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Abstract: Five hydrotalcite-like compounds with different Mgy ratio were prepared and characterized fromuttral

point of view, in order to be used for chromatealspt from wastewater. The chemical composition efrfaterials was
determined using EPMA (electron probe microanajysitie thermal behavior was investigated by DTGhwoét The
structure of as-synthesized hydrotalcite-like samplas confirmed by X-Ray Diffraction and FTIR Spescopy
methods. A part of the samples were activated iman, at temperatures of 500°C in air, with a @t&°C/min for 4

hours and the specific surface area of calcinedpocumds was measured.
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1. Introduction which are characterized by a high specific surfaea and
homogeneous dispersion of the metal cations. Thedni
metal oxides can take up anions from aqueous saluti
resulting in a concomitant reconstruction of thégioal
layered structure, the so-called “memory effects a
0(-%‘xpressed by the following equations [13]:

Hydrotalcite, first discovered in Sweden around 2,84
is a hydroxycarbonate of magnesium and aluminumi@and
occurs in nature in forms of foliated and contorpdtes
and/or fibrous masses [1]. The chemical formula
hydrotalcite is MgAl,(OH);sCO; " 4H,0. Its structure can 5
be explained by analogy with the crystal structafe MgixAlx(OH)(COs)y,mH,O [ oFe. Mgy, ALOy 4y +
brucite, Mg(OH). Brucite consists of a hexagonal closex/2CO,+ (m+1) H,O (1)
packing of hydroxyl ions with alternate octahedsites
occupied by M§" ions. The metal hydroxide sheets inMgi Al,Owe + (XMA™ + (M+1+(x/2)+y)H,0 -
brucite crystal are neutral in charge and they lapeone Mg, Al,(OH),(A™),, MH,O+xOH  (2)
another by Van der Waal's interactions. In hyditel
some of the Mg cations of these brucite-like sheets are  Therefore, the calcined hydrotalcite-like compounds
isomorphously substituted by Alcations and thus formed can be used as potential ion exchangers/adsorfrentise
mixed metal hydroxide layers, [Mgl.(OH).**, acquire a removal of toxic anions from wastewaters.
net positive charge. This excess charge on thelmeta In this work, five hydrotalcite-like compounds
hydroxide layers is neutralized by €O anions containing M§* and zA* in different proportions as
accumulated in the interlayer region. The intenfaygion divalent cations were synthesized and charactefiped a
also contains some water molecules for the staltitim of  structural, textural and morphologic point of vidw,order
the crystal structure. to be used as adsorbents for chromate anion removal

The hydrotalcite-like compounds, also called argoni
clays or layered double hydroxides, have similancstire
as hydrotalcite and the general formula is"{M M", 2. Experimental
(OH)]* [A™yn - mH,0]*, where M is a divalent cation
(Mg*, Mn?*, Zré*, Ni%*, F&*, Cd*, Cd*, CU* etc.), M" a
trivalent cation (A1, Fe”", Ga", In*", C'S; etc.) and A The hydrotalcite-like compounds were prepared by
charge compensating anions (NI, SQ7, ClIO; etc.).  ysing a classic procedure: the co-precipitationhogt1].

Interest in hydrotalcite-like compounds has growe d A|| ysed nitrates originated from Sigma. A solutiof
to their role in controlling the mobility of aquenmetals in - NaOH was slowly added to a 1 mol/L solution of zinc
the environment [2-6] as well as their use as gstsl[1,7- pitrate (Zn(NQ),6H,0), magnesium nitrate
9] and catalysts precursors [10-12]. (Mg(NO,),6H,0) and aluminum nitrate (AI(N£;9H,0)

The decomposition of Ohydrotalcite—li.ke compoundsn distilled water, under magnetic stirring, sotttiae pH
when heated at around 500 °C leads to mixed metdés, \as kept at a constant value under the command of a
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Hanna HI1991003 pH-meter. The mixing step was carried Fourier transform infrared (FTIR) spectra were
out for 1 h, at room temperature, under stirringd éhen performed within the range of wavenumbers from 4600
for 18 h on an oil bath at 80°C, under magneticisg and 400 cm' on a Shimadzu IRPrestige-21 FTIR
reflux. The hydrotalcite powders were recuperatgd bspectrophotometer, with a nominal resolution of end.
centrifugation and washed several times witffhe samples were prepared by mixing the powderbkdisso
demineralized water until pH = 7. This step watofeed with KBr.

by drying at 80°C overnight. Then, the dried samplere Morphology was observed with a Philips XL20
crushed and sieved. The as-synthesized samples wscanning electron microscope.

denoted HTa (with the a values from 1 to 5). Surface areas, pore volumes and the adsorption-

A part of the samples were activated in an oven, desorption isotherms of the calcined samples were
temperatures of 500°C in air, with a rate of 5°Q/rfar 4 determined by Bladsorption-desorption at 77 K, using the
hours, in order to be transformed into the mixeiexype BET analysis method, with a Micromeritics ASAP 2020
(denoted hereafter as CHTa, witha =1 - 5). instrument.

The chemical composition of the as-synthesized
products was determined using a JEOL JCXA 733
superprobe EPMA (electron probe micro analysis).

The thermal analysis was performed under an inert
atmosphere (nitrogen), from 20 to 500 °C, with atim® hydrotalcite-like samples was in good agreemenh wie
rate of 5 °C/min by using a TG 209 Netzsch analyzer jnjtial one, as the EPMA results showed no majangfing

Powder X-ray diffraction patterns were recordedaon in the final composition (Table 1).

Bruker D8 Advance diffractometer using MaKadiation
(0.70930 nm).

3. Results and Discussion

The cationic ratio in the as-synthesized

TABLE 1. Results of EPMA analysis

Sample Initial Mg/Zn/Al ratio Elemental analysis Final Mg/Zn/Al ratio (as-
(nitrate solutions) % wt Mg % wt Zn % wt Al synthesized samples)
HT1 2/0/1 35.8 - 20.0 1.98/0/1
HT2 2/1/1 19.5 35.4 12.3 1.76/119/1
HT3 15/2/1 12.4 48.8 9.5 145/212/1
HT4 1/25/1 8.6 54.8 9.0 1.06/252/1
HT5 0/4/1 - 68.7 6.5 0/437/1

According to TG analysis in Table 2, the sample3ABLE 2. TG and DTG results for the hydrotalciteli

showed the presence of the first weight loss stepral compounds

100 °C corresponding to the loss of physically aded

water. Mass loss va!ues corresponding to this pcange Sample| Heat flow step("C)  Temperature (°C)  Weighs (%)

from 3 to 7 %. Heating the samples at temperataresnd

160 °C leads to loss of interlayer water moleculeith a 20 - 126 92.5 6.75

weight loss from 5 — 7 %. The weight loss at low pr1 126 — 181 144.8 5.41

temperatures for HT1 sample occur in a single step égé‘ggg 2;’2'2 2645181

(92.5 °C - physically adsorbed water and 144.8 °C — — T5 5 :

interlayer water). Substitution of Mgwith Zn** cations 20— 103 737 5.69

leads to a loss of physically adsorbed and interlayater 96.1

molecules in several stages. The structure of hghhites HT2 103 — 180 129.2 720

. _— . . . 175.9

is based on substitution of divalent cations tiignith 5118

trivalent cations (AT, so that Mg(OH)" xH,O becomes 180 -373 256.2 22.34

MgsAl 3(OH):6COs mH,O. The latter becomes 373 — 500 463.5 4.00

Mg,Zn,Al ,(OH);6CO; mH,0 by Mdg* with zr** 20— 77 55.6 2.82

substitution. The several weight loss stages siggbst 77160 1319 7.31

water molecules are different adsorbed on Mg-OHOH, HT3 160 — 380 ggg'g 20.66

and Zn-OH units. 380 — 500 4245 2.93
The main mass loss process occurs in the rang8f 20— 86 57.7 331

— 380 °C, when the weight losses are importantyéen HT4 86 — 158 131.1 6.51

20 and 24 %. This weight losses are due to dehythtian 158 — 366 234.7 21.88

and partial decarbonatation of the compounds. Batihg 366 — 500 74(;‘3'8 271

the hydrotalcite-like compounds at temperaturesvabo 20-136 129.1 6.55

380 °C, the mass losses values are between 3 -afd%s HTS 136 — 236 188.2 16.21

due to total decarbonatation of the samples [14]. 236 - 321 284.1 5.14

321 - 500 421.6 5.43
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Figure 1. The XRD patterns of the samples

Figure 1 show the XRD patterns of the preparethe octahedral planes. The decrease of the pammete
hydrotalcites. The XRD patterns show that all th¢herefore, the decrease of the interlayer spacingan be
compounds have layered structure [7]. The peakshwhiattributed to a distortion of the hydrotalcite netiw
correspond to basal planes (003) and (006) areepreg induced in the substitution process of magnesiunzibg
low 28 angles. Also, the reflections (110) and (113j17].
observed at & angles between 25 and 30 °, are The FTIR spectra of all the resultant hydrotaltjie
characteristic for hydrotalcite-ike compounds. Th&ompounds are characteristic for this type of nalteras it
difference in the intensities of the reflection®nfr one shows in Figure 2.
sample to another indicates different degrees of The broad and strong absorption band in the rafige o
crystallinity when the cationic composition varikhe 3600-3200 cril is due to the O-H stretching vibration of
calculation of unit cell parameters was done byphaks the surface and interlayer water molecules. Theadro
indexing in the hexagonal crystal system (Table 3). shoulder close to 3000 ¢rhas been attributed to hydrogen

bounding between water and carbonate anions in the
TABLE 3. The unit cell parameters for the as-sysitteel samples interlayer galleries. The adsorption band in thegeal650—
1620 cnt' is due to the bending vibration of the interlayer

Unit cell parameters water moleculesd{on)) [1].
Sample : Polytype (HOH).
— a3(0A21 02(3/&()54 C%s = The absorption bands located around 1500%cm
oo 305 T 2283 761 3R identified in the spectra of HT2, _HT3,_HT4_1 and HT5
T3 | 3.02 | 22.95 7.65 3R samples, are due to the stretching vibrationg) (of
HT4 3.02 | 22.65] 755 3R carbonate anions [18]. The presence of a multigiedb
HT5 3.08 | 2368 7.79 3R between 1200-1600 ¢hand not a single intense band at

_ 1383 cnt indicates that the symmetry of the carbonate
~ The parametea represents the distance between tw@njons is lowered from the planag{2o the G, symmetry.
adjacent cations (bi- or trivalent) in the layée parameter The lowering of the symmetry also causes the aitivaf
c' is related to the total thickness of the brucike-llayer ihe v, mode at 1050 cih Weakly resolved shoulders

and the interlayer distance, whereas 3" = 3thes The  present between 850 — 820 trare attributed to bending
values obtained here are close to previously redodata ;i ations ¢,) of carbonates.

for similar materials [15,16]. It can be noticeattlthe unit The band located around 783 “Lnidentified in the

cell parametem value is not influenced by the nature of-y|r spectra of HT2, HT3 and HT4 samples, are duéé
divalent cations incorporated in the brucite-likeydrs A _ o or 7zn — Al — O bond vibrations in the bresiike
because they do not have too different ionic régij,. = layer [19].

0.65 A and #,,, = 0.74 A) and do not lead to distortions in
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Figure 2. The FTIR spectra of the hydrotalcite-idoenpounds

In addition, the spectra contains absorption beatds
670-620 crit (v, bending vibrations of carbonate bonds), B |
590-560 crit (may be due to stretching and bending = 4
vibrationsof M—O,M—-O —-Mand O —-M — O bondsd |
460 — 420 cm (vibrations of Mg — OH, Al — OH and Zn —
OH bonds from hydrotalcite octahedral networks)e Tast
two absorption bands are typical for brucite-liagér. s

The analysis of SEM micrographs (Figure 3) revealsS
that the prepared hydrotalcites-like compounds hgoed .
crystallinity, however the crystals are in greabesion and
have variable dimensions. Agglomerated and irreggula
sheets, lying on top of one another can be obseeese
aspects are typical for hydrotalcites obtained hy c
precipitation method at low supersaturation [20].

Figure 4shows the Bladsorption-desorption plots at
77 K for the calcined samples CHT1, CHT4 and CHR5.
all cases, the patterns correspond to the IV typiethe
hysteresis loops are different. The sample CHT lvshibe
H2 type hysteresis loop while the presence of thetype
in the Zn-containing samples is observed. Thereftire
pore shapes are different when the?Zwmations are
introduced. In the first case, the H2 hysteresiplis broad,
the desorption branch being much steeper than the
adsorption branch, associated with the intercomaegores
and evidencing the mesoporous materials with a more
complex morphology. In the former case the H1 hesie Figure 3. TheSEM images of as-synthesized samples
loop is relatively narrow with the adsorption aresdrption
branches nearly parallel, associated to compadtinpgs of o i i
homogeneus spheres and narrow pore size distitsutio  1he hydrotalcite-like compounds with two divalent
The specific surface area values range is betweldh- 2 meta_l; in the brucite-like layer have_5|mllar valder their
32nflg. The values decrease systematically upo'ﬁpemflc surface area but substantially lower ti@HAT1
increasing the Z# content in the samples. sample.
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Figure 4. N adsorption-desorption isotherms of calcined sasn@ldT1, CHT4 and CHT5
4. Conclusions divalent metals in the brucite-like layer have $&mialues

for their specific surface area but substantiatwér than

Five hydrotalcite-like compounds with different Mg CHT1 sample (244 ftg). _ _
Zn : Al molar ratio were synthesized based on agseo  The patterns of N adsorption-desorption plot

solutions of corresponding nitrates. correspond to the IV type but the hysteresis loaps
EPMA analysis showed that, after synthesis, theamoldifferent. The sample CHT1 shows a H2 type hysteres
ratio between the cations remained unchanged. loop while the presence of a H1 type in the Zn-abmhg

According to thermal analysis, the samples showed tsamples is observed. Therefore, the pore shapes are
presence of four weight loss steps correspondinghe  different when Zf" cations are introduced.
loss of physically adsorbed water, the loss ofriager
water molecules, dehydroxylation and decarbonatatib
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