51 % 5 81l HbBR R} 2 Earth Science Vol. 51 No. 8
2026 “F8H http://www.earth-science.net Aug. 2026

https://doi.org/10.3799/dqkx.2026.102

Bl RN 2 1 T 5 LA TR 0 T BT U RN A 4 R TR

jyj\yjjgl,&fﬁ’xjsﬁﬁl,&?),-g @ 1,2,3*’7];%5‘%%"_1,2,3,.;%\%\%% 1,2,3’ﬁ§ﬁﬂﬁ7 1,4,£ %1,5

L P RFREMNFERLLHEFR, S KD 410083
RERFREMRELEREN AT EEZERE, HH K 410083

SR EEBRT MG RREEMNKFTHRETEEZRE(THRP), Hd Ky 410083
4. F5 M A A A A IR S], FT d #5OM 450000

5. % B i 4 A P B R AT R A RN 8], #d K 410083

B IO S AR KR B A 2 T AL B G R A S O W S P P A G R ) AOK AR AR B iR
S U Al R 0 0 e o AL AR 2 P A K AR A R AN SR £ TR A B DD BRI R (STF) 3l i SEM L 580 B B A EL S v
FAE K Z A A 5l BF U S AR A 5 D0 R AR STE 3 88 45 1 B O R e S A R AR 0.1.8%
3.6%.5.4% 7.2, KRALE ] 0.2 4% 650 F1 800 BBl . 45 8 3R W & 0 41 FAR R A1 1R A 2 R B STF f KR B R B
79.8% M 72.9% ;1M 5.4 % SEWiARA G E STEF B M3 B3 KT 56.4%. 800 KA 23 Wb 3 W B — i) ST 3948 48 1%k , 85 D) 4% 7
58T W 99.6 06 Oy B DT B R RS TR B RV DL T B O T BiE S

KERIA B REATRE DY UL IE R A S B S TR R LA B E

FESZES: P634 XEHS: 1000—2383(2026)08 —3170—11 I F HH:2026-03-12

Research on the Shear Thickening Response Characteristics of Intelligent

Plugging Drilling Fluid under Solid-Liquid Invasion Conditions

Sun Pinghe*, Deng Yingying"*’, Cao Han"*"", Yang Haoyu'*’, Huang Xiaocheng"*’, Zhao Dongpeng"*, Wang Liang"’

1. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China

2. Key Laboratory of Non-Ferrous Resources and Geological Hazard Detection, Changsha 410083, China

3. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring (Central South
University) , Ministry of Education, Changsha 410083, China

4. Zhengzhou Shangyou Material Technology Corporation Limited , Zhengzhou 450000, China

5. Power China Zhongnan Engineering Corporation Limited , Changsha 410083, China

Abstract: Drilling fluid loss results in significant material wastage and can lead to severe accidents such as borehole instability. To
elucidate the effects of formation clay minerals and water intrusion on the shear thickening response of smart plugging drilling

fluids, shear thickening fluids (STFs) were prepared using nano -silica and polyethylene glycol (PEG). The nano -silica was
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characterized by SEM, nitrogen adsorption-desorption and the balance bottle method. The STFs were characterized via squeeze
flow and steady-state shear tests. Experiments were designed involving the intrusion of illite, kaolinite, and montmorillonite at
concentrations of 0, 1.8%, 3.6%, 5.4%, and 7.2%, as well as water intrusion at 0, 2%, 4%, 6%, and 8% . The results
indicate that the intrusion of kaolinite and illite reduced the maximum viscosity of the STF by 79.8% and 72.9%, respectively,
due to the interlayer slippage effect. In contrast, the intrusion of 5.4% montmorillonite increased the thickening intensity of the
STF by 56.4%. However, 8% water intrusion significantly diluted and inhibited the thickening characteristics of the STF, causing
a 99.6% decrease in shear thickening intensity. This study provides a theoretical reference for the application of shear-thickening-
based smart plugging drilling fluids.

Key words: smart materials; shear thickening fluid; plugging; rheology; clay minerals; drilling.
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Table 1 Experimental parameters of factors affecting the thickening characteristics of STF
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Fig. 13 Mechanism diagram of "macroscopic dilution" and "microscopic lubrication" effects of water intrusion on the STF system
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