; €3eBTF26TBXck19 Novenber 2004 WO 01/ 89670 PCT/ S@1/00098 METHOD FOR METAL
+ RECOVERY FROM AQUEQUS SCLUTI ONS BACKGROUND OF THE PRESENT | NVENTI ON Thi s

i nventio de§§r' bes an |Tﬂﬂ”ﬁﬂﬂWM’”d for the efficient’? No¥eRe208¢ et al

i ons sucl BY/&G per ions L BOUB sol uti on by use of BCHEGHUWER] | i quid
menbr ane. Copper may be extrackre froma variety of |iquid conpositions
such as copper containing waste solutions, spent cupric and al kal i ne
streans resulting from copper etching, rinse water from copper

el ect r opl at i n¢MBTHOI FOR, MEAWICRECOWER ViFRDFOA OURDSS Seguhfidigs f rom t he
precipitation of basic coppers salts, as well as produciion of a

m cronutrient supplenent as described in U S. Patent No. 5,451,414. The

concentration of cop __w[i%’m k b nges from about 5
.50 x 10~Zg/ 1, and W%Agte{?era y WW U. S. Patent Nos.
3,927, 169; 3, e 4 758; .4,336,231- 5,670, 035;. and 5, 895, 633
di scl ose t he ﬁggé‘s/‘ge%%}%tdg%%ﬁ%?ﬁ FWBFR‘?@J‘%%*WEW 'gﬁr? eRtalieaeresy of rnesals
. (>2g/1 Cu‘)l §t‘)'[% | i gui d/liquid extraction. However, the concentration of ,

copper ViAPGSchas %RP&FF%“S&OESE‘IHCOWSQ!BWEW@M%&lﬂpn@’tmbléqw'dandmhrmms is too
| ow for profitable application of liquid/liquid extraction and too high for
appl i cati on d¥onpsn maydieaenjmctednfiemds vadstl afi litsd ebmpbsitibis 128l ¥E8pper-

Extraction, Menbranes and |on Exchange in Hydronetal lurgical Dl utg Met al s
Separ at icontairing tveastd) ablusiohs, epent ¥upRe lah@Nalk Mird e&m@&mﬁx{@n ol c@gnd' ing
of | arge volunes of solution containing | ow netal values. L[iquid rane
separ at iefdhingMisde i S . SO xtraction.wth nbr ane
separation foll omeggtg{/) ﬁ??? ic% rfgélg @gbrﬁq)%t'f? égrllé)%kfrsgser;ecopﬁeréco tzﬂﬂﬂng ?ﬂqe S, IS
gener at i j ioterest because of its potential for |ow cost and
ener gy gg%ﬂ%%e%?é tk‘gﬁ’ée%?ltt‘?t’lo&uPﬁsq‘i’é‘r?b?%"ri’grss%]fserﬁsi well g predugtipn ceff @
menbr ane._. SLIV{. LM ?rrpl oys . a solvent/carrier mxture contained within the
pores of 98 l'ﬁlgﬁl}p(p emenb padrscaberbisy U.S. Pafent Noyd 451l 419670 19 Novenber 2004
PCT/ S&01/ 00098 an SLM process, a netal ion may be selectively renoved from
an aqueous neihg conesnttatiomiof epper de ductntampasitidng geraally eahgel flokeaB&ital. i on
with the carrier to forma netal ioncontaining conplex in the nenbrane

i mpr egnded 10f¢/h andensiel gonaitallg drh botii KDUE 07 g/e U.S MBABEKSs. | Sod7 &) Posed
bet ween the netal ion-containing feed solution and an aqueous $trippI’ng

sol uti o13,988N&1ef, " n-£93. j i I i S rou t he menbr.ane
and netal ions ar?z.t’r?esn ﬁﬁq%&édﬂgzg’gﬁ?hémcgfgpglsé@gafjﬁplﬁge gﬂ%é?‘:oé’le@’e %t the
menbr an a j e ri.ppi,ng sojution. . Sul furic acid is one
exanpl e%?)@}é ) s%i g%?ﬁ#S{’JQS ﬂ‘;{efl%%ﬁtefiﬁ otlut?fﬁ? {)%gélngm) é(dilﬂwdgﬂﬂugllﬂxﬁla@%fé‘ss. The

pH gradignt between the feed and stripping solutions is the driving force
for t he&'&“ﬁvﬁ? %%ee%@ce‘;l@c’flé’gﬁ%ﬁer&m??btsélsuﬁlbmfeﬁﬁﬂt%@Wﬁf@@ﬁpimnEwaﬂb qui d
menbranes i.s described in U S. Patent Nos. 5,114,579, 4,661, 257 and

4, 617, 159lutingcks tae dew dor proitably apndicatign pEliquidAtmmid stiraetispend tow highyfori N a
typical SLM process Me"+ ions are transferred fromthe feed to the

stri ppi rpplisation obivncaxdhangeh dndped, Taviaditesicdas i0f‘SéIRentI:ktta HbR AVERbNeON
whereby the pH of the solution decreases over tine. As a result, the

dri vi ngahd e Bxchidpe B ng&ﬁﬁneﬁzﬁ]ﬁﬁ%r%ﬁl Wil Metls S-Egﬁrtaﬁ? “ls{ait«{]%aqes%g\ﬁe% fe - of

pH of the feed solution reduces the effectiveness o e extractl

metal i : i nd reduces.the rate of the SIMtransfer.
A typi cgﬁagﬁkﬁgé t(')'lggcso fgS%%'ceaggﬂ H%enﬂél}(ﬁlgg  YRlytRgs,p Fﬁ“‘%‘i’r&lé‘?mﬁ%l% ain
the drivi Paq f[or ce of SLM process. Fromthis point of view the SLM process
is sini 8UP¥qui d/1iquid extraction. Garry Kordosicy et al. "The Use of
pH Control in, Solvent Extraction Crcuit", Henkel Corporation, 1979,

descri be t heli@4¢megbsangrgparatiomt algick combpies tlonstems ¢ feblveint witgddtios Wirith
extraction. Generally, |laboratory experinents are conducted using a flat
sheet nawmbzne sepdulien dollowdte by elripping floen @inRR®rRYinSA BRIg 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
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2 19 Novenber 2004 WO 01189670 PCT/ SG01/ 00098 pH scat for control. It is
.much nore difficult to achieve a pH controlled pilot sc SL r Ss.!
Large-scal e SLM processes are conducted in an appar at usqhz\{ﬂvﬁMbgrﬁq%éh
surface/ WO W67kt i o, for exanple, by use of hollow fiber PRIGHYE09 he pH
of the feed solution flow ng through the hollow fibers changes dramatically
over time and it is not possible to adjust the conposition of the feed
solution during transport through the hollow fibers. The inability to

mai nt ai nanr8XMrgrodtes, \i ftdl 68 endltbé BeedtRRISkhVACRER A agfecu® mietdlephease
of the renoval rate and may lead to a result where it is not possible to

achi eve ¢! . i x i . h a problemis
proposed in uﬁ%ﬁ&%ﬁﬂgﬁ%@& réa,%gglg?gg?,rﬂé\}ﬁlelro ? "211?11('1'5&63 r%gnséerqpﬁtgﬁp.ﬁaﬁéglgﬁog’t ed
with the extraction,of.a.cati into a solyen ith a carrier, having an
exchange%og'l z (léoctog}ﬁle’ﬁ ’é‘a%’f’f@%{‘ 84° gppﬁﬁglfag‘?%%é‘ tﬁn‘éﬁ&)'?i‘t?‘iﬂnmx&ﬁ% t ofet her
with a different, i on, having an opposite charge, through another nenbrane
into a dMFMEFaREtLS dBferpopesh beteen the metad (ign-containing, fred se gndranaagiiebfier ent .
suitable anion and cation species to be sinultaneously present in

met al constepping gohjioeolise meil eorsodnisinmgconiflex giffices throughetht Hhaataars andr e
conplicated because of the necessity of using two different nenbranes. U S.

Pat ent NaetabidifiBaréOfeslishigipedeson HBidoahI&O0h: the oftRE QMR ¥f e MERPEeRFOVErY
from spent ammoni acal etchant. A conplex salt of copper is precipitatied by

the addi ¢gpppe Q&it}hmyﬁg@%@ IsG1ufigh d 'Suﬂ?}‘iﬁlélgird’ isr e 1e2§f’ﬁ t%ﬁl;BR%{gAgo‘i&E’c%{

together wth a high ntration o remal ns

descri pt} of .the simjl.tan rocessi of ,.a gopper containing, . .
armoni aclit HAY 0% Spleyed ip G’PS@ﬁ@%ﬁe%eﬁ%ﬁﬁﬁﬂﬁe@%%%éﬁEeel%d’.ndﬁ, 1214, i)
whi ch di scl pses a process of mcronutrient supplenment manufacturing by
mi xi ng s{oewonsishsidsiving farcs e theiSLMpEorgrt-s t oget her with the precipitation
of copper basic chloride, which is used as a 3 WO 01/89670 19 Novenber
2004 ~ ' PCT/ SiBOremdab 09 natalcdonnby use of sigipppied lignid méhibitines Q) dgpiibédibgll)
copper acconpani ed by a high concentration of NH3 remains in solution in

thi's prousss sPatetBRoe.TS, ANIE 7S UMEERY SOF addHi, EREBHE\TedchMEEInOMcorporated by

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
chénges 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



It is accordingly one object of the present invention to provide an
.i'nproved process for the recovery of netal ions froman eous fee
solution by use of a supported liquid nenbrane. It is fdsmm’;ﬁrg%]% ct of
the pres™QO0V§¥ntion to provide a process for the renovaPCHSGAEeW@IS i ons
from an aqueous feed solution by use of a supported |iquid nenbrane which
allows effective renoval of the netal ions w thout adjustnent of the
conposition of the feed solution during renmoval of the nmetal ions. It is
anot her Jsta® ] ' | b St REOV] fficient ess
For the omaeSir Burbbon s SRelmd YRR, hehibrCY b ocolid piorfeBidt

wher eby I;IJB‘;“eeSEret al concentration is too |l ow for solvent extraction and too
hi gh for"1on exchange to be practical. It is still yet another object of
the present invention provi de an efficient and highly effective process
‘for the renp rg%{scai%péﬁ}/l PERFSSTE o Ao GorRMIGteds @édalbcﬂpnﬂﬂ%ﬁ Ipving ea ohigh
supported |iquid nenbrane. In accordance with the present invention, there
i s thus P vdumamaiingooeranpleobpsse dHholidve fiber modules.of THeesFRlof it feelir om
“met al - cont ai ni ng aqueous soi utions using a supported |iquid menbrane (SLM
wher eby soheiopHiaving herough ahe BONGWI fiieRTctR@bsY ﬂ@&aﬁéal?dbﬁttﬁﬁe b4 l?tefs"‘ﬁqh‘?n 5.5
and 8 and ammoni a or other weak base or salt thereof is present I1n the
met al - cyYsdbRI ' : | . 4 . CO n ' r 5to 8
Ve whor e o R e HRpa e O B tad (IR AR A e B honR o
salt th Al 4 - WD 011 89670 19 Novepber 2004 PCT/ SG)1/ 00098 ions
present eflibﬁp{ hrgﬂégggﬁklﬁ'otﬁ ‘maiptam, pasimal diving for riﬂli]g‘é‘g e §L Fessdeadséddery of
met al iocr?s fro tio' utioq W thout any need to adjust the pH of the solution
during t9vEreaiapiihg ceraaval gpiepndppay-igadte @Neeytt wherepRinmoia®srible. tolackieme ct s

t he nechani sm of Cu2+/ 2H+ exchange through a supported |iquid nenbrane by
use of HRmPiesemovalad targetedsionsit i Arsolution to such a problem is proposed in U.S.

Patent No. 5,868,935, where a decrease in pH associated with the extraction of a cation
into a solvent with a carrier, having an 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 micronutrient supplement manufacturing by mixing spent ammoniacal and acidic
etchants together with the precipitation of copper basic chloride, which is used as a

3



Fig. 2 depicts the nmechani sm of Cu2+/2H+ exchange through a supported
-l'iquid nenbrane by use of an anmoni a-contai ni ng feed solp
depicts a nodul e containing a flat horizontal supported Thue ane

whi ch mayWBO18%EY in the present invention.
of the lainetics of pH change and copper (I1) concentration in the feed

sol uti on

at an initial pHof 4.0 for the feed solution. Fig. 5is a

gr aphi cal depiction of the kinetics of pH change and copper (rn)

concentr
sol ution.
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Figure 6 schematic

%bﬂ%ggiﬁ%%%%n%%%@ Rﬁs | NVENTI ON The present

nis directed to the recovery of metal s from netal -containing
feed solutions by use of supported |iquid menbranes. Mre

be enpl oyed in the present

arly, the present |nvent|on |s drrected to an |nproved nethod for
! NR

ely and ef fi(2BHR{ 1
| y copper ions, by use of a supported Irqurd nenbrane (SUW

Fig. 4is a grP&?ﬂVﬁQ‘H!OOQ?épr ction

|y i nlasseciondingly wid bbjeer of ¢hy poéseht mvbﬁtlbi@\terfﬁﬁhdgoﬁﬂ &%&89670
PCT/ SGO1/ 00098 the netal ions by netal salt crystallization or

9&%@1@9@%%&0@ 6088tal B fmpé(n 09§ feed%é?m%ﬁb lusg WH&#@&

inrelation to tthe recovery of Mor e par |cu
@ﬂﬁﬁﬂh&ﬂ&alé directed to a nethod for i ncreasing the net nmet a

i on

uring % sLm process resulting in nore conplete renmoval of the

omth f e squ Lon. The renpval of a varjety of metals, formng
conpl exes wit h18 jest AEthepsssenbinyentinn toqrevida @maegess &irthesemoval

en in accordance with the Eﬁesent invention w th enhanced
el metpl tanseam g aquesus feedrsotion Slymsgrof e supparted liquid membrane which

allows effective removal of the metal ions without adjustment of the composition of the
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

4



It has been surprisingly and unexpectedly discovered that, if the
-conposition of the metal -containing feed solution is adjusted such that the
pH of thgvggh@ti on ranges fromabout 5.5 to about 8.0, Ah&Oo¥PBPEr28fy from
about 6 tO 4t 7, and the concentration of the ammoni a BETSGATPMEak base
or salt thereof in the feed solution preferably ranges fromabout 0.5 to
about 8 M and preferably at |least 1M the extraction of netal ions (e.g.,
copper ions) fromthe feed solution is not acconpani ed by a decrease of the
pH of t lLytio on renmpoval of netal during the SLM process. The
pH of tﬁgné @gegelﬁflt}b? SoluHPR; HEFL InveRten peranifi-pidranesserespysnypifimetal
solution to_enhance the efficiency of the process. Further, the amonia or
ot her wogRs BQEEsYRtieny Yithew anyt nesiatol adjest ghe pBnof the silwtiovhdmieg thecSEMCESS
to that of the netal ion in the feed solution. It is desirable for the
nmol ar cameesssrati on of the ammoni a or weak base or salt thereof to be at

| east 2-4 tines greater than the nolar concentration of the netal ions in
.solution. Wile anmmonia or a salt thereof is the preferred weak base for

use in the present inveRIEFHEOCRETIAMOFIATEDEAIIREE ™! oyed, such as but
C

not being limted to hydrophiTic organic amnes such as net hyl am ne,

et hyl am ne ang,vary r I.G. am 2+, Jhe sel ection of such weak bases is
within the SWF'I ii(gf'fﬁ&té%eﬁlrgoug !lﬂr?élesﬁl Pﬁﬁsuhéﬁétr £xchange, thugpgly g Bippered bigyiss

bei ng capable of forming a conplex with the netal ions in the solution. The
6 19 ﬂﬁ%b'ﬁfﬁjé?{%%%r?\mwwe#ﬁmm%oogs purpose of the present
invention is to extract the metal ion f+rom solution and transfer the netal

i on through tHig #rdapictntei mechauisen gb Cubv2Hivexgmage dxotitn at duppsase lighidcopper
ions) fromthe nore acidic stripping solution. In a prior art context, the
aqueous niexghtasobyitsect anhmsmbsie @ORBINTBE fed@bBitisn.and the process eventual |y
ceases. However, if the netal ionis In a conplex with a weak base, it

di ssoci ates URem depeiad nRfduld SortBibile £ 1 wtion and the
netal ion isqqt@gf)ansferred to the Ii%thngd g%ﬂlg@ ?ﬁ%ﬁ@%‘gi‘g iW&gl%ﬁaSPSr ogen
ions i nyhe, ?eglqn : -aqueous feed solution from becom ng nore
acidic. In o%%&g%‘go I rre%{g%?&?h%&g‘f#g@ent i nvention, the feed solution is
passed t hrough por.ous holl ow fibers having pores inpregnated with an

organi ¢ sol u?’li?%n‘,? R4l g)f?ph?@yv@a@gn% x&‘?é@?@%ﬁs efheHi ehdngeTand repper (1)
contai ning sol ution contacts one side of the porous hollow fibers, whereby
a et al ceuqeniRion the fast splution sbarinitial oFoff 40 fedheddet sbheionet al  (e. g.
copper) ions contained in the feed solution. After diffusion of this

conpl ex t hr olfigh 1 fie a gpphipabtiepictiod lofothe tiigetivs! SOPHT LIRS arddNBosRIRIGX | S
destroyed upon contact with the strlppirig solution (e.g., 2Msulfuric acid

or ot herorsfentrapraidithe fell Boitibh hdn HAN SRt &AL R i $0tignf €d 10 the
nodul e adj acent the hollow fibers and gont acts g%e()gg%g%&&hg% of the holl ow

fibers. Metalpid s RIE£ sSRLERSE él‘ﬁ]d. ippto the acid and concentrated
therein due té)gu?ﬂe pH ar eﬁn‘gg el tﬁ{g‘?@é&%&%‘ﬂ?@ﬁ’é@%@@t%d‘sﬂ% #ppi ng
solutio equi ki.bri.umthe ratio of .concentrations of the netal ions

t hat arg&(i:%&trﬁlbgrgm?‘hflfﬁlvf éﬂ‘ﬂéyhﬁﬁﬁ’ﬂ’g}y&dﬂ%aﬁé’?‘éﬁem pyefiosy t he " Donnan

equi libriunt conditions. In the case of Cu2+ or other bivalent cations, the
equi libriumof the systemcan be described by the follow ng equation (1): 2

Cu Feed ( H eed %) Cu2+ (H+ )2 (1) Strip Strip
: ETAILED 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



7 WD 01189670 19 Novenber 2004 PCT/ SGO 1/00098 In accordance with the
.present invention, it is possible, for instance, to confi ratg cz%ﬁﬁer in
the stri p‘gi ng solution with the copper concentration bet %g“ 9 orders
of magni tWB&TAJPer than the copper concentration in the fRISCYIN09%n. The
sole limting factor for the increase of copper (Il] 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
sul furic,acid. . After the cqpcentratjon of .the netal in the strippi

sol ut | onifedERbL o3 by metal.fatf erstaliization oy ather Fagvenfiopal igcoverymetiads (Hg- c as e
of copper in a sulfuric acid stripping, solution, the concentrated stri pping
sol ut i onb¥ & BE aceppeceectpvinpinggioesss iy Felatieq fojthgrregensryiof cepsiskr M@Feut i on
in sulfuric acid having a | ower copper concentration. The netal in the

st ri ppi ngatichlatlyothe pagsehieinventiorets eliretigd do avmethod fial increasiag threovet metalt lonse of
ordinary skill in the art. For instance, copper can be recovered froma

concent r ghgspotiOfiRRl thEISTM PRodels fedhibing ih tnérei ddniplets @othbvdl dfftRe hidhdl from
stripping solution to an extent (e.g., down to 0C) such that copper

crystal | iesefsoliRapens il $raSBRYSH AbGls, BtahaLbipRiboRifidhdsagease

t he concentration o e copper int stripprng sofution to approxinately
209/ 1 or so,, The fi.nal stripping.soluiion.containing approxi. ely 20g/1 ,)
copper - c&h St Piensdtrs ot sl Bt ang e SRUERRRER Bofipariangn velte Bia,dreset
recovered fromthe strip ié\% solution by electrow nni.ng of the copper from

t he sol uinvgatiomyithgpharced peicigncy 4n comparsop tp rrstas g5 YiMimecesseSsent i nventi on
may be used to renpve a variety of netal ions froma netal -containing feed

sol ution. Vi lihas beerpswprsinglyfant vaexpeetedly disconvendd that, ifsthe acmpasitian dfthesef ul ™)

in the recovery of copper froma coppercontaining feed solution, and the

i nvent i Onétdl-cdatilind Esbd@letich ishadjestet suh €hat tHeepH QFQHE ls¥lubibn G rfrothhe
SLM process of the present invention is useful in the recovery of a variety

of netal _j Y i |, ki I AU ' j Yy,
b1 st h, SRS oGP HER O Bty KOl gt 8107, Tl B Bl Rl LR,
copper, cobalt allium.qgold, h i um. .i ndi iridiu iran, |ea
ranganes Ss oF §ihck ek S8 hr SHE BARE i o Reto oS P g trom

pal | adi u pl ati num rheniu rhodj um ruthenium selenium silver,

t ant al umabew) 9.3 tp @hputt $ Y} a&lquf%bhyu%ﬁ least LMy thegeteagtion of inetah iopa 8&um
zinc or zirconium One of ordinary skill in the art can determ ne which
met al s canpizz ions) fessthalfted sodutivnad nbliyacesmpatied by agleersase off the pHtafdhe feerd
course, the applicability of the nmethod of the present invention to any
par ti cul aslubieh aporiepesvds ofmetal ditngiheSIIM tprociks.t The pHicEl the sep Isebatiba rwitld

w th anmmoni a or other weak base or salt thereof as well as the stability of

t he conp Ib@hi%%g B 121@ ;f;}%Ft%E tﬁé‘&ﬂ?@iﬁ?'spﬁimntth enfi¥idedhb Rficiedd)CofSUBRRE RS

i quid menbr use e pre i nvention enpl oys a porous support

i al i ch ) l.- i f | ut i f -t he, .
e o OB AP AR AP R o

materials, including _but not |Limted to polyethyl ene, | ypr | ene, .m xed
cel | ul osEXC§ss) tpt day gﬂtb@rlg@t{ahyqnb%,the feed Solution’ It s dbsirable for the miolar

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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pol yphenyl ene oxi de, pol ybutyl ene, pol ystyrene, polyvinylchloride,
~acrylonitrile, butadienestyrene terpolyner, styrene-acrylonitrile

copol yman&{ &t/é/gr zﬂebut adi ene copol yner, pol ysul fone, 9 November 2004

pol y(4- (ﬁyﬂ-ﬂ tene-1), polyvinylidene chloride, polybeRerTSGdaambe and
chl ori nated pol yet hyl ene. The porosity of such materials ranges from about
20 to 80% The SLM process of the present invention nay enploy a variety of
organi c extractants within the porous support material to assist in renoval

of the rigg}pgls bP . olution. Such extractants include but are
not linmited o &%I lrg%ég%ieﬁsﬁn l%&&éf aﬁtetge S?etgétlﬂ% o5} polutipn B transferathe ant s,

as well crocycl ,c polyethers such as crown ethers, different LIX s
avai | ab Inge%?lgg%hﬁgﬁéb{heg‘?ﬁ PEE I FRChAYeR 95 MEDPEotand G she caskyff abgstr jons)
cupferrqnes, etc. The above listing is not all-inclusive and other
extract %‘?P‘sfﬂ?ﬂo@ acidio sippigirolutRo0 An\lpfidr 80 670 RCTHeHRsHR0RES sbRtids ed
Wi th success in the present invention, the selection of which is wthin the

. ski || ofhusfbecorer innerescidin ahd éheasrbcesBeeenthlly RARRP Eowdvag ;¢ | 30 ;9"
extractants in U S. Patent No. S, 1 14,579, yher ein ir‘n“c’:or p’olfg?g}ga%tyﬁn 1

r ef er eniea cdhpRe wgth 2wekies fdigsd; XJ St | i qui ds, and
cahplerug e, ﬁdls%as&aétgh?gﬁ RSVl dﬁ?@e‘%ﬁﬁ gﬁ%q gL

thus may riot require a liquid solven perneat e of St

suppor t golhfior "B f: i | ve .t he, c | exi ng agent in an
organic | i%%i d s@le\?gé}%? lt8 %a iﬁ!sS%ec egrﬁgiﬁ? ﬁw@&%ﬁ% gxh\ﬁ/iq’taﬁe g‘ﬁds hydregérons as
a sol veg%1 EnO{het“p conpl exi Pg agent. Such |iquid solvents also serve to
enhance the Fare grangiprevsaisihe aqueone fesd selutior dromsbesbmingmotducidigh t he
supported liguid menbrane. A wide variety of aliphatic and aromatic

hydr ocar bonsltc k¢ pabedigical eff thesprebrnt lingmiidn,sthe\fead solifiéh ilpaSed tro

limted to XK| ene, benzene, decanol, toluene, kerosene, dodecane, decane,
2- ni t r opsvewsy holbawy fibetsitenvingnpores Bhpreghdted SithafCorghnik %Bﬁlgiohh%Flﬁﬂf inclfihG  When
a liquid solvent is enployed, the conplexing agéent is disso ved fh the

sol ventar exfiticthntt @héfiizalle The GHeEOHGR dofion concentrati on w thin
the range of fromabout 2 to about 70 erog‘ghrﬁd %@‘tﬁ%%ﬂ? ,Sl‘%r%f;@Fd’é’F?/“Sfrom

bout t |.ght th | .ex] t based th
Conbi nod et e oiieieRY eeRYaL Pl Hor Blor R SeleRlVelg dnmiod Hih toe dnahing.
1 Xt ' dto. i t | [ t h

Fi 1 m orCiso PR BB ForSne & IR odufier."ABe” fidsonton hsciomptne tpughp oy 2

variety,of acidic stripping solutions/agents to renove the netal ions from
the menB? 4reresagiehwall of H hejloxgEbers, tha chmglextintestroyed apoh oith@ iyl T uri
acid, hydrochloric acid, nitric acid, etc. This listing is not

all- i netpping selntior (.02 Mosulfuniaragidséi bther @irdnigeachd wﬁ%ﬂn{ﬁﬁéﬂn'cxn&ﬁ%ﬂi ify a
suitabl e stripping agent for use in the present invention. A concentration

of at seloxs filt @l the Ahddas abBreentf centsation for
t he stﬂdgpi ng agen%h.c 10 fQﬁl\b\}eﬂrar%glr@uggo%\y\%a%q%g@g%%#g%/?)%@_58 . The
- Pr esenthollowitiorp Mol 448 Gfd i dMio'difudehlo Mt NG 2XE EE#H%‘“@& e e e

to be nerely illustrative of the 1 nvention

EXAMPL - ‘ e havin flat, horizoptal nmenbrane as depicted in
Fi'gure%gtﬁ\kég{éggg 8%5%%6%&3?%”‘3?“ %%9‘;% HEBPYE selylons.esent i nventi on.
The nodul e gnpl o%@d alCGnP flat nmenbrane, and the volune of the feed

sol uti on wad*'ee8 REmLthe ratigeof ceneaniragipns ¢fcthe mreta) pomsghataireitartsd wasug0 cnB.
As depicted in the Figure, the nodule included a pH electrode |, a TEFLON
cap 2, the membrane ésdaterdunedhy e DophagequilibtiirdNcehdif@Rd 1S Bl OB Su2*
(copper-cont ai ni ng wastewater), magnetic bars 6 and supported [1quid

rembr aneother bivalehecasnsiheequilt i 8P theAgstALaRYS Rkl o riiRigpr © added

equation (1):
Feed _ Feed
YO + 2 (1)
Cu Strip (H Strip



aqueous feed solution in order to adjust the pHto between 6-7 and the NH3
~concentration to between 0.5-8M as sunmarized in Table 1 below. A stripping.
sol ution was prepared by diluting concentrated sul furi c L2 joyemperdd08ni zed
wat er to‘ypgl’g%iﬁll sulfuric acid as the stripping sol uti on.PGISGII&098t i ons
were nmechanically stirred with magnetic stirrers at 250 rpm A 33%v/v
solution of LIX 54 (a m xture of phenylal kyl - -di ketones with 1

phenyl decanone- 1, 3-di ones as the mmj or conponent) or LIX 84 (Z-hydroxy
5nonyl acet ophenone oxi ne.as, an acti ve substance)_in kerosene sol vent was
used as the ext?%eI4HES ‘é’bq%JP? BrYSTH AnYRBHBR.CIh i Passibley fer insianceT trecaaeentaate ant
solutions were prepared by diluting 8.3 m of comercial extractant {a

ker oseneCApELIN Eif BFPPINK solntipnavitla e cdppemchiecdnttatiom bpimgaip tn)4 iorddsebbsene
(Aldrich) to 25 ml. O her water inmmscible solvents including KERVAC 500-T

( Tri angl magefudedhipley) thabithd c&per TonBrkrhtisi®in ABe FSFacsdtion. FIRARIM

n
Chem cal Co), dodecane, decane, 2-nitrophenylocytyl ether or their 11é) WO

01/ 89670fa3fr N8R0 0 E}S@&%&ﬁ idf it ' ﬁ%m Siniie

| i qui d nenbrane. Porous TI‘E: ON"11 m?%?%cgﬂp%rde{égﬁp?%%sgggfe& tsﬁ%lﬁ%"ﬂ‘é’( pore °
size 0.2 t w0l C: Ity -1 0. apd the thickness - . M) was

i mpr egna*tngl evm%ph&glk k%?lggothexgo ?Jtcg%n OgFOP_l?% o8p WEF‘PH%% FBB‘%@Bi that, gay ke
materials, su as pol ypr | epe, poJ yethylene, m xed cellul ose, etc. can
be used %@°§S§‘E‘J&&I§Rﬂ%‘ﬁ63m‘ﬁﬁm¢a@ ess of inpregnating liquid on a
MIlipore filter was renoved by use of tissue paper and an inpregnated
TEFLON fi | t er Aflesthglcapeantiation of the metdlinethe stripHingsolntion machea|a sutfitieate t o
separate aqueous feed and stripping solutions. The concentration of copper
ion in thighlevel fanskagiple, $0iz/dn thelcasd Moppeein IRAHHEAidRMibAE Shlidn, e USe H)
of a WVIS-N R spectrophotoneter or atom c absorption spectrophotometer. pF
val ues VnBertRidd QkiBPingSoMdicd &l BB lacki | ! Jable 1

bel ow denonstr at es ?ﬁegeffezzt of pH egnag atr?%hoﬁﬁ% %ﬂgﬁlggnat%?&apfﬁotp%r RE% eed
solutio : . ratikon in the stripping solution on copper

r emoval o‘rﬁg% CI}QER?%%%Q&S?%?’[%P gtﬁ Iéy?recr(’pgerhﬁp?c%wp B SLM extraction process.
The copper caﬂgent tion in each . of the feed solutions is 2.1x10-2M
Initially the' & PehinGe SHMpmEsoytionngn be reepveredfyy epnvenionsbmsanslgown

i mpregnating sol ution con}l)jr_i ses 33%v/v LIx in kerosene. 12 WO 01/89670
TaBLE 1 tpothRes, efiinsdingpskiicy theoart.00BgsinEleany| eopper tcam|beCraoposed iftom a2

of Carri er Fi nal Fi nal #Feed sol uti onConcentrati on of Concentration of G-.i and
pH i n t heGoertratdcheippenisdbatiort inaiphutic iatid3o} ¢odling tCEnd. s@8ppind Slutibal® HAC-u
0. 93 x10' ZMCc" =5. 65x10" MpH=3. 45 pH=2. 0 (bl ueNH3=0Msol uti on2Ccu

2. 05x 10’ exidnlt Xe.g4 @ownlto (€} QueHViat tallfRéd=d:
(bl ueNHSe:OI\/lsg?gti on3C2u:§}111u>:<10' ‘K/ﬁ;}l"%g%%-tﬁ =0 73)(40@95@@@%;& popsgyydrate.

H=4, 7 : = | Ui 1 " x10' . X 54Ccu=1.05x10"
VB2, 2 g el eeties et g ddhactiu it of e Hidibedt e sbRbE TR tBiRco
.041x10' MCca 8. 33x10; H=6 =0. 1 .MaH=3. 27. (bl uesagl uti on6C~~ )
2. 11x10' apﬂfﬂ"i%“%‘féiﬁﬁ/l. ﬂg/g?-o % 1 &@anmﬂs.armqﬂsately 20g1 i
(bl uesol ution7Ccu 2. 13x10' " MLI X 84CC'=1. 3x10' MC~u 1.03x10" MpH=7
NH3=1M (POBP§IFARpPe-Teusa! 8% ks steapping salutigns paerper sah wisodysBeeavered SrobD theM | X

54Ccy, =0. 8x10" MCc"=L06x10" MH 7 ~s=1M 0.5 ppm pH=7.84(col orl ess

andt r ansydpring salition bnylecrowitningofdhe ddppr Béficthe 6lutib.’ =1. 02x10'
MpH=10. 3pH=10. 06NH3=1M yel | owi sh andnon transparentsol ution . Exanples 1-4

in Table 1 ab@yﬁrafi@l’@ﬁ&iﬁ@'; ﬂletgﬂ%){ Higﬂ:gssr SHRY ?fes@ﬁt ifrfinEiGh ! ntcll%%\ﬂ gd]d

ineffective at a low pH (e.g., nd 4.7) and NH3 con M or

| ess). Thgorddivhiqh of . ut i f .a tq,increase the

arron; g Cmove s vatiol gn B;[egﬂ iﬁ}lﬁuﬁﬁﬂ 2 Iﬁ&lﬂuéon?zﬁnﬁg B 'Rtfon. Swhilé e 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,

8



‘ i i i i from wat er
f 7 provides highly effective renoval of copper ions

~?tse2 'E:(-la?rpl esp7 13 19 glovenber 2004 WO 01/89670 PCT/ SGO1100098§SBd 8|),
with thegfe ol ution becoming colorless and the pH i nkt¥agemeer20pght |y,
Chemi cal :91@?%72705 demonstrates that the addi tlhonf of dam*r})nlt’ag/sgoin irll({ogﬁt e

' ment of the pH converted Cuz+ ions in the feed sol uti _ _
2glrrglsfax form [Cu(NIF—)B) 2] z+. Extraction of copper fromthis conpl ex IOR into
the nenbrane is acconpani ed by rel ease of two NH3 nol ecul es, which then

i i i i.on. This explains the fact that pH of
Dot oo qedBin Wradiubl Sbof hobl Sa, qqld ey inghurn telime songiod,
i i i 2, in contrast to the nechani sm
transport as illustrated in the Figure 2, ont .
et DUl O R LA Povtl Aot Wk eiptimg, dydnagpiliin,
entration in the - ol t - .
concent et o agumrytpm it s ol kuSEPRBIATSS
Exanples 5 and 6 above). At high pHs e.g:, . I . P o Exam
D! e oo S et s A ATMARIA A ROE ORN BRI 10
S i hiRk i d a high pH
(PoLC ook oan anBmiinl Wi ol in bR LA ufisd PYee REGemessatied it h
(i:e:, I Rl : | renoval undertaken with
o ppor t Eyeitidr O S8 e BRLTENY oF e Rpthad of Glopvessatinventionrio moy — EXANPLE
igpgé;éee Iqﬂgounenet I-containingyfeed solution, simlar to industrial 4
i i } i epare
o PR e B of fomuamiccmes viin
d described in Table . ( / .
?'[] enReseheisvenkdrase eesalithencof B dew%@fdbﬂ&%“gaﬁ/%%?lptl%‘%%gd BW&%Lgnber
' 1 ' ' eto
004 P 1%Eg§ﬁhégﬁggi4ﬁég e?Fﬂéﬁtgomﬁpﬁagﬁis nodel sol ution were conducted
?20?hgo?fat horizonté?lneﬁbrane depicted in Figure 3. The change in gopper
i s o i j . is depicted in
S o os 4 angeaepbitClial chlchiid M HeHedlht Bupliimprnlerse paoatomn | n
Figures 4 an . _ _ n
i ses with tinme and levels o
i S hout tpRSrt et whlchMbachios e REBO in B o et ton from dcsimapidge t o ©he
ol i i As aresult, it is
| t S crease of the pH in the donor solution. a _ :
:prﬂrJ eneaspﬁl?‘ﬁr‘f f Upperh “é?&fmaiv@ycb@rﬁﬁméec} efhwvaiietpbf moterels, ntlutifigtbuadj ust i ng
the feed solution
the pr n%]; 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



during the' SLM process. |If the initial pH of the feed solution is
-approximately 7 with the additional presence of ammobnia, the rate of pH
change is drastically altered as shown in Figure S. In F davember 2004

pract i calWQ 04897 opper was renoved fromthe feed sol uti on PET/SdG0a/0008ENt
when the pH reaches a maxi num val ue, after which it slowy decreases. 15
WO 01189670 19 Novenber 2004 PCT/ S&1/00098 The initial tendency of the pH
to increase results fromthe presence of high amoni um concentration. At an

al kalin hi gh a ni a concentration, cqopper in the donor solution
exi st s err%?ﬁ%eé legh %&88%? WTGHPWEF“WCECH‘SEQEWP%}SWéﬁl@épbélrofl s
extracted into the organic phase the rel ease of amonia results in a nore
al kal i ne&lﬁ Eputifger lﬁrtge &4 s Sg¢. feppsale. thedisenssiopof extactansin U Patent Ko,
equation: ~Cu~3~4~2+ Feed '~ 2H+ Strip = 2~4 +Feed "~ 2NH3 Feed ~'

Ci | 2~g~Pb,1l k4,673 herein eworforate¢pppreferemeacal are approximately simlar in all
three cases presented in Figure 4 and 5, but if the initial pH of the feed

sol ution is apRheudh@iuahberbf RN a6as RRYE] a9k ly and
continual pH adjﬂ&sgtmant i(?srour?necessaargy.SHO\Xev{eE'rP?‘@g?ﬁg’p Fllgdaggmﬂfﬁo?he

ammmoni Ungeh§ife b gt Q and the_existence of amopnia in the

feed sol u?i on gges sg@{%ﬂgﬁa ni %%gﬁlﬁ ﬁ;"?fg‘?ﬁ‘?ﬁ%‘ﬁ%? FHEoRy &?&E%WPLE 11

The poly hol | ow fi ber nmodul e SP 02 (Hoechst Cel anese _

Cor por athHEé n!§ édt g‘g?%’? g geeglinangregie E@lﬂcg/gi’ e’Pththt 15 cherpicallycampatiblel e.  The

support ed, ;gen(?r ane systemused in Exanple 11 and depicted in Figure 6

conpri se¥ithanqd funcony asip splvenp farihe eunplexiog agendr Suchligiid splvepss alpRerve

pressure transducers 3,3, hollow fiber nodule 4, pH electrode 5, data

acqui si ttoenhanesttswaé; off diffusion of theexirhéted mued] éonstthragB theagpbariiqgd ut i on )

tank 9. The characteristics of the hollow fiber nodul e 'errp?oyed I n Exanpl e--

11 are shemBrane. A wide variety of aliphatic and aromatic hydrocarbons can be employed as the
liquid 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.
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in Table 3 bel ow 16 WO 01/89670 TABLE 3 Effepti\éeozurface area of
fibersl nFiber wall thickness30 nEffective pore si zeO.

mPor osi t y309&f fective internal diameter240 nEffective fidoiovembeyi2fd. 4
crﬂ\lurrber@@%@r s7500 19 Novenber 2004 PCT/ SGOL/ 00098 TheRCHSGhBe00ds ber s

[ | [ [ Excess
were inpregnated with 33%v/v solution of LIX 54 in kerosene.
inpregggteg liquid was renpved by punping water inside the fibers. The
nodel feed solution of Exanple 10 was punped into the holl ow tubes of fhe

' ; ' ken. . The . Its of the
ol are onapRsLtinfintol s ARPHELONR ik X EDisserhirbwodricated ppi ng
g)(;?lrjr}[)i g ¥ =1- tC'"i =0- |l ow rate of stri in solutionl50 cm/ m nCu,
concent ra% | onrebfﬁm§ ahe %th%@dM@mM&@GFWet of the

. : ;
nodul eNH3=4. MH=7. OFI ow rate of feed streanmt5 cm/m nCu, concentration o

' NH3 and pH at Cu() n=3. 8x10t he outlet of the nodul eNH3=4M+=8.1 As _ f

demonstrated in Exanple 11, the present invention pernmts purification o

netal (e.g. copper) containing fEBEANPEBSL® one pass through the hol | ow

fiber nodule while still yielding a colorless solution. The final copper

concent rat| oA bl Haling!d ARITRRbALSIAIREN ARRERILIE! Rla o9 Hires, qnd can

be decreased further with serial connection of

: . : »
appr oxi neronstale ie WRpSeoblot el Wehlin TR easil SuploymiedOom fiat " ¥
appr ox : _

pgﬁt ahy. 1an VIO 0{1/ 8963&618“6&0\/ nber 2004 PCT{ SGOL/ 00098 whi ch can be

crystal Tl @a’gﬂfe’r ans e ve % B Wieny s 108 e e ppd dhe goppmee of ithen t he
stripping solution was 20 cm®. As depicted in the Figure, the module included a pH

electrode 1, a TEFLON cap 2, a TEFLON cylinder 3, stripping solution 4, feed solution 5
(copper-containing wastewater), magnetic bars 6 and supported liquid membrane 7.

In the Examples, NaOH and an aqueous solution of NH; were added to the
aqueous feed solution in order to adjust the pH to between 6-7 and the NHj; concentration
to between 0.5-8M as summarized in Table 1 below. A stripping solution was prepared by
diluting concentrated sulfuric acid in deionized water to yield 2M sulfuric acid as the
stripping solution. Both solutions were mechanically stirred with magnetic stirrers at 250
Ipm.

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
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menbrane in a conventional manner, has a purity conparable with reagent

- grade product. 18 WO 01/89670 WHAT IS CLAIMED I'S: fLAIMS _ .. 19 Novenber
2004 PCT/ SGOL/ 00098 1. ~ A process for the renoval / recol@NpverhberdX08f i ons
from aqudfel/4%6T%| i on containing solutions by use of a swBEISGEMOOIBqUI d
menbrane, said process conprising contacting a netal ion-containing aqueous
solution with a first side of said supported |iquid nmenbrane, said nenbrane
containing an extractant for said netal ions whereby said netal ions are

t t eq: i d | utJ id t tant, tacti
11 ppi oehPRRTE whR S ng Satid Pbined socu, 56100 Bmqbtdmenbitanc o

strip sai derfgtal lons fromsaid extractant into said stripping solution,
and wher®

HUnRgt Bore s8R O nhityiiea) patRsity ud). Ybang the thibkrsesa- 61 win) was t he
range of fromabout 5.5 to about 8 and a concentration of a weak base in

st oi chi dmiragnated wils s kersenrasolutiorsaf He Qther lorisophidbiepstoas uR@HalS hét | ON.
2. A process as defined in claim1l wherein the weak base is selected from

t he gr owp polypsipsAdnegpelyetaniens] mixel CeNEBLY, kicC caf BN /MY Iﬁﬁgg(ﬁhggﬁglnt e

thereof. 3. A process as defined in claim1, whereln sal

sel ect e@xéds96F§ U4 1 LSt inRGh: - dj hydr oxyoxi mes,
macrocyclic poI[{i/'lgrte g%rg% h@drg% 0 |éﬁg é%ﬁﬁggwg#ggog‘%ﬁﬁ%‘fsg(?)%)céﬁf)‘feé?af’%‘é‘%d. 4. A
process ,as.. defi i iAp.1 wherein.the extractant is diluted with a
i qui d 28 il ﬁb%g Tﬂ‘}gﬂ s PRSEY intp) tha medBlempspcfiptdayizophd genbrane
process, as defined in_claiml wherein the pH of the aqueous sol ution ranges
f r om ab&ufeParate,aqisgns fepd apd siaippingseluions. defined in claim 1 wherein the
concentration of said weak base in said aqueous sol ution ranges ranges from
about 0.5 toThpsoncemation ofcopmerders irmthedeéd ad sirippilgtdolitionsWi Bedtugd d =
et al ion§ are sel ected fromthe group consisting o f alum num arsenic, ‘-‘--)
ant i monyeriddisaiiyt thy cadniofma QIWONISUNIR CERREHphdIORRLE ogailtjohﬁfn %%Blr}ﬂion
ybdenum

haf nium indium iridium iron, |ead, manganese, nmercury, no

neodyni gBctrBpRdtSinetd OPHUAues Sy Hionﬁ@lleld%gin%@ pH meter with a glass electrode.

Table 1 below demonstrates the effect of pH and ammonia 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 2.1x102M. Initially the stripping solution is 2M sulfuric acid. The

membrane impregnating solution comprises 33% v/v LIX in kerosene.
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pl ati num rhenium rhodium ruthenium selenium silver, tantalum
“tellurium thallium thorium tin, tungsten, uranium vanadium zinc and
zirconium_ 8. A process as defined in claim1, wherein EaNaversbas28é i s
compri se¥YBI/86Hat eri al selected fromthe group consistinBCoEGproges hyl ene,
pol ypropyl ene, m xed cel |l ul ose, pol ytetrafl uoroethyl ene, pol yphenyl ene

oxi de, pol ybutyl ene, polystyrene, polyvinylchloride, acrylonitrile,

but adi enestyrene terpolynmer, styrene- ) acrylonitrile copol yner,

st yr enebut adi ene copol yner, polysukiggg pol y(4-net hyl pentene-1),

pol yvi nyl i dene chl ori de, pol ybenzi Bi%e and chilorinat ed pol yet hyl ene. 9.
A process as defined in claiml1, wherein said netal ion is a copper ion. 20
WO 01/89670 19 Novenber 2004 PCT/ SGOL/ 00098 P 10. A process as defined in

cl ai m I Ex e Minmal il TNy Tsotuston—+s—seleected—i+oem-the group
consi stigng of sq@&gﬁﬁﬁﬁ%%? Bkhycroch e ac bﬁéﬁ%fnit idﬁﬁﬁid.,ll. A\
proces$ as defijned in claim10, jwherein said Lt %S ol eftre t&’Bﬁ‘f)ri ses
.sulfur{c acid. [12. A process as{defined in c Rl hi(lﬂ; % Hey" B riqsi ng ,
recovefing sai q Gipzals » 1OFR 1T OMSal O wetga PPT G Sy ot 12 .zp”ggmo,z&%s as
definef in claijppaE245wherei n saifd netal ions ‘i_ezd@%gvgrr ec?‘bf‘
crystallizationNH,=omtal salts ijn said stri ppoﬂgk'@ ution. 14. A process as
definef2in cl ailrock2,05%0@8eT N Salld MEIRI54T ONS| @1 By S0Far T Ssaie 03"‘ d
copper|ions are¢pHepayed by el ectrow nning of B wLhNS O géli d.
stripplLng solutmﬂh;mﬂ5.zA process as definedibnmgﬁaln1l, wher ei n sai df weak
base i p3present deF2dakd“Ajueous | sol UIk@4 T N ocT0g, RECHTR Tatonanf—hat
| east P-4 tinegphreddter than the nol ar concergégg%ty thf§“_‘r§iba7:t4a(5 1|Wons i n
sai d agueous sONM:FOIM 21 solution)
4 CCI.I=2'1 IXIO-ZM LIX 54 Ccu=1.05x10'2M Ccu=2-21X10'2M
pH=4,7 pH=2.83 (blue
- ISH:’:?.OillMlO'lM solution)
cw=2.11x . LIX 84 Co=.041x10"M | C.=8. -z
pH=6 NH3=0.1M pH=3.27 (blue e S3NITM
6 Ceu=2.11x107M LIX 54 f:omﬁon) z
Cu~&- ca=1.05x10"M | C¢=5. i
pH=6 NH3=0.1M pH=5.01 (blue o> 30x10°M
7 Cc=2.13x10”M LIX 84 o
o=2.13x Cer=1.3x10°M | C,=1.03x107
pH=7 NH,=1M (0.8 ppm) “ M
pH=7.63
(colorless and
transparent
solution)
8 Cav=2.13x107M LIX 54 Co=0.8x10"M | Cc,=1.06x10"M
pH=7 NH;=1M (0.5 ppm)
pH=7.84
(colorless and
transparent
solution)
9 Cew=2.16x10"M LIX 84 Cew<10*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 NH; 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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10@@10%@&: ()-;" 10‘%@: éﬁ Z8"10%&' ()-Z [:dEb@3"10% & ()- &
1096 & ()OBtaRparent pud yeldgvash, prolably) dpeto the gvashiymy qut (Of theexittng fiom the
10%& ()rr-len}l())rane. 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 treatment 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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10" 10" @<10% & () - && & 109%& ()-& $"10% & ()-w aBbCl + 10%<& () -
C " 10%5& ((% & {1 (12)%)<0<&' ()- : )G 10%<& () - &@ 10%& () - F! 19 November 2004
%<& () - &aBbCl 87" 10%<& '
ég"/fgty& 0610 100<& ()-4110%<& () - S/ ' L0%<&' ()-3& m mgc@ooaa%l ~_ @@l
0% ()-3!3!y@O%& ()--10% ()- 10< 10< 10<s<s10%& (?-36m| lO/cK&l ()16%&' _
;<i "dE_@L10% ()-s "10%& ()-|L10% ()- 10% ()- ,3 .}0/«54 I()-.I\/BL L0%& 8
"X(XdE_@Y"" 109%&' ()-L, 109&' ()- sS109%&' ()-s" 10%& ()- s"10%& ()- Ly
Rl +xdE_@f/10%& ()- S& MLO%& () - s*"LABREQ) - L(010%& ()- |
S &10%& ()-ss$"109%&' ()- x, . / 01 =] @ylow& () Z!

!1?0;??%! ((j)E ?@18%‘ 8:2 _ Y- &10WWK ()-&
"1090VK ()- G 7""" #R##d k' ()-Y sl(yoquelo%/& () Z109%V&' () -
" 109%V&' () - FY10%V&' () - [#= $$$9@f%1E @TOVE =5 OTOE] () -
cr 0.5M
Nat 3x10™°M
NH," +NH; 4M
Cu 2x10”°M
Zn 2x10°M
Hg 5x10°M
Ni 4x10°M
Cd 2x10°M
Ca 1x10°*M
Fe total 5x10°M

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(Il) 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 F igure 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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Initial rates of copper removal are approximately similar in all three cases
presented in Figure 4 and 5, but if the initial pH of the feed solution is approximately 7,
copper can be removed almost completely and continual pH adjustment is unnecessary.
However, at a pH near 4, the ammonium ion is not bound to the copper and the existence

of ammonia in the feed solution does not significantly influence the SLM process.

EXAMPLE 11
The polypropylene hollow fiber module SPCM-102 (Hoechst Celanese
Corporation) depicted in Figure 6 was used in this pilot scale example. The supported
membrane system used in Example 11 and depicted in Figure 6 comprises bottle 1 with
stripping solution, peristaltic pumps 2,2’, pressure transducers 3,3’, hollow fiber module 4,
pH electrode 5, data acquisition system 6, filter 7, purified water tank 8, and feed solution
tank 9,

The characteristics of the hollow fiber module employed in Example 11 are shown

in Table 3 below:
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WHAT IS CLATMED IS:
1. ° A process for the removal/recovery of metal ions from aqueous metal ion-

containing solutions by use of a supported liquid membrane, said process
comprising contacting a metal ion-containing aqueous solution with a first side of
said supported liquid membrane, said membrane containing an extractant for said
metal ions whereby said metal ions are extracted from said aqueous solution by
said extractant, contacting a stripping solution with a second side of said supported
liquid membrane to strip said metal jons from sajd extractant into said stripping
solution, and wherein said metal ion-containing aqueous solution has a pH within
the range of from about 5.5 to about 8 and a concentration of a weak base in

stoichiometric excess to that of said metal ions in said aqueous solution.

2. A process as defined in claim 1 wherein the weak base is selected from the group

consisting of ammonia, hydrophilic organic amines and salts thereof.

3. A process as defined in claim 1, wherein said extractant is selected from the group
consisting of B-diketones, hydroxyoximes, macrocyclic polyethers, hydrophobic

amines, and alkylated cupferrones,

4, A process as defined in claim 1 wherein the extractant is diluted with a liquid

solvent.
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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, cobalt, 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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13. A process as defined in claim 12, wherein said metal ions are recovered 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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