ELECTRODI ALYSI S METHOD FOR PURI FYI NG OF Sl LI CATE- CONTAI NI NG POTASSI UM
HYDROXI DE ETCHI NG SOLUTI ON CROSS- REFERENCES TO RELATED APPLI CATI ONS
Not applicable. BACKGROUND OF THE | NVENTI ON Field of the Invention The
subj ect invention relates to an el ectrodial ysis nethod, and nore
particularly, to an electrodialysis nethod for the treatnent of a
silicate-containing potassium hydroxi de etching waste sol ution.

Descri pti oy RCTRODFATYSISMETHOD FOR PURIFYING OF SILICATE-

CONTAINING POTASSIUM HYDROXIDE ETCHING SOLUTION

CROSS-REFERENCES TO RELATED APPLICATIONS

Not applicable.

BACKGROUND OF THE INVENTION

Field of the Invention

The subject invention relates to an electrodialysis method, and more particularly, to an
electrodialysis method for the treatment of a silicate-containing potassium hydroxide

etching waste solution.

Descriptions of the Related Art

Owing to such advantages as high flexibility in operation, small space occupation of
equipment, high purity of resulting products and good adaptability to conductivity of
materials to be processed, the electrodialysis (ED) process is known as a waste solution
process that is commonly used, for example, for radioactive waste solution treatment,
recovery of valuable metals from waste electroplating solutions, etc. Also, the

electrodialysis process may also be used in such processes as production of table salts or



Onm ng to such advantages as high flexibility in operation, small space
~occupation of equipnent, high purity of resulting products and good
adaptability to conductivity of materials to be processed, the

el ectrodi al ysis (ED) process is known as a waste solution process that is
commonly used, for exanple, for radioactive waste solution treatnent,
recovery of valuable netals fromwaste el ectroplating solutions, etc. Also,
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- of the electrodialysis process is that the ion exchange nenbranes having

di stinct RERPGE nicdshraicd hdsiag distinSEhropdrtivedry uSePRY RletivanSepdiatt henswaties , and
the mgration of the ions in the water is driven by positive and negative
direct currents (DC) to attract ions. In other words, this process utilizes
the char avatey prd the miggtiond thaytans ik theawatehisydriysn &y rRosiive g uig Rt diesst
exchange nenbranes while the anions can only penetrate through anion
exchange nEahy r..th i fat: | ks kG fid el t he
i one i 1B e 1o B e O B e e ChE R e R
water mgrate towards the cathode, thereby acconplishing the purpose of
recover i ngtival esabingy peresth@ribesigh catiornt érehwesst mermbtanes while the anions @hamlng
wast e solutions of general sem conductor industries contain in addition to
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pot assi um oxi de) formed during the reactions. The silicon dioxide and netal

-oxi des offieed) theaMons if fie: Wakt enigffd kdigaredtHet Ardds waldld iedakiond kd art @ster Whi ch
are generally known as water glass and may be nornmally represented by a
general formula MA nSi O (where Mrepresents a netal such as Na or K

coef fi ci epigat tayards, theasapheger thesghwcaceamplishipg theePwposeaplyresoxsrats Yalrads wit h
species of the nmetal and is within a specific range). Therefore, if the

et chi ng @@ngugghgﬁhﬂga,gggoﬁmgﬁctly i ntroduced into a single-nenbrane

el ectrodi alysis systemfor recovery, the silicates contained in the etching
waste solutions tend to cause clogging to the ion exchange nenbrane of the
el ect r odi al yBhesetshisg smapte selsitibng ofgenerabeadtondatioo mdostriey ennthinsis additione i on
exchange capability thereof Mreover, the anode is also liable to be

d d d by . th il tly fail.g i
o1 cacy pEn AR <R B AR J&Fs TRETY A Boan st oty Sehely « hat
is capable of effectively treating silicate-containing waste solutions for

separ at i QRvagnlomesaMesntubior UaBtttesSaHIShRBL eskiddieteqs., polassium dRidd)i fogmed
solutions currently used in sem conductor industries are nostly potassium

hydr oxi de or sodi um hydroxide solution. If such etching waste solutions are
subj ect edluring threreagiivns The siligem diogidegind angtplyoxidespften fpmmp iuthe Wastsariehiag of
| ow econom ¢ val ues, poor econom c benefits would result.
solutions colloidal silicates, which are generally known as water glass and may be
normally represented by a general formula MOy - nSiOy (where M represents a metal
such as Na or K, coefficients x and y vary with species of the metal, and n also varies with
species of the metal and is within a specific range). Therefore, if the etching waste
solutions are directly introduced into a single-membrane electrodialysis system for
recovery, the silicates contained in the etching waste solutions tend to cause clogging to the

ion exchange membrane of the electrodialysis system, resulting in deactivation or even loss
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In view of this, the subject invention provides an el ectrodial ysis method
capabl e of treating a potassiumsilicate-containing waste sol ution and

sol ving the problem of clogging the ion exchange nenbranes during

el ectrodi al ysis. This nmethod can not only recover potassiumions fromthe
waste solution effectively and econom cally, but also recover potassium
silicates with a | ow content of potassiumfor use in other industrial
applicati . Q... for ] reduci e | ; i

concent r atalh ofietanans Cathiid mellof MR L I ol B BB i B Mrovndsdr ce
recycling effectively. SUVWARY OF THE | NVENTI ON One objective of the

subj ect idndebbidrbed b tHeGilvaty) 4@ @Ascgueaty Bds & sSicscymiidnoe doodledtivdidlystat ment
of a silicate-containing potassium hydroxi de etching waste sol ution,
conprising: providing a reaction tank includipng a cathode, an, anode, and
two cati dﬁeta%ﬁ%ibgen Efethar, towpy dhdf iSheaprBlacel sHeqiyRk freatiieyigfedieny t he
cation dialysis nenbranes into a cathode chanber, an anode chanber and a

wast e sol dbh‘iaﬂﬁn%%&@%lu{i&%%%é}aﬁﬁ%ﬁQﬁ‘& WREbry bi bl Qubstaitebd thetddroagi d.
solution into the anode chanber; filling a potassium hydroxi de sol ution

into the cathode chanber; introducing a silicate-containing potassium
hydr oxi de et Etvhing sehsicas sotrantlynsddninoseiiieondastoe indisiries gwe ahestis epotasain

hydroxide or sodium hydroxide solution. If such etching waste solutions are subjected to
the waste treatment or directly used to produce products of low economic values, poor
economic benefits would result.

In view of this, the subject invention provides an electrodialysis method capable of
treating a potassium silicate-containing waste solution and solving the problem of clogging
the ion exchange membranes during electrodialysis. This method can not only recover
potassium ions from the waste solution effectively and economically, but also recover
potassium silicates with a low content of potassium for use in other industrial applications
(e.g., for use in producing water glass after being concentrated), thereby achieving the goal

of waste reduction and resource recycling effectively.

SUMMARY OF THE INVENTION

One objective of the subject invention is to provide an electrodialysis method for the
treatment of a silicate-containing potassium hydroxide etching waste solution, comprising:

providing a reaction tank including a cathode, an anode, and two cation dialysis



applying a voltage and a current density to each of the chanbers to render

potassiumions to transport fromthe waste sol ution chanber through the

cation dialysis nenbrane to the cathode chanber. Sone enbodi nent s
i npl enented for the subject invention are described in detail in the
fol |l ow ng paragraphs acconpanyi ng the appended drawi ng for people skilled

inthis field to well appreciate the above purpose, technical features,

advant ages _of the %lég eﬁ%friegééf??%iwﬁﬂis ‘}%SRI:deEﬁF%DF%C@R"‘hPTl OF THE DRAW NGS

FIG 1 i3 4H"8Hbodh

and
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met hod of the subject invention. DESCRIPTI ON OF THE PREFERRED EMBODI MENT
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det ai |

filling a sulfuric acid solution into the anode chamber;

filling a potassium hydroxide solution into the cathode chamber;

introducing a silicate-containing potassium hydroxide etching waste solution into the
waste solution chamber; and

applying a voltage and a current density to each of the chambers to render potassium
ions to transport from the waste solution chamber through the cation dialysis n;embrane to
the cathode chamber.

Some embodiments implemented for the subject invention are described in detail in
the following paragraphs accompanying the appended drawing for people skilled in this
field to well appreciate the above purpose, technical features, and advantages of the subject

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an embodiment of equipment for implementing the electrodialysis method

of the subject invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, some embodiments of the subject invention will be described in detail



with reference to the attached draw ng. However, the subject invention may
al so be practiced in a nunber of different enbodi nents w thout departing
fromthe spirits of the subject invention. Therefore, the scope of
protection of the subject invention shall not be construed to be limted to
what described herein. Furthernore, rather than being depicted in the
practical scale, dinensions of elenents and regions in the attached draw ng
may be e or, t | a U

hydr oxi d)e%g??%fg}eggev\;% I:[hee g@ ] ? %feedﬁ%lg e%v‘s%‘e’?ﬁ (t:%engﬁ) g%gsiﬁ"é}% Str %gzd%cogat ain
pot assi um hydr oxi de that are not consurred conpl etely, potassium oxide, as
wel | as, mwadticedin dinaxibdeof difiztdnt embbdiaranet witheig dephitiagdrcsw st spatisf thdre
solutions tend to foiiu coll oi daI sol utions of pot assi um silicates. Wen
recoverin substancesﬁ[{ su wast e. sol ut.i on thr h t he, eI IE*@rod al ysis
process, tHgveptony rhhe ?réa §°?P:¢n‘bf Rrgtectiony ot the te‘>‘€‘éf‘I"i“é’tlrﬁ’é‘eS A6t Shes,
resulting in deactl vation or even loss of the ion exchange capability
thereof. MNasiafliqsbi \n%nfeh%wlﬁda@dcﬁﬁé@héfe&h%r@a@ﬁ%@dmmr FIRmOEREg Sddied
silicate-containing waste sol utions has been provi ded up to now It has
been found that, the voltage and current applied during the electrodialysis
process riyheoer a@'@@h belee dimenstamg tof slements angll tegioas inthefattpelicdslpwimgoriviee t o
silicon dioxide in the waste solution such that the silicate-containing

pot assi umh n te solution remains in a solution state

i nst ead Org%( %/% é?%(d%?tl?es%P 9%} at can clog the ion exchange nmenbrane. In
this way, potassiumions can be recovered through the el ectrodialysis
process whi | Bedahe: tiempbtassigmshydroatie setohihg wastowolntbas if uthe centieniductan
still be used in other industrial applications. Accordingly, the

subj ect ention I’OVI des trodialysis nethod for the treatnent of a
silicate- i ‘g‘ﬁfréﬁsr‘f% 1 aﬂ?(‘ﬁ ﬁ%%}aaéreé%é AP sCPg’pg%‘l’l&tl?O&?SluEb%E‘?’si ng:

providing a reaction tank 1 as shovvn in FIG 1, wherein the reaction tank 1

i ncl udes 53 vt ROdRicd 1d1<§@d@fb‘§ﬁiﬁn%:fro%‘@tchﬂ% SREOubdrALY $hé sORABEARES td 5,
and is divided by the cation dialysis menbranes 15 into a cat hode chanber

171, an anode chanber 173 and a waste sol ution chanber 175 | ocated
t her ebet en colloidal solutions of potassium silicates. When recovering substances from such

waste solutions through the electredialysis process, the potassium silicates tend to clog the
ion exchange membranes, resulting in deactivation or even loss of the ion exchange
capability thereof. No effective electrodialysis method adapted to recover such silicate-
containing waste solutions has been provided up to now.

It has been found that, the voltage and current applied during the electrodialysis
process may be regulated to control the mole ratio of potassium oxide to silicon dioxide in
the waste solution such that the silicate-containing potassium hydroxide etching waste
solution remains in a solution state instead of forming a colloid that can clog the ion
exchange membrane. In this way, potassium ions can be recovered through the

electrodialysis process while the remaining silicates with a low potassium content can still



filling a sulfuric acid solution through an anode inlet 191 into the anode
chanber 173, wherein the concentration of the sulfuric acid solution used
is typically adapted to initiate an oxidation reaction of the solution in
t he anode chanber 173, and generally ranges fromabout 1 wt%to about 20
wt% preferably fromabout 2 wt%to about 15 W% and nore preferably from
about 3 wt% to about 10 wt % filling a potassi um hydroxi de sol ution
t hr ough he cat hode chanber 171, wherein the
concentrgFﬁ%%@gtq?%gL%%?égépﬁ y roxi de solution used is typically adapted
toinitiate a reduction reaction of the solution in the cathode chanber
171, and gengcarliinglyanyge ssubjeem iabaition 1 pithvidet Oard edettrodRlywis¥mmephief €ombhy from
about 2 wt%to about 30 Wt % and nore preferably fromabout 2 wt%to about
10 wt % i ntrqducing a silicate-con alnlng SS|un1h dr oxi de. et chi ng
waste SolTFEHBAA B2 5@10 FeRP @RI PYATH it st whs SAHns SAmPHRBE | he
wast e sol ution chanber 175, wherein for the etching waste sol utions
gener at ed i npbyfineAd reabkdH Agk RQSRRR R Fid9, GAREENMe3EdBBn @nk lpi%ﬁ%é Am
hydr oxi de ge%erally ranges fromabout 1 w%to about 50 wt % and
applying a voltage and a current density to each of the chambers by
connect i mgthadeddati vagode A &iand| twanehtian pbslysis vecmlgiangsi Halandfis alindep byeghe
supply to the cathode 11 and the anode 13 respectlvely, t hereby to render
pot assi um 0.transport rontth jon chanber h h the
ot on arafgL R i BPARERES 1p it Cad RSB TRL oL SPaT im0
electrodlaIyS|s nmet hod of the subj ect |nvent|on is performed, the potassium
ions in twstesdolhitivatchambat Hisibogepdbrdsinvesnnydr oxi de et chi ng waste sol ution
are driven by the applied voltage to mgrate fromthe waste solution
chanmber 175 {hrough the c tlon di al ysis nmenbrane 15 into the
charber 171 UBES suHwsje asid sp g duoth 2 HodadurtARLHY @ tBS prepdle b3
conconm tant hydrogen gas. As a result, the concentration of the pot assi um
hydr oxi dEbvl%?élﬁttﬁ@ébﬂc@nt}ﬁ%n(@ttﬂ@gﬁﬁﬁﬂ%ﬂfgolgﬂ&l hs%d'1§‘ BRaN$hda@Bd td Bt t he
solution is discharged froma cathode outlet 194. Oi'the other hand, an
oxi dation reaction is conducted in the anode chanber 173 in which the wat er
i s el ect ranloxrdstion meastiox plthe sphsiondn the dnede ebambérnly3oxmydeamerpdly rhrgedifshar ged
from an anode outl et 195 In the meste sol ution chanber 175, a
silicate- im 0N, a.lo assh um conten d is
§81Pt Mé’n@a P%‘%I U{I’ 8 GP t‘évr%ga%out i WRR ab%u{ 15 %&‘9 aﬁd aTe

dlscharge

preferably from about 3 wt% to about 10 wt%;

filling a potassium hydroxide solution through a cathode inlet 192 into the cathode
chamber 171, wherein the concentration of the potassium hydroxide solution used is
typically adapted to initiate a reduction reaction of the solution in the cathode chamber 171,
and generally ranges from about 1 wt% to about 50 wt%, preferably from about 2 wt% to
about 30 wt%, and more preferably from about 2 wt% to about 10 wt%;

introducing a silicate-containing potassitlm hydroxide etching waste solution to be
treated through a waste solution inlet 193 into the waste solution chamber 175, wherein for

the etching waste solutions generated in typical etching processes, the concentration of



The concentrated potassi um hydroxi de sol ution obtained in the cathode
chanber 171 can be used directly as an etching solution in sem conductor

i ndustries, or for other purposes. The resulting hydrogen gas nay be used
as a fuel in fuel cells or steamboilers, or for other purposes. The
silicate-containing solution in the waste solution chanber 175 may be
concentrated to formwater glass for industrial use, such as for use in

i nor gani I ' , ' S , as for use as
2 pot ass RORF P R0 EHeYES s KR At Flelb Aot dHERI oS The oxygen
gas produced in the anode chanber 173 is also of great econom c val ue.
Accor di ng t oajiphgnget Zithgefant lecatdnt elehsiiynwessich arf, the kkaraipgt ibgdconotdtimgen and
current are, in principle, designed. The voltage generally ranges from
about 2 V to. about, 25 V, and.preferapl rom about 4 V. to about 20.V, the
Current RS SHRRE A 4 PrSGLETTaHy b bt PO S obPRY 1 Tt d0at L EMecks Al mo.
Potassiumions in the waste solution are driven fromthe waste sol ution
chamber 130844 h30HGPedilBlyC Mdrsy & Rl HotRHBMANRS 1B iritsPork 'Bork ahBOglRste
chamber 171. In partlchar, a'nole ratio of silicon dioxide to potassium
oxide in the waste solution chanber 15 is controlled to be within a

parti cul aolutignghamberd 75 threygh thezpatiem diatysisonerabranerd? & the epthpdmehpmbeekZl.t han
about 5.0, thereby to avoid the formation of colloids which would ot herw se
cl og the ionydj.alysi ] C i - e '@gg; subj ect
i nvention, tM&wgﬁ%ﬁ??gﬂ?%?&ﬁ?§%3P@5§2@9%§ﬁ§£??§@ﬁ§ﬂ3$?{ ac%g%%%ﬂﬁmgﬂﬁsity
of about 2,000 A/n2 and a voltage ranging fromabout 5 V to about 15 V.
Ther e i s ioms jpahd siticdtesconthimitggidtassiuirohtdaexida ekingrtasteisalutios efadrivieobytthe

subj ect invention. For exanple, the substrate material of the anode is

typically selected fromtitanium (Ti), tantalum (T ni ckel (Ni)..or .the
R’ et avalie s 14 muetsriran et st g LR patiitfedion iaysis
non-deactivatable and el ectrocatalytic film the material of which may be
an oxi de pfmpaal i13UMLE Rh caltbidl dBbeD 171 RAkkirdithdyRAde rddubdie tb MdtdRdum
zirconium (Zr), titanium (Ti) or the like netals, or a conductive

(di schargi ng) substance conprising at | east one of the aforesaid netal

oxi des. Podraxidmpite condemitant hydragentgass dysraigsuly theopmiceniratian of fenidassisifpound
conprising at |east one of the aforesaid netals (e.g., iridium alcohol ates,
rut heniu 0 . F%#%r S, i tani 25, where
t he aIcoﬁ%@%ﬁﬁgﬁgﬁﬁgélg%%gagtﬂggaggﬁ ano‘ﬁ’gt gﬁ%%@’%?%g%%%ﬁgpggﬁgﬁﬁf?

i sopropanol, isobutanol and the like.) on the surface of the netallic

subst r at elischalgedwesh by cathedatoeklend9pr oOasthet @herehmde anhexidatianieaction is
conponents. In an enbodi nent of the subject invention, a dinensionally

st abl e anod DSA) .is used, i.e., an insoluble anode forned by coating a
film of e?%l&.’fﬁ%ﬂ {PrﬁhSﬁflai% g}efn?tl?f ARt mhish the, wager is; AUTORE% ThiE O5Y SN ERr i i um
oxi de on a substrate made of titanium tantalum nickel or the |ike,

because tiahShkieBatifl oRPRMESs NaGis@aFtdarbraBh 288k ASlePI®. ehakd Raste solution
el ectrocatal ysis and long service Iife of nore than one year.

chamber 175, a silicate-containing solution with a low potassium content results and is
discharged from a waste solution outlet 196.

The concentrated potassium hydroxide solution obtained in the cathode chamber 171
can be used directly as an etching solution in semiconductor industries, or for other
purposes. The resulting hydrogen gas may be used as a fuel in fuel cells or steam boilers,

or for other purposes. The silicate-containing solution in the waste solution chamber 175



There is no particular Iimtation to the cathode material useful in the
subj ect invention. For exanple, the cathode material nmay be nickel, iron,
stainless steel, nickel-plated titanium graphite, carbon steel, or a
conbi nati on thereof In an enbodi nent of the subject invention, the
stainless steel is used. Addi tionally, any suitable cation dialysis
menbrane nay be used in the nethod of the subject invention. Typically, an

acid- an | i.he- ' I [ at i an C NS
ised, sudhin el R B R e e P o
acid nenbrane, a perfluorocarboxylic acid nmenbrane, a fluorinated nmenbrane
of perf| ymims ot hdiresives air dbpagrfdultombase; bachydsi for asd ds ampdtassivartooilizpodryarer

menbrane. In an enbodi nent of the subject invention, a perfluorosulfonic

acid cation, exchange rane is_used. To further illustrate .
by oot I BT ALen o BHD Mees T Been e BRBERLIn e aneds OTAEr 3084 « 1

reference to the attached draw ng. [Exanple 1] According to the nethod

of the suesiterédieeitonfbvaiad €l ectrodialysis process for the treatnent of a
silicate-contal ning potassi um hydroxi de etching waste solution was carried

out in the reaction tank 1 as shown in FIG 1 using the follow ng
par anet ers; According to the method of the subject invention, the applied voltage and current are,

in principle, designed. The voltage generally ranges from about 2 V to about 25 V, and
preferably from about 4 V to about 20 V; the current density generally ranges from about
1,000 A/m? to about 6,000 A/m®. Potassium ions in the waste solution are driven from the
waste solution chamber 175 through the cation dialysis membrane 15 into the cathode
chamber 171. In particular, a mole ratio of silicon dioxide to potassium oxide in the waste
solution chamber 15 is controlled to be within a particular range, i.e., less than about 10,
and more preferably, less than about 5.0, thereby to avoid the formation of colloids which
would otherwise clog the ion dialysis membranes. According to an embodiment of the
subject invention, the electrodialysis process is performed with a current density of about
2,000 A/m2 and a voltage ranging from about 5 V to about 15 V.

There is no particular limitation to the anode material useful for the subject invention.
For example, the substrate material of the anode is typically selected from titanium (T1),
tantalum (Ta), nickel (Ni) or the like metals. The surface of the substrate may be coated
with a non-deactivatable and electrocatalytic film, the material of which may be an oxide

of platinum (Pt), iridium(Ir), thodium (Rh), ruthenium (Ru), zirconium (Zr), titanium (Ti)



operating voltage: 5 to 15 V operating tenperature: 30 to 70C current
density: 2,000 A/n2 area of the mass transport electrode: 0.05 n2 anode
mat erial : DSA cathode nmaterial: stainless steel cation dialysis nenbrane:
perfluorosul fonic acid cati on exchange nenbrane

or the like metals, or a conductive (discharging) substance comprising at least one of the
aforesaid metal oxides. For example, the film may be formed by coating an organic
compound comprising at least one of the aforesaid metals (e.g., iridium alcoholates,
ruthenium alcoholates, tantalum alcoholates, or titanium alcoholates, where the alcohols
used may be such as methanol, ethanol, propanol, butanol, isopropanol, isobutanol and the
like.) on the surface of the metallic substrate, followed by a sintering process to remove the
organic components. In an embodiment of the subject invention, a dimensionally stable
anode (DSA) is used, i.e., an insoluble anode formed by coating a film of a tantalum oxide,
a ruthenium oxide, a titanium oxide or an iridium oxide on a substrate made of titanium,
tantalum, nickel or the like, because this kind of anodes has such advantages as preferable
electrocatalysis and long service life of more than one year.

There is no particular limitation to the cathode material useful in the subject invention.
For example, the cathode material may be nickel, iron, stainless steel, nickel-plated
titanium, graphite, carbon steel, or a combination thereof. In an embodiment of the subject
invention, the stainless steel is used.

Additionally, any suitable cation dialysis membrane may be used in the method of the
subject invention. Typically, an acid- and alkaline-resistant perfluorinated cation exchange
membrane is used, such as those selected from a group consisting of a perfluorosulfonic
acid membrane, a perfluorocarboxylic acid membrane, a fluorinated membrane of

perfluorosulfonic acid/perfluorocarboxylic acid and a carbon polymer membrane. In an



In this exanple, a 5 wt% sulfuric acid solution was filled through the
anode inlet 191 into the anode chanber 173, a 2 w % pot assi um hydr oxi de
solution was filled through the cathode inlet 192 into the cathode chanber
171, and a potassiumsilicate-containing waste solution to be treated

(cont ai ni ng potassi um hydroxi de at a concentration of about 10 wt % to about
45 wt % was introduced through the waste solution inlet 193 into the waste
solution chanber 175. Afterwards. an ect rodi al ysj ro rried
out in batt H’ﬁ%f’}?ben%’ifbﬁcg)ﬁge%tfdna acbgﬁfi%oé%ﬁuﬁgﬁlr%r%lni éaéﬁ egigﬁzﬁlﬁlg?l?%’i?ﬁ\a}o% t age
of 5V, and deionized water was replenished into the anode chanber 173 from
tinme to tisgedto maintain a constant liquid level. According to the voltage

i ncrease readings, the nole ratio of silicon dioxide to potassiumoxide in
the solution within the waste sol ution chanber 175 \A@iiltgonf;.\rgl I gd t,g?fPe

| ess than 5, Tadurthagelllugrais dhe subjger VRl SFaRRE fi oEhef HeCHEEE when
the voltage increased to 12 V. Hydr ogen gas and a potassi um hydr oxi de
sol ution : I ' j : unt fromthe cathode outlet 194
of the ca{lﬁ%@oee%é%igjﬁ%ggfeﬁé%i@t%g%{é%ﬁggﬁ%ﬁt ‘on of the recovered potassium
hydr oxi de sol ution could be increased from2%to 50% Fromthe waste

sol uti on out[Eeamp86l]lof t he waste sol ution chanber 175, a potassiumsilicate
wat er glass solution with a | ow potassi um content having a solid content of

about 2 wt % {0 about 10% was .obtai ned, which coul d _be ncentrated t
produce 10 \MX\%QE g 0 i&fe%nﬁ Ogsog itﬁ?ﬁ@?ﬁﬁt CRYRUGR H} glﬁft?fs sﬁﬁsrl% %Joccte és. Foﬁrtg?n t he
anode outlet 195 of the anode chanber 173, oxygen gas and a 5 wt% sul furic
aci d sol utdaffenter @ silldaftl CURehiniAf thetasiiti® 19y@ade gabinpasastephitiinedaacudrisd or ed,
the sulfuric acid solution could be reused in the manufacturing process.
According to the above descrjptions, hesides that .the electrodialysis

met hod ofout Heths grscaes tank J &nshemn B Gd usingdhe llovdng Para@eiers at e- cont ai ni ng
pot assi um hydr oxi de etching waste solution and efficiently recover
potassiumio I : t hus produced present an econom c val ue and
can be used %T?tggdgg%{%?qgggﬁ cations (e.g., the hydrogen gas may be used
as a fuel, and the silicate-containing solution with a | ow potassium
content may &erdtingttbreperemnc 8Atto A0%d t o produce water glass). The potassi um
hydr oxi de sol uti on having a high concentration obtained in the above

exanpl e may be reused dj as an etching solution in the sem conduct or
i ndustries aweggﬁ‘?r’ﬁﬁi['?’@gocné)i erabl e econonic value. Furthernore, the

t wo- nenbr anes- and-t hr ee- chanbers design i ncluding two cation nenbranes can
prevent the @e@gﬂhém@gﬁaﬁgp@ﬁle;ecb@a@@qu% act with the waste solution to be
treated which has a conpl ex conposition and prevent ions contained in the
waste solution frommgrating into the anode chanber, thereby prol onging

t he service 4ﬁ0ﬂé“@Fer’{aﬁgD%ode and, consequently, enhancing the durability
of the equi pnent as a whole and inproving the econom c benefits.

cathode material: stainless steel

cation dialysis membrane: perfluorosulfonic acid cation exchange membrane

In this example, a 5 wt% sulfuric acid solution was filled through the anode inlet 191
into the anode chamber 173, a 2 wt% potassium hydroxide solution was filled through the
cathode inlet 192 into the cathode chamber 171, and a potassium silicate-containing waste
solution to be treated (containing potassium hydroxide at a concentration of about 10 wt%
to about 45 wt%) was introduced through the waste solution inlet 193 into the waste
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The above exanple is provided to illustrate the principle and effectiveness
of the subject invention and show the technical features thereof Any

nodi fications or replacenents that can be easily acconplished by persons
skilled in the art without departing fromthe technical principles and
spirits of the subject invention are within the scope clainmed by the

subj ect invention. Therefore, the scope of protection of the subject

TNl S B, 15 S B S BR SRR LR Wl 1o

silicate-containing potassium hydroxide etching waste solution, conprising:
provi di nginder @aditiods of andonbtael sidieng add aatifiddevolage afiode, arandkiénigedcaticon

di al ysi s menbranes, wherein the reaction tank is divided by the cation

di al ysis nmenbranes into a cathode chanber, an, anode chanber and a waste

sol ut i on asaieplepishest dte dhg RRRdepeharhen 178 from ding te dimeyto mauysip a6mstarbn
into the anode chanber;

liquid level. According to the voltage increase readings, the mole ratio of silicon dioxide

to potassium oxide in the solution within the waste solution chamber 175 was controlled to
be less than 5, and the reference operation end of the batch is attained when the voltage
increased to 12 V.

Hydrogen gas and a potassium hydroxide solution were obtained in a considerable
amount from the cathode outlet 194 of the cathode chamber 171. The concentration of the
recovered potassium hydroxide solution could be increased from 2% to 50%. From the
waste solution outlet 196 of the waste solution chamber 175, a potassium silicate water
glass solution with a low potassium content having a solid content of about 2 wt% to about
10% was obtained, which could be concentrated to produce 10 wt% to 40 wt% potassium
silicate water glass products. From the anode outlet 195 of the anode chamber 173,
oxygen gas and a 5 wt% sulfuric acid solution were obtained. After the oxygen gas was
separated and stored, the sulfuric acid solution could be reused in the manufacturing
process.

According to the above descriptions, besides that the electrodialysis method of the
subject invention can be used to treat a silicate-containing potassium hydroxide etching

waste solution and efficiently recover potassium ions, all byproducts thus produced present
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filling a potassi um hydroxide solution into the cathode chanber;
introducing a silicate-containing potassium hydroxi de etching waste
solution into the waste solution chanber; and applying a voltage and a
current density to each of the chanbers to render potassiumions to
transport fromthe waste sol ution chanber through the cation dialysis
menbrane to the cathode chanber, and to control the nole ratio of silicon

di oxi de and pot assi um oxi de ,in the te solution cha r-tnp be |less than
Lo S e AR BRI 5 b T NP et A B AR P S 3ol
sulfuric acid solution ranges fromabout 1 wt%to about 20 % 3. The

met hod adgaised fga FiRl,Gnditlhe Jlicadres@hinidgheltieAGEH 4 Biv potagiunh Bentsntlrhay be aci d

solution ranges fromabout 2 wt% to about 15 wt %

further concentrated to produce water glass). The potassium hydroxide solution having a
high concentration obtained in the above example may be reused directly as an etching
solution in the semiconductor industries and exhibits considerable economic value.
Furthermore, the two-membranes-and-three-chambers design including two cation
membranes can prevent the anode from directly being contact with the waste solution to be
treated which has a complex composition and prevent ions contained in the waste solution
from migrating into the anode chamber, thereby prolonging the service life of the anode
and, consequently, enhancing the durability of the equipment as a whole and improving the
economic benefits.

The above example is provided to illustrate the principle and effectiveneés of the
subject invention and show the technical features thereof. Any modifications or
replacements that can be easily accomplished by persons skilled in the art without
departing from the technical principles and spirits of the subject invention are within the

scope claimed by the subject invention. Therefore, the scope of protection of the subject

invention is covered in the following claims as appended.
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4. The nmethod according to claim 3, wherein the concentration of the

sul furic acid solution ranges fromabout 3 wt%to about 10 wt% 5. The

nmet hod according to claim1l, wherein the concentration of the potassium
hydr oxi de sol ution ranges fromabout 1 wt%to about 50 wt% 6. The net hod
according to claim5, wherein the concentration of the potassium hydroxide
sol ution ranges fromabout 2 wt% to about 30 wt% 7. The nethod accordi ng
to cl ai mmm n the concentration of the potassi um hydroxi de sol ution
ranges fr t 2 w%to about 10 wt% 8. The nethod according to claim
1, wherein the concentration of potassium hydroxide in the

si | i cat e-wastiacniméel ot assi um hydr oxi de et chi ng waste sol ution ranges from
about 1 wt%to about 50 % 9. The nethod according to claim1, wherein
the cation dialysis nenbranes are perfluorinatecl cation exchange

menbr anes.

1. An electrodialysis method for the treatment of a silicate-containing potassium

hydroxide etching waste solution, comprising:

providing a reaction tank including a cathode, an anode, and two cation dialysis
membranes, wherein the reaction tank is divided by the cation dialysis
membranes into a cathode chamber, an anode chamber and a waste solution
chamber located therebetween;

filling a sulfuric acid solution into the anode chamber;

filling a potassium hydroxide solution into the cathode chamber;

introducing a silicate-containing potassium hydroxide etching waste solution into the
waste solution chamber; and

applying a voltage and a current density to each of the chambers to render potassium
ions to transport from the waste solution chamber through the cation dialysis
membrane to the cathode chamber, and to control the mole ratio of silicon

dioxide and potassium oxide in the waste solution chamber to be less than 10.

2.  The method according to claim 1, wherein the concentration of the sulfuric acid

solution ranges from about 1 wt% to about 20 wt%.



'10. The nmethod according to claim9, wherein the cation dialysis menbranes
are selected froma group consisting of a perfluorosul fonic acid nenbrane,
a perfluorocarboxylic acid nenbrane, a fluorinated nmenbrane of

per fl uorosul foni c acid/ perfluorocarboxylic acid and a carbon pol yner
menbrane. 11. The nethod according to claim1l1l, wherein the voltage ranges
fromabout 2 V to about 25 V and the current density ranges from about

1, 000 A/ b 000 A/ 12. . Th d | ai 11
shorer n e Buf Betbod acouite T8 iy 2 Wi BRBEERb o0 Be S gk o

according to claim 12, wherein the voltage ranges fromabout 5 V to about

15 V and t hesdqlufiditiahg é},emﬁhwouts vabotetabduOB0wA6 2.  14. The net hod accordi ng
to claim1, wherein the step of applying a voltage and a current density to

each of the chanbers conprises generating hydrogen gas in the cathode
chanmber and oxygen gas in the anode chanber. 15. The nethod according to

claim1, th Ik tgod ggclo?dl{lga tt(l) Oclal}cn § H 'hgr%ﬂl eoc):(cl)n%gnt%tgn of the sulfuric acid

solution ranges from about 3 wt% to about 10 wt%.

5. The method according to claim 1, wherein the concentration of the potassium

hydroxide solution ranges from about 1 wt% to about 50 wt%.

6. The method according to claim 5, wherein the concentration of the potassium

hydroxide solution ranges from about 2 wt% to about 30 wt%.

7. The method according to claim 6, wherein the concentration of the potassium

hydroxide solution ranges from about 2 wt% to about 10 wt%.

8. The method according to claim 1, wherein the concentration of potassium hydroxide
in the silicate-containing potassium hydroxide etching waste solution ranges from

about 1 wt% to about 50 wt%.

9. The method according to claim 1, wherein the cation dialysis membranes are

perfluorinated cation exchange membranes.
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pot assi um oxide is |l ess than 5.

10.

11.

12.

13.

14.

15.

The method according to claim 9, wherein the cation dialysis membranes are selected
from a group consisting of a perfluorosulfonic acid membrane, a perfluorocarboxylic
acid membrane, a fluorinated membrane of perfluorosulfonic acid/perfluorocarboxylic

acid and a carbon polymer membrane.

The method according to claim 1, wherein the voltage ranges from about 2 V to about

25 V and the current density ranges from about 1,000 A/m? to about 6,000 A/m”.

The method according to claim 11, wherein the voltage ranges from about 4 V to

about 20 V.

The method according to claim 12, wherein the voltage ranges from about 5 V to

about 15 V and the current density is about 2,000 A/m>.

The method according to claim 1, wherein the step of applying a voltage and a current
density to each of the chambers comprises generating hydrogen gas in the cathode

chamber and oxygen gas in the anode chamber.

The method according to claim 1, wherein the mole ratio of silicon dioxide and

potassium oxide is less than 5.
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