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ABSTRACT

Copolymer resin (2,4-DHBEDF) has been synthesized by the condensation polymerization of 2,4-dihyroxybenzoic
acid and ethylene diamine with formaldehyde in the presence of acid catalyst, was proved to be selective chelation
ion-exchange resin for certain heavy metals. The chelating ion-exchange properties of these copolymer was studied
for Fe(lll), Cu(ll), Ni(l1), Co(ll), and Pb(l1) ions in the form of their metal nitrate solutions. A batch equilibrium
method was employed in the study of the selectivity of metal ion uptake involving the measurements of the
distribution of a given metal ion between the copolymer sample and a solution containing the metal ion. The study
was carried out over a wide pH range, shaking time and in media of various ionic strengths of different electrolytes.
The ion-exchange capacity of metal ions has also been determined experimentally and compared with other
commercial resins. Besides ion-exchange properties, the copolymer resin was also characterized by viscometric
measurements in dimethyl sulphoxide (DMS0), UV-visible absorption spectra in non-aqueous medium, infra-red
spectra, nuclear magnetic resonance spectra and C* NMR spectra. The physico-chemical and spectral methods
were used to elucidate the structures of 2,4-DHBEDF resin. The morphology of the copolymer was studied by
scanning electron microscopy; showing amorphous nature of the resins therefore can be used as a selective ion-
exchanger for certain metal ions.

Key words: Polycondensation, Resins, Degree of PolymerizaBtmicture, lon-exchanger.

INTRODUCTION

Many research works has been carried out on theapsiton and characterization of urea containingobomers.
Copolymer is found very useful application as adleshigh temperature flame resistant, fibers, iogamaterials,
semiconductors, catalysis and ion exchange regiH. [lon-exchange resins have attracted muchdsten the
recent years due to their application in waste wagmatment, metal recovery and for the identifwatof specific
metal ions [6-7]. Chelating ion-exchange propertésthe resin involving poly[(2,4- dihydroxybenzapione)
butylene] and its polychelates with transition afetare reported [8]. A new chelating sorbent fagtah ion
extraction under saline conditions has also beedied [9]. Poly (2- hydroxy-4 acryloyloxybenzoph@ed resin
[10] and resin functionalized with dithiooxamidel]lare found to be chelation ion exchangers. Capelg
involving 2-hydroxyethylmethacrylate and 2-methaaylramidocysteine [12], polyacrylonitrile beadsda2-amino-
2-thiazoline [13] and 4-hydroxy acetophenone-bifoemaldehyde [14] are reported for their ion-exuoga
characteristics. The purpose of present studyy isxplore the adsorption behavior of five metalsidté®, Cif*,
Ni?*, Co* and PB* on the newly synthesized copolymer resin 2,4-DHBE& different pH values, different
concentrations of different electrolytes and afedént shaking time intervals. The adsorption ba&hasf these
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metal ions are based on the affinity differencewatuls the chelating resins as functions of pH, tedgde

concentrations and shaking time. The copolymenraster investigations are found to be cation exghahaving
both ion-exchange group and chelating group instmae polymer matrix and the resin can be usedtsallscfor

the purpose of purification of waste water. On¢hefimportant applications of chelating and fundiopolymers is
their capability to recover metal ions from wastduon. Hence the chelating ion exchange propeftthe 2,4-
DHBEDF copolymer resin was also reported for specifetal ions. Pollution by toxic heavy metals daetheir

toxicities in relatively low concentration and temdy to bioaccumulation in the ecosystem, agriceland human
body has received wide spread attention in receatsy Various approaches such as ion-exchangesesosmosis,
electro dialysis, precipitation and adsorption téghes have been developed for the removal andveeg®f the
metal ions from sewage and industrial wastewaterog these techniques, many research works havsddomon
metal ions removal by adsorption on chelating pa&ssn because they are reusable, easily separatslewith

higher adsorption capacity and selectivity havihggical and chemical stabilities [15-16].

The present study deals with the synthesis andacteization of 2,4-DHBEDF copolymer resin by spalct
methods for the first time. The synthesized cope@lymas characterized by elemental analysis, UV-¥BJR, H'
NMR, C* NMR, intrinsic viscosity and number average molacuveight. One of the important applications of
chelating and functional polymer is their capabitit recover metal ions from waste solutions. Hettlee chelation
ion-exchange property of the 2,4-DHBEDF copolymesim was also reported for specific metal ions. &om
commercially available ion-exchange resins arergiveTable 1.

MATERIALSAND METHODS
All the reagents and chemicals were of the anallyticade

Preparation of 2,4-DHBEDF copolymer resin

A mixture of 2,4-dihyroxybenzoic acid ( 0.1 moljhglene diamine (0.1 mol), formaldehyde (0.2 mai)l a2M HCI
(200ml) was taken in a round bottom flask, fitteith water condenser and heated in on oil batt?ét+ 2°C for 5
hrs with occasional shaking. The resinous solidiped obtained was immediately remove from the flaslsoon as
reaction period was over and then purified.

The solid resinous product obtained was repeatedihed with cold distilled water, dried in air gyolvdered with
the help of mortar and pestle. The powdered sampgewashed many times with boiling water to remomesacted
monomers. The air dried powdered then extracted digthyl ether and then with petroleum ether tooee 2,4-
dihydroxy benzoic acid-formaldehyde copolymer whialyht be present along with 2,4-DHBEDF copolynesin.
It was further purified by dissolving in 8% NaOHI#ion, filtered and reprecipitated by gradual dwige addition
of ice cold 1:1 (v/v) concentrated HCl/distill wateith constant and repid stirring to avoid lumpnfation. The
process of reprecipitation was repeated thrice. rébalting polymer sample was filtered, washed s#\tame with
boiling water, dried in air, powdered and kept atuum over silica gel.

Characterization of the copolymer

The copolymer resin was subject to micro analysis@, H and N on Elementar Vario EL Il Carlo Erb&a08
elemental analyzer. The number average moleculaghteeM N were determined by conductometric titration in
DMSO using ethanolic KOH as the titrant by usingn2® of sample. A plot of the specific conductangeiast the
milliequivalants of potassium hydroxide required freutralization of 100 gm of terpolymer was mal#spection
of such a plot revealed that there were severalkisrén the plot. From this plot the first break ghd last break
were noted. The calculation d¥l N by this method is based on the following considenaf17-18] : (1) the first
break corresponds to the stage at which the fiigi@aphenolic hydroxyl group is neutralized, a2) the last break
observed beyond the first break represents the stag/hich phenolic hydroxyl group of all the refieg units are

neutralized. On the basis of the average degrgmlgmerization, aD) the average molecular weight have to be
determined.

Total milliquivalents of base requir®r complete neutralization

3
0
I

Milliquivalents of base required for smallest inviair

N = DP x molecular weight of the repeating unit

<|
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The intrinsic viscosities were determined using ur-Fuoss viscometer at six different concentratianging
from 0.3 wt % to 0.05 wt % of resin in DMSO at @0ntrinsic viscosity1) was calculated by the Huggin's eq.(1)
[19] and Kraemer’s eq.(2) [20].

InNef/C =[] + Ky [N] 2Corrmmmemes o
Inn,/C =n]-Kz[n] . 2)

Electronic absorption spectra of the copolymer®MSO were recorded with a double beam spectropheter
fitted with an automatic pen chart recorder on theamsitive paper in the range of 200 — 850 nm.

Infrared spectra of 2,4-DHBEDF copolymer resin wasorded in najol mull with Perkin-Elmer-SpectrunX-R
FT-IR spectrophotometer in KBr pallets in the ran§d000 — 500 crhat Sophisticated Analytical Instrumentation
Facility, Punjab University, Chandigarh. Proton NMRd C* NMR spectra were recorded with Bruker Adanve — II
400 NMR spectrophotometer using DMS@abk a solvent, at Sophisticated Analytical Instrotaton Facility,
Punjab University, Chandigarh. The surface analysis performed using scanning electron microscopiéfarent
magnifications , which is shown in Figure 5. SEMs lieeen scnanned by JEOL JSM-6380A Analytical Scanni
Electron Microscope at VNIT, Nagpur (M.S.).

| on-exchange properties

The ion-exchange properties of the 2,4-DHBEDF cpmelr resin was determined by the batch equilibrimeathod
[21]. We studied the influence of various electtesy the rate of metal uptake and distribution @ftahions
between the copolymer and solutions.

Deter mination of metal uptake in the presence of electrolytes of different concentrations

The copolymer sample (25 mg) was suspended ineatrelyte solution (25 mL) of known concentratidrme pH

of the suspension was adjusted to the requirecevasing either 0.1 M HN£or 0.1 M NaOH. The suspension was
stirred for 24 h at 30°C. To this suspension 2 fil.@ M solution of the metal ion was added andves$ adjusted
to the required value. The mixture was again stiae30°C for 24 h. The polymer was then filter&dand washed
with distilled water. The filtrate and the washiwgre collected and then the amount of metal ion esdisnated by
titrating against standard EDTA (ethylenediamirteatgcetic acid) at the same pH (experimental repdifhe same
titration has been carried out without polymer (laeading). The amount of metal ion uptake ofghlymer was
calculated from the difference between a blank emrpEnt without polymer and the reading in the aktua
experiments. The experiment was repeated in theepoe of several electrolytes [22-23]. Metal ias,pH range,
buffer and indicator used and colour change arerginTable 3. The metal ion uptake can be determined as:

Metal ion adsorbed (uptake) by resin = (X-Y) Z mfgol

Where Z (ml) is the difference between actual eixpental reading and blank reading; X (mg) is médalin 2 ml
0.1 M metal nitrate solution before uptake; andg) is metal ion in 2 ml 0.1 M metal nitrate sodutiafter uptake.

By using this equation the uptake of various méak by resin can be calculated and expressedrinst®f
millimols per gram of the copolymer.

Estimation of the Rate of Metal 1on Uptake asa Function of Time

In order to estimate the time required to reachstiade of equilibrium under the given experimeithditions, a
series of experiments of the type described abare warried out, in which the metal ion taken ugheychelating
resins was determined from time to time at 30°GH@presence of 25 ml of 1 M Nal®olution). It was assumed
that, under the given conditions, the state of ldgiiim was established within 24 h [24]. The rafemetal uptake
is expressed as percentage amount of metal iorentag after a certain time related to that at ttaesof
equilibrium and it can be defined by the followiredationship:

Metal ion taken up at different times (%) = Metahiadsorbed Metal ion adsorbed at equilibrium x 100

The percent amount of metal ions taken up at diffetimes is defined as: Percentage of metal icorbed after 1
h = (100X) /Y

Where X is mg of metal ion adsorbed after 1 h anid ¥hg of metal ion adsorbed after 25 h. Then, &ingi this
expression, the amount of metal adsorbed by polafter specific time intervals was calculated argressed in
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terms of percentage metal ion adsorbed. This exeeti was performed using 0.1 M metal nitrate sofutf Fé",
Cu**, Ni**, Cd* and PB".

Evaluation of the Distribution of M etal lons at Different pH Solutions

The distribution of each of the seven metal ioes iCu(ll), Ni(ll), Co(ll), Pb(ll) and Fe(lll) beteen the polymer
phase and the aqueous phase was determined atB096 the presence of 1 M Naki€olution. The experiments
were carried out as described above at differentgddles. The distribution ratio, D, is defined by following
relationship [25-26]...

{Wt. (in mg) of metal ionaken up by 1 gm of terpolymer}

{Wt. (in mg) of metal iopsesent in 1 ml of terpolymer}

RESULTSAND DISCUSSION

The resin sample was dark brown in colour, ins@uinl commonly used organic solvents, but was selubl
dimethyl formamide, dimethyl sulfoxide, tetrahydscdn, and pyridine and concentratedSBy. The resins
synthesized do not show sharp melting point buetya decomposition 420-425°K. These resins werlyzath for
carbon, hydrogen, and nitrogen content. The cortipasof copolymer obtained on the basis of the eletal
analysis data was found to be in good correlatidich is presented in Table 1.

The molecular weightl n) of the copolymer was determined by nonagoeoudwctometric titration in DMSO
against KOH in a 50% (v/v) DMSO/alcohol mixture ngil00mg of resin sample. A plot of specific cortduce
against the milliequivalents of potassium hydroxidguired for neutralization of 100g of copolymeasamade. The
number average molecular weigh¥l(n) could be obtained by multiplying thd&P by the formula weight of the
repeating unit.

Table 1. Elemental analysis data, molecular weight determination and viscometric data of
2,4-DHBEDF copolymer resin

Elemental analysis (%)
C H N . L .
Copolymer Calc. Calc. Calc. Molecular Weight| Intrinsic Viscosityt]
(Found) | (Found) | (Found)
55.78 5.80 11.60
2,4-DHBEDF (55.46) | (5.88) | (11.76) 5803.68 0.8942

Viscometric measurements were carried out in DM$QO0AC. All resins showed normal behaviors. Therisic
viscosity was determined by the Huggin’s [27] €).dnd Kraemer's [28], eq. (2) are noted.. In adaace with the
above relations, the plots nf, and against C were linear giving as slopgsid K respectively. The Intercept on
the axis of viscosity function gave thg) (value in both the plots. The values @j pbtained from both relations
were in good agreement with each other. The vadfi¢suggin’s and Kraemer’s constant K0.28) and K (0.26)
were determined from the slope of the graph andfgahe condition of the relation &+ K, = 0.54 favorably [30-

31]. It was observed that terpolymer having higingrage molecular weight (Mn) shows a higher valuatrinsic
viscosity [32].

Electronic Spectra

The UV-visible spectra of all 2,4-DHBEDF copolynmesin is shown in Figure 1. UV-visible spectra pérified
resin has been recorded in pure DMSO in the regfad®00 — 800 nm at a scanning rate of 100 nm'naind at a
chart speed of 5 cm mifn The perused of the UV-visible spectra of copolgsrghould almost similar nature. The
spectra of these copolymers exhibit two absorpti@xima in the region 248.50 and 282.50 nm. Theserobd
positions of the absorption bands indicate thegmes of hydroxy group, which is in conjugation witie aromatic
nucleus. The appearance of former band (more iejaaan be accounted far->n* transition, while the later band
(less intense) may be due te>n* electronic transition. The presence of phenolidroxyl group (auxochromes) is
responsible for hyperehromic shift i2,,, higher values [32-33]. This observation is in g@mteement with the
proposed most probable structures of this copolyesn
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Infrared Spectra

The IR spectra of 2,4-DHBEDF copolymer resins ade@ that copolymer give a broad band appeardnrédhion
3450 — 3250 cfh may be assigned to the stretching vibration of pienolic hydroxyl groups exhibiting
intermolecular hydrogen bonding [34]. The sharpcbdisplayed at 1630 — 1680 ¢nmay be due to the bending
vibration of >COOH group. The band obtained at 33L.6m" suggest the presence of >NH (amido) group. A band
appear in the reason of 1250 — 1340'@how the presence of methelene bridges (}@Hthe polymer chain [35].
1,2,3,4 and 5 pentasubstitution of aromatic ringéognized from the bands appearing at ~557:8 cm

Nuclear Magnetic Resonance Spectr oscopy

H* NMR spectra of 2,4-DHBEDF copolymer resin showeak multiplicity signals (unsymmetrical pattern)the
region 7.77 to 7.885] ppm may be due to the aromatic protoFse weak multiply signals appearing at 6.62 — 6.75
(8)ppm may be due to the amido —CHNH- linkage [36-37]. A signal appeared in theioeg4.07 — 4.984) ppm
may be due to proton of methelenic bridges (Ar —, €H of polymer chain. The signal in the range @68- 8.32

(8) ppm is attributed to phenolic -OH proton. A weagnal in the range of 3.@(ppm exhibits the present of Ar-
COOH group.

C*Nuclear Magnetic Resonance Spectr oscopy

The peaks appeared at 122.14, 128.71, 129.49,832@ 154.94 ppm may be corresponded to carboserire
aromatic benzoic acid ring [38]. The peak appeatetl63.11 ppm of may be corresponding to ethylaoem of
ethylene diamine moiety. The medium peak appearedl@ 33 ppm may be confirmed the presence of —C-NH
group of copolymer resin. The peak appeared ag6pB may be due to the presence of —C-OH groapamatic
benzoic acid group. The peaks appeared at 39.80.8Y ppm may be due to the —CHbridge in copolymer resin.
All these peaks confirmed that the 2,4-DHBEDF cgpw@r resin must have linear structure.

Scanning electron microscopy (SEM)

Surface analysis has found great use in understgride surface features of the materials. The nwogly of the
reported resin sample was investigated by scarelgwjron micrographs at different magnification,iethis shown
in Fig.1 for 2,4-DHBEDF. It gives the informatiorf surface topography and defect in the structutee Tesin
appeared to be dark brown in colour. The morphotafgyolymer resin shows

Zaku AR E aMm BBA3Z 11 48 SEI

Fig.1. SEM Micrograph of 2,4-DHBEDF copolymer resin
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spherulites and fringed model. The spherules areptax polycrystalline formation having as good asoeth
surface. This indicates the crystalline nature @FRHBEDF copolymer resin sample. The morphologyreadin
polymer shows also a fringes model of the crystallamorphous structure. The extent of crystalliharacter
depends on the acidic nature of the monomer. Baitptiotograph shows the fringed and scatted natavandp
shallow pits represent the transition between ailysé and amorphous. The resin exhibits more ahmup
characters with closed packed surface having déspThus by SEM micrographs morphology of the megiows
the transition between crystalline and amorphotsreawhen compare to the other resin [39-40],2H4eDHBEDF
copolymer resin is more amorphous in nature, hehogvs higher metal ion exchange capacity.

| on-exchange properties

Batch equilibrium technique developed by Gregomletand DeGeiso et al. was used to study of iorha&mxge
property of 2,4-DHBEDF copolymer resin. The resiflthe batch equilibrium study carried out with d@polymer
resin 2,4-DHBEDF is presented in Table 2, 3and=#e metal ions F&, C/*, Ni*, C&* and PB*in the form of
aqueous metal nitrate solution were used. The iohange study was carried out using three expetahen
variables: (a) electrolyte and its ionic strendth ¢haking time and (c) pH of the aqueous mediumoAg three
variables, two were kept constant and only one weaied at a time to evaluable its effect on metabhke capacity
of the polymer [28, 29, 30]. The details of expeittal procedure are given below.

Table 2. Evaluation of the effect of different electrolytes on the uptake of several metal ions
by 2,4-DHBEDF copolymer resin

Weight of metal ion (in md)

Metalion  Clectrolyte pH _ taken up in the presence of different electrolytes
(mol./1) NaCIO4 NacCl NaNO3 NaSO,
0.01 0.13 0.16 0.17 0.73
0.05 0.15 0.24 0.29 0.67
Fe3+ 0.10 25 0.32 0.37 0.48 0.54
0.50 0.64 0.68 0.69 0.49
1.00 0.73 0.76 0.79 0.46
0.01 0.08 0.09 0.09 0.58
0.05 0.12 0.14 0.15 0.49
ol 0.10 45 0.22 0.21 0.20 0.41
0.50 0.34 0.57 0.34 0.31
1.00 0.58 0.66 0.49 0.20
0.01 0.06 0.09 0.19 0.40
0.05 0.10 0.12 0.27 0.30
co” 0.10 5.0 0.20 0.27 0.42 0.20
0.50 0.58 0.62 0.63 0.16
1.00 0.67 0.71 0.70 0.09
0.01 0.01 0.02 0.01 0.46
0.05 0.02 0.07 0.001 0.35
N2 0.10 45 0.08 0.12 0.003 0.27
0.50 0.27 0.20 0.005 0.23
1.00 0.48 0.33 0.007 0.14
0.01 0.13 0.20 0.37 1.62
0.05 0.20 0.2 0.56 1.22
Pb2+ 0.10 6.0 0.38 0.77 0.93 0.89
0.50 1.27 191 1.50 0.61
1.00 2.01 2.25 1.83 0.42

[M(NO3),] = 0.1 mol /lit.; Volume of metal ion solution= 2 ml.; Volume of electrolyte
solution: 25 ml.; Weight of resin = 25 mg.; Time = 24 hrs, at room temperature.

Effect of electrolytes and their concentration on the metal ion uptake capacity

We examined the effect of NQCI, SO and CIQ" at various concentrations on the equilibrium oftaheesin
interaction of constant pH. Different metal ionyéalifferent pH in solution, has been mentioned@able 2, which
shows that the amount of metal ions taken up biy@ngamount of terpolymer 2,4-DHBEDF depends onrthtire
of concentration of the electrolyte present in sh&ution. In the presence of nitrates, perchloeate chloride ions
the uptake of Fe(lll), Cu(ll) and Pb(ll) ions inestng with increasing concentration of electrolyi®hereas in the
presence of sulphate ions, the amount of abovetaia@d ions taken up by the copolymer resin deeeagth
increasing concentration of the electrolytes [28)ove NG, CI, and CIQ ions form weak complex with the
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above metal ions, while S®form stronger complex thus the equilibrium is aféel. This may be explained on the
basis of the stability constants of the complexib those metal ions and nature of ligands.

Rate of metal ion uptake as a function of time

The rate of metal adsorption was determined to dintdthe shortest period of time for which equilion could be
carried out while operating as close to equilibricomdition as possible. During rate of metal iotedmination, the
concentration of metal ion and electrolyte solutéond pH of the solution remain constant and pHazhemetal ion
is different which is given in Table 2\s shaking time increases the polymer gets mone for adsorption, hence
uptake of metal ions increases. Table 3 showsdbwts of rate of uptake of metal ion on 2,4-DHBE®@polymer
resin. The rate refers to the change in the conaiémt of the metal ions in the aqueous solutionctviis in contact
with the given copolymer. The data’s of Table 3wbfdhat the time taken for the uptake of the défermetal ions
at a given stage depends on the nature of metaluader given conditions. It is found that Fe(ldhs required
about 3 hrs for the establishment of the equiliriwvhereas Cu(ll) and Pb(ll) ions required abolir§ Thus the
rate of metal ions uptake follows the order Fe@th) Pb(ll) > Cu(ll) for the copolymer [36, 41, 42]

Distribution ratios of metal ions at different pH
The distribution of metal ion depends upon pH @& $olution. By increasing pH, the"kbn concentration in the
solution decrease and only metal ion in the satutigailable for adsorption which increase uptakmefal ions.

Table.3.Comparison of the rates of metal (M) ion uptake by 2,4-DHBEDF copolymer resin

% of metal ion uptake at different time (hrs.)
1 2 3 4 5 6
Fe'* 575 75 995 - - -
cuw* 82 154 25 33 45 495
Co* 50 625 76.5 85 875 905
Ni2* 2 10 22 305 365 405
PR 40 51 61 74 78 85
[M(NOs)z] = 0.1 mol./lit.; Volume of metal ion solution = 2 ml.; Volume of electrolyte solution: 25 ml.;
Weight of resin = 25 mg.; Time = 24 hrs, at room temperature.

Metal ion

Metal ion uptake = (amount of metal ion absorbdd®)/ amount of metal ion absorbed at equilibrium.

The effect of pH on the amount of metal ions distted between two phases can be explained by sésaiven
in Table 4. The data on the distribution ratio dsrection of pH indicate that the relative amouhtreetal ions taken
up by the copolymer resin 2,4-DHBEDF increase wiitbreasing pH of the medium [22, 28, 31, 43-44]eTh
magnitude of increase, however, is different fdfedént metal cations. The study was carried cunf@.5 up to pH
6.5 to prevent hydrolysis of metal ions at highkr @able 4). The selectivity of Fe(lll) ion is mofer the 2,4-
DHBEDF colymer resin as compare to the any othaahiens under study. The order of distributioriaaif metal
ions measured in the range, 1.5 to 6.5 is fountoet&e(lll) > Cu(ll) > Pb(ll) [31]. Thus the resuf such type of
study is helpful in selecting the optimum pH foselective uptake of a particular metal cation frarmixture of
different metal ions [22, 29]. The lowering in tHistribution ratios of Fe(lll) was found to be sirfagénce, efficient
separation could be achieved.

Table.4.Distribution ratio (D) of various metal ion as a function of the pH by 2,4-DHBEDF copolymer resin.

Distribution ratio of metal ion at different pH

Metal ion

1.5 1.75 2.0 2.5 3.0 3.5 4.0 5.0 6.0 6.5
Fe* 100.2 120.26 139.03 4865.6 - - - - -
cw - - - 38.09 42.79 61.77 72.72 96.29 133.33 184.62-
co** - - - 52.20 87.12 12275 344.72 1527.34 1278.6 81%8
Ni2* - - - 27.30 39.009 62.136 80.52 72.72 108.64 6.4
PR - 67.36 82.05 130.59 378.95 684.06 1527.3 2874

D = Weight (mg.) of metal ion taken up by 1 gm. of terpolymer/ Weight (mg.) of metal ions presentin 1 ml. of solution.
[M (NQ3),] = 0.1 mol. /lit.; Volume = 2 ml. Volume of electrolyte solution: 25 ml. Weight of resin = 25 mg. Time = 24 hrs (equilibrium state), at
roomtemperature.

CONCLUSION

2, 4-DHBEDF copolymer resin was prepared from 2iMwdroxy benzoic acid and ethylene diamine and
formaldehyde in presence of acid catalyst by cosaéon polymerization technique. The semi crysialinature of
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the 2,4-DHBEDF copolymer resin were confirmed by 8EM studies and reveals that the copolymer caasaan
effective ion exchanger for various trivalent andatent metal ions such as ¥eCu*, PF*, C&* and Nf*ions.
Since 2,4-DHBEDF copolymer contain phenolic (-OHpup and amino (-NjJ, it play a key role in the ion
exchange phenomenon, because of it higher tendeincgpturing metal ions. Thus 2,4-DHBEDF copolyrhes
immense applications as an ion exchange resin stewsater treatment, metal recovery and for thatifieation of
specific metal ions. Due to considerable diffeenén the uptake capacities at different pH and ianed
electrolyte, and the rate of metal ion uptake aisttidution ratios at equilibrium, it is possible $eparate particular
metal ions from their admixtures by this technigliee copolymer shows higher selectivity forFeCu?* than for
PE*, Co* and Nf*ions
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