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ABSTRACT 
 

Manganese is one of the most difficult elements to remove from surface water1-2.  
In drinking water sources, the secondary maximum contaminant level3 for Mn(II) 
ion must not exceed 0.05mg/L .Water used in industries creates a wastewater that 
has a potential hazard for our environment because of introducing various 
contaminants such as heavy metals into soil and water resources.  In this study, 
removal of manganese from industrial wastewater has been investigated by using 
polystyrene-supported chelating polymer resins functionalized with Schiff base has 
been investigated. The effects of pH, time and initial concentration on the uptake of 
metal ions have been studied. The resulting catalysts were characterized by UV 
reflectance, infrared, scanning electronic microscope (SEM), 1H NMR and thermal 
studies.   

This catalyst is active for oxidation of alcohols (primary, secondary and 
aromatic) using molecular oxygen at room temperature and atmospheric pressure.  
The reactions were carried out in Methanol-Toluene (1:1 mixture by volume) in a 
static reactor.  Product analysis was done in some selected cases.  The effect of 
parameters like concentration of the catalyst and substrate on the rate of reactions 
were investigated.  The effect of polarity of the medium influences the rate of 
reactions.  Recycling efficiency of the catalyst is excellent.  
Key Words : Industrial Wastewater, Polymer resin, Schiff base, Uptake of metal 

ion, Oxidation of   alcohols, Recyclability. 
 

INTRODUCTION 
Many toxic metals are discharged into 

the river water particularly from industrial 
water systems.  Because industrial water 
systems  are highly complex, dynamic and 
subject to many internal and external change, * Author for correspondence 
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due to toxicity metals are often discharged by 
a number of  process which can lead in turn 
to the contamination of freshwater and river 
water 4-5. Heavy metals are major pollutants 
in industrial waste water even treated 
wastewater.   Industrial waste constitutes the 
major source of various kinds of metal 
pollution in natural waters.  Many industrial 
waste contains organic , inorganic metals and 
non-biodegradable metals which can 
accumulate in the environmenta elements 
such as as food chain, and thus may pose a 
significant danger to human health6-8.  
Manganese  introduced into water are either 
remains in dissolved form or leached down 
with excess water, or else partially fixed 
temporarily or permanently in sediments.  
Those element which move downward 
through the sediment contaminate 
groundwater, which is often used for 
drinking purposes, so they may be injurious 
to humans and animals9. 

Manganese is one  of these heavy metals, 
and can be introduced into liquid wastes 
from different industries.  In water, 
manganese tends to accumulate in aquatic 
organisms through the food chain and by 
direct uptake10.  Manganese exposure to high 
levels causes encephalopathy with the 
following symptoms: vertigo, insomnia, 
seizures and coma11.  Many methods have 
been proposed for their removal from 
industrial effluents.  Adsorption is an 
effective purification and separation 
technique used in industry especially in 
wastewater treatments12. 

In the present study the author prepared 
polymer supported Schiff base materials and 
it is used to remove water soluble Mn(II) 
ions, the catalytic activity of formed complex 
tested by  the  oxidation of various alcohols 
using molecular oxygen. 

MATERIAL AND METHODS 
All the solvents and substrates were 

purified by standard methods.  Stock solution 
was prepared from AR grade in doubly 
distilled water with.  Polystyrene N-IP 
polymer resin was supplied by Ion-Exchange 
India Ltd (Bombay), Commercial oxygen 
was purified by passing through copper 
gauze maintained at 2500C and dried over 
molecular sieve. Metal uptake by the resin 
was determined using flame Atomic 
Absorption Spectrophotometer [Perkin-
Elmer Model 373]. UV-Visible reflectance 
spectra of solid sample was recorded using 
Varian Cay 5E UV-Vis-NIR 
Spectrophotometer.  Infrared Spectra of the 
catalyst was recorded on a ABB Boomen 
MB-104. Thermal studies were recorded on 
STA 409 C.  The scanning electron 
micrographs were recorded on a Jeol 5610. 
The products of  oxidation reaction were 
analyses by NUCON chromatography.   

Preparation of Polymer supported Schiff 
base Mn(II) complexes 

1g of Salicylaldehyde, 0.5g of 
benzaldyhyde was dissolved in 30mL of 
ethanol. To this solution 0.70g of ammonium 
benzoate and 1.5mL of trietylamine added.  
Stirring of the mixture in continued for 3h.  
After completion of the reaction, pale yellow 
substance was obtained.  The solid product 
was filtered off and washed with methanol, 
ethanol and doubled distilled water.  The 
crude product was purified by 
recrystallization in ethanol and the pure 
Schiff base, N,N’-bis (salicylidene)-
pheylmethanediamine (NNBSPMD)10 was 
obtained (yield ~95%). 

Polystyrene N-IP beads dried at ~700C.  
In order to introduce NNBSPMD ligand, 13g 
of the polymer was kept in 500mL of 
ethanol.  About 0.60g of the ligand 
NNBSPMD and 0.3g of sodium acetate were 
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dissolved separately in ethanol.  It was added 
slowly in the above solution kept it for 10 h.  
The above solution was stirred at 700C for 
12h.  The resultant functionalised polymer 
beads were washed with alcohol, deionized 
water and dried at 700C for 14h.  Finally the 
beads were purified with ethanol and dried at 
800C for dryness. 

10g of functionalysed polymer beads 
were kept in contact with 100mL of ethanol 
for 30min. at room temperature to swell.  
Then 50mL of ethanolic solution containing 
Mn(II) (0.12x10-3M) was added through an 
addition funnel slowly and then stirred for 
2h.  The resulting beads were filtered, 
washed with absolute ethanol and dried 
under vacuum.  Manganese was estimated by 
refluxing a fixed amount of polymer-
anchored catalyst with concentrated HCl 
(AR) followed by Atomic absorbance 
spectroscopy. 

Recommended procedure for the removal 
of metal ions 

A stock solution of manganese sulphate 
used in this study was prepared by dissolving 
an accurate quantity of manganese sulphate 
into 1000mL.  Other concentrations were 
prepared from this stock by dilution.  Fresh 
dilutions were used for each experiment. 

The effect of pH on metal ion uptake was 
studied by stirring 3mL of 2 x 10-3M metal 
[Mn(II)] solution, 10mL buffer (pH 2-10) 
solution and resin 5g in 100mL beaker for 
1h.  The effect of time was studied by 
repeating the above procedure at pH 9 at 
different time intervals (10, 20, 30, 40, 60, 
90, 120 min).  The effect of initial 
concentration of metal ion was determined 
by stirring of 2mL of Mn(II)  [10, 20, 
30,40,50 ppm]  metal solutions in a 100mL 
beaker with 5g of the resin and 7 mL of 
buffer (pH 9) solution.   

Oxidation of alcohols- General procedure 
The oxidation reaction was carried out at 

one atmospheric pressure of oxygen in a 
magnetically stirred glass reactor using 
polymer Schiff base Mn(II) complexes in 
toluene-methanol mixture (1:1 by volume).  
The progress of the reaction was followed by 
measuring the uptake of oxygen gas as a 
function of the reaction time at constant 
pressure using a glass manometer. After the 
completion of reaction, the products of the 
oxidation reaction were analysed by Gas 
Chromatography by comparing their physical 
constants with those of the authentic 
samples.  The same reaction was repeated by 
varying the concentration of alcohols, the 
amount of catalyst.  The recycling efficiency 
of used catalyst was also measured. 

RESULTS AND DISCUSSION 
Characterisation of Polymer-Schiff base 
Mn(II) complex 

Schiff base ligand namely N,N’-bis 
(salicylidene)-pheylmethanediamine 
(NNBSPMD) was syntesised as yellow solid, 
mp=120-1220C.  The Schiff base products 
were identified by physical and spectroscopic 
data, IR(KBr)/ν (cm-1) 3300-3450 (broad, 
OH), 1630 (s, C=N), 1445, 1565 (Ar);  1H 
NMR measured in DMSO as solvent, δ 
(ppm): 6.2 (s, 1H, NCHN), 6.7-7.5 (m, 13H), 
8.5 (s, 2H, HC=N), 13.0 (s, 2OH). 

Polystyrene N-IP supported Schiff base 
resin was characterized using; IR(KBr)/ν 
(cm-1) 3300-3430 (broad, OH), 1625 (s, 
C=N), 1440, 1565 (Ar); 1H NMR measured 
in DMSO as solvent, δ (ppm): 6.6 (s, 1H, 
NCHN), 7.0-7.7 (m, 13H), 9.0 (s, 2H, 
HC=N), 12.8 (s, 2OH). An increase in the 
surface area was observed after immobilizing 
the ligand on the polymer support.  This may 
be due to complexing of polymer with a 
bulky ligand14.  Which is indicates that the 
ligand (NNBSPMD) attached to the polymer 
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matrix, it was observed by the use of 
scanning electron microscope. The 

micrographs are given in Fig.1.  TG analyses 
show that the system stable upto 3000C.  

The complexation reaction of the Schiff 
base polymers with Mn(II) in ethanol 
showed a sharp color change from dark 
brown to light brown while refluxing. The 
manganese loading  on the complex was 
0.3mg/g. The anchoring of the metal 
complex on the polymer was                                                                                                                                                                               
further confirmed by IR and 1H NMR 
spectroscopy; IR(KBr)/ν (cm-1) 3295-3410 
(broad, OH), 1615 (s, C=N), 1430, 1560 
(Ar); 1H NMR measured in DMSO as 
solvent, δ (ppm): 6.9 (s, 1H, NCHN), 7.2-8.0 
(m, 13H), 9.3 (s, 2H, HC=N), 12.5 (s, 2OH). 
The UV-visible reflectance spectra of a 
catalyst shows band at 396 nm which can be 
assigned to π       π* transtition of metal 
complexes15-16. TG analyses show that the 
catalyst stable up to 4500C.  This reveals that 
the catalyst could be used safely up to 4500C.     

The effect of pH 
The effect of pH is presented in Fig. 2.  

The effect of pH on adsorption of Manganese 
was studied at room temperature by varying 
the pH of metal solution from 2 to 10.  
Manganese removal recorded its minimum 
values at pH 2.  This can be  justified on the 
bases that lower pH values, the protonation 
of chelating groups takes place, 

complexation with available ligands is 
reduced, which in turn leads to partial 
releasing the later.  The heavy metal cations 
are completely release under extreme acidic 
condition17-18.  The adsorption of Manganese 
percent increased with increasing of pH from 
5-7 and it is almost constant up to pH 9.  
From this study, it is observed that the 
change in pH is significant up to pH 7.0 and 
there is no considerable change after the pH 
7.0. 

The effect of initial metal concentration 
The effect of initial concentration of 

metal is presented in Fig. 3.  The increase in 
intitial concentration of Mn(II) from 10 to 
60ppm decreased its percentrages removal on 
the polymer supported system. 

Effect of Contact time 
The remove of Manganese from the 

prepared waste water increasing with 
increasing contact time.  The results for the 
effect of contact time on Manganese removal 
by polymer supported system are presented 
in Fig. 4.  The relative increase in the extent 
of removal of metal ion after 50 minutes of 
contact time is negligible and hence it is the 
optimum contact time. 

 
A 

   

 
B 

   

 
C 

 
Fig. 1 : Scanning electron micrographs A. Polymer, B. Polymer with Schiff base, C. Catalyst. 
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Oxidation reaction 
The oxidation reactions were carried out 

at room temperature in a static reactor using 
molecular oxygen as the oxidant at one 
atmospheric pressure.  The required amount 
of the catalyst was taken inside the reaction 
vessel   in   the   set-up.   The  system  was  

evacuated before filling up with the N2 gas.  
The substrates along with the solvent were 
introduced into the system by a syringe 
through a rubber septum.  Uniform rate of 
stirring was maintained.  The kinetics of the 
reaction was followed. 

 
Fig. 2 : Effect of pH variation on Mn removal 

 

 
Fig. 2 : Effect of initial Mn concentration. 
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Effect of alcohol concentration 
The concentration of alcohol for the 

catalyst was varied from 0.1 to 0.4 mol/l at 
350C and 1 atm, with the catalyst 

concentration is 0.0270x 102 mol/l.  On 
increasing the concentration of alcohol the  
rate was found to increase (Table 1). 

Table 1 : Initial rate of oxidation for substrates at different substrate concentrations 

Substrate [Catalyst I] X 102  
(M) 

[substrate] 
(M) 

Initial rate X 102  
(M min-1) 

n-butanol 0.0270 
0.1 
0.2 
0.3 
0.4 

0.29 
0.55 
0.74 
0.88 

n-hexanol 0.0270 
0.1 
0.2 
0.3 
0.4 

0.20 
0.41 
0.57 
0.68 

Benzyl alcohol 0.0270 
0.1 
0.2 
0.3 
0.4 

0.18 
0.35 
0.48 
0.58 

2-propanol 0.0270 
0.1 
0.2 
0.3 
0.4 

0.20 
0.30 
0.39 
0.47 

2-butanol 0.0270 
0.1 
0.2 
0.3 
0.4 

0.15 
0.27 
0.36 
0.40 

 
Fig. 4 : Effect of contact time. 
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Effect of amount of the Catalyst 
The influence of the amount of catalyst 

on the rate of reaction was studied over the 
range of 0.0135 x 102 to 0.0540 x 102 mol / l 

at constant concentration of alcohol of 0.2 
mol / l at 350C keeping 1atm O2 Pressure.  
On increasing the quantity of the catalyst, an 
increase in the rate was observed (Table 2). 

Table 2 : Initial rate of oxidation for substrates at different catalyst concentrations 

Substrate  
0.2 M 

[Catalyst I] X 102  
(M) 

Initial rate X 102 
(M min-1) 

n-butanol 

0.0135 
0.0270 
0.0405 
0.0540 

0.33 
0.55 
0.78 
0.89 

n-hexanol 

0.0135 
0.0270 
0.0405 
0.0540 

0.27 
0.50 
0.69 
0.81 

Benzyl alcohol 

0.0135 
0.0270 
0.0405 
0.0540 

0.25 
0.42 
0.62 
0.79 

2-propanol 

0.0135 
0.0270 
0.0405 
0.0540 

0.22 
0.41 
0.61 
0.72 

2-butanol 

0.0135 
0.0270 
0.0405 
0.0540 

0.18 
0.35 
0.49 
0.63 

 
Recycling efficiency of the supported 
catalyst 

The polymer anchored catalyst can lose 
its activity by loss of the metal which is 
brought about by leaching of the metal 
complex from the support .To check whether 
the above phenomenon occurs in this system 
or not ,the recycling efficiency of the catalyst 
was carried out by doing the experiments 

over a period of 5.5 h. A known quantity of 
alcohol was injected successively and the 
rate of reaction was measured each time. The 
duration between the two introduction was 
the time required to complete oxidation of 
alcohol. The results are presented in Fig. 5. It 
was observed that decrease in rate might be 
due to loss of metal ions from the surface of 
the catalyst19. 
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CONCLUSION 
Polymer Schiff base system seems to 

have very efficient and economical for 
removing toxic metal ion such as Mn (II) 
from industrial waste water.  Their metal 
uptake efficiency increases with pH and 
reaches plateau  at 7.  Polymer Schiff base-
Mn (II) complexes are successfully 
synthesized and characterized and it is used 

for oxidation of alcohol. The recycling 
efficiency of the catalyst indicates that the 
rate is almost constant up to 4 cycle. 
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