ELECTRODI ALYSI S METHOD FOR PURI FYI NG OF SI LI CATE-
CONTAI NI NG POTASSI UM HYDROXI DE ETCHI NG SCLUTI ON
Background Of The Invention Field of the Invention The
subj ect invention relates to an el ectrodi alysis

nmet hod, and nore particularly, to an electrodialysis
nmet hod for the treatnment of a silicate-containing

pot assi um hydr oxi de etching waste sol ution.
Descriptions of the Related Art Oa ng to such
advantages as high flexibility in operation, small
space occupation of equipnent, high purity of
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solution process that is commonly used, for exanple,

for radi oactive waste solution treatnment, recovery of
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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
pre-treatment of boiler water. The principle of the electrodialysis process is that the ion

exchange membranes having distinct properties are used to selectively separate ions in



the water, 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 characteristic that the cations can only
penetrate through cati on exchange nenbranes while the
anions can only penetrate through ani on exchange
menbranes. Under the action of the applied DC
electric field, the anions in the water mgrate
towards the anode while the cations in the water
m grate towards the cathode, thereby acconplishing
t he, pur e of rec ring.val uahl e substances.fromthe.
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CHEGEEESIA M Gical o GR FBly RUTEHAE (hiouh sdih bt pembranes
silicon dioxide and netal oxides often formin the

wiiRSthe a@ioRlich® o8l pine@its tholigiobtioh cstHang@hRbrames.c Undeethe
generally known as water glass and may be normally

r.epresent ed, a general formula N . nSiQ; (wher
acfjpn Pg&%@@%ﬁgﬁp skt Slgntsenignsdn the eI HYETS the
and y vary with species of the netal, and n also
an¥@ | WEilaMthd) SRiBRd & Me thiRerBhiBlatd Ndwhakis WitlehichthBde, thereby
specific range). Therefore, if  the etching waste
solutions are directly introduced into a .
aceqmpp)isingdhepuapese of resetargivalupblie subsiancesirem the wasts wlyfion.

the silicates contained in the etching waste sol utions
The etching waste solutions of general semiconductor industries contain in

addition to strong alkaline etching solutions (e.g., potassium hydroxide), also silicon
dioxide etched away from semiconductor substrates and metal oxides (e.g., potassium
oxide) formed during the reactions. The silicon dioxide and metal oxides often form in
the waste etching solutions colloidal silicates, which are generally known as water glass
and may be normally represented by a general formula M,O, . nSiO; (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



2 tend to cause clogging to the ion exchange nenbrane
of the electrodialysis system resulting in
deactivation or even |loss of the ion exchange
capability thereof. Moreover, the anode is also
liable to be surrounded and absorbed by the silicates,
and consequently fails in efficacy. Hence, no
el ectrodi al ysis nethod has been provided up to now
that is capable of effectively treating
silicate-contai ning waste solutions for separation and
recovery of useful substances therefrom Etching
solutions,currently.used.in sen t i.n I
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Etching solutions currently used in semiconductor industries are mostly potassium

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.



achi eving the goal of waste reduction and resource
recycling effectively. 3 Summary O The Invention One
obj ective of the subject invention is to provide an

el ectrodi alysis nethod for the treatnent of a
silicate-containing potassi um hydroxi de etchi ng waste
solution, conprising: providing a reaction tank

i ncluding a cathode, an anode, and two cation dialysis
menbr anes, wherein the reaction tank is divided by the
cation dialysis nenbranes into a cathode chanber, an
anode chanber and a waste sol ution chanber | ocated

t herebetween; filling a sulfuric acid solution into

t he anode chanber; filling a potassi um hydroxi de
solution into the cathode chanber; introducing a

Sahl;hmyeOfd’heianwtimuassi um hydr oxi de etchi ng waste
solution into the waste sol ution chanber; and

appl yi a vgltage.and a current density to each of
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fromthe waste solution chanber through the cation
thélitRhiSdng of e RiticalohRinide poRbdiadehyifaide ktching 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.

Some embodiments implemented for the subject invention are described in detail



Sone enbodi nents inplenmented for the subject invention
are described in detail 4 in the follow ng paragraphs
acconmpanyi ng the appended drawi ng for people skilled
in this field to well appreciate the above purpose,
techni cal features, and advantages of the subject
invention. Brief Description O The Drawings FIG 1 is
an enbodi nent of equi prment for inplenenting the

el ectrodi alysis nethod of the subject invention.
Description O The Preferred Enbodi nent Hereinafter,
sone enbodi nents of the subject invention wll be
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practlced in a nunber of dlfferent enbodi nent s mnthout
thiddfjelt toiwxil dppeatiatdhe above fuspast, thdimicabfehfuess andnadeadtagas of the
Therefore, the scope of protection of the subject
u&ﬁventégn shall not be construed to be limted to
SUME ¥HPULRi bed herein. Furthernore, rather than being
depicted in the practical scale, dinensions of
el enents and regions in the attached draw ng may be
exaggerated for the sake of clarity. Because the
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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 drawing. However, the subject invention may also be
practiced in a number of different embodiments without departing from the spirits of the
subject invention. Therefore, the scope of protection of the subject invention shall not
be construed to be limited to what described herein. Furthermore, rather than being
depicted in the practical scale, dimensions of elements and regions in the attached
drawing may be exaggerated for the sake of clarity.

Because the potassium hydroxide etching waste solutions of the semiconductor



5 industries contain potassium hydroxi de that are not
consuned conpl etely, potassium oxide, as well as,
silicon dioxide resulting frometching silicon
substrates, the solutions tend to formcoll oida
solutions of potassiumsilicates. Wen recovering
substances from such waste sol utions through the

el ectrodi al ysis process, the potassiumsilicates tend
to clog the ion exchange nmenbranes, resulting in
deactivation or even |l oss of the ion exchange
capability thereof. No effective eIectrodiaIysis

apted to recov uch silica
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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 be used in other industrial applications.

Accordingly, the subject invention provides an electrodialysis method for the
treatment of a silicate-containing potassium hydroxide etching waste solution,

comprising:



conprising: 6 providing a reaction tank 1 as shown in
FIG 1, wherein the reaction tank 1 includes a cathode
11, an anode 13 and two cation dialysis nenbranes 15,
and is divided by the cation dialysis nenbranes 15
into a cathode chanber 171, an anode chanber 173 and
a waste solution chanber 175 | ocated therebetween;
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

f h d h ] d )
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preferably fromabout 2 wt%to about 15 w% and nore
ingnédses abthydd ibmmbmde B ahdawo catian dialBisnm¥mbfankd dfgaml is
pot assi um hydr oxi de sol ution through a cat hode inl et

192 into t t hod 1 t.h
aigigie bR, b n"BHOER dnsBRr S iy B BEOHE BrtF 194, s apde
is typically adapted to initiate a reduction reaction

chaibéd k73364 diwastk sblutibh ehapiich 0TRlocitadritefebetivédn; and
generally ranges fromabout 1 wt%to about 50 w %
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introducing a silicate- contalnlng pot assi um hydr oxi de
178! Ghértl e 8dRePdtiohiof thel QIBAC acid solution used is typically adapted to
initiate an oxidation reaction of the solution in the anode chamber 173, and generally
ranges from about 1 wt% to about 20 wt%, preferably from about 2 wt% to about 15
wt%, and more 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 potassium 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



treated through a waste solution inlet 193 into the
waste sol ution chanber 175, wherein for the etching
wast e sol utions generated in typical etching
processes, the concentration 7 of potassium hydroxide
generally ranges fromabout 1 wt%to about 50 wt % and
applying a voltage and a current density to each of

t he chanbers by connecting a negative ternmi nal and a
positive term nal of a DC power supply to the cathode
11 and the anode 13 respectively, thereby to render
potassiumions to transport fromthe waste solution
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met hod of the subject invention is perforned, the
p odpdyEngl mvolape dnd a dueresi dénsiy & eashtodiith chgmpbetsadysionnecting a
hydr oxi de etching waste solution are driven by the
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gas. As a result, the concentration of the potassium

droxide solution in the cathode chanmber 171 is
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a cathode outlet 194. On the other hand, an oxi dation

1meaction is conducted in the anode chanmber 173 in
which the water is electrolyzed into

When the electrodialysis method of the subject invention is performed, the
potassium ions in the silicate-containing potassium hydroxide etching waste solution are
driven by the applied voltage to migrate from the waste solution chamber 175 through
the cation dialysis membrane 15 into the cathode chamber 171 where they are reduced
into potassium hydroxide with concomitant hydrogen gas. As a result, the concentration
of the potassium hydroxide solution in the cathode chamber 171 is increased, and then,
the solution is discharged from a cathode outlet 194. On the other hand, an oxidation
reaction is conducted in the anode chamber 173 in which the water is electrolyzed into
oxygen gas, and the resulting oxygen gas is discharged from an anode outlet 195. In the
waste solution chamber 175, a silicate-containing solution with a low potassium content

results and is discharged from a waste solution outlet 196.



oxygen gas, and the resulting oxygen gas is discharged
froman anode outlet 195. In the waste solution
chanber 175, a silicate-containing solution with a | ow
potassium content results and is discharged froma
waste solution outlet 196. 8 The concentrated

pot assi um hydr oxi de sol ution obtained in the cathode
chanber 171 can be used directly as an etching
solution in sem conductor industries, or for other

pur poses. The resulting hydrogen gas nmay be used as a
fuel in fuel cells or steam boilers, or for other
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formwater glass for |ndustr|al use, such as for use
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use, such as for use as a potassium fertilizer or an
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econoni ¢ value. According to the nmethod of the subject
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sol Uti on chanber 175 through the cation dialysis

nmenbrane 15 into th )
fertilizer or an antibacterial agent of fruit trees. The oxygen gas produced in the anode

chamber 173 is also of great economic value.

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.c., 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



cat hode chanber 171. In particular, a nole ratio of
silicon dioxide to potassiumoxide in the waste
solution chanber 15 is controlled to be within a
particular range, i.e., less than about 10, and nore
preferably, less than about 5.0, thereby to avoid the
formation of colloids which would otherw se clog the
ion dialysis nmenbranes. According to an 9 enbodi nent
of the subject invention, the el ectrodialysis process
is performed wwth a current density of about 2,000
A/n2 and a voltage ranging from about 5 V to about 15

n?.fﬁ){lgﬂf?rgﬁ)f d@eegl.&jg:?gxt}deﬁﬁ fngtirc?&lalxsme H{ocgss Gs nggd rmed with a
exanpl e, the substrate naterlal of the anode is
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nickel (Ni) or the like netals The surface of the
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an oxide of platinum (Pt), iridiun(lr), rhodium (Rn),

inventiBRNIFdMexdmple, tHé EEHRThte Mhatérddl Jof thd dndide tMypiChily sdledidiefrom
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cQonprj sing | east, 0 of the_afor

titgrgpnd FHnfah un% ﬁfé)»fm‘rlwrﬁm opihe Tk -b?hecsgf% of s Sibsirae
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rut heni um al cohol ates, tantal um al cohol ates, or
titanium al cohol ates, where the al cohols used nay. be

may Reranexidaeiiphgum @by W(Iﬁf@s diygy (Rh), ruthenium (Ru), yzucomum

(Zr), titanium (Ti) 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,
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but anol, isopropanol, isobutanol and the like.) on the
surface of the netallic substrate, followed by a
sintering process to renove the organic conmponents. In
an enbodi rent of the subject invention, a
di mensionally stable anode (DSA) is used, i.e., an
i nsol ubl e anode fornmed by coating a filmof a
tantal um oxi de, a ruthenium oxide, a titani um oxide
or an iridiumoxide on a substrate made of titanium
tantalum nickel or the like, 10 because this kind of
anodes has such advantages as preferable
el ectr.ocatal.ysi nd | on ervice l.if nor et
bSEE SRR 05 3t B rded € Prefietle Sor a3 ¥hd long
cat hode material useful in the subject invention. For
seevieaife of niohethadbiogkar.mat eri al may be nickel, iron
stainless steel, nickel- plated titanium graphite,
carpon .steel, .or a.conpinati.on thereof. In an. . .
cBBAF e pirticylrelimifpgion. o Rt nmatehal Byeiyljnethe subject
steel is used. Additionally, any suitable cation
inténfilo} S Fér eRApIafR catipdd/atésiglnaybd KiekdlEtdh staidless §tb&, nickel-
subj ect invention. Typically, an acid- and
al kal i pe-resi stant. perfl uorinated catjon xchange ..
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consisting of a perfluorosulfonic acid nenbrane, a
th@ﬁinﬁgécvﬁfveﬁ@dnpm@é{diﬂe@%teel ®Bgdr ane, a fluorinated _
menbrane of perfluorosul fonic acid/ perfluorocarboxylic

acid and a carbon polyner, .
Additionally, any suitable cafion 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 embodiment of the subject invention, a perfluorosulfonic acid cation
exchange membrane is used.

To further illustrate the subject invention, an example will be further described
hereinbelow with reference to the attached drawing.

[Example 1]

According to the method of the subject invention, an electrodialysis process for the
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menbrane. In an enbodi nent of the subject invention, a
perfluorosul fonic acid cation exchange nenbrane is
used. To further illustrate the subject invention, an
exanple will be further described hereinbelow wth
reference to the attached drawi ng. [Exanple 1]
According to the nethod of the subject invention, an
el ectrodi al ysis process for the 11 treatnent of a
silicate-containing potassi um hydroxi de etching waste
solution was carried out in the reaction tank 1 as
shown in FIG 1 using the foll ow ng paraneters:
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transport electrode: 0.05 n2 anode naterlal. DSA
cafrbddiont ih theteactidl tanis1 as sHoedsin FIGe1 using ihe foltbwihy parameters:
menbr ane: perfluorosulfonic acid cation exchange
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operating temperature: 30 to 70°C

current density: 2,000 A/m>

area of the mass transport electrode: 0.05 m®

anode material: DSA

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 solution chamber 175. Afterwards, an electrodialysis

process was carried out in batch under conditions of a constant current and an initial

voltage of 5 V, and deionized water was replenished into the anode chamber 173 from
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191 into the anode chanber 173, a 2 wt % potassi um
hydr oxi de solution was filled through the cathode
inlet 192 into the cathode chanmber 171, and a

pot assi um silicate- containing waste solution to be
treated (containing potassi um hydroxide at a
concentration of about 10 wt % to about 45 w% was

i ntroduced through the waste solution inlet 193 into
the waste sol ution chanber 175. Afterwards, an

el ectrodialysis process was carried out in batch
under conditions of a constant current and an initia
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mai ntain a constant liquid level. According to the
readihgsa e mole raase silicoadiioxyds totgotassmomeoxide indhofolgtidn withnn the
di oxi de to potassiumoxide in the solution within the
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is attained when the voltage increased to 12 V.
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obtained in a considerable anmount fromthe cat hode

oujlet 194 of the cathode chanber. 171, The. . .
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solution could be increased from2%to 50 From the

an¥éidt BomCthel tAtRSUeQMiIee1949E6hO tathb® dMamber Bl UrHeQdncentration of
chanber 175, a potassiumsilicate water gl ass

solution with a | ow potassium content having_a salid
the rrep¥sted patassin hydroxidesolution 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
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to about 10% was obtai ned, which could be concentrated
to produce 10 wt%to 40 wt% potassiumsilicate water
gl ass products. Fromthe anode outlet 195 of the anode
chanber 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
t he above descriptions, besides that the

el ectrodi al ysis method of the subject invention can
be used to treat a silicate-containing potassium
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13 present an econom c val ue and can be used in

gab Rehysie w2l a8 PPfukl; ahd ans silieatgcontiihingiptitiogerith gdew mpayassium
be used as a fuel, and the silicate- contalnlng

sol utio h a | ow potassi f.
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hydr oxi de solution having a hlgh concentration
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as an etching solution in the sen1conductor i ndustries

and exhi bits consi derabl e econon1g
dineeifst #eAn RTINS JAHEIONR HFSTBHGOREUCtorTAd s i iy considerable

design including two cation nenbranes can prevent the

@rﬂﬁ’iﬂ@ Lhae di reetdrhoRel 18 GRBIAGIbriddsind k8- WREhRrs design
sol ution to be treated which has a conpl ex conposition

and prevent ions
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 effectiveness 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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contained in the waste solution frommgrating into
t he anode chanber, thereby prolonging the service
life of the anode and, consequently, enhancing the
durability of the equi pnment as a whol e and inproving
the econom c benefits. The above exanple is provided
toillustrate the principle and effectiveness of the
subj ect invention and show the technical features
thereof. Any nodifications or replacenents that can
be easily acconplished by persons skilled in the art
W t hout departing fromthe technical principles and
i itsg0f t subject invention are within the scope
M@ﬁ%ﬁh%ﬁ"ﬂ?"?ﬂékﬁubject i nvention. Therefore, the scope
of protection of the subject invention is covered in
the followi ng clains as appended. 14 What |s d ai ned
Is: 1 An electrodialysis nmethod for the treatnent of a
1. sj Apcdgctrodighsisi methgd Jor shestregtmenty o 8,§1ikateeanfainge peasgum
sol ution, conprising: providing a reaction tank
i i: : aand two cation dialysis
e #‘g!ﬁ‘g%ta‘ £1angsolah, 8aAGnAN L0 CBt! O g by the
cation dialysis mnenbranes into a cathode chanber, an
anpuwidingaariveactiomtin ingludiag ssathoferan anedeirad tiecatiery dialysis
t her ebet ween;
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.

2. The method according to claim 1, wherein the concentration of the sulfuric acid
solution ranges from about 1 wt% to about 20 wt%.

15



filling a sulfuric acid solution into the anode
chanmber; filling a potassium hydroxide solution into
t he cat hode chanber; introducing a silicate-containing
pot assi um hydr oxi de etching waste solution into the
wast e sol uti on chanber; and applying a voltage and a
current density to each of the chanbers to render
potassiumions to transport fromthe waste sol ution
chanmber through the cation dialysis nmenbrane to the
cat hode chanber. 2. The nmethod according to claim1,
mherein t he concentration of the sulfuric acid
utio ran es fro ) %
hlehlg %) é’g% 6? g]l e‘é“ﬁ ﬁ 2con§\ﬁ1%{101? g¥ PH &lfaﬁc acid
concentratlon of the sulfurlc acid solution ranges
f r ohotivaehige? froin%abbat Zwtato doud 9wt4. The net hod
according to clainB, wherein the concentration of the
sul furic acid solution ranges fromabout 3 wMt%to
about 10 wt% 5. The nethod according to claiml1,
4. WM 'P{eefn@thbﬁ ScERBRE b 'cBlitn SN whbrelnhie RBh &R AR of‘ﬁx@rsﬂlﬂlﬁ@ acid
ution ranges from about 1 wt%to about 50 wt
The nmet hod according to claimb5, wherein the

c osobusion ranges fromfabphiel Wik dsahoytd 0 wide.

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

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

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

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

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

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

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%.
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hydr oxi de sol ution ranges from about 2 wt% to about 30
w% 7. The nethod according to claim®6, wherein the
concentration of the potassium hydroxide solution
ranges from about 2 wt%to about 10 wt% 8. The net hod
according to claim1, wherein the concentration of
pot assi um hydroxide in the silicate-containing
pot assi um hydr oxi de etching waste solution ranges
fromabout 1 wt%to about 50 wt% 16 9. The net hod
according to claim1, wherein the cation dialysis
menbranes are perfluorinated cation exchange
e S. e di clat m.9
O ohe TR Saln D 3, ARREE 08 ko Wl membrgnes are
froma group consisting of a perfluorosulfonic acid
mepdrflasrinated cati@r édchargeaamideandsi ¢ aci d menbrane, a
fluorinated nmenbrane of perfl uorosul fonic
aci d/ perfl uorocarboxylic acid and a carbon pol ymner
menbrane. 11. The nethod according to claim1l, wherein
10 Nehe/ alckiRACadcaRIARS td ERMM A Gillerdin Yhé RaticP @idlysROmYmBRHes are
the current density ranges from about 1,000 A/nR to
about 6,000 A/nR2. 12. The nethod according tqQ claim
11selegiedr Eom taheropp| cengistingrfed pPerBrerapdionics agds membrane, a

perfluorocarboxylic acid membrane, a fluorinated membrane of perfluorosulfonic

acid/perfluorocarboxylic acid and a carbon polymer membrane.

11. 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?,

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

abqut 20V.

13. 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’.
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about 20 V. 13. The nethod according to claim 12,
wherein the voltage ranges fromabout 5 V to about 15
V and the current density is about 2,000 A/n2. 17 14.
The nmet hod according to claim 1, wherein the step of
applying a voltage and a current density to each of

t he chanbers conprises generating hydrogen gas in the
cat hode chanmber and oxygen gas in the anode chanber.
15. The nmethod according to claim1, wherein the step
of applying a voltage and a current density to each
of the chanbers is to control the nole ratio of

£ W SRR BN Sl RIER e

according to cla|n115, wherein the nole ratio of
Si bureenn deksityitol eachnel the cieatterucongrisceginsratieg dydrogen gas in the
18

cathode chamber and oxygen gas in the anode chamber.

15. The method according to claim 1, wherein the step of applying a voltage and a
current density to each of the chambers is to control the mole ratio of silicon

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

16. The method according to claim 15, wherein the mole ratio of silicon dioxide and

potassium oxide is less than 5.
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