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Abstract: Among various heavy oil recovery technologies, physical viscosity reduction has the advantages
of simple process and good adaptability, as well as the disadvantages of high production cost and shortage
of thin crude oil resources, while chemical viscosity reduction has the advantages of fast effect and low
energy consumption, but the disadvantages of complex treatment process. Oil-soluble viscosity reducer
technology combines the advantages of both physical and chemical viscosity reduction methods, and has
attracted key attention of experts in the industry in recent years due to its many advantages such as less
addition, good effect, low cost and simple post-treatment. Herein, the reasons for the high viscosity of
heavy crude oil was introduced, followed by analysis on the viscosity reduction mechanism of oil-soluble
viscosity reducer. The synthesis process of various oil-soluble viscosity reducers was further summarized,
with the advantages and disadvantages of different types of viscosity reducer reviewed. Compared with
binary and ternary oil-soluble viscosity reducers, the various polar groups of quaternary oil-soluble
viscosity reducer could act better with the macromolecules in heavy crude oil and destroy the layered
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structure of resin and asphaltene, leading to significant reduction of heavy oil viscosity. Meanwhile, the
combination use of viscosity reducers could enhance the viscosity reduction effect. Finally, the development
trend of oil-soluble viscosity reducer was prospected. It was believed that further in-depth study on the
viscosity reduction mechanism at the molecular level and optimization on the synthesis process of viscosity
reducer from the perspective of green environmental protection were necessary. The solution of the above
problems would contribute to the design, preparation and wide application of high-efficiency oil-soluble

viscosity reducer molecules.

Key words: heavy oil; oil-soluble viscosity reducers; synthesis, mechanism of action
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Table2 Synthesis conditions and viscosity reduction effect of some ternary viscosity reducers

B RN YRR Z I ROIREC  RBIEHE/N BmER/(mgll)  EEERI% B0k

PR /BRI T 45 — R I/ AR 2. 0 B 4:1:1 100 6 1000 44.20 [22]
TR TR/A- 2 HE M E 12K 2,05 — 75 18 463 79.00 [26]
P B P R 1/ \ R P s TR e 107 A W 1R L s 9:3:2 70 5 1500 64.38 [62]
2-PIMRIRR — T e BRI R LRI T s — R T 3:2:2 80 9 w(FEZh711)=2% 95.46 [63]
PR T IR R T I — R I 5:1:4 80 6 500 69.20 [64]
PP TR M TR o B I TR K L0 1L T s — R — 80 5 500~800 >85.00 [65]
A S -y v AN <1 R -y e - S - S — 70 6 800 >60.00 [66]
o5 2 T
PUGRR T\ BR/H RN ISR BRI =2 1:05:08 80 5 500 90.00 [67]
A SRR b
BEAL DO IR BE — 2 W T Bk 4:15:81 — — w(FE R 71)=5% 91.30 [68]
PR TR T g fa- TP B8 2 065 12- TR 476 T 2 ik 6:3:1 70 5 4000 56.94 [69]
TSR

TE: =" SRR ORAR BN A A s w335 0 A 266 700 S5 ok o e FBA i S B A 43 L o
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Fig. 6 SEM images of heavy oil before (a) and after (b) addition of viscosity reducer!®®; SEM images of heavy oil before
addition of viscosity reducer (c), heavy oil containing styrene viscosity reducer (d) and anethole viscosity reducer
()2 X SPresults of heavy oil before addition of viscosity reducer (f), after addition of solvent (g) and after addition

of viscosity reducer (h)[™
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Fig. 7 Viscosity reduction mechanism of nano-SiO, composite viscosity reducer!™!
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