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Abstract:

Terpolymer resins based on Salicylic Acid, Furfural, and Resorcinol
(SFR) were synthesized by thecondensation reaction inthe
presence of hydrochloric acid as catalyst for their studies as
selectivechelatingion exchange terpolymer resins for certain
metals. Chelating ion exchangeproperties of these terpolymers
were studied for Hg?*, Cd**and Pb?*metal ions uptake. A batch
equilibrium method was employed in the study of selectivity and
distribution of a given metal ions between the polymersample and
a solution containing the metal ion. The study was carried out
over a pH range of 5-7 and in a media of various ionic strengths.
Cadmium and Lead were determined by means of Atomic

Absorbtion Spectrophotometry, while Mercury was determined
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spectrofluorometry by adopting the method of Mudakavi which
modified by Al-Imarahet al., The polymer showed ahigher
selectivity for the removal of these ions in the following
orderPb2*>Hg?*>Cd?* ions.
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Introduction

lon exchange may be defined as the reversible exchange of ions
between the substrate andsurrounding medium. lon exchange
technigue can remove traces of ion impurities fromwater/process
liguors and given out a product of ultra pure quality in a single
efficient andtechno-economically viable manner. lon exchangers
are widely wused in analytical chemistry,hydrometallurgy,
antibiotics, purification and separation of radioisotopes and find
largeapplication in water treatment and pollution control
(Helfferich, 1962; Kunin, 1958). lon-exchange resins comprise
one of the most important scientific developments of the 20th
century.Their applicability to water softening, environmental
remediation, wastewater treatment, hydrometallurgy,
chromatography,biomolecularseparations, and catalysis (Mueller,
et al., 1989).lon exchange is a process in which mobile ions from
an external solution are exchanged for ions that are
electrostatically bound to the functional groups contained within a
solid matrix. lon exchanges derived from three moieties ae known
as terpolymers are found to exhibits better physical properties
than those of phenol-formaldehyde copolymer (Masram, et al.,
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2011). Chelation ion exchange resins derived from 2-hydroxy-4-
methoxyacetophenone and thiourea with trioxane was
investigated by Pancholi et al., (1991). Masram et al., (2011) have
synthesized a number of resins by reacting p-hydroxybenzoic acid
with diamines and formaldehyde in a medium of 2M HCI as a
catalyst to be selective chelating ion-exchange resins for certain
metals. Determination of selected metal ions Cd?*, Hg?*, and Pb?*
following the procedure of liquid-liquid extraction by using
calyx[n]arenes (Roundhill et al., 2009).

Experimental

Preparation of Salicylic acid Furfural and Resorcinol terpolymer
(SFR) by condensation of Salicylic acid (S), Furfural(F), and
Resorcinol(R) according to the following procedure: A mixture of
Salicylic acid(0.1mol), Furfural (0.2mol), Resorcinol (0.1 mol)
and200 mLof 2M hydrochloric acid were taken in a round bottom
flask fitted with water condenser and heated in an oil bath at 120
°C for 10 hours with occasional shaking. The black colored solid
product obtained was immediately removed and extracted by
diethyl ether to remove excess of salicylic acid, furfural and
resorcinol, which might be present along with the SFR terpolymer.
It was further purified by dissolving in 8% NaOH and then filtered.
The terpolymer was then reprecipited by drop wise addition of 1:1
(v/v) conc. HCl / water with constant stirring and filtered. The
process was repeated twice. The resulting polymer sample was
washed with boiling water and dried in a vacuum at room
temperature. The yield of the terpolymer was found to be about
85-86%. Other SFR terpolymers were synthesized following the
same procedure with different stoicheometric starting materials S,
F, and R as listed in table 1.
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Table 1: Moles of starting materials and% yields for

the synthesize of SFR terpolymer resins.

Reactants Cataly
Terpoly Salicylic Resorci | Furfural st Yield, %
mer acid nol moles | >2M HCI
moles Moles mi
SFR-1 0.1 0.1 0.2 200 85
SFR-2 0.2 0.1 0.3 200 86
SFR-3 0.3 0.1 0.4 200 85
SFR-4 0.4 0.1 0.5 200 85

The Infrared spectra for the synthesized SFR terpolymers were
recorded in the region 0f500-4000 cm™ by using Shimadzu FTIR
infrared spectrophotometer.

Determination of metal uptake

Metal uptake was determined in different pHmedia by using
the prepared terpolymers according to the following procedure.
Terpolymer sample (25 mg) was suspended in 25 ml electrolyte
solution of NaNOsof known concentration. The pH of the
suspension was adjusted to the required value byusing suatible
reagent of 0.1 N HCl or 0.1 N NaOH. The suspension was stirred
for a period of 24 h at25°C. To this suspension 2 ml of 0.1 M
solution of the metal ion was added and the pH wasadjusted to
the required value. The mixture was again stirred at 25°C for 24 h
and filtered.The solid was washed and the filtrate and washings
were combined and the metal ioncontents as well as their
concentrations were determined byAtomic  Absorption
spectrophotometery for Cadmium and Lead. While for Mercury,
the procedure of Mudakavi(1984)modified by Al-Imarah et al.,
(2000) was used. The procedure for Hg 2* uptake was conducted
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in NaCl as an electrolyte, the results were nearly the same as
those for Na NOs electrolyte.

Exchange capacity between metal ions and
synthesized terpolymers.

The capacity of the terpolymers to bind metal ions were studied
as follows b: A 5 ml metal standard solution in 2% nitric acid was
added to approximately 15 ml of water. Then, 10 mg of
terpolymer dissolved in 5 ml of water was added to the metal ion
solution by adopting the procedure of Sauer et al., (2004). The
pH slowly adjusted to the required value with dilute NaOH
solution, and the volume was completed to 25 ml with water. After
24 h of mixing the solution was ultrfiltrated on an appropriate
filter paper to retain the terpolymer-metal ion complex. Both the
initialsolution and the permeate solution were analyzed for metal
and the retained, bound metal then calculated as:

mmol of metal (Ci - Cp)XV
Loading capacity = ----------mmmmmemmeee = e
g terpolymer 1,000XpXA

whereCi= the initial concentration of metal ion,

C, = concentration of metal ion in the permeate (ppm),
V =volume of initial solution(ml),

P = amount of terpolymer used (gm),

A = Atomic weight of the metal ion (g/mole).

The resin samples wereblack in color, insoluble in commonly used
solvent, but soluble in strong base. Noprecipitation and
degradation occurs for resins in all solvents.
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Scheme 1. Reaction between Salicylic acid ( S), Furfural (F),
and Resorcinol (R) and

expected structure for the synthesized SFR's terpolymers (Alchin,
2004).

Table 2: physicochemical properties for the
synthesized SFR terpolymers.
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Polyme | SFR-1 SFR-2 SFR-3 SFR-4
rs

Solvents

Color Black Black Black Black

Melting - - - -
point

Water - - - -

NaOH 10% + + + +

DMF - - - -

DMSO - - - -

H>S04 - - - -

CCl, - - - -

Benzene - - -

Methanol - - - -

CS; - n - -

CHCIs - - - -
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Infrared spectra

FTIR Spectrum for SFR-1 is shown in Figure 1.
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Figure 1: The IR spectrum of SFR-1 terpolymer. cm

All IR Spectra for SFR's terpolymers which are recorded in a KBr
matrix showed a peak in the range of 3500 to 3200 cm-
!(Kattamwar, et al., 2009). Those peaks are Attributed to the
stretching vibration of the -OH group of the polymeric associated
phenolic group and the intermolecular H bonding between the
hydroxy group of -COOH from different acid units in the polymeric
chain. The band at 1640 cm™ was observed because of >C=0
(carboxylic kitone) stretching (Shah, et al., 2009). A peak at
2930.7 cm™ are due to aromatic skeletal ring stretching modes
(Shah, et al., 2009). The band in 2350 cm™ refers to presence
CO,.The band observed between 1200 and 800 cmcould be
caused by a 1, 2, 3, and 5-tetra substituted benzene ringGurnule
and Dhote, 2012).The inflections around 1464, 787 and 1321.6
cm?! were due to the stretching, and bending of -CH which

suggested the presence of methylene bridges in the terpolymer
(Shah, et al., 2007).

Metal uptake by SFR's terpolymer:
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The chelating ion exchange properties of the SFR's terpolymers
were examined for metal ions Cd?*, Hg?*, and Pb?* uptake at
different pH, the study was proceeded for pH's 5, 6, and 7. Figures
2-4 shows the metal ion uptake ofmercury by SFR1 terpolymer at
different pH in which uptake was increased from pH 5 to pH 6
then decreased at pH 7.
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Figure; 2: Metal uptake of 25, 50, 100, 150, and 200 pg/ml
Hg?* by SFR1 terpolymer at pH's 5, 6, and 7.

For Pb?* and Cd?* uptake at pH's 5, 6, and 7 by SFR1 terpolymer
showed the same behavior as that for Hg?* as shown in Figs. 3
and 4 respectively.
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Figure; 3: Metal uptake of 25, 50, 100, 150, and 200 pg/ml
Pb?* by SFR1
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Figure; 4: Metal uptake of 25, 50, 100, 150, and 200 pg/ml
Cd?* by SFR1 terpolymer at pH's 5, 6, and 7.

The exchange capacity determines how much metal ions the
terpolymer could be bind. For complete removal of mercury ions
from the solution it is found that capacity of terpolymer SRF-1 was
147.53mg/ml at pH 6, Table 2, for lead it is found to be 217.557
mg/ml at pH 6, Table 3, while for cadmium it is found to be
97.55mg/ml at pH 6, Table 4.
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Table 2.Capacity of SFR-1 terpolymer to mercury ions at
different pH.

pH 5 6 7
Capacity 138.69 147.53 141.3
mg/g
Distribution 55.5 59 56.5
Percentage
Ratio

Table 2.Capacity of SFR1 terpolymer to lead ions at
different pH.

pH 5 6 7
Capacity 217.557 217.557 216.315
mg/g
Distribution 84.5 87.9 86.5
Percentage
Ratio

Table 2.Capacity of SFR1 terpolymer to cadmium ions at
different pH.

pH 5 6 7
Capacity 90.05 97.55 81.2
mg/g
Distribution 36 39 32.5
Percentage
Ratio
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The data on the distribution ratios of the studied metal ions as a
function of pH indicate that the amount of metal ions taken up by
the SFR terpolymers increase with increasing pH of the medium to
a certain extent (pH 6) then it will decrease (Tarase et al.,2009) .
This fact indicate that the distribution of metal ions depend upon
pH of the solution. By increasing pH, the H* ion concentration in
the solution decrease and only metal ion in the solution available
for adsorption which increase uptake of metal ions (Patle, et al.,
2011). The order of the distribution ratio of studied metal ions
within SFR terpolymers measured in the pH range 5-7 found to be
Pb%*"Hg?*”Cd?**. The study was carried out only to pH=7 in order
to prevent hydrolysis of the metal ion at higher pH (Masram et al.,
2011).

Conclusion

The synthesized resins were proved to be selective for certain
metal ions over a wide pH range. Because of their highly
insolubility, terpolymers provide good stability and good
flexibility in working conditions.
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