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Abstract
Zn/Al and Zn/Fe layered double hydroxides has successfully synthesized by co-precipitation methods with molar ration 3:1.
The samples were characterized using X-Ray Di�raction, Fourier Transform Infrared Spectroscopy and Surface Area using BET
method. In this study, Zn/Al and Zn/Fe layered double hydroxides were used to remove direct yellow dye in aqueous solution.
The experiments were carried out time variations with the aim of observing the kinetic studies. The results showed that the
adsorption of direct yellow onto Zn/Al and Zn/Fe layered double hydroxides based on co-e�icient correlation kinetic models
more fit using pseudo-second-order than pseudo-first-order.
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1. INTRODUCTION

Layered double hydroxides as known as anionic clays with a pos-
itive charge excess in their brucite like layers and anion species
in interlayer as counter balancing (Gong et al., 2013). In general,
layered double hydroxides has formula [M2+

(1−x)M
3+x(OH)2](An−

)x/nH2O where,M2+ is divalent metal cation andM3+ is trivalent
metal cation (Ke�f et al., 2019; Palapa et al., 2019). Layered double
hydroxides is one of most considered attention in recent years
with their ability to remediation wastewater were contains dye,
toxic metals and organic pollutant in aqueous solution (Meng
et al., 2019). Layered double hydroxides were widely used to
adsorbent caused their ability. The bene�ts of layered double
hydroxides are easy to synthesized, high �exibility structure and
easy to modi�ed (Gonçalves et al., 2019).

Dyes e�uent contained with wastewater can be bad impact
to environment. The remediation technique of wastewater has
been studied. The di�erent physical or chemical methods has
advantages and disadvantages. The examples of chemical tech-
nique such as photocatalysis (Hidayati et al., 2019), and physico-
chemical methods such as ion exchange, coagulation, adsorption
and membrane �ltration (Kazeem et al., 2019). Many of them
are expensive, hard to use and has limitation of dye separation
e�ciency (Daud et al., 2019; Hidayati et al., 2019). However, the
adsorption method has more advantages which is this method
are more useful, low cost, easy to used and have no pollutant

(dos Santos et al., 2017; Milagres et al., 2017).
In this study, Zn/Al-LDH and Zn/Fe-LDH was applied to re-

moval direct yellow dye in wastewater. As known, synthetics dye
has bad impact to bodies and environment. According to Kausar
et al. (2018) direct dyes are usually used for leather industries,
cotton and rayon dyeing and paper industries. The main classes
of direct dyes include poly azo and oxazine compounds Palapa
et al. (2018a). These dyes have a high a�nity of dyeing process
on cellulosic �ber in aqueous solution. In Palembang, these dyes
are most popular used for Jumputan home industries. Many of
craftsmen assumed that direct dyes have e�ect brighter than
other synthetic dyes. In other hand, direct dye was reported that
the e�ect health to body is bladder cancer carcinogen Sun et al.
(2010); Zhang et al. (2018); Palapa et al. (2018b). This research was
removal direct yellow using layered double hydroxides (LDH)
by adsorption method. The amount of absorbed were calculated
and studied by kinetic models. Kinetic models were �tted are
pseudo-�rst-order and pseudo-second-order.

2. EXPERIMENTAL SECTION

2.1 Materials
The chemicals all purchased by Merck such as aluminum nitrate
nonahydrate, iron nitrate nonahydrate, zinc nitrate hexahydrate,
and sodium hydroxide. Nitrogen gas were pro-analytic and
The solution was prepared by deionized purity water. Then
characterized by XRD Di�ractometer Rigaku Mini�ex-600 and
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Spectrophotometer FT-IR Shimadzu FT-IR Prestige-21.

2.2 Synthesis of Layered Double Hydroxides
Zn/Al-LDH was synthesized using a co-precipitation method.
A mixed-metal nitrate solution (0.25 M Zn2+ and 0.08 M Al3+)
was adjusted to the solution pH of 9–10 by adding the required
amount of 2 M NaOH. The mixture was �owed nitrogen system
and heated to 80 °C for 18 h. The white precipitate was formed.
Subsequently, it was �ltered and rinsed with deionized water.
After drying at 85 °C, the obtained material was ground gen-
tly into a �ne powder. Zn/Fe-LDH was synthesis by Zn(NO3)2
·6H2O and Fe(NO3)3 ·9H2O salt solution were mixed in a desired
Zn (II)/Fe (III) 3:1 molar ratio and titrated slowly with the basic
solution of 2M NaOH until the pH reached 10.0 at room tempera-
ture maintaining a nitrogen atmosphere. The brown precipitate
was formed then the mixed solution was �ltered and rinse with
deionized water, drying at 80 °C to obtain powdery LDH.

2.3 E�ect of Contact Time Adsorption Direct Yellow by
Zn/Al-LDH and Zn/Fe-LDH

The adsorption of direct yellow onto Zn/Al-LDH and Zn/Fe-
LDH was performed taking 50 mL from sample solution 100
mg/L. 0.05 g of Zn/Al-LDH and Zn/Fe-LDH were contact to 50
mL direct yellow 100 mg/L. The mixing solution were shake
in horizontal shaker 250 rpm by varying times (between 5-180
min). The solution was centrifuged and the �ltrate was analyses
using UV-Vis Spectrophotometer at 403 nm. Before analyses,
�ve point of standard curve has been examined and coe�cient
correlation was linear amount 0.99. The amount of adsorbed
were calculated from initial concentration and equilibrium con-
centration in supernatant after centrifugation. After that, the
data were tested using kinetic models. The kinetic model was
used pseudo-�rst-order and pseudo-second-order. The kinetic
parameters are calculated using the pseudo-�rst-order:

log(qe − qt) = logqe − k1/(2.303)t (1)

and pseudo-second-order equations as follows:

t/qt = (1/k2qe2) + (1/qe)t (2)

where qt is the amount of adsorbate adsorbed at time t
(mg.g−1), qe is the adsorption capacity in the equilibrium (mg
g−1), k1 is the pseudo-�rst-order rate constant (min−1), k2 is the
pseudo-second-order rate (g mg−1min−1) and t is the contact
time (min) [6,13].

3. RESULTS AND DISCUSSION

3.1 Characterization of Layered Double Hydroxides
Zn/Al-LDH and Zn/Fe LDH has been successfully prepared and
characterized using XRD and FTIR. In Fig. 1. Shows the XRD pat-
tern of Zn/Al-LDH and Zn/Fe-LDH. The booth of di�ractograms
were shows high crystallinity and speci�c di�raction of LDH
was shows at amount 11° about interlayer distance (Taher et al.,

Figure 1. XRD pattern of Zn/Al-LDH and Zn/Fe-LDH

Figure 2. FTIR spectra of Zn/Al-LDH and Zn/Fe-LDH

2019). The distance of interlayer Zn/Al-LDH and Zn/Fe-LDH is
7.57 Å and 5.80 Å, respectively.

Fig. 2. shows the spectra of both layered double hydroxides.
both spectra have similar spectra. The presence of vibrations
at wavenumber about 3400 cm−1 which is OH vibration from
hydroxyl group and about 1635 cm−1 a identi�ed the presence of
water molecules in interlayer. The sharp peaks at 1381 cm−1 were
indicated the vibration of nitrate. The vibration of metal-oxide
are shows at 700-900 cm−1.

3.2 E�ect ofAdsorptionTimeDirect YellowbyZn/Al LDH
and Zn/Fe-LDH

The comparison of Zn/Al-LDH and Zn/Fe-LDH was showed in
Fig. 3. The adsorption e�ciency was increased rapidly at 100
min for Zn/Al-LDH with amount of dye adsorbed is reach 71.93%
from 100 mg/L and Zn/Fe-LDH about 51.24% for adsorb direct
yellow from 100 mg/L. Layered double hydroxides both are in-
creasing rapidly thereafter becomes slow until reach equilibrium.
Is caused layered double hydroxides has available active site be-
fore equilibrium, so that layered double hydroxides can adsorb
rapidly. Dyes sorption of Zn/Al-LDH higher than Zn/Fe-LDH.
The di�erence of equilibrium times and e�ciency adsorbed may
cause the Zn/Fe-LDH has smaller interlayer than Zn/Al-LDH.
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According to Ulibarri and Hermosin (2006) that the adsorption
of anionic contaminant can be adsorb into surface active site and
sometimes exchanges mechanism can be happen in interlayer
(Kausar et al., 2018; Palapa et al., 2018b). The schematics of direct
yellow adsorption onto layered double hydroxides was shows in
Fig. 4.

Figure 3. Comparison of the adsorption e�ciency direct yellow
by Zn/Al-LDH and Zn/Fe-LDH

Figure 4. The schematic adsorption process of direct yellow
onto layered double hydroxides

Kinetic modeling of the adsorption process provides a pre-
diction of adsorption rates, and allows the determination of
�tting rate expressions characteristic for possible reaction mech-
anisms. In this study, pseudo-�rst-order and pseudo-second-
order has been examined. The parameters of pseudo-�rst-order
and pseudo-second-order was estimated with the aid of the non-
linear regression. the obtained value and coe�cient correlation
were showed in Table 1. Based on coe�cient correlation both
layered double hydroxides are higher for pseudo-second-order
than pseudo-�rst-order. The result indicated that the adsorption

Table 1. kinetic parameters of adsorption direct yellow onto
layered double hydroxides

Kinetic Parameters Layered double hydroxides
models Zn-Al-NO3 Zn-Fe-NO3

Pseudo-�rst k1 0.0597 0.0339
order R2 0.9127 0.891
Pseudo-second k2 0.0064 0.0072
order R2 0.9544 0.9176

qe 80.791 54.965

process is chemisorption (Kazeem et al., 2019; Hidayati et al.,
2019).

4. CONCLUSIONS

In this study, adsorption experiment for removal direct yellow
by Zn/Al-LDH and Zn/Fe-LDH. The synthesis of Zn/Al-LDH
and Zn/Fe-LDH using co-precipitation method with molar ratio
and obtained white and brown powder. Zn/Al-LDH and Zn/Fe-
LDH were characterized using XRD and FTIR and applied as
adsorbent to removal direct yellow dye in aqueous solution. The
adsorption was carried out by varying time and �tted to kinetic
models. The result was shows both layered double hydroxides
more �tted using pseudo-second-order than pseudo-�rst-order.
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