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Research on ResNet Condenser Eddy Current Detection Defect Recognition Based on Adaptive Deep
Separable Convolution
Xianggian Xux, xiaoyong zhang
Xi'an Shiyou University

Traditional condenser defect detection classification relies only on empirically based signal analysis as well
as statistical analysis, which is time-consuming, labor-intensive, and highly subjective. The rapid development of
deep learning has significantly advanced defect classification; however, the lack of defect datasets for eddy
current testing (ECT) in condensers limits its application. Moreover, the excessive number of parameters and
suboptimal classification accuracy further impact classification performance. To address these challenges, we
constructed a defect dataset for condenser ECT, containing annotated images of eight defect types. Using
ResNet-34 as the baseline network, standard convolutions were replaced with depthwise separable convolutions,
significantly reducing the parameter count and computational complexity. Additionally, the integration of the SE
attention mechanism enhanced the model's ability to capture complex features. The proposed network was
compared with other models, achieving a computational cost of only 568.242M FLOPs and a parameter count of
2.785M, approximately 1/9 of the original network. The model achieved an FPS of 64.48, demonstrating efficient
processing speed, and attained a maximum accuracy of 97%.
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Study of BiOClxIy/a-Ni(OH)2 Heterojunctions and Their Effectiveness in Photocatalytic Degradation of
Fracturing Flowback Fluids
Renze Li*
Southwest Petroleum University

The discovery and utilisation of unconventional oil and gas resources has resulted in the extensive
application of hydraulic fracturing technology, rendering flowback fluid treatment a significant environmental
concern. Fracturing flowback fluid possesses excessive salinity and is resistant to degradation, rendering
autonomous wastewater treatment unfeasible; additionally, secondary pollutants and elevated costs hinder
collaborative treatment efforts. Photocatalytic technology is esteemed for its energy efficiency, treatment
effectiveness, and diminished secondary emissions. Conventional photocatalysts exhibit suboptimal performance,
carrier recombination issues, and diminished sensitivity to visible light. The development of efficient and stable
heterojunction photocatalytic systems is imperative. Modification of components and optimisation of structure
resulted in the hydrothermal synthesis of BiOClyl, composite materials with differing halogen ratios on an
a-Ni(OH), substrate. A composite photocatalyst (BiOClgl/a-Ni(OH),=5:3) was optimised for the treatment of
fracturing flowback fluid and assessed for its efficacy and mechanism of action. SEM, XRD, and XPS analyses
demonstrated that CI/I (9:1) and Bi/Ni (5:3) ratios influence material morphology, electronic band structure, and
interfacial characteristics. The actual flowback fluid from the Suzi gas field is processed to reduce COD. In
single-factor experiments at pH 8, with a catalyst dosage of 0.8 g/L, a temperature of 20<C, and an irradiation
duration of 90 minutes, COD removal was maximised at 69.78%. Research on degradation mechanisms indicates
that the heterojunction interface enhances the separation of photo-generated charge carriers. Radical quenching
studies validate that a-Ni(OH), generates reactive oxygen species from oxygen vacancies and hydroxyl defects.
Research indicates that “benzene ring opening-carboxylic acid mineralization” adversely affects hydroxypropyl
guar gum. Sustainable on-site applications employ an efficient treatment method based on degradation
intermediates. Photocatalytic materials exhibit enhanced salt tolerance through halogen gradient doping and
modifications in layered structure. A novel paradigm for catalytic material design in industrial wastewater
treatment impacts sustainable oil and gas production.
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Tailoring an abnormal gradient with nano-dislocation networks via hybrid laser-quenching/lUSRP: A
breakthrough in wear resistance of steel
Lei Lei"’, Shaohu Liu’
1 School of Physics and Optoelectronic Engineering, Yangtze University
2 State Key Laboratory of Solidification Processing, Northwestern Polytechnical University
3 School of Mechanical Engineering, Yangtze University

Dynamic sealing interfaces of petroleum industry plug valves suffer severe wear-induced failure under
extreme conditions. Traditional carburization demands urgent innovation due to interfacial brittleness, multi-step
pollution, and lack of automation. This study introduced a Laser Quenching-Ultrasonic Surface Rolling Process
(LQ-USRP) hybrid technique, innovatively fabricating a multiscale strengthened layer on AISI 4140 steel
characterized by synergistic "anomalous grain gradient-nano dislocation engineering" features. While LQ builds
an 800 um deep hardened layer, thermal boundary effects induce an anomalous grain gradient (surface martensite:
2.74 um vs. subsurface: 1.58 um). USRP successfully reverses this defect through high-frequency dynamic strain,
implanting a high-density nano-dislocation cell network within the coarse-grained martensite. Synergized with
carbon supersaturation solid solution effects, this achieves a breakthrough surface nanohardness exceeding 10
GPa, challenging the classical "coarse-grain softening" paradigm. The 74.4% wear reduction originates from a
triple synergistic protection mechanism: (1) Ultra-High Strength Barrier Effect: Nano-dislocation cell pinning
coupled with carbon-supersaturated martensite constrains plastic deformation depth to the sub-micron depths,
suppressing material loss at its origin; (2) Gradient-Supported Tribo-Oxidation: The graded hard substrate
supports the in-situ formation of a stable oxide film, reducing the friction coefficient and preventing direct
metallic contact. (3) Wear-Adaptive Strengthening: Wear stress triggers dynamic  response
(dislocation-cell-catalyzed martensite nanonization and stress-induced ® phase transformation), establishing a
self-reinforcing cycle of "damage—nanonization/phase transformation—hardening". These mechanisms achieve
profound coupling through "pre-engineered gradient—hard substrate-supported oxide formation—dynamic adaptive
response”. This work advances theoretical understanding of non-equilibrium structural evolution under multi-field
coupling while delivering an adaptive, transformative, low-environmental-impact surface strengthening solution
for petroleum valves and critical engineering components.
Keywords: Laser-ultrasonic hybrid strengthening; Anomalous grain gradient; Nano-dislocation engineering;
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Wear-adaptive strengthening.
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Research and Application of Annulus Protection Fluid for Gas Storage Caverns
Junlin Liu*
Petroleum Engineering Research Institute of Qinghai Oilfield Company, China Petroleum & Chemical
Corporation (CNPC)

To meet the well integrity requirements of old wells and newly commissioned wells in a certain gas storage
cavern, the development of a low-temperature and low-corrosion annulus protection fluid system based on clear
water was carried out for the first time. Using on-site clear water as the base fluid, systematic analyses were
conducted on the ionic composition of the clear water base, physical and chemical properties of pipe materials,
and corrosion factors. Based on these analyses, chemical agents were optimized, and a low-temperature corrosion
inhibitor formula was successfully developed. Performance evaluation shows that the corrosion rate of this
protection fluid system reaches 0.0188 mm/a, which is significantly lower than the standard requirement of 0.076
mm/a, and all indicators meet the production requirements. After verification through pilot experiments, it has
been applied 54 times in the old wells of the gas storage cavern, effectively delaying casing corrosion and
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ensuring the sealing performance of the annulus. This provides strong support for the safe construction and stable
operation of the gas storage cavern, and has important reference significance for the development of annulus
protection technologies in similar gas storage caverns.
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