
   

 

By: John Molloy, P.E.  

Principal Engineer  

While not nearly as exciting as a 

failure, checking to make sure things 

are in good working order is just as 

important.  M&M Engineering 

recently performed an evaluation of 

hoses used for supplying hot 

thermal oil.  The equipment had 

been laid up for multiple years and 

there was concern that the hoseõs 

internal pressure liner may have 

corroded due to potentially 

corrosive contaminants in the oil.  

Hose samples were destructively 

analyzed to determine if corrosion 

of the inner liner had resulted in 

perforations to the pressure 

containing boundary. 

Two hose samples, one large 

diameter and one small diameter, 

were received for examination.  

They were visually examined and 

there were no obvious signs of 

degradation.  They were then 

longitudinally sectioned to facilitate 

inspection of the internal surface.  

The larger diameter hose was 

comprised of three layers: an 

external metal braid, a corrugated 

liner, and a strip-wound interlocked 

layer.  The smaller diameter hose 

was comprised of an external metal 

braid and a corrugated liner.  The 

corrugated liners that provided the 

pressure boundary were the focus 

of the investigation. 

After sectioning and visual 

examination of the internal surfaces, 

the corrugated liners were cleaned 

and liquid penetrant inspected (PT) 

on the external surface to establish 

if through wall perforations or 

cracks were present.  No 

recordable indications were 

observed. 

The internal surfaces of the 

pressure boundary liners were 

inspected using a stereomicroscope.  

The larger diameter hose liner had 

no notable aberrations or deposits.  

The smaller diameter hose liner 

contained tenacious deposits biased 

to one side of the liner (Figure 1). 

The hose liner material and internal 

deposits were analyzed using a 

scanning electron microscope (SEM) 

equipped with energy dispersive 

spectroscopy (EDS1) to determine 

their elemental compositions.  The 

liner alloy was found to be similar to 

an 18-8 stainless steel, such as Type 

321.  The internal deposits 

contained elements that were native 

to the liner alloy.  No corrosive 

species were observed. 

Metallographic sectioning was 

performed on the smaller diameter 

hose corrugated liner in the area 

with tenacious deposits and 

superficial corrosion.  High 

magnification examination of 
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Figure 1. Photographs show images of 

the tenacious deposit and sus-

pected corrosion observed on 

the internal surface of the liner 

from the smaller diameter hose. 
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corrugations with visible deposits and corrosion patina 

did not reveal any penetration into the base metal 

(Figure 2).  The tenacious deposits and corrosion were 

superficial. 

The conclusion:  although some tenacious deposits 

were observed on the smaller diameter hose, only 

superficial corrosion was observed.  No penetration 

into the bulk metal was observed.  Based on the 

samples submitted for analysis, no corrosion problems 

were found and similar hoses were suitable for service. 

1 EDS provides qualitative elemental analysis of materials under SEM 
examination based on the characteristic energies of X-rays produced by the 
electron beam striking the sample.  Using a light element detector, EDS can 
detect elements with atomic number 5 (boron) and above.  Elements with 
atomic number 13 (aluminum) and above can be detected at concentrations 
as low as 0.2 weight percent; lighter elements are detectable at somewhat 
higher concentrations.  As performed in this examination, EDS cannot 
detect the elements with atomic numbers less than 5 (i.e., beryllium, 
lithium, helium or hydrogen).  The relative concentrations of the identified 
elements were determined using semi-quantitative, standardless 
quantification (SQ) software.  SQ electronically analyzed the EDS data, 
thereby lowering the detection limit to about 0.1 weight percent. 

Figure 2. Photomicrographs show the internal surface of 

the hose corrugations with visible deposits.  No 

corrosive penetration was observed. (Etchant: 

Aqua Regia) 
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Fractography 
METALS FAIL in many different ways and for different 

reasons.  Determining the cause of the failure is vital in 

preventing a reoccurrence.  One of the most important 

sources of information relating to the cause of fracture 

is the surface itself.  A fracture surface is a detailed rec-

ord of the failure history, environmental effects, and 

material quality.  The principal technique used to analyze 

this evidence is electron fractography. Fundamental to 

the application of this technique is an understanding of 

how metals fracture and how the environment affects 

the fracture process. 

Fractography is the term coined by Carl A. Zapffe in 

1944 following his discovery of a means for overcoming 

the difficulty of bringing the lens of a microscope suffi-

ciently near the jagged surface of a fracture to disclose 

its details within individual grains.  The purpose of frac-

tography is to analyze the fracture features and to at-

tempt to relate the topography of the fracture surface 

to the causes and/or basic mechanisms of fracture. 

John Percy, a prolific author on metallurgical subjects, 

described in 1875 six general types of fracture patterns: 

Crystalline, with facets as in zinc, antimony, bismuth, and 

spiegeleisen 

Granular, with smaller facets, as in pig iron 

Fibrous, a general criterion of quality  

Columnar, typical of high-temperature fracture 

Vitreous, or glasslike. 

Text Source:  ASM Handbook, Vol. 12; Fractography 
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By: Catherine Noble, P.E.  

Senior Engineer  

Failures are frequently not the result of a single event or 

mechanism.  Instead, a sequence of events typically re-

sults in a failure.  M&M Engineering recently investigated 

an example of this in a boiler floor tube. 

VISUAL  EXAMINATION  

We received a boiler floor tube that contained a bulge 

and large blister on the hot side, with a likely through-

wall failure at the peak of the blister (Figure 1).  The 

tube was sectioned about 2 inches away from the blister 

to reveal significant thinning and gouging of the tube wall 

(Figure 2).  The tube sections were then split longitudi-

nally to examine the internal surfaces.  Heavy, layered 

deposits that were red, gray, and white in color were 

noted within the gouge on the hot side (Figure 3).  

There were also some 

patches of green deposit 

and copper-colored de-

posits.  The gouge was 

approximately 1.5 inches 

wide and ran almost the 

entire length of the tube 

sample (about 18 inches).  

The appearance of the gouge and the deposits was con-

sistent with an under-deposit corrosion mechanism such 

as caustic gouging. 

Failure Mechanisms Working in Collusion 

Figure 2. Photograph shows the cross section approximately 2 

inches from the blister area.  A deep gouge filled with 

deposit was noted on the hot side (on the top of the 

tube as-installed). 

Figure 3. Photograph shows the internal surface of the tube in 

the failure area with layered deposits. 

Figure 1. Photographs show the as-received condition of the 

floor tube.  The failure was on the hot side of the tube 

(arrow).  The tube was installed horizontally, putting 

the failure at the 12 oôclock position of the tube. 

Hot Side 
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METALLOGRAPHY  

A cross section was removed through the failure and 

prepared for metallographic examination (Figure 4).  

Voids were noted at the failure (Figure 5 and Figure 6).  

The voids appeared to be due to long term overheating 

damage.  The lack of pearlite combined with spheroi-

dized carbides just slightly away from the failure further 

supported this conclusion (Figure 7).  The tube micro-

structure away from the failure consisted of banded 

pearlite in a ferrite matrix and was typical of carbon 

steel tubing exposed to moderate service conditions. 

The external and internal surfaces were also examined.  

A significant oxide/deposit layer was present on the in-

ternal surface with a noticeable layer of copper on the 

top layer of the internal surface deposit (Figure 8).  A 

typical oxide layer was present on the external surface. 

Thinning of the tube wall initiated on the internal sur-

face and was due to corrosion and oxidation.  Away 

from the failure, a decarburized layer was present on 

both the internal and external surfaces.  Decarburized 

layers are often produced as a result of tube manufac-

turing.  Their presence indicates that negligible wastage 

occurred away from the failure. 

Given the presence of copper and observed voids, a 

hydrogen etch test was performed to determine if hy-

drogen damage had occured.  The etch test was incon-

clusive.  Hydrogen damage may have been present but 

was not the sole source of the observed voids. 

Figure 4. Photograph shows the prepared cross section of the 

tube, with the failure indicated by an arrow. 

External Surface 

Figure 5. Photomicrograph shows the failure at a higher 

magnification, where voids were noted. The sample is 

in the unetched condition. 

Internal Surface 

Figure 6. Photomicrograph shows the microstructure at the 

failure at a higher magnification after etching.  

(Etchant: Picral-Nital) 

Figure 7. Photomicrograph shows the heat affected micro-

structure near the failure at higher magnification.  

Carbide spheroidization was observed slightly away 

from the failure.  (Etchant: Picral-Nital) 



5  

 

D IMENSIONS  

Wall thickness measurements at the failure showed 

thinning of approximately 92%.  The wall thickness op-

posite the failure was in-line with the measurements on 

the cross section remote from the failure and illustrated 

the localized nature of the wall thinning. 

EDS Analysis 

Internal deposits were examined in situ on a cross sec-

tion near the failure.  Metallic copper was visually appar-

ent on the internal surface of the cross section (Figure 

9).  The deposits within the gouge were analyzed in a 

scanning electron microscope (SEM) equipped for ener-

gy dispersive X-ray spectroscopy (EDS1) to determine 

their elemental composition.  In addition to spot checks 

of various deposit layers, an elemental dot map was 

constructed of the surface deposit to assess where cer-

tain elements in the deposit were concentrating 

Figure 8. Photomicrograph shows copper on the internal sur-

face (bright layer) and corrosion of the internal sur-

face into the wall thickness. Figure 9. Photograph shows the cross section near the failure 

after preparation for in situ deposit analysis. 

Significant amounts of copper were noted within the 

internal deposit (arrows). 

Figure 10. Dot map shows the elemental concentrations within the surface deposit. (115X) 
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