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Abstract
The objective of the studies was to determine an effect of pH on adsorption of hexavalent chromium
onto activated carbons. The static studies of pH (in range from 4 to 9) on adsorption effect Cr (VI) onto
activated carbon F-300 was investigated. The best results at lowest pH value were obtained. The
highest varies in chromium removal - from 5 to 10% - achieved between pH values of 6 and 7, in
dependence on initial concentration. In this range of pH and low concentrations of chromium,
transformation hydrochromate into bichromate takes place.
The investigations ash disposal methods was carried out on carbon WD-extra washed 10% solution of
HCl and H2SO4 and distilled water for the purpose of acid remains removal. Maximum adsorption
occurred on ash removed carbon by hydrochloric acid. The efficiency of adsorption was varied in
dependence on ash disposal method and reached 35%. The lowest results of adsorption for not ash
removed carbon was obtained, because of process took place at high pH values, wherein ion
exchange on weak exchangers, including activated carbon was the worst.

Itroduction
Chromium, especially its hexavalent form, is one of these heavy metals whose toxicological properties
have been proved, however it still causes some problems at classical methods of treating water.
Hexavalent chromium is easy to dissolve ( as opposed to trivalent chromium which creates insoluble
hydroxide ) and is the most toxic. It can create chromates, hydrochromates and dichromates [1] in
water. Over normative amounts of hexavalent chromium are found not only in surface water but also
in groundwater. Acceptable concentration of general chromium in drinking water is 50 µg/dm 3 [2]. The
research conducted on the possibility of oxidizing trivalent chromium showed that there is a danger
that while adding ozone at the water treatment stations it may happen that less toxic form of trivalent
chromium will change into its hexavalent form. It will cause that the water will contain Cr(VI) which has
not been found in raw water [3].
The conducted research on application of activated carbons as selective ion exchangers in order to
remove hexavalent chromium showed the possibilities of removing from water these ions which are
concentrated at the low level to the demanded final concentration[4-6]. However, the fact that removal
of ion (especially anions) is complex and unexplained in a sufficient way causes that it is advisable to
make detailed research. It will enable to carry out the process under optimal conditions. This is crucial
particularly in this case because activated carbons have relatively low absorption capacity in
comparison to unlimited ions. The determination of optimal adsorption conditions and the choice of
proper activated carbon have got great influence on economical aspect of the suggested method.
This paper presents the results of research concerning the influence of pH of a solution on the effects
of chromate anion adsorption.

Methods
The research on the influence of pH on adsorption effects was conducted under static conditions on
carbon F-300 which has not got large alkalinity and has got neutral reagent of water extract (table 1 ).

pH value was corrected by means of HCl or NaOH solution. The adsorption took place in 250 cm 3 of
solution and at the chromium concentration of 0,8, 1 and 6 mgCr/dm 3. Then it was added 1g of
activated carbon dried at the temperature of 140 °C. The prepared samples were shaken for 2 hours
and put away for further 22 hours so that they reached equilibrium [7].
The investigation concerning the influence of removing ash from carbon by means of HCl or H 2SO4
was carried out on carbon WD-extra which have got high capacity of mineral compounds in ash [8].
Table 1. Physicochemical properties of active carbons used in the research
No
Index
The quantity of index for carbon
WD-extra
F-300
1
415
542
Embankment mass, g/dm 3
2
3
4
5
6
7
8

Water logging, cm 3/g
Mechanical durability, %
Alkalinity, %
pH of water extract
Iodine adsorption, mg/g
Methylene figure, mg/g
Grain number – grain sieve analysis
> 2,0 mm
2,0 ÷1,5 mm
1,5÷1,0 mm
1,0 ÷ 0,5 mm
< 0,5 mm
Capillary volume cm 3/g
Capillary area, m 2/g
Outside area, m 2/m3

9
10
11

0,78
98
2,63
9,8
967
156

0,61
97
0,19
6,8
1050
162

4,9
57,4
34,3
2,2
1,0
1,069
753,6
2235

31,4
23,4
30,2
10,2
4,6
0,987
792.1
2912

Results
One of the most important parameters which have influence on the results on ion exchange adsorption
is pH of a solution. In this paper there was made a research on the impact of pH on carbon F-300,
which is a rinsing carbon and the fact that we added it to the investigated water did not change its
reagent. There were made some measurements of balanced concentrations for the following pH
values: 4; 5; 6; 7; 8 and 9 and for initial concentrations: 0,8; 1,0; and 6,0 mg/dm 3 (Fig. 1). Within the
range of pH = 4 ÷ 9 the increase in pH of water causes the decrease in adsorption results. The
reduction of hexavalent chromium concentration (Table 2) is inversely proportional to pH value and to
initial concentration. There are great differences among them especially when pH of water is changed
from pH value 6 to pH = 7 (from 5 to 10 %).
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Fig. 1. The adsorption of chromate anions from water solutions at different pH values

The results of the measurements which show the impact of pH ( even a few dozen percentage) on
adsorption effects ( Fig.1, table2 ) were the foundation of the initial modification of the used WD-extra
carbon, which has got high pH values of water extract. The alkaline character of the reagent is caused
by the presence in carbon some mineral compounds containing alkaline salts: mainly of calcium,
magnesium, sodium and potassium. There is also a small amount of sulphides which can be
responsible for the change of hexavalent chromium into trivalent one and for its precipitation as
hydroxide. Therefore further research was carried out on carbons which had been partially ash handled
by means of 10% HCl or H 2SO4.
Table 2. The level of hexavalent chromium removal ( 1-C k/C0 ) depending on pH of the solution
Initial concentration,
pH
3
pH = 4
pH = 5
pH = 6 pH = 7
pH = 8
pH = 9
Mg/dm
0,8
1
0,91
0,88
0,78
0,75
0,73
1,0
0,94
0,91
0,89
0,80
0,78
0,77
6,0
0,83
0,82
0,80
0,75
0,74
0,73
As a result of preliminary research it was established for static adsorption twenty-four-hour time of
contact at constant pH = 7. Under such conditions and at changeable concentration of hexavalent
chromium solution, there was carried out the next cycle of research. Its aim was to determine the
influence of agent used to ash handle on anion exchange capacities of activated carbon.
The static adsorption was carried out on ash-free activated carbons at different initial concentrations
(Fig. 2 and 3).
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Fig. 2. The adsorption of chromate anions from water solutions
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Fig. 3.The adsorption of chromate anions from water solutions on WD-extra carbon from which ash
was removed in different ways

Discussion
The above shown results indicate that pH value of the solution is a very important parameter within the
process of ion exchange adsorption. It has a great influence especially on dissociation of function
groups on carbon surface. Activated carbons have got different function groups, however, in the case
of anion exchange groups, it is hard to analyse them. According to reports presented in literature,
these carbons can be treated as weak anions [9]. The dissociation of alkaline groups can take place in
acid environment or at least neutral one. The reports presented in literature do not formulate
unambiguous and optimal pH value of environment for Cr(VI) adsorption.
The research carried out by Perez-Candela [10] proved that optimal pH value during adsorption of
hexavalent chromium is depended on material of which carbon is made and on the method of its
production (especially activation process). Huang and other researchers [11] while investigating Calgon
Filtrosorb carbon calculated the optimum adsorption of chromate anion at pH = 6, whereas the
investigations shown in [12] concerning activated carbons from coconut shells and in [13]concerning
the usage of bagasse indicate that the best results of adsorption were obtained at low pH values ( max
at pH=2 ).
According to the research [14] on mineral-carbon sorbent , the dissociation of alkaline groups took
place only up to pH value = 4. Therefore the investigation of this parameter should be made on a
specific carbons and every time [15]. Carbon F-300 is a rinsing carbon and adding it to the solution
does not change its pH value. Within the range pH 4 ÷ 9, analyzed in the paper, the increase in pH
value causes decrease in adsorption (Fig.1). There are especially great differences while changing pH
= 6 to pH = 7. The increase in adsorption values in this case is 5 to 10 %. Within this range of pH
hydrochromates change into chromates [16]. At lower water pH chromium appears as single-valued
anion HcrO4¯, at higher pH of water it appears as chromate anion CrO 42-. In the process of
exchanging one chromate anion into another there can participate two active centers, however in the
case of hydrochromate anion there is only one center. Simultaneously, the decrease in ionic charge
has got a negative impact on strengths which cause the process of ion exchange. The sophisticated
nature of ion exchange contributes to the fact that the effects of adsorption are not, as expected, twice
bigger. The effects of adsorption obtained at high pH values can indicate that there are oxygen groups
on the surface of carbon which are strongly alkaline and they can also show that other bonds are
essential as they cause that chromate anion is stopped on carbon sorbents. The investigations made
by Jankowska and other researchers [9], concerning the amount of sorbent anions in relation to
desorbent groups OH ¯, confirmed the occurrence of other chromium bonds than ion exchange bonds
with carbon surface.
The positive influence of ash handling from carbon on the effects of adsorption is seen clearly for the
whole investigated range of concentrations. The lowest values of the adsorption of chromate anion are
obtained in the case of carbon which has not been subject of ash handling. For lower concentrations
the decrease in contaminations on this carbon is about 26%. Higher results were obtained on
ash-free carbon where ash had been removed by means of sulphuric acid. In this case the decrease
in contaminations for the concentration 0,5 mg/dm 3 was 72%, and for the concentration 0,9 mg/dm 3 70%. That is unquestionable that the best results were obtained in the case of ash handling by means
of sulphuric acid. The decrease in contaminations for concentrations under 1mg/dm 3 was over 90%.
The reason is that in the case of adsorption on ash-free carbon, the process took place at high pH
values, which has got the influence on lower adsorption values. The differences among the amounts
of removed chromium on carbons which have been ash handled by means of different acids and the
carbons which have not been ash handled are considerable. The differences can come even to 72%
between ash handled carbon by means of sulphuric acid and fresh carbon.

Conclusions
1. The most important feature in the case of removing Cr(VI), apart from the presence of oxygen
groups on the surface of carbon, is reagent of water extract of activated carbon. The presence
of alkaline and mineral compounds in the ash of activated carbons is disadvantageous and the
choice of carbon should be determined by this parameter.
2. Ash handling of activated carbons allows to create better conditions for adsorption of Cr(VI)
and to eliminate the reduction and precipitation chromium in the form of hydroxide which
blocks pores of carbon. The removal of alkaline, mineral compounds of activated carbons by
means of acids causes the adsorption of acidic groups on alkaline oxides. Therefore better
results are obtained after using sulphuric acid, which is easier displaced by chromate anion
than sulphate groups.

3. In the case of ion exchange adsorption, pH of a solution, in which the adsorption takes place,
is of great importance. In the case of the adsorption of hexavalent chromium, there are better
results during the adsorption of acidic solutions and at the lowest investigated pH values
(pH = 4).
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