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Abstract: Sewage sludge is the by-product of human activities, and incineration is one of the effective disposal
technologies for the minimization and utilization of sludge. Hydrothermal carbonization of sludge, as a kind of
pretreatment, is of great important for incineration. In order to upgrade the sludge, the effects of hydrothermal temperature,
holding time and solid-to-liquid ratio on the fuel property of sludge were studied in single factor experiments.
Subsequently, response surface methodology was used to optimize the conditions of hydrothermal process and the calorific
value of hydrothermal sludge was used as an evaluation index. The results indicated that the optimum conditions were
hydrothermal temperature of 208.65°C, holding time of 16.82 min and solid-to-liquid ratio of 12.31%. Among these
conditions, the optimum calorific value of hydrothermal sludge was 4207 J/g. Furthermore, the verification experiment
showed that the actual calorific value of hydrothermal sludge prepared via above conditions was 4203 + 24 J/g, which was
basically consistent with the results of response surface methodology. Moreover, more than 65% energy could be cut down
via hydrothermal treatment when comparing with traditional thermal.

Key words: response surface methodology; sewage sludge; hydrothermal treatment; preparation process

0.015% 2015
3525t 80%

* 2017-07-25 2017-09-03
51676195 51661145022
¥ E-mail xlyin@ms.giec.ac.cn



326

290 ¢ (1
N S
24 g O
LU [6]
PENG
o/C H/C 0.48 2.0
0.10 1.73
[8]
WANG @
ESCALA "' NEYENS U0
1
2
3
1
1.1
97%
2.9% 0.1% pH 7.7
105 24 h
300

1.2
100 mL
250 mL SLM250
N, 10 min
200 r/min
85
10000 r/min 20 min
4
1.3
GB/T 28731-2012
Vario EL cube
HHV WZR-1T-CII
14
1.4.1
120 150 180
210 240 7.5%
30 min
1.4.2
10 min 30 min 50 min
70 min 90 min 180
7.5%
1.4.3
2.5% 5% 7.5% 10%
12.5% 180 30 min
1.5
[12] 3
3

1 Design Expert



5 327
! Hpwm v 14
Table 1 Factors and levels in central composite design
u,sludge
-1 0 +1 /J DM Hu,hydro-sludge
/ A 200 210 220 kJ/kg
/min B 10 15 20
/% C 10 12 14 Qr KJ /kg
1.6
1
[8] 1 2
? 2.1
3 .
2
Oy [13-14] H
Qmech O
O
0,
1.6.1
0, kikg 0.04 0.26
1 i 10 min
90 min 70%
QH = ':CPSaShldgC (1 - W) + pr,sludgeW:I x (Tf - TE)) (1)
Cps,sludge pr,sludge [15]
kJ‘kgfl-Kf1 w T¢ [16-17]
Ty
[18]
54 ~
144 kl/kg 99 kJ/k
1-w
kl/k
1.62 O s nH/ nc ”0/ nc
e Van-Krevelen 1
Orir » KI/kg |
2 qru [19]
1-w H o)
H,O CcO
qRH = Hu,sludge - IuDMHu,hydro-sludge = Hu,sludge (1 - UHT) (2’) 2 2
no/ ic ”H/ ne
Gri MlJ/kg J7y
[20-22]

Mar



328 5

2
Table 2 The properties of solid products derived from hydrothermal treatment of sewage sludge
wt% (daf®) /wit%(db®) b rwt% .
C H 0 N S (b
48.53 8.47 33.68 7.95 1.36 48.67  49.13 2.21 / 0.04
120 49.25 8.46 33.79 7.09 1.41 51.17 4494 3.88 86.18 0.09
150 50.64 8.43 3243 7.18 1.32 53.74 42.25 4.01 79.81 0.09
/ 180 52.30 8.54 32.33 5.71 1.12 63.54 31.87 4.59 69.41 0.15
210 53.95 8.45 31.43 5.07 1.11 65.67 28.71 5.62 66.09 0.20
240 57.04 8.74 28.52 4.52 1.19 69.67 24.00 6.34 63.92 0.26
10 52.26 8.84 31.90 5.90 1.09 62.23 32.76 3.92 73.16 0.12
30 52.30 8.82 32.33 5.44 1.12 63.54  31.87 4.59 69.41 0.15
/min 50 55.38 8.77 29.48 5.27 1.09 6432 30.86 423 69.42 0.14
70 55.71 8.80 29.25 4.96 1.27 64.55  30.71 4.73 68.68 0.15
90 56.40 8.58 29.02 4.85 1.15 65.16  29.46 5.38 68.97 0.18
2.5 50.71 8.82 34.07 4.78 1.00 64.03 3222 3.75 65.92 0.11
5.0 51.08 8.56 34.26 5.05 1.04 64.09  32.19 3.72 66.82 0.12
1% 7.5 52.57 8.82 32.05 5.44 1.12 63.54  31.87 4.59 69.45 0.15
10.0 54.36 8.90 29.86 5.65 1.23 6294  32.04 5.02 69.03 0.10
12.5 50.56 9.25 27.15 5.81 1.24 6345 3125 5.30 71.89 0.08
a d b c
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Q
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l'80.36 0.40 0.44 0.48 0.52 22199 J/g 26573 J/g
O'?) v < olc
. 0.4 0.6 0.8
1 o/c H O [19] C—H C—0
Fig. 1 The coalification band of sewage sludge with hydrothermal <
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Fig. 3 Effect of hydrothermal treatment holding time on the
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Table 4 Variance analysis of the regression equation for the
HHV of received based hydrothermal sludge

/10° n0* F P

A 10.15 1 10.15 1.77  0.2409
B 242.90 1 24290 4233 0.0013
C 73.54 1 73.54  12.81 0.0159
AB 83.23 1 8323 1450 0.0125
AC 1.76 1 1.76 031 0.0603
BC 49.06 1 49.06 8.55 0.0329
A? 385.20 1 38520 67.13  0.0004
B? 295.20 1 29520  51.44 0.0008
C? 210.00 1 210.00  36.60 0.0018
1235.00 9 13720 2392 0.0014

28.69 5 5.74 / /

25.55 3 8.52 543 0.1595

3.14 2 1.57 / /

1264.00 14 / / /

Fig. 5 Response surface and contour line of the interaction
between hydrothermal temperature and holding time
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Fig. 6 Response surface and contour line of the interaction
between hydrothermal temperature and solid-to-liquid ratio
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Fig. 8 The energy consumption of hydrothermal treatment of sludge
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