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Abstract: Amberlite LA-2 was used as an ion exchanger to remove Congo red dye
from aqueous solution. The effect of the initial concentration of dye and the initial
concentration of Amberlite LA-2 on the efficiency of dye removal from the aque-
ous phase to the organic phase at different contact times, temperatures and pH val-
ues was studied. this research aims to study the potential of using Amberlite LA-2
as an extracting material for Congo red dye removal. UV-visible Spectrophotome-
ter were used to assay the dye concentration in the aqueous solution before and af-
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ter removal. Distribution coefficients (Kp), loading capacity (Z), and extraction ef-
ficiency (E%) were computed using experimental data. The maximum extraction
efficiency of 99.69 % was obtained with a loading capacity of 384.366 mol/kg. The
obtained results also indicated that the removal of dye increases with the increase in
the concentration of Amberlite LA-2. The best removal was obtained in a neutral
medium (pH = 7), a temperature of 20 °C. A mechanism of extraction by Amberlite
LA-2 was also proposed.

Amberlite LA-2 sl Jabal) dacilgs Lilal) Jullaal) (ha jaa¥) saisSl disna A1)

: Lalizal) clals))

tely anll o 23S day
s Bl Bl Al
¢Amberlite LA-2
taisill B lalas

f el O lea

NEPY EG AT

) sl Lna ANY Lisd Yol Amberlite LA-2 slasial &5 cduhall sda 62 galdioal)
Amberlite sl sl 550 cdiaall S pCal il duhy dlyy (S Joladl e
o pdy ha Slayy dia)l (b ggamall Hshll I Al skl (e dxaall ) 50US e LA-2
55 anil UV-VIS domssiidl (3585 el 208 Gablaaial Cabilal crandi) Lddhde Jusg s
EDlalee luad A Ayl Z) aladiad @3 L ladesg ABY) dd Sl gl b dxsal
oDt 5oUS adl e Jgeandl 23(% E) adann) 5iSs K(Z) daeatl) Aoy «(Kp) sl
o I lele Jasiall il culal WS aaS [0se 384.366 Jsead 5)85 <99.69 Yoy
il e Jymall &0 Cun . Amberlite LA-2 5ale 355 50b) g 325 jeal) 52isS)) dxua
oY) Jaball Jaal &l caagll WS .20 °C Bls dspys ¢ (7= pH ) Jobaie Jawg & A3

c S Lol e aa) a3sS dral Slse Amberlite LA-2

tion has received great attention from re-

INTRODUCTION
Environmental pollution is a serious problem
facing humans in modern life. These prob-
lems have emerged as a result of human tech-

nological, industrial and civilized progress.
Thus, the problem of aqueous solution pollu-

searchers (Hassaan et al., 2017). Organic mat-
ter constitutes an important part of the com-
ponents of industrial wastewater. Organic pol-
lutants have high risk in terms of their long-
term impact, as some of them cause cancerous
diseases (Padhi, 2012). Dyes are among the
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many organic materials polluting water
sources. They are used in the textile indus-
tries, in printing, in photographic colors, and
as additives in the oil industries, as well as in
other wide fields (Faust & Aly, 2013). Ap-
proximately 10-15 % of these dyes are lost as
waste in the water, which is thrown into water
sources or soil, causing major problems for
plants, animals, and humans (Asthana, 2001;
Faust & Aly, 2013). Therefore, finding ways
to remove different pollutants is very im-
portant to meet the increasing demand for wa-
ter with increasing population density.
Wastewater-containing dyes can be treated by
physical, chemical, and biological methods,
such as coagulation, fusion, oxidation, mem-
brane filtration, ion exchange, and photo cata-
Iytic degradation (Al-Sakkaf et al., 2020)
Liquid-liquid extraction is one of the most
important of these techniques due to its high
efficiency in this field and the simplicity of
the technology used for this purpose com-
pared to other methods (Al-Abbasi et al.,
2010; Uday et al., 2016).

Congo Red (CR), is an anionic azodye
(Hassaan et al., 2017; Padhi, 2012). Congo
red dye with the formula CsH2NgNa,OgS;
(Figure 1) is considered a very dangerous dye
for various living organisms, and exposure to
this dye may lead to human cancer. This dye
is sensitive to the change in the pH value, as
its red color is stable in the pH range (5-10),
and its colour changes to blue in the acidic
medium (pH < 5) (Kloetzer et al., 2019),
Congo red dye has a strong absorption band
of max 498 nm in the visible spectrum, giving
it a red color. Synthetic dyes such as Congo
Red are difficult to decompose due to their
chemical, thermal and optical stability. Congo
red dye as sodium salt form has a high solu-
bility in water, which makes the process of
treating or removing this dye from polluted
water very difficult (Saygili, 2015). The use
of water-insoluble acid-base and liquid rea-
gents as liquid ion exchangers was first pro-
posed by (Smith et al., 1937). Since then,
there has been growing interest in the use of
bases and acids with high molecular weights

as extracts (Werner, 1974). The most im-
portant properties of a useful liquid exchanger
are low solubility, high selectivity, ability to
regenerate in cyclic processes, stability to
common reagents under normal conditions,
and low cost (Khopkar, 2007; Kunin &
Winger, 1962).
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Figure: (1). Chemical structure of Congo red dye

Amberlite LA-2 is chemically named N-
Lauryl (trialkylmethyl), and it is a high mo-
lecular weight liquid that is soluble in most
common nonpolar organic solvents. Hydro-
metallurgy is one of the main applications of
amberlite LA-2 in mineralogy. It has been
mainly used in the recovery and purification
of uranium from low-concentration samples,
as well as the separation of iron, cobalt, and
nickel in hydrochloric acid solutions (Lee &
Wang, 1995). Moreover, Amberlite LA-2 was
used to remove and purify many organic ac-
ids, including L(+) tartaric acid (As¢1 & Inci,
2009), formic acid (Uslu et al., 2009), propi-
onic acid (Kloetzer et al., 2019), picric acid
(Uslu, 2016), malic acid (Uslu & Kirbaslar,
2010), fumaric acid (Khopkar, 2007; Kloetzer
et al., 2019), glycolic acid (As¢t & Inci,
2009), and levulinic acid & malic acid (Uslu
& Kirbaglar, 2013). Removal of Congo Red
dye from aqueous solution using Amberlite
IRA-400 was also investigated (Sinha et al.,
2018). In this study, a maximum loading effi-
ciency (99.99%) of congo red dye was ob-
tained at the conditions pH 4.5, Temp. 303 K,
contact time 180 min (Sinha et al., 2018).

In a recently published paper by our group,
Amberlite LA-2 was used to remove the Me-
thyl Orange Dye, the maximum extraction
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value of about (97.65%) was obtained (Al-
abbasi & Abdulljaoad, 2022; Alabbasi et al.,
2022; Alabbasi & Suliman, 2022). Thus, this
research aims to study the potential of using
Amberlite LA-2 as an extracting material for
Congo red dye removal. Optimization of the
ideal conditions for the extraction process as
the initial dye concentration, Amberlite LA-2
concentration, contact time, pH, and tempera-
ture. Moreover, the mechanics of the extrac-
tion process of Congo red dye with an anion
exchanger in aqueous solutions were studied.

MATERIALS AND METHODS

Chemicals and Instrumentations: The
chemicals used are all of a high degree of pu-
rity: Congo Red dye (T-Baker Lab chemi-
cals,100 %), Amberlite LA-2 (BDH, 99 %),
dichloromethane (Chemsolute, 98.5 %), sodi-
um hydroxide (Fluka, 98 %), hydrochloric
acid (Chemsolute, 37 %) and sodium car-
bonate (Fluka , 99.8 %). pH device (Thermo)
and VU-Visible Spectrophotometer (Shimad-
zu UV2450 spectrometer.).

Preparation of Standard Solutions: Stock
standard Congo red dye solutions (100 ppm)
were prepared by dissolving about 10 mg in
100 mL of deionized water. Amberlite LA-2
solution with different concentrations of
0.011, 0.022, and 0.04 M was prepared by
taking volumes of 0.25, 0.5, and 1 mL, re-
spectively, in a 50 mL stander flask, and the
volume was completed with dichloromethane
solvent and placed in an airtight bottle before
use.

Standard calibration curve of congo red:
The best wavelength at which the absorption
of the Congo red dye solution occurred was
determined by measuring the absorbance of
the Congo red dye solution with a concentra-
tion of 20 ppm in a range of wavelengths
(400-800 nm), where the highest absorption
of the dye solution was at 498 nm. To deter-
mine the standard calibration curve of Congo
red, standard solutions of 0, 20, 40, 60, and 80
ppm were prepared to form a series of five

flasks. The absorbance was measured for all
flasks at the maximum wavelength of the dye
(498 nm) (Vogel, 2000). The relationship be-
tween the dye concentration in each flask and
the corresponding absorbance was drawn, so a
straight line was obtained, and its slope equa-
tion was used to measure the concentration of
the dye in the aqueous phase at the end of
each extraction experiment. The equation for
a straight line was y = 0.0303 x - 0.0007

Extraction experiments: In tightly capped
bottles, two equal volumes (10 mL) of the
previously prepared organic and aqueous lay-
ers are taken in a 1:1 ratio. The organic layer
(Org) consists of an Amberlite LA-2 solution
dissolved in dichloromethane (DCM). The
aqueous layer (ag.) consists of aqueous solu-
tions of Congo red dye. The bottles with the
mixture were placed in a shaking water bath
(200 rpm). The bottles were shaken for the
define time, and then the agueous layer was
separated from the organic layer using a sepa-
rating funnel. Immediately, 3 mL was with-
drawn from the aqueous layer to measure the
absorbance at the Amax Of Congo Red (498
nm). To obtain the best conditions for the re-
moval process, the effect of the initial concen-
tration of Congo red dye (20, 40, 60, 80 ppm)
and the initial concentration of Amberlite LA-
2 (0.044, 0.022, 0.011 M), as well as the ef-
fect of temperature (20, 30, 40 °C ) and time
(15, 30, 45, 60 min), were studied. Moreover,
the effect of pH on the extraction process was
studied at different pH values (1,3,5,9,11,13).
The distribution coefficient (Kp) and percent-
age of the extracted dye (%E) were calculat-
ed.

RESULTS AND DISCUSSION

Congo red was extracted from an aqueous so-
lution using LA-2 in DCM as an extractant. In
this section, the effects of the initial dye con-
centration, equilibration time, temperature
effect, and LA-2 concentration were studied,
and the results are presented in Table 1.

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Theoretical Approach: Liquid-liquid
extraction is a physical separation method that
aims to remove or separate a certain substance
from another substance that has been mixed
(Blumberg, 1988) It is defined as the
separation of a compound from a mixture
utilizing a liquid solvent. This method has
proven to be very useful in recovering
compounds from mixtures of materials, and it
is a method that depends on the solubility of
materials in two immiscible solutions, water
and organic nonpolar solvents (Blumberg,

1988). The principle of extraction depends on

the factor of the distribution of materials
between two immiscible liquids (Uslu &
Kirbaglar, 2013). The extraction of Congo red
dye with Amberlite LA-2 can be described by
the following reaction:

(RsNHY) + X~ = ((RsNH*X™) (1)

The distribution coefficient (Kp) is the ratio
between the concentration of a substance
distributed between two immiscible solvents
(Seader et al.,, 2016). The distribution
coefficient gives information about the
distribution of the dye in the aqueous and
organic phases. If the distribution coefficient
values Kp are greater than one, the dye
concentration in the organic phase is greater
than the dye concentration in the aqueous
phase, and if the distribution coefficient is
less than one, the dye concentration in the
organic phase is less than its concentration in
the aqueous phase.

Dye
Dol )
aq

where [Dye],,q is the dye concentration in
the organic layer and [Dye],, is the dye
concentration in the aqueous layer. The
removal percentage, (E%), is the percentage
of solute that moves from one phase to
another at equilibrium. It is expressed as the
removal efficiency or removal percentage
(E%) as in the following equation:

o (1_ [Dye]aq>
E% (1 Dyl ) X 100 )

D=

where [Dye], 44 is the initial concentration of
dye in the aqueous layer. Loading capacity,

(Z)indicates the ratio of the concentration of

dye in the organic phase at equilibrium to the
initial concentration of Amberlite LA-2. The
loading capacity (Z) can be expressed by the
equation below:

7 = [Dye]org (3)
[R2NH]o
where [R,NH], is the primary concentration
of benzoyl thiourea in the organic phase. The
larger this number is, the better the material is

for the dye extraction process.

Extraction of the congo red: Anionic congo
red was extracted from an aqueous solution
using Amberlite LA-2 in DCM as an extract-
ant. In this section, the effects of the initial
dye concentration, equilibration time, temper-
ature effect, and LA-2 concentration were
studied, and the results are presented in Table
1. From Table (1), it is noticed that all Kp
values were greater than one, which indicates
the preference of the dye for the organic
phase over the aqueous phase. It has been
noted that the Z value increases as the con-
centration of Amberlite LA-2 decreases.

To verify the role of the organic solvent on
the extraction process, the extraction
processes in the absence of Amberlite AL-2
was carried out. Among the results of the
experiments shown in the table (1) it was
noted that, thel2.528, 31.418, 27.446 and
21.667 ppm of the red Congo dye was
extracted from the aqueous phase to the
organic phase when the initial dye
concentration were 20, 40, 60 and 80 ppm,
respectively. This might be explained by the
partial solubility of Congo red dyes in the
DCM solvent.

From the results of the experiments shown in
Table (1) in the absence of Amberlite LA-2,
the E % decreases with an increase in the ini-
tial dye concentration, as it decreases from
62.64 % to 27.087 % when the initial dye

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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concentration is increased from 20 to 80 ppm.
This is attributed to the saturation of the sol-

Table:(1). Characteristic performance data obtained for Congo Red dye by Amberlite LA-2

vent with the increase in dye concentration.

c:LA-Z (M) CCR (ppm) t (min) c:aq Corg KD z E%
20 7.471947 12.528 1.676678 / 62.64026
0 40 30 28.58218 31.418 1.0992 / 52.363
60 32.55446 27.446 0.843066 / 45.74257
80 58.3303 21.667 0.371508 / 27.08746
15 2.448 17.552 7.1699 0.477359 87.76
20 30 1.795 18.205 10.142 0.118 92.356
45 1.696 18.304 10.79245 0.497811 97.36
60 3.1155 16.88 5.4181 0.459082 97.14
15 3.0577 36.94 12.081 1.004651 91.025
40 30 2.455 37.545 15.2933 1.021105 93.86
45 1.55 38.449 24.8058 1.045691 98
00443 60 1.99 59.007 29.6518 1.604803 97.92
15 1.583 58.42 36.9046 1.588838 91.52
60 30 1.2 58.799 48.9992 1.599146 96.12
45 1.069 58.93 55.1263 1.602709 98.22
60 1.135 38.865 34.2335 1.057005 98.33
15 2.2885 77.71 33.9567 2.113465 84.4
80 30 1.66 78.34 47.19277 2.130599 96.68
45 1.333 78.67 59.017 2.139574 97.162
60 1.333 78.67 59.017 2.139574 98.33
15 1.246 18.754 15.0514 2.054107 93.77
20 30 2.4 17.6 7.33333 1.927711 94.92
45 1.736 18.264 10.538 2.000438 95.78
60 0.712 19.288 27.0899 2.112596 97
15 2.032 37.968 18.685 4.158598 88
40 30 2.288 37.712 16.482 4.130559 94.28
45 2.116 37.884 17.9036 4.149398 95.85
0.022 60 1.74 38.26 21.988 419058 96.87
15 2.532 57.468 22.6967 6.294414 91.32
60 30 2.49 57.51 23.0964 6.299014 94.71
45 2.532 57.468 22.6967 6.294414 95.78
60 1.818 58.182 32.0033 6.372618 96.85
15 24 77.6 32.333 8.499455 96.44
80 30 2.504 77.496 30.9489 8.488059 95.56
45 2.52 77.48 30.746 8.486309 96.97
60 1.632 78.368 48.0196 8.583573 97.96
15 2.59 17.4 6.718 7.62322 87.05
20 30 2.82 17.18 6.0922 7.526835 93.12
45 2.62 17.38 6.6336 7.614458 96.073
60 2.521 17.48 6.9334 7.658269 99.08
15 2.75 37.25 13.5454 16.31983 85.9
40 30 2.75 37.25 13.5454 16.31983 93.12
45 2.59 374 14.44 16.38555 95.63
0.011 60 2.455 375 15.275 16.42935 96.97
' 15 2.36 57.6 24.407 25.23549 86.9
60 30 2.62 57.38 21.9008 25.1391 935
45 0.363 59.64 164.298 26.12925 99.395
60 0.277 59.72 215.5957 26.16429 99.69
15 0.7393 79.26 107.2095 34.72508 87.39
80 30 2.422 77.58 31.769 33.98905 93.9
45 0.244 79.756 326.869 34.94239 99.54
60 0.54 79.46 147.148 34.81271 99.3

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Table:(2).Effect of temperature on the extraction of Congo red dye by AmbeliteLA-2

Ciaz (M) Ccr (pPm) T(°C) Cag Carg Ko z E%
20 2.288 37.712 16.4825 2.065277 94.28
0 25 2.43 37.57 15.4609 2.0575 93.93
30 0.352 39.648 112.6363 21713 99.12
0.022 40 2.884 37.116 12.8696 2.032636 92.79
20 2.49 57.51 23.0963 3.149505 95.85
60 25 2.349 57.651 24,5427 3.157227 96.08
30 1.35 58.65 43.4444 3.211936 97.75
40 3.908 56.09 14.3526 3.071741 93.48
Table:(3).The results obtained when extracting Congo red dye by AmbeliteLA-2 under the pH effect.
Cia .
(IMA)Z CCR (ppm) t(mm) pH Caq Corg Kb z E%
1.99 4.238 55.762 13.159 2.534636 92.937
3.8 5.063 54,937 10.851 2.497136 91.562
5 5.3036 54.696 10.313 2.486182 91.16
0022 60ppm 30 7 2.49 57.51 23.0964 2.614091 94.71
9.2 1.003 58.997 58.803 2.681682 98.328
11.23 2.653 57.347 21.612 2.606682 95.578
Time (30 min) Time (15 min)
120 100
100 80 & 20PPM
80 H 40PPM
o 60
- & 20PPM 2 “ 60PPIM
- & 40PPM w40 & 80PPIM
w 40 i 60PPM
20
20 - & 80PPM
0 - 8 -
0.044 0.022 0.011 A S ) B AL B
Almberlite LA-2 Conc. (M) Antieriitela:2 Conc: (M)
Time (60 min) Time (45 min)
100 e
100
80 30
@ €0 20PPM w 60 & 20PPM
(58] a0 - H40PPM [FT] a0 - H 40PPM
20 4 60PPM i 4 60PPM
= 80PPM ® 80PPM
0 0 -
0.044 0.022  0.011 D 0.044 0.022 0.011 C
Almberlite LA-2 Conc. (M) Almberlite LA-2 Conc. (M)

Figure (2). Effect of initial concentration of CR dye, Amberlite LA-2, and contact time on the extraction process

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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Figure (3). Effect A) temperature B) pH on the extraction congo red dye by Amberlite LA-2

Figures (2 A, B, C, and D) show that E % is
an insignificant change when the Amberlite
concentration increases from 0.011 to 0.044
M at a constant day concentration and specific
time as an example at a day concentration of
80 ppm, the E% is 98.33 %, 97.96 % and 99.3
% for 0.044 M.022 M, and 0.011 M. Howev-
er, Figure (2) shows that E % increases by
increasing the concentration of the initial dye.
The results showed that the dye extracted
from the aqueous phase to the organic phase
increases with time, and the quantitative
transfer of the dye takes place after 60 min,
this was in good agreements with our previ-
ous study on removing of methyl orange by
the Amberlite ion-exchanger (Alabbasi et al.,
2022).

Figure (3) shows that E% decreases with in-
creasing temperature, which is attributed to
the physical bonds between the dye molecules
and Amberlite being weakened and its trans-
fer to the organic layer being reduced. More-
over, the possibility of solvent evaporation as

it has a low boiling point of 45 °C.

Dye extraction mechanism: In this study,
significant extraction of Congo red by Am-
berlite LA-2 was observed, and the extraction
mechanism is suggested as in our previous
study (AL-abbasi et al., 2022) as follows:
First, CR is dissolved in the aqueous phase,

and then the sodium sulfonate groups (R -
SO3Na) are ionized as in equation (2):

R-SO3Na + H,0 — R-SO; + Na* )

Second, the interaction of the dye with Am-
berlite LA-2 is induced by the electrostatic
attraction between the Amberlite LA-2 cati-
ons (R2NH;") and the negative dye anions, as
shown in equation (3):

RzNH2++ R-803- d [RzNHz] [OgSR] (3)

0==$==0----R2\H

N
NH,
N=—N N==N
AN

R2NH---0=S=—0

[0}
Figure (4). The complex formed by the electrostatic
attraction between the positive Amberlite ion and the
negative dye ion

CONCLUSION

In this paper, Congo red dye was successfully
extracted from an aqueous solution by liquid—
liquid extraction using Amberlite LA-2. The
values of the distribution coefficients were
also determined and these values were greater
than 1 which indicates that the pigment distri-

© 2023 The Author(s). This open access article is distributed under a CC BY-NC 4.0license.
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bution in the organic layer is higher than in
the aqueous layer. The values of distribution
modulus and loading capacity increase with
increasing initial dye concentration and de-
crease with increasing concentration of the
substance (Amberlite LA-2). It was noticed
that by increasing the value of the acidity
function pH, the value of the distribution co-
efficient and the loading capacity increased,
and therefore the extraction efficiency up to 7
pH started decreasing with the increase of the
baseline. Increasing the temperature leads to a
decrease in the distribution coefficient and
extraction efficiency values.
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