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Experimental study on ultrasonic pretreatment
of scum sludge in the oil refinery
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Abstract: Given the problems of oil refinery slag sludge containing a large amount of dirty oil, complex

composition, and challenging to deal with, the pretreatment test of slag sludge produced by oil refinery of
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Sinopec Jinling Branch was used by ultrasonic means. The influence of ultrasonic power, ultrasonic
temperature, ultrasonic time, and ultrasonic frequency on the decontamination rate of slag sludge was
analyzed by L, (4*) orthogonal test method. Error analysis was carried out by SPSS 25. 0, and the
orthogonal experimental results were refined by using the single-factor test. The characteristics of sludge
change before and after ultrasound were characterized by infrared spectroscopy, scanning electron mirror,
energy spectrum analysis, and so on. The results are as follows: The orthogonal test showed that the
influencing order of factors was ultrasonic power <C ultrasonic time < ultrasonic temperature < ultrasonic
frequency. When the ultrasonic power was 60 W, ultrasonic time was 10 min, the ultrasonic temperature
was 60 °C, and ultrasonic frequency was 3 times, the removal rate of petroleum substances could reach
31.13%. The infrared spectrum showed that the corresponding peak of scum oil sludge after ultrasonic
treatment was significantly changed, showing that aromatics, alkanes, olefins, and other substances were
decreased, indicating that the long chain of petroleum hydrocarbon was destroyed. After ultrasonic
extraction, the alkanes in the extracted oil decreased and the alcohols increased, which may by that one of
the hydrogen groups of alkanes was replaced by hydroxyl group to produce corresponding alcohol.
Compared with alkanes, alcohols were more easily degraded by microorganisms. Scanning electron
microscope ( SEM) analysis showed that after ultrasonic treatment, the gap between the particles
increased, the viscosity decreased, and the texture became loose. The mechanism of petroleum hydrocarbon
in scum oil sludge by the ultrasonic method was as follows: through mechanical effect, cavitation effect and
thermal effect, the long chain of petroleum hydrocarbonin scum oil sludge was destroyed, the viscosity
between particles was reduced, the voids between particles were increased, the three-phase separation of
oil, mud and water was promoted, and the petroleum hydrocarbon was decomposed and separated, thus
reducing the content of petroleum substances in scum oil sludge. Energy dispersive spectrum analysis
(EDS) showed that the proportion of carbon and oxygen elements in the oil sludge after ultrasound did not
significantly decrease, indicating that the ultrasonic thermal effect did not occur obvious gaseous oxidation
reaction. As a result, the ultrasonic method is a physical method, with no additional chemical drug, and
the treatment method is simple. It can be used as a composite treatment process pretreatment means.

Keywords: ultrasonic pretreatment; slag sludge; orthogonal test; single-factor; infrared spectrum
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Table 1 Factor level table of L;s (4*) orthogonal test

KF TIEA/W WA B/min R C/C Bk D
1 40 10 30 1
2 60 20 40 2
3 80 30 50 3
4 100 40 60 4
x2 EXRR
Table 2 Orthogonal test
HEZ A RN RAE A RKEBRE
BE T/ Wo ) /min REE/C MK (F2/%
1 A1B1CiDy 40 10 30 1 18. 60
2 AyB:CyDy 60 20 40 2 22. 20
3 A3 B3;CsD; 80 30 50 3 24.16
4 AiBiC,Dy 100 40 60 4 30. 44
5 A1B:C3Dy 40 20 50 4 20.91
6 AsB1CyDs 60 10 60 3 31. 13
7 AsB,CD; 80 40 30 2 20.13
8 Ay4B;Cy Dy 100 30 40 1 13.98
9 A1B;C,Ds 40 30 60 2 24.50
10 A3B,CsDy 60 40 50 1 14. 90
11 A3BiCDy 80 10 40 4 26. 34
12 AyB:CiDs 100 20 30 3 19. 90
13 Ai1BiC:Ds 40 40 40 3 22.70
14 A2B;Ci D, 60 30 30 4 19. 85
15 A3B;CyDy 80 20 60 1 15. 68
16  AiBiCsD: 100 10 50 2 19.72
K 86.71 95.79 78.48  63.16
Ko; 88.08 78.69 85.22  86.55
Ks; 86.31  82.49  79.69  97.89
Kyj 84.04  88.17 101.75 97.54
R; 4,04 17.08 23.28 34.72
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Table 3 Tests of intersubject effects

i3 M2Form AwmE By @Az BENE

BIFRR 328, 823" 12 27.403  2.149 0. 288
BB 7 445,101 1 7445.101 583.969  0.000
R A 2.111 3 0.704  0.055  0.980
WAENE B 41,496 3 13.832  1.085  0.474
HAEEE C 86.178 3 28.726  2.253  0.261
BRI D 199. 047 3 66.349  5.204  0.104
R 38.247 3 12. 749
st 7812. 180 16
BIER A 367.079 15
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Table 4 The average of the factors

i 0504 B K1
WE KT OEE
wE LR FH
40 21.677 1. 785 15. 996 27.359
I 60 22.020 1. 785 16. 338 27.702

/W 80 21. 577 1. 785 15. 896 27.259

100 21.010 1. 785 15. 328 26.692

10 23.947 1.785 18. 266 29. 629
W 20 19.672 1.785 13.991 25. 354
BffEl/min 30  20.622 1.785 14. 941 26. 304

40 22.042 1. 785 16. 361 27.724

30 19.620 1.785 13.938 25. 302
s 40 21.305 1.785 15. 623 26. 987
MEE/C 50 19,922 1.785 14. 241 25. 604
60  25.437 1.785 19. 756 31,119

1 15.790 1.785 10. 108 21,472

s 2 21.637 1. 785 15. 956 27.319
K 3 24,472 1.785 18.791 30. 154
4 24.385 1.785 18.703 30. 067
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Fig. 2 Removal rate of petroleum substances at

different ultrasonic temperatures
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Fig.3 Removal rate of petroleum substances

under different ultrasonic time
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Fig. 4 Removal rate of petroleum substances

under different ultrasonic power
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Fig. 5 Removal rate of petroleum substances

under different ultrasonic frequency
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Fig. 6 Infrared spectrogram of slag

sludge before and after ultrasound
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Fig. 7 Infrared spectrogram of oily substances

before and after ultrasound
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sludge before ultrasonic
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Fig. 11 Energy spectrum analysis image of

scum sludge after ultrasound
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