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Abstract

The photocatalytic oxidation of free cyanide ions was carried out in agueous aerated suspensions containing polycrystalline
TiO, (anatase) irradiated by sunlight. The influence of the presence of an organic compound (phenol) or of a strong oxidant
(H202) on the photoprocess was also studied. The dependence of cyanide photo-oxidation rate on the following parameters: (1)
cyanide concentration; (2) catalystamount; and (3) phenol concentration was investigated. At the used experimental conditions,
the kinetics of cyanide photo-oxidation is independent of the initial cyanide concentration and of the catalyst amount while
it is affected by the phenol concentration and by the presence©$.H he Langmuir—Hinshelwood kinetic model has been
used for phenomenologically describing the photoreactivity results. The reaction pathway was also investigated: cyanate,
nitrite, nitrate and carbonate were found to be the main oxidation products. The mass balance of nitrogen was achieved only in
strongly oxidant conditions; this insight suggests that some volatile nitrogen-containing species are formed at mild oxidation
conditions. ©1999 Elsevier Science B.V. All rights reserved.
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1. Introduction amounts of cyanide-containing wastes are produced
by precious metals milling operations and coal gasifi-
In the last years, photocatalysis by polycrystalline cation processes. The conventional processes used to
semiconductors irradiated by near-UV light has been treat waste waters polluted with cyanides are mainly
found effective in oxidising certain organic and in- chemical [10] and biological [11]. These methods
organic pollutants to less dangerous species in mild present some drawbacks; for instance, in the alkaline
reaction conditions [1,2]. This method showed to be chlorination process the formation of highly toxic
suitable for the oxidation of free and complex cyanides cyanogen chloride gas can occur, while for biologic
dissolved in water [3-7]. Free cyanide species are gen-processes, even when the difficult problem of acti-
erated in large quantities in heat-treating operations vated sludge disposal is overcome, the reaction rate
and in the metal-finishing industry [8,9]. The greatest values can be very low. Although the literature reports
exhaustive studies [3—7], on the kinetic and mecha-
* Corresponding author. nistic aspects of cyanides photo-oxidation carried out
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in laboratory photoreactors using different lamps as
radiation source, it seems useful to investigate the
possibility of carrying out this photoreaction using
sunlight as radiation source. The use of solar energy
to remove CN ions is of great interest as it would
drastically reduce the operational costs of a treatment
process based on heterogeneous photocatalysis.

In the recent past, various kinds of solar photore-
actors [12-14] have been used for performing the
detoxification of water containing dangerous organic
compounds. These investigations were focused on the
obtaining information useful for the application of the
photocatalytic method to environmental remediation.

On this background, the present paper is devoted to
studying the photocatalytic oxidation of free cyanides
by using polycrystalline Ti@ (P25 Degussa) in a
low-concentration solar radiation photoreactor. The
influence on the photoprocess of mild or strong oxi-
dation conditions of the reacting solution was inves-
tigated in the following conditions:

1. by saturating the dispersion with air at atmo-
spheric pressure; or
2. by adding HO; to the dispersion in large excess
with respect to the oxidisable species.
In real waste waters, the cyanide contamination is gen-
erally accompanied by the presence of several organic
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Fig. 1. Scheme of the photoreacting system. PFP, plug flow pho-
toreactor; SNT, stirred non-reacting tai; liquid flow rate;Ce in
and C¢ out, Cyanide concentrations at inlet and outlet of SNT.

‘Plataforma Solar of Alméa’ (PSA). The photoreac-
tor configuration, reported in Fig. 1, was a commonly
used one in heterogeneous photocatalysis: a plug-flow
photoreactor (PFP) in a recirculation loop with a
well-stirred non-reacting tank (SNT) whose function
was that of providing aeration and samples for analy-
ses. The photoreactor consisted of six CPC modules
in series (total reflective surface: 8.%)yrplaced on
fixed supports inclined at 37(latitude of the PSA)

compounds. This fact determines that the efficiency with respect to the horizontal plane and facing South,
of cyanide oxidation process may be lowered by the in order to maximise the performance. Each CPC
occurrence of competitive oxidation reactions regard- module consisted of eight parallel CPC reflectors
ing the organic compounds present in the solution. In (1.22 m long and 152 mm wide) with reflective surface
order to have information on the competition process, made by polished aluminium. The plug-flow reactor
the cyanide photoreactivity has also been studied by comprised UV-transparent fluoropolymer tubes (i.d.
adding to the cyanide solution different amounts of 48 mm). All the tubes, as also the collectors, were
phenol that is an organic contaminant typical of indus- connected in series and the aqueous dispersion was
trial waste waters. The kinetics of the photo-oxidation continuously fed from a reservoir tank by means of a
reaction has been investigated by varying the initial centrifugal pump. The flow rate of the dispersion was
cyanide concentration and the molar ratio between the maintained constant for all the runs; its value was ca.

initial concentrations of cyanide ion and phenol. An
investigation of the main intermediates was also car-
ried out in order to hypothesise a likely reaction mech-
anism.

2. Experimental

The photoreactivity experiments were carried out
using compound parabolic collectors (CPC) (In-
dustrial Solar Technology, Denver), installed at the

1dn¥/s corresponding to a Reynolds number of about
2.6x 10* so that the flow regime inside the tubes was
completely turbulent. The total volume of solution,
V7, which was charged in the photoreacting system,
was 247 dm. The PFP volumeYpgp, calculated as
the volume of all the irradiated fluoropolymer tubes,
was 108 dri. The mean residence time of the disper-
sion inside the PFP was 108s. The catalyst used for
the photoreactivity experiments was polycrystalline
TiO, (P25, Degussa, ca. 80% anatase and 20% rutile,
BET surface area of ca. 504g).
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The experimental runs were carried out in the respectively. The phenol analysis was performed by
August-September period by using the following using a HPLC (Hewlett—Packard 1050) equipped with
procedure. The reacting mixture was prepared in the a C18 column (125 mm long). An aqueous solution of
stirred tank by firstly adding NaOH to distilled water methanol (60% volume) was used as eluent at the flow
to adjust the pH to 10; then the required amounts rate of 1.67x 10~2 cm?/s. Total organic carbon (TOC)
of NaCN and catalyst were added. The suspension determinations were performed with a TOC analyser
was, therefore, fed to the tubes while maintaining the (Heraeus—Foss Electric TOC-2001).
collectors covered. After 20 min of operation, corre- In order to compare experimental runs carried out
sponding to about five total residence times, the cover with different solar irradiances, the values of irradi-
was removed and samples of the suspension at theance were monitored and recorded during the runs
exit of the SNT were withdrawn at fixed intervals of by using a sensor for global UV-light measurements
time. Some runs were carried out using cyanate as (Eppley-TUVR) installed in the same position of the
the starting reagent and by adding hydrogen peroxide CPCs.
to the system during the occurrence of the photoreac- Some runs were carried out on bench scale by using
tion. The O : CNO™ molar ratio was chosen equal a 500-ml laboratory batch photoreactor with an im-
to 4:1 on the basis that the complete oxidation of a mersed lamp. A 125-W medium pressure Hg lamp was
mole of CNO™ to CO; and NG~ needs four moles  used for irradiating aqueous. aerated suspensions con-
of H2O,. The quantitative determination of cyanide taining a catalyst amount of 0.2 g/l. This system sim-
was routinely performed by an ion-sensitive cyanide ulated the mild oxidant conditions of the PFP. These
electrode (ORION mod. 94-06) in an expandable ion runs, devoted to investigate the cyanide photodegrada-
analyser (ORION 520 A). The oxygen needed for tion mechanism, were carried out by using CNOr
the photoreaction was derived from the contact of NH,OH as substrates in order to check the presence,
the suspension with the atmospheric air in the stirred if any, of NHz, NO>~ and NG ™. The initial cyanate
tank. The cyanide initial concentration ranged be- and hydroxylamine concentrations were 1.2 mM. In
tween 0.19 and 2.4 mM; the catalyst amounts were in these runs only qualitative analytical tests [15] were
the 0.1-0.5g/l range. used. The direct Nesslerization method revealed the

Some photoreactivity runs lasted for a very long precipitation of Hg introduced as Hgby the reduc-
time in order to determine the intermediates and fi- ing species NHOH and the presence of NHrom the
nal products of cyanide photo-oxidation. These ex- yellow coloration of the solution. The brucine method
periments indicated that cyanate, nitrite, nitrate and with, and without, the addition of sulphanilic acid,
carbonate were the main products. The quantitative was used to check the presence of nitrate and/or nitrite
determination of these anions was carried out by us- ions, respectively.
ing an ionic chromatograph system (Dionex DX 120)
equipped with an lon Pac column (250 mm long).

Agueous solutions of NaHCGO(1 mM) and NaCOs 3. Results
(3.5mM) were used as eluents at the flow rate of
1.67x 10 2cmd/s. Preliminary photoreactivity runs were carried out

In order to test the influence of aromatic species on at equal reaction conditions, but at different catalyst
the cyanide photo-oxidation rate, three runs were car- amounts, in the 0.1-0.5 g/l range. The obtained results
ried out by adding phenol as a model compound. For did not differ appreciably among them so that the suc-
these runs, the initial cyanide and phenol concentra- cessive runs were performed with a constant catalyst
tions, expressed in mM, were: (0.38, 0.38), (1.92, 0.38) amount of 0.2 g/I.
and (1.92, 0.077), respectively; in this way, the molar  In order to compare the photoreactivity results ob-
ratios between initial cyanide and phenol were 1, 5, tained under different conditions of irradiation, the
and 25, respectively. Two runs, at equal reaction condi- measured values of cyanide concentration have been
tions as compared to the previous ones, were also car-considered as a function not of the reaction time but
ried out by adding only phenol to the suspension; the of the cumulative photonic energi,,, incident on
initial phenol concentrations were 0.38 and 0.077 mM, the reactor [12]. This quantity is given by:
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Fig. 2. Concentrations of cyanide#), cyanate @), nitrite (a), ) ) o )
nitrate ©), and nitrogen balancdl) vs. the cumulative photonic  F19- 3. Concentrations of cyanat®}, nitrite (4), nitrate 0), and

energy,Ey,,. Initial cyanide concentration: 0.41 mM. nitrogen balancel) vs. cumulative photonic energl,,. Initial
cyanate concentration: 0.27 mM.

Epy =1t (1)

wherel is the photon flow [Einstein/s] andthe irra-
diation time. The values dfwere calculated from the
irradiance data, by using the following relationship:

I =UVgS 2

whereSis the geometrical irradiated surface dddg

the irradiance expressed as WinThe UVg dimen-

sions were transformed in [Einstein/éjrby using

the Planck’s equationE=hd/A). By considering that

the TiO, (anatase) band-gap energy corresponds to

a wavelength of 387 nm, the conversion factor be-

tween [W/nf] and [Einstein/s f] has the value of Fig. 4. Cyanide concentration versus cumulative photonic energy,

3.23x 10°6. Eyx,, for runs carried out at the following initial cyanide concen-
Degradation runs carried out at different irradiance trations: 0.18mM @); 0.45mM (#); 0.8mM (), and 1.87 mM

values did not show appreciable differences when the (4)-

cyanide concentration results were plotted against the

correspondinds;,, figures. This finding indicates that  photo-oxidation. In order to better understand this be-

the E;, quantity is the correct one for comparing re- haviour, which was shown by all the runs, some runs

activity results obtained at different radiation intensi- were carried out using cyanate as the starting reagent

ties owing to the fact that, in the used experimental and by adding hydrogen peroxide to the system during

conditions, the cyanide photodegradation rate dependsthe occurrence of the photoreaction. For a represen-

linearly on the radiation intensity. tative run, Fig. 3 reports the experimental results of
For a typical run carried out with a catalyst amount cyanate concentration vy, . It is notable that the ni-

of 0.2g/l, Fig. 2 reports the experimental values of trogen molar balance is closed only after the addition

cyanide, cyanate, nitrite and nitrate concentrations ver- of hydrogen peroxide to the reacting system.

susEny. In Fig. 2, the nitrogen mass balance is also  The influence of initial cyanide concentration on the

reported. It can be observed that the balance is sat-degradation rate was also investigated. In Fig. 4, the

isfied during the course of cyanide photo-oxidation, measured values of cyanide concentratiog, are re-

but it is not satisfied during the subsequent cyanate ported on a linear scale g, for typical runs carried

E,, [Einstein]
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Fig. 5. Concentrations of cyanidd®), phenol @), and TOC W)
vs. cumulative photonic energi,,.

out at different initial cyanide concentrations. From
the observation of the data reported in Fig. 4, it can
be noticed that a straight line fits the photoreactivity
data for high values of cyanide concentration while an
exponential line seems to fit the data for low values.

Some runs were carried out in the presence of phe-

nol in order to study the influence of a model aromatic
compound on the cyanide photo-oxidation reaction.
Fig. 5 reports the values of cyanide, phenol and total
organic carbon (TOC) concentrations vs. the cumula-
tive photonic energy. It must be noted that the TOC
values reported in Fig. 5 are equal to one sixth of the
measured ones. Only in this way, in fact, is it possi-
ble to compare the TOC values with the phenol con-

centration values. The correctness of this procedure is

justified by the finding that the main intermediate com-
pounds found during phenol photo-oxidation are only
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ammonia. The runs carried out using MbH showed
that this compound exhibits a negligible reactivity in
the absence of radiation; at equal reaction conditions,
but, in the presence of radiation, NEIH completely
disappeared ir<1 h by producing measurable quanti-
ties of ammonia, nitrite and nitrate ions.

4. Discussion
4.1. Mechanistic aspects

The CPC photoreactivity results, obtained in
this work, indicate that cyanate ion is the first
photo-oxidation product of cyanide; the subsequent
cyanate photo-oxidation eventually determines the
formation of nitrite and nitrate ions whose amounts,
however, denote a lack of nitrogen mass balance in
the course of the reaction. The addition 0f®3 to
the reacting system determines the closure of nitro-
gen mass balance even if the photo-oxidation rate of
CNO™ does not significantly change in the presence
of H20s.

In a photocatalytic process, the primary step follow-
ing the absorption of radiation by the photocatalyst is
the generation of electron—hole pairs which must be
trapped in order to avoid recombination [2]. As a con-
sequence of the trapping steps, several species are pro-
duced. The hydroxyl groups are likely traps for holes
leading to the formation of hydroxyl radicals while the
adsorbed oxygen species are traps for electrons.

Frank and Bard [3] and Augugliaro et al. [7] report
that CNO is the first product of photocatalytic oxi-
dation of cyanides in the presence of polycrystalline

aromatic compounds (catechol, quinone). The absenceTio, in aqueous medium. As far as the formation of

of detection ofC, aliphatic products witih < 6 sug-

isocyanate species is concerned, itis, in principle, pos-

gests that the opening of aromatic ring produces com- sjpje. Indeed, the isocyanic acid is more stable than
pounds which remain adsorbed on the catalyst surfacetne cyanic one [17], but the two anion species in tau-

until their complete oxidation to CO[16]. By com-

tomeric equilibrium are predominant in a strongly al-

paring the reactivity results reported in Fig. 5 with ajine medium. It is reasonable to hypothesise that
those of Fig. 2, it may be noted that the presence of s equilibrium is displaced towards the cyanate form

phenol negatively affects the cyanide photo-oxidation
rate.
The reactivity test, carried out using CN@s sub-

strate in the laboratory batch photoreactor, lasted 10 h.

due to the higher electronegativity of oxygen on re-
spect to nitrogen. The proposed mechanism implies
the oxidation of cyanide by the photogenerated holes
and the reduction of oxygen by electrons according to

This run indicated that the cyanate photodegradation {he following overall equations:

occurs at a low rate, as expected [7], and that nitrite

and nitrate ions are produced together with traces of CN™ 4 2ht 4+ 20H™ — CNO™ + H,0

®)
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07 + 2¢™ + 2H20 — Hy02 + 20H™ 4)
Augugliaro et al. [7] also report that cyanate ions are
photo-oxidised to nitrates and a satisfactory nitrogen
balance is achieved according to the following overall
reaction:

CNO™ + 40, + 20H™ + 3H0

— CO%™ +NOj + 4H0; (5)

The absence of nitrogen mass balance, as found in this
work in accord with the studies by Mihaylov et al. [6],

or its occurrence, as also found in this work in accord
with Augugliaro et al. [7], can be justified by consider-
ing the oxidative experimental conditions under which
the cyanate photo-oxidation was carried out. The CPC
operative conditions, such as the low values of incident
photon flow and of oxygen concentration in the dis-
persion and the nature of the catalyst used, can deter-
mine mild oxidation conditions and, as a consequence,
the formation of volatile nitrogen-containing species
(such as NH, N2, N2O, etc.) together with that of
nitrite and nitrate ions. At strong oxidant conditions,
such as determined in the presence of large amounts
of H,0O,, volatile nitrogen-containing species are not
produced or are quickly photo-oxidised to lOand
NO3~.

Itis useful to stress the point that, in this work, a sat-
isfactory mass balance for nitrogen was achieved only
when HO, was added to the reacting system. The
cyanate photo-oxidation carried out in the laboratory
photoreactor at mild oxidation conditions produced
nitrite, nitrate, ammonia and/or volatile unidentified
species. Ammonia was not detected when the runs
were carried out by adding4®,. The finding that the
photo-oxidation rate of CNO does not significantly
change in the presence of;8; suggests that the
cyanate photo-oxidation occurs via a highly reactive
intermediate species whose formation rate is not af-
fected by HO.. Itis likely that this species is NyOH.

It is well known, in fact, that the fate of NfJDH is
very complex [18]: it can disproportionate by produc-
ing reduced and oxidised nitrogen-containing species
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NH,+/N,, NO, N,0

R B NOy
| NH,OH
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HCO,/CO> NO; +NOy

The selectivity among the various routes is ob-
viously affected by the oxidant conditions of the
reacting medium. Even if it was impossible to ex-
perimentally determine the presence of M¥H in
the course of cyanide photodegradation, the reaction
mechanism above proposed is able to explain the
main indications of this work, i.e. the findings that:

1. the presence of N(INO,~ and NG~ is observed
when the photocatalytic oxidation of CNGand
NH2OH is carried out at mild oxidation condi-
tions, such as those prevailing in the laboratory
photoreactor; and

2. only NGO~ and NG~ are detected when the ad-
dition of H>,O» determines strong oxidant condi-
tions.

4.2. Kinetic aspects

The following considerations can be drawn by all
the photoreactivity results:

1. the cyanide photo-oxidation occurs according
to zero order kinetics at high concentrations of
cyanide;
the reaction turns to first order kinetics when the
cyanide concentration decreases;
the cyanate photocatalytic oxidation only starts
after the almost complete oxidation of cyanide
ions;
the rate of cyanate photo-oxidation is smaller than
that of cyanide: at equal reaction conditions the
initial reaction rate of cyanide is about one order
of magnitude higher than that of cyanate;
the phenol photo-oxidation exhibits the same fea-
tures shown by the cyanide; and
the presence of phenol is detrimental for the
photo-oxidation rate of cyanide.

The following chemical kinetic model is proposed
for modelling the reactivity results. The rate determin-

2.

3.

4.

5.

6.

and/or it can be oxidised to volatile nitrogen contain- ing step for the photo-oxidation process is hypoth-

ing species. On the basis of all the experimental re- esised to be the reaction between OH radicals and
sults and of the previous considerations, the following cyanide ions on the catalyst surface. The concentration
reaction pathway can be hypothesised: of OH radicals depends on the fractional sites cover-
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age by Q due to the fact that oxygen acts as an elec- time. The cyanide mass balance equations modelling
tron trap, thus hindering the electron—hole recombina- the PFP and SNT behaviour are:
tion. Two different types of active sites are hypothe- dC. dC.
sised to exist over the catalyst surface. The first ones (PFP ——=W_—=-Z (10)
U dr dv
are able to photoadsorb cyanide ions and the others dc
i w
are able to photoadsorb oxygen. The react_lon rate for SNT) cout _ (Cein — Ce.out) (11)
the second-order surface oxidation of cyanide may be dr VsnT

written in terms of Langmuir—-Hinshelwood kinetics in which Wis the volumetric flow rateC. the cyanide

as: concentration in a volume M belonging to the PFP
_dC. 6.0 5 (C is a function of time and of axial position in the
F==rg =% Wb 6) photoreactor), an¥syt the liquid volume inside the

stirred tank.

The dynamics of this photoreacting system has been
discussed in detail by Wolfrum and Turchi [20] for
a photocatalytic reaction whose kinetics obeys the
Langmuir—Hinshelwood rate expression reported in
Eqg. (9). At high values o (KcC¢>> 1) and at low
values of G (KcC¢ « 1) the rate equation approaches
zero order and first order, respectively. The authors
[20] analyse these two limiting situations and demon-
strate that, in both the cases, provided that the value of
the photoreactor residence time is small, the following

in which C; is the cyanide concentrationthe irradi-
ation time,k” the surface second-order rate constant
and 6, and 6. the fractional sites coverage by oxy-
gen and cyanide, respectivel/. depends on the ra-
diation intensity,l, according to the following power
law, k" =kl¢, & being a coefficient in the 0.5-1 range
[19]. The results obtained at different irradiances indi-
cate that, in the present cases 1. The fractional site
coverages by cyanide ions and by oxygen are given
by the following relationships:

K.Cc relationship holds:
Oc = 1o KCo (7
+ KCCC dCc,out VPFP
K.C _T = Vr r(Ce,out) (12)
Qoxygenz — (8) . . . .
1+ K,Co in which r(Ccout) is the rate equation evaluated at

in which K¢ andK, are the equilibrium photoadsorp-  Cc = Ceout- In other words, in a recycle system with
tion constants for cyanide and oxygen, respectively, |OW Per-pass conversion determined by low values of
andC, the oxygen concentration in the aqueous phase. residence time for zero and first order kinetics, the
Owing to the fact that the dispersion was continuously ©PServed reactivity data must be normalised by mul-
in contact with atmospheric air, it can be assumed that tiPlying them by the ratio of the photoreactor volume
for all the rungd, is constant during the occurrence of 0 the total volumeVpre/Vr in the present case.

cyanide photo-oxidation. On the basis of all the pre- "€ assumption is made here that Eq. (12) holds
vious statements, Eq. (6) can be written as: also for reaction order in the 0-1 range, i.e. also for

the Langmuir—Hinshelwood rate expression:
dCc  kLIKcCc

= —— = = 9 /
r dr 1+ KoCo 9) _dCc,out _ Verp keI KcCe,out (13)
dr V1 14 KcCeout
in which k¢, is the surface pseudo-first order rate con- _ _
stant and it is equal ta"6. Eq. (13) can be written as:
The photoreacting system used in thiswork (see Fig.  dc ¢ kK cCeout
1) is composed by a PFP and a SNT. The irradiated — = (14)

. : "Yd(E, ) 14 KcC
PFP determines the occurrence of cyanide degradation (Ehy) eeout

while the SNT determines that the cyanide concentra- In which E;N =1tVpre/ V1. By assuming that the pho-
tion at the PFP inleCc out, is different from the outlet  toreactor performance during the first residence time
one,Cc,in. The system is not at steady state so that the negligibly affects the photoreactivity results, Eq. (14)
PFP inlet and outlet concentrations are varying with can be easily integrated with the limiting condition



252 V. Augugliaro et al./Catalysis Today 54 (1999) 245-253

0.1
— E —
=S g
0
g o — *
J © -
0.01 |
. . 0.01 0.1 1
E,, [Einstein]
C.10° M]
Fig. 6. Cyanide concentrations vs. cumulative photonic ené&igy,
Comparison between the experimental da#®) @nd the kinetic Fig. 7. Phenol concentration versus cyanide concentration. Com-
model expressed by Eq. (15) (—). parison between the experimental da#®) @@and the kinetic model

expressed by Eq. (18) (—).

that for £, =0, the cyanide-ion concentration is equal
to the initial one Cc out = Co. The integral relationship
betweenCc oyt and E), , is therefore:

where C, K, K indicate concentration, surface
pseudo-first order kinetic constant and equilibrium
photo-adsorption constant while the subscripts ¢ and p
, 1 Co 1 refer to cyanide and phenol, respectively. On dividing
Ep, = X'” (chou) + E(CO — Ce.ou) (15) Eqg. (17) by Eq. (16), and rearranging, the differential
equation relatingC, and C. at whatever time is ob-
whereA=k¢ Kc andB=k¢. By applying a least-squares  tained. The integr%tion of this first-order differential
best fitting procedure to the photoreactivity data ob- equation with the limiting condition th&, = Cp o for
tained from cyanide _degradation, the values Aof Cc=Cc0, WhereCpo and Cco represent the initial
and ? chal\fll/lé? dft'ermmde%}gg?m Yalues /th?lmlj K? concentrations of phenol and cyanide, respectively,
are Instein an , respecuvely. In ives the following relationship:
Fig.6, the line through the experimental data of ? ) ? P
cyanide concentration has been drawn by using Eq. = Cpo _ kp—KpIn& (18)
(15); it may be noticed that a satisfactory fitting of Cpo KkiKc Cco
the model to the data occurs. The phenol reactivity ] .
data have been treated with the above reported kineticBY @PPlying a least-squares best fitting procedure
model. For phenol the values of the surface pseudo- to/ the e/xpenmental data, the values of the group
first-order rate constanty, and of equilibrium photo- (kpKp)/(kcKe) were determined for all the runs carried
adsorption constanKp, are 0.14< 10-3 M/Einstein out at different molar rat_los between cyanide and phe_-
and 6500 M1, respectively. nol. These values were in the 0.30—0.38 range and oyd
When both phenol and cyanide are present in the not ;how a depgnde.nce. on the cyanlde/phepol ratio.
reacting medium, it is reasonable to hypothesise a In Fig. 7, a logarithmic diagram reports experimental

competitive photoadsorption mechanism on the same results of phenol concentration versus cyanide con-

active sites. The Langmuir—Hinshelwood kinetic equa- C€ntration. It may be noted that a straight line, whose
tions for cyanide and phenol degradation are: slope represents théKp)/(kcKc) quantity, well fits

the data.
_dce kil KcCe (16) The value of the KKc)/(k,Kc) group, calculated
dr 1+ KcCe+ KpCp from thek’ andK figures determined for cyanide and
phenol separately, was 0.33. This value is quite simi-
% _ kfoIKpCp lar to those previously reported so that it may be con-

At 1+ KcCe + KpCp (17) cluded that the competitive photo-adsorption mecha-
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nism well describes the reactivity results. It is worth cilities located at the Plataforma Solar of Alrfeer

noting, finally, that the model described above is only

a phenomenological one and it cannot be invoked for

proving mechanistic aspects of the photoprocess.

5. Conclusions

The results of this work indicate that the hetero-

(Spain).
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