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Research progress in oil-water separation technology based on
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Abstract: Based on an analysis of the principles of ultrasonic demulsification, this paper discusses the effects of
factors including ultrasonic frequency, power, treatment duration,emulsion temperature ,demulsifier, and water content on
the demulsification process. Furthermore, it explores the characteristics and effectiveness of combining ultrasound with
other technologies for demulsification and oil-water separation, aiming to provide insights for the development and
application of oil-water separation technology based on ultrasonic demulsification.

Key words:oily wastewater; ultrasonic wave; demulsification; oil-water separation; combined ultrasound usage

AT 4 TS HLAHE £ T A
et B 255547 ™ A R R K LA
ALK B K AL BT AT, IR e PR 9 FLAR
X FURIE K, Ab BEA AL B 3R BE 16 3 N
PRAEREL 223 BT IR AR 22 IR o X R AT
FL, SRR K o 8 R A DR LRI 7K 5 D 1 36
S5 XU A B PSTRE B I A ) S B, LR TR AK Bl 2
Z o YA AR AR DAL B B2, Y
ULE AL BTy ik AR Y B (O L R
PR AR ) Al (P LN REE T )
TAEYNLAE B B FIER R i 20K, — Lk
LA MR PP R BEFLEAR 7
BEFLBOR A IEZ W N T SLARBOR K Ak B, I
P A L DR YRR AR TG i5 3, HLAR B
AR TGN M B, AN SO 3 S i KA B Al
2R, W PRBE R WAL/ NSEIE L, 7 R A B 5 R 1T
RS J7 AT R R TR

1 BEWILIIERE
Py vl R R T 20 kHz (975 e SR

P, SR AR A B PR RR T, S AR AL A
RN 3 B A8 P R4 T AT 52 80 2L R
AR FL

FLARI IR K FAE A (0 B B i R — Sk 2 ) o
SR TR A W 3 4 FLAL T R P 2 1 i 7K A
T A Py e, T A T B2 5 i e S I K R I
TR R Z — & FOH R o A HES L %
D) 5 T LA — %) i AN SR, it 1) LR
ARAERE R B 23 A AR FE 2 e FLIR IR % 7K Hh B
BN, 7R I A IE R URAERT R, SR
W 40 RN B ik B2 S 2, O BRI R A s
5 000°C =il 1 50 MPa 1475 He |, 52 7K A kB Bl =2 4
15, I TR TR N i 2, 76 25 AR AR 1
N, — D7 K P 1R T LA 2 o0 A DT R
R A 5REE T, 55— 7 T 25 ARV L = A A s
TP U R RE L TR R B YR B R A R
P, LR R A Aain & AR me gL' S AR R
Hh AR AL FH T (5 LR N R T 3RS — e 1
Rt Hoz ghd B e KT ik 1. 44%10° m/s™° i T
1 7L 5 18 L F KR A7 78 8 1 25 5%, 7E P

I #5 B H#A.2026-01-09; f& B H A . 2026-08-27

E&WH : ERARFERA (51108401) ;LA HIRBHA R4 (BK20151313)
YEE B k4 (1999-) , I Wi t-As s Btk (1976-) , 5 181, B0z 98 J o ad R vs e S5 il 3 IHEK RN, yinjin@ yzu.edu.cn,



- 26 - FAX AL L

VERIE 2 52 90 1 A [ 1 328 gl MR, A [R] 14 J5T A
Fazslh 5 AR TR I A s Bl ad A oA A T
5 U R BORE 7 1T, e 2 A AR T 2 i
Koy

FUIRWR P KA B 1 3 FhEHTT AT S2 sz LA
KB B R LS R AR RO 0T, LN 2
AREERITENRFE R S AL Z R P ad B, i 95
(123 AR L 25 KOBE - AT ol B S /N R R -,
BRI, BEAN R A ] AR
SEAR R P FLASCR AR, P, SRR AN
PR 20T A 7 L 14 R T 3 ) RN RE , 2 itk — 2z
IR P e LA F) OB

2 BEWIEAZmER

T KR E T R AEBFLES bz 2 A
F R, HFAS A LR, BV T2 4 AR TR
A BFLACR S A AR, ENIIRZEE X T
B P BRI B e PR SRR T R i SR g, R B
RATE M AP AR MR AR ) VR RIRE 3L
PR AT T
2.1 BEKEHINER

U 1 D) 2R 5 M FLBOR 1) — D E S
T80 K INGE M) 23 A A5, A R R B, XS Tl e I
RN L, JCHE A AU ST i B2 W iR sl
JE MR % A A 5500 Al 43 R SR AR i FLAIOR 22,
MRt ey Ak B R S ARRON £ AR By U g i
SRR I FB T T g /N AR, T B L
B REFLACR 2, AR R, Sk A R
FE T B R S T SRR 2 /)N Y T 2R 4R RO TR I 40
B, L S5 3 i S g6 E B o R 5 nl L AR 2 Al A7
TEEBYVINOCER Y308 VBl — 2 A I, 7K ik
D SRS B BN P AE RSN 7 i R e, 2 S B
BRI XEF AL, RN 0.4 Wem®, 4
BIRURIR 83.5% , JE I R YR, a5 AL R B R
e, A BRI K S T R AR e

BAEDIRAEASE — B EUE, 7 % LR
WA BT (b FE S ISK T B KN 5 40 A ) AN
FH g R
2.2 BEME

I R/ T 28 A0 ()58 B 5 M 45 R
I HE B U T A RS R S R X T AR E L
R TK A 385 P 7 75 3 01 236 1 A0 e AP 2L X B
IF5E B, W3R I B o 2 R B 1y 1 B e iR R N
SR A 23 AL ROV, K 2 B O RCR L 2 4R L Luo

FE46 EE 11 H

A5 DA R BT R 7 BB FLAKCR B T R
AT SIS Ry 25,8 .39, 4 kHz I AU FL
BRI B 5 T 90. 0,126, 4 kHz B B FLACR , E4K
HIER 75 B AR PE T, AN TR /IS 8 Y8 Tk A 1 7 0% P LA
VEFH T EAH I J 58 58 Do A 2 ok (R i A
SRR 7 A B 2 AR R 3 25 )5 AT K ST SR AR A
—if, FEE LR EL,

XoF T 7 I L, AN AE [ A e A3 T
S5 FUR A B AR R 56 R ARARE 7538
T | AL ) LR, 3 B i LR B
RAALG T A i 56 J3 DAL T O 2 YRS 1) Al £ R 3R I T v
TR 7 BOE T 0 3R Y ) S B A T B T R T Y B
AR T O AR B R A T A vk
Vi RS /N LR PRI A S B N AT
SO BT FLIR VR R T2 R, P e SR A
IR P, A ok B I 5 AT SR L OBUUI R R Bl
20 FHAS [R5 1) 7 0 147 1 3L DA 5 Ml B 00
7 BRI
2.3 BEEARESERE

MR R AR T RURBE K B ZEDLAE T
/NI A BRI AR S SR &G B RO , e AR T
JIPIVE T SEBLIM AR 5 K AR 9 43 B i R il e —
E R[] A 7L 28— Bt o e 75 AR s ] () 224 T
P R — o BRAE , © 20 B K L2k
TR, ARSI 8 ZUR R e A A IR ] A —
EMIZSE, Romanova % & BHL, bifi 5 A 0] () ZE 4
WAL BRI e T 5 B B4, BAEVE B
B8] R 2 min BFRCHRSE =M (61.321.5) %, {EFIRT[E]
KB F AU BRI B FRH B T AT HOBL /)N
HIW , S8 AL,

T T LR A K oy B A B R K
M), =S b VR RS Tl iR R b
T, R ZR R B B T v — T T 2 BRI LR A R B
7K Z [] B % B 25 34K bRk 73 B 0R, 5 — T
Tk 1) T o 2 R 2 YRR 11 A7 B33 3, W 2 o
JEE TR, 380 T B 22 ) Y i AR AL
2.4 HMFEE

S LA IR T LR R E AR,
WA —SERE R Z , Wm AR PE BT AL LR A R
e SR K B E KR B R

Chen 251 AR [R] 49 52 56 2% 1 X6 5 J5i 9t AN
JEIEAT T TR RE B A 7 AL R, 2 B ST R Y K
TR, B W AR TR BT ol . R R AE T H BT
T REEE & TR T



2026 FE 11 B

il FE A AR A AR TR A I 0 R, A B AR 3L
FIH e FE , % 50.100,150,200 mg/L 4 I~HRJE S
B X S & SR 100 me/L BY A4 T K
R I, B VR B TR K RS RSN, Bl
A LA FE T o T DA K AL A b i) R AR 2L
TR B 22 B4 T S BRI SRR LR i
W T o 1) — 2 L A 2L 700 P R A R Tk B T
Ko AL v B Ak 2 T g, DU T 3 4 7
T Z A1 U AR, AT K I AR A58 E , 53
IMAKE AL,

Nadirova 25" 3 iof 24 28 LR T HP B9 5 K 8ok
5T FLARI 7K o X FLAR B FL A 52, &30,
Ktk e PR LRI L B 7K AR ) FLARVE A T K 43 B 2%
o YFLARE 7K & BERG WK 1) B
SR AR AR BRI T 3. 43 £5, 0
TR 24 AR 23 A0 1. 34 4% W 1A FR 23 B
2.43 i, K BG I, WA R R AR g K
Er AN, R AR R VRO R LSRR, 2
TR I T REE

Kou 25" 38 s 5T & B, 76 A0 ] 2% A4 RUS 5
PGPS B AR P R) A 11 min, 10 2450 55 35t 377 1)
e FERR A B 18] o8 15 min, 78 FLDR I 3L K 7
AT, AR AT 110 UM 7 5 % 3 Lo B 00 75 5 3 3
TR

X TR R T K o3 15 R P D A T 3
AP AR FH IS TR R 7 = AR iR A 3
WM REBFER . FE AT & R, 7
ARSI K B 2, —J7 T, S h K BR i K
PRSI A7 AE 2R R I M 700 B ), (A5 1
I e R e 32 8 AU T K R R A A T B ) A T
FBE 5 5 — T T T B K A T8T B I AL 7K (W/0) 3K
AL (O/W) By AR Ry TR E 1Y 2 8 FLR K K
(W/0/W 85 0/W/0) , TXF 5 2% H R E 1 2RI
PR 75 LIV 5 S R | DR R A A
FHES ], S BOREFE 1 253G hn PR abbe S et FH 8 7
FLARAME S B Ml Ak T 55 JH e LA AR 9 35
IE B HRAS

3 BEBIABKAREAR

T 7 BRI PR AR F [ B 18 A [ 3 8 0 o 3
Ze A FIEELR W UL R A
3.1 HEHAFEKRA

R e 22 HLISE 9 Bl i) ) A0 2 e 7 5 4%
ol 288 2L 50 P ) 41, G o 3 B A 2 L)

KEF  ETBEIRILOVHKD BRAHRHE 27 -

HREE R IRIE L RN 94 K kL A L) 4 B
Telmadarreie 5 MR T 14 FhAEFLF, & T HEFL
SRS T R B AR AN o P RIVE 3 R T
B, X SR & B, TR I, 14 Rkl
TP 5 35 R 1 MR B A 1T S A R L, B
P 60 min S I [R] AT SEELA SOBEFL , 1
GEA NFMEE 15 min, 14 FPBEFLRN 2 AT 2245 T ak
WO T4 R A 4 1F T B n] S B0 AT skomt 2L, e vl
ik 100% , TEBCAVERTT , — 5 1 3L 700 52 745 P bl
BRCVE FH AT SR 34 57 b B 0 2 9l K B T T DA
T O g 25 VT i A A L 7 R g AL T b 3 1 T
P 5 1 0 R, B bR e AR I A T 5K R B T A 1Y)
S GR T R FLEH A, 55— T R A i A
PRAE PR AT T 42 A 6K A T 5 10 580 B8, T O 20> 1
LA AR A 2 R LR A A B T R Y
Vi ]

MR S 2B LA A B R 28 T 2 PR
B 0 R B NG PR O A A% B
FRCE Ay 7 [ 8 L AR PR 7K, 38 7T R A, HLAk 2
WL A AEAEATS SR 22 18 0 5 52 A B B X P A7 A 30
BRI, BRI R AR T A 3 | A A1 i ke 2L 700 A2
TR ) R T )

3.2 YEELAEAR

AR LA B — R B R 2 &
Zap 2Ol A A B R (I B0 W
FL 7 FR R W B 500 45 ) 57 08 75 B PR Ak BN [ 2 J )
FLRI LA S B K R 3000

Ronchi 252 B4 4 7 X6 LR % /K 78 A [) 41
R AR R R FL R I 22 52 SR BB R IR A DA
BE AR AR SR R M B 2R A AT T SE 5, K IR A
% 35 kHz, /E 1] 20 min, TCHLE % 2N T4 R
MARMEFAE S B A LR, o Hi R e} T 52 B3 7K
ITERIR 80% , B B FI A A 76. 4% , (HH AL
PN (1 e s =51 AR R X/ Rl - =
LR = R 2 8] A 25 B RE R [R) , 75 9 A 45 B
JEE /N R R r £ 4 B 5 R R R A D A
1) R i 1 A FLRIBE K 5 S B 7L

Liang % g 1 Ab BEVE O B 2% SRR A T
FOMFLRIL, 20k 5 i S e M R G — ik,
5 3 PP s AT T T, A B
FP B A B ROR AL TAT R — ok i B 3 1
FH AR TUAM A & AR BE 2 0. 5%, 575 A
TE S B S FH R WO B2 3 78 | R4 0 SR T
e = 3AE R, W% A 328 sh B0k o8 & 2%, (545



- 28 - FAX AL L

VRO 2 fuh R 2R I 1) T e W RO, SR 1T —
BRI RL

TR VR o 550 Ak BRI 7K 2 — A% 452 14y 2
HOR HM R W — o2 A LR G MR A 7EE
A W A A FIAS W O A6 i DAL I R AR AT LR
FRNBROAR RS2 U Ay 1 2D 4R v TR IR I RS 58] A
AR5 | 344 o o 52 R T Ok RN B AR B AR, Akpomie
SRR R RN R R B KRR E A A RS
T LRI A B 3L KK 43 B, R B P AT i
PR E I (4.97 o/g $ETFE 6.11 g/g) ,HA T
P T SR VAR Tt R R B ) S L Z T R
VERT, DT 4 e W B, 5 ELAARL AT AT

AR Sy — o B R BBCFL T AT SR AL AE R
FEHY B, K URLAZE B R AR T REEE R 53 E
o 28 17K ST DA S T8 IR 10 5 P O RV 8 A
R F S5ELANG S H AR URLA 7] 3 3 % 1
B il 2 1 B RE ARV M (4 9K ABOREL | LR XA
EESISERINGS

oy Bk e A B H MR Tk 2 — B 4y
BAR A e FREAB AR A D0 A5, (LR T ) e 22 Wi AL B

FE46 EE 11 H

G oA IR U B FE RS AL N UBE IR )22, AR 0 5
AR LRI 2 K v Tk A e R i, AR T 3 5 ™
W N TP — [ B, Fazullin 25288 75 5] A
JEE o B IR R YN R B3z B 28 R 35 kHz 1Y
AR, R B 1 LE 7 3R 4 = T 30% , M DR I 1L
FEARYRE T 45% , AT AT R B 1k kL 2R A R ERE )2 1)
TR, K T i a7 A

S AR, — A A R, 6 ER
BERFZR /I (EA B A6 1 AR A LoDR W P S5 A Ak i A%
b HZER B, S BB AR W B S B AR A
KRR E , FBULA B
3.3 MLAERTE

FE S B o FH B, 6 FpE B R 2H 43 4y B A4 3L
RN Z AR B ZUR R K &5 T Z R BRI
2 T2 AR AT A, — e, FLAR %
IKAERR 2217 W) 5 S R w2 S A AL By 2 Y
pH, PR A AL B JF i R Ak 27 i 3L 45 4
AR E AT, B FL 76 UG T 456 B0 S5 45 2K
RO ES H AR ST AK AT B AT S AR P A A
I FHAR A FH Tk 4y B sk 1 iR,

®1 ESEFNABBEBKARARRIIST

BAHA yE s A BB IR st T
M2z 50 (200 FESAR R WA TR 40 kHz, BB A IH# 100 W, KT B % 95% BB EAMK N AR
FBFEEE] 15 min, BEFLFIES IR 0. 015 ¢/L S Kok fie
B | LR A I 0.97 Wem?, fE IR ] JH/KAY#5K 83.3%
Jna 27 120 min, BFL0 4 800 mg/L, YLHEMRE] 1 h
PRI R 22 B FUR B BRI T AT KSR . 76. 4% PR BRVERT N AR
#.23.3 W/dm?  Ji & 35 kHz, #8750 4] 20 min FHIERE
gk E Ak ) [E] A BB P ARR 22 kHz, B IIR 1 kW8 KB R .99% HORE NHTEET AR | RIOR5E
FEHTTE] 3 min , 44K BURL R AR FR 434K 8% 1Y 2 mg/mL PRAETT B, ISR AT TRk E
YK A AR T TRV T
TR KA T LA, 295 K M v, S A E] 15 min, W2 6 7500 [ 9t 52 4. 97
W RRR i 2 G R R R B HREE 325 K /e BTIE 6. 11 g/¢g
i 43 1 123 S L P R A — B TR W=, g bt RORE TEEAA . AR IR
35 kHz R =S 30%, HIEIHR R 40%  BRAEMIS NAHTERET BEJIRRIRZ 3%
IR 2N MR, B E 150 kV/M, IR KA EE 95% BORE GEAEE e AR BRI
k23] 5 kHz, fE R 8] 60 min, #3758 B 210 mT, £ T HFLIR R % 7K
[6] 10 min ; #8538 B 0. 35 W/ m? B [E] 20 min; $52
TR 70°C o KSR 95%
H 378 TSR A 28 kHz BT 0.5 Wem?,  THIZKZF B4 93%

HI7 )% 2 kV/em, HLIZ 4% 1000 kHz, F[R]7E
AF1E] 10 min




2026 FE 11 B

KEF  ETBEIRILOVHKD BRAHRHE +29 -

RAHA A Qb PR Heali y=s
Tk A PIGREE 50°C ,pH 5,AR-2 BEFL 25 me/L, Bt KOS R 3% 44, EHWE AWM  AE TN
AL P T 200 r/min, PR H] 40 min  BFEHUR 25 kHz, JRKFEMRR 5% A A FHRE il B
N FETA 30 W, R INE] 25 min BCRHE] 20 min, 5
LU 2800 1/ min, FH B F RN G BERE 35 mg/L,
LUEEIE P 180 1/ min, £ EEMT ] 20 min
I B LR AR 25 kHz, BRI 40 Wl Sk 4r B3 94. 6%

7 [E] 25 min, pH 3 ~4,FeSO, 160 mg/L, B4 K
0. 1% , AP E] 40 min, B T ) 50 ) PAM
35 mg/L,{?}/Dﬁﬁ 3200 r/min,,'?f{)ﬁﬂ'lm 20 min

Zrigl )

LEVEESE7/EL N ot I R SE DO K (i - R R N1
A B RO W, S GEHOR A L, RO
fe VS T e e PR e e A, R
S ) Tl Al ad B o 45 77 AE — Se ) B, {H B
FE g R R OB R S5 U 4 A BB S, P
RO 2 1 5 W R AT

4 £iE

AR R — Tl 2L ) 4y B 7L 12k | o P L AT
FLACR R JoT5 4 GE VSR Ak sas s, B
5y 5B AR E o X T FLRIE S A s
oK, P A L T AR 2 AR TR LR 1 S
AT, DA B A8 g ARG LR T 2ot 2 e 23080 11 1
R RS , e ZAEHUNRA T T T R4S BRI , S5 8L
KB, A BEFLACKR S P R D A AT
] RS SR, iR SRR S HABE A B
IR FH AT LA BT A FE A

PRI, AR SR 25 7 e L ) bk 7 o B B R e
IO R O 3 A5 T R R AL B R T, A
oy BERSEL AR REEL | E O EEL N ORIURL A L A
FORBPIFEAET, 3 — 5 TH o B ROR s Wik R g
Tl AL S OB, T AR R AR B, AR R 7
(OB | REAE AR P 52 M b SRR b — AP 4 ) e T
FOREFLIIK 0 B R A SC B s IR 2 B AR 1Y
PRI, DA 2550 (T, B AR REREH BE A% , 45
B A BRI L, AR AR L3

S 3k

[1] Hamedi H,Zendehboudi S,Rezaei N, et al.Application of function-
alized Fe; 0, magnetic nanoparticles using CTAB and SDS for oil
separation from oil-in-water nanoemulsions|[ J ] . Langmuir,2023,39
(23) :7995-8007.

[2] Tian Y,Zhou J,He C et al.The formation,stabilization and separa-

tion of oil-water emulsions; A review[ J ].Processes,2022,10(4) ;
738.

[3] BREATN, R85, MM, 55 K 43 SRR M W 8 3 SR [ 7] BRAR
1£1,2024,44(1) :63-67.

[4] Li Y,Zhu S, Lin G, et al.Research on ultrasonic demulsification
characteristics and parameter optimization of condensate oil emul-
sion[ J ].Chemical Engineering and Processing-Process Intensifica-
tion,2025,209:110185.

[5] Ravera F,Dziza K, Santini E et al. Emulsification and emulsion sta-
bility ; The role of the interfacial properties| J].Advances in Colloid
and Interface Science,2021,288.102344.

[6] Niu H,Wang W, Dou Z, et al.Multiscale combined techniques for
evaluating emulsion stability; A critical review [ J]. Advances in
Colloid and Interface Science,2023,311.:102813.

[7] Adeyemi I, Meribout M, Khezzar L.Recent developments, challen-
ges,and prospects of ultrasound-assisted oil technologies[ J ]. Ultra-
sonics Sonochemistry ,2022,82:105902.

[8] Romanova Y N,Maryutina T A, Musina N S, et al.Application of ul-

trasonic treatment for demulsification of stable water-in-oil emul-

sions [ J ]. Journal of Petroleum Science and Engineering, 2022,

209:109977.

TR 1 R AL B BT A ORI B S R (D] 8 P

AR (H2K) ,2021:3-5.

[10] Sadatshojaie A, Wood D A, Jokar S M, et al. Applying ultrasonic

—
=)
[

fields to separate water contained in medium-gravity crude oil emul-
sions and determining crude oil adhesion coefficients[ J ]. Ultrason-
ics Sonochemistry,2021,70;105303.

[11] Luo X,Gong H,Yin H,et al.Optimization of acoustic parameters for
ultrasonic separation of emulsions with different physical properties
[ J].Ultrasonics Sonochemistry,2020,68:105221.

[12

[

Parvasi P,Kamali F,Talaghat M R.An experimental study on low-
content crude oil in water emulsion using low-frequency ultrasonic
waves| J ]. Brazilian Journal of Chemical Engineering, 2022, 39
(1):197-205.

[13] Romanova Y N,Koroleva M Y ,Musina N S, et al.Ultrasonic demul-
sification of water-in-crude oil emulsions; Influence of rheological
properties| J].Chemical Engineering and Processing-Process Inten-

sification,2025,211:110242.



- 30 -

[14]

[15]

—
—_
@)

[l

[17]

[18]

[19]

[20]

[21]

[22

[

[16]

[17

[

[18

—

[19]

[20

[l

[21]

[22]

[23]

Wang Z,Gu S,Zhou L.Research on the static experiment of super
heavy crude oil demulsification and dehydration using ultrasonic
wave and audible sound wave at high temperatures[ J ] . Ultrasonics
Sonochemistry,2018,40:1014-1020.

Chen W S,Chen Z Y, Chang J Y, et al.Ultrasound-assisted desali-
nation of crude oil; The influence of mixing extent, crude oil spe-
cies, chemical demulsifier and operation variables [ J ]. Ultrasonics
Sonochemistry ,2022,83:105947.

At K FLR R 5 P e L 5T [ D ] AL 5T v A 3l
K2 (dbaT) ,2017.

Mettu S, Yao S,Sun Q, et al.Effect of bulk viscosity and emulsion
droplet size on the separation efficiency of model mineral oil-in-wa-
ter (O/W) emulsions under ultrasonic standing wave fields: A the-
oretical and experimental investigation[ J].Industrial & Engineering
Chemistry Research,2020,59(16) :7901-7912.

Nadirova Z K, Ivakhnenko O P, Zhantasov M K, et al. Ultrasound-
assisted dewatering of crude oil from Kumkol oilfield[ J ].Chemical
Bulletin of Kazakh National University,2021,101(2) :4-10.

Kou J, Huang K, Li Z.Study on demulsification characteristics of
crude oil based on orthogonal dual frequency ultrasonic standing
wave field[ J].Colloids and Surfaces A :Physicochemical and Engi-
neering Aspects,2024,695:134280.

Telmadarreie T, Berton P, Bryant S L.Synergy between solvents and
acoustic energy destabilizes SAGD emulsions [ ] ]. Geoenergy Sci-
ence and Engineering,2024,243.213269.

W, ERT B0 T AR ea S [ T].
BAAET.,2023,43(1) :51-56.

Ronchi R P, Negris L,Melo B N, et al.Removal of oil from synthetic

(L% 24 )

Hess C.Nanostructured vanadium oxide model catalysts for selective
oxidation reactions[ J ].ChemPhysChem,2009,10(2) ;319-326.
Faizan M, Zhang R, Liu R. Vanadium phosphorus oxide catalyst:
Progress, development and applications [ J ]. Journal of Industrial
and Engineering Chemistry,2022,110.:27-67.

Védrine J C, Hutchings G J, Kiely C J. Molybdenum oxide model
catalysts and vanadium phosphates as actual catalysts for under-
standing heterogeneous catalytic partial oxidation reactions: A con-
tribution by Jean-Claude Volta[ J].Catalysis Today,2013,217.57-
64.

Hashim B,Khan W U, Hantoko D, et al.n-butane oxidation to male-
ic anhydride : Reaction mechanism and kinetics over VPO catalyst
[J].Industrial & Engineering Chemistry Research,2024,63(14) .
5987-6002.

Hutchings G J.Heterogeneous catalysts—discovery and design[ J].J
Mater Chem,2009,19(9) :1222-1235.

Xie Z,Zhu S, Wang X, et al.Microwave synthesis of vanadium phos-
phorus oxide catalysts for n-butane selective oxidation [ J ]. Partic-
uology,2025,96.97-105.

Zhang X, Wang H,Gou L,et al.Synthesis of an efficient VPO cata-
lyst for the selective oxidation of n-butane to the MA product:
Mechanism of crystal transformation[ J].Chemical Engineering Sci-
ence,2023,274.118708.

Faizan M,Li Y, Zhang R, et al.Progress of vanadium phosphorous

LA AL T

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

FE46 EE 11 H

heavy crude oil-in-water emulsions by the association of glass ras-
chig rings and ultrasound [ J ]. Journal of Dispersion Science and
Technology,2021,43(1) ;22-32.

Liang Y, Huang Q,Li Q, et al. Multi-physical field intensification
process for shale oil emulsion dehydration: Parameter optimization
and mechanisms exploration[ J].Processes,2025,13(7) :2167.
Akpomie K G, Conradie J.Ultrasonic aided sorption of oil from oil-
in-water emulsion onto oleophilic natural organic-silver nanocom-
posite[ J].Chemical Engineering Research and Design,2021,165:
12-24.

Fazullin D D, Mavrin G V, Fazullina L 1. Intensification of the
process of separation of oil emulsions by exposure to ultrasonic radi-
ation[ J]. Theoretical Foundations of Chemical Engineering,2022,
56(3) :301-307.

Zhang W, Zhang L, Jin Y et al.Integrated chemical-emulsification
ultrasonic-centrifugal , and oxidation-flocculation treatment of oil-
field drilling wastewater [ J ]. Desalination and Water Treatment,
2025.:101322.

Ozdogan N, Albahnasawi A M, Agir H, et al. Demulsifying of waste
oils in a port reception facility by ultrasound with a new coagulant;
Techno-economic evaluation[ J].Energy Sources, Part A : Recovery,
Utilization , and Environmental Effects,2025,47(1) :9841-9855.
TGRS 5 FL I 5 A DS L AR K 5 P B LB A
FE[ D] IR WA IR EEHE T K2, 2020.

Zhang L,Hu J,Yan L, et al.Study on the technology of ultrasonic,

chemical and mechanical combined treatment of oilfield aging oil
[J].Nature Environment & Pollution Technology,2024,23(2) .
345-356.1

oxide catalyst for n-butane selective oxidation[ J ].Chinese Journal
of Chemical Engineering,2022,43.297-315.

Zhang X, Tang Y,Qu S, et al.H,S-selective catalytic oxidation : Cat-
alysts and processes| J ].ACS Catalysis,2015,5(2) :1053-1067.
Reyes-Carmona A ,Soriano M D, Lopez Nieto J M , et al.Iron-contai-
ning SBA-15 as catalyst for partial oxidation of hydrogen sulfide
[J].Catalysis Today,2013,210.117-123.

Lee H S, Yang ] H.Enhancing catalytic activity of V,05/TiO, in
H,S selective oxidation by modulating oxygen adsorption conditions
[J].Canadian Journal of Chemistry,2023,101(5) :306-315.
Barba D, Vaiano V,Palma V.Selective catalytic oxidation of lean-
H,S gas stream to elemental sulfur at lower temperature [ J ].Cata-
lysts,2021,11(6) :746.

Zhan Y ,Zhong C,Bi M, et al.Unveiling the catalytic active sites of
iron-vanadium catalysts for the selective oxidation of methanol to
formaldehyde [ J ]. Chinese Journal of Catalysis, 2025, 72; 334 -
343.

Efendi A, Magerramova L, Aliyeva A et al.Feature of catalysis on
bimetallic alloys Zr with V,Mo,and Fe in the reaction of methanol
oxidation[ J ]. Turkish Journal of Chemistry,2021,45(4) 1070~
1085.

Litvintseva K A, Chesalov Y A, Selivanova A V,et al. Mechanistic
study of selective oxidation of methanol over a monolayer V,05/
CeO, catalyst[ J].The Journal of Physical Chemistry C,2024,128
(8):3193-3203.1



