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ABSTRACT KEYWORDS
The polymer inclusion membranes used for the sel ective transport and sepa- Polymer inclusion
ration of metal specieshasemerged inrecent years. In thiswork, adevel op- membranes;
ment of a novel class of membrane for performing copper and zinc ions PIMs;
separation is reported. The membrane is polymerized from cellulose triac- Membrane extraction.

etate (CTA) and other polymers (P4V P or PMMA) with crown-ethersincor-
porated into the polymer as a metal ion carrier using tris ethyl hexyl phos-
phate or dioctylphtalate as plasticizers. Structural modifications promoted
by the nature of the plasticizer and polymer that affect metal ion migrationin
polymer inclusion membranes (PIMs) were evaluated using FTIR, Scanning
Electron Microscopy (SEM), X-Ray Diffraction (DRX) and Thermogravimetric
Analysis (TGA). An analysis of the effects of different polymers on copper
(1) and zinc (11) transport using crown-ethersas carrier revealed differences
in transport profiles that can be explained on the basis of the nature of
polymer and plasticizer used. The transport flux and its efficiency depend
onthe chemical nature of the plasticizer. It can be perceived that TEHP () =
10.2 mPas, er = 4.8) and DOP (1 = 76 mPa.s, er < 10) produce the highest PIM
transport of ions. The polarity and viscosity appear to be the main charac-
teristics of the membrane plasticizer which affect the PIM transport. Indeed,
the plasticizer polarity influences the chemical potential of metal ion parti-
tioning into the membrane, whereas increasing the viscosity of the plasti-
cizer decreasesthe rate of transport, most likely by inhibiting the diffusion
process. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION asmetd sand acidsfrom dil uteagueous sol ution because

it combinesinasinglestage, anextractionand astripping

Liquid membraneprocesseshavebecomeanaitrac-  operation. In order to reduce theamounts of reactants
tivedternativeto conventiond solvent extractionforse-  and energy needed for separationsand to decreasethe
| ective separation and concentration of compoundssuch — environmenta and economicimpact of solvent extrac-
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tion separations, several membrane-based separation
techniques have been proposed inthe past 30 yearg*S.

Amongthese, supported liquid membranes (SLM)
have been extensvely sudied sncethey offer hightrans-
port ratesand good sdl ectivity, thereforebeing avery
i nteresting option to overcomethe solvent extraction
downsides® (from arecent review on supported liquid
membrane-based separations). Nevertheless, SLM
show aninherent lack of stability that hinderstheir use
inpractica applications. Carrier mediated transport of
metal ionsacrossliquid membranesisoneof the prom-
isng optionsfor therecovery of metd vauesfromvari-
ouswaste streamg’16l,

Thisisof great relevanceinthenuclear industry in
view of thestringent nucl ear waste management regula-
tions. Inthiscontext, few attempts have been madefor
therecovery of radiologically toxiclong-lived actinides
and fission productsviz. 2!Am, *Sr, ¥’"Csemploying
extractantslike octyl (phenyl) - N, N — diisobutyl car-
bamoyl methyl phosphineoxide(CMPO), dimethyl dibutyl
tetradecyl -1, 3- maonamide(DMDBTDMA) and crown
ethers using membrane based techniques™*9. Polymer
Inclusion Membrane (PIM) systemshave been success-
fully designed for metd extraction using solvating-type
extractantssuch ascrown ethers, trioctyl phogphineoxyde
(TOPO), tributyl phosphate (TBP) and -diketones>
A, Severd other kindsof carriers(akyl dithiophosphoric
acids, dkylammonium sdtsand neturd ionophores) have
a so been employed for thispurposg 27,

Alternatively, several authorshavereported that
polymer inclusion membranes (PIM) show good long-
term stabilities, dthoughin generd lower fluxescanbe
obtained with thiskind of membranesduetotheir high
viscosity. Recently, acomparison between SLM and
PIM performance has been reported by Paugam and
Buffle?l, who show that similar phenomenacontrol
Cu(l) fecilitated transport across both types of mem-
branesusing lauric acid as carrier. However, they do
not discusson the stability of both membrane systems.
Inasimilar way, Schow et d %, comparethe fluxes of
K+ through a cellulose tri-acetate (CTA)-2-
nitrophenyloctyl ether (NPOE) PIM containing crown
ether ascarrier (DC18C6) with severd other DC18C6-
chloroform liquid membranes. Theseauthorsfound that
PIM fluxeswerethree ordersof magnitudelarger than
thoseexhibited by thethin sheet and hollow fiber SLM.

Macromolecules

Inthiswork, we have synthesized anovel classof
plasticized cdllulosetriacetate membranesmodified by
carrier incorporation that are selectively permeableto
copper and zinc cations. The membranes polymer +
plasticizer + carrier were characterized using chemical
techniquesaswell as Fourier Transform Infra— Red
(FTIR), Scanning Electron Microscopy (SEM), X-Ray
Diffraction (DRX) and Thermo-gravimetricAnalysis
(TGA). A comparative study of transport mechanism
acrossplagticized membranescalled polymer inclusion
membranes (PIM) has been made.

EXPERIMENTAL PART

Chemicals

Copper (1) nitrate, zinc(I1) nitrate, chloroform,
cellulose triacetate (CTA), poly4-vinyl pyridine
(P4VP), polymethyl methacrylate (PMMA) and Tris
(Ethylhexyl) Phosphate (TEHP) wereanalytica grade
reagents obtained from Fluka company. Dioctyl
phtalate (DOP) was product of Carlo Erba Company.
The carrier: 12 crown 4 noted 12C4, 15 crown 5
noted 15C5 and dicyclohexane 24 crown 8 noted
D24C8 were product of Aldrich Company. All
reagents were used as received without further
purification. The aqueous phaseswere prepared by
dissolving the different reagentsin distilled water.

Figure 1 representsthedifferent polymersusedin
thiswork.

We used two plasticizers; Tris(Ethylhexyl) Phos-
phatenoted (TEHP) and Dioctyl phthd atenoted (DOP)
(figure2).

We used three crown-ethersascarrier (figure 3):
e 12-couronne-4 noted (12C4).

e 15-couronne-5 noted (15C5).
¢ Dicyclohexane-24 couronne-8 noted (D24C8).

Membranespreparation

Polymer inclusion membraneswere prepared ac-
cording tothe procedure reported by Sugiuraet al ..
0.1 gof cdlulosetriacetate (CTA) and 0.1g of poly-4-
vinyl pyridine (P4VP) or poly methyl methacrylate
(PMMA) weredissolvedin 20 mL of chloroformand
stirred for 4 hours. Then, 0.2 mL of tris-(2-ethylhexyl)
phosphate (TEHP) or dioctyl phthaate (DOP) and 0.2
mL of carrier (crown-ether) were added under vigor-
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ousstirringduring 2 hours. Thesolution wastransferred
inacircular glass container and the sol vent wasd lowed
to evaporate dowly during 24 hrsto obtain apol ymer

CH,OR CH,OR CH,OR
(0) O, (0)
OR o) OR Q OR
OH OH
OR OR n OR
R =H (Cellulose)
R = COCHj (Cellulose triacetate). @
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Figure1: Chemical Sructuresof polymers: (a) CTA; (b)
PMMA; (c) PAVP
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Figure 2 : Chemical structures of plasticizersused in the

PIMs (a) TEHP, (b) DOP.
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Figure3: Molecular structuresof crown-ethersused inthe
PIMs: a) 12C4,b) 15C5, c) D24C8
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filmwithasmoothlooking surface. Theresulting mem-
brane was extracted by addition of bi distilled water
anddried at 40 °C.

Analysis

The metal concentrations were determined by
samplingsat different timeintervasaiquotsof 1 ml each
fromthefeed and strip solutionsand andysed withflame
atomic absorption spectrometry (AAS, Spectr AA-110,
Varian). Mass flux J (mol.cm?.s?) of the metal ions
through the PIM transferred from thefeed side of the
membraneto the strip Sdewasdetermined applyingits
definition: J= An/SAt, where Anrepresentsthevariation
inmole number of meta ionsinthereceiving solution
during thereferencetime At, and Sisthe membrane
activesurface. IR spectrawererecorded onwith Perkin-
Elmer (Spectrum One) spectrophotometer. X-ray
analyses were recorded on a BRUKER D8
diffractometer usng monochromatic CuK o radiation.

Scanning e ectron microscope(SEM) imagesof the
PIMswereobtained using aJOEL JSM 6360-LV mi-
croscope after gold coating, operating at 10kV.

Thethermo-gravimetric analyseswere achieved
usngaSETARAM TG 96, thermd analysi sinstrument
programmed from 30to 600 °C at rate of 10 °C/min
under thenitrogen atmosphere.

Transport

Thecell used for transport experiments consisted
of two compartments, made of teflonwith amaximum
filling volumeof 50 ml, separated by thePIM. Thefeed
compartment containsthe metal solution at aconcen-
tration of 102M of metal salt; the other compartment
noted strip containsdistilled water. Each compartment
was provided withamechanicd girrer at stirring speed
800 rpm which was previously determined as high
enough to minimizethethicknessof theboundary layer.
The experiments began when starting the stirring mo-
torsin thetwo compartments of thecell. The exposed
membraneareawas 9.61 cm?. All theexperimentswere
performed in athermostat at 25 °C.

RESULTSAND DISCUSSION

Physical and chemical char acteristicsof synthesized
membranes

In TABLE 1, some of the characteristics of the
——,  \lBCromolecules
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membrane made with the carriers have been listed
(thickness, water content). We observed that inclusion
of carriersinto thepolymer inclusonmembranesinduced
aremarkableincrease of itsthickness(20um to 32pum).
Asthecarrier moleculesare hydrophobic, thelocation
of carrier molecules at the surface of the modified

TABLE 1: Chemical and physical characteristicsof PIMs.
Thickness Water Content

Membrane

membranes should modify the contact anglewhichisa
parameter indicativeof thewetting character of amaterid.

X-ray diffraction

Figures 4-6 show the X-ray curvesfor polymer +
plasticizer + carrier membrane. Based onthesefigures,
we can observe the following: All synthesized
membranes present a single maximum located at
approximately 20° found in all polymers and

(pm) (%) )
CTA + TEHP + 12C4 28 8.06 corresponds to the Van deer Waals halo. Thus, this
CTA + TEHP + 15C5 20 758 materia presentsbasically amorphous characteristics
CTA + TEHP + D24C8 24 0,12 (al systemsdo not giveany diffraction). It can bedue
CTA + PMMA + TEHP + 12C4 26 8.65 to theabsenceof crystalization withinthe membrane.
CTA + PMMA + TEHP + 15C5 3P 0,06 On the other hand, thisresult should be attributed to
CTA + PMMA + TEHP + D24C8 30 0,50 theamorphous state of the structurewhich permitsus
CTA + PAVP + TEHP + 12C4 27 4,76 to eliminate the mechanism of transfer of theionsby
CTA + P4VP + TEHP + 15C5 29 7,30 success vejumpsbetween carrier complexing sitesina
CTA + P4VP + TEHP + D12C8 21 311 3D assembled state.
330
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—
w2 ) 20 -
f—o_{: 150 o \f:_’, 20
2o , Z = A
E 100 é
o 1 L 1w A
e D =
= o
0 o
) -
c 2 & @ w® w i @ ® & m  m
20 20
Figure4: X-ray diffractogramsof membranes. (a) TAC-TEHP-15C5, (b) TAC-DOP-15C5
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Figure5: X-ray diffractogramsof membranes: (a) TAC-TEHP-12C4, (b) TAC-DOP-12C4
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Figure6: X-ray diffractogramsof membranes. (a) TAC-TEHP-D24C8, (b) TAC-DOP-D24C8
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Figures 7-9 show respectively the spectrum of
thecdlulosetriacetate + plagticizer + 12C4 membrane,
cellulosetriacetate + plasticizer + 15C5 membrane
and cellul osetriacetate + plasticizer + D24C8 mem-
brane. The main feature of these spectrumsisan ab-
sorption band located around 1755 cnr?, whichis at-
tributed to stretching vibrations of the carbonyl group.
Bands at 1237 and 1011 cm? correspond to the
stretching modes of C—-O bonds of carriers. Less in-
tense bands at 2922 and 2890 cm* are attributed to
C—H bonds and the wide band detected in the 3472—
3100 cm™* region is attributed to the O-H bonds
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stretching modes. The obtai ned results showed that
all themaximum values extracted from the spectrum
of the CTA reference membrane, i.e. without Plasti-
cizer and carrier, are present in the modified mem-
branes spectrain addition to those of the carrier mol-
eculesthat also involvethe sameradicals.

TABLE 2 collects the peak values and the
corresponding radicd of polymer + plasticizer + carrier
membranes. Thisshould suggest that nosignsof covaent
bond formation betweenthecarrier, plasticizer, and the
base membrane skeleton, only weak interactions
between congtituentsof the PIMssuch ashydrophobic,
Van der Waal sand/or hydrogen bonds.

TAC + TEHP + 12C4
TAC+DOP+12C4

1267.69

1072.04

T T T T T
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T
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T T T T T T
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Figure7: FTIR spectrum of the(TAC + TEHP+ 12C4) and (TAC + DOP+ 12C4) membr ane
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Figure8: FTIR spectrum (TAC + TEHP+ 15C5) and (TAC + DOP+ 15C5) membr anes.
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Figure9: FTIR spectrumof (TAC+TEHP+ D2408) and (TAC + DOP+ D24C8) membranes

TABLE 2: Peak valuesand the corresponding radical of the

different membranesobtained by FTIR.

Char acterisation by scanning eectr on microscopy
(SEM)

Membrane Pe?'én‘q’ﬁ')“es Cor&?&%g?i ng From SEM images (Figure 10), it can be observed
CTA + Plasticizer + 3469-3473 oO_H that'the morphol ogies of the polymer + plasticizer +
Crown-ethers 2902-2932 C_H carrier membranes had auniform surfaceand gppeared
1731-1748 C=0 densewith no apparent porosity.
1657 C=C(DOP) Characterisation by ther mo-gravimetricanalysis
1460 — CH2 (TAC) (TGA)
1372 — CH3(TAC) _ _
1245-1267 P=0 (TEHP) TheTGA experimentsweredoneusing SETARAM
1072 C-0-C(TAC)  TG96equipment. Figures11-13 show respectively the
956 C-0O-C(DOP)  TGA thermal behaviors of (CTA + TEHP + 15C5),
909 P-O-C(TEHP) (CTA+P4VP+TEHP+ 15C5) and (CTA + PMMA

Macromolecules
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Figure 10: Scanning electr on microscopy of variousmembranes
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Figurell: ThermogramsATG/dTG of (CTA+TEHP+15C5)
membrane.
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Figure13: ThermogramsATG/dTG of (CTA+PMMA+TEHP
+ 15C5) membrane.
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Figure12: ThermogramsATG/dTG of (CTA + P4AVP+TEHP
+ 15C5) membrane.

+ TEHP + 15C5) membranes. Based on thesefigures,
thefollowing observation can be made:

The synthesized membranes (CTA + TEHP +
15C5) and (CTA + PAVP+ TEHP+ 15C5) break in
two steps. Thefirst step at 200-250 °C represents the
main therma degradation of the polymeric chains. The
second one starts at 350 °C and represents the car-
boni zation of the productsto ash.

The synthesized membrane (CTA + TEHP +
PMMA + 15C5) degradesinthree steps. Thefirst one
at 150-180°C represents the main thermal degradation
of thePMMA chains. The second step at 200-250°C
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representsadegradation of CTA chains. Thethird step
representsthe carbonization of adegraded material.

Influenceof thecarrier nature

Thetransport hasbeen achieved with threemacro-
cyclic polyethers, 12C4, 15C5 and D24C8.

Figures 14 and 15 represent the variation of cop-
per (1) and zinc (I1) quantitiestransferred versusthe
carier natureus ng respectively TEHPand DOPasplas-
ticizers. Theresultsobtained show that 15C5isthebest
carrier for twometalicions. Thesdlectivity at theinter-
faceismuch higher whenthemeta cationismorein-
serted inthe crow-ether cavity accordingto theratio
between the polyether cavity and thesizeof theinserted
cation; copper (I1) ions are more adaptabl eto the cav-
ity of 15C5 than 12C4 and D24C8. Thisisduetothe
copper (1) ion size (1.38 A°) which is nearest of the
sizeof thecavity of 15C5 (1.50A°) compared to 12C4
(1.20A°) and D24C8 (2.6 A°®).

Influenceof theplasticizer nature

Plasticizersarewell known compoundsusedin
polymer processing to ensureflexibility andto avoid
brittlenessand cracking. In thisstudy, two plasticizers
(TEHP or DOP) were tested in the order to verify
their effect on the copper (11) and zinc (1) transport
through PIMs.

Figures 16aand 16b show respectively Cu(ll) and
Zn (1) concentrationsin astrip phaseusing TEHP or
DOP asplasticizers. It can be perceived that TEHP

FZZA TEHP
N DOP
FZ

]

CCCCCCCC

50 TEHP plasticizer R Zn

of transport %
[4%) o
{ = | [ ]

rcentage
]
=1

p
=

0

12C4 15C5 D24C8
carrier
Figure14: Evolution of theconcentration of metallicionsin

thestrip phaseversusthecarrier nature. Plagticizer: TEHP.

DOP plasticizer 274 Cu

40 EZ742Zn

D24C8

Figure16: Evolution of theconcentration of metallicionsin the strip phasever sustheplagticizer nature.
(M =10.2¢cP, er=4.8) and DOP (n =76 CP, er <10) thediffusion process.

produce the highest PIM transport of ions. Indeed,
theplasticizer polarity influencesthe chemical poten-
tial of metal ion partitioning into the membrane,
whereasincreasing theviscosity of theplasticizer de-
creasestherate of transport, most likely by inhibiting

Macromolecules

CONCLUSION

A mixtureof cdlulosetriacetate and poly-4-vinyl
pyridine (P4VP) or polymethyl methacrylate(PMMA)
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membrane containing crown-ethersasacarrier andtris
ethylhexyl phosphate (TEHP) or Dioctyl phtaate (DOP)
asplasticizershave been synthesized. These Polymers
+ plasticizer + carrier membraneswere characterized
using chemicd techniquesaswel asFourier Transform
Infrared (FTIR), X-Ray Diffraction (XRD), Thermo-
gravimetricanalyss(TGA) and Scanning Electron Mi-
croscopy (SEM). The systems congtituted by the mix-
tureof Polymer + Plasticizer + Carrier do not giveany
diffraction peak. It can be dueto the absence of crys-
talization withinthemembrane. Thesynthesized mem-
branesdegradeintwo steps. Thefirst step at 200-250
°C represents the main thermal degradation of the poly-
meric chains. Thisresult confirmsthat al synthesized
membranes show avery good thermal stability. The
synthesized membranes present adense and homoge-
neous structure.

A comparativestudy of thetransport acrossapoly-
mer inclusion membrane (PIM) hasshownthat thecop-
per (1) and zinc (11) transport efficiency wasincreased
usingamodified PIM.

Thisapproach openslarge perspectivesfor utiliz-
ing the crown-etherscarrier mediated transport tech-
niqueinthetreatment of hydrometallurgica solutions.
Further effortswill be directed to the determination of
the nature of interactions between polymer and carrier
by useof other materialsand analysisaswell.
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