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ABSTRACT 

Based on furfural, diphenyloxide, polyethylene polyamine with 1:1:0.5 molar ratio 
respectively were obtained polymer matrix of ion exchanger at the temperature 90-100oC, during 
3 hours. For creating pore into the polymer intensively added glucose which dissolved in the 
medium of DMFA as a poragent 10%, 20%, 30%, 40%, 50% total amount of initial monomers 
respectively. Chemical mechanism of obtaining polycondensation type ion exchanger showed 
three-dimensional structure, due to the used suitable catalyst ZnCl2. Polymer exposed to 
sulfonation at the temperature 70oC in 95% H2SO4 during 6 hours. Porosity properties were 
investigated experimentally according Brauner-Emmit-Teller equation by isotherm of sorption 
benzole and water vapor.  FT-IR analysis revealed NH-, -NH2, -SO3H, C=C, and C-H bonds in the 
ion exchanger. Results of elemental analyses by SEM showed 4,2-4,5 ω(E)% nitrogen atoms and 
0,8-1,0  ω(E)%  sulfur atoms exist into ion exchanger granules. Thermogravimetric analysis (TGA) 
showed that at the 400oC weight loss 23.56%, at the 500 oC to 55.13% and 67.51% at the 600oC. 
The sorption properties in static condition determined 0.1N solutions of NaCl, CaCl2, MgSO4 and 
HCl, NaOH at the temperature 25oC. 

Key words: macroporosity, ion exchange, polycondensation, mechanism reaction, metal 
ions 
 
INTRODUCTION 

So far we have used the term ‘macroporous’ to describe the condensation resins made by 
the Mills technique1-2   which were clearly two-phase materials having a porosity even in the dry 
state. Mainly this type of ion exchangers obtained from DVB-crosslinked polystyrene3. However, 
pore structure and morphology of the macroporous epoxy resins prepared4. Two new types of solid 
adsorption material (macroporous cation exchange resin (MCER) and macroporous ion-exchange 
resin organic amine composite material (MCER-DEA)) were prepared from waste television 
plastics outer shell (WTPS) and used to capture CO2 in flue gas from coal-fired power plants5. The 
macroporous, strong basic anion exchangers (SBAEs), using by 2-ethyl-1-hexanol as a porogen, 
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with an average pore radius higher than 50 nm synthesized6. A new type of macroporous 
ellagitannic acid resin (EAR) can be prepared from macroporous crosslinked chloromethylated 
polystyrene beads and ellagic acid in the presence of NaOH and KI as catalysts7. Synthesized the 
new condensate / low-cost ion exchangers of PhOH –HCHO type blended with sulphonated 
Abutilon indicum, Linn.Carbon (SAIC)8. Developed a new method of synthesis of carboxy-
containing high-capacity macroporous cation exchange resin based on acrylate matrix with a high 
content of functional groups 9-10. Core–shell nanomaterial with cationic ion exchange resin core 
and porous Ag2O shell was prepared by facile ion exchange and silver oxidation method at ambient 
temperature without using toxic chemicals11. Obtained ion-exchanger based on epichlorohydrin, 
thiourea, hexamine, polyethylene polyamine also based on polyethylene polyamine and 
diglycidylaniline, as well as polyethyleneimine and diglycidylaniline12-13.  

Macroporous ion exchangers, also known as the second generation polymer network, have 
a sponge-like structure that provides greater stress tolerance and resistance to fouling and physical 
breakdown (osmotic shocks, changes of pH, polarity), oxidizing reactions and swelling14. Typical 
cation-exchange groups are sulfonic acids (–SO3H), carboxylic acids (COOH), phosphonic acids 
(–PO3H2) and phenolic hydroxide groups15. The resins were deeply investigated in terms of 
chemical composition (anionic, cationic, and amphoteric) and crosslinker content, by: swelling 
degree, ion-exchange capacity, volume variation, charge density, size 16. In this work, we presented 
new polycondensation type macroporous amphoteric ion exchanger based on 
furfural/dipheniloxyde/polyethylene polyamine. Investigated radius and volume of the pore, 
specific surface area, monolayer capacity, saturation capacity and other parameters related to the 
macroporosity.  
 
EXPERIMENTAL 

For synthesis prepared initial monomer – furfural by distillation according to the literature 
method17 and possessed to Gas chromatography-mass spectrometry (GC-MS). Experiment showed 
that furfural obtained 99.5% with high purity.  

Other monomers as diphenyloxide - CAS number 101-84-8, eutectic liquefaction 
temperature 285.45 K, boiling point 114-115oC, liquefaction temperature 26-27oC. Polyethylene 
polyamine - (PEPA) composed of fragments ([—C2H4NH—) n, TС 2413-010-75678843-2012 
with total nitrogen 19%, water 4% and mineral compounds less than 0.2% yellow-brown color 
were used for synthesis of ion exchanger based on furfural. 17 g (0.1 molar) of diphenyloxide was 
added to the three-mouth flask equipped with reflux condenser and stirrer. Then weighted 0.5 g of 
ZnCl2 catalyst diluted in 2 ml DMFA and added to the flask. 16.55 g (0.2 molar) furfural added at 
30-40°C and the mass was thoroughly mixed18. Then 12 mL of PEPA added to the bladder at a 
temperature of 45oC. At the same time, 30% of the initial substance added to the starting substance 
(glucose) in parallel. Then the temperature raised to 90-100°C and after 3 hours, the polymer 
formed. The resulting polymer treated with a strong vapor to remove the excess porous glucose. 
The polymer was then placed in a porcelain dish and dried19-20 in a preheated oven at a temperature 
of 40-50°C and then at a temperature of 100°C until dry. The dried polymer was crushed and 
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sieved to a diameter db = 0.1 mm. Polymer beds washed with 5% of sulphuric acid solution then 
with distilled water after 5% NaOH solution and distilled water until a neutral reaction. Polymer 
dried at the 80-90oC temperature during 24 hours. For enter sulfonic groups into the obtained 
polymer matrix provided sulfonation with 95% sulphuric acid at 70oC during 6 hours. After ion- 
exchanger beds washed with 70%, 50%, 25%, 10% and 5% solution of sulphuric acid then distilled 
water until a neutral reaction. Dried 100oC during 4 hours. The obtained ion exchanger was 
characterized for elemental analysis SEM - EVO MA 10 (Zeiss, Germany), thermal analysis 
(TGA), spectral analysis FT-IR (Nicolet iS50) and SEM. 
 
RESULTS AND DISCUSSION 

Observed experimentally and theoretical investigated mechanism of the polycondensation 
reaction (Fig.1).  

 
 

 
Fig.1. Scheme of polycondensation of polymer matrix and sulfonation 

The scheme of the reaction mechanism showed that monomers quiet easily linked with 
each other in the optimal medium of polycondensation. The condensation due to the hydrogen in 
the PEPA and hydroxyl groups from heterocyclic core linked with aldehyde groups of carbon. 
Lewis catalyst helps to remove water molecule from reaction medium. Cross-linked polymer 
possessed to sulfonation.  The functional sulfuric groups entered to the polymer matrix orto - and 
para - position of aromatic cycle of dipheniloxyde.  This indicates that the preparative methods 
adopted for the synthesis of amfoteric ion exchanger more dependable and reproducible. Exactly 
19,2mL of furfural, 0.5mL of PEPA, 18.2 mL of dipheniloxyde and 30% glucose into total mass 
of the initial monomers are found to be optimum. For determining of functional groups FT-IR 
studies were used and confirmed the ion exchange ability in the Fig.2 (a and b).  
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a) b) 
Fig.2. Polymer matrix (a) and ion exchanger (b) with sulfuric groups 

The range of 2915-2848 cm-1 assigned antisymmetric and symmetric stretching of – CH2 – 
groups and  scissors vibration of – CH2 – groups in the field of 1471-1462 cm-1 in polymer matrix 
(a). C-N stretch observed in the 1160-1043 cm-1 bonds of C-NH2 in primary aliphatic amines. Out 
–of-plane deformation in 730-718cm-1 corresponded with aromatic rings of dipheniloxide and 540-
450 cm-1 with heterocyclic ring of furfural.  After sulfonation in the fig.3 (b) intensity of the range 
2965-2911 cm-1 demonstrate of   – CH2  -  in polymer.  Deformation vibrations at 1560-1580 cm-

1 in the spectra correspond to the –NH2 bonds. Width range of 1245-1155 cm - 1 indicated  – SO3H 
– functional groups and strong intensity in the range of 1170-1145 cm-1 matches with amino-
sulfate which confirm the presence of sulphonic and amino groups. The appearance of broad 
absorption band at 3332 - 3404 cm-1 (H-bonded –OH str.) indicates the presence of phenolic and 
–OH group of in sulfonic acid group of the samples. Thermogravimetric analysis (TGA) used for 
rapidly assessing the thermal stability of ion exchangers21. Hence, macroporous ion exchangers 
have low stability to the hot. Thermo - gravimetric curve of polymer matrix and amphoteric ion 
exchanger shown in the Fig.3 (a and b).  

  
a) b) 
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Fig.3. Polymer matrix (a) and ion exchanger (b) with amino-sulfuric groups 
From the TG data summary, the 4.466 % weight loss of polymer matrix and amphoteric 

ionite for up to 90oC observed. It is clearly shown that the loss of moisture absorbed by the polymer 
and ion exchanger. The temperature between 100oC-300oC there is 28% weight loss in polymer 
and 6.84% weight loss for amphoteric ionite. Up to 315 oC, approximately 82 % loss of weight 
was observed for polymer matrix and 33.7% loss of weight was indicated in amphoteric ion 
exchanger.  

It is cleared observed that up to 100o C weight loss of polymer is due to the removal of 
water content present in the matrix. DTA curve shows that there are three peaks obtained in 
amphoteric ion exchanger (b) about at 73oC, 308 and 339oC. At 70 oC the presence of broad peak 
indicates the dehydration process of ion exchanger. Peaks at 308 and 339oC shows the chemical 
changes, which occur due to thermal dehydration.  Therefore, the amphoteric ion exchanger has a 
great mechanical strength and little attritional breaking compare to polymer matrix.  

  

a) 

 
 

 

b) 
Fig.4. SEM images polymer matrix (a) and amphoteric ion exchanger (b) with porosity 

SEM images of polymer and amphoteric ion exchanger (Fig.4 a and b) with the 
magnification of 50, 100 μm and 250 μm are given. SEM images that all the samples are macro 
permeable in nature. The high macro porous ion exchanger obtained from 30% glucose of total 
amount of initial monomers. As a result, the pore diameter decreases in anion amphoteric ion 
exchanger as compared to polymer matrix.  
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Detailed analysis of pore size, capacity of monolayer,  specific surface area were 
determined with the method involving water and benzene adsorption-desorption using a vacuum 
MacBen apparatus supplied with quartz scales22-24. Isotherms are obtained by this manner, then 
they are recalculated by using graphs in the Fig.5.  

With 10%, 20%, 30% and 40% of pore agent the monolayer capacity equal to 0.68, 0.348, 
0.791, 6.378 molar/kg respectively (fig.6a). In  that  time we  realized the specific surface area 
equal 
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Fig.5. Absorption of benzene (a) and water (b) vapor by amphoteric ion exchanger at the 
atmospheric pressure depending on the pore agent 10, 20, 30, 40% from total amount of 

initial monomers 
to 44.21, 22.66, 51.45, 414.64 m2/g accordingly. Therefor sorption of benzene by ion exchanger 
less than water vapor which demonstrated in fig.6b. 

The monolayer capacity 0.091, 0.313, 0.363, 0.356, 0.358 molar/kg respectively and 
specific surface area 21.28, 75.33, 87.44, 85.63, 85.90 m2/g accordingly. Providing experiments 
showed that with 30% pore-forming agent obtained ion exchanger results matches with the macro 
porosity ion-exchangers.  
 
CONCLUSION 

Based on furfural, dipheniloxide and PEPA provided polycondensation reaction by using 
Lewis catalyst and glucose as a pore-forming agent. Depending on the quantity of the pore-forming 
agent (10%, 20%, 30%, 40% from total amount of initial monomers mass) the pore size in the 
particles of the ion exchanger were different. Moreover, the nature and condition of modifier 
directly influence create of pores in the polymer matrix. The amount of pore- forming agent can 
be controlled during synthesis. With increasing of the amount of pore-forming agent the holes in 
polymer matrix lead to rise their pores, however the mechanical durability of ion exchanger are 
decreased. Ion exchanger after sulfonation contained strong acid sulfonic groups and weak base 
amino functional groups. IR-spectra peaks and elemental analyses involved and determined that 
ion-exchanger contains amino-sulfonic functional groups. SEM images have well defined 
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macroporosity structure. Therefore, the ion exchanger obtained from polymer matrix blending of 
glucose with 30 % will absolutely lower the cost, which can be used in wastewater treatment, 
especially for the removal of metal ions 
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