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Abstract

Insufficient interparticle cohesion can compromise the pressure-bearing stability of bridging plugs
in oil-based drilling fluids. Hyperbranched polyurethane binders were therefore incorporated into
a composite bridging system. Two formulations, J-1 and J-4, with different proportions of the hyper-
branched component and polyether soft segments were compared using scanning electron micros-
copy, mechanical testing, and slotted-disc tests with a permeability plugging apparatus (PPA).
The compatibility of J-1 with oil-based drilling fluids was also evaluated. J-1 exhibited a rela-
tively smooth, continuous matrix in the observed regions. Its mean Vickers hardness, peak com-
pressive strength, and aluminum lap-shear strength were 37.1 HV, approximately 47 MPa, and 10.8
MPa, respectively, all exceeding those of J-4. Additional lap-shear tests on sandstone in air yielded
strengths of 8.7 MPa for J-1 and 6.1 MPa for J-4, corresponding to an approximately 42.6% increase
for J-1. At 150°C, a drilling-fluid density of 1.2 g/cm3, a slot width of 1 mm, and a binder dosage of
8%, the J-1 and J-4 systems failed after reaching loading stages of approximately 8.96 and 7.58 MPa,
respectively. J-1 reached an approximately 18.2% higher failure pressure stage and showed less
pressure decay during holds at the same loading stages. Increasing the J-1 dosage raised drilling-
fluid viscosity, whereas electrical stability ranged from 591 to 839 V without a consistent decrease
with dosage. These results support J-1 as the preferred bonding-enhancement component for the
tested composite bridging system, with dosage selection also accounting for rheological properties
and pumping requirements.
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Table 1. Composition of the base oil-based drilling fluid with a density of 1.2 g/cm?
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Figure 1. SEM images of J-1 and J-4 (x1000)
& 1. J-1 5 J-4 #9 SEM F257(x1000)
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Figure 2. Original micrographs of Vickers hardness indentations in J-1 and J-4
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Figure 3. Compressive properties of J-1 and J-4 and their lap-shear strengths on aluminum and sandstone
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Table 2. Effects of J-1 dosage on the properties of oil-based drilling fluids
2. J-1 IEXT MBS HRIERERIFINT

FRE/(grem™)  HIE/% AV/(mPa-s) PV/(mPa-s) YP/Pa WL HBE/V
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1.2 8 355 28 7.67 657
12 12 375 30 7.67 839
1.8 0 50.0 40 10.22 650
1.8 4 67.0 56 11.24 717
1.8 8 75.5 65 10.73 591
1.8 12 80.0 70 10.22 755
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Figure 4. Pressure-bearing curves of the J-1 and J-4 systems at 150°C and the conventional system at 130°C
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Figure 5. Post-test photographs of slotted discs for the conventional, J-4, and J-1 systems
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