- 1 - METHOD OF TREATI NG LI QUI D WASTE The invention relates to a

met hod of treating liquid waste. In its preferred enbodi nents the
nmethod is used to treat liquid waste froma netal plating 5process,
al though the invention is not so limted and nay be used to treat

| i quid di scharged fromany process. Osnpsis is a process in which

wat er or other solvent noves froma rélatively weak solution to a

rel atively concentrated solution through a sem -perneabl e o nenbrane.
OCsnpsi s continues until the osnotic pressure i s reached. The osnotic
pressure is determn ned METHRD BX¥ntR NG AAQUHD WASEE| ut es; the

hi gher the content of dissolved solids, the higher the osnotic
pressure. In reverse osnosis (RO, pressure is applied to the
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t hrough a nenbrane. Unli ke RO in NF nonoval ent 1ons (for exanple the

H+ and H§®@hafgﬂﬁ’sﬁ‘?rﬂ ady|PRASSc aci d) can readily pass through the
menbr ane whereas 20 nmul tival ent ions (for exanple copper (I1) ions)
and | arge nol ecul es do not pass throu h the menbrane. Consequently,
RO and NIOsmosis isrreBrasess Fowhish waterseP h@'ﬁﬂmqumadom M@lﬁévelm@ak
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pass t hr eogtent bedissstedsdids, ﬂdeihigmerttheoamouc ptessafe.t he sul phur| c acid
will formpart of the perneate (that part of the liquid which passes
30 through the nenbrane), which can be renoved for further treatnent
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denuded solvent. Nanofiltration (NF) is similar to reverse osmosis in that pressure

is also applied to overcome the osmotic pressure to force solvent through a

membrane. Unlike RO, in NF monovalent ions (for example the H+ and HSO,

ions in sulphuric acid) can readily pass through the membrane whereas

20  multivalent ions {for example copper (Il) iong} and large molecules do not pass
through the membrane. Consequently, RO and NF membranes are commonly
used to purify liguid waste.

One application of such membrane treatment is the removal of heavy metals from

25 copper plating wastes in sulphuric acid. By conveying the waste to an NF
membrane at a pressure above the osmotic pressure associated with the copper
and sulphate ions, the heavy metals can be concentrated in the retentate (that part
of the liquid that does not pass through the membrane), whilst the majority of the
sulphuric acid wilt form part of the permeate (that part of the liquid which passes

30 through the membrane), which can be removed for further treatmentin a
neutralisation plant. For example, a multistage NF unit can produce a copper
concentration in excess of 20,000 ppm in the retentate, whilst the copper



- 2 - concentration in the perneate will be less than 0.5 ppm
However, in the sem conductor industry such copper wastes may include
one or nore oxidising agents, such as hydrogen peroxide, at
relatively high concentrations, which can rapidly damage t he NF
menbranes, resulting in short nmenbrane lifetinmes. Wilst 5 a reducing
agent such as sodi um net abi sul phite mag¢-be added to the waste to
destroy the peroxide, this would increase the anount of sul phate in
the waste. If the waste is al kaline, then the nenbrane has a
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reduci ng agent, to the liquid waste. The anount of the reactant added
to the waste can be significant, for exag]gl around three parts
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i ncrease dngeZ# niiitistde NRIUNR dah RO a BOBHIE corlcdhir SRS dkce 8§ ofNY
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the 20  the addition of a reactant, such as sodium hypochlorite, to destroy the reducing
agent. This can resultin the addition of significant quantities of sodium chloride,
generated as a by-product of the destruction of the reducing agent, to the liquid
waste. The amount of the reactant added to the waste can be significant, for
example, around three paits reactant to one part waste, which can lead to a

25 considerable increase the size of the waste treatment plant. Furthermore, as any
excess hypochlorite would rapidly attack the NF membranes, sodium
metabisulphite is then added to the hypochlorite-treated waste to remove the
excess oxidant, which can result in the generation of sodium sulphate. In
solutions having a pH greater than 2, such as these, most of the sulphate

30 contained in the waste stream will be retained by the NF membranes, and this can
add significantly to osmotic pressure. The osmotic pressure is further increased

by the high sodium chloride concentration of the liquid waste resuiting from the



- 3 - addition of hypochlorite to the Iiquid. A consequence of this
Increase in the osnotic pressure is that relatively expensive, high
pressure punps are required to pressurise the liquid waste to a | eve
t hat enables the osnotic pressure to be overcone. 5 1t is an aim of
at |east the preferred enbodi nents of the present invention to seek
to solve these problens. The present idvention provides a nethod of
treating liquid waste containing target io species, conprising the
steps of exposing the liquid to a catalyst to renove either a
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upstream fromthe nenbrane. 15 As di scussed above, the presence of

ei ther a P¥I@TAg agent or an oxidising agent in the liquid waste has
previausly resulted in the addition of chemcals that are detrinental
to the operation of the nenbrane, not only in relation to nmenbrane
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to overc O?\% tﬂ'?g%)g}og)é%flgssure considerations. In conparison, the

use of a catalys oy either a reducing agent or an oxidising
agent within the liquid can substantially reduce the operating
pressure

equired. to _qverco t he t L essur. t hereby .
Paci 1t at THRPERGMCEerBionaTiouney o TORED obFelluir i nptte S laine frrogt
reducs t heperiBy bdmpfising tiesteps opemistigietiinaidoper edtalysibirbmave either
savi ng in\NAag(ﬁ t he 25 re&uced %%gznt g&i e&reaée to he renoyed for
subsequerft [GUSIGARGRNT o5 AR OFIdiIRGRILY Lo ! '_ﬁ’g » SUOIRIUENEY cOpYay G be
reduct i onjgui Rerdverde astbiis BPRafstiltAtRN hembeanGidbtaih ReetfedibteticAnni N
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the target species and a permeate lean in the target species, and returning the
retentate to the liquid upstream from the membrane.
15

As discussed above, the presence of either a reducing agent or an oxidising agent
in the liquid waste has previously resulted in the addition of chemicals that are
detrimental to the operation of the membrane, not only in relation to membrane
degradation but also in relation to the operaling pressure required to overcome
20 osmotic pressure considerations. Inh comparison, the use of a catalyst to destroy

either a reducing agent or an oxidising agent within the liquid can substantially

reduce the operating pressure required to overcome the osmotic pressure, thereby

facilitating the use of cheaper, lower pressure pumps. It can also reduce the

amount of permeate, providing the operator with a cost saving in view of the
25 reduced amount of permeate to be removed for subsequent treatment, and

provide cost savings associated with the reduction in chemical additions to the

liquid waste, the reduction in the equipment size and reduced operating costs.

By recycling the retentate to the liquid upstream from the membrane, the
30  concentration of the target species in the liquid will gradually increase.

Periodically, or once this concentration has reached a selected value, the retentate



By recycling the retentate to the |iquid upstreamfromthe nenbrane,
t he 30concentration of the target species in the liquid will

gradual ly increase. Periodically, or once this concentration has
reached a selected value, the retentate 4 - and/or the feed into the
menbrane nmay be discharged to a subsequent waste treatnent system or
renmoved fromthe site for treatment el4ewhere. In one enbodinent, the
catalyst is used to renpove an oxidising agent fromthe 5 liquid
waste. For exanple, this oxidising agent may be hydrogen peroxide,
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For exanpl e is reducing agent may be an am noborane, for 25

exanpl e, di methyl am ne borane (DMAB) which is converted into hydrogen
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comprising the steps of conveying the liquid to a reverse osmosis or nanofiltration
membrane to obtain a retentate rich in target species and a permeate lean in
target species, and characterised by, upsiream from the membrane, exposing the

20 liquid to a catalyst to remove an oxidising agent from the liquid to inhibit damage to
the membrane.

In another embodiment, the catalyst is used to remove a reducing agent from the
liquid waste. For example, this reducing agent may be an aminoborane, for

25 example, dimethylamine borane (DMAB) which is converted into hydrogen (Hp),
boric acid and dimethylamine by the catalyst. Alternatively, this reducing agent
may be an alkali metal hypophosphite, such as sodium hypophosphite, which is
converted into hydrogen {Hz), and phosphite ions by the catalyst. In the event that
hydrogen is generated as a by-product from the removal of the reducing agent

30 from the liquid waste, a housing containing the catalyst may be continuously

purged with nitrogen during the treatment of the liquid waste. A suitable catalyst



30 fromthe liquid waste, a housing containing the catal yst nay be
continuously purged with nitrogen during the treatnment of the liquid
waste. A suitable catalyst - 5 - for performng this conversion is
pal | adi um | oaded al um na or carbon, although any catalyst that is
able to renove the reducing agent fromthe liquid my be used. In
either enbodinent, the liquid waste m#-be waste di scharged froma
tool, with 5 the catalyst being |ocated in a housing nounted on or
positioned adjacent to the tool. Rapid renoval of the oxidising agent
or r educifngpa@mmmg thisrcomersion i phllsdiine ldasied salurhinal catchgbosic e limbLahess ;
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hazard in confined spaces. Therefore, the present invention also provides a
method of treating a liquid waste discharged from a tool and containing target
15 species, comprising the steps of conveying the liquid to a reverse osmosis or
nanofiltration membrane to obtain a retentate rich in target species and a
permeate lean in target species, and characterised by, upstream from the
membrane, conveying the liquid through a housing mounted on or positioned
adjacent to the tool and containing a catalyst for removing a reducing agent from

20 the liquid.

The target species to be retained in the retentate may be any metallic or non-
metallic species, which may be charged (i.e. in the form of anions or cations), or
uncharged. The invention finds particular use in the treatment of liquid waste

25 discharged from a metal plating and electroless plating processes. For example,
in one embodiment the liquid is a waste stream from a copper plating process,
with the target species comprising divalent copper ions. The present invention
therefore further provides a method of treating a liquid waste from a copper plating
process, the liquid containing multivalent copper ions and an oxidising agent. The

30 method comprises the steps of exposing the liquid to a catalyst to remove the
oxidising agent from the liquid, and subsequenily conveying the liquid to a reverse



uncharged. The invention finds particular use in the treatnent of
liquid waste 25 discharged froma netal plating and el ectrol ess

pl ati ng processes. For exanple, in one enbodinent the liquidis a
waste streamfrom a copper plating process, with the target species
conprising dival ent copper ions. The present invention therefore
further provides a nethod of treating-@-liquid waste from a copper

pl ati ng process, the liquid containing nmultival ent copper ions and an
oxi di sing agent. The 30 nmethod conprises the steps of exposing the
liquid tomnca*s@hnanoﬁltvaﬁc&nmembtrdim waotdainiagtergartrichriothd fetivaigat d
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nanofiltration nenbrane. In the copper plating exanple, the copper

and sul pHage furkes, %fraéteffﬁt'é{PWé@mﬁf’sﬁk?ecqfﬁk”éﬁﬂataéeﬂhweﬁt'”é’ﬂfhé’(ﬂt'@@em es
in the | 'F%b?sh BPBth%?‘ﬁHRJn?etﬁ@E%beéﬂg sul phuric acid, pass through the

menbr ane & perneate present invention wl I now be
described, by way of exanple only, with reference to the acconpanying

draw ng, w8 {ddeU HdsBL RS FABR iBhS Ml Ye ddpSdibd %oth the waste stream
using a nandfiltration membrane. In the copper plating example, the copper and
sulphate ions are retained in the retentate whilst other species in the liquid, for
example water and sulphuric acid, pass through the membrane in the permeate.

The present invention will now be described, by way of example only, with
reference to the accompanying drawing, which illustrates apparatus for treating a
liquid waste discharged from a precess tool 10. The apparatus comprises a
housing 12 containing a catalyst 14 for removing either an oxidising agent or a

25 reducing agent from the liquid waste. In the drawing, the housing 12 is mounted
on the tool 10, but the housing 12 may be located adjacent to the tool 10, or
further downstream from the tool 10 depending on how rapidly the oxidising agent
or reducing agent is to be removed from the liquid waste. A purge gas is
conveyed through the housing 12 to remove any gaseous by-products from the

30 removal of the oxidising agent or reducing agent from the liquid waste.



liquid waste di scharged froma process tool 10. The apparatus
conprises a housing 12 containing a catalyst 14 for renoving either
an oxi di sing agent or a 25 reducing agent fromthe liquid waste. In
the drawi ng, the housing 12 is nounted on the tool 10, but the
housi ng 12 nay be | ocated adjacent to the tool 10, or further
downstream fromthe tool 10 dependi ng- 6n how rapidly the oxidising
agent or reducing agent is to be renoved fromthe liquid waste. A
purge gas is conveyed through the housing 12 to renove any gaseous
by- pr oducTise fiquidwaste 3Goneayadifromfthe heusing dR 16 agtarggatvessel ve thrd 16
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technol ogies. 20 Exanple 1 In this first exanple, the target species

inthe liquid waste are copper (I1) ions. An electrolytic capper
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ions, sulphuric acid, and hydrogen peroxide. Before this liquid waste
IS tr%at b waste treatnent system the amount of 30 copper in
the 17 qui must be reduced bel ow | evel s stipul ated by
environnmental regulations (for exanple, below 2 ppnm.

In this first example, the target species in the liquid waste are copper (ll) ions.

An electrolytic copper plating process is parformed in the tool 10. An aqueous

25 solution of sulphuric acid and hydrogen peroxide is commonly supplied to such a
tool for the selective etching of metal from a substrate in the formation of via holes
and register marks, and so the liquid waste discharged from the tool 10 may
periodically comprise copper (ll) ions, sulphuric acid, and hydrogen peroxide.
Before this liquid waste is treated by a waste treatment system, the amount of

30 copper in the liguid waste must be reduced below levels stipulated by

environmental regulations (for example, below 2 ppm).



- 8- 1Inthis exanple, the filter nenbrane 22 is provided by a
nanofiltration nmenbrane so that the H+ and HSO4- ions in the

sul phuric acid can pass through the nenbrane so that a perneate
conprising a copper denuded sul phuric acid solution is conveyed to
the perneate tank 28, whilst the copper (I1) ions are 5concentrated
in the retentate which is returned to-8he tank 16. In order to
prevent the NF nmenbrane from bei ng danaged by the hydrogen peroxide,
t he hydrogen peroxide is renoved fromthe liquid waste by the
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14 from the liquid waste.

This catalytic removal of hydrogen peroxide from the liquid waste can significantly
15 increase the lifetime of the filter membrane 22 without requiring the addition to the

liquid waste of a reducing agent, such as sodium metabisulphite, for reacting with

the peroxide. As a result, the increase in the amount of sulphate within the liquid

waste which is associated with the reaction between the peroxide and the

reducing agent can be avoided, together with the consequential increases in the
20 osmotic pressure and the amount of permeate generated during the liquid

treatment.

Exampie 2

25 In this second example, the target species in the liquid waste are multivalent

cobalt ions.

An electroless cobalt plating process is performed in the tool 10. Aqueous
electroless plating solutions often include a reducing agent, such as

30 dimethylamine borane (DMAB) (or other aminoborane) or sodium hypophosphite
(or other alkali metal hypophosphite}, which reduces the metal in the plating
solution to cause the metal to be deposited over the surface of a substrate. For



cobalt ions. An electroless cobalt plating process is performed in
the tool 10. Aqueous electroless plating solutions often include a
reduci ng agent, such as 30 di net hyl am ne borane (DMAB) (or other

am noborane) or sodi um hypophosphite (or other alkali netal
hypophosphite), which reduces the netal in the plating solution to
cause the netal to be deposited over the surface of a substrate. For
- 9 - exanple cobalt may be present in the plating solution in the
formof a cobalt halide, for exanple cobalt chloride. The plating

sol uti on éxgphgialcopaibhmy heoprpsersds the platipg salution thatfomsutdn calsalt

t et ranet hyl niumcitrate, as. wel ot her 1 tiv as well. known
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10 conpr i gRaplakhyiagaheBlcis 8 ddttarm&tfgarindgtlriaitrate [ 45 wepHS btepf t he
reduci ng a ent and ot her conBonents of the plating solution, and so

before tH# 'ﬂ"f%LﬁSd”%%’icéNri@ féHt ed by a waste treatment system the
anounts of cobalt in the |liquid waste nmust be reduced bel ow | evel s

i ostipul ated by environnmental regulations (for exanple, below 2 ppn.
The r educ@@gsemglenﬂss the liguid nestedischaraed fragt theHels'd cassprisesimuitivalent he

fil
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I 11 ustor atstigulated b edviesdnmgntaltragulatiorss (figr ey, Beow2wpnex] directly on

the tool 10, or alternatively it may be located i medi ately adjacent
to the tool 10. In this exanple, the catalyst is provided by

pal | adi UWH@@@QGmQ'd@@hfbﬁneMﬁbr@ﬂ amnee.@@waf theR{BeflcBBlaRyiLRE he Mpsrne
(DVMAB) and water 1 nto h%dro gen boric acid and di net hyl am ne,

and whi cHVeBRRI Pl ¢ah B%Bﬂﬂ%féb%?%c“aﬂdww%t?ﬁ'ﬁ't‘%e\ﬁ Hrigydhe
(H2), a“%a@é]?ﬁplw it QeieRftt toASmMAVE HRYIRIBUL RN ﬁfbl%%@"hhﬂib Qvéstff The

catal yst, a purge gas such as nitrogen is conveyed throu

housi ¥g @tﬁlﬁtﬂéﬁﬁ\%ﬂf?@')ﬁ‘?éﬁ@géﬁ FRefcapeshipe tQ the t@ﬁ't H %thallhef rom
the I'i quijg WARL&e is rapidly treated to remove the reducing agent therefrom. As
itlustrated in the drawing, the housing 12 may be mounted directly on the tool 10,
or alternatively it may be located immediately adjacent to the tool 10. In this
example, the catalyst is provided by pailadium loaded alumina, which can convert
20  dimethylamine borane (PMAR)} and water into hydrogen (Hz), boric acid and
dimethylamine, and which can convert hypophosphite ions and water into
hydrogen (Hz), and phosphite ions. As hydrogen is generated within the catalyst,
a purge gas such as nitrogen is conveyed through the housing 12 to remove the
hydrogen generated by the catalyst 14 from the liquid waste.

25
In this example, the filter membrane 22 may be provided by either a reverse
osmosis (RO) membrane or an NF membrane so that a retentate rich in
multivalent cobalt ions is refurned to the tank 16, and a permeate lean in
multivalent cobalt ions is conveyed to the permeate tank 28.

30

In this example, the catalytic removal of the reducing agent from the liquid waste
enables the reducing agent to be removed without the addition to the liquid waste



25 In this exanple, the filter nenbrane 22 may be provided by either
a 'reverse osnosis (RO nenbrane or an NF nmenbrane so that a
retentate rich in nultivalent cobalt ions is returned to the tank 16,
and a perneate lean in nultivalent cobalt ions is conveyed to the
perneate tank 28. 30 - 10 - of a first reactant, such as sodi um
hypochlorite, for reacting with the ré8gent, and so without the
subsequent addition of a second reactant, such as sodi um

nmet abi sul phite, for renoving excess first reactant fromthe liquid
stream Gfnsfrgteatians, suok asrsodias Bypachidrite, Sat teacting edth ted rdagent, iagdi d

wast e associ W t the r ctlo S _occurri bet ween t hese
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- CLAIM5 1. A nethod of treating a |liquid waste containing target

speci es, C@EsANENtG theniaceaasgdn Bre salirssiteny of Hie iquid wasteoa%owateﬂ Wil to
rempy e'tﬁ%?éa&oh@ﬁb’&drﬂﬁ PREFYUN lﬁész? Jﬁé 2h8 thed5bordtdbt RS liguid

l'i quid, sequently con eying t Iquid to a reverse osnpsis

nanof i | t refteiaon amdiihe aorsaqueplialdicrease isttba vamoticipressure, tchs btemugmied
species and a perneate lean in the target species, and returning the
retentate to the liquid upstreamfromthe nenbrane. io 2. A net hod
according to Claim1l, wherein an oxidising agent is renoved by



the catalyst. 3. A nmethod according to Caim2, wherein hydrogen
peroxi de is renoved by the catalyst. 15 4. A nethod according to
Claim 3, wherein hydrogen peroxide is converted into oxygen (02) and
wat er (H20) by the catalyst. 5. A nmethod according to O aim 4,
wherein the catalyst is purged with a purge 20gas, such as nitrogen.
6. A method according to any precedindicdaim wherein the catal yst
conprises alumna | oaded with platinum 25 7. A nethod according to
any preceding claim wherein the liquid contains sul phuric acid, and
the permeate is rich in sul phuric aflBAIMS A net hod according to any
preceding claim wherein the target species conprise at |east one
nmetal. - 12 - 9. A nethod according to any preceding claim wherein

the liquig is anv@aBdé®of treating a liquid waste containing target species, comprising
the steps of exposing the liquid to a catalyst to remove either a reducing
5 agent or an oxidising agent from the liquid, subsequently conveying the
liquid to a reverse osmosis or nanofiltration membrane to obtain a retentate
rich in the target species and a permeate lean in the target species, and
returning the retentate to the liquid upstream from the membrane,

w2 A method according to Claim 1, wherein an oxidising agent is removed by

the catalyst.

3. A method according to Claim 2, wherein hydrogen peroxide is removed by
the catalyst.
15
4. A method according to Claim 3, wherein hydrogen peroxide is converted
into oxygen (Oz) and water (H,O) by the catalyst.

5. A method according to Claim 4, wherein the catalyst is purged with a purge
20 gas, such as nitrogen.
6. A method according to any preceding claim, wherein the catalyst comprises

alumina loaded with platinum.

25 7. A method according to any preceding claim, wherein the liquid contains
suiphuric acid, and the permeate is rich in sulphuric acid,

8. A method according to any preceding claim, wherein the target species
comprise at least one metal.

30



stream from a copper plating process, and wherein the target species
conprise dival ent copper ions. 510. A nethod according to Caim1,
wherein a reducing agent is renoved fromthe liquid by the catal yst.
11. A method according to Caim 10, wherein an an noborane is renoved
fromthe liquid by the catalyst. 10 12. A nethod according to Caim
11, wherein dinethyl am ne borane (DIVAB)Z‘i s converted into hydrogen
(H2), boric acid and di net hyl am ne by the catal yst. 13. A

nmet hod according to Caim 10, wherein hypophosphite ions are renoved
15from t he. | i ghimethyd abeordingdd wey praceding cleithothesieiodhel liagd ioa Grasten

12, wherein hypopho i ' r ' , and
phosphite i onsa[)"%n? ﬁg%c%?%‘}’@és}}tﬁ“@l@gggﬁ%e%ﬁg&) “%&8%‘?{?38?%0% p&ﬁ%of
Cains 11 to ldhmwirerdidlentsoppet mingst is purged with a purge gas,
such as nitrogen. 16. A nethod according to any of Clainms 10 to 15,
wherein the target species conprise at |east one netal. 25 17. A

met POdS ace®r di Aehdtfodarcclingta OEmL, Witerdi, a ileERgdeReis! refiovEd o
naste the liquid by the catalyst.

11. A method according to Claim 10, wherein an aminoborane is removed from
the liquid by the catalyst. '

10
12. A method according to Claim 11, wherein dimethylamine borane (DMAB) is
converted into hydrogen (Hz), boric acid and dimethylamine by the catalyst.
13. A method according to Claim 10, wherein hypophosphite ions are removed
15 from the liquid by the catalyst.

14. A method according to Claim 12, wherein hypophosphite ions are converted
into hydrogen {Hz), and phosphite ions by the catalyst,

20 15. A method according {0 any of Claims 11 to 14, wherein the catalyst is
purged with a purge gas, such as nitrogen.

16. A method according to any of Claims 10 to 15, wherein the target species
comprise at least one metal.
25
17. A method according to any of Claims 10 to 16, wherein the liquid is a waste
stream from a cobalt plating process, and wherein the metallic cations

comprise cobait ions.

30  18. A method according to any of Claims 10 to 17, wherein the catalyst

comprises alumina loaded with palladium.



stream froma cobalt plating process, and wherein the netallic
cations conprise cobalt ions. 3018. A net hod according to any of
Clains 10 to 17, wherein the catal yst conprises alumna | oaded with
pall adium -13- 19. A nethod of treating a |iquid waste containing
target species, conprising the steps of conveying the liquid to a
reverse osmosis or nanofiltration nemddane to obtain a retentate rich
in target species and a perneate lean in target species, and
characterised by, upstreamfromthe nenbrane, Sexposing the liquid to
a cat al yst9.t o A emthved afitreatingissiqwid wgstet cantagininghiergel sReaiEs, Gomphisivigt

damage to the ne. ; t f | L L AU
di schar ged frotﬁ:gg%p%'o(ﬁ Cgﬁge%&p%%%ﬂdg%t%%@?é és%%%&éés Pﬂﬂ%'qrr%ﬂrﬁ\?é;tlioﬁg t he
st eps of convayem@rdriectol obdain ch reterdateaichris éarpSospeniEssarel a permeate lean

nanofiltration rrerrb{ane.to ogtgi n ? re% ntatﬁ ric intgtar eB speci es
and a per neat NIFSR! PREFEH GO CORRILISEC Do "RHEFLL Y 8&”%}'7, "qi5st r eam
from the menbrapesingany Gyliagdo hitatdlys1wb cerhbveoag BxidisinyUegard fidey thedduan

or positioned adjacent to the tool and containing a catal yst for
renovi ng a redadihipgt dg@agete Hie PRELFEMUI d. 15 20

20. A method of treating a liquid waste discharged from a tool and containing
target species, comprising the steps of conveying the liquid to a reverse
10 osmosis or nanofiltration membrane to obtain a retentate rich in target
species and a permeate lean in target species, and characterised by,
upstream from the membrane, conveying the liquid through a housing
mounted on or positioned adjacent to the tool and containing a catalyst for
removing a reducing agent from the liquid.

15

20



