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ABSTRACT

The uptake of lead (Ph, cobalt (CG") and manganese (MH) metal ions on a synthesized
ion exchange resin is performed. Para-phenol-rasithe new synthesized ion exchange
resin is prepared from the polycondensation of Bioyl Para sulphanilamide and phenol in
the presence of 60%,80, by weight of reactant and using glacial aceticdaas a reaction
medium at 66C. Formaldehyde solution is added dropwise to ection flask in a period
of 3 hours and the reaction result is finally |éfr 8 hours at room temperature. The
resulting resin containing sulphonate (-0 ), and carboxylate (-COOH-) acid groups
Para-phenolic-resin resin is used for the remasaPlf*, Co**, and Mn**metals ions from
agueous solutions. To obtain the best heavy metabval, batch sorption experiments are
performed. Different variables are effecting thptake of those heavy metals including, the
change in the; pH, weight loading, aqueous maeaial concentrations and contact time
intervals. Adsorption isotherms can be describedtiy Freundlich and Dubinin and
Radushkevich (D-R) isotherm equations. Two kimatbdels such as pseudo-first order and
pseudo-second order equations are used to desttrédorate of the metal ion adsorption.

Key words: Cobalt, Lead, Manganese, ion-exchange resin.

INTRODUCTION

Various toxic heavy metal ions may discharge thhoutifferent industrial activities, it
constitute one of the major causes of water poltufiL, 2]. lon exchange technique is one of
the common methods that used for treatment ofdigeastes. A synthetic ion exchange resin
offers an attractive and inexpensive option forrdr@oval of heavy metal ions from aqueous
solutions [2]. Modern ion exchange materials aepgared from synthetic polymers such as
styrene-divinylbenzene copolymers, which have bg@phonated to form strongly acidic
cation exchangers [3-5]. In ion exchange process of positive charge and negative charge
from an aqueous solution replace dissimilar ionghef same charge initially in the solid,
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other bound functional including; carboxylic, phbspc, phosphonic and so on are less
commonly known in ion exchange materials [2]. Salvapplications of ion exchanger resins
are performed in industry. The aim of the presgutly is to remove Bh C&* and Mrf*
metal ions from aqueous solutions by using a newifieal ion exchange resin which contain
carboxyl and sulphonic groups. Several parametéishwaffect the ion exchange process
should be investigated.

MATERIALS AND METHODS

Chemicals and apparatus

All chemical reagents are of analytical grade (Mei@ermany). Inductive couple plasma,
atomic emission spectrometry (ICP-AES) apparatuan@e) is installed at the chemical
laboratory, Second Research Reactor, Atomic Endéugority, Egypt. Low background
alpha and beta detector (Sophine) apparatus, Ggrnitais used for the measurements of
gross alpha and beta activity concentrations in grmundwater samples. The infra-red
measurements are carried out using Schimatzu F3RJasco spectrometer (Japan) using
KBr disk technique.

Preparation of the synthetic ion exchange resiai@phenolic-resin)

The synthetic ion exchange resin containing suipt® (-S@H-) and carboxylate (-COOH-)
acid groups is prepared from polymerization of xdioyl para sulphanilamide complex
compoundand condensation process of this compound. Schgme& the chemical process
that are used for the preparation. Polymerizatioth @ondensation procedures ( a & b) are
carried out as follows:

Preparation of dioxaloyl para sulphanilic acid
The reaction was performed between 0.1 mole sulpbacid and 0.2 mole oxalic acid in
the dean and stark apparatus (Fig.1) as showrifottowing equation:

o M H

I : S ©
ZT_O " (|:|—c” OH

+ 4 Foly Condensatiorn - -
C—O0—H _— 05~®7NH +2H,0
[|:|J 3 C—cl—OH
S0, H
= bl

Oxalie acid Sulphanilie acid Dioxalyl F— Sulphanilic acid

The produced kO from the condensation reaction of the carboxytimup (from oxalic acid)
and amino group (from sulphanilic acid) are cokecin side tube in the dean and stark
apparatus. After the collection of the physicahmfpity of water, the reaction was stopped
and solid material was found in the apparatus flasle reaction product was filtrated from
xylene, dried in an oven at 14C to remove traces of xylene then washed with warm
distilled water (40C) to remove the unreacted oxalic acid and findtigd in an oven at 70
°C till constant weight. The dry solid material wasrystallized from distilled water and
dried.
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Preparation of the modified phenolic resin (Phendioxaloyl p- sulphanilic acid)/
formaldehyde:

13.6 g of the produced crystalline solid was adde800 ml of acetic acid and stirred well by
a glass rod. 25 g of phenol was added to the naxtuen add 30 ml of concentrated3@,
followed by the drop wise addition of 67.5 g forahethyde in a period of 2 hours. Leave the
mixture (exothermic reaction) till it attains theom temperature. The produced solid was
filtered and then washed repeatedly till neutrdde Bolid phase was separated, dried at 110
°C, grinded and sieved to get the grain size distidn< 70 um sieve. The scheme for the
modified phenolic resin occurred as follow:

1. *
Cc—C —OH

- Formaldhycle

nHO S M__ + 1
3 C —ﬁ—DH Drop oy Orop
(H 0 In excess
Dinxallod - Suphariamice Fletol
HOOC  COOH

HOOC  CO0OH

|
L 0=C (=0
O_C\Nf_’:' oH \lf OH

&
3

S0 H
S0,H CH, o CH,
s
- | | P | b _/\/\/\
LAV ;_rfﬂ CH, CH, =
OH H CHs H

Flanner Section in the crossinked

Scheme (1): The synthesized cation exchange resiowing its chemical structure

Characterization of para-phenolic resin

IR, XRD and SEM

Approximately 1.0 mg of the synthesized ion exdg®aresin is used for pellet preparation
with 60 mg KBr, the pellets is heated in an oveB®&°C for 24 hours to reduce humidity
content in the sample, this step is carried oytrevent the overlapping between water and
carboxyl acid group. X-ray diffraction pattern dietprepared ion exchange resin as well as
electronic microscopy are also examined.
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Fig. 1: The Dean and Stark apparatus

The Sorption capacity (pH titration)

A known weight of the dry solid sample (about 1)dsgyadded to 10 ml (0.01 M) of NaCl
agueous solution, this mixture is inserted in hfiConical flask, the flask is shaking at 30
rom for 2 hours, titration procedure is carried.olibhe pH value is recorded after each
addition 1.0 ml of the titrant (0.01 M of the HGidlor NaOH aqueous solution). The mill-
equivalents of Hand/or OH ion concentrations gained and consumed are regofideeses
values are plotted against the pH change. Adsermapacity is calculated according to the
following relationship [6]:

(C, -C)xv
m

(1)

Where, q is amount of the resin adsorbed (ni&g, @, and C are the initial and the final
aqueous concentrations (meg’m) V is an aqueous volume (ml), W is the dry weighthe
resin (g).

Effect of pH

These experiments are carried out to determinepktienum pH that requiring for the uptake
of C&®*, Mn** and PB" metal ions by the synthesized phenolic resin. IBagéchnique is
performed, 0.1 g of the synthesized ion exchangm lie added to 50 ml of double distilled
water containing 25 mgt of aqueous C3, Mn** and PB* metal ions . The pH of the
agueous/solid materials is adjusted prior to dgaion over the range of 2 to 10 with 0.01
M HNO; and 0.01 M NaOH aqueous solutions. Concentrating (') of the metal ion
remaining is determined using ICP-AES.

Effect of the solid loaded

Batch sorption experiments are carried out in 25@lass bottlesdifferent weights (0.01 —
1.0 g) of individual synthetic ion exchange mateaiee added to 100 ml of double distilled
water containing C9, P and Mrf* metal ions of the concentration 25.0 mg. [The
bottles are shaken at 30 rpm for 24 h, centrifuge8000 rpm, then 10 ml of each aqueous
solution is withdrawn, and filtered, the metal iooncentrations in the aqueous phases are
deltermined as mmol fMibefore and after 24 hours, and the remained akeulated as mmol

g
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Effect of concentrations

Batch sorption experiments are carried out in 290glass bottles, 0.1 g of individual
synthesized ion exchange material is added tondl0ff aqueous solutions containing‘Go
PE** and Mrf* ions concentrations ( 0.5 — 25 mg ). these mixtures are inserted in several
bottles, the bottles are shaken at 30 rpm for Zkhtrifuged at 3000 rpm. Concentrations of
the ions dissolved in solutions ( mmot ).and that adsorbed (mmat g are calculated.

Kinetic experiments

Batch sorption experiments are conducted. Abdutglof individual solid sample is mixed
with 100 ml aqueous solution of thenetal ion concentrations 25.0 my bf C&*, PF* and
Mn?, these mixtures are inserted in 200 ml glasédspthe bottles are shaken at 30 rpm for
different contact time intervals ranged , 1, 2h,3...to 24 h at 30C, these bottles are
centrifuged at 3000 rpm, then the solutions aréhdvawn, concentrations of the ions
dissolved in aqueous phases are calculated asmiitgand those ions remained are
calculated as meq'y

Theoretical Concepts:
Langmuir isotherm
The linear form of the Langmuir equation [7] is gjivas:

i:i+; (2)

qe Qo KL Qo Ce

Where g. is amount of the solute adsorbent (mmdi )y Ce is an equilibrium of ion
concentration in the solution (mmat)| Q, is the maximum surface capacity of a monolayer

coverage andK,_ is the Langmuir adsorption constant (I/mmol). Whiee ploti against
q

e

Ci is given by the straight line with a high corredatcoefficient, the result indicate that the

adsorbed solute obeys the Langmuir isotherm ofatager adsorption. The values of @nd
K\ can be calculated from the intercept and the stdplee straight line relationship

Freundlich isotherm
This model is given by the multilayer of heterogeue adsorption [8] as:

= Ke G'" (3)
Ke is the Freundlich constant ( mmet iy, n is an integer factor.

The linear form of the Freundlich equation can b&imed by taking the logarithms of Eq. 3
as follows:

Logde = logKg + %IogCe (4)

The plot of logge against logCe will be given by a straight line relationship wighhigh
correlation coefficientKg and n values can be calculated from the interaaptthe slop of
the straight line relationship.
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Dubinin and Radushkevich (D-R) isotherm

The Dubinin and Radushkevich [9] isotherm equaitsoexpressed as:

£F b exp (-Ke?) (5)

or the linear form of this equation is given as:
Loe=Inb-Keé&? (6)

Where ge is the equilibrium ionic concentration on the dophase (mol Kg), b is the
maximum sorption capcity, K is a constant relatethe sorption energy (nfal®), and € is
the polonyi potential (J md).

_ £
£—Rtln(1+C ) (7)

e

Where, R is the universal gas constant (8.314 J | T is the absolute temperature and C
is the equilibrium concentration of ion in the bsidution (mol ri?) , where m = 1000 liter

. Plots of Inge againsts® should give a straight line for the D-R isotherm.

The slope of the straight line is given by K, whé&tas related to the mean energy of the
uptake. The mean energy is calculated as:

E = (-2K)°? (8)

Kinetic studies
Pseudo- first order model
Pseudo- first order mode represented by Lagergren rate equation [10ag1]

dg _ _
E - kl (qe qt) (9)

or its linear form:

lof. - 1) = log(q, ) - -

2.30<

(10)

Where, K is the pseudo first order rate constant tsdhe time (min.)q; is the amount of
metal ions sorbed at any given time (MY gndge is the amount of metal ions sorbed per
unit weight of the species (m@')gat equilibrium (sorption capacity ).

gt andge can be estimated by the following relations:

qt:(Co—Q)% (11) and qe:(co—ce)% (12)

Where,C, is the initial liquid phase concentration of tr@uses (mg/g),C; is the solute
concentration at time t (mgy, V is the aqueous volume (liter) amlis mass of the soil
sample (Q).
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Plots of log(ge — g ) versud should give a straight line and the constan{ @ould be
calculated from the slope of the straight line.

Pseudo-second order

Pseudo-second order model [11] is expressed as

d
$=& (. -a) (@13

Or by its linear form as:

LI N (14)

q k9 q,

k. is the pseudo second order rate constant (mg./min)
the plotting of t/qt againgtwould give by a straight line, the intercept ahd slope of the
line correspond to the rate constda) @nd the sorption capacitgf respectively.

RESULTS AND DISCUSSION

The exchange capacity of the synthesized ion exgghaasin (para-phenolic resin) in its
hydrogen form and other physical properties aremiv Table 1. It is observed that para —
phenolic resin has a high specific surface areaevd.2 mg?, the exchange capacity values
3.0 and 1.1 meqy, these values are corresponding to the strongHS@nd the weak —
COOH- ionogenic functional groups.

Table 1: The physical parameters of the Para-phenw-ion exchange resin.

Parameter Value
Specific cation exchange capacjty 3.0 and 1.1 gheqg/
Particle size 170 um
Density 1.4 +0.01
Specific surface area 5.2 + 0.04m
The iongenic Functional groups  -COOH- & H$O

The Infra red absorption bands are given in Figurand show the following absorption
bands. The strong absorption band appeared at 886 the results are attributed to the
bending deformation of SOgroup. The absorption band appearing at 835 cnay be
attributed to the multisubstituted of benzene 1(@gH group) out of the plane deformation.
The strong absorption band appearing at 1423 @sndue to the symmetric stretching
vibrations for CH group, other strong absorption band appearing68tl Icni* can be
attributed to the symmetric stretching vibratiorr 8 = C in benzene ring. The strong
absorption band appearing at 163Tcim due to stretching vibration of the carbonylugydn
region of ( N-C = O) group. The medium absorptiamd at 1732 cthis due to stretching
vibration of the carbonyl group in free carboxygioup. The broad band appearing at 3300 to
2648 cnt is due to the overlap of OH group at the sulphamid carboxylic acid groups. X-
ray diffraction pattern indicate that the modifiett exchange resin has amorphous structure,
(i.e. there is no peaks in the region of organimeounds at @ 20-3C.
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Fig. 2: Infra-red of the synthetic para —phenol rem

The Scanning electron microscope of the bulk sgi#ted ion exchange resin is given in Fig.

3, while Fig. 4 gives the sector of this ion exhe resin, the scanning electron microscopy
are generally used to detect the topography ofrésen grain surface and the molecules

orientation in the space. From these Figures, daar that the prepared ion exchange resin
has a micro tubular structure.

Sorption studies

Effect of pH

Variation of the metal ions (&§ P and Mrf ) uptake with pH has shown in Fig. 5. The
adsorption capacities (mmol*gare found to be low at the lower pH values arztéased
with increasing of the pH. these results indicdtéhat metals are poorly adsorbed at the low
pH values , this contribution may be accountedHsy dcompetitive adsorption of;8" ions
and the metal ions for the same active sorptia@ssids the pH increased, the uptake on the
solid surface is increased. The pH values 5-7tteeoptimum pH for the metal ions €p
P and Mrf sorption capacity, electrostatic attraction betwége metal ions in solution
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with the solid is increased at these pH valuese ifbreasing of adsorption by the increase of
the pH is due to the release of OH- ions theselteeswe in a good agreement with the
obtained data by Pehlivan et al [12].

! 10pum ! X 5000

Fig. 3: The Scanning Electron Microscope of the Bulsynthesized lon Exchange Resin.

' 3Km ' X 20000
Fig. 4: The Scanning Electron Microscope Sector dhe synthesized lon Exchange Resin.
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Effect of weight loaded

The uptake of the metal ions €pPK* and Mrf (mmol g*) is plotted as a function of resin
weight. Figure. 6 show that the sorption capacitreseases as the amount of ion exchange
loaded is increased. The optimum weight for theamsbrption capacities was found to be
0.1 g of resin weight. These results are expdmteduse the fixed initial metal concentration
increases by increasing of the adsorbed sites [12].

~ 020
-0
g 0.18 -
=
5 0.6 —
£ 0.4
2 0.2
E 0.10 —
-]
E 008 -
E. 0.06 —
g 0.04 —
-
E 0.02 —
0.00 | | | | |
0 2 4 6 8 10 12
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Fig. 5: Effect of pH change on the sorption capacties
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Fig. o: Effect of weight on the sorption capacities

—+— o, —— Pbhand —&— NMmnions

Effect of concentrations

The effect of initial concentrations on the metals uptake is investigated by varying initial

concentrations of the metal ions at an optimum plHier 7 and 1 h of equilibrium time, the

sorption data are not given by the straight lihéhe Langmuir equation, therefore the data
are not well agree with the Langmuir adsorptionhsom.
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The Freundlich isotherm is obtained from the plotdog ge vs. log Ce for adsorption of
Cc®*, PF* and Mrf metal ions, onto para-phenolic resin . Figure®)(Zmployed to
determine the intercept values of IK§ and the slope of A/ Table 2 gives the Freundlich
constant KF) values, these values are changed from 0.0848(&8d 0.475 for cobalt, lead
and manganese sorption Moreover, the values ofjivén from the slope of the straight line
relationship. It has the values 0.75, 0.84 an0®.¢he slopes of the straight line is less than
one value , it is indicated that the T,oPlF* and Mrf metal ions have good adsorption onto
the synthesized para-phenolic resin, similar swidire performed on application of the
Freundlich isotherm for removal of Pb ions spedresn aqueous solution by other ion
exchange resin[ 13] . the slope of the Freundbadthierm , n, is also denoting to the strength
of adsorption process and the distribution of &csites. If N < 1, bond energies increase
with the surface density, if N > 1, bond energiesrdase with the surface density, and when
N = 1, all surface sites are equivalent [14]. ufés (10-12) give the plots bf ge (mol )
againste, for an equilibrium sorption of G P and Mrf ions with the solid phase, these
Figures are well described by the D-R straighe leguation Table 2 gives the isotherm
parameters of the Freundlich and D-R isotherm @opum The mean energ(E) is
calculated. The magnitude &fis useful for estimating the type of sorption teat These
energies are found to be 11.2 — 13.0 which areinvititle energy range of ion exchange
reaction 8-16 kJ/mol [15, 16].

Table2: Freundlich and D-R sorption isotherms Paramaters
Species Cobalt
Isotherms K N | B(mollg) K(mékF) | R
Freundlich sorption isotherm 1.219 0.750 - - 0.991
D-R sorption isotherm - - | 6.3x70 0.004 0.993
Species Lead
Freundlich sorption isotherm 7.063 0.841
D-R sorption isotherm - -

- - 0.983
1.6xtd 0.003 0.993

Species Manganese
Freundlich sorption isotherm 2.999 0.906 - - 0.995
D-R sorption isotherm - - | 6.6x70 0.0035 0.991

Kinetic studies

The uptake of P8, Cd* and Mrf* metal ions (meg/g) on the new modified ion excleang
resin is determined after different contact timieivals. Figure 13 shows the experimental
sorption capacity (meqy values (axp) Vs. different contact time intervals. Fast reattis
observed after the short time intervals from 1 tenidutes, then the rate of the uptake is
increased slowly with the increasing of time. Afterone hour, an equilibrium state is
attained. The sorption capacities (mé&%y are decreased by the following order*Pb Co*

> Mn?*. The pseudo-first order and the pseudo-seconer didetic models are applied to
the experimental data. Plotting of lI¢ge- qt)against different contact time intervéls The
results are given by the straight lines relatiopsh{Fig 14). The slopes and the intercept, k
andge along with the correlation coefficienf)rvalues are given in Table 3. A comparison
of the sorption capacity value for the experimentad the pseudo-first order kinetic equation
are given in Table 3, the values indicated thatntie¢al ions adsorption data does not follow
by the pseudo-first order kinetic mode quite satigdry and the values are posses also fairly
low when compared with the experimental values.(E&j). Plotting of t/qt against t for Pb
Co®* and Mrf* ions speciesare given by the straight lines relationships witle high
correlation coefficients near to one value, Figs-1¥). The intercept and the slope of the
straight line relationships are given by the r@estant (K) and the sorption capacityefq
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respectively, the theoreticgl of the pseudo-second order kinetic values agrdeqily well
with the experimentale data.(Fig. 13 ) at equilibrium.

Many applications of the ion exchange are carrietlfor removal of some heavy metals
from aqueous solutions. The removal of Co, Mn ahdrBm tap water is carried out with a
cation exchange resin possessing a chelating inaoetic acid group [17].
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Fig. 7: Freundlich isotherm of cobalt sorption on the exchange resin
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Fig. §: Frenndlich isothermn of lead sorption on the exchange resin
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Figz. 2: Freundlich Isotherm of manganese sorption on the exchange resin
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Fig. 10: D-R isotherm of sorption cobalt ions
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Fig. 11: D-R isotherm of sorption lead ions
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Fig. 12: D-R isotherm of sorption manganese ions
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Fig. 13: The sorption capacities of the ;—@— Co(ll) species,
—a— Mn(ll) and —4a—  Pb species as a function

different contact time intervals

1600

Application of the pseudo-first order and the psesdcond order kinetic equations are
performed for the adsorption of heavy metal ionsodniopolymeric material [6]. Cobalt

adsorption on lemon peel adsorbent can be descnilwed favorably by the pseudo-second
order kinetic model[ 18], and the kinetics of othmollutant sorption by biosorbents are
reviewed using other studies| 19].
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Table 3. Comparison between the sorption capacityalues (ge) which calculated from application of
pseudo-first-order and pseudo- second-order modelsith the the experimental values for the metal ios
Pb?*, Co** and Mn?* (meq/g) adsorption.

Pseudo-first-order model

Element Initial conc.
(moI/I) Qe (exp. qegcalc. r2 Kl

(mmaol/g)
Lead (Pb") 121 x 10 0.180| 0.138| 0.961 0.0247
Cobalt (C6") 417 x 10 0.086| 0.074| 0.966 0.0184

Manganese (M) 455x 10° 0.058| 0.026] 0.963 0.0124

Element Intial conc. (M Pseudo-second-(z)rder model

Qe (exp. qgc_alc.' r K2
Lead (Pb") 121 x 10 0.180| 0.179] 0.990 0.581
Cobalt (CG") 417 x 10 0.096 | 0.113] 0.990 0.14}
Manganese (M) 455x 10° 0.058| 0.057| 0.992 2.192

I I I I I I I
0 20 40 il d0 100 120 140

Tmin. )
Fig. 14 : Applicaton of the first order Idnetic equaton for the soiption of:

¢ Co(Ill;,° m DMn and 4 P} gecies

The new modified ion exchange resin is the syn#iegision exchanger prepared in the current
study. For identification of this resin, x-ray déttion, IR -spectoscopy and electronic
microscopy are performed. The CEC as well as tkeeiip surface area are also determined.
The resin is found to be more selective for theaeah of CG*, P and Mrf metal ions
from aqueous solutions. the uptake of these ntalare studied under different parameters
including, pH, weight loaded different ion concetibns, and contact time intervals The
sorption at equilibrium state are described byRheundlich and Dubinin and Radushkevich
(D-R) isotherm equations and the data fit in a gaag with Freundlish and D-R isotherms .
the adsorption energy are found to be in the iacharge reaction ranges. Kinetic analyses
are perfectly described by the pseudo-secondr &rdetic equation.
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Fig. 15: Pseudo-second-order kinetic model of leaddsorption
on prepared ion exchange sorbent
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Fig. 17: Pseudo-second-order kinetic model plots ahanganese
adsorption on prepared ion exchange resin sorbent
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