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Cation exchange resins are widely used for water softening and demineralization all over the world. Deposition, 
metabolism, and growth of bacteria and fungi on the resin beads cause capacity and performance losses, especially 
during repeated use in cyclic and long-term operations. Over the last decades, modification of different materials by 
silver nanoparticles (AgNPs) has demonstrated to present significant opportunities in mitigating biofouling problems. 
The paper deals with a novel facile technique of introducing silver colloids (AgC) into cation exchange resin, providing 
the formation of silver micro- and nano-inclusions on the cation resin beads. The scanning electron microscope (SEM) 
measurements have confirmed a spherical shape and uniform distribution of AgC (50 – 1000 nm) on the surface of the 
resin. To evaluate the antibacterial and fungicidal properties of AgC on the cation resin beads, we have used 
Aureobasidium sp., Penicillium sp., and Staphylococcus aureus cultures. AgC coating has proved to efficiently prevent 
bacteria/biofilm growth on the cation resin beads and thereby significantly increase the service life of the cation 
exchange resin, especially in hot climatic conditions. Possible antibiofouling mechanisms of the modified 
nanocomposite cationite have been discussed. Since 2020, the modified silver-containing cationite has been successfully 
utilized for water softening systems of boiler equipment in Uzbekistan, demonstrating the suitability of the suggested 
facile coating technique for reducing fouling of cation-exchange resin. 
Keywords: cationite, water hardness, silver nanoparticle, ion-exchange, water softening. 

 
1. INTRODUCTION∗ 

Water softening is the process of removing the 
dissolved calcium and magnesium salts that cause hardness 
in water. Cation exchange resins are known to be widely 
used in water purification equipment to soften water due to 
the long life of the resins and their cheap maintenance 
costs [1]. Our data of operating softening systems in hot 
climatic conditions of Uzbekistan has clearly demonstrated 
that a rapid contamination of the cation exchanger with 
microorganisms often occurs [2]. It leads to the destruction 
of the cation exchanger granules and a significant decrease 
of its exchange capacity, which leads to a sharp reduction 
in the service life and operation of expensive water 
softening systems. To solve this problem, we have 
suggested the preparation and subsequent application of a 
strong acid cationite with silver nano-inclusions into water 
softening system. AgC are known to stop bacterial growth 
due to their superior antibacterial properties [2, 3]. 

It is expected that the application of AgC in the 
structure of the cation exchanger will thereby significantly 
increase its service life while maintaining a high value of 
its exchange capacity. Over the recent decades, a large 
number of scientific publications have been devoted to the 
synthesis of both sorption and composite ion-exchange 
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materials with micro- and nanosized inclusions of metal 
nanoparticles [1, 4 – 8]. However, despite the recent 
successes, the problem of obtaining and practical 
application of metal-containing ion-exchange materials 
with bactericidal properties remains one of the most 
intriguing in the water treatment science. 

2. MATERIALS AND METHODS 
Silver nitrate AgNO3, hydrazine, natural 

polysaccharides including sodium alginate and quercetin 
(Sigma Aldrich, UK), and commercially available KU-2-8 
cationite (TOKEM, Russia) were used in the as-received 
condition. KU-2-8 is a strong acid cation exchange resin 
(gel type) with high capacity, which is analogous to 
Purolite C100E resin. Its polymer structure is composed of 
styrene-divinylbenzene containing sulfonic acid functional 
groups. Ion-exchange saturation of the KU-2-8 cationite 
with silver ions was carried out with full and partial 
saturation for silver. A series of experiments was carried 
out by using weighed portions of cation exchanger in the 
Na-form of the same weight (1 g each), the silver 
concentration varied in the range 0.01 – 0.4 mol/l, the 
volume of the aqueous phase was 5 ml for each weighed 
portion. The sorption of silver was carried out in a static 
mode for 1 hour, after which the samples were washed 
with distilled water and the recovery of silver was carried 
out in the cation resin matrix. 
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The saturation of the cation exchanger with silver ions 
was also carried out in a dynamic mode by using a glass 
column (25 mm in diameter), into which 10 g of the cation 
exchanger was placed, and the working layer height was 
35 mm. A solution of silver nitrate with a concentration of 
0.01 mol/l was passed through the cation resin layer at a 
rate of 5 ml/min until the resin was completely saturated. 
The total exchange capacity of the cation exchanger for 
silver obtained as a result of the experiment was amounted 
to 200 mg/g, which corresponds to approximately 
1.9 mmol/g. The concentration of silver ions in our 
experiments was determined by the potentiometric method 
using an ion-selective electrode "ELIS-131Ag" type. The 
range of determined concentrations of silver ions: from 
5 × 10-7 to 10-1 mol/l. For recovery procedures, we used 
freshly prepared solutions of sodium borohydride with a 
concentration of 0.05 – 0.1 – 0.2 – 1 %, and the 
concentration of sodium alginate was of 0.1 – 1.0 %. 

Surfaces of the granules of the cation resin modified 
with colloidal silver particles have been examined by 
scanning electron microscopy (Zeiss SEM EVO MA10). 

Samples for microbiological studies were prepared as 
follows: a single layer of tightly packed porous granules of 
a cation exchanger (both initial and modified with AgC) 
was clamped between two rectangular paper substrates 
using small amounts of silicone. The resulting substrates 
were immersed in agar after pouring it into Petri dishes. 
Meat-peptone agar was used for bacteria, and Wort Agar 
was used for mushrooms. The bacterial suspension or 
spore suspension of the studied fungi was spread with a 
spatula over the agar surface. Visual registration of the 
results was carried out on the 3rd day for bacteria and on 
the 7th day for fungi. The antibacterial effect of AgC 
diffused into the agar was determined by the clearing zone 
at the bacterial lawn or the absence of fungal growth in the 
zone of the substrate with the cation exchanger. 

3. RESULTS AND DISCUSSION 
The formation of silver particles in the ion exchanger 

matrix (see Fig. 1) is a two-stage process. At the first stage, 
silver ions are sorbed from the solution and localized near 
fixed groups of the ion exchanger: 

RSO3Na + AgNO3 → RSO3Ag + NaNO3 . (1) 

In the second stage, silver ions were reduced to 
nanoparticles with a freshly prepared sodium borohydride 
solution: 
2RSO3Ag + 2NaBH4 + 6H2O → 2Ag↓ + 7H2↑ + 2H3BO3 
+ 2RSO3Na. (2) 

Recovery of Ag+ cations in the matrix of granular 
cationite KU-2-8 is accompanied by a partial transition of 
nanosized silver particles from the ionite phase to the 
solution, which is characterized by staining of the reducing 
agent solution. The surface of cationite samples with a 
high silver content is covered with a layer of metallic silver 
during the reduction process. Total exchange capacity of 
cationite KU-2-8 for silver ions was of 2.05 mmol/g. Some 
characteristics of KU-2-8 cation exchanger modified by 
AgC are shown in Table 1. 

The introduction of nanoscale silver inclusions using 
borohydride reduction makes it possible to obtain 
nanocomposites with different distributions of reduced 
silver in the ion exchanger phase. 

 
Fig. 1. Synthesis of silver nanosized colloids on the surface of 

polymer ion-exchange matrix 

Table 1. Physical and chemical characteristics of KU-2-8 resin 
modified by AgC 

Сharacteristics Value 
Matrix Styrene-divinylbenzene 
Functional group Sulfonic acid 
Polymer structure Gel 
Appearance Spherical beads 
Particle size range, mm 0.5 – 1.25 
Moisture retention, % 48 – 58 
Uniformity coefficient, max 1.7 
Osmotic stability, %, min 94.5 

As a result of the conducted studies, it was found that 
the concentration of reducing agent has a significant effect 
on the distribution of reduced silver. In the chemical 
reduction of Ag+ cations in the KU-2-8 matrix, a decrease 
in the concentration of sodium borohydride promotes the 
reduction of silver cations mainly in the surface layer of 
the grain, leading to the formation of a conductive layer of 
metallic silver. Increase of the concentration of reducing 
agent contributes to the production of volume-modified 
samples. 

Based on the obtained results, the optimal conditions 
for obtaining KU-2-8 cationite modified with silver ions 
are as follows: 
1. Concentration of silver nitrate solution is 0.5 mol/l; 
2. Volume of silver nitrate solution taken for cationite 

treatment is 10 – 50 ml; 
3. Contact time of silver nitrate solution with cationite in 

static mode is 1 hour; 
4. Washing the cation exchange resin with distilled 

water; 
5. Reduction of silver ions present in the cationite matrix 

with a freshly prepared sodium borohydride solution 
with a concentration of 0.05 – 0.1 %; 

6. Washing cationite with distilled water from recovery 
products. 
The nanocomposite cationite with different 

concentrations of AgC in its structure is shown in Fig 2. 

 
Fig. 2. Photo of the initial new cationite KU-2-8 (left) and 

nanocomposite cationite synthesized with AgC 
concentration of 0.1 mmol/g (middle) and 0.25 mmol/ g 
(right) 
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Fig. 3 shows the nanocomposite cationite surface 
obtained using a scanning electron microscope (SEM). As 
one can see from the figure, the silver particles on the 
surface of cationite have a spherical shape, and their size 
varies in the range from tens of nm to 1000 nm. 

 
Fig. 3. Typical SEM picture of the nanocomposite cationite 

surface 

Over the last decade, authors of the article have 
accumulated considerable experience in the field of 
modifying various materials with nanosilver to impart 
biocidal properties to them [9 – 15]. By analogy with the 
experiments described in our previous publications  
[2, 9 – 11], we performed a comparative qualitative 
analysis of the antimicrobial effect of nanocomposite 
cationite in relation to microscopic fungal cultures 
Aureobasidium sp. and Penicillium sp., and bacteria 
Staphylococcus aureus using agar diffusion method. 

As one can see from Fig. 4, the microbiological tests 
performed demonstrate a pronounced antimicrobial effect 
manifested by AgC-modified cationite granules. It’s 
necessary to note that the fungi spores Aureobasidium sp. 
Fig. 4 a and Penicillium sp. Fig. 4 b suspended in water 
cannot distribute evenly on the agar surface. Nevertheless, 
around sample 2 we can clearly see less number of fungi 
that shows inhibition effect provided by AgC. Introduction 
of cooloidal silver particles into the cationite structure 
allows preventing the growth of bacteria, microscopic 
fungi, and biofilms on its surface, and thereby potentially 
increase its service life. 

   
a b c 

Fig. 4. Growth of: a – Aureobasidium sp.; b – Penicillium sp.;  
c – S. aureus on samples with cationite (initial #1 and 
modified by silver colloid #2 with the concentration of 
0.1 mmol/g) 

The mechanism of antimicrobial action of nano-sized 
AgC is not sufficiently understood yet. Different 
postulations were suggested in the literature to elucidate 
the changes occur into bacterial cell components after AgC 
treatment. Most scientists assume the bactericidal effect 
originates from Ag ions released from AgC [16]. Namely, 

when exposed to dissolved oxygen in water medium, AgCs 
release small amounts of Ag according to equation: 

O2(aq)+4H3O++4Ag(s) → 4Ag+
(aq)+6H2O. (3) 

Another approach is based on the work of [17] who 
found silver nanoparticles attached to the cell membrane 
and inside the bacteria by TEM analysis. As Ag possesses 
high affinity for sulfur and phosphorous compounds, it can 
be anticipated that silver nanoparticles will react with 
sulfur-rich protein in the bacteria cell membrane and 
interior of the cell or with phosphorous-containing 
compounds such as DNA. Therefore, the detected 
morphological changes in the cell membrane of bacteria 
and possible damage of DNA initiated by reaction with 
silver nanoparticles have an adverse effect on the 
respiratory chain or cell division processes, causing cell 
death. 

The developed nanocomposite cationite has a potential 
of widespread commercialization with further introducing 
in water softening systems, especially those used for boiler 
equipment, as well as in equipment (injection molding 
machines, extruders, steam generators, cooling towers, 
reverse osmosis systems, etc.) that requires the supply of 
initial soft water. Our studies have shown that it is 
sufficient to introduce up to 10 % of the developed 
nanocomposite cationite out of the total volume of highly 
acidic cation exchange resin (for example, Purolite C100, 
KU-2-8, Seplite SC 130, etc.) inside chemical water 
softening columns to ensure the desired effect. 

The effect of reducing oxygen dissolved in water by 
nanocomposite cationite was also revealed. Considering 
this process, we can distinguish the following stages that 
occur in the nanocomposite grain: internal diffusion of 
oxygen through the pores of the nanocomposite, adsorption 
oxygen on nanosilver centers, redox reaction of oxygen 
with AgC. The redox reaction ends with the formation of 
silver ions or with the formation of oxides and hydroxides. 
Thus, the developed nanocomposite cationite can perform 
the function of removing dissolved oxygen from water, but 
this assumption requires additional research. 

Since 2020, the nanocomposite cationite has been 
succesefully commercialized in Uzbekistan within the 
framework of the modernization of Republican heating 
system. The modified water softening  systems provide the 
required softening in accordance with the standards for 
water hardness of the boiler equipment used, while 
traditional chemical water treatment systems in hot 
climatic conditions of Uzbekistan after the same period, in 
some cases, start requiring the replacement of cationite 
caused by the growth of bacterial formations and algae in 
the layers of ion-exchange resin, reducing its exchange 
capacity. In-field studies have clearly demonstrated the 
suitability of the proposed simple coating method for 
reducing the fouling of KU-2-8 resin when it is exposed to 
complex, multicomponent effluents found under natural 
environment conditions. 

4. CONCLUSIONS 
The technique of introducing silver micro- and nano-

inclusions into the strongly acid cation resin KU-2-8 has 
been developed. The method ensures the formation of a 
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layer of silver colloids on the surface of cation resin 
granules. Silver particles on the surface of the cation 
exchanger have a spherical shape and their size varies in 
the range from 50 to 1000 nm. Using AgC in the structure 
of the cation exchanger prevents the growth of bacteria and 
biofilms on its surface and thereby significantly increases 
its service life. The cation exchanger modified by AgC can 
be widely used as part of water softening systems designed 
to increase efficiency, eliminate scale, and deposits on heat 
transfer surfaces in boiler equipment. 
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