased
hydrochloric-acid, nitric acid, sulfuric acid, and

caphbiphayi efacieso¢betennaf ampuhhesef mebsianompornents.
referred to as "activator(s)"). The acid concentration
of titReaebhvehes bf Ordntonidkdll, anéfeopbpety Onbetently
6.5 N, and nore preferably 0.8 to 3 N. The 20

cof®al aets aef meekalicC impRiitieesinnthbefabibuat actisated
preferably as snmall as possible. In .the present

calrP¥@ntir-ancathepaekieyabilgnigappheocgalesed Large amounts of

such metallic impurities may be disseolved in and‘contaminate

the aqueous alkaline(solutidn upon contact therewith.

[0025]

According to the present invention, tﬁe 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 is referred to as “activation.”
The‘activation.of the fibrous activated carbon can be carried
out b§ bringing the fibrous activated carbon into contact
with an acid or a mixture of two dr more acids seélected from
the group consisting of hydrochloric acid, nitric adid,

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

The acid concentration of the activator 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 fi brous activate% carbon can be brought

into contact with the acti W& or according to any

procedure appropriately selected. For exanple,
~contact may be_carried out by,diggin the fibropus
coptentat ef BakdbhitniBPYERkIE| 1RJTDGI R EVREPHt DN of

the activator. It is nore preferred, that the fibrous
praferehlgdagarpahli ascrasgedlent o a packed tower such

as a colum and that the activator is allowed to pass |

t hr olghthbeppasket tovertioer eblyetachhkatitomterp be carried

between the fibrous activated carbon and the sol ution
outf befieracthdédbor af t¥nesubhpet anar thapbhbrowus agetivahed

specifically limted, as long as it is a tenperature
ca@bohekowparifhiahibheofickhvayioeoudesbhpotes splhbidy; The

but it is preferably 100C or below, and nore
repeefienably f2BCotie 88€ivahedf eadboat eanf beheepestediyprused

when passing through the packed tower can be set
inagaeidiegtien.necessity but is preferably 0.2 H -1 or

nore, and nore preferably 0.5 to 10 H-1 in terns of
[oppage velocity. If the space velocity is |ess than

0.2 H-1, it my take a nmuch long 21 time to carry

out the kigabuBnhctachi¥at tabbohf chhi B¥CPEESghtdOitke 1,

sufficient activation may not be achi eved. The anount

co%%ﬁ%%ewé%hi%ﬁko%cE@vE%o%UEEEB@QiHBYtBeaﬁytbHB&eﬁﬁre
approp;iatély selected. For example, contact may be carried
out 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 is charged into a packed tqwer
such as a column and,that the activator is éllowed to pass
through the packed tower thereby to make contact between the
fibrous activated carbon and the solution of the activator.
The témperature upon contact is not specifically limited, as
long as it is a temperature br below at which the activator
decomposes or boils, but it 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"l or mcre, and more

1

preferably 0.5 to 10 Hr™" in terms of space velocity. If the

space velocity is less than 0.2 Hr”g it may take a much iong



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 treatnent tine is
preferably 30 mnutes or nore. The fibrous activated
carbon after the activation_is preferably washed with
pure water thereby to renovélthe activator. [ 0027]

The water content conprised in the fibrous activated
carbon (% by weight) can be detern ned by the ratio of
timpetowedghY PeHUER? CRTOBEREREd (2GR g tife 1T exceeds

flbrous activated carbon bearing water at 60C for
10hdar's. sHftcientt RetiaesioncBaYeRPtchA B@hééVéﬁﬁ1n%QF
by follow ng equation. 100 X ((the weight of the
ambubtoof tlei satbdatar bop beasuppl iedteay Jet of ctHRES iy more,
- (the weight of the fibrous activated carbon after
andrybng pheférbbbys3atingated mardobthdevelwe okt ehe ayessel
60C for 2 hours))/ (the weight of the fibrous
suaht avahedotambon Wrear i aun twatteri shefaors ad yuty)inlke batch
fibrous activated carbon is preferably subjected to
sygevat eai 8gngledtyéagmbrtotemé his pprefecadl pn3Ofmitmetes or
aqueous al kaline solution, so that the water content
mokB .t hend | Hitsus acdt Mad st ca s | 8F t90tihe weitgihtatdron is
| ess, preferably 60% by weight or less. If the
prEEQE‘QB§yaﬁEBMéBedJ.§Hr Babei fabandtrdraBy t6 peddvedthe
state, It often forns fine powder. Accordingly, to
ac@g@g@gg a vessel such as a colum charged with a dried
fibrous activated carbon, it is preferred that the

[obhBROUS

The watér 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) —l(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 cadrbon 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 efEicts 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%b i ght, .
inpreflEias) $E28° 1 65296 HY mﬂﬁt?l%‘?\dp%&e * pr &SGR LY -
30 to 52% by weight. _Wien a pre-purjfied_ aqueous . . :
toaPKEPRRE 20VEEFS ﬁ%%haaﬁe%a?olwgrﬁ%iﬁﬁe%o‘ﬁ%‘ﬁt? AFbrd
‘Wwithin the above-specified range, netal conponents
figreusf peEivaEry FeRrBoRd okt tRECHYLESYsthAT KERE nEtbrous
solution using a fibrous activated carbon. The o
acpdyatpdr carkanagteelaraefainhe Soe uEpbamn swiil ¢ appltakning
an etching agent for silicon wafers. The present
30knbgnwvedghtanr mpeatofinyahgbeand i$kEhenedBbedt i on
havi ng any viscosity, as long as there is no probl'em
[OBBB&ver, the viscosity of the aqueous alkaline
solution to be treated nay be generally about 1 to 70 _
nPa' Bpn pgeéeunabhykabboué d4obutiborr OtoPae spunhfiiedprecording
preferably about 1.9 to 60 nPa's. The viscosity herein
tol shdepeesenediateationpeant becany dhe, agunkess alikatrsae
solution of 30C using a rotational visconeter. 23
effF@028] okButirhe THeSEMcémenticen, o frefled mstglortedoxide or
other than alkali netals and al kaline earth netals
me€dl B9dEBke€des in the agueous alkaline solution before

purification is generally 10 to 55% by weight, preferably 20
to 52% by weight, and more preferably 30 to 52% by weight.
When a pre—purified agquecus alkaline solufion has a metal
hydroxide concentration within the above—specifieq range,
metal components are effectively removed from the aqueous
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 can
treat any aqueous alkaline soclution having any viscosity, as
long as there is no problem. However, the viscosity of the
aqueous alkaline scolution to be treated may be generally
about 1 to 70 mPa's, preferably about 1.5.t0 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 carboa and the aqueous al kal i ne
sol ution. Specifically, the gqueous al kal i ne sol ution
is continuously fed into the columm froman inlet
such as a feed tube, is brought into contact with the
[0€2%} ous activated carbon-for purification, and the
resulting treated solution is continuously discharged
f r onfranthRitbeeserchnvenbirex iRk 1 (SPPorEREHAdhs] th
i nvention may enpl oy contact between the fibrous
alkslivaebalsarbdnabrell ine earcbusetdkal fire BDITRTDN in
a batch system In the batch system however, the
ef@fjogently at@mbvead, sbout exampke di byt etpn@ging vigherfibrous
contained in the fibrous activated carbon.
acAteatddnghybothénbat €hcsyemem and gal kesing prlee reaeens
such as concentrating the aqueous al kaline sol ution,
alkatirassofguthbenconcenht bbhiousbf paes atkedugh nehal column
hydr oxi de by adding a solid alkali netal hydroxide to
thethebgotutm@Re Obntatti beenkéy thyi hijptdes fadtdusted carbon
activated carbon. Such a pretreatnent may decrease
anlihenef by6EeNSYalRal phei EbLation, dpedifiscallst, the aqueous
taken into account. [0030] 24 The tenperature upon

alkaNnt aet shetivesn thecafuentsudl katedeisod uthencantnh herom an
fibrous activated carbon is not specifically limted,

inPHt k8cRrekerabb¥a406hbt9 1906rodglt into contact with the

an

fibrous activated carbon for purification, and the resulting
treated sclution is continuously discharged from an outlet
such as an exhaust tube.

The present invention may employ contact between the
fibrous activated carbon and the agueous alkaline solution in
a batch system. In the batch systém, however,; the aqueous
alkaline solution is diluted 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 addiné a solid alkali metal h&droxide to
the solution;'or sufficiently drying the fibrous activated
carbon. Such a pretreatment may decrease the efficiency in
purification, and this must be taken into account.

[0030]



nore 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 netallic inpurities. In_contrast, if the contact
tenperature is excessivelyzﬁigh, constitutiona
materials typically of tanks beconme susceptible to
corrosi on, which may cause contan nation of the
aquehB8 AFRBETABUES| WPPBNCOTRRCH APFBYRFR t HRS HBLTRVDF
the aqueous al kaline solution to be treated to that
alppline epbpségnacbilvihedfibaprndnaehhvatedppRrbPPRat®l §ot
set in each treatnent depending ‘typically on the
specntfénplol Lapitcedi ebutniﬁhéragaé@égy 4P k&I Fpell0°C, and
solution, the type of the. fibrous activated carbon _
mozrd preéelrekéy FREC apo il XC of Tthéheqrenfacsl kempegature 1is
solution and the fibrous activated carbon can be, for
exexasplvelyabout tb8 tqudbOslLadkdlabeusolutdor Kgy have an:
respectively, in general use. For exanple, to treat
ext@@slivefll yt hégaquéeussakiral tnedsbkuiboate the aantactof
the fibrous activated carbon is about 0.5 to 2 Kg.
efFiics ehaRgandh@vevetuckes ther ekyovvhilushtat e metahlic
exanpl e, and the anount of the fibrous activated
impaihenesan be s6htidst farh MOCESSLACEOtehpgrdture is
conditions. In the present invention, the aqueous
exdlelealihae ySalighi OBoRaticanibaal elaterihesf kbpoually of tanks
activateg carbon according to any procedure. It may
belc@e%aREepthe1kedot @okhBshibhr OWR i cAChhyatadsear bon by
" a pressure punp or be aspirated by a

contamination of the aqueous alkaline solution.

The ratioc of the amount of the aqueous alkaline
sdlution to be treated to that of ﬁhe fibrops activatéd
carbon can be appropriately set in each treatment depending
typically on the content of impurities in the aqueous
alkaline solution, the type of the fibrous activated carbon
and the like. The amounts of the aqueous alkaline solution
and the fibrous activated carboﬁ 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 rangé, 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 aqueous alkaline solution



suction punp. [0031) 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 domqg{rean1fron1and/or I nsi de
the fibrous activated carbon layer, as illustrated in
Fig. 1. The presence of one or nore vacant |ayers in

he vessel g |ncrea ge anount of .t he.agueous
cali' BSl To 581 GFon  DFB U Beor FRYreaahe AuB: BeCHRdDt "8 any
agueous_al kal i u n ép fibrous
praeﬁwvgﬁe "Forteh 1oy crremelame i keHiR 139
flb%g g actjvated carbon nore effectiyvel ¥ d
AChAYPEREN CARRIPNGY 0RePEFSABFE PHERNPTI Bfe §PﬁﬁﬂE§ the 2
connection of colums arbitrary. The total volume of
SUGHdOFr PUBBre vacant |ayers is preferably 10% or |ess
of the. total volunme of the colum. If the vol une
[083ddeds 10% of the total volune of the colum, the
colum may have an excessively large volume in total.
The ThBrBassaét Fontednéngbbhef 6ibugas ?ﬁt%ﬁ%t9¢e§@ﬁP°n
i nvention may constltute.plural fibrous activated
suchr benal apénmndi fpdetspyinathat pragent dnvenneen preferably
| ayers. At |east one of such fibrous activated carbon
halsapaes ornmpreavecahtr leyempl £rea fesh bthei fibronsagetivated
26 In the present invention, it is preferable to
cacbonecetrrangedr upsteesnl mn®, t dovnetaasnhéromTard/or inside
col ums can be connected in any manner such as in
theelfiibzoos aptpapakbdebarbon layer, as illustrated in Fig. 1.
The presence of one or more vacant layers in the vessel
markedly increase the amount of the aqueous 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 fibrous 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 invention is not
l[imted to such columms and,_any vessel can be used
herein, as long as it contﬁ?ns the fibrous activated
carbon. The nunmber and size of the vessel can be
sel ected according to necessity. = The inlet and outlet
for Imethrueersenl KVSREiN utfiton s PREfETaR& 810 mgpnect
be the sane as or different fromeach other, and
twe hef rmghapes! umgber sonpoxiethen. Ihe GoReMnNSacamelsr s
can be set according to necessity. [0032] The fibrous
cormuedvad etn canponaricersych i % cin | /L VRS P detrraseldel -
capability of renpoving netallic inpurities can be
Wheegehey atee (oeretiedt bul)sdyies eathew mdy Hoe heonnected
activator. The regeneration (reactivation) of the used
difébtdysas atllvat estedr borF tan dbeocxarndieceotty drsome
exanple, by the followng nethod. Initially, the
intébvous astivahetrsesdoim Ehgroged in a colum is
washed with pure water until water discharged form
the onél eés9é1 cobrinisdasn athal faed d e coneeand iaat iion mft
1% by wei ght or |less. The fibrous activated carbon is
1ihPeBabeoughtni BbDuGRSt @464 MY hvads aTtéaatid whedhedein, as
is an acid or a mxture of two or nore acids sel ected

10508 thecgheHPn§0RRE SEIREoRd AyEIPLHé@rt&rEeh d, The number
nitric acid, sulfuric acid, and phosphoric acid by

an8! 59¥ENgrt PReaGLEYBE Oban be selected according to necessity.
The inlet and outlet for the agueous 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 fibréus activated carbon after purification with
decreased capability of reﬁoving metallic impurities can be
regenerated (reactivated) by treating with the activator.

The regeneration (reactivation) of the used fibrous
activated carbon can be carried out, for 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 into contact with an activator which



to pass through the colum continuously, or to pass
through the columm 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 er for renoving
al kal i ne conponents is preferably warmwater at 40C
or higher, preferably 70C to 90C. Pure water at an
. excessively low, tenperature nmay not efficient e
ispapaprig P GrW%FEggﬁna aFngP%emeﬁﬁp%ﬁé§§ss%i¥%%%g3¥§°m
to the fibrous activated carbon, The,éengegature upon
B #hE%ri bt .

theoRraLP cpBPREEANEhETaB¥FYSEBI ARk e act
activated carbon'is not specifically limted,, as Iong

suadurdci 3cady eaper RRAPENEF1EePERA BY @hitRiRgethe activator
activator does not deconpose or boil, but it is

toppekér brpugbother CEENBH, CARYLABPES BY of BE abPyP28® through
80C. The feed rate of the activator is preferably 0.2

thir columnménea pzadefrersipedf emabny ong £easpngy thej flow of
terns of space velocity. |If the feed rate is |ess

thehagtOvatHr- fori & papdesksmangdchimpohg cPRbacsd Ehery
out the treatnent for reactivation. If it exceeds 10

achHivhtosubhidcithet fibaouisvatitdmatay nerbbs-achievegre water
The anount of the activator to be supplied is

fopr efeioaling 21kkildee componentandsnprefprebéyabhym3water at
times or nore the volune of the vessel such as a

40cq v hifherf,i bredfsrabtliyvavéd tardonC. affiere water at an
reactivation is preferably further washed with pure 28

extlseiviehgr gy ttemperatereheagChotak@ficipf@iglréneve
aqueous al kal i ne sol uti on obtained by the method of

metallic impurities and alkaline components attached to the
fibrous activated carbon. The temperature upon contact
between the activator and the fibrous éctivated carbon’ is not
specificaily limited, as long as it is a temperature or below
at which the activator does not decompose 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 Hr ' or more,
and more preferably 0.5 to 10 Hr! in terms of space velocity.

1

If the feed rate is less than 0.2 Hr™', it may take a much

long time to carry out the treatment for reactivation. If it
exceeds 10 Hr™!, sufficient reactivation may not be achieved.
The amount of the activator to be supplied is preferably 2

times or more, and more preferably 3 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 other
than alkali netals and al kaline earth netals are
reduced to specific anounts or less, is highly
“renoved in nmetal conponents such as nickel, iron
nol ybdenum and/ or copper. The resulting aqueous
al kal i ne sol ution can be sui% bly used as an etching
agent for silicon wafers. [0034] Exanples The
present invention will now be illustrated in detail by
wapgy shesghiptesremAventhy ABtHEARSTtinmit the scope of
the present invention. [0035 ] Exanples 1 to 9 and
[0@3@apar ati ve Exanples 1 to 3 Each of fibrous activated
carbons listed in Table 2 was charged into 17-mi
col ufhs &&ingoud)alkelénepsetetion ohbainedriedtled|mepkod of
were continuously placed in series into a quartz
thgl aseskubeinwvehtaonacket whEch. m&tal andmpanentat ethar than
63C was circulated in the jacket. N trogen gas was
alabilawedtatle padsalkadtighk thetbohetadsadranredheédstde
pressure of 0.11 MPa for 2 hours thereby to dry the
spkichFaus arounvat ed casbonisbrfightyakbmnvirag anageeals
" sodi um hydroxi de solution to pass through the
cofipbuenss AlcAdHeousc#h813 Widnsosbuyblyduaxafé/a9 copper.
sol ution -contai ning 50 ppb of nickel, 1100 ppb of

Thiel @BsudREng2BghBBusl aRhYBdenyBLWRSohedahnbe Ehetably used
colums froma lower inlet of the quartz glass tube

as@hndeftefdntabgent 369 BiAREon wafers.
[0034]
Examples

The present invention will now be illustrated in detail
by way of examples, which by no means limit the scope of the
present invention.
[0035]
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
guartz 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
MPé for 2 hours thereby to dry the fibrous activated carbon

before allowing a aqueous sodium hydroxide solution to pass

through the columns. An 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 columms. were
collected froman upper outlet of. the quartz gl ass
tube, and netallic inpurities were' quantitatively
assayed by-inductively couples plasnma-nmass
spectronetry (I CP-MS). The §€ecific surface areas and
pore vol unes of the activated carbons listed in Table
2 are values determned fromthe nitrogen absorption :
sohetson edohya g a2l upel so ficebekiehg 1109 HepIBEIE gt ¢vd. and
In Exanple 6, a fibrous activated carbon FR-20 was
20uspd afteolybderpusiwgsi fied. Sndd hiylle octl wrns S & okower
one hour, washing wth water, and dewatering by
intent 6£f tgat foartt ngExasptebd, ataaf féedusaetoFai@d ml/hr.
carbon FR-20 was used after imersing in 1 Nnitric
Fragtdohor o688 DOOrmlwashing mit bf weheragqascus dewdiwni ng
by centrifugation. In Exanple 8, the procedure of
hy&¥8RPHe 201a8i6Ar phede@Uthr&XGRPthE Oto Blosi wgrancollected
aqueous 48 W % pot assi um hydroxi de sol ution

fréfANhai 0pparo50Qtpeb 6f theNquandz6§1a9H ©ibe| cked metallic
pass. through the col um. ?0036] I'n Conparative

impyaMRi s ekl duahbeLREOGEUYT 85 0hye&XBHPIRGudtive By WOSuples
carried out, except for using a vessel prepared by

p1§PARONAESOsfeBt BnAERDUL 8EPAAS) valm GHROT1d Nitbe

I brous activated carbon into a colum, and 30

argggtgﬂﬁopék¥ pbaghod SeVEeRePLEEESaPEat BErEHREOLsted in
Cco n I b In .

ums series Into a quartz glass tube.

e S
measured by manufacturers according to the BET method. In
Example 6, a fibrous éctivated carbon FR-20 was used after
immersing in 1.5 N hydrochloric acid for one hour, washing
with water, and dewatering by centrifugation. In Example 7,
a fibrous activated carbon FR-20 was used after immersing in
1 N nitric acid for one hour, washing with water, and
dewatering by centrifugation. In Example 8, the procedure of
Example 2 was carried out, except for allowing an,aque6u$ 48
wt% potassium hydroxide solution containing 500 ppb of iron
and 60 ppb of nickel to pass,throﬁgh the 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 xi ng .100 mM of the sane &ﬁeous sodi um hydr oxi de
solution as Exanple 1 and 2 g (dry wei-ght) of a
fibrous activated carbon FR-20 in a vessel nmde of a
cofitiipreresnplpeingi AgveRehicAee onf ablhe WWEHTERR hCObIRRF 11
at 60C for one hour, and separating the aqueous
sealikal intosel guaohzbylapst tabeon. IVEIGNE @ iy fxgmasles 1
in the separated aqueous al kaline sol ution was
andi B, | ahkysageaatieatsvebginwshyddoxide Exahptéon(as ghxample
aqueous sodi um hydroxi de sol ution containing 350 ppb
1 ehscappewedasoppepar edrbygh tbehodlwhesei Nin £Lqipso tgfve
nmet al copper was inmersed, for eight hours, in an ‘
' Exafipeeus,sedeusnhydaqredasspbutsshumhhgremsde heobatkon as
aqueous sodi um hydroxi de sol ution as Exanple 1 and
ExBfptedgakwa80&11owba agupass shdbughhydeoxbilemssl ution
contai ning 350 ppb of copper was purified by placing
100 fh ekakpecaquegHSa§Qdbus aly sl 0xé dsoBat Lbh oto dvel 2
g (dry weight) of a fibrous activated carbon FR-20 in
and1yesselalrdarekiadf byoporeshs, anfl #iRgngheon AL 88 tRe
themin contact wth each otherat 60C 31 for one
sal@UbquaBdsSeRakahi AYdk-Be:a8UsEYELabKahkNExsAbUE] ONaky 2 g
iltration. MetalliC inpurities in the separated
(d@%uﬁgﬁght§l%?lhn%iﬁgbug'9@tﬂ@§t§ﬂnbgﬂbbﬁ FR-20 in a vessel
guanti tatively assayed.

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

In Example 10, an agueous sodium hydroxide solution
containing 350 ppb of copper was prepared by a method whgrein
a piece of metal copper was immersed, for eight hoursr in an
aqueous scdium hydroxide solution which was the same aqueous
sodium hydroxide solution as Example 1 and heated at‘80°C.
The agqueous sodiﬁm hydroxide solution contaihing 350 ppb of
copper was purified by placing 100 ml of the aqueous sodium
hydroxide solution and 2 g (dry weilght) of a fibrops
activated carbon FR-20 in é vessel made of a fluororesin,

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 renoving nickel and iron contained in the

aqueous sodi um hydroxi de solutions nmuch nore highly

than the granul ar activated_carbon having equival ent

specific surface area and pg e volune. It also

dennnstrates that the fibrous activated carbon having

specific surface area of 150.0 nR/g or. npre an

foﬁo‘P’éevB‘P‘aﬁe apf eeRarAtiIRg thW%uﬁ%%saa#lﬁﬁ%h%? f’rﬁ’]dhtlon by

capability of renoving nickel; and that the fibrous
fihtravherd Mt iadmRtidd &5 idoiheSepan tas agqueous

activator has a markedly inproved capability of
alkehbuengohitken . wapes tbhbarl s odudet ekl BBy £ aY ethd

Exampl e 9 shows that bringing the fibrous activated
[0ga¥bon into contact with the aqueous al kaline

solution in a continuous system enabl es higher

pur i Talbhéi bndéhans brabes ngha beohé nf Doxoms aettiveted carbons

batch system The conparison between another Exanple
acasfdifignpar ahever&xanpl endenrbishr atesciapaldl ¢ hef neemhoding

of the present invention enables renoval of nicke

‘niardli a8 from aontafuequsn pohassiquevtydsodide lspdubx ode
as froman. aqueous sodi um hydroxide solution. The

sol@8ubhsOofhuEXanpte AOgEhPwWehah hehet Heafiiiba puscarLtaved edarbon

carbon used in the present 32 invention has a ,
ha¢2Rabbhit ¥al ent eBPEE1 EOBPSLr fa£8088da38nd pore volume. It
also demonstrates that the fibrous activéted carbon having a
specific surface area of 1500‘n3/g or more and a pore volume
Qf 0.45 ml/g or more has a further high capability of
removing nickel; and that the fibrous activated carbon
activated by contacﬁ with an activator has a markedly
improved capability of removing nickel.

The comparison between Example 1 and Example 9 shows
that bringing the fibrous activated carbon into contact Qith
thelaqueous alkaline solution in a continuous system enables
higher pufification than bringing them into contact in a
batch system. The comparison between‘another Example and
Comparative Example demonstrates that the method of the
present 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 aétivated carbon used in the present
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invention has a capability to remove copper.

[0038]
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15

Ari NCOa' 1) WNOO C >r-1>(N>d .11 NNNN
O U a>a) N4 a) 4 W4J a) Hr-I r-1 r-1 H14 HH
11 HHftl HIUH(0Or4 aa 0 WWWWWWWWU W0 W
UW34 003 91 Exanples 1 to 10: The water content of
the fibrous activated carb was adj usted to 50% by
wei ght before charging. The ™ values listed in the
table are dry weights. 5 Conparative Exanples 1 to 3:
[0§5 product as intact was charged into col unms.
PBlous activated carbon FR (naterial phenol resin)

a ﬁEOdUCt of KURARAY CHEM yerag i ber
Exgrphgtel: t20lfy 1616 BREGE aew@a{:eafca%oﬁlwo § atPflatea
(material: petroleum pitch) roduct of UNI Tl KA,
CaEWEP EﬁénﬁﬂéPséégl§8tge%cEYbBﬁl E:?ﬁﬁ?é?lﬁhar%b%%nLnThe

shelliz a product of KURARAY CHEM CAL CO., LTD.
vagughulaptadt inathe tabbenavepdryniee@hhs: coconut 15
shell): a product of Takeda Pharnaceutical Co., Ltd.
In tAempdbativabEsamplagkt fepdesthe Predu@badsir BWbaes was

were not conducted. [0040] 35 Table 2
charged into columns.

Fibrous activated carbon FR (material: phenol resin): a

product of KURARAY CHEMICAL CO., LTD.
Average fiber diaméter: 10 Hm

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

Granular_éctivated carbon GLC (material: coconut
shell): a product of KURARAYACHEMICAL CO., LTD.

Granular activated carbon WH2C (material: coconut
shell): a product of Takeda Pharmaceutical Co., Ltd.

In the above table, blanks represent that measurements
were not conducted..

[0040]
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Specific Pore Average Activated Manufacturer surface
vol une Aspect ratio carbon r area aspect
(distribution) (nm2/ ) (m/g) ratio FR 25 CHEM CAL

2500 1.2 525 1040 FR-20 CHKURAY EM CAL 2000 0. 75 400
500 FR-15 KURARAY 1500 0.50 _ _CHEM CAL A-15 UNI TI KA
1500 0.80 420 200-860 A-1039NI TI KA 1000 0.50 G.C
KURARAY 1400- 0.80- CHEM CAL 1600 1.1 The specific

surface areas and pore volunes |isted
. Tahdbgsdred val ues or values listed in catal oques of

herein

are

manuf acturers. 5 [OO4$beEﬂﬁhple§01% engvé%ié ti brous
Acattaved e%laca% bgn rFFlg- 2 Gsunefacact iv\éqﬁr%d b)és £in )i hgpectt gatio
eamioact |wrtATAS S N hydr ecé or i qmﬁglﬁ by 1he  prdceduitation)
of Exampl e 6. The trleated/di bjols dctli vated carbon 10
2 diy weigglRky was charged|into 18§ m _col uims 120-
%5\7?#’19 f he cpgafEnst ruct %?%gas i nl /& g 1,5 cept forio4o
T raving 4 {f gant Fayer—agjacent [to an i ni et TOog,_
8HUROUS soéigﬁﬁgﬁgroxidEOOQOIutmoﬁs 3i x pieces of tfig,
col ums lcontarni-ng-the fibroug—actiated—ecarhon—nere
¢ant i nuousIKURBRAEed | n seppes |iy 3plg quartz gl ass
tube with GHEMERE: as in Exanples 1 tlo 8. and
‘A-15 UNITIKA 1500 0.80 420 200-860
A-10 UNITIKA 1000 0.50
KURARAY 1400- 0.80-
GLC CHEMICAL 1600 1.1

The épecific 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 treated fibrous activated carbon
(2 g, dry weight) was charged into 18 ml ceclumns having the
same structure as in Fig. 1, except for having a 1 ml vacant
layer adjacent to an inlet for aqueous sodium hydroiide
solution. Six pieces of the columns 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
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20

25

warm water at 63C was circulated in the jacket.
Nitrogen 36 gas was allowed to pass through the
colums fromthe top of, the quartz glass tube at an
inlet-side pressure of 0.11 MPa for 2 hours, thereby
to dry the fibrous activated carbon. Next, 1000 m of
an aqueous 48.3 mﬁ@bsodiun1ﬁ§droxide 5 solution
cont ai ni ng 50 ppb of nickel and 1100 ppb of iron was
all owed to pass through the colums fromthe bottom of
gas heas quhltweqd| bsspasbethrougl celie re@ bumns 300w e  top of
Every 100 mM of the resulting aqueous sodi um
thayduaxtdegtasst tube was anolhbetesidarprehsurg ckel 0 ahl MPa
iron contents were analyzed by 10 ICP-M5.. In Exanple
fo#22 hRohusnstherebprepadey blye chibyowmg a¢tbvaued carbon.
activated carbon FR-20, and an aqueous sodi um
Neky(r 0addensobat hRnag@sopsr 4§ i &dwahds vésumnay gzexsidy
*the procedure of Exanple 11, except for using colums

sola¥ipf Bent¥@aaAy bayppb 35 H0OKE] dndl B1®0 spwsof haton was

.using colums having a vacant |layer and containing
allBRehi boopgssacth¥ahigd €n&bes]1aNAD! £6omCOé i boidtism of the
producti on of an aqueous sodi um hydroxi de sol ution

qub@¥ibNg18s8i ekek genhepbe@f rQtd HPD300 hESEr. 2EAHEA3]00 ml
25 377 Table 3 Analysis data (ppb)

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 agqueous sodium
hydroxide solution was purified and was analyzed by the

procedure of Example 11, except for using columns having no

vacant layer.

[0042]

Table 3 shows that using columns having a vacant layer
and cdntaining the fibrous activated carbon enables
continuous production of an agueous sodium hydroxide solution
having a nickel content of 0.1 ppb or 1ess.

[0043]
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Met al
800 100

100- 300- 500- 700- 900-
0O 0.1 or O.
Ni less less | eéss less |less

1 or

0.1 or

0.1

or

0.1 or

I mpurities 200 400 600
Exanpl e
11 Fe 6.4 4.6 10 8.2 10

Ni 0.1 or 0.1 or 0.1 or 0.11 0.13 Exanple less |ess
less 12 Fe 4.0 2.4 2.4 23 4% [0044] Exanples 13 and
14 A fibrous activated carbon FR-20,was activated by 5
imrersing in 1.5 N hydrochloric acid, whose water

cont ent

procé#Bie 3f Exanple 6

was

then adjusted to 50% by wei ght by the
The treated fibrous activated

car bon was charged i nto col umMalhadisngdatecaadiit y of
17 ml as | Mettshir at €d 1gpFi ¢. Foo-Sevensopieces 700-t he 900-
charged gbyrpsiyele goot | ruou@loy Bl acgsb i nj 103@@ri €S 1000
& qUATTZ grass Tpg WIl g 1 ackeato(i gy P, 198F | 0.1 or
}l\é\\?&@w er afi63C /vaslecgsr cyl aiggsl n tmgsggcketl.ess less
ogep—gogas—was rHowed—tjo Pass ti ougim te TotumTs
at an inl et-Bede . pressdre |of 40611 NPalﬂor P hduz s 10
therebyto—dry—therfitrous TV before
aIIo ng a seopl e aé%§?d§:<o@ %n1 5 EX rOX|deOSdﬂutiom.13
am%aSS th." Ough th4 COT Ot l_\ll u.U| \,UUIgSSAo 3 vvt r}/U
i um hydr oxéde sol ugi.on (80@.al ) |corgad nipg 2B ppb 46
ul ||| ur\ ! arre—1H1-00- - srb—-of ;IUII V’Va.a Lhcn a.: I uv'\Eu LU

oo L L'OU YUl

[0 j t hrough the colums fromthe bottom of the
Q tz glass tube at.a feed rate. (passing rate) of

Examples/qg ang qlve a used

A fibrous activated carbon FR-20 was activated by

~immersing in 1.5 N hydrochloric acid, whose water content was

then adjusted to 50% by weight by the procedure of Example 6.
The treated fibrous ac£ivated carbon was éharged'into columns
having a capacity of 17 ml as illustrated in Fig. 4. Seven
pieces of the charged columns were continuously placed in
series in a quartz glass tube with a jaéket (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 MPa for 2 hours thereby to dry the fibrous
activated carbon before allowing a éample agqueous sodium
hydroxide solution to pass through the colﬁmns.. An agueous
48.3 wt% sodium hydroxide solution (800 ml) containing 50 ppb
of nickel and 1100 ppb of iron was then allowed to pass
through the columns from the bottom of the quartz glass tube

at a feed rate (passing rate) of 300 ml/hr, to give a used
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38 fibrous activated carbon. [00451 Subsequently, the
aqueous al kal i ne solution contained in the used
fibrous activated carbon FR-20 charged in the 5 seven
colunns was extracted while the fibrous activated
carbon was pl aced as intactzgglthe quartz gl ass tube.
Next, the tenperature of the circul ati ng warm wat er
in the jacket of the quartz glass tube was el evated
.10 80C, and 1080 m_of pure water was passed through
fibReUEoPGMH¥aFPENFRRBOBot t om of 10 the quartz gl ass
tube at a feed rate of 300 m/hr. Next, 500 m of 1.5
[ORABydrochl oric acid at a feed rate of 300 m/hr and
500 M of pure:water at a feed rate of 300 nml'/hr were
subs8ybaREr§nELY onklet 3upPa’Yst at baghn ¢ neottipmscontained
Thus, the fibrous activated carbon_in the colums was
inr shet hogdedibrsupagarhivatredogerbgasFiasdl arhatgadt b0 the
pass through the colums at an inlet-side pressure of
se@enlchPamher washentsachedenshile theyfiheongbaehsvated
activated carbon before. allow ng another aqueous
casbdnuwebypiegedeasofintaoh o phssquarbagiilebhe tebgmmNext,
The tenperature of the circulating water in the jacket
thef tehpe28tguar bf ghassirohdabkdsgcwarmovhbdrt bn68ls: hadket
800 m of an aqueous sodi um hydroxi de solution to be
oft that gdacent glasegthbe ppb ef ematkdl tan80IQ0GppHl@F0 m1 of
iron was purified by passing. through the columms at
pugef @aterav@sopadbldnthbbughhehsi ek@limnandrbmothe bottom of
contents of the purified aqueous sodi um hydr oxi de 25
theOhubireR weaesamab¥zad ByrbER- MBtbyo€oBbechiAgr. Next, 500
fractions from

ml of 1.5 N hydrochloric acid at'a feed rate of 300 ml/hr and
500 ml of pure water at a feed rate of 300 ml/hr were
subsequently allowed to pass through the columns. Thus, the
fibrous activated carbon in the columns was reactivated.
Again, 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 fibrous activated carbon before allowing qnother

agqueous sodium hydroxide solution to pass through the columns.

" The temperaturé of the circulating water in the jacket of the

quartz glass tube was controlled to 63°C, and 800 ml of an
aqueous sodium 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/hr. The nickel
and iron contents of the purified aqueous sodium hydroxide

solution were analyzed by ICP-MS by collecting fractions from
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[0046] In Exanple 14, a.used fibrous activated. carbon

was obtained and the used fibrous activated carbon

FR-20 was 5 regenerated by the procedure of Exanple

13, except that 1.5 N hydr% hloric acid as an

activator was not passed through the colums. Nanely,

t he aqueous sodi um hydroxi de solution to be treated

was_purified by passing through colums, the
299i§éh5?gé9°|W&ng Qh§086F9% t BAUGRYS aRRF YL LA by t he

rocedure 10 of Exanple 13. Table 4 shows anal ysis

[Ogéﬁé of Exanples 13 and 14. Table 4 denonstrates that

the fibrous activated carbon exhibits markedly

recober Buasapablfit§ Beed chbRTAYS ndthivated| ApthoR | ¥as

by bringing into contact with an activator, and 15
obthanethandetbeatsedpfbbrpry pethvatedf cpebent Fi—20 was

recovered w thout activation with the activator.
rej@047ht40 bY¥abhe progednreocbfABseyBle HAt acxpepPtvhbal 1.5 N

Activator activated N ckel lron carbon used in carbon
hytdeachilvat coacidenscehuaniivehbenvagonetnpaséey thpoygh the

(ppb) Exanmple 1.5 N 0.1 or
columns. Namely, the aqueous sodium hydroxide solution to be

treated was purified by passing through .columns, the

discharged liquid was collected and analyzed by the procedure

of Example 13.

Table 4 shows analysis data 6f Examples 13 and 14.
Table 4 demonstrates that the fibroué activated carbon
exhibits markedly recovéred capability of removing metallic
impurities by bringing into contact with an activator, and
that the removal capability is not sufficiently recovered
without activation with the activator.

[0047]
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13 FR-20 hydrochloric 2 less 4.8 acid Exanple FR-20
none 2 2.8 352 14 [0048] Exanple 15 and Cbnparat|ve
Exanple 4 In an etching tank having an
i nternal -capacity of 1000 5 ml was placed 600 m of
an agqueous 48.3 mﬁ@bsodlun1QMprOX|de sol ution
purified under the conditions of Exanple 6 and having
a nickel content of 0.1 ppb or less, and the sol ution
was heated to 80C. A | apped waf er having a p-type
Tapdegj &tjvity of 01-to 0.02. 0-cm and having-a dianeter

of 200" 10 nmwas i nmersed iljn t BeocBrEMhg agenhamsftmeiata

et chi ng .t ank fof Rtivatees.| Suektavakgcer

susceptifl.g fo pontssini®ion wi t¢rawopkel . ec:nrtoennt
| evel |of cont an] Rag¢ovadiionhe Wegercolimph n % (opb)
anal yzed. [0049 15 The leviel of ¢8htanmin tl mnf pb

ek Skel| was detefminéd> Nn the follow ng manner
xFrgsjf(l al | fR-2he thrfeechlsiriche et chéd waf er \A@gsg\zshed‘*'s
ure water|for &4 nutels _was further! washed

Ex\g/jn#,be(.l N hydr pfluoric acid for one m nut q, and“t he
WaERFAP | y| di ssethaed by| t he action of [vapors of 392
41 bhydrofluoric acid and nitric acid,—andlthe resiH

10
<

Ll
ot

was  anal yzed by I CP-MS.. I n Conparative Exanple 4,
[08¢8Ri ng was carried out and the |evel of
contam nation with nickel was

.Example 15 and Comparative Example 4

In an etching tank having an internal capacity of 1000
ml was placed 600 ml of an aqueoﬁs 48.3 wt% sédium hydroxide
solution purified under the‘conditions of ﬁxample 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 minufes. Such a wafer is most susceptibie 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‘the
etched wafer Qas washed with pure water for 5 minutes, was
further washed with 0.1 N hydrofluoric acid for one minute,

and the wafer was fully dissolved by the action of vapors of
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determ ned by the procedure of Exanple 15, except for
using, 5 for etching, an aqueous 48.3 w % sodi um
hydr oxi de solution having a nickel content of 50 ppb
wi t hout purification by the fibrous activated carbon.
Table 5 denpnstrates that thg etched wafer is
significantly reduced in the nlckel content when an
aqueous 10 sodlun1hydrOX|de sol uti on having a nicke
content of ess_i s . used et chi
hyR80EeHOT T PELS EngEFtEbﬁt@ﬁfdrnaﬁFcE%? ssﬁ%éﬁ? 13°
aqueous_sodi um hydroxi de wafer, sol uti pQ%(%XlOlO
angl B#sd) emfﬁﬁxﬁﬁm CER S AT L e AR R chp e b Y sﬁls
8.1 nple 4 15 | NDUSTRI. AL APPL| CABI LI TY 0051%
Caﬁéﬁﬁédoaﬁdaﬁévaé ferepuPfs GPREAEANALHRBUEI LR KBFFRE! was
sol ution according to the present inventi-on enable
depesaiperohy shehpgrcpdrreyofiqbeauslal kali RECeBFufPBnesing,
contai ning markedly 20 reduced anmounts of netallic
foirmptchiings. alhaquesust ARg3agtidoasdarrahyAeossigt pehytion
can be suitably used as an etching 42 agent for
hagiihigcenniakels chotenseofyplcrpPbyvwi kheuti poréiiécaEeion by the
substrates and the |ike.
fibrous activated carbon.

Table 5 demonstrates that the etched wafer is
significantly reduced in the nickel content when an aqueous
sodium hydroxide solution having a nickel content of 0.1 ppb

or less is used for etching.

[0050]
Table 5 .

Nickel content in Nickel content in

aqueous sodium hydroxide wafer
solution (ppb) (x10'° atoms/cm?)
Example 15 0.1 or less 0.2
Comparative 50 8 1
Example 4 . ,
INDUSTRIAL APPLICABILITY

[0051]

The method and device for purifging an aqueous alkaline
solution according to the present invention enable production
of high-purity aqueous alkaline solutiqns containing markedly
reduced amounts of metallic impuritiesi‘ The resulting

aqueous alkaline solutions can be suitably used as an etching




By using a fibrous activated carbon, the present

i nvention provides a nethod for industrially producing

high- 5 purity aqueous al kal i ne sol uti ons, whose

nmetal . conponents such as iron, nickel, nolybdenum and

copper are reduced to such 2vels as to be suitably

used as an etching agent for*“silicon wafers. 43

CLAIMS 1. A nethod for purifylng an aqueous al kal i ne

sol ution, _comprising: S bringing a fibrous activated
agesthRTi e 1Eemt yétfem ﬁoraﬁséqEEB&§aéI1NaFLPnée%FBf’iiBﬁtor

to renove a netal conponent other than alkali netals
subsdratiesl prd &aet Aiketals fromthe aqueous al kal i ne

solution. 2. The nethod for purifying an aqueous

al kaPivngsi0g- sofdbronsaecsidrngdt sacbann thaheresanthe

aqueous al kaline solution is an aqueous al kaline
ingenitiican prbivdkesoapmiesbedator| éadustmaahyar pxpducongahigh-

| east one netal selected fromthe group consisting of
puliky aquebalss adkdlahlkeakioletéansh whbaksmetandcbupbhents

conprises the at |east one netal conponent other 15
sudhamsalikani, mtklesd ,amtlgbkdahume aedr thppetabhse Bedihed to

met hod for purifying an aqueous al kaline. solution
suReCAdieng e thaba tuivhelei nstdeaki Ahosschdhpvagedt for

carbon has an average aspect ratio of 10 or nore. 4.
silheoetaaed fsqr purifying an aqueous al kal i ne 20

solution according claim1, wherein the fibrous

activated
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carbon has a specific surface area of 1000 nR/g or

nore and a pore volune of 0.45 m /g or nore. 5. The

met hod for purifying an aqueous al kaline solution

according to claim1, further conprising: activating

25 a fibrous activated carbop with an acid or a

m xture of two 44 or nore acids selected fromthe

group consisting of hydrochloric acid, sulfuric acid,

nitric acid, and phosphoric acid bef or e bri ngi ng the

fibrous activated carbon i#M%ontact with the

aqueous al kaline solution. 5 6. The nethod for

purifying an aqueous al kaline solution according to

cllaim1, wherein the at |east one netal conponent

ot hed .t Rameghkdl ifomepalrd fxhdgakkabkiineovar ahkadiapssolution,

contained in the agueous al kaline sol ution contains at
compadtsingne netal selected fromthe group consisting of

iron, nickel, 10 nol ybdenum and copper. 7. The method"

for putinbynpgaadibgvesuacalikalktiedecasbbut inhoacootdechgwith

to claiml, wherein the aqueous al kaline solution is
andBgagvecualkadine Bydueibde tsokeinbos armenalagoapusent

pot assi um hydr oxi de solution. 15 8. The nethod for

othler frand adRkadquaetsieal kaki Ae@kasehut kARtACROLEHIBYfEOmM the
claim1l1l, wherein a concentration of mnetal hydroxide

q%@@ggl%qqaqan@hgoqqgggﬁs al kal i ne solution before
ringing into contact with the fibrous activated

car bon e %ﬂ}%cﬁ@@rb)bdﬁf@ltng 2 %qugé%s”%tlmq iher

purifying an aqueous al kal i

- solution according to claiml, wherein the agueous alkaline

solution is an aqueous 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 pufifying‘an»éﬁueous alkaline.
solution according to claim 1, wherein the fibrous activated
carbon has an average aspect r;tio of 10 or more.

4. The method for purifying an aqueous élkaline
solution according claim 1, wherein the fibrous activated
carbon has a specific surface area of 1000 m?/g or more and a
pore volume of 0.45 ml/g or more.

5. The method for purifying an aqueous alkaline
solution according to claim 1, further comprising: activéting

a fibrous activated carbon with an acid or a mixture of two
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solution according to claim1, further conprising:
conti nuously passing the aqueous al kaline sol ution
t hrough a colum containing the fibrous activated
carbon thereby to bring the fibrous activated carbon
into contact 25 with the aqueous al kaline sol ution.
45 10. The nethod for puri%ﬂing an aqueous al kal i ne
sol ution according to claim9, wherein the colum
containing the fibrous actjvated carbon, includes at
or| mase 8rédsi Brbéastedcfront e carpeh Fayetsthada?t| east
one vacant l|layer free 5 fromthe fibrous activated
hydapbbhorandanhdr enlfnsiat apbdst nibrécvachft pafephpgphoric
arranged upstream from downstreamfrom and/or
aciids beé€otrkebatinbéagt tbaefibbovasaativeteddcenbppninto
| ayer. 11. The nethod for purifying an aqueous
coaltkali réthsahet eqneavsoatlkajine sbadumidnor 10, wherein
two or nore 10 colums which contain the fibrous
acti gat edecaehhodandraperiophegt 8ad dqueach atkaiimee
used. 12. The nethod for purifying an aqueous al kal i ne
sol@ltibhoacaseandighgot e1akmi i, lwhéuethetheoapr ieasy: one metal
washi ng the fibrous activated carbon, which is a spent
oBEBEOEQh@QtEﬁahealﬁaﬂboﬁeﬁaﬁd A alpdlifiecehiren métals
t aqueous al kaline solution, with pure water;

co%&bﬂﬁbﬁg1hh%h@aﬁﬁﬁ@oﬁbthH§l§ﬁblM@lﬁﬁl@ﬂrb@ﬁthﬂhé at least
contact with an acid or a m xture of two or nore acids

on%e%%%%qd skhe@:he rgbRURhe0Rshehi BBn8l shyAFO6k! @kbs, nickel,
acid, 20 nitric acid, sulfuric acid, and phosphorlc

m&%ﬁﬂaé%%h and copper.

7. The method for pﬁrifying an agueous alkaline
solution according to claim 1, wherein the aqueous alkaline
solution is an aqueous sodium hydroxide solution or an
agqueous potassium hydroxide -solution.

8. The method for purifying an aqueous alkaline
solution according teo claim 1, wherein a,coﬁcentration of
metal hydroxide comprised in the aqueous alkaline solution
before bringing into contact with the fibrous activated
carbon is 10 to 55% by weight.

9. The method for purifying an agqueous alkaline
solution according to claiﬁ-l, further comprising:

continuously passing the aqueous alkaline solution
through a column containing the fibrous activated carbon
thereby to bring the fibrous activated carbon into confact

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. 13.
An etching agent for silicon wafers, containing an 25
aqueous al kal i ne sol ution pj{éfied by the nethod

according to 46 claiml1. 147 Use of a fibrous
activated carbon for bringing a fibrous activated
carbon into contact with an _aqueous al kaline_sol ution
to réRevEhgemgthednfeoreRbsibyhed fhafd3carRaplkaLiAfs
and al kaline earth netals fromthe aqueous _al kal i ne .
sodgitdononccesdinge taselafimadti sheasiactheaceduenr peRtaining
according to claim 14, wherein the aqueous al kaline
theolfabiromsi scanvagedogsrbahkahchudssl ati baaghi ehe fibrous
conprises at | east one hydroxide of 10 at |east one
acmtvaltesiekcecbed flegert hedgrtupeeonsosti ngcant akkeaki free
metal s and al kaline earth netals, and further
freomhies € birbasaticl-égatedneamebal, eodpehentiot hbe ahaheast
alkali netals and alkaline earth netals. 16. The use
onef vachinftr Quyeactisvatredngatbapsaceamdifrgmt, odetbstraam from,
14, wherein the fibrous activated carbon has an

andveiragesidepetle hat leaet bddeofibebas détivheedseadboa layer.
fibrous activated carbon according to claim 14,

wher eiin trhe ﬁb@h@dsfaﬁt?M@&Q?iﬁ@rBﬁna&aéoassaﬁﬁhiiﬁe
surface area of 1000 n2/g or nore and a pore vol une of
s0Q143 on?@cdorA 10 Bl @1aim 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 aqueous alkaline
solution according to claim 1, further.comprising:
washing the fibrous activated carbon, which is a spent
fibrous activated carbonAused 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 moré acids
selected from the group consisting of hydrochloric acid,
nitric acid, sulfuric acid, and phosphoric acid for
activation to obtain a recycled fibrous activated carbon; and
using the fibrous activated carbon again for |
purification of an aqueous alkaline solution,

13. An etching agent for silicon wafers, containing an

agueous alkaline solution purified by the method according to
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18. A device for purifying an aqueous al kaline

sol ution, 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 alkalln2§25 sol ution containing at

| east one hydroxi de of at st one 47 netal selected
fromthe group consisting of alkali metals and
al kaline earth nmetals and further containing a netal
clgdfpbnent other than alkali netals and al kaline earth
metals, and also has an outlet for discharging the
aquebtis dlsealdfhe ¥ idsiows @etivegeduseaborhd oreainging a
conponent other than alkali netals and alkaline earth
fihebabsahbsvhted cenberdinbetcoftade witlksan aqgecdhe
device for purifying an aqueous al kaline solution
alaetondi nglubichatm t8novkemeital emEgedts erithemitign
10 the fibrous activated carbon includes at |east one

alkbbiomstatsi satiedlikal bna tayeh metabs frast theecagaceant

| ayer free fromthe fibrous activated carbon. 20. The
aldeviae EeLupiiohfyi ng an aqueous al kaline solution
according to claim 18, wherein the vessel containing

15 the.frheouseasti ¥af e¥r6as hoot LoAPEd SESrhow atcomding to

colums containing the fibrous activated carbon and
clhehngacopneeted +he 88GBoRENEIkaline solution is an aqueous
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 metéls.

16. The use of a fibrous activated carbon according to
claim 14, wherein the fibrous activated carbon has an average
aspect ratio ¢f 10 or more.

17. The use of a fibrous activated carbon according to
claim 14, wherein the fibrous activated carbon has a spegific
surface area of 1000 m’/g or more and a pore volume of 0?45
ml/g or more.

18. A device for purifying an aqueous alkaline solution,
compfising a vessel containing a fibrous-activated carbon,
wherein the vessel has an inlet for introducing an agqueous

alkaline solution into the vessel, the aqueous alkaline

solution containing at least one hydroxide of at least one
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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 agqueous alkaline
solﬁtion, from which the metal component other than alkali
metals and alkaline earth metals has been removed, out of the
vessel.

19. The device for purifying an agueous alkaline
solution according to claim 18, whereiﬁ the vessel containing
the fiﬁfous activated carbon includes at least one fibrous
activated carbon layer and at least one vacant layer free
from the fibrous activated carbon.

20. The device for purifying an aqueous alkaline

"solution according to claim 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.



