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Abstract

Sewage sludge biochars were produced by pyrolysis followed by washing in order to
increase the yield of clean solid fuel. The physicochemical transformation of sewage
sludge was studied during pyrolysis at different carbonization temperatures (400-
700°C). The produced biochars were then subjected to washing by deionized water
(W), hydrochloric acid (HCI), ethylenediamine tetraacetic acid (EDTA) and deionized
water-ultrasound (US) to further reduce ash and heavy metals content. The washed
biochars were further characterized and compared to non-processed biochars in
order to assess the fuel properties. All washing procedures decreased the ash and
heavy metals content and improved the fuel ratio (FR). Also, the washed biochars
exhibited higher heating values, lower slagging and ash fouling indexes and higher
combustion reactivity, indicating that higher quality fuels were obtained. Among the
washing test, HCI washing was the most efficient process. In conclusion, pyrolysis as
a single process is inefficient to produce high yield biochars, however coupling
pyrolysis and washing produce biochars with advanced fuel properties.
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(Fourier Transformation Infrared Spectroscopy)
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SS BC400 BC500 BC600 BC700

Proximate analysis (%)

Ash 32.53 56.48 62.17 65.26 70.06
VM 62.71 27.08 21.70 18.42 13.95
FC 4.75 16.44 16.13 16.31 15.99
FR 0.08 0.61 0.74 0.89 1.15

Ultimate analysis (%)

20 3.18 2.94 241 1.30 0.64
% C 33.95 30.43 29.42 28.60 27.90
% H 4.85 3.62 2.47 2.27 1.90
%S 4.32 3.17 1.96 1.73 1.81
%0 21.17 3.36 1.57 0.84 BL
Atomic ratio
H/C 1.71 1.43 1.01 0.95 0.82
o/C 0.47 0.08 0.04 0.02 0.00
(O+N)/C 0.55 0.17 0.11 0.06 0.00

Energy analysis (Kldg™-1)
HHVs 15.02 13.57 11.81 11.28 10.79
HHVaf 2226 31.18 3122 3247 36.03
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GUescUalU U Usd eUoUeai UU; Ud QgelB) @rYs§a3tasU

o

FUcgd °C400y 6glisYsUUUs e9U €90 UC¥gOd GUe U}
eUst 300Us oUdt ¢y gayBl0Us dy leagtdd, Uzt ~ Uy 00
"gletUR 63gohse Ugs¥YsUUUs U fmo@e UgBwasdlliUede UM
dUjesgoy UtalU. zHGa Gdsagys 000k 1 BddUs U Us Uy
"glaetUR. ¢U eUovyalU WPGY UeamleerBlday Bels aWds U/ Ud
Ua¥Yh UGd ulGer 3 ~6g all] belsygsoyaetse sfgevadd f o U d
OHUaaY oaUs U3zt 0Usd "e6g " Ujysyeegs 63gofhsa.

BasUddtd j Uy UaUdyoatehd eUUUae901 3 GUsscUaxs GUds U :
bo@sUsdy Ust e UUU

EUsse Ua b¥) 6 d( %)
SS 400 500 600 700
C 43.98 46.5 38.14 34.66 32.84
(@] 34.63 36.32 37.15 31.15 35.95
Na - - - 0.32 -
Mg 0.33 0.66 0.68 0.69 0.69
Al 0.42 1.01 2.22 1.57 1.45
Si 2.07 1.55 35 2.96 3.03
P 2.93 3.34 4.09 6.16 4.86
S 1.30 1.35 1.03 1.54 1.86
Cl - 0.12 0.17 0.30 0.31
K - 0.18 0.32 0.30 0.30
Ca 7.45 4.34 8.52 13.07 12.31
Ti - 0.21 0.28 0.33 0.31
Fe 6.90 4.42 3.91 6.94 6.10
Fi 36828 100 100 100 100 100
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