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Abstract

This paper dealswith Cr(V1) ion removal from water, by micro-alloyed a uminium composite (MAIC), under flow conditions. In
awater environment the MAIC acts as a strong reducing agent. Dissolving it in water is accompanied by the generation of Al(l11)
ions and reduction of water to H,,, with OH~ions. Thefinal product isinsoluble Al(OH).. A series of Cr(V1) model solutions, with
initial pH ranging between 1 and 5, were treated in the origina semi-flow system (SFS), which simulated flow conditions well.
The results demonstrate ahigh MAIC efficacy, considering that at the end of the treatment, concentrations of Cr(V1) were below
the maximal allowed concentrations for drinking water, in al model solutions. The MAIC mechanism of action is based mainly
on processes of reduction and co-precipitation by Al(OH),, because Cr(V1) is removed from the water phase as metal chromium
and insoluble Cr(OH),. Behaviour of the composite in water is under significant influence of pH, which affects its efficacy and
mechanism of action. Therefore, therate of Cr(VI) removal isgreater at the beginning, decreasing towardsthe end of the treatment.
Additionally, the ratio of [metal chromium]/[Cr(OH),] in precipitate, at the end of the treatment, decreases with increasing initial
pH of the model solution. Application of the SFS significantly enlarges efficacy of the MAIC, compared to work under stationary
conditions.
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Introduction

Chromium is present in the environment in both trivalent and
hexavalent oxidation states. Cr(l11) occurs naturaly and is an
essential micronutrient (requirement is 50 to 200 pg per day) that
assists the body in metabolising sugar, protein and fat. Cr(V1) is
usually of anthropogenic origin and rarely occurs naturaly
(Barceloux, 1999; Barnhart, 1997). Chromium-plating processes
are the main source of Cr(VI1) pollution. Cr(VI) is a skin and
mucous membrane irritant and some of these hexavalent com-
pounds produce an allergic contact dermatitis characterised by
eczema (Hassmanovaet al., 2000; Kanervaet a., 2000); itisalso
recognised as a pulmonary carcinogen (Barceloux, 1999;
Hassmanova et a., 2000). Because of these potential health haz-
ardsthemaximum level of Cr(VI) allowedindrinking water is0.05
mgCr-£* (Standard Methods, 1995). The remediation of Cr(VI)-
contaminated industrial effluents is gaining great interest due to
limitations in potable water supplies. The main strategies for
Cr(VI) remova from wastewaters are precipitation as Cr(OH),
(Paterson, 1975; Cooney et a., 1992) and ion exchange (Tenorio
and Espinosa, 2001). In addition, there are other options such as
sorptionontovariousmaterials(Mesuereand Fish, 1992; L einonen
and Lehto, 2001; Selvi, 2001) and membrane flltration
(Bohdziewicz, 2000; Alliane et al., 2001).

Thisstudy investigated anew treatment processfor theremoval
of Cr(V1) from aqueous solutions by applying MAIC, under flow
conditions. The composite consists of micro-alloyed aluminium
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(MALI), coated over a thin iron wire. In agueous solutions, it
behaves like a strong reducing agent, which may affect various
pollutants in water. Additionally, as a final product of the MAI,
dissolution, water-insoluble Al(OH), is produced, which may co-
precipitate pollutants and their degradation products from the
water phase (Bojic, 1997; Purenovic et al., 1998; Novakovicet al.,
1998).

Previousstudies(Bojic, 1997; Purenovicetal., 1998; Novakovic
etal., 1998), which deal with purification of different wastewaters,
show great MAIC efficacy. After water treatments, concentrations
of pollutants were reduced for several logs in a relatively short
period, and in many cases, they were bel ow the maximum allowed
concentrations. Themajor factorssignificant for MAIC efficacy are
treatment time, the total area of applied composite wiresand water
convection. Theinfluence of convection isobviousfrom previous
studieswhich showed that composites have greater efficacy under
flow conditions than under stationary conditions (Bojic et al.,
2001; Bojic, 2002). Flow systems, applied in some experiments,
were massive and impractical for [aboratory work and thereforein
this study an origina semi-flow system was designed, which
simulatesflow conditionsin small spaces(Bojicet al., 2001; Bojic,
2002). Mechanisms of MAIC action on various inorganic and
organiccompounds(Baojic, 1997; Purenovicetal ., 1998; Novakovic
etal.,1998), aswell asmicro-organismsinwater (Bojicetal., 2001;
Bojic, 2002), were also investigated. It is mainly based on reduc-
tion and hydrolysis. It is important to emphasise that in all prior
studies no undesirabl e by-products were found in the water phase
after treatment.

Theresultsobtainedinthiswork show that theM Al C treatment
of Cr(VI) wastewatersisvery efficient, simpleand doesnot acquire
any pretreatment, such as pH correction.
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Experimental

Chemicals

The experiments were carried out with the model solutions, the
composition of which correlates with the composition of effluent
watersfrom achromium-plating industry. These wastewaters usu-
aly contain Cr(VI)ionin concentration ranges between 25 and 300
mgCr-£*. Considering that the pH of a chromic plating bath is
between 0 and 1, because of the presence of sulphuric acid, pH of
the chromium-plating wastewaters varies between 2 and 4 (Lowe,
1970; Paterson, 1975).

The model solutions were prepared by diluting 1.00 gCr-£*
stock solution of Cr(V1), and adjusting the pH with diluted H,SO,,
pH-metrically. A stock solution was obtained by dissolving the
exact quantity of K Cr,0,in1.00.£ of deionised distilledwater. The
seriesof model solutions, containing 150 mgCr-£-tof Cr(VI), with
pH 1.00 (1), 2.00 (1), 3.00 (I11), 4.00 (1V), and 5.00 (V), were
prepared.

All chemicals were obtained from Merck (Darmstadt, Ger-
many), unless otherwise indicated.

MAIC composite

The MAI isanew material with different properties compared to
pure aluminium. It is prepared by micro-alloying 99.8% purity
auminium with: Sn, Ga and Bi (Purenovic, 1978; Purenovic,
1992). After micro-alloying, theobtained material wasanalysed by
flame atomic absorption spectroscopy (FAAS) using a VARIAN
SpectrAA—-20 (Mulgrave, Victoria, Australia), and amounts of
metals found were: 0.105% Sn, 0.098% Ga and 0.040% Bi.

By micro-alloying the oxide layer of aluminium, it becomes
porous and permeable for ions, because of the many defectsin the
crystal lattice due to different dimensions and charges of micro-
aloyed elements, related to AI** (Despic et al., 1976; Purenovic,
1978). Micro-alloyed components generate defects in a metal
structure (interstitials and vacancies in crystal lattice) and an
imbalance in the charge distribution, as a result of many micro-
galvanic cells. Thesedefectsdecrease energy barriersfor transport
of AI** ion from metal to oxide layer, and O% ion from oxide to
metal. An after-effectisanincreaseinionic and el ectronic conduc-
tivity by 10*to 10° times, and increase of corrosion rate for almost
the same order of magnitude (Purenovic, 1978; Purenovic, 1992).
Accordingly, the stationary potential of the MAl isnegative, about
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Figure 1
A model of the MAIC
structure in aqueous
medium

ALO,nH,0

—1.5V/SCE (saturated calomel electrode), and thismakesthe MAI
chemically much more reactive than pure aluminium. A basic
characteristic of the MAI isits very negative stationary potential,
comparedto purealuminium, and becauseof that itsfirst usagewas
anodic anti-corrosion protection of iron (Purenovic, 1980).

The composite was made by metalising an iron wire (mesh
1.2 x 1.2 mm, & 0.6) with MAI, by means of a special gas burner
(Metco, USA) (Purenovic, 1992). The obtained material has an
amorphous surface area, the micro-porosity being in the form of
fish scales, and offers convenient sitesand alarge specific surface
area for the adsorption of different ions, molecules and colloids
dissolved in water. MAIC in agueous medium is presented in
Fig. 1.

Besides many local micro-galvanic cellsin MAI, thereisalso
a macro-galvanic cell, Fe|AIMicd|0y (Fig. 1). The MAI and iron
composite (author to check) additionally decreasesthe potential of
MAI, which|eadsto enhancement of thedissol ution rate and anode
activity (Despic et al., 1976; Purenovic, 1992).

Theinfluence of the composite on water pollutantsisbased on
its spontaneous reaction with water, similar to the reaction of
alkalineand earth metals(Purenovic, 1992; Bojic, 1997). Themain
process on micro-anodes is dissolution of aluminium with the
generation of Al(I1l) ions, by oxidation of Al via Al*, and Al?
stages. The main process on micro-cathodes is reduction of water
to H,, viaH- stage, in the process releasing OH- ions (Cotton and
Wilkinson, 1972; Purenovic, 1978). Every particle, besides water
molecules, which come to the surface of the composite, may
became a participant in the many chemical processes (reduction,
hydrolysis, addition). Al(I1l) and OH- ions form insoluble alu-
minium-hydroxide. It coagulatesto form agelatinous, voluminous
colloidal precipitate with a distinctly developed surface area, a
common reagent for the co-precipitation (Voyutsky, 1978). Usu-
aly, low amounts of pollutants, as products of their chemical
degradation by the MAIC, become co-precipitated by the alu-
minium-hydroxide during the treatment and removed from the
water phase (Purenovic, 1992; Bojic, 1997; Purenovic etal ., 1998;
Novakovic et al., 1998; Bojic, 2002).

Laboratory equipment
Thetreatmentsof theMAIC model solutionswereperformedinthe
origina semi-flow system (Bojic, 2002). Equipment, shown

schematically in Fig. 2, consisted of several parts. The main bath
(MB) made of high-density polyethylene, held avolume of 10.0.£
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Figure 2
Schematic diagram of the original semi-flow system

solution, whilethe composite chamber (CC), also of high-density
polyethylene, had a volume of 1.0 £. Sixteen composite wires,
dimension 100 x 100 mm, placed to the perpendicular direction of
water flow in CC, and the peristaltic pump for injecting of solution
from MB to CC, with flow rate maintained at 90 £-h™.

CCwaslocated at 50 mm abovethewater level intheMB (Fig.
2). Itsfrontal side was connected, at the bottom, with a peristaltic
pump by means of polyethylene pipe (20 mm). The horizontal
end of thetube entering the peristaltic pump wasimmersed at about
70 mmfrom the bottom end of theM B (Fig. 2), to prevent plugging
of Al(OH), precipitateformed during thetreatment. Sol utionsfrom
the CC were continuously returned to the MB by overflow pipe
(240 mm), which formed a closed loop (Bojic, 2002). The tem-
perature was kept constant by flow thermostat, connected to the
water jackets of the MB and the CC.

With alimited number of compositewiresin arelatively small
area, normal flow conditionswere simulated by passing the model
solution through the composite chamber a number a times. In
comparison, the flow system can be presented as along CC, with
water flowing over it continuously. Such equipment ismuch larger
than the SFS, and comprises afew hundred composite wires. The
requisite volume of solutions has to be about 40 to 50 £, because
of thenecessity of theinitial chemical “activation” of wiresurfaces,
and filling of the system with fluid. On the other hand, the SFSis
more efficient than stationary conditions (Bojic, 1997; Novakovic
etal., 1998, Purenovic et a., 1998), wherethe compositewiresare
simply immersed in the solution contained in the vessel.

Experimental procedure

8.0 £ of each model solution was equilibrated at 20°C, and
transferred to the main bath. After taking the zero probes (time 0
min), the peristaltic pump and thermostat were run. Samplesof the
model solutionsfor analysiswerewithdrawnevery 15minfromthe
MB by pipette, transferred to flasks with glass stoppers and |l ft to
stand for the Al(OH), to precipitate. TheMAIC treatment timewas
determined in terms of the nature of each pollutant and its initial
concentration, and it was set to 120 min. During the treatment, pH
wasmonitored, by pH-meter Corning CheckmateM odular Testing
System (Corning, USA), with a combined electrode. All experi-
ments were performed in triplicate on the same model solution.
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Figure 3
Monitoring of pH in the model solutions with initial pH: 1.00 ( =),
2.00 (), 3.00 (a), 4.00 (¥) and 5.00 (®), during the treatment by
the MAIC, in the semi-flow system at 20°C. Error bars represent
the standard deviation of mean values of the triplicate sample.

Attheend of thetreatment, the compositewireswere removed
fromthe CC. It was noted that black amorphous powder of reduced
metal chromium, had been deposited on the surface during the
treatment. Wiresweregently washed with deionised distilled water
andtheir surfacelayer wasdissolvedinaminimal volumeof diluted
HCI. After removal of the wires, a small amount of concentrated
HCI was added to the solution and it was boiled for couple of
minutesin order todissolveof larger particlestotally. Theresultant
solution was diluted, and chromium was determined.

The total amount of voluminous Al(OH), precipitate formed
during thetreatment inthe M B and the CC was collected, decanted
from the water phase and weighed. After that, the precipitate was
homogenised by stirring, and sample aliquots of 25.0 me¢ were
taken. Sampled precipitate was weighed and dissolved in the
NaOH. The solution wasfiltered through black ribbon filter paper
and analysed for Cr(l11) and Cr(V1). Black powder residue at the
filter paper was treated with HCl and heated. Chromium was
determined in solution thus obtained.

Analytical methods

Chromium(V) was determined in the model solution samplesand
in the dissolved AlI(OH), precipitate by means of the chelation-
extraction method for hexavalent chromium according to Method
218.4 described in EPA (1983). The analyses were performed
by flame atomic absorption spectroscopy using a VARIAN
SpectrAA-20, in an air-acetylene flame.

In solutions obtained by dissolving of Al(OH), and composite
wires, Cr(I11) was determined by FAAS, applying Method 218.1
(EPA, 1983), in a nitrous oxide—acetylene flame.

Results and discussion

Theresultsof pH monitoringintheof Cr(\V1) model solutions, with
initial pH: 1.00, 2.00, 3.00, 4.00 and 5.00, during the treatment by
the MAIC in the semi-flow system, are shown in Fig. 3.

At the start of the treatment, the pH of model solutionsrapidly
increased (Fig. 3). After that, the pH gradient decreased, and after
about 60 min, the pH of al the model solutions became almost
equa (Fig. 3). In the second half of the treatment, there was no
significant pH variation (pH was about 9).

The pH changes of the model solutions during the treatment
were afunction of their initial value. Thisdependenceisshownin
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The rates of pH change over the period of the treatment from
0 to 60 min, as a function of initial pH of model solutions
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Figure 5
Changes of Cr(VI) concentration in the model solutions with initial
pH: 1.00 (=), 2.00 (®), 3.00 (a), 4.00 (¥) and 5.00 (), during the
treatment by the MAIC, in the semi-flow system at 20°C. Error
bars represent the standard deviation of triplicate sample means
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The rates of change of Cr(VI) concentration in period of the
treatment from O to 60 min, in function of initial pH of model
solutions

Fig. 4, asarate of pH change as afunction of initial pH, over the
period of treatment from 0 to 60 min.

Theratesof pH changesignificantly decreased withincreasing
initial pH. However, after 60 min the pH values of al model
solutionsbecame equal, eventhough the pH varied considerably at
thestart (from 1to5). Figure4 showsthat therate of pH changefor
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model Solution | was twofold greater than for Solution V, under
given conditions.

Results shown are in accordance with findings from previous
studies of MAIC treatments (Purenovic, 1992, Bojic, 1997,
Purenovic et al., 1998; Novakovic et al., 1998; Bojic et al., 2001;
Bojic, 2002), where, after a particular period of time, the pH of
solutions always became about 9, irrespective of initial pH. The
MAI spontaneously reacts with water owing to very negative
reduction potential in contrast to a pure metal, and this processis
intensified by acidsand bases. After neutralisation, Al(111) and OH-
ions appeared in amost stoichiometrical amounts, because of
continual formation of insoluble Al(OH),, and pH became con-
Stant.

The results of changes of Cr(VI) concentration in model
solutionswith initial concentration of Cr(V1) 150 mg-£* and pH:
1.00, 2.00, 3.00, 4.00 and 5.00, during the MAIC treatment in the
semi-flow system, are shown in Fig. 5.

Figure 5 shows that at the beginning of the treatment in al
model solutions, concentrations of Cr(V1) rapidly decreased, and
after about 60 min total concentration decay was about 3 orders of
magnitude. During the second half of the treatment, the next 60
min, change of Cr(V1) concentration was significantly smaller.

Therates of change of Cr(V1) concentration in function of pH,
for the period 0 to 60 min, are shown in Fig. 6.

With decreasing initial pH, the rates of change of Cr(VI)
concentration regularly increased. Acidity of model solution in-
creased the MAI dissolution and reduction efficiency of the com-
posite (Bojic, 1997; Purenovic et a., 1998). Because of that, inthe
first half of the treatment, efficacy of the composite was greater in
model solutionswith lower pH. Considering that the pH of model
solutions became equal after 60 min (Fig. 3), efficacy of the
composite became equal, too (period from 60 to 120 min, Fig. 5).
Concentrations of Cr(VI) in model solutions at the end of the
treatment by the MAIC are shown in Table 1, as an average with
standard deviation.

TABLE 1
Concentrations of Cr(VI) in
model solutions at the end

of the treatment

Model Cr(VI) £ SD
solution [mgCr-£21]
I 0.007 = 0.003
I 0.021 + 0.008
11 0.03 + 0.011
v 0.036 + 0.014
\% 0.04 + 0.012

Results in Table 1 demonstrate that final concentrations of
Cr(VI) at the end of the treatment were very low in al model
solutions. Their values depended on initial pH, and it was shown
that the concentration difference between model Solutions| and V
was about one order of magnitude.

Analysis of the surface area of the composite wires after the
treatment showed the presence of metal chromium, depositedinthe
form of ablack amorphous powder. Amounts of metal chromium
on composite wires are shown in Table 2. Averages with standard
deviation are shown.

Presented results reveal that the amounts of metal chromium
deposited on the composite wires after treatment were rather low.
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TABLE 2
Amounts of metal chro-
mium on composite
wires

Model Chromium

solution + SD [mg]

| 174+ 2.1

I 171+ 1.8

11 16.6 £ 2.0

I\ 175+ 1.8

\Y 158+14

By comparing the results, small differences were noted among
model solutions, which indicate that deposition of chromium was
not affected by initial pH.

Testing of Al(OH), precipitate showed that it comprised major
amounts of Cr(V1), which were removed during the treatment. In
precipitate, the chromium wasin the reduced forms, as Cr(I11) and
metal chromium. However, asmall amount of Cr(V1), wasalso co-
precipitated during the treatment.

The amounts of chromium, Cr(111) and Cr(V1) in the AI(OH),
precipitate are presented in Table 3. Averages with standard
deviation are shown.

TABLE 3
Amounts of chromium forms in AI(OH), precipi-
tate at the end of the treatment

Model Metal chromium | Cr(lll) £ SD | Cr(VI) £ SD
solution + SD [mg] [mgCr] [mgCr]
| 903+ 125 273+£85 85+16
1 6975+ 104 432 £ 95 144+22
11 5415+ 105 591+ 12.0 18023
v 408 £ 9.5 7125+124 | 23.6+25
\% 3165+ 84 802 + 14.4 2714+21

It can be noted that the amount of each chromium speciesin
Al(OH), precipitate depends on the initial pH of the model solu-
tion. With increasing initial pH, the amount of metal chromiumin
the precipitate decreases, and the content of Cr(l1l) content in-
creases. Content of Cr(V1) in aprecipitate istwo orders of magni-
tude lower than metal chromium and Cr(ll1), and it increases
with initial pH.

The presence of metal chromium and Cr(I11)-hydroxide in
precipitateindicatesthat the mechanism of removal of Cr(V1) from
water phase is based mainly on reduction. This reduction process
isespecially intensified by oxidation characteristicsof Cr(V1), the
redox potential of whichis+1.33V (Rieger, 1987). Itispresumed
that reductionof Cr(V1) occursonthevery surfaceof thecomposite
wires, while the water phase passes through the composite cham-
ber.

Theassumptionisthat at thebeginning of each treatment, when
reduction activity of the compositeisgreater, chromiumismainly
removed from the water phase in totally reduced form — metal
chromium. Considering that the MAI was continuously dissolved
during the treatment, with permanent regeneration of its surface,
reduced chromium (amorphousblack powder) was co-preci pitated
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Amounts of metal chromium (=) and Cr(lll) (®) in Al(OH),
precipitate at the end of the treatment as a function if initial pH of
model solution

by Al(OH),. That isthereason why small anountsarefound onthe
composite wires at the end of each treatment.

The amount of elementary chromium deposited during the
treatment, is dependent on the initial pH of the model solution.
Decrease of metal chromium with increasing initial pH is graphi-
cally shown by curve (®) in Fig. 7, based on the results shown in
Table 3.

Theresidual part of Cr(VI) from the water phase was reduced
to Cr(l11), precipitated in the form of Cr(OH),. This can be
explained by thefact that Cr(l11) appearslater during thetreatment,
which is multiple related to pH value of environment. Initially,
composite reduction activity decreases with increasing pH. The
second phenomenon is the increase of concentration of the OH-
ion, whichreactswith Cr(I11) and formsinsoluble Cr(OH),. Addi-
tionally, with increasing OH- ion concentration, the amount of
colloid Al(OH),, co-precipitation reagent, increases because con-
centrations of OH-and Al®* ions exceed the solubility product of
Al(OH), (Cotton and Wilkinson, 1972; Martin, 1991).

All the above-mentioned phenomena interrupt reduction of
Cr(V1) during the Cr(l11) stage, because of the formation of very
stable, insoluble Cr(OH),, which cannot contact with composite
wires. Figure 7 showsthat the amount of chromium removed from
water phase as Cr(OH), regularly increased with initial pH of
model solutions.

Amountsof Cr(V1) co-precipitated by Al(OH), wererather low
inall model solutions, and depended oniinitial pH. Start of Cr(V1)
co-precipitation was accompanied by sufficient formation of col-
loid Al(OH),. Those conditions were achieved earlier in model
solutions with higher initial pH, and necessary periods were from
25 to 40 min (Fig. 3). Considering that, at the moment when co-
precipitation of Cr(VI) had started (Fig. 5), its concentration was
greater in model solutions with higher initial pH, the outcome
was an increase of Cr(VI) in Al(OH), precipitate with initial pH
(Table 3).

In contrast with a previous study (Purenovic et al., 1998),
which had dealt with removal of Cr(VI) from wastewaters under
stationary conditions, theresults obtained in thiswork by applying
semi-flow systems showed major efficacy of theMAIC. Purenovic
et al. (1998) had treated effluents discharged by the chromium-
plating industry. Experimentswere done on a series of wastewater
samples, withadjusted Cr(V1) concentrationto 145.0mgCr-£, pH
between 1 and 11 and sample aliquots of 1.0 £. The sampleswere
subjected to four composite wires, under stationary conditions,
over aperiod of 60 min. The results are shown in Fig. 8.

Purenovic et a. (1998) used 0.035 mgCr(V1)-mm2 of geomet-
ric surface areas of wires. The same conditions were used in this
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Cr(VI) concentration after 60 min of the MAIC treatment in
stationary conditions, in function of pH. Initial concentration of
Cr(VI) in all samples was 145.0 mgCr-£* (Purenovic et al., 1998)

study aswell. Comparing the resultsin Figs. 5 and 8, it isshown
that the semi-flow system achieved greater efficacy of the MAIC.
In 60 min period in stationary conditions, reduction of Cr(VI)
concentration was one log or less; in contrast to this, in the SFS
reduction it was about 3 logs.

Comparing the SFS with stationary conditions, where pollut-
antsmakecontact withthecompositesurfaceonly by diffusion, the
water continually “filters’ through the composite wires, which
increases the probability of contact between a pollutant and the
composite. The convection in the semi-flow system accelerates
diffusion of Al(lIl) and OH- ions from the wire surface, and
accordingly dissolution of the MAI, which additionally increases
the composite activity.

Conclusions

Theresultsof the study presented here show that themicro-alloyed
aluminium composite, used in the semi-flow system, isapowerful
device for the removal of Cr(VI) from wastewaters, over awide
range of initial pH.

Behaviour of compositesin an agueousenvironment issignifi-
cantly influenced by pH, dueto the negative reduction potential as
well as amphoteric characteristics of micro-alloyed aluminium.
The pH affects both composite efficacy and mechanism of action.
During thetreatment, pH of solutionsincreasesto aspecific value,
and after that it becomes constant. It could be said that composite
and water represent aspecific buffer system, which may adjust the
pH of any agueous solution to a value of about 9.

Total decline of Cr(VI) concentration after 120 min of the
MAIC treatment is appreciable in all model solutions, and it is
about 5 logs. The rate of change of Cr(VI) concentration is the
highest at the start of treatment in all model solutions, because of
low pH. During the treatment, the rate of change declines, as
composite efficacy decreases, and for a long period, change of
Cr(VI) concentrationisintherangeof onelog. Differencesinfinal
concentrations of Cr(VI) between model solutions are about one
order of magnitude, whichillustratestheinfluence of initial pH on
the treatment efficacy.

Considering that Cr(V1) removed from the water phase was
found in AI(OH), in the form of metal chromium and Cr(ll1)-
hydroxide, the mechanism of Cr(VI) removal is mainly based on
reduction. Differencesin the ratio of metal chromium and Cr(l11)
amountsin Al(OH), between mode! solutions, indicate that, in the
caseof Cr(VI),initial pH influencesthe mechanism of the compos-
iteaction, far morethanitsefficacy. Cr(VI) waspresentinvery low
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amountsintheprecipitate, andthat factisvery important for further
handling of the precipitate.

After 120 min of the treatment, concentrations of Cr(V1) inall
model solutionswere bel ow maximum allowed concentrationsfor
drinking water (0.05 mgCr-£™), and after 70 to 80 min, depending
oninitial pH, Cr(V1) concentrations were about those allowed for
rivers of Class |11 (0.5 mgCr-£7%).

The presented semi-flow system enables the total volume of
model solution to pass through the composite chamber multiple
times, whichisasimplified simulation of the flow conditions. The
SFSincreasestheefficacy of theMAIC considerably, compared to
the stationary conditions.

The pH of the water phase at the end of the composite
treatmentsisusually about 9, and under these conditionssolubility
of auminium is great (Martin, 1991). Therefore, it is aways
necessary to adjust the pH of purified water to about 6.5, and to
filter it to reduce Al concentration to within the allowed range, in
order to prevent contamination of the environment.
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