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SOME WORKS IN CATALYTIC WET PEROXIDE OXIDATION
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CATALYTIC WET PEROXIDE OXIDATION

W Pillared clays (35%)
M Zeolites (18%)
M Silica (18%)
W Carbon materials (13%)
M Alumina (9%)
M Iron oxides (7%)
Other (13%)

M Fe (52%)

H Cu (25%)

M Mn (5%)

BN (2%)

H Co (2%)

m Au (1%)
Other (12%)
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HIGHTLIGHT RESULTS IN CWPO OF PHENOL

CATALYST 1 oy, F ?Nt.) \(Z(/:f) P(:f:/lc;l Hz(oszt/;:r? )n ° (OTC) PHo (Trlnn?:) 2(02) E(OT/:)C (F;L;a/ci) Ref. Author
Fe,04/Ce0, 5 1 53 1.32 70 | --- | 240 | 78 | 57 | <0.25 | J@ssaet-al
Fe-ZSM-5 2 0.35 | 69 1.5 70 |3.5| 180 | 81 | 17 1| Ueee <
Fe-Al-PILC | 3.01 5 0.5 1.1 25 (3.7 | 240 | 100 | 65 0.2 fl‘f,e'z"ouogt-
Fe-AI-PILC | 7.2 | 0.5 | 1.06 1 25 | 3.5| 240 [100| 60 | 2.0 | Doinaetal
Fe/Al,05 7.67 1 1 1.1 - | ---| 120 [100| 60 | 6.5 | 7 MRELet
Fe/SiO, 1.5 |0.35| 69 1.5 70 [3.5| 180 | 65 | 19 5 gf_{e{ggegg L5
Fe-Resin 27.5 5 | 10.6 0.67 80 | 3 | 120 |100| 76 - el
Fe/AC 4 0.5 | 1.06 1 50 | 3 | 120 [100| 78 | 1.1 | 220etal

2006
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AC Fe/AC

Sper (<) 974 781

Pore volume (cm3/g) 0.75 0.67
Micropore 0.34 0.27
Mesopore 0.19 0.16
Macropore 0.22 0.24

Fe content (% w/w ) - 4

How is it expected to work?

H,0, H,0,

Active Carbon




Carbon materials as catalysts: activity prediction by

CWPO

CATALYTIC WET PEROXIDE OXIDATION

redox properties

Relationship between the current exchange (io) and the H202 decomposition
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FENTON OXIDATION OF PHENOL: REACTIO PATHWAY

OH
l Phenol
Condensation )\
products l I l
+ OH OH o OH
— OH 8]
-— P
OH
H o]
Hydroquinone p-Benzoquinone Catechol o-Benzoquinone Resorcinol
< “COOH
=, _.COOH
Muconic acid
COOH HOOC
—» CO; + { -«— I

COOH COOH

Maleic acid Fumaric acid

o HOOC—COOH HOOC—H;C—COOH + CO,
Oxalic acid Malonic acid
v
2C0, + H;0
» CO, + HCOOH = *» HOOC—COOH
Formic acid I Oxalic acid
} H,C—COOH + CO, l
CO; + HO Acetic acid 2C0, + H-0

J.A. Zazo, J.A. Casas, A.F. Mohedano, M.A. Gilarranz, J.J. Rodriguez. Environ. Sci. Technol. 39 (2005) 9295-9302
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CWPO OF PHENOL: ECOTOXICITY OF OXIDATION BYPRODUCTS

Compound (5157 E) (1o;r nlajg/L)

Phenol 16 6.3

Catechol 8 12,5

Aromatics Resorcine 215 0.5

F

Maleic 250 0.4

Fumaric 250 0.4

ST Malonic 450 0.2

Acids -

Acetic 130 0.8

Formic 162 0.6

Oxalic >450 <0.2




1k

| cwpo

)

Fe/AC CATALYST

aromatic intermediates (mg/L)

Batch experiments

—Q — fumaric
acetic

5 . ; . — 1.0 10— ®@—maleic
. = | |-A- oxalic
e > -
{ A IR e .| [ formic
: T
{06 'S 64
—@— catechol S ° o V
~A- hydroquinone ST
A p-benzoquinone 194 X & 44 -
)
0" H, > | |y
e 40.2 T o
R\Q ,,,,,,,,,, . & 00 o . .
100 150 200 250 Y 0
time (min)

Operating cond:

l(l)O 1%0
time (min)

250

T: 500C ; pH,: 3; 100 mg/L phenol, 500 mg/L H,0,, 500 mg/L Fe/AC

J. A. Zazo, J. A. Casas, A.F. Mohedano, J. J. Rodriguez. Appl. Catal. B Environ. 65 (2006) 261-268
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HIGHTLIGHT RESULTS IN CWPO OF PHENOL
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Continuous experiments

stirred tank reactor

Working conditions
Q: 5 mL/min

Phenol: 100 mg/L

H,0,: 500 mg/L

pH: 3

Temperature: 50 °C

Vieaction: 0-92 L

HRT: 184 min ; t: 167 g...h/gpy,
W atayyst: 54 9/L

J. A. Zazo, J. A. Casas, A.F. Mohedano, J. J. Rodriguez. Appl.
Catal. B Environ. 65 (2006) 261-268
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| L J]
Fe |cacheda (Mg/L): 0.35 - oxalic acid (mg/L)
r: 0.98 o
HO\ /OH
,C—C
4 )
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J. A. Zazo, J. A. Casas, A.F. Mohedano, J. J. Rodriguez. Appl. Catal. B Environ. 65 (2006) 261-268
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Effect of Iron Precuror & AC support

Fe/C atomic ratios of catalysts

Catalyst (Fe/C)guk | (Fe/C)yps

Fe/C1-N 0.013 0.005 egg-yolk

Fe/C2-N 0.012 0.026 Incipient wetness impregnation Fe:
egg-shell 4%,

Fe/C3-N 0.013 0.045

Fe/C1-P 0.009 0.013 Iron nitrate (N) - aqueous solution

Fe/C2-P 0.010 0.013 [lhomogeneous Iron pentacarbonyl (P) - organic

Fe/C3-P 0.009 0.012 medium

A. Rey, M. Faraldos, J. A. Casas, J. A. Zazo, A. Bahamonde, J. J. Rodriguez. Appl. Catal. B Environ. 86 (2009) 69
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new catalyst in presence of oxalic of Fe/AC and the new catalyst

acid (100 mg/L)
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Cosmetic wastewater with Fe/y-Al,O,

100 T T T T T T T T T T
m = []
80 Jp e I.'l. ---------------------- e -
S A A A
o oA o _ BN A .
< 60 | A Ay A AL A A
9
<
) il il
S 40
c
o
@)
20 -
B COD
A TOC
T T T T T T T T T T
0 20 40 60 80 100

Time on stream (h)

Long-term stability of the Fe (4%)/y-Al,O4 catalyst in CWPO of cosmetic wastewater T = 85 °C;
space-time: 9.8 kg cat.h/kg COD
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Economic Analysis (€ /m?3)

Fenton CWPO
(homogeneous) with Fe/y-Al,O;
Investment 1.35 1.40
Operation & Maintenance
H,0, 2.20 1.80
Catalyst 0.10 0.06
Other 0.20 0.20
Electricity (1.9 kwW-h/m3) 0.17 0.17
Heat (32 M1/m3) 0.25
Sludge treat & dlféooog/%l 0.30
4.32 3.88

Cosmetic wastewaters (100 m3/d)
COD,: 3000 mg/L 200 mg/L Fe2+* 5g/L Fe/AC, 100 h

COD;: 1200 mg/L 3800 mg/L H,0, 2900 mg/L H,0,
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Fe,O,/y-Al,0; catalysts for CWPO

Magnetic catalyst

751 @ FeO/-ALO, @ FeO/-ALO,
4 % Fe
' : | Incipient wetness
60+ | _ impregnation with
- p—
e r ‘ ferric nitrate
ks LA Calcination at 300 °C
— 45 . M . .
@) agnetic catalyst:
é Reduction at 350 °C
O
O 304
|_
151
0

0 30 60 90 120 150 180 210 240
time (min)
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CWPO of CPs with Fe,O, /y-Al,0;

4-CP

= Fe,O,/y-ALO,
m  Fe,O,/y-AlLO,
Homogeneous Fenton

2,4-DCP

2,4,6-TCP

30 60 90 120 150 180 210 240
time (min)

Evolution of 4-CP, 2,4-DCP and 2,4,6-TCP upon
homogeneous Fenton oxidation ([Fe3+], = 10 mg L)
and CWPO with Fe,O,/y-Al,0; (1 g L'1); ([CP], = 100
mg L%; [H,0,], at stoichiometric dose; pHy, = 3; T =
50 °C).

Fenton provides more rapid conversion
of the starting CP

M. Munoz, Z.M. de Pedro, J.A. Casas, J.J. Rodriguez. Chem. Eng. J.
228(2013) 646-654
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CWPO of CPs with Fe,O, /y-Al,0;
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-80
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Evolution of TOC and H,0, upon
homogeneous Fenton oxidation ([Fe3+],

20 = 10 mg L) and CWPO with FexOy/y-

Al,0; (1 g L); ([CP], = 100 mg L};
00 [H,0,], at stoichiometric dose; pH, = 3;

o T=50°C).
+60

X
4 3 CWPO more efficient
20 than Fenton in terms of

100 mineralization

-80

-60

-40

-20
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CWPO of CPs with Fe,O, /y-Al,0;

100
150°C
Evolution of TOC vs. H,0, conversion
e e upon 4-CP breakdown by homogeneous
' - Fenton oxidation ([Fe3*], = 10 mg L)
60+ am and CWPO with Fe,O,/y-Al,O0; (1 g L1);
1 /.// - ([4-CP]0 = 100 mg L-l; [HzOz]o = 350 mg
40 - - L*1; pH, = 3).
20{ CWPO allows more efficient
X ] " consumption of H,0,
5 100+ -
><9 190 °C - N -
801 W FeO/-ALO, _ ™ H202+ Fes*+ H'- HO +Fe°* + HZO
® Fe,0-ALO, e / 3+ + 2+ +
60- Homogeneous Fento/nx’ H202+ Fe +H — HOO+Fe + H
| HO + HOO - H,0 + O,
40 - m
| HO + H,0, »~ H,0 + HOO:
20 .
N ’ HOO + Fed*- Fe2*+ O, + H*

0O 20 40 60 80 100
X0 (%)

HOO + Fe?*—. Fe3*+ HOO-
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CWPO of CPs with Fe,O, /y-Al,0;
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goim J La
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Remaining by-products (4h) from
204 +20 - -
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1001 ‘ —t100  with Fe,0,/y-Al,03; (1 g L'1) at 50 and 90 °C
90’ 2,4- DCP I Condensatioin by-products 9 ( [CP]O = 100 mg L-l; [HZOZ]O at
O 40- R 0 _stoichiometric dose; pH, = 3).
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:\c?) 20 %
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-
o

n ﬂ I

%:12,4,6-TCP| el
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Chlorinated by-products identified by GC/MS from Fenton-like oxidation of monochlorophenols (pHg =3, T=50=C, [Fe?* [s = 10 mg/L; [H20; |o = 20% of the stoichiometric dose).

2-CP 3-CP 4-CP
Cl Cl
(&)
T T
HO/ ~ XOH
oH cl
cl o
\CT $
F
0 HO 0 OH
CI/\\/\\D /Km al 7 7 cl
OH OH Hc|]\ SN o ‘ SN
Cl Cl
oo o MW
- OH OH
HD/\V/// /\OH
OH OH
O Cl
Y o
= HO cl cl

M. Munoz, Z.M. de Pedro, J.A. Casas, J.]J. Rodriguez.

J. Haz. Mat. 190 (2011) 993-1000
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2,4-DCP 2,6-DCP 3.5-DCP 2,4,5-TCP 2,4,6-TCP
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’,-""' HU—l —TCH ——0H L|‘ ’J T
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ol C'\ o ol © o A HO, ¢ N
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cl “'\:H “'/ El/’/ -”\CI CI’/" = /\; " P I:i*l o] C
i “ Gl cl
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Q i ] o o] cl
PR ﬁ S )j’ﬁ
,_DH . L Py ——H|
OH o s = /\JCI OH ! | _Z |
ci ci &
Cl ]
H . El cl cl http://pubs.acs.orgfaction/showlmagelfdoi=10
| oS [ T ° | ‘*;4] /®/°\(j§t§w§memasteemc;t101png&wg5ua&hz
——0
)<GH €l Z 7 el ’\g
o o

M. Munoz, Z.M. de Pedro, G. Pliego, J.A. Casas, J.J. Rodriguez. Ind. Eng. Chem. Res. 51 (2012) 13092-13099
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CWPO of CPs with Fe,O, /y-Al,0;

Fe,O,/y-AlO,

1500

1200 -
Evolution of 4-CP, 2,4-DCP and 2,4,6-TCP (in
900- equivalent CIl; solid symbols) and chloride ion
(open symbols) concentration upon CWPO with
S Fe,0,/y-Al,0; catalysts. ([CP], = 100 mg L%;
S 200l [Fe,O,/y-Al,03], = 1 g L}; [H,0,], = stoichiometric
e _ dose; pH, = 3; T = 50 °C).
c
kS - -
g Fe,O,y-AlLO,
€ 1500- R
= ,
3 12004 e O

Complete dechlorination

900

600 +

® 24-DCP

3004 \& A 246TCP

90 120 150 180 210 240
time (min)
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CWPO of CPs with Fe,O, /y-Al,0;

B 1strun B 2ndrun [ | 3rd run

- Fe,0 /1-AlO, Fe 0, -ALO. 100
80 80
§ 60 * * 60 ’>§
;Z 40 - -40 E\j
20 20
0 | 0

TOC TOC

TOC and H,0, conversion (4 h) upon CWPO of 2,4,6-TCP with the Fe,O,/y-Al,0;
catalysts in successive applications ([Fe,O,/y-Al,0], = 1 g L1). ([2,4,6-TCP], = 100
mg L1; [H,0,], = 190 mg L; pH, = 3; T = 90 °C).
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Magnetic Fe/y-Al,0; catalyst

—-— Fresh catalyst

2 Used catalyst at 50 °C
—-+— Used catalyst at 70 °C
1 —+— Used catalyst at 90 °C

‘)’

-10000 -5000 0 5000 10000
H (Oe)

Magnetization curves at room temperature of the Fe, O, /y-Al,0; catalyst before and after
CWPO oxidation of 4-CP at different temperatures.
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CWPO OF REPRESENTATIVE DRUGS OVER Fe;0,/y-Al,0;

s Ranitidine
UIfamethoxa RTD

iy, Ik

C
Trimethoprim

TMP
D'\\ﬂazem Operating conditions
DTZ [pharmaceuticals], = 25 mg L?

[H,0,], = stoichiometric amount
[Fe;0,/y-Al,0;],=2 g Lt
50-75°C
pHy=3

Munoz et al., J. Hazard. Mater., 331 (2017) 45-54.

Atenolol
ATL

Antibiotics
B and calcium channel blockers

Antiulcer
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CWPO OF REPRESENTATIVE DRUGS OVER Fe;0,/y-Al,0;

sancantretion (my LY

49.5

45.6

14 480 40 (i)

Tz

82.9

Tl G
i Ty
F il

58.3

150

Activation
energy values

(kJ mol?)
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CWPO OF REPRESENTATIVE DRUGS OVER Fe;0,/y-Al,0;

100 , : 100
- I l L
| |
80 1ol 12 [4]i 1 80
- 1 I -
| |
60 — lfo] [o]! |60 _%
O
= | | - )
_| I [ o —
40 : - 4OE§
20 — I ! — 20
| |
- I I L
O IIIII||I||| O

SMXDTZTMP ATL RTD MNZ
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concentration (mg L™)

15 30 45

time (min)
Operatingconditions oo
[pharmaceuticals], = 25 mg L™ Iron Ieaching < 1 5% Wt
[H,0,], = 730 mg L 2R W W A
[Fe;0,/y-Al,0],=2 g L Surface area unchanged

75°C

pH,=3 ‘ Abqg,nce\gf caJ:orL/epQ)ts
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\ D 5 i jl e
Concentration (ug L2)

SMX 2.6 1.2

ATL 4.5 7.6

MNZ 116 0.3

DTZ 0.9 0.1 0 5 10 15 20 25 30
T™P 1.6 3.1 time (min)

RTD 2.4 0.5

Operating conditions ca-np’llte‘km‘a\fal

[pharmaceuticals], = 10 pg L

[H;0,],= 100 mg L of pharmaceuticals

[Fe,0,/y-ALO,],=2 g L , :
e; 77;03:0 g > m"‘“n)‘\

pHy=3
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CWPO OF SULFOMETHOXAZOLE WITH NATURAL MAGNETITE

100 _ s |
S 80 - X e C
- |
.8 60 — °
2 L1 @
3 | § o 1%run
S 20 a o 2" run
m 12" s 3%un
Catalyst reuse 0 4+
(3 consecutive runs) g Wl a2
time (min)
onesgonsters  eanleaching <0Smg L1
[SMX],=5 mg L? kS =
[F[i;gz(])o; {51ng1gL = EET; ; ; _' ;Ij:}eﬁ_c_e, Q}T&bon d’eposu%?‘(ga I,SKFWt )
3Y410” o = [ KRR e e .
25°C
oHo= 5 / S"m ______ a“‘f“ﬂ“_” mag“&",_'."_"?&it'es “"_‘3_"_3"_’?';»




CWPO/solar with ilmenite

100 —m— Phenol 500
80 —*TOC 1o
ks —0-HO, o
__| (V)
> 60- 3005 X:0c>97%
8 40 200 &
z r
o 20 100 ~—
(@)
O T T T — T T T T T 0
—=— Hidroquinone -1
81 —e— Resorcinol I:eleach< 1 mg L
P. Garcia-Muioz, G. Pliego, J.A. Zazo, < A —4&— Cathecol
A. Bahamonde, J.A. Casas. Journal of - 6 —v Benzoquinone
Environmental Chemical Engineering g’
4 (2016) 542-548. <
.g
& n
VS S Conditions B
(= — — 25 0C
— | acetic
1 ® o @ formic pH,=3
N i o
= 10 +2::2;20 [=550 W-m2
E 8 < fumaric [Phenol] , = 100 mg-L!
g 6 > oxalle [H,0,], = 500 mg-L!
2 4 o = J-1
: < [ILM-Fe(x)] = 450 mg-L
G 24
(@)
0- T T T T T T
0O 50 100 150 200 250 300 350 400
t (min)
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