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Abstract. This paper assesses the strength of nano concrete and methods of
strengthening it by adding nanoparticles. Since concrete structures are
exposed to the environment and external influences, there is a need to
enhance resistance to destruction. Modelling of behaviour and the nature of
changes in indicators of chemical shrinkage and destructive load is
performed. Data analysis is executed based on the data of ordinary portland
cement pastes and cement-fly ash pastes. The results are compared with
admixtures to these materials of three nanomaterials: nanolimestone,
nanosilica, and nanoclay. The percentage ratio for compressive strength for
materials is established. The data processing and visualization of the results
are presented using an interactive web page using dynamic mathematical
calculations of approximation and interpolation based on the entered data.
The data is processed using modern open-source libraries and stored in the
database. The work aims to develop a methodological approach for
modelling physico-mechanical processes in nano concrete, considering
nanoparticles and an ensemble of pores.

Keywords: nanomaterial; compressive strength; computer modelling.

INTRODUCTION

One of the primary materials in construction is
concrete based on sand-cement mixtures. This
material must withstand heavy loads and be sta-
ble under various weather conditions, so the
compressive strength parameter can be consid-
ered an additional factor in improving the stabil-
ity of concrete structures [1, 2].

Forecasting the strength and durability of nano
concrete is expedient to assess the levels of relia-
bility and resource using optimisation methods.
Fundamental processes in this context relate to
mechanical loads and the pore medium. It is pos-
sible to simulate the penetration of the pore fluid
into the solid-phase frame and the redistribution
(filtration) of the fluid in the pore space of the
material. The porous medium is characterised by
integral parameters, such as the volume of the
pore space, porosity and permeability [3, 4, 5].

Section “Engineering, Manufacturing and Construction”

The liquid (water) in the porous medium of nano
concrete is considered implicitly and is also char-
acterised by integral parameters: mass, density,
pressure, and dynamic viscosity [3, 4].

The work aims to model such physical and me-
chanical processes as compressive strength, wa-
ter and calcium hydroxide content in nano con-
crete, considering nanoparticles and the ensem-
ble of pores.

One of the tasks of this work is the development
of a strength criterion for nano concrete, taking
into account the ensemble of pores based on the
approaches of surface physics and fracture me-
chanics. In addition, the evaluation of the quality
of nano concrete, taking into account the physical
and mechanical characteristics of the rigid frame
and porous medium, is taken into account.

Another task is the formulation of criterion ratios
based on evaluating the strength, reliability,
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strengthening parameter and residual resource
of nano concrete, and taking into account the po-
rous medium.

MATERIAL AND METHODS

The non-associated law of plastic flow with the
Mises-Schleicher criterion is used to describe
stress relaxation and accumulation of inelastic
deformation in nano concrete, which is used to
model the behaviour of brittle natural and artifi-
cial materials [5, 6]:

Y =a0 ) + Oy /\/§=a(0'5 +Ppr)+0'im I3, (1)

where Y - adhesion characteristic (elastic limit of
the material in pure shear); o - stress intensity;
a - coefficient of internal friction; osep — average
effective stress; Ppr — actual pressure value in the
pore medium of the element.

The main defining relations connecting the aver-
aged stresses and deformations of the solid-
phase frame of the element, as well as the fluid
pressure in the pore (capillary) space of the ele-
ment, are of the form [5, 6]:

A0, =26(As,; =5,,0P, [ K)+0,,(1-2G/ K)Aa,

a 1 1+¢
oN =0p=—Ao, +| ——— |AP_, 2
=1 A% [K K. J br (2)
5ppr=KL[ﬂ—j=KL[ o —1} (3)
PLo pLOVp
where  Sp=p-gu;  V=(Vp- Vpo)/V; ¢=Vi/V;
=Vpo/V; os - average tension; ¢, ¢o - current

and initial value of porosity; 4 - the symbol of the
increase of the corresponding variable per time
step during the integration scheme of the equa-
tions of motion of the element of the continuous
medium of nano concrete; &,5 0,3 — components
of tensors of averaged strains and stresses in the
volume element; G and K - shear modulus and
all-round compression modulus of the element
material in the absence of pore fluid (mixture);
6,5 - Kronecker symbols; a = (1 - K/K;) - coeffi-

cient of porosity in the Biot model [6, 7]; Ks -
module of comprehensive compression of the
material of the frame walls.

Vb, Vpo — current and initial volume (in the unde-
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formed element); V is the volume of the compo-
nent; pro, Ppro, — the equilibrium value of the den-
sity and pressure of the liquid under atmospheric
conditions (in the absence of a mechanical limita-
tion of the volume of the liquid); oL - current
density value in the pore medium of the element;
K1, - modulus of comprehensive liquid compres-
sion (mixtures).

As a criterion for the destruction of the frame and
cement mixture, the Drucker-Prager criterion is
used, which derives the expression for the effec-
tive Tercaghi stresses [5, 8, 9]:

o; =15(B-10o) +0,5(B+)o,, =0, (4)

where f = oc/0s oc and o - the value of the com-
pressive and tensile strength of the frame mate-
rial. For nonporous basalt, the traditional formu-
lation of the Drucker-Prager criterion is used, in
which instead of osefp (4) is used os [5, 8, 9].

The Griffiths-Irwin-Orovan strength criterion is
also used [10]:

4E -WPL
o= |[———<, (5)
L (1-v)

where o, — compressive strength; Lt — pore di-
ameter; WPL - specific energy spent on plastic
deformation of the near-surface (interfacial) lay-
er of the body, provided that a new (juvenile)
surface is formed in it; E, v - Young's modulus
and Poisson's ratio of the frame, respectively.

In reinforced concrete, rust forms on the surface
of the reinforcement. Corrosion products (in par-
ticular, rust) penetrate the pores. Parameter WPL
is included in the expression I, corrosion current
[11]:

l, = 1.+ B, WPL) = 7-Ay, (L+ B, WPL) /1, (6)

where y - electrical conductivity of the electro-
lyte; Awar — ohmic potential change between the
anodic and cathodic parts (anode - top, cathode -
edges of the crack (pores)); r - pore radius; lus, S
- constants that are determined from the exper-
iment.
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Ratios (1)-(6) and the quality criterion [11] will
be used to estimate the parameters of the stress-
strained state and the conditions for strengthen-
ing nano concrete.

The reliability parameter fr (reliability) (security
characteristic) based on the probabilistic ap-
proach is determined by the ratio [11]:

Br =Yeu [ Ysrm» (7)

where Yry - strength reserve; Ysgy — strength re-
serve standard.

There is a transitional state between the rigid
frame and the pore. The energy of adhesive
bonds a4 and its change Ay depend on the
energy characteristics of the frame and the
pore medium. Formulate the interphase ratio
of the strength criterion between the frame
and the pore medium similar to the coating,
taking into account the results of the article
[12, 13, 14, 15]:

00,< 00,00 < OYp, OA, < OA,.,

57/vad = 57/ad*’ (8)

where oom - change in interfacial tension; dym
- change of interfacial energy; 6 - the symbol
of deviation (change) of the parameter or en-
ergy characteristic of the interfacial layer; 0Aqq
- change in adhesion performance; 66ms, Oym=«,
OAad+ Oyad»— empirical constants.

Similarly to the article [11], the qualitative crite-
rion of quality for the structural element of nano
concrete is given in the form of the ratio:

21:ﬂ1k1'k2'k3+ﬂzll[ki’ (9)

where ki - the coefficient of the level of reliability
of nano concrete; k2 - the coefficient that charac-
terises the level of strength of the rigid frame; k3
- the coefficient that characterises the resource
of the porous medium; k¢(Dy), ks(nz), ks(ove),
k7(Ks) - coefficients that characterise the defec-
tiveness Dy, strengthening of the material nz, the
limit of corrosion fatigue e, taking into account
the corrosion resistance of fittings Ks; fi, [z -
empirical constants.

Section “Engineering, Manufacturing and Construction”

Ratios (1), (2), (4), (5), and (8) constitute a
new version of the strength criterion for the
system nano concrete frame - pore medium.
The parameters of the expressions (1), (2),
(4), and (5) can be determined based on the
experiment, and the parameters of the ratios
(8) are estimated based on the computational
experiment.

Theory/calculation

The data processing process can be automated
using computer programs. The most popular
method of viewing information from anywhere is
a web page. This way, users can perform calcula-
tions and visualise the results in real-time. Boot-
strap and Chart]S libraries are used in this work,
which is open source and free to use.

These libraries can dynamically configure graph-
ic objects' display parameters and show real-
time changes. When the user moves the mouse
over the graph points, the digital representation
helps the user see the current value. This simpli-
fies data analysis and allows for the extension of
the application. In addition, libraries with im-
plemented mathematical algorithms can be used
to model various processes, particularly for com-
pressive strength. The data is stored in a data-
base for constant data access and storage of in-
termediate calculation results. Figure 1 presents
a visual view of the information processing re-
sults for various nanomaterials [1]. Thus, these
results can dynamically change and add new
ones as needed. To analyse a specific area, it is
possible to increase the scale.

The top three graphs show the difference be-
tween the ordinary portland cement paste and
three nanomaterials, nanolimestone (NL), nano-
silica (NS), and nanoclay (NC). The second row of
graphs shows the changes considering the ce-
ment-fly ash blended paste (OPCFA).

RESULTS AND DISCUSSION

As a result of data processing determined, the
change in the compressive strength o, and water
and calcium hydroxide content for cement paste
after curing parameter when using different mix-
tures. Comparative graphic characteristics of the
parameter change make it possible to estimate
the difference in the strengthening of materials
each time.
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Figure 1 - An example of the results web page

Figure 2 shows the interpolation of water and ngg.otmaterlai:s, suchl.as ttle cement p.a;'ste Wltg
calcium hydroxide data over time. The change of addiions. of  hanolimestone, ~hanostica —an
this parameter from 3 to 29 hours is shown. The nanoclay. Chemically bound water increases over
upper graph shows the difference in the ordinary time for all nanomaterials, according to the con-
portland cement paste (OPC) with the addition of ducted experiment [3].

Chemically bound water of OPC_H, %/g cement

Chemically bound water of OPC_H, %/g cement
I Chemically bound water of OPC_CH, %/g cement

I Chemically bound water of OPC_CH, %/g cement
I Chemically bound water of OPCNL_H, %/g cement

I Chemically bound water of OPCNS_H, %/g cement
I Chemically bound water of OPCNL_CH, %/g cement

21
19 —
17

15 =
13 S
1
9

I Chemically bound water of OPCNS_CH, %/g cement

4 g

‘ | 7
= . > 5

3
3h 6h 9h 1Mh 13h16h 19h 21h 23h 26h 29h

by

3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h
a) b)
Chemically bound water of OPC_H, %/g cement
I Chemically bound water of OPC_CH, %/g cement
I Chemically bound water of OPCNC_H, %/g cement

I Chemically bound water of OPCNC_CH, %/g cement
21 : — :

3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h
c)
Figure 2 - Interpolation of water and calcium hydroxide content for cement paste after curing

Notes: a) the cement paste with nanolimestone (OPCNL); b) the cement paste with nanosilica (OPCNS);
c) the cement paste with nanoclay (OPCNC)
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Figure 3 shows the interpolation of these same
materials considering the cement-fly ash blended
paste (OPCFA). Such a mixture provides cohesion
and filling of pores in the cement mixture, which
is due to the lower indicators of chemically
bound water compared to without the addition
of this additive. The lower graph from the upper
group of diagrams in this figure takes into ac-
count the cement-fly ash blended paste (OPCFA)

Chemically bound water of OPCFA_H, %/g cement

I Chemically bound water of OPCFA_CH, %/g cement
I Chemically bound water of OPCFANL_H, %/g cement
I Chemically bound water of OPCFANL_CH, %/g cement

24
22
20 T
18

—

4 = = = -Z
3h 6h 9h 1h 13h 16h 19h 21h 23h 26h 29h

a)

and the upper ones with the addition of nanopar-
ticles, respectively, in Figure 3a is the cement-fly
ash paste with nanolimestone (OPCFANL ), in
Figure 3b - cement-fly ash paste with nanosilica
(OPCFANS), 3c - cement-fly ash paste with
nanoclay (OPCFANC). Moreover, the indicators
with H shown in the lower group of graphs in
Figures 2 and 3 practically do not change over
time.

Chemically bound water of OPCFA_H, %/g cement

I Chemically bound water of OPCFA_CH, %/g cement
I Chemically bound water of OPCFANS_H, %/g cement
I Chemically bound water of OPCFANS_CH, %/g cement

3h 6h Sh 1Th 13h 16h 19h 21h 23h 26h 29h

b)

Chemically bound water of OPCFA_H, %/g cement

I Chemically bound water of OPCFA_CH, %/g cement
I Chemically bound water of OPCFANC_H, %/g cement
I Chemically bound water of OPCFANC_CH, %/g cement

3h 6h 9h 1h 13h 16h 19h 21h 23h 26h 29h

Figure 3 - Interpolation of the content of water and calcium hydroxide for cement-ash paste after curing

Notes: a) cement paste with the addition of nanolimestone (OPCFANL); b) cement paste with the addition of na-
nosilica (OPCFANS); c) cement paste with the addition of nanoclay (OPCFANC)

Figure 4 shows a linear approximation, which
shows the linear nature of changes in this pa-
rameter. The percentage deviation from the line-
ar approximation is 17.32% for the ordinary
portland cement paste (OPC) is 11.62% with NS,
10.28% - NL, and 7.6% — NC. Among all nanopar-
ticles, the compressive strength increases linear-
ly in a cement mixture with nanoclay. The most
significant difference is observed in the first
points due to the use of a linear approximation.

Figure 5 shows the overlay of the linear approx-
imation on changes in the compressive strength

Section “Engineering, Manufacturing and Construction”

parameter. On these graphs, compared to the
cement-ash mixture and nanoparticles, the per-
centage difference between the linearly approx-
imated straight line and the compressive
strength change graph: cement-fly ash paste
(OPCFA), 41.4% - cement-fly ash paste with
nanolimestone (OPCFANL) (Fig. 5a), 17.71% -
cement-fly ash paste with nanosilica (OPCFANS)
(Fig. 5b), 20.75% - cement-fly ash paste with
nanoclay (OPCFANC) (Fig. 5c). It can be assumed
that the square root function is more suitable for
such materials.
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Linear approximation for o* of OPC, MPa Linear approximation for o* of OPC, MPa
I Lincar approximation for o* of OPCNL, MPa I Lincar approximation for o* of OPCNC, MPa
I o+ of oPCNL, MPa [l o* of OPC, MPa I o+ of opC, MPa [ o* of OPCNC, MPa
47 , "
45
43 ¢
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T /
39 — 7 : ‘
37 -
35
33
31
29
3h 6h 9h 1h 183h 16h 19h 21h 23h 26h 29h 3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h

a) b)
Linear approximation for o* of OPC, MPa
Il Lincar approximation for o* of OPCNS, MPa

B o of orcNs, MPa [l o of OPC, MPa

3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h
c)
Figure 4 - Approximation of the compressive strength . for cement paste with: a) cement paste with the addi-
tion of nanolimestone (OPCNL); b) cement paste with the addition of nanosilica (OPCFAS); c) cement paste with
the addition of nanoclay (OPCNC)

Linear approximation for * of OPCFA, MPa Linear approximation for o* of OPCFA, MPa
Il Lincar approximation for o* of OPCNCFA, MPa Il Linear approximation for o* of OPCNLFA, MPa
I o+ of OPCFANC, MPa [l o* of OPCFA, MPa I o of OPCFANL, MPa [l o of OPCFA, MPa

3h 6h 9h 1Mh 13h16h 19h 21h 23h 26h 29h 3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h
a) b)
Linear approximation for o* of OPCFA, MPa
I Lincar approximation for o* of OPCFANS, MPa

I o of orCFANS, MPa [l o of OPCFA, MPa

3h 6h 9h 1Mh 13h 16h 19h 21h 23h 26h 29h
c)
Figure 5 - Approximation of the compressive strength . for cement-fly ash paste (OPCFA)

Notes: a) cement-fly ash paste with nanolimestone (OPCFANL); b) cement-fly ash paste with nanosilica
(OPCFANS); c) cement-fly ash paste with nanoclay (OPCFANC)
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Table 1 shows the percentage difference be-
tween the compressive strength of ordinary ce-
ment paste (OPC) and with the addition of na-

nomaterials of nano limestone (OPCNL), nanosil-
ica (OPCNS) and nanoclay (OPCNC) over time-
based on Figure 2a, 2b and 2c.

Table 1 - The percentage difference between the compressive strength . of the ordinary cement mixture
(OPC) and with the addition of the nanomaterials of nanolimestone (OPCNL), nanosilica (OPCNS), nanoclay
(OPCNC) and cement-fly ash paste (OPCFA) and with the addition of the nanomaterials of nano-limestone
(OPCFANL), nanosilica (OPCFANS), and nanoclay (OPCFANC) over time

Time, | 0,0f OPCNL, | o.0f OPCNS, | o.0f OPCNC, | c.0f OPCFANL, | o.of OPCFANS, | o.of OPCFANC,
h % % % % % %
3 13.51 13.95 9.75 10.14 15.07 8.82
6 19,79 20 17,71 10 13,46 10
9 13,15 13,63 9,52 11,11 13,51 8,57
11 12,82 13,33 9,3 10,81 12 8,33
13 12,12 14,28 13,15 12,5 23,43 12,5
16 12,5 13,04 9,09 9,21 9,21 6,76
19 13,23 17,07 11,7 11,86 23,52 13,33
21 12,19 12,76 8,88 7,69 6,49 5,26
23 14,28 15,66 10,25 9,68 21,13 11,11
26 13,89 14,28 10 7,69 16,67 9,09
29 11,9 12,5 8,69 7,5 512 512

Mean 13,51 16,975 9,875 10,07 18,05 9,41

As shown in Table 1, with the addition of nano-
particles, all materials have higher destructive
load indicators and become stronger. The most
significant average deviation from the usual mix-
ture in strength with the addition of nanosilica to
the cement mixture (OPCNS) and less with the
addition of nanoclay (OPCNC). On average, when
added to a conventional cement mixture, the ad-
dition of nanoparticles equals 13.45%.

With the addition of nanosilica (OPCFANS) to
the cement-ash mixture, such a mixture be-
comes the strongest. Compared to the cement
mixture with nanosilica, the same combina-
tion is still worse in terms of results since the
values obtained for compressive strength in
Figure 2 have higher values of compressive
strength compared to those with the cement-
ash mixture in Figure 3.

By selecting approximation, it is possible to
summarise the characteristics of the change of
these parameters. This mathematical analysis
allows you to work out and analyse the results.
Theoretical results can be simulated program-
matically using the developed web page. Differ-
ent pastes can be programmatically affected and
compare theoretical results in this case.

Table 1 shows the percentage difference for dif-
ferent pastes with additives in each period. It can
conclude the strength based on the compressive
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strength indicators. For cement and cement-ash
pastes and with nanosilica, nanoclay and nano-
limestone nanoparticles, data analysis is per-
formed using linear interpolation and approxi-
mation methods to determine the nature of the
compressive strength parameter.

Since the linear approximation is possible for de-
viation values that are not significant, it can be
assumed that the strengthening coefficient in-
creases linearly for cement paste and the behav-
iour of the square root function (branch of the
parabola) for cement-ash pastes for a period
from 3 hours to 29 hours. However, if it is con-
sidered that the beginning is from 1 hour, then in
the first hours, this parameter increases the most
and, in general, resembles the branch of a parab-
ola.

Another parameter of strength can be considered
the water and calcium hydroxide content after
curing,

The paper also mathematically shows the influ-
ence of the destructive load parameter on chang-
es in the quality of nano concrete, which can be
used to assess strength and corrosion processes.

CONCLUSIONS

1. A new version of the nano concrete strength
criterion is proposed, taking into account the en-
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ergy characteristics of the interphase layers be-
tween the solid framework and the micropore
medium, which characterise the connections
(adhesion) of the two media.

2. The relationship between surface physics and
fracture mechanics is the basis of the methodolo-
gy for assessing the quality of nano concrete and
can be used to determine the resource of the ma-
terial and the strengthening parameter, taking
into account the criteria of strength, corrosion
processes and metrological support.
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Abstract. This report is based on the synthesis of thermoset resins from
sunflower oil. Sunflower oil with an iodine value of 120 g | / 100 g oil
containing 30 % oleic acid and 59 % linoleic acid was epoxidized by reaction
with a peroxy acid (formed in-situ by the reaction between hydrogen peroxide
and formic acid). The ratio of ethylenic unsaturation to hydrogen peroxide to
formic acid used was 1:1.5:0.5. The maximum conversion of iodine
generated was 82.45 % for seven h of epoxidation at 65 °C, and the oxirane
oxygen content at that same condition was 4.6 %. Thermoset resins
synthesized from sunflower oil were further modified using acrylic acid. All
the resins generated were characterized using FT-IR spectroscopy. The
results showed that the generated resins could be used in composite
production for automobile, construction, and furniture applications.

Keywords: sunflower oil; epoxidation; thermoset resins; acrylation; Oxirane
Oxygen Content.
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INTRODUCTION

Petrochemical-based polymers have been of
great use due to their low cost, high mechanical
performance, good heat sealability, and good
barrier properties. One of the most important
uses is in the composite making. Composite ma-
terials were made by embedding synthetic fibres
such as carbon, aramid, glass, or natural fibres
into a polymer matrix. However, the composite
material produced from petrochemical-based
polymers and earlier mentioned systematic fi-
bres is not biodegradable. Also, these petrochem-
ical-based polymers emit volatile organic com-
pounds, negatively influencing human health and
the environment [1]. Owing to the environmental
problems generated by the disposal of conven-
tional plastics and related polymers from petro-
chemicals, there has been intensified research
into polymers originating from renewable re-
sources [2].

Polymer matrix could be obtained from thermo-
plastic or thermoset polymers. Some examples of
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biobased thermoplastics may be polylactic acid
or starch-based thermoplastics. Thermoset has
the advantage of low viscosity, which makes fibre
impregnation easy and room temperature pro-
cessing by infusion techniques possible. The set-
back of the thermoset is that it cannot be re-
moulded after curing [3].

The most interesting raw material candidate for
bio-based thermoset can be found amongst plant
seed oils such as sunflower, castor, groundnut,
soybean, cottonseed, linseed, or rapeseed. Plant
oil is also known as a natural triglyceride. Tri-
glycerides are esters of fatty acids and glycerol
[4-5]. It needs to be functionalized to add cross-
linkable sites to the fatty acids of the triglycerides
or so that they can undergo further chemical re-
actions, so to say [6]. This chemical modification
utilizes the unsaturated double bonds in the fatty
acids part of the triglyceride. A good number of
bio-based resins can be synthesized from plant
oils. For example, epoxidized sunflower oil [7],
acrylate epoxidized soybean oil (AESO), methac-
rylate soybean oil (MSO), and methacrylic anhy-
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dride modified soybean oil (MMSO) [2]. Follow-
ing composite application, these bio-based resins
are then impregnated with natural fibres (re-
ferred to as reinforcement or fillers), such as flax,
hemp, viscose, or lyocell fibres, to produce bio-
degradable composites. Scientists, researchers,
and educational institutes are making great ef-
forts [8].

The development of these bio-based resins has
helped in the reduction of the use of fossil re-
sources. They have been used in different appli-
cations, such as paints, inks, coatings, and plasti-
cizers, and many technical products, such as
housing (doors, composite decking, window
frames, and hot tubs), aerospace (wings, tails,
propellers, and fuselages), pipes and fittings,
boat, storage tanks swimming pool panels and
more popularly in the building of vehicle parts.

This is due to their biodegradability and inexpen-
sive nature [1, 9]. This work discussed in detail
the procedures and the outcome of the modifica-
tion of sunflower oil. Using conventional plastics
and related polymer materials derived from pet-
rochemicals has posed more significant envi-
ronmental concerns. There is a need for available
alternatives from the bio-based origin; hence,
this study.

Given the environmental issues associated with
the disposal of conventional plastics and related
polymers from petrochemicals, this project aims
to develop novel thermosetting polymers de-
rived from sunflower oil, which is of renewable
origin. Therefore, the target is to create lighter
weight, higher strength, and more eco-friendly
materials and offset the reliance on petroleum-
based materials in making thermoset resins.
These resins may be used in composites which
can be applied in the automotive industry to save
energy (due to low weight), reduce carbon diox-
ide emission, and improve fuel efficiency. This
study will cover the epoxidation and further
modification of pure sunflower oil with acrylic
acid.

MATERIALS AND METHOD

Materials. Pure sunflower oil was obtained
from New Market (Aba, Abia State, Nigeria).
Formic acid (85 %) was purchased from Linsko
chemicals Lt. (Aba, Abia State, Nigeria); hydro-
gen peroxide (30 wt%) was also obtained from
Linsko Chemicals Lt. (Aba, Abia State), although
the first sample test was done with a little
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amount of H202 from Chemical Engineering
Analysis Laboratory (MOUAU, Abia State, Nige-
ria). The chemicals mentioned above were used
to epoxidize the oil. For further modification,
acrylic acid (94%) was purchased from Linsko
Chemicals Lt. hydroquinone (99%) was used as
a cross-linking inhibitor and sodium carbonate,
used for washing derived samples, was also
purchased from Linsko chemicals Lt.

Resin Synthesis. Two different resins were syn-
thesized from sunflower oil: Epoxidized Sun-
flower Oil resin (ESO) and Acrylated Epox-
idized Sunflower Oil resin (AESO). The conven-
tional method was used for the epoxidation of
pure sunflower oil.

Experimental setup. Epoxidation reactions were
carried out in a three-necked round-bottom
flask (250 ml capacity) equipped with a mag-
netic heater/stirrer and placed in an oil bath,
the temperature of which was controlled by the
temperature regulator of the magnetic heat-
er/stirrer to meet the desired temperature of
the mixture inside the flask. The central neck of
the flask was covered with a hollow cork
through which a thermometer was introduced
to record the temperature of the reaction mix-
ture. In contrast, the remaining two necks were
fitted with a reflux condenser and a reagent in-
troduction tube; covered with a cork at the end
(Figure 1).

Figure 1 - Experimental setup
(also used for the acrylic modification process)

Epoxidation procedure. The epoxidation meth-
od reported by [24] was used with slight varia-
tion in procedure, and this was repeated for all
the experimental runs with the same concen-
tration but different reaction times. A known
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amount of sunflower oil (30 g) was placed in
the flask, the calculated amount of formic acid
was added to the flask after about five minutes,
and the mixture was stirred continuously for
30 mins. Then 16.15 g of 30 wt% aqueous hy-
drogen peroxide was added dropwise to the
reaction mixture, as an oxygen donor, at a rate
such that the hydrogen peroxide addition was
completed within half an hour, considering the
completion of hydrogen peroxide addition as
zero time. The mole ratio of the components
used was 1:1.5:0.5, that is, ethylenic unsatura-
tion: H202:HCOOH. After entirely adding hy-
drogen peroxide, the mixture was heated under
reflux at the desired temperature (65 °C) and
with rapid stirring. The rapid stirring was
maintained throughout the experiment to
achieve fine oil dispersion and avoid zones of
high peroxide concentration that could lead to
an explosive mixture. The reaction setup was
repeated 5, 6, and 7 hours after the first 4-hour
setup. The equation of reaction for the process
is given below.

Tomp. 85°C > ‘ ’ ’ ’ T Hzo

Epaxddizad sunflower oll

Scheme 1 - Synthesis of epoxidized sunflower oil

Washing of samples. The collected samples
(ESO) were then immediately washed with so-
dium carbonate dissolved in distilled water to
remove the free acids and other unreacted
components. 10 g of Na;CO3 was first dissolved
in 100 ml of distilled water. Then, another
100 ml of distilled water was further added to
the mixture. The total mixture was added to the
sample and separated by a funnel. Subsequent
extraction was used to recover the remaining
pieces after washing.

Determination of the Number of Chemicals
Per Sample. Calculating the chemical required
for the epoxidation reaction of the desired
amount of oil, using formic acid as the oxygen
carrier, is summarized below. Based on the lit-
erature, a typical fatty acid composition profile
for sunflower oil is presented in Table 1.
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Table 1 - Unsaturated fatty acid composition and
molecular weight in sunflower seed oils

Fatty Molecular | Composition | Molecular

acids formula (wt%) weight
(g/mol)

Oleic C18H3402 59 282.47

acid

Linoleic C18H3202 59 280.4-5

acid

The total mole of sunflower oil is expressed as
the concentration of double bonds (DB) in the
oil (a total of 89 %) — (n¢)

Mass of sunflower oil (chosen) = 30.0 g; Densi-
ty of sunflower oil = 0.9188 g/ml; Volume of
sunflower oil =30.0/0.9188 = 32.65 ml.

n Oleic acid = 0,3x30 =0.0319.
82.47
0,59x30

n Linoleic acid = =0.0631.

80.45
ne = 0.0319 + 0.0631 = 0.095. A total mole of
sunflower oil = 0.095 mol.

Formic acid. Mole ration of formic acid to DB =
0.5:1.

Formic acid (85 wt%), molecular weight =
46.03 g/mole, density = 1.22 g/ml. Mole of
formic acid = 0.5, n = 0.5(0.095) = 0.0475 mol.
Mass of formic acid = 0.0475(46.03) = 2.186 g.

100x2.186

Mass of formic acid solution = =257¢

Volume of formic acid required per sample =
2.57/1.22 =2.11 ml.

Hydrogen peroxide. Mole ration of hydrogen
peroxide to DB = 1.5:1

Hydrogen peroxide (30 wt%), molecular
weight = 34.01 g/mole, density = 1.10 g/ml;
Mole of hydrogen peroxide = 1.5(0.095) =
0.1425 mole. Mass of hydrogen peroxide =
0.1425(34.01) =4.85 g.

100x4.85

Mass of hydgen peroxide solution = =16.15¢g

Volume of hydrogen peroxide needed per sam-
ple=16.15/1.10 = 14.68 ml.
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Characterization of the epoxidized oil

lodine Value and Oxirane Content analyses.
These analyses were done on the epoxy resin
to verify the degree of conversion of the pure
oil to an epoxide.

FT-IR analysis. The first FT-IR Spectroscopy
(Fourier transform infrared spectroscopy)
analysis was done to verify the functionaliza-
tion of the resin with the peroxyl acid (that is,
hydrogen peroxide reacted with formic acid) in
comparison with the known properties of the
pure sunflower oil as obtained from the litera-
ture.

Synthesis of acrylate-modified sunflower oil.
This is due to further modification of the epoxy
resin with acrylic acid. The epoxidized sun-
flower oil (14.09 g) was heated at room tem-
perature, while acrylic acid (4.6 g) containing
hydroquinone (0.011 g; 0.25 wt% acrylic acid)
was added for 30 minutes. The reaction mix-
ture was heated under reflux for 6 hours at
120 °C with constant stirring. Excess acrylic
acid (1.8 g) containing hydroquinone
(0.0042 g) was added for 5 mins, and the reac-
tion proceeded for another 2 hours at the same
temperature. The mixture was cooled to room
temperature, and the obtained product acylat-
ed epoxidized sunflower oil (AESO), was isolat-
ed. The synthesis was repeated for the remain-
ing epoxidized samples.

[

+ Fcn—ﬂ—m

eyl scid
Hydroquinane,
— wm

Acryansd aporidesd surfowr ol

Figure 2 - Synthesis of acylated epoxidized
sunflower oil

Characterization of acylated sunflower oil

FT-IR spectroscopy analysis was also employed
to identify the fictionalization of the structure
of the modified resin, and the comparison was
made for the pure and epoxidized oil.
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RESULTS AND DISCUSSION
Determination of lodine Value and Conversion

The iodine value of sunflower oil was calculat-
ed using the equation below:

lodine value = (B-S)xM X12'69, (1)
w
where S - volume of NazS203 solution required
for titration of the sample (ml); B - volume of
NazS203 solution required for titration of the
blank (ml), W = weight of sample used (g); M -
Molarity of the NazS203 (0.1 M).

The initial value of sunflower oil (IV,) is ex-
pressed as iodine value att =0 (h), M = 0.10 M,
W = 0.20 g, Bi;= 23.75 ml, Bz= 23.76 ml, B3=
23.74 ml, Bay = 23.75 ml, S;= 4.81 ml, S,= 4.84
ml, S3=4.84 ml, Sav = 4.83 ml.

IV, = (23.75-4.83)x0.1x12.69 ~120.05 g 1 /100 g oil

0.20

v, -1V
% — |

=x100, (2)

where [V, - Initial iodine value; IV - lodine val-
ue at certain conditions; Reaction temperature
= 65 °C (constant); Stirring speed = 750 rpm
(constant).

a) Reaction time =4 h, W=0.20 g, S;= 14.83 ml,
S3=14.83 ml, S3=14.86 ml, Say = 14.84 ml.

IV - (23.75—14.32); 0.1x12.69 5653 1,/100 g oil

~120.05-56.53
* 120.05

x100=52.91%.

b) Reaction time =5 h, W=0.20 g, S;= 16.39 m],
S3=16.42 ml, S3= 16.39 ml, Sav = 16.40 ml.

(23.75-16.40) x 0.1x12.69

IV = e = 46.64 g 1,/100 g oil
, 1200524664 1, 61 1506,
120.05

c) Reaction time=6 h, W=0.20 g, S;= 19.36 m|,
S3=19.37 ml, S3=19.33 ml, Say=19.35 ml.
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(23.75-19.35)x0.1x12.69

IV = = ~27.92¢1,/100 g oil
1200522792 1, 76 7405,
120.05

d) Reaction time =7 h, W=0.20 g, S;= 20.42 ml,
S3=20.45 ml, S3= 20.42 ml, Say = 20.43 ml.

(23.75-20.43)x0.1x12.69

IV = = = 21071, /100 g oil
= 1200522107 ) g5 4505,
120.05

The reaction conversions for 4-7 h are summa-
rized in Figure 3 below.

0 1 2 3 4 5 [ 7 8
Time (h) —

Figure 3 - Effect of time on Conversion to iodine
value

Determination of oxirane oxygen content

The number of oxirane groups indicated by the
percentage of oxirane was calculated using the
equation below.

(B—S)xM x16x100

W %1000
where S - volume of NaOH used for sample
(ml); B = volume of NaOH used for blank (ml);

M - Molarity of the NaOH - 0.1 M; W - weight
of sample used (g).

Oxygen content =

The volume of NaOH used for blank (ml)

B1=22.89 ml, B2=22.89 ml, B3=22.92 ml, Bav=
22.90 ml, Reaction temperature = 65 °C (con-
stant), Stirring speed = 750 rpm (constant).
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a) Reaction time =4 h, W=0.20 g, S;= 19.31 ml,
S2=19.36 ml, S3= 19.32 ml, Say=19.33 ml.

(22.90-19.33) x0.1x16x100
0.2x1000

=2.86%

Oxygen content =

b) Reaction time =5 h, W=0.20 g, S;= 19.00 ml],
S2=19.02 ml, S3= 19.01 ml, Say=19.01 ml.

(22.90-19.01) x0.1x16 %100
0.2x1000

Oxygen content = =3.11%

c) Reaction time =6 h, W=0.20 g, S;= 18.96 m|,
S»=18.89 ml, S3=18.96 ml, S4y =18.97 ml.

(22.90-18.97)x 0.1x16x100
0.2x1000

=3.14%

Oxygen content =

d) Reaction time=7h, W=0.20 g, S;=17.25 ml,
S=17.10 ml, S3= 17.10 ml, SAv= 17.15 ml

(22.90-17.15)x 0.1x16x100
0.2x1000

=4.60%

Oxygen content =

The oxirane conversion for 4-7 h are summa-
rized in Figure 4.

L 003
0,045 »
o N
g /
£ 004
S 0035 4
=
= 003 _—
0,025
0.02
0,015
0.01
0,005
o
0 1 2 3 4 3 6 7 3
Time (h) —

Figure 4 - Effect of time on conversion to oxirane
content

Resins from Epoxidation and Acrylation Reac-
tions. Four epoxy resins were synthesized from
pure oil. Further modification of the epoxidized
oils with acrylic acid yielded four acrylates
epoxidized resins. Figure 5 shows examples of
one out of the polishes from the epoxidation
and further improvement (with acrylic acid) of
pure sunflower oil.
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a) A sample of ESO b) A sample of AESO

Figure 5 - Examples of generated epoxy and
acrylate-modified resins

FT-IR spectroscopy analysis. The FT-IR spectros-
copy of the untreated oil and the epoxy and fur-
ther modified resins of sample 3 are shown in
Figure 6. This sample was chosen because it
showed the highest response. The FT-IR spectra
were used to verify the ESO functionalization
with acrylic acid and to compare the ESO and the
acrylate resin with the untreated oil.

The iodine value and oxirane oxygen content are
important properties in the characterization of
epoxidized vegetable oils. While the Iodine value
indicates the remaining unsaturation after the
epoxidation reaction, the oxirane oxygen content
indicates the epoxy groups present in the prod-
ucts. In the preparation of polymer, epoxy resins
with lower iodine values and higher oxirane oxy-
gen content are desired. The reduction in iodine
values indicates the consumption of the unsatu-
ration during epoxidation. But there did not rep-
resent conversion solely to epoxy groups because
epoxy ring degradation generates side reactions.

The effect of time on iodine value and reaction
conversation is shown in Figure 3. The result in-
dicated that the conversion of iodine value in the
sunflower oil increases linearly with an increase
in reaction time. Also, the effect of reaction time
on oxirane content is shown in Figure 4. The re-
sult indicates that oxirane content increases with
time. Unsaturated double bonds in the oil were
converted to an oxirane ring through an epoxida-
tion reaction, as indicated by the decrease in io-
dine value. Maximum conversion of 82.45%
(with iodine value of 21.07 g 12 / 100 g oil) was
achieved at seven h reaction time and 65 °C. The
corresponding oxirane content was gotten to be
4.60 % at the same conditions. Hence the opti-

Section “Engineering, Manufacturing and Construction”

mum operating condition for the epoxidation re-
action was achieved at a reaction time of 7 h.
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Figure 6 - FT-IR spectra of untreated, epoxidized, and
acrylic-modified sunflower oil

For modification with acrylic acid, the esterifica-
tion reaction took place between the epoxidized
sunflower oil and acrylic in the presence of hy-
droquinone (as a cross-linking inhibitor). The
epoxy group reacted with the carboxylic acid to
form esters. The reaction occurred between the
acid's carboxyl group and the epoxy and hydrox-
yl group of the epoxides. This resulted in the
formation of acrylate epoxidized sunflower oil.
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In the FT-IR spectra, it can be seen that the pres-
ence of carbon-carbon double bonds (C=C) in the
untreated sunflower oil was indicated by the ap-
pearance of a peak at 1520 cmL. The single rise
marked the absorption band for the epoxy group
in ESO at 842 cm-, achieved after seven h reac-
tion time and 65 °C temperature. This peak was
missing in the untreated oil. The hydroxyl ab-
sorption is shown by the slope, down from
3900 cmL. The peak indicates the IR spectra for
the acrylic group at 1690 cm-L. This peak is ab-
sent in both the epoxy resin and the untreated
sunflower oil, which shows that the acrylate res-
in was formed.

CONCLUSIONS

The environmental issues associated with pet-
rochemical polymer materials brought about
the need for using materials from renewable
sources. Renewable raw materials are envi-
ronmentally friendly, biodegradable, low-cost,
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Abstract. Watermelon Shell, an agricultural waste, was employed for the
adsorptive removal of chromium (Il) ion Cr** from textile effluent. This study
analysed the adsorbent's active sites and morphological structures using FT-
IR, SEM, XRD, and XRF. The independent variables' effect, contact time,
adsorbent dosage, and pH were predicted using Response Surface
Methodology (RSM) for chromium adsorption onto Watermelon Shell
Activated Carbon (WSAC). The experimental results indicated that NaOH
activation effectively improved WSAC's adsorption capacity. The maximum
adsorption capacity was 54.53 %, with an adsorbent dosage of 0.6 g/I, pH of
6.0, and agitation time of 40 min. The high correlation coefficient (R*=0.978)
between the model and the experimental data showed that the model
predicted the removal of Cr** from textile effluent using Watermelon Shell
Activated Carbon efficiently.

is licensed under a Creative
Commons Attribution 4.0 License

INTRODUCTION

Wastewater is any water whose quality has been
negatively impacted by human activity.
Wastewater can originate from domestic, indus-
trial, commercial, or agricultural activities, sur-
face runoff or stormwater, and sewer inflow or
infiltration [1]. Significant health hazards are re-
lated to using untreated wastewater for domestic
purposes, agriculture, etc. The presence of heavy
metals in wastewater is one of the most challeng-
ing environmental problems due to their toxicity,
persistence, and bioaccumulation tendencies [2].
Many industries produce and discharge metal-
containing wastes mostly into water bodies. This
affects the water's aesthetic quality and increases
the concentrations of metals present [3]. These
heavy metals commonly include; Cd, Pb, Cu, Fe,
Ni, Mn, and Cr. Heavy metal contamination is not
a recent problem, but its management and pre-
vention are still of global concern [4]. Textile in-
dustries contribute immensely to surface water
deterioration and are categorised among the
most polluting in all industrial sectors [5]. The
dyeing and printing of textiles have a significant
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Keywords: Activated Carbon; Chromium Adsorption; Heavy Metals;
Adsorption; Watermelon Shell; Textile Effluent; Carbonisation.

environmental impact since they use a lot of wa-
ter and generate a lot of highly contaminated
wastewater.

The pollutants created by the textile dyeing and
printing industries are influenced by the chemi-
cals used in the various dyeing and printing pro-
cesses. The receiving water thus becomes brack-
ish. Textile dyes are toxic, highly stable and do
not degrade quickly, and are not removed by
conventional wastewater treatment methods.
Due to the environment's non-degradable nature
and long-time persistence, the toxic waste often
accumulates at a low level, causing a harmful bio-
logical effect [6].

In addition, effluent or wastewater from textile
production discharged into the water body with-
out proper treatment also seeps through the aq-
uifer and pollutes the underground water in
many ways. Besides colour visibility which
brings displeasing aesthetics, heavy metal con-
stituents in the effluent also result in adverse en-
vironmental impacts on the water body and en-
vironment as well as deterioration of human
health [7].
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During operations, they also produce heat from
effluents released, increased pH, and water satu-
ration with dyes, defoamers, bleaches, deter-
gents, optical brighteners, and equalisers. Due to
these, pollutants from the textile production sec-
tor are being released into the environment at
various stages of operation. Heavy metals, nota-
bly lead (Pb), Chromium (Cr), cadmium (Cd), and
copper (Cu), are used widely for the colour pig-
ment production of textile dyes. Such heavy met-
als can exist naturally in the structures of textiles
or penetrate textile fibres during the show, the
dyeing process, or through protective agents
used during storage. These heavy metals, which
have been transferred to the environment, are
highly toxic and can bioaccumulate in the human
body, aquatic life, and natural water bodies and
possibly be trapped in the soil [8].

Lead (II) ion has been reported to be responsible
for intellectual disabilities in children and causes
about 143,000 deaths annually in developing
countries [9]. Young children are vulnerable to
lead exposure because it affects the development
of the brain and nervous system [10]. It can also
result in miscarriage, low birth weight, stillbirth,
premature birth in pregnant women, kidney
damage, and high blood pressure in adults [11].
Ingestion of lead-contaminated water has been
implicated as a significant route of lead toxicity.

Several techniques have been designed for heavy
metals removal from aqueous solutions, includ-
ing ion exchange, chemical precipitation/co-
precipitation, filtration, coagulation, membrane
technologies, and commercial activated carbon
[12]. The significant drawbacks to these methods
lie in the cost involved, the efficiency of the pro-
cesses, and the disposal of wastes generated [13].
These disadvantages have made researchers
seek alternative techniques for heavy metal re-
mediation.

Hazardous metals can reportedly be removed
from industrial effluents by adsorbing using nat-
urally occurring elements. This method uses
dead waste biomass, microorganisms, and other
naturally plentiful plant components as raw ma-
terials [14]. The sorption capacity of some bio
sorbents is high due to the presence of adequate
functional groups that sequester metals from
aqueous solutions [13]. This method's applica-
tion is affordable, sustainable, and readily availa-
ble. These bio-based materials have demonstrat-
ed a propensity to eliminate metals at trace lev-
els, thereby addressing some of the major draw-
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backs of conventional techniques [15]. Several
adsorbents from plant origin have been used and
modified for heavy metal removal from
wastewater and aqueous solution, which include:
maise tassels, coffee beans, coconut shells, pea-
nut shells, Annona squamosal shells, rice husks,
rice bran, orange peels, sunflower stem, ground-
nut shells and avocado seed [16, 17]. This study
presents Watermelon Shell Activated Carbon as a
potential, environmentally friendly, and low-cost
adsorbent for the adsorption of metals from tex-
tile wastewater samples. In Watermelon, the red
flesh inside is sweet, edible, and used for juices
and salads, but the outer shell is considered
waste and has no commercial value [18].

The watermelon shell consists of pectin, citrul-
line, cellulose, proteins, and carotenoids [19]. The
polymers are rich in functional groups like hy-
droxyl (cellulose) and carboxylic (pectin). They
can easily bind metal ions by changing their hy-
drogen ions for metal ions or giving an electron
pair to form complexes with the metal ions [20].
The idea behind the adsorption of heavy metals
using watermelon shells is to treat waste with
waste and become even more effective because
these agricultural by-products are easily accessi-
ble and frequently cause issues with garbage dis-
posal.

Because they are waste items, they can be found
for little to no money. Also, this makes treating
wastewater with agricultural by-product adsor-
bents more economical than using conventional
adsorbents like activated carbon. This research
conducted characterisation and optimisation
studies for textile effluent and watermelon shells.

MATERIALS AND METHODS

Effluent Collection. The raw effluent was collect-
ed from Rosie's textile Company in Aba, Abia
state, in a sterile 20 litres gallon from its point of
discharge to the environment. It was stored at
room temperature without further purification
[21].

Collection of Adsorbent. Watermelon shells
(WS) were obtained from different fruit-selling
sources in Umuahia, Abia state, and washed with
clean water. The watermelon shells were cut into
small pieces and dried in sunlight for 14 days to
remove all moisture content present. The dried
watermelon shells were stored in an air-tight
container.
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Carbonisation. Carbonisation (1500 grams of
washed, cut, and dried watermelon shells) was
carried out in a muffle furnace (KGYV BUDAPEST
KCC086/50-120.3 phases) at about 500-700 °C
for two hours and was held at this temperature
for 60 min, after which the charred products
were allowed to cool to room temperature.

Preparation of 60% Alkaline (NaOH) Used for
Activation. 40 g of NaOH pellet was carefully
weighed using an electronic balance (YP502N)
and dissolved in 1000 ml of distilled water using
a measuring cylinder. 400 ml of the dissolved
NaOH was removed and stored in an air-tight
container. The remaining 600 ml of the dissolved
NaOH was diluted up to 1000 ml of NaOH solu-
tion with distilled water. This gave the required
60% solution of NaOH.

Preparation of Activated Carbon. The charred
material obtained from watermelon shell carbon-
isation was crushed into smaller sizes to pass
through a 3 mm sieve and retained in a 1.5 mm
sieve. 302 g of the sample was weighed using an
electronic balance (YP502N) and impregnated in
the alkaline solution (60 % NaOH) in a beaker.
The mixture was stirred with a glass rod to mix
well and left for 24 hours for proper impregna-
tion. At the end of the 24 hours, the mixture was
washed with distilled water until the tested pH of
the water washed out became near neutral [22].
The sample was dried in an oven for 1 hour at
105 °C and stored in an air-tight container.

Textile Effluent Characterization. The effluent
was analysed for the presence of heavy metals
(nickel, vanadium, zinc, lead, calcium, manga-
nese, chromium, sodium, iron, and copper) by
digesting 100 ml of the effluent using a 10 ml tri-
ple acid mixture (5:1:1 - HNO3:HClO4:H2S04) in a
250 ml conical flask. The sample was properly
covered with aluminium foil to avoid spillage and
heated on a hot plate until the solution was re-
duced to 10 ml. After that, it was allowed to cool
and make up to a mark by topping with distilled
water before it was filtered into a 50 ml standard
flask ready for further analysis. The concentra-
tions of the heavy metals in the wastewater were
determined using Atomic Absorption Spectrome-
ter (AA-7000). The result is given in Table 1.

Batch Adsorption. 100 ml of the textile effluent
was transferred to 250 cm3 Erlenmeyer flasks
after the initial pH of the sample's effluent had
been determined. 0.2 g of Watermelon Shell Acti-
vated Carbon (WSAC) was weighed and added to
the effluent. The solution was agitated for 10 min
using a speed-adjusting multipurpose vibrator
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(HY-2) at 100 rpm. Adsorbent dose, contact time,
pH, and beginning concentration were among the
adsorption parameters whose effects were inves-
tigated. Using 0.1 M HCl and 0.1 M NaOH as ad-
justments, the impact of pH on adsorption was
assessed by altering the pH from 2-10. The con-
tact period was changed from 10 to 70 min, and
the adsorbent dosage was changed from 0.2 to
1 gram per litre to determine its impact. The sol-
id phase was separated for each parameter study
using filter paper, and the remaining metal con-
centration in the supernatant was assessed using
an atomic absorption spectrophotometer
(MODEL: AA-700).

Adsorbent Characterization

Proximate Analysis. Proximate analysis was car-
ried out on the WSAC to determine the moisture
content, ash content, fat content, crude protein,
crude fibre, and carbohydrate using AOAC 2005
method. The result is presented in Figure 5.

FTIR Analysis. The sample was analysed using
FTIR technology of the mark SPECTRUM ONE
FTIR combined with software (Perkin Elmer In-
struments version 3.02.01) to study the spectra.
0.5 g of activated carbon was added to the spec-
trophotometer for sample analysis. For sample
analysis, 0.5 g of activated carbon was introduced
into the spectrophotometer for analysis. The
wave number varied between 4000 and
350 cm1.

X-ray Fluorescence (XRF) Analysis. This was per-
formed to know the chemical compositions of the
minerals in the adsorbent. X-ray fluorescence
analysis of the adsorbent was done using model
PW 2400/0.

X-ray diffraction (XRD) Analysis. X-ray (XRD-6000
SHIMADZU Japan) was used to scan the activated
carbon used in this work. This was done at 26
value between 100 and 800 at a scan rate of 2
degrees per minute.

Scanning Electron Microscope Analysis. A scan-
ning electron microscope (SEM) was used to de-
termine the morphological structure of the acti-
vated carbon before and after adsorption.

Adsorption Kinetics and Isotherms

Kinetics of Adsorption. The kinetics of adsorption
was examined by examining the adsorptive up-
take of heavy metals from wastewater at various
time intervals. The pseudo-first-order and pseu-
do-second-order model equations were used to
simulate the rate at which heavy metals bind to
the created activated carbon.
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The linearity of each model was plotted. As a re-
sult, in this work, the model parameters were
calculated utilising the data produced by the ex-
periments performed and considering the linear-
ised forms of the pseudo-first-order and pseudo-
second-order reaction models, respectively.

log(qe-q.) = log(qe)-T=t (1)
@) =mata® @)

Adsorption Isotherm. With the aid of the data
generated from the adsorption studies of this
work, the parameters contained in the Langmuir
adsorption isotherm were estimated.

_ qmKLCe
€ 14KLCe (3)

The linearisation of equation (3) leads to the fol-
lowing form:

1 1 1

= Q

de - AmkLCe dm

Experimental Design. The design and analysis of
variables were evaluated using Design-Expert
V6.0.8. Response surface methodology (RSM) is a
statistical method that uses quantitative data
from appropriate experiments to determine re-
gression model equations and operating condi-
tions. A standard RSM design called Box-
Behnken Design (BBD) was applied in this work
to study the variables for removing chromium
from an aqueous solution using a batch process.
BBD was used as an experimental design model
for three variables (adsorbent dosage, pH of
resolution, and agitation time), each with three
levels (the minimum, medium and maximum).
Seventeen experiments [22] are needed to con-
duct and determine ten coefficients of the sec-
ond-order polynomial equation [23]. In the ex-
perimental design model, adsorbent dosage (0.2-
1.0 g/1), pH (2-10), and agitation time (10-
70 min) were taken as input variables. The per-
centage removal of chromium was taken as the
response of the system. Three factors were stud-
ied, and their low and high levels are given in Ta-
ble 1.
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Table 1 - Coded and actual values of variables of the
experimental design

Factor Coded levels of variables

-1 0 1
Adsorbent dosage |A 0.2 0.6 1.0
pH B 2 6 10
Agitation time C 10 40 70
RESULTS AND DISCUSSION

Textile effluent and proximate analysis. The result
of the characterisation of the textile effluent be-
fore adsorption (Table 2), conducted using an
Atomic Absorption Spectrometer (AA-7000), in-
dicated the presence of heavy metals.

Table 2 - Characterisation of textile effluent before

adsorption

Metals Concentration
Calcium, ppm 3.3333
Chromium, ppm 1.3333
COD 170.4
Sulphate 18.24
Manganese, ppm 0.0324
Sodium, ppm 1.4883
Vanadium, ppm 2.0000
Zinc, ppm 0.0693
Nickel, ppm 0.2051
TOC 8.78
Ph 6.41
BOD, m/I 51.2
Chloride 252.76
Nitrate 16.08
Phosphate 1.5
TDS 758.87

After the proximate composition characterisation
of the activated carbon (Table 3), the result stat-
ed fixed carbon content of 80.37% at a 25.7%
yield.

Table 3 - Proximate composition analysis results of
WSAC

Parameter Result
Moisture content (%) 24.50
Ash (%) 17.50
Volatile matter (%) 14.25
Surface area (m2/g) 847.43
Fixed carbon (%) 80.37
Bulk density (gcm?) 0.4
Iodine number 724.64
Yield (%) 25.7
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FTIR Analysis. The FT-IR spectra of unloaded
WSAC (Fig. 1a) indicated a band at 3395.79 cm
due to the O-H stretching of water. The band ob-
served at 2935.76 cm corresponded to meth-
ylene asymmetric, H-H stretching. The band at
1592.29 cm! indicated the presence of pyridine,
C=N stretching, while the band at 1402.3 cm
was ascribed to azo compound, N=N stretching.
Finally, the band at 1084.03 cm-! was found to be
due to aliphatic C-N stretching, while the band at
683.79 cm! was due to P=S stretching. After the
adsorption of the metal ions present in the efflu-
ent by the activated carbon, the FT-IR spectra
(Figure 1b) showed shifts in some of the bands
and new bands. For instance, the bands at
406.03, 683.79,1084.03, 1403, 1592.29, 2935.76,
and, 3395.79 cm! were shifted to 408.92, 786.02,
1099.46, 1399.4, 1599.04, 2934.79 and
3400.62 cm’l, respectively. The shifts in the
bands confirmed the participation of the func-
tional groups in the adsorption of the metal ions
of the effluent onto the developed activated wa-
termelon shell carbon.

s Frentby (2T

Figure 1a - FT-IR spectrum for WSAC before
adsorption

Var b T

Figure 1b - FT-IR spectrum for WSAC after
adsorption
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XRF Analysis. From the result of the XRF before
and after the biosorption (Table 4), the concen-
tration of silica oxide (Si02) was 83.70%, the
highest among the chemical composition. It
shows that the loading of Cr was 24.40% after
biosorption.

Table 4 - XRF chemical analysis of the WSAC samples

Formula | Concentration before | Concentration after
adsorption (%) adsorption (%)

CO; 0.10 0.1

Si0; 83.70 1.18

SO; 8.32 0.93

Ca0 2.18 0.15
Al,03 1.61 0.26
Fe,03 1.00 1.34

P20s 0.99 0.003

K;0 0.87 0.20

Cl 0.82 0.11
MoO3 0.30 0.05

Cr ND 24.40

X-ray diffraction analysis (XRD). The WSAC has an
utterly amorphous structure which is expected
for organic materials. Sharp peaks are absent,
revealing a predominantly amorphous structure,
an advantageous property of a well-defined po-
rous adsorbent [24]. The X-ray diffraction pat-
tern of the samples in Figure 2 shows the pres-
ence of mica/illites, kaolinite, and quartz.

The reflection associated with mica/illites is
characterised by reflection located at 26=17° and
25° and kaolinite at 260=20° and 21° for WSAC
before adsorption. For WSAC after adsorption,
mica/illites were located at 15°, 18°, and 24°, and
kaolinite at 20° and 22°.

Table 5 - X-ray diffraction results for the adsorbent

Phase Before After
Smectite 0.15 0.00
Palygorskite 0.00 0.82
Kaolinite 0.00 2.87
Quartz 16.90 15.74
Calcite 0.85 0.61
Dolomite 0.57 2.37
Mica/illite 81.54 77.59

Other reflections are attributed to the activated
carbon, like smectite, palygorskite, calcite, and
dolomite. Other researchers also reported this
outcome [27].
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b)

Figure 2 - X-ray diffraction pattern of WSAC before
(a) and after (b) adsorption

Morphology and Textural Examination of the Ad-
sorbent. From the SEM results (Figure 3a), the
watermelon shell gave a porous surface texture,
enabling metal ions' adsorption onto the surface.
Besides, it also shows that the surface morpholo-
gy of the watermelon shell consisted of two kinds
of colour tones: lighter and darker [26].

mag 0| WD HV
1.000 x |21.5 mm|10.00 kV

— 200 pm
SAMPLE XY

Figure 3a - SEM image of WSAC before adsorption
1000 magnification
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mag 0| WD THV
1 000 x 122.8 mm | 10.00 kV

Figure 3b - SEM image of WSAC after adsorption at
1000 magnification

SAMPLE XW

The lighter shades represented the inorganic
component, while the darker shades were organ-
ic components. From the spectrum of the water-
melon shell (Figure 3a), Si was observed. After
the biosorption of Cr using a watermelon shell,
the morphology underwent a physical change.
Lump-like deposits or shiny particles were
formed (Figure 3b).

Adsorption Kinetics. The pseudo-first-order and
pseudo-second-order model equations were fit-
ted to model the kinetics of heavy metal adsorp-
tion onto the produced activated carbon. When
plotted, the linearity of each model was used to
determine how suitable each model was for the
adsorption. As a result, the model parameters
were calculated in this study utilising the data
produced by the experiments conducted and tak-
ing into account the linearised versions of the
pseudo-first-order and pseudo-second-order re-
action models provided in Equations (5) and (6),
respectively.

kq

log(qe - 4:) = log(qe) - o=t (5)
@) =mat® Q

It was found that the pseudo-second-order mod-
el fitted better than the pseudo-first-order model
for the removal of Cr?* by Watermelon with
R2=0.9983 (Figure 4).
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Figure 4 -Pseudo first and Second-Order plot for Cr**
Removal by WSAC

Adsorption isotherm. The results obtained from
chromium adsorption using 100 ml textile
wastewater and 0.6 g WSAC at 40 min agitation
time and pH of 6 (Figure 5) gave an R? value of
0.9993.

0.03
R:={}.9993.#
0.025 //
0.02 //
]
g 0.015 Za ¢ Cr
:: ‘/
—— Linear (Cr)
0.01
0.005
0
0 5 10 15 20
1/Ce

Figure 5 - Langmuir adsorption isotherm for
adsorption of Cr2+ on WSAC
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Statistical Optimization of Removal of Chromium
Using WSAC. A BBD with a total of 17 experi-
ments was employed for RSM. Table 6 reports
the experimental and predicted values of the ad-
sorption capacity of WSAC.

Table 6 - Experimental design and results for the

copper removal
Coded Actual
Removal
Run values values
A|B|C| A | B | C |Observed|Predicted

1 1 |0 |-1 |1 |6 |10 |50.66 51.13
2 1 |1 |0 (1 (10 |40 |52.07 52.16
3 0O (0 |0 |06 |6 (40 |37.82 37.72
4 0 (1 |-1 {0.6 |10 [10 |54.53 54.06
5 0 (-1 |1 |06 |2 |70 |35.08 34.01
6 -1 (0 |1 |02 |2 |70 |50.75 50.05
7 1 |0 |1 |1 |6 |70 |46.13 46.83
8 0 (-1 |-1 |06 |2 (10 |47.09 48.16
9 -1 (-1 |0 |02 |2 |40 |33.65 34.25
10 (0 |0 |0 |0.6 |6 |40 |33.51 34.67
11 ([0 |0 |0 |0.6 |6 |40 |47.05 45.89
12 (-1 |0 |-1 |0.2 |2 |10 |34.56 33.96
13 (0 |0 |0 |0.6 |6 |40 |44.04 4455
14 (0 |1 |1 |0.6 |10 |70 [46.00 44.55
15 (-1 |1 |0 |0.2 |10 |40 |42.34 44.55
16 [0 |0 |0 |0.6 |6 |40 |44.56 44.55
17 (1 |-1 |0 |1 |2 |40 |45.79 44.55

The coefficient of determination (RZ) presents
the quality of the polynomial model [28]. The
predicted R? considers all effects, and the adjust-
ed R? considers only square effects and interac-
tion effects between two input variables. This
study's predicted R? and adjusted R were 0.8225
and 0.9867, respectively, indicating that the
model could not explain only 17.75 % of total
variations. "Adeq Precision" measures the signal-
to-noise ratio, and a ratio greater than four is de-
sirable. The balance was 17.36 in this study, indi-
cating an adequate signal. Therefore, the RSM
model could be used to navigate the design space
[12].

The experimental and predicted values closely
match the R? value of 0.978 (Figure 6).

So, the high correlation coefficient (R2=0.978)
between the model and the experimental data
showed that the model could efficiently predict
the removal of Cr?* from textile effluent using
WSAC. This methodology could be successfully
employed to study the importance of the test var-
iables' individual, cumulative, and interactive ef-
fects in biosorption.
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Figure 6 — Parity plot showing the distribution of
experimental vs predicted values of percentage
removal of Cr**

The optimum values of adsorbent dosage, pH and
agitation time from BBD were found to be 0.6 g/],
six and 40 min, respectively. The maximum pre-
dicted removal of Cr2* was found to be 54.06%.

The developed model equation in terms of coded
factors is as follows:

REMOVAL = + 44.55 + 4.34*A - 2.88"B + 2.73*C +
5.89*A2 - 1.67*B? - 5.68*(? + 3.83*A*B - 3.68*A*C
-3.09*B*C

where the response was the removal of chromi-
um from textile effluent, A was the coded value of
dosage of adsorbent, B was the coded value of pH
of the solution, and C was agitation time.

The coefficients with one factor represent the
effect on the particular factor, while the coeffi-
cients with two elements represent the interac-
tion between the two factors. The positive sign in
the equation indicates a synergistic effect,
whereas the negative sign indicates an antago-
nistic effect.

From the analysis of variance (ANOVA) for the
response surface quadratic model (Table 7), the
model F-value of 34.50 implied that the RSM
model is significant.

Table 7 - Analysis of variance (ANOVA) for the removal of chromium (%) with WSAC

Source Sum of Squares DF Mean Squares F-Values P Prob > F Comment
Model 707.13 9 78.57 34.5 <0.0001 Significant
A 150.89 1 150.89 66.25 <0.0001 Significant
B 66.18 1 66.18 29.05 0.001 Significant
C 59.65 1 59.65 26.19 0.0014 Significant
A2 146.31 1 146.31 64.24 <0.0001 Significant
B2 11.78 1 11.78 517 0.0571
C2 135.81 1 135.81 59.63 0.0001 Significant
AB 58.55 1 58.55 25.71 0.0014 Significant
AC 54.06 1 54.06 23.73 0.0018 Significant
BC 38.11 1 38.11 16.73 0.0046 Significant
Residual 15.94 7 2.28
Lack of Fit 7.16 3 2.39 1.09 0.4501 Not significant
Pure Error 8.78 4 2.2
Cor Total 723.07 16
R? 0.978
Adj. R? 0.9496
Pred. R2 0.8225
Adegq. Precision 17.364
Std. Dev. 1.51
C.V. 3.44

The p values are used to check the significance of
each of the coefficients. The p values less than
0.05 indicate that the RSM model terms are sig-
nificant. In this study, A, B, C, A2, C2, AB, AC, BC
are practical model terms. A, B, C2 (p<0.0001)
were the essential terms for the Chromium ad-
sorption capacity.

The coefficient of variation (the ratio of the
standard error of estimate to the mean value
stated as a percentage) and F-value tests have

Section “Engineering, Manufacturing and Construction”

also been carried out to assess the model's suita-
bility.

The F-distribution is a probability distribution
that compares variances by looking at their ratio.
If they are equal, then the F-value would equal
one. The balance of the model means square
(MS) to the relevant error means the F-value rep-
resents square in the ANOVA table.
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The F-value increases along with the ratio, in-
creasing the likelihood that the model's mean
square contribution will be much more signifi-
cant than the error mean square. For R2 closer to
unity, the better the estimated regression equa-
tion fits the response data. The closeness of R2
and Adj. R? signified that the significant terms
and effects are genuinely substantial. Hence the
model worked well. The agreement of Adj. R? and
Pred. R? (i.e, a difference of < 0.2) authenticated
that the model truly fits.

Effect of pH and dosage. pH and adsorbent dosage
is the essential process parameters for assessing
the removal capacity of a biosorbent. Adsorption
experiments were carried out per the selected
model with a ph range and WSAC dosage. The
maximum removal of Cr?* metal ions was
54.53% for WSAC at pH six and WSAC dosage of
0.6 g/1 (Figure 7).

DESIGN-EXPERT Plot

REMOVAL
X = A: DOSAGE
Y =B: pH

B
7
r0ret g,

L7 75580 757>
SL07A4LT7AT AL
2250022004290 V%

L7775 >

SE25558 77587 5L 7KK 5L

2. 0005290520202 .90 4
<

Actual Factor 54.92 7
C: CONTACT TIME = 40.00
50.48

46.04

a1.e1

Ed
S 37.17

Figure 7 - A-3D interaction plot of the removal of Cr**
using WSAC, the interaction of WSAC dosage and pH

Thus, with WSAC, adsorption takes place mainly
in an acidic medium. Further, from the 3D graph
obtained from the software, it is clear that the
removal of Cr?* increased at low pH values, after
words, decreased with increased WSAC dosage.

Effect of contact time and dosage. The combined
effect of WSAC dosage and contact time has been
presented in Figure 4.8. The results show that the
maximum removal was recorded at the 0.6 g/l
WSAC dosage and contact time of 40 min. Fur-
ther, from the 3D graph obtained from the soft-
ware, it is clear that the removal of Cr2+* increased
WSAC dosage and contact time and, afterwards,
decreased with increased contact time.

Section “Engineering, Manufacturing and Construction”

DESIGN-EXPERT Plot

REMOVAL
X = A: DOSAGE
Y = C: CONTACT TIME

Actual Factor 54.82

B: pH = 6.00 ]
49.47
44.12

38.76 |

Figure 8 — A-3D interaction plot of the removal of
Cr2+ using WSAC, the interaction of WSAC dosage
and contact time

Effect of contact time and pH. The percentage re-
moval of Cr2* with WSAC powder was studied by
a pre-selected range of time and pH values. The
results are depicted in Figure 9. The results indi-
cated that the maximum removal had occurred at
a contact time of 40 min and pH of 6. Further, in
the 3D graph obtained from the software, it is
clear that the removal of Cr2+ at high contact time
afterwards decreased and decreased with in-
creased pH values.

DESIGN-EXPERT Plot

REMOVAL
X =B: pH
Y = C: CONTACT TIME

Actual Factor 47.24 T ___
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43.92
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g
% 33.96
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Figure 9 - A-3D interaction plot of the removal of Cr**
using WSAC, the interaction of contact time and pH

CONCLUSIONS

A detailed batch experimental study was carried
out for the removal of Cr?* from wastewater by
using Watermelon shell-activated carbon. The
current study aimed to identify optimum process
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conditions using response surface methodology
for removing Cr2+ from textile effluent by WSAC
as biosorbent. Response surface methodology
using BBD proved a very effective and time-
saving model for studying the influence of pro-
cess parameters on response factors by signifi-
cantly reducing the number of experiments and
facilitating the optimum conditions. The Experi-
mental values and the predicted values are in
perfect match with an R2 value of 0.978. This
methodology could be successfully employed to
study the importance of the test variables' indi-
vidual, cumulative, and interactive effects in bio-
sorption. The optimal removal of Cr was ob-
tained at initial pH of 6.0 solution, WSAC dosage
of 0.6 g/1 and contact time of 40 min, resulting in
97.80% of the maximum predicted removal of
Cr2,
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INTRODUCTION

Abstract. Adsorption processes have seen a broad level of usage by various
researchers over the years to remove heavy metals from waste streams. An
adsorbent frequently used is activated carbon. Although activated carbon is used
extensively in water and wastewater industries, it remains expensive. In recent
years, there has been a need for economical and safe methods for heavy metal
elimination from contaminated water. This need has only grown, which gave rise to
research aimed toward producing low-cost alternatives to activated carbon. There is
an urgent need to explore all possible sources of inexpensive agro-based
adsorbents, and heavy metal removal's feasibility should be studied in great detail.
This research objective is to learn how inexpensive adsorbents can remove heavy
metals from wastewater. Treating Automobile battery waste efficiently remains a
significant challenge due to its enormous quantity, hazardous nature, and
complexity. When effective treatment technology has poor implementation, this
aggravates the situation and worsens the situation further in countries with high and
rising populations. This leads to more pressures of urbanisation and industrials,
giving room for more industrial waste.

This research suggests the best possible options by critically reviewing the existing
practices. While slow biological treatment schemes usually fail to support microbial
activities in the presence of toxic components in concentrations, other
physicochemical plans often need to meet strict waste disposal and discharge
regulations. The approach where sludge disposal is thermally incinerated has never
seen environmental justification, and this is because of dioxin release and
obnoxious substances transferred directly. Newly emerging membrane-based
schemes can be flexible, environmentally friendly, petite, economically self-
sufficient, and easy to implement and maintain after installation.

Keywords: battery and automobile wastewater; adsorbent; carbonisation; pollution;
heavy metals.

are necessary for the normal development of bio-
logical cycles, most are toxic at high concentra-

The pollution of the environment with toxic sub-
stances has increased in recent years due to the
rapid growth of industries. Most industries, such
as automobile, mining, electroplating, iron-steel,
and battery industries, utilise substances con-
taining heavy metals [13]. Subsequently, these
heavy metals are discharged into the environ-
ment from the effluents obtained from the indus-
tries. Although small amounts of heavy metals

Section “Engineering, Manufacturing and Construction”

tions [14]. Heavy metals being released into the
environment pose a severe health threat caused
by pollution to aquatic life, plants, and humans
due to their persistence, non-biodegradability,
and bio-accumulation in the food chain. Ground,
marine, industrial, and often treated water all
have heavy metals as significant pollutants. In-
dustrial wastewater from mining, pesticides,
tanneries, organic chemicals, metal processing,
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pharmaceuticals, plastics and rubber, wood
products, and lumber are primary point sources
of heavy metal pollutants. They are easily trans-
ported by runoff water and other water sources
downstream that are polluted by industrial sites.
It is necessary to remove these toxic heavy met-
als from waste before disposal to avoid health
hazards, and proper recycling plays a vital role.
Heavy metal discharged wastewater is toxic, car-
cinogenic, and a massive threat to the health of
all living organisms [26].

Large amounts of hazardous materials being re-
leased into the natural environment have result-
ed in various environmental problems and cli-
mate change due to their persistence and non-
biodegradability. They can keep accumulating on
elements such as the food chain and already have
shown signs that they pose serious health chal-
lenges to humans. Therefore, removing these
metals from industrial effluents is necessary to
maintain environmental quality [6]. Several
techniques have been used for heavy metal re-
moval, including solvent extraction, filtration, ion
exchange, coagulation, sedimentation, oxidation,
and activated carbon adsorption [19]. However,
these techniques have the disadvantages of high
cost, low removal efficiency, and the problem of
secondary contamination. Due to this, many re-
searchers have used low-cost, environmentally
friendly, and very effective and efficient adsor-
bents to extract and remove the metals from the
effluents. These adsorbents include biomass ma-
terials, clays, charcoal, sludge ash, microorgan-
isms, and lateritic materials, to mention a few [8].
The automobile industry (Innoson) is located in
Nnewi, Anambra State, Nigeria, and was chosen
due to the reasonably high metal concentration.

Environmental protection agencies have im-
posed stricter regulatory prohibitions to protect
the environment. This has made water treatment
more expensive, and complying with the dis-
charge quality standard is becoming a massive
burden for industries. Water resource pollution,
mainly due to the removal of poor-quality efflu-
ents, poses a severe threat to organisms like
aquatic life and humans that depend on water for
sustenance. Developing countries face these chal-
lenges more where rapid population growth and
industrialisation have increased the complexity
of effluents. In recent years, researchers have
shifted their interests to the possible reuse and
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recycling of various effluents, where dairy indus-
tries are no exception [5].

In most cases, these effluents are not treated and
thrown into rivers, where they contribute to eu-
trophication by adding phosphorus and nitrogen
compounds. Treating dairy effluents is of crucial
importance not only for the environment but also
for recycling water for industrial use. The physi-
cochemical processes suffer the disadvantage
that reagent costs are high and the soluble COD
removal is low [9]. Moreover, chemical treat-
ments could induce secondary pollution because
chemical additives may contaminate the treated
water. Dairy industry wastewater demonstrates
a complicated system containing different com-
ponents, including pollutants from the process-
drawn materials, chemicals, and residues of
technological additives used in individual opera-
tions. Regarding the food industry wastewater,
treatment processes must ensure the required
quality of discharged effluents.

Problem statement

Environmental pollution, mostly from minerals
and heavy metals in wastewater, has become an
enormous issue. Anthropogenic activities like
mining, industrial operations, agricultural pro-
cesses, and disposal of industrial waste materials
have made the hazardous situation skyrocket to
dangerous levels. Heavy metals like arsenic,
chromium, nickel, lead, and cadmium are in in-
dustrial waste. So far, several methods have been
set out for removing heavy metals, such as ion
exchange, chemical precipitation, ultra-filtration,
electro-dialysis, Nano-filtration, reverse osmosis,
coagulation, flocculation, and many more.

However, each method has some disadvantages,
like unpredictable metal ion removal, high rea-
gent requirements, generation of toxic sludge,
etc. Pollution is the biggest challenge facing the
world today, and its impacts on the climate are
expected to worsen if no remediation actions are
taken. As the contamination of water increases,
we will experience more scarcity, and this will
lead to disputes over water resources. Pollution
can be placed into three categories: water, land
and air. Significant causes of water pollution are
decomposed domestic wastes, industrial plants,
and mining operations like petroleum and solid
mining. Land pollution is mostly caused by indus-
trialisation, waste dumping, and the constantly
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rising human population. Air pollution is seen to
arise mainly from economic and domestic activi-
ties of people like modern agriculture, thermal
power stations, industrialisation, fossil fuel burn-
ing both legal, artisanal refineries and other
means, and transportation which emit harmful
pollutants like cars and the aviation industry.

Research shows that heavy metal ions cannot be
degraded into harmless end products [15]. This
makes it difficult to degrade biologically. Heavy
metals contaminate our ecosystem mainly be-
cause of mining operations, refining ores, fly ash
incinerators, metal plating, sludge disposal, radi-
oactive material processes, paints, batteries, al-
loys, pesticides, and radioactive material pro-
cesses, paints, batteries, alloys, pesticides, and
preservatives [2]. Metals like Pb, Cd, Zn, and Cu,
present in industrial wastewater, are non-
biodegradable and exist in streams and receiving
lakes, causing bioaccumulation in organisms, fur-
ther leading to several health challenges or all life
on earth and environmental degradation [20].
These metals enter our food chain and become
difficult to track as they move up the trophic lev-
els [24] due to the biomagnification and bioac-
cumulation in the food chain. They enter the liv-
ing tissues and store up throughout the food
chain. Humans receive the worst toxic impact
since we remain at the top of the food chain [7].
Some symptoms of copper poisoning may in-
clude vomiting, jaundice, low blood pressure, and
coma to death [25]. Several industries continu-
ously release Zn (II) in their discharges [23]. Zinc
toxicity through excessive ingestion may lead to
several health issues, such as respiratory inca-
pacitation and liver failure, as shown by in-
creased respiratory activity, such as coughing,
frequency of ventilation, breathing rate, and a
decrease in oxygen uptake efficiency [4]. Cadmi-
um occurs naturally in combination with zinc
minerals [16]. Cadmium is hazardous and toxic
as it bioaccumulates, and there exists no known
homeostatic control in the human body for it.
About 1-2% of ingested cadmium, when retained
in the human body, is hazardous and a potent
enzyme inhibitor. It has also been known to
cause liver and kidney damage [16] in animals
and humans.

Lead is one of the potentially toxic heavy metals
and tends to accumulate in soft tissues, blood,
and bones when adsorbed into the body [10].
Lead is widely used in mining, steel, automobile,
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batteries, and paints [22]. Lead can accumulate
over a lifetime and, even at low concentration
levels, may cause diseases such as anaemia, en-
cephalopathy, vertigo, anorexia, hepatitis, and
nephric syndrome [21]. Likewise, phenol is a se-
vere environmental priority pollutant since it is
toxic and harmful to organisms even at low con-
centrations. Phenolic compounds have been clas-
sified as high-priority pollutants by the USA EPA
[12]. Besides the poisonous effects, phenolic
compounds create an oxygen demand in receiv-
ing waters and impart taste and odour to water
with minute concentrations of their chlorinated
compounds [3]. The chronic toxicity of phenols in
humans results in headaches, dizziness, fatigue,
nausea, vomiting, fainting, weakness, and lack of
appetite at high levels. Phenol can also change
blood pressure and cause liver and kidney dam-

age [3].

Scope of study

Waste discharge in industries, agriculture and
domestic in rivers and lakes causes the deposit of
pollutants in sediments. These pollutants com-
prise heavy metals, which pose health threats
when they enter the food chain.

Incidences of heavy metal accumulation in aquat-
ic life, like oysters, fish, mussels, sediments, and
other components of marine ecosystems, have
been reported worldwide. Excess amounts of
heavy materials are often toxic through the direct
action of the metal or their inorganic salts or or-
ganic compounds through which metals are in-
troduced into the cell or easily detached. Metal
Exposure may occur in ordinary circumstances,
especially in an industrial setting, and environ-
mental accidents can lead to high-level exposure.
Even at low concentrations, some metals are tox-
ic to aquatic organisms. The issue of metal pollu-
tion in water and marine organisms needs con-
tinuous monitoring and surveillance as these el-
ements do not degrade and can be biomagnified
in man through spread in the food chain.

Aquatic organisms are majorly affected by heavy
metals present in the environment, and the level
of toxicity is majorly a function of the surface wa-
ter systems' water chemistry and sediment com-
position. Metals are mineralised by microorgan-
isms, which are taken up by plankton and aquatic
organisms. Finally, the metals now, several times
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biomagnified, are taken up by man when he con-
sumes fish from the contaminated water.

Slightly elevated metal levels in natural waters
may cause the following sub-lethal effects in
aquatic organisms:

- change in physiology, such as suppression of
growth and development, poor swimming per-
formance;

- change in the circulation;

- change in biochemistry, such as enzyme activity
and blood chemistry;

- histological or morphological change in tissues;
- behaviour change; and change in reproduction.

Industrial by-products are available free of cost
and cause significant disposal problems. Some of
these wastes are regenerated, while others find
no utilisation and are disposed of. If solid waste is
used as low-cost adsorbents, it will reduce the
volume of waste materials and the pollution
problem associated with its disposal. Several in-
dustrial wastes such as red mud, metal hydroxide
sludge, and fly ash have been investigated with or
without treatment as low-cost adsorbents for
removing pollutants from wastewater. They re-
quire little processing to increase their sorption
capacity. Red mud (RM), primarily produced
from the alumina industry, emerges as a residue
of the digestion of bauxite ores with caustic soda
for alumina (Al203) production. Inside it is fine
particles of iron, titanium oxides, silica, calcium
and hydroxides. These are responsible for the
highly reactive surface, enabling a low-cost ad-
sorbent to be used for heavy metal adsorption
and phenols from wastewater. Hence there is a
great need to extract all heavy metals from
aquatic ecosystems. Research and development,
therefore, focus on sector-specific methods and
technologies to remove these heavy metals.

Purpose of the study

1. Using the co-activation process, characterise
activated carbon from corn cob by employing
chemical, physical, and chemical activation.

2. Remove heavy metals by adsorption process,
which has excellent economic potential for elimi-
nating heavy metals from Industrial waste.

3. To characterise the number of heavy metals,
Chromium VI, Zinc, Copper, Lead, Iron, BOD, COD,
total suspended solids, total dissolved solids and
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solids in most industrial waste and treatment to
reduce its hazards on living things.

4. Optimising the process parameters for prepar-
ing activated carbon for effective wastewater
treatment curtails environmental issues due to
the discharge of untreated wastewater into wa-
ter bodies and the immediate environment. It
poses serious threats to both human and aquatic
life.

From the study, the characterisation and treat-
ment of industrial waste were carried out, and
solid waste, BOD, heavy metals, COD, and others
were eradicated from water content, thereby re-
ducing its hazardous effects on living organisms.
Besides, it can be a valuable guideline to re-
searchers, industrial owners, and practitioners
interested in improving society's health.

METHODS

Three effluent samples each were collected from
Ibeto Battery industry Nnewi and Innoson Au-
tomobile company Nnewi using standard meth-
ods. Samples were collected at the point of dis-
charge of the effluents (P1), at 20 m away from
the point of effluent discharge (P2), and at 40 m
away from the point of effluent discharge (P3) in
a sterile bottle, labelled and preserved using
standard methods.

Characterisation of wastewater. The individual
and composites samples were analysed for sus-
pended solids, total dissolved solids, Biochemical
Oxygen Demand, Chemical Oxygen Demand, total
solids, as well as heavy metals such as Cr (VI),
Zn (II), Cu (II), Pb (II) and Fe (III) using standard
methods.

Adsorbent preparation & chemical activation.
Corn cobs were collected from the “Isi gate” mar-
ket in Umuahia Abia State, Nigeria, and were
washed with distilled water. The samples were
broken into smaller sizes and then oven-dried to
reduce the sample size so they could dry quickly.
After oven drying and grinding, the ground sam-
ple was sieved with a 2 mm mesh size sieve at
the laboratory, Civil Engineering department,
MOUAU. The model was activated chemically by
soaking for 2 hours in 0.5 M Hydrochloric acid. It
was washed repeatedly with de-ionised water
until a pH value of 7 was obtained, indicating no
acid was left on the sample. The sample was air-
dried for two days at room temperature.

1033



Traektorid Nauki = Path of Science. 2022. Vol. 8. No 9

ISSN 2413-9009

Figure 2 — Samples air-dried for two days

Physical activation. The ground sample was
sieved with a 2 mm mesh sieve. This was fol-
lowed by carbonisation in the absence of air in a
muffle furnace at a temperature of 400-600 °C
for 60 minutes. The corn cob ash was washed
with de-ionised water until no further impurities,
such as dust or residues, were found. The corn
cob ash was then air-dried for two days.

Figure 3 - Adsorbent undergoing carbonisation
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Physicochemical activation. The ground sample
was sieved with a 2 mm mesh size sieve. After
which, it was carbonised in the absence of air in a
muffle furnace at a temperature of 400-600 °C
for 60 minutes. The carbonised sample was
mixed with an aqueous phosphoric acid (H3P04)
and soaked for 2 hours. The mixture was washed
thoroughly with de-ionised water until a PH val-
ue of 7 was obtained to ensure that the acid had
been thoroughly washed away. The sample was
air-dried for two days.

Figure 4 - Carbonised corn cob

Characterisation of the adsorbent. The chemical
compositions, including the rare earth metals for
chemically, physically, and physically/chemically
activated corn cobs, will be determined using
standard methods.

Adsorption experiment. The chemically activated,
physically activated, and physically/chemically
activated corn cobs were used for the adsorption
experiment. A total of three dosages, 5, 10 and
20 mg, were used.

Batch mode adsorption studies for individual
metal compounds were conducted to investigate
the effect of different parameters such as adsor-
bent particle size, contact time, temperature, ini-
tial concentration, and adsorbent dosage. The
solution containing adsorbate and adsorbents
was taken in 250 ml capacity conical flasks and
agitated at 180 rpm in a mechanical shaker at
predetermined time intervals [18]. The adsorb-
ate was decanted and separated from the adsor-
bent using filter paper (Whatman No-1).

Heavy metals analysis. The final residual metal
concentration after adsorption was measured
using Atomic Absorption Spectrophotometer.
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The following equation was used to estimate the
percentage removal of heavy metals from its
aqueous solution.

Co—

%Rem. = o

¢ %100 (1)

where C, and C are the initial and final concentra-
tions in the solution (mg/1), Vis a known volume
of wastewater (1), and m is a known mass of dry
adsorbent (g).

Coagulation preparation. A stock solution of Al-
um was prepared before starting the experiment.
The answer was prepared by dissolving 10 g of
Alum in distilled water, and the solution volume
will increase to 1 litre. Every 1 ml of these stock
solutions was equivalent to 20 mg/1 when added
to 500 ml of wastewater. They were prepared in
distillation water in three different concentra-
tions (10, 20, and 30 mg/1).

Jar Test. The jar test was used to evaluate the co-
agulation efficiency (Alum). Jar testing is an es-
sential tool for determining the best chemical
dosing regimen and the efficiency of the treat-
ment system [17]. A conventional jar test appa-
ratus Was used in the experiments to coagulate
the industrial wastewater using Alum. This was
executed as a batch test to provide a series of six
beakers with six spindle steel paddles. The pH of
the solution was controlled by adding H2S04 and
then fractionated into the beaker containing
500 ml of suspension; the wastewater sample
was mixed homogeneously. The samples were
analysed for initial concentration to measure pH,
TSS, COD, BOD, TS, TDS, and turbidity. After the
desired amount of Alum was added to the sus-
pension, the beakers were agitated at various
mixing times and speeds, which consisted of rap-
id mixing (rpm) for 1 minute and slow mixing
(30 rpm) for ten minutes to coagulate. After the
agitation was stopped, the suspension was al-
lowed to settle for 20 minutes. Finally, a sample
was withdrawn using a pipette from the top inch
of supernatant for turbidity, COD, BOD, TS, and
TDS measurement, representing the final con-
centration. All tests were performed at an ambi-
ent temperature range of 20 to 23 °C. In the ex-
periment, the study by varying a few experi-
mental parameters, Alum dosage (10-30 mg/l1)
and pH (5.5-8.0), to know their effect on coagula-
tion and obtain the optimum condition for each
parameter.
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Analytical Analysis. The COD test was performed
by the wet chemical oxidation method. It was
used to measure the oxygen demand for the oxi-
dation of organic matter by strong chemical oxi-
dation, which was equivalent to the amount of
organic matter in the sample. The sample was
filtered through a weighed standard glass fibre
filter with 0.2 um diameter when determining
TSS. The residue on the filter was dried at 100 °C.
The filter's weight increases and represents the
wastewater's TSS and pH.

The removal efficiency (% Removal) was calcu-
lated from (1), where C, and C = COD, TSS and
colour control of wastewater (mg/1) before and
after coagulation treatment, respectively.

Matrix spiking. A Spike sample was developed, a
known amount of analysis was added (a spike) to
a model, and the spiked sample was tested and
determined since the amount added was recov-
ered. Two portions of the sample were prepared
for testing. In the matrix spike portion, a known
standard amount was added (to increase the
concentration) by a known amount. The matrix
spike result was higher by that amount added. A
spiking solution was the standard for preparing a
matrix spike. The analysed spiking solution's
concentration is usually 50 to 100 times higher
than that of the unspiked sample.

The spike level was chosen so that it doubled the
sample concentration. The concentration of the
spiking solution to use was determined. A spiking
solution about 50-100 times higher than the cho-
sen spiking level was preferred. The amount of
spiking solution added was determined. The cal-
culated volume of the spiking solution was add-
ed. Test the spiking sample using the same ana-
lytical procedure as the unspiked sample.

RESULTS AND DISCUSSION

The test results are presented in Tables 1-13 and
Figures 1-10.

The selected heavy metals analysis (Tables 1-2)
showed that the Lead, Chromium VI, Zinc, and
Copper fall within WHO permissible limits, while
iron at point 3 exceeded the allowable limits set
by WHO for both battery and automobile
wastewater. In the present study, Iron values
ranged from 0.174 to 2.510 mg/l. These values
exceeded WHO standards of 0.1 mg/1.
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Table 1 - Battery wastewater heavy metals, mg/I

Table 2 - Automobile wastewater heavy metals, mg/!

Heavy Heavy
Sggglesd PL | P2 | P3 |WHO| metalsto Sﬂgtcatlesd PL | P2 | P3 |WHO| metalsto
be treated be treated

Pb 0.0081|0.0092/0.0088| 0.01 - Pb 0.0090]0.0077]0.0096| 0.01 -
Cr 0.015| 0.007| 0.003| 0.05 - Cr 0.008| 0.019| 0.006| 0.05 -
Fe 0.083| 0.128| 0.174| 0.1 P3 Fe 2.060| 0.680| 2.510 0.1 P3
Zn 0.033| 0.002| 0.012 5 - Zn 0.006| 0.034| 0.016 5 -
Cu 0.245| 0.043| 0.039] 0.5]- Cu 0.074| 0.168| 0.102| 0.5 -
Table 3 - Battery wastewater physicochemical parameters, mg/I

Parameters of interest P1 P2 P3 WHO Parameters to be treated
Ts 3050.00 3100.00 2970.00 500 P2
COD 83.06 1.660 1.860 255 -
BOD 12.80 6.80 3.20 10 P1
TSS 443.10 973.40 1258.30 10 P3
TDS 195.80 185.60 796.00 1000 -
Ph 0.60 0.63 0.58| 6.5-8.0 P3
Turbidity (NTU) 8.158 5.816 0.745 5 P1
Table 4 - Automobile wastewater physicochemical parameters, mg/|

Parameters of interest P1 P2 P3 WHO Parameters to be treated
Ts 1050.00 510.00 560.00 500 P1
COD 9.09 344.50 3.00 255 P2
BOD 8.10 11.70 5.00 10 P2
TSS 256.30 275.80 314.60 10 P3
TDS 58.80 180.70 64.90 1000 -
pH 3.30 5.30 6.0 6.5-8.0 -
Turbidity(NTU) 0.750 7.183 2.263 5 P2
Table 5 - Battery wastewater (Spiked) Table 6 - Automobile wastewater (Spiked)
Selected P3, mg/l WHO Selected metals P1, mg/l WHO
Pb 5.0088 0.01 Pb 5.009 0.01
Cr 5.003 0.05 Cr 5.008 0.05
Fe 5.174 0.1 Fe 7.060 0.1
Zn 5.012 5 Zn 5.006 5
Cu 5.039 0.5 Cu 5.074 0.5

Table 7 - Changes in heavy metals from Battery Wastewater after adsorption using Physicochemical (Ph) and
Chemical (Ch) activation from corn cob, mg/I

5mg 10 mg 20 mg
Heavy metals Ph Ch Ph Ch Ph Ch WHO
Pb 0.165 0.08 0.160 0.084 0.162 0.084 0.01
Zn 0.200 0.09 0.203 0.092 0.204 0.094 0.05
Fe 1.050 0.155 1.053 0.158 1.105 0.155 0.1
Cr 0.314 0.249 0.313 0.246 0.311 0.247 5
Cu 0.108 0.071 0.109 0.072 0.110 0.073 0.5
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Table 8 - Changes in heavy metals from Automobile Wastewater after adsorption using Physicochemical (Ph)
and Chemical (Ch) activation from corn cob, mg/I

5mg 10 mg 20 mg
Heavy metals Ph Ch Ph Ch Ph Ch WHO
Pb 0.105 0.055 0.109 0.058 0.108 0.052 0.01
Zn 0.150 0.315 0.153 0.318 0.154 0.319 0.05
Fe 2.218 0.100 2.220 0.103 2.224 0.104 0.1
Cr 0.052 0.059 0.0524 0.062 0.063 0.060 5
Cu 0.029 0.092 0.031 0.094 0.032 0.094 0.5
Table 9 - Changes in Battery Wastewater physicochemical parameters of interest after coagulation with Alum
Dosage Turbidity, NTU TSS, mg/1 TS, mg/1 pH DO, mg/1 BOD, mg/1 COD, mg/1
5mg 3.03 5.28 720 6.33 0.472 0.96 175
10 mg 3.64 3.51 792 6.20 0.266 0.54 149
20 mg 4.22 1.67 807 6.14 0.144 0.29 57
WHO 5 10 500 6.5-8 5 10 255
Table 10 - Changes in Automobile wastewater physicochemical parameters after coagulation with Alum
Dosage Turbidity, NTU TSS, mg/1 TS, mg/1 pH DO, mg/1 BOD, mg/1 COD, mg/1
5mg/1 2.49 9.00 352 6.17 0.472 3.80 185
10 mg/1 3.93 5.89 435 6.15 0.157 0.32 153
20 mg/1 4.11 4.71 487 6.15 0.122 2.50 91
WHO 5 10 500 6.5-8 5 10 255
Table 11 - Element Lead (Pb), % 99,5
Dosage 5mg | 10mg | 20 mg 99 98.96
Physicochemical 9794 | 97.82 | 97.84 985 et ’
. : =78, 98,4
(Automobile) 98 - #‘/ -t N\
Chemical (Automobile) 98.40 | 98.84 | 98.96 97,5 ’ \
Physicochemical (Battery) 96.70 | 96.80 | 96.76 97 \
Chemical (Battery) 98.90 | 98.32 | 98.32 9,5 . . . \. 9,7
0 5 10 15 20 25
Table 12 - Element Chromium VI, % = Physicochemical === Chemical
Dosage 5mg | 10mg | 20mg
Physicochemical 98.96 | 98.85 | 98.74 Figure 5 - A graph of percentage removal against
(Automobile) _ adsorbent dosage - Physicochemical & Chemical
Chemical (Automobile) 98.82 | 98.76 | 98.80 properties for Element Lead (Pb) Automobile
Physicochemical (Battery) 93.72 | 93.74 | 93.78
Chemical (Battery) 95.02 | 95.10 | 95.06
99,5
Table 13 - Element Iron (Fe), % 9892 3,7
Dosage 5mg | 10mg | 20 mg 98 98732 98,32
Physicochemical 85.12 | 68.85 | 65.50 97,5
(Automobile) 97 —
Chemical (Automobile) 97.80 | 98.54 | 98.53 96,5 —96,7 o0 96,76
Physicochemical (Battery) | 57.91 | 79.34 | 78.64 0 5 10 15 20 25
Chemical (Battery) 98.07 | 96.94 | 97.004
=== Physicochemical === Chemical
Figure 6 — A graph of percentage removal against
adsorbent dosage - Physicochemical & Chemical
properties for Lead (Pb) battery
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Figure 7 — A graph of percentage removal against
adsorbent dosage - Physicochemical & Chemical
properties for Chromium VI Automobile
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94 93,72 9374 93,78
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Figure 8 — A graph of percentage removal against
adsorbent dosage - Physicochemical & Chemical
properties for Chromium VI Battery
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Figure 9 — A graph of percentage removal against
adsorbent dosage —Physicochemical & Chemical
properties for Iron (Fe) Automobile
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= Physicochemical ====Chemical
Figure 10 — A graph of percentage removal against

adsorbent dosage - Physicochemical & Chemical
properties for Iron (Fe) Battery
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Physicochemical analysis. The physicochemical
parameters result, as shown in Tables 3-4,
shows that chemical oxygen demand and total
dissolved solids fall within the WHO permissible
limit while Total solids, Biochemical oxygen de-
mand at point 1, total suspended solids, pH, and
turbidity at point 1 and 2 exceeded the WHO
permissible limit for battery wastewater sample.
Total suspended solids fall within the Who per-
missible limit. In contrast, total solids at points 1,
2 and 3, Chemical oxygen demand at point 2, Bio-
chemical oxygen demand at point 2, total sus-
pended solids, pH, and turbidity at point 2 ex-
ceeded the permissible limit for Automobile
wastewater.

pH Values. pH values ranged from 0.58 to 0.63 for
battery wastewater and 3.30 to 6.0 for automo-
bile wastewater which is acidic and indicated the
presence of metals at a toxic level. pH is an indi-
cator of the existence of biological life, as most
thrive in a relatively narrow and critical pH range
[11]. The pH of the water sample collected at
points 1, 2, and 3 for the battery and automobile
was below the WHO minimum allowable pH con-
centration for human consumption. The pH of
water affects the solubility of many toxic and nu-
tritive chemicals.

Total Suspended Solids. These are organic and in-
organic solid materials which are suspended in
water. It is an indicator of water pollution. Total
suspended solids in the samples ranged from
443.10 to 1258.30 mg/l for battery wastewater
and 256.30 to 314.60 mg/l for automobile
wastewater. The values exceeded the permissible
limits for WHO. The high value of total suspended
solids could be due to the direct discharge of ef-
fluents into the River, which increased the River's
pollution load.

Biochemical oxygen demand. BOD is the oxygen
amount a bacterium requires to stabilise decom-
posable organic matter. A high BOD signifies the
presence of a large amount of organic pollution
[1]. In the present study, BOD in the sample
ranged from 3.20 to 12.80 mg/] for the battery
wastewater sample and 5.00 to 11.70 mg/l] for
the automobile wastewater sample. Points 1 and
2 for the battery and automobile wastewater
samples exceed the WHO permissible limits.

Chemical oxygen demand. COD is the amount of
oxygen consumed under specified conditions of
organic and oxidisable inorganic matter in
wastewater and water [1]. COD, ranging from
300 to 34450 mg/l in an automobile
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wastewater sample and 1.660 to 83.06 mg/l in a
battery wastewater sample. The COD in the Bat-
tery wastewater sample is within the WHO per-
missible limit, while in the automobile
wastewater sample at point 2, it exceeded the
WHO permissible limit.

Total solids. The total solids in the wastewater
sample are the residue after evaporation of the
model. Ts ranged from 2970 to 3100 mg/] for
battery wastewater and 510 to 1050 mg/ for au-
tomobile wastewater samples. All exceeded the
WHO permissible limit.

Turbidity. Turbidity in wastewater is due to sus-
pension, which is removable. Removal of turbidi-
ty before disinfection is essential. In the present
study, turbidity ranged from 0.745 to 8.158 mg/1
for the battery wastewater sample and 0.750 to
7.183 mg/1 for the automobile wastewater sam-
ple. At points 1 and 2, battery wastewater ex-
ceeded the WHO permissible limit. Point 2 for
automobile wastewater sample exceeded the
WHO permissible limit.

Spiking. After the water analysis, the world health
organisation standard was used to compare with
the result obtained from the study. It was found
that some heavy metals were below the average
at points 1, 2, and 3. Pb, Cr, Zn, and Cu were be-
low WHO standard, while Fe at point 3 was
above WHO standard for battery and automobile
wastewater.

From Tables 7-8, it was observed that Chemical
Activated corn cob treat more effective as values
for all the heavy metals were found to be less
when added 5 mg, 10 mg, and 20 mg were in the
two effluents.

CONCLUSIONS

The project illustrated how industrial
wastewater, precisely automobile and battery
wastewater, can be characterised and treated
using coagulation and adsorption techniques.
The significant parameters were heavy metals
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Abstract. This study aimed to examine the description of the effect of age at
first marriage on fertility. This type of research is a literature study examining
references from books, journals, articles, documents, and data from the
Central Statistics Agency. The analytical technique used in this study is
qualitative analysis, namely by describing the findings of data and
information in the form of narratives and discussions related to the effect of
age at first marriage on fertility. The results of this study indicate that the age
at first marriage greatly determines fertility or the number of children. If the
age at first marriage is high, the number of children will undoubtedly be
higher. Therefore, the government must make more preventive and
educational efforts for the productive age, especially 17 years and over, to
limit the number of births. They have to mature to decide when to get married
because it is related to Indonesia's increase and population growth.
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INTRODUCTION

The world's population reaches seven billion and
will jump to nine billion in 2045. Over three-
quarters of the world's population live in devel-
oping countries, Indonesia [5]. There are three
main elements of Indonesia's population chal-
lenges today. First, quantity is the fourth most
populous country in the world with high popula-
tion growth. Second, the quality of human re-
sources is relatively low, as reflected in the [13],
which places Indonesia at 124th. Third, unequal
distribution and mobility. One component that
affects population growth is fertility, which in-
creases the population [6].

Fertility is the ability to produce offspring associ-
ated with female fertility (fecundity) through
marriage. Marriage is a physical and spiritual
bond between a man and a woman as husband
and wife to form a happy and eternal family
(household). The purpose of marriage is to start
a happy and lasting family. For that, husband and
wife need to help and complement each other to
develop their personality to support and achieve
spiritual and material welfare. This law states

Section “Sociology”

that a marriage is valid if it is carried out accord-
ing to the law of each religion and belief. Besides
that, each marriage must be recorded according
to the applicable laws and regulations [8].

The recording of each marriage is the same as
recording important events in a person's life,
such as births and deaths, that are also included
in the records register. In addition, marriage has
a relationship with population problems. A lower
age limit for a woman to marry results in a higher
birth rate. This law determines the marriage age
limit for men and women, which is 19 years for
men and 16 years for women. The rights and po-
sition of the wife are in balance with the rights
and role of the husband both in domestic life and
in association with society. So that everything in
the family can be negotiated and decided jointly
by husband and wife [7].

The population theory explains that the birth
rate will be higher if it cannot suppress the num-
ber of young marriages. Therefore, the problem
that has occurred so far is that no special regula-
tion regulates the number of children. Another
issue currently happening is related to the high
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birth rate in Indonesia, so population growth is
increasing. It is necessary to analyze a problem
related to the causative factor of population
growth, namely the age at first marriage. The
birth restriction is a determinant in suppressing
the growth rate and population growth. There-
fore, it is necessary to regulate a regulation relat-
ed to anti-natality. However, Indonesia still needs
policies related to reducing the population be-
cause it is a pluralist country. There is also no le-
gal certainty, and procedures related to limiting
the number of children is only programmatic,
namely through the population and family plan-
ning agency, such as the promotion of two chil-
dren is enough. Efforts must be made to educate
the productive age population on how they will
determine the age of their first marriage [11].
The aim is to reduce the birth rate because if we
analyze logically, the age at first marriage will
determine the number of children to be pro-
duced.

Literature review

Basic Theory of Fertility. The term fertility is often
referred to as live birth, which is the release of a
baby from a woman's womb with signs of life,
such as breathing, screaming, moving, heart
throbbing and so on. Meanwhile, parity is the
number of children a woman has. If there are no
signs of life at birth, it is called still live, which in
demographics is not considered a birth event.

The physiological ability of a woman to give birth
or participate in reproduction is known as fecun-
dity. The absence of this ability is called in fecun-
dity, sterility or physiological infertility.

The analysis of fertility and the analysis of the
other two demographic components, namely
mortality and migration, can be grouped into
three discussion sections. First, it discusses the
basic concepts and measures of fertility. Second,
discuss techniques for calculating fertility
measures, such as CBR, ASFR, TFR, GRR, NRR, etc.
Third, discussing various matters concerning the
causes of fertility and its impact on multiple as-
pects of life.

The study of fertility stems from the discipline of
sociology. Before other fields systematically dis-
cussed fertility, the sociological study of fertility
had already begun [14]. For a long time, the pop-
ulation has been a sub-field of sociology. Most of
the population analysis (besides formal de-
mographics) is sociological analysis. By [4] have
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developed various theoretical frameworks on
fertility behaviour which are essentially sociolog-
ical. Most of the population analysis (besides
formal demographics) is sociological analysis.
Then, he developed different theoretical frame-
works on fertility behaviour which are essential-
ly sociological [4]. Authors [4] conducted socio-
logical research on fertility and put forward the
factors that affect fertility through what is re-
ferred to as "intermediate variables". According
to [4], social, economic and cultural factors that
affect fertility will be through "intermediate vari-
ables". 11 intermediate variables affect fertility,
each of which is grouped into three stages of the
reproductive process. Authors [4] put forward
the factors that affect fertility through what is
referred to as "intermediate variables". Accord-
ing to [4], social, economic and cultural factors
that affect fertility will be through "intermediate
variables". 11 intermediate variables affect fertil-
ity, each of which is grouped into three stages of
the reproductive process. Authors [4] put for-
ward the factors that affect fertility through what
is referred to as "intermediate variables". Accord-
ing to [4], social, economic and cultural factors
that affect fertility will be through "intermediate
variables". 11 intermediate variables affect fertil-
ity, each of which is grouped into three stages of
the reproductive process as follows:

1. Factors that affect the occurrence of sex (inter-
course variables)

2. Permanent celibacy: the proportion of women
who have never had sex

3. The length of the reproductive period after or
between sexual intercourse:

4. Voluntary abstinence

5. Abstinence due to compulsion (by impotence,
illness, temporary separation)

6. Frequency of sexual intercourse

7. Fertility or infertility affected by unintentional
factors

8. Using or not using a contraceptive method:

9. Fertility or infertility affected by intentional
factors (sterilization, subincision, drugs, and so

10. Fetal mortality caused by unintentional fac-
tors

11. Fetal mortality by calculated factors

According to [4], the above variables exist in all
societies because each variable has its own posi-
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tive and negative influence (value) on fertility.
For example, if abortion is not practised, then
variable number 11 is favourable for fertility.
That is, fertility can increase because there are no
abortions.

Fertility Determinants. One component that af-
fects population growth is fertility, which in-
creases the population. Fertility is the ability to
produce offspring associated with female fertility
(fecundity). For this reason, Indonesia must have
a Grand Design for Population Development
(GDPK), which includes fertility, mortality and
population mobility. The desired condition is that
the population grows in balance as a prerequisite
for achieving a population without growth,
where fertility rates and mortality rates are de-
creasing, and the distribution is more even. In
terms of fertility, it is the achievement of a bal-
anced population growth condition in 2015 and
will continue until 2035. To achieve a balanced
population growth condition (PTS), it is expected
that the total birth rate (TFR) is 2, 1 per woman
or net reproduction (NRR) of 1 per woman in
2015.

Family and community welfare will be easier to
achieve if the number of children in the nuclear
family is ideal, namely, "two children are better
off", by adjusting the birth spacing and the num-
ber of children. A country's fertility level is influ-
enced by several variables such as age, gender,
marital status, use of contraceptives or other
characteristics [2].

According to [4], the factors that affect fertility
are intermediate variables, namely variables that
directly affect and indirect variables. A country's
fertility level is influenced by several variables
such as age, gender, marital status, use of contra-
ceptives or other characteristics. According to
[4], the fertility rate is partly determined by
background characteristics such as the perceived
value of children, religion, housing conditions,
education, and employment status, age at first
marriage, income, and infant/child mortality.
Every family has fertility norms and attitudes
based on the above characteristics [1].

METHODS

This research method uses literature study type
research. Data collection techniques are carried
out by collecting secondary data through the li-
brary, namely journals, articles, books, and regu-
lations and using data from the Central Statistics
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Agency [12]. Next, examine these references for
qualitative analysis by describing the findings
with narratives in the form of a discussion of how
the description of the effect of age at first mar-
riage on fertility then concludes on the findings
of the data and information obtained.

RESULTS AND DISCUSSION

First Marriage Age Fertility Analysis. Age at first
marriage also means at the start of the reproduc-
tive period of fertilization. The relationship be-
tween early marriage and fertility is negative.
The younger the UKP, the longer the reproduc-
tive period or, the more children will be born.
Age at first marriage can indicate the start of a
woman's opportunity to become pregnant and
give birth. Women who marry at a young age
have a more extended period to get pregnant and
give birth than those who marry at an older age
and have more children. Based on the [12], the
average age at first marriage is 18.1; ideally, it is
21 years for women and 25 years for men. One of
the reasons a person's age at first marriage is
high is several reasons, for example, education,
mortality, work obsession and others. But in this
case, what will be analyzed is related to the fac-
tors that affect the age of first marriage on fertili-
ty and how much fertility declines if the age of a
person's first marriage is high.

Women's opportunities to obtain higher educa-
tion are increasingly open at this time, causing
many women to delay marriage. Women who
spend more time on education will have shorter
years of pregnancy risk because they spend
many years giving birth to children in school. In
addition, women with higher education tend to
enter the labour market before marriage. Educa-
tion can also increase women's knowledge of the
information process regarding fertility choices
and pregnancy behaviour [10].

In the future, more women with higher education
levels will enter the labour market. In addition to
the increasing number, employment requires
specific skills, especially in service fields such as
sales force, health, education, service, etc. The
better the education level of women, the more
they have the potential to make a more signifi-
cant contribution to the family income so that the
time they specifically devote to raising children is
increasingly limited, which will affect the number
of children they want. Age at first marriage is the
first time a husband and wife have sex. According
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to the Marriage Law, the minimum age for mar-
riage for men is 19 years, and for women, they
must be at least 16 years old. If married under
the age of 21 years, it must be accompanied by
the permission of the second or one of the par-
ents or an appointed guardian.

The age of the first marriage carried out by every
woman has a risk of giving birth. The younger the
age at first marriage of a woman, the greater the
risk faced for the safety of both mother and child.
This happens because the womb of a young
woman is immature to produce children or is not
mentally ready for marriage. On the other hand,
the older the age at first marriage, the higher the
risk during pregnancy or childbirth. This hap-
pens because a woman's physical condition gets
weaker towards old age. There are essential
things in the age of first marriage, including:

1. Essential variables are affecting fertility. The
younger a person's first marriage age, the longer
the reproductive period will be. This affects the
fertility rate of women and the population in
general.

2. Affecting population growth rate. Due to the
extended reproductive period of women who do
UKPM, the possibility of these women giving
birth to many children will be even greater. In
macro terms, this will lead to an increase in the
population growth rate of an area. Age at first
marriage affects the distance between genera-
tions. The younger the age at marriage, the
shorter the age gap between mother and child. Of
course, there are many very influential consider-
ations to determine when the time is right in the
age of first marriage. The factors that influence
the age at first marriage are:

- interpretation of religious teachings;

- level of education;

- socio-cultural situation;

- opening job opportunities for women;
- health;

- economy;

- matched pairs;

- freedom to choose a partner.

The younger a person's first marriage age, the
longer the reproductive period will be. This af-
fects the fertility rate of women and the popula-
tion in general. The longer a woman's reproduc-
tive period, the more likely she is to give birth to
many children. In macro terms, this will lead to
an increase in the population growth rate of an
area. Age at first marriage is the first time a hus-
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band and wife have sex. According to several da-
ta sources, the average age at first marriage in
Indonesia is still relatively low, under 20 years.
Marriage under 20 years of reproductive health
can be considered too young, mentally socially
unprepared, and usually not well-established
economically. In general, it aims to determine the
causal factors that affect the age of first marriage
in Indonesia. The research method carried out in
this study used a qualitative approach. Inform-
ants in this study were couples of childbearing
age (EFA) and prospective EFA or adolescents.

For example, in area X, we will examine several
variables that become indicators of our research,
as seen in the framework below. Still, here the
author only emphasizes and analyzes the effect
of age at first marriage on fertility. However,
there are other factors besides age at first mar-
riage, such as education, child expenses, income
and others. In this case, the writer wants to ex-
plain how age at first marriage affects fertility [9].

Child Cost (x1) |~

Age Of First
Married (X2)

Fertility (Y)

Education (X3)

Figure 1 - Thinking Framework

Fertility is the dependent variable, while the in-
dependent variables are child costs and age at
first marriage. Furthermore, various statistical
tests were used to test the level of significance or
the closeness of the independent variable to the
dependent variable.

t-test statistics. To t-test the significance of the
effect of each independent variable on the de-
pendent variable, the t-statistical test was used at
the 5% significance level.

F-test statistics. The F statistical test is used to
determine whether the model is valid (validity of
model).

In connection with the analytical method used in
testing the hypothesis, the variable limits used in
solving the problem to estimate the model are:
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age of First Marriage is the respondent's age at
the time of first marriage.

Characteristics of Respondents based on age at
the beginning of marriage aim to determine the
age of women at the time of early marriage. The
age of a woman's first marriage is closely related
to fertility. Because if the age of the first marriage
is getting younger, the closer it is to the age of the
first menstruation, the longer the reproductive
period. This means a longer risk of a woman get-
ting pregnant and giving birth. For example,
based on the results of the study (Table 1), the
initial age of marriage under 20 years, with a
percentage of 55%, was in the first rank, while
for the early age of marriage in the year 21 to 25
with a percentage of 40%. It was in the second
rank and for the last grade occupied by the early
age of marriage in 26-30 years with a percentage
of 5%.

Table 1 - Characteristics of Respondents Based on

Age at First Marriage
Age of First Marriage Frequency | Percentage
20 55 55.00
21-25 40 40.00
26-30 5 5.00
Amount 100 100.00

Effect of Age at First Marriage on Fertility. The
size regression coefficient of age at first marriage
has a positive but insignificant effect on fertility,
where the magnitude of the variable coefficient is
0.037. This means that for every additional year
of age at first marriage, fertility decreases by
0.037, assuming other variables are constant.
The statistical calculations for the variable age at
first marriage (X2) obtained a t-value of 1.197
with a t-significance of 0.234. By using a signifi-
cance (a) of 0.05 and a df (degree of freedom) of
93, the table value of 1.661 is obtained. Then the
obtained t-count (1,197) < (1,661) indicates that
the age at the beginning of marriage has no effect
on fertility at the 95% confidence level.

Age at first marriage positively affects the mean-
ing that the younger the woman is, the higher the
fertility. However, the result is insignificant be-
cause the t-count is more remarkable than the t-
table.

Section “Sociology”

This is because the reality on the ground shows
that women who marry early are not absolute.
They have many children, and although a small
number have 6 to 9 children, many have only 3 to
5 children. Fertility factors and socio-cultural fac-
tors also influence it. The fertility factor referred
to here is a working woman who married for the
first time at 14 years while she is now 32 years
old with three children. This means that fertility
rates tend to be low, and maybe also be because
women have been influenced to use contracep-
tives issued by the National Family Planning
Population Board. And socio-cultural factors also
immensely affect the amount of fertility among
poor households in the city of Makassar. Because
some women tend to want to add children if they
do not have a son or daughter, therefore he will
stop adding children when the desired child is
born.

The low age of the woman's first marriage is sus-
pected to be due to the low level of education and
financial ability, as well as the influence of socio-
cultural factors. The low level of education and
the family's economic capacity will encourage
parents to marry off their daughters even though
they are still young. Meanwhile, from a socio-
cultural perspective, it generally occurs because
of thoughts such as fear of their child becoming a
spinster, pride if their child is quickly proposed
and also wanting to reduce the burden (respon-
sibility) as a parent if their child is married with
the lowest age 14 years and the highest 28 years.

CONCLUSIONS

Based on studies that have been done that many
factors affect fertility. Age at first marriage can
indicate the start of a woman's opportunity to
become pregnant and give birth. Women who
marry at a young age have a longer time to get
pregnant and give birth than those who marry at
an older age and have more children. The health
office needs to develop service programs for the
community to help regulate fertility in the family,
such as increasing access to services and provid-
ing field officers who are easily contacted by the
community. Health workers should further im-
prove socialization counselling services on re-
productive rights and gender and increase pro-
ductive age education programs before deciding
to marry.

2005



Traektorid Nauki = Path of Science. 2022. Vol. 8, No 9 ISSN 2413-9009

REFERENCES

1.

10.

11.

12.

13.
14.

Aryati, S, Yulianti, S., & Hardinasari, R. (2020). Early marriage in Yogyakarta. E3S Web of Conferences,
200,04003. doi: 10.1051 /e3sconf/202020004003

Chowdhury, A, Hog, M., Hossain, M., & Khan, M. (2013). Factors Affecting an Age at First Marriage
among Female Adolescents in Bangladesh. Research on Humanities and Social Sciences, 3(9),131-
1309.

Creswell, J. (2016). Research Design: Pendekatan Kualitatif, Kuantitatif, dan Mixed. Yogyakarta:
Pustaka Pelajar (in Indonesian).

Davis, K., & Blake, J. (1956). Social Structure and Fertility: An Analytic Framework. Economic
Development and Cultural Change, 4(3), 211-235.

Imron, A.,, Habibah, S. M,, & Aziz, U. K. (2020). Determinant age at first marriage among women in
East Java. Jurnal Biometrika Dan Kependudukan, 9(2), 104. doi: 10.20473 /jbk.v9i2.2020.104-111

Nahar, M. Z., Zahangir, M. S., & Shafiqul Islam, S. M. (2013). Age at first marriage and its relation to
fertility in Bangladesh. Chinese Journal of Population Resources and Environment, 11(3), 227-235.
doi: 10.1080/10042857.2013.835539

Najib, N., Triwijayanti, U., & Utomo, W. (2021). Demographic Characteristics Related to First Married
Age in Indonesia. Jurnal Kesehatan Masyarakat, 17(1), 94-101. doi:
10.15294 /kemas.v17i1.26144

Putri, Z. D., & Nelonda, S. (2016). Socio-Economic Determinants Of Age At Firstmarriage Among
Women And Early Marriage Woman In West Sumatera. The 1st Internasional Conference on
Economics, Business, and Accounting, 465-478.

Roy, I, & Sarker, A. K. (2016). Early Marriage Impact on Female"s Health and Their Satisfactory
Level: A Distinctive Analytical Study in Bangladesh. International Journal of Science and Research,
5(3),363-3609.

Setiadi, S. (2021). Getting Married is a Simple Matter: Early Marriage among Indonesian Muslim
Girls in Rural Areas of Java. Jurnal Sosiologi Walisongo, 5(2), 143-154. doi:
10.21580/jsw.2021.5.2.7970

Solanke, B. L. (2015). Marriage Age, Fertility Behavior, and Women’s Empowerment in Nigeria.
SAGE Open, 5(4).doi: 10.1177/2158244015617989

Statistics Indonesia. (2008). Indonesia Demographic and Health Survey 2007. Retrieved from
https://dhsprogram.com/pubs/pdf/FR218/FR218%5B27August2010%5D.pdf

UNDP. (2022). Human Development Report. Retrieved from https://hdr.undp.org/

Windiany, E., Rahel, T. R,, & Sugihanawati, A. (2022). Determinants Of Fertility Stagnation In Jakarta
Province (Data Analysis Of Program Performance And Accountability Survey (SKAP) 2019).
International Journal of Nursing and Midwifery Science, 5(3), 164-175. doi:
10.29082/ijnms /2021 /vol5/iss3/372

Section “Sociology” 2006


https://doi.org/10.1051/e3sconf/202020004003
https://www.researchgate.net/publication/324330789_Factors_Affecting_an_Age_at_First_Marriage_among_Female_Adolescents_in_Bangladesh
https://www.researchgate.net/publication/324330789_Factors_Affecting_an_Age_at_First_Marriage_among_Female_Adolescents_in_Bangladesh
https://doi.org/10.20473/jbk.v9i2.2020.104-111
https://doi.org/10.1080/10042857.2013.835539
https://doi.org/10.15294/kemas.v17i1.26144
http://repository.unp.ac.id/685/1/47.%20Dewi%20Zaini%20Putri%20_.pdf
http://repository.unp.ac.id/685/1/47.%20Dewi%20Zaini%20Putri%20_.pdf
https://www.ijsr.net/archive/v5i3/NOV161827.pdf
https://www.ijsr.net/archive/v5i3/NOV161827.pdf
https://doi.org/10.21580/jsw.2021.5.2.7970
https://doi.org/10.1177/2158244015617989
https://dhsprogram.com/pubs/pdf/FR218/FR218%5B27August2010%5D.pdf
https://hdr.undp.org/
https://doi.org/10.29082/ijnms/2021/vol5/iss3/372

Traektorid Nauki = Path of Science. 2022. Vol. 8, No 9

AbpesiaTypu y inoBoMy AUCKYpCi
Abbreviations in Business Discourse

Konul Mahyaddinova '

" Baku State University

23 Academic Zahid Khalilov Street, Baku, AZ 1148, Azerbaijan

DOI: 10.22178/p0s.85-1

LCC Subject Category:
PE1001-1693

Received 20.08.2022
Accepted 20.09.2022
Published online 30.09.2022

Corresponding Author:
musakonul816@gmail.com

© 2022 The Author. This article
is licensed under a Creative
Commons Attribution 4.0

License

AHoTaujia. CtaTTa npucBsiyeHa BUBYEHHIO abpeBiaTyp AiNOBOrO AMUCKYpCYy Y
CTPYKTYpi npodeciiHOi MOBIEHHEBOI 0OCOOMCTOCTI 6i3HeCMeHa. Y cTarTi
poO3rNAfalTbca 0CO6MMBOCTEN abpeBiaTyp Ha KOXHOMY PiBHi CTPYKTypy
npodeciiiHoi MOBNEHHEBOI 0COOMCTOCTI Gi3HECMeHa. ABTOPOM PO3po6/eHo Ta
NPeACTaBNeHO  CTPYKTYPHO-MOPGDONOriyHYy Ta CeMaHTU4Hy Knacuoikauito
abpesiaTyp [AinOBOro AMCKYpPCY, ONUCaHO KMKOYOBI (periMu KOHLEeNnTyanbHO!
KapTUHW CBIiTy NpOQECiiAHOI MOBNEHHEBOI 0COBUCTOCTI 6i3HeCMeHa, Lo
Bep6anisyloTbCA  3a  [JOMOMOrOW  abpeBiaTypHUX  OAMHUUB.  TaKOX
NPOLEMOHCTPOBAHO MNparManiHrBiCTUYHI 0COBAMBOCTI abpesiaTyp AinoBoro

AMCKYpCY.

KnioyoBi cnoBa: abpesiaTtypy; 6i3Hec-aucKypc; 6i3Hec; npodeciiiHa MOBNEHHEBa
0CO6MCTICTb 6i3HECMEHa; KapTIUHa CBITY; CTpaTeril.

Abstract. The article is devoted to studying abbreviations of business discourse
in the structure of the professional speech personality of a businessman. The
article deals with the features of abbreviations at each level of the structure of
the professional speech personality of a businessman. The author has developed
and presented the structural, morphological and semantic classification of
business discourse abbreviations and described the critical frames of the
conceptual picture of the world of the professional speech personality of a
businessman, which is verbalized with the help of abbreviated units. The
pragmalinguistic features of business discourse abbreviations are also
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demonstrated.

BCTYN

B enoxy po3BHHEHHX PHUHKOBHUX BiIHOCMH Ta
MPUBATHOrO MiANPUEMHMIITBA TMOIIMPEHHS Ta
BIUIUB Gi3HeCy [0CArJI0 KOJIOCAJbHHUX MacIITa-
0iB Ta BUHILLJIO Jja/IeKo 3a MeKi 6i3Hec-CITiJIbHOT.
[llogHsa MibHOHM JIIOJIeH, sIKi He € Gi3HecMeHa-
MU i He MalOThb BiJIHOILLIEHHS 0 Li€l chepu ais-
JIHOCTI, 3 METOK 3a/10BOJIEHHS CBOIX »XUTTEBO
HeOoOXiJHUX MOTped 3MylleHi TaK YW iHakKIle
CTUKaTHCA 3 Oi3HECOM Ta B3aEMO/IATH 3 HUM. fIK
i 6yab-sika npodeciiiHa chepa AisIbHOCTI, 6i3HEC
Ma€ CBOl BJIaCHI HeNOBTOpPHI L1, 3aBJaHHA,
TpaJullii, HiHHOCTI Ta MOTUBH [1, c. 211]. He Bu-
KJIMKA€ CyMHIBIB, 1110 [/14 YCOILIHOI B3aEMOZII Ta
MiABUILEHHA AKOCTI KOMYHIiKaLii CycnijibcTBa 3
6i3HecoM HeOoOXiZJHO 3HATH, PO3YMITH Ta Bpaxo-
BYBaTH BCIo crieniiky npodeciiiHoi AisabpHOCTI
bOr0 coljasbHOrO iHCTUTYTYy. CaMe Hel ¢akT

Section “Languages”

Keywords: abbreviations; business discourse; business; businessman's
professional speech personality; world view; strategies.

MOACHIOE 3POCTAHHA JOCHAIHULBKOTO IHTepecy
/10 BUBYEHHA [IJIOBOrO JYCKYpPCY Ta MOro OKpe-
MHUX OJMUHUIIb, MOJIEJIOBAaHHS podeciiHoi MOB-
JIEHHEBOI 0COOUCTOCTI Gi3HECMeHa, aHasli3y Mo-
BJIEHHEBOTO BTIiJIEHHS IIi€El 0COBGUCTOCTI B pea-
JIbHIM KOMyHIKaljl.

JlocnipkeHHsT MPUCBsSiUeHe BHUBYEHHIO abpeBia-
Typ AIJIOBOTO JUCKYPCY, L0 3 BUCOKOX 4acTo-
TOI0 BXMUBAKTBLCA Yy PI3HUX KaHpax [JAiJIOBOrO

JIUCKYPCY.

PE3YJIbTATU AOCNIAKEHHA

JlocnigpkeHHa 1MOPIYHUX 3BITIB  JAUPEKTOpPiB
KOMIIaHiH, IK OKpeMOro »aHpy JiJIOBOTO JUCKY-
pCy, JO3BOJIWJIO JAINTH BUCHOBKY PO Te, 110 a0-
peBiaTypy He € OJAMHUYHMM ab0 BUIAJKOBUM
ABUILEM JIIOBOrO JUCKypcy. HaBnaku, 6i3Hec-
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MEeHHU 0X04e BJAITbCA [0 abpeBiaTyp, K CIIOCO-
Oy NnepeTBOpPEHHA IPOMI3JKUX | HE3PYYHUX OIH-
CiB, BOHM JIETKO 3allaM sITOBYIOTbCA Ta € He3a-
MiHHUM 3ac000M 36epeKeHHs Ta EKOHOMIl yacy,
Hanpukiag: [FRS - International Financial
Reporting Standards; LTSA - Long Term Service
Agreement.

He MeHI BakK/IMBOIO OCOOJIMBICTIO BXKMBaHHS
abpeBiaTyp y TeKCTaX piuyHHUX 3BiTiB HAKUOIBLINX
CBiITOBMX KOMIIaHiM, HA HaAIl IOIJISJ, € MOMKJIU-
BiCTb YMOBHOI'O MOy abpeBiaTyp [AiJIOBOroO
JUCKYpPCY Ha 2 TUIU:

1) yniBepca/ibHi, TOGTO 3araJbHONPUUHATI A4
BCiX KOMIIAHill He3aJIeXXHO BiA, poAy AisiibHOCTI
(plc - public limited company; AGM - annual
general meeting);

2) pYBaTHI, TOOTO BJIACTHUBI JIHIlIEe NTEBHIH raay-
3i, AKi, Y CBOIO 4epry, NOAIIATLCA Ha IIPOMHUC-
JIOBi abpeBiaTypu Ta oKasioHaJibHi. /[0 mpoMuc-
JIOBUX HaJjlexkaTb abpeBiaTypu, L0 iCHYIOTb B
paMKax IeBHUX Trajy3edl NpPOMMCIOBOCTI abo
Ha/laHHSA TNOCJAYT 1 He 3al03WYyHTbhCA OJHIEI0
rajyssio 3 iHuoi, B custy npodeciiiHoi cnequdiku
(HEETE - Highly Energy Efficient Engine, AEC -
Aero Engine Controls), a oka3ioHa/nbHi abpeBia-
TYpPH, XapaKTepPU3YITbC TUM, L0 BOHU OYyJIH
CTBOpEHI | BUKOPUCTOBYIOTLCA JIUILIE Y MeXax IX
koMnadii-tBopuss (BR 725, PWRZ Power
Systems).

AGpeBiaTypu - MOBJIEHHEBI yHiBepcaJil; X HO-
MiHaTMBHa QYHKILis 3pOCTa€, OCKIJIbKM BOHHU
JIal0Th HOBi Ha3BW J100pe BiJOMHUM MOHATTAM i
npeaMeTaM. AOpeBiaTypy CHiBBiJHOCATbCA 3i
CJIOBaMy, ajle BOHY He € PIBHO3HAYHUMH, X04a Y
HUX € CHiJIbHI pucy. CeMaHTUYHA CTPYKTypa ab-
peBiaTyp cxoxa 3i cnenupiYyHUMH KOHOTALIiSIMHU.
KOoHTEeKCTHUM piBeHb BHBYEHHSI PO3KPHUBAE
«IIPUXOBaHy» CEMaHTHKY abpesiaTyp [5, c. 137].

Kepyrounce BHUMOraMM aHTPONOLEHTPUYHOIO
MiAX0A4y, B3ATOr'0 3a MEeTO/O0JIOTIYHY OCHOBY Ja-
HOT'O JIOC/i/PKeHHs, abpeBiaTypHi oJUHULI JIiJI0-
BOT'0O JUCKYPCY PO3IJISHYTO Y CYKyIHOCTI 3 0CO-
OJIMBOCTSIMU 6i3HEC-JiSIJIBHOCTI Ta IX TBOPIIEM,
npodeciiHOI0 MOBJIEHHEBOIO OCOOHMCTICTIO 6i3-
HecMeHa.

Y cydacHUX JIIHTBICTUYHUX JOCTiIKEHHSX Oilb-
IIICTh METOJIB MOJIeJI0OBaHHS MOBJIEHHEBOI
OCOOUCTOCTI I'PYHTYIOTBCSA Ha CTPYKTYPI, 3anpo-
noHoBaHii 0. KapaynoBeim [2, c. 36-39], mpo
CKIaJ@aeTbci 3 3 piBHIB:  BepbOaJibHO-
CEMAaHTUYHOIO, Te3aypyCHOI'0 Ta parMaTU4YHO-
ro.

Section “Languages”

Ilepwuii pieeHb npodeciiiHoi MOBJIEHHEBOI 0CO-
ouctocti 6i3HecMeHa - 1le BepbOaJIbHO-
CEMAaHTHUYHUH, L0 XapaKTepU3YETbCA OBOJIO-
JIIHHAM NpoQeciiHOI0 MOBOI, TEPMiHOJIOTIELD,
YKaproHoM, 1110 iCHYIOTb y paMKax cpepu Aisib-
HOCTi 6i3HecMeHa [3, c. 65]. BuB4eHHs AaHOro
piBHA mepefbavyae aHasi3 yCbOro JIEKCUYHOIO
3anacy (abo HeBHOro KJacy OJWHHUIb MOBH)
0COOUCTOCTI Ta SIK BOHA IM OIlepye.

Jpyeull piseHb - Te3aypycHUH - Bifobpakae
npodeciiiHy KapTHHY CBiTy (3HaHHS Mpo npode-
CIMHMU CBIT), 10 JeTepMiHOBaHA crnenudikoro
npodeciiHOl JAig/IBHOCTI Ta aKTyasi3yeTbCs y
MOBJIEHHEBIH Jli/IbHOCTI 0COOMCTOCTI Ta 0C06-
JINBOCTSAX CIIPUMHATTSA MOBH iHIIMX [3, c. 65]. Ha
miJicTaBi 3HaHb PO CBIT GOPMYETHCSI KOHLIENTO-
cdepa, e KJIIY0BUMU KOHLIENITAMU € enterprise,
product, market, finance, 06'eqHaHi 3arajbHUM,
KOpeHeBUM KOHLeNnToM business. KoxeH ese-
MeHT KoHUentochepu npodeciiiHoi MOBIEHHE-
BOI 0COOHMCTOCTI Gi3HECMeHa CK/IaZa€ThCsl Ta Po-
3KpPHUBAETbCA 3a JAOMNOMOrow 6e3sivi ¢ppenmis.
[IpuMipoM, KoHUENT finance MICTUTb y COO6i
dpeliMm money. Y paMKax 1boro GperimMy 4acToT-
Hi abpeBiaTypy, SIK NPaBUJIO, PeNpe3eHTYIOThb
HACTYIIHUM CJIOT - HAUMEHYBaHHS KiJIbKOCTI, Ha-
npukaag: m (million); bps (British Pound
Sterling).

@peiiMm money 6Ge3mnocepeJHbO B3aEMOIOB'sI3a-
HUM i3 ppelimMoM financial operations, ikuii Bep-
6asli3yeTbCsl HACTYIHUMU CKOopodeHHsAMU: ROE -
Return on Equity; TSR — Total Shareholder Return.
Ille ofiHuM dpeiliMOM KOHLENTY finance, 6e3mo-
cepefHbO TMOB'"A3aHUM i3 money, financial
operations, finance regulating documents €
¢bpeitm regulating financial organizations, kvt
Bepbasi3oBaHUM TaKUMHU abpeBiaTypaMH SK:
ECB - European Central Bank; ISDA - Interna-
tional Swap Dealers Association.

Tpemiii, MOTHUBaLiMHUN piBEeHb XapaKTepH3Y-
€TbCS TUM, 1110 Ha IbOMY PiBHi 0COBUCTICTbL BU-
ABJIsIE cebe SIK MOBHOLIIHHUM, CPOPMOBaHUM Cy-
6'eKT Gi3Hec-Ais/IBHOCTI, fIka Mae Habip npode-
CIMHUX YCTaHOBOK, LIIHHOCTEW, MOTHUBIB, LiiJiel Ta
3aB/laHb, a TAKOX MMOBEJIHKOBUX 3pas3KiB, 3yMo-
BJIEHUX OCOOJIMBOCTAMHU il mpodeciiiHoi Aisiib-
HOCTI. [HIIMMU c/10BaMH, MOTHUBAL[iIMHUK PiBEHb
npodeciiiHoi MOBJIEHHEBOI 0COOGUCTOCTI 6Gi3Hec-
MeHa BifjoO6paxka€ ii mparMaTHKOH, IKMH MOpej-
CTaBJICHUM Y MOBJICHHEBOMY BTIJIEHHI 3a J0M0-
MOTOI0 MOBJIEHHEBUX CTpaTerid Ta TaKTHK [3,
c. 66].
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PesysibTaT OC/HIX)KEHHS CBi4aTh, 1O y AiJIO-
BOMYy JAMCKypci abpeBianii miggaroTbca: 1) Ha-
VMeHyBaHHs oOpraHisaui, Bigginie: SFO -
Serious Fraud Office; ECB - European Central
Bank; 2) HalilmeHyBaHHS1 QiHAHCOBUX omepawjiil:
PPI — Payment Protection Insurance; RoE — Return
on Equity; 3) HalMeHyBaHHS T'POLIOBUX BaJOT
Ta KiJIbKOCTI: bps — British Pound Sterling; bn -
billion; 4) HallMeHyBaHHS1 CUPOBWHH, TOTOBOI
npoAykuii Ta ii BiactuBocteit: XWB - Extra Wide
Body; STOVL - Short Takeoff and Vertical Landing.

3i cTpykTypHO-MOpdOJIOTiYHUX MO3UIiH BCi ab-
peBiaTypHi OJWHUL [iJIOBOTO AUCKYPCY KJIaCH-
OGiKyIOTbCS HACTYNIHMM 4YWHOM: iHiljiaJibHI Ta
CKJIaJHi. [XHBOI0 XapaKTepHOI PUCOI0 € Te, 110
BOHMU CKJIA[]al0ThCA 3 IOYATKOBUX OYKB IOHATTS,
sdKe BOHM I[I03HA4alTb, Hanpukaag, AGM -
Annual General Meeting, ATG - Asia Trans Gas.
[HinjianbHI abpeBiaTypu NoAiNATbCS Ha 3 miA-
THUIIU: JIITEpHI, aKpOHiIMY, iHiliaIbHO-CI0BECHI.
3a3Ha4yMMo, 110 JITepHi abpeBiaTypu € HaMIo-
IIMPEHIIIUM MiJITUIIOM cepej iHIKUX abpeBiaTyp
iHinjanbHOrO TUMY, CTaHOBAAYM 6JiM3bKO 70 %.
Jlana ¢opmMa cTaHOBUTBH C06010 abpeBiaTypHi
OJIMHUIIi, [0 CKJIAAAIOTHCS 3 NMOYAaTKOBUX OYKB
ONKCOBOTrO MOHATTS, 1[0 CKOPOUYYETHCS, i BUMO-
BJSIIOTbCA B YCHIM MOBi 3a asdaBiTHUM Ha-
MMeHYBaHHSAM MOYAaTKOBUX OYKB, HaMpPUKJAL:
FRC - Financial Reporting Council; RBB - Retail
and Business Banking. HaiimeHUl nomupeHUM
niaTunoM iHinjaapHUX abpeBiaTyp € aKpoHIMHU
(6ina 40 %). BigMiHHOIO pHCOIO JAHOTO MiATUIY
€ Te, 1[0 abpeBiaTypH CKJIAAATHCA 3 MOYATKO-
BUX OYKB ONHKCOBOrO MNOHATTS NpegMeTa abo
ABUILA, AKi BUMOBJIAIOTBHCA Pa3oM, K IIOBHOL[iH-
He cyoBo, Hampukiaa: CEO - Chief Executive
Officer; STOVL - Short Take Off i Vertical Landing.
HaliMeHIII B’)KMBaHUM ITiITUIIOM iHillia/IbHUX a6-
peBiaTyp y CTpyKTypi npodeciiHOi MOBJIEHHEBOI
0COOHMCTOCTI Gi3HEeCMeHa € iHilliaJIbHO-CJIOBECHI
abpesiaTypu. lel migTun Haniyye auiie 8 % i
XapaKTepU3YETbCA THUM, L0 HOro abpesiaTypu
npejcTaBJieHi TOEAHAHHAM iHilliaJIbHUMU JliTe-
paMU NOHATTH, 110 CKOPOYYEThCH, 1 LIiJI0ro cio-
Ba, Hanpukiaa: BAMS Aircraft - Broad Area
Maritime Surveillance Aircraft; UCLASS Aircraft -
Unmanned Carrier Launched Airborne Surve-
?llance and Strike.

Jpyruii Tun abpeBiaTyp, 1110 BAKOPHUCTOBYIOThCS
y AUIOBOMY AMCKYpPCi, — CKJIaJHi abpeBiaTypH,
4Kl 3yCTpiYaloTbCA Y LIJIOBOMY AUCKYPCI MOPiB-
HSHO 3 iHiljjaIbHUMU abpeBiaTypaMHy HeYacTo, i
HaJliluyyloTb 6ig 2 % Bij 3arajbHOI KiJIbKOCTI
abpesiaTyp. CkyiafHi abpeBiaTypu yTBOPIOIOTh-
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A LIJISXOM yCiueHHs M04YaTKOBOI, cepeHbOI abo
KIHLIeBOi YaCTUHU OJHOIO0 CJI0Ba. Y TEKCTax L10-
pIYHUX 3BITIB KOMIIaHI BUKOPUCTOBYETLCH JIU-
e OJWH THUI CKJaJHUX abpeBiaTyp-amoKOIY,
i AKUMU NIPUHMHATO PO3YyMITH CKOPOYEeHI Ou-
HULI 3 YCiYeHOI0 KiHIEBOI YaCTUHOIO, HalpU-
ka1aj, app (application); inc (incorporated).

3a3HauuMo, 10 Oy/Ab-iKa MOBJIEHHEBA /[iil 6i3-
HeCMeHa Ma€ OyTH CIpsIMOBaHa Ha JOCATHEHHSA
NOCTaBJEHOI MeTH, OaXKaHOTO KiHIEeBOro pe-
3ysbTaTy. bisHecMeH He Mae POOUTHU CHOHTAaH-
HUX, HeOOyMaHUX Jil, 3a AIKUMHU CTOITb HEBU-
3Ha4YeHUM pesysbTaT. HaBmaky, Bci KOro BYMH-
KH, Yy TOMY YHCJIi i MOBJIEHHEBI, MalOTb OYTHU CKe-
POBaHMMHM Ta CIUVIAHOBAHMMH — MaKTb Bpaxo-
BYIOTbCSl BCi MOXJIMBI 0COOGJIMBOCTI CUTyallii Ta
LJIIXM PO3BUTKY MOJINM, a TaKOX OOUPAETHCA
IeBHA IOCJIiIOBHICTh [il, METOZIB Ta 3acobiB.
[HIIMMU c/ioBaMHM, O6yb-IKUH 6i3HECMEH NOBU-
HeH BUKOPUCTOBYBATH Yy CBOiil npodeciiiHiil Ai-
SAJIbHOCTI NeBHUM Habip MOBJIEHHEBUX CTpaTe-
Til, gKi 3an/JaHOBaHO NPU3BOJAATH [0 6AKaHOT0
KiHLleBOro pe3yJsbTaTy. B pesysbTaTi aHasisy
HaMM OyJIO BUSIBJIEHO TaKi MOBJIEHHEBI cTpare-
rii:

1. Ctpareria cniBpobGITHULITBA, B paMKaX SIKOi
ICHye pfABa MiATUNM: CTpaTerid BHYTPILIHBOL
crniBIpalli Ta cTpaTerid 30BHIIIHBOI criBIpani. Y
MOBJIEHHEBIW peasizalii BHyTpIlIHbOI cTpaTeril
HalyacTilMMU € abpeBiaTypH, 1110 M03HAYAOTh:
HalMeHyBaHHS 110ca/ i 3BaHb, Hanpukiaz: CEO -
Chief Executive Officer; BSc - Bachelour of Science;
HallMeHyBaHHSA BiAJiJ1iB KOMIaHii, HaNpPUKJIaJ;
GR&D - Group Research & Development; GLT -
Group Leading Team; Ha3BMW [JO4ipHiX HiAnpu-
eMCTB, il Ta KoMNaHii-mapTHepiB, Hampu-
ksaz: BAT Polska S. A.; Scandinavian Tobacco S. A.
Jlia peastizanii cTparerii 30BHILIHBOIO CHiBpPO-
OITHULTBA, K [0OKa3y€ NPOBeJleHUH HaMH aHa-
JIi3, BUKOPUCTOBYIOTbCS abpeBiaTypHi Ha3BU
CTOPOHHIX OpraHisaniyd Ta KOMIaHIi{, a TaK0X
Jlep>kaBHUX ycraHoB: [AB - International
Advisory Board; FAA - Federal Aviation Agency.
3a3Ha4yMMOo, 1110, IK PaBUJIO, 1ii OpraHi3ariil € 3a-
raJ/JbHOBU3HAaHUMHU MDKHApOJHHUMU €KCIIepTHHU-
MU CIIJIBHOTAMH, IOKJIMKaHUMH KOHTPOJIIOBATH
BeJleHHS NpodeciiiHOI iSI/IbHOCTI.

B:xuBaHHS 3a3HayeHUX abpeBiaTyp y cTparerii
CHiBpOOITHUITBA 3aKOHOMIPHO, OCKUJIbKH Y pO-
604ili 06CTAHOBIIi IK y MOBJIEHHI, TaK i y TEKCTax
3BITIB, LOTOBOPIB i JAIJIOBUX JIMCTIB MPAKTUYHO
HEMOXJIMBO LIO0pa3y NPOMOBJSATH MOBHI 3adik-
COBaHI HaMMeHyBaHHA LMX ycTaHOB. KpiM Toro,
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JlaHi abpeBiaTypy MiJKPECTIOITh NPUHAIEX-
HiCTb 70 €AWHOI CIJIBHOTH, GJHU3bKICTh BiJHO-
CYH, HEeBUMYVILEHICTb Ta MPOCTOTY 3BE€pPHEHHS.
CniyiKkyBaHHSI BCepeAMHI OZHOrO CIiBTOBAPUCT-
Ba Nepe/ibaya€e TaKoX M0iHGOPMOBAHICThb i KOM-
NeTEeHTHICTb BCiX 4YJIEHiB KOJIEKTUBY B PO60YUX
NUTAHHAX | nepefbavyae BiJICyTHICTb HEOOXiAHO-
CTi MOsICHIOBAaTM Ti 4yM iHWI 3BUYalHI poboui
npoLeAypH, L0 YAaCTO MPOBOAATHLCA, BUKOPHUC-
TOBYIOUYM IX IOBHI ONMCOBI HaWMEeHYBaHHS, 3a-
MICTb IPOCTHX i JIETKUX /Il 3allaM ATOBYBaHHS,
pO3yMiHHs i BiATBOpeHHs abpeBiaTyp.

Y MoBJIeHHEBIN peasizanii cTpaTerii cniBpo6iT-
HULITBA, KPiM BUILIEPO3IJIAHYTUX Irpyn abpesia-
TYPHUX OJMHHULb, BAKOPUCTOBYIOTbCS abpeBia-
TypH, 1[0 NO3HA4YalOThb Pi3HI poboyi mpolecw,
CIO/JIU BigHOCATBCA K GiHAHCOBI, EKOHOMIYHI Ta
BUPOOHHMYI NIpoLeaypH, TaK i HallMeHyBaHHS
BCIJIAKUX JIOKYMEHTIB, 1|0 perjaMeHTYyTh [is-
JIbHICTb KOMIaHil, Hanpukiaaz, IFRS - Interna-
tional Financial Reporting Standards; APRA - An-
nual Performance Related Award.

2. He MeHII aKTya/IbHOIO € CTpaTeris caMOpeK-
JIaMH, HalliJleHa Ha CaMOIIpe3eHTAallil0 BJIaCHUX
nepeBar neBHOro 6i3Hecy Ta NpUBEPHEHHS yBa-
I'M 10 YHIKaJbHOCTI Ta 3HA4YYLOCTI KOMIIAHIl YU
ii ToBapiB. Hai16isib11 XapakTepHUMH abpeBiaTy-
paMy, 1110 6epyTh y4acTb Y MOBJIEHHEBIN peauti-
3awii uiei crpareril €, K NpaBUJI0, HAMMEHYBaH-
HA TOBapiB KOMIIaHii.

3. Ctpareria noMiHyBaHHA Ta MaHiNyJIIOBaHHA
3aCTOCOBYETLCA y IpoLeci KOMyHiKanil 3 KOHKY-
peHTaMu. CyThb ii nosiArae y nparHeHHi npoje-
MOHCTPYBATH Ta M€PEKOHATH YYaCHUKIB Ipolie-
Cy KOMyHiKallii y cBOEMy MillHOMYy $iHaHCOBOMY
CTaHOBHIL, CTabiNbHIA NMPOAYKTHUBHOCTI INpalli,
BiZIMIHHIM AAKOCTI NPOAYKII Ta BUCOKIM KOHKY-
peHTOCIpoMOXKHOCTI. TpaguuiiHui crnocié go-
BECTH CBiH yCHiX i CTablJIbHICTD - 1je NOPiBHAHHSA

CMUCOK BUKOPUCTAHUX DKEPEN / REFERENCES

BUTpAT 1 NpUOYyTKy 3 MolepeSHIMA pOKaMH, Lie
JleTJIbHUM aHaJli3 i IeMOHCTpallisi KOHKpPETHO-
ro pe3y/abTaTy B Ludpax. ¥ 3B'3Ky 3 I[UM, AJs
peasisauii Li€i cTpaTerii HaWOIbLI XapaKTep-
HUM € BXKMBaHHSI abpeBiaTypHUX OAWHUIb, 110
M03HA4YalTh pi3Hi QiHAHCOBI omepallii, HaNmpu-
knag: EPS - Earning Per Share; TSR - Total
Shareholder Return.

BUCHOBKU

Pe3ynbTaTh AOCHIPKEHHA [O3BOJIAOTH CTBEp-
JPKyBaTH , L0 B [IPOLeCi MOBJIEHHEBOI peaJtizaLil
CTpaTerik JiJIoBOro AWCKYpCy abpeBiaTypH, 110
(YHKLIOHYIOTh Y HHX, BiJliIrpalOThb BaKJIUBY
poJib Y [OCATHEHHI 6a)kaHoro pesyJsbTary. ['o-
BOpPSIYM MPO NparMasjiHrBiCTUYHI OCOBJIMBOCTI
abpesiaTyp, O6y/1la BHsBJEHA HACTyMHA 3aKOHO-
MipHicTb: abpeBiaTypHi OAWHHI, L0 BXKHBa-
I0TbCS Npo¢eciiHOI MOBJIEHHEBOK OCOOUCTIC-
TIO Gi3HeCMeHa MalTh HA METi He TIJIbKU MoJie-
TIIMTH TMPOLIEC CIPUUHATTS, 0OPOOKM Ta BiAT-
BOpPEHHA I'POMI3KUX MOHATb | TUM CaMHUM CKO-
POTUTH 4ac i 3yCUJLJIsT KOMYHIKaHTIB, a 1, 3a/1eX-
HO BiJl METH Ta CUTYallil, BINIMHYTU Ha CIiBpO3-
MOBHUKA, NEPEKJIOYUTU HOTr0 yBary 3 MeHUI
3HAYYIIUX MOMEHTIB CIIJIKYBaHHA Ha TOJIOBHI,
niZIKpec/IMTU 0CO6JIMBE CTaBJIEHHS i GJIM3bKICTh
CHIJIKYBaHHS, [10Ka3aTU KOMIIETEHTHICTb Y IeB-
HOMY NHUTAaHHIi, IPUX0OBATH, 3aByayl0BaTU iHOO-
pMaliio BiJy HeIIOCBAYEHUX YU, HAaBIIaKH, IIpYBe-
PHYTH yBary CTOPOHHIX.

[lomanbiie gociaikeHHs abpeBiaTyp, 1[0 BXU-
BalOTbCSI MOBJIEHHEBOIO OCOOMCTICTIO B paMKax
cBO€I npodeciiiHol AisiIBHOCTI, cipusiTiMe 36i-
JIBLIEHHI0 KIJIbKOCTI 3HaHb NMpo NpodeciiHum
CBIT, MOr0 LIIHHOCTI, KyJIbTYpY, TpaAuLil, i TUM
CaMHUM MiZIBUILUTH piBeHb ePeKTUBHOCTI KOMY-
HiKallii cycnijJibCcTBa 3 6i3HEeCOM.
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BBEAEHUE

AHHOTauma. B craTbe  paccmaTpuBalOTCA  JIEKCMKO-CEMaHTMYecKue
OCOOEHHOCTM LiBETOOO03HAYeHWt Ha MaTepuane asepbaiifiXaHCKOro s3blka.
KoHuenT uBeTa B A3blKe, B YAaCTHOCTMW, UCMONb3YeTCA Kak MeTadopuyeckoe
SIBNEHNE; MOXHO YTBEPXAATb, 4YTO K ITUMONOrMYECKUM OCOOBEHHOCTAM
LYBETOBOTO KOHLIENTA JIMHIBUCTbI OTHOCATCA C 60MbIMM MHTEpPecOM. B cTaTtbe
OTMeyaeTcsl, YTO LBeToBas raMMa B S3blKe TECHO CBSI3aHO C KYNbTYpPHbIM
HacneaMem Hapofa, 4YTO HaxoAuT CBOe OTpaXeHWe B NPOU3BEAEHUSIX
BOCTOYHOro nosta Husamu [AHgKaBu. Accoupaums, BbIpaXeHHas LBETOM,
OTHOCUTCA K MUCTOYHMKY MPOUCXOXAEHUS KOHKPETHOIO LiBETa, KOTOPbIA MOXET
OblTb, Hampumep, ONpeAeneHHbIM OOBLEKTOM WAM  MECTOM. 3HauyeHue,
nepefaBaemoe LiBETOM, HECET CUMBOJIMYECKYHO U IMOLMOHANbHYIO LEEHHOCTb B
ONpefeNleHHOM  COLMOKYNbTYPHOM  KOHTEKCTE, 06ecrneumBas  KOHTEKCT
NUTEpaTypHOro NpPou3BeSeHna U ero UHTepNpeTaLuio.

KnioyeBble cnoBa: NMHIBUCTWKA, LBETOHAUMEHOBAHWS; a3epbanKaHCKuii
A13bIK; KOHUENT; Husamu aHaxeBu.

Abstract. The article deals with lexico-semantic features of colour denotations in
the Azerbaijani language. The concept of colour in the language, in particular, is
used as a symbolic phenomenon; one can assert that linguists treat the
etymological features of the colour concept with great interest. The article points
out that the colour in the language is closely linked to the cultural heritage of the
people, which is reflected in the works of the Asian poet Nizami Ganjavi. The
association expressed by colour refers to the source of origin of a particular
colour, which may be, for instance, a specific object or place. The meaning
conveyed by colour carries a symbolic and emotional value in a specific socio-
cultural context, providing the context for the literary work and its interpretation.

Keywords: Linguistics; colour-names; Azerbaijani language; concept; Nizami
Ganjavi.

Jlekcuyeckass cucreMa HaXOaOWUT CBOE€ BbIpaXe-

AzepbailiIPKaHCKUH S3bIK UMeeT 60raTyro U Kpa-
COYHYI0 CEMAaHTHYECKYH CUCTEMY, 3HAKOMCTBO C
KOTOPOW MO3BOJISIET MOHATbH OCHOBHbIE THIIbI
JIEKCUYEeCKHX 3HAa4YeHUHN a3epOana»KaHCKUX CJIOB,
UX CTPYKTYpPHO-CEMAaHTHYECKHe To/jipa3jeJie-
Husd. JIeKcHMKa npe/icTaB/isieT co60M omnpe/esieH-
HYI0 CHCTeMYy SI3bIKOBBIX (AKTOB, B3aUMOJEH-
CTBYIOLUX M COOTHOCSLIUXCS APYT C JPYTrOM.
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HUe B pa3HbIX 3HAYEHHUAX OJHHUX U TeX Ke WU
pa3HbIxX c0B. C10Ba, 06'be/JUHEHHbIE B pa3Hble
CMBICJIOBbI€E TPYIIIBI, JOKHBI COOTBETCTBOBATD
JIpyr Apyry N0 HaNMCaHWUI, MPOU3HOLIEHHIO,
3HaYeHMIO U ynoTpe6seHuto. CMbICIOBbIE TPYII-
Ibl CJI0OB B JIEKCUKOHE MNPEACTaB/SAIOT COO0U
MHUKPOCHUCTEMBI — IPYIIbl Pa3HbIX POJCTBEHHbIX
CJIOB C OJMHAKOBBIM KOPHEBBIM 3HA4Y€HHUEM,
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CJIOBa, MMPOU3BOAHBLIE OT HCXOAHOT'O CJIOBA, CHU-
HOHHUMbI 1 aHTOHHUMBI.

Jlaxke caMbI¥ 60raThIi SI3bIK HE UMEET JIEKCUKH,
CIIOCOOHOM OXBAaTHUTb BCE Pa3HOOOpa3ve OKPY-
’Karollero Mupa. B pesysbraTe 3TOM HEOOX0U-
MOCTH (QOpMUpPYeTCsl SIBJIEHHE IMOJIUCEMHUH, KO-
TOpOe CBA3aHO C BHYTPEHHUM pa3BUTHEM f3blI-
Ka. To, YTO c/I0Ba BbIPAXKAIOT MOJIMCEMUIO B SI3bI-
Ke, B OCHOBHOM CBfI3aHO C ee I1epeBo/IoM B Iepe-
HOCHOe 3HayeHue. TakuM 06pa3oM, Korjia CJI0BO
ynoTpeb6/isieTcss B NepeHOCHOM CMBbICJIe, U3 ero
OCHOBHOI'0 3HAa4Y€HUsl CO3JaeTcs HOBOE, 0coboe
3HaueHue. [lo Mepe TOro, Kak 3TO CJI0BO Nepe/a-
eT pa3/InuHble 3Ha4eHHUsl Ha OCHOBe MeTadophl,
ero 3HaueHHs YMHOXAKTCA U CTAHOBSATCS MHO-
ro3HauHbIM C10BOM. Korza cjioBo MHOTr03Ha4HoO,
ero nepBOHavya/JlbHOE OCHOBHOE 3HAaYeHUe OCTa-
eTcs1 UKCUPOBAHHbIM.

[pynny cioB, o0603HayarwLUX LBET (YEpHbIH,
CUHUM, KpacHbIH, PO30BBIM), MOXXHO TaKXe OT-
HECTH K IpyIIe 0B, OTHOCALIMXCA K 4acTH pe-
4M, BbIpaXkalollle Masioe obliee 3Ha4YeHHe, CO-
3pamollee B fA3blKe MHOIO3HA4YHOCTh. llBeTo-
HaVMEeHOBAHUA B fI3bIKe MOXXHO Ha3BaTb MOTO-
3HAYHBbIMU JIEKCUYECKUMH eAuHULaMu. «Iloce-
Jlylolljie 3HavyeHusl, cpOpMHUpPOBaHHbIe MO OT-
HOILEHMIO K LiBeTaM, He TepAIT CBOero nepBo-
HayaJIbHOTO cMbIcaa» [6, c. 19]. CeMmaHTHYecKas
KoHLlennTocdepa LIBETOHAUMEHOBAaHUIM BKJIIOYaA-
eT B cebsl KaK OTpHULAaTe/bHble, TaK U MOJIOXKH-
TeJIbHble 3HaYEHMUS.

YuuTbiBasg ray00KUM MNOTEHLMA/]l HauMeHOBa-
HUM 1IBETOB B I3blKe, Mbl PEIIUIN MPOBOJUTH
aHaJIU3 1BeT00O603HAaYeHHUU B TBOPYECTBE BEJIU-
KOr'0 MHPOBOT0 ¥ a3epbaiipkaHckoro noata Hu-
3aMu 'dHKeBH. 3/1ech IJIaBHOM 3aJadel sBJIsI-
€TCsl aHaJIU3 KPAaCOYHOTO0 SI3bIKOBOI'0 MaTepuasia
azepbaiimkaHckoro s3bika XII Beka.

METO[ U MATEPUAJIbI UCCNEAOBAHUA

MeTonoM Hcc/ief0BaHUA SABJSAETCA ONMCATEJb-
HbI METOJ, JJUHTBUCTUKHU. OTPBIBKU U3 MO3MbI
«CeMb KpacaBull» Huzamu I'sHmkeBU paccMmat-
pUBAOTCA OJHOBPEMEHHO C UX PYCCKUM 3KBU-
BaJIEHTOM, 4YTO JaeT BO3MOXXHOCTb IPOBECTHU
CpaBHUTEJIbHBIM aHA/IM3 A3bIKOBOI'0 MaTepUaJa.
OCHOBHBIM MaTepUaJIOM HCCJIEeLOBaHUA ABJIA-
I0TCS I3bIKOBbIe MaTepHasibl 03MbI «CeMb Kpa-
caBul» Huzamu I'anpxaBu.
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PE3YJIbTATbl UCCIEAOBAHUA

[IBeToHaMeHOBaHUS B SI3blKe TECHO CBSI3aHO C
KyJIbTYPOU HapoJa, KoTopasi sIBJSETCS BaXKHbIM
MEeHTaJIbHO-KOMMYHHKAaTUBHbIM pakTOopoM. Bo-
HEePBBIX, 10 MHEHHUIO GOJIBLIIMHCTBA HUCC/IEL0Ba-
TeJsiel, KyJIbTypa B OCHOBHOM BbINOJIHSIET KOM-
MYHUKATHUBHYI0 QYHKIHIO U MPU 3TOM CO3JAET
YHUKAJIbHYI0 MEHTaJIbHO-3THUYECKYI0 COCTaB-
JIAIOILYI0 OOLIecTBa, KOTOpas IepefaeTcs U3
OJIHOTO MOKoJIeHUsl B Apyroe. KysbTypa Takxe
BBINOJIHSAET U UAEHTUPUKALHMOHHYIO PYHKIHIO
110 OTHOLIEHUH OIpejeseHHoro Hapoja. Kyib-
Typa MO3BOJISIET 4eJI0OBEKY 4YyBCTBOBaTb MNpH-
HA/JIEXKHOCTD K IPYIIe Yepes 06Lire e HHOCTY,
CUMBOJIbI, MOJI€JIM TIOBEJIEHUS] U T. . IMOLHO-
HaJIbHasl CBSI3b, 0O'bEIUHSIOIAS YIEHOB OJHOU
IPYTIbI, OCHOBaHA HA OOLIUX [[EHHOCTSIX.

[locko/ibKy 1jBeTa OTpaKaloT B3aWMOJeEMNCTBHeE
MBILJIEHUS] 4YeJIOBeKAa U OKpyXKawllelh Cpefbl,
npo6JsieMa UX MCC/Ie0BaHUsA BCEra aKTya/bHa.
«lIBeTa oTpakalOT SIBJIEHHE OTKPBITOCTH S3bl-
KOBOW CUCTEMBI, UX KOJIMYECTBO HEOTPaHUYEH-
HO, a JIpyrue CMbICJIOBble OTTEHKH, CO3/aBae-
Mble LIBETaMU B BbIpAXKEHUSX, HE TEPSIOT CBA3U
C UX NepBOHAYa/IbHbIM OCHOBHBIM 3HaueHUEM»
[6, c. 22].

B >KM3HU 4YesioBeKa 1]BeTA UMEIOT OOJIBIIYI0 MO-
pasIbHO-3CTETUYECKYI0 IIeHHOCTD. [Ipupoa 6yk-
BaJIbHO co3JlaHa IBeTaMU. llBeTta sABASAIOTCA U
CpPeACTBOM, Y/OBJETBOPSIOUMUM MOTPEOGHOCTD
YyeJIOBEKA B 3CTETHUYECKOM HaCJXKJEHHH, U OJ]-
HUM U3 MOKa3aTeJiel, onpeAessolnX NCUX0J10-
TUI0 4YeJsioBeKa. lIBeTa Takke 006/1aal0T WHTeE-
peCHbIMM M U30PAaHHBIMHU CTHUJIUCTHYECKUMHU
BO3MOXXHOCTSIMU B  JINTEPATYPHOM  SI3bIKE.
HacueT 11BeTOB ObLIM BbIIBUHYTHI pa3/MYHbIe
MHEHUS B psiie 06J1acTell HayKU (XY 0XKeCTBO,
apXUTEKTYpa, >KUBOMUCb U T.[.); K HUM OBbLIU
OCYILIECTBJIEHBI MOJX0/Ibl C PA3JIMYHBIX PaKyp-
COB.

B XynoxkecTBEeHHOM HacjeAuy asepbain/pxaH-
ckoro mnoata Huszamu 'AHpKeBU 1BeTbI BbIpa-
KAIOT OIpeJieJIeHHYI0 CHMBOJIMKY, U HMEIT
IJIyOOKYI0 CTUJIMCTHYECKYI0 OKpacky. YeTsep-
Toe OoJIbllIoe NPOM3BeJleHHe, BXoJsllee B XaM-
Cy, COCTOSIIYIO U3 IIAATH [103M, U3BECTHbBIX Ha Bo-
CcTOKe, HasbiBaeTcd «Cemb KpacaBulp. [epoi
3TOro0 NnpousBeseHud baxpaMm 1wax, nox BJIAUAHU-
€M OZIHOTO ITPOMCLIeCTBUS, CBU/eTeJIeM KOTOpO-
ro OH CTaJl B IOHOLIECTBE, CTPOUT JBOpeL), COCTO-
ALMA U3 CeMU KYIO0JIOB Pa3/IMYHbIX LIBETOB, U
[puUrJjamaeT B 3TOT ABOpeL, ceMb KpacaBHL, CO
BCEro MMpa.
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Kynosia okpalivBaroTci B pas/idyHble IBETA,
YTO UMEET 3CTETHUYECKHU-3KCIPECCUBHBIA CMbLI
U ocoboe CHUMBOJIMYECKHE 3HAaYeHUe [ KaxK-
JI0M U3 KpacaBUl], ONIMCAHHbIX B [IOEME BEJIMKOTO
nosTta. baxpaM max cam Ka/blil pa3 Mpu noce-
IIIEHUH 3TUX JIBOPLIOB OH O/I€BAETCs M0 KOHILIEI-
Ty 1BeTa. Hanpumep, kpacaBuua us UHauu xu-
BET BO JIBOPIiE C YePHbIM KymoJioM. [lockosbKy
6es1b1i BeT B UHAMU cuMTaeTcs BETOM Tpaypa,
a YepHbIN LBET UMEET CMbICJ AUHAMHUYHOCTU U
IJIOJOTBOPHOM 3eMJiM. B [JaHHOM 3HayeHUHU
HabJII0/laeTCsl CBSI3b MEX/JY 3THMOJIOTUYECKHUM
NPOUCXOXKJIEHHEM [JIaHHOTO I[BETa B f3bIKax
pasHbIX HapoAoB MHpa. Hampumep, B mnoame
«Cemb kpacaBuny H.[aHmxeBu, onuceiBas
Baxpam 11axa B 4epHOM OJesHUH, yIoA00/s1eT
ero A66acujiaM, KOTOpble SIBJSIIOTCS OJHOW U3
apabCKUX AWMHACTUWA. M3 UCTOpPUYECKUX HUCTOY-
HUKOB U3BECTeH TOT (aKT, YTO IBET ¢.iara xa-
audata A66acuoB Obl1 YepHbIM. «YepHbIA
dJuiar ABIsS€TCA OJHUM U3 aTPUOYTOB 3TOTO roc-
yAapCTBa, U OH CYUTAJICI CUMBOJIOM BEJIUUMSI»
[2, c. 22]. OgHMM K3 CMBICJIOB 3TOTO 1|BeTa SABJSA-
eTCsd «OBICTpbIK». [103T co3gan yTOHYEHHYIO
CBSI3b MEX/ly 3TUM CMBbICJIOM U MEPBbLIM BU3U-
ToM baxpaM 11axa B YepHbIHA KYIOJ1.

Bo MHOrMX JIMHIBUCTHYECKUX HCCJIEI0BAHUSX
HEO/THOKPATHO OTMEYaeTCsl, YTO B S3bIKOBOM
YPOBHE HAaMEeHOBaHHs IBETOB GOPMUPYIOT J10-
CTaTOYHO CJIOKHYIO0 CUCTeMy. PaccMoTpeB 3TOT
BOMPOC C MO3ULMH JIMHIBUCTUKHA MOXHO CKa-
3aTh, YTO «KaKJAAs SI3bIKOBasl CHUCTeMa HMeeT
OTJINYUTE/IbHbIE 0COOEHHOCTU. ITH XapaKTepH-
CTUKH OTHOCATCS K pa3/IMYeHHUI0 L[BETOB U HX
OTTEHKOB, a TAaK)XXe K TOMY, KaK OHH Ha3bIBaIOT-
ca» [5, ¢ 3].

CeMaHTUYECKHUH TOTEHIMA] LBETOOO03HOYe-
HUM odYeHb 6GoraT O6Jarogapsi pa3HOOOPA3HI0
WHbOpMaIMK, KOTOPYIO JIIOJU HMEKT O IBeTe
KaK 0 MHOI'OMEPHOM SIBJIEHUH; LIBET CTAHOBUTCS
HEUCCAKaeMbIM MCTOYHUKOM KOHHOTATUBHBIX
KOMIIOHEHTOB I[BETOBOY HOMUHAIIHH.

B nosame «CeMb KpacaBUlL» yKasblBaeTCs, YTO B
BOCKpeceHbe baxpaM 1ax uJeT B KeJTbIU Ky-
10J1. B 3TO BpeMA OH He O/ieBaeTCA B XKeJIToe, a
OepeT B PYKH 30JI0TUCTOE CTEKJIO — TEM CaMbIM
II03T IpUBJIEKaeT BHUMaHHE K 30JIOTUCTOMY
1Bety [8, c. 156; 7, c. 64].

Yeksanba glinii sah, diinya ¢iragi,
Qizildan éziina verib novragi,
Aldi Camgid kimi qizil cam ala,
Taci giinas kimi nur sagdi ela.
Uziiyii san bir giiltak qasangdi,

Section “Languages”

Isildayan qast kahraba rangdi.

B uac, kozda Hazopuii eopom u hosa cmeneti
Hozramuauce pKUM 6.1eCKOM COSTHEYHbIX J1y4el,
B sockpecenve, c108HO coHye noympy, baxpam
B 3010moe odesinbe obaaquacs cam.

H nodobeH coaHyy ympa kpacomoti auya,

OH souies1 n00 €800 8bICOKULII HCesimo20 080pYax».

B [aHHOM OTpBIBKE MO3T CPAaBHHUBAET KOPOHY
I1axa C COJIHLEM, YIOJ00JISIeT ero KoJbl0 KeJl-
TOMY LIBETKY, JlaXKe€ OTMevyaeT, YTO JIYYUKH €ero
CBEpPKaHHUS OCBHINAIT 3€MJII0 30J0THUCTBIM OT-
TEHKOM. B 3TOM OTpbIBKe NMO3T OTMeyaeT pas-
JINYHblE OTTEHKU >KeJITOro, Ha asepbai/pKaH-
CKOM fI3blKe YNOTpeb6Jisisl Takue cJoBa Kak qizil
(3onotucthiil), sart (kentbiit), kahraba rangi
(AHTapHBIN LIBET).

He ciydaliHO »KeJIThIM LIBET MHOT/AA aCCOLUHUPY-
eTCs C HayKOoMW, HabJIIJaTeJbHOCTbI0 U aHaJIU-
TUYECKHMH CIOCOOHOCTSIMH. B03MOXHO, 3TO
CBSI3aHO C €ro yrnoTpebsieHHeM B 3HAYEHUU MY-
»kecTBa U daHTa3uu. MccnegoBaHusl mokasbiBa-
I0T, YTO JIIOJISIM, KOTOPbIM HPABUTCS >KEJThIN
LIBET, CBOMCTBEHHA BbICOKasi CKJOHHOCTb K
TBOpPYECTBY, CBOOOJHBIM, OPUIHHAJbHBIM U
Pa3HbIM MBICIUTENSAM 3TOT IBET HPABUTCS
6ouiblie. «?KesToe keslaHUe, paZloCTh, 6JIU30CTh,
JIpy>*6a, MOJIOZOCTb U T.J. IOMHUMO Ka4yecTB, OH
TaK)Ke CYUTAETCS I[BETOM 3aBUCTH U PEBHOCTH.
OOVMH U3 OTTEHKOB LBETa — MYTHO-XKEeJTbIM.
MHorma ero cYMTAlOT CUMBOJIOM 0€3bICXOIHO-
ctu» [1, c. 51].

B cBoeM TBopuecTBe H.['AH/PKeBU MOKa3bIBaeT
yCIIOKauBaoIl¥e CBOMCTBA XeJITOro LBeTa; yKa-
3bIBAeT, YTO WadpaH, KOTOPbIM O4YeHb I0JIe3eH
JUIA 3[10pOBbA YeJIOBEKA, TAKXKe >KeJITOro IBeTa
[8,¢.168;7,c.76].

Urak acan olur sart har zaman,
Halvaya tam verar ancaq zafaran.
Zafaran saridir, aldirma, burax,
Onu yeyanlarin sadligina bax!
Sartydi Musanm danasi, albat,
Cox verdilar ona, odur ki, qgiymat,
Saridir, sanliyin mayasidir zar,
Sari gil an baha qiymata gedor.

30/10mo HaM HAcAaxCOeHbs Yucmyle dapum,

U xanea c wagpaHoM, c/108HO 30410M0, 20pum.

He a150u Ha mo, umo ceambvlll OH makol -
wadgpan!

Buduwb cmex, ymo sbi3bieaem 30410moti wagdpaH?
3o.s10mo 3apu pacceemHoti no dyuie meopyy,
[ok0Hs1UCL 30/10MOMY HEKo20a meabyy.

U e pymuiickHx u 6a20adckux 6aHsIX — MoabKO ma
I'auHa yeHumcesi, 4mo, c/108HO 3040M0, Jceama.
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13 npuBeseHHOro ¢pparMeHTa BHU/HO, YTO MOIT
OLIEHUBAET >KeJIThIM LIBET KaK I[BET 03apeHUs U
foraTcTBa, CpaBHUBAs ero c 30J0TOM. Tak xe
OTMEYaeTCs, YTO IVIMHA MOXKET ObITh JIeYeOHOH,
€CJIM UMEET XKEJIThIN — JIe4eOHbIN IIBET.

H3BecTHO, 4YTO BCce 1jBeTa MMEIOT KaK OTpHLaA-
TeJIbHBbIM, TaK W I0JIOXKUTEJIbHBIA CMBIC/BL W3
MCTOPUYECKHX UCTOYHUKOB U3BECTEH TOT QaKT,
YTO JpeBHHE TIOPKU CYUTAJIHA KEJNTbIA LBET
LIBETOM Hey/auH, 60Jie3HU. B 0lHOM U3 HUX OT-
MevyaeTCsl, YTO «y JAPEBHUX TIOPKOB, XeJTbIN
L|BET CYUTAJICA, B OCHOBHOM, CHMBOJIOM HOCHTe-
Jiell TIJIOXUX, BPeIHbIX AYXOB, 60/1€3HeH, yCThIX
cTeneyd U NMyCTbIHb, JAJIUHHBIX, X0JIOAHBIX 3UM-
HUX JHed u T.A» [3, c. 14]. Huzamu BHec sic-
HOCTb B OCHOBHOM B IOJIOKUTEJIbHBIM CMBICJI
3TOro nBerta. MHOrue u3 LBETOB B IpHUpOJe
YKeJITOTO LIBETa, YKeJIThIU LBET CO3JaeT APKOCThb
CpeZiy ApPYTUX 11BeTOB. 30JI0TO, KOTOPOE CYUTa-
eTCA LeHHbIM MeTa/IJIOM, TOXe KeJITOr0 IiBeTa.
M3BecTHO, YTO 11BeTOHAUMEHOBAHUS UMEIOT 3a-
METHYI0 [JIeHOTaTHBHYI0 HeOIpe/esIeHHOCTb.
«3TO eCTeCTBeHHO: Be/lb MUP LIBETa, HAllH IiBe-
TOOILYLI|eHUS HellpephbIBHbI, a Ha3BaHHUA LiBeTa -
JUCKpeTHbl. KaXk/joe M3 HUX «IOKpBbIBaeT» lie-
Jioe 1oJie 1iBeToolnyeHui» [10, c. 9].

Janee B npousBegennu H.I'sumxaBu «CeMb Kpa-
CaBML» yKa3blBaeTcs, yTo baxpaM 1iax ujieT B
3eJIeHbIM KyMOJI U 0JieBaeTcs B 3esieHoe. B aToM
OJIeSIHUU MO3T YO 00JIsIeT ero paiiCKoMy aHre-
Jy. CorJlacHO peJIMTMO3HbIM BepoBaHusaM B Hc-
JlaMe, aHreJibl BCer/la OleBal0T 3eJIEHOE U KUBYT
B 3eJIEHbIX CaZlaX. 3eJIeHbIH SIBJISIETCH IBETOM
»KM3HU U NPOLBETAHUS, LIBETOM 6JlaroyxaHus U
Mupa. B nosMe aBTOp oTMedaeT 3eJieHbIH 1IBET,
KaK LBeT NPUPOAHOW KPacoTbl U MOKa3bIBaET,
YTO 3TOT LIBET SBJSETCA YKpallleHUeM IoJiey,
o3apseT IJia3a U NpesCTaB/sAeT ero Kak CUMBOJI
MoJsiofoCTU. BooO1lle, 3esieHbl cYMTaeTcs 1Be-
TOM >KU3HU U CBEXECTU. «3eJIeHbIH 1|BET O3Ha-
yaeT 6€e30MacHOCTb U 3KOJIOTMYEeCKH Oe3omac-
Hbli» [11, c. 220]. B naHHOM NpoOH3BeleHUH 3e-
JIEHbIA 1BET fBJIETCS IBETOM CcYacThsl [8,
c.126; 7, c. 40].

0 giinbad ki, ona ay yol salardi,
Sahin taleyindan yasgil calardi.

A nocmpoeHHblll nod 3HaKoM M0.100011 JIyHbl,
3eseH 6bL1, Kak cuacmbve waxd, Kak Hapsid 8eCHbl.

[Ipu moceleHrMy KpacHoro Kynosia baxpam max
oJleBaeTcsl B KpacHoe. B JaHHOM OTpbIBKe Mpo-

Section “Languages”

M3BeJ/leHUs] TI03T paccKas3bIBaeT O MOJib3e Kpac-
Horo 1BeTa. [lo onpe/iesieHUI0 MO3Ta KPACHBIH,
KOTOPbIN SIBJSIETCS LBETOM KpPOBH, HEOOXOAU-
MO /151 ’KM3HU 4YeJIOBEKa, MOJIOH MOJIOXKUTEb-
HbIMM OTTeHKaMU. OH Takke OTMeYaeT, YTo ca-
MbIM JIIOOMMbIM BCEMU CpeAy LIBETOB — PO3bI
TOXKe KpacHoro uBeTa. KpacHblil LiBET - IBeT
JIIOOBU.

Tak, M3BeCTHO, 4YTO aJbli (TEMHO-KpPaCHBIN)
IBeT NOJIydaJi M3 caHzajioBoro zepesa. [lo
NpUYMHE TOro, YTO apoMaT CaHAajla YyBCTBYeET-
Csl C HACTYIJIEHUEM yTpa, MO3T TaKXKe ONucal U
1BeT 3TOro jAepeBa. OH OlleHHWBaeT 3TOT LBET
KaK «Jy1la, KPOBb NMPeAKOB». «/l0CTaTOYHO BaXK-
HYI0 POJIb UTPAaeT KPAaCHbIW LIBET B >KU3HU JIIO-
Jled Ha paHHUX CTYNeHSIX pa3BUTHs yesioBeye-
cTBa. KpacHblii 11BET y UCIIAHCKOTO HApOJa CUM-
BOJIU3UPOBAJ «KPOBb WJU aJICKOEe IJIaMsi».
KpacHblil [BET CUTHA/IM3UPYET 06 OMACHOCTH U
BbI3bIBaeT HauboJiee CUJIbHYH ¢u3HoJIOrhYe-
CKYI0 peakLMIo, T. €. yyallleHHue cep/le6ueHus U
TpeBory» [4, c. 18].

Husamu B 3TOM MO3Me KpacHbIM LIBET aCCOLHAM-
pyeT B OCHOBHOM C IJIAMEHEM M CYHUTAET €ro
CBsIlllEHHBIM [8, c. 120; 7, c. 34].

Meyvalar, sarablar edildikca nus,
Daim xumarlanir, kéniil olur xos.
Sandal, ud atasi ucalir géys,
Tiistiisti hindlitak durur sacdaya.
Alovdur naganin, keyfin dayagi,
Zardiistiin qirmizi kiikiird ocagi.
0, qandir, od kimi galir meydana,
Ya da bir ipakdir batmis al qana.

A6.10Kk0M 6e3 cepdye8uHbl KpACHbIL y201b pde,

B cepdyesute oH 2paHamoMm cneavlm naameHed.
Poccbinbio oH msen SHMAapHoLi, 0KponjaeH cMoot,
2Kapko uckpuscs, nodepHym nensiom u 30101
YepHomo0 packaieHHOIl niameHe CaHoa,

Kak mrosbnaHul 8 Kocax gyputl, KposeHes1 CAHAAL
Topkom - HO pymulickoli kposu - spKuil ObLl
020Hb,

Ymus Hapod Haw om 3apdywma u 106U 020Hb.

N3o06paxkeHHasi 3/ecb cepHasl Medb SIBJSETCS
OTCBIJIKOM K 30pOAaCTPUMCKOMY CBSIIEHHOMY
OrH. B 3TOM M crnepyromux KymjieTax MO3T
CpaBHUBAET CaH/|AJI0BoOe JlepeBO U Y/, (an03) c
30pOACTPUMCKUM OTHEM, 3alleKUIeNcs KPOBbIO,
NPONUTAHHBIM KPOBBK MaJIMHOBBIM LIEJIKOM,
MHHaboM, warapdoi, MOKpacHeBIIMMU YTOJib-
KaMHy, 4epHasl cep/iLieBUHA KOTOPbIX yAajeHa U
3aMeHeHa f0JIOKOM, HaIOJHEHHbIM 3epHaMHU
rpaHaTa, HaloJIOBUHY CropeBliee, HAallOJIOBUHY
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noyepHesiuee.. CaHzan oH ynozo6.Jisa aMmbpe,
OKpalleHHOM CaH/JaJIOBbIM JIePEBOM, U COJIHILY,
OKyTaHHOMY MYCKycoM. HesaxokeHHas 4depHasi
4acTb yIJis YIoA06/IseTCs MpaKy, a MOKpacHeB-
1asi — CBETY, 3ape.

A Tak xe KpaCHbIP'I ABJIAE€TCA IBETOM 00raTCTBO
[8,c. 199; 7, . 88].

Al taza bazakdir qalba, aziz tut,
Hoar zaman bahadir qirmizi yaqut.

Kpachblii ysem kpacor 6seujem, Koell 8 npodux
Hem,
Smum s1a4 yeHHell aamasa - aavlii camoysem.

B npuBeieHHbIX IpUMepax BU/IHO, YTO KPaCHbIN
I[BET B SI3bIKe 1103Ta 0603HAYAETCS TAKUMHU JIEK-
CUYECKHMH eJMHUILIAMU KaK qirmizi (KpacHbIN),
al (anbli1), zar (6Jsieck). AJIbIM CaMOLIBETOM I0O3T
HM300paXkaeT KpacHbIA PyOWUH, TeM CaMbIM CUM-
BOJIU3UPYS KPaCHbIH L[BET I[BETOM H60raTCTBA.

Hazio oTMeTUTB, 4TO B a3epb6aiipkaHCKOM $oJib-
KJIOpe KpacHbIM LIBeT TaKXe MMeeT 3HadyeHue
ynpaBJieHWsl U Haka3aHus. Ecaiu o6paTUTh BHU-
MaHHe Ha aszepbai/PKaHCKUE CKa3KH, TO MOXHO
YBU/JIETh, UTO NPaBUTeJb IPU KOPOHALMU Ofie-
BaeTcs B KpacHoe. lllax, korza usgaet npukas o
Ka3HHM, TOXKe 0/leBaeTcd B KpacHoe ofiesgHue. Ta-
KOW KOHTPAcCT LIBETOB (MOJIOKUTENbHbIA U OT-
pULaTe/IbHbIM) HEOJHOKPaTHO BCTpevyaeTcs B
TBOpYecTBe H. ['AH1xeBU.

B cpeny Baxpam miax HanpasJisieTcsl B GUpI030-
BOM OJieXKJe B KyIOJI TOTO e IiBeTa U JaeT
onpeiesieHue 3TOro 1BeTa [8, c. 126, 7, c. 40].

Ona ki, Utarid vermisdi nemat,
Firuza rangindan yetmisdi zinat”.

Tom sice, ubero 6bL1 3auyumoli 8 Hebe Ymapuo,
Buprosoti zopes, kak 8 Hebe Ymapud zopum.

B faHHOM OTpBIBKE «OHPIO30BBIN» HCIOJIb30Ba-
JIOCh B CMbIC/IE «CHHMU 11BeT». Ha camoMm pere,
«OUpIo3a», 6yIy4d CJIOBOM IMEPCU/ICKOTO MPOHC-
XOXK/IeHUsl, 03HAYaeT «LeHHbIH KaMeHb CHHErO
BeTta» [3, c. 678]. [IoaT nuiieT o HEM Kak O I|Be-
Te Hebec [8, c. 200; 7, c. 50].

Carsanba giiniinda qonga agdi giin
Firuza rangina dondii goy biitiin.

Bupossl Hebec nasypHeli nousa mam 6buiia.
ITbl1b 3eMHASI HA 2YCMYI0 3€/1eHb He J1e2/1a.

Section “Languages”

Ha camoM jiente, KaxkJjoe pacTeHue MUTAeTcsd OT
cosuna. OpHako, MOAYEPKUBAET, 4YTO CHHUU
I[BET KPACHB, IOTOMY YTO IMHUTAETCA OT COJIHIIA.
CMHUH LIBET - 3TO LIBET, KOTOPOMY VAeJsiiu
BHUMaHMe ellle JIpeBHUEe TIOPKCKHUe Hapozbl U
CEero/IHS 3TOT I[BET COXPAHMUJI CBOE 3HAUYEeHH e KaK
OJIUH U3 MPe06/1a/Ial0IIMX LIBETOB.

HWcTopryecky, TIOPKCKHME HapoJbl OKa3blBaJd
YYBCTBUTEJbHOE OTHOIlIEHHE K IBeTaM. «OaHa-
KO, B OTJINYHE OT 3THUX I[BETOB, CHHHUM I[BET SIB-
JIleTCsl JIJisl TIOPKOB He IMPOCTO LIBETOM, HO W
CUMBOJIOM HebGa, MUpa U CyIleCTBOBaHUS THOP-
KoB» [9, c. 14]. CUHUU UBET SABJSETCS OJHUM U3
00XXeCTBEHHBIX LIBETOB, 0 4eM mnuineT Husammu.
B mnosme moaT oTMe4aeT NPOUCXOXK/AEHHUE CUHE-
ro I[BeTa, 00pa3HO rOBOpPs O TOM, YTO CHHHUH
I[BET — 3TO CMellleHHe HEeCKOJIbKO MPHUPOAHBIX
IIBETOB B OJHO eAuWHOe. UIMEeHHO TakK co3jaeTcs
LIBET Hebec.

['epoli nosTa B 4eTBepr HaNpaBJsAETCAd B CaHAA-
JIOBbIM KynoJ. [lo HamieMy MHeHMIO, 3TO Ha3Ba-
HUe OJIHOMMEHHOTO JiepeBa WM 1BETa, MoJiy4a-
eMoro u3 Hero. CaHa/IOBbIM LBET, T. €. KOpUY-
HEBbIM LIBET — 3TO IBET IJIOJJOTBOPHON 3eMJIH,
JlepeBbEB, KOTOpbIE SABJISIOTCA CUMBOJIOM J0-
CTaTKa ¥ NPOJOJ/LKEHUS poJia.

B naTHULY OH uzeT B Gesblil KynoJ. Boobuie, B
npousBeJileHUH, Oesiblii U 4epHbIM I1BeTa KOH-
TaKTUPYIOT Apyr ¢ AgpyroM. [1o3T npusiekaeT
BHMMaHHe TeM, YTO NEPBBbIM LIBETOM SIBJISETCA
YepHbIH, a nmociegHUM - Gesblid. Tak, Baxpam
Iax CHayaJ/ia OTIpaBJ/SAETCA B YePHbIU KyIoJl, a
B KOHLle - B 6eJibli. B yactu npousBeienus «Bu-
3UT baxpama B NATHULY B OeJsIbli KyNOJI U pac-
CKa3 JoYepu Majuilaxa cebMOW CTpaHbI» [8,
244-261], koMHaThl 6eJIel0T OT Jy4el COJIHIIA,
TaKXXe Il1ax o/ileBaeTcs B O6esioe U UJEeT Ha BCTpe-
4y C CeIbMOM KpacaBHULIEH.

B npousBeseHUH, «4epHbIM» BbICTyNIaeT CUMBO-
JIOM HOYH, a «6eJsIbIi» - yTpa. B yepHOM ofiessHUM
Baxpam 11ax oTnpaBuW/IcAd K MEepBOM KpacaBULE
HOYbIO, TOT/IA KaK B 0eJIOM OJlesSIHUM BCTpevyaeT-
s c KpacaBuliel yTpou [8, c. 126; 7, c. 41].

Keyvan taleyinda gtinbad ki, vard,,
Qaraya biirtinmtis mtiska oxsardr”.

OH 8 cy6bomy, 8 deHb KelisaHa, 8 4epHblll wen
deopey,
Kak emy no 2opockony npedckasasn mydpey.
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B >ku3HM GeJsibli M YepHbIN LBeTa SBJISIOTCS Ya-
11le BCero UCroJib3yeMbIMHU LiBeTaMU. Kak u Bce
1IBETa, «YEepPHbIN» U «Oesblii» UMEKT NPOTUBO-
NoJIoKHble cBoMcTBa. Ha camom pesne, cnenua-
JIUCTBI YKa3bIBAIOT, UTO HET L|BETa N10/; Ha3BaHU-
€M «4epHbIi». YepHbIM CUMTAETCS LIBET, MOIJIO-
IIAOUIMKA U YHUYTOXaLWK cBeT. CoryiacHo p-
Jly IPEBHHUX U COBPEMEHHbIX MOAXO/0B, YEPHbIN
I|BET BbIpa)kaeT U HAallOMUHAET TIPyCThb, OJUHO-
4YeCTBO MU TOCKY, OecmnokoicTBo. Ero Taxke
Ha3bIBAIOT «TpaypHbIM» IBeTOM [8, c. 155; 7,
c.43].

Cakdim o qadar ki, gamdan ahii-zar,
Qismatim kasildi bu gara paltar.
Qara ipak gatir”. O, durdu, getdi,
Qaranlq gecada tadartik etdi.

O qara paltart alib geyinca,
Hazirliq gérarak man haman geca
Mamlakatim deya yola diizaldim,
Qaralar icinda evima galdim.

Qara geyanlara saham, sardaram,
Qara bulud kimi cosub gurlaram.

Om paccnpocos Hawux 002Ux NOAYHUACST MOJIK.
Bom umo eocmbsi pacckazana: «3mom uepHulli
wenk

Cmbica maum, umeem nogecms YYOHYHO C8010,

Bbi y3Hamb ee xomume? Ymo 4, He ymatro,

A om sac paccnpocog MHo2ux 51 cama xcoaAd..,

A HesoIbHUYEM0 YapcKoll Hekozdda bbiaa.

Imom yapv 6bL1 MHO020810CMEH, Chpasedius,
YMeH;

B namsimu moetl scugem oH — Xxomb U yMep OH.

Hazfo oTMeTUTh, YTO YEPHBIN 1IBET B TIOPKCKUX
SI3bIKAX IIBET IOMUMO Mevyad U3HAYaJbHO CUM-
BOJIU3UPOBAJ BeJIMYME W MOrylecTBO. Hampu-
Mep, B BbIpakeHuU qara daglar (6ykBasbHOe
3HaueHHe — YepHbIe TOPbl) OTMEYAETCS BeJIUIne
rop, a He uBeT. MUcxo/is U3 3TOro, MOXKHO yTBEp-
KJATh, YTO JJaHHAs JIeKCUYeCKasl eIMHUIIA UMe-
Jla CMBICJI «BeJIMYECTBEHHbIH, OOJIbIIOW, Tpo-
Ma/IHbIi». 3HAYMMOCTb eYad U TPYCTH, A TaK-
Ke 3JIOCTH Y Hero chopMHUpPOBaIOCh B MO3/HEM
3Tane pa3BUTHS SA3bIKa.

OcHOBHasi ceMaHTHUYecKasi XapaKTepUCTUKA aH-
TOHHMMOB B LIBETOBOM MapaZijurMme COCTOUT B TOM,
YTO OHM OTpPAXAIT OINpeJeeHHYI0 CTeleHb
KOHTPAaCTHOCTH, OCHOBAaHHYK Ha WX NPHUHA/-
JIEXXKHOCTU K pasHbIM KaTeropusaM. [IpoTusBope-
yre 6eJioro U YepHOro He pa3 MOXKHO BCTPETUTh
B npousBegeHusx Huzamu. Hanpumep [8, c. 56;
7,c. 6].
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Havayla yekranglik havasi vardi,
0 gah qaralardi, gah agarardi.
G6zal imarati yetirdi basa,

Giin ondan nur i¢di o gtindan bari.

Tenb om nposiemarowjezo ob.1a4ka nadem -
CHedcHO-6e/biM desiaemcs 8ecb d80pY08bILi C800.
Llsema Heba — oH Mupasicem 8 803dyXe guce,

To pymuiiyem 6eavim 6bl1 OH, MO, KAK 3UHOM,
yepHeI.

[lo npryrHe BbIpa)keHUs MeCCHMHU3Ma, B HEKO-
TOpBIX CTpPaHaX MHpa B [IeTCKUX KOMHAaTax He
WCII0JIb3YeTCs YepHbIH 1BeT. C OJHOM CTOPOHBI,
3TOT LIBET BbIpaXKaeT CHJIy, MOTYLIECTBO U 3Ha-
YyUMOCTb. CielyeT OTMETUTb, YTO B HEKOTOPbIX
KyJbTypax 4epHas Kpacka CyMTalachb Jieyeb-
Hou. «Hampumep, B [lpeBHeM Erunte cypbMoi
Kpacu/id BEKH, YTOObI 3alIUTUTh UX OT 6oJjie3-
Hel» [12, c. 73]. CypbMa - opraHuyecKkasi YepHasi
NOABOJKA JJA IJa3, KOTopasd A0 CUX IOp HC-
MOJIb3YeTCs KEHIMHAaMU BOCTOKa. CyuTaeTcH,
YTO CypbMa UMeeT JiedeOHble CBOMCTBA U NIPU ee
VCIIOJIb30BAaHMU TJIa3a He TePSAIT OCTpoe 3pe-
HUe.

JItobuTeNIM YepHOro 1LBeTa ObIBAIOT CaMOHaJje-
SIHHBIMM, YIOPHBIMM M peluTeJbHbIMU. OHH
YMEWT NPUHUMATb He3aBUCHMble DelleHUs U
Jl06uBaThca ycnexa. CylecTByeT TakKe yTBep-
KJEeHUe, YTO YePHBIN I[BET MPEeAIOoYHUTAIOT JII0-
JIY C onpeZie/IEHHbIMH KOMIJIEKCAMH.

OpHako, B mnpou3BefleHUs X Huszamu dYepHbIU
IBET BBICTYNAeT KaK 3TaJIOH KPacoThl, €C/IU 3TO
KacaeTcs I[BeTa IJa3 Wi BoJioc [8, c. 170; 7,
c. 60].

Yellanan o qara qivrim tellarin
Icinds giil tizii o sux dilbarin,

Lagin qanadmin altinda duran
Havasil qusuna banzardi, inan.

C onbsiHeHbeM 8CNbIXHYA 8 cepdye U A0608HbIl
nuia

A pyKoto uepHblil IOKOH, KK KAHAM, CX8AMUUL.
/Jlusbl noxomu ¢ kaHama cHO8A cOpP8A/UCY,
BecHo8amoz0 KaHamMoM c6s13b18amby 83s1/1UCh.

B MojasibHOM 3HAY€HWH LIBETA CUUTAIOTCS He-
CyIIMMH Habop BO3MOXXHOCTEH, M3 KOTOPbIX
MO>XHO BbIOpaTh 3Hau€HUE B COOTBETCTBUH C
KOMMYHHUKAaTUBHBIMU MOTPEGHOCTSIMU U HHTe-
pecamu onpezie/IEeHHOI0 KOHTEKCTa.
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MoXXHO yTBepXJaTb, YTO CHUMBOJIbI OJHOrO U
TOTO e IiBeTa B pa3HbIX KyJbTypax CHMBOJIU-
3UpylOTCa TO-pa3HoMy. Hampumep, KpacHbIi
IIBET, KOTOPbIM BO MHOTUX KYJIbTYpa CYUTAETCS
IIBETOM arpeccMd W BOWHBI, B NPOU3BeJEHHUU
H.T'aumkeBU npejicTaBiseTcs Kak LBET Gorat-
CTBa U pockou. TakuM 06pa3oM, B ceMaHTHYe-
CKOM sIpyce 1|BeTO0003HaueHUH HabJrojaeTcs
CBEpXIOTEHLIMA/IbHOE PACX0XK/IEHHE.

[lof06HBIE TPOTHUBOpEYHS B CEMAaHTHKE I|BETO-
0603HAaYeHUH BCTPEYAIOTCA B IMO3TUYECKOM
s3blKe. B psifie siuTepaTypHbIX 06pasloB asep-

6aiiPKaHCKOT0 Hapo/jla MOXKHO BCTPETUTH CBOE-
obpa3Hble CTUJIUCTUYECKHEe MOMEHTHI. JTO fB-
JISETCS OJHUM M3 BOIIPOCOB, CBSI3aHHBIX C MeTa-
¢dbopamu B IUTEPATYPHOM SI3bIKE.

Accouunanys, BblpakeHHas1 IBETOM, OTHOCUTCS K
HMCTOYHUKY MPOUCXOXKAEHUST KOHKPETHOro IBe-
Ta, KOTOPbIM MOXET ObITb Olpe/ie/IeHHbIA 00b-
eKT WM Jaxe MecTo. 3HaueHue, epejjaBaeMoe
I[BETOM, HECET CUMBOJIMYECKYI0 U 3MOIIMOHA/Ib-
HYI0 LEHHOCTb B ONpEJiIeJIEHHOM COLUOKYJIb-
TYPHOM KOHTEKCTe, o0ecrneyuBasi KOHTEKCT
POM3BeJIEHUS U er0 UHTEPIPEeTAIHIO.
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