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ABSRACT: Copolymer (4-HBMF) was synthesized by the condensation of 4-hydroxybenzophenone [HB] and 

melamine [M] with formaldehyde [F] in presence of acid catalyst using varied molar ratios of reacting 

monomers. A copolymer composition has been determined on the basis of their elemental analysis and the 

number average molecular weight of this copolymer was determined by conductometric titration in non- 

aqueous medium. The viscosity measurement in DMSO has been carried out with a view to ascertain the 

characteristic functions and constants. The newly synthesized copolymer resin was characterized by IR spectra 

and 
1
H NMR spectra. Ion- exchange properties of this resin was studied by batch equilibrium method for Fe

3+
, 

Cu
2+

, Ni
2+

, Zn
2+

, Cd
2+

 and Pb
2+

 ions over the pH range, 1.5 to 6.5 and in media of various ionic strengths. In 

presence of nitrates, perchlorate and chloride ions the uptake of Fe(III), Cu(II), Zn(II) and Pb(II) ions increases 

with the increasing concentration of electrolytes, whereas in presence of sulphate ions, the amount of above 

mentioned ions taken up by the copolymer resin decreases with the increasing concentration of electrolyte. 

Study of distribution ratio as a function of pH indicates that the amount of metal ion taken by resin is increases 

with the increasing pH of medium. The surface morphology of the copolymer resin was examined by scanning 

electron microscopy. 
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I. INTRODUCTION 
Terpolymer is found very useful application as adhesives high temperature flame resistant, fibres, 

coating materials, semiconductors, catalysts and ion exchange resins[1-4]. Ion exchange resins have attracted 

much interest in the recent years due to their application in waste water treatment, metal recovery and for 

identification of specific metal ions [5-6]. A new chelating sorbent for metal ion extraction under saline 

conditions has also been studied [7]. Chelating ion exchange properties of resin involving poly [(2, -hydroxy-4 

acryoxybenzophenone)] are reported[8]. Copolymers involving 4-hydroxyacetophenone-biuret-formaldehyde 

[9] are reported for their ion –exchange characteristics. The purpose of present study is to explore the adsorption 

behavior of eight metal ions Fe
2+

, Cu
2+

, Ni
2+

, Co
2+

, Zn
2+

, Cd
2+

 and Pb
2+

 on the newly synthesized terpolymer 

resins 4-HBMF at different pH values, different concentrations of different electrolytes and at different shaking 

time intervals. The terpolymer resins under investigation are found to be cation exchanger having both ion 

exchange group and chelating group in the same polymer matrix and the resin can be used selectively for the 

purpose of purification of waste water. One of the important applications of chelating and functional polymers is 

their capability to recover metal ions from waste solution. Hence the chelating ion exchange property of the 4-

HBMF terpolymer resin was also reported for specific metal ions. 

The present study deals with the synthesis and of 4-hydroxybenzophenone-melamine-formaldehyde         

[4-HBMF] terpolymer resin by spectral methods for the first time. The synthesized terpolymer was 

characterized by elemental analysis, UV-VIS, FT-IR, 
1
H-NMR, intrinsic viscosity and number average 

molecular weight.  

 

II. EXPERIMENTAL 

Chemicals 
The important chemicals like 4-hydroxybenzophenone, melamine and formaldehyde used in the 

preparation of various new 4-HBMF terpolymer resins were procured from the market and were of chemically 

pure grade. 

 

Fig.1 Preparation of 4-HBMF-1 Copolymer Resin 



IOSR Journal of Applied Chemistry (IOSR-JAC) 

ISSN: 2278-5736, PP 35-39 

www.iosrjournals.org 

International Conference on Advances in Engineering & Technology – 2014 (ICAET-2014)  36 | Page 

2.1 Synthesis of 4-HBMF Terpolymer resin:The 4-HBMF-I terpolymer resin was prepared by condensing 4-

hydroxybenzophenone (1.982gm, 0.1mol), melamine (1.2612gm, 0.1mol), formaldehyde (11.25ml, 0.3mol) in 

the mole ratio of 1:1:3 in the presence of 2MHCl as a catalyst at 122+2
o
C for 6h in an oil bath with occasional 

shaking to ensure through mixing. The reaction and suggested structure of 4-HBMF-I is given in Fig. 1. 
 

In the same way the other terpolymer resin viz. 4-HBMF-II, 4-HBMF-III, 4-HBMF-IV were prepared with the 

molar ratios 2:1:4, 3:1:5, 4:2:7. 

III. CHARACTERIZATION OF 4-HBMF TERPOLYMER RESIN 
3.1 Physicochemical and Elemental Analysis 

The terpolymer resin was subjected to micro analysis for C, H and N on an Elementar Vario EL III 

Carlo Erba- 1108 elemental analyzer. The number average molecular weight was determined by conductometric 

titration in DMSO medium using ethanolic KOH as the titrant by using 25 mg of sample. A plot of the specific 

conductance against the miliequivalents of KOH required for neutralization of 100 gm of terpolymer resin was 

made. Inspection of such plot revealed that there were many breaks in the plot. From this plot first break and last 

break were noted. 

3.2 Spectral and surface analysis  
Electronic (UV-Visible) spectra of terpolymer resin in DMSO was recorded with a double beam 

spectrophotometer in the range of 200-850 nm at Kamla Nehru  Mahavidyalaya, Nagpur.FT-IR spectra of 4-

HBMF terpolymer resin was recorded in najol mull with Perkin –Elmer Spectrum RX-I,FT-IR 

spectrophotometer in KBr pallets in the range of 4000-500 cm
-1

 at SAIF , Punjab University, Chandigarh.         
1
H NMR spectra was recored with Bruker Advance-II 400 NMR spectrophotometer  using DMSO as solvent at 

SAIF , Punjab University, Chandigarh.The surface analysis was performed using scanning electon microscope 

at different magnification at VNIT Nagpur. 

3.3 Ion-exchange property 
The ion-exchange property of the 4-HBMF terpolymer resin was determined by the batch equilibrium 

method. 

3.3.1 Determination of metal uptake in the presence of electrolyte of different concentrations 
The terpolymer sample (25mg) was suspended in an electrolyte solution (25ml) of known 

concentration. The pH of the suspension was adjusted to the required value by using either 0.1m HNO3 or 0.1M 

NaOH. The suspension was stirred for 24hrs at 30ºC. To this suspension 2 ml of 0.1M solution of the metal ion 

was added and the pH was adjusted to the required value. The mixture was again stirred at 30ºC for 24 hrs and 

filtered. The solid was washed and the filtrate and washing were combined and the metal ion content was 

determined by titration against standard EDTA (ethylene diamine tetra-acetic acid). The amount of metal ion 

uptake of the polymer was calculated from the difference between a blank experiment without polymer and the 

reading in the actual experiments. The experiment was repeated in the presence of several electrolytes. The 

results are presented in Fig. 6 to 10. 
 

3.3.2 Evaluation of rate of metal uptake 
In order to estimate the time require to reach the state of equilibrium under the given experimental 

conditions, a series of experiments of the type described above were carried out, in which the metal ion taken up 

by the chelating resins was determined from time to time at 30ºC. (in the presence of 25ml of 1M NaNO3 

solution). It was assumed that, under the given conditions, the state of equilibrium was established within 24 hrs. 

The rate of metal uptake is expressed as percentage of the amount of metal ions taken up after a certain time 

related to that at the state of equilibrium. The results are presented in Fig. 10 

3.3.3 Distribution of metal ion at different pH 
The distribution of each one of the seven metal ions i.e., Cu (II), Ni(II), Co(II), Zn(II), Cd(II), Pb(II), 

and Fe(III) between the polymer phase and the aqueous phase was determined at 30ºC and in the presence of 

1M NaNO3 solution. The experiments were carried out as described above at different pH values.  

 

IV. RESULTS AND DISCUSSION 

4.1. Spectral and surface studies 
The UV-Visible spectrum of all four 4-HBMF terpolymer resin has been shown in Fig. 2. All the four 

4-HBMF terpolymer resin displayed two broad bands at 270-280 nm and 320-380 nm. The observed position of 

the absorption bands indicates the presence of a phenone COC6H5 group and hydroxyl group which is in 

conjugation with the aromatic nucleus. The band at 320-380 nm is more intense which is accounted for a π-π* 

transition while the less intense band at 180-300 may be due to n-π*transition [10,11].  

4.2. Infrared Spectra 

PD  = 

 

Total millequivalents of base required for complete neutralization   
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The IR spectra of all four 4- HBMF terpolymer resins are presented in fig 3. IR spectra reaveled that all four 4-

HBMF terpolymer resin give rise to nearly same pattern of spectra. A broad band appeared at the region 3742-

3746 cm
-1

 may be assigned to stretching vibration of phenolic –OH group exhibiting intramolecular hydrogen 

bonding[12].  The band at 2924-2931 cm
-1

 is due to stretching of –NH. The band at 1606-1607cm
-1

 may be due 

to aromatic ring substituted. The band at 1606-1607 cm
-1  

may be due to aromatic ring (substituted).  The band at 

1347, 1283, 1248 and 784 cm
-1  

may be due to CH2 bending(wagging and twisting), -CH2  plane bending. 

 

 

 

 

 

 

 

 

 

 
Fig. 2 UV-visible Spectra of 4-HBMF Terpolymer Resins 

 

 

 

 

 

 

 

 

 

 
Fig. 3   Infra Red Spectra of 4- HBMF Terpolymer Resins 

 

4.3. Nuclear Magnetic Resonance spectroscopy  
1
H NMR spectra of all 4-HBMF  terpolymer resin are shown in fig 4. The medium signal at 2.52-2.54 

ppm may be due to methylene proton of Ar-CH2 bridge. The signal in the region of 3.42-3.46 ppm may be due 

to methylene proton of Ar-CH2-N. The signal in the range of 7.61-7.65 ppm may be due to phenolic hydroxyl 

group[13]. The singlet in the region 5.33-5.34 ppm may be due to proton of –NH bridge. The weak multiplate 

signal in the region at 6.85-6.91 ppm may be due to aromatic proton of A r-H. 

Fig. 4 
1
H NMR Spectra of 4- HBMF Terpolymer Resin 

4.4 Scanning electron microscopy (SEM) 
Surface analysis has found great use in understanding the surface features of the materials. The 

morphology of the reported sample was investigated by scanning electron micrograph at different magnification 

which is shown in fig 5.for 4-HBMF. It gives the informatin of surface topography and defect in the structure. 

The morphology of polymer resin shows spherulites and fringed model. The spherules are complex 

polycrystalline formation having as good as smooth surface. This indicates the crystalline nature of 4-HBMF 

terpolymer resin sample. The morphology of resin polymer shows also a fringes model of the crystalline 

amorphous structure. Thus by SEM micrograph morphology of the resin shows the transition between 
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crystalline and amorphous nature, when compared to other resin, the 4-HBMF terpolymer resin is more 

amorphous in nature, hence shows higher metal ion exchange capacity. 

4.5 Ion- exchange properties 
Batch equilibrium technique developed by Gregor et. al and De. Geiso et. al. was used to study ion 

exchange properties of 4-HBMF terpolymer resins. The results of the batch equilibrium study carried out with 

the terpolymer 4-HBMF  are presented in Fig. 6 to 11. Seven metal ions Fe
3+,

 Cu
2+,

 Ni
2+

, Co
2+,

 Zn
2+,

 Cd
2+

 and 

Pb
2+ 

in the form of aqueous metal nitrate solution were used. The ion exchange study was carried out using three 

experimental variables : a) Electrolyte and its ionic strength b) Shaking time and c) pH of the aqueous medium, 

Among these three variables, two were kept constant and only one was varied at a time to evaluate its effect on 

metal uptake capacity of the polymers[14-16]. 

 

 

 

 

 

 

 

 

 

Fig. 5 SEM Micrograph of 4-HBMF-I Terpolymer resin 
 

Effect of Electrolytes and their concentrations on metal ion uptake capacity 
We examined the influence of ClO4

-,
 NO3

- 
, Cl

-
 and SO4

2-
 at various concentrations on the equilibrium 

of metal-resin interaction. Fig. 6,7,8.9 shows that the amount of metal ions taken up by a given amount of 

terpolymer depends on the nature and concentration of the electrolyte present in the solution. In the presence of 

perchlorate, chloride and nitrate ions, the uptake of Fe(III), Cu(II) and Ni(II) ions increase with increasing 

concentration of the electrolytes, whereas in the presence of sulphate ions the amount of the above mentioned 

ions taken up by the terpolymer decreases with increasing concentration of the electrolyte. Moreover, the uptake 

of Co(II), Zn(II), Cd(II) and Pb(II) ions increase with decreasing concentration of the chloride, nitrate, 

perchlorate and sulphate ions. This may be explained on the basis of the stability constants of the complexes 

with those metal ions.  
                        

 
 

 

 

                 

 
  

Evaluation of rate of metal ion uptake 
The data presented in Fig 10 indicates that the rate of metal ion uptake depends on the nature of metal 

ion.[17]. The rate of metal ion means the change in concentration of metal ion in aqueous solution containing 

polymer sample. Fe
3+

 requires 3hrs and rest of metal requires 5 hrs for establishing equilibrium. 
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Fig. 6 Uptake of Several Metal Ions by 4- 

HBMF - I Terpolymer Resin at five 

different concentration of Electrolyte 

Solution NaNO3. 

 

Fig. 7 Uptake of Several Metal Ions by 4- 

HBMF -I Terpolymer Resin at five 

different concentration of Electrolyte 

Solution NaCl. 
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Distribution ratios of metal ions at different pH 
The effect of pH on the amount of metal ions distributed between two phases can be explained by the 

results given in Fig. 11. The data on the distribution ratio as a function of pH indicate that the relative amount of 

metal ion taken up by the 4-HBMF  terpolymer increases with increasing pH of the medium. The magnitude of 

increase, however, is different for different metal cations. The 4-HBMF  terpolymer resin take up Fe (III) ion 

more selectively than any other metal ions under study. The order of distribution ratio of metal ions measured in 

pH range 2.5 to 6.5 is found to be Fe (III) > Cu (II) > Ni (II) > Co (II) > Zn (II) > Cd (II) > Pb (II). Thus the 

results of such type of study are helpful in selecting the optimum pH for a selective uptake of a particular metal 

cation from a mixture of different metal ions. 

  

V. CONCLUSIONS 
1. A terpolymer 4-HBMF, based on the condensation reaction of 4-Hydroxybenzophenone and melamine with 

formaldehyde in the presence of acid catalyst was prepared. 

2. The terpolymer resin showed a higher selectivity for Fe
3+

, Cu
2+

 and Ni
2+

 ions than for Co
2+

, Zn
2+

, Cd
2+

 and 

Pb
2+

 ions. 

3. This study of ion–exchange reveals that 4-HBMF polymer resin is proved to be eco-friendly cation exchange 

resin and can be used for the removal of hazardous metal ions from environmental area. 

 

VI. ACKNOWLEDGEMENT 
 

The authors are pleased to express their gratitude to the Director, Laxminarayan Institute of 

Technology, Nagpur, India, for providing the necessary laboratory facilities. 
 

REFERENCES 
[1] Katkamwar S. S, Zade A. B, Gurnule W. B, Synthesis, of 8-hydroxyquinoline-dithioxamide-formaldehyde terpolymer resin, J.Appl 

Polym Sci., 113, 2009, 3330-3335. 
[2]  Gui Li X, Rong Huang M, Yang Y, Synthesis,  of o-phenylenediammine and  xylidine copolymers., Polymer, 42,2001,4099-4107. 

[3] Wang J.Y, Yuan C, Study on modified urea formaldehyde resin adhesives, Huaxue Yu Nianhe, 16,2003, 20-21. 

[4]  Egorov A. N, Sukhorukov Y.I, Plotnikova G. V, Khaliullin A. K, fireproof  coatings based on ureaformaldehyde resin for metallic 
structure, Rus J Appl Chem,75,2002,152-155. 

[5] Orazzhanova L. K, Yashkarova M. G, Bimendina L. A, Kudaibergenov S. D, Binary and ternary polymer-strontium complexes and the 

capture of radioactive strontium-90 from the polluted soil of the Semipalatinsk nuclear test site, J Appl Polym Sci, 87, 2003,759-764. 
[6] Atia A. A, Donia A. M, Elwakeel K. Z, Selective separation of mercury(II) using a synthetic resin containing amine and mercaptan as 

chelating groups, React Funct Polym, 65, 2005,267-275. 

[7] Prabhakaran D, Subramanian M. S, A new chelating sorbent for metal ion extraction under high saline conditions, Talanta, 59, 2003, 
1227-1236.  

[8] Zalloum R. M, Mubarak S. M, Chealation properties of poly(2-hatydroxy-4-acryloyloxybenzophenone) resin towards some divalent 

metal ions, J Appl Polym Sci, 109, 2008, 3180-3184. 
[9] Gurnule W.B, Rahangdale P. K, Paliwal L. J, Synthesis, and ion exchange properties of 4-hydroxyacetophenone, biuret and 

formaldehyde terpolymer resins, React Funct Polym, 55, 2003, 255-265. 

[10] Singru R.N, Zade A. B, Gurnule W.B, Chelating ion exchange properties of polymer resin derived from p-cresol, oxamide and 
formaldehyde, Iranian Polymer Journal, 19(3), 2010, 169-183. 

[11] Burkanudeen R, Azarudeen M, Riswan Ahamed, P. Ramesh, N. Vijayan, Synthesis and analytical applications of a chelating resin, Int. 

J. of Chem. And Env. Engg, 1(1), 2010, 29-34. 
[12]  Joshi J. D, Patel N. B, Patel S. D, Synthesis,  and ion exchange study of poly [(2,4- dihydroxybenzophenone) butylenes] resin and its 

polychelates with transition metals, Iran Polym J, 15, 2006, 219-226. 

[13] Silverstein R. M, Webster F. X, Spctrometric identification of organic compounds, John Wiley and Sons, New York, 1998. 
[14]  Rahangdale S. S, Gurnule W.B, Zade A. B, Synthesis and chelation ion exchange properties of 2,4- dihydroxyacetophenone-biuret-

formaldehyde terpolymer resin, Indian J Chem, 48A,2009,531-535. 

[15] Gurnule W.B, Dhote S. S, Preparation, and chealation ion exchange properties of copolymer resin derived from 2,4-dihydroxy benzoic 
acid, ethylene diamine and formaldehyde, J. Der Pharma Chemica, 4(2), 2012,791-799. 

[16] Tarase M. V, Gurnule W.B, Zade A. B Synthesis, and ion exchange properties of 2, 4- dihydroxypropiophenone-biuret-formaldehyde 

terpolymer resin, J Appl Polym Sci, 108, 2008, 738-746. 
[17] Gurnule W. B, Patle D, Preparation, and chelating ion exchange properties of terpolymer resin derived from o-aminophenol, urea and 

formaldehyde, Elixir Appl. Chem.50, 2012, 10338-10345.  

  


