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Abstract The emulsion that is mixed with returned acidizing fluids and crude oil has strong stability, which may have a great
influence on the crude oil dehydration and the safe operation of crude setting tank. The effects of temperature, demulsifier dosage, pH
value, viscosity reducer dosage on the viscosity of emulsion and demulsification performance are studied, and the microscopic changes
of emulsion at different times are observed. It is indicated by experiments that the viscosity of emulsion mixed with returned acidizing
fluids and crude oil declines significantly firstly and then decreases gradually with the increasing temperature; when the temperature
is lower than 40°C, the emulsion has stronger stability, however, between the temperature of 50-60°C, the dehydration rate does not
increase significantly with the increasing temperature. So it is concluded that the best demulsification temperature is 50°C. It is also
found that emulsion viscosity could be decreased by adding demulsifier, but not significantly; the more the dosage of demulsifier is,
the better the demulsification performance is, and the dehydration rate is not remarkably increased when the demulsifier dosage is
more than 150 mg/L. So it is concluded that the best demulsifier dosage is 150 mg/L. Moreover, it is beneficial for demulsification

performance to adjust the returned acidizing fluids pH value to 6.0-7.0. With the increasing pH value, the oil water interface grows
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suddenly angular and the structure of crude oil after dewatering is more tight. Finally, the dehydrating speed is improved obviously by

using viscosity reducer. These conclusions can be used as references to the demulsification and dehydration of emulsion that is flowed

back early after the implementation of acidification.

Keywords returned acidizing fluids; emulsion; demulsification; dehydration rate
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Table 1

Chemical constituents of returned acidizing fluids

FHESF/(mg-L™")

B F/(mg- 1)

H5 pH{H S
K'+Na' Ca™ Mg™ Fe™ Ccl F SO.*

SH-1 2087.5 857.5 582.6 961.6 6729.7 30.5 1447.8 4.1 HIRE,

SH-2 4719.9 664.8 504.0 1398.8 18096.0 78.6 1424.6 3.6 FREL
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SEC 1 AR TR 50% 0 J5 3l LRI, 430l 44 0 YL-1 5
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Table 2 Effect of temperature on demulsification performance

T . R L R AR e
15 min 30 min 60 min 90 min 120 min o TR
35 SH-1 0 0 4.0 6.4 6.5 T B (el 21.7
SH-2 0 0 3.7 6.3 6.3 T B ik 21.0
20 SH-1 3.1 4.8 9.6 11.9 12.1 b el 40.3
SH-2 2.9 4.0 8.4 10.6 10.7 i i 35.7
45 SH-1 3.4 5.1 17.9 19.0 19.2 HRE bR 64.0
SH-2 3.1 4.0 16.1 18.0 18.3 e bR 61.0
5 SH-1 5.1 73 12.2 20.6 20.7 TH BT el 69.0
SH-2 45 5.1 11.6 19.5 20.0 T B i 66.7
SH-1 6.7 10.4 17.0 20.8 21.1 e B 70.3
» SH-2 6.0 9.8 15.0 20.2 20.8 HERE bR 69.3
o SH-1 7.5 13.4 19.1 21.5 21.6 T T el 72.0
SH-2 7.6 12.6 16.9 21.2 222 T B (el 74.0
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Fig. 1 Relationship between temperature and
viscosity of emulsion

(b) FimFLRE
E2 FimRIKBEERHE R (50%)
Fig. 2 Microphotographs of crude oil and emulsion (50%)
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mg/L I, 2 Fh R Ak HER SH-1 5 SH-2 Fir Bt il it S LR 7
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Table 3 Effect of demulsifier dosage on demulsification performance

W?L?ﬂjt]{li/ o . . HFE7J<§/mL . . A 75*&?% Rk
(mg-L™") 15 min 30 min 60 min 90 min 120 min HEE 2%
SH-1 32 4.7 5.4 73 7.3 HERE bRy 24.3
0 SH-2 2.8 4.0 4.8 6.3 6.4 HERE bR 21.3
100 SH-1 4.6 11.6 14.7 17.3 17.6 i (Gl 58.7
SH-2 3.9 10.4 14.0 16.1 16.3 HeaE bR 54.3
150 SH-1 49 12.5 15.5 19.4 19.8 i (Eeln 66.0
SH-2 42 10.1 13.3 18.0 18.3 T (Gl 61.0
200 SH-1 5.1 14.7 17.8 20.6 20.7 T (el 69.0
SH-2 45 12.9 16.5 19.5 20.0 T (Eeln 66.7
250 SH-1 5.2 15.1 18.8 20.8 21.0 i Tt 70.0
SH-2 5.0 13.5 16.9 19.7 19.7 i el 65.7
300 SH-1 5.7 15.3 19.2 20.2 21.1 HeRE B 70.3
SH-2 5.3 13.9 17.5 19.0 19.9 HeRE B 66.3
700 - 2P I LR R B 2218 N R, 3 A 512.4 55 608.3 mPa-s
600 R 3 366.5 55 470.3 mPa- s, 1 A I 255 7L 70 B ARG S5 LR
! g S . B AT
£ 400 \ AL 150 mg/L, BEFLIRE Jy S0°C , AN [l it 5L Ak
% 300 (B 79 SH-1 B i LRI TOME A5 AR AL An &l 4 7 o
200 - ——YL-1 FH & 4 m 1 B LAS RIS E) JS SR FLAR VRO 25 W i
100/ e R MABEFLR S min 5, FUR R /NS5 BEHS 22 ([ 4
0 100 200 300 (a)) , VA B PLBR T 0 FF AR W FLIB K , EA K e K i T

I /Amg-L™)

B3 WIAFMESIHARBFEXR(50T)
Fig. 3 Relationship between demulsifier dosage and
viscosity of emulsion (50°C)
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(a) 15 min(100x)

(b) 60 min(100x)

(c) 90 min(100x%) (d) 120 min(30x%)

B4 AFEMENFIRERALREFRR
Fig. 4 Microphotographs of demulsification performance at different times
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Table 4 Effect of pH value on demulsification performance

Ji 7K i /mL o )
= pH{H : : : : . VITRINA IKAVEISEE KR %
I5min - 30min  60min 90 min 120 min
4.1 45 7.0 14.6 185 18.5 HERE Tty 61.7
5.0 4.7 75 15.0 18.0 18.2 HERE fh 60.7
- 6.0 4.7 8.1 14.3 22.4 23.7 HRE fh 79.0
7.0 8.5 10.2 153 23.6 24.4 AR R HRE 81.3
8.0 8.3 12.3 19.1 20.6 20.9 HHAZE Rl 69.7
9.0 55 11.3 15.6 19.4 19.5 HERE Tty 65.0
3.6 3.6 8.1 11.0 15.3 16.0 R fkERE Tl 53.3
5.0 3.6 8.5 10.8 15.5 16.2 RigRE B 54.0
. 6.0 4.0 8.6 11.1 22.0 22.5 IR iR 75.0
7.0 8.3 145 18.4 23.0 23.6 R tcHERE R 78.7
8.0 8.5 13.9 19.6 23.4 19.6 HEALZ R 65.3
9.0 5.1 9.2 125 16.9 17.3 U Ee g iR 57.7
600 - FURTRBEFLGEK 120 min J5 , iR SRR A . pHAEH 5.0
500 - e B, VA A T 0 [ A SR, G sty 2L RV L /K 5 i 7K
7 400 SR B EUE (Bl 6(a) ) s BEE pH AR T+, A [
C 300 - ARHSOARE A o8, L e LRV A L A S5 ek 7K S T S AR
% 200 - v ARCEL6(b) ), 3X AT FE SR FH A= B B AU A8 1 3k 7K A 1
100 - ———YL.2 FEAR 5 IR Ak IR HETR pH (B 4k 22 T 55, i 7K 55t 1 A8 150 A 43
T T T S S S S— WY 8 7K B S 24 B (&l 6(c) ) o
0 1.0 20 30 40 50 60 7.0 8.0 9.0

pH{E

E5 pHESFRBFMEXZR(50T)
Fig. 5 Relationship between pH value and viscosity of
emulsion (50C)

i

(a) pH=5.0

E6 AE pHEZREHEBREHEBH (100x)
Fig. 6 Microphotographs of demulsification performance
with different pH values (100x)

AT AT, PR AR HERE pH (L 6.0~7.0 1, BT AL
F0 D3 FLAR B 5 T K , 3 ELBEFLIBE A ok 3 2 S

(b) pH=7.0 (c) pH=9.0

PR, K 335 T i 5 A pHEARZETH i, th T IR R AR
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i FLADRI R E WA T 55

MIEL6 0T LA H , AN [R] pH A8 R A a0 HE R PE i 1l Dt

2.4 FEFEFIMENFEBIVIR ISR

TR in AR 2L B R AR HEW pH {E = 6.0~
7.0 B FHE i B LR R K 3R (R LR G B 1 2 A X A
Fo AL RV B W EE A RH 7 K, mTBH /K Z [l i AH B
R SR 2 IR BRI T TR , AN 2L AR RO L e Kk
R, A5 T R 50°C i FL AN i 4 150 me/L pH
7OBF, BRI FLARE R FLBCR B 52, SEE A5 A L3R
SHIE T, FEEEFIINE K 200 me/L I, FEIHFLRIR O IE 2578
(ANEEN

M5 FTLAE A RERE RS, i 2L DRV 1% ot 7 3
A bR 5 5 B SR HEVR pH (ELAR LE , AR B 70 1 755,
RV LG /K 8 B, 3 P RS2 vh SR e LR VR 0 1
TR KT 25 5 S BE R I . I 7 ol LA 1 A BEZE
VISR B RN et TE L e O N ] |
T KT 200 me/LJE , B i 2L ARV G BN PR S R R, Y
I, i 52 A B 7 e A T 200 mg/L. MR 8 (a) AT LA Y,
T REZRFA G, DR LR VR R sh 3 o, o7 LA & K
IR A , BB I 80 300 A T AT ) D AR R e LK
B FLR B BEFLE K 120 min J& , JEIM LRI S K B8, il
IRy BSOS A &, pl D [ A AOR A TE K S
TH7K ST A R RN RLU AR
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Table 5 Effect of viscosity reducer dosage on demulsification performance

¢l 7K /mL ) o .
ﬂﬂﬁ/(mg-ﬂl) HE 15 min 30 min 60 min 90 min 120 min AL ARART I k1%
0 SH-1 8.5 10.2 153 23.6 24.4 HALE Bk RE 81.3
SH-2 8.3 14.5 18.4 23.0 23.6 hikeE R icHERE 78.7
100 SH-1 9.4 14.1 225 243 253 UE e R fckERE 84.3
SH-2 9.0 15.4 21.1 23.8 24.6 bl bR 82.0
200 SH-1 11.3 19.7 26.7 28.5 28.9 TH B bR 96.3
SH-2 12.2 20.5 27.1 28.0 28.4 eivikeE e 94.7
300 SH-1 12.5 20.2 26.9 28.5 28.7 bl R 95.7
SH-2 12.9 19.9 27.6 28.5 29.0 b=l Tt 96.7
400 SH-1 12.0 20.5 28.5 29.1 29.1 T B bR 97.0
SH-2 13.1 21.3 27.7 28.6 28.6 T B R 95.3
600 -
——YT -1
500 —— VL2

s

=3

S
T

#iJ8/(mPas)
S 8

100 |
0 160 2(I)0 360 460
FREWRE/(mg L™ (a) =15 min (b) =120 min
B7 BREFFmESIAREREXZR(50T) E8 AR EILRERIAIRBRHE A (100x)
Fig. 7 Relationship between viscosity reducer dosage Fig. 8 Microphotographs of demulsification performance at
and viscosity of emulsion (50C) different times (100x)
2.5 XtLb#AsR T FLARIE A B LG K o T LA b BEAE AN T 5 R Ak 3R HE

P R AL R HEV pH (E 2 6.0~7.0 Bif, B8R U FLIR I 1) W pH AE (Bl pHAAE 43514 4.1 5 3.6) HA X AMFER T,
WK A W Rt & T &8 B sS4k XF T LR AT R LI K SR 5 o R EE SR 50°C (A LR
A SURE , S BRI LRI R RS LT AR SORL Y i 150 mg/L I, SEE0 45 T an 2% 6 At o X R 26 i o0
A RS S T I A R, S EL TR 26 R e s, BE R RE ) O 200 mg/L, B FLIE /K 120 min J&5 A9 SH-1 J5 30 FLIR 7 2 1%
AT BH 1E 7K 3 2 (8] AH BRI , 98 8 /K BR 9 T DTEUEE , AN B IR RN 9 B s o

*6 FKFTpHEZREEIBR
Table 6 Demulsification performance without adjusting pH values

R/ I JBi K4 /mlL LTI @ (e k%
(mg-L™") 15 min 30 min 60 min 90 min 120 min R ity
100 SH-1 8.9 14.0 20.1 23.0 23.1 it (Cel 77.0
SH-2 8.4 15.4 19.7 223 22.4 T (el 74.7
200 SH-1 10.2 19.0 23.8 25.5 25.5 it (el 85.0
SH-2 9.7 18.7 23.0 24.9 25.1 T (el 83.7
300 SH-1 10.4 19.1 24.0 24.5 24.9 T OB (el 83.0
SH-2 9.7 18.6 23.1 24.7 24.8 it (el 82.7
400 SH-1 10.0 18.9 24.1 25.5 26.0 T (el 86.7
SH-2 9.5 18.6 22.9 24.9 25.1 T B (el 83.7
mm 44
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(a) pH=4.1
B9 AEpHEFIRERI MR BRI A (50%)
Fig. 9 Microphotographs of demulsification performance
with different pH values (50%)

IR LR 5 5 6 AT LU Y, RV pH (B, 50
FUARRE K ROR 22 , K BAT L 90% , (52 i T A
TREREF, AR AN AR GH R I 1 1 R AR HE
W pHAELZE 7.0 I, FC L FLR B FLBE A SR S 4, It Kk 6
S FICET AL, AR TE T IR LR AR pH (H 22 6.0~7.01 ,
TGP T (A JSORE P RE AR T LB B LB K L (E8 15 pH (B XS
PR AR HEWR I B D LR WAL K S 22, 5 L fd ]
R AT UM PR B LB K HE

i1 1519 PRI R AR HE WL pHAEAN ], Js b LRI O 25
WANE o 75 pH B A 4.1 B, J i LRV A o A R A=
J, K FUEEARB A RN, K22 2 BIOE , IF BB K b
T R AR KA A R (9 (a) ) 5 76 pHAAE R 7.0 B, J5L3Hh
FUARTAFLI /K | K S TS AN R AR, i =2 ) 3 452
BN (E9(Db)).

(b) pH=7.0

3 Zip

1) FRAGIRHEWR S ST B4 LR VB b 1 B3R 3 T s
SERUR IR, S5 N, fEIR AR T 40°CHY ZLAR IR RS 1
AR, PR E N S0~60°C., Bifi 5 I TH i, FLARBE K R - T
RN, 5 A BE UG FLIRE  50°C.

2) BIMEFLAAE A FRRACFLAR G R (SRR
T LA B A, LR VB L AR R, 4 LR o 2k
150 mg/L J& , Bl L0 A A, ZLAREB K 2 b THi AR
K, LRAEBUB LA N 150 mg/L.

3) JH1 R AL R HEW pH (H £ 6.0~7.0 A F| T FL R i
Flo pHE#E R, 07K ST AR 158 #1500, I LR 7K 08 B 4544
BNEE

4) IMAREFEFRIG , FLAORN A B B2 I S b
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