113 APR 2200 REGENERATI ON OF PLATI NG BATHS The present invention provides a
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acids, and complexing agents. These organic additives are used to achieve high qualily,
consistent plating. See US Patents 5,328,589, 4,110,776, 3,267,010 and 3,770,598. Over
time and through use in a plating process, the organic components in the bath tend to degrade
or breakdown to form organic contaminants. These organic contaminants are harmful to the
plating process because they result in changes in plating efficiency, plating rate, film
morphology, film stress, and electrical properties of the plated metal films. Over time and
through use in a plating process, the bath also accumulates inorganic contaminants that also
degrade the plated metal films. The accumulation of organic and incrganic contaminants over
time in a plating bath requires that the spent bath be exchanged with fresh ptating solution in
order to maintain the plafing process.



pl ating process is degraded. The bath is then conpletely renoved, treated
as waste, and is replaced with a new plating solution. Replac¢gmprobmp
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vari abl es RHGR M él%?%blﬁ'ﬂtgd'@l?waﬁﬂfaﬁ*%ar atus have been used to treat
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di ssol ved degpsletion! afiorganic contaminants in liquids. These include the presence of copper, cobalt,
and iron ions, the concentration of hydroxide ions in solution, and the presence of radical
scavengers or radical initiators such as carbonate and acetate ions. The addition of thermal,
acoustic, or electromagnetic radiation also effects the efficiency and rate of oxidative

Processes.

Itis also well known that hydrogen peroxide is an effective oxidizing agent especially
when combined with ultraviolet light and heat. However the use of hydrogen peroxide results in
dilution of the chemical which is being treated with water which is a solvent for the hydrogen
peroxide and is also a byproduct of its chemical reaction with organic materials. A current
accepted practice in the printed circuit board plating industry is to add excess volumes of

hydrogen peroxide fo spent plating solutions and to heat the solutions in order to oxidize the
organic additive present.
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processing system for disposal. The process is described as being faster than the use of

ozone with ultraviolet light alone or the use of hydrogen peroxide alone.

The practice of using hydrogen peroxide in conjunction with ozone and UV light to
oxidize and reduce the concentration of toxic organic compounds in copper ion free water has
been disclosed in U.S. Patents 4,849,114 and 4,792,407. US Patent 5562822 discloses the
generation of hydroxyl radicals using ultraviolet light and ozone gas in the fluid and use of the
hydroxyl radicals generated in removing contaminants from waste fluid streams.

US Patent 5,290,439 discloses an apparatus and use of an ultraviolet radiation device
for purifying a flow of liquid. US Patent 5,043,080 discloses use of medium pressure
polychromatic mercury arc lamps for freatment of contaminated ground waters.
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one or more organic contaminants in the plating solution is accomplished using sources of
energy in combination with chemical oxidants. The present invention also minimizes the
dilution of the liquid plating solution by liquid chemical oxidants by providing a controlled fiow of
gas into the liquid so as to control the evaporation of solvent and to remove volatile acid halides
from the liquid during the treatment process. The present invention removes the one or more
organic contaminants from the plating solution in a single pass process, and using suitable
sensars indicates the end of the treatment process. The invention recycles the treated fluid for
reuse rather than disposing of the fluid or trying to recover the complexing agent (cf. U.S.
Patents 5,091,070 and 4,734,175). Strategies for the removal of oxidants fo prevent their
release back into the process solution and the removal of chloride jons along with the degraded




4 113 APR 2004 carbon products is addressed (described below). In addition,
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reduce the level of one or more organic contaminant in the solufion that needs to be removed
by the oxidation system and thereby reduce the demand on the oxidation system. Following
the oxidation treatment, the oxidized organic(s) and dissolved chloride ions are then removed
via a carbon filter or other media.
Optionally, the chemical oxidant and source of energy may be coupled with a photo-
catalyst, typically a metal such as fitanium, platinum, palladium, zirconium or their oxides to
increase the rate of organic contaminant oxidation. The oxidation process is monitored in real
time and indicates the completion of the oxidation process. After oxidation of the one or more
organic contaminants, the residual oxidant, oxidized organic(s) , and chioride are removed from
the fluid.
Following the removal of the organic contaminant(s) from the spent plating solution, the
organic contaminant(s) free solution may optienally be sent through a.metal impurity removal

stage where undesired metal ions such as iron, infroduced through the dissolution of the



organi c contam nant(s) free solution may optionally be sent through a-netal
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contai mnants are present in the plating solution from20 to 20,000 parts
per nilli densdlatag Riggent in the electroplat[ng bath. %hlonde ions are removed simultanecusly with
oxidized species when the solution is passed over or through an adsorptive material,
It is another object of the present invention to provide a method of removing one or
more organic contaminants present in an electroplating bath fo a level below a predetermined
threshold from about 1 to 99.99 percent concenfration, preferably from 60 to 99.99 percent
concentration by passing the spent solution through a conduit and exposing the bath to a
source of energy in the presence of chemical oxidants while in the conduit. Typically organic
contaiminants are present in the plating solufion from 20 to 20,000 parts per million by volume.
It is a further object to provide a system for the removal of one or more organic
compounds from a spent electroplating bath comprising a conduit for passing the spent bath,
said conduit containing a source of energy and a catalyst as well as a chemical oxidant

introduction port all of which are in the path of the bath as it passes through the conduit in order
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organic conpounds froma spent electroplating bath conprising afcpapRibn
for passing the spent bath, said conduit containing a source of energy and

a cat al ysttoagedktibn 3 &e%ﬁﬁﬂr@%éleéi’éﬂ &géhﬁcs lﬁtﬁbit@%}dct%h%néﬁ %Hiatﬂ i ch

are in the path of the bath as 1t pasSes throug con I'n or er 6 13
APR 2004 thermst eagoyi desapturee de\n@ dowrrstream | e toemtiviby gacheumal mbmenkatldm zed
conponent s and the rec e devi ce down am of

t he conduﬂporﬁ@rm@ﬁfgﬁi@%ﬁﬂ mS%SHE% ?SCW jon %ﬁ‘ﬁ W@E%@Ee@e@qd@é‘ ﬁ%aﬁ’rpfﬁ@i’g@n%r ng the
conpl et i onvepibviidtie Sarbshdibxaie arbBRoxidwRE siBiecdhGR R bLte bed for renmoving the
carbon di oxi de and/or oxidi zed species fromthe bath. It is another

obj ective of t Heisprrodhantobjeativerafitom present dmiention do eerooventneeoil morey mniganic

i mpurities; ot as or_other. non- copper netal
ion inpuri TP Iz@gpfs?&nés @ﬂgoﬁl@ﬂﬁﬁ@gp@ﬁ%ﬁ gﬁ?rrﬂﬂ SERGE f”Siﬁflon {mqugpeg: ff?cﬁ‘?t her
obj ective thé spent slectropriiig SolufbR. ltesraV@thenshietive ATAKIS IMBAIBAS rédide dnk oS such
as nitrates, phosphites, carbonates, acetates, formates, an phosphat es

fromthe éﬁgﬁtan}ﬁnlatlmﬁ\gﬂﬂ@%lsmh ah Nitrates, sphosphisesa Icarbenatese acetatanr iomiatess and

acconpl i s o s) free sal ution ough an
on spec b BN Ehrp b &k, MR AMopER kb il hcotibed o

exanpl e, ebyq:caﬁmgihalomms,comrhna sJ ﬁéwdmnmgthtdng §r9ioﬂts'paﬂ" cté@lsorbﬁ\!% bed or

el ectropl atj ng procgess. is a further objective of present invention

to remove & 9%\.88%9' 'Cdﬁ'ﬁ? TREATE @fBéﬁfweeeb@tfﬁ’éla@%ﬁnb@fofﬁwremﬁ“%ﬁe sk fa o t he
el ect ropl qhé S ce% is another objective of the present invention to
adj ust the c @-@ ? e recovered electroplating solution to the
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by the eI Iailn'g groc Ss N THE DRAW NGS Figure 1 shows a first
enmbodi ment %?0 H'é[ SPELac 10] FORIAING PIREESHr e 2 shows a second enbodi ment of
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i nvention. Fi gure 4 shows a fou odl ment sent [ nventi on.
Fi gure 5 Shrstepiating seletionlte heafriging eoncentrblionsood agdilives amsd cﬂppﬁnarmib@orébemg:l gure 6

shows t he le 2. Figure 7 shows the results of Exanple 3.
Figure 8 s%&ﬁgbi 8%[98@9%{55 9 JPCe%anpl e 4. DETAI LED DESCRI PTI ON OF THE
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IN THE DRAWINGS

Figure 1 shows a first embodiment of the present invention.
Figure 2 shows a second embodiment of the present invention.
Figure 3 shows a third embodiment of the present invention.
Figure 4 shows a fourth embodiment of the present invention.
Figure 5 shows the results of the oxidation process of Example 1.
Figure 6 shows the results of Example 2.

Figure 7 shows the results of Example 3.

Figure 8 shows the results of Example 4.

DETAILED DESCRIPTION OF THE INVENTION

By electroplating bath, it is meant any plating bath used to plate a metal on a surface
including but not limited to electroplating baths as well as electroless plating baths used in the
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dependi ng upon the volune to be processed | evel of organics and the

nunber of BfMisBpelhiaybgsennested & @éeneéatweavow @f spemtdluid (not shown) for off line
processing. In either case, the bath as it passes through the oxidation unit 12 is subjected to a
source of radiant or acoustical such as ultrasonic, energy 13, thermal energy 22 and chemical
oxidant mixture for a time and energy intensity to convert substantially all of the selected one or
more organic contaminant species for removal to their breakdown products, typically various
oxidized species, carbon dioxide and water,

One or more than one oxidation units may be used depending upon the volume to be
processed, the level of organics and the number of different organics to be removed. If more
than one unit is used in a system they may be arranged in paralle] to split the fluid between
them for betier processing or in series fo ensure that all the selected organics are suitably
treated. In most cases it is preferred to remove all organic contaminants and start with
essentially contaminant free liquid for reconstitution. However, in some cases, there may be a
need to selectively remove only one or more, but not all, organic contaminants { e.g. those
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and contact fime, ultraviolet light intensity, and the temperature of the liquid and gas are used
to contro! the reaction rate and the removal of solvent and acid halides from the solution as it is
being treated in the oxidation unit.
The state of the oxidation process is indicated by a sensor 18 located in the liquid. The
sensor 18 determines the duration of the oxidation process. After passing through the
oxidation unit 12 and if required, residual oxidant is removed by an oxidant arrestor 15, which
prevents oxidant from leaving the recycling system 11 for safety and downstream process
compatibility considerations,
Removal of thermal energy from the treated liquid is performed in the oxidant arrestor
15 by heat removing device 34. For example cooling fluid may be re-circulated through device
34 via a closed loop chiller or alternatively thermoeleciric coolers attached directly to the

surface of 15 may be used. The temperature of the liquid is measured by temperature sensing
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one or made of the concentration of the organic contaminant in the bath by sensor 18 and additional
hydrogen peroxide and or ozone gas is introduced to the liquid in the oxidation unit 12, The
process of measurement and addition of oxidants confinues until the concentration of one or
more of the organic contaminant reaches a threshold value for the process.

Sources of energy useful in the system include electric, thermal, acoustic, microwave
and electromagnetic sources of energy. Combinations of energy sources, including but not
limited to ultraviolet light and heat, or ultraviolet light plus heat and megasonic energy are also
useful in the practice of this invention.

Devices useful in the removal of heat from the system include heat exchangers,
thermoelectric chillers applied to the surface oxidation unit 12 or arrestor 15, or liquid cooled
jacketed sleeves through which the treated liquid flows.

The sensor 18 used in the system of this invention may be in-line or may sample
solution from the bath for analysis by an off-ine analyzer. Sensors useful for this invention
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shown in Figure 1 and the same numbers in Figure 2 comrespond to those elements shown in
Figure 1. However, in addition to the energy source 13 and chemical oxidants 14 and 26, and
sensor 18, there is a catalyst 21 adjacent the UV light 13 that increases the rafe of the
oxidation process of one or more organic contaminants present in the liquid. Typical catalysts
used for this purpose include but are not limited to iron, stainless steel, titanium, palladium,
gold, silver, vanadium, their oxides and their alloys as well as salts of these metals. These
catalysts may simply be placed adjacent the energy source or if desired, they may be
connected to an electrical potential in order to increase their efficiency.

As shown in Figure 3, a prefilter device 31 is downstream of the entrance 10 fo the
recycling system but upstream of the oxidation unit 12. This step may either remove any
particulate material present in the fluid and/or may be used to pretreat the liquid by physical
separation, chemisorption and physisorption of one or more contaminants in the liquid and
reduce the amount of one or more contaminants present in the system. One may use
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| evel of the ane .or e ani ¢ carbon contam nant nmaking the oxidation
t r eat nent %rpé'ﬂ\@ﬁ'l?t@d?%é (aith%@&_symer%ﬁﬁwe@mp%entsm be ptaingg initee, filler @snat t er
in the batyyy Al ternatively, other filters such as mcroporous filters and/
ultrafiltration filters fornmed of various plastics such as pol yet hyl ene

i ncl udi ng ul t r aAddijionatiy] et obops, aheorplve pads wed birkresueh dericdsyomumniyensed tFTFE

in, th | ast i £l | h EA, _PVDF, etc.: gla
{1 bers or DL OB cGbaht e I o PRELE JoEnpshmaN be! PRy ore used
to pri maridopbinGiioRAviRith afy ofPihé lab6s, @@ﬂ_@rl ﬁ@&iﬁg%{hr&@gfulhfb@ﬁ/m;aaﬁcé)éﬁ@é fuia,

conponents may be retained in the filter “as 2| tronally, orl nops,
absor pt i veapiegsthiangh teraxidatinncunitdtd logemovecthermemajningserdanio carbemoonéantidns, scum

and ot her ' b r ns be ed, al one, or in

conbi nat i o@l’e\g\“ﬁl %%gﬁ&néﬁ%ﬂﬁgﬁgﬁg{;eg@R%ﬁﬁfpedpgﬁéng ﬁi?%gﬁ ‘?W@g‘fﬂ B er
devi ce 31,cohfirmed lntll d threwhsld ealué bﬂdh@ﬂhalbh%%h@%étéﬁ‘soﬁ!ﬁbﬁ isblaih&y, 'FeERYg L he
r emai ni ng ,or agénc car bon contam nant. e state of the oxidation process

i s det er mitpRBaLSNeLRY A chargical pefidem ersiemawad byrihg arasios 45. Therresidupegenented| a
Rosi dual W Safliof RBIGR S B4R bbb iR iT iRy i 32 et o
15. The r eptichatly catalgstieare then removed in the organics scavenger 16. The cleaned fluid is either
returned to the bath or to a storage tank for further use.
The most complete system is shown in Figure 4. In this embodiment, the fluid is
pretreated with one or more filters 31 and then treated in the oxidation unit 12 by a combination
of an energy source and chemical oxidants in the presence of catalyst 21. The state of the
oxidation process for one or more arganic contaminants is determined by sensor 18 and the
oxidation process continued until a threshold value of chemical purity for the treated solution is
attained. It is then treated with the arrestor 15 to remove both excess chemical oxidant and
thermal energy, an organic scavenger 16, metal ion removing device 41, a final filtration to
remove suspended particies 42, a chemical replenishing stage 43, and then retumed to either
the bath or a storage tank.

The system is made of a number of components that are commercially available as
described below.
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by the oxidation reaction of the one or nore organic contam nants in the
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r epl eni shij : r Liher . or age
ank. The i enetrodd o gBREhg Sehr Bhal IR R Ehledt P Ik oo B 21 1
avai | abl ep@duced by continiiog tmheyes vilR siliuridadfPR 2004 Ozone gas that can be used
as one of the chem cal oxida al so as a sparge gas, is delivered to

t d al X .
the Iiquid and a?%'@ﬁé?”ﬁtg@%ergﬁi?az} PtdeH‘;'P%t"H@ thejlinid by sseefidevisesdha@far ge
Chog . " !
hopl ed solcdliictito Q2R AANE AN TR, SRy TR LB W hadnfed 17,

gener at edKpnar@resin, polyeéhlgddne digree, polyflucroalkeny flusropolyraer e Tedi@irdsinng sol uti on.
The ozone gas %eneratﬁ?,r shoul d be capabl e of generating from0.5 to about
20 percent ozoheOYasr Fiedleflor@resy basadghifuseramheieingdbe ozsang gapis spewed kone gas

h o . ' 't :
Der oxyai s P08 s Bl Gheiek BOhIRAE A BBy PRl Biholdr, YE00ITE G Swarasrs

sul furi c &ondintefaspetaldutes avalalye fiom Midresphstion/Bedistd asel  Shteredidias bt qui d by
use of devices that are to ozoh?e and the bath fluid. Such

ch A ert tc d
mat eri al sC‘?fﬁfB!G&B%fg%’a@feaﬁvé'fa\hl%tq}ﬂfﬁa&rﬁh%é!éé}@er&lﬁc. itisyrgh, PA: 4plarred g sizel (oF dene

fluoride, 0 J L Pl or
fritted TopPpaentRe fan 5K sPhoRAlelEehoscf bo hE{iL et Y35k iU 4o
into theinltd govide the graateist rember o amalbbubblay far jasth tquld massRensfsr, Por ous Product s,

Fai rbum GA. Sgar%.ers fré)m sintered nmetal tubes available fromMIIlipore
Cor por ati on, BEFBF XA gaspiesterrogstaisied of quasi or Kyrar@manglsodeaised i ai | abl e

Lo Ao S84 L S ol R S EASLRBER oA R Bl 2. 1,
the liqui dittsmixingiobthe gas atdliguidbeind éactlitteddyaricds A Kyhareestatrf miserad hvabrbl es for
gas to i ﬁc% %olrt;%sé metrrlnas’gtslr}c]eenrt Company, Vernon Hills, IL.
Ozone gas can also be introduced into the liquid by contacting the liquid with the ozone
gas through a membrane device such as a porous hollow fiber, hollow tube, or flat sheet
polymeric membrane. The ozone gas can be at a pressure equal to or lower than the liquid to
effect a bubble free transfer of ozone into the liquid. Altematively the pressure of the ozone
gas can be greater than the liquid pressure effectively making the hollow fiber device a gas
sparger. A Teflon® resin hollow fiber or hollow tube ozone contactor is commercially available
from W. L. Gore & Associated, Inc., Elkton, MD. Flat sheet Teflon® resin membranes filter
devices are available from Millipore Corporation, Bedford, MA.
The concentration of ozone gas in the liquid can be controlled by varying the flow of
the fiquid, the concentration of the ozone gas produced by the generator, the pH of the liquid,
and the temperature of the liquid and gas. It is preferable to introduce the highest
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A static mxer and gas injector constructed of quartz or Kynar(r) can al so
be used to introduce the gaseous oxidant such as ozone, oxygen OFHJAPR 2003
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liquid to effe rau hest rate of deconposition of ohe or nobre organic

mat eri al s "PRC r@ qurerﬁ rebiycirang aboub 16012 306 nwaor 268 to 00 @dI.IcHd'el nt o
th d h
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di aphr ?gmwﬁr@D nrsafdd sebmd haivlamaqnéferdaldsmd dsmgggof?bo o Vg\apfglrﬁ] omd 1)%,582% I
concentra sol i d oxi dants er gar eni ca
Di spense éﬁ?’?ﬁi 5%8@53)9 ?fu‘b?'éq "f‘ﬁdl\)ﬁ'?q ﬂ’ﬁ@)rZQSQ:&Yﬁ'i!ﬁar MPI’Q)Pfefe B’ffbﬂdareMA
Ut | d

For the. aenbedl aRETOMASCThe PubPuiiichohIHhe pilinfF SR A0S 1E"F 2
use depen@Hifagtanisoandt @tberdwg@ahuocganwpmatews t Frhe uppa Wawelb@gtlﬁ dight\ie artidyiiycal | v,
th f bout tg 800nm

or o er abl 7PN s oRGIGSRE Aberts Sist 35 B Wts Gimiaoiracelp e (TAN .

there aretmtavbleal@htsdufceéJMaybE@be ﬁﬁd%%%ourbé‘@ftﬁérhﬁltené'@l' ng a preferred
wavel ength of 150 - 300 nm and a second havin ‘erred wavel ength of

200 to 800 ri mANEKaMpleaker sudable light souseisa |;1emuryd4rahxrtar tmeaﬂnaaoletllghh Ahothet t and
B e e T e e
;s gr To :(r:t ?(r:\t S andh@tlgm(s) i preferatly SspaftddCirdiRihe abRbiSiuid bY@ dURRE Windew of Qé’é%h i ght
H‘na‘?ls c%mmerclally available fram Corning, Inc. of Coming, NY or Ace Glass Incorporated of
Vineland, New Jersey. The window or sleeve is mounted within the oxidation unit 12 and
sealed from the fluid in the oxidation unit by inert materials such as VITON or TEFLON resin
sealants. See US Patents 5,272,091 and 5,868,924 for examples of such UV lights and means

for sealing them within quartz devices, the teachings of which are incorporated herein by
reference in their entireties.

The fluid is preferably subjected to the ultraviolet light, oxidant gas and liquid chemical
oxidant for a period of time sufficient to oxidize substantially all of the one or more organic
contaminants present to smaller oxidized species, carbon dioxide, and water. Depending upon
the depth of the fluid compared to the light, the flow rate of the fluid past the light, the
wavelength and the intensity of the ultraviolet light, the temperature of the liquid, the use of a
catalyst, the conceniration of oxidant gas, the level of organic contamination present and other
such factors, it is typical for the fluid to spend between 2 and 240 minutes in the oxidation unit,
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through the solution. Altematively the ozone arestor may be a catalytic membrane such as is

shown in U.S. Patent 5,891,402 In this device, a catalyst is retained within a microporous

PTFE substrate and the ozone containing liquid is flowed through the membrane such that the

ozone is reduced to oxygen. Excess chemical oxidant can be removed by contacting the

solution with a catalyst. For example, a platinum wire mesh is useful for decomposing

bydrogen peroxide and is available from Aldrich Chemical , Milwaukee, W1,

Ozone may be removed from the liquid by passing the ozone laden fluid through a bed

of catalytic material. The ozone in the liquid is converted to ozone by-products which are

removed from the liquid by vacuum or other suitable means. Suitable catalytic materials

include those described in US Patent 5,891,402 such as manganese dioxide, copper oxide,

titanium dioxide, platinum,. activated carbon. Altematively, ozone may be removed from the

solution by sparging the ozone faden fluid with a gas such as nitrogen and exposure of the

solution to 254 nanometer wavelength light from a mercury arc lamp.
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Kyot o, Japan, and ozone gas and liquid concentration nonitors are avail able
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rem)ved in arrestor 15. Alternatively, resi dual
t her mal erdsreygrudad aamen| flltgrsi fom Kﬁslmibleines IL)P |0f Orange SC'IE or bmbdleﬁlbﬁﬁndilﬂ 6ir e use.
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McMaster Carr, New Brunsw ck, NJ. Thernoel ectric ul es for rermw ng heat
from the Ithe diegent dvenionatAlsec Betrous strediuse comprising acfompositesiber matﬁxarmgl be

T spens SPAR BN ) oS S S A Fom 7
scavenger T@emomjgbs 4uChob6hatiotieNC (VS Paieht 51486,400! PolyNiRiRiehe fiudiag pagoval
ultrafiltration membrahes are tangential flow filtration devices are available from Mitipore
Corporation of Bedford, MA
If one selects a bed for the scavenger unit it is preferred to use a mixed bed of anionic
and cationic resin particles. Preferably, the one or more beds will also contain some or al
activated carbon or charcoal fo remove any nonionic species present such as chloride ions.
Preferably, the resins are anionic and cationic exchange resins as are commonly used in
chromatography. Altematively, especially when removing only selected organics, one can use
ligand containing media and other such highly selective materials to ensure that only the
organics desired to be removed are in fact removed.
Atter the residual organic breakdown materials are removed, the solution may, if
desired, be sent to a metal ion removal stage. The purification of spent plating solution through
 the removat of one or more metal ion impurities may comprise of a pleated filter cartridge such
as Millipore's Chempure™ Il technology, that contains an ion exchange resin and/or ligands to
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Example 1

The removal of plating additives from & copper plating solution in the presence of
copper ions by a reactor from the system shown in Figure 1 is illustrated. The state of the
oxidation process was monitored by a total organic carbon analyzer and an ozone gas monitor.
A water cooled, jacketed, quartz ube which contained a 400 watt medium pressure mercury
arc lamp from Sunlight Systems, Bogota , NJ was placed in the center of a 3 liter glass reactor
from ACE Glass, Vineland, NJ. Ozone gas was supplied to the solution in the reactor by ozone
generator AX8400 from Astex, Inc, Woburn, MA through a ceramic sparger. An ozone gas
monitor from IN USA, of Needham, MA was connected to the reactor gas outlet, 26 and along
with the total organic carbon analyzer served as an endpoint monitor for the state of the
oxidation reaction.
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solution may be used to renove one or nore netal cations or anionic
i mpurities. After or in conjunction with ion exchange resins, ONEYRBADR 2004
include filters for the renoval of any particulate matter. These ray

| nl ude m cr op orRHerd b Rliford iy BRRRIY Jooradher I ARBAR KrFs:  PTFE

and non-dewetting PTFE m croporous fifters that™are aval
M | | i por e a0t plebattiddrangicoBaiding platingviditives aficbnoehtratibe sgprexirhately ¥e ppra fotdlhe  goal

[ t ' t am ts f th
degr aded. TENTeREoRUET pEa Sl fa el ius e Feictor o Rene Whswiam eesiicaion 15, .
such as i pereehichyswelght/ Was @bh @[!Sargt‘?ihm&ﬂﬁe @6ppléﬁ|§ﬁlfa%%oﬂgg|? l’c?l‘tﬂ@ﬁ#nﬁ HeYaiRg t he

cleaned fluyid for reuse rather than disposal. of the sglstemto
reach t he 30fides. &ka 400iveH ultiavielebamp pen energizedrand theriemgsaaturefof tha soluiios was

TS R Bk B AR SR e 1

sol uti on, flomea heabselemyerat i on of chemical oxidants introduced and the

resi dence ti me_lj n the oxidation area. The follow ng exanples are given for
the purposes of NFITPSyHs Phieryidale precess 3 mpeasenteh grapkigally dmnFigtiret hie The

I nventi on.s kit ~ul t.hat these exanples are nerely
I 1lustrat ir%sgh?ﬁmageu? gﬁog"ntgathﬁ%gg{em;gﬁ'ﬁé@%ﬁdiuﬂ%gmniﬂ%aﬁesca € ﬁé‘é@&'&%ri Iy
limted bynet tomoentriticangslosyahic Plating edaieb imhe prevbhdddofadper iioh8Sn tHedlusort oPPer
pl ati ng s%gt ion in &hegr esence of copper ions by a reactor fromthe
syst em sholif TSRO INE ZoPe 939 panseiHipiirymontiee astshewn isr Figure 5, mepsises the

process Wesns¥RBiidnO il war i n er . ane gas
o Cor . SRPILrOUS R o WD, LS GRRlG, BoeRe AL ISRl BR88380 Vot
medi um pr éespiets thesgontaniratioaroé th aepnef gas metGunto td feePysd eMBentBiwhadf abodlds Was

pl aced in ent e .a 3. ljter Ss _reactor rom ACE G ass, Vi nel and,
Ko™ Gz one P HeBlin pitidasiitshoe b8 PR Srosk tan comentaUie momtasys webihes &
gener at or nBESAO the 9o OFE DR proliRH il rolpf T 0ugh @ ceramic sparger. An
ozone gas nonitor fromIN USA, of Needham was connected to the reactor

gas outlet, 26 and along wth the total organic carbon anal yzer served as
an endpoint nonitor for the state oExdnysde20xi dation reaction. 17 8 APR 2004
Two liters of a solution containing approxinmately 70 grans per |iter of

copper sul f at e Thé remopdl dﬂﬁigﬁlb@wbntﬁhﬁﬁns%fcbllaﬁﬁﬂ‘édﬂitﬂb@ﬁorﬁ 'agfohﬁlﬂ Wg?aﬂlgjr diuggs of

concentraton approxi mately 45 ppmtotal ©organic carbo S epared and
char ged i Wil 9ZaR8 gag aed Bydrodep paEXiga dn the preserserf soppenions hy s5eaqtur fiomnthe by

vl ONt . VSRATRARPERGS [iOhABE, TRPASE ok Lot ARl SRR hed 1
t enper at utotel ofgatibiearsan antalyedr anéan ozone gas monitor. A water cooled, jacketed, quartz tube
which contained a 400 watt medium pressure mercury arc lamp from Sunlight Systems, Bogota
» NJ was placed in the center of a 3 liter glass reactor from ACE Glass, Vineland, NJ. Ozone
gas was supplied to the solution in the reactor by ozone Generator AX8400 from Astex, Inc,
Wobum, MA through a ceramic sparger. An ozone gas monitor from IN USA, of Needham, MA
was connected to the reactor gas outlet, 26 and along with the total organic carbon analyzer
served as an endpoint monitor for the state of the oxidation reaction.
Two liters of a solution containing approximately 125 grams per liter of copper sulfate
at a pH of about 1 and containing plating additives of concentration approximately 1450 ppm
totel organic carbon was prepared and charged info the reactor. 180 mililiters of 30%
hydrogen peroxide from Ashland Chemical was added to the solution and then ozone gas,
concenfration 15-percent by weight, was sparged into the copper sulfate solution containing the
plating additives. The 400 watt ultraviolet lamp was energized and the temperature of the
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controlled at 70 degrees Celsius using the heat emtted fromthe

ultraviolet lanp and cooling froma heat exchanger. The results, g dﬁ?g

oxi dation process are represented graphically in F|gure 5. The ? SA 04 1y
|on are capabl e of

FigureSS that t m and thodo .

reduci ng 'E‘B??c@ﬁ{&ﬁﬁ&%é} Qﬁgregﬁ l”ﬁ “ﬁp%[h?ﬁi’ﬁatéﬂm asthe yltrayiletdaaz ence of
copper |or@1dlcaolm@ﬁofﬁglhb§tle%ha e‘,l'he response of the ozone gas concentration
moni tor, as shown in Figure 5g measures the consunption of ozone gas

during the oxi dT@@|r@&ﬂ[tqwfdhﬁa@gdaﬂwwncasslerecmprdmntedrgrq;nhmalbsn; Figsre 6coifief @ e t he

bout 15 iEveche 1 RERGTaRSR A b Teliiunl Bl e aRE I e

concent r attbtaroramit dafbion lc§ndéﬁt%]°t|b}|'1 is38duded BPOSH! ?he?f‘es&l np]ﬁé;ﬁfees %v} fi& i dati on
process in the reactor. Exanple 2 The renoval of oncentrations of

pl ating ackistenaad malkseh of the fiyentoplase capableif ueduoing ﬂw toncentratien ghsrganicl

hydr ogen Lesence Qf. ca a reactor fromthe
system shﬁﬂ Uﬁg(h&lﬁtvéﬂpgﬁ%r?%gnqel 8%@?%{?@(1'?%‘%8'”@}%{{5&/@@?%@Of)ﬁ? Q4B 8% process
was nmoni t apeetnipation mohl@irads ORI RigLed b DAShsARS A DhsuiploR Bl BFERN§astifingoNi tor .
A wat er cool ed, jacket ed, quartz tube which contained a 400 Wwatt di um

pressure mayorwr@cersfa nphen BePxsiaipn precessisstompiete the guncentrafiorNsf theeszops aced i n
th t | Vi nel and, NJ. Oz
e Con ot e BBk A g, 0" 2rd, 10 Ceone

from Astex, Inc, Wburn, MA through a cerami c sparger. An ozone gas
moni tor fromIN USA, of Needham MAExaM@sle gOonnected to the reactor gas
outlet, 26 and along with the total organic carbon anal yzer served as an

d t t Oy f f
SoIoLT o cont o The Bholel 6f Blafld s Grofih WBhld bAiRF SR wif Brore P 00 °.
a pH of athyilimgalndf?otmdemﬂta:a:hon@Itrpﬁoatlm the prebdndal of esppef m@bgbgnéaogir 'fl'ﬁ[lﬂ the 4 int

a roxi nat e anl c car repare an char ge into
Cho 1 eact GVSIm BePWa I [igyre 1ds @"%rﬁfrego Jhe ﬂ@ia PE’E%H’GW%@PTERTP%S% FORe Y CH

Cheni cal vl o?géﬁra@am Sz &hy bh eibn@ ﬁrﬁt@r R 0aer DBRd, o thgﬁﬂﬁﬁft&bé’“

15- per cent bq¥| , was sparged copper s tron
cont ai ni ngvhi @nt@neﬁa%mdﬂadlumessmemeﬂ@ﬂj aialamptﬁbmr&mhghlt 8ystérasyBoguts

crer gl 2o NSl bek R R vt ko A b B N Bl oL
cool i ng frgagwas buq@redemﬂmman inlthe rdaB®E by 62006 Ceh&raBi ARM00FIMPAQSE SR, ar ©
(o bon coaiy BAUGAIINS et Seiey. Arombrngsastvtlr TOONAA peNsechan WA
was connected to the reactor gas outlet. A carbon filter from KX Industries L.P., of Orange, CT,
was connected to the outlef of the reactor and oxidized solution pumped through the filter. The
total organic carbon analyzer served as an endpoint monitor for the state of the process.
Two liters of a solution containing approximately 125 grams per liter of copper sulfate
at a pH of about 1 and containing plating additives of concentration approximately 2250 ppm
total organic carbon was prepared and charged into the reactor. Hydrogen peroxide, 180
milliiters, from Ashland Chemical was added to the solufion and then ozone gas,
concentration 15 percent by weight, was then sparged into the copper sulfate solution
containing the plating additives. The 400 watt ultraviolet lamp was energized and the
temperature of the solution was controlled at 70 degrees Celsius using the heat emitted from
the ulfraviolet lamp and cooling from a heat exchanger. After 90 minutes the solution was
removed from the reactor and pumped through the carbon filfer.
The resulfs of the process are represented graphically in Figure 7. After 90 minutes

the total organic carbon concentration was reduced from 2250 parts per million to 245 parts per

19



~total organic carbon concentration is reduced by 98% The results in Figure
6 show that the system and nethod of the invention are capable @ 3rddusmong
the concentration of organic plating additives in the presence of copper

[ i Nt hgineal b iHaQR: ; . ' nitor,
e Shown 1 R by MeQRidaldrdceeh Ry SontlnctiEty b RuRhe BANGEH AT he

oxi dat i on ptooasls per rtliem o Hepags iperailiom  Preorestds in RigureTrphat fatt the sys@ncait r at i on
of the ozo returns to feed gas concentration of ahout 15 percent by
wei ght . ExBrEBEnS FHER sl erdie pitafichg Hiknosnyalon of ot Bascdiih: | ng
sol uti on whi dxidztenmd@amon AR FOBE plRSERE bit@ppeitfis.carbon filtration in the
presence of copper ions by a reactor fromtﬁe system shown in Figure 1 is

illustrated. The state of the oxidation process was nonitored by a total
organi ¢ carbon anal yzer and an ozone gas nonitor. A water cool ed, jacketed,
quartz tube which contained a 400 vi{ampiegli um pressure nercury arc |anp
from Sunlight Systens, Bogota NJ was placed in the center of a 3 liter

gl ass reactor T el 6f i a0Vl Ao a cObber GRS YR HLRBhNGLSLC L e

solution in the reactor by ozone Cenerator
MA t hr oughpracaserwiliriogonsygas gand cavhan Gliretiva igthe preserice of cabparions My dSéact@froleedham

e S0 S e oD, HnE A hTHERD vt AN cocr o
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anal yzer served as an endpoint nmonitor for the s e process.
liters of weresbanebtot tcensh athat ingedasp riach naatiet gonfRed graart ok inlvitiichra 400 copper

i g In](c: 2tnte r a?dl%’ %ﬂ@ﬁ%ﬁé@?ﬁ%@?é“@ g‘dstdgf(ﬁﬁhﬁ% %ﬁgh%ﬁ%%?%oagg%n }ﬁb\éﬂ’eﬂsﬁ/&g‘:ﬁi e-BEr ed and

char ged i nquartt Bes waretcodled WhnH MEEST nﬂl%gél’%(%éi? Lighid Vas gauhééd' th;’oﬁécrﬁm Ee%l Ashl and

Chem cal was added to the solution an en ozone gas, conten ron 15
per cent byusigi pear pwap vithdeflan@agesrsl Oeone gasevas eppplied tuddoh reactop by tozeme

t ai ni h | i dditi ...Th 0 tt ult i ol et |
C o AR 0 3 d oS e 400 VLA o shy IR b degr cos
Cel si us ushmgrzohbgashficHitorstont INQSEA bORedhAE, Nk ahRlcRl 14 mg&a%gﬁggs%h@g.g from

a heat exchanger. After 90 mnutes the solution was Trenoved from
react or anklthid dyited TeflonGURfTA rehetorcantainer wias cornecteditethe estlet dishe$echmtrendt@cess

o o coRA DR R e (Lo S b B 1o 205
o e e PRANEATL RS 1 B F uREP, DA, L1,
parts per @i, wassametied to the whitet of theRast reaeto7arsiihevotidized sblatiorsyumipethtiaouth
the filter, The total organic carbon analysis of samples of the treated solution after carbon
fiitration served as an endpoint monitor for the state of the oxidation process.
A solution containing approximately 70 grams per liter of copper sulfate at a pH of
about 0.5 and containing plating additives of concentration approximately 50 ppm total organic
carbon was continuously fed into the reactors. Ozone gas, concentration 15 percent by weight,
was then sparged into the copper sulfate solution in the first two reactors each containing the
plating additives and copper ion containing solution. The 400 watt ultra violet lamps were
energized and the solution was heated to 90 degrees Celsius by heating from the lamps.
The results of the pracess are represented graphically in Figure 8. The total organic
concentration of the feed solution ranged from 48 to 70 parts per million. Regardless of the
feed concentration of organic carbon, the system and method of the invention are capable of
reducing the feed concentration of organic plating additives to less than 10 ppm continuously
by oxidation and carbon filtration in the presence of copper ions.
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met hod of the invention are capable of reducing the concentration of
organic plating additives by oxidation and carbon filtration in the
presence of copper ions. Exanple 4 The renoval of plating additiyesysg a
copper plating solution in an in-line, continuous process, wth ozone gas,
and carbon filtration in the presence of copper ions by a reactor from the
systemshown in Figure 1 is illustrated. The state of the oxidation process
was nonitored by a total organic carbon analyzer. Two 3 liter Teflon(r)
PFA contwHAeWESSIAd as reactors and were connected to each other in
series. Each reactor contained a quartz tube in which a 400 watt nedium
pressure nmercury arc lanp from Sunlight Systens, Bogota , NJ was pl aced.
The quant z A sagsm 6 the CRILING W SpBntXiuid A¥MA plBirdy 12408 Bordpfsind-aIbiitdt o a
punped t hr oygdting bath; 8As bPibre &¥daliBn AnBESINNBLER tMhk Rull& ilofNihe bafhe 8hch sk one
gas was suppxidaton Gnitesipled@a ohd br Rireddddiitlled@NREd bPEnd B4R cHeR A HGdfNs

I nc, Wobur n,thdthsré AIr@d1ed todthe SR Ghé Bath GRIsald iR EAssEE Brb@h eachBalRZaXtRLiGHRAS
moni t or fr oranithh doder t6brdskedbianondVhr Mok SEUIRTbIgEnit @ohtamidaRRClodbgake or
outlets. A rhverskiBzdd befanitef bed of )ImdtEAsdneaet for seMIM@ IS blawAsf enniRRtigd t o
the outl et abadtion, ®eartsxtorifeaein@ving ghemidalfdxidandndrithérig erergyafora itk fui andvat t
254 nm UV | anyoudler frerd tHeosystenmove ozone fromthe treated sol ution before

bei ng carbon filtered. A carbon filter fromKX Industries L.P., O ange,

CT, was connected to the outlet of the last reactor and the oxidized

sol ut i on2)punihedsystenoefgiaimt!védefdin therautidtfeons tiecdystergiabnectadiio an intetlwherein of
sanpl es of ttheinlatésattaghedios fluh stafageuntt aelbctad frbinl the goup corsiating df the phting
endpoi nt nortiatiband @ eepdnaie seserwirof t he oxi dati on process. A sol ution

cont ai ning approximately 70 grams per liter of copper sulfate at a pH of
about 0.5 and containing plating additives of concentration approximately
50 ppm tdt al Thergyatemeof dalipJSHrthriSorprising a soavepagravhichyemoverechieridetienss. Ozone
gas, concentration 15 percent by weight, was then sparged into the copper
sulfate solution in the first two reactors each containing the plating
addi ti ve® andheypisarofickim d Jurthar spmgrisid 2 inerganicremanahsysiant fasremeying eer

| anps wer e '%ﬂ{%re lslenipus fpetahians Saldt nggania cemeval avsters beg dapntrskdewistieqis py
heat i ng from't rf%'\;ﬁ%s. The results of the process are represented
graphically in Figure 8. The total organic concentration of the feed
solution_ranged from48 to 70 parts per mllion. Regardl ess of the feed
concent rtio eo?ys?iﬁ”(:';z?ﬁicl?'@ér BB%?'”t'ﬁ@ °é’§)§’tr?é‘?ﬂ1 é%sﬂ?rﬁdﬂ?%ﬁn fpet ?frﬁ/é?ﬁ%r%ﬂ are
capabl e of rleé%fﬁ?:'f'ng the feed concentration of organic plating additives to
| ess than 10 ppm conti nuously by oxidation and carbon filtration in the

pr esence6)0f ﬁOeD&%{erﬁ 8P§|ain?9 “ﬁ-@%i?gthelou e -For}]Alf:hgs'{(Aéltela\rAn is sent to a chemical additive
replenishing stage before being sent to the inlet.

7)  The system of claim | wherein the one or more oxidation units contains a catalyst for
enhancing an oxidation reaction of the one or more controlled sources of energy with the
one or more selected organic contaminants.

8) The system of claim 1 wherein a prefilter located upstream of the one or more oxidation
unit is used to reduce the level of material sent to the oxidation unit wherein the material
is selected from the group consisting of one or more selected organic contaminants and
particulate material.

9)  The system of claim 1 wherein an oil mop or absorptive pad is used to reduce the level of
organic material sent to the oxidation unit.
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1) A systemfor the recycling of spent fluid froma plating bath conprising
an outlet froma plating bath, one or nore oxidation units connected to
the outlet fromthe bath, each said oxidation unit coupled to Qrexps s €
controll ed sources of energy and chemi cal oxidants that are directed to
the fluid of the bath as said fluid passes through each said oxidation

unit in order to break down one or nore selected organic contamnants to
formone or nore oxidized organics, one or nore sensors for sensing the

state of 1an Tid §iatdnPor cldiMacivhabin tRdo@let f6hAke §Rfent RMERKI B IhCRRNBARS bak] dant
and thermal frthedonipreiny bhéndrdatichen®NEl systenOut lefioving @Rt bhofydd®&ioud) The

system of cl mietal lonyaed aniond drel Hprelildr nhduPrad UpBirSarh bk iokideRiMNeRti6 ferle an
i nl et wher ei partitUtete imattet. i s attached to a fluid storage unit selected from

the group consisting of the plating bath and a separate reservoir. 3) The
systemof claim1l further conprising a scavenger which renoves chloride
ions. 4) 1TheTlkysystam off claiinadf whefein driveed clanmical Diiagnta ard dusrg st &y W\ night.al
system for renoving one or nore deleterious netal ions, said inorganic
renoval system bei ng nounted downstream of the arrestor. 5) The system of
clai m 1 WRer Ehesyshen ofidldimtof fl vdherdim engsedtogitants ateoremoviedbeh catblytic sefadalat @
reservoir. 6lormiselestedfrom thé godupiconSstidgeaf beds afiliert | et from t he systemis
sent to a chem cal additive replenishing stage before being sent to the
inlet. 7) The systemof claim| wherein the one or nore oxidation units
cont ai ns 18 cHieaiygiem efglaimdrwhenein shlorde iors deetremavedalong with e onaer maee or nore
control | ed s®ifizedorganiasnergy with the one or nore sel ected organic
contam nants. 8) The systemof claim1 wherein a prefilter |ocated upstream
of the one or nore oxidation wunit is used to reduce the |evel of material
sent to tfe &5 ehstand Al qlaim 1 Wherewi chioride iang@es femoved ysing paigtie ang/posatiohie gr oup
consi sting of*YRRIGESABr e sel ected organi c contam nants and particul ate
material. 9) The systemof claiml1l wherein an oil nop or absorptive pad is
used to r&%cziugﬁeth Iefxé | o{ or%anic material sent to the oxidation unit.
21 11 APR’20Q, PFEMA C@g% WRTTEIN e’ Foe Mgk nimpyidies @ BMEVERHFIDHE syst em
is sent to tREAEHME BHNPGRCPANNG o SxERARGE &&ibr i sing an i nor gani ¢ renoval
system for renoving one or nore deleterious netal ions and anions and a
pr e_f it eﬁGfTD‘T'I% gygte%)%it Lok &Lertemeon%)(dr Crin‘fjlc;[n'a Retaf Po'ntimtpgritlreesrg?é/ gelectively removed

using ion specific resins.

17) The system of claim 1 wherein one or more metal ion impurities are selectively removed
using ion specific resins contained in a fibrous structure to immobilize the ion specific
resins.

18) The system of claim | wherein one or more metal ien impurities are removed through
selectively plating out one or more metal ion impurities.

19) The system of claim 1 wherein filters are used to remove particulate matter after one or
more organic impurities and one or more metal ion impurities are removed.

20) The system of claim | wherein ozone gas is introduced into the one or more oxidation units
by contacting the spent fluid with the ozone gas through a membrane device formed of
one or more membranes in the form selected from the group consisting of a porous hollow
fiber, a hollow tube and a flat sheet polymeric membrane.

22



particulate matter. 11) The system of claimof | wherein unused chem ca

oxi dants are destroyed by W light. 12) The systemof claimof 1 mherein
unused oxidants are renpved by a catalytic material ina formg ? 4
fromthe group consisting of beds and filters. 13) The systen1of clarm
wherein chloride ions are renoved along with the one or nore oxidized
organics. 14) The systemof claim 1l wherein chloride ions are renoved using
ani oni ¢ and/ or cationic exchange resins. 15) The systemof claim 1l wherein
one or nore netal ion inpurities are renoved using a pleated filter

cartri d921)C0Wi@$y@te'Prgoﬁ PAMENGRAEE S 8B gad Blintldificey miRt he 6 Abd okidalis ei n

one or nore {isdy coRBetingbe spdre foid &ntﬁﬁ{eQﬁBhé/Q‘ésythFo%GP‘é%mMﬁhé‘&dtéﬁbr
specific resins. 17) The system of claim1l whérein one or nore netal ion

inmpurities are selectively renoved wusing ion specific resins contained in

a fi broug2pst Theéydtetn bfdimropRiviHersin bhghel i9 MirdBREH fint6 the Gl difnord BidatidR uRyst em
of claiml| whep@bis Skt PTRE Rsiiedralerakfié 4r diftBredinidtgisifisers! enoved t hrough
selectively plating out one or nore netal ion inpurities. 19) The system of

claiml1l wherein filters are used to renove particulate matter after one or
nmor e or g2s) cTherpystant ofadaidnidwloerein@zof®gas isHit@budedbyl dopibinatibresf sktie niigsraved.
20) The systgaminfkctol.aim | wherein ozone gas is introduced into the one or
nore oxidation units by contacting the spent fluid with the ozone gas

t hrough a nenbrane device fornmed of one or nore nmenbranes in the form

sel ect ed2fy oine $ystegr ofgiaimon®irtben avghpoising ap oxidationharidpaint senistreneurdedwithiroihvet ube
and a flat shystam trolepent tHecendefitheamadati2® 2004 21) The systemof claim 1
wherein the ozone gas is introduced into the one or nore oxidation wunits
by contacting the spent liquid with the ozone gas through a nenbrane

cont act oEd) 2%lye gstens ofstlairm g4 whbesimihe foxidaligneandpeintsepaer is gsediorconind @ad slapo
the one or nﬁ\eéxﬁ‘ﬁi'%ﬂeﬁ@iwnmﬁ§0mB'9t'?ib@fdb%Oﬁﬂat[oﬂlfﬁcé@n sHeteatessi n or ceramc
or sintered netal diffusers. 23) The systemof claim1 wherein ozone gas is
|ntroduced b¥ conbi nat i on of static m xer and gas injector. 24) The system
of cl ai m?® f (iPe pstere shelainst whersin ths pudantoHsaskn g systesbeaihe wrsdistnely AR hi n
the syst em pMijRztiopant ﬁée%ﬂ%Ft%q frerRdhsicHR EONSIFing gEivdirgen peroxide, ozone,

oxygen, peroxydisulfuric acid and its salts, potassium peroxymonosulfate and mixtures
thereof.

L'_L

27) The system of claim of | wherein the sources of energy can be used singly or in
combination and are selected from the group consisting of electric, thermal, acoustic,
microwave, electromagnetic and combinations of these.

28) The system of claim of 1 wherein sparging of a controlled flow of gas through the spent
fluid maintains the concentration of the fluid by evaporation of a diluting fluid selected from
the group consisting of solvent, liquid oxidant, and water.

29) The system of claim of 1 wherein any chemical oxidants is heated prior to injection into the
fluid and is used to heat the fluid, control liquid evaporation, and accelerate the oxidation.

30) The system of claim | wherein a controlled flow of gas is sparged through the spent fluid to
removes volatile acid halides from the spent fluid.
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25) The system of claim 24 wherein the oxidation endpoint sensor is used to
control and stop the oxidation reaction once conpletion of the oxidation
reaction is detected. 26) The systemof claiml1 wherein the oxigﬁgéé %%ﬁd
in the systemcan be used singly or in conbination and are sel é Rr 908n
the group consisting of hydrogen peroxide, ozone, oxygen, peroxydisulfuric
acid and its salts, potassium peroxynonosul fate and m xtures thereof. 27)
The system of claimof | wherein the sources of energy can be used singly
or in conbination and are selected frontthe group consisting of eIectric

o
evapor at i Oln Sdid @péﬂﬁe%tg%ﬁ? ﬁl‘ un 2%” } E
re ﬁfzéb

sol vent ,

any cheni caI tida ﬂ I nE %,te ‘zfi? o § nliﬁfnt
used to heat ds-g ﬁnl ed“”b '3 %@ Jr \ﬂiﬂ h%Yrﬁ:Qoér% Q:heﬁt teraﬁ E‘0)(
oxi dation. 3QpadiBEfsH ﬁ@fﬂl d’@’fum Q’tt'ﬁuﬁ ﬁ'{éerl A O gas ' S
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spent fluid. 23 13 APR 2004 31) A process for the recycllng of a spent
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32) The process of claim31 wherein the tenperature of the spent fluid is
in the range of 5 - 1000, ozone gas and hydrogen peroxi de are provided as
chem cal oxidants, the concentration of ozone gas is between 3 and about
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