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Abstract. The possibility of obtaining brown pigments
with the use of blagt furnace dag from waste water
containing nickel is justified. The scheme of the main
reactions is proposed. The kinetics of the reactions is
studied. The contribution of the chemical interaction into
the overall degree of treatment is established by potentio-
metric titration. The influence of the main factors on the
degree of nickel extraction is determined. The phase
composition of the formed pigment is established with the
help of X-ray analysis. Rheological properties of the
pigment particles are set. The main color characteristics of
the obtained products are identified by visua and
spectrophotometric way. X-ray microanaysis indicated
the presence of the two phases in the obtained precipitate.
Dispersed and phase compositions of the original dag
determine the rheological properties of the pigment. By
varying the synthesis parameters, the obtained patterns
provide us with possibility of receiving pigments of the
color from light brown to deep brown.
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1. Introduction

The limitation of negative human impact on the
environment and the rational use of natural resources is
the mgjor environmental and economic problem.

Billions of cubic meters of waste water containing
heavy metals sdts, large-tonnage solid waste including
stedd and blast furnace dag, waste of wet magnetic
separation of ferruginous quartzite, etc. are formed and
accumulated annually.

In many cases wadewaters treatment is not
complete and large-tonnage solid waste is not used or
dightly involved in the recycling process, which is caused
by multi-component and variability of their composition,
the lack of reliable recycling technologies, as well as by

the versatility of physico-chemical processes and the
influence of various factors on these systems.

Moreover, the wastewater treatment uses expensive
chemicals. The most important techniques are membrane
filtration: ultrafiltration, nanofiltration and reverse
osmosis chemical precipitation, coagulation—flocculation,
flotation;  electrochemical  treatment  techniques:
electrodialysis, membrane electrolysis and electro-
chemical precipitation, electroextraction; and sorption
treatment techniques. ion exchange, adsorption, and
biosorption [1-10]. Similar to other heavy metals the
presence of nickel in the environment is a major concern
due to their non-biodegradability, biocaccumulation
tendency, persistence in nature and toxicity to many life
forms. Therefore, treatment of wastewaters containing
heavy metal ions before discharge is an important
component of water pollution control and becomes more
important with the increasing of industrial activities

The approach is aternative and optimal when
physico-chemical properties of the substances that make
up the industrial waste are used for treatment and waste
products themselves serve as raw materials[11-18].

In connection with this, the researches directed at
solving the problems of complex processing and disposal
of solid and liquid waste are opportune and topical.

The aim of this work is to study the possibility of
obtaining pigments with the use of blast furnace dag, to
develop the technology of recycling nickel-containing
waste water with obtaining the pigments of brown color
gamma that are capable of replacing toxic pigments which
are used in serial primers at present.

2. Experimental

We used model solutions based on nickel(ll)
sulfate (purchased from Aldrich) of different
concentrations (mol/1):0.77; 0.37 and 0.17.
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The experiments were performed in a thermo-
statically controlled cell at the temperatures of 293, 313
and 333 K. The temperature was kept constant £0.5K by
the thermostat UT-5.

The concentration of nickel in the solution was
determined by trilonometry.

The phase composition of the dried powders was
determined by X-ray diffraction (DRON-2.0, Cu- Kj;-
radiation), the color characterigtics of the pigments were
studied by colorimetric method.

Scanning electron microscopy with  X-ray
microanalysis was implemented on the device Remmy-
102 (SELMI, Ukraine).

Energy dispersive spectrometer EDX (Edar) was
used for the microanaysis of the elemental compasition of
nanoparticles.

The studies on obtaining pigments on the base of
metallurgical industry waste were carried out by using
blast furnace dlag.

In this work the effect of temperature, slag mass
and duration of the process on the residual concentration
of nickel in the solution and the color characteristics of the
pigment were studied. At the first stage of the research it
was necessary to estimate the adsorption capacity of the
slag which determines the ability to bind nickel cations.
Various combinations of Slag: Ni** were used for the
more detailed study of the conditions of aobtaining the
precipitate.

The ratio was determined by the formula:

= _Myag (1)
\4 >CNi 2+
where Cyiz+ IS the concentration of the initial solution, g/l;
Myag iS mass of slag, g; V isthe volume of solution, I.

3. Results and Discussion

The justification of the conditions of conducting
the experiments, the basic properties and characteristics of
thedagaregivenin Table 1.

It is the high basicity of the slag that maintains pH
in the solution which is necessary for the formation of
poorly soluble hydroxide Ni(OH),. Besides, the presence
of polysilicon acids increases the process efficiency.

Having a high surface, polysilicon acids form
colloidal particles which are capable to interact with
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Si05%+6H,0 +Ni** ® NiSiOz6H,0 )
Ni?" + 20H — Ni(OH), ©)

At the first stage of the research the ability of the
dlag to bind nickel cations was determined. The results of
the research are presented in Figs. 1 and 2.

Based on the obtained data from Fig 1, it can be
stated that the optimum ratio depends on the initia
concentration of nickel in the solution. The higher the
content of nickel in the solution, the greater the value of n
which provides the high degree of treatment. The degree
of nickel extraction increases with the increase of the
temperature during the process. The initial concentration
of nickel has no appreciable effect on the degree of
conversion — residual concentrations of nickel are low in
all model solutions. The ratio equal to n = 4 is limiting
and further increase has no effect on the residual
concentration of nickel sulfate in the solution, therefore a
fixed amount of slag was chosen when studying the
kinetics of the process.

When studying the kinetics of the reaction (3) at
the constant temperatures of 293, 313 and 333 K, different
initial concentrations and the optimal ratio n were
selected.

By analyzing Fig. 2, we can say that the reaction
rate increases sharply with the temperature increase. All
plots are similar in character: the reaction rate in the first
region is relatively low and is apparently determined by
the chemical interaction of nicke cations with amorphous
alkaline-earth oxides and is amost independent of the
temperature.

The differences in the reaction rate are found in the
second stage of the process defined by the chemisorption
of the hydroxide formed.

To confirm the assumption of the possibility of
chemical interaction dag with nickel cations the process
of the precipitation of poorly soluble compounds was
studied by potentiometric titration of the model solution of
nickel sulfate with the products of slag hydrolysis.

The curve of potentiometric titration is
characterized by adecrease in pH at the initial stagethat is
defined by the hydrolysis of salts being formed and the
presence of numerous plateaus due to the complex
composition of the precipitate formed. The degree of
extraction in this case is not more than 42 %.

Thus, we can assume that there is an overlapping of
the chemical interaction at the first stage with further

nickd ions with the formation of hydroxysilicates chemisorption 'of the preci pitate on the slag surface with
according to the scheme: the degree of nickel extraction of 98-99 %.
Tablel
The chemical composition of dag samplesin terms of oxides
Oxides S 02 A1203 CaO M gO FeO Fezog Ti 02 Kzo Naqo %3
Content, wt % 3846 | 7.16 46.04 491 | 049 | 0.28 022 | 051 | 032 | 161
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Fig. 1. Dependence of the concentration Fig. 2. Dependence of the concentration of Ni?* (mol/l)
of Ni® (mol/l) on the value of n on time at different temperatures (K): 293 (1, 4, 7); 313 (2,5, 8)
(t =30 min, T= 293 K) and 323 (3, 6, 9). CE& (mal/1): 0.77 (1-3); 0.47 (4-6) and 0.17 (7-9)
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Fig. 3. The dependence of the solution pH on the amount Fig. 4. The microphotograph of the particles
of the dag extract (dag mass ratio to theweight of water 1:40) of the obtained pigment on the basis of blast-furnace slag
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Fig. 5. Elementwise composition of the powders: phase 1 (&) and phase 2 (b) (vide Fig. 4)

Table 2
The color characterigtics of the obtained pigments
Experimental conditions X Y Z X y A, nm P, %
n=5;T=313K; CE% =0.77 mal/l 2247 17.92 5.258 0.4921 0.3926 615 15

n=5T=773K;, CE% =0.77 mol/l 17.63 14.03 4.463 0.4880 0.3883 618 5
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The main technological properties of the pigment
areitscolor characteristics. Nicke cations are traditionally
used for producing the pigments of black and brown color
gamma. Therefore we investigated the effect of synthesis
conditions on the color gamma and color intensity.

To obtain a pigment of specified color gamma the
precipitate was calcined at the temperature of 773 K.

To determine the chemical compasition of the formed
compounds we performed microscopic analysis, which
showed that the systemis two-phase one (Figs. 4 and 5).

The first phase is depleted by nickd and contains
slicates and sulfates of calcium, the second phaseis enriched
in nicke and is apparently presented by hydroxides and
silicates Under the interaction with concomitant sulfate ions,
calcium hydroxide forms a thermally stable and neutra
(relative to the pigment) compound.

Thus, the overlapping of the chemical interaction at
the first stage with further precipitate chemisorption on
the dag surface is confirmed.

Under the investigation of the formed precipitate it
was ascertained that the granulometric composition of the
obtained pigment is defined by the size of blast furnace
dlag particlesand is 2—4 microns.

The characterigtics of the powders are shown in
Fig. 6and Table 2.

The phase composition of theinitial lag, aswell as
uncalcined and cal cined precipitates have the fundamental
differences. the initial dag is amorphous, while the slag
treated in the solution has a peak corresponding to nickel
and aluminum compounds, the final product has the peaks
corresponding to the complex color-forming compounds
being formed during sintering.

It has been determined that the intensity of pigment
coloring depends in a large measure on the ratio of n and
less on the process duration and temperature.

L

Fig. 6. The powder of nickel containing
precipitate after calcinations

4. Conclusions

As the result of the investigations performed, the
possibility of obtaining pigments of brown color gamma
based on blast furnace slag with the conversion of

Liliya Frolova et al.

97-98 % is established. Dispersed and phase compoasitions
of theinitial slag determine the rheological properties of the
pigment. By varying the synthesis parameters, the obtained
patterns provide us with possibility of receiving pigments of
the color from light brown to deep brown.
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OJEPXAHHSA KOPUYHEBUX ITI'MEHTIB
3 HIKEJIbBMICHUX KOHIIEHTPOBAHUX
CTIYHHUX BOJ,

Anomayin. OOIPYHMOBAHO — MOJICIUGICMb — 0O0EPICAHHSL
KOPUYHEBUX NISMEHMI6 3 HIKEIbEMICHUX CMIYHUX 800, BUKOPUC-
mogyouy  OOMEHHUIL WAaK. 3anponoHOBAHO cXeMy OCHOBHUX
peaxyiti. Busueno xinemuky peaxyiti. Memoodom nomenyiomem-
PUUHOSO MUMPYBAHHS BCMAHOBILEHO GHECOK XIMIUHOL 63aeMo0ii 6
cymapruti cmyninb nepemeopenHs. Busnaueno ennue OcHOBHUX
YUHHUKIE HA CMYNIHb GWIYYEHH HiKeno. 3a 00nomo2oio penm-
2eHO(pA308020 aHANI3Y BCMAHOBNEHUI PA306UIL CKIAO NieMeHmY,
wo ymeopremsca. Bcemanoeneni mexuonoeciumi - enacmugocmi
uacmuHoK niemenmy. Bizyaivho i cnekmpogomempuuno eusnaueni
OCHOBHI  KOJIPHI  XAPAKMEPUCMUKU  00epICAHUX NpoOyKmig. 3a
00NOMO2010 PEHM2EHIBCLKO20 MIKPOAHANIZY NOKA3AHO HASGHICTb
060x ¢paz 6 ompumarnomy ocaoi. Hucnepcuuil i gpazoeuli ckiaou
BUXIOHUX — WIAKIE — BUSHAYAIOMb — MEXHONOSIYHI  81ACMUBOCTI
niemenmy. OmpumaHi  3aKOHOMIPHOCIIE  0QIOMb  MONCIUBICMb,
8apiIoIOYY  NAPAMEMPAMU CUHIME3Y, 00ePIHCYBAMU Ni2MeHmU 8i0
O1i00-KOpuUUHe8020 00 HACUUEHO20 KOPUUHEBOZO KONbOPY .

Knrouosi cnosa: nizvenm, xpomoghopu, winau, Hikeno.



