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Abstract. The adsorption method of after-treatment of 
wastewater from the production of vegetable oils was 
investigated. The reasons of choice the activated carbon 
as adsorbent was justified. The statics and the kinetics of 
the adsorption process by activated carbon the organic 
component from the wastewater of oil production after 
extraction cleaning was investigated. The experimental 
data based on the theory of Freundlich and Langmuir 
were processed and the main constants of the process 
were defined.  
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Statement of the problem 

Today the problem of wastewater treatment of the edible 
oil’s production, along with the quality of the final product of 
production is an important task. It is also conditioned by the 
introduction of more modern and efficient technological 
processes, and the development of new approaches to the 
organization of non-waste or low-cost resource and energy-
saving technologies. All this justifies a more serious attitude 
to the problems of the disposal of waste products [3, 4]. 

The production of edible oil’s increases year by year in 
proportion to the demand, more and more enterprises of this 
profile emerge, thus the total amount of emissions including 
wastewater increasing. For Ukraine, the topic of wastewater 
from the production of oils is relevant because our country 
occupies the first place in the world ranking of growing 
sunflowers, consequently, the production of oil. As Ukraine 
is one of the major sunflower producers and their processors, 
the issue of wastewater treatment of the oil’s production is 
very relevant today. 

In the process of vegetable oil’s production, a large 
amount of wastewater arises in the form of emulsions. Such 
systems are stable over a long period of time. They are not 
destroyed by the mechanical method [5, 6]. They are poorly 
biodegradable due to large volumes of wastewater and a 
significant amount of organic components in them [2–4]. In 

such circumstances, it is appropriate to use liquid extraction 
to clean such wastewater [1, 7]. The feasibility of using 
extraction for wastewater treatment is determined by the 
concentration of organic impurities in them. In the general 
case, for most substances, it can be assumed that at the 
concentrations of more than 3-4 g/l, it is more expedient to 
withdraw them by extraction than adsorption. At 
concentrations, less than 1 g/l the extraction should be used 
in special cases. 

The absolutely insoluble liquids are absent in water, 
that’s why in the process of extraction , the part of the 
extractant dissolves in wastewater and becomes a new 
pollutant. Therefore, it is necessary to remove the 
extractant from the conditionally purified water. This 
also needs to be done to reduce the consumption of the 
extractant. In addition, extraction cleaning is not always 
appropriate to achieve high purification efficiency. In 
these cases, the adsorption method of purification is 
used. The advantage of the method is the high 
efficiency, – and the possibility of purification of 
wastewater, which contains several substances and 
recovery from these substances.   

 
The analysis of recent researches and 
publications 

In most enterprises of oil production in Ukraine, 
industrial effluents cannot be purified and hundreds of 
tons of pollutants are dumped into water bodies. 
Treatment facilities, as a rule, have been built long ago 
and are designed according to the requirements of 
domestic wastewater treatment. Such facilities partially 
reduce the size of the general BOD (biochemical oxygen 
demand), or just pass through wastewater, and at worst 
case, rots in them and further poisoning before dumping 
into water bodies. Such industrial wastewater is mostly 
contaminated with organic substances, as the result 
treatment facilities are unable to clean them up to the level 
of sanitary requirements. Significant environmental hazards 
create pollution of surface water with organic substances 
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from wastewater of edible oil’s production. These 
substances, getting into the body of water, contribute to 
contamination with pathogens, algal bloom and, - have a 
negative impact on flora and fauna. For many companies, 
proper treatment of wastewater is a serious problem. 
Increasingly, companies have the problem of finding 
treatment facilities efficient and reliable in use, which 
guarantee a stable, high quality of cleaning. 

The literature contains data about liquid-extraction 
wastewater treatment, which significantly reduces the 
level of pollution of wastewater from the vegetable oil’s 
production, but there is always a certain amount of 
extractant. Therefore, to resolve the problem, it is 
advisable to use adsorption purification. 

The aim of this work is to study the statics and 
kinetics of adsorption purification of wastewater at 
companies of vegetable oil’s production. 

 
Theoretical part 

The adsorption method is used for the deep 
purification of wastewater from dissolved organic 
substances, as well as in local installations if the 
concentration of these substances in water is low or they 
are highly toxic. The most universal from adsorbents is 
activated carbon, but it must have certain properties. 

The activated carbon, as a rule, poorly interacts with 
water molecules and well – with molecules of organic 
substances. It has a relatively coarse pore with an effective 
radius in the range of 0.8–5.0 mm, or 8–50 A, so its surface 
is available for large and complex organic molecules. With 
a small time of contact with wastewater, activated carbon 
has a large adsorptive capacity, high selectivity, and low 
containment during regeneration. Actually, the latter 
condition ensures limited costs for the adsorbent 
regeneration. Coal is mechanically strong, quickly getting 
wet with water, has a definite granulometric composition. 
In the process of purification, fine-grained adsorbents with 
particles of 0.25–0.5 mm in size and less highly dispersed 
coal with particles of 40 microns are used. 

It is important that coal has a small catalytic activity 
in relation to oxidation, condensation, and other 
reactions, because some organic substances that are 
contained in wastewater tend to oxidizing and gumming. 
These processes are accelerated by catalysts. After 
gumming, the substances clog the pores of the 
adsorbent, which complicates its low-temperature 
regeneration. Finally, activated carbon has a low cost, 
and does not decrease its adsorption capacity after 
regeneration, which guarantees a large number of cycles 
of operation. The raw material for the manufacture of 
activated carbon can be any carbonaceous material: coal, 
wood, polymers, food waste and pulp and paper 
industries and others. 

The adsorption capacity of activated carbon is a 
consequence of a highly developed surface and high 
porosity. If there are several components in wastewater, 

then for determining the possibility of their joint 
adsorption for each substance, find the values of the 
standard differential free energy ΔF˚ and determine the 
difference between the maximum and minimum values. 
Assuming ∆F˚max – ∆F˚min <0.5 kJ / mole, the joint 
adsorption of all components is possible. If this 
condition is not respected, the treatment is carried out 
sequentially in several stages. 

The rate of adsorption process depends on the 
concentration of the pollutant in wastewater, the nature 
and the structure of pollutants, the temperature of 
wastewater, the type, and properties of activated carbon. 
Usually, the adsorption process consists of three stages: 
the transfer of pollutants from  wastewater to the surface 
of the adsorbent grains (external diffusion area), the 
adsorption process, the transfer of pollutants inside the 
grains of the adsorbent (the internal diffusion area). It is 
believed that the speed of adsorption is large and does 
not limit the overall speed of the process. Therefore, the 
limiting stage may be external or internal diffusion. In 
some cases, the process is limited by both these stages. 

 
 

 
Fig. 1. Determination of Langmuir and Freundlich  

adsorption isotherms constants 
 

In the external diffusion area, the rate of mass 
transfer is mainly determined by the turbulence intensity 
of the stream, which depends on the rate of wastewater. 
In the medium diffusion area, the intensity of the mass 
transfer depends on the type and the pores size of 
adsorbent, the shape and diameter of its grains, the size 
of the adsorbent molecules, and the mass transfer 
coefficient. All these circumstances determine the 
conditions in which adsorption treatment of wastewater 
goes with optimal speed. The process should be carried 
out in such hydrodynamic regimes, that it is limited in 
the internal diffusion area, the resistance of which can 

66



be 
and

sol
of 
iso
det

ads
car
wh
oxi
me
the

Th

for
pro
pur
wa
flas
35 
(~ 
sam
her
day
sep
con
wa

Th
res

the
me
pol
has
mix
use

the
iso
in 
pol

sol
the
ads
by 

wh
equ
wa

be red
and re

Su
solutio
of ad
isothe
determ

T
adsorp
carbon
which
oxidiz
metho
the so

The m

T
for w
produ
purific
water
flasks
35 g/
(~ 10g
same 
herme
days 
separa
conten
wavele

 
The m
resul

T
the po
metho
polluti
has th
mixing
used in

T
the is
isothe
in wa
pollut

T
solutio
the lit
adsorp
by the

where
equili
wastew

reduc
 reduc
Subs

utions
adsor

therm
ermin
The 

orptio
bon. 
ich t
dized
thod o
 sorbe

 

e me

To st
 was
ductio
ificati
ter” b
ks, a
g/dm

10g). 
e as

metic
s at 
arated
tent o
eleng
 
e ma

sults

The a
 pollut
thod a
lutions
 the a
ing th
d in th
The 

 isoth
therm
wastew
lutant
The 

ution 
 litera
orptio
the Fr

ere  
ilibriu

stewat

uced 
ducin
bstan
ns by

sorpti
rm of
ined 

he m
tion p
. Bio

 the 
ed, a
d of r
rbent.

meth

o stud
astew

ction, 
ation 
by c

, at d
dm3), 
). Th
s in

tically
at a t
ted fr
t of p
ngth o

main
lts 

e adso
llutant 
d allow
ons. T
e abil
 the a
 the fo

he ads
otherm
rm de
tewat

ant in 
he ads
n sys

eratur
tion i
 Freun

  А 
rium 
ater,

d wit
ing th

tances
 by ac
ption,
of ad

ed by 
most

n pur
Biolog
he ad
, are 
f rege
nt. 

thod

udy th
tewat
n, 20
on (th
y che
t diffe
), an

The ra
 in i
lly se

a tem
 from
f poll
th of 4

in m

dsorp
ant and
llows 
. The 
bility 
e adso
e form
adsorp
erm i
descri
ater 

 in the
adsorp
system
ture [
n isot
eundli

 is 
m co
er, g /

with c
 the d

ces th
 activ

on, a
 adso
by exp
ost i
urific
logic
adso
re in
egene

odolo

y the a
ater 
200 
(the 
hemic
ifferen
and 

e rang
 indu
 seale
emper
om th
olluta
f 490 

 mat

rption
and th
s to 

he acti
ity to 
dsorbe
rm of 
orptio
 is s

scribe
er wh
the ac
orptio
tem de
e [1, 8
sother
dlich 

is a v
conc

g /dm

h chan
e diam
 that 
tivate

 and 
sorpti
experi

imp
ificati
ical 
sorbe
incr

nerat

ology

e ads
er co
0 cm
e de

mical 
rent i
d add
nge o

ndustr
aled a
peratu
 the so
utants
90 nm

ateri

tion m
 the ex
to rem

activat
to ab
rbent w
 of par
tion 
s sho
bes th
which
 activa
tion 
 desc
, 8].

herms
ch equ

a valu
ncent

dm3;  

hangi
iamet
at ar
ated c
d po
ption 
erime

mport
ation 

al me
rbed 
creas

ration

ogy o

dsorp
cont

cm3 
destru
al su
t init
added
e of p
strial

d and 
ature 
 solu
nts by
nm acc

erial

 meth
e extra
remov
vated 
absorb
nt with
particl
n of 
hown
 the e

ich m
tivated
n equ
scribe
]. We
ms. O
equati

alue 
entrat
;  k, 

Fi

ging 
eter o
are w

d carb
poor 

on of
menta
ortant
on is 
metho
d su
asing
on sig

y of r

orptio
ntam
 of 

structi
substa
nitial 
ed th
f poll
ial w
nd lef
re of
lution
 by p
 accord

ial an

ethod 
tracta
oving

ed carb
orb p
ith w

ticles o
of act
wn o
e equi
 must 
ted ca
quilib

ribes t
We u
. One
ation

А 
e of 
ration
, n ar

Final

ng the
er of t
e wel
arbon
or ad
of su
ntal m
ant s
is the
thods 
subst
ingly 
 signi

f res

tion c
amina
of w
ction 
stanc

ial co
 the 
olluta
wast

left in
of + 

tion, w
phot

ording

 and 

d of e
ctant w
ing o

carbon
 pollu
 wast

es of 0
activa
 on t
quilib
st be
 carbo
ilibriu
s the 
 used
ne of
on: 

 =	
of ad
ion o

are c

nal-T

the str
f the 
ell a
ons h
adso

 subst
l meth
 stag
the re
ds of
bstanc
ly de
nifica

esea

n capa
inants

wast
on of
nces 
conce
e sam

utants
astew
t in the
+ 20
, whi

hotoco
ing to

d dis

of extr
nt was

of re
on wa
ollutan
astewa
f 0.1 m

ivated
n the 
libriu
be tre
rbon.
rium 
he equ
sed tw
 of th݇ܿଵ
adsor
 of 

cons

Trea

 struc
he gra
l adso
s hav
sorbin
bstanc
ethod
tage 
 regen
of co
nces 
deve

icantl

earch

apacit
nts o
astew
of st

es ) w
ncentr
same 
nts co
ewate
 the m
20 °C
hich 

ocolor
 to the

 discu

xtracti
as ch

f resid
 was s
tants 
water

.1 mm
ted ca
he gr
rium b
 treate
n. 
m in 
equati
 two 
 the m

ଵ ൗ
sorptio
f ads
onstan

reatm

ucture
grain.
dsorb
ave a
bing 
ances 
ods [1
e in 
gener
 coal
es ar
velop
ntly e

rch 

city o
 of 
ewate
 stabl
) wer
ntrati
e am

 conce
ater. 
 mixi
 °C. 
ch wa
lorim

 the kn

scuss

action 
 chose
sidual
s selec
ts of 
ter, ac
m an

 carbo
graph
 betw

ated a

in the
ation
o mo
 mod∶ 

ption,
dsorb
tants.

tmen

ture o
in. 
rbed 

e a co
g – 
es in
s [1, 8
in th
eratio
al re
are 

loped
y exte

 

y of ac
f ve

ater a
able 
ere p

ations
amou

ncentr
 Th

ixing 
 Th

was an
imetr
 know

ssion

on res
osen fo
ual co
elected
of org
, activa
 and le
rbon 
aphic 
etwee
d and

the so
ons th
model
odels

n, m
orbed

. 

ent of

 of th

d fro
 conv

 co
in w
, 8]. 
the 
tion 

 regen
e bio
ed t
xtend

f activ
vege

r afte
e em
e plac
ons (C
ount 
ntrati
The f
ng reg
The s
s anal
etric 
own m

ion o

residu
n for r
 conc
ted as
organ
tivated

ess.
n in 
ic (F
een t

nd the

 solid
s that 
dels th
els is 

mg /
ed su

t of W

 the a

from 
nvex 
conca

 waste
 

e pro
n of 
gener
bioch
 toda
nds th

tivate
getab
fter 

emuls
laced
 (C =
nt of
ations
e flas
regim
e sorb
alyze

ic met
n meth

n of t

idual a
r resea
ncentr
 as a s
anic 
ted ca
ss. 
in the
(Fig. 
n the 
 the am

lid ad
at are
s that
 is rep

g /g.a
subs

f Was

e adso

m aq
ex iso
ncave
stewa

proce
f acti
eratio
chem
day. 

s the u

ated c
table 
r che
ulsion
ed in
 = 0
of so

ons w
lasks 
ime fo
orben
zed f
etho

ethod

f the

al amo
search
ntratio
 a sorb
ic orig
 carbo

the fo
ig. 2)
he pol
 amo

 adso
are giv
at de
repres

ads;
bstan

astew

dsorb

aqueo
isothe
ve. T
water

cess 
ctiva

ation, 
emica
y. T
e use

d carb
le o
chemi
on “
in gl
 0.02

 sorb
 was 
ks w
e for t
ent w

for 
hod a
od [9]

he 

moun
rch. T
ations
orben
rigin.
rbon w

 form
2). T

pollut
ount

sorbe
 given
descr
resen

ds; C
tance 

tewat

rbent

ueous
therm
 The
ter is

ss of
vated
n, in
ically
This
se of

arbon
oil’s

mical
 “oil-
 glass
.025–
rbent

as the
were
r two

t was
or the
d at a
 [9]. 

unt of
. This
ns of
ent. It
in. In
n was

rm of
. The
lutant
unt of

rbent-
en in

scribe
ented

 C –
ce in

ater f

ent 

us 
rm 
he 
 is 

of 
ted 
in 

lly 
his 
 of 

on 
l’s 
cal 

-
ass 

– 
ent  
the 
ere 
wo 
as 

the 
t a 

 of 
his 
 of 
. It 
In 
as 

 of 
he 

ant 
 of 

-
 in 
ibe 
ted 

– 
in 

er fro

 

eq
by

(l
cu
E
ac

lin
de
Fr
ex
in

ad

fo
pr
T
ad

w
w
va

from t

Fi

equa
by ta

(ln c
cuts 
Expe
acco

F

line 
descr
Freu
expe
indic

adso

form
proce
Ther
adso

wher
was 
value

А.
m

g/
g

m the

Fig. 2
in

 

To 
uation
 takin

Fro
 c), w
ts th
perim
cordin

 

Fig. 
       

The
e co
script
eundl
perim
dicatin

The
sorpti

How
rm of
ocess
erefo
sorpti

here A
as det
lue of

1
2
3
4
5
6

А.
 m

g/
g

the Pr

g. 2. T
in sun

o de
tion (k
king t

rom 
), we f
the 

rimen
ding t

 3. T
          

he ex
corre

iption
dlich

rimen
ating 
he fi
ption

owev
 of a 
ss is 

efore, 
ption

A –
determ
 of ad

0
10
20
30
40
50
60

 Prod

The 
sunflo

deter
k, n

g thei

m the
e find

e exp
ental 
g to F

The 
 

 exper
rrelat
ion o
ich e
ental 
g the
 final
on pro

ever,
 a mo
is bet
re, we
on acc

–  is
ermin
 adsor

0

oduc

he isot
flowe

termi
, n), t
heir lo

the gr
ind tg
experi
tal da
o Freu

he iso

perim
lation
 of 
 equa
al an
the rel
nal fo
proce

er, w
mono
better
we h
accor

is th
ined,

sorpti

uction

sother
wer oi

mine 
), the e
r logar

ln
 graph

tgα =
erime
data i
reund

sother

iment
ion 
f the
quatio

and 
 reliab
 form
cess w

 we b
nomo

ter de
 have
ordin

 the s
ed, m
ption 

tion o

erm o
 oil’s  

e th
e equ

garith
lnА 

aph b
 = 1

menta
ta in l
ndlic

herm 

ental d
 and
the i
tion. 
d th
iabilit
rm of
ss with

А
e beli
molec
 descr
ve an
ing toܣ
 stati
mg/g

on (th

10

n of E

 of ad
’s  pro

the 
quati
ithm:

 = l
 buil
 1 / n

ntal 
n line
lich e

 of a

al dat
nd t
 isot
n. Th
theor

ility o
 of th

ith u
А=1

elieve
lecula
scribe
 analy
g to th= ܣ
atic a

g/g.ad
(the v

0

f Edib

f adso
produc

e con
ation 
m: 
= lnk 
uilt in
 / n an
l stra
inear 
 equa

f adso

ata o
 this
sother
The 

eoreti
y of ex
 the F
 using
=1.04

eve th
ular l
ibed 
alyzed
 this tܣஶ

c activ
ads; 
e valu

dible 

sorpti
ductio

consta
on wa

nk +1
t in th

and 
straigh
ar coo
quatio

sorpti

 on F
his i
herm 
e co
etical 
f expe
e Fre
sing ac
.045C
 that 
r laye
d by 
zed th
is theo݇1 +
ctivity

 A∞
alue o

2

le Oi

ption w
tion by

stants
was gi

1/n l
 the 
d lnk
ight 
coord
tion a

ption 

 Fig. 
indi

m of
corre
al d
perim
reund
 activ
C 1.1

at the
ayer 
by the
 the 

heory݇ܥ+ ݇
ity of
∞– th

e of ad

20

 Oils 

n was
 by ac

nts o
s give

n ln c
e coo
nk as 
t line
rdina

n are p

on in l

ig. 3 r
dicat
of a

rrelati
data

rimen
ndlic
tivate
1.1836

there 
r of 
the L
e obt
ry. ݇ܥ ; 
 of th
the 

f adso

 

astew
 activa

 of 
ven to

n c; 
coord
as the
line o
inates
re pre

n linea

3 repr
cates 
 adso
lation 
ata i
ental 
lich e
ated c
36  ; 
re is 
f ads
 Lan

obtain

 

 the a
e ma
sorpti

tewate
tivated

f the
 to th

rdina
the di
 on 

tes ln 
resen

near c

eprese
es a 
dsorp
on co
 is 
tal dat
h equ
d carb
 
is so

adsorb
angm
ained 

e ads
axim

rption

30

ater po
ted ca

the F
 the li

nates 
 dista
n th
ln A 
ented

r coor

esent 
a sa
rption
coef

s 0.9
data. 
quatio
arbon

sorpti
orbate
muir

ed iso

dsorb
ximum
on 

0

 pollu
 carbo

 Freu
e linea

es ln 
stance
the 
A = f
ted in 

ordin

nt a s
satis

ion b
effici

0.96, 
 

ation 
on: 

rption
ate a

uir eq
isothe

rbent
um p

С, 

llutant
bon 

reund
near f

ln A 
nce w
e Y-
= f (l
 in Fig

inates

strai
tisfac
 by 
icient
6, w

n for

on in
 and 
equat
therm

ent w
 poss

4

g/d

ants  

ndlic
r form

A = 
 whic

-axis
 (ln c
Fig. 3

tes.  

raight
factor
y th

ent o
whic

for th

 in th
nd thi
uation
rms o

 whic
ossibl

40

dm3  

 

lich 
orm 

= f  
ich 
xis. 
n c) 
. 3. 

 
 

ght-
tory 
the 

 of 
hich 

 the 

 the 
this 
ion. 
s of 

hich 
ible 

3  

 

 

67



o

p

w
d

c
th
th

w
tr
s
d

th
r
is
th
m

is
s
a
s

p
th
e
o
3
th
s
f

of a

pollu

whe
dete

cons
the 
the a

was
trea
stab
desc

theo
relia
isoth
the 
max

is ne
sorb
abou
show

proc
the 
expe
obse
30–
the 
show
for r

at 
f adso

To
ollutan

here 
eterm

Th
onstru
e line
e ads

 

 
Th

astew
eatme
table 
escrib

Th
eoreti
liable
otherm
e ma
aximu

To
 nece

orbent
bout t
hown 

Th
rocess
e pr

xperim
bserve
–60 
e pro

hows.
or reco

at full
dsorpt
To ca
tant (

re А∞
rmine

The 
tructe

line  
dsorp

The 
tewate
ment 
le em
ribed 

The c
retical 
ble de
erm. T
maxim
imum 
To de
cessa
ent in
t the 
n in F

The s
ess of
proce
rimen
rved 
0 mi

proces
s. Th

ecove

ull sa
rption
 calcu

(А∞)

∞ - 
ined: 

e gra
cted a
  k =

orptio

e iso
ater o
nt (th
emuls
ed by 

e corr
cal da
 descr

. The
ximum
m val

 devel
ssary 
 in th
he ki
in Fig
e sha
 of so
ocess,
ent. 
d afte
minut
cess 

 There
verin

 satur
ion eq
lculate

) we

 the
 

raph 
d and
= ΔС

tion o

F
of a

isothe
r of s
(the d
ulsion
by the

orrela
data 

scripti
he sel
um 

value o
velop
ry to d
 the 
kinet
ig. 5/
hape 
 sorp
ss, n

 The
after 3
utes 
s is c
erefo
ring th

turatio
 equil
late th
we use

the st

ph in
nd th
С/Δ

n of w

Fig. 
of adso

therm
f sunf
e dest
ion “
the Laܣ
elation
ta R2 

iption 
 selecti
 valu

ue of t
op the
o dete
e mix
etics 

. 5/ 
pe of
rption

 nam
The s
r 30 

es con
s com
fore, 

g the p

tion o
uilibri
 the 
use thСА
 static

in th
 the a
Δ(С/

f was 

 4. T
dsorpt

rm 
unflow
estruc

“oil
 Langܣ =
ion c

2 is 
on of 
ection 
alue 
f the d
the te
eterm
ixing

ics of

of th
ion m
amely
 shar
0 min

contin
ompl
e, the
e poll

n of t
ibrium
e lim
 the li=	

atic ac

A

 the 
e ang
С/a*)
as fin

The 
rption

 of 
lower
ructio
oil-wa
ngmu= 4
 coef
is 0,9
of the
on crit

 of 
e dete
 techn
rmine
ing r
of so

the 
 mos
ely d
arpes

minute
tinue 
pleted
the o
olluta

Va

f the 
um.   
limitin
e linea1ܣஶ
 activ

A∞ =

e coo
ngula
a*), w
find. 

he Lan
ion in 

of ad
er oil
tion b
water
muir e49.1
oeffici
0,96–
the ex
criterio
of Fi
eterm
chnol
ine th
 reac

 sorpt

e kin
ost ac
 duri
pest d
utes 
ue to 
eted, 
 optim
utants

Vasy

he mo
        

iting 
nearity1ஶ݇ +
tivity

=


coord
lar c
, whic

 

Langm
in line

adso
 oil’s 
n by 
ter”),
ir equ11 +
ficient 

–0,98
 exper
erion o
Fishe

rmina
ologi
 the o
eactor
rption

inetic
 activ
uring 
t decr
s of 
to fal
, as 
timal
nts is 

syl D

mono
          
g ads
rity La+ ܣ
ity of

.ି
rdina

r coef
hich 

gmuir
inear c

sorpt
’s pro
y che
), by

quatio0.9+ 0
ent of
,98, 
perim
n of t

sher's 
ination
gical

e optim
tor. T
ion by

etic c
tively
ng th
ecreas
f the

fall. F
s the
al an

 is 1 h

l Dya

nolay
          
adsorp
 Langm1ܣஶܥ
 of th

ିСр ܸ
inates
oeffici
h is e

uir iso
ar coo

rption
produ
chemi

by a
ation:970.97ܥ
of th
whi

imenta
f the t
r's cri
tion co
cal pr
ptimal
. The 
 by a

 curv
ely at

the 
ease o
he ex
l. For 
the lin
 and 
1 hou

yacho

yer)
       

orption
ngmuiܥ: 
 the aܸ; 

tes С
ficient
is equ

isothe
oordin

ion p
ductio
mical
 acti
n: ܥ7ܥ 

 the 
hich 

ental d
e theo
criteri
 coeff
 proce

al co
he res
 activ

urves 
 at th
e fir
e of 

 exper
or 1 h
 linea
d mo
our.  

chok,

er)  k 
        
tion o

uir eq

e ads

С/A
ent of
qual t

therm
dinate

 pol
tion a

cal su
ctivat

 

e exp
ch ind
l data
heoret
terion 
efficie
ocess 
 conta
result

ctivate

es sh
 the in
first 
f kin

perim
1 hou
ear o

most 
 

ok, An

k – th
 

 of t
r equa

dsorb

 =f
 of th
al to t

m  
ates 

olluta
n afte
 subst
vated 

experim
indica
ata by
retical
on (F
cient.
ss of 
ntact 
ults o
ated 

show
e initi
st ho
kinetic
iment
our o

r orig
st effe

 Anas

the c

f the 
uation

rbent

=f(1/
 the s
o the 

lutants
fter c
bstanc
ed ca

erimen
icates 
 by L
ical mo

F) 
nt. 
of sor
ct tim
s of r
d car

ows t
itial 
hour 
etic c
ent, an
r of s
rigin 
ffecti

astas

e con

he or
tion [2

ent, w

(1/С) 
e slop
he lim

nts 
r chem
ances 
carbo

ental
tes a 
 Lang
 mode
) and

sorptio
time o
f rese

carbon

s tha
al stag
ur of
 curv

, and 
f sorp
in of 
ctive 

tasia 

onsta

organ
 [2, 3]

, whic

) w
lope 
limit 

 fro
hemic
es of
rbon 

tal an
a mo

angmu
del w

and th

ption, 
e of th
esearc
bon a

hat th
tage 
of th
rves 
d fro

orptio
of lin
ve tim

ia Ma

stant 

ganic 
, 3]. 

hich 

was 
e of 
it of 

 

from 
ical 
of a 
n is 

 and 
more 
muir 
l was 
 the 

n, it 
f the 
arch 
 are 

 the 
e of 

 the 
es is 
from 
tion, 
lines 
time 

Mara

nt 

ic 

h 

as 
of 
of 

 

m 
al 
a 
is 

d 
re 
ir 
as 
e 

it 
e 
h 

re 

e 
of 
e 
is 

 
n, 
es 
e 

rakh

pol
Int
the
ext

Co

trea
oil 
iso
Lan
by 
circ
cor

Re

[1]

[2]

[3]

[4]

[5]
[6]

[7]

[8]

[9]

khovs

 
A

pollut
Intens
the a
extern

 

Conc

T
treatm
oil wa
isothe
Langm
by t
circum
corres

 

Refe

[1] 

[2] 

[3] 

[4] 

[5] 
[6] 

[7] 

[8] 

[9] 

ovska

Fig

 
As s

lutant
ensific
 abso
ernal 
 

onclu

The 
tment
was st
therm 
gmui

the 
umsta
respon
 

eferen

Zap
in.:
stic
Py`
dr.:
vod
Do
za 
Tex
NU
Zap
xar
200
Ma
Ho
111
Dy
Ch
Par
pov
Lur
pro
198

ka, Ja

Fig. 5
w

s show
ant s

icati
bsorpt
al diff

clusio

he stat
ent of
s studi
rm of
uir eq

he e
stance

ponds 

rence

Zapol`
in.: Fi
stichny
Py`ly`p
dr.: K
vod. N
Domar
za red
Texno
NUXT
Zapol`
xarcho
2005, 
Marax
Holod
11138
Dyach
Chemi
Parfy`
poverx
Lur`e 
promy
1984, 

, Jaro

. 5. K
waste

hown 
 sign
ation 
rption

diffusi

sion

statics
 of wa
udied
of a

r equa
exte

nces, 
ds to s

nces 

ol`s`k
Fizy`k
ny`x v

ly`penk
Kom

. Nauk
arecz

red. d
nolog
XT, K
ol`s`k
hovy`
5, 423
raxovs
odovs
389, P
chok 
mistry

fy`t G
erxnos
`e Y
my`sh
4, 447

arosla

Kinet
stewa

n on
ignific
on of 
ion r
usion

on 

ics an
 waste
ed. Th
 adso
uation
xterna
s, th
to safe

 

s`ky`j 
y`ko-x
x vod
enko A
mplek
ukova

ecz`ky
. d-ra 
ogiya 
, Kyiv
s`ky`j 
vy`x 
23.  
vs`ka
vs'ka 
, Publ
k V

stry &
 G., R
nostya

Yu.
shlenn
47. 

slava

netics 
water 

on Fi
ifican
of the
 rate
on are

and k
stewa

 The s
dsorpt
ion, a
rnal 

he 
afe hy

`j A. 
ximi

od. Li
o A. T
leksna
va du

`ky`j V
ra tex
ya x
yiv, 20
`j A.

x vy`

a A.
ka O., 
ubl. O
V., 

 & Ch
, Roch
tyax tv
u. 

enny`x

va Za

ics of a
er of v

 Fig. 
antly

the hy
ate, w
 area o

 kine
water 
e stud
rption
, and 
l di
e de
 hygie

 K.,
imichn
 Libra

T., V
snaya 
 dumka
j V. A
texnic

xarc
 2003,
A. K.
vy`rob

A. O.,
., Ma

. Oct. 1
, Ma
Chem
ochest
x tverd

Yu
y`x s

 Zaha

of abso
f vege

g. 5, 
tly d
 hydro
, whi
a of th

inetics
ter fro
tudy e
ion is
nd the
diffus
degre
giene 

K., Kl
hni o
ra, Ky

., Vaxn
ya pe

ka, K
A. O

nichny
archov
03, 57
K. U
robny

O., Vi
Marak
t. 11.,

Marak
mical

ester K
erdy`x
Yu. 
 stoch

ahark

bsorpt
egetab

5, the
depe

drody
hich 
f the s

tics of
from 

estab
 is th
the pro
fusion
gree 
ne pra

Kly`m
 osno
 Kyiv 
axny`n
perera
, Kyiv
. Ostap
hny`x 
hovy`x
 572.  
 Ukra
ny`czt

Visny
rakhov
1., 20
rakhov
cal Te
r K.: 
y`x tel
 An
ochny

rko 

rption
table o

he ki
epend
dynam

ch al
e sorp

 of ad
m the
stablis
 the 
proce
ion 
e of 
practic

`menk
novy` 
iv 200
y`n Y`
erabotk
yiv 199
tapchu
`x nau
y`x 

 
rayine

cztv. 

ny`k N
hovs'k
2016. 
ovska

Techn
.: Ads
 tel. M
Analy
ny`x 

 

ion the
le oil’s

 kinet
nds 
namic
allow
orptio

adsorp
the pr
lished
e be
cess o
 me
of w
ctices.

enko N
y` tex
000, 5

 Y`. G.
otka 

1994, 2
chuk M
nauk, 
 pro

inecz`
. Vy

k NU 
s'ka A
6.  
ska A
hnolo
dsorb

. My`r
aly`ty
x vod

the po
il’s pr

etics 
s on
ic co

ows 
tion p

sorptio
produ

hed th
best 
s of a
mecha

was
es. 

o N. 
texnol
0, 552
G., G
a my
4, 284
k M. 
k, pro
produk

cz` A
Vy`sh

U “LP
 A., D

 A., 
ology,
orbcy`
y`r, M
`ty`ch
od. X

 pollut
 produ

ics of 
on h
 cond
s us 
n pro

tion m
oducti
 that t
st des
f adso
chanis
astew

 A., 
nologiy
52.    
, Goron
my`ner
84.   

 V., 
prof. 
duktiv

A. V
`shha 

LP”, 
., Dyac

., M
y, 201

cy`ya 
, Mosk
chesk
. Xy`

llutant
ductio

of ab
 hyd
nditio
us to
roces

n met
ction 

at the e
descri
dsorpt
nism.
ewate

., Ast
giyi o
          
ronov
neraly
 
., Ukr
f. A.I
tiv. 

V. E
ha sh

, 201
yacho

Mara
2018, 
ya y`z
oskva,
skaya
y`my`

ants fr
ction. 

absor
ydrod
tions 
to a
ess. 

ethod
n of 
e exp
cribed
rption
m. 
ater 

streli
i ochy
          
ovsky
aly`zy`

krayi
A.I. U
 Pid

. Eko
shko

013, 7
hok V

arakho
8, 12,

y`z ras
va, 19
ya 
y`ya,

 from 
 

sorptio
rodyna
ns inc
 asse

 

hod of
of veg
xperim

bed b
ion pro
 In 
r trea

relin I
chy`sh
          
ky`j Y
zy`rov

ayinec
 Ukay
Pidruc

kolog
kola, 

3, 761
 V.: P

khovsk
2, 1, 1
rastvo
1986, 

xy`
ya, M

m  

ption 
ynami
increa
sert 

 of af
vegeta
erimen
 by 
 proce
In su
treatm

n I. M
`shhen

       
j Y`. T
rovann

ecz` A
kayinc
ruchny

ogizac
a, Ky

61, 29
: Pat. 

vska 
1, 114
tvorov
6, 488
xy`my
Mosk

 

n the
mics.

reases
rt the

after
etable
ental

y the
ceeds
such

tment

M. ta
hennya
       

T. y`
anny`x

` A. I.
incya:
hny`k.

zaciya
Kyiv,

 297.  
at. UA

a S.
14. 
rov na
488.  
my`ya
oskva,

 

the 
cs. 
ses 
the 

ter-
ble 
tal 
the 
eds 
ch 

ent 

. ta 
nya 

. y` 
y`x 

I. 
ya: 
`k.  

iya 
iv,  

7.       
A 

., 

 na 
 

`ya 
va, 

                            

68




