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Preparation of nano—fluids oil displacement agent
from solid mixed salts

TANG Xiaodong, LING Sihao, LI Jingjing, MAO Qianbin, WANG Fang

(College of Chemistry and Chemical Engineering, Southwest Petroleum University, Chengdu City,
Sichuan Province, 610500, China)

Abstract: The nanoparticles of calcium carbonate were synthesized from solid mixed salts to tackle the problems of difficult treat-
ment of solid mixed salts and high preparation costs of nanoparticles, which were applied in nano-fluid flooding as the tertiary oil re-
covery technique to enhance oil recovery. Under the foam atmosphere system, calcium carbonate and magnesium carbonate mixed
nanoparticles were synthesized from the solid mixed salts rich in Ca®* and Mg** provided by the oil and gas mine water treatment
plant in southwest Sichuan. The nanoparticles were dispersed in the polyacrylamide solution to form a nano-fluid flooding system,
and the oil displacement effect was studied. The results show that the synthetic particles have an average particle size of 120.9 nm, a
peak particle size of 111.7 nm, and a particle size distribution range of 28.87-638.78 nm. The particle surface adsorbs the side chain
of alkyl sulfate, and the contact angle is 93.570°. When 1 g of synthetic nanoparticles are dispersed in the polyacrylamide solution,
the nano-fluids can maintain stability for more than 24 h. In addition, displacement experiments show that when the nano-fluids are
injected at a water cut of 80%, the nano-fluid flooding can form a stable displacement pressure difference of about 3 MPa. The oil
recovery under the nano-fluid flooding increases to 88.66% from 46.67% under water flooding, with an increase of 41.99%, which
indicates that the nano-fluid system has good oil displacement performance.

Key words: solid mixed salt; nano-particles; nano-fluids; enhanced oil recovery; displacement experiment

B A2 2 G A X BRI T AR ORI, IR IR AR A A A R TR ) A ke
BRI AR Rl E T HOJCE A kM TSRO R N 2R AT AT

ek H 1 :2022-12-17,

FEE T FEIRAR (1963—) , 53, DU B A A, 2808, A1, ISR A il SRR SN T i A 5 4 v SR WA A6 G 7 Bt 20 B vy FH B AR
E-mail: txd3079@163.com,

FBIUH « i A AR B BRAS v T KRB TR T2 H i 2855 A 8 S HBOR BOGWESE” (2012E-34-06) .



H30E H4H

JREIRE 7 A5 [ A 25 ) e A A D AR T 9 590 A A 58 ) 2 K B AR i 5 117+

T AL B [ PAS 2 0AS R RE L AT M T A D 0 5 19
Pyl , HBEHEATAE S , FAb A P o A5 A e 7
A2 BB S G E S, ARG T AR 1 Ak BT
A SRS BEPRIED AR YRR 1% B 07
VEAE b BRI 1A P2 W I A7 A — R S FRAE , A vk 2
i IR BT BE R IE 2o I s e 55
I, % [ A B 0 ) TFG T A 9 A ) Ak B 5O 2 i
ORI E i

Bt D O SR O AN R L B D5 IE 7
ARG R R A D A AR TR R,
filf i 5 ORI R R H AR 35 B H AL BT Y
GBI, BA R R A AT S, SR, 243ih 1T
T HE AN e B K S, i Tk B R 25 57 )2
B R AR K GGE I T I 345 )RR, 9RO
BT EAEAOKREAR BB . SO, KR
LA 2 Rl b R R K, 7K R AR ™
T RE G PRI, TR 7 B 3936 e 4 SO A TR £
SRR, HETT 07 A A YR R T
TR HKED 9 PR KT ZE PRI A R AR R4
Forb  AOR UL 23 ORIV 50 R S KRR, mT LA
DR B2 3t g AR 9t 7 AL T 5 3, (0745 285 A 7 L B T
B D S T BRI B DT e R R
HT T A TIURE A ] 78 B AN RS B S AT BRI 1
HAERR R RMOCRIT 2 B o I, 2B 5T X
] A e R AL L I B 290 R IR B AR ey 25 1) A
P N TR B T e 1 [ AR 2 R A O JEURE,
LA JCA K IURE P4 G HCT SR PR i P M 1
5 ) A K A ) 5 ) — i T P 290 K S A Bk )
NITETE RISl € s

1 A Tk

1.1 LIgEs#t

SR AR SRR E B . TR LR, g
B Al S K AL BT 243 R T4
K" Na™ ,Ca* ,Mg™ 1 Cl', H & 50 5053 5l o0
12.3%, 14.02%, 16.48% , 7.44% F1 47.33% , F| 43/
B A HCO,”,SO,”, Pb* 45 ; 2 Jfu 1) HX-1 A4z il 5
HX-2, Tl g%, th ) 3T A BB BRI A it 58 i 2
Hb s AR PR AT TCIK LB, B4, B BB A6 Tk
FT A 5 3F B 7 7 RV M I e R X 7 o i
1400x10°), Tk g% , thy sERRH e AL TG0 $ it ik
K 6-2 i I A i 50 °CH} %k B 427 mPa-s; At A
O, KEE R 50 em, HAR N 2.5 em, SZER TR B4 60 °C,
LIRS R A WL SCHR[20-21]

S SEIRAN AR ARG T2 B Pk ki
ML, B TR BT LR 7 PR w) 4R 77 ; TDZ4-WS

B B0, I g WA S0 AR T & A PR H)
Az 7= s BI-200SM I 1 OG R BEAY , H 38 [ A 6 v 1
SCAY 84S T A2 775 CSCDIC100 4> [ 3 3 fih £ ) 5
3, B A ORS B AN AR /AR 7 5 WQE-520 7 il L i
ZLAMSGTEAL, Fh AL o i ] o AT A AT BR A B AR 7
ZEISS EVO/MA 15 4 B T W il , 1 = R 4%
RO AR 72 5 BRI PR A AR S 0 B VLT
IR A BRA R A7
1.2 XWHE

Feth vh Mg? Rl Ca® 114 R J3E 2 52 Wi SR 1 Jo 1) 2
BNER, SCRETE K S WK Zedh 7o T e &8
JIT A SEB I LT (A4 Eh e . ARG ek B ik
JE % BTS2 E IA5 1.06 g Na,CO, A I UTTE 1.1 g 1Y
ZeEh A g EAEORL . LE AN IRIE R
60 °C, pH i # 8, HX-1 Fl HX-2 f% J5t 1 43 5045 51 K
0.2% F10.3%, %5 Jit ¥ B 7 0.2 /100 mL AR K38
125 1.4 g/100 mL,

B T A BRI 1) A% 6 o v B A, 2% T M 7
Jo i A RO A UKL ) R A B R . SR A
JCRIURE 22 T DA P 2 o 3 T O 1 V) AR AR &R,
SRR R TP A R 4 A P X X2 10 & ik
RERZ A B, QLRI ) T 6 AU () P RE 1 R
BRI PR HX-1 A B r i 51 |, 53X AR T4
MARTEFEL A T U EA R AMTERE. B
PRSI A5 R IR B 60 °C, pHAE N 8, Z4Eh Bt vk
J£°41.0 g/100 mL,

pH {EE S M fd AR B A% E R I R ER R %
0oy H 5 & ok Z B e &R o SCER Ak
Sy s FET G 17 HX-1(0.2%) FlIHX-2 (0.3%) 195
fic., ZEh R B2 R 1.0 g/100 mL, ¥ B4 60 °C, pH
B Hh 8 AR YR 2 13,

Fl & 77 % LKA 0 IR E S DR
il 2251 ¥ BE 1) Na,CO, i 25 90 mL , H AR 48 A 1] 52
56 25 A 1) He HpOI A — 2 2 (R 451 77 HX -2, I VEVR TR
Ao OS5V WA TN ) 2 51 e B A 1) 2 R
WA 10 mL, FFAR A 7] S 36 2% A28 ) e fip A —
R R HX-1, 10 MR B, @O IER ABIAK
WASE R min PP AR SRS IR G, DL SR Y
T B L 2 mL/min B9 38 B A TAEH Y 13-2
BEFE AL . ¥ N G A TR R E 6 h 58 42T
W, R B0 B R AR BT PR, O A4l
IR TGIK AR R U A ORE 2 TR . @5 R ¥4 S 1
RLTE 80 CCHEFE T4 6 h 15 2 BTk,

25 A 0 R G ORI 3 50 ik %
) Na,CO, ¥ 45 90 mL., QM 5 Na,CO, i WX}
INE ) 2R B0 e B A B ) 2 AR T W45 10 mL, %%
Na,CO, ¥ AR A K 4 8, 75 &0 1 min = A 45 9%



-118- moR M R

202347 H

WIRJE , DL 098 44 ER A L) 2 mL/min (1)
BN TR -2 50 PR AL . @F N 5
M IRTR B 6 h 58 A TH I, i B0 0 B FE i, 15 51
BT kL . O 47K | TooK £ B ae B Pk i ok 2
Wo @5 Uk e T Uk AE 80 °CHEAR TP T4 6 h 15
FITR

FAET VR TG YK B0RL R FH sh 2
eSS (DLS) (£L 4N 1% (FT-IR) 34 H 4% (SEM)
FHZ il /1 (CA) S5 R AE T Be o b, B4 4 1 R 240
15 : ODLS, K4k Bk LL 0.1 g/10 mL ) i ik JiE
I ELEIJEK CEEH A 30 min fRIENELE — . B
O3 ERCEE ARE S, BT BI-200SM T A ORI AL
w38 3 Bl 2SO Y T I 4 K SR 1 S 2R
7R SRR . @FT-IR. 7R 1k 4
(KBr) 5 40 K JURL TR A Fe il 5 R, K i 75 A9 R i
A WQF-520 B i HL 21 4M 6 A b ) g HLRRE B
REAT, BRI 2 i S 4l B 16 k. BSEM, 1E
ZEISS EVO/MA 15 $ 4 B T i S Hh X 4 oK s 4
TR T RO S8 . @CA,
B IR AE Fe ) SR v R, 4238 P o v T
T CSCDIC100 4= H 3l fil A e A L, i 35 B i vk
DU AR FERE Al e L e s o

2 TSRS

e R E R B X BRI R R SN
AN [R) =6 i vk B s () 1D AT DL
W 5 23 60 T A VR S (BN, 5 B ORI A28 0 7B
W/, 2k R 1.0 g/100 mL I, & 1 oA
FRF- YR AR B /N A 120.7 nm, Y Zkh i ik i Ak
N, A5 1A OB R AR S I FF A K 3 PR Ry 2k
O Ve JRE Ao v 4 M) 2% T M R 1) R TR L 1 S
VT LR PR RN | 5 ) A% A a5 Bl it o 2k
s R A AR R B R A 2 PR/ NBURE P SR A — e T
A P BORLAR A K, BFTT R, M 4 vk
&4 1.0 g/100 mL B, JC I8 J& 1 H4 R0 A% 4 2 06 i br
400

21

— TERifR
— Wk AR

4% /nm

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Z R R E / (g (100mL) ™)
Bl 1 FEZE R E K X B AR B 220

Fig.1 Effect of different mass concentrations of mixed salts
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