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Promotion effect of Fe;O,(@CPAM with different monomer ratios on
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Abstract: In order to further study the efficient demulsification mechanism of chemical flooding, a new type of magnetic nanoparticle
Fe; O, @CPAM with different monomer ratios (mass fraction of acrylamide and methacryloyloxyethyl trimethyl ammonium chloride)
was synthesized, and this successful synthesis was confirmed through a series of characterization methods such as X-ray diffraction
analysis, Fourier transform infrared spectroscopy analysis, thermogravimetric analysis, and vibrating sample magnetometer analysis.
A comparative analysis was conducted on the effects of Fe;O,. Fe; O, @ CPAM (monomer 20% )., and Fe; O, @ CPAM (monomer
25% ) concentrations on the microwave demulsification of heavy oil. The study shows that a too high concentration can inhibit the de-
mulsification effect, and only when the concentration is appropriate, can microwave coordinate with magnetic nanoparticles for de-
mulsification. In addition, the promotion mechanism of magnetic nanoparticles for microwave demulsification was also revealed from
the perspectives of oil droplet distribution and Zeta potential. The results show that when the magnetic nanoparticles Fe; O, @ CPAM
(monomer 20% )are used alone, the diversion ratio of the emulsion can reach 95. 24% at the mass concentration of 175 mg/L and sed-
imentation time of 30 minutes; when the magnetic nanoparticles Fe; O, (@CPAM (monomer 25% )are only used, the diversion ratio of
the emulsion can reach 100% at the mass concentration of 200 mg/LL and sedimentation time of 10 minutes. At the microwave radia-
tion power of 200 W and radiation time of 20 s, the mass concentrations of magnetic nanoparticles Fe; O, @ CPAM (monomer 20% )
and Fe; O, @CPAM (monomer 25% )are 75 mg/L and 50 mg/L, and the sedimentation durations are 30 minutes and 20 minutes, re-
spectively; the diversion ratio of the emulsion can reach 96.49% and 99. 10% , respectively. The above results have confirmed that
there is a coupling synergy between microwave and the new-type magnetic nanoparticles, which can significantly reduce the amount
of magnetic nanoparticles used.
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[]125mg/L []125mg/L
X 90 < 9
¥ %
*® *
R 60 R 60 |
30 30 f
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Bt 8] / min
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Fit 1] / min
(f) t#¥ (200W/20s) +Fe,0,@CPAM 25 %

3 B/EWKAERT Fe; 0, Fe; O, @CPAM iR BE X % FL 380 R Y 25 Wi #0468

Fig.3 Effect of Fe; O, and Fe; O, @ CPAM concentration on the emulsion breaking effect with/without microwave action
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K 54.26% . B 3(b) Rl AL 76 i AL B L fF B
Fey O, W B35 K 43 7K 28 56 38 K5 W/ o o o vk i
fE 150 mg/ L ZL R TR B 18] 24 50 min B 35 3] £ K
Gy IKH T79.55% « HI K FRIEE & AMF T Fe, O, fir kb
FEFLRIE A0 2 K 2.l 8 3 Cod ml A, 18 TG 18D 4 St
21T . Fe, O, @CPAMCHLIR 20 % ) Ab B (1 ZL R 1Y
37K FEBE A BE 1 3G K S 18 ORI s T A R R AR
175 mg/ L FLARE TR IS )24 30 min B 35 2] B K43 K
F95.24%, @K 3C) A, 7ER AL B R, fEBE
Fe; O, @CPAMHiK 20% ) ¥ FE 1 85 K, 43 7K 3R 5 1
RGN FL BT BV FEAE 75 mg/ L FLIR WD R e [R] 2
30 min I 35 B K 2P K 3R 96. 49% . ik E7E 50 ~
150 mg/L 5 Bl W - 5% 9% 4l B Fe, O, @ CPAM (A {k
20%) 4b 3 FLOR WY 4 K RO F AR OE AR
Fe, O, @CPAMHLIA 20% ) gl kb BB 43 7K 2R, JIE B
LH R BRI o A 2 0 K s - 1) i LA 7 2 VR R 5 i
VR BELE 175~200 mg/L 35 [l N 30 B Fe, O, @
CPAMCHLIAR 20 %) 4k 3 11 L AR 43 7K 3/ F [ vk
FEZAFT Fes Oy @CPAM IR 20 % ) L 4b 1Y 437K
BRI B s B A DB T i P 0 KR 1) 1 LA A 4 o 1
. B 3Ce) rIH, 7 TG T 5RO & T Fe, O, @
CPAMCHLIAR 25% ) &b 3 14 FL bR 14 43 7K 28 B ok J32 1) 3
R A LT o ¥ B2 7E 200 mg/ L, FLR T R B[]y
10 min i 35 2] 5 K437k £ 100% ., d & 3D A LLE
L TE O AL FER L RERE Fe, O, @ CPAMCHLIA 25% ) e i
AR R A3 7K F8 518 I i s  HE B sk EEAE 100 mg/ L FL
ARG TR B 18] 2 20 min B35 B B K43 K% 100% . 7R
JoT B W BEAE 50~125 mg/ L i Bl B Al B Fes O, @
CPAMCIAA 25% ) 4k 31 L IR W Y 43 7K 38 K T [A] vk
JE SN Fes Oy @CPAMCERAR 25 % ) B b B 1) 43 7K
2R, UF B s B A DB X 0 P 8 KR 1) 1 L AE A AR 2 A
FH 5 10 32 o vk BE AE 150 ~ 200 mg/ L 55 Bl 4 - 1k 0l B
Fe, O, @CPAM AR 25% ) kb B i) LR 43 7K 281
TR M B 458 F Fes O, @ CPAMCHAL{A 25 % ) B b 3
4 43 7K 2R o UE B Ihb B sl e X6t i 2 9 KRz 1) 1 L AE AE
MHER .

XF B RGP 4 KR F Fey O, Fey O, @ CPAM (FfL
20%) .Fe; O, @ CPAM (B {k 25%) 76 45 / Tc 10 1 i
TSR LA

(D XF Fes Oy M5 - 78 5255 i I v 132 5 BBl o - 1k
R A LR 3 g AR AR o VR B BAIR L A1 AR
T e R R (R RSO B 2%

(2) %t F Fe; O, @ CPAM (LR 20%) T 35 » Jit f
WBE N 50~150 mg/L i B P 5 ff I8 %o L L &% 2R 1
A AT BLAERT 10 min P, G0 BB ASOR 11

P s W 5 J5 50 min P B0 R 3 2L 280 R AT
oA iR R R AR VR U S s B R B Ol 175~
200 mg/ L B, i %o g L A5CR 34 S i 4

(3) X F Fe; O, @ CPAM (H{k 25%) i & - A% it
VR BE (50~125 mg/L) 2544 R, S % L FLASCR 19
P 2E A P O 1Y o L R I AR O B s A
Jo W B (150 ~200 mg/ L) & 15 °F o falt I8 X6 e 7L 5%
SRV 400 1) PR S LR R g o R R

(4 A/ T 1 i 76 [ B TR 20 45 10 F
Fe, O, @ CPAMC¥LiA 25% ) fir 4b B FLR I8 19 43 7K F S
K Fe; Oy @CPAM (LK 20%) K Z . Fe, O, fithb
FH LR TR 53 K S B/ N

W% Fe, O, @CPAM FUAC L i34 I, 74/ Tk
W AE R 2500 T S b 35 FLR W 20 K BB 2 T .
LA o o e 1R G P 90 A~ s 0 Al e e LR - R
BAEIE TR PET 0 A 58 A R A2 i 1 7F 94 oK kL ¥
WL .

3.3 Fe;0, @CPAM iR & o 130K Al 2L B9 1 i3t A 2
3.3.1 whEsAk

TH1IE A RUSE 043 A AT L ABHOUR ) R J2 Bt LB Y 1)
FaE PERY o X EC A M T/ OO R A R L i A
KHi F Fe; Oy, Fe; O, @ CPAM (H1 {K 20%) | Fe; O, @
CPAMCHLIAR 25 % ) ¥ i X6F 10 ¥ 43 A5 14 5% ), 52 56 45
e 4—K 9 FiR.

FE TG AR R A B e 9N KR F Fe, O JFe, O, @
CPAMUAA 25% )V B A3E R T 2 B2 K B0t 34
W, BEE RN 9N K BT Fey O, @ CPAM (BA{R 20%)
Ji e B2 AN 50 mg/ L 3R B 175 mg/ L B, I i 14 7 A2
R B S W UL o T i B A G 9T VR BE AN 175 mg/ L 3
KE] 200 mg/ L, Tl 2 W A2 /I B i W . X 2
F I AL PRI FEBE A K Fe, O, \Fe; O, @ CPAM( ¥ A
25 % ) VR 55 1 328 T 1 K o il K L T IR T R 2 B 1
PR 2N KORL B8 7L AR 5 B ARG 1 A DA il K 5 T %) 5 B
W7 HA D FE A b R VR0 R ) Z R
R AT/ IN VB 2R I 25 B R B R (BT 4L 8T 8) 5 AT
R FL AR . T B AR I BE A R AN K KL
Fe, O, @ CPAMHLIR 20% ) J5i 1 ¥ B M 50 mg/ L 34 K |
175 mg/ L s}, 5 22 () R 4 490 KR 7 B 2 4 i 78 2 T ol
S AT 5 B A, S BRI RS PRI . A AE
THIE AH EL AR R A R s AN 0 YRR TR 2 T 5 T AR R
KA E 6Ca)—& 6 (D) 1, ki fEEmiFL ; bt wE 1k 40
K- Fey O, @CPAMCHAAR 20%) v BE M 175 mg/ L 14
KE 200 mg/ L, b B B 22 (18 1 P 290 DK 2 T AS 1)
AR AR I [E o(Dh—F 6() . B AL MR H
RCEEN
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B4 TRBIERRBEEMNRIT Fe; O, WREIREXFiH O/W B ZUIK i i i 54 7o B9 %21
Fig.4 Effect of mass concentration of magnetic nanoparticles Fe; O, on oil droplet distribution in thick oil O/W

emulsion in the absence of microwave action

B 5 MEEH THMEARNT Fa0, MREREXT M O/W B ZURK M E S H M
Fig.5 Effect of mass concentration of magnetic nanoparticles Fe; O, on oil droplet distribution in thick oil O/W

emulsion under microwave radiation

B 6 FHKIERREENAKKTF Fe; O, @CPAM 20% By 5T 8 ¥ 33§ il O/ W BYELK il it i 53 40 B9 %2 1
Fig. 6 Effect of 20% mass concentration of magnetic nanoparticles Fe; O, @ CPAM on oil droplet distribution

in thick oil O/W emulsion without microwave action
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B 7 WiRiES TR KALT Fe; 0, @CPAM 20 % By U2 ¥R B Xt 73 il O/W B FUIK i it i 43 76 9 =2 I
Fig.7 Effect of 20% mass concentration of magnetic nanoparticles Fe; O, @ CPAM on oil droplet distribution

in thick oil O/W emulsion under microwave radiation

B8 LK IER R #IEMAKK T Fe; 0, @CPAM 25% By BT 8 ¥ B3I F il O/ W BYZLAK il it il 43 75 B9 =2 1
Fig.8 Effect of 25% mass concentration of magnetic nanoparticles Fe; O, @ CPAM on oil droplet distribution

in thick oil O/W emulsion without microwave action

B9 WiEES THMEMKKT Fe,0, @CPAM 25% By R &R B Xt #8350 O/W B 2R itk it i & 75 Y 22 1
Fig.9 Effect of 25% mass concentration of magnetic nanoparticles Fe; O, @ CPAM on oil droplet distribution

in thick oil O/W emulsion under microwave radiation
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TEAREE CRa S Eh 3k 200 WL 8 SR 1] 2y 20 ) B9
T T2 Fe, O, \Fe; O, @CPAMUYA 20%) o i 42 Fe; O, @
CPAMUAR 25% )  PIFifi 25 B ¥ B 3G IR A A2 1 it
FRG RGN B I 2 . AR Fe, O, FihE
WA 150 mg/ L B, i1 % b 728 d5e KB B /D3 Fe, O, @
CPAMUHAER 20%) JiT 4 B A 75 mg/ L B Il i Rz A% B
KB B/ 31 Fe; O, @ CPAMA 25%) it 2 1 B2
100 mg/ L B oy i R0 A2 e K B e /b

LA BB e s Bl A G T AN oK Ok
Fe; O, \Fe; O, @ CPAM (HL 4K 20%) , Fe; O, @ CPAM (1
TA 25 % ) Ve B 1 185 T Y1 1 PR R Y 5 L TR 1R R S
ES NI TR 7N bl NS B A i L R S R A LS
WL LR B B 22 L FLRIBORE 23 7 R R R I AARE
Q210 Tl ST 1 N T R A 0 Sl N+ s Al
WK 5 a)—E 5Ce) - 7Ca)—E 7(h) FE 9(a)—
B9 iR . (HMREE S — @ (EG » A R gk 21 Ik
JE 2 T B0 RoF 48/ BB 8 m, an g 5 (D —
K502 - 7Co)—K 72 FIE 9(dD—E 9() .
JR RAE T vk FE AR i 1 9 KOk 1 1) AT . S B
K ST B 8 oK R i L R e D . A fE
i v 35 11 A DRI 384 K o T S 25 g DA TR 5 BB A g SR
FRE2 1 SCREIN TR I ad AR h T E TE IR 1Y AR R R
&, TP A 1 W B A SR IR IR 4 .

XA [R] B L R RGP A0 K KL F Fe; O, @ CPAMCHR
A 20% FRLIA 25 % ) 4 31 43 A1 R 18 7E AT/ TG sl Chd o
Ty 200 W AR ST ] 20 ) %44 T fi % Fe; O, @CPAM
TRHC EG A3, 72 BT S vk J32 oy 50~200 mg/ L i [l A, B4
T LB, T A BRI TR AR A R S R/
3.3.2 Zeta v {357

SRR P N AR RN R i T DO R RN DREER TR N
AyEAE R ST 5T T A/ JC SO R XA
[i) ¢ J3E Tk 4 KR Zeta HELD I RZ TR . I AN K
Fe;0,.Fe; O, @ CPAM (B 20% , HL4 25%) Jy fi]
JoT R W BE A 50 ~ 200 mg/ L, fC R 56 D %2 200 W
HE S [E] A 20 s, SEHR A5 R AN 10 iR .

B 10 /T LUE 7B A/ TCIOs R A5 T L B
WP B3 K REPE KR T Fes Oy 1Y Zeta B — FLIE
R o AETCIO 5 5 25 A S G PR 9 KR Fes O,
B B e B N 50 mg/L 3% K 3| 200 mg/L B}, H Zeta
2 AH O A — 18. 97 mV B R 3] — 1. 68 mV ;5 7&
TR 55T G PE 94 KK Fey Oy 1) 5T 62 ¥k B2
M 50mg/L B3] 200 mg/L B, H Zeta H A AH [
MM —17.81mV K F] - 10. 45 mV, 78 W W & &4
T A PR 9K Fes O, BY Zeta HL ALY 5 TR 405
PALFEE 9K Fes O, By Zeta HLA .

20 | f% E

—m— Fe,0,
—@— Fe,0,@CPAM 20 %
—A— Fe,0,@CPAM25 %

" —W— Fe,0,200W20s
—@— Fe,0,@CPAM 20 % 200 W 20's
—<— Fe,0,@CPAM 25 % 200 W 20's

40 80 120 160 200
FREWEE/(mg/L)
B 10 FA/AMEEHEFGETABRERERIEH R T
Fe; 0, \Fe; O, @ CPAM( B4 20% ) \Fe; O, @ CPAM
(B {K 25% ) By Zeta H {iL
Fig. 10 Zeta potential of magnetic nanoparticles Fe; O, ,Fe; O, @
CPAM(20% monomer) ,Fe; O, @CPAM (25 % monomer )

at different mass concentrations with/without

—_
(=3
T

Zeta B /mV
=)

|
—_
(=3

microwave radiation conditions

TEA / TCHIE 5 I 25 AT Bl ok B2 0% 3 K i 1k
Kk ¥ Fe; O, @ CPAM (BAAR 20% ) B Zeta HL i 13
UM EYE R HY O IE . 7E RO AR 9 4 .
MR E WM 50 mg/L B A F] 175 mg/L B}, Fe; O, @
CPAMYLR 20%) 1 Zeta HL A7 22. 89 mV 3 /s |
16. 01 mV ;24 i &9 B M 175 mg/L #5 K 2] 200 mg/ L
B, Fey O, @ CPAM (K 20%) f) Zeta BLAZ M 16. 01 mV
WORBEN17.72mV . FERUBCRE S SR Y B ik
50 mg/L ¥ K3 75 mg/L B, Fe; O, @ CPAM (i {f
20%) [ Zeta HLAE M 21. 13 mV Ji/NF] 15. 37 mV; 24 5T
H ik B M 100 mg/L 14 K 3] 200 mg/L B}, Fe, O, @
CPAMHAIER 20%) ) Zeta L i A 16. 88 mV 1 K F|
18.43mV, M JF & ¥ B 7E 50~ 150 mg/L B, & 25
B Fe; O, @ CPAM CBRAK 20%) 1) Zeta HL 3
KT I BE 2510 T LU A BR A Zeta WA 5 24 T 6 vk B
£ 175 ~ 200 mg/L Bf, K £ 5 AL 1Y Fe, O, @
CPAMCHAR 20%) ) Zeta HL A7 34 /N F A e B 4044 F
AL PR Zeta AL,

TE T OB 5 5 25 F T o BB ViR BE A 3 R #E PR g oK
KL F Fe; O, @ CPAM (FRLAK 25%) ) Zeta WL i — H 1E
VN . Y R BE N 50 mg/L 8K F] 200 mg/L B,
Fe; O, @CPAMFAK 25%) 1Y) Zeta HL 7 A 20. 88 mV
WV 13,46 mV ., LEROI AR ST A5 0T o Bl A ok R Y 1
KRR AL F Fes O, @ CPAM (LK 25%) ) Zeta
I AL SG /N J5 4 K. 2 5 6 vk B2 A 50 mg/ L 15K #|
100 mg/L B, Fe; O, @ CPAM (FAAK 25% ) ) Zeta HL ]
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M 14,59 mV /NE] 13, 46 mV 5 24 i 59k B M 125 mg/L
B F] 200 mg/L B, Fe; O, @ CPAM (4K 25%) 1y
Zeta BLAE M 15.58 mV 1k F] 18. 01 mV, 4 i &
JETE 50 ~ 125 mg/L B, R &M AL HEE Fe,O, @
CPAMHLIA 25%) ) Zeta M7 3K F A W B 2 11 N
TR AL B Zeta HLAT 5 24 BT HE W EAE 150 ~200 mg/L
IR 2 IO Ab BRI Fey O, @ CPAM (BA{K 25%) 11
Zeta HUOL /N T [R) e BE 25 0 B IO AL BRI Zeta HL A .

TEH /TR S 55 T B G Fe, O, @CPAM 1y
FAMRTC DA 20 % 385 KB 25 % o [F] VR BE 14 B 4 40 K R T
Fe, O, @CPAMEAA 20%) ) Zeta BB R T Fe, O, @
CPAM (i 25%) [ Zeta HL A7,

X PR AR T Fey Oy S U0, 78 52 56 T Ik J3E 7
LN i 2 R B AR . X2t TR AL BT . Y
ok Fes O, BV B 50 mg/L % K 5] 200 mg/L
I Zeta H A2 W T 8 33X — 72 Ak S0 iR 25 8 Y
0 far H0CE D/ 10 55 T IR 2 1R 0 L HE R AR B
T 5 T LR VA5 A 43 R 1 20 /K SR BT B

S P VR e R T O e R b i R R SR
VE A LA - R T e 55 6 b 8 B B B
TR A ZPL DR VR 1 el R TR A SRR . AL 10 TR,
B0 KB F Fey O, @ CPAM (LA 20%) il Fe; O, @
CPAMHLIE 25%) ) Zeta HLALYY g IEAH . AT 54 A it
FL A7 1740 788 B 380 R o B 4 T T B KR
AR B 1 7N RUST 250 0 2% 1T 80 I A L 25 B W o 1 3l e
AR T FUR L

XA KB F Feys O, @ CPAMCHLIR 20%
25%) He i, 4 Fey, O, @ CPAM (LI 20 % ) i i 2 ik J3F
M 50 mg/L ¥ K F| 150 mg/L.Fe; O, @ CPAM (k&
25 %) i 3T i vk FE AN 50 mg/ L 3§ K ) 125 mg/L ). 3%
PR WAL B AR BEAE . SR i T Rk
N g PE 9 K BT Fe, O, @ CPAM (B R 20% . Bf &
25% ) 1Y Zeta HLALAS W7 98 /) o b H o RT LA S ol 2R
AT & 4% 14 2 H A /0« 55 1 I iR ) ) P HE R AR
PRI {45 43 KRR B . H Y4 Fe, O, @ CPAM (H
A 20% ) 1 5t & 1 M 175 mg/L 5% K 3] 200 mg/L,
Fe,; O, @ CPAM (H{A& 25% ) 4 5 & %< ¥ AL 150 mg/L
18R F 200 mg/ L B fl 9 ok 3 L %851 o 0 o A A
X R Tk B o R S L B 9 OK R Fes O, @
CPAMCBAA 20% B4k 25% ) i) Zeta HE v A 719 K,
THVI 2% 10 S 4% 1 T PR AT 8 0, 14 5T 2 [R] A L R
D133 A ke 3w T R P R M L DT S B R TR
[ 53 7K R AW R

XF E A [F] B T L 0 1 PR A8 OK R Fe, O, @
CPAMCBAIK 20% (B4R 25%) 1Y Zeta HLAL AT LA HY

A/ TCIC S ChRa SR 2 28 200 WL % 5 BsF ) 20 ) Z5 4
T FH RD VR BE R 9 OK R Fes Oy @ CPAM (L {E
20%) It Ak P FL IR VR T 2R A OE H AT R T
Fe, O, @CPAM AR 25% ) iy 42b 38 7L AR I F 31 3% 2 T
14 1 HLAF 22, 300005 507 4 0 TR0 0 5 PR HE R R TS
TS O FLR R AR E PSR W R R I
IR RN i e ) 2 (1 R =

4 4 i

(D) A/ LWMBAEH T, Fe; Oy @ CPAM (H{K
25% ) Ab B A 2R B g5 i A KR IR 2
Fe; O, @CPAMEAAER 20%) , 1fif Fes O, Ab B &) FLOR
I3 K AR

(2) X Fes Oy £ 52 56 TN A5 1) ik B2 38 B N L S
P 5 R OE L AICR B R B VR B I L AR R R
35 T BE G e T e R AR B e . X T
Fe; O, @ CPAM (B {& 20%) . Fe; O, @ CPAM (B {£
25%)  FE IR BE/IN T 55 T S AR AE B B — B 2 AR
HEREFLBOR A o B Uk 3 R T S O R B
D)5 B Sy 40 o ke L ASOR B9/

(3) Tlipe 25 Xof #ls 1 9 KRL T 1) Zeta WL 7= A2 5%
M o3 A PR P R R A o T A0 Y ) E R R
AN e EFURE MRS E MR A B R
R LR ) 437K Rk AR

(4 T AE T . B & B 90K BT Fes O,
Fe; O, @CPAM A 25 % ) ¥ J3 38 K, Jil1 % 728 7 16 K
B BT D s B WGP AN K R T Fes Oy @ CPAM (R
A 20% ) Vi B 485 K 1R S48 K5 /S S B0 el 5 1
% . TERCBAE R A R R 3 1) M 4 Kb 7 [Fes O,
Fe; O, @CPAM R 20%  FRAK 25% ) 7845 52 W T
SRR S o B] 25 0 T 5 T AR AR 3R B R S 3 KR
AN BRI S0 0 5 B 2 R . S G P 9 KR
T Fe; O, .Fe; O, @CPAM LA 20% | B 25% ) [k
JE B B — S R R A S 3G 0 R 4 KO T BT 2 k)
THTIRG 4 PAT 3R A0 BRI 77 A AN F 52 e, s 1 R ELRIOCR

FSER: IR KRV, 2 KR
BomL; Vo — B K B A AR mLs H,—73 K /9 @& B2
mm; H, —FUR A &5 B . mm,

£ X X W

(1] NS N0, £ 98, 45, P E AR Il SR IT R BOR 5 & i J5 18]
[T b 2E4R . 2022,43(11) 1 16641674,
SUN Huanquan, LIU Huiqging, WANG Haitao, et al. Develop-
ment technology and direction of thermal recovery of heavy oil in

China[ J]. Acta Petrolei Sinica,2022,43(11):1664-1674.
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