Accepted Manuscript

ENGINEERING
FAILURE
ANALYSIS

Failure analysis of an exploded CO2 gas cylinder

Urbi Pal, Goutam Mukhopadhyay, Sandip Bhattacharya

PII: S1350-6307(17)30009-2

DOI: doi: 10.1016/j.engfailanal.2017.05.015
Reference: EFA 3133

To appear in: Engineering Failure Analysis

Received date: 5 January 2017
Revised date: 18 March 2017
Accepted date: 1 May 2017

Please cite this article as: Urbi Pal, Goutam Mukhopadhyay, Sandip Bhattacharya , Failure
analysis of an exploded CO2 gas cylinder, Engineering Failure Analysis (2017), doi:
10.1016/j.engfailanal.2017.05.015

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.


http://dx.doi.org/10.1016/j.engfailanal.2017.05.015
http://dx.doi.org/10.1016/j.engfailanal.2017.05.015

Failure Analysis of an Exploded CO, Gas Cylinder

Urbi Pal”, Goutam Mukhopadhyay, Sandip Bhattacharya

Failure Analysis and Plant Metallurgical Inspection Group,
R&D and Scientific Services,
Tata Steel, Jamshedpur 831001, India.

Abstract

This paper presents the analysis and subsequent recommendations towards prevention of
failure in an IS 7285 type 2 cylinder which is seamless gas cylinder grade steel. The region of
fracture showed the presence of an oxidized zone in the inner walls of the CO, gas cylinder
along with a fresh surface. Visual observation showed presence of multiple small cracks at the
inner surface. Microstructural examination with optical and scanning electron microscopes
revealed that the cracks were associated with scale indicating their pre-existence. A decarburized
layer was also observed at the inner surface. The stress intensity factor (Kic) estimated at the
crack tip upon consideration of the pressure inside the cylinder surpassed the fracture toughness
of the material. Exposure to direct sunlight elevated the temperature of the CO, gas wherein it
behaved as a supercritical fluid occupying the entire volume of the cylinder with a pressure
higher than ambient. At a particular density, above 48 — 54° C, this pressure increased abruptly,
beyond the limit offered by the pressure valve resulting in explosion. Periodic checking of
pressure valves and proper quality assurance system enabled by NDT techniques were

recommended for the prevention of such catastrophic failures.
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