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ABSTRACT KEYWORDS
Extraction of Zn(11) from acetate mediaaswell asfrom acation mixture of MAS-NMR;
Zn(I1), Cd(11), Co(I1), Cu(ll), Fe(l11), Ni(ll) and Pb(I1) derived from asolid FTIR;
waste dissolved in nitric acid (65%), by resin-supported di(2-ethylhexyl) D2EHPA;
phosphoric acid (D2EHPA) was investigated. The treatment by selective Resins;
extraction of thisrecovered solid wasteis of great economic and ecological Impregnation;
importance. Theresins XAD-1180, X AD-7 and XAD-4 wereimpregnated Extraction.

by D2EHPA. The effects of pH, the concentrations, the nature and amount
of impregnated resins were also examined. The extraction yield of each
metal ion wasdetermined asafunction of pH. Theaffinity seriesfor cations
is Fe(l11) >Cu(1N>Ni(1)>zZn(11)>Pb(I1)>Cd(l1)>Co(Il). The interaction
between D2EHPA and the polymeric support was examined through *C-
Magic Angle Spinning Nuclear Magnetic Resonance (¥*C-MAS-NMR),
SIP-MAS-NMR and Fourier Transform Infra-Red(FTIR) analyses. It was
found that the adsorption of D2EHPA on the resin surface involves an
alkyl-aryl interaction. The results obtained herein allow concluding that
the process occurs mainly via an ion-exchange pathway, but increasing
pH enhances an additional chelating process. FTIR measurements gave
clear evidence of interaction between D2EHPA and the different resins,
and indicate formation of metal complex inthe resin phase.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION techniquet23419,
Inthisregard, agrowing interest hasbeen focused
Heterogeneous solvent extraction has recently towardsthe so-called Solvent Extractant Impregnated
experienced areviva through few up-to-datestudies, Resins (SEIR) that display improved extracting
regarding the versatility and the convenienceof this  propertiesin both hydrometalurgy and water trestment
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[15.16] These properties are also essential for environ
mental purposes’®. In most cases, these novel
extracting agentscong st of resin-supported extractants
such as styrene/divinylbenzene (SDVB) resin
impregnated by di(2-ethyl hexyl) phosphoric acid. Some
of these SEIR aredready commercidly available. The
advantages of such aconcept arisefrom the significant
decreaseinthelosses of extracting agent, the absence
of organic solvent, and the improvement of the
extraction kinetics, as compared with conventional
liquid/liquid extraction*6910,

Nevertheless, despitethe growing interest of this
concept, so far only afew fundamental studies have
been dedicated to el ucidate the nature of interaction
between the extraction agent and its support. It has
already been established that the extracting compound
is adsorbed onto the polymer matrix viaalkyl/akyl
interactiong®4. Surprisingly, the amount of metal
removed from asol ution by using an extracting agent
immobilized onapolymer isfrequently higher than that
obtained through conventiona liquid-liquid extraction
using thesame extracting agent(®19. In other words, the
relatively high performance of SEIR cannot beexplained
by smpleakyl/akyl interactions. In acontinuationto
our previouspaperson themetal ionsby liquid-liquid
extraction using D2EHPA and other organophosphorus
extractantd14, The present study deal swith recovery
of metd ionsfromindudtrid wasteliquorsusng D2EHPA
impregnated onAmberlite XAD resins.

Previouswork reported that such animmobilization
doesnot modify the structure of the support, but deeper
insights through 2*C-MAS-NMR, have shown that,
when impregnated with D2EHPA, Amberliteresins
undergo significant structura changes™.

EXPERIMENTAL

Reagentsand solutions

Zinc acetate and D2EHPA analytical grade, were
supplied by Fluka(Switzerland). Threetypesof resins,
also provided by Fluka were used in the present
investigetions, namdy:

i. Amberlite XAD-4 resin: with a nonpolar
polystyrene skeleton, having a780m?.g* specific
area, a 0.51 porosity and a 5nm average pore
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diameter;

ii. Amberlite XAD-7resn: withaweskly polar acrylic
ester skeleton, having a450n?.g* specificarea, a
0.55 porosity and a8nm average pore diameter;

iii. Amberlite XAD-1180 resin: with a nonpolar
polystyrene skel eton, having a800m?.g* specific
area, a 0.60 porosity and a 30nm average pore
diameter.

Two solutionswere prepared:

I. Thefirst set of aqueous0.1M solutions(A) of zinc
(I1) acetatewas prepared at different pH vauesby
addition of different amountsof CH3COOH,;

ii. The second set of agueous solutions(B) was
obtained by dissolvingasolid res dueproduced after
zinc recovery by electrolysisfrom azinc ore, of
mineralogical composition: 54%Zn, 32% S, 6%
Fe, 3% SiO,, 1-2% Pb, 0.5% Cu, 0.5% Cd, 0.4%
Co, 0.25% Ni, and about fourteen other elements
whose contentsarelower than 0.1%, at different
pH valuesasfollow: 8g of the solid residue was
dissolved in 12mL of concentrated nitric acid
(65%), then 150mL of distilled water added and
themixturewasboiled. After filtration, the solution
wasdiluted to 1 litre. It was green and had apH
1.07. After drying, theinsolubleres due represented
15% of theinitia weight. Fromthissolution, 10mL
samplewereintroduced in a50mL flask, and the
pH was further adjusted with agueous NaOH
solution, filtered and then evaporated to avolume
of 25mL.

Instrumentation

Themetal concentrationin the aqueousphasewas
determined through atomic absorption spectrophoto
metry (Perkin-Elmer, Model Analyst 300). A Bruker
Advance 400 spectrometer was used for **C and P
MAS NMR analysis. FTIR spectrawere registered
using a Perkin-Elmer 8300 spectrophotometer.
Potentiometric measurements were recorded on a
Consort C 831 instrument.

I mpregnation procedure

Samples of 10.0g of each dry resin (XAD-4, -7
and -1180) were contacted, at 20°C, with 2g of
D2EHPA dissolved in 50mL chloroform, under
continuousstirringfor 4 hours, thechloroformwasthen
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thoroughly evaporated, and theresulting impregnated
resinswerewashed with distilled water and dried under
vacuum, at room temperature4,

Sorption equilibrium

All sorption studieswere carried out at room tem-
perature (25+2°C) in batch conditions. In 100 mL glass-
stoppered flask, 10mL of agqueous solutionscontaining
zinc acetate or the mixture of Zn(I1), Cd(l1), Co(ll),
Cu(ll), Fe(111), Ni(l1) and Pb(I1) were mixed and me-
chanicaly shakenat 150 rpmwith 0.1g of impregnated
resnuntil equilibriumwasachieved(4 hours). After phase
separation the equilibrium pH was measured and the
meta content in the aqueous phase determined.

Resin capacity

Thecgpacity of theimpregnated resnfor zinc meta
specieswas measured in batch experimentsinwhich a
wel ghed amount of impregnated resin (0.1g) wasstirred
for fourshourswith 10mL of 0.2M(13.08g/L) solution
of themetd. After filtration, asampleof the supernatant
wasanaysed. Theamount of metal sorbed by theresin
was cal culated by mass balance.

Themaximum metal s sorption for amixtureof six
cationswasa so determined using 0.1g of impregnated
resin, equilibrated with 10mL of metal solution having
the composition[ Cd]=204.8 mg/L, [Co]=16.24mg/L,
[Cu]=339.5mg/L, [Ni]=6.03mg/L, [Pb]=1.52mg/L
and[Zn]=954.4mg/L for 4 hours.

RESULTSAND DISCUSSION

3C NM R solid spectroscopic study on theimpreg-
nated resin

The XAD-1180 Amberliteresnimpregnated with
D2EHPA (D2EHPA/X AD-1180) wascharacterized by
both **C and *P solid (MAS-NMR) and liquid state
NMR (figure 1 and 2). For the *C MAS-NMR
analysis, cross polarization from *H to **C(CP) was
employed (CPC MAS-NMR).

Infigure 1-a, the 3C CP/IMAS-NMR spectrum of
thegtartingresinindicatesthe presenceof broad sgnds
at 40 and 125ppm corresponding respectively to the
akyl andthearyl chaing®®, The®*C CF/MAS-NMR
spectrumof D,EHPA/XAD-1180isillustrated by figure
2-b. Broad peakswere observed and attributed toresin
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Figurel: BC-CP-MASNMR of XAD-1180resin (6KHz)

and BCNMR liquid D2EHPA
a- Strating resin; b- after impregnation with D2EHPA; c- *C
NMR liquid D2EHPA; * Rotation peaks
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Figure 2 : (a) 31P-CP-MAS NMR of resin XAD-1180
impregnated with D2EHPA (14K Hz); (b) ®PNM R of liquid
D2EHPA

carbon atoms having reduced mobility. In contrast,
sharp signals were attributed to species displaying
relaivey higher mobility, presumably thosemolecules
adsorbed ontheresin surface.

It isworth mentioning that there existsanarrow
similarity between D2EHPA peaksinfigure1-b (10.4,
13.5, 22.8, 28.6, 29.5, 39.8 and 68.7ppm) and those
observed on an analogousliquid *C NMR spectrum
of the same compound infigure 1-¢(10.9, 14.1, 23.0,
23.3,29.0, 30.0, 40.1 and 69.6ppm). Hence, one must
expect that adsorption on the resin support does not
imply sgnificant modification of D2EHPA molecules.

Surprisingly, threenew broad peskswere observed
at 112.8, 137.2 and 144.1ppm in the impregnated
sample. Theoccurrence of these new peaks could be
explaned by amodification of thechemica environment
around thearomatic ring of theresin dueto the presence
of adsorbed D2EHPA molecules. This observation
suggeststhat theimmohilization of D2EHPA ontheresin
surfacearisesfrom an adkyl-aryl interaction. Thepesks
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indicated by * arethose of rotation, correspondingto a
bad homogeneity of the analyzed sampleand which
correspondtoany signal.

It was a so found that the measured acidity of the
agueous phaseincreases during extraction, asshownin
TABLE1 (seeinitid andequilibriumpH). Thus, it dearly
appears that the hydrophilic extracting group
(P(O)(OH)) of D2EHPA is implied in the cation
exchange. The remaining hydrophobic part may be
involved only in the impregnation of the resin (see
SCHEME 1).

The*PMASNMR spectrum of D2EHPA /XAD-
1180, recorded at aspinning rateof 14KHz, isillustrated
by figure 2-a. Three peakswereobservedat 0.9, -0.1
and-11.2ppm. Their integration, using DMFIT gave
thefollowing vaues: 70.4 %, 22.7 % and 7.3%0%. The
relatively high number of peaksobserved by the solid
state *!P NMR analysis (figure 2-a), as compared to
the liquid NMR in CDCI, (figure 2-b) must not be
surprising, if onetakesinto account that, inthesolid
state, the hydrogen bonds can produce various phosp
horusspedieshaving variouschemica environmentg* 24,

FTIR Spectroscopic studieson the metal extrac-
tion

The comparison between the IR spectra of
D,EHPA and thoseof thethreeresinsbefore and after
impregnation showed slight shifts of the mean
characteristic frequencies, namely P=0, C-O-Pand
C=0 (TABLES1, 2 and 3).

For instance, in the D2EHPA/XAD-7 data, one
observed dight changesinthe C=0 stretching frequency
from 1732cmrt to 1724cmt and the P-O-C bending
frequency from 1045¢cn to 1051 cnt. Similar changes
were also recorded for D2EHPA/XAD-4 and
D2EHPA/XAD-1180in addition to the displacement
of the characteristic frequency v__, of the P=0O bond
from 1238cm 1 to 1219cm . Thesefrequency shifts
provide clear evidence of an effective interaction
between D2EHPA and each resin.

TheFTIR spectraof the D2EHPA resin samples
obtained after the metal extraction step have been
recorded and IR absorption frequencies assignments
to the polymeric matrixes and to D2EHPA molecule
aregivenin TABLES 1, 2 and 3. It is seen that the
characteristic frequency v,,_, of theP=0 bond of both
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TABLE 1: Somefundamental frequencies(in cm™) of D2EHPA,
XAD-4and XAD-4impregnated by D2EHPA beforeand after
Zn(I) extraction

XAD XAD-
D2EHPA  XAD-4 o 0, 4/|/:)er'15(“ )PA Assignments

2966  3028,2932 3018, 2930 2932 vs C-H

1604 1639 vs C=C

1550, 1456,

1421 1553, 1356 1377 Vas C-H
1238 1219 1066 vs P=0
1045 1041 1031 vs P-O-C

TABLE 2 : Some fundamental frequencies (in cm?) of
D2EHPA, XAD-7and XAD-7 impregnated by D2EHPA before
and after Zn(l1) extraction

XAD XAD-
D2EHPA  XAD-7 oo, 7/5)er|]5(||4| I)DA Assignments
2966 2976 2962-2936 2962-2936 v, C-H
1732 1750 1710 vs C=0
1553, 1470, 1553,
1421 1391 14661391 , 466 1391 V= C-H
1238 1238 1149 v, O-P=0
1045 1051 vs P-O-C
1153 1153 v;O-C-0

TABLE 3: Somefundamental frequencies(in cm™) of D2EHPA,
XAD-1180and XAD-1180impregnated by D2EHPA before
and after Zn(11) extraction

S AD XAD-
D2EHPAXAD-1180, o A2 A118(/)/ZI::]2(|E|I)-|PAASS|gnments
2966 3502%;’200' 3441,2932  3441,2932 v, C-H

1635, 1635, 1510, o
1514,1450 1458 Vs &=
1530, 1456,
1421 1530,1456 0010 v C-H
1238 1219 1001 veP=0
1045 1041 1030 voP-O-C
® —
OH
XA-1180
P/ O
Me + 2H"
XA 1180

SCHEME 1: lllustration of the alkyl-aryl interaction
between XAD-1180and D2EHPA

compoundsand the speciesformed after theinteraction
of both molecules have been shifted from 1238-
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Figure3: Variation of thedistribution coefficient of Zn(l1)
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[Zn#] = 0.2M, equilibrium time = 4 hours, T= 25°C
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Figureb5: Effect of the extractant concentration on the

digributionratioof Zn(I1)
[Zn#] = 0.2M, equilibrium time = 4hours, T= 25°C

1219cm* to 1149-1066cm™ The changesinthe P=O
band reflects the charge density of the phosphoryl
oxygen atom and can beregarded asameasure of its
coordinativeactivity. For thisreason, theobserved shifts
in P=Ofrequency after theextraction step indicatethe
formation of metal complex intheresin phaseby a
solvatation process of Zn(11) by D2EHPA throughits
phosphoryl groups?. Two additional bandswerea so
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registered in the 550-450cm* region where the POOr
and POC deformation occurl2,

Extraction of zinc(l1) on D2EHPA impregnated
XAD-4,-7and -1180resins

Effect of pH

Sorptionisotherm experimentswere carried out to
investigateZn(11) extractionwith XAD/D2EHPA resins
from 0.2M Zn(CH,COO), solution at different values
of initial pH. Metal distribution data(D), defined by
equation(1) andwasplotted aslog D versusEquilibrium
pHinfigure3.

D=2Zn(1)/1Zn(11) aquecus (1)

where the bar idicates the specie inthe resin phase.

The sorption of Zn(I1) with D2EHPA impregnated
XAD-4, 7 and 1180 resins can be expressed by the
following stoichiometric relation*4.

Zn?" +(2+q-t)HR+t CH,COO- <

Zn(CH3CO0) R 1) (HR)q +(2-t)H" @

where HR representsthe D2EHPA.
Figure 3 show that for XAD-7 thedtraight linegives
aninteger (2—t= 1), equation 2 becomes:

Zn? +(q-1)HR+CH,CO0- &
Zn(CH3;COO0)R ) (HR)q +H*

For Amberlite XAD-4 and 1180 the slope of the
straight linesgivesanon-integer, 1.5and 0.2, respec-
tively. Use of the lope analysisto determinethe sto-
ichiometry inthese caselead to erroneous results be-
causethe concentration of D2EHPA intheresinislim-
ited to anarrow range'4,

Theinfluenceof initid pH ontheextractionof zinc(l1)
from solutionAisreportedinfigure4. Extractionyield
wasdefined by thefollowing equation:

©)

R(%) = % 100% (4

where [M™] is the amount of metal in the resin phase and
[M™], theinitial concentration.

As agenera feature, increasing pH induces an
increaseintheextraction. Thismainly dueto aspecific
behaviour of D2EHPA, aready reported €l sewherd?,
D2EHPA actsboth asan ion-exchanger and chelating
agent and that theratio between thesetwo competitive
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processesvariesaccordingtothepH. In our experiments,
one observes that increasing pH ought to favour an
additiond extracting capacity.

Effect of D2EHPA concentration on XAD resins

Extraction of Zn(11) were carried out on XAD-7/
D2EHPA resinfrom 0.2M Zn(CH,COQ), solutionwith
variousvarious D2EHPA concentration going from 5
to 389mmol .kg?. Extraction wasfoundtoincreasewith
increasing concentration of D2EHPA. Graphsof log D
vs.log[D2EHPA] wasplottedinfigure5.

From Thisfigurethedopeof thestraight lineequa
~1. Accordingly, equation 3 becomes:

Zn% +HR +(CH4C00") & Zn? (CH,CO0)R™ +H* (4

Thentheextraction of thismetd ion canbeexplained
by assumingtheformation of complex withthefollowing
composition Zn(CH,COO)R™. The FTIR
spectroscopic sudiesof the D2EHPA/XAD-7 after the
extraction step indicate the existence of this metal-
extractant complex intheresin phase.

Effect of resin type

3=] 1XAD-1150
1XADT ]
10 3XADS T

'

n""-f
15 ra a2
g k]
1 f‘fﬂ f/’"{"/‘
&+ ’.:;:.‘"'-

| 7

o Bl [ 0¥ o4

Extraction vield, wii "

Amount of the imprgnated resins (g)

Figure6 : Extraction yield of Zn (I) versus the amount of
theimpregnated resins

'

T=Ghubion of 20l Ac) 0 &)
2=Gohbew of solid raside | B

Extraction vield, wii "

a0 45 58 &0

Initial pH

Figure7: Extractionyield of Zn (11) from solutionsA and B
versusinitial pH

[Zn#],= 0.2M, equilibrium time =4 hours, T=25°C
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Experimental results showed that Zn(ll) is not
extracted by not impregnated XAD-4, -7 and 1180
amberliteresinswith extractantg?4. It isnoteworthy
that, the highest extraction yieldswere obtained using
the XAD-1180resin, irrespectiveof pH, asillustrated
by figure 6. This presumably was due to the higher
specific surface areaand the larger diameter pore of
thisresin, these features ought to result in increased
loading of D2EHPA on the resin surface and,
subsequently, inimproved extraction capacity.

As compared to XAD-4, the XAD-7 resin
impregnated with the same amount of D2EHPA (0.6
mol D2EHPA/kg resin) displays arelatively higher
extraction capacity, aisng most likely fromthepresence
of ester groupsontheresinframeworks. Theester group
can act asan additional chelating site. Fromthe FTIR
spectraof the D2EHPA/XAD-7 resin, beforeand after
themetal extraction step, (TABLE 2) itisseenthat the
caracteristic frequency of the C=0 bond have been
shifted from 1750to 1710cm. Thisresult indicatesthat
C=0 groupment intervenesin theZn(11) complexation.

As a genera tendency for the three resins, the
extractionyiedincreased proportiondly withincreesng
amount of impregnated resins(figure 6). Such aresult
wasexpected and can beexpla ned intermsof increased
amount of supported D2EHPA. Thedlight discrepancy
observed between the three resinsimpregnated may
arisefromtheintrinsic propertiesof theresinthat can
also play acertainroleinthe extraction process.

Effect of solution nature

Both setsof solutionsA and B containing Zn(11)
were contacted with the D2EHPA/XAD-1180 samples
under the same operating conditions. The results
obtained for the sorption of theZn(l1) from solution A
(only Zn(11)) and from sol utions B(containing Zn, Cd,
Co, Cu, Fe, Ni and Pb) arepresentedinfigure 7.

Figure 7 showsthat the Zn extraction yield from
solutionA ishigher than from solutions B.

For instance, for a given pH of ca. 5, the Zn
extraction yieldisca 21.4 % from solution A. For a
similar pH, theextractionyield is15.4%for solutions
B, suggesting adetrimental effect of the presence of
other cations. This can be explained in terms of
competitivity inthecationsinteractionswith extracting
sites?¥, In other words, one must expect that the Zn
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Co?. Equilibrium time=4 hours, T=25°C

TABLE 4: Quantitativedataon theliquid-solid extraction of
themixtureof cationsby XAD-1180/D2EHPA

Composition of
filtrate before
extraction (mg/L)

Composition of
filtrate after
extraction (mg/L)

Initial
pH

Equilibrium
pH

[Cd]=238.1[Co]=17 [Cd]=229.0,
0, [Cu]=2180.0, [Co]=16.8,
190 [Fel=34.2, [Ni]=90, 181  [Cu]=21236, [Fe=14,
[Pb]=8.4, [Ni]=8.4, [Pb]=8.0,
[Zn]=1306.4. [Zn]=1250.8
[Cd]=233.2, _
[Co=165, [%g]fl%?é’
261 . [CU=21456, 219  [Cu]=2068.0, [Fe]=0.4,
[Fe]‘[lst')]z’_g\"{]‘&z’ [Ni]=7.7, [Pb]=7.8,
[Zn]=1306.4. [2n)=1196.8
[Cd]=225.9, )
[Co]=16.3, [[%dg]'fllgf’
383 _LCU=20340, 241  [Cul=19536, [Fe]=0.1,
[Fe]‘[5'g]' [gus]_e.g, [Ni]=6.3, [Pb]=6.3
Pb]=6.8, 3 3
[Zn]=1179.2. [2n)=1010.8
[Col=16.1, _
) [Ca]=15.9,
[Cu]=1953.6, _ _
w o o e
[Zn]=1162.0. [2n]=983.6
[Cd]=204.8, .
(Co=16.2, [[((::dg]‘jl%%?’
>20 [Ni][fg]()_?ﬁﬁji‘l5 241 [Cu]=137.4, [Ni]=4.70,
B [Pb]=1.4, [Zn]=807.6
[Cd]=191.9. _
. [Cd]=184.0,
[Co]=15.6, ! >
571 [Cu=2602, 251 [?ﬁ]ﬂig'j’ {%];358'8’
[Ni]=4.6, [Pb]=0.9, el
[Zn]=796.0. :

extractionwill be progressively hindered astheamount
of acompetitivecation isincreased.

Resin capacity

Themaximum metd sorption for zincwasstudied
using 0.1gof impregnated resin, equilibrated with excess
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amount of initial meta ion solutionA (10ml, 13.08g/L)
for 4h. After filtration, the val ue obtained wasfound to
be 274.64mg/1 g of impregnated resin (4.2mmol/g) at
equilibrium pH=4.82. Thisimpregnated resn hadahigh
retention capacity for zinc compared to XAD-2
functionalized by 2,3-dihydroxypyridine(Cd: 6.8mg/
9)?4, divinyl benzene-styrene functionalized by 2-
(p-vinylbenzylamino)-akanoic acid (Cu: 0.26, Zn:
0.22mg/g)"»4, amacroporusresin obtained by radical
polymerization of copper(l1) methacrylate complexes
with water, pyridine, 4-vinyl pyridine, with ethylene
glycoldimethacrylate(Cu: 3.28mg/g)'®!, Dipex(Th
(1V):86.1, U(VI):145.7, Nd(l11): 45.4, Fe(l11): 32.1,
CA(ll): 45.0and Ba(l1): 45.0mg/g)® and modified silica
beadsimpregnated with LIX 84 (Cu: 15.25mg/g)!?".
The maximum metal sorption for amixtureof Six
cationswasa o sudied using 0.1g of impregnated resin,
equilibrated with 10mL of initial metal ionssolution
B([Cd]=204.8mg/L, [Co] =16.24mg/L, [Cu]=339.5
mg/L, [Ni] =6.03mg/L, [Pb]=1.52mg/L and [Zn]=
954.4mg/L) for 4h. After filtration the val ue obtained
wasfound to be 35.8 mg/g at equilibriumpH =2.47.

Extractability and Selectivity

Investigation of theeffectsof variouscationsonthe
extraction of Zn(I1) showed the ability of the D2EHPA/
XAD-1180 materid todiginguish thedifferent andytes
and extract them, frominitial pH=1.90t0 5.71(TABLE
4 andfigure8). Theremovd efficiency of iron showed
thehighest value among the six metals studied, which
wasextracted withayield higher than 96% at any pH®.
Theremova of cobdt from the aqueous solutionswas
negligibleat thegiven pH range.

Under these conditions, the extraction ability of

XAD-1180/D2EHPA resin, asafunction of initial pH,
intheorder (Figure8):
Co (I)<Cd (I1)<Pb (1) ~ Zn(I1) ~ Cu( 11)<Ni (I1)<Fe(I11) at pH,
=1.90; Co (I1)<Cd (I1) = Cu (11)<Pb (I)<Ni (I1)<Zn (I1)<Fe(l11) &
pH, =2.61and 3.83; Co (I1)<Cd (11)<Cu (I1)<Pb (11)<Zn (11)<Ni
(IN<Fe(I1) at pHi = 4.63; Co (11)<Cd (11)<Pb (11)<Zn (I1)<Ni
(IN<Cu(ll) at pH.=5.20and 5.71.

Thissequencewhichrelatesto ared solutionwith
morethan seven cationsisdifferent (except for Fe) from
that seenfor D2EHPA done. Thisiswhy adecrease of
Zn(11) extractionyield in the presence of other cations.
Fromamulti-elementssynthetic solution, theextraction
ability of XAD-2/D2EHPA resindecreaseasafunction
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of pH intheorder Cu<Cd<Zn, However, theextraction
ability of D2EHPA in organic solventsdecreaseasa
function of pH in the order Cd<Cu<Zn'@. The same
behaviour observed in separation factorsin extraction
of Cu, Cdand Znfrom areelssolution on XAD-1180/
D2EHPA resin and by D2EHPA in organic solvent
showsano changeof theextraction ability of D2EHPA
mol ecul es adsorbed on Amberlite XAD-1180.

Different behaviour observed between XAD-1180
and XAD-2resinsseemsto indicatethat the extraction
reactions depends enormously on the composition of
the solution, morethereare e ementsmoretheability of
extractant changes. Thisresultindicatethat theextraction
can be explained in terms of a competitive process
between the polymeric matrix, theD2EHPA molecules,
H,O" of agueoussol ution, themeta ionseventhosein
thetrace state and water molecules?.

CONCLUSION

Theresultsobtained hereindlow to concluding that:

The 13C solid state NMR studly indicatesthat the

immobilization of D2EHPA on XAD-1180resin

arise from an akyl-aryl interaction. The acidity
increase observed after extraction suggeststhat the
processoccurs preponderantly viaanion-exchange
pathway, due to the hydrophilic extracting part

(P(O)(OH)) of D2EHPA.

b. FTIR measurements gave clear evidence of
interaction between D2EHPA and the different
resins, and indicateformation of metal complexin
theresinphase.

c. TheZnextractionyield decreasesin the presence
of other competitive cationsthat area so extracted.
Thisis well argued by the affinity of the resin
impregnated towards the various cations. The
removal efficiency of ironionsshowsthe highest
vaueamongthesx metd studied, whichisextracted
withayied higher than 96%at any pH. Theremovd
of cobdtionsfromtheagueoussolutionsisnegligible
at thegiven pH range.

d. Theextractionyieldincreases proportionaly with
the amount of impregnated resins. The specific
surfaceareaand the number of accessibleextracting
sitesarecritical factorsthat influence greatly the
efficiency of theZn extraction process. Ascompared

Extraction of cation mixture with Di(2-ethylhexyl) phosphoric acid
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to XAD-4, the XAD-7 impregnated with the same
amount of D2EHPA sampledisplaysardatively
higher extraction capacity, arisng most likely from
the presence of ester groups on the resin
frameworks. Thereester group can act asadditiona
chelating agents.
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