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ABSTRACT

Four synthesized resins (AFR, PFR, SFM, and AFMiivdd from o-substituted benzoic acid
were used for adsorption of sodium ion. It is ie tlange of 5.50 mmol/g to 7.76 mmol/g. pH
study reveals that resins exhibit a good sodiumhange capacity above pH 12.0. Thermal
stability of resins show that the sodium exchangpacity remains unaltered up to 373 K.
Langmuir isotherm and Freundlich isotherm was uB@dsorption of three metal like Cu(ll),
Zn(ll) and Pb(Il). The adsorption follows Freundiisotherm model and Langmuir isotherm for
all four resins.. These resins were used for chtographic column separation of Cu(ll) and
Zn(ll) from brass sample using distribution coeéit value (K). The resin was experienced for
separation of ternary synthetic mixture of [Cu@p11)-Pb(Il)]. The developed procedure was
also tested for the removal of Cd(ll) and Pb(llprir natural water of Purna river near by
Navsari, Gujarat, India.

Keywords. Chelating Resin, Chromatographic Column Separatibapngmuir Isotherm,
Freundlich Isotherm.

INTRODUCTION

Nowadays heavy metals are among the most impgutdhitants in source and treated water and
are becoming a severe public health problem. Imdlstnd municipal waste waters frequently
contain metal ions. Industrial waste constitutes thajor source of various kinds of metal
pollution in natural watefl]. The heavy metal ions are stable and persistenironmental
contaminants, since they cannot be degraded anbged. These metal ions can be harmful to
aguatic life, and water contaminated by toxic metas remains a serious public health problem
for human health. There are many different metHodsreating wastewaters. Current methods
for wastewater treatment include precipitation,grdation, sedimentation, flotation, filtration,
membrane processes, electrochemical techniques,exahange, biological processes, and
chemical reactions. lon exchange resins have begelaped as a major option for treating
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wastewaters over the past few decades [2, 3]. 8ata@sins reduce the residual concentration
of heavy metal to below the maximum limits [4-6heTinfluence of complex formation on ion
exchange sorption equilibrium and on the distrimutof metal ions between the liquid and resin
phases has been extensively studied [7, 8].

Solvent impregnated resins have been extensivady or separating and recovering valuable
metals. Among the separating methods porous rasipsegnated with extracting solvents have
offered many advantages over the use of liquididicgktraction, due to characteristics of the
solid phase. These advantage include good selgctprieconcentration factor, binding energy
and mechanical stability, easy regeneration fortiplal sorption-desorption cycles and good
reproducibility in the sorption characteristics. Mastudies on the adsorption of metal ions on
ion exchange resins such as Dowex A-1 [9], and iBu@T-73 [10] have been reported.

Bhavna et al [11-15] had synthesized four chelatorg exchange resins (AFR, PFR, AFM,

SFM) from o-substituted benzoic acid. These rebed been studied as chelating sorbent for
several metal ions [Ni(Il), Cu(ll), Zn(ll), Cd(liznd Pb(ll) ].The studies of total ion exchange
capacity, effect of pH, and concentration for défe metal ions were carried out. Column

separations of metal ions from their binary mixtusgere achieved in tartaric acid media at
optimized (Ky) values.

In present study same resins (AFR, PFR, AFM, and)Skere used for sorption of sodium ion.

Different studies like effect of pH, salt splittimgpacity, and thermal stability was carried out.
Sorption isotherms like Langmuir and Freundlich evearried out for three metal ions [Cu(ll),

Zn(Il) and Pb(I)]. These four resins were useddbromatographic column separation of Cu(ll)
and Zn(ll) from brass sample using distributionfGornt value (Ky). The separation of heavy

metal ions from synthetic mixture [Cu(ll)-Zn(I)-ADY] was also tested. The removal of Cd(ll)

and Pb(ll) from natural water was also carried out.

MATERIALSAND METHODS

Materials

All the reagents were of analytical grade. Phthalidd, Anthranilic acid, Salicylic acid
(Ranbaxy fine chemicals, S.A.S. Nagar) were usedreagived. Formaldehyde, M-cresol
(Qualigence fine chemicals, Mumbai) was used asived. Resorcinol: (Glaxo extra pure) was
purified by rectified spirit. Metal ion solutionsene prepared by dissolving appropriate amount
of metal acetates in double distilled water anddaadized by complexometric titratiG'.

Synthesis of Resins

Four resins AFR (Anthranilic acid- Formaldehyde- sBeinol), PFR (Phthalic acid-
Formaldehyde- Resorcinol), AFM (Anthranilic acid-orfaldehyde- M-Cresol) and SFM
(Anthranilic acid- formaldehyde- M-Cresol) were #yesized according to early research
literatures[11, 12, 13, 14, 15] Recrystallised (0.1mole) Aattilic acid (13.7g) / Phthalic acid
(16.69) / Salicylic acid (13.8 g) (A.R. grade) wgreund to fine powder and was taken in to a
250 ml four-necked flask. It was fitted with a cender, thermometer, stirrer and addition funnel
containing 20 ml of DMF, which was added dropwiseoam temperature. After the addition of
DMF, 37% w/v 25ml formaldehyde (0.3 mole) was addien addition funnel with constant
stirring. It was stirred for 1h at room temperaturéen, the solution of resorcinol (11.0 g, 0.1
mole) / m-cresol (10.8 g, 0.1 mole) in 20 ml DMFsaadded from addition funnel at the rate of
2 ml/min. The mixture was heated on water bathO&°C + 6 °C temperature with stirring for
about 2-3 h till soft jelly type material was obsted.
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The cured mass was then crushed to 20 — 50 meshpsizicles and it was washed with
methanol and finally with hot double distilled wate remove unreacted monomers. The resin
was dried in vacuum oven at 100. The sieved resins were used for all of the érpnts
during the research period. Physico-chemical ptaserof four synthesized resins were
summarized in Table-1. The possible structure sihsewas exhibited in Figure-1.

- + HCHO +
y \ HO
HO 0
Condensation
Polymerization in
DMF media
Y
_ . _
B CH 2 -
y S HO
HO )
| an
Synthesized Resin
Metal ion M 2+
solution
_ X _
— CH 2 | —
y/
OH
NN
HO
| J4n

Adsorption of metal ion on Synthesized resin

Where, X = -NH, -COOH or —OH and Y= -OH or —CHM*? Metal lon [Zn(ll),Cu(ll), Pb(I1)]

Figure 1 Structure of synthesized resins.
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METHODS

Sodium Exchange Capacity

Approximately 10 g of each sample of dry resin wasghed and taken in a beaker to convert it
into H" form with 2 M hydrochloric acid. Each resin samplas filtered, washed with distilled
water for neutrality and dried in air. Exactly ogeam of each sample of resin il Fbrm was
taken in a dry 250 ml Erlenmeyer flask. To the s@mp the Erlenmeyer flask, 200 ml
standardized 0.1 M sodium hydroxide solution wasead Each mixture was equilibrated for 24
hours with intermittent stirring. 50 ml aliquot thfe supernatant liquid was titrated with standard
0.1 M HCI. The sodium exchange capacity was caledlay following formula:

200X Normality of NaOH) — 4 (ml of aciXX Normality of HCI)

Sodium Exchange Capaciy
Weight of sampl& (% solid /100)

SEC=milli equivalents of cation exchange capacitf/gry resin in H form.

Effect of pH
The H form of each resin sample (0.2 g) was accurataighed into different glass bottle. To
each bottle, 100 ml of the solution of pH rangimgni 10.0 to 12.5 was added which was
prepared by varying the quantities of 0.1 M NaOHison prepared in 1 M NaCl solution. The
resin was kept for equilibrium with the mixture f@ h and then residual basicity was
determined.

Rate of Exchange

For H" form of each resin (0.25 g) was accurately weigimad twelve different glass bottles.
100 ml of 0.1 M sodium hydroxide was added to damttle and resin was allowed to remain in
contact for different period of the time with int@ttent shaking. At definite pre-determined
interval, the solutions were decanted and aliquadee titrated against standard acid and from
this, capacity released at different time interwatye calculated. The values of the capacities
were converted into percentage exchange and wetteglagainst time.

Salt Splitting Capacity

Each H form of the resin (0.25 g) was accurately weighed twelve different glass stopper
bottle. 10 ml of 1 M NaCl was added to each bodihel the resin was allowed to remain in
contact for different periods of time with interteiit shaking. At definite pre-determined
intervals, the solutions were decanted and aliqwet® titrated against standard alkali.

Thermal Stability

Thermal stability of the cation exchange resin he free acid form was determined by the
following procedure: Each resin {brm of known capacity) about 1.0 g was heated égatec
oven at a pre-determined temperature for eight saoline capacity of portion of the heated
sample (0.25 g) was determined by directly equalibg with standard alkali solution (0.1M).
Another portion of the heated resin (0.25g) waenegated with acid, washed thoroughly with
distilled water and its capacity was determinede Experiments were repeated by heating the
resin to different temperatures in the range of B8 393 K for each resin sample.

Adsorption Isotherm for Metal lons
Adsorption isotherm studies were carried out ire@es of 100 ml reaction bottles. Each bottle
was filling with 25ml of different initial concerdtion of different metal ion solution [Cu(ll),
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Zn(Il) and Pb(Il)] while maintaining the resin dgea at constant level (0.25g). After
equilibration, the solution was separated and aealyby complexometric titration. The initial
concentration of solution taken for the studies W8s 15, 20 and 25 mg/L. The equilibrium
adsorption capacity was calculated using followeqgation,

qt = (Co-Ct)Vv
M

Where gt (mg/g) is the equilibrium adsorption cafyacCo and Ct the initial and equilibrium
concentration (mg/L) of metal ion in solution, V(the volume, and M(g) is the weight of
adsorbent.

The amount of material adsorbed is determined fasi@ion of the concentration at a constant
temperature that could be explained in adsorptsmtherms. Equations that are often used to
describe the experimental isotherm data were dpedloby namely, Freundlich [17] and

Langmuir [18]. The Freundlich isotherm model wasoalused to explain the observed
phenomena.

In ge = INKKg +1/nInCe

Where K= (mg/g) is the Freundlich constant amd the Freundlich exponent. Wher@g is the
equilibrium concentration (mg/Ljje the amount of metal ion adsorbed by per granhefidn
exchange resins and- and n are constants incorporating all factors affectihg adsorption
process such as adsorption capacity and inter§ityand n were calculated from the intercept
and slope of the plot.

The Langmuir sorption isotherm is often used tocdbs sorption of a solute from a liquid
solution as

1 _ 1 1

— = +

ge Q° bQ°C,

Where Ce is the equilibrium concentration (mgfg ,the amount adsorbed at equilibrium (mg/g)
and @ andb is Langmuir constants related to adsorption capaaitd energy of adsorption,
respectively. The value of “Qand b were determines from the slope and intesceptthe
Langmuir slope.

Chromatographic Column Separation of Brass Sample

Brass is an alloy containing 60 % Cu and 40 % ZasB sample (0.25 g) was dissolved in about
10.0 ml of concentrated nitric acid and the solutieas evaporated to dryness. The residue was
dissolved in 10.0 ml of 0.1 M hydrochloric acid.l&®mn was filtered and made it up to 25.0 ml
by addition of distilled water in standard measgritask. From this, 5.0 ml of solution was
taken for column separation. This aliquot was diyepassed through each of the column of
synthesized resins. The chelating resin Infétm was packed into a chromatographic column to
form a compact resin bed of 15 cm height and 0.4@meter. This aliquot was directly passed
through each of the column of synthesized resire fiaw rate of 0.5 ml/min. The elution was
carried out with tartaric acid solution at diffet@ptimized condition§* ** 13 ¥4 ¥ The plot of

% metal elution versus ml of eluate is shown iruFeg4-7.
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Separation of Ternary Mixture

Separation of ternary mixture [Cu(I)-Zn(l)-Pb{llby AFR resin has been carried out using
their corresponding conditions ofjKalues. The different conditions for the separatike pH
and molar concentration of tartaric acid are takem early publications [11, 12, 13, 14, 15].

Recovery for Heavy Metal lons from Purna River Wate

20 liter of Purna River water sample from Navs#y was collected in polythene container. The
water sample contains Cd(ll) and Pb(ll). The cotregion of Cd(ll) and Pb(ll) varies from 0.01
ppm to 0.7 ppm and 0.01 to 0.4 ppm respectivelyctwhs higher than the Indian Standard
Desirable Limit. It exhibits higher concentratiohtbese metal ions at Jalalpor. This may be due
to industry effluent of sewage waste in the rivextev. A one liter water sample was recycled
through the resin (AFM) columns for the preconcatn of these metal ions at flow rate 1
ml/min.

RESULTSAND DISCUSSION

Physico-Chemical Properties

The physico-chemical properties of synthesizecheeare presented in Table 1. Water content of
resin is the ability of resin to hold the moistuidhe moisture content of a resin furnishes a
measure of its water loading capacity or its swglicapacity. Many ion exchangers are very
hygroscopic and lose all its water only after pngled heating. Moisture content depends on
many factors such as, on the composition of the r@sitrix, the degree of cross-linking or the
nature of the active groups and the ionic formesins. When resin sample is heated up to 100
°C, initially they lose some weight; soon weightégained after exposing it in the air for 24 h.
This indicates that resin sample contain percentdgmoisture. The percentage of moisture
content of synthesized resins is in range of 8.6a®. The value were calculated in hydrogen
ion form and water associated with 1.0 g of dryrel has been observed that these resins have
low range of percentage moisture content compareétde commercial resins. Moisture content
is an essential component of ion exchange resingxXample; strong acid cation resins contain
about 50% moisture. The amount of cross linkinghe bead has an impact on the moisture
content of the bead and the moisture content mhas an impact on the selectivity. A bead with
high moisture content has a high porosity and ttteve groups are spaced further apart from
each other. The difference in moisture content rbaydue to the different experimental
conditions like medium in which the resins are hgsized, polymeric backbones and functional
groups involved.

Table -1 Physico-Chemical property of lon Exchange Resins

Properties AFR PFR | AFM | SFM SD

% moisture 10.0 9.6 8.6 9.4 0.5

% solid 90.0 90.4 914 90.5 +0.5
True density (dres) g/cm 1.11 1.16 1.15 1.22 +0.03
Apparent density (dcol) g/ml 0.7010 0.70p7 0.68487683| + 0.006(Q
Void volume fraction 0.3642 0.3973 0.4045 0.371270.8050
Concentration of fixed ionogenic group mmolfcin6.1048| 5.7670 6.5508 7.7605 + 0.2000
Volume capacity mmol/ct 3.82 3.47 3.71 4.86 +0.05
Sodium exchange capacity mmol/g dry resin 6.10 05J5 6.24 7.76 +0.20

True density of synthesized polymers is shown ibldd which is in range of 1.11 to 1.22
g/cnt. The true density of commercial resins generadlg between 1.1g/chto 1.7 g/cri. To

avoid the floating of resin particles, true densiyst be more than one. Floating of resin
particles is undesirable in chromatographic studyjt hampers formation of compact column.
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Optimum density and uniform particle size givest@ercolumn packing and performance of the
column. The measurement of column density or appadensity is necessary because
commercially it is sold on volume basis and packedweight basis. Apparent density of
synthesized resins is between 0.68 and 0.76 wkidiven in Table 1, which is comparable to
the density of commercial resins. It may be becafseharge in polymeric matrix, different

functional group and the method of synthesis.

The apparent density parameter gives an idea dfapte length of the packed column for an
ideal column chromatography study. The value oflwmlume fraction of resin is in range of
0.36 to 0.40, which is represented in Table 1. &ppreciable values of void volume fraction
help the diffusion of the exchangeable ion on #rand hence increase the rate of exchange of
ions. Minimum essential void volume provides bettdfusion of exchangeable ions and thus
feasibility of column operation.

Sodium Exchange Capacity

It is one of the most important chemical propertéan ion exchange resin. It shows the number
of groups capable of entering into ion exchangenphenon. The values of sodium exchange
capacities are shown in Table-1.The capacitiesaneasing order, as shown below, is in the
range of 5.50 mmol/g to 7.76 mmol/g. PFR < AFR <MAE SFM. The type of o- substituted
group (acid group, amino group or phenol groupy®leole in establishing different sodium
exchange capacity. Sodium exchange capacity o riesdependent upon the number of ion
active site per unit weight of material. The greabe number of active ions, the greater will be
the capacity. The adsorption of sodium ion alscedep upon the degree of cross linking, as the
degree of cross linking is increase, resin becoroeerselective towards ion of different sizes.
The comparative results are obtained with SFR &Rl-8 resin [19, 20].

Effect of pH

The results of effect of pH on sodium exchange ci&ypare given in Figure-2. It reveals that
resins exhibit a good sodium exchange capacityalpél’12.0. The low capacity may be due to
the unionizable phenolic —OH group at pH- 4 to gH-Erom the graphs, it is observed that
sodium exchange behaviours of these resins aréasitoiweak acid cation exchangers.

9 - —e—AFR
8 | = PFR
7. —a—AFM
SFM
5 6
5 5
£ 4]
>
Z 3
s
Q 1 4
0 T T T T T T 1
95 10.0 105 11.0 115 120 125 13.0
pH

Figure 2 Effect of pH on sodium exchange capacity on synthesized resins.

333
Scholar Research Library



Bhavna A Shah et al Arch. Appl. Sci. Res., 2011, 3 (3):327-341

lon exchange capacity is higher for monovalent ithras divalent ions. This may be due to the
preferential uptake of the monovalent'N@an by highly cross-linked system.

Rate of Exchange

The utility of resin in chromatography depends ba taster rate of ion exchange. Therefore,
determination of rate of ion exchange reaction lmarf practical significance. If the velocity of
the flow to be maintained in the column is saméhasrate at which these reactions occur, then
ion exchange processes are more economic. Theofarchange of sodium ion is shown in
Figure-3. It reveals that for comprehensive exclkamigsodium ions, 18 h to 24 h are required.
For 50 % exchange, AFR takes 50 min, PFR takesAF-M takes 50 min and SFM takes 6 h.
PFR and SFM take more time for half exchange. Iy ip@ due to shell diffusion or particle
diffusion. The faster rate of exchange for AFR &fkdM may be due to presence of —Négtroup,
which favours the ion exchange. In the beginnirggrtte is fast which may be due to the law of
mass action and gradually the rate of diffusionoofs towards the interior of the resins show
slow exchange.

| 4 L 44

100 - A
L ..,-»""//_’_ AFR
90 4 ] —&— PFR
a0 4 AFM
, SFM
- .
[
(o}
c
[
[
X
LLi
0 10 20 30 40 50 60 B 9 12 15 18 21 24

Time (Min) Hour

Figure 3 Rate of exchange for sodium ion on synthesized resins

Salt Splitting Capacity
The salt splitting capacities of the resins areaalinzero, which suggest that ion exchange with
neutral salt like 1 M sodium chloride solution eya.

Thermal Stability

Thermal stability tests give significant informatidor cation exchange resins. When resins are
heated from 313 K to 393 K temperature for 8 hisitobserved that the sodium exchange
capacity remains unaltered up to 373 K. This maybe to cross-linking between monomers,
which produces tough resin. The results are gimehable-2. Each resin shows little increase in
the capacity when heated to above 373 K. This éstdy(1) destruction of some of -Gtbridge
between aromatic ring, and (2) removal of the dgomsad products which had neutralized the
ionogenic groups. The thermal stability of resin kem resins useful for ion exchange
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chromatography at high temperature. The thermdlildyaalso affects chemical and physical
properties, which are important for exchange cdpaci

Table-2 Thermal stability data

Sodium Exchange Capacity ( mmol/g dry resin)
Temp. (K) | AFR| PFR| AFM| SFM
313 6.05| 5.65 6.11 7.71
333 6.10 | 5.77 6.23 7.70
353 6.12 | 5.77 6.25 7.70
373 6.15| 5.76 6.27 7.73
393 6.30 | 5.82 6.44 7.85

Adsorption Isotherm for Metal lons

A sorption process could be preceded by the folhlgwnechanisms: (1) ion-exchange reaction,
(2) physical adsorption, (3) molecular sorptionetdctrolytes, (4) complex formation between
the counter ion and the functional group, and {grate formation at the surface or in the pores
of the adsorbent. The quantity of metal that cdaddaken up by a resin is a function of both the
concentration of the metal and the temperatureedrirplots of Ige versus I@e show that the
adsorption follows Freundlich isotherm model. TlomstantsKg andn for Zn(ll) , Cu(ll) and
Pb(Il) metal ions on different chelating resin gyst are presented in Table 3. The correlation
coefficients (K) are considerably higher for Zn(Il) and Cu(ll).€rtalue of 1/n thus determined
is of the same magnitude as those of commerciatorexticular chelating resin Amberlite IR-
120 [21].

The higher fractional values of 1/n signify thatosg adsorption forces are operative on the
system. The magnitude of 1/n also gives indicatbrthe favorability and capacity of the
adsorbent/adsorbate system. The valuesliefbetween 1 and 10 indicating favorable adsorptio
[22]. For all four resin, Pb(ll) shows less tharvdlue for n. Due to electrostatic effects, the
metal binding strength increases with decreaséeftadius of hydrated metal ion and increase
of charge of the metal ion. If a strange field regent, electrostatic effects may be come the
dominant factor, such that small ions which havéigher charge density are bound more
strongly. Due to higher ionic radius of Pb(ll), agstion of Pb(Il) on resins is very difficult and
for this reason it may shows less exchange capatity12, 13, 14, 15]

Adsorption obeys Langmuir isotherm model for alifoesins. The correlation coefficients?(R
are more than 0.9 for Zn(ll), Cu(ll) and Pb(Il)hdvalues of Qandb were determined from the
slopes and intercepts of the Langmuir plots andessmted in Table 3. The Langmuir equation is
applicable to homogeneous sorption where the sorti each sorbet molecule on to the surface
has equal sorption activation energy. The essechiatacteristics of Langmuir equation can be
expressed in terms of a dimensionless separataborfar equilibrium parameter, RL [23].

1

R = 1+bCo

Where b is the Langmuir constant angli€the initial concentration of metal ions.
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Table 3 Langmuir and Freundlich I sotherm Constant

Resin Metal Langmuir isotherm Freundlich isotherm Exchange
ion Q° b R? Ke(mg/g) n R Capacity*

(mg/g) (L/mg) (mmol/g)

AFR Zn(ll 0.5199 0.1542 0.9825 0.182( 42337 0MJ0 0.9473
Cu(ll 1.0028 0.0400 0.9952 0.0759 1.7313 0.9792 88®4

Pb(l) | -0.9916 -0.0094 0.9903 0.0024 0.6568 0.9720 0.5277

PFR Zn(llh 1.3931 0.0196 0.9846 0.0385 1.31p4 (0988 1.0210
Cu(ll 3.9900 0.03290 0.9724 0.080( 1.0463 0.9276 .97%6

Pb(l) | -28.010 -0.0004 0.9823 0.0114 0.9900 0.8720 0.2914

AFM Zn(ll 1.9766 0.0062 0.9940 0.0153 1.1325 0/96 0.2574
Cu(ll 3.4083 0.02009 0.9686 0.1104 1.3888 0.9852 .631b

Pb(l) | -3.8350 -0.0046 0.9852 0.0014 0.5840 0.9618 0.1957

SFM Zn(lh 1.1596 0.0251 0.9152 0.0394 1.3320 0048 0.5319
Cu(ll 20.876 0.0041 0.9997 0.0773 1.0000 0.9990 6316

Pb(ll) | -2.2210 -0.0045 0.993"5 0.0044 0.7856  0.9477 0.2659

* Results are taken from literatures [11-15]

The values indicates the isotherm to be eitheavworbble (R >1), linear (R = 1), favorable (0 < R<1) or
irreversible (R = 0). The values of Rcan be calculated from result obtained from thedrmauir isotherm. The R
value for both the metals Cu(ll) and Zn(ll) undéundy are lying between 0 and 1 indicate favorahdsaption
[24]. The negative value of Langmuir constant (b) Pb(ll) suggest that it gives, Ralue more than 1 and
adsorption of Pb(ll) on synthesized resins werey\difficult. It may be due to, As ionic radius irases, charge
density decreases, the adsorption capacity of ggitbd resins decrease as for Ph(ll).

Chromatographic Column Separ ation of Brass Sample

An effective way of separating solute particles aadable of extracting positively charged ions
is ion exchange technique. Quantitative binary ssmas of metal ions were performed by
column chromatography using elution technique. &reparations are based on the exploitation
of the difference in the exchange potential ofat#ht ions with respect to the resin. Certain ions
were capable of forming anionic complexes; pas$edugh the column unabsorbed leaving
behind the second metal ions on the column. Theslatar eluted with suitable eluent. The metal
ions adsorbed by the resin were then eluted witflerént eluents depending on thq ¥alues.
After the metal elutions were complete the resis vemenerated to hydrogen form using mineral
acids such as HCI. The results of Kalues presented in Table 4. The reason for $etect
sorption and desorption of certain metal ions canatiributed to the larger difference iy K
values.

The superior selectivity towards multivalent casioaxhibited by chelating resin has been
demonstrated in column experiments by using/#&lues. [11, 12, 13, 14, 1%n ideal situation
would be such that onegKalues is ten times greater than thevidlue for other ions, while the
other approaches zero. The first eluting fractiohtartaric acid carry one metal ion, which has a
smaller Ky values. The second metal ion can be eluted bygthgrhe tartaric acid concentration
to a level that has a lowest Kalues for second metal ion.

Separation of Cu(ll) from Zn(ll) by AFR was penfoed, at initial pH 3.0 by selective elution
of Cu(ll) with 0.3 M tartaric acid solution and @b with 0.5 M tartaric acid solution at pH 5.0,

which is shown in Figure-4. The elution percentag€u(ll) and Zn(ll) was found to be 85%
and 70% respectively. In case of separation of[xfifdm Cu(ll) by PFR, the resin column was
equilibrated at pH 3.0. Zn(ll) was eluted with OM tartaric acid. The first few fractions

contained only Zn(ll) and the later fractions camtanly Cu(ll) which was eluted with 0.5 M

tartaric acid at pH 5.0. There was no cross contatitn in the separation which is shown in
Figure-5.
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Table4 Kg4valuesof metal ionson synthesized resinsin tartaric acid media at different pH

Resin I\/:;al Tartaric acid Conc.(M) 30 Kd\?/f\SIuesaZ'(élffere;ng 6.0
01 444 615 675 246 375
0.2 96 | 600 999 528 245
cu(ln 0.3 705| 84.3] 999 1086 990
05 1500, 84.3 994 150j0 7055
AFR 1.0 702| 600 875 1022 698
01 11.4] 144 174 261 831
0.2 486| 552| 618 681 756
Zn(in) 0.3 232.8] 160.§ 1015 1332 154.4
05 627| 431] 285 384 574
1.0 285| 306 333 360 384
0.1 3000 2250 1500 240 -
0.2 1000 332 334 156 1450
cu(ll) 0.3 900| 705 - § -
05 B - - - -
1.0 - - - - -
PFR 01 450] 302| 450 513 1050
0.2 21.0| 608| 27.6 218 450
Zn(in) 0.3 2200 91| - | 128 -
05 180] 2401 96| 4200 -
1.0 480] 27.0] 362 21.0 -
0.1 900] 905 544 39.0 1500
0.2 1500 2103 370D -| 1035
cu(ln 0.3 900| 21594 514 1002 758
05 - [ 758 - | 1324 -
1.0 - - - - -
AFM 0.1 C [ 756 90.0] 71.0 995
0.2 995| 750 1000 90.0 -
Zn(in) 0.3 516| 450 8568 305 603
05 304| 182 454 123 -
1.0 905| 5501 240 245 51p
0.1 2053 1576 - 21 20.
0.2 3002 1004 694 - -
cu(ln 0.3 : - - = 2903
05 - - - 1 20
1.0 - - - - -
SFM 0.1 = [ 63| 904 458 754
0.2 00| - B - [ 21.0
Zn(in) 0.3 276| 450 213 336 -
05 635| 600 5.8 - -
1.0 1502 - | 600 - -

The elution percentage of Zn(Il) and Cu(ll) wasrfduo be 92% and 65% respectively. In the
separation of Cu(ll) from zZn(ll) by AFM, Cu(ll) wasluted first at 3.0 pH and 1.0 M tartaric
acid concentration and then Sorbed Zn(ll) waseeluwith 0.2 M tartaric acid at pH 4.0 which
is shown in Figure-6.
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Figure 4 Separation of Brass sample on AFR.
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Figure5 Separation of Brass sample on PFR.
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Figure 6 Separation of Brass sample on AFM.
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The elution percentage of Cu(ll) and Zn(ll) was rHduto be 86 % and 76 % respectively.
Separation of Cu(ll) from zZn(ll) by SFM was cadieut, at initial pH 3.0 by selective elution
of Cu(ll) with 1.0 M tartaric acid solution and @b with 0.2 M tartaric acid solution at pH 3.0,
which is shown in Figure-7. The elution percentag€u(ll) and Zn(ll) was found to be 75%

and 70% respectively.

50 Cu(ll) 1.0M,3.0pH  Zn(ll) 0.2M,3.0 pH

50 -

NN
o
I

% Metal Elution
(98]
(e ]

O &
> v T *— T T b

0 10 20 30 40 50
ml of Eluate

Figure 7 Separation of Brass sample on SFM.

cu(ll) 0.2M, 3.0pH  Zn(ll) 0.1M,4.0pH  Pb(ll) 0.5M,3.0pH

% Metal Elution
- N N
(6)] o ()]
| | |

[
o
L

al
I

o
&

20 ml of Eluate 40 60

o

Figure 8 Separation of Ternary Mixtureon AFR.

Separation of Ternary Mixture.
Separation of ternary mixture [Cu(ll)-Zn(ll)-Pb{llby AFR resin has been carried out using

their corresponding conditions ofyKvalues. First Cu(ll) was eluted at 3.0pH and 0.2M
concentration of tartaric acid. Then Zn(ll) wastetuby changing pH to 4.0 and concentration of
tartaric acid at 0.1M . Finally at 3.0 pH and 0.8bhcentration of tartaric acid Pb(ll) was eluted.
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The recovery of Cu(ll), Zn(ll) and Pb(ll) was foutmbe 70% , 65% and 45% respectively. The
plot of % metal elution versus ml of eluate is shaw Figure-8.

Recovery for Heavy Metal 1ons from Purna River Water

To verify the applicability of AFM chelating resirsing preconcentration of trace metal ions like
Cd(Il) and Pb(ll) from river water sample, the extion and elution of metal ions was studied.
The metal ion concentration of Cd(ll) and Pb(lf),river water and after preconcentration was
determined by Atomic Absorption Spectroscopy. Téeowvery of heavy metal ion from column
was carried out using 2M HCI solution. The recovefyCd(ll) and Pb(ll) ions was 85 % and
84 %. The results indicate that the extraction @ation of Cd(ll) and Pb(ll) is little affected by
the coexistence of salt matrices.

CONCLUSION

Various study like exchange capacity, rate of ergea thermal behavior for sodium ion has
been carried out. Sodium exchange capacity forhegted resins is comparative with other
commercial resins. [25] AFR resin shows rapid exgeafor sodium ion, which is very
important for chromatographic separation. All resshows good sodium exchange capacity
above 12 pH. All resins were thermally stable seytban be used up to 373 K. The Freundlich
and Langmuir adsorption models were applied formaiatical description of synthesized resins
equilibrium data. The present results demonstiaé both isotherm models fit fairly to the
adsorption equilibrium data in the examine coneitun range for Cu(ll) and Zn(ll). Heavy
metal ion like Pb(Il) was not fit with both thisoherm. So these resins may be very useful for
the analytical separation of heavy metal ion framnsition metal ions. Using distribution
coefficient value (I§) of synthesized resin binary mixture can be easglyarated. These resins
may be also used for wastewater treatment in imglusise of chelating resin is the method of
choice due to its high separation efficiency anddgoeproducibility; therefore, these resins can
be used in enrichment of metals from various saurog adopting preconcentration and
separation from various matrices.
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