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Drying Characteristics and Mathematical Modeling of Organic Sludge
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Abstract; The purpose was to deal with organic sludge with high content and large volume effectively,
and achieve to combine sludge drying with low temperature pyrolytic process. The current study focused
on the effect of drying temperature and heating rate on rate of weight loss and moisture content as well as
quality of sludge during drying process. The rate of drying and moisture content of sludge was also
investigated at different temperatures. Furthermore, a mathematical model was developed for sludge
drying. The experimental result showed that the drying characteristics of sludge had resemblance with the
theoretical three stages of drying, and the rule of three stages was also obvious from different drying
characteristic curves. It took very little time to warm up, and the constant speed state did not last long,
while the most time was used during the final decelerating phase. With the increase of temperature, the
faster the evaporation of the sludge was, the sooner the largest drying rate was, and the bigger the value
was. Compared with the effect of experiment at 250°C , the effect of experimental at 240°C was more
ideal. The results showed that maximum drying rate and minimum drying time was observed for sludge at
240°C drying temperature. The determination coefficient for the predictive and measured values of the
quadratic model were 0.992 4, with a RMSE and RSS of 0.035 and 0. 032, respectively. Quadratic
model had better correlation coefficient to the sludge drying process. The needed time could be calculated
approximately with the required water content that could be gotten through the model equation. This
would be of some reference value for industrial production and research.
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Tab.1 Mathematic models for heat pump drying of litchis
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Fig. 1 Thermogravimetric curves at different heating rates
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Fig.2 Thermogravimetric analysis of sludge
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Fig.3 Drying curve of sludge from 140°C to 220°C
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Fig.4 Sludge drying curve at 140°C to 220°C
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Fig.5 Drying curve of sludge from 220°C to 250°C
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iy & 8 mp A, A5 2 A5 B YRR IR Y il 2k
5 TR AR AT 20 0 il SRR A A W), 220°C Y5 P8 1Y)
SR TE DL I 4 AR B AR, 240°C 15 R 1 TR
-1 3 R i e, LT Mg R B R R B, A AR
230°C 1 5 AN A E o 1 250°C 5 ) iy & R B i A

_ 0300 L o
£ 025 *230C Y N

b + 240°C AR

® 020 +250C = X

# 015k // <N T
T ol A

= 005

e |

I | | | | | | | |
0 8 16 24 32 40 48 56 64 72 80
i} [ /min
Kl 8 220 ~250°C 5 g T M 3 Z A8 1k il &
Fig.8 Variation of sludge drying rate with time at

220%Cto 250C

K 240°C #1 230°C ,
25 bR ,240°C 1R BE R V5 U TR 0 O 3
Rk, BT 8 H bR &K b 5 fF A Tl
AT T RE RS
9 (B 240°C 15 U8 19 8 4 P, AR ik s
WA T WK, PR B AR S, UL SL 5
ARG EE M. A O SCERAE TS e TR R
3 WY BE, 3 B g A BE 4 T B B R I B
ME 8 vl LI, 15 6 i 8 38 By B 1k (8] E 5 4, i 75
P BOA A TR b BE L o M, R R R
B R B B . TR B B PR O T A E A R
RS TN N b iy v o ST o SR T =R
BORSAE K 8 R i R rp 15 A B R DR FE AN AR
F2 R R R A AR S U8 B A% O 1 TR BR K 23 38 4B ) g
TeRmER, RBIRZE NS ERE, NECFE T
PE, Y R B K BN ) AR K T AR TS IR
HNZ K ZE W T BE I 2 s B0 U I R R E
PG, T 3K A 1 2o Rl 2o A5 AT A R SR B ) A O
Koo M0E i A ) 3k B AN I S, B VS e N
K34 O BB S s /N T TS U 3R K 43 78 k)
JEBE, SUTFIh 1T e T M i I B B, I s Y R
17K 53 R A B 30 4 sk o B — P — Py T
DX, T A% DX 38 14 7K 3 3 B8 31 3 T 1Y) B O B
1K, 32 B BH Iyt 8ok B, BB V5 U8 AN 15 AN 4k 22 )
TR P A K A DL R A TR e R R
— B R
0.16
~ 0.14
0.12
0.10

= 0.08

ke 0.06
= 0.04
= 00m

RIS
pEctes

T T T T T T T 1

I I I I I I I ]
0 05 1.0 15 10 25 3.0 35 40

FIREIKER/%
B 15U 1 240°C I T 24
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Tab.2 Calculation curve of sludge drying mathematical
model (240°C)
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Tab.3 Data of five drying models at 240°C
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k=26.181
Modified Page fiAE  1.154 34.614
b= -53.297
a=5.299
Henderson and Pabis 0.989 0.166 0.714
k=0.034
a=5.299
Logarithmic 0.999 0.046 0.054
k=0.018
k= -1.565
Wang and Singh a=0.075 0.416 1.009 26.458
b= -0.002
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Tab.4 Comparison of data validation results between
quadratic model and Logarithmic model
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3 24 1.866 1.882 0.016 0.857
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TR AR 5 40 1.005 0.988 0.017 1.692
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Fig. 10 Relationship between theoretical and

experimental values of quadratic model
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