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Experimental study on pretreatment of oil sludge scum

by microwave—ultrasonic method
YAO Lirong' ,CHEN Huixian®,ZHANG Dashan®,MAO Lingiang®,ZHANG Wenyi* "
(1.MCC Eco—Environmental Protection Group Co. ,Lid. ,Nanjing 210019 , China ;2. School of Environmental
& Safety Engineering ,Changzhou University , Changzhou 213164 , China)

Abstract: In order to solve the difficult problem of oil sludge scum treatment in a refinery, the micro-
wave—ultrasonic method was used to pretreat the oil sludge scum and the reaction products were ana-
lyzed. The influence of microwave and ultrasonic on the removal rate of oil sludge scum was analyzed by
L,;(5*) and L,((4") orthogonal tests. The process parameters such as microwave time , microwave pow-
er,ultrasonic time,ultrasonic temperature and ultrasonic power were optimized. The results showed that
the removal rate of petroleum substances in oil sludge scum by microwave—ultrasonic method was high.
The removal rate and recovery rate of petroleum substances were 53.23% and 31.03% respectively
when the microwave time was 4 min,the microwave power was 252 W, the ultrasonic time was 40 min,
the ultrasonic temperature was 70 °C and the ultrasonic power was 50 W. The effects of temperature,
time and power on the removal rate of crude oil of oil sludge scum decreased in turn. After microwave—
ultrasonic treatment, the space between sludge particles of oil sludge scum increased, the sludge surface
became rough , the texture became loose , the tight adhesion state of oil sludge was broken,and the con-
tents of petroleum hydrocarbon components C,,—C;, decreased obviously.
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Table 1 L, (5°) orthogonal test factor level table
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Fig.1 The influence of microwave single factor on
the removal rate of petroleum substances in sludge scum
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Table 3 L, (5*) orthogonal test results

®4 EEEHRER
Table 4 Inter subjective effect test
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7 3 252 34.45
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9 3 567 35.95
10 3 700 36.31
11 4 126 35.01
12 4 252 37.62
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Table 5 L, (4°) orthogonal test results

F5 A /min - TR/ C W B %

1 10 40 50 43.11
2 20 40 60 43.45
3 30 40 70 44.73
4 40 40 80 45.61
5 10 50 60 41.90
6 20 50 50 44.85
7 30 50 80 43.71
8 40 50 70 47.62
9 10 60 70 46.04
10 20 60 80 46.29
11 30 60 50 46.55
12 40 60 60 49.76
13 10 70 80 48.97
14 20 70 70 47.52
15 30 70 60 49.49
16 40 70 50 53.23
K, 45.01 44.23 46.94 /
K, 45.53 44.54 46.15 /
K, 46.14 47.16 46.48 /
Ky 49.06 49.80 46.16 /
R; 4.05 5.57 0.78 /
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Table 7 Comparison of the results of oil sludge scum
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Fig.2 SEM images of oil sludge scum before and after microwave—ultrasonic treatment
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Fig.3 Petroleum hydrocarbon components of oil sludge scum before and after treatment

L3 AT A< SR vl P 8 7 i 1 A T
B EBEERIE CLE Cy, A, CL,E
Coy AEIB F A TH0 I B A3 5% 2 30 B AR, T D g
P - R Ak PR R T A I RUR
(), AT LUE H A R 5 i sE 4l 4y (C o, -
Cy ) AL BRI AL 1 3 A% T v K B e 2 23 A B SUAR
IXA] BESE T2 ke R P A 3 A Bl ik 2 4
SR U . RO - S AR
P < A B AR R] U8 B - B A B TR
OO AR 2 KB AR T AT
X R F- A AT I K43 A e O i

W RE TR kA R SOV, N T kR R AL S
PR TR AL B 7 0 B HIURIR 37 22 7 AR R
ARSI, 3ot S e S ol i 98 2 1T, X4 8 3 v 7
A JE TR R JEUA TR Ak B R 58 AR BRI TS
PeIrEOT  fih 5 e B, BE— 25 Ak PO R BE 52
S R, E KR RE S = B H Y

3 & i

ARSCR R TR, 7 45 5 14 75 3 % ik e
PRI HEAT PAL PSS | TEAS IR I R .
(1) P — T | ol 0 — P A 5 AL B T 254



B3R

ok —#8 B ik TRAL B b R F S R IR A A .35 .

REAT R BRI I I T ARG |, TRk — 8 75 Rt 75
— BRI A PR SR 0

(2) FEC AT I IR e e 26 R, BB P IR
A ] A 7 I = R 2R o 5] 55 5 e R 7
SHIMUE TR i H A 5 ) R BRI - Y
A AL BRI 1] 4 min, S0 TN 252
W, M s E] R 40 min, BRI EE R 70 °C M5
R 50 W, AW T 25 bRk B 53.23%, 14y
IRk 31.03%

(3) Ll — i 75 Ab B 5 A b 8 U7 v e kL
Z B2 BAE K, 5 e 2 AR KR  J5T Ml FA I, Tl
Ve T B A RS T s Tl — 8 7 Ik Ik
AREA SR BRITFE R AR R, AhET C,
—Cyy 57 e 550 B B FRAIG

£ 3Lk

(1] WHE=, &, FEE, F =S-S5t
A ATMER (V] RE T, 2018, 38
(12): 134-139.

[2] AE&E, 9048, ZEAWe, %%, oo e o U5 A AL 3 H R i 5%
HEE [T]. MHMET, 2021, 50 (4): 1044-1048.

[3] Krishnasamy S, Perumal T, Shaikh M, et al. Process optimi-
zation for the recovery of oil from tank bottom sludge using mi-
crowave pyrolysis [ J]. Process Safety and Environmental Pro-
tection, 2021, 148 392-399.

[4] ZEadt, BRI, $I7EA. ST 200G b & 5UH & s e
MERBESE (1], WA, 2018 (2): 39-45.

[5] YuKC, Ling Q F, Gang Y Z, et al. Bioremediation of oily
sludge by solid complex bacterial agent with a combined two-—
step process [ J]. Ecotoxicology and Environmental Safety,
2021, 208 111673.

(61 XUmbd, IR, ¥k, S5 il &l e ik ab 2
ARWFSE [J]. WEHESR, 2018, 34 (11): 57-58+62.

(7] EHsk, BaERI, WHE. 85 L3S S e bR b S8 5 i 5T
(1. A RIRSALT, 2006 (3): 239-241+168.

[8] Heddi. 7 I Bk S i e s B ARG OT 5T [T].
TEBRIEA, 2019, 9 (3): 16-17.

(91 20, PG 3 e 75 I8 T Ak B — PR 4607 FR e (1 T
J¢ [D]. MR M/RELLRY:, 2015; 78-83.

[10]

[11]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Sivagami K, Anand D, Divyapriya G, et al. Treatment of pe-
troleum oil spill sludge using the combined ultrasound and
Fenton oxidation process [ J]. Ultrasonics Sonochemistry,
2019, 51 (5). 340-349.

Gao YX, Ding R, Chen X, et al. Ultrasonic washing for oily
sludge treatment in pilot scale [ J]. Ultrasonics, 2018, 90.
1-4.

FETR. R BT - YR G T2 A B ahis e
[J]. BRERlE 5453 2011, 36 (8): 108-110+113.
R r, W, WEAE, & EiTE i Ak b BRI
JE [J]. ALY, 2013, 23 (3): 59-62+75.
Binner E R, Robinson J P, Silvester S A, et al. Investigation
into the mechanisms by which microwave heating enhances
separation of water—in—oil emulsions [ J]. Fuel, 2014, 116
(1): 516-521.

Guzman—Lucero D, Flores P, Rojo T, et al. Ionic liquids as
demulsifiers of water—in—crude oil emulsions: study of the mi-
crowave effect [ J]. Energy & Fuels, 2010, 24 (6).:
3610-3615.

HOREAE. i Ve oAb BRACR B2 A28 4 B e [,
LA, 2011, 40 (4): 362-365.

Hansaem J, Ryang L J, Jin K' S, et al. Concerns and break-
throughs of combining ionic liquids with microwave irradiation
for the synthesis of Ru nanoparticles via decarbonylation [J].
Journal of Colloid and Interface Science, 2021, 599. 828-
836.

. OB R AR S s PR L AR ST SE [ D] ¥
M. WA K, 2020, 86-87.

Hu L, Hao W, Lingzhao K, et al. Insights into oil recovery,
soil rehabilitation and low temperature behaviors of microwave—
assisted petroleum—contaminated soil remediation [J]. Journal
of Hazardous Materials, 2019, 377. 341-348.

THEI, REx, WA, 55 BARBAL M) 7 &
PRI AT S [J]. EARSHE TRMm (h3k30),
2021, 43 (12). 20-26.

L, WM, EYA, A uiE I A E Ty
[J]. ARl 548, 2008, 33 (2): 115-117.

TAE EE, R G R AZ T =
MR TZ [J]. FEZE, 2020, 29 (1): 26-28.
FEHF, PNIREE, 2, S TCHLER MR A R e Ly
BLERSMT [J]. AT, 2013, 40 (13). 21-22.





