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ab s t r ac t
Hydrotalcite-like compounds, also known as layered double hydroxides (LDH) are synthetic com-
pounds that have been widely researched due to their many potential applications. These compounds 
are usually produced by a co-precipitation method that requires a metallic solution. Some previous 
works have reported the use of wastewater in LDH synthesis. This paper proposes a sustainable way 
to reduce waste in the lab. First, hydrotalcite-like compounds were synthesized using wastewater from 
metal analyses and then they were applied for phenol and chromium removal. In this process, a highly 
metallic acid residue has not been previously tested in LDH synthesis. It is first reported herein. The 
obtained materials were characterized and the results demonstrated that LDH with Mg-Al or Zn-Al 
structures were achieved and that the acidic features from lab wastes do not affect LDH production. 
The hydrotalcite-like compounds were also thermally treated and reconstructed, indicating that the 
memory effect appeared to play an important role in phenol and chromium VI adsorption. The ther-
mally treated LDH with Mg-Al adsorbs 111 mg phenol/g and 5.92 mg Cr(VI)/g. Finally, both pollutants 
were used to prove that the synthesized LDH-like compounds could be used as an adsorbent.

Keywords:  Hydrotalcite-like compound; Lab acid wastewater; Co-precipitation method; Memory 
effect; Adsorption

1. Introduction

Pollution in groundwater is a significant problem 
for many countries [1]. Nowadays, there is a tendency to 
combine industrial effluents for treatment of hazardous, 
non-hazardous, metal and/or organic compounds because it 
is financially profitable. Phenol and chromium (VI), which 
come from wastewater discharged by industrial activities, 
have been intensively studied. Chromium (VI) is a toxic, 
carcinogenic, mutagenic, harmful substance [2]. Meanwhile, 
phenol is an aromatic organic compound and an import-
ant precursor to many useful materials; it causes severe 
health effects in the nervous system, kidneys, and liver in 

humans [3]. Therefore, in this work phenol and chromium 
(VI) were selected as the target of toxic organic and inorganic 
pollutants. Conventional methods of removing both com-
pounds from water include reverse osmosis, ion exchange, 
phytoremediation, bioaccumulation, oxidation-reduction, 
and coagulation/precipitation [3,4]. Adsorption remains 
an effective and widely used physicochemical method to 
remove pollutants from water [5]. A variety of materials 
have been studied as adsorbents of phenol and chromium VI 
from aqueous solutions, including corn cob silica-alginate 
beds [1], ferric oxide nanoparticles [6], water hyacinth and 
Bacilus sp. [2], and carbon foam [7]. Hydrotalcites and their 
thermally treated products have attracted attention of the 
scientific community because of their low cost, high adsorp-
tion capacity, and unique  structure [5].
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Hydrotalcites are an important class of inorganic func-
tional material and are considered to have great poten-
tial, since they have applications in different areas, such as 
catalysis, adsorption processes, medicine, adsorptive flo-
tation, flame retardance, and acid scavenging in polymer 
composites [8,9]. Natural hydrotalcite (HT) has the formula 
Mg6Al2(OH)16CO3·4H2O, which comes from the general 
equation M M OH A mH Ox x

x n
x n1

2 3
2 2−

+ + + −  ⋅( ) ( ) / , where M2+ is a 
divalent ion, such as Mg2+, Co2+ or Zn2+, etc.; M3+ is a trivalent 
ion: Al3+, Cr3+, Fe3+, etc.; and An–

x/n is the interlamellar charged 
anion, for example CO2–

3, SO2–
4, OH–, Cl–. This compound 

is also known as layered double hydroxide (LDH), anionic 
clays, or hydrotalcite-like compound, when Mg and Al are 
replaced by other metal ions [9,10].

The thermal decomposition of HT or LDH can be described 
as a two-step mechanism. When the HT is heated in air at 500°C, 
it is transformed into a mixture of metal oxides with a high spe-
cific area; in this case, the resultant solid can be reconstructed 
by simple hydration [11]. In the HT, heated in air up to 1,000°C, 
the structure results in a large amount of pores and induces alu-
minum-magnesium (MgAl2O4) spinel formation [12].

There are different methods of synthesizing HT, namely 
hydrothermal (H), sol-gel (SG), and co-precipitation (CP). 
The last two (SG and CP) give a product with high specific 
area, whereas the first two (H and SG) produce a small crystal 
[13]. The co-precipitation method is the most common tech-
nique for obtaining these compounds, and it allows a good 
yield product to be obtained. It starts with the preparation of 
an aqueous solution of magnesium and aluminum salts [12].

On the other hand, metal analysis by atomic absorption 
spectrometry (AS) is based on the generation of metal atoms 
and their measurement. The metal solution for measurement 
in this technique is required to be adjusted with nitric acid (2%) 
until pH is less than 2. The lab wastewater produced in this 
analysis was very acidic. It is commonly treated by a pH control 
(pH = 8–10) to precipitate the metal compound until its concen-
tration is under the maximum limits allowed in Mexican reg-
ulations, so the precipitate can be deposited in a disposal site.

The purpose of this study is to prepare HT by the co- 
precipitation method using lab acid wastewater and to probe 
it for phenol and chromium (VI) removal. Furthermore, it 
is important to take advantage of the flexibility in the co- 
precipitation method to obtain HT using acid wastewater 
from AS, which sometimes includes a large metal species. This 
method offers hydrotalcite with defined properties. However, 
since this work uses acid wastewaters collected separately 
from aluminum and zinc, the produced HT was synthesized 
only with these metal ions. Finally, it is noteworthy that HT 
synthesis obtained from the lab acidic wastes has not been 
reported. Also, the acid conditions in wastewater were due to 
nitric acid used to preserve samples; therefore, it was neces-
sary to track the behavior of the thermal-treated products and 
to identify whether any change in their structure occurred 
due to the incorporation of other species in the HT structure.

2. Experimental

2.1. HT synthesis

Hydrotalcites were synthesized in the laboratory using 
analytical-grade chemicals obtained from Sigma-Aldrich and 

used as received. The hydrotalcite products were synthe-
sized by the co-precipitation method.

The used acid wastewater solutions have 1,000 mg/L of 
aluminum or zinc ions. This concentration corresponds to the 
metal standard solution used in AS. Each lab acid wastewa-
ter solution was enriched using analytical-grade chemicals to 
reach the necessary mol concentration for hydrotalcite syn-
thesis. The pH value of the lab acid wastewater solution was 
1, which is the minimum necessary to maintain metal ions 
in a solution, and it remained so even when analytical-grade 
chemicals were added. In order to evaluate the use of the lab 
acid wastewater containing only aluminum and zinc, first 
it was verified that the Mg-Al hydrotalcite had not shown 
structural changes, and then it was confirmed that the Zn-Al 
hydrotalcite-like compound had been synthesized from the 
lab acid wastewater, even though common magnesium metal 
ions were not present in the structure. Both hydrotalcite-like 
compounds must be used in the removal process.

The hydrotalcite-like compound Mg-Al molar ratio 2 
(HTM) was prepared by dropwise addition of an aqueous 
solution containing 0.1 mol of Mg Mg(NO3)2·6H2O 99.8% and 
0.05 mol of Al(NO3)3·9H2O 98.4%, both dissolved in the lab 
acid wastewater with only 1,000 mg/L of aluminum. These 
solutions were added dropwise in an aqueous solution con-
taining 0.1 mol of Na2CO3 99% [14].

The hydrotalcite-like compound Zn-Al molar ratio 2 
(HTZ) was prepared with the same method using a similar 
concentration. Therefore, 0.1 mol of Zn(NO3)2·6H2O 98% 
was dissolved in acid wastewater containing 1,000 mg/L of 
Zn and 0.05 mol of Al(NO3)3·9H2O 98.4%. In both cases, pH 
value was kept at 10 by addition of an aqueous (2 M) NaOH 
98% solution.

The obtained precipitate was aged for 24 h under the 
same synthesis conditions. Finally, it was repeatedly washed 
with deionized water.

2.2. Thermal treatment of HTM and HTZ

The obtained samples, HTM and HTZ were thermally 
treated at different temperatures, from 300°C to 1,000°C for 
3.5 h under air atmosphere in order to evaluate the structural 
changes in the hydrotalcite-like compounds and their ther-
mal products (HTMC and HTZC).

2.3. Al and Zn analyses

To confirm the incorporation of Al or Zn into the HTM 
or HTZ, different water samples, used to wash the hydro-
talcites, were analyzed to identify aqueous-metal species 
such as Zn and Al, using acetylene-air flame/atomic absorp-
tion (Thermo) with single-element hollow cathode lamps. 
Calibration curves were prepared from stock solutions for 
each element, Al or Zn. These metals were chosen for lamp 
bulb availability.

2.4. X-ray diffraction

Powder X-ray diffraction (PXRD) diagrams were 
recorded in a Siemens D-500 instrument using Ni filtered 
Cu Ka radiation (l = 1.54050 Ǻ) with a scanning speed of 
2° (2q)/min and equipped with Diffract AT software. Patterns 
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were collected in the range of 5°–70° with a two-step size 
0.017° and a rate of 30 s per step. Samples were prepared as a 
finely pressed powder in aluminum sample holders.

2.5. TG analyses

Thermal decomposition of the hydrotalcite was carried 
out in a Linseis SPA 1600 incorporated high thermogravimet-
ric analyzer. 10 mg of sample were heated in an open alumina 
crucible at a rate of 10°C/min up to 1,000°C. After thermal 
treatment, the hydrotalcites were kept in a desiccant, thus the 
mass losses were calculated as a percentage on a dry basis.

2.6. FTIR spectra

Infrared spectra (FTIR) were obtained at room tempera-
ture with a Varian 640-IR spectrometer equipped with an 
ATR diamond. The resolution was 4 cm–1.

2.7. Surface area and SEM

The morphologies of HTM and HTZ were examined at 
20 kV with a scanning electron microscope (SEM) in a JEOL 
model JSM5900-LV fitter with an energy dispersive X-ray 
analyzer (EDAX-Oxford). The BET surface area and mean 
pore diameter and total pore volume were determined by N2 
adsorption at 77 K using a BELSORP Max instrument. The 
samples were heated at 100°C for 6 h before surface areas 
were measured.

2.8. Adsorption test

Phenol and chromium (VI) adsorption was conducted on 
the hydrotalcite-like compound thermally treated at 550°C 
(HTMC or HTZC) and was measured by batch equilibrium 
techniques at several LDH quantities from 20 to 200 mg 
(adsorption isotherm). The suspensions [sorbent and phenol 
(50 mg/L, C6H6O Baker) or chromium (VI) (10 mg/L, K2CrO4 
Mallinckrodt)] were shaken at room temperature, after an 
adequate, previously determined time (2 h).

The adsorbed amounts were determined from the initial 
(Ci) and final or equilibrium (Ce) concentrations of the pollut-
ant solution. The adsorption isotherms were described quan-
titatively by applying the equation:

C C C V
ms i e= −( )  (1)

where Ce is the solute (adsorbate) concentration in the 
solution at equilibrium (mg/L), Cs is the amount of solute 
adsorbed in the solid at equilibrium (mg/L), V represents the 
volume of dissolution for batch contact, and m is the HT mass.

2.9. Phenol and chromium (VI) determination

The supernatants were filtered to determine the pollut-
ant concentration by UV-vis absorbance in the 510 nm region 
for phenol (prepared by the antipiridine method) and 540 
nm for chromium (VI) (prepared by the 2,4 diphenil carba-
zide method). The spectrophotometric measurements were 
recorded using a Genesys 10 UV-visible spectrophotometer.

3. Results and discussion

3.1. Metal analyses

The chemical analyses of Al or Zn ionic metals in lab acid 
wastewater and water washings used in the HTM or HTZ 
synthesis are shown in Table 1.

For both samples, HTM and HTZ, the Al metallic ion was 
monitored for lamp availability. In the case of the HTZ, at 
first, the determined Zn concentration was 2,229 mg/L. From 
this quantity, 1,000 mg/L came from acid wastewater. After 
the synthesis, this concentration decreased to 5.89 mg/L, 
which is below the allowable limit (6 mg/L)  established 
by Mexican law [15]. Furthermore, in the same sample, 
Al  concentration at the beginning of the synthesis was 
4,709 mg/L. This value corresponded to the quantity of chem-
ical reagent (Zn(NO3)2·6H2O) plus aluminum content in lab 
acid  wastewater. At the end of the process, Al concentration 
was 40.68 mg/L, representing less than 1% of the original con-
centration. This means that more than 99% of the aluminum 
was taken for HTZ precipitation.

As for the HTM sample, it was determined to be at 
3,359 mg/L before starting with the preparation method. This 
concentration decreased to 8.09 mg/L; that is, almost 99.5% of 
the metal was taken for HTM precipitation. It is important to 
mention that these values are out of regulation, since Mexican 
laws have established 0.20 mg/L for Al [16]. However, these are 
low concentrations in the case of laboratory treatment waste-
water. In both cases, the layered double hydroxides (LDH) have 
taken the anion of interest to form hydrotalcite-like  compounds 
of Mg-Al and Zn-Al. Consequently, this observation has given 
rise to the second purpose of this work; that is, wastewater 
treatment from the atomic absorption analyses obtained.

In this case, a selection has been made between Zn and 
Al, which were selected for collection from the acid wastewa-
ter to make sure that both metal ions were taken to build the 
hydrotalcite structure and every metal took part in the octa-
hedral form that constituted a lamellar HT compound. There 
was no real difference between the Al or Zn ions coming from 
the analytical grade chemicals or metal standard solution 
(lab acid wastewater) because both of them were precipitated 
during the HT precipitation method. Thus, hydrotalcite syn-
thesis by co-precipitation has proved to be a viable option 
to treat metal wastewater generated in lab research, since it 
reduces the amount of metal deposited into the discharges 
and possibly the environment.

3.2. Powder X-ray Diffraction

The most common hydrotalcite was Mg-Al with car-
bonate as a counterion in the interlamellar space. In order 

Table 1
Chemical analyses for metal solution mixed with metal waste-
water

Sample Metal concentration (mg/L)
Al initial Al final Zn initial Zn final

HTM 3359 8.09 — —
HTZ 4709 40.68 2229 5.89
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to confirm that the Al metal ions coming from lab acid 
 wastewater did not have a real influence on the hydrotalcite 
behavior, the HTM sample was thermally treated at different 
temperatures and then its structure was reconstructed only 
with water. The X-ray diffraction patterns of the synthesized 
HTM, their calcinated solids from the lab metal acid waste-
water solution and their reconstructed products showed the 
general features of all hydrotalcite-like compounds (Fig. 1(a)). 
HTM displayed a well-crystallized hydrotalcite-like struc-
ture, with sharp, symmetric reflections (003, 006, 110, and 
113 planes), as well as wide, asymmetric reflections (012, 
015, and 018 planes). All of these reflections are character-
istic planes of hydrotalcite-like compounds. These results 
indicate that neither intensity nor crystallinity differences 
were observed from the XRD patterns of the synthesized sol-
ids from the lab acid wastewater solutions [17]. In the case 
of thermally treated HTM at 400°C, 500°C, and 600°C, two 
main peaks associated to MgO can be observed, which were 
the only crystalline phase mixed oxides that were identified 
(Fig. 1(a)). When the samples were heated at 700°C or 800°C, 
a periclase-like material was obtained, too. Finally, at 1,000°C 
the sample was crystalline, and only MgO and MgAl2O4 spi-
nel were observed [17]. Lastly, reconstructed hydrotalcites 
are shown in Fig. 1(b). All structures exhibit broader peaks 
than the original sample, since the reconstructed hydrotal-
cite corresponds to the rhombohedral polytype [18]. No other 
formation was observed in the reconstruction process, so 
only the memory effect for HT was present in this step. This 
effect is associated with carbonate ions in interlamellar space 
[19]; meanwhile, nitrate ions in the solution due to the acidi-
fication stage were not incorporated into the HT structure, so 
the memory effect is not altered.

The d003 values correspond to the basal spacing of two 
consecutive brucite-like hydroxide layers in HTM. Table 2 
shows three main d spacings corresponding to the HTM and 
reconstructed samples. These values were close to the same 
three major peaks reported by Cavani [20] (7.8, 3.9, and 2.6 Å) 
for this anionic clay in the 5°–70° 2q range. No relationship 
was found between the temperature of the treated sample 
and the d spacing calculated for the reconstructed samples. 
Also, this spacing corresponds to carbonate ions in the inter-
layer space, so no other species were included in the inter-
layer space. Likewise, the hydrotalcite Mg-Al molar ratio of 
2 d003 = 7.64 is very close to the same molar ratio reported in 
a other work (d003 = 7.7) [21]. Thus, electrostatic interactions 
between layer and interlayer anions were the same for all 
samples, and the amount of Al in each sample was very close 
to that in the brucite-type sheet. The reconstruction capacity 
of the hydrotalcite-like compound cannot be lost when lab 
acid wastewater is used in the synthesis process. However, in 
the case of samples thermally treated at 800°C and 1,000°C, 
the main structure corresponds to a spinel compound. In this 
case, only a small peak for the HT compound is detected; 
therefore, the intensity of d003 spacing decreases at higher 
treated temperatures, possibly indicating a dissolution reac-
tion in HTM-medium. Assuming a value of 4.77 for the width 
of the brucite sheet [22] and subtracting it from the width 
of the HTM unit layer (7.64 Å, derived from the first basal 
reflection d003), the thickness of the interlayer region can be 
calculated. Hence, the obtained value was 2.87 Å, which is 
in concordance with a CO3

2– ion lying parallel to the Mg-Al 

sheets and strong hydrogen bonding. Also, the d003 = 7.64 Å 
was in agreement with a Mg-Al molar ratio 2 reported in the 
literature [21]. As for the samples thermally treated at 400°C, 
500°C and 600°C, a shift was found towards lower values; 
this is because some carbonate ions were replaced by OH 
ions, closer brucite layers [19].

On the other hand, for HTZ it is important to verify the 
incorporation of the Zn metal ion into the HT structure. The 
original HTZ including its thermally treated and recon-
structed products are presented in Fig. 2. For this sample, no 
diffraction peaks that were characteristic of the other solids 
were detected in any of the patterns. Consequently, this indi-
cated that the Zn2+-Al3+-CO3

2– hydrotalcite-like compound 
was the only crystalline precipitated product. Similarly, for 
the reconstructed sample, a mixed metal oxide and a typical 
structure of HT were detected.

The d003 spacing in the HTZ and the reconstructed sam-
ple were affected by thermal and reconstructed treatments 
because of the change from 7.43 to 5.86 Å. This could be due to 
a dissolution reaction into the sample or to the crystallization 
of ZnO formed during thermal treatment [23]. Nevertheless, 
this structure is not observed in the HTZC sample; therefore, 
the layer of the HT was close in the reconstructed sample. 

Fig. 1. X-ray diffraction patterns for thermally treated and recon-
structed HTM products. 
Note: ■ – hydrotalcite; * – MgO; and ᶺ – MgAl2O4.

Table 2
d spacings for HTM and reconstructed samples

Calcined
sample (°C)

d spacings (Å)
d003 d006 d012

HLM 7.64 3.82 2.56
400 7.60 3.85 2.57
500 7.53 3.82 2.57
600 7.61 3.85 2.58
700 7.64 3.87 2.57
800 7.60 3.85 2.58
1,000 7.45 3.75 2.53
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It was also possible to obtain a hydrotalcite Zn-Al (HTZ) from 
lab acid wastewater. A layered structure is observed, and the 
memory effect is maintained (HTZ-R). However, thermal 
treatment has an influence on d003 spacing and decreases after 
the hydrotalcite reconstruction.

3.3. FTIR spectra

The FTIR spectra of the samples obtained from lab acid 
wastewater by the co-precipitation method are depicted in 
Fig. 3. The spectra of the HTM and HTZ samples that were 
thermally treated (HTMC and HTZC) and reconstructed 
using water (HTM-R and HTZ-R) were similar to those 
reported in the literature [14], and all of the spectra showed 
characteristic bands due to hydrotalcite-like compounds. 
The intensity of the broad band at ca. 3,400 cm–1 is due to the 
stretching mode of hydroxyl groups of the brucite layers; the 
very weak band at 1,600 cm–1 corresponds to the bending 
mode of water molecules from the interlayer. The weakness 
of this band should be related to the small amount of water 
remaining in the hydrophobic interlayer. Other bands are 
recorded at 1,250 cm–1 for C-(O)-O groups [14]. In addition, 
FTIR spectroscopy was able to provide information about 
the short-range order, which was dependent on the coupling 
of a vibration mode to adjacent vibrations. The use of lab 
acid wastewater has no influence on the structure of HT; the 
only influence was observed in thermally treated samples in 
which O-H vibrations were lost by dehydration route, but 
both materials were recovered in the reconstruction process 
[24], so this technique confirmed that the memory effect was 
present for the HTM and HTZ samples.

3.4. Thermal analyses 

Thermal analyses of samples were measured in  thermally 
treated products at 500°C and 700°C (Fig. 4(a)) because in 
this temperature range the decomposition process can be 

observed. Moreover, for higher temperatures, HTM samples 
can be degradated and not allowed to enter a reconstruction 
process. The decomposition of HTM could be attributed to 
the dehydroxylation and decarbonation of the material. In the 
dehydration process of HTM samples, its two characteristic 
steps could be observed: the first one, at 310°C (18%), was due 
to the bond between the hydrogen in water and the hydro-
talcite hydroxyl surface; meanwhile, the second, at 450°C 
(36%), was probably due to a decarbonation process [25]. Both 
processes were identified in thermally treated samples. In 
the case of the 500°C thermally treated sample, the first loss 
was observed at 250°C (12%) and the second at around 445°C 
(28%). On the other hand, for the 700°C thermally treated 
sample, the first step appeared at 210°C (7%) and the second 
at 455°C (26%). The change in the weight loss for HTM at 
500°C and 700°C due to the dehydroxilation process is asso-
ciated with the water and hydrogen structurally bonded in 
the interlayer space, which is lost during the thermal process.

Fig. 2. X-ray diffraction patterns for thermally treated and recon-
structed HTZ products.

Fig. 3. FTIR spectra of HTM and HTZ, thermally treated and 
reconstructed samples.

Fig. 4. TG analyses for thermally treated and reconstructed HTM 
samples. 
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As for the rehydrated samples, TG analyses showed the 
same process for the weight loss (Fig. 4(b)). In the 400°C 
reconstructed sample, the first loss appeared at around 
195°C (8%), the second loss at 470°C (16%), and the last 
one at 750°C (32%). In the 500°C reconstructed sample, the 
first weight loss appeared at 180°C (9%) and the second at 
760°C (17%). Finally, in the 700°C sample, the first loss was 
found at 220°C (7%) and the last one at 820°C (9%). Similarly, 
for the reconstructed samples, the first loss was due to the 
dehydroxylation process and the second loss was due to the 
decarbonation process [25]. Nevertheless, in the 700°C recon-
structed sample, the weight loss was less clear. From these 
results, it is evident that reconstructed hydrotalcites had bet-
ter thermal stability. Nonetheless, the samples that were ther-
mally treated at higher temperatures and reconstructed did 
not show a significant change, which is presented in Fig. 3. 
Finally, it is possible to confirm that hydrotalcites synthe-
sized from the lab acid wastewater show a similar thermal 
behavior to hydrotalcites prepared using clear water.

3.5. Surface area and SEM

The BET surface area was found at 52.23 and 49.71 m2/g, 
and mean diameter pore was 10.61 and 7.81 nm, for HTM 
and HTZ, respectively. From these results, it was evident that 
the HTM had the highest BET surface area and largest pore 
diameter, which will facilitate both diffusion and adsorption 
of phenol and chromium (VI) inside the HTM. After 48 h of 
contact with the adsorption test, BET surface area changed 
to 15.98 and 31.36 m2/g, and mean diameter pore was 9.67 
and 9.91 nm for HTM and HTZ, respectively. These results 
showed that the highest surface area and pore diameter were 
for the HTZ adsorbent. This was due to the adsorption pro-
cess which led to the decrease of the surface area. Meanwhile, 
for HTM, whose removal process resulted in a larger quan-
tity for both compounds, the pores may be covered by the 
adsorption of phenol and chromium (VI) molecules.

Scanning Electron Microscopy (SEM) pictures of HTMC 
and HTZC after 10 min and 48 h of contact time with phenol 
and chromium (VI) are shown in Fig. 5. The morphologies 
of both compounds are a random tiny filament arrangement 
in the HT, no pores are visible. The images showed that the 
composition in both HTs, MgAl (HTM) or ZnAl (HTZ), did 
not change their morphologies. As for HTM (Fig. 5(a)), the 
tiny filaments resulted less than 1 μm in length, whereas in 
HTZ (Figs. 5(b),(c)) they were found at around 1 μm. This 
is in agreement with BET surface area results – particles in 
HTM were smaller than in HTZ, so surface area was higher; 
also, in their micrographs were observed aggregates on the 
surface associated to the phenol and chromium (VI) ions, 
which were removed better with HTM.

3.6. Adsorption test

Table 3 shows the adsorption data of phenol and 
chromium (VI )compounds by HTMC and HTZC. There was 
an almost complete removal of both compounds by these two 
hydrotalcites at long periods of time (48 h). The high adsorp-
tion ability of thermally treated hydrotalcite was due to a lack 
of carbonate ion interaction, which was absent in the inter-
layer space. As mentioned before, the thermal process caused 

the collapse of layered structures, which resulted in amor-
phous phases of Mg-Al or Zn-Al oxides [17]. In addition, the 
amounts of phenol and chromium (VI) increased as a func-
tion of time [26]. The initial pH of the solution was 6 and was 
not adjusted for the adsorption test because the main topic of 

Fig. 5. SEM images for: (a) HTMC after 48 h of adsorption con-
tact, and HTZC after 10 min contact at (b) 10,000x and (c) 5,000x. 
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this paper is hydrotalcite synthesis from lab acid wastewater. 
However, the final pH increased by 10 units. This is typical 
behavior in adsorption processes and is due to a partial dis-
solution of Mg2+, Al3+, or Zn2+ ions (in solution), but a higher 
pH value enhanced competition of hydroxides with phenol 
and chromium for active sites on the adsorbent. Also, CO3

2– 
and OH– anions have an influence in adsorption processes 
because the memory effect caused these ions to resume their 
original structure due to the high affinity among them. This 
has a significant impact on the adsorption process, since real 
competition existed in the interlayer space between carbon-
ates, hydroxyl, phenol and chromium (VI) ions.

The adsorption time of phenol in HTMC for a short 
period of time (0.5 h) reached 92% and was almost the same 
for a long period of time (48 h) at 93%. In the case of HTZC, 
the obtained results were similar, and adsorption changed 
from 83% to 90% for short and long periods of time, respec-
tively. At the beginning, phenol and chromium (VI) mole-
cules quickly occupied an adsorbant surface and the internal 
sites [27]; so, for short periods of time, adsorption process 
was fast; whereas for long periods of time, there were few 
sites and the adsorption reached an apparent equilibrium. 
Nonetheless, time had a real influence in chromium adsorp-
tion; therefore, HTMC only reached 31% for a short period 
of time and improved for long periods of time up to 93%, 
which was the same behavior found in the case of HTZC. 
This effect is due to the hydrotalcite-like compound’s affinity 
to carbonate, phenol and chromium (VI), since hydrotalcites 
can remove these pollutants with their memory properties. 
Chromium (VI) ion had less attraction for HT and there 
were fewer chromium than phenol molecules because it took 
more time to adsorb them in a lamellar structure and it only 
got some active adsorption sites. In general, the adsorption 
capacity of HTZC was lower than that of HTMC because of 
the partial dissolution of the sheets, or ZnO crystallization 
during the reconstruction process increased in HTZC, as it is 
shown by X-ray diffraction results in Fig. 2.

The effect of the initial phenol or chromium (VI) concen-
tration (50 or 10 mg/L) on the adsorption capacity is shown 
in Table 3. For LDH or HT materials, the amount of removal 
was linearly proportional to the initial concentration [27,28]. It 
can be seen that the adsorption capacity of phenol increased 
as a function of the chromium (VI) concentration, which was 
added in lower concentrations. The adsorption capacity was 
augmented as the initial concentration of the anion, phenol 
or chromium (VI) increased. All materials, as well as HT, had 
limited available adsorption sites, initial phenol concentration 

was 5 times greater than that of chromium (VI); thus, adsorp-
tion equilibrium was preferred for phenol, which occupied a 
large number of available sites, while Cr (VI) occupied only 
few sites. The results showed that the hydrotalcite-like com-
pound synthesized from lab acid wastewater had phenol and 
chromium (VI) anions. The prepared adsorbents could be con-
sidered to control these anions, which were thought-of as pol-
lutants in water generated in the same laboratory.

The adsorption data as phenol and Cr (VI) concentration 
in a separated solution were analyzed using the Freundlich 
and Langmuir adsorption isotherm models to obtain maxi-
mum adsorption capacity:

C
C

C
C C L

e

s

e

m m

= +
1  (2)

where Ce is the concentration of phenol or Cr (VI) in solu-
tion (mg/L), Cs is the amount of phenol or Cr (VI) in the LDH 
(mg/g), L and Cm are Langmuir constants, which are related 
to adsorption energy.

log log logC K n Cs f f e= +  (3)

where Cs is the amount of phenol or Cr (VI) in the LDH, Ce is 
the concentration of phenol or Cr (VI) in solution (mg/L), nf 
and Kf are Freundlich constants, which are related to adsorp-
tion intensity and the relation with adsorption capacity.

From the literature, it has been found that the best adsorp-
tion capacity was reported for thermally treated HT (10). In 
Table 4 only the adjustment for these samples is reported. 
The best adjustments for HTMC and HTZC were obtained 
by the Langmuir model, which explains that if 0<b<1, the 
adsorption process is thermodynamically favorable. In our 
case, parameter b was in this range of phenol and chromium 
(VI). For chromium (VI) both models showed the adsorption 
maximum at 5.9 for HTMC and 2.09 for HTZC, which were 
far from those reported by Goh [29] [120 mg/g] and in a pre-
vious paper by Martínez-Gallegos [30] [78 mg/g], but this 
result confirms that the memory effect plays an important 
role in the adsorption process. Freundlich constant Nf was 
not higher than 1, so the adsorption process was not favor-
able. In the case of phenol, Nf constant was greater than that 
of chromium (VI), resulting in a preferred adsorption process 
onto HT. Also for phenol, the observed Cs is in accordance to 
the other similar experiments reported [60–200 mg/g] [1,31]. 
Nevertheless, HTMC showed better adsorption capacity 

Table 3
Adsorption data for phenol and chromium (VI) removal

Sample Time (h) Final
pH

Phenol Ci = 50 mg/L Chromium (VI) Ci = 10 mg/L
Cs (mg/g) % adsorption Cs (mg/g) % adsorption

HTMC
0.5 10.7 46.2 92.4 3.1 31.0
2.0 10.5 45.1 90.1 5.7 56.7
48 10.7 46.7 93.4 9.4 93.8

HTZC
0.5 10.3 41.5 83 1.0 9.8
2.0 10.6 45.3 90.7 5.4 53.5
48 10.6 45.1 90 8.9 88.9
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than HTZC, which was in agreement with X-Ray diffraction 
results, where HTZC showed a reduced interplanar distance 
that made it difficult for phenol and chromium species to be 
adsorbed.

For both materials, HTMC and HTZC, the adsorption 
capacities were found in the same range of other similar mate-
rials, as shown in Table 5. Only the bio-adsorbents that exceed 
hydrotalcite-like compounds may be greater due to the sur-
face area, which was larger than that of some clay materials.

4. Conclusions

In this study, the synthesis of hydrotalcite-like com-
pounds HTM and HTZ using acidic wastes from a lab has 
been realized, and the structure of the obtained materials was 
similar to that of hydrotalcite-like materials. For HTM, XRD 
analysis showed that the layered structure was lost during 
thermal treatment; the loss started at 400°C, but the structure 
was reconstructed after contact with water. This behavior 
corresponded to a memory effect, which plays an important 
role in phenol and chromium (VI) adsorption. Also, by the 
same technique, HTM or HTZ materials did not have any 
substantial changes or differences in their structure, and 
additional peaks were not observed. The vibrational bands 
for HT materials were identified for both HTM and HTZ. In 
TG analyses, the two characteristic weight losses, dehydra-
tion and decarbonation, were observed in these materials. 
On the other hand, the adsorption process demonstrated a 
real influence with the initial concentration of the removed 
anion, phenol, or chromium (VI). Hence, for a short period 

of time (0.5 h), phenol adsorption was the most important 
process in HTM. It was proved that 90% or more of the 
initial concentration (50 mg/L) was adsorbed at this time. 
Meanwhile, chromium (VI) only reached 31% adsorption at 
the same time. Surface area and SEM micrographs confirmed 
this behavior. HTM showed small particles and higher BET 
area than HTZ, whose characteristics helped to increase 
adsorption capacity. Finally, as the initial concentration was 
increased, adsorption capacity also increased.

The hydrotalcite-like compounds synthesized from lab 
acid wastewater by the co-precipitation method reached two 
initial proposals: lab acidic wastes were used in HT synthe-
sis to reduce their quantities, and the obtained product was 
available for the adsorption process of metals or organic com-
pounds. The HTM and HTZ showed the same properties as 
the other LDH materials.
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