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Study on the mechanisms of viscosity reduction and microscopic oil
displacement of a water—soluble dispersed viscosity reducer
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Abstract: The heavy oil dispersed viscosity reducer has attracted much attention due to its unique functions and ability to
reduce the processing link of crude oil. However, so far, the development of water—soluble dispersed viscosity reducer and
the research on microscopic oil displacement mechanisms have been rare. Therefore, on the basis of testing the structure of
heavy oil from Shengli Le an Oilfield , the viscosity reduction mechanisms were studied through infrared spectrum analysis,
transmission electron microscopy (TEM ) and atomic force microscope scanning (AFMS) experiments on the heavy oil before
and after adding the viscosity reducer; Using the CT and micro—etching models under high temperature and high pressure
conditions, the micro—displacement mechanism of water—soluble dispersed viscosity reducer in the reservoir was studied.
The viscosity reduction mechanisms are mainly as follows : the dispersing viscosity reducer penetrates and diffuses between
the colloidal and asphaltene sheet molecules after it is combined with the heavy oil molecules ; the combination of heterocy-
clic atoms in the viscosity reducer and colloids reduces the formation of complexes between family molecules and separates
the aggregates ; the original regular aggregates are transformed into sheet—like molecules with irregular distribution ; the mo-
lecular structure becomes loose , the degree of order is decreased , and the entropy is increased , which reduce both the aggre-
gation of heavy oil molecules and the intermolecular forces. Its microscopic oil displacement mechanisms in high tempera-

ture and high pressure reservoirs are mainly manifested as that, the dispersive intercalation has a stripping effect on the
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heavy oil adsorbed on the surface of rock particles and the efficiency is high at the conditions of low displacement rate and

high concentration ; the stripping effect is relatively weakened and there is a large amount of surrounding cluster-like resid-

ual oil at the conditions of high rate and low concentration.

Key words: heavy oil; hydrogen bond ; viscosity reducer;viscosity reduction mechanism ; oil-displacement mechanism
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Fig.2 Molecular structure of water—soluble
dispersed viscosity reducer

FH 7K P A OB R 2 0] o T2 i T DL
LRGN o T USRS A 3 J8 TR K07, 24
KRR SKEE AT I8 R A o AR
LA PR i e 2 70 (] e 5L S 40V 1 A I 1 R
P o X BRI %) 5 A T S5 A RN 4 SV FH AL B
T EZRIUAE : 70 F BHET 1 5 A AL AL Bk , A
A SR, S B RE ] 5 7K 45 G T8 U 2657
VWS B0 DL IR AL OF B 1E BRI 2
A3 ECHE T HE ) & 2% 0 o R R R ) SRR
G, 12 A P S A 5 AR A 4 A S e R
W o e I 5 90 5 7, DA TS SORR S P S 43F TR EY
SRR 5 e B 5 W SRR N S B, M RS
B A5, B ee e v B B £ LA 2230 R 7 A TR XA
TETHM 4. 552 Mk 5 P—OH Fll N=C=S 4
A BEM I, P—OH L S5 H i o T 456 5 &9
BRI 2 U A B BE 4 2 HE A R IR A1
A E S ECEE R VR R B 107 16 S U B Tl N=C=S I
TRBLT B2 > 7 HA R R e . 5555
AHIZE B 0 I AR K WO A3 8 A3 )5 2 TE i HL,S R
PR B A B B Rk, G A, B S
Bl F45 6 5 DI B S E TR AR R T,

3 PRI U PR LA

SBEEER

S W Rt o e R R 0 20 BOREOCR, M L S
FF N B TR, 22 I E S S A i, B K
S R RS G T AR R RGBS AR R TUO
St LB b S SR - (OF Ik b 50 s
RS it 0 0 O 150 “CHEJRAR Tt @HI/MA)
SRCHS /D R T 2 ) 4 B 3k A A B 20 KO 1%

31

e b 7R W ) AR, 23 A B B AR [ ) Tk &
B, 2l P I WO 9 e T TG (838 W I A, B
M — i R BB L, R 7K o3 2 e AR AR
TR A HRAS 1T UL, DA A R it ol o 102, SR 0 ik
(Ep ILER RINE

IR 2R (P 3) R B, B i e o e 285 790 U 55
WeE 285 790 DA L 2 AR 2 D S 38, o e 230 590 i 114 4
H7E 50 nm 2 A BEF S35 BT A9 UKL 1142, 1 3 23
70 BRI AE 100 nm 2 GEFR B R B0RL , 12 75 Ak
IR HAT W O AL

a— 11 ¢ 2 770 iy

50 nm

b & 5 7 5
R M ARAMMEFRFIEEHBENRER

&3
Fig.3

Comparison of transmission electron microscopy test
results of heavy oil from Le an Oilfield
before and after adding
viscosity reducer
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Fig.4 Atomic force microscope images of heavy oil
from Le an Oilfield before and after
adding viscosity reducer
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Fig.10  Images of micro—etching model after displacement with different concentrations of viscosity reducer solution
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