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Hazardous organic solid wastes

Paint Residues on Scrap Metal

Wood containing creosote Petroleum Sludges and
preservatives Sediments

Conventional Management Process

Incineration to produce energy

= 700 - 1000° C, utilizing air/0O,.

= Energy recovery through heat exchange (steam generation).
= Solid Residue storage in landfills.

= Metal Recycling (only for the scrap metal wastes).




Characteristics and properties of wastes
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» The petroleum sludge collected from tanks contain high
amount of volatiles
+ Volatiles (up to 105°C) were mainly water vapors

Ul (wt.% ) (wt.%) (wt.%) (wt.%) (wt.%) (calculated) (measured) (measured/organics based)

Petroleum sludge 15.04 1.32 0.35 1.10 4.19 5.52 5.90 26.98
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Characteristics and properties of wastes
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Representative composition of beech-tar creosote

Phenol | CeHSOH  [52% |
EEEET N (CH3)C6H4(OH) 10.4%
(CH3)C6H4(OH) 116% =
C6H4(C2H5)OH 3.6%  ©
NETEE I C6H4(OH)(OCHS3) 250% 3
C6H3(CH3)20H 2.0%
C6H3(CH3)20H 1.0%
C6H50H— 6.2%
Creosol and homologs C6H3(CH3)(OH)(OCH3)— 35.0%

« Wood based tar creosote: phenolic nature

Wood cantaining « Coal based tar creosote: petroleum/aromatic nature

creosote

Waste type
wt.% wt.% wt.% wt.% wt.% calculated measured

19.51

50.37

ull scale =31 _counts/s.

5.64 0.95 5.60 35.94

Cursor5.9275 keV.

Wood creosote

L e | - N

% atom ratio (EDS) WA 6.0
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» The TGA profile of NAS-2 is typical for wood
(lignocellulosic biomass) decomposition



Characteristics and properties of wastes
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Representative composition of acrylate topcoats w0 ™

—
Hydrocarbons, C9, Aromatics (< 0.1% benzene) 25-50 f; g O e \ e = L et :;*

1025 % 5\ e
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2-methyl- 2-Propenoic acid, 2-(dimethylamino) :: : ::2::::: '\‘E 2
ethyl ester, polymer with butyl 2-propenoate, 5 ‘ ' | v 419 < | . K ‘
compounds. with polyethylene glycol hydrogen £0,3 0 120 20 30 40 S0 &0 70 820 920
maleate C9-11-alkyl ethers, 2-Propenoicacid, 2- Temperature (°C)

Residual paints ethylhexylester, etc. « Typical TGA profile of acrylates plus high T

peak due to aromatics

Waste type HHV (MJ/kg) HHV (MJ/kg) HHV (MJ/kg)
(wt % ) (wt %) (wt %) (wt %) (Wt %) (calculated) (measured) (measured/organics based)

Residual palnts 48.58 6.17 0.10 0.45 14.70 19.42 21.97 31.4

yl scale =37 _courts/s. Cursor 16675 keV.
>

Residual paints 30.5

% atom ratio (EDS) [P - 6.3 13.6 0.6 3.3 67.6 6.3 -



EpyaoTnplakeg povadeg nupoAuonc (Tpnpa Xnueiag AMNO)
Pyrolyzer-GC/MS (Py-GC/MS)

Pyrolysis — analysis conditions

O O O O O O O O

Pyrolysis experiments: 470-600°C

GC Oven: 40 -C (hold 5 min), ramp at 10 C/min to 300 -C (hold 7 min)

GC injector temp.: 300 -C

Split ratio: 1:150

Column: Ultra Alloy-5 (15m length & 0.75mm diameter)
Helium as inert gas

m/z=45-500

Peak classification: Nist11s library

™ | Non catalytic MIXED LAYERED
Pyrolyzer T yrolysis tube /
. Pyrolysis [B%
He ...-micro fumace cup
.---interface heater
sample cup | . 6 spiter Biomass Catalyst
vent -,.;f..d particles particles
... separation — _
separation column — p -GC/MS I e
bl - \ —
D ! —
GC/MS ’
adaptor
-~ GC Oven ~Q-MS

(Frontier-Lab, Multi—Shot Pyrolyzer, EGA/PY-3030D),

Aristotle University of Thessaloniki



EpyaoTnpilakeg povadec nupoAuong (Tunua Xnueiag AMO)
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GC-MS Peak Area%

An6doon (% emi Tng TPoQodocing)

Fast pyrolysis of creosote-impregnated wood

50.0

2510 B Thermal pyrolysis, 4000C . Cata Iyt| c
o Thermal pyrolysis, 5000C OO OCH Thermal (non-catalytic) Ivsi

40.0 B Thermal pyrolysis, 6000C OH pyrolysis Pyrolysis:

35.0 O Catalytic pyrolysis, 6000C ‘O Creosote impregnated Wood ZSM-5

400°C 500°C 600°C 600°C

CHs OH
30.0 J\: _CHj OO /@E

25.0 - "
20.0 © Oee Total liquids (oil) (wt. %) 35.9 42.0 46.9 41.9
15.0 Gases (wt. %) 7.3 10.6 14.7 17.3
10.0 Total solids (ash + char /
5.0 m I ash+char+coke on catalyst) 55.2 45,6 36.0 38.4
0.0 e B (wt. %)

PR EF IS PSS SO Mass balance (wt.%) 984 982 976  97.6
14.0

B Thermal pyrolysis, 4000C .
12.0 @ Thermal pyrolysis, 5000C
il B Thermal pyrolysis, 6000C s
' O Catalytic pyrolysis, 6000C
8.0
6.0
4.0
L, Thermal Thermal Catalytic
- H I 400°C 600°C 600°C
0.0 r -_DIH . . — . = == . = |
& & & & & & © HHV (M]/Kg): 26.4 38.9
@Q.o &)&Qv & 6@» 3 é\» < &4\»
$ $ & &



Slow pyrolysis of creosote-impregnated wood
(Heating rate 30-50°C/min)

Thermal pyrolysis

Creosote impregnated Wood

400° C 500° C 600° C
Total liquids (wt. %) 45.7 47.9 52.5
Gases (wt. %) 11.5 12.9 15.0
Total solids 36.0 31.5 25.2
(ash + char) (wt. %)
Mass balance (wt.%) 93.2 92.0 92.8

Thermal pyrolysis, 600°C

Creosote impregnated Wood

25 cm3/min 50 cm3/min 100 cm3/min
Total liquids (wt. %) 46.9 51.2 52.5
Gases (wt. %) 23.5 19.6 15.0
Total solids 25.9 25.6 25.2

(ash + char) (wt. %)
Mass balance (wt.%) 96.3 96.5 92.8




GC-MS Peak Area%

Yield (wt.% on feed)

Fast pyrolysis of (dry) petroleum sludge

70.0
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Petroleum sludges

Total liquids (oil) (wt. %)
Gases (wt. %)
Total solids (ash + char /
ash+char+coke on
catalyst) (wt. %)

Mass balance (wt.%) 94.5

Thermal pyrolysis m

400°C 500°C 600°C 600°C

8.8 15.2 15.8 12.6
3.7 5.6 7.9 10.0
820 77.8 75.1 76.2

98.6 98.8 98.8

Thermal Thermal Catalytic
400°C 600°C 600°C
HHV (MJ/Kg): 30.0 45-55



GC-MS Peak Area%
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Fast pyrolysis of residual paints

B Thermal pyrolysis, 4000C
O Thermal pyrolysis, 5000C

Residual (acrylic) paints

catalyst) (wt. %)

Mass balance (wt.%) 94.3

H Thermal pyrolysis, 4000C =
@ Thermal pyrolysis, 5000C
B Thermal pyrolysis, 6000C

O Catalytic pyrolysis, 6000C

Char

Thermal
400°C

B Thermal pyrolysis, 6000C 400°C
0 Catalytic pyrolysis, 6000C 1L EETTE G I AR 40.3
o, Gases (wt. %) 8.7
Total solids (ash + char /
_ ash+char+coke on 45.3

46.3
11.8

40.6

98.7

Thermal
600°C

HHV (MJ/Kg): -

36.0
19.2

36.9

91.1

Thermal pyrolysis m

500°C 600°C 600°C

32.4
26.3

38.3

97.1

Catalytic

600°C

31.4



MiAoTikn povada nupoAuonc (North Aegean Slops)
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Mpoiovta cuurtukvwong

NupéAuon Eihou (rahéta) ot TupdAucnc Eéavipakwua ueta tnv diepyacia tng nupoAvong

7.8 % wt. 6.6% wt.

1.45% wt. 1.1% wt.

NMupoAuon netpeAaikng Adonng




AvaAuon ouoTaonc EAaiou Kai AEPiwV

|Abundance

75000

Creosote impregnated Wood

Thermal pyrolysis

Pyrolysis )
Gas Analysis chamber Exit gas
Carbon Dioxide %v/v 1.67 4.45
o 1773 1502
o 80.60 80.46
Mass balance (%) 100 100
135000 O
10000 70
Snn:atﬂagsi 60 HSC\)J\O/\CHB
o X oo 30,00 40.00 50.00 50.00 70.00 80.00 50
()

* ’ ’ ’ < 30 )]\ B Wood <550
** MegyaAo nococtou VEPOU 2 C _CHy = Wood 5550

(>99%) oTo éAalo 10 = CreoWood <550

I I 1] ] I CreoWood >550
** Mapaywyn dtadopwv N
s ’ \90 Q’Q 'bo 60 ‘@0 Q/(\ . (,’bc’\ &
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Adsorbed N2 (cc/g, STP)

Mopmwdn xapakTnpioTika eEavOpakmparoc (char)

200 30
180 BET surface | Micropo | Total pore
160 25 area rearea | volume
40 | .o (m*/g) (m*/g) (cc/g)
20 MaAéta 458 344 0.270
00 ¢ 15 Mooaplopévo 448 360 0.249
80 | ——TMooapiopévo {UAO §UNO
. ) - 10

60 1 ——AdoTn meTpeAaiou Adomn 5.2 - 0.039
40 1 | 5 netpelaiov
20 -

O I I I I I 0

0,00 0,20 0,40 0,60 0,80 1,00

P/Po
+* To e€avOpAaKwHa TNC TTAAETAC KAl TOU TiLooaplopévou EVAov epdavilet uPnAn sdikn (BET) ko
HIKpOTtOPWON enipavela

+* To e€avOpakwpa TN AACTING METPEAALOU Eivall oucLACTIKA N TEPpa (Apylhog) Ko epdavilel
XONAN €K eMupAveELa, XOPOKTNPLOTLKA YLa TETOLOV £idou¢ oteped



Anopakpuvon Bapéwv HETAAA®V (XAAKOG) anod udaTika diaAvpara He

TNV XPNOoN Tou £§avOpak®wHaTog

Removal %
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FevikG oupnepaopara

# AuvartoTnta napaywync (Bio)eAaiou, avBpaka (eEavOpakwuaToc) Kal aspiwv e pUBUION TV
NapapeTpwv NUPoAucnc (pubuocg Beppavonc, Bepuokpaaia, Xpovoc Napapoving aThwy, NANPWS/ HEPIKWE
adpavn aTuooeaipa)

# YynAotepn T (400 = 600°C) odnyei o€ peyaAuTepn napaywyn eAaiou kai agpiwv kal Aiyotepo avepaka

# H ouoTaon Twv NpoiovTwyv eEapTaTtal ano TIC NApPAPETPOUC TNC NUPOAUGCNG

# H ypnon kataAuTn PJNopei va pubuiosl TNV napaywyn/ocuoTacn Twv NpoiovTwyv

# To €\dlo nupoAucnc Unopei va xpnoiponoindei we Blo-apyo, Kauoiyo vauTiAiag n nnyn XnNUIKwv

# Ta agpia pnopouv va xpnoiponoinfouv we Kauaoiua 1 XNHIKEC NPWTEC UAEC

# To e€avOpakwpa and Ta EUAa pnopei va xpnoigonoindei we edaPoBEATIWTIKO, NPOCPOPNTIKO UAIKO,
UNOCTPWHA KATAAUTWY, K.q.



FevikG oupnepaopara

# 'OTav unapyel auénuevn noocoTnTa agpa/o&uyovou, n NUPOAUCN PETPAMNETAl OE EAEYXOUEVN KAuon Kal
AapBaveral udpaTtoc (= BepuOTNTA HECW eVAANAKTWV), EEavOpakwa Kal agpia.

# Ta agpia anotehouvTal ouolacTika ano O10&eidlo Tou avepaka Kal agpa oTav NpoKeiTal yia anopAnta
EUAou KA. Av n Tpogodoaia nepiexel S N N (n.x. Bapieg neTpeAaikeg Aaoneg, xpwuaTta pe alwTo, K.a.),
TOTE Ta agpia Ba nepiexouv kal NOx kal SOx

# To evepyelako 100UYIO OTNV NEPINTWON AuTn €€apTaTal anod Tnv KatavaAwon Tou kauoipou (NETPEAAIO,
(PUCIKO AEPIO) TWV KAUOTNPWV TOU KAiBavou nupoAucnc o€ oUYKpIoN PE TNV BEPUOTNTA NOU PNOpPEl va
avakTtnBei ano Tov udpaTlo (Bepuokpaaiec 500-600°C).

# TNV OUVOAIKN OIKOVOMIKN BIwoINOTNTA TNG dlEPyAciac NNOPEl va CUVEIOPEPEI N a&ionoinon Tou
g€avOpakwpaToc (ano Ta anoBAnTa EUAA) kal TWV AvakTUEVWV HETAAWV (M.X. ANoUpIviou) ano TIC
OUOKEUAOIEC XPWHUATWV.



EuxapioTiEG

To épyo PyrolWaste uAotroicital ota TTAaiola Tng Apdong EOviking EpBEAcIag
«EPEYNQ-AHMIOYPI'Q-KAINOTOMQ» kail cuyxpnupatodoteital atrd Tnv Eupwtraiki
‘Evwon (Eupwtraikd Tauegio MepipepeiakRg AvATITUENG) Kal EBVIKOUG TTOPOUG HECW TOU
E.lM. AvtaywvioTikoTnTa, ETIXEIpnuaTikéTnTa & Kaivotopia (EMAVEK), EZMNMA 2014-2020
(kwdIkég épyou: TIEAK-04491)

The project PyrolWaste is being implemented under the Action «RESEARCH -
CREATE - INNOVATE» and is being co-financed by the European Union (European
Regional Development Fund) and Greek national funds through the Operational
Program Competitiveness, Entrepreneurship and Innovation
(project code: TIEDK-04491)»
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