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Abstract

In order to provide useful information for
the resource utilization of oil sudge by oxidative
therma decomposition, the reaction kinetics and
products analysis of pyrolysis in the presence of
oxygen are studied. A threereaction modd is
proposed for the oxidative therma decomposition
of ol dudge The first reaction is pyrolysis
reaction without oxygen, while the second and
third reactions are oxidative reactions. This model

can be used for the situation with concentration of
oxygen bedow that of air. In the accumulate
gaseous product, CO, has the highest concentration.
The temperature ranges corresponding to the
maximum production rates of CO, and of CO, HCs
(hydrocarbons) and H , are 788 ~ 813 K and 713 ~
738 K, respectively. The digtillation characteristics
of liquids from the oxidative therma
decomposition of oil dudge are closed to the
commercial gasoline and diesdl oil.

keywords. oil dudge, partia oxidation,
pyrolysis, resource utilization, thermogravimetric
analysis
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Table 1. Total gaseous product concentration (£g
g/L) for oxidative thermal decomposition of ail
sludge. Heating rate (HR) = 5.2 K/min.

products from oxidative thermal decomposition of
oil dudge in this study and of some commercia
oils. TL, GL, DL, FL, HL : tota liquid from
oxidative therma decomposition of oil sudge,
gasoling, diesd ail, fuel ail and heavy oil. 20.95,
8.62: denote vol. concentrations of O, in carrier
gas. 873, 763: denote temperatures of thermal
treatment. U, L = upper, lower layers. 98, 95, 92 =
trade names of unlead gasolines.

Table 3. BTEX concentrations in liquid products
from oxidative therma decomposition of ail
dudge and of some commercia oils. HR = 5.2
K/min. Other notations are the same asin Table 2.

Figure 1. Comparison of residual mass ratio (M)
predicted by proposed three-reaction model with
experimental data at different heating rates (HR)
for oxidative thermal decomposition of oil sludge
in 20.95 vol. % O,. 1(D), 2(0), 3(" )ilR =5.2, 12.8,
21.8 K/min. Line § Gcomputed jFsymbol G
experimental § R? R4, R? = 0.9909, 0.9933,
0.9970. T = temperature.

Figure 2. Comparison of M predicted by proposed
three-reaction model with experimental data at
different HR for oxidative therma decomposition
of ail dudgein 8.62 vol. % O,. The notations are
the same as in Figure 1. R2 R? R? = 0.9905,
0.9961, 0.9915.

Figure 3. Comparison of M predicted by proposed
three-reaction model with experimental data at
different HR for oxidative thermal decomposition
of ail dudgein 4.83 vol. % O,. The notations are
the same as in Figure 1. R2 R? R = 0.9823,
0.9931, 0.9804.

Figure 4. Instantaneous gaseous product and
residue oxygen concentrations for oxidative
thermal decomposition of oil Sudgein 20.95val.
% O,. HR=5.2K/min. 1, 2, 3,4, 5: CO,, CO,
HCs, H,, O..

Figure 5. Instantaneous gaseous product
concentrations for oxidative thermal

decomposition of ail sludgein 20.95 val. % O,.
HR=52K/min. 1,2,3,4,5,6,7:C~C,C; C,
Cs, Ci, C;and Cs.

Figure 6. Instantaneous gaseous product
concentrations of BTEX for oxidative thermal
decomposition of oil sludgein 20.95 val. % O,.
HR=52K/min. 1, 2, 3, 4 : benzene (B), toluene
(T), ethylbenzene (E), iso-xylene (X).

Table 2. Didillation characteristics of liquid
Table 1.
H, CO Co, C, C, G, C, Cs Cs C; Cq C, HCs 0O, N,
4.83 20289° 4769.34 49318.45 1826.33 73257 40936 75321 86864 87678 46153 27527 171.13 637482 2741556 958918.7




vol. % (25.13)° (145.13) (863.36) (119.26) (49.48) (58.27) (97.31) (106.49) (56.15) (8.08) (147.21) (52.44) (400.41) (4294.7)

O

Wzt_ 0%l 033 786 8130 301 121 067 124 143 145 076 045 028 1051

8.62 7505.66 87104.98 188279 68730 51170 506.18 830.74 83844 389.33 13465  33.83 5814.96 55088.64 9277469
vol. % (3.60) (7421) (39.00) (17.22) (56.25) (171.18) (71.86) (2.39) (10.08) (15.94) (13.02) (141.92)  (134.7)
O,

Wt. % 0 747 8673 187 068 051 050 083 083 039 013 003 579

20.95 4123 14817.85 159367.06 237483  0.00 77972 87930 83126 74847 32440 11695 53.09 61083 198192.6 9228805
vol. % (396.45) (8917.51) (13.69) (7.03) (18.94) (25.83) (29.31) (9.47) (5.78) (22.27) (3114.3) (8252.4)
O,

Wt. % 0.02 822 8837 132 000 043  0.49

0.46 0.42 0.18 0.06 0.03 3.39

aHCs=saumof C, C, C;,C,, C, Gy, C, ,Cg, G brunitin £g/L.

¢ : numbersin parentheses are gandard deviations (£p) .

d: based on sum of H,, CO, CO, and HCs.

Table 2.
2095 2095 2095 862 GL-98 GL-95 GL-92 GL DL FL HL
TL-  TL- TL-763 TL-873
873-U 873-L
Light naphtha 019¢ 998 967 016 849 536 6.7 10.07 0.04 0 0
343 ~ 366 K (0.04 (0.81) (0.50) (0.06) (2.67) (0.32) (1.90) (1.91) (0)
Heavy naphtha 13.11 6552 6377 1453 6437 7095 679 6293 784 403 029
366 ~ 477 K (1.75) (296) (1090 (147 (221) (428 (516) (029 (239
Light gas ail 65.70 2349 2458 80.94 2659 2331 2483 2615 87.27 46.01 23.88
477~616 K (1L1) (366) (1.03) (1.3 (34 (440 (5.22) (265 (142
Heavy gas ail 2100 101 198 437 054 038 052 008 478 4959 7519
616 ~ 811K (400) (0.22) (023) (0.19) (051) (019 (0.39) (0.25) (0.99
Vacuum residue 0 0 0 0 0 0 0 0 0 038 064
j @1K
a: unitin wt. % (excluding H,0).
b : numbersin parentheses are standard deviations (£p) .
Table 3.
20.95 20.95 2095 8.62TL- GL-98 GL-95 GL-92 GL DL
TL-873- TL-873- TL-763 873
U L
Benzene 752.45 67863.86 50277.83 21523 19477.11 20539.5 80695.64 8793459  348.64
(mg/kg) (264.76)° (2513.55) (3054.74) (21.58) (1424.07) (1866.42) (5112.16) (2089.98) (12.05)
Toluene 3271.57 10242.45 23576.38 2174.42 68623.31 70556.06 56262.62 64980.5 1740.11
(mg/kg) (497.41) (2100.85) (1443.27) (1024.3) (6546.22) (18200.94) (2180.78) (6612.01) (210.86)
Ethylbenzene 3467.6 2611.07 1958.42 1485.09 2668142 28518.36 66046.73 56523.15  801.70
(mg/kg) (241.46) (471.62) (46.18) (514.8) (3256.5) (3893.52) (3364.8) (24912.93) (296.6)
Iso-xylene 673.99 2270.74 10489.72 1013.22 50318.16  48812.97 32586.1 349132  1829.1
(mg/kg) (28.21) (488.48) (713.3) (288.98) (3229.71) (13016.27) (376.17) (336.57) (706.53)

a: unit in mg/kg (excluding H,0).
b : numbersin parentheses are standard deviations (£p) .
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