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Abstract: The article provides data on the use of crosslinked with hexamethylenediamine alt-maleic
anhydride-styrene copolymer, as a sorbent for the remove of the Rhodamine 6G dye from aqueous solution.
The effect of the pH, sorbent amount, contact time, temperature and dye concentration on sorption was
studied. The obtained data were processed in the coordinates of the Langmuir, Freundlich and D-R models
equations and the values of the equilibrium sorption capacity and mean sorption energy were determined.
The found value of the mean sorption energy from D-R equation Ep=4.556<8.0 kJ mol™, indicated that the
sorption of Rh6G by synthesized polymer-sorbent has physical character. Also, thermodynamic parameters,
like standard Gibbs free energy (AG°), standart enthalpy change (AH") and standart entropy change (AS°)
were determined. The positive values of AG° confirm the nonspontaneous of adsorption process, and the
positive value of AH® (12.464 kJ mol™) suggested that the adsorption was endothermic in nature. The
positive value of 45° (0.0271 kJ mol™ K™) shows the increasing randomness during adsorption process.
Keywords: adsorption, cross-linked polymer, hexamethylenediamine, ishoterms, rhodamine 6G

1. Introduction

The physical, chemical and biological methods applied for removal of dyes from aqueous
solutions include coagulation, flocculation, biological oxidation, solvent extraction, chemical
precipitation, reverse osmosis, ion exchange, filtration and membrane process. Among these
methods, the adsorption method is widespread in which complex process equipment is not required
and is relatively easy to perform. [1]. The removal of Rhodamine 6G from aqueous solutions was
achieved by adsorption using poly (fumaric acid-co-acrylic acid) as adsorbent surface [2]. Several
variables that affect the adsorption were studied, including adsorbent dosage, contact time, pH,
temperature and ionic strength. The equilibrium adsorption data were analyzed using Langmuir,
Freundlich and Temkin models. The results indicate that hydrogel has a strong capability of
removing Rhodamine 6G dye directly from aqueous solutions.

Sulfonated poly (styrene—alt-maleic anhydride) microspheres were prepared from poly
(styrene-alt-maleic anhydride) by sulfonation reaction and its adsorption behavior as an efficient
adsorbent for the removal of organic dyes was systematically studied [3]. Results indicated that the
adsorbent had more adsorption ability for cationic dyes as compared to poly (styrene-alt-maleic
anhydride). The cross-linking poly (N-vinyl caprolactam—co—maleic acid) microparticles used in
the adsorption of Rhodamine 6G from aqueous solution [4]. The effect of different parameters such
as initial pH, adsorbent dose, temperature, initial dye concentration, and contact time on their dye
adsorption capacity was studied using the batch—adsorption technique. The equilibrium adsorption
data were better fitted with Langmuir isotherm, model. The maximum adsorption capacities at
pH =10 was found 2012 mg/g for Rhodamine 6G. The experimental data were well described by
the pseudo-second order model. The spent ground coffee powder was used as an effective
adsorbent to remove Rhodamine dyes from aqueous solutions and the adsorption kinetics and
isotherm behaviors were studied and compared [5]. The effects of temperature, ionic strength,
solution volume and the co—existing anions on the sorption behavior were also investigated. The
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results showed that the adsorption capacity increased as the sorbent dosage and contact time
increased; however, there was no changes observed due to the increase in temperature. The Rh 6G
adsorption kinetics followed pseudo—second order model and the equilibrium data were found to fit
Freundlich model. Magnetic biochar—sorbent was prepared using Fe3O4 nanoparticle composites
onto the surface of biochar derived from rice husk, and the removal of Rhodamine 6G dye by
magnetic biochar was studied [6]. Kinetic, isotherms and thermodynamic studies were carried out to
investigate the adsorption mechanism of Rhodamine 6G dye on magnetic biochar surface.
Rhodamine 6G removal efficiency of Fe3O,—composited biochar proved higher than that of pristine
biochar with maximum efficiency of 94% removal. The adsorption isotherm and kinetic studies
indicated that the Langmuir model, pseudo—first order and pseudo-second order models described
well the Rhodamine adsorption onto magnetic Fe;O4—biochar. Batch sorption experiments were
carried out for the removal of Rhodamine 6G from aqueous solution using Palm Shell Powder as
adsorbent [7]. The operating variables studied were adsorbent mass, solution pH, contact time and
initial dye concentration. In order to investigate the mechanism of sorption, adsorption data were
modeled using the pseudo—first—order and pseudo-second order equations. It was found that the
adsorption kinetics followed a pseudo—second order model- Equilibrium isotherm was analyzed
using the Langmuir and the Freundlich isotherms. The parameters for each model have been
determined. The exhaustive capacity was 105.0 mg g for Rh6G at 25 °C. The negative value of
free energy change indicated the spontaneous nature of adsorption.

The current work provides results on removal of Rhodamine 6G dye from aqueous solutions
using the cross-linked with hexamethylenediamine alt-maleic anhydride-styrene copolymer
(HMSC) as an adsorbent. The effects of pH, sorbent dosage, contact time, temperature and initial
dye concentration on the sorption degree were investigated. The equilibrium adsorption data were
analyzed using Langmuir and Dubinin-Radushkevich models. Besides, kinetic and thermodynamic
parameters of the adsorption process were determined and possible sorption mechanism suggested.

2. Experimental part
2.1. Materials and Methods

Maleic anhydride (MA) was recrystallized from benzene, styrene (St) - distilled (temp.144-145°C),
azobisisisobutyronitrile (AIBN)-crystallized from ethanol. The structure of cationic dye Rhodamine
6G-chlor dye with empirical composition C,gHs3;CIN,O3, is as follows:
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Its molecular weight is 479.02 g mol™, UV-absorption maximum is at 524 nm (Aldrich).
UV-vis spectra were measured on a UV-vis SPECORD 210 PLUS (Germany) in the range of 190-
800 nm. SEM measurements were carried out by a model JEOL JSM-7600F (Japan) scanning
electron microscope and pH was measured by the pH- meter pH-420 Akvilon (Romania).

2.2. Sorbent preparation

Preparation of the HMSC was carried out in two stages: synthesis of the alternating maleic
anhydride-styrene copolymer (alt-MA-St) and cross-linking of the copolymer with
hexamethylenediamine (HMDA). The alt-MA-St was synthesized according to the known
procedure [8] by radical polymerization of MA and St in benzene at 80°C in the presense AIBN as
an initiator. Polymerization is followed by formation of donor-acceptor complex
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Alt-MA-St was cross-linked with HMDA according to the following procedure: 2.0 g copolymer is
mixed with 4.0 g HMDA at 600C for 2 hours. After the obtaining solid mass is washed with
distilled water and acetone, and dried at 40°C in a vacuum oven. The structure and composition of
the cross-linked alt-MA-St which used as a sorbent to remove the Rh 6G dye from water solution,
is follows:
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2.3. Adsorption Experiments

A stock solution dye with concentration 500 mg L™ was prepared in double-distilled water and the
experimental solutions with the desired concentration were obtained by dilutions stock solution.
Experiments to study the adsorption of the Rh 6G dye with a synthesized sorbent were carried out
according to the procedure, described in the works previously published by us [9,10]. The sorption
degree Rh 6G dye (%) and sorption capacity (mg g %) of the sorbent were calculated by the
equations (1) and (2), respectively.

C,-C
Sorption degree (%) = (OC—E)x100% (1)

0

Sorption capacity (mq g = (Go= GV 2
m

sorb

Coand C, (mg L) are initial and equilibrium concentrations of Rh 6G, respectively Respectively,
Vsl (L) is the volume of the dye solution subjected to sorption, and msem (Q) is the weight of
sorbent.

3. Results and discussion
3.1. Effect of pH



The effect of pH on the Rh6G dye sorption degree was investigated at an initial dye
concentration 75 mg L™, sorbent weight of 3.0 g L™, sorption time of 30 min and temperature of
20° C. Under these conditions, the pH of the solution changed in the range 3-9. The results show
that in a strongly acidic medium (pH=3) the sorption degree is low (7.4%). For cationic dyes, the
lower adsorption of the dye at strong acidic medium is likely due to the presence of excess H" ions
which compete with cationic groups of the dye at the active sites of the adsorbent [11]. Thus, the
high values of the sorption degree at above pH=3 are explained by electrostatic attraction forces
between the immobilized negatively charged sorbent and the positively charged dye. It revealed
that the maximum estimate of sorption degree (25.2%) is observed in pH= 6. In considering the
relatively high sorption rate in pH 6, a series of subsequent experiments were performed in pH 6.
likely due to the presence of an excess H" ions,

3.2. Effect of contact time

Contact time is an important parameter, because this factor determines the sorption kinetics of a
sorbate at its given initial concentration. The effect of contact time on Rh 6G sorption by sorbent
was investigated at different contact time varying between 10 and 120 min at 20°C (Table 1). These
results indicated that as time increases the removal of Rh 6G increases to a certain point of
equilibrium. During the first 20 min of the sorption 8.7% of the total amount of Rh 6G was
immobilized.

Table 1. Effect of time on sorption degree (Rh 6G initial concentration
200 mg L™, V=0.04 L, sorbent dosage 3.0 g L™, 20°C)

Time, min 20 30 40 60 80 100 110 120
Sorption degree, % 8.7 122 154 19.1 243 285 306 311

The state of dye equilibrium in the HMSC structure is reached after 110-120 min. At that time,
30.6-31.21% of Rh 6G were removed by sorbent. Therefore, the contact time equal to 110 min was
considered to be sufficient for sorption of Rh 6 G by sorbent.

3.3. Effect of sorbent dosage

The sorbent amount for sorption is changed from 1.0 to 4.0 g L™. The obtained results show
that noticeable change of extent of sorption happens when there is rise in quantity of a sorbent up to
3.0 gto L™. A further increase in the amount of sorbent practically not lead to a change in the
degree of sorption. Therefore, the amount of sorbent 3.0 g L™ was taken as the working amount and
used in subsequent experiments. The experimental results of removing Rh 6G dye from sulfur
depending on the amount of sorbent are shown in Table 2.

Table 2. Effect of sorbent dosage (Rh6G concentration 200 mg L, V=0.04 L, 20°C,110 min)

Sorbent dosage, gL 1.0 15 20 25 30 35 40
Sorption degree, % 115 173 21.2 27.3 30.6 31.1 31.0

3.4. Temperature effect



The purpose of this research is to ascertain the effect of temperature on the sorption of Rh6G dye by
the HMSC. The effect of temperature on the removal of Rh6G dye in aqueous solution by HMSC was
studied by varying the temperature between 20 and 60° C at the initial dye concentration of 200 mg L™,
pH 6, sorbent dosage 3.0 g L™ and contact time 110 min. The data presented in Table_3 showed that
adsorption of dye by the HMSC increased as the temperature increased. This behavior confirms that the
adsorption of dye had an endothermic nature. This is because with increasing temperature, the attractive
forces adsorbent surface and Rh6G are weakened and the sorption decreases. The results of the
temperature dependence of sorption are used to determine the thermodynamic parameters of the sorption
process.

Table 3. Effect of temperature on sorption degree (initial Rh 6G concentration 200 mg L™,
sorbent dosage 3,0 g L™ ,vV=0.04 L, 110 min.

Temperature,°C 20 30 40 50 60
Sorption degree, % 30.6 36.3 40.0 43.7 45.1

3.5. Effect of the Rh6G initial concentration
Experimental results relating to the change in sorption rate and sorbent content at retardation of the
dye layer Rh 6G from 75 mg L to 220 mg L-1 are shown in Table 4.

Table 4. Effect of dye concentration on sorption degree and sorption capacity (sorbent dosage 3.0 g
L, 110 min, 20°C, V=0.04L)

Initial concentration, mg L™ 75 100 125 150 175 200 220
Sorption degree, % 445 424 38.0 349 320 306 295
Sorption capasity, mgg*  11.12 14.13 15.83 17.45 18.67 20.4 21.6

The results showed that the Rh 6G sorption onto sorbent were strongly affected by the initial dye
concentration and as the initial Rh6G concentration increases, sorption degree decreases. The Rh 6G
removal degree decreases from 44.5 to 29.5% when its initial concentration increases from 75 to 220 mg
L% It is explained as being due to the fact that as dye concentration increased, the specific sites of a
sorbent were saturated and exchange sites filled. Equilibrium sorption capacity of the sorbent was
calculated in the initial Rh 6G concentration range 75-220 mg L™ at 20°C and for 110 min contact time.
It revealed that the sorption capacity of the sorbent increased rapidly as the equilibrium concentration of
Rh 6G increased. When the Rh6G concentration the constant value. It can be concluded that the
experimentally maximum sorption capacity (Qexp) Of the sorbent at the equilibrium conditions is 20.4-
21.6 mg g *. The results obtained from the dependence of the sorption degree and the sorption capacity
from initial concentration of the dye were developed in the coordinates of the Langimur and Dubinin-
Radushkevich isotherm equations and calculated the valies of sorption process.

3.6. Langmuir and Dubinin-Radushkevich isotherms

Langmuir isotherm describes monolayer adsorption based on the assumption that all the adsorption
sites have equal adsorbate affinity and that adsorption at one site does not affect adsorption at an
adjacent site. The Langmuir isotherm can be described by Eq (3)

Cel Qe = 1/ (qmax KL) +Ce/ Qmax (3)
Where Ceis the equilibrium concentration of Rh 6G (mg L™), ge— is the amount of the Rh 6G
adsorbed at equilibrium (mg g ™), gmax—is the monolayer maximum adsorption capacity of the MSOT
(mg g ™) and K —is the Langmuir equilibrium constant (L g™).



The Dubinin—Radushkevich (D—R) isotherm equation, which is more generally used to distinguish
between physical and chemical adsorption, is given by the Eq (4)
In ge= —Kp e*+INBpr (4)
Where Kp — is the D-R equation constant, Bpr—theoretical isotherm saturation capacity (mole g ), ge—
is the sorption capacity (mol L™) and & — is Polanyi potential, which is defined by Eq (5)
¢ =RT In (1+1/Ce) (5)
Where C.—is equilibrium concentration of the Rh6G (mol™), R— is universal gas constant (8.314 J mol ™).
The D-R constant can give the valuable information regarding the mean energy (E) of adsorption by the Eq

(6) |
E=1/(2Kp)" (6)

The obtained experimental equilibrium data were examined with Langmuir and D-R isotherm
models. The plot equations of the Langmuir and D-R equations are given in Fig.3 and Fig.4,
respectively. The Langmuir and D-R isotherm parameters were calculated from the slope intercept of
the plots and shown in Table 5. The calculated value of the maximum experimental sorption capacity
from the Langmuir equation, (Fig.3) is equal to be 31.15 mg g, which are close to experimentally
obtained value of equilibrium sorption capacity from sorption isotherm (21.6 mg g ™)

Cefqe

6
=] / T
4 . y=00321x « 241
3 R*=09927
1
o Y
0 50 100 150 200

Tarazhg qatili2i, Ce gL'l

Fig. 3. Langmuir plot for sorption (pH 6, 30 min, Co= 75— 220 mg L %,
V=0.04 L, sorbent dosage 3.0 g L™*, 20°C).
52

2% i) 20 0 40 50

y e D028 - 25152

) R*=0,9599
321 Yy
344 \
TS
\‘
Lage

Fig. 4. D-R plot for sorption (pH 6, 110 min, Co= 75— 220 mg L *, V=0.04 L,
sorbent dosage 3.0 g L™, 20°C).



Table 5. Langmuir and D—R equations parameters

Langmuir equation D-R equation

Omax, Mg g~ K, Lmg' Ry R? Ko, kCmol ' Bpr, molg*  E, kCmol™ R?
3115 00132 0.503-0.256 0.9927 0.024 0.08318 (39.84mq o) 4556 0.9899

Obtained data shows the applicability of the Langmuir model indicating the formation of monolayer
coverage of the dye molecules at the surface of the adsorbent. The essential feature of the Langmuir
isotherm to identify the feasibility and favorability of the adsorption process can be expressed by a
dimensionless constant called separation factor (R.). The separation factor R, was calculated using the

Eq (V)

R.=1/ (1 +K.Cy (7)
Where C,-is the initial Rh6G concentration (mg L™). If 1>R;>0, adsorption is favorable while R >1
represent unfavorable adsorption, and R = 1 represent linear adsorption while the adsorption process is
irreversible if R = 0 [12]. The calculated values of R_ for different initial concentration of the Rh6G
(75-220 mg L™) were equal to be 0.503— 0.256 to indicate highly favorable adsorption for the Rh6G
onto HMSC.

The found value of the mean sorption energy from D-R equation Ep=4.556<8.0 kJ mol™ indicated
that sorption of Rh6G by synthesized polymer-sorbent has physical character [13]. The theoretical
isotherm saturation capacity of the sorbent (Bpg) from D-R equation is equal to be 0.08318mmol g™
(39.84 mg g ™).

3.7. Sorption Kinetics
Kinetic studies were carried out under optimized conditions from 10 to 100 min. The Kkinetic data
obtained were fitted to linear form of Lagergren pseudo—first and pseudo—second order kinetic models
[14]. The pseudo—first order kinetic model known as Eq (8)
log (ge— g) = logge — 0.434K 1z (8
Where g;and ge—are the amounts of dye adsorbed at time zand at equilibrium (mg g™), respectively, and
Ki—is the rate constant of pseudo—first order adsorption process (min'). The pseudo—second order
kinetic model is expressed by the Eq (9)
t/g: = U(K20e?) + 7/ge (9)
Where q; and ge—are the amounts of Rh6G sorbed at time 7 and at equilibrium (mol g™%), respectively,
Ko—is the pseudo—second order equilibrium rate constant (mole™ min™). Plots of the equation of the
pseudo—first and pseudo—second models are illustrated in Fig.5 and Fig.6, respectively.

legigeqti
14

3 Zina oy,

Fig. 5. Plot pseudo—first order model (Co = 200 mg L, pH=86,
sorbent dosage 3.0 mg L™, V=0.04 L, 20°C).
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Fig.6. Plot of pseudo—second order model (Co = 200 mg L, pH=6,
sorbent dosage 3.0 mg L%, V=0.04 L, 20°C).

Calculated parameters are placed in Table 6. Obtained data shows that the sorption process of the
Rh6G from aqueous solutions with HMSC is better described by the pseudo—second kinetic model with
determination coefficient 0.9907. Due to the fact that the correlation coefficient for the pseudo-second
reaction is higher, it can be recognized that the sorption process occurs according to a pseudo-second
reacting order. It should be noted that the value calculated for sorption capacity (38.2 mg g-1) from the
pseudo-second order reaction graph is consistent with values obtained from the Langimur (31.15 mg g-
1) and D-R (39.84 mg g-1) isotherms.

Table 6. Regression parameters for kinetic models

Kinetic model Pseudo-first order Pseudo-second order
Parameters Jemg g’ Kymint R dmgg’l Ky Lg'min? R?
41.50 0.0417 0. 9768 38.2 0.0006 0.9907

3.8. Adsorption thermodynamics
Thermodynamic parameters, like standard Gibbs free energy (AG°), standard enthalpy change (AH°) and
standard entropy changes (AS°) were determined in order to explain the effect of temperature on the
adsorption of Rh 6G by HMSC. These parameters can be calculated from the Eq’s (10-12)

AG°=—2,3RT logKy (10)
Kg = ge/Ce (112)
AG°=AH’— TAS° (12)
Where R—is the gas constant (8.314 J mole™* K™), T—is absolute temperature, Kg, — is equilibrium
constant at the temperature T. The values of AH° and 4S° were obtained from the slope and intercept of
the plots of AG° versus T (Fig.8) and are placed in Table 7.

Temperatur, X

Fig. 8. Plot of AG° versus T (pH 6, 110 min, Co= 200 mg L™,
V=0.04 L, sorbent dosage 3.0 g L™



Table 7. Sorption thermodynamic parameters

Temperature, TK Thermodynamic parameters
AG°kJImol™ AH°kJmol™ AS° kJmol*K™
293 +4.664
303 +4.184
313 +3.917 +12.464 +0.0271
323 +3.628
333 +3.584

The positive values of 4G° confirm the nonspontaneous of adsorption process, and the positive
value of 4H° (12.464 kJ mol™) suggested that the adsorption is endothermic in nature. The positive
value of AS° (0.0271 kJ mol™* K™) shows the increasing randomness during adsorption process.

3.9. Adsorption mechanism

The assumption of the possible adsorption mechanism has been made on the basis of the UV-
spectra of the sorbent before and after adsorption and on the mean sorption energy, calculated from the
D-R isotherm. UV-spectra of the HMSC before and after sorption have been illustrated in Fig.9.

Absorberc e

Fig. 9. UV-vis spectra of the HMSC a) before and b) after sorption.

Fig. 9 shows that the UV-spectra of the sorbent before and after sorption are different. In the UV—
spectra of the sorbent after sorption (Fig.9b) there new absorption maximum appears which is not
observed in the spectra of the sorbent before sorption (Fig.9a). The maximum 544 nm in the UV-vis
spectra of the sorbent after adsorption corresponds to Rh 6G dye which is adsorbed onto surface of the
sorbent.

The obtained data for mean energy E=4.256 kJ mol-1<8.0 kJ mol-1 from the D-R isotherm also
indicated that the sorption of Rh 6G by synthesized polymer sorbent has physical character.

References

1. Vilar VJP, Botelho CMS, Boaventura RAR. Methylene blue adsorption by algal biomass, based
materials: biosorbents characterization and process behavior. Journal of Hazardous Materials,2007,
vol. 147(1-2), pp. 120-132.

2.Wissam L. Benyan. The Adsorptive Removal of Rhodamine 6G Dye from Aqueous Solution by
Using Poly (Fumaric Acid-Co-Acrylic Acid) Hydrogels. Journal of Global Pharma Technology,
2019, vol. 11(3), pp. 263-272.


https://www.researchgate.net/publication/338223939_The_Adsorptive_Removal_of_Rhodamine_6G_Dye_from_Aqueous_Solution_by_Using_Poly_Fumaric_Acid-Co-Acrylic_Acid_Hydrogels?_sg=UKhQ--IGsY2Y8-KXMBVoKJHp0uhE1ep157VFC2IirrkKdTdt5IKqhV4NkpN-unHM9gRhBnmLx8QqgBt4rGxLvVuIIbw9ueDNwPxF3wI7xkOG3AoVnco
https://www.researchgate.net/publication/338223939_The_Adsorptive_Removal_of_Rhodamine_6G_Dye_from_Aqueous_Solution_by_Using_Poly_Fumaric_Acid-Co-Acrylic_Acid_Hydrogels?_sg=UKhQ--IGsY2Y8-KXMBVoKJHp0uhE1ep157VFC2IirrkKdTdt5IKqhV4NkpN-unHM9gRhBnmLx8QqgBt4rGxLvVuIIbw9ueDNwPxF3wI7xkOG3AoVnco

3. Yaping Li, Wangyan Nie, Peng Peng Chen,Yifeng Zhou. Preparation and characterization of
sulfonated poly (styrene-alt-maleic anhydride) and its selective removal of cationic dyes. Colloids
and Surfaces A: Physicochemical and Engineering Aspects. 2016, vol. 499, pp. 46-53. https:
//doi.: 10.1016/j.colsurfa.2016.04.009.

4. Popescu I., Suflet DM. Poly (N-vinyl caprolactam-co-maleic acid) microparticles for cationic
dye removal. Polym. Bull. 2016, vol.73 (5), pp. 1283-1301.

https:// doi.org/10.1007/s00289-015-1549-

5. Kai Shen, Gondal, MA. Removal of hazardous Rhodamine dye from water by adsorption onto
exhausted coff ee ground. Journal of Saudi Chemical Society, 2017, vol. 21, pp. 120-127.

6. Thitipone Suwunwong, Pimchanok Patho, Patcharanan Choto and Khamphe Phoungthong.
Enhancement the rhodamine 6G adsorption property on FesOs-composited biochar derived from
rice husk. Materials Research Express, 2020, vol. 7(2), 025511. https:// doi.org/10.1088/2053-
1591/ab6b58.

7. Sreelatha G., Padmaja P. Study of Removal of Cationic Dyes using Palm Shell Powder as
Adsorbent. Journal of Environ. Protection Sci., 2008, vol. 2, pp. 63-71.

8. Akperov O.H., Akperov E.O. Practicum in the chemistry of high molecular weight compounds.
BSU Publishing House, Baku, 2014, p. 31.

9. Akperov O.H., Akperov E.O., Kamranzadeh F.M. Removal of Rhodamine 6G dye from water
solution by alt-maleic anhydride-octene-1terpolumer, crosslinked with triethanolamin. New
Materials, Compounds and Applications, 2020, vol. 4, no.3, pp. 188-202.

10. Akperov O.H., Kamranzadeh F.M., Akperov E.O., Abbasov M.E., Durmazucar L. Removal of
Rhodamine 6G dye from water solution by alt-maleic anhydride-styrene copolymer, cross-linked
with Glycerin. Indian Journal of Advances in Chemical Science, 2021, vol. 9, no. 3, pp. 166-173.
11. Salleh M. A. M., Mahmoud D. K., Karim W. A., Idris A. Cationic and anionic dye adsorption
by agricultural solid wastes: A comprehensive review. Desalination, 2011, vol.280, issues 1-3, pp.
1-13.

12. Sumanjit S. R., Mahajan R. K. Kinetic and equilibrium studies of adsorption of dye Congo red
from aqueous solutions on bagasse charcoal and banana peels. Journal of Surface Science and
Technology, 2012, vol. 28, pp. 133-147.

13. Monika J., Gard V., Kadirvelic K. Chromium (YI) removal from aqueous solution, using
sunflower stem waste. Journal of Hazardous Materials, 2009, vol. 162, pp. 365-372.

14. Sunday A., Akolo S.A., Kovo A.S. Comparative study of adsorption of copper ion onto locally
developed and commercial chitosan. Journal of Encapsulation and Adsorption Sciences. 2015, vol.
5, pp. 21-37.

YIAJEHHUE KPACUTEJISI POJAMMHA 6G U3 BOJHOT'O PACTBOPA C AJIbT-
COIIOJIMMEPOM MAJIEMHOBBIU AHT'MAPUI-CTUPOJI, CHIMTOI'O C
I'EKCAMETWIEHANAMHWHOM

O.I'. Aknepos, ®.M. Kampansane, E.O. Aknepos

JDaKuncKuil 20cyoapcmeeH bl yHuepcumem
AZ 1148, Baxy, yr. 3. Xamunosa, 23; e-mail: oakperov@mail.ru

B crarbe npencTaBieHbl pe3yIbTaThl O UCIIOJIB30BAHNUIO AJIBT-COMOIMMEPA MAJIEHHOBBIA aHTHIPUL-CTUPOI,
CIIMTOrO TEeKCaMEeTWIEHANAMHHOM, B KadecTBe copOeHTa I ypaaneHus kpacutens Pomamubna 6G w3
BOIHOrO pacTBopa. bbuto m3ydeHo BiustHue PH pacTBopa, KonnmdecTBa cCOpOEHTa, BPEMEHH KOHTAKTa,
KOHLIEHTpPALMK KpacuTeNsl U TeMIepaTyphl Ha CTelleHb COpOLMU KpacuTelsl M PaBHOBECHOH COpOLMOHHON
eMKocTH copOeHTa. llomydeHHble SKClepUMEHTaNbHBIE AaHHBIE ObUIM 00pabOTaHBl B KOOpPAMHATAX
ypaBHeHU# n3otepmbl Jlenrmriopa, @pelinammnxa u JlyouHuna -PagyiikeBrya u onpeeneHpl aHATUTHIECKIE
napamerpsl copOuuu. M3 rpaduka ypaBHeHus JleHrmiopa ObUIO ONpeAeieHO 3HA4YEHHE COPOLMOHHON
emroctd (31.95 mr r'). Paccuntannoe 3HAaueHMe SHEPIMM ajacopOuMM u3 rpaduka ypasHenus D-R
cocraBnsier 4.556 kJK MOIb ™, 4TO yKa3biBaeT HA (PMBMUECKYIO HPHPOLY COPOLMH KPACHTEIA U3 BOIHOIO
pacTBopa CHHTE3MPOBAaHHBIM copOeHTOM. OrmpezeneHbl HEKOTOphle KHHETHYECKUE U TEPMOINHAMUYIESCKIE
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napaMmeTpbl mporecca copouuu. CopOIusi ONMUCHIBACTCS IICEBIOBTOPHIM TIOPSIIKOM B3aUMOJICHCTBUS,
MOJIOKUTENbHBIE 3HAueHUs u3MeHenus oHramenuu  AHC(12,464 xJx Monb'l) YKa3bIBalOT Ha
SH/IOTEPMHMUECKMII XapaKkTep cOpOLMH, a MONOKUTENbHOE 3HaueHue u3menenu s suTpornuu AS° (0.0271x/Ix
momb ™ K™) 0kaseiBaeT 00 yBETHUEHHH Xa0THIHOCTH MPH aCOPOIIIN.

KuroueBsble cioBa: ajncopOIus, CONoauMep, H30TEPMEI, FeKcaMeTmeHnamMuH, Ponqamun 6G

HEKSAMETILENDIAMINLO TIKIiLMIiS ALT-MALEIN ANHIDRIDi- STIROL BIRGO
POLIMERI iL® RODAMIN 6G BOYAQ MADDOSININ SULU MOHLULDAN SORBSIYASI
O.H. 9kbarov, F.M. Kamranzada, E.O. 9kbarov

Baki Doviat Universiteti,
Baki Z. Xolilov, 23, AZ 1148 Baki, e-mail: oakperov@mail.ru

Mogalods Rodamin 6G boyaq maddasinin sulu moahluldan ¢ixarilmasi {igiin heksametilendiaminls tikilmis
alt-malein anhidridi-stirol birgo polimerindon istifado olunmasina aid naticolor verilmisdirr. Sorbsiya
doracasina pH-in, kontakt miiddstinin, sorbentin miqdarinin, temperaturun vo boyaq maddasinin ilkin
gatih@inin tosiri dyronilmigdir. Alinan tocriibi naticalor Longimiir, Freyndlix vo Dubinin-Raduskevig¢ izoterm
tonliklorinin koordinatlarinda islonilmis, tarazliq sorbsiya tutumunun giymoti 31.95 mq g alinmugdir. D-R
tonliyinin grafikindon adsorbsiya enerjisi tigiin hesablanmus giymot Ep=4.556<8.0 kC mol-dur, bu iso
Rodamin-6G boyaq maddssinin sintez olunmus sorbentlo sulu mohluldan sorbsiyasinin fiziki xarakterli
oldugunu gostorir. Sorbsiyanin standart Gibbs enerjisi (4G°), entalpiya doyismasi (AH®) vo entropiya
doyismosinin (AS°) giymetlori toyin olunmusdur. AH®-in miisbat giymoti (12.464 xC mol ™) va AG°-nin
miisbat giymatlori iso adsorbsiyanin spontan getmadiyini vo endotermik xarakterli oldugunu gostarir. AS°-in
miisbat giymati (0.0271 kC mol ™ K ™) iss adsorbsiyanin gedisinds xaotikliyin artdigin1 siibut edir.

Acar sozlar: Adsorbsiya, birgs polimer, izotermlor, heksametilendiamin, Rodamin 6G
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