《海洋腐蚀与防护》教学大纲
Syllabus of Marine Corrosion and Protection
	课程基本信息
Course Information

	课程名称
Course Name
	(中文)海洋腐蚀与防护

	
	(英文) Marine Corrosion and protection

	开课院部
School
	石油工程学院
	院部代码
School Code
	02

	负责人
Leader
	张亚
	课程团队
Team Members
	海洋腐蚀与防护教学研究团队

	课程编码
Course Code
	
	学分
Credits
	2

	课内学时
Course Hours
	32
	理论学时
Lecture Hours
	32
	实验学时
Experiment Hours
	0

	
	
	上机学时
Programming Hours
	0
	实践学时
Practice Hours
	0

	课外学时
Home Hours
	0

	适用专业
Audience
	(若为通识教育选修课程则填“全校各专业”)船舶与海洋工程，海洋油气工程

	授课语言
Language of Instruction
	(中文/双语/全英文/其他语言请注明)中文

	先修课程
Prerequisite
	电工电子学

	课程简介
Course Description
	(中文300-500字，简要介绍课程的课程性质、主要教学内容、课程教学目标等，使学生在选课时对课程有全面的了解，帮助学生科学选课)
海洋腐蚀与防护是船舶与海洋工程专业和海洋油气工程专业的一门专业选修课。主要教学内容是海洋腐蚀现象和腐蚀理论以及相应的防腐蚀措施。通过本课程的学习，学生应理解腐蚀的原理和腐蚀的种类，以及在海洋环境下各种腐蚀的现象及各因素对腐蚀的影响机理，掌握运用防腐理论知识，解决船舶、海上建筑及海上钻井采油设备等的防腐措施。



	
	(英文)
Marine corrosion and protection is a major elective course in majors of Marine engineering and Marine oil and gas engineering. The main teaching contents are Marine corrosion phenomena and corrosion theory and corresponding anti-corrosion measures. Through learning of this course, students should understand the principle of corrosion and corrosion types, as well as various phenomena of corrosion and the effects of factors on the corrosion mechanism under the marine environment, corrosion theory knowledge, solve the anti-corrosion measures such as ships, offshore building and equipment of oil drilling and production under the sea.



	课程教学大纲
Course Syllabus

	课程目标
Learning Outcomes
	课程目标
	毕业要求指标点

	
	（注：须根据课程性质，详细描述学生在学习课程后所能达到的知识、能力、素质目标。专业培养方案内的课程必须与专业毕业要求指标点相对应，并在描述语句后注明对应要素的代码，举例如下；其他课程请根据课程实施情况从知识、能力、素质三方面描述。）
目标1：通过本课程的学习，学生应理解腐蚀的原理和腐蚀的种类，以及在海洋环境下各种腐蚀现象及各因素对腐蚀的影响机理。
	1.4， 2.1

	
	目标2： 运用所掌握的防腐理论知识，解决船舶、海上建筑及海上钻井采油设备等的腐蚀问题。
	4.1，5.2

	
	目标3：形成腐蚀管理的概念，承担防腐蚀宣传的社会责任。
	6.2，8.2

	
	Learning Outcomes
	Major Objectives

	
	(英文)Outcome one：Through learning of this course, students should understand the principle of corrosion and corrosion types, as well as various corrosion phenomenon and the effects of different factors on the corrosion mechanism under the marine environment.
	1.4，2.1

	
	Outcome two：The corrosion problems of ship, Marine construction and offshore drilling equipment are solved by using the knowledge of corrosion theory.
	4.1，5.2

	
	Outcome three：To establish the concept of corrosion management and undertake the social responsibility of anti-corrosion propaganda.
	6.2，8.2

	教学内容
Topics
	（要按章节顺序编写，编号见下例，每一章要说明该章的教学重点和难点，每一节要详细说明本节的具体教学内容。具体内容应清楚地表达知识、技能的范围和深度，充分反映课程的知识和技能要求，体现课程特点，并明确教学法上的要求。对于实践教学环节如实验、实习、习题课、讨论课、其它实践活动等，应当在此处说明各环节如实验项目的基本教学内容、教学要求等。）
第一章 绪论                                                                          
了解本课程的研究对象，以及学习本课程的目的、任务、研究范围。
第二章 金属腐蚀
本章的重点难点：腐蚀的基本概念、腐蚀的分类、腐蚀速度的表示方法。
2.1 金属腐蚀的基本概念                                                        
2.2 腐蚀的分类                                                                
腐蚀的分类、金属腐蚀速度的表示法，防腐的基本知识。
第三章 电化学腐蚀理论
本章的重点难点：伊文斯盐水滴试验、理论电位-PH 图的绘制、电化学极化、析氢腐蚀和吸氧腐蚀、钝化。
3.1 腐蚀原电池                                                                  
析氢腐蚀、吸氧腐蚀、伊文斯盐水滴试验。
3.2 热力学概念                                                                  
自由能、腐蚀电位、标准电位、腐蚀电池电动势。
3.3 电位－PH 图                                                                 
理论电位－PH 图的绘制及其在腐蚀中的应用。
3.4 电化学腐蚀过程                                                              
3.5 腐蚀速度图解分析                                                          
埃文斯图、极化曲线
3.6 析氢腐蚀和吸氧腐蚀                                                            
析氢腐蚀的条件和特点、吸氧腐蚀的条件和特点、析氢腐蚀和吸氧腐蚀的对比。
3.7 钝化作用                                                                  
钝化现象和原因、钝化时的极化曲线、影响钝化的因素。
第四章 海洋腐蚀
本章的重点难点：海上腐蚀环境的分区、局部腐蚀、腐蚀疲劳。
4.1 海水中腐蚀特点与海上腐蚀环境的分区                                          
4.2 海洋中金属的局部腐蚀                                                        
点蚀、缝隙腐蚀、空蚀、电偶腐蚀、电蚀、氢脆、晶间腐蚀等。
4.3 在海洋中金属的腐蚀疲劳                                                      
腐蚀疲劳的原因、钢材在海水中的腐蚀疲劳。
第五章 金属材料在海洋环境中的腐蚀
本章的重点难点：钢铁在海水中的腐蚀过程和腐蚀产物、海洋大气腐蚀。
5.1 常用耐腐蚀材料                                                              
5.2 钢铁在海水中的腐蚀过程和腐蚀产物                                            
腐蚀机理、影响因素
5.3 海洋大气特性及其腐蚀过程                                                  
腐蚀过程、腐蚀产物、影响因素
5.4 海洋用金属材料的抗腐蚀性能                                                
介绍不同金属材料的抗腐蚀性能及新进展
第六章 海洋中的钢筋混凝土及非金属材料的腐蚀
本章的重点难点：海水对混凝土的腐蚀、防蚀措施。
6.1 海水对于混凝土的腐蚀作用                                                    
化学腐蚀过程、水泥-砂-水配比对腐蚀的影响。
6.2 混凝土防海水腐蚀措施                                                      
浆料、表面涂料及钢筋镀锌(或镀铝)、矿渣水泥，缓蚀剂及其他配方。
6.3 钢筋混凝土的阴极保护                                                      
阴极保护方法、有效性。
6.4 混凝土内部用钢筋及管道合金元素成分的改良                                  
提高钢筋耐海水性。
6.5 其他非金属材料                                                            
无机材料、有机材料。
第七章 表面处理与涂镀层技术
本章的重点难点：金属表面处理、涂料使用原理、涂装工艺。
7.1 金属表面处理                                                                
铝及铝合金的氧化、钢铁的氧化和磷化、不锈钢的钝化。
7.2 镀层技术                                                                    
电镀、热浸镀和热喷涂。
7.3 防腐涂料                                                                  
涂料的构成及使用原理、涂装工艺。
7.4 内衬和包覆                                                                
内衬和包覆用材料、使用方法。
第八章 缓蚀剂
本章的重点难点：缓蚀机理、缓蚀效果评定。
8.1 缓蚀剂的分类                                                              
8.2 缓蚀机理                                                                  
电化学理论、吸附理论、成膜理论。
8.3 海水介质中缓蚀剂的应用                                                    
碳钢缓蚀剂、有色金属缓蚀剂。
第九章 电化学保护
本章的重点难点：阳极保护、阴极保护、杂散电流腐蚀与防护。
9.1 阳极保护                                                                  
保护原理、保护参数、保护的系统结构、保护方式。
9.2 阴极保护                                                                    
原理、阴极保护的种类和特点、保护的主要参数、阴极保护的影响因素。
9.3 牺牲阳极阴极保护法                                                          
牺牲阳极的性能及种类、牺牲阳极保护设计。
9.4 外加电流阴极保护法                                                          
外加电流阴极保护系统的特点和组成、设计，阴极保护新进展，包括牺牲阳极的发展、外加电流阴极保护的发展、阴极保护的发展方向。
9.5 直流杂散电流的腐蚀与防护                                                  
管道杂散电流的腐蚀与防护、排流保护法。
第十章 船舶和海洋结构物防腐蚀
本章的重点难点：船舶的腐蚀和防护、平台的腐蚀特点和规律、防蚀方法、阴极保护。
10.1 船舶的腐蚀和防护方法
船体各部分结构的特点及影响腐蚀的因素、保护方法的选择
10.2 海洋平台结构的腐蚀和防护方法                                                        
平台腐蚀特点、规律、海洋工程钢结构防蚀方法简介、混合阴极保护设计、特殊防蚀措施。
10.3 海上石油贮器与海上石油天然气管道的防护                                   
防蚀设计，重防腐蚀涂料

	
	(英文)
Chapter 1 The introduction
Understand the subject of the course and the purpose, task, and scope of the course.
Chapter2 Metal corrosion
The main points of this chapter: the basic concepts of corrosion, the classification of corrosion, the presentation method of corrosion velocity.
2.1 The basic concept of metal corrosion
2.2 The classification of the corrosion
The corrosion classification, the identification of the metal corrosion velocity, the basic knowledge of anticorrosion.
Chapter 3 Theory of electrochemical corrosion
The main points of this chapter: Ivens saline drop test, the theoretical potential-ph diagram, electrochemical polarization, dehydrogenation corrosion and oxygen decay, passivation.
3.1 The galvanic corrosion
Dehydrogenation corrosion, oxygen corrosion and Evans brine drop test.
3.2 The concept of thermodynamics
Free energy, corrosion potential, standard potential, corrosion cell electromotive force.
3.3 The potential - PH figure
Theoretical potential-ph drawing and its application in corrosion.
3.4 The electrochemical corrosion process
3.5 The corrosion speed graphic analysis
The Evans graph, the polarization curve
3.6 The corrosion of hydrogen evolution and oxygen corrosion
The conditions and characteristics of the hydrogen evolution corrosion, the condition and characteristics of the oxygen corrosion, the contrast between the corrosion of the hydrogen and the oxygen corrosion.
3.7 The passivation
The phenomenon of passivation and the reason, the polarization curve of passivation, the factors that influence passivation.
Chapter 4 Marine corrosion
The main points of this chapter: the partition of marine corrosive environment, local corrosion and corrosion fatigue
4.1 In the seawater corrosion characteristics and partition of the sea corrosion environment
4.2 The local corrosion of the metal in the ocean
Spot erosion, cavitation corrosion, cavitation erosion, electric corrosion, electrical erosion, hydrogen embrittlement, intercrystalline corrosion, etc.
4.3 The corrosion fatigue of the metal in the ocean
Corrosion fatigue, corrosion fatigue of steel in seawater.
Chapter 5 Corrosion of metal materials in Marine environment
The main points of this chapter: corrosion of steel in seawater, corrosion products and Marine atmosphere corrosion.
5.1 The common corrosion resistant material
5.2 Steel in seawater corrosion process and corrosion products
Corrosion mechanism and influencing factors
5.3 The properties of ocean atmosphere and corrosion process
Corrosion process, corrosion products and factors
5.4 The anticorrosion properties of metal materials used in ocean
The anticorrosion properties and new progress of different metal materials
Chapter 6 The corrosion of reinforced concrete and non-metallic materials in the sea
The main points of this chapter: the corrosion of the concrete and the anticorrosion measures.
6.1 The seawater effect on the concrete corrosion 
The chemical corrosion process, the effects of cement and sand water ratio on corrosion.
6.2 Concrete anticorrosion measures to defend seawater corrosion
Paste, surface coatings and galvanized steel (or aluminized), slag cement, corrosion inhibitors and other formulations.
6.3 The cathodic protection of reinforced concrete
Cathodic protection method, validity
6.4 The improvement of steel and alloy element composition Inside the concrete 
l improves the tolerance of seawater.
6.5 Other non-metallic materials
Inorganic materials, organic materials.
Chapter 7 surface treatment and coating technology
The main points of this chapter: metal surface treatment, the principle of coating use, coating process.
7.1 Metal surface treatment
The oxidation of aluminum and aluminum alloy, the oxidation of steel and the passivation of stainless steel.
7.2 Coating technology
Electroplating, hot dip coating and thermal spraying.
7.3 The anticorrosive coatings
Composition and application of paint and coating process.
7.4 The lining and coating
Lining and covering materials and using methods.
Chapter 8 corrosion inhibitors
The main points of this chapter: the mechanism of corrosion inhibitors and the evaluation of the anticorrosion effect.
8.1 The classification of the corrosion inhibitor
8.2 The corrosion mechanism of corrosion inhibitors
Theory of electrochemical theory, adsorption theory, and film theory.
8.3 The application of corrosion inhibitors in seawater
Carbon steel corrosion inhibitor, ferrous metal corrosion inhibitor.
Chapter 9 Electrochemical protection
The main points of this chapter: anodic protection, cathodic protection, stray current corrosion and protection.
9.1 The anodic protection
Protection principle, protection parameter, protection system structure, protection mode.
9.2 The cathodic protection
Principle, the type and characteristics of cathodic protection, the main parameters of protection, the influence factors of cathodic protection.
9.3 The sacrificial anode cathodic protection
The performance and type of the anode and the design of the sacrificial.anode protection
9.4 Impressed current cathodic protection
The characteristics and composition of Impressed current cathodic protection system, design of cathodic protection, the development of the sacrificial anode and impressed current cathodic protection,  the development direction of cathodic protection.
9.5 Dc stray current corrosion and protection
The corrosion and protection of the stray current , the discharge protection act.
Chapter 10 Corrosion prevention of ships and Marine structures
The main points of this chapter: Ccorrosion and protection of ships, Corrosion characteristics and rules of the platform, Anti-corrosion methods, Cathodic protection.
10.1 corrosion and protection methods of vessels
The characteristics of the parts of the hull and the factors that affect the corrosion and the selection of protection methods
10.2 corrosion of offshore platform structure and protective method
The corrosion characteristics, rules of the platform, the introduction of corrosion prevention methods of Marine engineering steel structure, the design of hybrid Cathodic protection and special corrosion prevention measures.
10.3 offshore oil reservoir and the offshore oil and gas pipeline protection
Anti-corrosion design, heavy anti-corrosion coatings


	教学进度及要求
Class Schedule & Requirements
	内容
	课内
学时
	教学方式
	课外
学时
	课外环节
	课程目标

	
	1
	1
	讲授
	
	自学
	目标3

	
	2
	2
	讲授
	
	自学
	目标1

	
	3.1, 3.2
	2
	讲授
	
	作业
	目标1

	
	3.3, 3.4
	2
	讲授
	
	自学
	目标1

	
	3.5~3.7
	2
	讲授
	
	作业
	目标1

	
	4.1, 4.2
	2
	讲授
	
	自学
	目标1

	
	4.3
	2
	讲授
	
	自学
	目标1

	
	5.1, 5.2
	2
	讲授
	
	自学
	目标1

	
	5.3, 5.4
	2
	讲授
	
	作业
	目标1

	
	6
	2
	讲授
	
	自学
	目标1

	
	7.1, 7.2
	2
	讲授
	
	自学
	目标2

	
	7.3, 7.4
	2
	讲授
	
	自学
	目标2

	
	8
	2
	讲授
	
	自学
	目标2

	
	9.1,9.2
	2
	讲授
	
	自学
	目标2

	
	9.3~9.5
	2
	讲授
	
	作业
	目标2

	
	10.1
	1
	讲授
	
	自学
	目标2 

	
	10.2, 10.3
	2
	讲授
	
	自学
	目标2

	
	Topics
	Course
Hours
	Teaching Methods
	Home
Hours
	Assignment
	Outcomes

	
	1
	1
	Teaching
	
	Reading
	Outcome 3

	
	2
	2
	Teaching
	
	Reading
	Outcome 1

	
	3.1, 3.2
	2
	Teaching
	
	Homework
	Outcome 1

	
	3.3, 3.4
	2
	Teaching
	
	Reading
	Outcome 1

	
	3.5~3.7
	2
	Teaching
	
	Homework
	Outcome 1

	
	4.1，4.2
	2
	Teaching
	
	Reading
	Outcome 1

	
	4.3
	2
	Teaching
	
	Reading
	Outcome 1

	
	5.1, 5.2
	2
	Teaching
	
	Reading
	Outcome 1

	
	5.3, 5.4
	2
	Teaching
	
	Homework
	Outcome 1

	
	6
	2
	Teaching
	
	Reading
	Outcome 1

	
	7.1, 7.2
	2
	Teaching
	
	Reading
	Outcome 2

	
	7.3, 7.4
	2
	Teaching
	
	Reading
	Outcome 2

	
	8
	2
	Teaching
	
	Reading
	Outcome 2

	
	9.1, 9.2
	2
	Teaching
	
	Reading
	Outcome 2

	
	9.3~9.5
	2
	Teaching
	
	Homework
	Outcome 2

	
	10.1
	1
	Teaching
	
	Reading
	Outcome 2

	
	10.2, 10.3
	2
	Teaching
	
	Reading
	Outcome 2

	考核方式
Grading
	评价环节
	比例

	
	环节1 考勤
	10%

	
	环节2 平时表现
	10%

	
	环节3 作业
	10%

	
	环节4 期终考试
	70%

	
	Evaluation
	Percentage

	
	Evaluation 2 Attendance
	10%

	
	Evaluation 2 Performance
	10%

	
	Evaluation 3 assignment
	10%

	
	Evaluation 4 final examination
	70%

	教材及参考资料
Textbooks & Other Materials
	(包括纸质、声像、电子等各种形式的教学材料、参考资料，需要包含教材名称，作者，出版社，出版年份，版次，书号等信息)
1．《海洋设备腐蚀与保护》，蒋管澄、张亚编，中国石油大学出版社，2011；
2．《海洋腐蚀环境理论及其应用》，侯保荣等著，科学出版社，1999；
3．《金属结构的腐蚀与防腐》，吴开源、王勇、赵卫民编著，石油大学出版社，2000。

	
	1.Jiang Guancheng. Zhangya, Marine equipment corrosion and protection, China petroleum of University Press, 2011.
2. Hou Baorong. etc., The theory of Marine corrosion and its application, Science Press, 1999.
3. Wu Kaiyuan. etc., Corrosion and corrosion of metal structures, University of Petroleum Press, 2000.
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注：
1. 表格中红色为示例，绿色为说明。
2. 考核方式包括作业（Assignment）、实验（Experiment）、平时表现（Attendance and Performance）、期中考试（Midterm Exam）、期末考试（Final Exam）等。
3. 院部代码：地学院01，石工学院02，化工学院03，机电学院04，信控学院05，储建学院06，计通学院07，经管学院08，理学院09，文学院10，马克思主义学院11，体育教学部12，工训中心及其他20。
4. 如有实验内容，须完善对附表中实验项目信息进行完善。
附表：
	实验项目信息

	实验项目名称
	所在实验室名称
	实验室编号
	实验中心名称
	项目编号
	每组人数
	项目学时
	实验类别
	实验要求
	实验类型
	面向专业
	实验室分室
	仪器设备名称
	是否开出

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	




