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ABSTRACT

A waste heat recovery unit of petrochemical plant was utilized to heat up the heat transfer oil
by hot flue gas. A significant wall thinning of the heat exchanger tubes was observed even
though there is no obvious corrosion caused by heat transfer oil and flue gas. To comprehend the
thinning causes of the tubes, the investigation works including collection of background
information, visual inspection, microscopic analysis, X-ray diffraction and hardness measurement
was performed. The analysis results revealed the heat transfer oil was thermally decomposed and
changed into coke deposits on the internal surface of the heat exchange tubes. As a large amount
of the coking particles formed and deposited on interior surface of tubes, the flowability of heat
transfer oil was greatly diminished and the heat transfer efficiency was consequently deteriorated.
The heat transfer oil would be ignited if tube temperature exceeded its ignition temperature. Asa
result, an overheating and even partial melting and wall thinning of tube material might occur. In
addition, the countless tiny particles of coking substance and graphite would flow with vaporized
heat transfer oil at high velocity and led to erosion and wall thinning at turbulent flow locations.
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Figure 1 Schematic diagram showing process control and flow path of Waste Heat Recovery Unit.
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Figure 2 Overall and cross-sectional morphology of

the failed heat exchanger tube.
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Figure 3 Overall and cross-sectional morphology of
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Figure 4 The metallographic examination across the grey-colored tube wall zone of #12 tube sample.
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Figure 5 The metallographic examination of the microstructural features across the metallic-colored tube wall zone of
#12 tube sample.
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Figure 6 Elemental mapping of the black particles in zone D of #12 tube sample.
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Figure 7 The X-ray diffraction pattern of the black
particles in zone D of #12 tube sample.
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Figure 8 The hardness distribution of the cross-section
of #12 tube sample.
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Figure 9 The hardness distribution of the cross-section
of #1C tube sample.
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Figure 10 The hardness distribution of the cross-section
of elbow sample.
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