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1. Introduction

The mixture of hydrogen peroxide and ferrous salts was called
the Fenton reagent, as Fenton found that it oxidized tartaric acid

ABSTRACT

This article evaluates Prussian blue (iron hexacyanoferrate) colloids as a heterogeneous photo-Fenton
catalyst for the degradation of Rhodamine B. The emphasis is laid on the effects of alkali metal cations on
the photo-Fenton process. The facts show that alkali cations strongly affect the degradation rate of organic
species. The degradation rates of Rhodamine B, Malachite Green, and Methyl Orange in the presence of KCI,
KNOs, and K,S04, respectively, are faster than their degradation rates in the presence of the corresponding
sodium salts. The average degradation rates of Rhodamine B in 0.2 M KCl, NaCl, RbCl, and CsCl solution,
decline in sequence, and the rate in KCl solution is greater than that without any salt added deliberately.
Thus, potassium ions accelerate the degradation rate, but sodium, rubidium, and cesium ions slow the
rate. The order of the rates is Rx > R> Rna > Rgp > Rcs, Which is consistent with that of the voltammetric
oxidation currents of Prussian blue in the corresponding cation solutions. This phenomenon is attributed
to the molecular recognition of the microstructure in Prussian blue nanoparticles to the alkali cations.
The reaction mechanism of the photo-Fenton process has also been explored.

© 2010 Elsevier B.V. All rights reserved.

*OH + organics — intermediates — CO, +H,0

kg= 107 —1010M~1s1 (6)

in 1894 [1]. Subsequently, Haber and Weiss proposed that the
hydroxyl radicals were the actual oxidants in the mixture of
H,0, +Fe2* and the proposal was confirmed by Merz and Waters
[2]. Because the potential of the hydroxyl radicals was very high
(2.84V versus SHE), the Fenton reagent rapidly found its appli-
cations in eliminating the refractory organic contaminants in
wastewater, and thereafter this reagent was developed into an
advanced oxidation technology (AOT) in the treatment of non-
biodegradable organic pollutants. Now it is well known that the
Fenton process involves the reactions below [2-5].

FeZt + H,0, — Fe3* +OH™ +°*OH  k;= 76 M~ 15! (1)

Fe3* +H,0; — Fe?t +HT +HOO*  ky= 0.01-0.02M~'s~1 (2)
Fe3* + HOO®* — Fe?* +H*+0, k3= 1.2x105M1s7! (3)
Fe’* +°OH — Fe3* +OH~  k;=3.2x108M 15! (4)
H,0, +°0H — H,0 + HOO*  ks= 3.3x10"M 157! (5)
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Hydroxyl radicals could be formed by Eq. (1), thus the reaction
cycle could proceed continuously if ferrous ions could be effectively
regenerated (Egs. (2) and (3)). However, ferrous ions are consumed
more rapidly than they are regenerated because the rate constant k;
was smaller than kq (Ferrous ions were also consumed by Eq. (4)) by
comparison. In order to improve the Fenton process, Zepp etal.[5,6]
developed the photo-Fenton system, in which UV irradiation was
found to accelerate the overall process due to photochemical reac-
tions reducing ferric ions into ferrous ions and splitting hydrogen
peroxide (Egs. (7)-(9))

[Fe(H,0)]** + hv — Fe** +°*OH + H* (7)
H,0, 4+ hv— 2°OH (8)
H,0, + hv— H* + HOO* 9)

In addition, the effects of anions such as, CI-, NO3~, SO42~, and
ClO4~ on the Fenton reaction were also studied [7-12], and the
effects were explained on the basis of the activities of the anion
radicals, by comparison with those of the hydroxyl radicals. The
optimal pH value for operations was found to be in the range
of 2.8-3.3, which limited its application. To overcome the draw-
back the heterogeneous Fenton-like reagents were developed by
immobilizing the ferrous or ferric ions on a carbon nanotube [13],
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Fig. 1. Unit cell for the structure of Prussian blue. Cross-hatched spheres represent
Fe3* ions; solid spheres represent Fe?* ions, hollow rings stand for carbon atoms,
shade rings for nitrogen atoms; and water molecules and cations are omitted.

porous activated carbon [13-15], mesoporous silica [16,17], clay
[18,19], and others [20-22]. The Fenton-like heterogeneous cata-
lysts supported on the zeolite were studied in particular, broadly
[23-29], due to the zeolitic porosity, stability, confinement effect,
and adjustable channel size [30-32]. The investigations are of very
great value in eliminating the organic pollutants and elucidating
the principle of catalytic reactions.

From Eqgs. (1)-(4) and (7) we can see that the Fenton or photo-
Fenton reactions involve electron transfers and transformation of
electrical states related to species, for example, metal iron ions.
Therefore, the parameters that affect the rate of electron transfers,
such as, the microstructure of heterogeneous catalysts and counter
ions will have a great influence on the Fenton reaction rate. In
fact, the microstructure of the heterogeneous catalysts has a strong
impact on the reactivity and selectivity [33-35]. Unfortunately, the
effects of the microstructure inside the heterogeneous catalysts
and alkali cations (counter ions) on Fenton or on the photo-Fenton
process have not received enough attention. Herein we use Prus-
sian blue (PB) (similar to the zeolite in structure and features) as
a model catalyst for exploring the effects of the microstructure of
catalysts and focusing on the effects of alkali cations on the photo-
Fenton degradation of the organic species, based on our previous
study [36], where we reported the electrochemical behaviors of a
self-assembled PB electrode [37] and its analog lanthanum hexa-
cyanoferrate [38].

It is essential to know the microstructure of Prussian blue for
the understanding the effects of cations on photo-Fenton reac-
tions. Prussian blue (Iron" hexacyanoferrate') is the prototype
transition metal hexacyanoferrate (MHCF), with a general formula
of AyMy[Fe(CN)g];mH,0 (h, k, I, m are stoichiometric numbers,
A=alkali metal cation, M is Fe%*, Co%*, Ni%*, Cu?*, etc., transition
metal ions) [39]. It is also the first coordination compound reported
inscientific literature. The basic structure of Prussian blue is a three-
dimensional polymeric network [40-42] with a face-centered cubic
cell [40,43,44] consisting of alternating ferric (coordinated to nitro-
gen) and ferrous (coordinated to carbon atom) ions linked via the
bridging cyanide ligands. The lattice constant of the unit cell is
10.20 A (Fig. 1) and the diameter of the lattice channel is 3.2 A [45],
which accommodates water molecules and metal cations (coun-
tercations) to maintain electroneutrality. The countercations will
penetrate into or flow out of the lattice channels of Prussian blue as
denoted in Egs. (10) and (11) with the electron transfers when the
redox or electrochemical reactions occur as denoted below [46-48].

KFellFell(CN); — e = FelllFel'(CN)g + K* (10)

Prussian blue Prussian yellow

KFe"Fe!'(CN)g + K* + e = KyFe!'Fe!(CN)g (11)

Prussian white

It is seen that potassium ions will flow out the lattice chan-
nel of Prussian blue if it is oxidized (Eq. (10)), and potassium ions
will enter into the lattice channel again when Prussian yellow is
reduced. Prussian blue is also reduced directly to Prussian white
(Eq. (11)) with the potassium ions immigrating the lattice chan-
nel. Therefore, the cation exchange reactions will take place when
the oxidation states change. It is obvious that the cations with the
match size could flow easily via the lattice channel.

2. Experimental
2.1. Materials

Rhodamine B (RhB), Malachite Green (MG), and Methyl Orange
(MO) were purchased from Sigma. (NH4 ), Fe(SO4),, K3Fe(CN)g, KCl,
NaCl, RbCl, CsCl, KBr, NaBr, KNO3, NaNO3, K,SO4, NSO, were of
analytical grade and used as received. All solutions were prepared
using 18.2 MQ2 Milli-Q water.

2.2. Synthesis of Prussian blue

Prussian blue was synthesized by a mixture of equivalent
amounts of K3Fe(CN)g and (NH4),Fe(SO4), aqueous solution. Gen-
erally, potassium ferricyanide 100 mL 2.0 x 10-3 M and ammonium
ferrous sulfate 100mL 2.0 x 10~3 M were mixed in a 500 mL flask,
and PB colloid stock solution (200 mL 1.0 x 10~3 M) was obtained
for the photo-Fenton reaction.

2.3. Preparation of Prussian blue electrode and electrochemical
characterization

Aglassy carbon (GC) disk electrode of 3.0 mm diameter was used
as the matrix of the working electrode. The GC electrode was pol-
ished by using a piece of 1200 diamond paper with 0.3-0.05 um
alumina by turns. Then the GC electrode was washed with abso-
lute alcohol and distilled water in an ultrasonic bath for 5min in
turn. Thus a mirror-like, shiny electrode was obtained.

The obtained GC electrode was set up in a three-electrode sys-
tem for cyclic voltammetric experiments.

The GC electrode obtained according to the above-mentioned
method was immersed in the mixture of 1.0x1073M
K3Fe(CN)s+1.0 x 103 M FeCl3 containing 0.2M KCl, support-
ing the electrolyte for a cyclic voltammetric sweep for three cycles,
in the potential range of —0.2 to 1.0V at a scan rate of 100.0mVs~1.
As a result, Prussian blue was immobilized on the surface of the
GC electrode, and the as-prepared electrode was denoted as the
PB-modified electrode.

The cyclic voltammetric (CV) experiments were carried out with
a CHI660C electrochemical workstation (CH Instrument Company,
Texas, USA) at room temperature (254 2°C). All potentials were
reported versus SCE.

2.4. Characterization for structure

Prussian blue powder was obtained by centrifugation and dried.
First, the Prussian blue colloid solution was centrifuged in the pres-
ence of 0.2 M KCl, and then it was washed with 70% ethanol aqueous
solution, and again centrifuged. The procedure was repeated thrice.
The resulting precipitation was dried at 110°C for three hours
and collected for X-ray diffraction (XRD) measurement. The XRD
measurement was conducted with X‘Pert-Pro MPD X-ray diffrac-
tometer, Panalytical, Netherland. The source of the X-ray was Cu-K(,
with a wavelength of 0.154 nm at a tube voltage of 40 kV, and a tube
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Fig. 2. Powder diffraction pattern of Prussian blue.

current of 40 mA. The morphological observation was carried out
with a TecnaiG220 transmission electron microscope. A drop of the
freshly prepared PB colloid solution was placed on carbon-coated
copper grids and dried under ambient conditions for morphological
observation.

2.5. Analytical methods

All photo-catalytic experiments were conducted under visible
irradiation ((>420 nm). A 300 W ultraviolet-visible lamp (OSRAM,
Germany) was used as the irradiation source. The photo-Fenton
degradation of organic compounds was performed in a 100 mL
beaker. The distance between the lamp and the test solution was
about 10cm. The wall of the beaker was shielded with tinfoil
from the surrounding light. The visible light was obtained with a
(>420nm cut-off filter, which covered the window of the beaker
so that it could absorb the ultraviolet light and enable visible light
of (>420nm to pass. Generally, a 50mL test solution was used
in the photo-Fenton experiments. In the solution, the concentra-
tions of hydrogen peroxide, PB, and organic compounds (RhB, MG,
and MO) were adjusted according to the desired amount and the
pH value of the mixed solution was about 6.0. The absorbance of
RhB, MG, and MO in the photo-Fenton process was measured at
regular intervals by a double beam TU-1901 spectrophotometer.
The cyclic voltammetric (CV) experiments were carried out with
a CHI660C electrochemical workstation (CH Instrument Company,
Texas, USA) using a three-electrode system, at room temperature
(2542°C). A glassy carbon disk electrode (diameter 3.0 mm) was
used as the working electrode, a platinum sheet and a saturated
calomel electrode (SCE) were used as the counter electrode and
the reference electrode, respectively. All potentials were reported
versus SCE.

3. Results and discussion
3.1. Characterization of Prussian blue heterogeneous catalyst

The measurement of the X-ray powder diffraction for the blue
precipitate, synthesized according to the mentioned method, was
performed and the diffraction pattern is shown in Fig. 2.

As shownin Fig. 2, the four major characteristic diffraction peaks
at 20=17.55, 24.62, 35.28, and 39.72 were corresponding to the
(200), (220), (400), and (420) Bragg reflections at the d spac-
ings of 5.05 A, 3.61A, 2.54 A, and 2.27 A, respectively. The positions
of these diffraction peaks were in agreement with a face-centered
cubic cell of Prussian blue with a=10.2 A [40,43,44], and also with
JCPDS No.52-1907 in Table 1. The wide diffraction peaks suggested
that the size of the as-prepared Prussian blue was in the nanometer

Table 1
Data of XRD for Prussian blue.
PB 260(°) 17.55 24.62 35.28 39.72
d(A) 5.05 3.61 2.54 2.27
JCPDS d(A) 5.10 3.60 2.55 2.28
52-1907 hkl 200 220 400 420

range, the mean diameter of 33.8 nm has been calculated using the
Debye-Scherrer formula

0.94),
~ Bcosh’

where D is the crystal size, A is the wavelength of X-ray radiation
(0.154 nm for Cu Ka radiation), g is the full width at half-maximum,
and 6 is the diffraction angle [49]. It was in agreement with the TEM
observation, the diameter of particles was distributed in the range
from 30 nm to 50 nm shown in Fig. 3.

3.2. Effects of potassium and sodium ions

The Prussian blue formed according to the above-mentioned
method was used as a heterogeneous photo-Fenton catalyst. RhB
was degraded under ( >420 nm visible irradiation in the presence
of different potassium salts and the corresponding sodium salts
under comparable conditions, respectively. The degradation curves
are shown in Fig. 4.

By comparing the data in Fig. 4, it is seen that the degradation
ratio of RhB in the case of potassium salts, at the same reaction time,
is always greater than that in sodium salts in the same anion solu-
tions (the degradation ratio of curve a is greater than that of curve
b, and the one of curve c is greater than that of curve d in Fig. 4A
and B), under comparable conditions. For example, the rate in the
KCl system is faster than that in the NaCl system and the rate in the
KBr system is also faster than that in NaBr system. Similarly, the
degradation of MG and MO has been performed under comparable
conditions. The results are listed in Table 2

It can be seen from Table 2 that the degradation ratio in the
presence of KCl is 100.0%, while it is only 29.0% in the presence of
NacCl, under similar conditions, for MG. Furthermore, the degrada-
tion ratios of MG or MO in the presence of KBr, KNO3, and K,SO4 are
all larger than those in the presence of the corresponding sodium
bromide, nitrate, and sulfate, respectively. The degradation of the

Fig. 3. TEM imagine of Prussian blue.
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Fig. 4. (A) Curves a and b show the degradation of 4.8 mgL~' RhB (contain-
ing 2.0 x 1074 M PB+2.0 x 10> M H,0,) in 0.20M KCl (a) and 0.20M Nacl (b),
respectively; Curves c and d show the degradation of 4.8 mgL-! RhB (containing
1.0x10"*M PB+1.0 x 103 M H»0,) in 0.50M KNO; (c) and 0.50M NaNO; (d),
respectively. (B) Curves a and b show the degradation of 4.8 mgL~! RhB (contain-
ing 1.0x10-*M PB+1.0 x 10> M H,0,) in 0.50M KBr (a) and 0.50 M NaBr (b),
respectively; Curves ¢ and d show the degradation of 4.8 mgL-! RhB (containing
2.0x 1074 M PB+2.0 x 10> M H;0,) in 0.25M K>SO4 (c) and 0.25M Na,S04 (d),
respectively.

three organic compounds certainly shows that the cations have
obvious effects on the degradation of organic compounds in the
PB photo-Fenton system, and the degradation rates in the solutions
containing potassium salts are always faster than those in the pres-
ence of the corresponding sodium salts. The effects of salts involve
both cations used and the microstructure of Prussian blue. It was
believed that the flux of cations in Prussian blue determines the
decoloration rate of the dyes.

3.3. Effects of the concentration of potassium ions

According to the published literature, the chloride anions inhibit
the degradation process in the organic species, because it is a scav-
enger of the hydroxyl radicals [9-13]. Interestingly, the addition of
KCIl (but not NaCl) can promote the photo-Fenton process in the
PB system. It can be seen from the degradation curves (Fig. 5) at

S.-Q. Liu et al. / Journal of Hazardous Materials 182 (2010) 665-671

Fig. 5. Degradation curves of RhB at different concentrations of potassium chloride
initial conditions: 1 x 10~ M PB+1 x 10~3 M H,0; +4.8 mgL~! RhB+KCl; (a) 0.0 M
KCl; (b) 0.10 M KCI; (c) 0.25 M KCl; (d) 0.50 M KCl; and (e) 1.00 M KCl.

Fig. 6. Degradation curves of 4.8 mgL~! RhB containing 2 x 107 M PB+2 x 103 M
H,0,, (a) no salinity, (b) 0.2 M KCl added, (c) 0.2 M NaCl added, (d) 0.2 M RbCl added,
and (e) 0.2 M CsCl added.

the different concentrations of KCI that the times for the ratio of
C¢/Cy (Cp is the initial concentration of organic compounds, C; is
the concentration that has not been degraded) reaching zero are
50 min, 30 min, and 20 min at concentrations of 0.25M, 0.50 M,
and 1.00 M KCl, respectively. The order of the degradation rates is
R1.00 > Ro.50 > Ro25 > Ro.10 > Ro.0o- This clearly shows that the degra-
dation rate increases as the concentration of KCl increases. It also
confirms that the potassium cations affect the reaction process.
It is believed that it is the potassium ions that accelerate the
photo-Fenton process, because chloride anions, as mentioned, are
scavengers of the hydroxyl radicals.

3.4. Comparison of alkali metal ions and electrochemical evidence
Further studies show that the photo-Fenton decoloration ratio

of RhB in the PB system, in the presence of the same concentration
of 0.2 MKCl, NaCl, RbCl, and CsCl, respectively, is different from each

Eaeglreajation ratios of MG and MO in the presence of potassium and sodium salts”.
Chlorides Bromides Nitrates Sulfates
KCl NaCl KBr NaBr KNO3 NaNO; K;S04 Na, S04
MG 100.0%® 29.0%@) 97.0%® 89.0% 61.0%) 32.0%© 74.0%9 59.0%
MO 100.0%(© 5.0%(€) 83.0%(0 64.0%0 93.0%(8) 49.0%(®) 76.0%M 53.0%™

" Initial conditions: The reaction system contained 1 x 107 M PB+1 x 10-3 M H,0, +0.5 M salt+ 10 mgL~' MG or MO. The photo-Fenton reaction times were 30 min (a),
60 min (b), 120 min (c), 180 min (d), 40 min (e, f), 240 min (g), and 270 min (h), respectively. The concentration of sulfates was 0.25M (d, h).
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Table 3

Decoloration ratio and average degradation rate of RhB in the presence of different alkali cations (0.20 M) at 80 min.
Alkali cations No salinity KCI2 Nacl RbCl CsCl
Decoloration ratio (%) 88.0 100 57.2 41.2 30.1
Average rate (mgL- min—1) 0.054 0.096 0.034 0.025 0.018

2 The reaction was completed in 50 min.

other (see Fig. 6). The decoloration ratio and average reaction rate at
80 min in the presence of alkali cations are listed in Table 3.1t is seen
that the order of the decoloration rates is Ric >> Rnac1 > Rrbcl > Rescl-
In fact, the addition of KCl promotes the degradation reaction, while
the presence of NaCl, RbCl, and CsCl restrains the reaction rate by
comparison.

The effects of salts involve both cations used and the microstruc-
ture of Prussian blue. The electrochemical studies have shown that
the move of cations in the channel of Prussian blue determines the
electron-transfer rate [46,50,51] because cations will move in or
out of the channels of Prussian blue to maintain the electroneutral-
ity when the electron-transfer reactions take place as denoted Eqs.
(10) and (11). Our experimental results also confirm the current
order is Ig+ > INa+ > Ijp+ > Ics+ for the oxidation of the PB electrode
in the alkali cation solutions (Fig. 7), which is consistent with that
reported in literature [46,50,51].

Since both the electrochemical process and photo-Fenton
process involve the electron-transfer reactions, the parameters
affecting the rate of electron transfers in the electrochemical pro-
cess, such as the size of the countercations, will also play a major
role in the photo-Fenton process in the PB system.

As mentioned, Prussian blue has zeolite-like features that func-
tion as molecular sieves, therefore, the selective ion transfers can
elucidate both the electrochemical reaction rate and photo-Fenton
reaction in terms of hydrated ionic radii and the channel radius
of the lattice in Prussian blue. The channel radius of Prussian blue
is 1.60 A. Thus, only a few countercations with the hydrated radii
smaller than the channel size in PB can move through the chan-
nel lattices. Potassium ions with 1.25A [46,51] of the hydrated
radius, which are smaller than 1.60 A of the lattice radius in the PB
structure, can move freely through the lattice channel of PB, hence,
they cause the largest oxidation current in electrochemistry, and
the corresponding greatest degradation rate in the photo-Fenton
process can be observed. Sodium ions with a hydrated radius of
1.83 A find it difficult to move in or out. Only the partial dehydrated
ions can penetrate through the lattice, leading to a small elec-
trochemical current peak [51,52] and a low rate of photo-Fenton
degradation, compared to that in the KCl system. In the case of
the small hydrated cations (1.18 A for Rb* and 1.19 A for Cs*), the

Fig. 7. Cyclic voltammetric responses of a PB-modified electrode in the potential of
—0.2 to 1.0V, at the scan rate of 0.1Vs~! in (a) 0.2M KCl, (b) 0.2 M Nadcl, (c) 0.2M
RbCl, and (d) 0.2 M CsCl supporting electrolyte, respectively.

cation-induced microstructural distortion can be a mass-transfer
and rate-determining factor [48,51], which results in very slow
motions of both Rb* and Cs* in the lattice channel of PB, thus very
low currents are observed in Fig. 7, and the corresponding photo-
Fenton rates are also very small. In summary, the recognition of the
lattice size of Prussian blue to alkali cations determines the mobil-
ity of alkali cations in the lattice, which in turn plays a pivotal role
in the PB photo-Fenton process.

3.5. Analysis of the reaction mechanism

Analysis of the reaction mechanism of the photo-Fenton pro-
cess is based on the three basic facts mentioned herewith: The first
one is that the cations in the PB system strongly affect the rate
of the photo-Fenton process, suggesting that the photo-catalytic
reactions take place not only on the surface of the PB particles,
but also inside the PB particles; Second, it has been conclusively
shown [53,54] that the electron-transfer reactions observed at
about 0.2V versus SCE are assigned to the high-spin iron (Fe'l,
coordinated to nitrogen) and 1.0V versus SCE to the low-spin iron
(Fe!, coordinated to carbon) ions [55], respectively. Finally, it has
been commonly accepted that the photodriven charge-transfer
reaction for Prussian blue under irradiation is the intervalence
charge-transfer reaction [54,43,56,57], denoted as follows

[K*-Fel~(NC)g-Fe'']- " [K*~Fe"~(NC)g-Fe''| (12)

Consequently, Eq. (12) is the initial reaction of the photo-Fenton
process in the PB system. Furthermore, [K-Fe!'-(NC)s-Fe!']" can
oxidize hydrogen peroxide to release dioxygen, because the excited
PB nanoparticles are metastable [57]. These metastable Fe'' ions
that coordinate with the carbon atoms have a high potential. For
example, the open-circuit potential of Fel'Fe!' (CN)g reaches 0.98 V
versus SCE (1.22V versus SHE) [45], while the standard electrode
potential for O,/H,0, is 0.68 V. Our previous research has shown
that the mixture of FelllFe! (CN)g+H,0, in the presence of KCl
results in KFel'Fe!l(CN)g [37], indicating that the stable state of
iron that coordinates with the carbon atom is the ferrous ion,
while the ferric ion is unstable and has powerful oxidation. On
the basis of these facts the second step reaction can be deduced as
Eq.(11)

[K*-Fe'-(NC)g-Fe"* + H,0, + K*
— [Ky*-Fe'-(NC)g-Fe''] + 0, + 2HT (13)

As aresult, the potassium ions penetrate into the PB particles as
countercations, to maintain the electroneutrality. One of the prod-
ucts of reaction (13), Prussian white [K,-Fe!'-(NC)g-Fe!l], being in
thereduced state, similar to the ferrousionsin Eq. (1), can transform
hydrogen peroxide into hydroxyl radicals as shown in Eq. (14)

[Ky " -Fel'-(NC)g-Fe''] + Hy0, — [K*-Fel'-(NC)g-Fe''] + K*
+HO* + OH™ (14)

Itis seen that Prussian blue forms again; it returns to the starting
reactant of Eq. (12). The catalytic reaction cycle involves potas-
sium ions penetrating into and flowing out of the PB nanoparticles;
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the faster the degradation rate, the greater is the concentration of
potassium salts. It is reasonable that hydrogen peroxide inserts in
the lattice channel of PB because a molecule of hydrogen peroxide
occupies 2.42 A [57], which is less than 3.2 A for the diameter of PB
channel. The mobility of alkali cations determines the degradation
rate of organic compounds during the photo-Fenton process. (lines
50-59, page 10)

4. Conclusion

The mixture of Prussian blue and hydrogen peroxide can func-
tion as a heterogeneous Fenton reagent. This Fenton-like reagent
candegrade organic pollutants. Alkali metal ions in the reaction sys-
tems can strongly affect the degradation rate, due to the molecular
recognition of the lattice channel of Prussian blue to alkali cations.
The phenomenon that potassium ions promote the photo-Fenton
process, while sodium, rubidium, and cesium cations decline the
process is the inevitable result of the selective recognition of Prus-
sian blue. The result of this research is very useful for the design of
heterogeneous Fenton-like catalysts supported on porous zeolites,
because the zeolites have the function of molecular recognition like
Prussian blue.
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