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Synthesis and Performance Evaluation of Micro-nano Capsule Sustained Release Gel
KANG Chuanhong', FEI Dongtao', SUN Jianfang’, GONG Weiqing’, CAO Lili*, GUO Jixiang'

(1. The Unconventional Petroleum Research Institute, China University of Petroleum(Beijing) , Beijing 102249, P R of China; 2. Petroleum Exploration

and Production Research Institute , Sinopec, Beijing 100083, P R of China)

Abstract: In order to delay the gelation time of polymer gel, a micro-nano sustained-release (MNSR) gel was prepared using

partially hydrolyzed polyacrylamide, crosslinking agent J, (chromic acetate) and J, (phenolic resin) , D-isoascorbic acid and

hydrophobic fumed silica as raw materials. The crosslinking agent solution was encapsulated by the self-assembly of hydrophobic

particles in aqueous solution, and then added into a polymer solution, as a result, the purpose of delaying the gelation time was

achieved by slowly releasing the crosslinking agent. The influence of pH value on the encapsulation ability of hydrophobic particles
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Abstract: In order to effectively deal with the leakage or escape that may occur after CO, storage, a CO, responsive gel with
excellent injectability and good sealing effect was prepared. The sol-gel state transition occurs under acidic conditions, which was
suitable for CCUS geological storage conditions and could improve wellbore integrity. The rheological properties, microstructure
and sealing performance of CO, responsive gel with different amounts of branched polyethyleneimine (1.5% —3.5% ) and
x-carrageenan (0.4%—0.5% ) were studied. The study showed that the viscosity of the system before the response decreased with
the increase of the shear rate, and the system was a pseudoplastic fluid. When the shear rate was 100—1000 s™', the viscosity was
2—100 mPa - s, indicating that the system had good injectability. The polymer system undergoed a sol-gel state transition when it
encountered CO,. The modulus of the pre-response system was in the range of 107°—100 Pa when the shear frequency was 0.01—10
Hz; while the modulus of the CO, responsive gel was in the range of 80—4000 Pa when the shear frequency was 0.01—10 Hz. The
modulus of the system after the introduction of CO, was greatly improved. After the response, the system had a three-dimensional
network skeleton structure with smooth surface and uniform pore size, so that the system had high strength. The results of the core
flooding experiment showed that the plugging rate of the F system (the amount of k-carrageenan was 0.5%, the amount of branched
polyethyleneimine was 3.5%) for CO, gas was 79.7% and the plugging rate for the water phase was 99.8%, exhibiting good anti-gas
channeling performance. This paper provided a new technical route and theoretical basis for the application of CO, responsive gel
channeling agent in the field of CCUS geological storage in the future.

Keywords: CCUS; smart gel; CO: responses; sealants; rheological properties

(355 588 WL, continued from p. 588)

Corrosion Resistance Improvement of Cement Paste by Waterborne Resin without Curing Agent
DENG Chenghui, JIN Yong
(CNOOC Shenzhen Branch, Shenzhen 518000, P R of China)

Abstract: Special geological conditions such as oil and gas wells with CO, and CO, geological storage wells require high corrosion
resistance of cement paste. In order to improve the corrosion resistance of cement paste, a waterborne resin without curing agent
was selected as the anti-corrosion material. The improvement mechanism of corrosion resistance of cement paste by waterborne
resin was analyzed. The results showed that the resin could effectively improve the corrosion resistance of cement paste. After 28
days of corrosion, the corrosion depth of cement paste with 15% waterborne resin was 68.7% lower than that of blank cement
paste, meanwhile the compressive strength after corrosion was 12.8% lower than that without corrosion. The mixture of resin and
cement slurry not only reduced the permeability of cement paste, but also reduced the large pore volume, therefore increased the
corrosion flow resistance of CO, aqueous solution. The corrosion product formation of cement paste was reduced after resin was
added into cement slurry. The microstructure of cement paste mixed with resin was denser. The film substance in cement paste
increased the inertia of corrosion reaction. The waterborne resin without curing agent could improve the corrosion resistance of
cement paste by reducing the formation of alkaline hydration product, increasing the penetration resistance to acid fluid and
enhancing the inertia of corrosion reaction.

Keywords: resin; well cementation; anti-corrosion; cement paste; carbon dioxide

(4255614 U1, continued from p. 614)

and the concentration of hydrophobic particles on the thermal stability of capsules, gelation time and gel strength were studied.
Experimental results showed that the pH value of the solution suitable for the sustained-release capsule was 2—10. When the
particle concentration in the capsule was 10%, the water separation rate of the capsule was 3.33% at 30 C and 26.67% at 120 'C
after 240 h. When the capsules with a particle concentration of 10% were used, the gelation time of the gel was extended from 48 h
to 486 h at the temperature of 30 'C, and was extended from 1 h to 144 h at the temperature of 120 ‘C. The gel storage modulus G’
of the gel before adding the capsule was 43 Pa and yield stress was 102 Pa, while the G' of MNSR gel was 313 Pa and the yield
stress was 202 Pa. The sustained-release capsules prepared by hydrophobic particles had better thermal stability, which not only
delayed gelation time, but also increased the gel strength.

Keywords: retarding crosslinking; profile control and water shutoff; nanoparticles; micro-nano capsule
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