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a b s t r a c t

Boehmite was synthesized and characterized in order to study the adsorption behavior and the removal of
Cr(VI) ions from aqueous solutions as a function of contact time, initial pH solution, amount of adsorbent
and initial metal ion concentration, using batch technique. Adsorption data of Cr(VI) on the boehmite
were analyzed according to Freundlich, Langmuir and Dubinin–Radushkevich (D–R) adsorption models.
vailable online 8 June 2008
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Thermodynamic parameters for the adsorption system were determinated at 293, 303, 313 and 323 K
temperatures. The kinetic values and thermodynamic parameters from the adsorption process show that
the Cr(VI) ions adsorption on boehmite is an endothermic and spontaneous process. These results show
that the boehmite could be considered as a potential adsorbent for chromium ions in aqueous solutions.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

In recent years, the use of inorganic materials in the adsorp-
ion process as adsorbent for removing heavy metals from polluted
astewater has come to the forefront [1–3]. Inorganic materials
ave proved to be useful and of common use due to their low
osts and high effectiveness [4]. Their greatest advantage is that
dsorption occurs and allows in the separation of small amounts of
ubstances from a large volume of solution. A universal absorbent
as not been found yet, neither a perfect adsorbent for any given
urpose has been developed. Knowledge of adsorptive proper-
ies of inorganic materials has become considerably important in

any fields. The primary requirement for an economic adsorption
rocess is an adsorbent with sufficient selectivity, high sorption
apacity and resistance to high temperatures and high radiation
evels. Up till now many researchers have studied the adsorption of
hromium on different adsorbents [5–7].

Boehmite (�-AlOOH) is an important precursor material for
-Al2O3, which has been extensively used as catalyst support,
dsorbent [8] and membrane, due to its high specific surface
rea and mesoporous properties. Another important application

f boehmite is to produce �-Al2O3 by calcinations at high tem-
eratures. The chemical and physical properties of boehmite are
ery much dependent on the experimental factors of its synthesis,
uch as the nature of Al(III)-salt, pH, temperature, time of aging, etc.

∗ Corresponding author. Tel.: +55 53297200; fax: +55 53297301.
E-mail address: fgc@nuclear.inin.mx (F. Granados-Correa).
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9]. It is well known that boehmite possesses excellent mechanical,
lectrical, thermal and optical properties. The crystalline struc-
ure of boehmite has an essential effect on the characteristics of
ransition aluminas and the phase transition temperature of alu-

inas [10,11]. Moreover, boehmite is an energy-saving precursor
aterial for the production of alumina, although it dehydrates at

igher temperature than gibbsite. This is attributed to the low
nthalpy of the dehydration reaction of boehmite compared to
ibbsite. The structure of all transition aluminas is based on a
ace-centered cubic array of oxygen anions [12]. The structural
ifferences between these forms only involve the arrangement of
luminum cations in the interstices of the face-centered cubic array
f oxygen anions. Boehmite was thought to exist under two dis-
inct forms, well-crystallized boehmite and pseudoboehmite, with
ignificantly different morphologies, porosity and surface areas,
ut it was found that pseudoboehmite is simply micro- or rather
ano-crystallized boehmite [13]. Thus, boehmite was selected as a
odel adsorbent because it possesses well-defined properties and

as been extensively utilized as a representative aluminum oxyhy-
roxide phase (�-AlOOH) [14,15]; however, there are no reports on
dsorption kinetics and thermodynamic parameters of chromium
ons on boehmite.

The aim of this work is to examine the Cr(VI) ions adsorption
ehavior from aqueous solution on boehmite synthesized by batch

ethod as a function of contact time, initial pH solution, initial
etal ion concentration and amount of adsorbent. Additionally,

ome of the kinetic and thermodynamic parameters were deter-
ined to interpret and elucidate how the adsorption mechanism

f chromium ions works.

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:fgc@nuclear.inin.mx
dx.doi.org/10.1016/j.jhazmat.2008.06.002
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. Materials and methods

.1. Materials

All chemicals and reagents used in this work had a pure ana-
ytical quality. In all experiments, deionized water was used for
reparation, dilution and analytical purposes of solutions.

.2. Adsorbent preparation

The boehmite was synthesized via sol–gel method at 298 K
y drop-wise addition of isopropanol and water mixture under
igorous stirring, in 100 mL of 0.5 mol L−1 aluminum isopropox-
de/isopropanol solution during 24 h to obtain a homogenization.
or a complete hydrolization, mixture was heated in a reflux system
t 328 K for 5 h. The obtained solid was filtered and washed with
eionized water and the material was dried at 353 K [16].

.3. Adsorbent characterization

The solid sample was characterized by X-ray diffraction using
Siemens D-5000 diffractometer coupled to a copper anode X-

ay tube. The Ka radiation was selected with a diffracted beam
onochromator. The compound was identified by comparing it
ith the JCPDS cards in the conventional way. Specific surface

rea and total pore volume of boehmite were measured by the
2 Brunauer–Emmett–Teller (BET) method in a surface area ana-

yzer Micromeritics Gemini 2360. A stock solution of chromium
VI) ions was prepared by dissolving of K2Cr2O7 (Merck) in deion-
zed water. Solutions with the desired concentrations (10−4 to
0−5 mol L−1) of Cr(VI) were prepared by successive dilutions of
he stock solution. The pH of the chromium solutions was adjusted
y adding aqueous solutions of NH4OH or HNO3, for pH measure-
ents of the aqueous solutions. A digital pH meter (Cole-Parmer
odel 05669-20) combined with a glass electrode was used for

ll experiments. Chromium concentrations in remaining solu-
ions was determinated by using a Shimadzu ultraviolet–visible
65 spectrophotometer analyzer at � = 540 nm using the 1,5-
iphenylcarbazide method [17].

.4. Effect of contact time

Time of contact of adsorbent and adsorbate is of great impor-
ance in adsorption since contact time depends on the nature of
he system used. Adsorption experiments for Cr(VI) on boehmite
ere carried out as follows: to each of the 0.1 g boehmite sam-
les, 10 mL of solution containing 1 × 10−4 mol L−1 of K2Cr2O7 was
dded. The samples were shaken at room temperature for periods
anging from 5 min to 72 h, and then centrifuged and 5 mL portions
f liquid phases were measured.

.5. Effect of pH

The pH of the aqueous solution is a significant controlling factor
n adsorption mechanism, in order to optimize the pH for maxi-

um removal efficiency, batch experiments at room temperature
ere carried out by taking in contact 10 mL of chromium solu-

ion (1 × 10−4 mol L−1 of K2Cr2O7) with 0.1 g of boehmite for 1 h

f shaking time (period needed to reach the complete adsorption
quilibrium between the two phases was), at several pH values
3–13), adjusting continuously the solution pH with HNO3 and
H4OH solutions and the percentage uptake of the synthesized
oehmite was obtained.

t
c
T
a
u
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.6. Effect of amount of adsorbent

Under optimum conditions of shaking time and pH, the effect
f adsorbent dosage on adsorption of chromium was studied by
haking 10 mL of metal solution (1 × 10−4 mol L−1 of K2Cr2O7) with
.02–0.12 g of adsorbent for 1 h at room temperature and at con-
tant pH 5.5.

.7. Adsorption experiments

Prior to use, the pHzpc (point of zero charge) of samples was
eterminated by using a DT300 Dispersion Technology equipment.
dsorption experiments were carried out in batch mode by mixing
.1 g of boehmite and 10 mL of chromium solution in close vials,
ontinuously shaking at different time intervals to attain equilib-
ium distribution in the studied system on a water bath flask shaker
t fixed temperature. After shaking, solutions were centrifuged,
nd the percentage of chromium adsorbed by the boehmite was
eterminate from the difference between initial [C]i and final [C]f
oncentrations of chromium ion in aqueous solution, before and
fter contact. The following equation was used for calculus:

adsorption = [C]i − [C]f

[C]i
× 100 (1)

n the formula Ci and Cf denote, respectively, the initial and final
oncentration of chromium ions in the solution. All experiments
ere carried out at room temperature except in the temperature
ependence study where the temperature was varied from 293 to
23 K.

.8. Effect of initial concentration

In adsorption processes, the concentration of the metal ion also
lays an important role. For this investigation, the Cr(VI) adsorption
n boehmite was studied at a constant amount of boehmite 0.1 g
nd varying chromium concentrations (10−4 to 10−5 mol L−1) in the
queous phase at pH 5.5, room temperature and 1 h of contact time.
xperimental data obtained from this study, were evaluated with
reundlich, Langmuir and Dubinin–Radushkevich (D–R) isotherms
odels.

.9. Effect of temperature

Temperature dependence on the adsorption process is asso-
iated with several thermodynamic parameters. The effect of
emperature on the chromium removal was investigated by
erforming batch experiments at 293–323 K, initial metal ion con-
entration of 1 × 10−4 mol L−1, contact time, 1 h and initial pH 5.5
n boehmite.

. Results and discussions

.1. Adsorbent characterization

X-ray diffraction patterns showed that boehmite was obtained
n the synthesized samples. This synthesis produces a fine white
owder of nano-crystalline boehmite. The X-ray diffraction pattern
f the synthetic boehmite sample is shown in Fig. 1. According to
his synthesis, the boehmite sample showed a typical boehmite-

ype pattern when the compound was identified by making a
omparison with the JCPDA 21-1307 card in the conventional way.
he presence of sharp and intense lines at low values of the 2� angle
nd less intense and fairly asymmetric lines at higher angular val-
es, shows a moderate broadening of the lines due to crystallite
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Fig. 1. X-ray diffraction (XRD) pattern of the synthetic boehmite sample.

ize (700–1000 Å), analyzed by Sherrer equation [18]. The pow-
er diffraction pattern of the boehmite after chromium adsorption
id not show any important changes; therefore, the crystal struc-
ure was confirmed by powder X-ray diffraction. Specific surface
rea of boehmite was 224 m2 g−1 and the total pore volume was
.1527 cm3 g−1. In general, those results are within the reported
ange in literature [19,20].

.2. Effect of contact time

The adsorption processes as a function of time to determine the
oint of equilibrium were studied from adsorption experiments of
r(VI) ions onto boehmite. These experiments were carried out at
n initial pH 5.5, that is without pH adjustment, in the presence
f 1 × 10−4 mol L−1 K2Cr2O7 at room temperature. All experiments
ere run twice and a good reproducibility of the procedures was

btained. The results are shown in Fig. 2, where it is clear that
dsorption of Cr(VI) ions into boehmite is rather quick and after
h the complete adsorption equilibrium between the two phases is
btained. The amount of Cr(VI) ions removed reached a maximum

−4 −1
f 7.28 × 10 mmol g . No further adsorption above the quantity
btained in 1 h of contact time was obtained by placing adsorbent
amples in contact with Cr(VI) solutions for 3 days of shaking time.
his behavior shows that adsorption of Cr(VI) ions occurred in a sin-
le step and that the slow adsorption before 1 h can be explained

Fig. 2. Adsorption of Cr(VI) ions on boehmite as a function of contact time.
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Fig. 3. Influence of initial pH on Cr(VI) ions adsorption.

y ion exchange of the chromium ions on the surface of boehmite
21].

.3. Effect of pH

In adsorption processes, the adsorption of metal ions on min-
ral surfaces can be reduced or increased by the initial pH values
f the solutions, due to interactions of metal ions with adsorbed
unctional groups on the mineral surfaces that are weaker than
nteractions with the surface hydroxyls of the mineral. Some exper-
ments were carried out to examine the influence of initial pH
n the adsorption of chromium ions with 1 × 10−4 mol L−1 solu-
ions. The initial pH of chromium solutions was adjusted from 3
o 13 with HNO3 and NH4OH solutions. The pH stability was ver-
fied by periodic measurement. The results obtained are shown
n Fig. 3. In boehmite, Cr(VI) adsorption follows a typical metal
nion adsorption behavior, where negligible adsorption occurs at
high pH and a sharp decrease in adsorption in alkaline media,

herefore, for anionic chemical species, adsorption decreased when
lkaline media is increased [22]. So, it would be expected that
he maximum adsorption of chromium ions could occur at higher
cid pH values, because, at initial acid media the chromium ions
orm negatively charged the hydrolyzed species. Chromium is an
ctive metal that exists in several oxidation states, the most stable
n aqueous solution being the hexavalent, Cr(VI) and the triva-
ent, Cr(III). In solution at pH higher than 5.5, Cr(VI) is present in
orm of CrO4

2− ions [23]. At lower pH values, the Cr(VI) is present
ither as HCrO4

− or as Cr2O7
2− depending on the Cr concentra-

ion, which is adsorbed onto the boehmite surface, thereby leading
o high percentage of adsorption. The increase of alkaline media
uppresses the hydrolysis of chromium ions leading to lower per-
entage adsorption values and the boehmite acts as ion exchanger.
owever, the maximum adsorption of chromium ions occurred at

lightly initial acid pH values. Solutes interact with mineral surfaces
ecause they have acquired an electrical surface charge, because of
he reactions involving functional groups (H+, OH−) on the min-
ral surface and ions in solution. A pHzpc (point of zero charge) of
.6 has been previously reported for boehmite [14], additionally the
Hzpc of boehmite was determinated and was found to be 8.4. Then,
nly anionic species could be adsorbed on this material below of

heir (zero point charge, zpc) value. Anionic Cr(VI) species could be
etained on the charged surfaces of boehmite. Results show that
he electrical properties of the surface of this material, that is the
harge of the surface groups, are in part responsible for the Cr(VI)
ons adsorption. Therefore, Cr(VI) species adsorption on boehmite
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Fig. 4. Dependence of Cr(VI) ions adsorption on the amount of adsorbent.

s partially attributed to the direct exchange of ions with a specific
roup on an adsorbing surface, according to the concept of zpc.

.4. Effect of amount of adsorbent

The results from the dependence of chromium adsorption by
ariation of different amount of boehmite in the system was car-
ied out at pH 5.5 and equilibration time of 1 h for the adsorption
rocess and they are presented in Fig. 4. Removal efficiency was
ound to increase proportionally with the amount of boehmite until
certain value was reached; afterwards, the removal efficiency is
aintained constant even if boehmite is added. So, 0.08 g of adsor-

ent is enough for the quantitative removal of chromium from
astewater.

.5. Effect of initial concentration

Assessment of the effect of initial concentration on the adsorp-
ion of chromium on boehmite was carried out by varying the
dsorptive concentrations (10−4 to 10−5 mol L−1) at 293 K for 1 h

nd the results of the adsorption of Cr(VI) ions are shown in Fig. 5. It
as found that the adsorption of Cr(VI) onto boehmite was strongly
ependent on initial metal ion concentration. As is seen in Fig. 5, the
ercentage of adsorption decreased when initial concentration of

Fig. 5. Effect of Cr(VI) ions initial concentration on its adsorption.
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ig. 6. Freundlich adsorption isotherm for Cr(VI) ions adsorption on boehmite.

hromium ions increased. The increase of adsorption is explained
y the interaction of metal ions adsorbed onto the surfaces, by a
echanism that involves specific metal ion adsorption at a limited

umber of surface sites, because there are more surface active sites
er gram of sorbent available for deposition at higher dilution.

.6. Adsorption isotherms

In order to describe the chromium adsorption behavior in the
oehmite, isotherms data obtained were fitted to the Freundlich,
angmuir and Dubinin–Radushkevich adsorption models. The Fre-
ndlich behavior was tested by the following equation:

og ae = 1
n

log Ce + log K (2)

here ae is the amount of chromium adsorbed at equilibrium
mol g−1), Ce is the equilibrium concentration of chromium in solu-
ion (mol L−1) and K as well as 1/n are Freundlich constants. The
alues of 1/n and K, which roughly correspond to the adsorp-
ion intensity and maximum adsorption capacity, respectively, they
ere evaluated with the help of slope and intercept of the lin-

ar plot shown in Fig. 6 and were found to be 0.670 ± 0.002 and
1.88 ± 0.02) × 10−3 mol g−1, respectively. This empirical model can
e applied to non-ideal adsorption on heterogeneous surfaces as
ell as multilayer adsorption. Relatively higher fractional values

f 1/n (0 < 1/n < 1) indicate a fair validity of classical Freundlich
sotherm over the entire concentration of chromium and accord-
ng to the correlation coefficient (R2 = 0.9907), this isotherm shows
exibility to fit the experimental results. The obtained fractional
alue of 1/n was assigned due to the heterogeneous nature of adsor-
ent surface with an exponential distribution of the adsorption
nergy of sites [24].

The adsorption data were also tested using Langmuir isotherm
quation in the linearized form:

Ce

ae
= 1

Kamax
+ Ce

amax
(3)

here Ce is the equilibrium concentration of the metal ion in
olution (mol L−1), ae is the amount of chromium adsorbed at equi-
ibrium (mol g−1), and K and amax are Langmuir constants, related

o the binding constant and the maximum adsorption capac-
ty, respectively. Langmuir equation is probably the most widely
pplied model for isotherm adsorption, it considers that the adsorp-
ion energy of each molecule is the same, independently of the
urface of material, the adsorption takes place only on some sites
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Table 1
Temperature effect on the percentage of Cr(VI) ions adsorbed on boehmite at
equilibrium

Temperature (K) Percentage sorbed (%)
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ig. 7. Langmuir adsorption isotherm for Cr(VI) ions adsorption on boehmite.

nd there are no interactions between the molecules. A linear plot
as obtained when Ce/ae was plotted against Ce (Fig. 7) over the

ntire concentration range evaluated, the straight line indicates
hat the adsorption complies with the Langmuir model as shown
n Fig. 6. The slope of the plot is amax = (5.432 ± 0.01) × 10−6 mol g−1

nd intercept is K = (1.81 ± 0.1) × 104 dm3 mol−1, with a higher cor-
elation coefficient (R2 = 0.9930). On the other hand, data were also
ested with D–R equation in the linearized form [25,26]:

n Ce = ln amax − ˇε2 (4)

here ˇ is a constant and ε is Polanyi potential which is equal to

= RT ln
(

1 + 1
Ce

)
(5)

here R is the gas constant, 8.314 × 10−3 kJ mol−1 K−1 and T is the
bsolute temperature in K. A plot of ln ae vs. ε2 is shown in Fig. 8. The
traight line indicates that the adsorption data are well adjusted to
–R model in all concentrations of Cr(VI) ions studied. The obtained
alues of maximum amount of chromium that can be adsorbed on
oehmite and the mean adsorption energy from the slope and inter-
ept of this straight line were amax = (5.90 ± 0.04) × 10−5 mol g−1
nd E = 9.80 ± 0.10 kJ mol−1, respectively, with a correlation coef-
cient (R2 = 0.9912). The adsorption energy mean E, which is the

ree energy mean of transference for 1 mol of solute from infin-
ty (in solution) to the surface of boehmite, was evaluated using

ig. 8. Dubinin–Radushkevich (D–R) adsorption isotherm for Cr(VI) ions adsorption
n boehmite.
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2
3

3

93 70.9 ± 0.1
03 76.6 ± 0.2

313 83.7 ± 0.1
23 86.8 ± 0.1

he relation E = 1/
√

−2ˇ with ˇ = −0.0052 mol2 kJ−2. The obtained
alue of E is in the expected range of 8–16 kJ mol−1 for ion exchange
henomena [27].

.7. Effect of temperature

The effect of temperature in the adsorption of chromium (VI)
ons on boehmite was also investigated. The temperature was var-
ed from 293 to 323 K at pH 5.5, contact time of 2 h and chromium
ons concentration of 1 × 10−4 mol L−1. It was observed that the
dsorption of chromium ions at various temperatures increases
ith the increase of temperature (Table 1), this fact indicates that

here is a better adsorption at higher temperature. The increase in
mount of chromium adsorbed with an increase in temperature is
rovoked by more mobility of the ionic species present in the bulk
olution, with acceleration of some originally slow adsorption steps
r by creation of some new active sites on the adsorbent surface.

Data from Cr(VI) ions adsorption at different temperatures were
ested with the first-order rate law Lagergren equation:

og(ae − at) = log ae − k1

2.303
t (6)

here ae and at are the concentrations of Cr(VI) adsorbed at equi-
ibrium and at contact time interval t, respectively; k1 is the overall
dsorption rate constant. Adsorption rate constants at different
emperatures have been estimated from the slopes of straight
ines obtained from log(ae − at) vs. time plots. Obtained values are
isted in Table 2 is worthy to note that the adsorption rate for the
ystem increase when temperature is increased, this is in agree-
ent with the reported literature [28]. This behavior indicates

hat the boehmite has more affinity for Cr(VI) when the temper-
ture increases. Meanwhile the Arrhenius plots of log k1 vs. 1/T
Fig. 9) gave the activation energy for the adsorption process of
r(VI) ions as Ea = (2.315 ± 0.3) × 10−2 kJ mol−1. This value of acti-
ation energy for the system indicates that processes of adsorption
ccurs even under normal conditions of temperature and pressure;
t also indicates that the barriers to adsorption are low and the
ate-determining step does not involve complex series of rearrange-
ents of ions or molecules.
Data of chromium adsorbed at equilibrium at different temper-

tures have been used to evaluate the thermodynamic parameters

H◦, �S◦ and �G◦ for the adsorption system by using the following

quations:

og Kd = − �H◦

2.303R

(
1
T

)
+ �S◦

2.303R
(7)

able 2
inetics parameters for adsorption of Cr(VI) ions on boehmite as a function of tem-
erature: initial concentration of adsorptive solution, 1.0 × 10−5 mol L−1; initial pH
.5

emperature (K) Rate constants (×10−2 min−1)

93 7.1 ± 0.02
03 7.5 ± 0.01

313 11.1 ± 0.01
23 16.9 ± 0.13
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Fig. 9. Arrhenius plot for Cr(VI) ions adsorption on boehmite.

G◦ = −RT ln Kd (8)

G◦ = �H◦ − T�S◦ (9)

here �H◦, �S◦, �G◦ and T are, respectively, the enthalpy change,
ntropy change, Gibbs free energy of adsorption and absolute tem-
erature in K; R is the universal gas constant (8.314 J mol−1 K−1).
nthalpy change was calculated from the slope of straight line plot
etween log Kd and 1/T in Fig. 10, derived from application of the
an’t Hoff equation in linearized form [25]:

og Kd = −�H◦

2.303RT
+ constant (10)

Enthalpy change, obtained was �H◦ = 11.94 ± 0.3 kJ mol−1,
here positive value indicates an endothermic nature of the

dsorption process. The magnitude of �H◦ is related to the reaction
echanism. If �H◦ is in the range of 8–16 kJ mol−1, adsorption is

overned by ion exchange [27,29].
The value of �S◦ was also estimated from the intercept of plot

ith y-axis from Fig. 10, whereas �G◦ was evaluated using Eq.
8). �G◦ was found to be −8.77 ± 2.0 kJ mol−1; its negative value
evels the spontaneity of the adsorption process. Meanwhile �S◦

as found to be (7.0 ± 0.2) × 10−2 kJ K−1 mol−1 and its positive value

uggests the increase in randomness at the solid solution interface
y the fixation of chromium ions on the boehmite. When the ions
re adsorbed at the surface of boehmite, water molecules that were
reviously bounded to the metal ions are released and dispersed in
he solution, resulting in an increase in the entropy change.

Fig. 10. Plot of log Kd vs. 1/T for Cr(VI) ions adsorption on boehmite.
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Therefore, the results indicate that boehmite is an adsorbent for
he removal of Cr(VI) ions from aqueous solutions under the tested
xperimental conditions. The benefits of using boehmite instead of
ther solids, for example, composite alginate–goethite beads, nano-
rystalline akaganeite and aniline formaldehyde [28,30,31], is that
he metallic oxides used as sorbents as boehmite are useful for the
xtraction and recovery of metallic ions due to their great thermal
tability, chemical resistance and low solubility in a wide pH inter-
al. Thus, boehmite, a solid rich in aluminates, may be useful for
he removal of pollutants in water in specific chromium with good
esults.

. Conclusions

Boehmite has been prepared and characterized in this study.
dsorption equilibrium is attained within a short contact time of 1 h
nd the ion exchange of chromium ions at the surface of boehmite
ontrols the adsorption process. The Cr(VI) ions adsorption was
avored at higher temperatures and at slightly initial acid pH val-
es in the equilibrium. Experimental isotherms of Cr(VI) ions were
uccessfully fit to Freundlich, Langmuir and Dubinin–Radushkevich
sotherms models over all concentration range studied. The main
nergy of adsorption was calculated using the linearized form of
–R adsorption isotherm. The values of �H◦, �S◦ and �G◦ prove

hat the adsorption of chromium ions on boehmite is an endother-
ic and a spontaneous process. The results indicate that boehmite

s an effective adsorbent for the removal of Cr(VI) ions from aqueous
olutions under the tested experimental conditions, and it could
e useful in the treatment processes of industrial wastes or for
nalytical applications.
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