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Influence of nanomaterials on the properties of low-solid drilling fluids
LIU Xusan

(X7’ an Research Institute Co. Ltd., China Coal Technology and Engineering Group Corp.,
Xi’an Shaanxi 710077, China)

Abstract: The low-solid drilling fluid is one of the most suitable drilling fluids for wireline core drilling; however, its
poor anti—collapse and borehole cleaning capabilities hinder the application of wireline coring drilling in complex
formations. The effects of nano-iron tetroxide, nano-boron nitride, nano-titanium dioxide, multi-wall carbon nanotubes
and nano-silica on the rheological properties and filtration properties of low-solid drilling fluids were analyzed through
experimental research. The results showed that: nano-iron tetroxide, multi-walled carbon nanotubes and nano-boron
nitride had obvious effects on the performance of low-solid drilling fluids; furthermore, they can increase the viscosity
and improve shear force. Then, the influence of the combination of the above three nanomaterials on the performance of
the low-solid drilling fluid was analyzed by orthogonal experiments to obtain the optimized formulation of the composite
nano-low-solid drilling fluid system with excellent performance: 3% sodium bentonite + 0.5% CMC-HV -+ 0.3%
nano ferric oxide + 0.9% nanoboron nitride + 0.9% multi-walled carbon nanotubes. Finally, the mechanism of
nanomaterials to improve the performance of low-solid drilling fluids is analyzed.
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Table 1 Parameters of nanomaterials for experiment
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Fig.1 Influence of nanomaterials on apparent viscosity

of the low-solid drilling fluid
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Fig.2 Influence of nanomaterials on plastic viscosity

of the low-solid drilling fluid
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Fig.3 Influence of nanomaterials on dynamic shear

force of the low-solid drilling fluid
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Fig.5 Influence of nanomaterials on filtration properties

of the low-solid drilling fluid
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Table 2 Orthogonal experimental results

SIS AV/ PV/ YP/ B8 FL.w/
i3 #H4E& (mPas) (mPas) Pa It mL
1 ABC, 9.15 7.1 210 0.30  18.2
2 ABC, 875 7.0 179 0.26 174
3 ABC, 825 6.5 297 040 14.0
4 ABC, 8.1 6.8 1.33 020 16.6
5 ABC, 7.8 6.4 143 0.22 180
6 ABC, 9.7 7.9 1.84  0.23 158
7 ABC,  9.75 75 230 031 154
8 ABC, 95 7.8 174 0.22  16.2
9 A,B,C, 10.25 83 200 024 186
10 ABC, 105 8.1 245 030  19.0
11 ABC, 106 7.3 337 046  17.2
12 AB.C, 107 82 256 031 182
13 AB,C,  11.0 85 2556 0.30  16.2
14 ABC, 102 79 235 030 180
15 AB,C, 10.25 82 210 026 1538
16 ABC,  9.05 7.1 1.99 028 17.8
17 ABC, 885 6.9 1.99 029 164
18 AB,C, 10.25 76 271 036  17.0
19 ABC, 9.9 79 204 026 182
20 AB.C, 9.85 7.6 2.30  0.30  19.0
21 AB,C, 10.25 8.1 2.20 027 17.0
22 AB,C,  9.65 7.3 240 033 178
23 AB,C, 9.75 75 230 031 186
24 AB.C, 87 7.2 153 0.21 180
25 ABC, 8.2 6.6 1.64  0.25 19.2
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Fig.6 Estimated marginal mean value of each factor

for dynamic-plastic ratio
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