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29. | Hydrogen Sulfide H2S 10.46
Electron Ener gy
31. | Ethylene CoHq4 10.51
32. | Butane CsH1g 10.53
33. | Methy! Alcohol CH4O 10.84
34. | Formaldehyde CH.O 10.88
35. | Trichloroethane, 1,1,1- C2HiCly 11.0
36. | Trichloroethane, 1,1,2- C2HaCla 11.0
37. | Carbonyl Sulfide cos 11.18
38. | Phosgene COCl» 11.2
39. | Halon FC 12-B CCIBIF;, 11.21
40. | Methyl Chloride CHsClI 11.26
41. | Methylene Chloride CHxCly 11.33
42. | Tetrachloromethane CClg 11.47
TABLE 1 43_ | Ethane CzHs 11.52
CHEMICAL COMPOUNDS AMENABLE TO 44. | Nitric Acid HNO, 11.05
TREATMENT BY AIR IONIZATION 45. | CFC-113 CyClsFa 11.99
Average Electron 26. [CFC-12 COLF; 12.0
Chemical fonmia IE, eV :; hod:¥r?;n0yanide 82H N 15%
. im Kl .
Energy: 1. [ Phenanthrens Craro 7.89 W 4o Sulfur Dioxide 0,8 12.35
2. |Pinene, a- CgHig 8.07 W 0. [ Sulfuric Acid H,0:8 12.40
5_15ev 3. Na_lphthalene CioHa 8.14 B 51. [ Ozone 0, 12.53
4. | Trimethylbenzene, 1,2,4- CgH12 8.27 W 52. | Methane CH, 12.61
5. | Limonene (1-Pentene) CioH1s 8.3 M 53. | Water H.0 12.62
: : : 6. | Xylene, p- CsHio 8.44 M 54. | Hydrogen Chloride HCI 12.74
A.S. Gibson, J. A. Riousset, i V. P. Pasko, = S"tyrenep oo 516 W 35 Niroos Oxide N0 1559
ini 8. | Xylene, o-, m- CsHig 8.55 [ 56. | Hexafluoroethane CoFs 13.6
,,Mlnlmurp Brea kd.own \./olte.lges for 8. thw 6. 0-. - L 225 W 57 iverogen Cyenids Cle 2
Corona Discharge in Cylindrical and 10. [ Toluene CrHo 8.83 [ 58-| Carbon Dioxide O, 13.78
Spherical G tries” 1 11. | Cyclohexene CsH1o 8.95 59. | Carbon Monoxide SO 14'01
pherical Geometries’, nr 1. 12. | Chlorobenzene CsHsCl 9.07 £0. | Nitrogen - 5.58
13. | Benzene CsHe 9.24
14. | Nitric Oxide NO 9.26
15. | Tetrachloroethylene C,Cly 9.33
16. | Trichloroethylene CoHCls 9.46
17. | Methyl Ethyl Ketone CsHsO 9.52
18. [ Nitrogen Dioxide NO; 9.59
19. | Dichloroethylene, trans-1,2- | C;H,Cl, 9.64
20. | Octane CgH1s 9.80
21. | Cyclohexane CsHi2 9.88
22. Butyl Acetate, n- CsH1205 9.92
23. | Heptane, n- . . . . . . . .
20 Ao &H’:'E 13_33 S. L. Daniels, ,«On the ionization of air for removal of noxious effluvia»
25. | Hexane, n- CsHu14 10.13 - ; H H H i
2 Acoalochyds e T 1023 (air |'on|zat|on of mt.joor envllronments for control of volatile and
27. | Melhyl Acetate C3HsO2 10.25 § particulate contaminants with nonthermal plasmas generated by
28. | P n - . . . . . .
. entne. 2 o 221 dielectric-barrier discharge)”, IEEE Trans. Plasma Sci., t. 30, nr 4 1, ss.
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System construction - hybrid
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I. Experiments on a
composting facility

Science in industrial conditions




Plasma based deodorization — Composting facility

Sludge to compost production facility in Goleniow:
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Plasma odour control system - pilot plant in Goleniow

Sewage sludge
windrow
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Sewage sludge composting house
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Windrow | Windrow Il
(composition |) (composition I1)

Phase 1: first three weeks (intense composting)
Phase 2: two months and three months after start
(less intense composting)
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Problems: flow control, humidity (99%)
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Non-Thermal plasma Reactor and HV electrodes

_—

- interreg
EUROPEAN UNION ‘ South Baltic

19



D1 L1 oL D2 2 - 23
o H W H ’Yrﬂ-)—i—u H @7
A T T T
T1
Upc Cl1== C2== 7“( —— DBD

reactor

SEC ]

TF DC/DC _| él_}ﬁ j—é Treree 1 1

20




EUROPEAN UNION

Measure

value
rmean
rmin

interi o
| south & T

F1pkpkic)
51.1 kY
52.609 kv
49,7 kv
54.4 kY
955

215

o

2000 Wrdiv

0.00% offset

FPZamplicT)
51.06 kv
528111 kY
3231 kY
5436 kv
1.6780 kY
215

A,

FPaimaxit1)
19.45 kv
20,0830 kv
158.90 kY
20077 kv
387 BV
215

W

P4 Il g 1)
-13.29 kY
-13.7436 kv
-14.07 kW
-12.98 kY
2587V

215

W

FarsdeviC)

FharealC1)

G471 kY -13.90710 mis
B.ES2T1 kY -132.04745853 mys
G.309 kv -14 66743 mys

G733 kY -12.54023 mis
11467V A36.9309 pvs

2145 215

W W

imebase -17.2 pg [Trigger

5.00 psidiv

500KS 100 MSSs
Al= 118 s Ax=
#2= 895 ps 1AK=

Auto -3.0 kY
Edie

Megative

777 Us

128.7 kHz




High Voltage power supply
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Measurement equipment and methodology

......

 Full analysis of the composition

* two-dimensional gas chromatography

* mass spectrometry

e Around 1000 different chemical compunds
detected

gensiiiiil

* 126 compounds identified with over 80%
probability

---------------

e 10 identified quantitatively and measured
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NH,
H,S
C6H14
CH,SCH,
C4H1002
C.H<CH,
C5H12
CH,S
C.H,,0
C,H<CHO
C6H6
CH,Cl,

Measured, main odour compounds

ChemicalSymbol | Hamards

Toxic while inhaled

Highly toxic

Toxic while inhaled, pulmonary oedema, pneumonitis, death
Toxic while inhaled

May damage fertility and the unborn child

Headache, Diziness

Drowsiness, diziness

Very toxic

Toxic while inhaled

cancirogen

Organs damage through repeated exposure
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Ammonia reduction

1st composting phase 2nd composting phase
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Average removal efficiency: 50% Average removal efficiency: 80%
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Heksane reduction

1st composting phase
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Toulene reduction

1st composting phase 2nd composting phase
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concentration [ppb]

Average reduction: first phase: 25 % (of all compounds)
second phase: 40 % (of all reductive compounds)
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summary:

Plasma (ozone) treatment
can be cost — effective air
treatment solutions for low
concentration of exhaust
pollutants and for
deodorization.

Non — thermal plasma
systems offer a larger variety
of reduction mechanisms. In
Industrial conditions often a
hybrid treatment plant will
offer best performance.
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advantages of
advanced oxidation
technologies include

Main disadvantages
include

» Low operating and investment costs

» Waste — free processing

* Relatively small size of necessary equipment
» Low pressure drop in case of CD and ozone

units

« Additional disinfection of treated gases.

\

J

* Risk of corrosion of installation parts

» Presence of strongly oxidizing agents
 Possible ozone presence after treatment
« Efficient only for compounds which are

susceptible to oxidation

* Possible synthesis of undesired by — products

and sedimentation on reactor walls

~

/
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