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Fig. S1. Schematic diagram of MPCMs preparation by microfluidics (Kim et al., 2022).
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Fig. S2. Schematic diagram of MPCMs preparation by solvent evaporation.
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Fig. S3. Schematic diagram of MPCMs preparation by Interfacial polymerization (Wu et al.,

2014).
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Fig. S4. Schematic diagram of MPCMs preparation by emulsion polymerization (Huang et al.,

2019).
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Fig. S5. Schematic diagram of MPCMs preparation by emulsion polymerization suspension
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Fig. S6. Borehole enlargement rate at different microcapsule concentrations (Zhao et al.,

2023).
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Fig. S7. Temperature—time curves of different microcapsule solutions (Zhang et al., 2021).
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Fig. S8. Curves of methane release under different PCM concentrations (Guo et al., 2024).
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Fig. S9. Cooling effect diagram of MPCMs at different dosages (Zhang et al., 2023).
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Fig. S10. DSC curves of the microcapsules (Guo et al., 2024).
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Fig. S11. Temperature-time curves of microcapsule system with different contents (Guo et al.,

2024).
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Fig. S12. DSC and particle size distribution curves of MPCMs (Huo et al., 2019).
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Fig. S13. DSC curves and particle size distribution curves of MPCMs (Cai et al., 2023)
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Fig. S14. DSC curves of the different samples (Yang et al., 2024).
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Fig. S15. Thermal properties bar chart of different PCMs (He et al., 2022).
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Fig. S16. Transient temperature changes of different PCMs under vertical layout (He et al.,

2022).
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Fig. S17. Transient temperature changes of different PCMs under horizontal layout (He et al.,
2022).
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Table S1. Summaries on the application of MPCMs in oilfield.

MPCMs Thermophysical properties Coolin
Application Core shell PS PCT LH resultg Ref.
(Hm) (%) (kd/kg)
Tetradecane MUF 0.7-10 6.7 116 54 (Zhao et al., 2023)
NaNO3s/KNO3 Nano-Silica 4-16 225.43 68.48 2.1 (Guo et al., 2024)
Modified n-Alkane Nano-Silica 5-28 14.06 136.8 1.8 (Zhang et al., 2021)
EG/MNA N/A 7.3-563.2 16.43 163.3 2.12 (Zhang et al., 2022)
N-tetradecane/N-hexadecane  Sodium alginate 122.41 13.72°C 158.04 N/A (Guo et al., 2024)
Cholesteryl Stearate N/A N/A 83 109 N/A (Monteiro et al., 2012)
Zinc Stearate N/A N/A 128 150 N/A (Monteiro et al., 2012)
Drilling fluids Wax. N/A N/A 90 300 5.5 (Monteiro et al., 2012)
Paraffin N/A N/A 125 264.15~265.53 12.3 (Zhang et al., 2023)
Paraffin/EG N/A <321 145 90.3 10 (Junyi et al., 2021)
Isopentaerythritol, N/A <28.4 120 280.6 125 (Qunyi et al., 2021)
neopentanediol
Erythritol Polymer <12.7 132 126.2 24 (Junyi et al., 2021)
Erythritol PES 20-80 100-135  193.2-286.3  4.7-19.3 (Su et al., 2023)
Paraffin-6 Polymer 17-20 6 157-167 N/A (Pang et al., 2015)
Paraffin-56 Polymer 15-25 56 160-180 15 (Pang et al., 2015)
Oltwell CA-MA Conment <150 2113 41.78 N/A  (Sanctal, 2018)
cement slurry
Paraffin polyurea 150-350 27.77 124.8 4.1 (Cui et al., 2015)

PEG N/A N/A 53.39 191.52 N/A (Du et al., 2020)
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PEG/conment N/A N/A 53.76 37.47 6.2 (Du et al., 2020)
n-octadecane/EG N/A N/A 26.37 184.8 8.7 (Zhang et al., 2013)
Paraffin/diatomite N/A N/A 41.11 70.51 N/A (Xu et al., 2013)
n-octadecane N/A N/A 23.8 119.83 N/A (Liu etal., 2017)
Dodecanol/cement N/A N/A 21.06 18.39 N/A (Memon et al., 2013)
Dodecanol N/A N/A 25 205.4 N/A (Memon et al., 2013)
urea
Wax formaldehyde 5.744 35.85 85.69 35.9 (Huo et al., 2019)
resin
Paraffin PMMA 200-250 17.1 67.02 N/A (Liu etal., 2017)
PCM-30 Metakaolin/resin 200 N/A N/A 23.7 (Bu etal., 2021)
Paraffin SiO2 22.48 30.52 72.4 9.9 (Feng et al., 2022)
DA/CA SiO2 7.56 24.31 150.64 (Cai et al., 2023)
N-tetradecane/ n-octadecane BaCOs N/A 3.5/13.9 N/A N/A (Yang et al., 2024)
Paraffin N/A N/A 51.2 203.5 N/A (He et al., 2022)
Drilling LMTA-1 N/A N/A 50.6 32.19 N/A (He et al., 2022)
equipment LMTA-2 N/A N/A 60.5 33.83 N/A (He et al., 2022)
N/A N/A N/A 72.8 251.4 N/A (Sar1 et al., 2018)
Submarine oil
and gas MPCM PU N/A 18 35.95 N/A (Wang et al., 2023)
pipelines

Note: PS- Particle size; PCT-Phase-transition temperature; LH- Latent heat
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