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Study on Fatigue Crack Growth Rate of Martensitic Stainless Steel 17Cr16Ni2 for Petrochemical Industry
Yajun ZHANG!?, Xuefeng Li?>, Hengyao DANG?, Xinyao ZHANG!'?
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1. National Key Laboratory of Marine Corrosion and Protection

2. Luoyang Ship Material Research Institute

Multiple parameters could be considered to drive and control fatigue crack growth rate da/dN in view of its
relative independence. The martensitic stainless steel 17Cr16Ni2 has series of advantages such as anti-corrosion,
high strength, thermo resistance and has been employed for equipments of pipes, containers, valves, boilers,
heat-exchangers and pressure vessels in petrochemical industry. The previous study showed that da/dN of
17Cr16Ni2 stainless steel could not be considerably expressed by Paris power equation taking stress intensity
factor range AK as the driving parameter in the total effective AK interval. In this paper, based on crack tip
plastic zone variation Ar as the driving parameter, the relationship of Ar-da/dN was studied for martensitic
stainless steel 17Cr16Ni2 by da/dN experiments. The results manifested that the distribution rule of Ar-da/dN
experimental data could be better expressed by polynomial in the total effective Ar region with a range of
0.1mm-2.5mm as opposed to similar Paris power equation; what’s more, it could be still fitted by similar Paris
power equation at the early and middle periods, namely Ar=0.1mm-1.70mm; when Ar>1.70mm at the later
period of fatigue crack propagation, Ar-da/dN experimental data has a trend to deviate above similar Paris curve

with the increase of Ar and this phenomenon was analyzed theoretically and verified microscopically.
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Achieving low wear in a complex concentrated alloy CrFeNiNb with multi-phase hierarchical
microstructure
Dingshan Liang,Fuzeng Ren
Southern University of Science and Technology

We propose a strategy to achieve low wear in a complex concentrated alloy (CCA) CrFeNiNb with
multi-phase hierarchical microstructure. The CCA comprises a matrix of ultrafine-grained hexagonal close-packed
(HCP) Laves phase (80.3 vol%), a secondary face-centered cubic (FCC) phase (18.3 vol%), a minor amount of
(Nb,Cr)oxides and a trace amount of uniformly dispersed nanoscale precipitates. The CrFeNiNb CCA exhibits an
ultrahigh hardness of 993 (£22) HV and an extremely low wear rate of 7.4 (£0.6) x 107° mm?3/(N-m) when sliding
against a silicon nitride (Si3N4) ball. To elucidate the wear mechanism, we characterized the morphology,
chemical composition and cross-sectional microstructure of the wear track. The results indicate that the cracked
oxide layer, subgrain formation in the FCC phase, and the Shockley partial and full dislocations-triggered
intragranular prismatic slip in the C14 Laves phase synergically contribute to the exceptional wear resistance.
Furthermore, we conducted a detailed analysis of the chemical composition and crystal structure of the cracked
oxide layer, along with a compressive discussion of the subsurface deformation of HCP/FCC phases. These
findings offer significant insights into designing wear-resistant alloy through the formation of multi-phase
hierarchical microstructure.
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The recently emerged multicomponent (or medium/high entropy) alloys have generated considerable
excitement globally in the last 10 years because of their excellent mechanical and functional properties,
particularly in terms of strength-ductility combinations that can surpass most other metallic materials. Unlike
more conventional materials like high-strength steels, results become controversy pertaining to whether such type
of materials is resistant to H embrittlement or not. Detailed studies on the H embrittlement mechanisms and
microstructural designing methods to against H embrittlement in medium/high entropy alloys are also scarce.
Here in this talk, we first demonstrate that similar to other metallic materials, typical FCC medium/high entropy
alloys (e.g. equi-molar CrCoNi, VCoNi and FeMnCrCoNi alloys) are sensitive to H embrittlement particularly
when their strength approaches ~1000 MPa. We then focus on the equi-molar CoCrNi alloy and unravel its H
embrittlement mechanisms. It is found that H results in a more intensive dislocation planar slip (or stacking fault
formation) in this alloy. The resulting stronger dislocation-grain boundary interactions give rise to H-induced
cracking along grain boundaries. Based on this understanding, two microstructure design approaches are proposed
and verified to mitigate H embrittlement of this alloy. These approaches include a) the introduction of coherent y’
(L12) ordered precipitates, which serve to trap H on one hand, and on the other hand, to hinder dislocation planar
slip and decrease the number of pile-up dislocations at grain boundaries; b) the architecturing of the
microstructure heterogeneity from specimen surface to the core, which serves to inhibit H-induced crack growth at
the near surface layer. Although demonstrated in the CoCrNi alloy, these H embrittlement mitigating methods
might also be extended to some mass-produced materials including austenite stainless steels and Ni-based alloys.

E05-42
Study on the mechanism of reducing casing deformation for low elastic modulus cement sheath and the
evaluation of casing deformation under shear conditions
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Fracturing fluid is very likely to penetrate into faults through natural fractures existing in the formation in the
process of large-scale fracturing operation. The mechanical properties of the fault plane are easily affected by
fracturing fluid, resulting in casing deformation. In this context, the influence of the elastic modulus of cement on
casing stress is studied to reveal the mechanism of casing deformation under the condition of formation slippage.
Based on the principle of "high-elastic material reducing modulus + natural nanotube reinforcing cement strength
+ new fiber preventing crack ", a low elastic modulus cement slurry was developed. The unconventional wellbore
composite load loading test system was used to evaluate the ability of reducing casing deformation for the cement
with low-elastic-modulus. The results showed that: (1) The low elastic modulus can significantly improve the
stress environment of the casing, alleviate the deformation degree of the casing. Meanwhile, it can provide a
certain buffer space for the deformation of the casing after the glass beads are broken, which further enhances the
ability of alleviating the casing deformation. (2) The density of cement slurry ranges from 1.30 g/cm3 to
1.50g/cm3 with the elastic modulus ranging from 3.2 GPa to 4.8GPa under the condition of 140 °C. The cement
strength can be more than 14MPa and the thickening time can be adjust linearly from 200 min to 500 min, which
will meet the needs of cementing operation for shale gas well. (3)The casing deformation was 0.4% for the cement
with the density of 1.30g/cm3, which verified that the cement slurry had a good casing mitigation ability. It can
provide technical support for the safe service of casing in shale gas fracturing wells, and ensured the safe and
efficient exploitation of shale gas.
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E05-P04
Failure analysis of sucker rod in heavy oil thermal recovery
EHH, ERR, SN, oo, XRINiE, S5
Hh [ A AR ]

The failed sucker rod in heavy oil thermal recovery was analyzed systematically. The results showed that, the
main reason of sucker could not be placed down into the barrel after well blockage was the diameter increasing as
oxidizing and sulfurizing at the surface of Ni-Cr-Fe anti-corrosive coating. The outer corrosion layer consisted of
Ni3S2, Ni7S6, and the inner layer consisted of FeCO3 and NiCr204. The volume of corrosion expanded
significantly compared with coating. Besides the water steam and oil with high pressure and temperature stuffed
in the well, the reasons of severe corrosion still included poor ability of the anti-corrosive coating, which was

hypoplastic, porous, flabby, incomplete fusing and elements segregating.
U RFRC

E05-PO01
Effect of damage to the outer protective layer on the pressure resistance of flexible composite pipes
Mantong Gao'??, Miaomiao Zhao'??, Linyun Xian'>3, Ayu Zhang'??, Hang Liang!??, Yaming Liu’>?, Dejun
Liu’>3, Feng Chen'??
1. Chinese National Engineering Research Center for Petroleum and Natural Gas Tubular Goods Co., Ltd
2. CNPC Baoji Petroleum Steel Pipe Co., Ltd
3. Shaanxi Province Key Laboratory of High Performance Coiled Tubing

The outer protective layer of flexible composite pipe is susceptible to external drag, ground friction, collision,
shoveling and so on, which leads to breakage and cracking during field construction and use, thus affecting the
pressure resistance performance of the pipe. In this work, DN50mm PN6.4MPa flexible composite pipe for oil
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transmission and DN70mm PN25MPa flexible composite pipe for water transmission provided by an oilfield oil
extraction plant are taken as the research object, and the design of damage to the outer protective layer and the
200h hydrostatic pressure test are carried out to analyze and study the pressure resistance. The results showed that
the residual burst strength of DN50mm PN6.4MPa flexible composite pipe for oil transmission decreased from
28.72MPa to 23.96MPa, and the residual burst strength of DN70mm PN25MPa flexible composite pipe for water
transmission decreased from 96.11MPa to 79.57MPa. The deeper the damage to the outer protective layer of the
flexible composite pipe, the greater the deformation of the composite pipe, and the more obvious the attenuation

of pressure resistance.
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E05-PO03
Research Progress on High Temperature Resistance of Titanium Alloy Material for Qil Drill Pipe
Weiwei Zhang'-2, Chun Feng3, Kai Zhang?, Lei Wang', Lijuan Zhu?, Hangyu Yu'?
1. School of Materials Science and Engineering, Xi'An Shiyou University
2. China National Petroleum Corporation Tubular Goods Research Institute
3. CNPC Bohai Equipment Manufacturing Co., Ltd

With the gradual depletion of shallow oil and gas resources, the number of ultra-deep wells and extra-deep
wells will gradually increase, and the more and more demanding oil drilling environment puts forward new
requirements for oil drilling rod materials, titanium alloy has unique advantages in oil drilling rods due to its high
specific strength, corrosion resistance and anti-fatigue properties, etc. However, in the application of ultra-deep
wells and extra-deep wells in high temperature environments, the titanium alloy's thermal stability is poor and the
thermal strength is lower than that of steel. However, in the high temperature environment of ultra-deep wells and
extra-deep wells, the thermal stability of titanium alloy is poor and its thermal strength is lower than that of steel
drill pipe. Combining the research results of high temperature performance of titanium alloys at home and abroad,
this paper summarises the research progress of high temperature performance of titanium alloys, starting from the
working conditions and service performance requirements of titanium alloys used for oil drilling rods. Firstly, it
analyses the influence of added alloying elements on the high temperature performance of titanium alloys, such as
the influence of different a-phase, B-phase stabilizing elements, neutral elements and rare earth elements on the
thermal strength and thermal stability of titanium alloys, secondly, it summarises the influence of different
processing techniques on the thermal stability and thermal strength of titanium alloys. Secondly, the effects of
different processing techniques on the high temperature resistance of titanium alloys and the research progress are
summarised. Finally, the future development direction of improving the high temperature resistance of titanium
alloys for oil drilling rods is expected.
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E05-PO04
Safety Evaluation and Remaining Life Analysis of Underground Gas Storage String
Shasha Yang', haibo liu?, Jiakun YANG?, Yanwei ZHU?, ping JIANG?, Weiping JIAO?, Jun HU?
1. CNPC Tubular Goods Research Institute
2. Zhongyuan gas Storage Co. Ltd.

Aiming at the safety service of injection and recovery well tubular string of gas storage, based on the
requirements of relevant standard and measured inner diameter and wall thickness of string, etc. The residual
strength safety evaluation and remaining life analysis on the injection and recovery wells in a gas storage were
conducted. The safety analysis of string performance, internal pressure resistance, collapse resistance, tensile
strength and compressive strength were included. At the same time, various extreme load conditions and actual
operating conditions parameters were considered. The safe operation range of control parameters for the gas
storage is established by adjusted annular pressure parameters and repeated calculation. The research not only
makes suggestions of safe running of the gas storage, but also provides an example for the safety evaluation of
other gas storages.

E05-PO05
Current Sesearch Status on Corrosion Behavior of Titanium Alloy Materials For Energy Extraction
Hangyu Yu'2, Chun Feng?®, Lijuan Zhu?, Kai Zhang?, Xiaoyong Zhang', Weiwei Zhang'?
1. School of Materials Science and Engineering, Xi’an Shiyou University
2. China National Petroleum Corporation Tubular Goods Research Institute
3. CNPC Bohai Equipment Manufacturing Co., Ltd

For a long time, the corrosion of metal materials is one of the common failure forms of metals, so it is an
important means to ensure production safety and reduce economic losses by clarifying the corrosion behavior of
metal materials in different service environments. Due to its high strength, low density, excellent corrosion
resistance and fatigue resistance, titanium alloy materials have attracted extensive attention in the energy
extraction industry, and are expected to solve the corrosion failure problem under complex and harsh working
conditions. This paper firstly describes the development process of titanium alloy materials used in energy
development, and introduces various titanium alloy pipes and equipment used in energy development. Secondly,
the corrosion mechanisms of hydrogen embrittlement corrosion, stress corrosion, crevice corrosion and galvanic
corrosion of titanium alloy materials were summarized, and the effects of microstructure on hydrogen
embrittlement, electrochemistry, alloy composition, hydrogen-induced cracking, microstructure (including texture
in alloys) on stress corrosion, electrode potential, polarization, temperature and other effects on galvanic corrosion,
and the effects of alloying elements, environment and geometric size on crevice corrosion were described. Finally,
the failure analysis and further application of titanium alloy materials used in future energy development are
prospected.
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E05-PO07
Risk analysis under different injection and production conditions in UGS well
zhaoxi Shen!, CHAO ZHANG?, Hong jie LI’>, Shasha YANG!
1. State Key Laboratory of Oil and Gas Equipment, CNPC Tubular Goods Research Institute
2. The 1st Gas Plant of PetroChina Changqing Oilfield Company
3. Tianjin Gas Storage Branch, PetroChina Dagang Oilfield Company

The annular pressure of gas storage which located in north of China is gradually increases during UGS well
shut-in and in the early stage of gas injection or production, especially gas production. It brings confusion and
difficult to management. To explain the reason of annular pressure increase,2D FEM axial-symmetry model was
established. The temperature distribution field was analyzed at different flow rates when gas injection and
production. different operating parameters in gas injection and production. The top temperature of wellbore
increases, the bottom decreases when inject gas. While the whole temperature of wellbore always increases when
produce gas, The closer to the top of wellbore, the greater the pressure rise. The faster the flows, the bigger the
temperature changes. However, the change of flow rate will get stable finally. The altitude of the gas and the
initial annulus pressure will also increase the existing pressure. The research provides technical support for
annulus pressure management of UGS well and gas injection and reasonable production parameters setting.
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E05-PO09
A Review of Research Progress in Image Segmentation Technology
Lijuan Zhu'?, Mingsong Wu?, Hongyu Wang?, Xinyan Liu'?, Chun Feng!?, Peng Wang'>
1. State Key Lab for Performance and Structure Safety of Petroleum Tubular Goods and Equipment Materials,
Tubular Goods Research Institute of China National Petroleum Corporation
2. Transportation Engineering College, Dalian Maritime University
3. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety for State Market Regulation

During the services of engineering materials and structural components, all kinds of corrosion, fatigue,
fracture, wear, and other failures will occur due to the inappropriate selection of materials and structures, the
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external environment's corrosive medium and loading. Failure image diagnosis is the key basic technology of

failure analysis. The current failure image intelligent diagnosis technology has become a research hotspot, and the
development and application of high-precision image segmentation technology is a key path to enhance failure
mechanism identification and failure analysis. In this paper, the research progress of image segmentation
technology is mainly discussed. Both the working principles, technical characteristics, and deficiencies of
traditional image segmentation technology and deep learning-based image segmentation technology are outlined.
The important roles of deep learning models such as CNN, FCN, U-Net, etc. in improving the precision and
accuracy of image segmentation are elaborated in detail. In the end, the prospects for the application of image

segmentation technology in the field of engineering failure analysis are highlighted.
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E05-PO15
Recent Progress on Microstructure and Mechanical Properties of Titanium Alloys
Zhengyan Lai
University of Science and Technology of China

Titanium alloy (Ti-alloy) is characterized by low density, high strength, excellent temperature resistance,
corrosion resistance, and fatigue resistance, and it is considered one of the most important metal structural
materials, second only to steel and aluminum alloy. With the improvement of people's understanding of its
application and advancement in material technology, titanium alloy has gradually expanded from military and
acrospace fields to metallurgy, machinery, the medical field, and especially oil, chemical, and other energy
production fields. However, the formation of microstructure under different conditions and the interdependent
relationship between properties and microstructure still need to be studied.
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Meanwhile, thanks to the excellent performance of machine learning in data classification, information

mining, and other aspects, people have begun to use machine learning to evaluate the impact of various input
parameters on material properties. This includes analyzing microstructure, predicting material performance,
optimizing processing parameters, and exploring other related directions. These efforts can provide new tools for
the development and application of new materials, accelerating research and development while reducing costs.

In this article, we review the theoretical research progress in the field of titanium alloy microstructure and
mechanical properties over the past three years, including related areas of fatigue fracture and failure. We also
summarize various research methods and optimization strategies, including the utilization of machine learning.
This work can provide a reference for the development of new alloys.
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A Review of Research Progress in Image identification Technology
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The accurate identification of failure images is a core step in failure analysis, with traditional methods
heavily reliant on expert experience. These approaches often yield low-efficiency feature analysis and conclusions
with high dispersion, significantly affecting the precision of failure diagnosis. This article delineates the transition
from conventional methods to deep learning-based image recognition techniques, with a particular emphasis on
the role of intelligent image recognition technology in enhancing both the accuracy and efficiency of image
recognition. Its application prospects, especially in the failure analysis of petroleum pipes and equipment, are
thoroughly discussed. The introduction of intelligent diagnostic technology for failure images is poised to provide
a scientific basis and technical support for realizing intelligent failure diagnosis. It holds the promise of
spearheading an innovation in the health management technology for oilfield equipment operations.
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Discussions of the Applicability for Steel Grade Sorting of used tubing/casing based on Instrumented
Indentation Technique
Xiaojia Zhang, Wen-Hong Liu
CNPC Tubular Goods Research Institute (TGRI)
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To sort different kinds of tubing/casing quickly and accurately in the Pipe stacking yard is one of the key
technologies to ensure the quality of green remanufacturing. Usually, the steel grade of the new tubing/casing can
be judged according to the color paint or inkjet marking, and the color paint of the used tubing/casing falls and the
marking is worn, which makes it difficult to separate. How to use the instrument indentation method for
mechanical testing of tubing/casing, so the measured yield strength and tensile strength can be used as the
reference basis for steel grade classification, reduce the workloads, and quickly judge the steel grade to achieve
reuse is the primary research goal of this paper. The research team of this project selected 7 different steel grades
J55, L80, N80, 80S, P110, P110S and 125H for research, and selected instrumental indentation method and
traditional mechanical tensile method to test the yield strength and tensile strength of the same material
respectively. The test results show that: The yield strength error and tensile strength error of the two methods are 5%
and 1% respectively, and the repeatability of multiple tests is high. The results of instrumented indentation method
are consistent with those of conventional tensile test, that is, the higher the steel grade, the higher the strength; For
the non-quantitative field judgment, the indentation method can be used to detect the inventory field efficiently
and judge according to the personnel experience, which can achieve the purpose of rapid sorting.

E05-PO22
Discussions of CAL-IV tests and evaluation methods on the tubing/casing special thread joint
Xiaojia Zhang
CNPC Tubular Goods Research Institute (TGRI)

The CAL IV tests is the most rigorous evaluation test program in the special threaded connections of full-size
casing & tubing. The test matrix enables the connections to withstand cyclic loads associated with various load
paths at ambient temperature and elevated temperatures, including internal pressure, external pressure, tension,
compression and bending. The CAL IV evaluation tests are mainly based on ISO 13679:2002 and API RP
5C5:2017. This paper compares the differences of sample processing tolerance fit, up-break test, composite load
test (TS-A, TS-B, TS-C) and limit load tests in two sets of standards CAL IV. The results show that the new
version (API RP 5C5:2017) has a wider torque range and is more inclusive in the make up and break up
procedures. The number of composite load tests(TS-A. TS-B. TS-C) is not reduced, and the test conditions are
more demanding. While the high temperature of A and B series tests are increased, the significance of C series
tests is reduced.
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Research on an Intelligent Recognition Method for Microscopic Fracture Images of Qil Country Tubular
Goods
Xinyan Liu'2, Lijuan Zhu'?, Chun Feng'?, Peng Wang'-
1. Tubular Goods Research Institute of CNPC
2. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety for State Market Regulation,
Xi’an 710077, China

Identification of typical micro-failure modes in the microstructure of petroleum pipeline materials is an
important aspect of intelligent diagnosis of petroleum pipeline failures. Based on deep learning, intelligent
recognition of failure images in petroleum pipelines is currently a hot research topic. In this study, aiming at the
problems of poor accuracy and poor generalization ability of traditional recognition networks, an intelligent
recognition algorithm for micro-failure images of petroleum pipelines, based on the stacking of residual blocks
and the fusion of attention and residual networks, is established. This algorithm uses residual neural networks as

the basic framework, and incorporates attention mechanisms to focus on high-frequency components containing
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rich structural information during feature extraction, reducing the proportion of low-frequency components and
thus reducing information redundancy, thereby improving the model's classification recognition capabilities for
micro-failure images. Fusion of spatial pyramid pooling is employed to extract spatial feature information of
different output sizes, further enhancing the model's robustness to spatial layout and object deformation.
Comparative experimental results show that the proposed ResSNet network achieves classification accuracies of
90.47%, 98.31%, 52.50%, and 93% for cleavage, dimple, intergranular, and fatigue, respectively, which are
significantly better than those of currently classical convolutional neural network models. The ResSNet network
shows promising potential in the field of intelligent diagnosis of petroleum pipeline failures.
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Failure Analysis of G105 Drill Pipe
XIAO-LONG LI'?, LIANG-GUANG PENG?, YANG-QIN LIU!2?, KE TONG!?, JIN-LAN ZHAO!?
1. CNPC Tubular Goods Research Institute
2. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety for State Market Regulation
3. PetroChina Southwest Oil & Gas Field Company, Safety Environment & Technology Supervision Research
Institute

In order to analysis the cause of drill pipe joint leakage in a well, The failure causes of ®127.00mmx9.19mm
G105 drill pipe body were investigated through chemical analysis, mechanical properties test, crack analysis,
fracture analysis and finite element analysis method. The results show that the mechanical properties of the drill
pipe body conform to API Spec SDP-2009 standard. The crack of the failed drill pipe originated at the bottom of
the slip bite-marks of the tongs on the outer surface in the run-out point section in the internal upset transition area.
Under the effect of alternating stresses and corrosive medium containing S and CI°, the crack grows through the
wall thickness and lead to failure of drill pipe body.
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The influence of H2S partial pressure and temperature on the stress corrosion cracking behavior of 2205

duplex stainless steel
Rui Cai
CNPC Tubular Goods Research Institute

By simulating the H2S/CO2 working environment in oil and gas fields, stress corrosion cracking tests were
conducted under different temperature and H2S partial pressure conditions using slow stretching method and four
point bending method. The uniform corrosion rate was tested using weight loss method, and the microstructure
and corrosion products were analyzed using SEM and EDS. The results indicate that when the H2S partial
pressure is 0.10MPa, 2205 duplex stainless steel is in the stress corrosion brittle fracture zone. As the temperature
increases, the solubility of H2S decreases, and the adsorption activity of hydrogen atoms decreases. Therefore,
hydrogen atoms are difficult to aggregate on the surface of the material, resulting in stress corrosion sensitivity
decreasing with temperature increasing. Under the same test conditions, the corrosion rate of stress corrosion test
samples is much higher than that of samples without stress loading. The increase of temperature and loading stress
can accelerate the anodic dissolution rate, thereby the electrochemical corrosion rate increases.
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