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Abstract: As domestic oil and gas exploration and development continuously steps into deep layers, deep and ultra-deep wells face the
challenges of higher and higher temperature and pressure. In order to meet the needs of deep and ultra-deep oil and gas development and
deal with the technological problem that the existing cementing retarder is poor in high temperature resistance ( < 220 °C) and cannot
meet the need of ultra-high temperature cementing under 240 °C, this paper prepares a new type of quaternary ultra-high temperature
zwitterionic retarder (HTRP) by optimizing the molecular structure design and introducing strongly adsorbing cationic monomer (CP-22),
unsaturated carboxylic acid and other high temperature monomers, according to the adsorption characteristics of the hydration product
of oil well cement. In addition, the molecular structure and ultra-high temperature resistance of retarder HTRP are studied by means of
infrared spectroscopy and high-temperature and high-pressure thickening method. And the following research results are obtained. First,
HTRP has excellent ultra-high temperature resistance, and the thickening time of cement slurry can reach 401 min under circulating ultra-
high temperature of 240 °C, indicating that it can effectively prolong the thickening time of oil well cement under ultra-high temperature.
Second, at 150-240 °C, it performs well in adjusting the thickening time of oil well cement, it is not sensitive to temperature and dosage,
and the thickening time is linearly adjustable, which is favorable for the safe pumping of cement slurry in deep and ultra-deep wells.
Third, it is well compatible with other cementing additives and grade G cement of oil production wells in different areas and has little
effect on mechanical performance of set cement, and the strength at the top develops rapidly, so as to meet the requirements of cementing
construction of ultra-high temperature wells. In conclusion, this retarder effectively solves the failure problem of retarder under ultra-high
temperature in ultra-deep wells, which provides new ideas for the molecular structure design of ultra-high temperature polymer retarders
and the improvement of ultra-high temperature resistance, and technologically supports the exploration and development of deep and
ultra-deep, high-temperature and high-pressure oil and gas reservoirs in China, presenting promising application prospect.

Keywords: Ultra-deep; Ultra-high temperature; Retarder; Cementing; Cement slurry; Thickening time; Oil well cement; Performance
evaluation
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