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Impacts of diamond particle sizes on performance of Ni-Cu superhydrophobic
coatings on drilling tool surfaces

WEN Qi', LI Tao', DUAN Longchen'?, PAN Bingsuo'*"
(1. Faculty of Engineering, China University of Geosciences, Wuhan 430074, China;
2. National Center for International Research on Deep Earth Drilling and Resource Development, Wuhan 430074, China)
Abstract: [Objective] Applying superhydrophobic coatings on drilling tool surfaces can effectively alleviate the chal-
lenges posed by drill bit balling and core barrel blockage. However, the limited mechanical stability of superhydro-
phobic coatings has somewhat hindered their widespread application in practical operations. [Methods] To improve the
durability of superhydrophobic coatings, this study co-deposited diamond micropowder into Ni-Cu composite coating
using composite electrodeposition, followed by surface modification using 1H,1H,2H,2H-perfluorodecyltrimethoxysil-
ane (PFDTES). Employing a variety of testing methods, this study investigated the impacts of the mass fractions of dia-
monds with particle sizes of 1 um and 20 um (also referred to as diamonds W1 and W20, respectively) on the surface
morphology, roughness, superhydrophobicity, and superhydrophobic durability of the composite coatings. The chemical

s HEA: 2024-12-25; #EHHR: 2025-02-18

EE&WMAE: HEKEAVEITRIWH (2022YFB3706604)

F—1EH: |, 1998 44, L&, WHIWITA, -5 4. E-mail: wenqizzz@cug.edu.cn

SEEIES: WS, 1976 484, B, WL =ITA, 4, #dZ, WA, E-mail: diamondtools@cug.edu.cn
© Editorial Office of Coal Geology & Exploration. OA under CC BY-NC-ND


mailto:wenqizzz@cug.edu.cn
mailto:diamondtools@cug.edu.cn
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815
https://doi.org/10.12363/issn.1001-1986.24.12.0815

. 244 - MRS

composition of the composite coatings was analyzed using energy-dispersive X-ray spectroscopy (EDS) and Fourier
Transform Infrared (FTIR) spectroscopy, and erosion experiments on the coatings were carried out to explore their wear
resistance. [Results and Conclusions] The results indicate that a high proportion of diamond W1 promoted the forma-
tion and evolution of cauliflower-like clusters, significantly enhancing the coatings’ superhydrophobicity. After fluorina-
tion modification of the coatings, the PFDTES molecules were successfully grafted onto their surfaces, effectively redu-
cing their surface energy. The coatings containing only diamond W1 exhibited the optimal micro-nano hierarchical struc-
ture. These coatings delivered excellent superhydrophobic performance, with a contact angle reaching up to 159.3° +
1.5° and a sliding angle of 0.5° + 0.2°. The erosion experiments revealed that diamond W1 boosted the strength and
hardness of cauliflower-like clusters, while diamond W20 protected the clusters (especially their sides) from direct wear
by quartz sand. When the coatings contained 75% (mass fraction) diamond W1, diamonds with two particle sizes exhib-
ited the optimal synergistic protection effects, with the coatings demonstrating excellent superhydrophobic durability and
mud cake scaling resistance. The results of this study offer a practical solution to common issues encountered during
drilling, such as drill bit balling and mud cake scaling on the internal walls of drilling tools, while also introducing new
ideas for enhancing the durability of superhydrophobic coatings, thus holding significant potential for application.

Keywords: diamond; particle size; electrodeposition; superhydrophobicity; durability; Ni-Cu composite coating; sur-
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Fig.8 SEM images of coatings after 16 h of erosion
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