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Abstract The basic properties, thermogravimetry, pyrolysis characteristics and combustion characteristics of Jihua oil sludge were
determined in this manuscript. The results show that the oil content of Jihua sludge is 14.74% and the water content is 72.82%. The
characteristics and kinetic parameters of pyrolysis and combustion were obtained by using thermogravimetric analysis with heating
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rates of 5, 10, 15, 20 and 30 °C /min. The pyrolysis process includes volatilization and pyrolysis stages. One is the volatilization of
organic matter at 150~380°C, and a small proportion of reactive heteroatoms is pyrolyzed. The other is the pyrolysis process of a small
amount of volatile heavy components at 380~550°C. The combustion process includes the volatilization combustion stage and the fixed
carbon combustion stage. The combustion of Jihua sludge in the first stage is the volatile combustion of small molecular organics. The
second stage is the volatile combustion of large molecular organics and pyrolysis combustion, and the diffusion of oxygen into the cru-
cible to produce fixed carbon combustion. The effect of heating rate on combustion is small, and the activation energy will not increase
significantly due to the consumption of organic matter. In addition, the volatilization combustion stage occurs with more difficulty than
pyrolysis volatilization, and the fixed carbon combustion stage occurs more easily than pyrolysis.

Two models, Coats-Redfern and the Distributed Activation Energy Model (DAEM), are used to calculate the kinetic pa-
rameters and the results are compared with those of normal treatment methods to optimize the calculation process. In the DAEM
model, the activation energy of the volatilization stage is 61.82 to 81.05 kJ/mol, while the activation energy in the pyrolysis
stage increased from 121.60 kJ/mol to 237.11 kJ/mol with the increase of conversion. When the DAEM model is applied to
the calculation of the combustion process of oil sludge, the combustion activation energy ranges from 73.95 to 110.93 kJ/mol,
which is then compared with Coats-Redfern model and pyrolysis process. Coats-Redfern model assumes that the reaction is
single, and the activation energy obtained is the mean value of a certain range, which has great limitations. The DAEM model is
more suitable for the complex composition of oil sludge, and the method is better. In the pyrolysis calculation, the peak splitting
method separates the pyrolysis stage from the volatilization stage, and the kinetics obtained are closer to the real data. According
to the research, the DAEM model is more accurate and reliable. The research results of this paper can provide experimental data

foundation support for the sludge pyrolysis treatment technology.
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Fig. 1 Pyrolysis and combustion characteristic curve of Jihua oil sludge
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Table 2 Volatilization and pyrolysis stage data
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5°C/min | Y=—4359X+2.8158  36.25 1.39 0.9937 | Y=—17818X+20.5944  148.14 7.32 x 10’ 0.9900
10 °C/min | Y=—4479X+2.6677  37.24 2.40 0.9967 | Y=—18437X+20.8610  153.29 1.91 x 10* 0.9920
15 °C/min | Y=—4503X+2.4938  37.44 3.03 0.9923 | ¥=-19924X+22.4897  165.65 1.46 x 10° 0.9909
20 °C/min | Y=—4568X+2.4305  37.98 3.79 0.9979 | Y=-20177X+22.5732  167.75 2.12x 10° 0.9911
30 °C/min | Y=—4737X+2.4967  39.38 6.07 0.9979 | ¥=-22250X+24.9190  184.97 3.32x 10" 0.9997
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Fig. 4 DAEM model fitting of volatilization and pyrolysis stage
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Table 3 Fitting equation and kinetic parameters of DAEM model in the peak-peak volatilization stage

Ak HERME P B
a PG T E/(kI/mol)  Als R? LG IR E/(kJ/mol)  Als R?
0.1 Y=-7315X+0.01512  60.82 404545 0.9919 | Y=—14 505X+10.4463  120.60 2.72x10°  0.9908
0.2 Y=—7583X—0.3318  63.04 2963.90 0.9926 |Y=—16 155X+12.4854  134.32 233%x10°  0.9941
0.3 Y=—7839X—0.4794  65.17 2643.78 0.9947 | Y=—17 461X+14.0802  145.17 1.24x10°  0.9965
0.4 Y=—8242X—0.2800  68.52 3392.85 0.9989 | Y=—18 688X+15.5718  155.38 590% 10" 0.9982
0.5 Y=—8328X—0.6183  69.24 2444.19 0.9959 | Y=—19 943X+17.0909  165.81 2.87x 10" 0.9994
0.6 Y=—8574X-0.6699 7128 2389.78 0.9961 | Y=—21314X+18.7454  177.21 1.61x 107 0.9999
0.7 Y=—8838X—0.7188  73.48 2345.84 0.9956 | Y=-22 922X+20.6814  190.57 120x10°  0.9996
0.8 Y=—-9140X—0.7757  75.99 2292.08 0.9942 | Y=—25022X+23.2079  208.03 1.64x 10" 0.9978
0.9 Y=—-9748X—0.5814  81.05 2968.70 0.9951 | Y=—28 515X+27.4185  237.07 126x 10" 0.9918
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% L
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Fig. 5 Coats-Redfern fitting of combustion at first stage and second stage with 30 “C /min
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Table 4 Coats-Redfern fitting linear equation of dry basis combustion at first stage and second stage

THRER | HERE P20 e

B PEH E/(kJ/mol)  Als R A E/(kJ/mol)  Als R
5°C/min | Y=—5599X+5.1894  46.55 1495 09817 | Y=—10345X+11.5033  86.01 825x10°  0.9843
10 °C/min | Y=—5977X+5.4998  49.69 4077  0.9867 |Y=—12549X+14.1228  104.33 226x10°  0.9659
15°C/min | Y=—6384X+6.0471  53.07 10572 0.9891 | Y=—11253X+12.0363  93.55 4.19x10*  0.9674
20°C/min | Y=—6028X+5.1743  50.11 5.89 0.9902 | Y=—10473X+10.4341  87.07 1.13x10*  0.9935
30°C/min | Y=—5389X+3.6766  44.80 19.76  0.9945 | Y=—8883X+7.3676 73.86 2.64x 10> 0.9871
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Table 5 DAEM fitting linear equation of dry basis

a LA AR E/(kJ/mol) Als R?

0.1 Y=—10 468X+6.0706 87.03 2.47 x 10° 0.9987
0.2 Y=—10 306X+4.3270 85.68 4.25x10° 0.9991
0.3 Y=—11 702X+6.0803 97.29 2.78 x 10° 0.9964
0.4 Y=—10 004X+2.6636 83.17 7.82 % 10* 0.9996
0.5 Y=—8895X+0.3475 73.95 6.86 x 10° 0.9932
0.6 Y=—11 794X+4.0384 98.05 3.65x 10° 0.9978
0.7 Y=—10 588X+1.1877 88.03 1.89 x 10* 0.9974
0.8 Y=—10 354X-0.03278 86.08 5.46 % 10° 0.9756
0.9 Y=—9780X—1.6743 81.31 9.99 x 107 0.9935
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620 K (1935 L BREEN B 5 620~850 K & EBRIRBEIT BX
A SR AR B TR R K, TR BIAH [R5 fh R i
(i) 35 1 e Y 5 1) B 2

(2)Coats—Redfern B B S —, i Ry —
X B A TEALREIME, JRPRPER K DAEM IGfL e R
B SN Ay e 5 e AL, vk pt. I
S I TR IR B B SR R By S, AR sl )2
G DR DS IR G/

(3) K H I DAEM BRI A M i AL BE, 45 & 36
S TE AL AE A 60.82~81.05 kI/mol, FASFHR S P TG
fLfE A 120.60~237.07 kJ/mol; R DAEM jHEREEE
1kfE N 80~90 kl/mol.
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