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ABSTRACT: Stimulative effects of metallic compounds on
industrial sewage sludge combustion and the sludge with acid
washing treatment were studied by thermogravimetric analysis.
The combustion characteristics index and kinetic parameters
were calculated before and after adding different metal
compounds. The catalytic effects and mechanism of
combustion were discussed. The results show that the volatile
separating and combustion control the entire combustion
process. To some extent, the combustion characteristics of the
sludge at low temperature are different from that at high
temperature. After adding different metal compounds (K,COs,
NaCl and Al,03), the sludge ignition point had a certain drop
and the characteristics combustion index are also changed,
indicating the combustion performance of the sludge was
improved. Different metal compounds behave different
katalysis at different combustion stage. And K,COj; performs
stronger catalytic capacity than that of NaCl and AL,O; in the
whole process. The combustion rate increase significantly and
the activation energy decreases as well as general index of
combustion enhanced by acid washing treatment. The catalytic
mechanisms were different between the beginning of
combustion and afterwards. At the beginning of combustion,
the metal compounds stimulated the release of organic volatile
compounds. While, at afterwards stages, the metals served as
the carrier of oxygen, thus accelerated the displacing and

diffusing of oxygen, made it easier for sludge to combustion.
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Tab. 1 Contents of different components in the sample
peski/  w(TP)  wW(TN) w(Ca) w(Mg)/ w(Na)/ w(Fe)/

% % % % % % %

322 2.04 3.11 371 0.15 5.32 1.53
w(K)  w(Cu) w(Pby w(Ni)/ wMn) WCr)/ w(Zn)
% 10°° 10°° 10°° 10°° 10°° 10°°
108 4567 812 148 1844 121 785
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Tab. 2 Proximate and ultimate analysis of sewage sludge

TCENM % Tk HT/% R/
Cat Hag Nag Sag Oug Clg Mag Vig Ay FCy (kl/kg)
33.73 525 448 1.02 20.13 0.21 8.73 56.12 31.33 3.82 10.24
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Fig. 1 TG curves of single sewage sludge, washing by
acid and adding different metallic compounds
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acid and adding different metallic compounds
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Tab. 3 Combustion characteristrics of the experimental
industrial sludge

¢V TP (WAL (WA T mean™ Twa ! T/
(K/min) K (mg/min) K K
KFQ 20 52595 04739 0.1234  561.75 1168.8
YS9 20 50025 0.4416 0.1821  534.15 887.6
n5%KCO; 20 524.55  0.5289 0.1347  566.00 1263.3

(2R

(mg/min)

fn5%NaCl 20 52225 04271 0.1015 56127 1221.3

M 5%ALOs 20 52455 0.4027 0.0984  564.32 1229.3

- ‘ro'7>/ AT AT tp‘f”/ te"”/ Atl,%lz)/
min K K min min min
KFQ 4328 5188  505.84 13.2 117 114
®ukisie 3128 4945 48233 14.5 128 125
N 5%KCO; 48.00 519.1 503.51 13.5 11.6 114
i 5%NaCl 4590 5163  506.27 13.5 11.8 116
B 5%A1L,05 4630 5193 506.92 13.4 116 114
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Tab. 4 Synthetical combustion characteristrics of the
experimental sewage sludge

DY/

. ¢V 6 3) 4 5) G
it o (10%mg % 6Y% e 0
K/min) ., 7 (10™°min
K™"min™")
KFQ 20 1.6677 14.00 8400 98 27.175
Rk 20 1.7142 1391  84.09 98 37.393

5%KCO; 20 1.8557 17.65 8035 98 29.542
fn5%NaCl 20 15030 9.61 8839 98 18.509
n5%ALO; 20 14077 13.12 8488 98 24.050
sV cY D7/ D;'

WEE (10""mg%  (10°mg- (107mg- (10°mg:
K>min?) KZmin") K'min™®) K'min)

KFQ 1.8092 17132 27025  3.0685 5571
TRk 3.6198 1.764 8 1.8998 23797 5447
f5%KCO; 2.0488 19220 29572 33771 7128
B 5%NaCl  1.3018 1.5659 22978  2.6679 3242
N 5%ALOs  1.1712 14635 22714 25874 2674
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and adding different metallic compounds
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Fig. 5 Kinetic plots for the first devolatilisation of sewage
sludge after adding NaCl compound
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Tab.5 Kinetic parameters for combustion of sewage sludge
VS PRBER B o I [ E X (1) /°C SN H n AT AREHR E/(kJ-mol™)

RSy 1 WERT 188.3~288.6 0.5 Y=-3092.2X—-8.5503 0.9527 25.70

K YER 1 %G 288.6~402.1 2 Y=-2413.8X-9.2535 0.9766 20.06
YRRy 2 VERT 402.1~511.8 15 Y=-3346.4X-8.2671 0.9562 27.81
Ry 2 W85 511.8~597 2 Y=-16010X+7.9349 0.9942 133.04

YER S 1 VR 196.6~290.1 0.5 Y=-3318.9X-8.1382 0.9646 27.58

11 5S%ALO #FZz% 1 )5 290.1~393.1 2 Y=-3042.4X-8.1993 0.9823 25.28
¥ER Sy 2 VR 393.1~514.6 1.5 Y =-2466.7X—-9.4042 0.956 1 20.50

¥Ry 2 )5 514.6~597.2 2 Y=-15524X+7.908 1 0.986 8 129

YRR 1 UERT 187.6~288.3 0.5 Y=-5389X-5.2327 0.9815 44.78

11 5%NaCl R 1 IESE 288.3~399.1 2 Y=4811.5X-23.478 0.9970 39.98
RSy 2 VERT 399.1~508.6 1.5 Y=-2641.9X-12.526 0.9720 21.95
YERS 2 V)G 508.6~584.5 2 Y= 31653X—55.745 0.9516 263.04

ER Sy 1 0ERT 194.2~288.4 0.5 Y=-2129.7X-9.9278 0.9507 17.70

1 S%K,CO5 ¥R 1 ﬂlﬁ{ﬁ 288.4~410.9 2 Y=-2536.2X-8.8409 0.9817 22.42
| YER Y 2 VERT 410.9~518.7 1.5 Y=-2162.1X-9.8462 0.964 0 17.97

PR 2 1&J5 518.7~611.8 2 Y=—11464X+2.4865 0.992 1 95.27

RSy 1 WERT 173.4~299.5 0.5 Y=-2755X-8.8284 0.9795 22.89

Wtk ER 1 )G 299.5~404.9 2 Y=-2156.8X-9.4519 0.9819 17.92
YRRy 2 VERT 404.9~532 15 Y=-1699.6X—10.473 0.9533 14.12
Ry 2 V&S5 532~610.3 2 Y =-20787X+ 14.064 0.9900 172.74
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