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Abstract
Functional monomers, such as 2-acrylamide-2-methylpropionic sulfonic acid (AMPS), N-vinylpyrrolidone (NVP), and 
acrylamide (AM), were copolymerized into terpolymer microspheres by inverse suspension polymerization. The structure, 
morphology, swelling, and temperature resistance of the microspheres were comprehensively characterized through several 
means, including a 13C nuclear magnetic resonance spectroscope, scanning electron microscope, optical microscope, and 
laser particle size analyzer (LPSA). The results showed that the AM, AMPS, and NVP monomers were initially polymerized 
to form smooth and uniformly dispersed terpolymer microspheres. The particle size distribution of the microspheres ranged 
from 60 to 90 μm at a stirring speed of 300 rpm. The microspheres fully absorbed water and swelled to 21.9 times at 120 °C 
compared with dry powder microspheres. The ternary copolymer microsphere/water dispersion system can only withstand 
a 120 °C temperature for 19 days. However, this temperature resistance of the microspheres can be effectively improved 
by adding the appropriate stabilizer solution. The microspheres can be stabilized for at least 42 days and 120 days in 0.1% 
thiourea--cobalt chloride composite stabilizer solution and 0.025% LY stabilizer solution, respectively, at 120 °C. It can be 
seen that the microspheres, water, and stabilizer systems have excellent long-term thermal stability. The AM/AMPS/NVP 
microspheres with temperature resistance will have broad application prospects in high-temperature reservoirs.
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Introduction

An oilfield enters a stage of high heterogeneity and water 
cut during the later stage of its development. Deep profile 
control of injection wells in an old oilfield can effectively 
improve water injection, thus economically and effectively 
improving oil recovery from the oilfield despite the high 
water cut [1–3]. The conventional granular profile control 
agent has high strength and can effectively plug high per-
meability zones; however, its granular size is large, deep 
profile control effect is small, and the consequent enhance-
ment of oil recovery is not ideal [4–6]. In contrast, cross-
linked polymer microspheres have good water absorption, 

swelling, deformability, and controllability of particle size, 
which enable them to migrate deep through fractures and 
pore paths to conduct profile control along the forma-
tion which it would enhance oil recovery [7–9]. Gener-
ally, the preparation methods for cross-linked polymer 
microspheres include inverse suspension polymerization, 
inverse emulsion polymerization, and inverse microemul-
sion polymerization. A series of polymer microspheres 
with controllable sizes can be prepared through different 
polymerization methods to meet the needs of different res-
ervoir conditions [10–12]. Because acrylamide has a wide 
range of sources, excellent water solubility, low activa-
tion energy, and low price, it has become a common main 
monomer in the preparation of polymer microspheres for 
deep profile control [13–15]. However, polyacrylamide 
microspheres can only be stable at 90 °C aqueous solutions 
for about 10 days [16]. The lactam group in the acryla-
mide molecule easily hydrolyzes at high temperatures, 
affecting the temperature resistance of the cross-linked 
polymer microspheres as a whole. This makes it particu-
larly unsuitable for use in high temperature reservoirs 
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