5539 45 440 mow| L F Vol.39 No.4
2022412 H 25 H Oilfield Chemistry 25 Dec,2022

X E S :1000-4092(2022)04-703-08

EYREEEFIRENN KK BRVGEES
L BRI

AR R OITRGE RBRE 5k L, S, S >, EIER

(1. RITR2ZAA2E SR8 TR B, WAL FRIM 43410052, KITRZE A TRE2ABE, 140 BRIX 4301005 3. R K22 (AR figli2Abe,
dtat 100083 ;4. EH HUm I P EATH o 146 2 430100)

FE A adib @ 5 R AL A2 P A B Ao L F A ELA B St A iF Fe 0 A, AT R AR IR AT R SLAL,
FAERE K AM A @ E RN T AMRM AN EZ TR PIFRIZR6d, FRB B © LiFkS Kiks, 5344 R F A
ey B Lk, A EFRMEAEN, KRB ERK-BI S B KR AR L A0 Iy kb & A k@ E A (BS) 2
FA MR ENR . BT AR AL XS EAT AL LI R TE 5 AT R A E AL Zeta WAL 3 BS A8 E 69 44 R
SREIRHEAT T AL, PR B B R T A ERRE AIRAE R MR RS A SRR A, FRT ARGMK
B IR By B R kAR A B 09 Ak TR SLIR M LA . AR R, B L E IR AR S 4H 80% A0
100%8F, ¥T 4~ %1 4% 200 nm £ A F= 40~200 nm #4269 4k Bk . 20% b F ik AR /) i ) &0 4k 5 i 49 Zeta W45
W, AR R D, B B R IRARAR S EA 60%0T, 4 R ER AN T My 6 B SLAR R AR T AR =
Y R BRER AT R 0 K Ll Ui 7 A ROF R A LR, H F 24 h B W9 LR Bk B 78%, xb iy i 44 sk L3 1T AR B Ak
LR R, A G AR 51 2 A AW S, )G 3T IRBE AT At KAk 5L, Rl A e L &

bR 2 2l P
SRR AR TG PR s EFL BRI GO B 15K
X EkFRINAD : A DOI:10.19346/j.cnki.1000-4092.2022.04.022
FESES:X52 Frrg Rl (FIRERRSS ) #R12E3 (0SID) :
0w DLy TN o W N oy e LR Y s N P |8 2 il 2
=

T EIMRABICELIT AL, DL TV AR ] o
TEAT AN AT L R, 2% FRSEEL R 52 B4R R B9 UTAFER , WENE DN KR R LR 1 H A A5
K MKFURA sk AR TP B =, SRR Y REPEAN AL TR g S R i
HAEAMBEHR RS R b SBT3 . RS N A ERET o B R, DR AR
VEZAT D R R A A A R AR ATl el BRE K O T 32 3 TARKOCTE" =, RV R #4
FEWEEN . CAMRZSKTYRAL A BN S GRIRAS R REVENRRL T ARG o 1 ] T 7L Ak
fe AR E B FLIBOFSE BIOK e B pOWFE = =20 (B KR S PRI BRI > B LisE™ il i i ik

* I FE B HA:2022-01-05; & B H#A:2022-02-28,

EETH : [E5CE RBHE & 002 - 208 I = 350 = RGBT R (35 B 255 20172X05009-004) , [E1 58 [ S8R 24 564 F 005 5 “{I%
BB IR i U SR SR A A A A SERE TS (I 2 5 51634008 ) , 1152 SRBIHE 4 DR BRI AS VR WA 3 o S S
R FERIHFE” (3 H 45 51574038) L TUAE W B e R 23 DU SR G M SRR 2T (30 H 475 51774257) .

T AR (1998—) , 2o, KT R 2L 2E TR B AR - AFSE 4R (2019—)  BIFSE 7 1] 3 FES 7K A B, E-mail : 2235155456@qq.com.
FIER (1964—) 5, 2%z , A SGE TR R W57 ) Ayt B S FH A2 R A R SR L S TR : 434100 #14645 00 Tl
FAIN DX R AR 15 IR 5P TR 24P, E-mail: wz19228@126.com.

s
=

1E& T

http://ythx.scu.edu.cn



704 L =

2022

BT FesOuE PR KL T, S T A1 FUK A 3
5o RS- VA T X L P RN g, L)
HOPEZETE o WEFERW], IR I-BEROA REAR b s
AR EHTEARFI I N3

IR GOKIBORL ) NI T — e E i (HAE 4%
AR IIURE RS AR P IR 23180 I 1 475 1
R A , PR A A oK UKL ) SR A2 1 e AT Ty g ek
TR o BN PR R PR RE . BLE A &Rl
SERTEE PER], 40+ —he SEAR AR M (SDS) 7 FI 2K
LRI e i (PVP) I 48 K B ) A 771
S B R SR TS PR AR S R iz
EHE R A7 AT A it ARME R A= W B A, 23 X #1858
AP G E o AR R s R D
Ui 79 e 1 0 TR AR B AR A AR R
GOKRLT B RAFITEED 2 IAh, AR R
FVHAT YA B AR SR e M s 25 R
LR

ARSCHIE K T — o 4 3 T il S KL Y
BT AR L2 R o RS R R R R AT
ZEG , LA 2 B H M 1 i I S o i I 0 R
FIFIRSE R, b1 N 25 B RE PE  AE 2 T
300 Ay A S ) R0 B 7 25 0 K SR I, A 2
AN K 4 T SR A O R) R 5 B8 A 2 T P 5 4
B AR BORA R B PR A AR

1 5By

1.1 RN

SRS E A B AR T, JE TR 2R M P, 45
RS, TR R R IR SR 5 v = AR W 2 1 3 1 A7) 5 K
HAFIE IR (CH:O, - HO) .+ e L 2 41 (SDS)
NaCl, CaCl, . MgCl, , Na,SO. . NaHCOs, 43 #r 4li , |-
1 [ 24 4 AT A 27 32000 A BR 28 ) 5 JLoK 6 il IR gk
(Fe(NO,);-9H,0) , 4312l [ s aiA= b Bk e 4y
AR E] M _EERAOR S Y KRR TR, 20
g M 7 g L-S &R AN . 6.8 ¢ KH.PO,.0.5 g KCI,
0.2 g MgSO0,. 11 mg FeSO,. 0.5 mg MnSO,.0.09 mg
ZnS0,.0.07 g CuSO,. 1.4 g NaOH ¥ T 1 L £ 17K
Y pH=7.

THZ-C 18 i #2 K , & N 4 38 5 e A3 )
HD-1360 8814 TAE I pa {5 B A ER i s A BR A Al 5
LS-B5OL 3. 20 & J) 287 K R A, VLB VT BRI T i 4%

http://ythx.scu.edu.cn

J 7 H2050R 7 8 0 HL, T AN 28 A R WD
BSA224S LT 431 R, FEFI TR 2= A (b D) A
PR W] 5 PT-9030G LA , | AR 3 F8 45 My FBH R0y
A RN ] ; Zeiss SIGMA 37 & 51 H1 4 . F 8 10 %
(SEM) , B [l R IR 2 W) 3\ 5 857 20 AR 85 43 B
{ (FTIR ) , 3¢ [F Thermo 2 7] ; Bettersize2600
JE o A A IR BRI ik A5 A AR A B A 5
Zetasizer Nano ZSP 40 KA H A0 4, 9 [ I /K S04
A PR 7] ;5 Bt 52 Empyrean £y K X 5 £k 417 51X
(XRD) , far = WAZAELA 7] s XH-C I Ei & 4%, &35
X =g s HH.B11-500 H PV e 15 5546
AT P RSB0 f b A B2 A ALPHAL-2 ELA5 8
PR, P51 Chtist /A 7
1.2 EWAHE

(1) GURGER E 1 hi £

YRR KW R A K T 121 CTF X
P 15 min, 85 7E G 5 TP EE R AR T, B2 N
2% (RS0 o BRI 5 I HETE AR IR 85
F5 Wi g 4R 37 °C 150 v/min FEFRAFA] 6 d. B
K WEW LA 10 000 r/min F% 34 2505 10 min bR L A,
WA

1£ 100 mL ZZ4% 7K A 3.84 g CH;O, - H,O Al
4 g Fe(NOs):+9H,0,90 C/KIFHIHHF8E %1k 16 h,
SRS, A RIS o o B K B A A 20% ~
100% T & B 135 W, W28 HJ2: 75 5% el 7 ) 35
RF,

(2) KRB R A

SEM iR, FHTC/K BT e r= b A e i
BERVE TG LA 4000 r/min 5% 34 2.0 10 min, 353 %K,
B S HE BU R I T IOE R A L =R
FE TSP EOM T, F SEM SR FE FITES .

WL Zeta AN AE . FTEK O BEVESR AR
[l o5 e L T YA A i ) o & R 9 T 740 , 4000
r/min .0, B 3 UK, BUE U 58 B AE S 2E AT Zeta
A s VRS 0 20 B0 0 S min, BORE A TR
INEWS

FTIR MK, HGE A 5 T 00 BB b, 24t
Fiv 105 CF 42 d, JH FTIR 7E 4000~400 cm™ i
b ESE S

XRD MR, K=&+ 105 CHEFETHET,
FRFE A FH XRD #4745t



%30 K5 44

AR WITEGE  ARBRER AR AR WA T AR AR AE B AR BRI IR B ) 45 5 L RETEAY 705

PRI . RS T B A LIS 4Tt
TEAE L T BRI IS 1) T 181 & I 1 3 v h
G T, JEARTE R ) TR A 7 1

()WL R A

161 LZEWK PN A17.787 g NaCl.1.143 CaCl, .,
0.864 MgCl. 0.133 Na,SO,. 0.551 NaHCOs, [it. i i
B 2K o RIS 2 AR A I L
7K 29400 mg, 5 1 LALLLHI 2K TR & 35 5) il 1545
PE7K o 425 B U TR AF T I 437 LA 400 mg/L
I AZLRMAKIR G b, o as S 57K
FEAT 2550, T 20 0N T B R B 500 I 1) 3 ()
2 400 mg/L i) o HIRGE(L R 5 min, %I T
B 24 h WA K G5 o AR AT AR AT bR
#HE SY/T 5281—2000 Ji i i L 7] 4t FH 14 A Az 0 7
2 OfRYE ) ) 0 SR MK 8 FZL R oK B, 115
EE Il i) €S

(D REFLAAL

e L7500 FH R T e (R AN A, e B LA L e L 5
6 18 7K R g v (R LA 2 A L 9 B ) R =
10,2030 min, HFERFEEE KR (10~30 °C) T rgi
2t A LRI S K LR

2 R 55HE

2.1 KRBT R FE Xk A B O R M)

RGN [ e 5 2 T v A 301 S I 7 ) 1) 24
A DL 25 4 . 20% . 40% . 60% & T 40 7 0 1Y
(6, 1) A 41 B A, 32 B A A AR AR T 80% Al
100% & BER 2 = W 26 53 i i 21 e f-R L5
5T 4 ARG KAHAR] , 32 B R BE A A i 0], Whis
TR B MRV IS = A T RS ), LM B el
PV S A A A R
22 RIEER
22.1 AR BAEL RS

PLS KASHOR, 1Al L, 28 (4] R R A &
P LW A AR A, SR RO, K42
KT 10 pm ARFEEK . HEFIH 60% T AR,
FH S I B8 S v G WL 7™ R R 400~600 nm, 3
BUNBRIE , KN —8, 1A/ NGBk R A2 R0 A
7, VA (B) A7 A 25 TR (AR UKL 43 A AN 38— 5]
R 80% T & BT | FH V85 e B8 s v B W ) 7= W kA
A LLIAE] 200 nm Z2 47, KE AR /INER Y — 2 AL 5
BORHEI A, S B e, R ] JC B AL

Bt , U I A UKL 2 [R] 114 43 FBORR B T e 5 R I vk
HXo AT 100% T A e ] 0 2k B A
FAL T BRCAR 0 /NBURE , 77 B A4 — 30, HLax 26/)N
BRIGMEEF —Z W, L TR E—iR, 2
KRS /NERR AR FE AR 48R 7E 40~200 nm i [H]
o H AT L, 12 Kk BB 98 K R B i A T
WS EBAE R o X 0] REJE BT 4 1 g gk
VoS I BT S AN R ST 7= A T B2 ), vk B s, 7 A Y
YRR BRI BPRLAR B /N A0 3R 1T A 58 1 AT HILASE e
JE&, ToK L EEXMEVAVERL , K MBS 2 R AL . R
DK A AR 2R 1 114 RS T BN S A ) B T 0E
IS E A R G A , SRR BB R ) .

BT ANRHE K B i r 74 SEML R

222 ¥f2feZeta WAL HT

H26 1Al UL, 25 4 20% K TV 4E 1 7 ) 3
PR KT 1 um, 25 (4L H E L5 27.5 um, 5i%
21 SEM & ik /s 235 45— 305 1T 20% & B 4 7= W 1)
SEHARIAE A 5.3 um;40% .60% . 80% . 100% A B £
PRS- BB AR P AE 700 nm £ A5, 5 SEM I E 4%
AR —2 . X8R T8 09 A HLIE LU e
PRI A, PRI 5 B s AR i R, L IR R
P & T LT T2, SEMLI i 235 SR 55 B S A5 oy A
PR 2ZE K .

1 FRRERELERIEAEHN
P IRIEFN Zeta FRAT

LIk EERA R N S e

BUMov  am 2RI e um

Zeta FEL {7

0 27.500 -36.7 60 0.664 -23.6
20 5.270 -45.6 80 0.677 10.6
40 0.697 -32.1 100 0.727 6.5

http://ythx.scu.edu.cn



706 WomofL

2022

80% F1 100% T A& B AE M8 (1774 Zeta HL
A TEAEL SRV T B PR U 7 TE fEL . AR A =)
BB, Al P Al fiE N Fe(OH )5 Fes0, . Fe,050 31X
PIZL =W 11) Zeta LA L8 XH{EL 5314 10.6 6.5 mV ,
R ETE— M, 0.20% .40% .60% T & B A Mg
T B A BRI S 11 Zeta FELE 389 R R . MR I A
G AR RN L N G o) A R T AN B e = L
KW, i i — AR5 W AR H 53 .
AT, BR IS B P= 1Y Zeta HELT TE PR REE A T
R I R AR AT AR A, B a3 RN
Bt 2 T b0 R P A SO o (AR R TS PR
AT AR . TR AR ra PR AR [T, B 0~
60% 25 T, AR HE Zeta B 1T LIAHAT, 60%4 45748
TEAFRAE , 0 F 40% ZH Ao Pk — i, 20% 40 7= W) i £
SEPERAS o 3X AT RE A T 20% A& T 1 V8 TR AL 7
(4 JER R v, TR AN s R Ay S s v v A A 141 2R
TR, A He 2l KA s e (e i o ok 0) 21
PR e A T HRAL B AR E MR R . N SEM B aT L)
B alRVER R = R 8 TR ROk 9, 1%
A 53 ek o HCIR B P BT A

Zeta FEL A O T b7 - 2 11 RN 43 IR A9 A2
oI A a1 A IR (AR R T AN N8 YA AN
SFHISE . Zeta BLA O SZ R 24 pH AR fb  HL
RO EE R 2R ) AR5 (A& 3%
FETTIEPER ) W BE (AR b o 3k By i = W 4 2 h 40
PR R I WRAE i A G, R IE Zeta FELAY 3K
S5 RNHE 78 2 AR R e M. TRiE D
Zeta FL7 I SE I A R RESZ ) vh 5 A B R TS M)
AR
223 AEReterspokigE oAt

P P 2 AT UL, T 40 B 1) & I TR TR T A
3384.5 cm™ it B — AN B0 A o e Wi 0, 3R AR AE
O—H N—H;2931.3 em™ J 42 B FRAIF 1% 5 1579.4
em™ [T A SR 4 PR B X5 1407.8 em™ &b A g i
1R Bk % I C—H B A% i 45 IR 3l 0 5 1114.7,1041.4
em fifT H EE C—O FIfg A RAE G, 2B T A B L
HIRH AR R, 2P S R 1 R 2
BERE R LLAMGTE A 22501, P e T A B4
— TR AR S AR R T TG MR

AR BE TR BERAE BRI AAT T AR
FIGS BRI N 7= 400 O 21 7 RO i PRl A AR L, 7]

http://ythx.scu.edu.cn

100

80

BT/ %

40

\—3384.5

on
b
20¢ RS . . .
4000 3000 2000 1000 400
W B /em™

K2 TRAEE R ZLA g

REA A E AR B REIAT . LA 60% T & 35
LIHNEIEE (-] 3) M6, 78 3440.4 cm™ B3 H B
Wl , 35 1 SR T A L T5 WY 3384.5 em™ AT T
TR WA B A P IRAS 5 I TE 2626.6 em™ i
LT 5504, Al REJE O=C=0;1729.9~1058.7 cm™' 2 |f]
(YIS ) T & T L W R TG PR oy . FR A
X N 599.8~416.6 cm™ 78 [H] PN 14 % 2y 47 36 B A7 7E
Fe—O, B rh &G 248

100

801

B %

401

440.4
\2626.6

20[

20(I)0 \ 1 OOIO 400
Wk /em™
E3  LL60% T &M & B S P £ s e

4000 3000

2.2.4 XRD MK % & oM

A R P XRD 3% R B TR . XT 6
AN SR XRD AT UL, 7= P ARA AT e R AH R SR R
SER RIS I , BT B0 B AN — T S AN () A 23
o, 22 XRD 3 M 84 Jade6.5 0515 Y, AN Rk
RS 56 s A e i . b, 345
=Sk A R y-Fe,0,, 5 DU 4A Ak = BRI it o7 B
&4 ,FeO(OH) 5 FeOOH 4t — ] FeO (OH) %758
A a2 G AT DL A AL S R Y
YT K Fe,05 . FeO(OH) \Fe;O., 7345 Fe(OH), .



%30 K5 44

AR ITEE  ARBRER AR « AR YT PR AR A B AN ORI I 4 ] 455 B LI RE VO 707

Fe FeO B T HpfElE  (H & &b

MG RS g 5, vl LA e T 3 A
A TS PR SRR | BT T4 e A LA 1
B4 R WERG o FH B - B o 12 ) o % 1 T YR T o

RIS 121 P RREAME, TR ERRE

()RR R B2 6 d 5, LA 10 000 r/min 538 250
10 min, BEVERINAS HAR AR 574 0.99~1.08 /L.
23 WHEALIEERHHT

AW Z G )G, T R EE IS . =
S HE T 200 R U 24 h, 60%2H |35 W 5
e R B LR S A B e s AN 7 i 25 L AL 7E
IZINE T ANRE FRBEEL, N T R R I IS W 4T
B2 . MRIRREFLE R (VW ) 15
WL R B A RN 2 R

®2 AEIGITRERIEABFB A

B A LR R0
PR B pom, I B i,
2 H / 0 60% H 78
0 B 18 80% LRI 12
20% / 0 100% AL 24
40% BN 34 T4 B 40

TE: /" —JEH B KA

ML S o s SR e U 4l A A Sy s ) %) ks M i
B0 5 7K B — o LR, ERCE 24 h
Jo REPRERTE 18% 5 AT [ W (T 4) X #L ALk i
WL R ECR 40% , Ud BH 211 % T 1385 v BRIV 2% i 1% 42 5
XFFLAL I K BAFAE— & B FLAE R o =& i i
FIEEE AR I XA Th FH 5 7K A AS TR R P A
FLm . =R T AR AR R B LA 1A 40% |
60% .80% . 100% A& ¥ LI W24 o Hrh 8O 1A T4l
TRAE R0 A BB S B A 40% . 60% . 100% & T
AL, H 60% % 7 T 2H A B R KV IS R
SRR A AL 10 CHITEE F#HE 24 h 1))
RBTRTE 78% M FL 2R 4, v A% 18 J5 22 FH TR TR i
FEIATE H IR B .l LT DL, 60% A& B LT
WA B = v R O R AL B A AL A D,
R, 5 80% 1 100% % I b1 R 4L AH Eb , ki 2
B 43 FFRE B o, WA DA I S e 3, TR 7 4%
AFLACTI K TR A W st R B0k LR B A 42 fh

FUR i Al e Hem Lk e ar iy s 9 o o5 — T
B B A= 1 2% TR P R AU 1 S T 45 ) T e i
R LI W TORE RS & i i AR AT A A AR A A
b i 60% A T T 17 Wl 4 1) BRI RS P W) 1) Zeta
F o7 24 PR AR, DRI 17T EL 80% A1 100% 2 8% b 75 i 20
HI AN KR BRSO , i LSRR B4 f

ARSI T ) T 1 & B TG 43 B de 2l BT 1.
FER T AR BRI , A B . Tl T i
PR IV PR AR A A 43l £ 2R 295 J6/500 g F1T41 IT/500
g AL g LR 297 A 0.3 7t

1B 60% % e -3 W5 B ) % s T R g T 24¢
Sif B0 3 75 K AE Sl B Ak 3 L AR R K R AT A Ak S
¥, WEFLSCER LRI, 44 400 mg/L 2575 BN )5 B
e 5 min i H R MR A 157K 10,20.30 C
i, 5 E 20 min 490 {5 K B BEK R 100%,
TIRTCULIEFIZRY) , i FLECR T

3 #ginHREYE

DL T AR Wi SR 3 h i G R 6 d Uk
B0 B WS KRG, 43 AR IR R L R 0.
20% .40% . 60% . 80% . 100% 4 &S 0> 35k, LA b1
WANE R, SR P SR R s e - e v 5 i 17 A=
Yy 2R T TR RS E AR I . B T AR AR T
PEFIAT B2 22 AR AR, 3 Lef QiR A2 7T fE 23 I3
BRI AR Ak 2 A2 248 , T S B 4 7 i
() FEAR A B o R DUE 5% B AR R DA B4 36 O
2, DL — 2R 5 MR A5 A DL A X A ) AR AR S
PERRZ

il B B4 R T 1) 2 T HLAE o3k Ak
Fe,O;.FeO (OH) ,Fe;0., £k Uk 7ML 2 11 A AL AL 5y
R R BERR IS AE R I PR . 20% Al
T VRAE T SR B 5 B P R T 1) Zeeta R 57 FEL 67 M e
5, AR P

A T I 1 R AR A R e AT LR TR
AR G , 60% & I L1 W (HEAR ) Fae 1Y
BRI IR P e L BRI T B 24 h S L
FBCH T8% , W FL A b T 2l KA A L
Yo FETE R ARG TR K B A P AR A
PR, S SLAb PR B, AT AT e . FH A8
FLANHAT R 2R A LRI e FL , ORI

Tl 25 AN KR e B el FH B0 i 1) R T R

http://ythx.scu.edu.cn



708 W H

2022

7 4R F & T T B 8 R 3 Ay, AN AR R
S Je S ] M Y G RO R A RS A
PERISENR o AR I A ke i F LA i o [
ik DG A 7L e LA R A A AT [mDfSe e, DASBIAE
15 7K A BT IR A FL BRI O TH T A A AR e R A
SR SPGB B X e Sk A AR AL B S K R AT HLYS
PPN E Py e o AR

5% ik

[1] ZOLFAGHARI R, FAKHRU’ L-RAZI A, ABDULLAH L C, et
al. Demulsification techniques of water-in-oil and oil-in-water
emulsions in petroleum industry [J]. Sep Purif Technol, 2016,
170: 377-407.

[2] SHEHZAD F, HUSSEIN I A, KAMAL M S, et al. Polymeric
surfactants and emerging alternatives used in the demulsification
of produced water: A review [J]. Polym Rev, 2018, 58 (1) :
63-101.

[3] TAOJ, SHIP, FANG S W, et al. Effect of rheology properties of
oil/water interface on demulsification of crude oil emulsions [J].
Ind Eng Chem Res, 2015, 54(17): 4851-4860.

[4] ROOSTAIE T, FARSI M, RAHIMPOUR M R, et al
Performance of biodegradable cellulose based agents for
demulsification of crude oil: Dehydration capacity and rate [J].
Sep Purif Technol, 2017, 179: 291-296.

[5] ADEWUNMI A A, KAMAL M S. Assessment of fly ash as a
potential demulsifier for highly stable water-in-crude oil emulsion
produced in the petroleum industry [ C]//SPE Kingdom of Saudi
Arabia Annual Technical Symposium and Exhibition. Dammam,
Saudi Arabia, 2018.

[6] PENGJ X, LIU Q X, XU Z H, et al. Novel magnetic demulsifier
for water removal from diluted bitumen emulsion [J]. Energ
Fuel, 2012, 26(5) : 2705-2710.

[7] HUANG Z, LI P, LUO X, et al. Synthesis of a novel
environmentally friendly and interfacially active CNTs/SiO,
demulsifier for W/O crude oil emulsion separation [J]. Energ
Fuel, 2019, 33(8): 7166-7175.

[8] ALL N, ZHANG B, ZHANG H, et al. Novel Janus magnetic
micro particle synthesis and its applications as a demulsifier for
breaking heavy crude oil and water emulsion [J]. Fuel, 2015,
141: 258-267.

[9] NIKKHAH M, TOHIDIAN T, RAHIMPOUR M R, et al
Efficient demulsification of water-in-oil emulsion by a novel nano-
titania modified chemical demulsifier [J]. Chem Eng Res Des,
2015, 94: 164-172.

[10] JAVADIAN S, SADRPOOR S M. Demulsification of water in oil

emulsion by surface modified SiO, nanoparticle [J]. J Pet Sci

Eng, 2020, 184: 106547.

http://ythx.scu.edu.cn

[11] PENSINI E, HARBOTTLE D, YANG F, et al. Demulsification
mechanism of asphaltene-stabilized water-in-oil emulsions by a
polymeric ethylene oxide-propylene oxide demulsifier [J].
Energ Fuel, 2014, 28(11): 6760-6771.

[12] SANTOS D, DA ROCHA E C L, SANTOS R L M, et al.
Demulsification of water-in-crude oil emulsions using single
mode and multimode microwave irradiation [J]. Sep Purif
Technol, 2017, 189: 347-356.

[13] 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: 516-521.

[14] LI X H, KERSTEN S R A, SCHUUR B. Efficiency and
mechanism of demulsification of oil-in-water emulsions using
ionic liquids [J]. Energ Fuel, 2016, 30(9): 7622-7628.

[15] SILVA E B, SANTOS D, ALVES D R M, et al. Demulsification
of heavy crude oil emulsions using ionic liquids [J]. Energ
Fuel, 2013, 27(10): 6311-6315.

[16] ZHANG L F, YING H, YAN S, et al. Hyperbranched poly
(amido amine) as an effective demulsifier for oil-in-water
emulsions of microdroplets [J]. Fuel, 2018, 211: 197-205.

[17] QING Y Q, YANG M J, LI L, et al. Effect of organically
modified nanosilica on the viscosity and rheological behavior of
Karamay heavy crude oil [J]. Energ Fuel, 2019, 34(1): 65-73.

[18] ADEWUNMI A A, KAMAL M S. Demulsification of water-in-oil
emulsions using ionic liquids: Effects of counterion and water
type [J].J Mol Liq, 2019, 279: 411-419.

[19] ADEWUNMI A A, KAMAL M S. Performance evaluation of fly
ash as a potential demulsifier for water-in-crude-oil emulsion
stabilized by asphaltenes [J]. SPE Prod Oper, 2019, 34(4) :
820-829.

[20] FRANCA B B, NOGUEIRA B, CARRETONI C, et al. Stability
and microwave demulsification of water in castor oil biodiesel
emulsions [ ] ]. Energ Fuel, 2014, 28(2): 1053-1058.

[21] ADEWUNMI A A, KAMAL M S, SOLLING T I. Application of
magnetic nanoparticles in demulsification: A review on
synthesis, performance, recyclability, and challenges [J]. J Pet
Sci Eng, 2021, 196: 107680.

[22] PENG K M, XIONG Y J, LU L J, et al. Recyclable functional
magnetic nanoparticles for fast demulsification of waste
metalworking emulsions driven by electrostatic interactions [J].
ACS Sustain Chem Eng, 2018, 6(8): 9682-9690.

[23] HUANG X F, XIONG Y J, YIN W, et al. Demulsification of a
new magnetically responsive bacterial demulsifier for water-in-
oil emulsions [J]. Energ Fuel, 2016, 30(6): 5190-5197.

[24] LYU T, ZHANG S, QL D M, et al. Thermosensitive poly

(N-isopropylacrylamide) -grafted magnetic nanoparticles for



%30 K5 44

AR ATEGE , BRI AR AR W I AR AR AE B ANOR KT IRE 4 f] # 5 AL REDEOY

709

efficient treatment of emulsified oily wastewater [J]. J Alloys
Compd, 2016, 688: 513-520.

LIANG J L, LI H P, YAN J G, et al. Demulsification of
oleic-acid-coated magnetite nanoparticles for cyclohexane-in-
water nanoemulsions [J]. Energ Fuels, 2014, 28 (9) :
6172-6178.

LIANG J L, DU N, SONG S, et al. Magnetic demulsification of
diluted crude oil-in-water nanoemulsions using oleic acid-coated
magnetite nanoparticles [J]. Colloids Surf A: Physicochem Eng
Aspects, 2015, 466: 197-202.

ALL N, ZHANG B L, ZHANG H P, et al. Interfacially active
and magnetically responsive composite nanoparticles with
raspberry like structure; synthesis and its applications for heavy
crude oil/water separation [J]. Colloids Surf A: Physicochem
Eng Aspects, 2015, 472: 38-49.

HE X, LIANG C, LIU Q X, et al. Magnetically responsive Janus
nanoparticles synthesized using cellulosic materials for enhanced
phase separation in oily wastewaters and water-in-crude oil
emulsions [J]. Chem Eng J, 2019, 378 122045.

GUSELNIKOVA O, BARRAS A, ADDAD A, et al. Magnetic
polyurethane sponge for efficient oil adsorption and separation of
oil from oil-in-water emulsions [J]. Sep Purif Technol, 2020,
240: 116627.

LYU T, QI D M, ZHANG D, et al. Facile synthesis of N-
(aminoethyl) -aminopropyl functionalized core-shell magnetic
nanoparticles for emulsified oil-water separation [J]. J Alloys
Compd, 2018, 769: 858-865.

RAO B G, MUKHERJEE D, REDDY B M. Novel approaches for
preparation of nanoparticles [M]/Nanostructures for novel
therapy. Elsevier, 2017: 1-36.

RAHMAN I A, PADAVETTAN V. Synthesis of silica nanoparti-
cles by sol-gel: Size-dependent properties, surface modification,
and applications in silica-polymer nanocomposites—a review [J].
J Nanomater, 2012, 132424.

ADAM F, CHEW T S, ANDAS J. A simple template-free sol-gel
synthesis of spherical nanosilica from agricultural biomass [J]. J
Sol-Gel Sei Technol, 2011, 59(3): 580-583.

CATAURO M, TRANQUILLO E, DAL POGGETTO G, et al.
Influence of the heat treatment on the particles size and on the
crystalline phase of TiO, synthesized by the sol-gel method [J].
Materials, 2018, 11(12): 2364.

WU W, HE Q G, JIANG

C 7. Magnetic iron oxide

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

nanoparticles: Synthesis and surface functionalization strategies
[J]. Nanoscale Res Lett, 2008, 3(11): 397-415.

KIRAN G S, SELVIN J, MANILAL A, et al. Biosurfactants as
green stabilizers for the biological synthesis of nanoparticles [J].
Crit Rev Biotechnol, 2011, 31(4): 354-364.

PARK C M, HEO J, HER N, et al. Modeling the effects of
surfactant, hardness, and natural organic matter on deposition
and mobility of silver nanoparticles in saturated porous media
[J]. Water Res, 2016, 103: 38-47.

MOHAMMADI A, MANTEGHIAN M, MOHAMMADI A H, et
al. Induction time, storage capacity, and rate of methane
hydrate formation in the presence of SDS and silver nanoparticles
[J]. Chem Eng Commun, 2017, 204(12): 1420-1427.

BAGANIZI D R, NYAIRO E, DUNCAN S A, et al
Interleukin-10 conjugation to carboxylated PVP-coated silver
nanoparticles for improved stability and therapeutic efficacy [J].
Nanomaterials, 2017, 7(7): 165.

de ALMEIDA D G, SOARES DA SILVARD CF, LUNA J M,
et al. Biosurfactants:
biotechnology advances [J]. Front Microbiol , 2016, 7: 1718.

SINGH B R, DWIVEDI S, AL-KHEDHAIRY A A, et al

Promising molecules for petroleum

Synthesis of stable cadmium sulfide nanoparticles using

surfactin strain
KSU-109 [J]. Colloids Surf B: Biointerfaces, 2011, 85(2) :
207-213.
KHAN 1, SAEED K, KHAN I. Nanoparticles: Properties,
applications and toxicities [J]. Arab J Chem, 2019, 12(7) :
908-931.

BEZZA F A, TICHAPONDWA S M, CHIRWA E M N. Synthesis

produced by Bacillus amyloliquifaciens

of biosurfactant stabilized silver nanoparticles, characterization
and their potential application for bactericidal purposes [J]. J
Hazard Mater, 2020, 393: 122319.

BLSE, B, RN, A5 SR HRI OrW FLARR L S
FEJ] AR, 2008, 25(1); 82-85.

ZHAO F, WU Y T, WANG Q Z, et al. Glycerol or crude
glycerol as substrates make Pseudomonas aeruginosa achieve
anaerobic production of rhamnolipids [J]. Microbial Cell
Factories, 2021, 20(1): 1-9.

PG, R, A, AF. A SRR A T A R A
PEkpgptge L) ] ettt 2021, 62(4): 214-218.

TN, R BT (B I B A LU ) | & A
[J]. A3k, 2010, 20(2): 33-37.

http://ythx.scu.edu.cn



710 W oH {2 2022 4

Preparation and Demulsification Performance Evaluation of Nano Iron Sol Stabilized by Biosurfactant
ZOU Jing', HU Yujie**, SHE Yuehui**, ZHANG Fan’, HUANG Peixiu™*, QU Ruixue™*, WANG Zhengliang'
(1. School of Chemistry and Environmental Engineering, Yangtze University, Jingzhou, Hubei 434100, P R of China; 2. School of Petroleum
Engineering, Yangtze University, Wuhan, Hubei 430100, P R of China; 3. School of Energy, China University of Geosciences (Beijing)
Beijing 100083, P R of China; 4. Hubei Cooperative Innovation Center of Unconventional Oil and Gas, Wuhan, Hubei 430100, P R of China)

Abstract: Aiming at the problems of expensiveness and pollution of physical and chemical demulsifiers in the process of oilfield
sewage demulsification, it is advisable to study and synthesize green and environmental friendly demulsifiers. Glycolipid
biosurfactant-producing T strain microorganism was cultured aerobically in the medium for 6 d, then the fermentation
centrifugation supernatant was mixed with water to prepare centrifugation supernatants with different volume ratios. The supernatant
was used as a solvent. A biosurfactant (BS) -stabilized nano iron sol was prepared by a combination of sol-gel and solvothermal
methods. The nano iron sol stabilized by BS was characterized by scanning electron microscopy, X-ray diffraction, infrared
spectroscopy, laser particle size analyzer and Zeta potentiometer. The factors affecting its morphology, size, phase, functional
group, sol stability and particle size distribution were studied. The demulsification performance of the nano iron sol on the oily
sewage emulsion prepared by the oil-water mixture on Weizhou Island was investigated. The results showed that when the volume
fraction of supernatant was 80% and 100% , the iron particles with a particle size of about 200 nm and 40—200 nm could be
synthesized, respectively. The Zeta potential electronegativity of the iron sol prepared with 20% supernatant was the strongest. The
colloidal stability was the highest. When the volume fraction of supernatant was 60% , the nano iron sol product had the best
demulsification effect. It could produce a good demulsification effect on the oil-in-water emulsion formed by sodium dodecyl sulfate
at low temperature. After standing for 24 h, the dehydration rate reached 78%. The demulsification effect on the sewage at the
Nanhai terminal site was obvious. It was recommended to combine biological metabolite with chemical agent and prepare
environmental friendly composite nano demulsifier, meanwhile, study their reuse and other issues in the future.

Keywords: biosurfactant ; demulsifier; environmental protection; nanomaterial ; sewage
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dendrimer based demulsifier and its application in the treatment [20] XS, BIEF, e, 5. lobt k-l S AR L) 1Y A i
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Synthesis and Application of a Dendritic Multi-branched Demulsifier
XIAO Lihua, XUE Baoging, LYU Peng, SONG Xin, XIA Huan
(Tianjin Branch Company ,CNOOC(China) Lid. , Tianjin 300452, P R of China)

Abstract: In order to improve the demulsification effect of the crude oil emulsion from Bohai Sea S oil field, styrene-maleic
anhydride copolymer (SMA) was synthesized from styrene and maleic anhydride radical polymerization, the polybranched
water-soluble demulsifier TS-Z806 was synthesized by graft copolymerization of SMA and 1.0 G PAMAM, the main chain being of
polystyrene-maleic anhydride copolymer, and the side chain being of 1.0 G PAMAM. The demulsification effect of the demulsifier
on crude oil emulsion at different temperatures of 50—90 ‘C was investigated, and compared with that of polyether demulsifier
IJM-01, the demulsifier was used for the first time in Bohai Sea S oil field. The results of laboratory and field tests showed that the
demulsification effect of polyether demulsifier JM-01 on crude oil emulsion was worse when the temperature was higher than 70 C
However, TS-Z806, a non-polyether demulsifier, still had good demulsification effect on crude oil emulsion at the higher
temperature. The demulsifier TS-Z806 had shown excellent demulsification performance in treating the produced fluid containing
polymer at the confluence of the crude oil comprehensive pipelines in Bohai Sea S oilfield. The demulsifier could obviously
improve the water quality of the demulsified water, and the emulsified layer of the upper oil was lower after demulsification, the
emulsified layer after dehydration decreased by about 69% . The demulsifier could realize the high-efficient treatment of the
polymer-containing produced liquid,and had a good field application prospect.

Keywords: demulsifier; dendritic branching; produced liquid treatment ; water quality
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