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Grinding Cooking

Processing of
cooked meat

Off gas
treatment

Byproducts

Fertilizers 
protein complexes

Poultry feathers, bones, gut, etc

The goal is to treat air pollutants from 
poultry rendering emissions

Generates odorous VOCs

www. Storkfoodsystems.com

Odorous
VOCs

150°C, 300 kPa 2 methylbutanal
3 methylbutanal
Hexanal

Methanethiol
Dimethyl disulfide

Kastner et al., 2000



Present treatment technology does not 
completely remove VOCs from rendering

Liquid phase oxidation
ClO2 and Ozone

Chemical wet scrubber

Need a more efficient technology

Water intensive
Expensive chemicals
Selective reaction

Sulfur based: good
Aldehydes: no reaction

- Kastner et al., 2003



Catalytic oxidation (CATOX) has been 
used to treat several VOCs

200 - 500°C

Metals
Pt, Ag, Au

Metal oxides
MnO2, Fe2O3

sve.ucdavis.edu

Hydrocarbons
Hexane

Alcohols
Isopropanol

Aromatics
Benzene, Toluene

Limitations of current CATOX
- High temperature
- Expensive catalysts

Treated air

Ozone and oxygen



Analysis of wood fly ash via SEM and XRD 
revealed carbon and metals

12 ± 0.12pH

45 ± 8 m2/gArea

0.54 g/ccDensity

What is wood fly ash ?
- Ash from burning of wood
- 5.5 Million Tons/Yr
- Contains metals and carbon

Quantitative results
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The objective was to test wood fly ash as a 
catalyst for oxidation of VOC mixture

Test compounds: 2 methylbutanal (2-MB) and hexanal

Approach: Test individually and as mixture

Experimental: 2 L/min, 400-600 ppmv inlet, 160ºC

Analytical: Gas chromatograph with MS and FID

15’’ Wood fly ash



Mass Flow Controller 

Syringe Pump

Reactor (160°C)
with wood fly ash

Static 
Mixer

Syringe

Inlet Sampling Port

Outlet Sampling Port

To Exhaust

To 110 V AC Power

Humidifier

Residence time = 2-3 sec

Removal was measured in a packed bed 
continuous flow reactor system

Air



90 % of 2-methylbutanal was removed 
using wood fly ash
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Removal (X) = 91 %

Inlet
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Flow = 2 L/min, Temperature = 160 ºC
Inlet = 583 ± 9 ppmv, Outlet = 53 ± 3 ppmv
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88 % of hexanal was removed using 
wood fly ash

Removal (X) = 88 %

Inlet

Outlet

Flow = 2 L/min, Temperature = 160 ºC
Inlet = 414 ± 15 ppmv, Outlet = 49 ± 2 ppmv



84-96 % of 2MB and hexanal
mixture was removed
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Temperature = 160 ºC
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Hexanal

Flow = 2 L/min
Temperature = 160 ºC
Inlet (ppmv) = 266 ± 4 
Removal (%) = 43 ± 2 

Removal = 96 %

Removal = 84 %



A differential plug flow reactor model was 
used for determining oxidation rates
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Wood fly ash was comparable with 
other catalysts

Tang et al., 
2006

560-100580MnOx-
CeO2

Formaldehyde

Gangwal et 
al., 1988

1-18 164-221 200-566Pt-Ni/γ-
Al2O

Hexane

Liakopoulos
et al., 2001 

13 - 14 205360 - 510Pt/RhAcetaldehyde

This work3.2 - 4.7160400-600Wood
fly ash

2-methylbutanal
hexanal

ReferenceReaction 
rates
x 10-8 mol/g-s

Temp
(°C)

Concentration
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CatalystCompound



Based on the experimental data the reactor may be 
designed for 99 % removal
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In summary, wood fly ash may be used 
as a catalyst to treat aldehydes

Wood fly ash is catalytically active

- Oxygen can be used as an oxidant
- Can remove mixtures
- 90-99 % removal may be possible in 3-5 sec  

(at 160°C)



Acknowledgements

Dr. Jim Kastner
Dr.  Mark Eiteman
Dr.  K. C.  Das
Dr.  James Anderson
Ms. Joby Miller





80-90 % of mixture was removed with oxygen 
and ozone and wood fly ash
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Wood fly ash and ozone completely oxidized 
aldehydes (160 deg C, 2L/min flow, 10 g ash)
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VOCs are mostly manmade

Environment Canada

VOC: Any carbon-based chemical that participates in photochemical 
reactions (USEPA 40 CFR Part 5)

Volatile organic compounds (VOCs)
are hazardous

Health: Short and long term

Environmental: Ozone, PM



Grinding Cooking

Processing of
cooked meat

Off gas
treatment

Byproducts

Fertilizers, 
protein complexes

Feathers, bones, gut, etc.

Poultry rendering generates odorous VOCs

Generates odorous VOCs
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Odorous VOCs
150°C, 300 kPa



Oxygen  and wood fly ash removed up 
to 90 % of mixture within 3 seconds
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Ozone completely oxidized 2-MB and 
hexanal mixture within 3 seconds
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100 % removal was obtained with 
ozone and wood fly ash
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