‘MRS

1 H AR K< 2025
BEHMRRI A S
7 A 5-8 H, 2025

EE EI]

X::l

EO5- M RUIRIIT N E S Z &
EO5-Materials' Performance and
Structure Safety

By ¥ A
B AR S
2L https://cmc2025.scimeeting.cn

I.Il i i
w /’:::
iy
- P P



H E M KK £ 2025 E05. MERIAT NG EM 24
E05. MERBAITAESE R E

E05-01
S BEIR LREARLE vl 5 B Bt TRt R
(YN
o [ il 5 A AR R 72 Bt

bt B BEBOT A TR ARF L ARD LB BEUT T R e, FLAE P Is AT IR i i 25 M 2R 1 2 2%
JE Pt AR A A DA LT T AR A TR B R R R O E AR . A
YRR 13Cr EAEAE A i FIIRASA S R 8 m ik (BRI A RIRIRHE) RS o A2 fR
WO WU LGERM PN Ik 58—, AR URM, BRI S ICs R R R PR BUIR, SR 1
T RCEVE AN 7 KA R L], AL T E R B AN RCEYE T 1SO FriE; 25=, CCUS il 7t
CO Jigih, FRIEE fUH A H COp M RIS E R M IUIR, A& EAE . BT IR FH
SR TURRAIAE; S0, MEEE AW, A E NN A E TEE B ERIUR, AT IR AEE
B T EX MR 25, SR RN E LN S 00t 7t ko B A i S E AR
FMBHRBN T & (Rl s EASEB RN RS Ml e ISEABESLR R 5. TDS A& &M
ARG HlL, IR AAEREE R, R AIE I RO G A S A 2 A e X SR T H
FEVCHUR, 2R AR T S P I UK S B R A S AR R A A P R e SR, AR L Ry
JEE ki B, A b A AR AR AR TR B BT AR e R E A . Wi E L TEFIRE
e PR RERRFE IR 2 55 D05 S HOR BRI A DR B2 7- Y L P A O«

E05-02
FEE ) MR E S
Ll
(RSt

H 2016 474 p A28 R SA 7754 H B R B4R H RE o A A8 (C BER), PSR 1 il E /1A AR
F STk RS RS MR Rl Rl B RN . R R AR B TN I RN AT e A
S7IRK OB RO IR % WP A S riE B RN Rl E AR, R E s T
et C BRI RO 1 AR SR, R T B R R E R R R

E05-03
BotFH IR RE R BT R R R BRI MAT A
Nax
W IRV A R

T 3RAR AT SE R A AR R SIHE, RHARHE A S HE S S MR BB HE TR R . RS
FEFHSE Zr 441 CoCrFeMnNi HEA TR T2 5k Rt 7T, it it Zr63.2Cu(wt.%) 3 s &
BRI SR S RN, I RHBOCHEE Nb 3BT R R MR RN ), X EIAEE T8k IR i
REBEATHEFE, NI4T 2 BA R =i A R ARG T RAFPERERHE Sk o 7E 970 °C/10 min £T/E S5
N, HEA/Zr63.2Cu/Zr % 3k # 7 T 41 41 v HEA/HEAP/Zr(Cr,Mn), +Zrss/Zr,(Cu,Ni,Co,Fe) + Zrss +
Zr(Cr,Mn),/Zr, H™HE KB N K AELENGE HEA — . BT 5B NGRS 184, HEAIZr63.2CulZr
ek s KB VISR B 172.1 MPa,  HLWT ¢ 32 B2 AR AR £F 4% ifa 14 1) Zrp(Cu,Ni,Co,Fe) A o



H E M KK £ 2025 E05. MERIAT NG EM 24

N T A R AR B[ R (B N FIBEA E] CTE JREC SRR I 8, JFR T —Midid HEA RIFOEE
% Nb H ik E E R BVET IR Zr & 410775, 178 2 1 R AH 21 3 B i ERJE 11 Nbss Fll FCC+HCP Laves 3t
FmH AR, 7E 990 °C/10 min 5T S % T, HEA-Nb/Zr $k B i 8T Y) 558 5 (255.6 MPa), H.IKZ %
A FEAT 4 HUIR 19 (Zr,Nb) (Cr,Mn),.

B FI R N HERRORL AR R 5, W EIAEE PRSI BT T 9L, W& 24 h J5, HEA/Zr
BIPI5EEE M 172.1 MPa Kl B P E] 145.9 MPa. X AJ BEJH A T Zry(Cu,Ni,Co,Fe)AH % 5 [ S i 1 BE(85.9
ppm) A 3R 51 B (1 38 (130.6 MPa). & 24 h JEf) HEA-Nb/Zr $3k, Wi & 55 A (e 4T 4%
(Zr,Nb),(Cu,Ni,Co,Fe)tH. HEA-Nb/Zr £k BT )5 AL A 255.6 MPa [&fik#] 225.7 MPa, =& HEA/Zr #2k
SRFEI) 1.55 £, XK HEA-Nb/Zr H:3k e S 5T AR R A R I 1) 7157168 EEE N HEA-Nb/Zr #2
LB B R S5 A 5 (1) (Zr,Nb),(Cu,Ni,Co,Fe)HH 78 S R 55 T A7) B 4 4 A o 458 e 14 54 ) (195.3
MPa) LA K55 1 H AR RE(15.0 ppm); (2) #4578 )2 3 2 B A B00m i) S M e (49.2 ppm) BLAEEER
AT BAG 15 w5 ()5 5 (380.5 MPa), AT Hil 55 20T 422 Sk v JL AT AH B BERE (I 50

E05-04
TR ol SR T 3 45 ) -5 T R 4 R O SREBR PRI T
skid, Eid, £
IR

TH I T T S b e A TR R, T RN i Vi R T B R T L B B R B AR SRR, EIKAS
B TOU N BRI R P38 ). Ik, BS R IAEMK S AT F A TR T R 5k
FTAE, R 7 HZM TO0 eSS B @A, SR TADARL 2 R4 G A 52 men e RS A 4 56 DG gt )
AN BB . ANHR 5 DASRE T B AN i voh 2 T PR RS Tk B P P RS H bR, e ) R R T ALY A
RGRTT T Wi 3 TH TRUAL B () B s A e s vl P e PR S I kA, ) 7 8 T 08 o™ R AT 9 B LAk
SERIHR A o

AHIF TG FRAN [F] 5 B T (O BRAN FE 14 (204 AS#FT 70#4M) , TR BR e AR 4L 4UFT |5 EL 43153 53 A 23.82%.
57.23%71 90.64%, HI AL 222 7 1 £ R R AT OR BB IR B 42, SCB 1 3 PiRsc e fidt I ik 6 A 1 Ay
o KRR FIE AL 45 G B 5 IE R AR 3 i R R B 14T R DA R i R AT T Oy
Mo EHSE VPR 7 i 7o 2 T (OIS JE ek o JERASE 2 OV 5% B i A U e RIS SR I, 208 AN 3R T K] B v
IR AR ML FBOMAR 30 738 LA NI SR FE T, 2290 2RI AS# AN 2 T I B A 14 0] S 2
1-3 /N, T 704N 2 T 2 A AR AR T 285 4 ] AR R RS E 5-10 AN/NIRE o RRIAL 5 PR S B0 17 S5 &5 SRAIE S
3 i ot 2 17 JBE TR A ek VRS FEE b ke 1R 06 22 Ay TO#>> 454> 204 . i it 413 FRLBE ALy S '3 o] i i = 0 T
7R T TETEIBVAER AL 5y T IERIR FesOaHERN, T3 503 (M1 45 A il ot ks B Tl AR S VRAE 8. edb, $
B EHEIESE 70K TG RE Sy, B =P R B AR AR o5 P d e AR I TR AR TER LA 2R
G0 5 R il R I R TR Tl M RE R RS 2R, PR ANARIAR M1+ 22 2% PRI Tl 8 440 T A 25 T K A e
PE, RFF AT i R T TR A T BRI K .

E05-05
Effect of Nitriding Treatment on Hydrogen Embrittlement Resistance of S30403 Stainless Steel
Lei Geng™?, Jianming ZHAI', Yuxin YU!, Ming SONG?, Jiahao JIN*?, Jinquan SUN*?, Di ZHANG"®
1. China Special Equipment Inspection & Research Institute
2. College of Material Science and Technology, Shandong University of Science and Technology, Qingdao
266590, Shandong, China
3. School of Electric Power, Civil Engineering and Architecture,Shanxi University, Taiyuan 030006, Shanxi,
China

Facing dual challenges of energy security and low-carbon development, hydrogen energy infrastructure
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requires significant technological advancements. While austenitic stainless steel demonstrates excellent resistance
to hydrogen embrittlement, its insufficient hardness limits applications in moving components of hydrogen
equipment. This study investigated gas nitriding of S30403 austenitic stainless steel, successfully producing a
36pum-thick compound layer primarily consisting of CrN and yN phases. Electrochemical hydrogen charging and
diffusible hydrogen content analysis established a quantitative relationship between charging duration and
hydrogen content, with nitrided specimens exhibiting a remarkable 92% reduction in diffusible hydrogen
compared to untreated samples. A comprehensive evaluation through in-situ hydrogen-charged slow strain rate
tensile tests and hydrogen gas disc rupture tests revealed that nitrided specimens substantially outperformed their
untreated counterparts in tensile properties, demonstrating lower hydrogen embrittlement indices and sensitivity
coefficients. Fractographic examination showed ductile dimple morphology under hydrogen-free conditions for
both specimen types. However, under hydrogen charging, decreasing strain rate and increasing internal hydrogen
progressively transformed the microfracture mechanism from a mixed mode (featuring microvoid coalescence and
quasi-cleavage dominated by hydrogen-enhanced localized plasticity - HELP) to quasi-cleavage or intergranular
fracture governed by hydrogen-enhanced decohesion (HEDE). The enhanced hydrogen resistance is attributed to
dense nitride lattices forming effective hydrogen diffusion barriers at phase/matrix interfaces and
nitrogen-supersaturated solid solutions (yN) restricting hydrogen diffusion pathways. This study presents an
innovative approach to overcoming the limitations of austenitic stainless steel in hydrogen equipment, thus
advancing hydrogen infrastructure development.
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To address the reason of valve leakage, lab experiments and Fluent simulations were used to study the failure
mechanism. Chemical composition analysis, metallographic examination, and mechanical property tests have
verified that the material of the gate valve complies with the APl 6A standard specifications. The outcomes of
Fluent finite-element numerical simulations have disclosed that the airflow velocity in the gate area is positively
correlated with the inlet airflow velocity. It increases exponentially as the degree of gate closure diminishes. As
the closure degree decreases, the position where the gas impacts shifts towards the gate. The macroscopic
appearance of the gate demonstrates that long-term operation in a semi-open state leads to a significant surge in
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gas flow velocity, resulting in the erosion of the valve body. This erosion has been identified as the root cause of
the leakage incident. Additionally, the electrochemical corrosion induced by CO2 has expedited the failure process.
It is advisable to coat the valve surface with a highly wear-resistant and corrosion-resistant material and to
regularly monitor the operational status of the valve during daily production. The findings of this research provide
substantial guidance for improving the operational reliability and extending the service life of valves.
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A study of surface strengthening on the fretting fatigue crack propagation properties of Ti-6Al-4V dovetail
slots
Ning Wang"?, Heng Zhang", Shu-Lei Yao*"?, Zhi-Yun Wang', Xian-Hao Zhu', Yu-Xin Chi*, Xi-Ting Zeng",
Xian-Cheng Zhang™?, Shan-Tung Tu?
1. East China University of Science and Technology, shanghai 200237
2. State Key Laboratory of Chemical Safety, East China University of Science and Technology, Shanghai 200237,
China.

In aerospace and aviation, fretting fatigue frequently causes the failure of critical components. This study
investigates fretting fatigue in the dovetail slots structure of Ti-6Al-4V titanium alloy, using a self-developed
surface reinforcement method: Deflected Abrasive Waterjet Process (DAWJP). Experimental research was
conducted at both room and high temperatures. FRANC3D and finite element simulations were used to investigate
the effects of initial crack angles, crack depths, axial loads, and residual stresses on crack propagation. Crack
propagation was analyzed using DIC techniques, and fracture morphology was examined through SEM.
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Additionally, a full-life prediction model was proposed, incorporating crack propagation life and temperature
effects. The results indicate that the crack propagation in dovetail slots is primarily dominated by mode | cracks,
and the initial crack angle has minimal impact on crack initiation life. The crack propagation direction ultimately
aligns perpendicularly to the contact surface. DAWJP reinforcement significantly improves the dovetail slots
specimen fretting fatigue life, reduces the number of crack sources, and decreases fatigue striation spacing.
Additionally, higher loads result in smaller fatigue striation spacing. The error between the model's predicted life
and the actual life is controlled within two times of the acceptable error range.

E05-14
Determining Norton creep properties from small punch creep tests by using the representative stress—
strain method and inverse approach
Feng Yu*', Mingcheng Sun®, Yingzhi Li®
1. Ningbo University of Technology
2. State Grid Liaoning Electric Power Research Institute
3. DNV-GL Energy (former KEMA, retired), Arnhem, the Netherlands

The small punch creep test (SPCT) emerges as an innovative technique for evaluating the creep properties of
materials. Although the existing standards, such as CWA 15627 and EN 10371, establishes empirical correlations
between SPCT and uniaxial creep tests (UCT), the complexity inherent to SPCT mandates an empirical approach
that is both material-specific and labor-intensive for achieving precision. This paper introduces a novel
methodology that synthesizes the representative stress—strain method with inverse finite element analysis to
extract Norton creep properties of metallic materials directly from small punch test (SPT) and SPCT. The
representative stress—strain method to SPT facilitates the determination of elasto-plastic properties at elevated
temperatures, enabling a streamlined prediction of Norton creep law parameters by the inverse approach of SPCT.
Notably, this methodology circumvents the need for intermediate UCT conversions, thereby providing a more
efficient and accurate pathway for directly obtaining Norton creep properties from SPT and SPCT. Experimental
validation conducted on P91 and P92NT steels at 600-C confirms a strong correlation between the predicted
Norton creep properties and those obtained from UCT, underscoring the practicality and accuracy of the proposed
approach.
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Optimization analysis of heat exchanger tube and tube sheet joint structure for large diameter heat
exchanger
Yingying Zhang*
Liaoning Petrochemical University

Taking 10#+Q345R as the heat exchanger tube and tube sheet material, for the failure of tube sheet joints of
large-diameter shell and tube heat exchanger, we optimize the structure of heat exchanger tube joints by
introducing the Tl-level tube bundle of heat exchanger tube. Combined with finite element analysis and tube joint
test, the design of reasonable expansion pressure, theoretically verify the feasibility of Tl-level tube bundle to
improve the strength of the tube joints; pull-off, anatomical and sealing tests on the tube joints, compared to verify
the strength of the TI-level tube bundle joints in the new version of the GB/T151 standard. The results show that
the same expansion pressure Tl grade tube bundle in the sealing is significantly higher than the | grade tube
bundle, in the expansion pressure of 100MPa~140MPa interval of at least 25% higher pull-off, and can reduce the
manufacturing cost to a certain extent. The results of the study provide a reference for solving the failure problem
of large diameter heat exchanger tube and plate joints.
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E05-28
BBW YOLO: Intelligent Detection Algorithms for Aluminium Profile Material Surface Defects
Zijuan Yin "2, Haichao Li “**, BoQi', Guangyue Shan’
1. College of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai, China;

2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

Aiming to address the issue of various defects on the surface of aluminum profile materials, which can
significantly impact industrial production as well as the reliability and safety of products. In this study, an
algorithmic model BBW YOLO (YOLOV8-BiFPN-BiFormer-WloU v3) based on an enhanced YOLOVS is
proposed for aluminum profile material surface defect detection. First, the model can effectively eliminate
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redundant feature information and enhance the feature extraction process by incorporating a weighted
bidirectional feature pyramid feature fusion network (BiFPN). Second, the model incorporates a dynamic sparse
attention mechanism (BiFormer) along with an efficient pyramidal network architecture, which enhances the
precision and detection speed of the model. Meanwhile, the model optimizes the loss function using Wise-loU v3
(WIoU v3), which effectively enhances the localization performance of surface defect detection. The experimental
results demonstrate that the precision and recall of the BBW YOLO model have improved by 5% and 2.65%,
respectively, compared to the original YOLOv8 model. Notably, the BBW YOLO model achieved a real-time
detection speed of 292.3 f/s. In addition, the model size of BBW YOLO is only 6.3 MB. At the same time, the
floating-point operations of BBW YOLO are reduced to 8.3G. As a result, the BBW YOLO offers excellent defect
detection performance and opens up new opportu-nities for efficient development in the aluminum industry.
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E05-PO01
Analysis of wellbore seal integrity under cyclic loading conditions
Bo Zeng*"®, Huali Zhang®, Xingwu Guo™®, Kun Wang®, PengWang*, Junjie Hu"®
1. Shale Gas Research Institute of PetroChina Southwest Oil & Gas Field Company
2. Sichuan Shale Gas Exploration and Development Co., Ltd
3. Key Laboratory of Shale Gas Evaluation and Extraction in Sichuan Province
4. State Key Laboratory of Oil and Gas Equipment, CNPC Tubular Goods Research Institute

Sealing integrity of wellbore under cyclic load is one of the key issues to ensure production safety during the
development of oil and gas fields. In this paper, the sealing integrity of casing and cement ring under cyclic load is
studied by means of physical experiment and finite element analysis. The actual working conditions of casing
under cyclic load were simulated by self-made test device, and the casing - cement ring - formation 3D model was
established with Abaqus finite element software, and the sealing integrity was numerically simulated. The results
show that the increase of cyclic load has little effect on the plastic deformation and bearing performance of the
casing, but with the increase of the number of load cycles, the cement ring is subjected to circumferential stress,
and the displacement of the cement ring with small elastic modulus is larger, which can lead to the poor sealing
property of the cementing surface between the casing and the cement ring.

E05-PO02
Effect of different processing routes on microstructure, texture and electrical resistivity of 20pum-thick CuNi
alloy foil
Zhihong Li*, Xuewei Xing, Guoxiong Ren, Guoxia Zhang, Bo Ning, Lihong Yuan, Xin Zhang, Huan Wu
Northwest Institute For Non-ferrous Metal Research

Fabricating micron-scale alloy foil inevitably results in the formation of texture due to the severe plastic
deformation, which significantly affects the electrical properties. In the present work, both two-stage rolling route
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with severe plastic deformation in final rolling and three-stage rolling route combining lower rolling deformation
and intermediate annealing were employed to prepare 20um-thick CuNi alloy foil. The evolution of
microstructure and texture and the resultant electrical resistivity subjected to different processing routes were
systematically studied. The results indicate that final foil prepared by two-stage rolling route was dominated by
strong Cube, Copper texture and relatively weak Goss, and Brass texture. Increasing the intermediate annealing
reduced the grain boundary density and deformation stored energy in finally cold-rolled microstructure. The Brass
and Copper texture in final foil was distinctly enhanced. The electrical resistivity of the alloy changed from 0.534
uQ-m to 0.564 pQ-m, and it showed an decreasing trend with annealing temperature. The multiple introductions
of intermediate annealing reduced crystal defect concentrations (i.e., vacancies, dislocations) induced by severe
plastic deformation, thereby suppressing electron scattering effects in cold-rolled alloys and leading to a reduction
in electrical resistivity. The decrease in grain size and the enhancement of {110} texture were the main reasons
leading to the increase in electrical resistivity of the alloy.

E05-PO03
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E05-PO04
Predicting mechanical properties of high-strength titanium alloys through feature engineering-guided
machine learning algorithms
Jia-kuan Ren, Yu-ze Ji*, Li-juan Zhu, Zhi-hong Li, NanJi, PengWang, Chun Feng
China National Petroleum Corporation Engineering Materials Research Institute Co., LTD

High-strength titanium alloys (HSTAS) demonstrate unique advantages in ultra-deep well drilling and
production applications due to their lightweight nature and exceptional flexibility. Accurate prediction of HSTA
strength and toughness proves crucial for alloy design and performance assessment. This study proposes a
modified greedy algorithm (MGA)-guided machine learning framework for predicting HSTA mechanical
properties. The MGA, incorporating a multiple out-of-order addition strategy, demonstrates enhanced feature
recognition capabilities in high-dimensional data compared to three conventional feature engineering methods.
Furthermore, the MGA exhibits superior feature selection stability relative to the native greedy algorithm.
Through optimized algorithm selection, the MGA-guided Gradient Boosting (GB) model achieved the highest
prediction accuracy for yield strength and impact toughness. The derived processing-composition window for
strength-toughness balance provides valuable insights for designing HSTAs with comprehensive service
performance.
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E05-PO05

Research Progress in High-Throughput Design of Aluminum Alloys
Bochao Tan*?, Chun Feng*®, Lijuan Zhu?, Xiaofeng Bai’
1. Xi'an Shiyou University, School of Materials Science and Engineering, Xian 710065, China
2. Tubular GoodsResearch Institute of CNPC
3. CNPC Bohai Petroleum Equipment Manufacturing Co., Ltd., Tianjin 300457, China

Aluminum alloys exhibit low density, high strength, and exceptional characteristics including corrosion
resistance, electrical/thermal conductivity, processability, and cost-effectiveness, demonstrating broad application
prospects in aerospace, mechanical manufacturing, petroleum/chemical engineering, and related fields. Through
alloying design and heat treatment processes, aluminum alloys with tailored properties can be engineered to meet
specific application requirements. Traditional alloy development relying on trial-and-error methods faces
challenges such as prolonged cycles and high costs. In contrast, high-throughput techniques integrate parallelized
experimentation, computational simulation, and database interoperability, significantly enhancing materials
research and development efficiency. This review systematically examines the evolution of high-throughput
experimental methodologies, spanning from early combinatorial chemistry to the modern Materials Genome
Initiative. Key high-throughput fabrication techniques including co-deposited thin-film synthesis, diffusion
multiple methods, and laser additive manufacturing are introduced alongside advanced characterization protocols.
These approaches enable rapid establishment of composition-structure-property relationships, accelerating the
screening and optimization of novel aluminum alloys. Furthermore, the integration of machine learning with
high-throughput workflows has advanced process parameter optimization, crack prediction, and performance
modulation, offering innovative strategies for aluminum alloy development. Finally, current limitations in
high-throughput design frameworks are critically analyzed,with forward-looking perspectives on their
applications in oil country tubular goods.

E05-PO06
Research Progress on the Effects of Alloying Elements on the Surface Film Structure and Corrosion
Resistance of Titanium Alloys
Jingyang Li*?, Lijuan Zhu*?, Chun Feng®, Kai Zhang?, Chunyong Huo?
1. Xi'an Shiyou University, School of Materials Science and Engineering, Xian 710065, China
2. Tubular GoodsResearch Institute of CNPC
3. CNPC Bohai Petroleum Equipment Manufacturing Co., Ltd., Tianjin 300457, China

Titanium alloys are characterized by high specific strength, excellent thermal resistance, fatigue resistance,
and corrosion resistance, along with outstanding biocompatibility, making them widely utilized in aerospace,
military defense, petrochemical, marine engineering, and biomedical applications. The excellent corrosion
resistance of titanium alloys primarily stems from the formation of a stable passive oxide film on the surface. The
incorporation of alloying elements can significantly modify the chemical composition, microstructure, and
self-repairing capability of this passive layer, thereby influencing the corrosion behavior of Titanium alloys in
aggressive environments such as high-temperature/high-pressure conditions with chloride (CI) and hydrogen
sulfide (H=S)-rich media. In the present work, the effects of typical alloying elements (Al, V, Mo, Nb, Ta, e.g.) on
the formation mechanism, stability, and corrosion resistance of the surface oxide film on titanium alloys are
systematically summarized. Furthermore, the corrosion behavior of titanium alloy oilfield tubular goods under
simulated formation water conditions is discussed. Finally, this paper presents an outlook on the potential
applications and future prospects of titanium alloy oil country tubular goods in oil and gas drilling and production.

14



H E M KK £ 2025 E05. HHRMIRANAT N5 Ehkh 4

E05-PO07
Research Progress on Intelligent Recognition Technology of Engineering Material Failure Crack Image
Mingsong Wu*?2, Lijuan Zhu**3, Hongyu Wang?
1. State Key Laboratory of Oil and Gas Equipment, Tubular Goods Research Institute of CNPC, Xi'an 710077.
China
2. Transportation Engineering College, Dalian Maritime University
3. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety, State Administration for Market
Regulation, Xi'an 710077, China

Due to the manufacturing technique, loading, service environment and other reasons lead to the formation of
cracks, which trigger the fracture failure of engineering materials in the manufacturing and service process.
Fracture image analysis of engineering materials is an important content in the field of failure analysis. The
current crack image intelligent recognition and analysis technology has become a research hotspot for intelligent
diagnosis of equipment fracture failure, which is of great significance for equipment failure cause analysis and
failure prevention. This paper mainly discusses the research progress of crack image intelligent recognition
technology. And the principles of the one-stage and two-stage target detection algorithms as well as the research
progress of the crack quantitative analysis technology based on image intelligent recognition are outlined. The
advantages and disadvantages of the crack intelligent recognition technology as well as the direction of the future
development are analyzed. Finally, we discuss the application of the crack image intelligent analysis technology in
the field of failure analysis.

E05-PO08
Study on corrosion behavior of tubing strings during the life cycle service of CO, huff and puff well
B S, X E K
1. [ A A B CRE M R S A PR A 7
2. Research Institute of drilling and Production Technology of Qinghai Oilfield

The CO, huff and puff oil recovery technology involves injecting CO, into the reservoir, allowing it to
diffuse within the formation and mix with the crude oil, thereby altering the viscosity of the oil. Then opened this
well for production, achieving enhanced oil recovery through a process that is both simple and economically
efficient. However, the corrosive nature of CO, when dissolved in water poses significant safety risks to the
integrity of tubing. This paper investigates the corrosion behavior of P110 tubing under the soak conditions,
produced fluid environments, and the full life-cycle environment by using high-temperature and high-pressure
weight loss methods, scanning electron microscopy, and microstructure analysis. And elucidate the corrosion
mechanisms and corrosion characteristics under varying medium conditions and the synergistic effects of multiple
environments. The results indicate that, under the soak conditions at 50<C, the corrosion rate of P110 gradually
increases with the increase of the concentration of CO, spilt from the formation and dissolved into the immersion
solution, indicating a potential risk of CO, corrosion. During the full lifecycle service environment, the tubing
continuously encounters CO,-containing corrosive media in multiple environments, including 50C soak
environment and 80<C produced fluid, inducing an interactive process of corrosion film dissolution-detachment-
secondary film formation on the material surface, which synergistically influences the corrosion damage pattern
on the tubing surface.
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E05-PO09
Research Progress on Prediction of Mechanical Properties of Engineering Materials Based on Materials
Genome Engineering
Lijuan Zhu*3, Mingsong Wu*"*3, Chun Feng"®, Hongyu Wang?, Chunyong Huo*
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, Dalian, Liaoning 106026, China
3. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety, State Administration for Market
Regulation, Xi'an 710077, China

As the fourth paradigm of materials research and development, materials genome engineering solves the
limitations of the engineering materials research and development model based on the “trial and error method”. Tt
improves the efficiency and quality of engineering materials research and development. Engineering Material
mechanical properties prediction technology based on the material genome engineering can be through the
material composition, microstructure and preparation process to predict the mechanical properties of materials, so
as to be able to develop new high-performance materials to meet engineering needs. This paper mainly describes
the current state of research on the prediction of mechanical properties of engineering materials from three
perspectives: computational simulation methods, machine learning, and deep learning. The computational
simulation methods include density functional theory calculations, molecular dynamics simulations, finite element
analysis. Machine learning algorithms mainly include Random Forest, Gradient Boosting Decision Tree,
K-Nearest Neighbors, Support Vector Regression. Deep learning algorithms mainly include multilayer perceptron
machines, deep neural networks, and convolutional neural networks. Then we summarize the current state of the
prediction of mechanical properties such as strength, toughness, plasticity, hardness, wear resistance, fatigue life
of metallic, ceramic, and composite materials by the above methods. The advantages and disadvantages of
material property prediction methods are summarized and the future development direction of engineering
material mechanical property prediction is analyzed.

E05-PO10
Failure Analysis of Nickel-Phosphorus coated Oil Tubing in Water Injection Wells of a Certain QOilfield
Lingxiao Yi', Fushou Qiu', Longfei Yang', Xiaoyu Wang', Chuigang Rong®, Xiaofeng Bai**, Lijuan Zhu®,
Yuji Li**
1. Research Institute of Oil Production Technology (Supervision Company ), PetroChina Xinjiang Qilfield
Company
2. Department of Engineering and Technology , PetroChina Xinjiang Oilfield Company
3. Tubular Goods Research Institute of CNPC
4. Xi'an Shiyou University, School of Materials Science and Engineering
To investigate the failure mechanisms of nickel-phosphorus (Ni-P) coated tubing under varying water
chemistry and well depths, the surface corrosion products of Ni-P coated tubing from the upper, middle, and lower
sections of water injection wells were systematically analyzed using SEM, EDS, and XRD to characterize their
morphology, composition, and structure. Additionally, the failure causes of the Ni-P coating and substrate, as well
as the corrosion mechanisms, were thoroughly explored. The results indicate that: The corrosion severity of Ni-P
coated tubing decreased with increasing well depth. Insufficient coating thickness and substandard pretreatment
processes of the tubing led to poor coating adhesion and inadequate corrosion resistance, which were identified as
the primary causes of Ni-P coating failure. After coating failure, dissolved oxygen emerged as the dominant
controlling factor for substrate corrosion.
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E05-PO13
Full-scale Burst Test Validation of DWTT Index for Thick-walled Steel Pipes
Weiwei Zhang*"?, Chen Shang®, Jing Lu*, Peng Wang"?, He Li*?, Qiang Chi*?, Hongyuan Chen*?, Lei Wang"?,
Xiongxiong Gao™?
1. State Key Laboratory of Oil and Gas Equipment
2. CNPC Tubular Goods Research Institute
3. PipeChina West Pipeline Company
4. DongHua Testing Technology CO., LTD

In order to reduce the failure risk of large-diameter thick-walled pipelines, optimize pipe production
processes, and improve economic efficiency, two full-scale low-temperature burst tests were conducted on
0OD1422>38.5 mm X80 steel pipes at -5°C. The DWTT shear area values of the test pipes at -5°C were 71% and
75%, respectively. The test obtained the crack propagation speed and pipe fracture morphology characteristics.
The crack propagation speed reached a maximum of 102 m/s before rapidly decaying and arresting, with the
fracture shear area exceeding 97%. Comparison with small-scale DWTT results showed that the deformation on
the hammer impact side underestimated the true toughness of the specimen, leading to conservative DWTT test
results for thick-walled steel pipes; when the average DWTT shear area was not lower than 71%, the steel pipe
could achieve self-arrest at 12MPa pressure. The research results provide key technical support for establishing
DWTT indexes of thick-walled steel pipes in pipeline engineering standards.
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E05-PO15
fiit K AN B R BB BT HLEELER : Review of Microstructure and Alloy Design Mechanisms in
Fire-resistant Steels
T, KNG, 4FF, FERRER, B, miE
Hh [ Yl 42 B AR AR 7T B

Fire-resistant steels have been widely used in the field of engineering machinery and architectural structure
because of their excellent mechanical properties and satisfactory high temperature strength. With evolving
economic demands and infrastructure requirements, progressive enhancement of strength has become imperative
for these advanced alloys. Significant microstructural evolution has been achieved through four decades of
development, transitioning from ferrite plus pearlite or bainite constituents and complex multiphase systems
incorporating bainite, martensite, and retained austenite. This microstructural engineering has enabled remarkable
strength progression from initial 235 MPa grades to contemporary 690 MPa high-performance variants. Parallel
advancements in alloy design have revolutionized chemical composition strategies. Early formulations relying on
costly molybdenum additions (=0.5 wt.%) have been superseded by economically optimized systems employing
multi-component microalloying approaches utilizing Nb, V, and Ti. This review provides a critical analysis of
international research progress and industrial implementation of fire-resistant steels, with particular emphasis on:
(i) Fundamental mechanisms governing high temperature strengthening phenomena, (ii) Alloy design principles of
fire-resistant steels, and (iii) Comparative evaluation of composition-microstructure-property relationships across
strength grades. Through systematic comparison of chemical systems, microstructure systems, and fire resistance
metrics, we establish performance envelopes for various steel classifications. The analysis concludes by
identifying key research frontiers requiring attention to meet next generation engineering demands, including
novel thermomechanical processing routes and computational alloy optimization strategies.
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E05-PO17
Fracture reason analysis of external thread joint of NC50 drill pipe
Le Zhang**?, Jun Han'?, peng Yang“?
1. CNPC Tubular Goods Research Institute
2. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety, State Administration for Market
Regulation

This study investigates the complete transverse fracture of an NC50 drill pipe external threaded joint during
service. Through systematic methodologies including macroscopic fracture examination, metallographic analysis,
chemical composition testing, tensile property evaluation, and Charpy impact tests, the failure mechanism was
comprehensively analyzed. Results indicate that the chemical composition, tensile strength, yield strength, and
impact toughness of the fractured joint fully comply with the API Spec 5DP-2009 standard requirements, thereby
eliminating material defects as the root cause. Furthermore, fracture morphology characteristics and stress state
analysis confirm that the failure was primarily induced by excessive torsional overload exceeding the design
threshold during operation, leading to shear fracture. The findings provide critical insights for enhancing the
operational safety of drill pipe connections and implementing real-time monitoring strategies against abnormal
downhole conditions.

E05-PO18
Failure Analysis of Casing Unthreading and Tubing Fracture in a Certain Oilfield
Qi Ji*
Xi'an University of Technology

In July 2023, a leakage incident occurred at an oil and gas well in a certain oilfield, where the wellhead
equipment along with a section of casing and tubing were ejected from the well, resulting in a large amount of oil
and gas spewing out. To identify the causes of the casing disengagement and tubing fracture, non-destructive
testing, macroscopic and microscopic morphology analysis, material physical and chemical property testing and
analysis, measurement of casing and coupling thread parameters, and damage morphology analysis were
conducted on the failed casing and coupling samples. Combined with the service conditions and well history data
of the failed samples, the main causes of the casing slippage were analyzed and inferred, and the failure type and
cause of the tubing fracture were analyzed. The analysis found that the material and structure of the failed samples
met the standard requirements. No abnormalities were found in the material of the factory end of the failed casing
coupling sample, the N80 coupling and P110 casing thread parameters. No factors affecting the connection
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strength of the coupling, such as inappropriate factory end tightening torque and incomplete tightening, were
found. The main cause of the casing slippage was inferred to be the application of an abnormal load greater than
the connection strength of the casing coupling (such as instantaneous high pressure). The fracture of the failed
tubing was mainly caused by corrosion fatigue, and the service environment of the failed samples had the
characteristics of both CO, corrosion and corrosion fatigue (CF). The CO, corrosion of the tubing and coupling
was slight. The tubing body had a relatively severe corrosion fatigue phenomenon, and there was a certain
possibility and potential for corrosion fatigue in the casing and its coupling.

E05-PO19
Research Progress on the Effects of Alloying Elements on the Microstructure and Properties of Al-Cu-Mg
Heat-Resistant Aluminum Alloys
Lijuan Zhu**, Chun Feng', Xiaofeng Bai*, Bochao Tan'?, Kai Zhang', QiJi*, Chunyong Huo®
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. Xi'an Shiyou University, School of Materials Science and Engineering, Xian 710065, China

As a typical material for structural lightweighting, aluminum alloys have broad application prospects in the
petroleum and petrochemical industry. Among them, heat-resistant aluminum alloys feature high specific strength,
high temperature resistance, corrosion resistance, fatigue resistance, and good processing performance, and have
been promoted and applied in the field of aluminum alloy drill pipes. However, traditional aluminum alloys are
limited to service temperatures below 200'c, which restricts their application in utra-deep oil and gas fields. The
performance of heat-resistant aluminum allovs mainly depends on the stability of their microstructure. The present
review summarizes the influence rules and strengthening mechanisms of typical alloying elements on the
microstructure, mechanical properties, high-temperature resistance and corrosion resistance of Al-Cu-Mg
heat-resistant aluminum alloys. The development directions of heat-resistant aluminum alloy drill pipe materials
and their application prospects in oil and gas development are also prospected.

E05-PO20
Research Progress on Damage Control and Non-marking Running/Pulling Techniques for Titanium Alloy
Oil Well Tubing
Dejun Cai, Xiansi Wang, Huaging Liu, Chen Fan*
Drilling company of CNPC offshore engineering company limited

Titanium alloy tubing has become an ideal material for extreme oil and gas environments (high
temperature/pressure, H,S/CO,/chloride-rich conditions) due to its low density, high strength, excellent corrosion
resistance and fatigue performance. Internationally, Grade 28/29 titanium alloys developed by RMI have been
successfully applied in sour gas wells, while Weatherford's Ti-6Al-4V drill pipes demonstrate 10 times higher
fatigue resistance than steel counterparts. Domestic research started relatively late, but China-made titanium alloy
casings achieved their first successful application in natural gas hydrate trial production in 2020, with collapse
resistance >42 MPa. The main failure modes include pitting, crevice corrosion and galvanic corrosion, particularly
when passive films are damaged in high-temperature (>70<C) and reducing acid environments. While corrosion
inhibitors (e.g., Na,MoO,) can mitigate corrosion rates, novel inhibitors for >160<C conditions remain needed.
For wear resistance, surface modifications (e.g., TiN, DLC coatings) and multilayer coating technologies
significantly enhance performance. Non-marking running/pulling techniques utilizing optimized jaw designs can
control tooth marks to <0.08 mm depth, proving successful in high-sulfur environments. Future breakthroughs
should focus on high-temperature acid-resistant inhibitors, hard-soft alternate coatings, and damage-free running

20



i FERERER 2 2025 E05. FORHIRAAT A 545t % 4
technologies to enable large-scale applications in deep-well and offshore oil/gas development.

E05-PO21
Lightweight Design and Running Friction Comparison of Titanium Alloy Casing in Extended-Reach
Horizontal Wells
Dejun Cai, Xiansi Wang, Huaging Liu, Chen Fan*
Drilling company of CNPC offshore engineering company limited

To address the challenges of high running friction and limited depth extension caused by the heavy weight of
traditional carbon steel casings in extended-reach horizontal wells, this study conducts a comparative analysis of
titanium alloy and carbon steel casings using Well Lead drilling software in a deepwater shallow-soft formation
well (with a water-to-vertical ratio of 2.36 and maximum dogleg severity of 1530 m). The friction sensitivity
curve model reveals that the titanium alloy casing reduces static hook load by 13.2% (73 kN), significantly
mitigating pipe sagging risks. Notably, at an external friction coefficient of 0.6, the titanium alloy casing exhibits a
hook load margin of 142.6 kN, surpassing the carbon steel casing (68.7 kN) by 107% and eliminating critical
running risks. Simulation of a 5,000 m lateral section demonstrates that the titanium alloy casing extends the
maximum running depth by 12.6% (low friction: 0.2) to 26.1% (high friction: 0.6) compared to carbon steel. Field
tests confirm superior running stability of titanium alloy casings in irregular wellbores, though wellbore
reconditioning remains necessary for localized obstructions. This study quantifies the relationship between
lightweight design and friction sensitivity, providing a reliable basis for casing selection in complex horizontal
wells.

E05-PO22
Study on the Electrochemical Corrosion Behavior of Ti-Al-V-Mo-Zr Titanium Alloy Drill Pipe Materials in
High-Salt Environments at Different Temperatures
Lijuan Zhu**, Hangyu Yu*?, Chun Feng®, Kai Zhang®, Jiakuan Ren', Chunyong Huo'
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. School of Materials Science and Engineering, Xi‘an Shiyou University
3. China National Petroleum Corporation Bohai Petroleum Equipment Manufacturing Co., Ltd

In this research work, the electrochemical corrosion behavior of Ti-Al-V-Mo-Zr titanium alloy drill pipe
materials with different solution treatment temperatures in a 10wt% NaCl high-salt solution was studied. The
results show that with the increase of solution temperature, the average grain size of the o phase first decreases
and then increases, and the average size of the primary o phase of the material solution-treated at 910<C reaches a
minimum value of 27.52 pm?. With the increase of solution temperature, a dense oxide film rapidly forms on the
material surface, gradually reducing its thermodynamic corrosion tendency; however, the temperature increase
accelerates the diffusion of chloride ions and charge transfer during the corrosion process, leading to an increase
in corrosion rate. The Ti-Al-V-Mo-Zr titanium alloy drill pipe material with the smallest average size of primary o
phase exhibits the best corrosion resistance. The corrosion products on the surface of Ti-Al-V-Mo-Zr titanium
alloy are mainly TiO-, TiO, Al:Os and VOs.
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E05-PO23
Influence of Solution Temperature on Mechanical Properties of Titanium Alloy Drill Pipe Materials
Lijuan Zhu®, Jingyang Li*, Weiwei Zhang®, Chun Fen®, Kai Zhang**
1. State Key Laboratory of Oil and Gas Equipment, Tubular Goods Research Institute of CNPC, Xi'an 710077,
China
2. CNPC Bohai Petroleum Equipment Manufacturing Co., Ltd., Tianjin 300457, China

Through indoor heat treatment experiments, mechanical property testing, optical microscopy, and scanning
electron microscopy, the microstructure and mechanical properties of Ti-Al-V-Mo-Zr titanium alloy drill pipe
materials for oil and gas drilling under different heat treatment regimes were investigated, and the
strengthening-toughening mechanism of the titanium alloy drill pipe material was analyzed. The experimental
results indicate that as the heat treatment temperature increases, the strength initially remains stable and then
decreases. The maximum tensile strength is 993 MPa, and the maximum yield strength is 870 MPa. The impact
energy shows an increasing trend with temperature, achieving a maximum value of 65 J at 930<C. Under
930<C/2h/AC (air cooling) heat treatment condition, the titanium alloy drill pipe material exhibits a bimodal
microstructure, achieving the optimal balance of strength and toughness, with a tensile strength of 958 MPa, yield
strength of 829 MPa, and impact energy of 65 J. As the solution temperature increases, the fibrous zone proportion
in both tensile and impact fracture surfaces decreases, while the equivalent diameter of dimples increases. The
bimodal microstructure combines the advantages of both equiaxed and Widmanst&ten structures, effectively
improving the comprehensive mechanical properties of the titanium alloy drill pipe material.

E05-PO24
Study on multi-scale strengthening behavior induced by microstructure evolution of cold drawn steel wire
Yonggang Zhao, NanJi, Chun Feng*
Tubular Goods Research Institute of CNPC

This study investigates the microstructural evolution and multidimensional strengthening mechanisms of
hypo eutectoid pearlitic steel with a carbon content of 0.81% during the cold drawing process. By analyzing the
structural transformation of ferrite and cementite phases, the study characterizes the dynamic changes in pearlite
colony size, interlamellar spacing, cementite morphology, and dislocation density at multiple scales. Based on the
mechanical strengthening characteristics of cold-drawn pearlitic steel wire, the study identifies the main
strengthening mechanisms as interface strengthening, dislocation strengthening, and solid solution strengthening,
and quantitatively analyzes the effects of various strengthening mechanisms under different strain conditions,
finding that the solid solution strengthening effect gradually increases when € > 0.8. Additionally, the cold-drawn
wires exhibit typical structural features such as nanolaminate, metastable, and multi-phase. This study employs in
situ tensile testing to investigate the crack propagation behavior of cold-drawn pearlitic steel wire, finding that the
multiphase, nanoscale lamellar structure, and metastable phase can effectively achieve stress shielding and crack
deflection, significantly enhancing the wire's resistance to crack propagation. This research provides a reference
for the design of high-strength, high-ductility materials in advanced engineering applications, revealing potential
methods for structural control of pearlitic steel wire and optimization of the drawing process performance.
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E05-PO25
Research on Corrosion Behavior of Drill Pipe Materials in Deep and Ultra-Deep Well Acidic Fishing Fluids
Environment
Ning Li*%3, Zhi ZHANG"??, Yu-guang FAN*"%3, Kai-feng CHEN"??, Tian-sheng DENG*??, Jia-lei CHEN'??,
Li-juan ZHU*, Chun FENG®, Kai ZHANG", Yu-ji LI*
1. PetroChina Tarim Oilfield Company

2. R&D Center for Ultra Deep Complex Reservoir Exploration and Development, CNPC, Korla 841000, China

3. Engineering Research Center for Ultra-deep Complex Reservoir Exploration and Development, Xinjiang Uygur
Autonomous Region, Korla 841000, China
4. State Key Laboratory of Qil and Gas Equipment, Tubular Goods Research Institute of CNPC, Xi‘an 710077.
China
5. CNPC Bohai Petroleum Equipment Manufacturing Co., Ltd., Tianjin 300457, China

The corrosion behavior and the variation law of the remaining strength after corrosion of S135 and V150 drill
pipe materials in acidic fishing fluids (15% hydrochloric acid +4% iron ion stabilizer +4% corrosion inhibitor) at
different temperatures used in deep and ultra-deep well were analyzed by means of high-temperature and
high-pressure reaction vessels, electron scanning microscopes, X-ray diffraction analysis and mechanical property
tests. The results show that with the increase of temperature, the corrosion rate of S135 and V150 drill pipe
materials increases exponentially. V150 is more prone to corrosion. Its corrosion rate at 100°C-150°C is 1.8-2.3
times that of S135, and at 200°C, it is much higher than that of S135. After being soaked at 150°C for 1 hour, the
mechanical properties of V150 material deteriorated. The tensile strength and yield strength decreased by about
2%, the elongation decreased by 10%, and the reduction of area decreased by 7%. After being immersed in a
corrosive environment not exceeding 150°C for 1 hour, the tensile strength, yield strength, elongation and
reduction of area of S135 material remain basically unchanged.
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E05-PO28
Effect of cryogenic treatment on the corrosion resistance of iron based alloys: A review
Yonggang Li*"?, Qiong He'?, Yangiang Zhu?
1. College of Mechanical Engineering, Taiyuan University of Technology
2. Shanxi Key Laboratory of Precision Machining

After deep cryogenic treatment, iron-based alloys exhibit better mechanical properties, but the research
progress on the mechanism of their corrosion performance is relatively slow. This article reviews the research
progress of deep cryogenic treatment on the corrosion resistance of iron based alloys, focusing on the evolution of
carbide precipitation state, lattice structure, grain size, and residual stress at different scales after deep cryogenic
treatment. Finally, based on the current research status and shortcomings of deep cryogenic treatment of iron
based alloys, the future research directions are prospected. Through the review and analysis, this article aims to
provide some guidance for the research and application of improving corrosion resistance of iron based alloys by
deep cryogenic treatment.

E05-PO29
Failure analysis of sucker rod in heavy oil thermal recovery
Y, ERR, iR, B
Hh [E G HE

The failed sucker rod used 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 basic reasons of severe corrosion was the poor ability of the anti-corrosive
coating, which was porous, elements segregating and incomplete fusing.
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E05-PO31
Establishment and Validation of Fracture Toughness Prediction Model for X80 Fittings
Peng Wang*, Qiang Chi, Huang Duo Huang, weiwei zhang
CNPC Tubular Goods Research Institute

Aiming at the problem that X80 steel tees and elbows of oil and gas transmission pipelines are prone to
brittle fracture under complex stress, and the direct testing of fracture toughness is costly and difficult to obtain
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samples, this study draws on the Charpy energy-fracture toughness correlation method to carry out a series of
research. Samples from key areas of X80 elbows and tees were collected for Charpy V-notch impact tests to
obtain energy-temperature curves, and the actual reference temperature (T0) was calibrated through fracture
toughness tests of limited samples. TheTOand fracture toughness prediction models were constructed using the
direct correlation method, IGC parameter method, and M4P mean method, and the geometric factor was
introduced to modify the thickness effect formula of the Master Curve. The research results show that the direct
correlation method has a large error, the IGC parameter method significantly improves the accuracy, and the M4P
mean method is the best, with an error of only #10<C. The correlation between the predictedTOand the measured
value is

R2>0.92, and the modified Master Curve model is consistent with the full-scale bursting test results of the
pipe fittings. The established M4P mean method in this study can accurately predict theTOof X80 pipe fittings
based only on CVN data, avoiding expensive tests. The modified Master Curve model is applicable to the
non-uniform geometry of pipe fittings, providing theoretical support for pipeline integrity assessment.

E05-P0O32
The Effect of Heat Treatment on the Corrosion Performance of Martensitic Stainless Steel
HE Qiang®, LI Fangpo?, ZHANG Junhao?
1. Oil Production Technology Research Institute,Liaohe Oilfield Company, Panjin 124010, Liaoning,China
2. CNPC Tubular Goods Research Institute, Shaanxi Xi’an 710077, China

With the increase in extraction depth and due to geographical factors, the pressure in oil layers and the sulfur
content in oil and gas rise, posing greater challenges to oil production equipment. Based on the above background
and starting from process control, this study investigates the electrochemical properties of martensitic stainless
steel after different heat treatments, and conducts microscopic observation and elemental analysis on the samples
after hydrogen sulfide stress corrosion. The results show that quenched and re-tempered sample has the best
electrochemical corrosion resistance. Which is the result of ferrite produced by sub-temperature quenching
reducing the overall corrosion resistance of the material through galvanic corrosion. The specimen did not break
after undergoing a 720-hour hydrogen sulfide stress corrosion resistance test. The loose corrosion products on the
surface of the hydrogen sulfide stress corrosion resistance specimens are mostly composed of iron oxides, and the
corrosion products in the corrosion pits are mainly metal oxides and sulfides.
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E05-PO36
Research on Accurate Measurement Method of rude Oil Water Content Based on Image Recognition
Jia Panlong*?, HanJun'?, LiDongfeng?, YangPeng"?, Wang Rui?, Guo Tao"
1. Tubular Goods Research Institute of CNPC, Shaanxi, Xi’an, 710077;
2. Key Laboratory of Petroleum Tubular Goods and Equipment Quality Safety, State Administration for Market
Regulation, Shaanxi, Xi’an, 710077)

In response to the low accuracy and high installation cost of existing portable crude oil water content
measurement devices and online water content measurement devices, and the fact that crude oil water content
measurement is still mainly based on manual sampling and detection methods in oilfield production, this paper
proposes a crude oil water content analysis method based on image recognition technology. By collecting,
segmenting, and intelligently identifying the oil-water interface of the oil-water separated sample through image
grayscale, the designed pixel ratio algorithm intelligently identifies the water content of the oil product. The
effectiveness of the algorithm is verified through sampling analysis. Based on this method, a portable wellhead
water content precise measurement device is designed and developed. Referring to the manual water content
detection process, a new crude oil water content measurement process is designed for this device. The intermittent
sampling mode is adopted to automatically realize functions such as heating, stirring, precipitation, data reading,
and data transmission. Through on-site application testing, the reliability of this device's detection has been
confirmed, and the application scenarios of this device are also discussed.
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E05-PO40
Numerical analysis of influence of thermal cycle on tubing and casing
Zhaoxi Shenl, Ming Pang2,Kai Wei 2, Shasha Yang1,Yijie Zhang3,Yisheng Mou1l,Lihong Hanl
(1. Tubular Goods Research Institute, CNPC, State Key Laboratory of Oil and Gas Equipment;
2. Qil Production Technology Research Institute, Liache Qilfield, Petrochina; 3. Engineering technology
management department. Petrochina changging oilfield company)

Abstract: There were lots of failures for the thermal wells. FEA analysis was used to conduct thermal cycle
simulation on casing and tubing premium connections with metal sealing. The changes of sealing contact pressure
and axial stress of the casing and tubing under axial constraint were analyzed for two cases: unconstrained radial
expansion of the tubing and constrained casing with cement. The results show that after one high-temperature
thermal cycle, the sealing contact pressure of the premium connection decreases. When there is the radial
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constraint, the decrease is greater and positively correlated with the temperature. After the cycling temperature
exceeding 200 °C, the connection has lost the sealing performance. Thermal cycle increases the axial tensile
which causes the risk of tensile fracture of the string. The analysis results provide the data and technical basis for
connection selection and string design optimization for high-temperature oil and gas wells.

Key words: premium connection, high temperature, thermal cycle, tubing, casing
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