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Preparation and properties of dual-network upper critical solution
temper ature-type deep profile control slow-swelling particles
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Abstract: A dual network upper critical solution temperature (UCST)-type hydrogel poly(methyl
methacrylamide)/poly(N,N-dimethylacrylamide) (PMAAm/PDMAA) was prepared via free radical
polymerization and soaking method using methyl methacrylamide (MAAm) and N,N-dimethylacrylamide
(DMAA) as monomers, N,N-methylene bisacrylamide (BIS) as crosslinking agent and
2,2-diethoxyacetophenone (I-2959) as initiator, for application in profile control and water plugging. The
morphology, hydrogen bonding interactions, and temperature-responsive properties of the hydrogel were
analyzed by SEM, FTIR and high temperature rheometer. The swelling behavior in response to temperature
and the influence of the ratio of hydrogen bond donors (amine groups) to hydrogen bond acceptors
(carbonyl groups) on the mechanical properties of hydrogel were explored. The results showed that when
the molar ratio of MAAm to DMAA was 2 : 1, the prepared dual network UCST-type hydrogel
(PMAAmM/PDMAA-2.0) exhibited a high transition temperature (90 °C), a tensile strength of up to 13.8 MPa, a
tensile strain at break of 100.9%, and a compressive strength of 4.0 MPa at 80% compressive strain. The
UCST response of PMAAmM/PDMAA-2.0 was primarily attributed to the association and dissociation of
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hydrogen bonds between polymer chains, which led to swelling resistance at low temperatures and

significant water absorption and expansion (up to 40 times its original size) at high temperatures, with a

breakthrough pressure of 0.65 MPa.

Key words: upper critical solution temperature; deep profile control; slow-swelling particles; hydrogen

bonding entanglement; double network gels; oil field chemicals
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Table 1 Formula of PMAAmM/PDMAA
TR MAAm/mol Vi/mL DMAA/mol V,/mL
PMAAmM/PDMAA-1.0  0.0050 2 0.02 8
PMAAmM/PDMAA-1.5  0.0750 2 0.02 8
PMAAmM/PDMAA-2.0  0.0100 2 0.02 8
PMAAmM/PDMAA-2.5  0.0125 2 0.02 8
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100 °C (b) for different times
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