








ADSORPTION OF IRON(Il) ON MODIFIED CARBON MATERIAL
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Fig. 1. SEI-mode SEM images of the samples of carbon sorbent: P (a); P-Fe (b); P2 (c); P2-Fe (d); P1 (e); P1-Fe (f);

P3 (g); P3-Fe (h).
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Fig. 2. IR spectra of carbon sorbent samples P, P1, P2, P3.

solution with the concentration of 15 mg/L (the
samples after iron adsorption are designated as
P-Fe, P1-Fe, P2-Fe, P3-Fe) allows us to assume
that iron is adsorbed not only on the external sur-
face on CM but also on the walls of macropores.

The X-ray diffraction analysis has shown that
the main phase of the sorbents is amorphous car-
bon (87—89 %), crystal quartz is also present (up
to 2.1 %), and aluminosilicates of muscovite type
(up to 7.5 %). The content of other phases is with-
in the error of determination using this method
(less than 2 %).

The most interesting issue is investigation of
changes in the CM surface properties caused by
modification, because it is a modification that ap-
pears to be the most significant factor affecting
metal ion adsorption. The studies of the hydro-
lytic activity of CM has revealed (see Table 1)
that treatment of the sorbent with sulphuric acid
causes a decrease in pH of the aqueous extract,
while modification with aminoethanoic acid, for
both P and P1 samples, causes an increase in pH.
The iso-adsorption pH point (pHch) of carbon ma-
terials changes in a similar way.

According to IR spectroscopic data, modifica-
tion of CM samples causes changes in the state of
surface, especially clearly pronounced in the so-
called fingerprint region (1700—600 cm™) (Fig. 2).
Indeed, treatment with sulphuric and/or amino-
ethanoic acid has predictably caused an increase
in the vibrations of bound —OH- and —NH-
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groups (3100—3540 cm™). In addition, we detect-
ed the appearance of an absorption band (a. b.)
at 1635 cm ™!, corresponding to the carbonyl group
in conjugated quinones or lactams, and carboxy-
late ion [13]. These data, in combination with a
sharp decrease in the intensity of the peak at
1125 em™ for P1 sample, can be evidence of the
hydrolysis of ester structures and rearrangement
of phenol groups into quinoid through adsorption
of hydrogen ions on the carbon surface [14]. In
the case of P2 sample, additional vibrations at
2850 and 2925 cm™! arise (methylene group), and
we observe a decrease in the intensity of the vi-
brations of carboxylate ion at 1580 and 1430 cm™!
and —C—0O-bond in phenols and ethers at 1125
and 1030 cm™ [13]. These changes imply fixation
of the modifier on the sample surface due to the
formation of amide bond [15]. For P3 sample, in
addition to the already mentioned a.b., a shoulder
at 3120 cm™' (-NH;) has appeared, and the in-
tensities of vibrations at 1520, 1405, 1250, 1130
and 1023 ecm™! have increased in comparison with
P1 sample. These data provide evidence that the
amino acid is present on the surface not only in
the molecular form but also in the dissociated
form (maybe as a zwitter-ion) [16].

Investigation of the state of the surface using
Hammett indicators revealed the presence of
functional groups within a broad acidity range.
The dependences of the amounts of acid/base
groups on the value of their dissociation constants
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Fig. 3. Distribution of functional groups over acidity (pK,) on the surface of carbon sorbent

samples P, P1, P2, P3.

(pK,-spectra) are presented in Fig. 3. The ob-
tained data confirm the changes of sorbent sur-
face caused by modification. For instance, after
treatment with sulphuric acid (P1 sample), the most
noticeable changes in comparison with initial sorb-
ent occurred in the middle region of pK -spec-
trum, where the amount of groups with pK, 6.4
and 7.3 has increased substantially. The amount
of strongly acidic groups with pK, < 1.0 increased
only slightly, so did the amount of base groups in
the region of pK, 9.0—-11.4. The proportions of
acid groups with pK, 1.1-3.8 and with pK, 8.3
decreased. These data confirm the assumption of
rearrangement and hydrolysis of oxygen-contain-
ing surface groups as a result of hydrogen ion
adsorption. Fixation of AEA on the surface (sam-
ple P2) also causes an increase in the amount of
groups with pK, < 1.0 and pK, 6.4 (see Fig. 3). The
proportion of other groups on the surface of this
sorbent decreases sharply in comparison with sam-
ple P. After sequential treatment of the sorbent
with sulphuric and aminoethanoic acids (sam-
ple P3), the most remarkable result is an increase
in the amount of groups with pK, 8.8-9.8 in com-
parison with P1 sample. The obtained data do not
contradict the results of IR spectroscopy and the
assumption concerning the formation of amide
bond in P2 sample and the presence of the amino

group not bound with the carbon surface in sam-
ple P3.

Investigation of the equilibrium
of iron(ll) ion adsorption

To determine the most preferable variants of
Purolat-Standart sorbent modification for the
purpose of increasing its capacity with respect to
iron(II), it is necessary to carry out experimental
tests of the efficiency of adsorption on all modi-
fied samples under equilibrium. In addition, these
data are necessary to develop an adsorption tech-
nology providing water purification from iron(II)
to the required level.

To describe the equilibria in the heterogene-
ous system sorbent/solution, adsorption isotherms
are widely used [17, 18]. The isotherms of iron(II)
adsorption on the initial and modified samples are
presented in Fig. 4. Analysis of the data shows
that all the sorbents under investigation are char-
acterised by the traditional L-type shape of iso-
therms according to Giles classification. For P2
and P3 samples, two steps are observed; the sec-
ond one is achieved at high equilibrium concen-
trations of iron in solution (>1 mmol/L). The ap-
pearance of the second step is characteristic only
of the samples modified with AEA, which may be
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Fig. 4. Adsorption isotherms for iron(II) ions (g, mmol/g) by carbon sorbent samples P, P1, P2, P3: a — within the concentra-
tion range under investigation (¢ = 0—10 mmol/L) of ferrous sulphate solution; b — at the initial region (¢ = 0—1.2 mmol/L).

evidence of the change of sorbent—sorbate inter-
action mechanism.

In the region of low equilibrium concentra-
tions (up to 1.5 mmol/L), iron(II) ion adsorption
on P2 and P3 samples (modified using AEA) is
less, and on P1 sample treated only with sulphuric
acid — more than on initial sorbent (see Fig. 4, b).
However, at higher concentrations, adsorption ac-
tivity changes as a sequence: P3 > P2 > P > P1.
An increase in adsorption at the initial stage for
sample P1 is likely connected with the conversion
of phenol groups into quinoid ones as a result of
hydrogen ion adsorption on carbon surface and,
as a result, an increase in the amount of surface
active centres [14]. A decrease in adsorption in
the region of small equilibrium concentrations for
P2 and P3 samples can be related, first of all, to
partial blocking of the surface centres of the
sorbent by the amino acid or to the formation of
bonds between the centres and AEA, and second,
to possible mutual repulsion of iron ions and ion-
ised amino groups of AEA.

To interpret the data array obtained, and to
study the interaction of iron(II) with the sorbents
under investigation, we used Langmuir and Du-
binin—Radushkevich models to describe the equi-
librium. Both equations provide a correct (R? > 0.90)
description of metal ion adsorption on sorbents P
and P1 (Table 2). Several linear regions are ob-
served on the isotherms of Fe®" adsorption on
samples P2 and P3 in the coordinates used in the

respective models (Fig. 5), and the correlation co-
efficient for the Langmuir model is higher.

The calculated Gibbs energy of adsorption (—AG)
provides evidence that the process is spontane-
ous, while the close values of this parameter for
P and P1, as well as for P2 and P3, suggest simi-
lar types of Fe?" ion interaction with carbon sur-
face.

For P2 and P3 samples in the region of low
equilibrium concentrations, the calculated limit-
ing monolayer capacities (g, ) (Table 2) are close
to the total amount of surface groups with
pK, < 2.1 (8.2 and 5.5 pmol/g for P2 and P3, re-
spectively (Fig. 3). It may be assumed that car-
boxylic groups act as active centres, and the in-
teraction of iron ions proceeds due to ion ex-
change.

The formation of strong metal ion — CM sur-
face bonds is confirmed by the estimations of the
free energy of adsorption E, as its calculated value
(see Table 2) provides evidence of iron ion chem-
isorption [11, 19]. It can be also assumed that iron
ions form a stronger bonding with the surface of
P3 sample than with other samples under inves-
tigation. According to [19], chemisorption is un-
derstood as ion exchange in this case, but for P2
and P3 samples the formation of chelate com-
plexes of iron ions with the modifier is also pos-
sible [20].

Relying on the entire set of results obtained in
the work, we may assume that iron ions can be
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Fig. 5. Isotherms of iron(II) ion adsorption by carbon sorbent samples P, P1, P2, P3 in the coordinates of Langmuir equa-
tion (a) and Dubinin—Radushkevich equation (b). For designations, see Fig. 4.

fixed on the sorbent surface both due to ion ex-
change and through the formation of an internal
complex compound with AEA. Amino acid fixa-
tion in the form of zwitter-ion (P3) is likely to
hinder Fe?* adsorption in the region of low equi-
librium concentrations.

CONCLUSION

Any of the variants of carbon material modi-
fication (with sulphuric acid and/or aminoetha-
noic acid) does not cause a noticeable change in
the porous structure and phase composition of the
sorbents.

Changes in the state and surface and the ad-
sorption activity of carbon material depend on the
type of modifying agent.

TABLE 2

Modification with sulphuric acid alone is pref-
erable to enhance the adsorption capacity of the
carbon material Purolat-Standart when it is used
to purify groundwaters with low iron content. To
treat water from underground sources with in-
creased iron(II) content, it is recommended to use
the sorbent modified sequentially with sulphuric
acid and aminoethanoic acid.
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