Valorization of organic hazardous wastes via pyrolysis
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Introduction

*» The management of municipal and industrial organic solid wastes is one of the most crucial environmental problems in modern societies. According to the European Commission Directive

4

2008/98/EC, “the following waste hierarchy shall apply as a priority order in waste prevention and management legislation and policy: prevention; preparing for reuse; recycling; other recovery, e.g.
energy recovery; and finally, disposal”. Thus, it is clear that when the “re-use” is not possible, the production of energy via combustion/incineration or gasification and/or the recycling of the organic
wastes via conversion to their primary building blocks or high added value chemicals and fuels, should be applied.

% To this end, one of the most important thermochemical processes in biomass valorization, that of pyrolysis, may offer a solution to the sustainable management of hazardous organic solid wastes.

% In this work, we studied the valorization of three representative types of solid organic hazardous wastes, i.e. wood containing creosote preservatives, residual paints & topcoats, and petroleum sludge
and sediments, via fast and slow pyrolysis.

% In situ upgrading of the pyrolysis vapors was performed by the use of acidic zeolitic catalysts, towards a deoxygenated pyrolysis oil, enriched in aromatics, aliphatic hydrocarbons and phenols.
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Results
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+ Analysis of vapors suggested being mainly water vapor

HHV (MJ/k HHV (MJ/k
o I e o AV k) | AV ()
(Wt % ) (Wt %) (Wt %) (Wt %) (Wt %) | (calculated) | (measured) (wt.% ) (wt ) (wt %) (wt %) (wt %) | (calculated) | (measured)

| Wood creosote Y] 5.64 0.95 5.60 35.94 19.51 20.95 | Residual paints [:EET: 6.17 0.10 0.45 14.70 19.42 21.97

Waste type Ash (wt.%) ' g Waste type Ash (wt.%) 3 Civas
Petroleum sludge 77.8 1.49 N Residual paints 30.5

_mmm“n““m-“ _mmm“n““--“
14 49 101 287 12 13 319 09  17.6 32 60 76 96 16.4 57 463 ; 23 - 63 136 33 676 63 )

C H N S HHV (MJ/kg) | HHV (MJ/kg)
Waste type
(wt.% ) (wt.%) (wt.%) (wt.%) (wt.%) (calculated) (measured)

Petroleum sludge 15.04 1.32 0.35 1.10 4.19 5.52 5.90

Waste type Ash (wt.%)

uil scale =31 _counts/s Cursor5.3275 keV.

Fast pyrolysis of petroleum sludge Fast pyrolysis of creosote-impregnated wood Fast pyrolysis of residual paints
50.0
70.0 - 90.0 .
CHg e et | ®Thermal pyrolysis, 4000C Thermal pyronS|s m 45.0 W.Thermal pyrolysts, o . Thermal pyrolysis m , B Thermal pyrolysis, 4000C Thermal perIVSIS m
60.0 @ & Thermal pyrolysis, 5000C Petroleum sludges = CHEtETERmBE, S000C @ Creosote impregnated e : & Thermal pyrolysis, 5000C Residual (acrylic) paints
R OH 5 pyroly
Gty ® Thermal pyrolysis, 6000C 400°C 500°C 600°C 600°C 4.9  Thermal pyrolysis, 6000C Wood 400°C 500°C 600°C 600°C 00 & Thermal ovrolvsis. 6000C 400°C 500°C 600°C 600°C
s O Catalytic pyrolysis, 6000C O Catalytic pyrolysis, 6000C . ermal pyrolysis, 6000
L il 7 Total ligquids (ofl) (wt. %) 152 158 126 o - T ‘O o o 60.0 B Catalytle pyrolysls, 6400C TotaI liquids (0|I) a9F 403 463 36.0 324
N : : : EEY ' 1) Jo Total liquids (oil) (wt A0 359 420 469 419 s q 6) : : :
" Gases (wt. %) 37 56 79 100 5 o0 | o Cf " o 0.6 147 173 £ s Gases (wt. %) 118 19.2 263
=% «
% kS Total solids (ash + char / Z 200 © OOO Total solids (ash + char / = 400 Total solids (ash + char /
S 200 R 820 778 751 762 g 150 ash+char+coke on 55.2 456 36.0 384 3 w0 * ash+char+coke on 453 406 369 383
O
catalyst) (wt. %) i catalyst) (wt. %) 200 catalyst) (wt. %)
10:0 Mass balance (wt.%) 945 986 988 98.8 5.0 m Mass balance (wt.%) 984 982 976 97.6 |] Mass balance (wt.%) 43 987 911 971
0.0 o 0 o ; = I ; . ; -nIm ; =l - . | 0.0 I [1 IDI I 10.0
FYSFE S vyé‘z”v@&g?%@e\&&g?‘g‘z’ SR LN &“z’ Q@Qvg’@c’é&@”@ﬁé‘z‘ 00 : QG& v o
o o o” o < TN D ’ & oé .
7 : ‘ o ® Thermal pyrolysis, 4000C 80 F*
B Thermal pyrolysis, 4000C ermal pyrolysis, 4000 _ B Thermal pyrolysis, 4000C | - s -
6.0 B Thermal pyrolysis, 5000C 124 B Thermal pyrolysis, 5000C R ' 7.0 B Thermal pyrolysis, 5000C oy ,
g <o m Thermal pyrolysis, 6000C :g _— lThermztl pyrolysi.s, 6000C o | -,, > > > 6.0 lTherma.l pyrolysi.s, 6000C " \
= 5 Catalytic pyrolysis, 6000C B O Catalytic pyrolysis, 6000C ‘ ¥ <o O Catalytic pyrolysis, 6000C h
s 40 £ 80 B x _r g ¥ ] L
S 3.0 :g: 6.0 e | S 40 Char
§ § Char E 3.0
2.0 = =
Thermal Thermal Catalytic g 4 3 Thermal Thermal Catalytic
2 P = 2.0
" 400°C 600°C 600°C g Thermal Thermal Catalytic 400°C 600°C 600°C
Hlﬂ 1 2 H I 400°C 600°C 600°C 0
O'Of'ﬁ' ¢ & & @ﬂ' o & @ﬂ eﬂ  © 00 -DIH e T o 0.0 lDIH o B ﬂm e IH I
0«;-0(& é&é é\f é\&é %&“é @&(5\ &4\&% Q’&‘? @f&e & & on@ &&g‘s’ *\)@é“’ *\ff“ (X\)@@ & & HHV (MJ/Kg): 26.4 38.9 ' oc&e & & vé@ & .;vé" ERNC *&gv & &S e
€ * R ' \%00 Q;fév & & N & QQPQ. %o‘bo éo“' & ¢ 523 & @-& &9@ L & 5«‘»&\3 c%.,;b
S &Q-

Concluding Remarks Acknowledgments

O Tailored production of oil, char and gases by tuning of pyrolysis parameters (heating rate, * The authors wish to acknowledge co-funding of this research by European Union - European
temperature, vapor residence time) Regional Development Fund, Greek Ministry of Economy and Development, and Greek
. . . Ministry of Education, Research and Religious Affairs /| GGET - EYDE-ETAK through program
- HigherT (ca. 400 - 600°C) leads to higher oil & gases, and less char EPANEK 2014-2020 / Action "RESEARCH - CREATE - INNOVATE” (project TLIEDK-04491).
d Composition/properties of products depend on process parameters &
+i —
d Use of appropriate catalyst can effectively tune composition of oil & gases ,,mwgéipm,c Epmgg,ﬁ%%‘ggﬁ%g - EZ"A
. . . . MINISTRY OF COMPETITIVENESS =mm 2014-2020
d Oil can be used as bio-crude, drop-in fuels or source of chemicals ECONOMY & DEVELOPMENT ENTREPRENEURSHIP o | ,
_ _ _ : SPECIAL SECRETARY FOR ERDF & CF INNOVATION
d Gases can be used as fuel or substrate (bio)chemical conversions Ao VATAGING AUTHORITE OF ErAney Partnership Agreement
0 Char/ash can be used as soil amendment, sorptive/catalytic material, filler, etc. s Co-financed by Greece and the European Union



