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摘要：本文对316不锈钢引压管的金相组织、夹杂物及远离断口处管壁的化学成分进行了分析，对孔洞的宏观和微观形貌、腐蚀特征、腐蚀产物等进行了研究，并结合天然气管的服
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Abstract: In this paper, metallographic examination, visual examination and scanning electronic microscope examination were used to analyze the perforation failure of differential pressure …….
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1 前言
高含硫化氢、二氧化碳的酸性天然气具有较强的腐蚀性。在天然气输送过程中，由于硫化氢、二氧化碳和水等介质的存在，管道及设备内壁易发生腐蚀。在高压、高酸等综合因素作用下常常发生破坏失效，造成经济损失或重大事故[1-3]。316不锈钢钢是工业中常用的钢
2 实验方法
为了确定差压变送器引压管穿孔原因，对失效管穿孔处进行宏观观察、金相组织、夹杂物分析、化学成分分析和扫描电镜微观形貌分析，以及对比分析失效管体其它部位的微区成分、形貌，并结合引压管受力条件和服役环境进行相应的理论分析，以判断引压管穿孔失效原因。

表1 316不锈钢化学成分（wt%）

	Cr
	Ni
	Mn
	Mo
	Si
	C
	P
	S
	Fe

	16.0-18.5
	10.0-14.0
	≤2.0
	2.0-3.0
	≤1.0
	≤0.08
	≤0.035
	0.03
	余量


3 失效分析

3.1宏观观察
该引压管穿孔失效区位于末端，如图1所示1位置处，同时对该引压管不同部位的内外壁进行分析，按图1所示取2、3和4号试样研究。[image: image2.jpg]


对该管进行宏观观察发
3.2金相组织析及夹杂物分析
对距离失效管道穿孔处较远的的部位取样，进行金相组织观察，金相组织观 
3.3穿孔处特征分析
3.3.1外壁穿孔处分析
3.3.2内壁穿孔处分析
3.4穿孔源的判断  
[image: image3.jpg]



图9远离穿孔区域直管内壁腐蚀形貌（a）？（b）?(c)?

4 讨论

在腐蚀管道内壁发现腐蚀产物中含有大量的S，与天然气输送管道中H2S含量较高，且

5 结论
（1）天然气输送差压变送器引压管（316不锈钢）的金相组织为奥氏体组织，部分晶粒
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1 Introduction  

    The acidic natural gas with high hydrogen sulfide, carbon dioxide has a strong corrosion. During the transmission,the inner walls of pipes and equipment are prone to corrosion due to the presence of hydrogen sulfide, carbon dioxide and water. Failures often happen in the high-pressure, high-acid, high humidity etc.causing economic loss or serious accidents[1-3].316 stainless steels are …………………………..
2 Experimental Methods
3 Failure Analysis
3.1 macro-observation   
3.2 metallographic structure and inclusion analysis

Table 1 Chemical composition of material（wt%）

	Cr
	Ni
	Mn
	Mo
	Si
	C
	P
	S

	16.0-18.5
	10.0-14.0
	≤2.0
	2.0-3.0
	≤1.0
	≤0.08
	≤0.035
	0.03
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Fig.2 Metallographic photo of failed tube

3.3 perforation characteristics analysis

3.3.1 perforation analysis in outer wall 

3.4 substrate damage behavior analysis


[image: image1]
Fig.8 Corrosion morphology at the straight tube (a) macro photo (b) corrosion products (c) stress corrosion cracking
4 Discussions

5 Conclusions

(1) The metallographic microstructure of differential pressure transmitter impulse tube(316 stainless steel) of natural gas transmission is austenite,part grains contain twins, and it ………..
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