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Influences of Ultrasonic Surface Processing and Nitriding—Sulphurizing Treatments on
Surface Properties of 35CrMo Steel
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Abstract: To reduce the wear of both drilling pipe joints and casing pipes. 35CrMo steel used in drilling pipe joints was
successively treated by ultrasonic surface processing and nitriding - sulphurizing treatment. Surface morphology, rough-
ness, composition, hardness, and phase structure, were characterized by optical profilometer, scanning electron micros-
copy (SEM), energy dispersive spectrometer (EDS), micro—hardness tester, and X-ray diffraction (XRD). The wear
properties of 35CrMo drilling pipe joints and casing pipes were evaluated on a ring — block wear tester under lubrication
with water—based drilling fluid. The results show that the ultrasonic surface processing can remarkably reduce the surface
roughness of 35CrMo samples both with and without sulfur—nitrade treatments. The samples with both the surface nano-
crystallization and nitriding—sulphurizing treatments have higher surface hardness, obviously improve the anti—wear prop-
erties of 35CrMo steel, and lower the wear rates of the casing pipe samples. At the same time, worn surface morpholo-
gies of both drilling pipe joints and casing pipes are evidently improved.
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Table 1 Properties of the drilling fluids

Parameters Values
Apparent viscosity/(mPa ¢ s) 24
Plastic viscosity/(mPa * s) 21
Yield point/Pa 3
Gel strength (10 s)/Pa 2
Gel strength (10 min)/Pa 3
Filtration loss API/(mL) 2
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Table 2 Explanation of the sample numbers

No. Treatment

S 35CrMo substrate
300N Sample S after ultrasonic surface treatment
S-NS Sample S after nitriding and sulphurizing

300N-NS  Sample 300N after nitriding and sulphurizing
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Fig. 2 Typical two—dimension optical morphologies of
the sample surfaces with and without ultrasonic surface

treatment and nitriding - sulphurizing treatment
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Fig. 3 SEM images of the sample surfaces with and without ultrasonic surface treatment and nitriding -sulphurizing
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Fig. 4 Surface roughness of the samples with and with-
out ultrasonic surface treatment and nitriding — sulphuri-

zing treatment
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sulphurizing treatment
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nitriding and sulphurizing treatment

EDS results of the samples with and without the

Typical 2D profile curves of the sample surfaces with and without ultrasonic surface treatment and nitriding—
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Fig. 7 XRD patterns of the sample surfaces with and
without ultrasonic surface treatment and the nitriding and

sulphurizing treatment
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Fig. 8 Hardness profile on cross section of the samples
with and without ultrasonic surface treatment and nitri-

ding - sulphurizing treatment
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casing pipe samples
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Table 3

Surface roughness Sa of the typical worn sur-

faces of samples under lubrication of the drilling fluids

(nm)
Samples S S-NS 300N-NS
Joints 1452 549 77
Casing pipe 2 159 145 68
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