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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 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 wt% as well as water intrusion at 0, 2, 4, 6,
and 8 wt%. 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 wt% montmorillonite increased the thickening intensity of
the STF by 56.4%. However, 8 wt% 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.
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Fig. 1 Typical steady—state shear rheological curves of STF
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Fig. 2 Preparation process of STF
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Table 1 Experimental parameters of factors affecting the thickening characteristics of STF
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Fig. 3 SEM images of silica nanoparticles (a) 300 nm; (b) 500 nm
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Table 2 Characterization parameters of nanosilica
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Figure 4 Steady—state shear rheological curves of STF prepared with 300nm and 500nm silica
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Fig. 5 Relationship between normal stress and gap distance of STF at different squeeze
speeds

(a) 300 nm nanosilica; (b) 500 nm nanosilica
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Fig. 6 Typical squeeze flow curves of STF
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Fig. 7 (a) Rheological curves of STF with different silica volume fractions;

(b) Relationship between volume fraction and rheological parameters
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Fig. 8 (a) Rheological curves of STF with kaolinite intrusion;
(b) Relationship between kaolinite intrusion and rheological parameters;
(¢c) Rheological curves of STF with illite intrusion;

(d) Relationship between illite intrusion and rheological parameters

B9 R Rl BRI FESTF SRR IUR T R LR B Ry R
R H BT U A B R A2 RO oK — A RO AE BT U] 04 HY A L2 g 540
SETE KL 7%, BT 15 BELAS L 1432 3l BUR MUK BRI K (Lee et al.,
2006""; Cheng et al., 2011%) ., STF [fJE RIS ML T A Z HobL T SR
BIYI IR IRE ST o i A AR AT A2 — PR IR ESHRG 074, £ BT U1+ 5 K
R EIERS, XA HLEIE RN RO 208 RO T B DIRE R ISy T
RURLIE) $% Ak 77, FRAR T AR TR A M 9 S, RPN L™ RN )= STF
TR 2R IR B KRN L T B B

A AR A RN AR 0-3. 6wthyi NI, FRaSBTUIRAR # 2 1O 7E AT
BUA WY R HE S BRI AR R i R B DI LF- AN S5m0 . TR AN BT 5. dwth
I, BIGEREE 525 ETY, I At BV E R WA PN . 330 STF HI4a R EHE KA R
VAT ARG PR R R R MDA 7 AR R A I AR & =i £ AR
RIMFIE SPK —F M E . PEC BARME RE A K TR R A2 71T,
AT AR R BREAT — g 9P A 22 (8] B R 454, $2T1 1 S BY DI TR P/
[0k TR/ /R A LR e3 L Al (BB R U S9EE b e P il i == ) |INS e R IR (B
JIHE 5K BIRIARAE BE BT, R v e A R AR A 1R N B 25 32 250 STF R BY DT A
5 P A o

B9 FRK L PR NG STF 5 KR AR FE R FEpL s 2 &



Fig. 9 Schematic diagram of the reduction mechanism of maximum apparent viscosity of STF

after flaky clay mineral intrusion
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Fig. 10 (a) Rheological curves of STF with montmorillonite intrusion;

(b) Relationship between montmorillonite intrusion and rheological parameters
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Fig. 11 Schematic diagram of the dual-action mechanism of montmorillonite intrusion
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Fig. 12 (a) Rheological curves of STF with water intrusion;

(b) Relationship between water intrusion and rheological parameters
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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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