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Hydrogen Peroxide H2O2 – properties/characteristics
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 Agent for oxidation process
 Zero waste
 « easy » liquid for solution aq+H2O2

 Oxidations/reductions/organic and inorganic compounds formation 
/addition compounds formation

Oxidizing agent according to:
o Ionic reactions
o Oxygen transfer
o Electron transfer
o Radical mechanisms

 stability (pH, t°,..)
 Cost
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Uses of hydrogen peroxide H2O2



→ Context of the conference
Environnemental Applications for the reduction
of NOx, SOx, H2S, COV in industrial flue gases

purge

Oxidizing/Scrubbing
liquor

Absorption Process

FLUE 
GAS

Solution 
of H2O2

Two aims:
o non hazardous or valorizable

liquid effluent
o H2O2 concentration profile 

(kinetics/consumption)
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Objectives of the researchs:
o MECHANISMS
o BEST OPERATING CONDITIONS 

(t°, pH, Ionic Force…)
o DESIGN



SO2 and NOx absorption rates

Absorption of CO2 

Need to treat absorption products
(Na2SO3, NaNO3...)

NOx and SO2

absorption rates

CO2 absorption ≈ 0 

SO2 and/or NOX absorption into oxido-acidic solutions

SO2

NOX

+ H2O2 H2SO4

HNO3

• Valuable by-products
• Recycled into the system

Low cost
Medium absorption rates

Alkaline
solutions

Water

Acidic solutions

Oxido-acidic
solutions
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Comparison of performances
for NOx or SOx reduction
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Reduction of NOx

Gaseous mixture : « NO + NO2 »

Characterized by Oxidation Ratio (OR) = pNO2*/pNOx

OR ? combustion flue gases: ~ 5%
various industrial flue gases: 0 < OR < 100%

6D. Thomas     |     Use of H2O2 for reduction of gaseous pollutantsUniversité de Mons

NOx in HNO3 + H2O2



Reduction of NOx

Absorption mechanism:

1°) without H2O2: decomposition of HNO2 (NO release) and low absorption 
rates 
2°) with H2O2

+ autocatalysis by HNO3

OHHNOOHHNO 23222

H+
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Reduction of NOx

HNO3 2M + H2O2

HNO3 1M + H2O2

NaOH 0.5M
Water
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1.
HNO2 decomposition in NO:
prevented in the liquid phase 

If CH2O2 ↗ : NOx absorption 
performances ↗ then steady
(zero order H2O2 )

2.
Increase of the transfer rate of 
HNO2 formed in the gaseous phase 

If CHNO3 ↗ : performances ↗ 
(auto-catalysis)

Hydrolysis reactions of NO2, N2O4, 
N2O3: fast but limiting

Experimental results
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Reduction of NOx
Modelling for NOx absorption in oxido-acid solutions – Design parameters

Multicomponent absorption/reaction
Enhancement of the mass transfer due to the chemical reaction
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PGA  (‘Global Parameter of Absorption’)
= f (solubility H; diffusivity D and kinetic reaction k)

NO2; N2O4; N2O3: Fast reactions – 1 or 2 order 

REF:
D. Thomas, S. Brohez, J. Vanderschuren, Trans. IChemE 74B(1996), pp 52-57
D. Thomas and J. Vanderschuren, Chem.Eng.Sci, Vol.51, n 11 (1996), pp 2649-2654
D. Thomas and J. Vanderschuren, Ind. Eng. Chem. Res., Vol 36, n 8 (1997), pp 3315-3322
D. Thomas and J. Vanderschuren, Ind.Eng.Chem.Res., Vol. 37, n 11 (1998), pp 4418-4423



NOx generating process

NOx reduction technique

Example 1: NOx reduction in off-gases issued from the production 
of catalysts for vehicle exhaust pipes
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Example 2: reduction of NOx in flue gases of a pickling unit 
by addition of H2O2

Solution de décapage

HF/HNO3

Solution de décapage

HF/HNO3
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SO2 in H2SO4 + H2O2

Irreversible reaction
2d global order
1st order H2O2 et SO2

4222 HSOHOHSO

fast reactions depending on 
concentrations

Si CH2O2 ↗ : Performances ↗

Si CH2SO4 ↗ : Performances ↘

Reduction of SOx

REF:
D. Thomas, S. Colle and  J. Vanderschuren, Chem. Eng. Process., Vol. 42, n 6 (2003), pp 487-494          
D. Thomas, S. Colle and  J. Vanderschuren, Chem. Eng. Technol., Vol. 26, n 4 (2003), pp 497-502
S. Colle, J. Vanderschuren and D. Thomas, Chem. Eng. Process, Vol. 43, n 11 (2004), pp.1397-1402   
D. Thomas, S. Colle, J. Vanderschuren, Chem. Eng. Process. Vol. 44 (2005), pp 487-494
S. Colle, J. Vanderschuren and D. Thomas, Chem. Eng. Sci., Vol. 60, n 22 (2005), pp 6472-6479
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TO STORAGE

deSOx – deNOx unit

Simultaneous removal

Mixed solution containing H2O2

Reduction with oxido-acid solutions of NOx and SOx
contained in oxyfuel flue gases
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Simultaneous reduction of NOx and SOx in oxido-acid solutions 

Interest of H2O2

in acid solutions

SO2
NOX

+ H2O2 H2SO4

HNO3

Mixed solutions



HNO3=A

A
SO

2
(r

el
at

iv
e)

ySO2
in (ppm)

NaOH

Water

H2SO4 =ACH2O2 = 0,2 mol/l

Water

NaOH

ySO2
in (ppm)

A
SO

2
(r

el
at

iv
e)

A 0M
A 1M 
A 2M
A 4M

Legend

+B 2M

Absorption ↘ when CHNO3 ↗ Absorption ↘ ↘ when CH2SO4 ↗

15D. Thomas     |     Use of H2O2 for reduction of gaseous pollutantsUniversité de Mons

Simultaneous reduction of NOx and SOx in oxido-acid solutions 
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Simultaneous reduction of NOx and SOx in oxido-acid solutions 
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Simultaneous reduction of NOx and SOx in oxido-acid solutions 

i
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Design parameters 

CH2SO4
CHNO3

REF: I. Liémans, B. Alban, J-P Tranier and D. Thomas, Energy Procedia, Vol. 4 (2011), pp 2847-2854

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2359073%232011%23999959999%233065790%23FLP%23&_cdi=59073&_pubType=J&view=c&_auth=y&_acct=C000026679&_version=1&_urlVersion=0&_userid=532054&md5=0002bec28f305564a0ecc68b1b49ac96
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2359073%232011%23999959999%233065790%23FLP%23&_cdi=59073&_pubType=J&view=c&_auth=y&_acct=C000026679&_version=1&_urlVersion=0&_userid=532054&md5=0002bec28f305564a0ecc68b1b49ac96
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2359073%232011%23999959999%233065790%23FLP%23&_cdi=59073&_pubType=J&view=c&_auth=y&_acct=C000026679&_version=1&_urlVersion=0&_userid=532054&md5=0002bec28f305564a0ecc68b1b49ac96


various 

organic 

wastes

Affinate 

(compost)

Biogas

Biomethanisation

H2S:

- Problems of behaviour of materials

- Environnemental problems

CH4 : 75 % max 

CO2 : 40 % max

H2S : 50 à 104 ppm Aromatic: traces

Biogas (variable composition)

O2 : 5 %

H2O : 5 %

Selective removal             

of H2S (versus CO2 )

Conditions ???
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Oxidative scrubbing process for the selective removal
of hydrogen sulfide from biogas

REF: L. Dubois and D. Thomas, Chem. Eng. Technol., Vol. 33, n 10 (2010), pp 1601-1609
A. Couvert et al., Chem. Eng. Science, Vol. 61 (2006) pp 7240



– Instantaneous reaction

– liquid film resistance = cancelled

pH ≈ 13CO2 H2S

non selective absorption

– Consumption of NaOH by CO2

– Interaction CO2/ H2O2

& transfer enhancement
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Selective removal of H2S from biogas – Effect of pH and cH2O2

Reaction mechanism:
H2S(g) ↔ H2S(aq)
H2S(aq) + OH- ↔ HS- + H2O
HS- + 4 H2O2 → SO4

2- + 4 H2O + H+

pH >: non selective absorption

pH ↓: best selectivity conditions



pH ≈ 9,5

CO2
H2S
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Advanced Oxidation Process (AOP) for reduction of VOCs
1. Peroxone process (O3 + H2O2)
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• Dissociation of H2O2 and production of HO2
- :

H2O2 → H+ + HO2
-

• Fast decomposition of dissolved ozone initiated
by HO2

- leading to chain reactions involving free radicals
such as O2

-°, HO2° and HO°:
HO2

- + O3 → O2 + HO° + O2
-°

• Oxidation of the VOC by HO°
→ mineralization to CO2 and H2O



FH2O2/FO3

Advanced Oxidation Process for reduction of VOCs
1. Peroxone process (O3 + H2O2)
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REF: P-F. Biard, A. Couvert, C. Renner and J-P. Levasseur, Chemosphere, Vol. 77 (2009), pp 182-187 

O3 alone
O3 + H2O2

Experimental device

pH
→ FH2O2/FO3 ~ 1,5 and pH ~ 8 
maximizing the hydroxyl radical production yield



Advanced Oxidation Process for reduction of VOCs
2. Fenton + UV process
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• Combination of the Fenton reagents (Fe2+ and H2O2)
and light energy
generating highly reactive powerful hydroxyl radicals in the

liquid phase:
Fe2+ + H2O2 → Fe3+ + HO° + OH-

Fenton reaction-iron catalyzed decomposition of H2O2

and oxidation of Fe2+

• Reaction of Fe3+ with water which occurs
when the light of wavelength 300 to 650 nm is irradiated:

Fe3+ + H2O + hν → Fe2+ + HO° + H+

• Fast and non selective attack of VOC molecules by OH°

→ mineralization to CO2 and H2O
REF:M. Tokumura, R. Nakajima, H. Tawfeek Znad and Y. Kawase, Chemosphere, Vol. 73 (2008), pp 768-775



Advanced Oxidation Process for reduction of VOCs
2. Fenton + UV process
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REF:M. Tokumura, R. Nakajima, H. Tawfeek Znad and Y. Kawase, Chemosphere, Vol. 73 (2008), pp 768-775

→ Powerful photocatalytic degradation technology for VOCs in wastewater
→ Promising technology in the effluent gas treatment

Concentration                                 
in the gas phase

Solubility in the solvent

Mass transfer rate   
including reaction kinetics

of the VOC degradation



Advanced Oxidation Process for simultaneous reduction

of NOx and SOx - H2O2 + UV
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Major reaction pathway for removal of NO:

• Photolysis of H2O2 producing a lot of HO° free radicals (= initial step)
H2O2 + hν → 2 OH°

• Oxidation removal of HO° free radicals = leading role
NO + HO° → HNO2

NO + HO° →NO2 + H°

NO2 + HO° → HNO3

HNO2 + HO° → HNO3 + H°

• Oxidation removal of H2O2 for NO
2 NO + 3 H2O2 → 2 HNO3 + 2 H2O

• For H2O2 concentration exceeding a great value
→ some side reactions
- example: HO° + HO° → H2O2

REF: Y. Liu, J. Zhang, C. Sheng, Y. Zhang and L. Zhao, 
Chem. Eng. Journal, Vol. 162 (2010), pp 1006-1011
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UV/H2O

H2O2

UV/H2O2

Advanced Oxidation Process for simultaneous reduction

of NOx and SOx - H2O2 + UV

Removal shares of NO 
in different run modes



Major reaction pathway for removal of SO2:

Advanced Oxidation Process for simultaneous reduction

of NOx and SOx - H2O2 + UV

•Photolysis of H2O2 producing a lot of HO° free radicals (= initial step)
H2O2 + hν → 2 OH°

• hydrolysis reaction of SO2 in water
SO2 + H2O → HSO3

- + H+

• Oxidation removal of HO° free radicals = leading role
SO2 + HO° → HSO3

HSO3 + HO° → 2H+ + SO4
2-

HSO3
- + HO° → SO3

-° + OH-

SO3
-° + HO° → SO4

2- + H°

• Oxidation removal of H2O2 for NO
SO2 + H2O2 → 2 H+ + SO4

2-

28Université de Mons D. Thomas     |     Use of H2O2 for reduction of gaseous pollutants



CONCLUSIONS
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H2O2
= interesting agent/additive for wet processes for gaseous
pollutants reduction

→ Efficient action (oxygen transfer or reactive radicals)
→ Appliable to various gaseous pollutants
→ Valorizable liquid effluents 

or total mineralization

https://encrypted.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/0/04/Hydrogen-peroxide-3D-balls.png&imgrefurl=http://commons.wikimedia.org/wiki/File:Hydrogen-peroxide-3D-balls.png%3Fuselang%3Dfr&h=670&w=1100&sz=103&tbnid=w4Wh1JNMOfrJ5M:&tbnh=91&tbnw=150&zoom=1&hl=fr&usg=__FWaoO_o1J9AuUDs7l-DLV5KhdF4=&sa=X&ei=TG37TeaiF8OdOrr1rMUE&ved=0CFQQ9QEwBA
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H2O2 commercialized processes
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The use of hydrogen peroxide (H2O2)                        
for the purpose of reducing industrial           

gaseous pollutants (NOx, SOx, VOCs,…)

Diane THOMAS
Atmos’Fair

Paris – 21-22 juin 2011

THANKS FOR YOUR ATTENTION
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