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Effects of rhamnolipids with different structure ratios on the emulsification activity and
oily sludge cleaning. BAO Hong-xu', ZHANG Xin'*, ZHAO Feng™*, ZHAO Jin-yi’, Li Guo-
qiao’, SHI Rong-jiu*, HAN Si-qin®, LI Ping’, ZHANG Ying’* ('School of Environment, Liao-
ning University, Shenyang 110036, China; > Key Laboratory of Pollution Ecology and Environ-
mental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang
110016, China; *The Tth Operating Zone, No. 2 Oil Production Plant, Daging Oilfield Limited
Company , Daqing 163414, Heilongjiang , China; *Heilongjiang Weikaier Biotechnology Company
Limited, Harbin Hongda Construction Development Group, Harbin 150000, China).

Abstract; Physicochemical activities and oily sludge cleaning effect of rhamnolipids with differ-
ent structure compositions were examined using crude oil and oily sludge of Daging Oilfield.
Meanwhile, the parameters of oily sludge cleaning were optimized. Results showed that there was
a positive relationship between the proportion of mono-rhamnolipids and surface activity of rham-
nolipids. The proportion of di-rhamnolipids was positively correlated with emulsifying ability of rh-
amnolipids to crude oil. Different ratios of mono-rhamnolipids and di-rhamnolipids affected oily
sludge cleaning effect. The cleaning efficiency was the highest at a ratio of 50:50. The optimized
cleaning parameters were as follows: rhamnolipids concentration of 1.0 g - L™", hot wash time of
1.5 h, hot wash temperature of 65 °C, eluting power of 220 r + min~", and solid-liquid ratio of
1.5. The cleaning efficiency was up to 81.3% under optimized conditions. After cleaning process,
oil content of the ground oily sludge was reduced from 29.6% to 5.5%. The oil recovery efficiency
was 87.3%. The washed crude oil has no obvious emulsification and is easy to separate. Different
ratios of mono-rhamnolipids and di-rhamnolipids affect their physicochemical properties and the
oily sludge cleaning effect.

Key words: oily sludge; rhamnolipids; hot washing process; emulsification.
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1 A s 7 N S S IR 5 i N 2V RV S7 N 1 G =1
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A2 R (TRTRR PAVRTE ™) T HRAE TR B Tl &k
R, CAA 8 Z N H (Hu et al.,2013)
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HEh i (R RIS, 2012) , XTS5 U B A B
BOTEEAE F (4R B354 2005 ; Sdnchez et al.,2007) .
R A 2 — 28 R A OB B 5 AN [R) Rl A<
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Fig.1 Relationship between surface tension and rhamnoli-

pid concentration in different ratios
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Fig.3 Effect of rhamnolipids with different ratios on deoi-
ling rate of hot washing process
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Note: Different uppercase letters indicated significant difference in
P<0.01 level, and different lowercase letters indicated significant differ-
ence in P<0.05 level. The following is the same.
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Fig.4 Effect of rhamnolipid concentration on deoiling rate
of hot washing process
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Fig.5 Effect of time on deoiling rate of hot washing

process
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Fig.6 Effect of temperature on deoiling rate of hot wash

process
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Fig.7 Effect of elution strength on deoiling rate of hot
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Fig.8 Effect of solid-liquid ratio on deoiling rate of hot

washing process
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REFE K EL AR 157, [ B 8 b 2 2% 1 37 4 7] HE e 1)
B rh XA EEE OETE AR, R, 25 G 2 0 SR
Beaiss , AL AR G MR 2 WA

FZHE NG o3 AR P & R A o
A R FOSUR 2 WE AR , 58 OB ZEWEAR & f AN R0
PR A —E R, ASHFESE TR B 5 B2
JE L AGH 8 328 B BTG, ZK A W) CMC B 22 38 K, 7K %
WM T R LA RE AN FE 3 08 ; B B A b
JiE e FE B3R, BRI W LA B — i R
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F1 EXRBWER
Table 1 Orthogonal test results

N o] HEA M B ESE0 HZED IATHES FRifi 2z
Experimental Factor A Factor B Factor C Factor D Deoiling SD
Group (i (M (B 1] (B rate (%)
Tempreture Concentration Time h) Solid/ (%)

C) g- L) Liquid)
1 55 1 1 1:4 75.16 0.40
2 55 1.5 1.5 1:5 78.85 0.41
3 55 2 2 1:6 77.17 0.27
4 65 1 1.5 1:6 80.30 0.36
5 65 1.5 2 1:4 78.94 0.36
6 65 2 1 1:5 78.66 0.54
7 75 1 2 1:5 79.39 0.24
8 75 1.5 1 1:6 78.85 0.44
9 75 2 1.5 1:4 76.90 0.40
k, 0.771 0.783 0.776 0.770
k, 0.793 0.789 0.787 0.790
k, 0.784 0.776 0.785 0.783
M 2% Measures of variation 0.022 0.013 0.011 0.020
ICNIES Optimal solution A2 B2 C2 D2

JEHER T, ASHFSE Al SR 20 0 3L AL R B
0, N 62.5% , 3X —EUH L AR ST rh B2 RR 1 2L
1 2R BOEAR (B0, 2016) , AT BE A K R A 56 8 1
) ST K PR S, R BB K, BN 2w LAk (2R 85
HAE 2002)

AWFFE N, B SR 2R IR o 50+ 50 B
X TG e A St T BERSCR . BRZSEAE v
15 IR AT VEALH A5G WA 7 T8, — AT T 2K I A
IS U g R B ke, RV B R A e T
T3 —J7 TS REHE A AU 8 ATk T K 3
RLIR AP 4 2 ok, BIRE 28 W0 9 2L AR IS
(fEH=,2011) , BEFEAS R BN, B AR 4l 0L 2= 4
RIMFLILAE ) fcik , (R LB M AR I A R B dr 1
UEW] T FUALRE JI IEANSE T UG veRe . BRI AR
PR BEAF (TG VeSO | 5 B — A~ LA 16 4 0 38 T 0
PEXA RAFRCR B SR WENG L L | 76 0
P PR R AR ) e 1 TG M R FEVE R AR S B Y
bR R R 09 FL AR AR R K | S0k
PR G TS

B AW T 0 1 7K SR A2 R R Bl 8~ 12 1Y
RE MR A B, X SE i A5 0. U RR M B 20 it iR A5 A
R TE M ], A7 A K 1 R R ) R A B 5
2005 ; A AESE,2010) o & X B B0 R TR BRL 2=
WMl B < T 3 ol P P 2 S 5 B 9
SR AR SCHER G B WE AR 9 B SO IR 25 A 1EA T
WFFE, 1% T FR 2= M A ik < o 0o JHL T RO () 5%

WA A Ff T i — 205

ARV R LA SAEAS ] 554 T G B AR 1 285
FLH SARBANTR], BRIk, o] 3 o A [R) oA VR i 2 | 5%
T BRI R T o i PR T i 3 5 T B AR T R
7 ERAEHE G A 25 40 e, GBI g N 013 et ek ik
U5 VRS NY3 TR 5 SR ZEHE RS Y Ll fE 3 2 7 ~
7 3OCRPENESE,2017) 5 43 BIAE I EAIR A4 T
IR SR AR M T SG, 7 AR B B BRI L 41
A3k 45 2 55 Fi1 95 ¢ 5(BKIE, 2016) 3 7E IR A AT
TR thiAB SRR (A SR B SRR TR SG A Y B4
WENE & A 8 2 0 5 S ZEHENG (Zhao et al.,2018) , #f
TETEAR ARG BT XS il T P R IR ANFR S | A
R RE AR Y BRI T I e s e O RS

2% 3k
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