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  Introduction of oil and gas industry

Oil and Gas Field

Upstream                                    

Transmission Pipeline

Middlestream
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Downstream
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  Infrastructures of oil and gas industry
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Tubular Goods are the lifelines of the oil and gas industry.
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Corrosion is an interdiscipline in oil and gas industry
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Importance of Corrosion in Oil and Gas Industry

Uniform Corrosion

Pitting Corrosion

Crevice Corrosion

Coupling Corrosion
Under-deposit Corrosion

Corrosion Under Insulation

Microbiologically Influenced Corrosion

Sulfide Corrosion Cracking

Stress corrosion cracking

Corrosion Fatigue

Erosion
Differential Aeration Corrosion 

High Temp. High Pressure Corrosion

Hydrogen Induced Cracking 

Erosion-Corrosion
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Importance of Corrosion in Oil and Gas Industry

Deformation
Corrosion

Third 

Party 
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Natural 

Disaster

Quality 
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Stress

Corrosion

Cracking

Failure 

modes

Over 60% failures of tubular goods used in oil and gas industry are related to corrosion.
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Importance of Corrosion in Oil and Gas Industry

The cost of corrosion is more than money

Safety Environment Economy
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Typical corrosion failures of downhole tubing and gathering pipeline

Tubing CO2 Corrosion           Tubing Thread Crevice Corrosion           H2S Induced SCC                   Pipeline Weld SCC

Gathering Pipe Corrosion Perforation    Clad Pipe Weld Corrosion   Gathering Pipe Erosion-Corrosion     Clad Pipe Bursting 
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Case 1：Downhole Tubing Corrosion Due to Acidizing

Acidizing Fracture

Enhance oil & gas production

10~15%HCl+1.5HF+3%Hac+3~5%Inhibitor

Acidizing process is highly 

corrosive to tubing

1 Tubing material(CS, 13Cr, CRAs)

2 Acidizing inhibitor

3 Corrosion evaluation facility

4 Standard for conduct test

Research Activities
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Case 2：Drill pipe, tubing, casing, gathering pipeline SCC due to H2S

1 Anti-SCC material R&D

2 Test method optimization 

3
OCTG manufacturing process

optimization

4 New chemicals R&D

Research Activities

Typical H2S induced SCC of tubular goods used in oil and gas field
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Case 3：Downhole tubing SCC due to pack fluid

13Cr Tubing  SCC

30~50 billion RMB lost of each well

13Cr Tubing  SCC simulation

in various pack fluid

1 Pack fluid selection and quality

control

2 Test method optimization 

3 Tubing material optimization

4 OCTG manufacturing process

optimization

Research Activities
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Case 4：Tubing and gathering pipeline erosion-corrosion

Erosion-corrosion caused by high 

pressure high velocity fluids  

Rotating disk electrode Impinging jet

Flow loop CFD Simulation

Erosion-corrosion test methods

1 Self-design test facility 

2 Full-scale test loop with HPHT

3 CFD simulation optimization

4 Materials or coatings with

resistance to abrasion

Research Activities
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Case 5：Gathering Pipeline Under-deposit Corrosion

1 New inhibitor and coating

2 Nonmetallic composite and clad pipe 

3 Small-diameter pipe inspection tools 

4 Quick repair techniques

Research Activities

Corrosion located at 4~8 o’ clock under deposit

Nonmetallic composite pipe 
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MIC in shale gas due to fracturing fluid

Hydraulic fracturing in shale gas exploitation, ten thousand tons of water (Fracture fluid)and one

thousand tons of sand are needed for a single well.
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Downhole Tubing MIC Corrosion Gathering Pipeline MIC Corrosion MIC-induced Under-deposit Corrosion

➢ Fracture fluid was repeatedly used for hydraulic fracturing, which could breed

various bacteria, SRB, TGB, FB, etc.

➢ The MIC frequently occurred, the CR is prohibitively high, 5mm thick tubing was

perforated within 58 days in CNPC and Sinopec shale gas well.

MIC in shale gas due to fracturing fluid
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MIC Failure Analysis of Gathering Pipeline Lab Simulation Test of MIC+UDC

Material Evaluation and Selection Anti-MIC Steel R&D and Evaluation

MIC in shale gas due to fracturing fluid
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The CNPC-TGRI MIC lab is capable of conducting SRB, FB TGB culture, isolation,

sterilization, and analysis, as well as the MIC test under various conditions.

Anaerobic Incubator Automatic Colony Counter Fluorescence Microscope High Pressure Steam 

Sterilization Pot

Fluorescence Microscopy Analyzer Spectrophotometer Tabletop Centrifuge Drying Sterilizers

MIC in shale gas due to fracturing fluid
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ISO/AWI  21055 Corrosion of metals and alloys — Test method for microbiologically

influenced corrosion of oil and gas transmission pipelines is the first ISO standard related to

pipeline MIC test method.

ISO Standard for 
Pipeline MIC Test Method

ISO TC 156 Summer Annual Conference 
in Switzerland, 2023

CSTM Standard of 
Bactericide Test Method

MIC in shale gas due to fracturing fluid

21/73



OUTLINE

Importance of Corrosion in Oil and Gas Industry

Corrosion Case Studies in Conventional Oil and Gas Field

01

02

Corrosion Case Studies in CCUS-CO2 Oil Displacement04

Corrosion Case Studies in Shale Gas Field03

Challenges for Corrosion and Protection in Oil & Gas Industry 07

Brief Introduction of CNPC TGRI Corrosion Research Centre08

Corrosion Case Studies in H2 Storage and Transportation 05

Anti-corrosion Techniques Developed by CNPC TGRI06

22/73



Corrosion in CCUS-CO2 Oil Displacement

1

Why we care CCUS? Why ‘U’is oil displacement?

32

CO2 Storage 
Enhanced Oil Recovery 

Win-Win Strategy

Why concern corrosion?

Carbon Peak  and Neutrality
Corrosion is one of the ten 

key techniques of CCUS-EOR
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Schematic Diagram of the CO2 Oil 

Displacement
CO2 pipeline

(parallel to ground)
CO2 injection/production tubing

(Vertical to ground)

Pipeline and tubing are the lifelines of CCUS-CO2 oil displacement.

Corrosion in CCUS-CO2 Oil Displacement
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1 Supercritical CO2 induced tubing and casing corrosion

2 CO2 containing acidic impurities induced SCC (Coal-fired power plants)

3 Supercritical CO2 injection led to low temperature 

4 Supercritical CO2 induced packer rubber failure

Conventional CO2 Corrosion VS CCUS-CO2 Corrosion

Corrosion in CCUS-CO2 Oil Displacement
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Corrosion in CCUS-CO2 Oil Displacement
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Corrosion in CCUS-CO2 Oil Displacement
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 The Influence of CO2 Pressure on Corrosion Rate
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Corrosion in CCUS-CO2 Oil Displacement

 The Influence of impurity on Corrosion Rate
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Corrosion in CCUS-CO2 Oil Displacement

 The Influence of impurity on stress corrosion cracking
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Corrosion in CCUS-CO2 Oil Displacement

 The Influence of Supercritical CO2 on Packer Rubber
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Corrosion in CCUS-CO2 Oil Displacement

 The Influence of Low Temp. on Tubing Mechanical Performance 
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➢ The lowest temp. in oilfield is -20℃ when CO2 was injected.

➢ CO2 injection has no substantial influence on N80/P110 tubing mechanical performance.  
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◼ Corrosion of supercritical CO2 and

gas containing impurities

◼ Fracture control of supercritical CO2

pipeline

◼ Micro-leakage monitoring and

detection of supercritical CO2 pipeline

◼ Safety evaluation of supercritical CO2

pipeline

◼ Thread seal of supercritical CO2 string

◼ Failure of packer rubber tube caused by

supercritical CO2

◼ Fatigue of CO2 multi-round injection and

production string

◼ Deterioration of mechanical properties of

pipes caused by low-temperature CO2

injection

◼ Christmas tree safety caused by phase state

and temperature changes

◼ Sealing reliability of packer caused by

phase state and temperature changes

◼ Corrosion and scaling of supercritical CO2

and gas containing impurities

◼ Stress corrosion cracking of acid gas

containing impurities

◼ Crevice corrosion of threaded joint of string

◼ Failure of packer rubber tube caused by

supercritical CO2

CO2 Pipeline CO2 Injection Tubing

CO2-enhanced 

Oil Production String

◼ Corrosion of supercritical/high-concentration

CO2 pipeline

◼ Scaling of supercritical/high-concentration

CO2 pipeline

◼ Failure of supercritical/high-concentration CO2

pipeline joint

◼ Matching between supercritical CO2 pipeline

and non-metallic pipes

CO2-enhanced 

oil gathering pipeline

Corrosion in CCUS-CO2 Oil Displacement
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H2 induced damage to transportation and storage infrastructure

1

Why we need H2? Which infrastructures can be 

potentially damaged by H2?

32

Carbon Peak  and Neutrality
Hydrogen is considered an 

extremely clean energy

Why we need to re-investigate 

hydrogen damage?

Pipeline Underground 
H2 storage

Liquified H2 Vessel Solid H2 Storage

H2→2H≠H+→H
Gaseous≠Cathodic
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H2 induced damage to transportation and storage infrastructure

*Essence of gaseous hydrogen embrittlement of pipelines and the technical challenges, Dr. Frank Cheng (University of Calgary)

The differences between Gaseous Hydrogen and Cathodic Hydrogen * 
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H2 induced damage to transportation and storage infrastructure 

Devnathan-Stachurski Double Cell

SSRT with Hydrogen Charging

HPHT H2 SSRT Test HPHT H2 Permeation Test HTDS Test System

Hydrogen Thermo Desorption Spectrum

Cathodic Hydrogen Test Facilities       VS     Gaseous Hydrogen Test Facilities 

200℃/15MPa H2 or Mixture 600℃/10MPa H2 or Mixture 1000℃, H Content, 0.001ppm
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H2 induced damage to transportation and storage infrastructure 
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 The Influence of H2 on Mechanical Properties
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H2 induced damage to transportation and storage infrastructure 

 Hydrogen Permeation

 Hydrogen Content

HTDS H Content Test System TDS H Content Test Results H Content in X80 under different 
percentage of H2

HTHP Gaseous H Permeation Test System The Influence of T on H Permeation The Influence of H Blending 

Ratio on H Permeation
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Case 1：Corrosion and Scale Inhibitors

Foaming Stratification

Poor Compatibility with 
MDEA

Poor Compatibility with other 
Additives

Poor Solubility Inhibitor Type Mis-choose  

 Various problems encountered in oil and gas field

40/73



Case 1：Corrosion and Scale Inhibitors

 Inhibitor molecular design and synthesis

⑴ 桐油水解

⑶ 曼尼希反应

⑵ 咪唑啉合成
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Case 1：Corrosion and Scale Inhibitors

 Inhibitor Types

TG700系列 油气井缓蚀剂

主要成果应用于中海油TG705，成功解决了气举

过程中的连续油管断裂问题

TG300系列  污水（注水）缓蚀剂

主要的产品型号为TG301，预计在2018年3月推广应用于塔里木油田

TG500系列  循环水系统缓蚀剂

主要应用于工业循环水系统，也可用于油气田联合站

TG200系列  井筒酸化缓蚀剂

主要的产品为TG201/TG201-II，从2007年开始使用，

已经在塔里木油田应用10年，取得了良好的口碑和社

会效应，钛合金缓蚀剂也是我们研发的一项重大成果

TG500系列  地面集输缓蚀剂

主要产品有TG510、TG512、TG520、TG530，在

今年的产品推广过程中，都取得了良好的效果，目

前应用较多的是TG530

TG600 炼化用缓蚀剂
目前主要研发的产品只有常减压塔用缓

蚀剂TG601，在长庆石化推广应用

TG400系列  钛合金缓蚀剂

主要应用于钛合金油管在酸化作业过程，已在现场示范应用

Acidizing Inhibitor

Gathering Pipeline Inhibitor (CO2/H2S/Cl-)

Downhole Tubing Inhibitor

Injection water Inhibitor (O2 and SRB)

Ti Alloy Inhibitor

Circulating Water Inhibitor

Refinery Inhibitor (High Temperature)
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Case 1：Corrosion and Scale Inhibitors

 Inhibitor Applications

Various types of inhibitor have been applied in Tarim Oilfield, Changqing Oilfield,

Qinghai Oilfield since 2007, over 400 oil & gas wells, and over 5000 km gathering

pipelines.
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Case 2：Room Temperature Curing Organic Coatings with No Solvent

 Various problems encountered in oil and gas field

Room Temperature Curing→ Energy Saving (No Need Electric Heat)

No Solvent→Environmental Friendly (No Toxic Chemicals)

Blistering Peeling off

Pinhole Cracking
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Case 2：Room Temperature Curing Organic Coatings with No Solvent

 Coating Molecular Design and Synthesis
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Case 2：Room Temperature Curing Organic Coatings with No Solvent

 Coating Lab Test and Spray

HPHT Simulation Test

Coating Spray Process in Factory

Coating Spray in Lab

Joint Design for Coated Line Pipes 46/73



Case 2：Room Temperature Curing Organic Coatings with No Solvent

 Coating Applications

Tanks and Vessels

Gathering Pipelines

Downhole Tubing/Casing
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Case 3：Seamless Metallurgically Lined Pipe

 Two Types of Lined Pipe Used in Oil and Gas Field

Mechanical 
Lined Pipe

Metallurgically 
Clad Pipe
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Case 3：Seamless Metallurgically Lined Pipe

 The Failures of Mechanically Lined Pipe

衬管鼓包 衬管塌陷

焊缝开裂 焊缝腐蚀

316L 衬管
625

堆焊层

蚀
坑

X65基管

316L 衬管 625堆焊层蚀坑

双金属复合海管失效示意图

双金属复合海管失效实物图

Onshore Oilfield
陆上油气田地面管道（中石油某油田）

Offshore Oilfield
海上油气田海底管道（中海油某油田）

Liner Blister Liner Collapse

Weld Joint Cracking Weld Joint Corrosion
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Case 3：Seamless Metallurgically Lined Pipe

Manufacturing and Products

钻杆 Drill Pipe     油套管 Tubing/Casing        集输管 Gathering Pipe              弯管   Bents               管件 Fittings 50/73



Case 3：Seamless Metallurgically Lined Pipe

 Fundamental Research

*Financially Supported by NSFC and CNPC 51/73



Case 3：Seamless Metallurgically Lined Pipe

 Standard and Pilot project

扭转 西北局发货

ISO Standards for MLP Manufacturing, Lab Testing and Construction 

Drill Pipe (Thread Design and Machining) Applied in Sinopec Northwest Oilfield 52/73



Case 3：Seamless Metallurgically Lined Pipe

 Standard and Pilot project

Tubing and Casing (Thread Design and Machining) Applied in Changqing Oilfield   

Gathering Pipeline (Joint Design and Welding) Applied in Changqing Oilfield   53/73
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Challenges for Corrosion and Protection in Oil & Gas Industry 

Challenge 1：The prerequisite of corrosion protection in oil and gas industry, economically acceptable

is the first priority, and then technically requiring the corrosion resistance as high as it can be.

Money is indeed a problem Money is not a big problem 55/73



Challenges for Corrosion and Protection in Oil & Gas Industry 

Challenge 2：The balance between cost and performance (Corrosion Resistance)

Carbon 

Steel

8~10 thousand RMB/ton         30~50 thousand RMB/ton          100~150 thousand RMB/ton       200~400 thousand RMB/ton 

Input and output ratio Material Selection ~ Failure Probability

Austenite/Martensite

Stainless Steel

Duplex 

Stainless Steel CRAs

Single Well Production

Corrosion Environment
Material Selection
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Challenges for Corrosion and Protection in Oil & Gas Industry 

Challenge 3：The discrepancy between lab test and field application

Slight with no localized corrosion

NO SCC happened                                                   SCC happened 

Severe localized corrosion

≠

≠

Lab Simulation Test Field Application

Coupon surface state

Sample geometry and structure

Flow pattern

Load/stress condition

Liquid and gaseous fluid

CO2/H2S partial Pressure

Macro/Micro Defects

Test methods and facilities

Influencing factors
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Challenges for Corrosion and Protection in Oil & Gas Industry 

Challenge 4：How to improve the long-lasting corrosion resistance of coatings

Before Use                                       Service After Certain Time
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Challenges for Corrosion and Protection in Oil & Gas Industry 

Challenge 5：How to improve the accuracy of the remaining life prediction

Model 1 Model 2 Model 3
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The Mission of CNPC TGRI Corrosion Research Team

Tubing and Casing

(Vertical to ground)
Pipeline

(Parallel to ground)
Tanks and Vessels

The Doctor of Oil & Gas Facilities: Protect the tubing/casing, pipeline, tanks and vessels from corrosion

1 Why corrosion 

occur?

2 How to investigate 

corrosion?

3 How to prevention 

before corrosion?
4 How to inspect or 

monitor corrosion?

5 what mitigation should be 

done to reduce corrosion?

Five 

Things
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The Corrosion Research Methodology of CNPC TGRI Corrosion Research Team

小试样筛选
全尺寸适
应性评价

现场试验
段验证

Small Scale Coupon 

Screening Test
Full Scale Tubular Coupon 

Test for fitness-for-service

Field Pilot Test for 

Approve
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The Member of CNPC TGRI Corrosion Research Team

加拿大卡尔加里大学
博士，团队带头人

日本九州大学
博士，氢能材料

日本东北大学
博士，氢能材料

北京大学
博士，药剂研发

University of Calgary, Canada
PhD, Director

Kyushu University, Japan
PhD, H2 Material

Tohoku University, Japan
PhD, H2 Material

Peking University
PhD, Chemicals R&D

中科院金属所
博士，微生物腐蚀

Institute of Metal 
Research, Academia 

Sinica, PhD, MIC

中科院金属所
博士，分子计算

西安交通大学
博士，涂层材料

西安交通大学
博士，氢能材料

Institute of Metal 
Research, Academia 

Sinica, PhD, DFT

Xian Jiaotong University
PhD, Erosion-Corrosion

Xian Jiaotong University
PhD, H2 Material

西安交通大学
博士，现场服务

Xian Jiaotong University
PhD, Technical Service

➢ 35 Employees

➢ 17 PhDs

➢ 9 Research Teams
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The Member of CNPC TGRI Corrosion Research Team

厦门大学
博士，油气田腐蚀

北京航空航天大学
博士，炼化腐蚀

哈尔滨工业大学
博士，油田腐蚀

西北工业大学
博士，金刚石材料

Beijing University of 
Aeronautics and Astronautics, 

PhD, Refinery Corrosion

Harbin Institute of 
Technology, PhD, Oil and 

Gas Field Corrosion

Xiamen University, PhD, Oil 
and Gas Field Corrosion

哈尔滨工程大学
博士，油田腐蚀

长安大学
博士，涂料研发

中国石油大学
博士在读，复合材料

Harbin Engineering 
University, PhD, Oil and Gas 

Field Corrosion

Changan University, PhD, 
Coating R&D

西安交通大学
博士，涂料研发

Xian Jiaotong University, 
PhD, Coating R&D

1 Oil and Gas Field 
Corrosion Team

2 Pipeline Corrosion 
Team

3 Refinery Corrosion 
Team

4 MIC Corrosion Team

5 Chemicals R&D Team

6 Coating R&D Team

7 H2 Material Team

Northwestern Polytechnical
University, PhD, Advanced 

Coating R&D

8 CCUS Corrosion Team

9 Technician Team
China Petroleum University, 

PhD, Composite Pipe
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The Research Areas of CNPC TGRI Corrosion Research Team

Corrosion and Protection of 

Downhole Tubing and Casing 

Corrosion and Protection of 

Gathering and Transmission Pipeline

Corrosion and Protection of 

Refinery Pipeline and Equipment 

Corrosion and Protection of 

Unconventional and New Energy
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The Facilities of CNPC TGRI Corrosion Research Team

Autoclave Cortest, USA，5 Sets）

70MPa/350℃/H2S/CO2/5m/s

Autoclave（Dalian, China，15 Sets）

30MPa/250℃/H2S/CO2/3m/s

Twined-Autoclave（Dalian, China，1 Set）

30MPa/250℃/H2S/CO2/3m/s

➢ Autoclave(650℃/70MPa/H2S+CO2+H2 ): Underground Coal Gasification, Shale oil In-situ

Transformation, heavy oil thermal recovery, etc.

➢ Autoclave(-50 ℃~300 ℃/70MPa/H2S+CO2 ): CCUS-CO2 Pipeline, Tubing, Rubber sealing.

1. Autoclave
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The Facilities of CNPC TGRI Corrosion Research Team

High Pressure High Temperature

Electrochemistry Workstation

2. Electrochemistry Workstation

Micro-Scanning

Electrochemistry Workstation
Rotating Disk Electrode Array Electrode

Facility TYPE SETS CAPACITY

Tradition Electrochemistry 

Workstation
Princeton P4000A、Wuhan Cortest 5 OCP, Polarization, Potentiostat, EIS, etc.

Micro-Scanning

Electrochemistry Workstation
VersaSCAN 1 SVET, SCEM, LEIS, SKP

Rotating Disk Electrode Pine 1 50~10000rpm

High Pressure High Temperature

Electrochemistry Workstation

Princeton P4000A+CroTest 

Autocalve
1

OCP, Polarization, Potentiostat, EIS, etc.

Under 0~35MPa, 0~350℃

Array Electrode / 1 1~1000Hz
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The Facilities of CNPC TGRI Corrosion Research Team

3. SCC Test Facilities

Room Temperature and 

Atmospheric Pressure Test

High Temperature and 

High Pressure Test

Full-Scale Tubing/Pipe 

Test
The List of All the SCC 

Test Facilities
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The Facilities of CNPC TGRI Corrosion Research Team

3. Full-Scale Tubing SCC Test Facilities

The full-scale tubing SCC test method has been approved as the AMPP Standard.
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The Facilities of CNPC TGRI Corrosion Research Team

3. Full Ring Ovalization SCC Test Facilities

The Determination of the susceptibility to cracking of line pipe in sour service-Full

ring ovalization test method has been approved as the China National Standard.

Small Diameter PipeLarge Diameter Pipe Cracking CharacterizationStress FE Simulation
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The Facilities of CNPC TGRI Corrosion Research Team

4. Gaseous Hydrogen Test Facilities

HPHT H2 SSRT Test HPHT H2 Permeation Test HTDS Test System

200℃/15MPa H2 or Mixture 600℃/10MPa H2 or Mixture 1000℃, H Content, 0.001ppm
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The Facilities of CNPC TGRI Corrosion Research Team

5. MIC Test Facilities
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Thank you for your attention！

Anqing(Andy) Fu, PhD/Professor/Director     

+86-29-81887902  fuanqing@cnpc.com.cn

CNPC Tubular Goods Research Institute
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