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basi c coppers salts, as well as production of a mcronutrient supplenent as
described in U S. Patent No. 5,451,414. The concentration of copper in such
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st eps of ewhingeminsewtatac fromncaypeh elavkoplatime psepssest cappef-odritaming fnlutdnsi ppi ng
fromthe nmenbrane in a single process, is generating special interest
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menbrane systemis supported |liquid nenbrane (SLM. SLM enpl oys a
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conpl ex in the, menbrane inpregnated with the sol vent/carrier mxture. The
50 x 10“g/l, and more generally from about 1-2 x 107g/l. U.S. Patent Nos. 3,927,169;
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3,988,151; 4,083,758; 4,336,231; 5,670,035; and 5,895,633 disclose the recovery of
copper from relatively concentrated solutions (>2g/l Cu) by liquid/liquid extraction.
However, the concentration of copper which is usually present in copper-containing waste
solutions is too low for profitable application of liquid/liquid extraction and too high for
application of ion exchange. Indeed, Tavlarides et al. in “Solvent Extraction, Membranes
and Ion Exchange in Hydrometallurgical Dilute Metals Separation” state that solvent
extraction is uneconomical in the handling of large volumes of solution containing low
metal values.

Liquid membrane separation, which combines the steps of solvent extraction with
membrane separation followed by stripping from the membrane in a single process, is
generating special interest because of its potential for low cost and energy saving. One
type of liquid membrane system is supported liquid membrane (SLM). SLM employs a

solvent/carrier mixture contained within the pores of a polymeric membrane support. In



menbrane is interposed between the netal ion-containing feed solution and
an aqueous stripping solution. The netal ion-containing conplex diffuses
through thg by ane and netal ions are then stripped fropgf86ogmoml ex at
t he ot her side of the nenbrane by contact with the stripping solution.

Sul furic acid is one exanple of a stripping solution that may be enpl oyed
in an SLM process. The pH gradi ent between the feed and stripping solutions
is the driving force for the SLM process. The renoval of metal ions by use
of support M Ress: e fistal ieg may g"e%l?qtb’éb’ remqyed from apRquReRs, mstal jop-579,
4,661, 257 and 4,617, 125, each herein incorporated by reference. Mire
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pH controll ed pil ot scale SLM process. Large-scale SLM processes are
conduct ed Q.Eg%{ I i rface/volunme ratio, for exanple,
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result where it is not possible to achieve
reference.

More specifically, in a typical SLM process Me™ ions are transferred from the feed
to the stripping solution and exchanged to nH" ions of the stripping solution whereby the
pH of the solution decreases over time. As a result, the driving force of the process
changes with time. The resulting decrease of pH of the feed solution reduces the
effectiveness of the extraction of metal ions from the feed solution and reduces the rate of
the SLM transfer. A typical SLM process needs “on line” pH adjustment in order to
maintain the driving force of SLM process. From this point of view the SLM process is
similar to liquid/liquid extraction. Garry Kordosky et al. “The Use of pH Control in
Solvent Extraction Circuit”, Henkel Corporation, 1979, describe the technique and
advantages of pH controlled liquid/liquid extraction. Generally, laboratory experiments

are conducted using a flat sheet membrane module and the cell can be equipped by simple
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conplete renoval of targeted ions. A solution to such a problemis proposed
in U S Patent No. S, 868,935, where a decrease in pH associated with the
extracti g §figegzecation into a solvent with a carrier, hawgmsGy/00098
exchangeabl e proton, is offset by sinultaneous renoval of H+ ions together
with a different ion, having an opposite charge, through another nenbrane
into a different solution. Unfortunately, it is not common for a different
sui tabl e anion and c tlon speci es be sinul t anegusl resent in netal
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conplicated because of the necessity of using two different nenbranes uU. S
Pat ent Noc®s.188, 703 di scl oses a nethod for the recovery of copper recovery
from spent ammoni acal etchant. A conplex salt of copper is precipitated by
the addition DirgbgehlocSILMr ipeocasdesl. artlovendutted afowind appHils PlRavirgd accmgf:r
together with a high concentration of NH3 remains in solution.
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hi gh concentration of NH3 remains in solution in this process. OBJECTS AND
SUMVARY fiiperst HEhPREISHITtof ikiEN M Oiiximal dsivimg dored idughy thentlMigireesss hds toc
present invention to provide an inproved process for the recovery of netal
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It is further an object of the present invention to provide a process for
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an efficjent process for the rermval / rﬁcovery of nmetal_cions fromdilute
aqueous 189 #piygat w{graewnerh@awgg 4n exchangeable proton, is offset by simultaneous

removal of H' ions together with a different ion, having an opposite charge, through
another membrane into a different solution. Unfortunately, it is not common for a
different suitable anion and cation species to be simultaneously present in metal-
containing aqueous waste solutions. The process itself becomes more complicated
because of the necessity of using two different membranes.

U.S. Patent No. 5,188,703 discloses a method for the recovery of copper recovery
from spent ammoniacal etchant. A complex salt of copper is precipitated by the addition
of hydrochloric acid. However, around 1,000 ppm of copper together with a high
concentration of NH; remains in solution.

A description of the simultaneous processing of a copper containing ammoniacal
and acidic solution can be found in U.S. Patent No. 5,451,414, which discloses a process
of micronuirient supplement manufacturing by mixing spent ammoniacal and acidic
etchants together with the precipitation of copper basic chloride, which is used as a
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concentration is too |l ow for solvent extraction and too high for ion
exchange to be practical. It is still yet another object of the present
inventi oRyg@1/kseyi de an efficient and highly effective praegsSofmbost he
renmoval of copper ions from aqueous feed solution by use of a supported

i quid nenbrane. In accordance with the present invention, there is thus
provided an inproved process for the recovery of nmetal ions from

met al - cont ai ni ng aqueous solutions using a supported liquid nenbrane (SLM
wher eby FREORHEH sHpplorasnds - AbARGPAP mpis dPdeflbsopreragcoupeasicd dyet higbn 5.
and 8 and anmoni a or ot her weak base or salt thereof is present in the

met al - coptreeniraipnad INH 4 remainsrie falotd in this ppoassnicent rati on of from0.5 to 8
M wher eby conpl exes are formed between the amoni a or other weak base or
salt thereof and nmetal 4 WO f11/89670 PCTlI SG01 /00098 ions present in the
solution. The present invention permts enhanced recovery of netal ions
fromsol ution Wthow Vel S #Ficg during the
SLM process. BRI EF NG ‘ he mechani sm
of Cu2+/ 2H+ exchan ough ted I| u|d rrbrane by use of a

amoni a- fr ee egdacgglidﬁﬂgl nO%eF?qucL%Z&D @15 P:tte§e HBV R0 BYRV @lellpm‘@
exchange through a supported I|qU|d menbr ane by use of an

anmoni a- PORESAies the recereryimataldpns forg an3queays deed splutonbyaise ofie sipnorigda f 1 at
hori zontal supported |iquid menbrane which may be used in the present

i nvent i ohquifimgmbtanies a gr aphi cal depiction of the kinetics of pH change and
copper (I1) concentration in the feed solution at an initial pH of 4.0 for

the feed sol ultii@furthkl ga objettSofahgpRBdit GdlentleR k& bioRTleqf prob&s bk r&Sowfl PH
change and copper {I1) concentration in the feed solution at an initial pH

of 7.0 fgf r%&ljaﬁoia? GOnSA 4lueOf fegﬁ?] gc?ngc\)Nrp?& Eseaofsacﬁgp'@r%d\;h(ﬂ*]@ﬁ{eﬁ{%ﬂe whipRor t ed
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feed solution during removal of the metal ions.

It is another object of the present invention is provide an efficient process for the
removal/recovery of metal ions from dilute aqueous solutions whereby the metal
concentration is too low for solvent extraction and too high for ion exchange to be
practical.

It is still yet another object of the present invention to provide an efficient and
highly effective process for the removal of copper ions from aqueous feed solution by use
of a supported liquid membrane.

In accordance with the present invention, there is thus provided an improved
process for the recovery of metal ions from metal-containing aqueous solutions using a
supported liquid membrane (SLM) whereby the pH of the metal-containing solution is
adjusted to between 5.5 and 8 and ammonia or other weak base or salt thereof is present in
the metal-containing solution, preferably in a concentration of from 0.5 to 8 M, whereby
complexes are formed between the ammonia or other weak base or salt thereof and metal
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The present invention is directed to the recovery of nmetals from

nmet al - cont ai ni ng aqueous feed solutions by use of supported liquid

menbr ane §egarticularly, the present invention is di pgglkedib@edn
inprovedsggﬁﬁédnpor effectively and efficiently renoving and&or recovering
metal ions, especially copper ions, by use of a supported liquid nmenbrane
(SLM, preferably in association with recovery of 5 WO 01/ 89C70

PCT/ SGOL/ 00098 the netal ions by netal salt crystallization or other
conventi gRa! p&HPYE e BMAGLSThE préllent iRVerlioR #J)efmﬁs ERRREE ?éc@l% B

process in relation to the recovery of coppe More particul a ,

y
present i.nveption.i.s directed to _a,netho or ;4 nereasi.ng the.ne i on
£ anapor O PoRGrSo RS dak e BE peiBRt fod et BF LRCSoiBRer S5Beln Bl ¢ e
metal fromthe feed solution. The renoval of a variety of netals, formng
. conpl exeP™i%¥h ammoni a or ot her weak base or salt thereof, can be
undertaken in accordance with the present invention wth enhanced
efficiency in conparison to prior art SLM processes. It has been
surprisingly and unexpeBREEF PESCGRIGTEONOF THE DRAWINGS onposi ti on of the
nmet al -containing feed solution is adjusted such that the pH of the solution

ranges from alpgait] eficlsOthdIRsthafisi, o0 PIEET &cBitlge thicdigh abswppofied digatiout 7,

and the concentration of the ammoni a or ot her weak basé or salt thereof in
the feed i %E]IM - Al r out 0.5 to about 8 M and
prefer ablnie%g#%é;@’s?&ﬁ/lﬁht e %Iﬁ??%g ?ez()irf'gg?ftﬁ?fet al ions (e.g., copper ions)

fromthe feed solutian i s not_ acco i £ y a decrease of the of . the
fead Sof ut i on Fiboh dPBHsVEP ToIChRBES Oy el s Hehaen Grve assippaEbd iidsid | he
feed solution will be higher than the pH of the stripping solution to
enhance mientspd by wseof apfammeniyeotaming feed sohelion. t he armoni a or ot her weak
base or salt thereof shall be present in stoichionetric excess to that of
the metal ionFig 3 depitsedndhlet commining a fatdiewizoatal eugported Hjuitb heembrane
concentration of the ammonia or weak base or salt thereof to be at | east

2-4 ti meyEeeahebe bitnhepeBindinvegiient rati on of the nmetal ions in
solution. Wihile ammonia or a salt thereof is the preferred weak base for

use in the pr Nk ;L NV i : chnas but

ot boi ng || meEEq" i hEAPoRA, (PhiEEk BPle AARAS. 7 TSI, BHE foppttln

et hyl am ne_and vari qus_.arongt.i c _am nes h el ection of such weak bases is

i o REERITST e 63 SERHE o e HE 6 e B8 S weak bases

bei ng capable of formng a conplex with the netal ions in the solution. The
Fig. 5 is a graphical depiction of the kinetics of pH change and copper (II)

concentration in the feed solution at an initial pH of 7.0 for the feed solution.
Figure 6 is a schematic diagram of supported liquid membrane system using a

hollow fiber module which may be employed in the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
The present invention is directed to the recovery of metals from metal-containing
aqueous feed solutions by use of supported liquid membranes.
More particularly, the present invention is directed to an improved method for
effectively and efficiently removing and/or recovering metal ions, especially copper ions,

by use of a supported liquid membrane (SLM), preferably in association with recovery of



6 WO 01/ 89Gr0 PCT/ SGOL/ 00098 pur pose of the present invention is to
extract the netal ion fromsolution and transfer the netal ion through the

menbr ane i @xsdrenge for two protons (in the case of coppggrisedpsoohd om t he
nore acidic stripping solution. In a prior art context, the aqueous feed

solution thus beconmes nore acidic and the process eventual ly ceases.
However, if the netal ionis in a conplex with a weak base, it dissociates
upon renoval of the netal fromthe aqueous solution and the netal ion is

transf er tigdmbal idie Uy @uiall saixtfysalization dhethbasshvehiisial i’eedb@rg%eth&ukS(eEng, t he
wat er and prevents the aqueous feed solution frombecomng nore acidic. In

. one enbo%‘grt&etof%fﬁoﬁ)g% ggﬁg@@hﬂhg\ﬁa&&@m rdidtfon’ 58 He %éﬂgvgmfﬁr %o?p%?.ssi\ﬁgre

t hr ough pdrous ho avi'ng pores | npregnate gani c

sol ution, _whi i pcl udes, an _extr.actant .chem cal. . The nmetal.containjn
. Sol ut i on ety B8 RSER B0e R R SRRk B By o B ERingnf By Aol B
netal -extractant conplex is selectively formed with the netal (e. g.
copper) t@RPoELHIEENEE SLM preccseregulbing i mose complete mnqvakpﬁwednet@lhggm
conpl ex through the inpregnated wall of the hollow fibers, the conplex is
dest r oy ethaufeet selohiomc Ther¢rhotahef s tvarighyi af gnetals uformimg(@niplexe2 Mithudrhimonia aci d
or other strong acid with simlar concentration), which is fed in the

nodul e ad} agiestwédkebdse! dromltf theekos, @ndbe andatken dMatdRiakedRitofthd Presbal | ow
fibers. Metal ions are released to diffuse into the acid and concentrated

therein %Rﬁ&l Wig elﬁgétféb(fl Eﬂﬁ%ﬁ%ﬁ iﬁ@ér@éa‘ﬂsgﬁ% EQBF‘Q‘?QLW@PE?SEQ and stripping

solutions. At equilibriumthe ratio ~concehtrations iametal i ons
cqui | br i unt S EroHaPiAgly HE0 abes Ruli A Sucrel Bkt oY e SR mERTOEAP B, ¢ he
equi | i briumof the s¥sterg can be described by the follow ng equation (1): +
2 Cu Fee#efaliqopiaaung Tegd solutiop is agjusted, sugh ghat the pHpof) the solwjongangasetyem
PCT/SA Il | /00098 In accordance with the present invention, it is possible,
for instabwes. .o aboutchditandtpeeferably from about 6 to about 7, and the concentration of the

ammonia or other weak base or salt thereof in the feed solution preferably ranges from

about 0.5 to about 8 M, and preferably at least 1M, the extraction of metal ions (e.g.,

copper ions) from the feed solution is not accompanied by a decrease of the pH of the feed

solution upon removal of metal during the SLM process. The pH of the feed solution will

be higher than the pH of the stripping solution to enhance the efficiency of the process.

Further, the ammonia or other weak base or salt thereof shall be present in stoichiometric

excess to that of the metal ion in the feed solution. It is desirable for the molar

concentration of the ammonia or weak base or salt thereof to be at least 2-4 times greater

than the molar concentration of the metal ions in solution.

While ammonia or a salt thereof is the preferred weak base for use in the present

invention, other weak bases can be employed, such as but not being limited to hydrophilic

organic amines such as methylamine, ethylamine and various aromatic amines. The

selection of such weak bases is within the skill of the routineer in the art, with suitable

weak bases being capable of forming a complex with the metal ions in the solution. The
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copper in the stripping solution with the copper concentration being up to
14 orders of magnitude higher than the copper concentration i1l the feed
sol ution.ywdhessepe Iimting factor for the increase of coppgscéildodes
concentration in the stripping solution is its solubility in the stripping
solution. In the case of copper, one stripping solution that may be
successfully enployed is 2M sulfuric acid. After the concentration of the
nmetal in the stripping solution reaches a sufficiently high level, for
exanpl e, phpedelofithe pheertdaventibn ¢ORPSrabNtha nsdiaifivh ifonacoldticd badRAmgeraRd Ut i on,
the concentrated stripping solution can be replaced by fresh sulfuric acid

or anot hgetaf QRRBFouRli hRMbldheSH kkdahe fritho :}ﬁé/tbﬁag(iﬁ thOWRE &9@;@%? i%ms%y

concentration. The netal in the stripping solution can be rec e
convent i I yE . 1o th of .or di.nar i i n, t rt. For

i nst ance,ﬁ Qrgoﬂﬁper ?%3%19%‘(’3@? o 5@% OI}'rg"n? 3“8%?1%3?#?%9{ (taﬂc? %uﬁggsr S%F?}Plg%’h in
sul phuri¢ acid by cooling the final stripping soluytion to_an extent (e.g.,
down to @@5 becgaes phare ae@}fp@d thy 9gqcaqsmvs%t§a1é>@%?§p§§°\§%ﬂ%ﬁ£ﬁ@ HelakigRyr at e.
Crystallization can decrease the concentration of the copper in the

st ri ppi nig asesimplexwithe wenkrbmse, vadissogiagagipon semexal of the metabfromithe aqienys

sol ution containing approxi mately 20g/ 1 copper can be reused as the

stri ppi ng@hstiwndnidalie e et is¢Rnsfaired tdobe ligaidvextactait. OThet Bage Binks ppdrogen
solution by electrowi nning of the copper fromthe solution. By way of

speci fi Cgps fnfie waeér%@P&%ﬁn@%édﬁ%eﬁs@@%l&t%ﬁ%ﬁ 99cdiﬁ‘ﬁ§ BfordaGgict © renove a
variety of netal ions Troma netal-containing feed solution. Wiile the
process of t e t.lnventhon | i.cul arl ) |_i.n_the,recovery of
Copper 1 rom S aRMamBICEE (8 riskal Bsbhifor, R doctt SBiion if aheife PR
described herein in relatjon to the recqovery of copper,.the SLM praqcess of
the presReUS belont fbrsitavingdionss impregmated g an prappicosafufione hidly mgldsy i ons,
including but not limted to alum num_ arsenic, antinony, bisnuth, s WO
Ol/ 8967 CanPeXtf2s3nl chenal. c Terimatyl wntavmihg splutiopsentactsaimgl side ghifle porpugol d,
hafnium indium iridium iron, |ead, manganese, nercury, nolybdenum
neodymi ulipllomi fikers, wherebyim meraheitactapatompliexis s¢lbcivienuformet evithithe meabli um
ruthenium selenium silver, tantalum tellurium thallium thorium tin,
tungst erye JUbasHck fony B6aInEdn b Toeddoldidns ket Bifie¥ion BF tR¢ Chmpky mikhdd 10
the art can determ ne which netals can be successfully renoved by use of

the pr ©SED timpreg,nated wall of the hollow fibers, the complex is destroyed upon contact with the

stripping solution (e.g., 2M sulfuric acid or other strong acid with similar concentration),
which is fed in the module adjacent the hollow fibers and contacts another side of the
hollow fibers. Metal ions are released to diffuse into the acid and concentrated therein due
to the pH difference maintained between the feed and stripping solutions.

At equilibrium the ratio of concentrations of the metal ions that are carried through
the membrane is determined by the “Donnan equilibrium” conditions. In the case of Cu**
or other bivalent cations, the equilibrium of the system can be described by the following

equation (1):

2+ + 2
Cu Feed ( H Feed )

2+ + 32 (
Cu Strip ( H Strip )



invention. O course, the applicability of the nethod of the present
invention to any particular netal depends upon the stability of the netal
conpl ex fQig@ekogdot h ammoni a or ot her weak base or salt thecadcoasomwel | as
the stability of the conplex formed between the netal and the extractant.
The supported liquid nmenbrane used in the present invention enploys a
porous support material which separates the netal -containing feed solution
fromthe stripping solution. The support nmaterial may be conprised of a
vari ety of matight@r8anceReitiithe Peesbittinitioh) #id Ssbsible, B6H iMGhiél ®®ncentrate

pol ypropyl ene, m xed cel | ul ose, pol ytetrafl uoroethyl ene, pof yphenyl ene

. oxide, p t:yl : : I J onit41
but adi enagPhitab R SrisBflel EAEEun R YU cElldiialify bRREHAN 14 bidere of
st yrenebut adi.ene, copol,yner, pol ysul fone,. pal y(4-net hyl - pent.ene- 1)., ..
. pol yvi nylm%%‘m}g’b }ggge{ 6%3,“ %‘BI B z‘?W‘H‘é{%Pg ”éﬁéc égﬂ%o?“‘?imfg’e%oﬁolpe%%%e.
The porosity of such materials ranges from about 20 to 80% The SLM process
of the priagenfor i iaprepssolrepraBl s9neeniratiqreimthe strippigolutiondy e slAbidtYni t hi n
t he porous support nmaterial to assist in renpoval of the metal ions fromthe
f eed sol uhithe strifipidg ectutiant aint thei cast wdecopper, ame sioppihg rsotutidnt that- diakebeones,
hydr oxyoxi mes or other oil soluble extractants, as well as macrocyclic

pol yet her@c&ggﬁ%ﬁgnﬁrogwiﬁm@ﬁm@i&d,erent LI X' s avail abl e from Henkel
Cor por ati on, hydrophobi c am nes, al kyl ated cupferrones, etc. The above

listing is not rltﬁé 9&&@%&%&n@h9ﬁﬁ&ﬁ ﬁpﬁ;ﬁgﬁéﬁ%%@ﬁﬁ% Igea%he\éva(gug:%%er{t C70

PCT/ S@G1 /000 e use success I n I nvention,

sel ection.qf ich is within the skill of the routinegr in.the. art. See,
For Cexanih vt pxdmile; Sien s cata ot ebet e TAHCRE R wPhigS Soy ok 75,
herein incorporated by reference. Al though a nunber of extractant agents
may exi stconeenirpgdistipping golution campe ﬁ@ﬁlachdrm freshasylfugigi agids of grathert@PpeEr neat e
t he porous polyneric support, it may be preferable to dissolve the

conpl exi rsglutige i sulfur@racot lganigea loivgucappsotomenttrdtivat i s chenically conpati bl e
wi th and functions as a solvent for the conpl exing agent. Such liquid

sol vents al so T¥RmY&altif tl@élé'tﬂ?ﬁﬁg kolatioém e rebvekeShPeorentidifal fchisAaiodsh met al
ions through the supported liquid nenbrane. A wide variety of aliphatic and

ti . . | | LG I 106 ekl g but
ar omati c t@gﬂet;sgcgf; BAfarf AP n AP &gyeﬁof?nsit%\%e bebfef! caf! BtCRlcovd:BF it 79 PU

not limte ene, " benzene, cano vene,” ker osene,

concentrated copper solution in sulphuric acid by cooling the final stripping solution to an
extent (e.g., down to 0°C) such that copper crystallizes as copper sulphate pentahydrate.
Crystallization can decrease the concentration of the copper in the stripping solution to
approximately 20g/l or so. The final stripping solution containing approximately 20g/1
copper can be reused as the stripping solution. Copper can also be recovered from the
stripping solution by electrowinning of the copper from the solution.

By way of specifics, the SLM process of the present invention may be used to
remove a variety of metal ions from a metal-containing feed solution. While the process
of the present invention is particularly useful in the recovery of copper from a copper-
containing feed solution, and the invention is described herein in relation to the recovery
of copper, the SLM process of the present invention is useful in the recovery of a variety

of metal ions, including but not limited to aluminum, arsenic, antimony, bismuth,



dodecane, decane, 2-nitrophenyloctyl ether, mneral spirits, and m xtures
thereof, etc. Wien a liquid solvent is enployed, the conplexing agent is

di ssol veqyd /443 SOl vent liquid to the desired concentratp@fsciiess
concentration wthin the range of fromabout 2 to about 70 percent by

wei ght, preferably from about 10 to about 25 percent by weight of the
conpl exi ng agent based on the conbi ned wei ght of the solvent and the

conpl exi ng agent. The resulting m xture is then used to inpregnate a porous
pol ynmer i gadsipRQOEkroSiGh, @@F&, totaly galith@| goldy Hafiem, indhen SHMupd, 9eeskadf the
present invention may enploy a variety of acidic stripping solutions/agents

to re”DVﬁaﬁgaﬁcée?hf&cdrmﬁo1p§@éaMﬁeﬁm@gﬁmﬁ%&bﬁw bRRuRY pALRRES, | ncl ude

but are not"limted to suffuric ac rochloric acid, nftric acid, etc.

This listing is,not all-inclusive and one of ardi.nar ill i,n.the art can
onai 1y T PR bl ot AbaT Rlef, fver bR, 8, Rt

i nvention. A concentration, of at gpproximately, 2M has been found.to be an
accept abiberissntipgsGne Hrangim,vaaadiv; HF AGZIEYBHIM. Ype of ity gald rpthe

PCT/ SG01/ 00098 The present invention is described by the follow ng exanpl es
whi ch arat cant deteteuing whish nmtalecan be sugsesshullyremoved hyeuserod ghretpresenind  not
limting thereof. EXAMPLES 1-9 A nodule having a flat horizontal nenbrane

as depi cipeehtion. FdfpshReStheapplisbility of We myisdd ofttke %»ﬂaselﬁduaﬁﬁ@g@&ngf t he
present invention. The nodul e enpl oyed a | 0cnR2 flat nmenbrane, and the

Vol e OfurfifiyhRed SkHdd bR SR/ Iheittal BBk WiEicA it EndbiiaRRi NG

solutio picted 1n"the Figure, the nodule inclu a pH

el ectrode, 1, a,TEFLON 2. ~a TEFL cydd.nder. 3. stripping.selution 4,
Feed sol thetnak taks phuiBafoc v b FERURESS e pordblek R seBrcthff
supported liquid nmenbrane 7. In the Exanples, NaOH and an aqueous sol ution
of NH3 vieptel angihg exisagtan. aqueous feed solution in order to adjust the pHto
between 6-7 and the NH3 concentration to between 0.5-8M as sumari zed in
Tabl e 1 bel owlhe’suppoitgbliqyd sembrireruseds the ppaemdnentidi emplayg aporment r at ed
sulfuric acid in deionized water to yield 2M sulfuric acid as the stripping
s?l ;g Bo NsupB6tt faséall WhshSsep@rares ARGh@AI-coltdining feddrsethtiohtionragnReippingt i rrers

a rpm

solution. The support material may be comprised of a variety of materials, including but

not limited to polyethylene, polypropylene, mixed cellulose, polytetrafluoroethylene,
polyphenylene oxide, polybutylene, polystyrene, polyvinylchloride, acrylonitrile,
butadienestyrene terpolymer, styrene-acrylonitrile copolymer, styrenebutadiene
copolymer, polysulfone, poly(4-methyl-pentene-1), polyvinylidene chloride,
polybenzimidazole and chlorinated polyethylene. The porosity of such materials ranges
from about 20 to 80%.

The SLM process of the present invention may employ a variety of organic
extractants within the porous support material to assist in removal of the metal ions from
the feed solution. Such extractants include but are not limited to -diketones,
hydroxyoximes or other oil soluble extractants, as well as macrocyclic polyethers such as
crown ethers, different LIX’s available from Henkel Corporation, hydrophobic amines,
alkylated cupferrones, etc. The above listing is not all-inclusive and other extractants may

9



A 33%v/v solution of LI X 54 (a m xture of phenylal kyl - -di ketones with 1
phenyl decanone- 1, 3-di ones as the major conponent) or LIX 84 (2-hydroxy-5

nonyl acetypgli¢Raag Oxi me as an active substance) in kerosepers5ghvHNgs Was
used as the extractant solution for nenbrane inpregnation. The extractant

solutions were prepared by diluting 8.3 m of comercial extractant (a
kerosene solution of LIX is available from Henkel corporation) in kerosene
(Aldrich) to 25 M. Ocher water inmscible solvents including KERVAC 500-T
(Tri angl be Reddi wieh sirsgss iSHElpr&Eht ihyerftidn| thSGkleétibon Ghetiith is wiBGORAR Wl &EXkxon
Chem cal Co), dodecane, decane, 2-nitrophenyl ocytyl ether or their 11 WO

01/ 89G/ 0 1HRGH LD i WbEE. Kb ifbF QQnfAd) tREdisaRsloNbE ExtialdntsiiA W 9, FREHNRNE.
Porous TEFLON film (Ml lipore filter type FG nom nal pore size 0.2 m

typi cal g’qqggbg’%é@iﬁ?i%?@g%f%gfr#ggggé@ess - 50 m was inpregnated with a

ker osene™soluti’on o ydrophobi ¢ porous materials, such as

pol ypr opyl ene, .pol yet hyl ene,. m xed cel |l ul ose,. etc. can be used as a porous
support. An ef‘&‘gg‘éghﬁn TRRRLOF FXE G BT Bay AXLst ﬁﬁfqui“%o s may 18hs r enpved
by use of tissue paper and an inpregnated TEFLON filter was placed into the
nodul e atequirg pdiquidaiolveshtogiermeat themoreus podysaersn ippeflidbimey be preferablede r i ppi ng
sol utions. The concentration of copper ion in the feed and stri pping

sol ut i ongisyaise theasmpbstinpeagentdinGalorganiyligidé safers thividMisnlitaRy compatible
spectrophot oneter or atom c absorption spectrophotoneter. pH val ues were

noni t or eqitsh furRttiBhs 284 &lveik 1} tRe SdmASiexifh 88dnt 098ch TRRA SoldelEhiO¥serve
denonstrates the effect of pH and anmmoni a concentration in the feed

sol ution ant. i i i nni ; ner
ool A SARRE L ORERIHOR b B2 cxftalyOf nbldl R IS SOHIL AR AR
The copper concentration in each of the feed solutions is 2.1 x 10-2M
Tr o P embgites i Jhlenanely bl B R g e e I Eodiions caie Gaplgyed s the
i npregnating solution conprises 33%v/v LI X in kerosene. 12 WO 01/ 89Gr0

TABLE 1 11quig solvent, including but not limited to xylene, benzene, decanol, toluene, kerosene,
dodecane, decane, 2-nitrophenyloctyl ether, mineral spirits, and mixtures thereof, etc.

When a liquid solvent is employed, the complexing agent is dissolved in the
solvent liquid to the desired concentration, i.e., a concentration within the range of from
about 2 to about 70 percent by weight, preferably from about 10 to about 25 percent by
weight of the complexing agent based on the combined weight of the solvent and the
complexing agent. The resulting mixture is then used to impregnate a porous polymeric
support such as a film or hollow fiber.

The SLM process of the present invention may employ a variety of acidic stripping
solutions/agents to remove the metal ions from the membrane. Such stripping agents
include but are not limited to sulfuric acid, hydrochloric acid, nitric acid, etc. This listing
is not all-inclusive and one of ordinary skill in the art can readily identify a suitable
stripping agent for use in the present invention. A concentration of at approximately 2M

has been found to be an acceptable concentration for the stripping agent.

10



PCT/ S&01/ 00098 Exanpl eslnitial Conposition of CarrierFi nal Fi nal #Feed

sol uti onConcentration of Concentration of Cu and pHin theCu in theFeed
Sol uti on%glog@qg Sol utionlC~u 2.05 x 10" "M.I X 84C~~ 0. 93PCT/SG01/00098
x10" ~ MC~" " MpH=3. 45pH=2 0 (bl ueNH3=QWso0l uti on2C~u 2. 05x10" " M.I X
54Cc" =1. 72x10- " MC~~ 1. 69x10' " MpH=3. 45pH=2. 42 ( bl ueNH3=0Wso0l uti on3C~u
2.11x10" " M.I X 84C~"=0. 73x10-  MC~~ 6. 74x10' " MpH=4, 7pH=2. 46

(bl ueNH3=0. 1Mso0l ution)4Cc~ 2. 11x10- " M.IB 54Ccu |.0Osxl O " MCcu

2.21x10"° Mo H=%hd pitdséht &aeﬁbbmamaaameawowmew)@@m@mmeh aféliht¥énded
84C~"=.041x10" " MC~~ 8. 33x10' " MpH=6 NH3=0. 1MpH=3. 27 { bl uesol uti on) 6C~u
2. 11x10- iAo e Mentioh ARRHImMRERRARE -0, ThDHES, 01

(bl uesol ution)7 13x1 .3x107 " MCcu 1.03x10-' MpoH=7
NH3=1M 0. 8 pprr) pH=7. 63( col orI ess andtranspar ent sol uti on8Cc~ 2. 13x10" " MLI X

_ 54C~, =0. 8x10-' MCcu 1. 06x10" ' MpH=7 NH3=1M 0.5 ppm pH:7 84(col orl ess

andtransparentsol ution)9C~~ 2.16 Mﬁé&uﬂo 'MC~~

1. 02x10" ' MpH=10. 3pH=10. 06NH3=1M dnon transparentsol ution)
Exanples 1-4 in Table 1 above denonstrate that the renoval of copper was

| ow and i nef f Acnpdude haviaglaoiat horigental membrpge ap depicteyl indigueld wanessdito (0.1 M
or less). The addition of an aqueous sol ution of ampnia to increase the
anmoni a danasthteahé advantagtibathearesenoinventipnoviteasoilgkinplefdiactOcneé flaenoval
of copper ions fromwater (see Exanples 7 13 WO 01/89Gr0 PCT/ SG01/ 00098
and 8), meﬁlhraaleeaﬁ&% %eiume' o tRe Rl BfhiieR! Wi 866 AP trld theP¥olinie ARk NI

slightly. Chemcal analysis denpnstrates that the addition of anmmpni'a and

t he adj u Qper (0] h o the
conpl ex P%n%éﬁ’[“l{ﬁg)%?géﬁ Etr%g?qe@ré?egfﬁlc@%pﬁel ’r?lr% ﬁ%ﬁlﬂ% gﬁlfl‘g’e)é(]alpn into
t he rrenbrane is a ied_ b e of t NH3 nol_ecul |ch t hen

bi nd t voelFRrads s & TERIKEN a2 g & 8&?L5§ﬁcy1WP% STHIPARGH SOIEHN ?afé? fHakoHY of
the feed solution does not decrease as the result of transnmenbrane

t r anspor {copperidoniagningwestewaterhmagigiigroars andsupperteddiquid meptbsangehani sm
depicted in Figure 1 which results in an increasing hydrogen ion
concentrati onn thet Rearthples, NaOH! and aduiquegus belubrViofrdHe sgere Lagdded to the
concentrations of NH3 do not permt effective renoval of copper {see

Exanpl es,geaidfe6d 8D1aM6n in fde otk FE8 tdbotwiéh 6- 7aa§1deﬂi@ | d‘oh@éhtﬂaﬂoﬁx anpl e

9) the feed solution becane nonttansparent and yell ow sh, probably due to

the ""aSh n9é€tn 3- SM' {iﬁﬁ&nﬁ%ﬁ% TEﬁlQrI‘bteib gpripg) mﬁ)so*'f'&%%?l \gﬁ’sg;ﬁﬁliﬁarﬁd’ﬂi‘a' ning

vvaste SO IOI']S I ni nave Iar am)u nra an

. e. ron amoni acal sol uti. ns) . Thege soI utio
aC| d| c s oFficHRFaled syl ‘gtm aa‘f'a ?%Wowrdsa&gé}l&%ﬁc i3 H ¢
supported I i qui d menbranes consi st ent W th the present invention. EXAMPLE
10 A nod¥tippigs colusone Bath sabwioas Ayasg ieskanicady stirreth withi mpgnetic sBreis 289 i al

solutions resulting fromsedi mentati on of conplex copper salts is prepared
and descrmpnbed in Table 2 below 14

A 33% v/v solution of LIX 54 (a mixture of phenylalkyl- -diketones with 1-
phenyldecanone-1,3-diones as the major component) or LIX 84 (2-hydroxy-5-
nonylacetophenone oxime as an active substance) in kerosene solvent was used as the
extractant solution for membrane impregnation. The extractant solutions were prepared
by diluting 8.3 ml of commercial extractant (a kerosene solution of LIX is available from
Henkel corporation) in kerosene (Aldrich) to 25 ml. Other water immiscible solvents
including KERMAC 500-T (Triangle Refineries), SHELLSOL T, SHELLSOL AB (Shell),
ISOPAR M (Exxon Chemical Co), dodecane, decane, 2-nitrophenylocytyl ether or their

11



WO 01/ 89G70 TABLE 2 ItenResul tsCol orGeenish to

Bl uepH3- S - 0. 5MNa+3x10- * M4+ + ~3-

4AMCu2x10-y g%li]/g%],@-' MHgSxl O "MNi 4. x10-"' MCd2x10" MCalx10' " MFectREdd dpsddd’ ' M
PCT/SGDl‘y 0098 Experinments with this nodel solution were conducted in the
flat horizontal nmenbrane depicted in Figure 3. The change in copper
concentration and pH of the solution during netal renoval is depicted in
Figures 4 and 5. If the initial pH of the feed solution is 4 as shown in

Fi gur e 4mitthesrcah &c afsedCufithl the tliqaitspenibrale c rReacessTRFLON file (sfiltipbreviiites of f
Wi t hout reaching conpletion and the process practically ceases due to the
si mul tan%@?@%ﬁﬁ?ﬁ?o&fsii&'@z Plth, 1 tPpitAIHoRANYL 05T d#idi (RS thidkeds T30S Ul wakt 1S
extremely difficult to achi eve conplete remmval of copper without adjusting
the pH o - 8Ql b i S r ] f i tiqal of

t he feedﬁg%rP%}alftegﬁg}@%a%%é%Q? ?r‘gp {é{’]‘g"gﬂ%‘ t %ﬁeﬂggﬁﬁo})lg a &%rﬁélgegﬁélg’ “;0“1@ﬁ|
ammonia, the rate of p hange is drasticall |tered as shown in Figure 5.
B g & BV TPAEeRG 2D TR o Ce RS o s R AP TAB IRt A at

t he noment when the pH reaches a maxi num val ue, after which it slowy

decr easesxcessof impranatign ygd par Midbpare diigs wen eemayied baluse efi tisawe papsr anfle pH
to increase results fromthe presence of high anmoni um concentration. At an
al kal i neaphhpegnaed TEBhODNi herowasgeaded dhtodhe nodpleeds a flatthoeizotalomembtant i on
exists mainly as a conplex with four anmmoni a nol ecul es. When copper is

extract eg gﬁP&gtetgqge@fsm mdidsang utigtlsease of ammonia results in a nore
al kali ne pH The process of copper transport can be described by the

equation: ~7~pat + 4 ~Cl~ — Lt ! ip - 2~ a3 Feed +
Quzastrip 1 TG ponchpifuieor dobperiofidn e b4 it HelBping oS Sas mroatida €77,

t hree cases presented in Fi 5, but jf the initial pH of the feed
sol ut i onP§@digally o Vné?%lQFT?uggﬁggﬁﬂﬂ%nsﬂgup QEHméIﬂb§¥°€%§ﬁ#@?@ﬂ9nand
conti nual pH adjustnent is unnecessary. However, at a pH near 4, the

anmoni unsiestrophotemeten abhyalues were nypioesd using & pid mestersviding glass electrode.

Table 1 below demonstrates the effect of pH and ammeonia concentration in the feed
solution and copper concentration in the stripping solution on copper removal from the
feed solution after 8 hrs of the SLM extraction process. The copper concentration in each
of the feed solutions is 2.1x10”M. Initially the stripping solution is 2M sulfuric acid. The

membrane impregnating solution comprises 33% v/v LIX in kerosene.
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of ammonia in the feed solution does not significantly influence the SLM

process.

Cel anes

exanpl e.

2,2,

e

i

EXAMPLE 11 The pol ypropyl ene holl ow fi ber
bP®Yea 1 on) depicted in Figure 6 was used in thpsrREhRioosscal e

e supported nenbrane systemused in Exanple 11 and depicted in
Figure 6 conprises bottle 1 with stripping solution,
pressure transducers 3,3',
data acqui sition system 6,

hol | ow fi ber

solution tank 9. The characteristi cTAGLEHhe holl ow fi ber

Exanple 11 are shown in Table 3 below 16
surface area of fiberslnFi ber wall
mPor osi ty30%f f ecti ve internal

d

i_amet er 240

ffective fib

nodul e 5PCM 102 ( Hoechst

peristaltic punps
nodul e 4, pH el ectrode 5,
filter 7, purified water tank 8, and feed

nodul e enpl oyed in

er

WO 01/89G/70 TABLE 3 Effective
t hi ckness30 nEffective pore size0.05
| engt h18. 4

cmNunber Exafnples b ¢ ndtith GomprEiTios@01/ 00098aifie holl Foal fi ber s weFimli npr egnat ed
with 33p# v/ v sol ltadeelutadn LI X 54 jn ker osene. | Exewssistipmefr egbacatfationglii f was
renoved] by punp{ng water inside the fibers. Tko apdribintheedCwilthst i on o
Exanpl el 10 was punped into the hollow tubes pfFeadfelufienju) e Sﬁmmé%@m on of
the coppkr ions|Goaeftsk&€M The | esulPs8hf t hEcaRAMBIEMar [LCathaiald Med| i n
Tabl e 4] bel ow. TPBEE!4 Conpositipn of strippi Hﬁﬂ?@) i onHZSOQ=1-2M Cu
1 ):0- 1MVEL ow 1 at NHsFOM ¢t r| Ln-sollutionls0 cm cﬁnmﬂnr rati nn_,‘nf NH3
and pH g2 Cu(1 1) F8ek 99 0Whe inllet ofDHe rdeFté‘Nﬂ@"lQl\M:? GwTIfRxaMe pf
feed stfeand5 cpPmfCu, concentpation of NHBP ﬁ%l ugt Cul(11r3. 8x10~" M he
outl et pfthe-m ? . As—deﬁnst—pa-l e—;u—t-hggg—asent
i nventiloh perm QC‘%?JJE}’?IPCRAH on of mel 84( e.g ﬁgﬁé‘(}]? qt(éﬂﬁﬁjﬁémf dstream
in one passthr%’% he hol | ow fli ber modul e WATT. "I vielding a
col orl ess sol ut f| nal copper concentl éﬁl‘f lS’H) after t he treatneng
decr eased—approfira e s—-and Hectreqase 2Tu.t“‘.e_r amhh—ah&efial
connectj on of np }J Pt has belen dépéﬁn ne r%dulc(:f“'\‘/ai'?tﬁ a ho| |l ow
fi ber spurface af l\jlm'z can pufrify apprOX| uf’iters of wast ewat er
per hours eeppe cod g4t cCu 04lx10'zM Cor=8.33x10°M
pH=6 NH;—O 1M pH=3.27 (blue
solution)
6 Ce=2.11x10°M LIX 54 Cor=1.05x10"M | Cc=5.50x10"M
pH=6 NH;=0.1M pH=5.01 (blue
solution)
7 Ce=2.13x10"M LIX 84 Cei=1.3x10"M Cc,=1.03x10"M
pH=7 NH;=1M (0.8 ppm)
pH=7.63
(colorless and
transparent
solution)
8 Cci=2.13x10°M LIX 54 Ce=0.8x10"M Cce=1.06x10"M
pH=7 NH;=1M (0.5 ppm)
pH=7.84
(colorless and
transparent
solution)
9 Cey=2.16x10"M LIX 84 Ccu<1t0*M Cc=1.02x10"M
pH=10.3 pH=10.06
NH;=1M (yellowish and
non transparent
solution)

Examples 1-4 in Table 1 above demonstrate that the removal of copper was low

and ineffective at a low pH (e.g., 3.45 and 4.7) and NHj content (0.1 M or less). The

addition of an aqueous solution of ammonia to increase the ammonia concentration to 1M

at a pH of 7 provides highly effective removal of copper ions from water (see Examples 7
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WO (11/89Gr0 PCT/ SGO1/ 00098 whi ch can be crystallized fromthe stripping
sol ution upon recovery of copper fromthe nenbrane in a conventi onal

manner, Rasogsdabg ity conparable with reagent grade producgct/d€o1/0009
01/ 89670 CLAI M5 WHAT IS CLAIMED |I'S: PCT/ SG01/00098 1. A process for the

renmoval /recovery of netal ions fromaqueous nmetal ion containing solutions
by use of a supported |liquid nmenbrane, said process conprising contacting a
met al ion-containing aqueous solution with a first side of said supported

| i qui d newis)awith tieafced sentivrabeeominyg crilorless anththexf mcteasing ShghthaCemesahl i ons
whereby said netal ions are extracted from said aqueous sol ution by said

ext ract agalysiz0Béra6istuAtes athat thdd RUME S 0dfUbmeidbnid tahid &hs epmeAtdef Ghe HM d
supported l'iquid nmenbrane to strip said nmetal ions from said extractant

into sai &ﬁgés&édp@ﬁm GorRChth ﬁé%d s@lﬁ%i&"‘é}uﬁbﬁh@c&ﬂ% X?&&?‘EC\EM‘I;;%ZT]{ apggyaa%mgqueous

sol ution a pHwthin the range rom abou to a

concentrgtion a weak se_i.n stoichi.onetric excess,to that of id netal
Cons 1 n QseBPadirad tE EETRIER don o bR MRS beoiria bV rten et e Niier o n
the weak base is selected fromthe group _consisting of ammonia, hydrophilic
or gani ¢ BAepdes, Yruchs thep dind by B ions inAhe fesd solutigy. 3@ﬂ$ pxpjaing the fphibat
wherein said extractant is selected fromthe group consisting of

(err) - didkodribs feadyslwionosdoasemt dearcasecyctliecrepdt pé€thResmembipde dgahspvirtcasam nes,
and al kyl ated cupferrones. 4. A process as defined in claim1l wherein the

ext ract aflbsttatedinl thé Bifuvd 2,Nin@ohtrabt teiths dhechaism W8pictedbh FidhBO ¢ Hhich results
PCT/ SGU1100098 5. A process as defined in claim1l wherein the pH of the

aqueous iﬁ%‘iﬁérg&hféﬂ}g%ﬁ%énrBH‘C@P&H&at?o&ﬂltgp?éétd S%Butfén dﬁﬁagggeg% 8g§sfs.i ned in

claim1 whereint entration of sald weak base In
201 U101 ARITRLAIAG, Jf O, 3% AP o AR BB T
and 6 above).

At high pH’s (e.g., 10.3 as exemplified in Example 9) the feed solution became
nontransparent and yellowish, probably due to the washing out of the extractant from the
membrane. Some copper-containing waste solutions initially have large amounts of
ammonia and a high pH (i.e., strong ammoniacal solutions). These solutions may be

mixed with acidic solutions before freatment and metal removal undertaken with

supported liquid membranes consistent with the present invention.

EXAMPLE 10
A model aqueous metal-containing feed solution, similar to industrial solutions
resulting from sedimentation of complex copper salts is prepared and described in Table 2

below:
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group consisting of alum num arsenic, antinony, bisnuth, cadm um

chrom um copper, cobalt, gallium gold, hafnium indium iridium iron,

| ead, maRgeNEs&K70 MEr Cury, nol ybdenum neodym um nickel npobkgoooesm um
pal | adium platinum rhenium rhodium ruthenium selenium silver,
tantalum tellurium thallium thorium tin, tungsten, uranium vanadi um
zinc and zirconium 8. A process as defined in claiml, wherein said
menbrane i s conprised of a materi al gé;ﬂl%c,%ed fromthe group consisting of
pol yet hyl ene, pol ypropyl ene, m xed se, polytetrafl uoroethyl ene,

pol yphenyl ene oxi de, pelybutylene—polyst vre_ne_pgl_yvi nyl chl ori de,
acrylonitrile, butadi enesty terpol yrrer-—'él,-f—yrene acrylonitrile

copol yner, styrenebut gdi enecelopol yngr, @iy Brae, |pol y(4-nmethyl pentene-1
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9. A process as definad in im1, {wherei rﬁgu d rretal ion is a copper ion.
20 WO 01/ 89Gr0 PCT/ $G01/ 00698 10. A procesm as deflined in claim1,
wherein said strippi ng—seluti-on—+s—seteeted-fromthg group consisting of
sul furic acid, hydrocHloric 8¢id, and ni t?’l‘lg I?ﬁim d. 11. A process as defined
in claiml10, V\,herei n sal dNHI I‘-HI{IH)_;I ng sol ut| omconpriges sulfuric acid. 12. A
process as defined in elam ur-ther sing—+gcovering said netal
ions fromsaid strippilng so|‘ﬁ‘{| | 3. A 5%180 ss as |defined in claim12,
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said stripping soluti ghi—14 pér Process—as red—+ claim 12, wherein said
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el ectrow nni ng of copper i onsi from sai d stleloﬁlm ng sqlution. 15. A process
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solution in a nolar cdncentration of at | &astV2-4 ti|mes greater than the
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Experiments with this model solution were conducted in the flat horizontal
membrane depicted in Figure 3. The change in copper concentration and pH of the
solution during metal removal is depicted in Figures 4 and 5. If the initial pH of the feed
solution is 4 as shown in Figure 4, the rate of Cu(ll) transport decreases with time and
levels off without reaching completion and the process practically ceases due to the
simultaneous decrease of the pH in the donor solution. As a result, it is extremely difficult
to achieve complete removal of copper without adjusting the pH of the feed solution
during the SLM process.

If the initial pH of the feed solution is approximately 7 with the additional presence
of ammonia, the rate of pH change is drastically altered as shown in Figure 5. In Figure 5,
practically all copper was removed from the feed solution at the moment when the pH

reaches a maximum value, after which it slowly decreases.
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The characteristics of the hollow fiber module employed in Example 11 are shown

in Table 3 below:
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Excess impregnated liquid was removed by pumping water inside the fibers. The model

feed solution of Example 10 was pumped into the hollow tubes of the module and
separation of the copper ions undertaken. The results of the example are

summarized in Table 4 below:

TABLE 4

Composition of stripping solution H,S04=1-2M,

Cu(lly=0-1M
Flow rate of stripping solution 150 cm’/min
Cu, concentration of NH; and pH at Cu(I)=2.0x10”M
the inlet of the module NH;=4M

pH=7.0
Flow rate of feed stream 65 co’/min
Cu, concentration of NH; and pH at Cu(IT)=3.8x10*M
the outlet of the module NH;=4M

pH=8.1

As demonstrated in Example 11, the present invention permits purification of
metal (e.g. copper) containing feedstream in one pass through the hollow fiber module
while still yielding a colorless solution. The final copper concentration after the treatment
decreased approximately 50 times and can be decreased further with serial connection of
modules. It has been determined that a module with a hollow fiber surface area of 1m?

can purify approximately 4 liters of wastewater per hour. Copper sulphate pentahydrate,
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6. A process as defined in claim 1 wherein the concentration of said weak base in said

aqueous solution ranges ranges from about 0.5 to about 8M.

7. A process as defined in claim 1, wherein said metal ions are selected from the
group consisting of aluminum, arsenic, antimony, bismuth, cadmium, chromium,
copper, cobali, gallium, gold, hafnium, indium, iridium, iron, lead, manganese,
mercury, molybdenum, neodymium, nickel niobium, osmium, palladium,
platinum, rhenium, rhodium, ruthenium, selenium, silver, tantalum, tellurium,

thallium, thorium, tin, tungsten, uranium, vanadium, zinc and zirconium.

8. A process as defined in claim 1, wherein said membrane is comprised of a
material selected from the group consisting of polyethylene, polypropylene, mixed
cellulose, polytetrafluoroethylene, polyphenylene oxide, polybutylene,
polystyrene, polyvinylchloride, acrylonitrile, butadienestyrene terpolymer, styrene-
acrylonitrile copolymer, styrenebutadiene copolymer, polysulfone, poly(4-methyl-
pentene-1), polyvinylidene chloride, polybenzimidazole and chlorinated

polyethylene.

9. A process as defined in claim 1, wherein said metal ion is a copper ion.
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S B oA RRER A oo in (4 12, Wherein said, metal fons are recoysred by

crystallization of metal salts in said stripping solution.

14. A process as defined in claim 12, wherein said metal ions are copper ions and said
copper ions are removed by electrowinning of copper ions from said stripping

solution.
15. A process as defined in claim 1, wherein said weak base is present in said aqueous

solution in a molar concentration of at least 2-4 times greater than the molar

concentration of the metal ions in said aqueous solution.
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