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Abstract: Layered double hydroxide (LDH) of Zn/Al and citrate-Zn/Al was prepared and used as an adsorbent
of Congo red from aqueous solution. LDH was characterized by X-ray, FTIR, and BET analysis. Adsorption of
Congo red was studied through kinetic, isotherm, and thermodynamic analyses. Zn/Al LDH has diffraction at
10.29o (003) with interlayer distance 8.59 Å and citrate-Zn/Al LDHs have anomalous diffraction at 7.57o (003)
with interlayer distance 11.68 Å. The surface area of citrate-Zn/Al (40.50 m2 g-1) has higher than pristine LDH
(1.97 m2 g-1). Adsorption of Congo red was conducted at pH 6 for Zn/Al LDH and at pH 8 for citrate-Zn/Al LDH.
Adsorption of Congo red on both LDHs follows the pseudo-second-order kinetic model. The isotherm parameter
follows the Freundlich isotherm model with maximum adsorption capacity 166.67 mg g-1 for Zn/Al and 249.99
mg g-1 for citrate-Zn/Al LDH. Adsorption of Congo red on both LDHs was classified as physical adsorption with
energy 4.085-4.148 kJ mol-1.
Keywords: citric acid, layered double hydroxide, Zn/Al, adsorption, Congo red.
1. Introduction
The use of dyes in the industrial process such as
painting, film, textile, plastic, pigment, and so on is
sharply increased. It causes an environmental
problem due to the undegradable properties of dyes.
Various methods have been applied to remove stains
from an aqueous solution such as adsorption 1,2,
precipitation 3, filtration 4, coagulation 5, membrane
6
, ... Among these methods, adsorption is a suitable
method to remove dyes due to the easy way, simple
process, and also low-cost process 7,8. The efficiency
of the adsorption process depends on the properties of
adsorbent.
Wide range organic and inorganic adsorbent has been
used to reduce dyes from an aqueous solution such as
chitin, chitosan 9, cellulose 10, bentonite 11, kaolin 12,
clay 13, carbon nanotube 14, zeolite 15, and also layered
double hydroxide (LDH)16-18. LDH is inorganic layer
material with the general formula [M2+/M3+(OH)
]x+[An−] ∙mH2O where M2+/M3+ is divalent and
trivalent metal ions, from stacking brucite-like layers
metal oxide containing a positive charge due to partial
substitution of divalent metal cation by trivalent metal
cation 19. The negative charge is represented by
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anions located in the interlamellar spaces.
Interlamellar space is also known as interlayer, can
exchange species An- to other anions 20. The interlayer
can be expanded to an adapted wide range of
interlayer anion. Therefore, An- can be exchangeable
with inorganic or organic anionic compounds, such as
polyoxometalate 21-22, halide 23, nitrate, phosphate,
carbonate 24, and also EDTA 25.
The LDH showed the efficient material as adsorbent
of anionic and cationic of dyes such as Congo red 26,
safranin 27, indigo carmin 28, crystal violet and
malachite green 29, and also methylene blue 30. LDH
M2+/M3+ (M2+ = Zn), M3+ = Al, Fe, Cr) were used as
adsorbent of direct violet follow pseudo-second-order
kinetic adsorption model rather than pseudo-firstorder model 31. Zn/Cr LDH was also used as an
efficient adsorbent of Congo red and direct yellow
dyes, which were an anionic dyes 32. Based on these
results, the use of LDH as an efficient adsorbent of
dyes is the priority. On the other hand, modification
of LDH by intercalation with anion onto interlayer
distance has been conducted to increase interlayer
distance and surface area properties of LDH. Zn/Cr
LDH has been intercalated with [-SiW12O40]4- to
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form Zn/Cr-[-SiW12O40] by substitution of Keggin
type polyoxometalate to nitrate ion of Zn/Cr LDH
resulted increasing the surface area from 31.638 m2/g
to 128.871 m2/g after intercalation process 33. This
material after intercalation was effective as inorganic
adsorbent. Organic anions such as citrate and malate
have been applied as intercalant of Mg/Al LDH and
show efficient as an adsorbent for removal lead and
copper 34.
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In this research, Zn/Al LDH was intercalated with
citrate ion to increase both interlayer distance and
surface area properties of LDH. The material was
used as an adsorbent for Congo red from water. The
effect of various conditions, including pH, time,
initial concentration, and temperature adsorption
were investigated in batch adsorption apparatus.
Kinetic, isotherm, and thermodynamic adsorption of
Congo red on citrate-Zn/Al LDH was discussed in
this article. The structure of Congo red was shown in
Figure 1.

Figure 1. Structure of Congo Red
2. Experimental Section
2.1. Chemicals and Instrumentations
Chemicals were supplied from Merck and Sigma
Aldrich, such as zinc nitrate, aluminum nitrate,
sodium hydroxide, hydrochloric acid, sodium
carbonate, citric acid, and Congo red. These reagents
were used directly after purchased without further
purification. Water was obtained from the water
purification Purite® water purification system
equipped with an ion-exchange system at Universitas
Sriwijaya. X-ray analysis was conducted using XRD
powder Rigaku Miniflex-6000. The sample was
homogenized using a mortar and scanned at scan
speed 1o min-1. FTIR spectra were recorded using
Shimadzu FTIR Prestige-21 by KBr method. The
sample was examined at wavenumber 400-4000 cm1
. Surface area analysis was measured using a
Quantachrome instrument at 77K. Congo red dye was
analyzed using spectrophotometer UV-Vis BioBase
BK-UV 1800 PC at wavelength 497 nm.
2.2. Preparation of Zn/Al and Intercalated Citric
Acid Zn/Al Layered Double Hydroxides
Zn/Al LDH was synthesized using the coprecipitation
method at pH 10 35. The solution of zinc nitrate (0.3
M, 100 mL) and aluminum nitrate (0.1 M, 100 mL)
was mixed under constant stirring. The mixture of
sodium hydroxide (1 M, 50 mL) and sodium
carbonate (1 M, 50 mL) was added into the mixture,
and the pH of the solution mixture was adjusted to 10
by adding sodium hydroxide. The reaction was
performed overnight to form a white solid material.
The solid material was washed with water and dried
at 110oC for 24 hours.
Citric acid-Zn/Al LDH was prepared using the gel
method under nitrogen conditions. A citric acid

solution (4 g in 250 mL water) was added to a gel
form of Zn/Al LDH. The reaction mixture was stirred
at 60oC for 1 hour, pH was adjusted to 10 by adding
sodium hydroxide solution then the reaction was kept
with constant stirring for 24 hours to form citrateZn/Al LDH.
2.3. pH pzc determination 36
The pH at the point zero charge of materials was
conducted using 0.05 g adsorbents added into 50 mL
the solution of sodium chloride 0.1 M under various
pH conditions using hydrochloride acid or sodium
hydroxide solution. The solution of sodium chloride
0.1 M was adjusted to pH in the range 1-10 by
addition hydrochloric acid 0.1 M of sodium
hydroxide 0.1 M solutions. The material of Zn/Al and
citric acid-Zn/Al LDH was added into the series of pH
solution, and then the solution mixtures were stirred
continuously for 24 hours. The solutions were
filtered, and pH of the filtrate was determined by pH
meter. The graph of pH pzc was obtained by
comparison initial and final pH solution.
2.4. Study Mixture adsorption
Adsorption of dye using Zn/Al and citrate-Zn/Al
LDHs was firstly investigated through mixtures dyes
adsorption. Congo red, methyl orange and malachite
green were mixed to determine the adsorption
competition of dyes. The dyes mixtures were
conducted at the acid and base condition. Congo red
and methyl orange were anionic dyes, whereas
malachite green was cationic dye. The time of
adsorption was varied from 5 to 120 minutes. The
filtrate was scanned using UV-Vis spectrophotometer
in the range 400-700 nm.
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2.5. Adsorption of Congo Red
Adsorption of Congo red with Zn/Al and citrateZn/Al LDHs was carried out using a batch small
reactor system. Adsorption was studied through the
effect of adsorption time, the effect of Congo red
concentration, and adsorption temperature. Effect of
adsorption time was investigated at various
adsorption time i.e. 5, 10, 15, 20, 30, 50, 70, 90, 120,
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150, 180 minutes. The effect of Congo red
concentration was varied at 40, 50, 60, 80 mg L-1 and
at temperature 303, 313, 323, 333 K. Concentration
of Congo red after adsorption process was analyzed
using UV-vis spectrophotometer at 497 nm.
3. Results and Discussion

Figure 2. XRD powder patterns of Zn/Al (a) and citrate-Zn/Al (b) LDHs
diffraction peaks. The crystallinity of material after
the intercalation process was decreased, as indicated
by the formation of a diffraction peak at 15 o. The
diffraction of (003) was shifted to 7.56 o with
interlayer distance 11.68 Å. Other peaks was detected
at
24.35o(006),
34.50o(009),
39.89o(115),
o
60.42 (110). The interlayer distance of Zn/Al LDH
was expanded because of the insertion of citrate ion.
The citric acid size is approximately 7.2 Å thus citrate
ion was inserted as slanted orientation as illustrated in
Figure 3.
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The XRD powder patterns of Zn/Al and citrate -Zn/Al
LDHs are shown in Figure 2. Zn/Al LDH has
diffraction peak at 10.29o(003), 20.07o(006),
31.50o(009), 39.60 (115), 48.95o(118), and
60.20o(110) 37. The diffraction peak at 31.50o
indicates the formation of carbonate on the interlayer
distance of Zn/Al LDH. The formation of a wellordered layer structure was identified at 10.29o and
60.20o with an interlayer distance of 8.59 Å at
diffraction 10.29 (003). The intercalation of Zn/Al
LDH with citric acid has slightly changed the
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Figure 3. Structure of LDH and intercalated with citrate ion.

11.68 Å
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Figure 4. FTIR spectra of Zn/Al (a) and citrate -Zn/Al (b) LDHs
The FTIR spectra of Zn/Al and intercalated Zn/Al
LDHs with citric acid are shown in Figure 4. As
shown in Figure 4a, the board peak at 3400 cm-1 was
assigned as the –O-H stretching vibration. These
vibrations are coming from the water on interlayer
distance, water on the hydroxide layer, and also
adsorbed water from the air. Water also has to bend
vibration at 1610 cm-1 as small vibration in Figure
4a. The sharp peak vibration at 1370 cm-1 is attributed

to carbonate vibration. Intercalation of Zn/Al with
citrate ion resulted in sharp vibration of citrate ion at
1600 cm-1 as vibration C=O. The vibration of
carbonate has still remained. The –CH2- the vibration
of citrate ion was detected at 2900 cm-1 with a small
vibration peak. The vibration of water molecule
appeared extremely board at 3400 cm-1, similar to
pristine LDH 38.

Figure 5. Nitrogen adsorption-desorption profile of Zn/Al (a) and citric acid-Zn/Al (b) LDHs
The surface area of Zn/Al LDH and intercalated
Zn/Al-citrate LDH were determined by nitrogen
adsorption-desorption. The adsorption-desorption
isotherm of materials is shown in Figure 5. There is a

hysteresis loop with H3 type on both Zn/Al and
intercalated materials 39. The materials are classifying
as mesoporous. The BET analysis is shown in Table
1 and shows that pore diameter was slightly decreased
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after intercalation, but the significant increase of
surface area and pore volume after intercalation with
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citric acid. The morphologies of Zn/Al and Zn/Alcitrate LDH were represented in Figure 6.

Figure 6. SEM images and composition of Zn/Al LDH (a) and Zn/Al-citrate (b)
Figure 6.a shows the morphology of Zn/Al before
citrate intercalation. The morphology of Zn/Al shows
the agglomeration of materials caused the pH setting
and temperature due to the synthesis process. Similar
reported by Palapa et al (2020), that the
agglomeration of LDH indicated the heterogeneity in
surface area and active site become low 40. According
to EDX composition Figure 6.a. shows the dominant
component is oxygen from water and anion; Zn forms
divalent metal of LDH; N from nitrate and also Al

from trivalent metal cation of LDH structure. Figure
6.b indicated the intercalation process was
successfully conducted and EDX composition of the
material was presented. The morphology of Zn/Alcitrate also shows the agglomeration of materials. The
white particle indicated the morphology of citrate.
According to Rahmanian et al. (2018), the LDH
intercalated citrate anion has homogeneity plates-like
shape with nano-size particles 41.

Table 1. BET Analysis.
LDHs
Properties
Zn/Al

Citrate-Zn/Al

1.968

40.502

Pore volume (cm g ), BJH

0.006

0.116

Pore diameter (nm), BJH

27.687

16.350

BET surface area (m2 g-1)
3

-1

The surface charges of material were determined
using pH pzc (point zero charges), as shown in Figure
7. The intersection point of Zn/Al LDH was at pH 6,
whereas intercalated material at pH 8. At that point,

the surface charges of materials were zero. The point
of under pH pzc indicated that the materials’ surface
is positively charge and vice versa. Thus the
application of adsorption was conducted at pH pzc.
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Figure 7. pH pzc graph of initial pH (a), Zn/Al (b) and citrate-Zn/Al
pH 4

pH 4

pH 9

pH 9

Figure 8. UV-visible spectra of a mixture of dyes (congo red, methyl orange, malachite green) with pH 4 (above)
and pH 9 (below) after treating with Zn/Al and citric acid-Zn/Al LDHs
Figure 8 shows the adsorption of mixture dyes using
Zn/Al and citrate-Zn/Al LDHs. The dyes were Congo
red and methyl orange as anionic dyes and malachite
green as a cationic dye. The adsorption was
conducted at pH acid and base. All dyes were detected
at acid condition, but malachite green was not
detected at base condition due to anionic dyes reacted
with a hydroxyl group. At acid condition, the
absorbance of Congo red was slightly decreased by
increasing adsorption time.

On the other hand, the absorbance of methyl orange
and malachite green was almost stable. The amount
of Congo red was adsorbed dominantly than methyl
orange or malachite green on both Zn/Al and
intercalated materials. Thus adsorption of Congo red
was further investigated through the effect of
adsorption time, the concentration of Congo red, and
temperature adsorption.
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Figure 9. Effect of adsorption time on Zn/Al (a) and citrate-Zn/Al (b) LDHs
The effect of adsorption time of Congo red on Zn/Al
and intercalated Zn/Al LDHs material was shown in
Figure 9. The adsorbed Congo red was gradually
increased by increasing adsorption time and reach
equilibrium at 120 minutes. Adsorption of Congo red
on intercalated LDH material is higher than pristine
Zn/Al LDH. The data in Figure 8 was used to obtain
adsorption rate k1 and k2 using pseudo-first-order and
pseudo-second-order kinetic model as follows 42:
Pseudo first-order kinetic model:
𝑘

1
log (qe-qt) = log qe – (2,303
)𝑡

(1)

where: qe is adsorption capacity at equlibrium (mg.g1
); qt is adsorption capacity at t (mg.g-1); t is
adsorption time (minute); and k1 is adsorption kinetic
rate at pseudo first-order (minute-1).
Pseudo-second-order kinetic model:
𝑡
𝑞𝑡

=

1
𝑘2𝑞𝑒 2

+

1
𝑞𝑒

𝑡

(2)

where qe is adsorption capacity at equilibrium (mg.g1
); qt is adsorption capacity at t (mg.g-1); t is
adsorption time (minute); and k2 is adsorption kinetic
rate at pseudo second-order (g.mg-1.minute-1). The
data of kinetic adsorption is shown in Table 2.

Table 2. Kinetic model of congo red adsorption on LDH.
Kinetic Adsorption
Model

Pseudo First-Order

Pseudo Second-Order

LDH
Kinetic Parameter
Qe (mg g-1)
Qe experiment (mg g-1)
R2
k1 (min-1)
Qe (mg g-1)
Qe experiment (mg g-1)
R2
k2 (g mg-1min-1)

The pseudo second-order kinetic model is appropriate
for both adsorbents due to R value close to one. The
k2 value for intercalated material is slightly larger than
Zn/Al without intercalation. The reactivity of
intercalated material is probably due to the opening of
interlayer distance after intercalation. According to

Zn/Al
25.704
29.208
0.972
0.0299
30.303
29.208
0.991
0.0014

Citrate-Zn/Al
33.037
44.958
0.971
0.0276
50.001
44.958
0.999
0.0016

Sepehr et al (2012), the kinetic models determined by
coefficient correlation and the value of qe experiment
are close to qe calculation 43. In Table 2. the qe
experiment use pseudo-second order, both LDH close
with qe calculation.
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Figure 10. Effect of concentration of congo red and temperature adsorption on Zn/Al (a) and citrate-Zn/Al (b)
LDHs
Figure 10 shows the effect of initial concentration and
temperature adsorption of congo red on Zn/Al and
citrate-Zn/Al adsorbents. The amount of congo red
adsorbed increased by increasing temperature
adsorption. The adsorption profile shows that
physical adsorption has occurred in this research. The
data of isotherm adsorption was obtain using
Langmuir and Freundlich isotherms equation as
follows 44:
Langmuir equation:
C
m

1

C

= bK + b

(3)

where C is a saturated concentration of adsorbate; m
is the amount of adsorbate; b is the maximum
adsorption capacity (mg g-1), and KML is the Langmuir
constant (L mg-1).
Freundlich equation:
Log qe = log KF + 1/n log Ce

(4)

Where qe is adsorption capacity at equilibrium (mg
g-1); Ce is a concentration of adsorbate at equilibrium
(mg L-1), and KF is Freundlich constant. The data of
isotherm adsorption of congo red on LDHs are shown
in Table 3.

Table 3. Isotherm adsorption of congo red.
Temperature (K)
Isotherm

Langmuir
Zn/Al
Freundlich

Langmuir
CitrateZn/Al

Freundlich

Isotherm Parameter
303

313

323

333

qmax (mg g-1)
kML (L mg-1)
R2

47.619
0.011
0.580

111.112
0.007
0.433

166.666
0.001
0.429

112.045
0.003
0.449

kF (mg g-1)(L mg)1/n
n
R2
qmax (mg g-1)
KML (L mg-1)
R2
-1
kF (mg g )(L mg)1/n
n
R2

0.091
0.608
0.890
249.990
0.009
0.171
3.811
1.302
0.818

2.716
0.774
0.922
166.667
0.018
0.426
6.561
1.592
0.803

1.315
1.040
0.834
111.111
0.082
0.707
12.882
2.283
0.749

2.051
1.175
0.814
90.909
0.070
0.832
17.458
2.778
0.769

Table 3 showed that adsorption capacity for citrateZn/Al is higher than pristine Zn/Al LDH. The
adsorption capacity is up to 249.99 mg g-1 for citrateZn/Al LDH and 166.67 mg g-1 for Zn/Al LDH
without intercalation. The adsorption capacities are
related to the increased surface area properties after

intercalation. The decreasing of adsorption capacity
of intercalated material by increasing temperature is
probably due to decreasing pore diameter of
intercalated material, as shown in Table 1. The
compared materials as adsorbent of congo red were
shown in Table 4.
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Table 4. Compared materials as an adsorbent for Congo red dye.
Adsorbent

Adsorption Capacity (mg/g)

Ref

Ni/Co LDH

909.2

45

Mg/Fe-CO3

104.6

46

Fe3O4-MgAl LDH

813

47

CNT-MgAl-O LDH

1250

48

sodium dodecyl sulfate SDS-LDH

714

49

Borates-Mg/Al LDH

138.6

50

Ni/Al-S1 LDH

120.5

51

MgO-GO microspheres

227.7

52

NiFe LDH

80.2

53

Mg/Fe-NO3 LDH

58.54

53

Zn/Al LDH

112.04

This work

Zn/Al-citrate

249.9

This work

The thermodynamic properties of Congo red
adsorption on Zn/Al and intercalated Zn/Al LDHs is
shown in Table 5 and was calculated according to the
equation as follows 54:
ln KML =

∆S
R

−

∆H

Go = -RT ln KML

(6)

Where T is the temperature (K); R is the gas constant
(8.314 J mol-1 K-1), and KML is the modified Langmuir
constant.

(5)

RT

Table 5. Thermodynamic parameter of Congo red adsorption on LDHs.
Go (kJ mol-1)
303 K

313 K

323 K

333 K

Ho
(kJ mol-1)

Zn/Al

-0.213

-0.355

-0.497

-0.638

4.085

0.014

Citrate-Zn/Al

-1.487

-1.673

-1.859

-2.045

4.148

0.019

Figure 11. XRD pattern of (a) Zn/Al, (b) Zn/Al after adsorption, (c) Zn/Al-Citrate and (d) Zn/Al-Citrate after
adsorption Congo red

So
(J mol-1 K-1)
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The data in Table 5 showed the value of Gibbs
energy, enthalpy, and entropy of Congo red
adsorption on LDHs. All adsorption of methyl orange
on LDHs was spontaneously occurred due to the
negative value of Gibbs energy. Adsorption of Congo
red on LDHs was classified as physical adsorption
with energy in the range
4.085–4.148 kJ
mol-1 and also there was increasing randomness of
adsorption system on both LDHs as adsorbent. The
adsorption of Congo red into Zn/Al-Cit LDH was
more efficient than Zn/Al LDH. The study of a LDH
structure after the adsorption process was conducted
using XRD analysis. The pattern of XRD before and
after adsorption of Congo red was shown in Figure
11.
Figure 11.b. shows the LDH pattern after adsorption
of Congo red was shifted to lower 2 theta from 10.29
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with interlayer distance 8.59 Å to 9.725 with
interlayer distance 8.54 Å. The interlayer was
decreased after adsorption, but the structure of LDH
has no change. However, intercalated LDH shows the
adsorption capacity higher than pristine LDH. This
phenom related that the decrease interlayer after
adsorption Congo red and 2 theta shifted to a higher
degree. Figure 11. c and d show the shifted with
decrease the interlayer distance from 11.68 Å to 8.65
Å indicated that the Congo red was coated and pilled
up the active site so that the XRD confirm that the
interlayer decreased slightly. The effectivity of
adsorbent was determined by reusability. Desorption
study was conducted before the regenerator process,
desorption was conducted using several reagents to
determine the suitable solvent, and the results were
shown in Figure 12.

Figure 12. Desorption Zn/Al LDH and Zn/Al-Citrate LDH

Figure 13. Reusability Zn/Al LDH and Zn/Al-Citrate LDH
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Figure 12 shows the desorption of Zn/Al and Zn/AlCitrate LDHs were conducted using HCl, hot water,
NaOH, hydroxylamine hydrochloride, water, ethyl
acetate, and ethanol. Before desorption, both
adsorbents were adsorbed the 150 mg/L of Congo red
and adsorbed capacity was 96 mg/g and
132
mg/g at room temperature. The adsorbed materials
were shaken with each reagent. The result obtained
that the LDH pristine using HCl uptake 98.13 % and
Zn/Al intercalated citrate using NaOH with 93.11 %
desorption. Subsequently, Zn/Al and Zn/Al-citrate
after desorption used to Congo red adsorption. The
removal efficiency of these materials showed in
Figure 13.
The removal efficiency of both materials slightly
decreased. The Zn/Al LDH was decreased
dramatically after a four-cycle process. According to
Palapa et al. (2020), the LDH can be exfoliated in acid
solution, and LDH has reduced reusability activity.
Nevertheless, Zn/Al-citrate has more effectivity to
reuse as adsorbent 40. The removal efficiency of
Zn/Al-citrate is quietly decreased until the fourth
cycle. The Zn/Al after intercalating citrate anion has
more efficient as an adsorbent to remove Congo red
in water solution.
4. Conclusion
Citrate-Zn/Al LDH and pristine LDHs were
successfully synthesized and used as adsorbent of
Congo red from aqueous solution. The adsorption of
Congo red on LDHs follows the pseudo-second-order
kinetic model. The adsorption capacity is up to 249.99
mg g-1 for citric acid-Zn/Al LDH and 166.67 mg g-1
for pristine LDH. The adsorption process was
categorized as physical adsorption with energy
adsorption 4.085-4.148 kJ mol-1. The reusability
study shows the Zn/Al after intercalated citrate anion
is efficient and effective use as an adsorbent.
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