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Abstract; Sewage sludge was treated in a hydrothermal

reactor within temperature of 170~270 “C to investigate the
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influence of hydrothermal temperature on heavy metals’
distribution and their leaching from solid products. The
balance of heavy metals was calculated; and the influence of
oxygen presence in the hydrothermal process was checked.
Experimental results show that after hydrothermal
treatment, heavy metals remain mainly in the solid products
(hydrothermal chars) with small part moving into liquids.
Leaching tests of hydrothermal chars were carried out
according to two Chinese standards and the results showed
that heavy metals in the hydrothermal chars were relatively
stable, and that for sanitary landfilling hydrothermal chars
were safer than the dried sludge; but for land application
purpose, proper reaction temperature should be chosen to
produce chars to replace sludge itself; as chars obtained at
temperatures lower than 210 ‘C were inferior to sludge itself
in respect to heavy metal leaching. Generally leaching of
heavy metals from hydrothermal chars decreased as the
hydrothermal temperature increased. From point view of

’ temperature of 260 °C

heavy metals stabilization,
corresponded to the char with the least heavy metal leaching
and to the liquid with the lowest heavy metal concentrations.
Therefore, 260 °C was the best choice of hydrothermal
temperature for the tested sewage sludge. Two digestion
methods were adopted to digest hydrothermal chars for their
heavy metals measurement. It was found that heavy metals in
the chars obtained at temperatures over 210 ‘C existed mainly
in residual species, which were quite stable. Also it was
difficult for the heavy metals such as Zn, As, Pb and Cu to
move from solid phase into liquid phase in the hydrothermal
process. The appearance of O, in the hydrothermal process
slightly enhanced the mobility of heavy metals to the liquid

phase, while heavy metals left in the chars were still stable.
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Tab.1 Proximate and elemental analysis of sewage sludge
//
w( )/ % w( )/ % w( )/ % w(C)/ % w(H) /% w(N) /% w(O) /% (MJ « kg™ ")
24.27 67.04 8.68 38.63 5.90 6.88 24. 31 17.32
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s Fig.1 Schematic of the hydrothermal treatment system
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Tab.2 Elemental analysis of hydrothermal chars (dry-

basis) at different temperatures

0
/ /%

T w( ) w(Q) w(H) w(N) w(Q) (MJ+kg™ "

/

170  32.69 39.77 5.51 5.21 16. 80 17. 38
190 32.79 40.33 5.52 4.89 16.45 18. 81
200 31.85 40.43 5.52 4.33 17.83 18.17
210  35.52 40.28 5.19 4.46 14.52 17.91
220  40.23 40.05 5.06 4.01 10. 63 17. 60
230 34.32 41.57 5.37 3.90 14.83 18. 22
240  39.95 39.51 5.02 3.56  11.96 17. 36
250 37.36 40.08 5.08 3.72  13.77 17. 28
260 41.89 40.06 5.04 3.61 9. 39 18. 66
270  33.57 46.22 5.72 3.57 10.89 21.25
250 51.86 28.08 3.12 4.56 10.22 10. 20
270  60.23 22.06 2.02 5.53 10.16 7.70

3 s

b b
b b
Zn>As>Cu>Pb>Cr>Ni. Zn ,
< . 3
As;  Cr.Ni.Pb )
A ( Fig. 3  Heavy metals contents (dry-basis) in sewage
S
sludge and its hydrothermal chars at different
»(GB24188—2009) s As .
temperatures (without O,)
Zn,Cu,Pb,Cr,
3 ( ) ( )

Tab.3 Comparison of heavy metal contents between hydrothermal chars(dry-basis)with and without O, in the process

/(mg » kg™ 1)

/°C
/% Zn As Cr Ni Pb Cu
g 03 1261.7714+  584.820=+ 61. 404+ 28. 26+ 98. 642+ 247,961+
: 64.396 16.535 2.51 1. 081 3.415 5.927
250
0. 06 1102.8214  490. 414+ 52. 403+ 26. 058+ 87.909+ 215. 0224
o 35. 354 19.922 2.572 0.570 6553 14. 298
_— 1415.4994+ 636,081+ 68.501+ 32. 773+ 108. 129+ 277. 758+
o 15. 743 27.236 2.877 0.586 2.737 10. 175
270
5 o1 1477.3214+  664. 048+ 73.341+ 34. 492+ 116. 377+ 293. 5524
o 20. 756 31.995 4,989 2.147 3.279 12. 367
«C 3. . 270 C s
,250 C Zn,As,Cu,Ni,Cr,Pb
,270 C . 250 ,
C , 270 C (270
C 250 C 1.5 ;250 C 2.3.2
b ’



12 . 1883

210 '°C 220 C ;260 C
’ 4 pH
b b
.Zn CO,, S0, Ly , 4
As y Zn,As ; Cr,Pb y
, Cr, Ni, Cu, Pb Ni, Cu ,
210~220 C . 210~220 C Ni Cu
, . , 230~260
Y OC b b
b
2.3.3
5 ,
. 270
T
5.
5a  5b s HJ/T299—2007
HJ/T300—2007 s
4
b
Fig.4 Heavy metal contents in HT liquids(without O,)
b
4
Tab.4 Comparison of heavy metal contents in liquids with and without O, in the process
c /(mg+ L1
! Zn As Cr Ni Pb Cu
0.641+ 0.762+ - o 0.059+
0.001 0.039 0.001
250
2.232+ 2,301+ - B 0.263+
0. 050 0.007 0.001
1.121+ 0.674+ 0.1114 0.082+ 0.161+
0. 065 0.033 0.005 0. 004 0.006
270
2.319+ 1062+ - o o
0.014 0.043

5 ( ) ( )

Fig.5 Heavy metals’ leaching from sewage sludge and its hydrothermal chars(dry-basis, without O;)
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Tab.5 Comparison of heavy metal leaching behaviors between HT chars (dry-basis) with and without O, (270 C)
/(mg * kg™ 1)
Zn As Cr Ni Pb Cu
, 1.758+ 3.391+ 0.511+
HJ/T299—2007 0.107 0. 264 0.081
, . 4,632+ 0.709+ 0.861+
HJ/T300—2007 0.118 o 0.067 0.046 o o
2.361+ 4,262+
HJ/T299—2007 0.142 0.051 B o o
, 16. 922+ 1.298+ 0. 840+
HJ/T300—2007 0. 200 o 0.129 B 0.051
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Fig.6 Mass balance and distribution of heavy metals before and after HT reaction without O,
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