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A monolithic porous composite was synthesized by sol–gel process, containing the max-

imum and significant amount of bentonite that allows its use as  a  filter bed in aqueous

effluents treatment. This process is able to apply on an industrial scale.

The  bentonite used was an efficient adsorbent for various contaminant molecules in aque-

ous  media when is operated in a batch stirred tank, but presents difficulty in the  separation

stage of suspended particles. In  this laboratory-scale work, cylindrical monoliths of 9 cm

length by 2 cm  diameter were made that can be used as  a filter bed. The primary compos-

ite,  silica-resin, was prepared by the  sol–gel precursor mixture of the partially hydrolyzed

tetraethylorthosilicate and a  phenol-formaldehyde resin. Bentonite was added to the  pre-

gelling, obtaining the silica-resin-bentonite composite, made up the gel which is then dried

and  cured at 270 ◦C. The different composites mineralogical and structurally were evalu-

ated.  The preliminary performance of the  developed bentonite filter bed showed almost 90%

adsorption of diphenylamine, a commercial agrochemical widely used as anti-antiscaldant

in  postharvest treatment of fruit, and showed that the  bentonite conserves its  adsorption

capacity and controls the swelling of the interlayer space which encourages further research

studies applied to water treatment.

© 2021 SECV. Published by Elsevier España, S.L.U. This is an open access article under the

CC  BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Obtención  y  caracterización  de un  nanocompuesto  monolítico  híbrido  vía
proceso  sol-gel

lave:

r  e  s u  m e  n

Se sintetizó vía sol-gel un  compuesto híbrido monolítico poroso, con la máxima cantidad
 permite su  uso como lecho filtrante, lo  que podría aplicarse
significativa de bentonita que

puesto

ante compuesto

to de  aguas

en  el tratamiento de  efluentes acuosos a  escala industrial.

La bentonita utilizada es un eficiente adsorbente de varias moléculas de contaminantes

presentes en medios acuosos cuando se opera por lotes en tanque agitado, pero pre-

senta la dificultad de separar las partículas suspendidas. Para este trabajo a  escala de

onding author.
l address: celestelegarto@cetmic.unlp.edu.ar (M.C. Legarto).
i.org/10.1016/j.bsecv.2021.10.001
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laboratorio se realizaron monolitos cilíndricos de  9 cm de largo por 2 cm de diámetro que

pueden ser usados como lecho filtrante. El compuesto primario, sílice-resina, se preparó

mediante la mezcla precursora sol-gel de  tetraetilortosilicato parcialmente hidrolizado

y  resina fenol-formaldehído. Se añadió bentonita a  la mezcla precursora durante la

gelificación, para obtener el compuesto sílice-resina-bentonita. Luego del  proceso de enve-

jecimiento del gel  se cura a 270 ◦C. Los diferentes compuestos fueron evaluados mineralógica

y  estructuralmente. El rendimiento preliminar mostró casi el 90% de adsorción de difenilam-

ina,  un agroquímico comercial altamente utilizado como antiescaldante en las industrias

poscosecha de frutas, y mostró que la bentonita conserva su  capacidad de adsorción y  con-

trola el hinchamiento del espacio interlaminar, lo  que motiva a  futuras investigaciones

aplicadas al tratamiento de aguas.

©  2021 SECV. Publicado por Elsevier España, S.L.U. Este es un artı́culo Open Access bajo

-NC-N
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Table 1 – Formulation of C and C-Bet.

Composite Resin (g)  TEOS (ml) Ethanol  (ml) Water (ml) Bent (g)
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 combustion occurs at lower temperatures than in the
 of resin with a compact structure. In the case of C-Bent,
gical  and  structural  analyses
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 also observed that the peaks corresponding to ben-
ontmorillonite and other minerals, although they
e amorphous silicon band, preserved their structure.
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Fig. 4 – (a)  Differential thermal analysis curves; (b) thermogravimetric analysis curves of Bent, Bent300, C, C-Bent.
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Fig. 7 – Accumulated pore volume (mm3/g) vs pore size
(nm) of Bent, C and C-Bent and their derivatives.

Fig. 8 – Adsorption–desorption isotherms of Bent, C and
C-Bent.
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extural characteristics (Table 2) where composite
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Table 2 – Textural parameters evaluated by N2, S.BET (specific surface), Vt (total volume of pores) and c  (energetic
constant); and S.H2O (specific surface measured by H2O).

Composite S.BET (m2/g)  Vt (cm3/g) c S.H2O(m2/g)

C  167 0.22 265 778
C-Bent 95 0.13 330 464
Bent 18 0.05 160 1187

Fig. 9 – (1) SEM image of C  ×1000. (2) SEM images of C-Bent ×1000.

Table 3 – Comparative breakthrough curve parameters (Thomas model) of C and C-Bent fixed bed column for
dyphenilamine adsorption.

Column C0 (mg/L) Q (ml/min) Z (cm) X  (g)  tb (min) te (min) kTh (ml/min mg) q0 (mg/g) R2

C  200 1 9.5 7.6 25 100 0.55 1.1  0.99
C-Bent 200 1 9.5 11.2 55 100 0.98 1.4  0.93

Table 4 – Comparative diphenylamine adsorption–desorption results of fixed bed column C and C-Bent.

Column Maximum operation time  (h) Maximum adsorption (%)  Desorption (%)
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