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Abstract 
 The life of a solar water storage tank will depend on the durability of the materials of construction involved and on the 
conditions existing within and around the system. The most commonly used material for water storage tanks is stainless steel.  
Stainless steels (SS) are widely used in different types of industries due to their good mechanical and corrosion properties. 
Depending on their final applications, many alloying elements, besides nickel and chromium, are added into the SS to increase 
their mechanical and corrosion properties. The effect of cold deformation/cold rolling process on the micro structure and localized 
corrosion resistance of stainless steels has a detrimental effect of deformation on the pitting resistance of the stainless steel. The 
corrosion resistance of stainless steels is strongly affected by their chemical composition, the main defect being presence of micro-
cracks which lead to deposition of calcium carbonate. This leads to localized corrosion which spreads to be globalized corrosion. 
The aim of the present study was to evaluate different samples of stainless steel without the presence of any coating material using 
XRD and SEM and EDS analysis. Detailed information based on the analysis is given on the performance these particular metals 
(SS-304/434), used for constructing solar water tanks. The mechanical properties and micro-structural features as well as the 
presence and composition of certain elements in the following samples were systematically studied in order to establish the 
relationship among micro-structure, mechanical properties, manufacturing process and effect on sample. These findings formed 
the basis of recommendations aimed atthe prevention and control of corrosion in such solar water heating systems. 

 
Introduction 

 Solar water tank is the conversion of sunlight into heat for water storage using a solar 

thermal collector. A variety of configurations are available at varying cost to provide solutions 

in different climates and latitudes. Solar water tanks are widely used for residential and some 

industrial applications. A sun-facing collector which is coated with a dark color has a series of 

tubes in it. A water storage tank is placed above it. The coated collector absorbs the heat from 

the sunlight and heats the water in the tubes and the heated water is stored in the tank.  

 
Applications of Stainless Steel 

 Stainless steel is an alloy of Iron with a minimum of 

10.5% Chromium. Chromium produces a thin layer of 

oxide on the surface of the steel known as the 'passive 

layer'. This prevents any further corrosion of the surface. 

Increasing the amount of Chromium gives an increased 

resistance to corrosion. Stainless steel also contains 

varying amounts of Carbon, Silicon and Manganese. 

Other elements such as Nickel and Molybdenum may be added to impart other useful 

properties such as enhanced formability and increased corrosion resistance. Its various 

applications are :-Automotive and transportation, Medical, Chemical Industries, Energy and 

heavy industries and Food and catering et  

https://en.wikipedia.org/wiki/Sunlight
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://en.wikipedia.org/wiki/Solar_thermal_collector
https://www.bssa.org.uk/topics.php?article=16
https://www.bssa.org.uk/topics.php?article=16
https://www.bssa.org.uk/topics.php?article=16
https://www.bssa.org.uk/topics.php?article=123
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Material Composition 

Table 1 Material Composition of Stainless Steel 304 

Grade  C Mn Si P S Cr Ni N 

304 
Min - - - - - 18.0 8.0 - 

Max 0.08 2.0 0.75 0.045 0.030 20.0 10.5 0.10 

304L 
Min - - - - - 18.0 8.0 - 

Max 0.030 2.0 0.75 0.045 0.030 20.0 12.0 0.10 

304H 
Min 0.04 - - - - 18.0 8.0 - 

Max 0.10 2.0 0.75 0.045 0.030 20.0 10.5 - 

 
Table 2 Material composition of stainless steel 434 

Grade Fe Cr Mo Si Mn C P S 

434 (Content) 81 16 1 1 1 0.12 0.04 0.03 

 
Literature survey 

In The report (1) published by author Fred M. Reinhart, et al (1) Methods of reducing the 

corrosion of metals used in these systems were considered, first by identifying potential causes 

for corrosion in the soil and other external environments to be encountered and in the domestic 

water itself. Many different procedures to anticipate and control corrosion were presented, 

including the use of protective coatings, Cathodic protection, and plastic composites as a 

substitute for metals. Problem areas such as galvanic corrosion, proper surface preparation and 

techniques for application of protective coatings were considered. The purpose of this report 

was to provide the latest corrosion control design procedures for potable water and water 

distribution systems for Air Force Base construction. The objective was to achieve maximum 

protection against corrosion per construction dollar and thereby avoid unnecessary corrosion 

breakdowns. 

 In another report (2) published by authors C.Cuevasarteaga, J. UruchurtuChavarin, Miguel 

A. Martinez G.(2), Studies of the corrosion evaluation of SS-304 stainless steel exposed in 

aqueous lithium bromide solution have been carried out applying the electrochemical noise 

technique, polarization curves and the weight loss method. The test temperatures were 500, 600 

and 700C, and the exposure time was for fifteen days. The main objective was to determine the 

corrosion rates and the type of corrosion that SS-304 suffers under the mentioned condition 

with the purpose of evaluating its application to heat pumps/transformers. According to the 

experimental results obtained for SS-304 stainless steel exposed to a lithium bromide aqueous 

solution at different temperatures, it is concluded: 

 The process appears to be controlled by oxygen diffusion  

 Here is a decreasing effect of temperature on the corrosion rate of the metal; 

 Corrosion proceeds under localised or mixed conditions; 

 According to atomic absorption analysis, it is possible the formation of three oxide films on 
the metal ,maybe F2O3,Ni0, and Cr2O3 which are the most stable oxides of iron, chromium 
and nickel 
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 In the study of Electrochemical Noise Analysis In The Frequency Domain And 

Determination Of Corrosion Rates For Ss-304 Stainless Steel (3) by C. Cuevas-Arteaga, J. 

Porcayo-Calderon´, (3) Studies of the corrosion evaluation of SS-304 stainless steel exposed in 

lithium bromide aqueous solution have been carried out by applying the electrochemical noise 

technique and polarization curves, as well as the weight loss method. 

 The test temperatures were ambient to 800C, and the exposure time was during 15 days. 

The noise resistance was calculated through statistical analysis, and then, the Stern–Geary 

equation and Faraday law were applied to determine mass loss, which was compared to that 

obtained from weight loss method. Two localized corrosion indicators were also obtained: 

pitting index (PI) and the coefficient of variation of current (CV), which were compared each 

other and interrelated with the noise signals and visual observationsAccording to the 

experimental results obtained, it is concluded: 

1. Physical corrosion characterization demonstrated the presence of localized corrosion in a 
form of pitting corrosion, especially at the highest temperatures.  

2. The cathodic branch presented a current limit region probably associated to oxygen 
diffusion. Both presented a slight modification with respect to temperature increase. 

3. The anodic branch presented different behavior depending upon temperature conditions. 
Below 500C, the anodic branch presented a not very well defined Tafel region and a passive 
region. Above that temperature the passive region disappeared, probably due to 
solubilization and/or morphological modification of the corrosion products 

4. The pitting potential remained independent of temperature. 
5. Electrochemical noise signals demonstrated the presence of mixed and pitting corrosion, 

especially at 60, 70 and 800C. At 25 and 500C was necessary to confirm the corrosion process 
by means of visual observations and the calculation of statistical parameters as the pitting 
index and coefficient of variation of current. 

6. The corrosion rate as a function of temperature obtained from weight loss and 
electrochemical noise methods presented similar trend. 

7. Pitting index and coefficient of variation of current were alike in values and presented the 
same behavior as indicators of localized corrosion. 

 
Experimental Analysis 

            
Figure 2a Scanning Electron Microscope     Figure2b Energy Dispersive Spectroscopy  
 
Scanning Electron Microscope (SEM)  
 It is a type of electron microscope that produces images of a sample by scanning the surface 

with a focused beam of electrons. The electrons interact with atoms in the sample, producing 

various signals that contain information about the sample's surface topography and 

composition. The electron beam is scanned in a raster scan pattern, and the beam's position is 

https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Topography
https://en.wikipedia.org/wiki/Raster_scan
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combined with the detected signal to produce an image. SEM can achieve resolution better than 

1 nanometer. The signals used by a scanning electron microscope to produce an image result 

from interactions of the electron beam with atoms at various depths within the sample. Various 

types of signals are produced including secondary electrons (SE), reflected or back-scattered 

electrons(BSE), characteristic X-rays and light (cathodoluminescence) (CL), absorbed current 

(specimen current) and transmitted electrons. Secondary electron detectors are standard 

equipment in all SEMs. 
 

Energy Dispersive Spectroscopy  
 EDS is an analytical technique used for the elemental analysis or chemical 

characterization of a sample. It relies on an interaction of some source of X-ray excitation and 

a sample. Its characterization capabilities are due in large part to the fundamental principle that 

each element has a unique atomic structure allowing a unique set of peaks on its 

electromagnetic emission spectrum.  

 To stimulate the emission of characteristic X-rays from a specimen, a high-energy beam of 

charged particles such as electrons or protons, or a beam of X-rays, is focused into the sample 

being studied. At rest, an atom within the sample contains ground state (or unexcited) electrons 

in discrete energy levels or electron shells bound to the nucleus. The incident beam may excite 

an electron in an inner shell, ejecting it from the shell while creating an electron hole where the 

electron was. An electron from an outer, higher-energy shell then fills the hole, and the 

difference in energy between the higher-energy shell and the lower energy shell may be 

released in the form of an X-ray. The number and energy of the X-rays emitted from a specimen 

can be measured by an energy-dispersive spectrometer. As the energies of the X-rays are 

characteristic of the difference in energy between the two shells and of the atomic structure of 

the emitting element, EDS allows the elemental composition of the specimen to be measured  

X-ray crystallography is a technique used for determining the 

atomic and molecular structure of a crystal, in which the 

crystalline atoms cause a beam of incident X-rays to diffract into 

many specific directions. By measuring the angles and intensities 

of these diffracted beams, a crystallographer can produce a three-

dimensional picture of the density of electrons within the crystal. 

From this electron density, the mean positions of the atoms in the 

crystal can be determined, as well as their chemical bonds, their disorder, and various other 

information. In a single-crystal X-ray diffraction measurement, a crystal is mounted on 

a goniometer. The goniometer is used to position the crystal at selected orientations. The crystal 

is illuminated with a finely focused monochromatic beam of X-rays, producing a diffraction 

pattern of regularly spaced spots known as reflections. The two-dimensional images taken at 

different orientations are converted into a three-dimensional model of the density of electrons 

within the crystal using the mathematical method of Fourier transforms, combined with 

chemical data known for the sample.  

https://en.wikipedia.org/wiki/Secondary_electrons
https://en.wikipedia.org/wiki/Backscatter
https://en.wikipedia.org/wiki/Backscatter
https://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy
https://en.wikipedia.org/wiki/Cathodoluminescence
https://en.wikipedia.org/wiki/Elemental_analysis
https://en.wikipedia.org/wiki/Characterization_(materials_science)
https://en.wikipedia.org/wiki/Characterization_(materials_science)
https://en.wikipedia.org/wiki/Characterization_(materials_science)
https://en.wikipedia.org/wiki/X-ray_generator
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Sample_(material)
https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Emission_spectrum
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Proton
https://en.wikipedia.org/wiki/Ground_state
https://en.wikipedia.org/wiki/Electron_shell
https://en.wikipedia.org/wiki/Electron_hole
https://en.wikipedia.org/wiki/Crystal
https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/Diffraction
https://en.wikipedia.org/wiki/Crystallography
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Electron_density
https://en.wikipedia.org/wiki/Chemical_bond
https://en.wikipedia.org/wiki/Entropy
https://en.wikipedia.org/wiki/Goniometer
https://en.wikipedia.org/wiki/Monochromatic
https://en.wikipedia.org/wiki/Diffraction_pattern
https://en.wikipedia.org/wiki/Diffraction_pattern
https://en.wikipedia.org/wiki/Diffraction_pattern
https://en.wikipedia.org/wiki/Fourier_transform
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Results 

SEM Analysis 

Sample 1 - Stainless Steel 304 Bare Metal 

       
Figure 4a SEM image of SS 304 50 microns          Figure 4b SEM image of SS 304 20 microns 

 
Fig. 4.c SEM image of SS304 10 microns  

 SEM images which are shown in the fig 4.a are taken with a magnification of 1kx at a scale 

range of 50 microns. The micro structure has some micro cracks that is due to manufacturing 

method adopted i.e. cold rolling process. The micro cracks will attract the calcium carbonate 

which is there in the hard water and causes to instate localized corrosion especially in solar 

water heating application. Similar results are witnessed in fig.4.b and 4.c as well.  

 
Sample 2 - Stainless Steel 434 

                  
 Figure 5a SEM image SS434@50 microns          Figure 5b SEM image of SS434@20 microns 
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Figure 5c SEM image of SS434@10 microns 

 In sample 2 the SEM image shows in fig 5.a were observed. There is no micro cracks 

present in the sample and that shows there is less tendency of the calcium carbonate 

accumulation in the solar water heater storage. Hence the corrosion may not effect much in 

SS434 when compared with SS304.  

 
EDAX Analysis 

          
     Figure 6a Scanned area for EDAX          Figure 6b Elementary analysis for EDAX  

 
Table 3 Material Composition of Stainless Steel (SS) 434 

eZAF Smart Quant Results 

Element Weight % Atomic % Net Int. Error % Kratio 

C K 9.35 32.18 5.86 20.54 0.0271 

CrK 16.96 13.49 190.13 4.35 0.2019 

FeK 66.95 49.57 487.35 2.67 0.6311 

NiK 6.74 4.75 35.77 15.31 0.0558 

 Figure 6.EDAX analysis of: (a) 304 bare metal stainless steel (SS) at 20 micro meters (b) 

elemental analysis of stainless steel 304 bare metal. The graph represents the angle of the beam 

vs the intensity of the beam and determines the composition and elements present in the given 

sample. The weight percentage of chromium is found out to be 16.96% and the weight 

percentage of nickel is found out to be 6.74% 
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Sample 2 - Stainless Steel 434  

  
 Figure 7a SEM Scanned area   Figure 7b Elementary analysis  

 
Table 4 Material Composition of Stainless Steel (SS) 434 

eZAF Smart Quant Results 

Element Weight % Atomic % Net Int. Error % Kratio 

C K 10.32 33.03 10.83 16.86 0.0310 

O K 2.47 5.93 9.41 25.88 0.0089 

CrK 19.29 14.26 344.03 3.65 0.2262 

FeK 67.93 46.77 779.42 2.43 0.6251 

 Figure 7 EDAX analysis of: (a) 434stainless steel (SS) at 20 micro meters (b) elemental 

analysis of stainless steel 434 .The graph represents the angle of the beam vs the intensity of the 

beam and determines the composition and elements present in the given sample. The weight 

percentage of chromium is found out to be 19.29%.  

 
X- Ray analysis 

Sample 1 - Stainless Steel 304 Bare Metal 

 
Fig. 8 X-ray analysis of stainless steel 304 bare metal 

 From the graph representing the angle of X- ray beam vs the intensity of the X-ray beam, it 

is determined that the presence of CrO4 and NiO6 at a given range of 43-45 degrees is 

identified in the given sample  
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Sample 2 - Stainless Steel 434  

 
Fig 9 X-ray analysis of stainless steel 304 bare metal  

 From the graph representing the angle of X- ray beam vs the intensity of the X-ray beam, it 

is determined that the presence of CrO4 and Ni1 at a given range of 43-45 degrees is identified 

in the given sample. 

 
Conclusion 

 Compound analysis of the following samples by X-Ray process shows the presence of CrO4 

and NiO6 in stainless steel 304 bare metal whereas the compounds in stainless steel 434 in 

the same range of angle have been reduced to CrO2 and Ni1 thus showing that the 

oxidation reaction at the surface of stainless steel 434 is high and thereby reduces it 

corrosion resistance. 

 Micro-structural study by SEM surface analysis ofthe following samples shows that the 

defects and the cracks produced in the micro-structure of stainless steel 304 bare metal is 

greater than the defects and the cracks produced in the micro-structure of stainless steel 434 

thereby showing that the corrosion resistance may be higher in stainless steel 434. 

 Elemental analysis of the given samples shows that presence of chromium content (19.29%) 

in stainless steel 434 is higher than the chromium content (16.96%) in stainless steel 304 bare 

metal. Hence the corrosion resistance of stainless steel 434 is higher than stainless steel 434. 

 Since solar water heater systems are used by a large population across the world, this 

research will help reduce cost of service and maintenance. 
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