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Absract. The use of resource- and energy-inefficient technologies leads to
significant pollution of the hydrosphere. Heavy metals are particularly dangerous for
groundwater and surface water because of the extremely toxic and non-biodegradable
properties. The problem of utilization of plant wastes of the agro-industrial complex
Is equally important and urgent. In this regard, it is advisable to develop a complex
technology of application of plant waste to solve ecological problems of
environmental pollution with heavy metals. Biosorption has proven to be a promising
process for the removal of heavy metal ions from aqueous solutions and can be used
in low-waste water demineralization systems. En effective from an economic point of
view is the utilization of waste biosorbents through the use in the composition of
building materials.

Keywords: spent biosorbent, heavy metals utilization, building materials, low-

waste technology
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Introductions. Due to the prolonged growth of anthropogenic load,
environmental pollution occurs. This leads to pollution of all elements of the
biosphere - atmosphere, lithosphere and hydrosphere. Today, significant quantitative
and qualitative changes in water resources are taking place, which is caused by the
discharge of insufficiently purified highly mineralized waters [1-4]. The content of
organic substances, petroleum products and heavy metal ions exceeds the established
standards. Heavy metals get to natural sources with wastewaters of different
industries. The discharge of untreated or insufficiently treated wastewaters, which
contain a significant amount of heavy metal ions, causes enormous damage to the
environment, for instance, the functioning of activated sludge is disturbed,
hydrobionts is significant damaged, ability of reservoirs for self-purification decrease.

Therefore, the creation of low-waste wastewater demineralization technologies
and the removal of heavy metal ions is an extremely important task today, which will
improve the quality of treated water with a significant reduction in the amount of
waste generated. Analysis of the literature data on the methods of purification of
wastewater from heavy metal ions showed that there are a large number of
technological schemes based on methods of reagent precipitation, ion exchange,
membrane methods, electrocoagulation, sorption [5, 6].

A very promising and economically feasible method for the removal of heavy
metals from aqueous solutions is biosorption with the use of inexpensive effective
sorbents based on waste or by-products after processing of plant materials. The
attractiveness of biosorbents application is associated with the cheapness and
availability of raw materials for their production, as well as annual renewability. The
sources of such raw materials include primary plant materials, such as timber, and
secondary plant resources, that is, waste from wood processing, agriculture, and the
food industry. In general, plant material is a biopolymer complex of polysaccharide
and aromatic components containing different oxygen-containing functional groups.
Scientists today are working in different directions to develop new effective ways of
recycling these materials. The content of these components and their ratio determines

the ability of plant material to participate in different chemical reactions, which
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determines the mechanisms of sorption processes. Because of a low specific surface
area, the efficiency of the sorption onto initial biomaterials is quite low. Suitable
methods of increasing the absorption capacity of plant materials are grinding and
chemical modification. By the chemical modification of plant wastes it is possible to
prepare effective sorbents with the desired surface properties and high sorption ability
towards ions of heavy metals and radionuclides. The use of waste and by-products of
agriculture and food industry allows to obtain sorbents for wastewater treatment and
to create a fundamentally new scheme for their disposal [7-9].

One of the most promising ways of disposal of sludge formed water treatment
Is their use in the composition of building materials. Sediments after water treatment
can be used as the activators of cement hardening or can partially replace cement in
the concrete [10, 11].

In order to create a complex low-waste technology of wastewater
demineralization and purification from heavy metal ions, the paper defines rational
conditions for the utilization of waste biosorbents as additives in the production of
building materials or fillers of polymeric materials used in construction.

Aim. The aim of the work is to investigate the effect of chemical modification
of plant wastes of food industry with orthophosphoric acid into properties of
biosorbents and to study the effect of spent biosorbents as additives on the properties
of cement.

Materials and methods. Grounded shells of walnuts (fraction with a particle
size of 0.5-1.0 mm) with a content of cellulose 41.2%, lignin 37.5%, resins, fats,
waxes 5.2%, mineral components 2.3 % were used as a raw material.

Modification was carried out by the partial hydrolysis of walnut shells with
HsPO, at 30-50 wt.%, at a solid to liquid ratio of 1:5, 100 °C for 60-180 min_ By the
end of the phosphorylation, the sample of the lignocellulosic biosorbents were
filtered, washed with distilled water to neutral pH and air-dried to a moisture content
to 56 wt.%.

The gravimetric method was applied to determine the yield of biosorbents. The

absorption capacity of the starting material and modified materials towards
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methylene blue was determined under static conditions using a model solution with a
dye concentration of 100 mg/l. The process duration is 24 h. The initial and
equilibrium concentrations of sorbate were determined by spectrophotometric method
on a SPEKOL 11 spectrophotometer. The wavelength was 630 nm.

Studies of ion-exchange properties (static exchange capacity) of untreated and
phosphorylated raw materials were determined by the amount of Na* sorption from
0.1 N NaOH solution during 24 h.

Initial and modified shells were also used as additives in the composition of
cement. To investigate the effect of biosorbents present in the composition of cement
on its properties, the cement of 1/500 type was used for this purpose. The
mineralogical composition of the cement is the following, wt. %: C3S — 57.10, C,S —
21.27, C3A — 6.87, C,AF — 12.19. Samples preparation was done by mixing all
components in the ball mill for 20 min. The samples than were tested for normal
density, hardening time, compressive strength and distention.

Results and discussion. Table 1 shows the results of the study of sorption
properties of lignocellulosic biosorbents namely the efficiency of methylene blue
removal from an aqueous solution and the static exchange capacity for Na* of starting
and modified materials depending on the time of modification with HzPO,.

The results of the study show that the parameters of the modification
significantly affect biosorbents properties.

The increase in concentration of inorganic acid from 30 to 50 % promotes a
decrease in the yield of the final product. The same is observed with increasing
modification time.

In spite of this, the sorption capacity is improving as the static exchange
capacity for Na* and efficiency of methylene blue removal increase throughout the
investigated range. This can be explained by the fact that in the process of
modification the removal from the plant raw materials of extractive organic and
inorganic substances, depolymerization of polysaccharide components, which leads
to the formation of porous structure in phosphorylated lignocellulosic products, take

place.
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The absorption of the cationic dye on such sorbents occurs both due to physical
adsorption and by the mechanisms of chemical sorption with the participation of

functional groups of the modified material.

Table 1
Yields and sorption properties of biosorbents
HaPO, Time of Biosorb_ents characterizatio_n _
concentration, | modification, Yield, Static exchange | Efficiency of
W%, h % capacity for methylene blue
Na*, mg-eq/g removal%
- - - 1.48 39.2
60 80.0 2.49 51.3
30 120 78.7 2.78 53.0
180 70.4 2.94 575
60 78.6 2.72 53.3
40 120 74.5 3.03 61.2
180 67.7 3.12 78.9
60 77.1 2.94 55.3
50 120 70.6 3.29 69.3
180 65.6 3.33 80.1

On the basis of the obtained results, a complex technology of water
demineralization can be proposed. The scheme for wastewater treatment from heavy
metal ions using biosorbents is presented in Fig. 1.

The results of the investigation of the effect of origin raw material on cement
properties are shown in Table 2. It was established that unmodified walnut shells play
the role of a fine additive, resulting in increase of the normal density (on 6-19%) and
and accelerating the hardening (2.0-2.5 times).

The increase in normal density takes place as the formation of adsorption water
shells around fine particles of plant material happens.

The higher the content of the shell, the more water is consumed to obtain a
paste of normal density. The acceleration of hardening takes place due to the fact that

the fine additive acts as a thickener (similar to clay).
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Fig. 1. Technological scheme for wastewater treatment from heavy metal ions

using sorbents based on plant materials
I — wastewater; 11 — purified water; III — filtrate from the filter press; IV — dry
sorbent for utilization
1 — collecting tank; 2 — mechanical filter; 3 — mixer; 4 - chamber for sorption
purification; 5 — separator for separation of waste sorbent; 6 — waste sorbent
collector; 7 — compressor for blowing air; 8 — filter press; 9 - dryer for waste sorbent;

10 — mixer; 11 — system of dosing and delivery of biosorbent

Table 2
The effect of walnut shawls content in the composition of cement on its
properties
Wﬁ'ﬂUt Normal | Hardening time, min | Compressive strength, % Cofefficient
czn(:er?t density, beqai ] at the age | at the age of rc;m\’\é?/taelr
’ 0 eggin en ;
wi. % Yo gging of 2 days 28 days %
- 24.0 62 140 100 100 4.1
1 24.5 60 130 98 98 4.5
3 27.1 45 90 68 95 6.0
5 28.4 40 75 65 80 6.0

The compressive strength of cement samples decreases with the increase in
walnut shells content but the effect is a minor. This can be explained by the increased
normal density of the cement paste. The coefficient of water removal also increases,
but not significantly (from 4% to 6%), and the increase in the content of the sells
above 3% doesn’t lead to any changes in values. The influence of the adding of 1.5%
of modified walnut shell on the physicochemical properties of cement is shown in
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Fig. 2. The samples of biosorbents obtained during walnut shells modification with

HsPO, of different concentration during 120 min, were chosen for further

investigations.
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Fig. 2. Physical and mechanical properties of cement with the content of
modified walnut shells 1.5%
Data in Fig. 2 clearly show that the impact of modified walnut shells onto

normal density is quite insignificant if compared to initial material. It is also obvious,
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that acid modification of shells leads to decrease in the beginning of hardening of
cement due to the higher lignin content. Compressive strength increases in all cases
due to the fact that lignin shows good binding properties. The coefficient of water
removal changes insignificantly in comparison with initial material.

Thus, take into account positive effect of adding the shells on the
physicochemical properties of the cement, it can be recommended to use this fact in
development of effective method of its utilization through the application in cement
production in quantity of 1-3 %.

Conclusions. In this paper the efficiency of walnut shells modification with
HsPO, at 30-50 wt.%, at a solid to liquid ratio of 1:5, 100 °C and during 60-180 min
was studied. It was shown that sorption properties of obtained materials greatly
depend on the parameters of plant wastes modification. The technological scheme for
wastewater treatment from heavy metal ions with the application of biosorbents and
the way of waste sorbents utilization was proposed. It was found out that the shells
act as a fine additive, that increase the normal density and accelerates the hardening
time. The compressive strength of the cement samples with the application of
lignocellulosic materials decreases slightly. Result show that phosphoric acid, which
has been used to modify plant waste to increase their sorption capacity, has little

adverse effect on the hardening time of cement.
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