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Table 1 Chemical composition (by mass percentage) of

G-class oil well cement.

C,S CS CA CAF Ca0O MgO HEM
(%) () () (N (%)

59.13 1693 154 1594 007 042 340
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e KRS — 0.4, ST FRARE S & 07
TR K80 g G KIS 32 g 281K AE
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Figure 1 Molecular formula of rutin.
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Table 2 Cement slurry ratio.

FEdAFR KR (2) K (g) 7T (mg) Wik fE (°C)
Ref-70 80 32 0 70
Rutin0.025-70 80 32 20 70
Rutin0.05-50 80 32 40 50
Rutin0.05-70 80 32 40 70
Rutin0.05-90 80 32 40 90
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Figure 2 Evolution curves of 7, with hydration reaction time for cement slurry samples with (a) 0%, (b) 0.025% and
(c) 0.05% rutin content in hydration process at 70 °C; (d) Curve showing the change of T, peak value with hydration time
under different rutin contents.
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[l KA S SR E T T, WA KA B ] 38 AT 26
Figure 3 Evolution curves of 7, with respect to the hydration reaction time in the cement slurry sample with 0.05% rutin
content during (a) 50 °C, (b) 70 °C, and (c) 90 °C hydration processes; (d) Changes in the peak value of 7, with respect to the
hydration time at different hydration reaction temperatures.
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Figure 4 (a) Waterization heat curves of samples with different rutin addition amounts at 70 °C; (b) Waterization heat
curve of 0.05% rutin addition; (¢) Comparison of waterization heat curves and 7, peak evolution curves of
Rutin0.05-70 samples.
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Figure 5 (a) Compressive strength of samples with different rutin additions; (b) Compressive strength of cement at different

temperatures.
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A Low-Field Nuclear Magnetic Resonance Study on the Regulation of Early
Hydration Behavior of Oil Well Cement by Rutin

WANG Yi-xin!, YU Tian-shuai', DAI Dan', BAI Shan!, SUN Ping-chuan 2*, WANG Fen-fen"*
('Oilfield Chemicals Division, COSL, Sanhe 065201, China; *College of Chemistry, Nankai University, Key
Laboratory of Functional Polymer Materials, Ministry of Education, Tianjin 300071, China)

Abstract This study investigated the effect of the natural compound rutin on the early hydration process of oil
well cement under different temperatures (50, 70, and 90 °C) and dosages (20 and 40 mg). Low-field nuclear
magnetic resonance (LF-NMR) transverse relaxation time (7,) evolution profiles indicated that the addition of
rutin significantly delayed the transformation of capillary water and bound water into interstitial water within the
cement paste. Hydration heat tests further confirmed that rutin effectively prolonged the induction period of
cement hydration, reduced the early-stage heat release rate, and had no significant impact on the final degree of
hydration. Temperature-dependent studies revealed that the retarding effect of rutin decreased with increasing
temperature: at 50 °C, adding 0.05% rutin extended the induction period to approximately 12 hours; however, at
90 °C, the induction period shortened to about 4 hours, indicating that rutin is more suitable for medium-to low-
temperature cementing environments. This work provides a theoretical basis for using rutin as an environmentally
friendly retarder in oil well cement.
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