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Fig.6  Effect of shear rate on apparent viscosity
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Preparation and Properties of Temperature and Salt Resistant Amphoteric Polyacrylamide Thickener
ZHOU Yafeng, YANG Jiang, LIU Hailing, MA Cheng

(College of Petrochemical Engineering, Liaoning Petrochemical University, Fushun, Liaoning 113001, P R of China)

Abstract: In order to improve the temperature and salt resistance of the fracture fluid thickener, Oil in water emulsion PAAD with

temperature and salt resistance was synthesized using acrylamide (AM) , acrylic acid (AA) , anionic monomer 2-acrylamide-

2-methylpropyl sulfonic acid (AMPS) and cationic monomer acryloxyethyl trimethyl ammonium chloride (DAC) as monomers.

The mass ratio of monomer AM, AA, AMPS, DAC was 9:1:3:1.5, and monomers with mass fraction of 30% was dissolved in

water as aqueous phase. Emulsifier Span-80 and Tween-80 with mass ratio of 9: 1 and mass fraction of 10% was dissolved in oil as

the oil phase, and the oil/water ratio was 1:2.5. The viscosity average molecular weight of PAAD was 383x10* g/mol. The structure

of PAAD was characterized by infrared spectroscopy and H-NMR spectroscopy. The properties of the temperature resistance, salt

(FH45 60T, to be continued on p.60)
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High Temperature Resistant Foam Resin Sand Consolidation Technology with Uniform and Low Damage
KUANG Shaohua, LYU Min, SUN Zhengyu, HU Yi
(Drillng and Production Technology Research Institute, Liaohe Oilfield, CNPC, Panjin, Liaoning 124010, P R of China)

Abstract: In order to solve the problems of poor temperature resistance of conventional foam resin system, great damage to
chemical sand solidification reservoir and short validity period in loose sandstone heavy oil reservoir of Liaohe oilfield,
nano-modified resin base liquid was prepared by using epoxy resin, phenolic resin, hydrophobic nano-SiO, and silane coupling
agent as raw materials, and then adding curing agent, emulsifier, foaming agent, foaming stabilizer and other additives to prepare
foam resin sand solidification system. The consolidation temperature, sand strength, permeability, temperature resistance and
heterogeneous multilayer injection performance of the system were evaluated. A matching foam generator was developed, and then
a high temperature resistant foam resin sand consolidation technology with uniform and low damage was formed. Finally, it was
applied in Liaohe oilfield. The results showed that the optimum formula of the foam resin sand consolidation system was obtained as
follows: 20%—30% resin base solution, 8% —12% phenolic amine curing agent, 0.3% emulsifier OP-10, 0.5% foaming agent
organic silicon surfactant, 0.1% solid foam stabilizer nano-SiO,, 0.1% polymer foam stabilizer polyethylene glycol, 57%—71%
water. The foaming volume of the system was increased by 6 times, meanwhile the half-life was greater than 20 min. It could be
cured above 35 ‘C, and the temperature resistance after curing could reach 280 ‘C, which had the characteristics of low temperature
curing and high temperature resistance. The compressive strength of the foam resin solidified core at different temperature was more
than 5 MPa, and the sand consolidation strength was high, which could meet the requirements of unconsolidated sandstone. The
sand permeability of the consolidated core prepared with 0.25—0.42 mm quartz sand was 4.8 um’, which was better than that of
conventional resin sand consolidation agent (1.9 um’). It could prevent the penetration of highly permeable layer, improve the
injection profile of sand consolidation agent, and achieve uniform sand consolidation. Good sand control results were obtained in
the field test, which verified that the technology could achieve uniform sand consolidation and low damage characteristic. Using the
fluid characteristics of foam resin to achieve uniform sand consolidation in heterogeneous multiple reservoirs, the purpose of
improving the effect of chemical sand consolidation and the validity of sand control was achieved.

Keywords: chemical sand consolidation; foam resin; low temperature consolidation; high temperature resistance; uniform sand

consolidation; foam generator; Liaohe oilfield

(32552571, continued from p.-25 )

resistance, shear resistance and gel-breaking were investigated. The viscosity of PAAD solution with mass fraction of 1.5%
maintained at 51.7 mPa- s after sheared for 1.5 hours at the temperature of 90 C, exhibiting good temperature resistance and shear
resistance. The viscosity of the PAAD solution could quickly restore when the shear rate entered the low shear region after high
shear, which could ensure that the suspended sand does not settle. In the simulated seawater with salinity of 50 g/L, the viscosity of
PAAD solution with mass fraction of 1.5% was 45 mPa- s, indicating that PAAD had good salt resistance. At the temperature of
90 C, the fluid could be broken within 3 hours at dosage of 0.2% breaker. The surface tension and oil-water interfacial tension of
broken fluid was 30 and 1.9 mN/m, respectively. The insoluble residuewas 220 mg/L, and the formation damage was 9%. These
properties met the requirements the standard in the petroleum industry.

Keywords: amphoteric polymer; temperature and salt resistance; fracturing fluid; gel-breaking property
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