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1.0 Introduction
A steam turbine is a steam prime mover with continuous rotary motion of the driving element.
It converts the thermal energy of steam into mechanical work. The steam flow proceeds
through directing devices and impinges on curved blades mounted along the periphery of the
rotor. By exerting a force on the blades, the steam flow causes the rotor to rotate (Nag, 2002).
The chemical composition of a turbine shaft is essential for knowing the constituents that
determine the hardness and other properties necessary for understanding the failure modes of
the shaft (Mellinda and Rochim, 2015).

The steam turbine has proven to be a very convenient engine for driving rotating mechanisms,
such as electric generators, pumps, blowers, and ship propellers. It operates at high speed and
more compact, lighter, better balanced, and more economical than the reciprocating engines
(Nag, 2002). In recent times development of steam turbines has witnessed improved output
capacity and specialized turbines have been designed for various uses, (O’Connor and
Roberston, 1999).

The turbine shafts generally operate at very severe conditions such as dust laden, corrosive,
and high or low temperatures. Moreover, it is subjected to variety of loads such as tension,
torsion, compression, bending, or combination of these loads and in some instances, they are
often subjected to vibratory stresses. The turbine shafts usually fail at the keyways due to
expansion. Wear by bearing and metal fatigue are the major contributor of shaft failure (Cots
et al., 2003).
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ABSTRACT
An investigation of the chemical properties of Original Equipment Manufacturer’s
(OEM) steam turbine shaft and that of locally produced shaft was carried out to
determine the chemical composition of the shafts and determine the suitability of
the locally produced shaft to replace the OEM turbine shaft that is in constant
failure. The chemical analysis carried out on the samples revealed that the OEM
turbine shaft is composed of 0.48C, 0.06S, 0.12Ca, 0.99Cr, 0.36Si, 0.71Mn,
0.07P, 0.12Ni, 0.15Cu and 0.39Mo and the locally manufactured steam turbine
shaft is composed of 0.38C, 0.07S, 0.038Ca, 0.89Cr, 0.83Si, 0.63Mn, 0.04P,
0.04Ni, 0.16Cu and 0.20Mo. Manganese which was found to increase
hardenability and tensile strength is lower in the locally manufactured shaft as
compared to the OEM steam turbine shaft. The analysis also showed that
carbon, Sulphur, chromium, phosphorus, Nickel and Molybdenum content of the
original steam turbine shaft is higher than that of the locally manufactured shaft.
The results obtained agree with the ASTM A668 steam turbine shaft
requirement under class D standard of the chemical composition.
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Not only the chemical composition, but the adjoining components also such as the bearing and
gears could cause excessive vibration because of eccentricity or unbalance of the shaft
(Trebuna et al., 2017).

The need is to look out for a material which can be effectively used as a substitution of the
original steam turbine shafts. These materials should exhibit high tensile and toughness values.
However, it is generally observed that both the tensile and toughness values are inversely
related to each other. By increasing the tensile property, the toughness or impact value
decreases and vice-versa. Hence, a judicious selection of an appropriate heat treatment process
to maintain a good balance of these two properties is surely needed.

Heat treatment is an important operation in the final fabrication process of many engineering
components. Only by heat treatment is it possible to impact high mechanical properties to
steel parts and tools for sophisticated application (Energy and Environmental Analysis, 2008).
Heat treatment is a very important tool of the metallurgist by which he can alter the properties
of steel easily. The same steel can have a very wide range of mechanical properties if subjected
to different heat treatment. Today, where science and technology are advancing very rapidly in
pursuit of higher properties in materials, heat treatment plays a very important role (Whitaker,
2006). Heat treatment process as one of the methods of improving the performance of steel
for specific use can be applied to enhance the performance of the locally produced steam
turbine shaft. It is expected that the heat treatment will improve on the mechanical properties
of the shaft to enhance performance and reduce the rate of failure.

Heat treatment is hence defined as a sequence of heating and cooling operation, timed and
applied to a metal or alloy in the solid state in any way that will produce desired properties,
that is, it is an operation or combination of operations of heating and cooling of a solid or an
alloy metal to endow it with certain predetermined physical and mechanical properties
(Leyzerovich, 2005). The changes in the properties of steel after heat treatment are due to the
phase transformations and structural changes that occur during the heat treatment (Adewuyi et
al., 2005).

Hardening is a heat treatment process in which material is heated to austenitising temperature,
soaking at this temperature and then cooling at a rate faster than the critical cooling rate such
that martensite is formed (Bob, 2003).

The main objective of hardening is to induce high hardness and impact high wear and abrasion
resistance to the material. In pearlite class of steel hardening is done to induce high strength
along with good toughness and ductility (Dave, 2003). The temperature of tempering is decided
based on the strength and toughness of the material required during the service period (Davis
and Oelman, 1993).

This study is aimed at the enhancement of a locally fabricated steam turbine shaft that can have
similar mechanical properties as the original shaft to eliminate the problem of constant failure
and for optimum performance. The work was centred on the determination and evaluation of
the chemical composition of the original and locally fabricated steam turbine shafts with a view
to selecting appropriate method for the enhancement of the locally fabricated shaft.

2. Materials, Equipment and Methods
2.1 Materials
Samples for various investigations were taken from the failed OEM steam turbine shaft in
Kaduna Refining and Petrochemical Company Limited and the locally produced shaft. The
samples for the chemical analysis were then machined from both shafts.
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2.2 Equipment
The following were the major equipment used in carrying out the various tests and
experiments conducted:
1. A SUI 40-50 lathe machine with an electric motor of 7.5kw
2. Minipal 4 model Energy Dispersive X-Ray Florescence Spectrometer (EDXRF)

2.3 Methodology and Chemical Analysis of Samples
Lathe machine was used to machine the samples in disc-like shaped samples having a diameter
of 32mm that would fit perfectly in the sample holder of the X-Ray Fluorescence (XRF)
spectrometer from the failed locally fabricated steam turbine shaft for chemical analysis as
shown in Figure 1. The measuring surface of the metal sample was grinded and polished so as
to have a smooth and mirror surfaces before been cleaned with acetone of the polished sample
faces.

After positioning the sample on the X-Ray Florescent Spectrometer elemental compositions
were analysed using a minipal 4 model Energy Dispersive X-Ray Florescence spectrometer
(EDXRF) whereby the samples analysed were illuminated by X-rays or gamma rays, which
resulted in the excitation of core-level electrons to excited states. The radiative decay of these
electrons from the excited states back to their respective ground states resulted in the
emission of fluorescent or “secondary” X-rays that are characteristic of the energy levels of
each atomic species and thus serve as a spectroscopic fingerprint for each element present in
the sample.

During the analysis, a power rating of 20kv, measuring time of 100 seconds, an air media and an
Al-thin filter were used. The data for the chemical composition of the samples were obtained
from the X-Ray Florescence Spectrometer (EDXRF).

Figure 1: Carbon Composition Test Sample of the Shaft

3. Results and Discussions
3.1 Results
Table 1 shows the result of the chemical analysis of the samples of the OEM and the locally
produced turbine shafts as obtained using X-Ray Florescence Spectrometer (EDXRF).
Table 1: Chemical Composition of samples
Elemental Composition %C %S %Ca %Cr %Si %Mn %P %Ni %Cu %Mo
Original turbine Shaft
(OEM)

0.40 0.06 0.12 0.99 0.36 0.71 0.07 0.12 0.15 0.39

Locally Fabricated Shaft 0.38 0.07 0.038 0.89 0.83 0.63 0.04 0.04 0.16 0.20
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3.2 Discussion
The chemical analysis carried out on the samples revealed that manganese which was found to
increases hardenability and tensile strength is lower in the locally fabricated shaft as compared
to the original steam turbine shaft. The analysis also showed that carbon, manganese,
chromium and phosphorus content of the original steam turbine shaft was higher than that of
the untreated locally fabricated shaft with values; (0.48C, 0.06S, 0.12Ca, 0.99Cr, 0.36Si, 0.71Mn,
0.07P, 0.12Ni, 0.15Cu and 0.39Mo) and the locally fabricated steam turbine shaft (0.38C, 0.07S,
0.038Ca, 0.89Cr, 0.83Si, 0.63Mn, 0.04P, 0.04Ni, 0.16Cu and 0.20Mo) as shown in Table 1.

Comparing the chemical compositions of the original and locally fabricated steam turbine shaft
as shown in Figure 2, nickel noted to induce strength, ductility and toughness in turbine shafts
is lower in the locally fabricated shaft. Chromium characterized by their hardness and
resistance to wear is also lower in the locally fabricated shaft, hence, renders the shaft less
resistant to wear in service.

Figure 2: Comparison of elemental composition of original turbine shaft and locally fabricated
shaft.

Comparing the chemical compositions of the ASTM A668 steam turbine shaft requirement
under class D standard of the chemical compositions standards of steam turbine shaft, original
turbine and locally fabricated steam turbine shaft as shown in Figure 3, Phosphorus contents of
ASTM standard and locally fabricated shaft are the same which shows its effectiveness as a
substitute to the OEM shaft. However, the Sulphur content which is detrimental to strength in
the locally produced shaft is higher than in OEM which accounts for its lower strength. The
carbon contents of both original and locally fabricated are in good agreement also.

Figure 3: Comparison of elemental composition of ASTM standard, original turbine shaft and
locally fabricated shaft.
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4. Conclusions
The chemical composition of the original and locally fabricated steam turbine shaft was
determined. The major alloying elements (Magnesium, Chromium, Silicon, Molybdenum and
Nickel) in the original steam turbine shaft were found to be higher than that of the locally
fabricated steam turbine shaft.

The Manganese content of the OEM shaft is higher than the locally produced shaft by almost
double. The locally produced shaft is better with lower manganese content of 0.063% which
gave better hardenability as the 0.07% of the OEM shaft is prone to brittleness which causes its
failure.

The Phosphorous content of the OEM is also higher than the locally produced shaft. The locally
produced shaft is better with lower Phosphorous content of 0.04% which gave better increased
strength and hardness and increased corrosion resistance than the 0.07% of the OEM shaft
which is subjected to high brittleness and increased tendency to crack that leads to its failure.

The Sulphur content in the locally produced shaft is higher which is not too good for steel,
however the Silicon content of the locally produced shaft is higher than the OEM which is good
but since the ductility, hardness, toughness, and strength elements are excellent in this service
condition, the OEM is better than the locally produced shaft however, the locally produced
shaft can be used as a substitute with appropriate treatment.

Acknowledgements
The authors wish to thank Nigerian Defence Academy, Kaduna for funding part of the research
through the NDA Mini-Research grant and the NNPC in particular for providing the enabling
environment to access their facility (Turbine) for this research activity.

References

Adewuyi, BO., Afonja, AA. and Adegoke, CO. 2005. Effects of Isothermal Transformation on
the Fatigue strength of Austempered Ductile Iron. Bostwana Journal of Technology, 14(2): pp.
693-708. DOI: 10.4236/jmmce.2010.98050.

Bob, C. 2003. Making Steel Stronger, Practical Welding Today. A Publication of the Fabrication
& Manufacturers Association, International (website) http://thefabricator.com/author/bob-
capudean accessed on 01 December 2018.

Cots, BA., Oliveira, FLG., Babosa, CBM. and Arayo, FGS. 2003. Relationship between Structure
and Mechanical Properties of Metals. NPL Symposium, HMSO, pp. 455-456. London.

Dave, VA. 2001. Engineering Concept, Strength of Tempered Martensite. Industrial Heating
(Website) https://www.industrialheating.com/articles/84872-engineering-concepts-strength-of-
tempered-martensite accessed on 10 October .2018.

Davis, DJ. and Oelman, LA. 1993. The structure, Properties, and Heat Treatment of Metals.
Pitman Books, pp.44-52. London.

Energy and Environmental Analysis 2008. Technology Characterization: Steam Turbine. Report
prepared for U.S. Environmental Protection Agency. ICF International Company. pp. 7-11.
Arlington, Virginia, 22209.

Leyzerovich, A. 2005. Steam Turbines for Nuclear Power Plants: PennWell Books. pp. 171-172.
Tulsa, Oklahoma.

Meilinda N. and Rochim S. 2015. Creep damage assessment of a 50 MW steam turbine shaft.
MATEC Web of Conferences Vol 34, p4 DOI: 10.1051/matecconf/20153405002.

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4236%2Fjmmce.2010.98050
http://thefabricator.com/author/bob-capudean
http://thefabricator.com/author/bob-capudean
https://www.industrialheating.com/articles/84872-engineering-concepts-strength-of-tempered-martensite
https://www.industrialheating.com/articles/84872-engineering-concepts-strength-of-tempered-martensite
file:///C:/Users/user/Downloads/azojete143/www.azojete.com.ng


Garba et al.: Investigation of Chemical Composition of a Steam Turbine Shaft (A Case of Kaduna Refinery). AZOJETE,16(3):605-
610.ISSN 1596-2490; e-ISSN 2545-5818, www.azojete.com.ng

Corresponding author’s e-mail address: dkgarba@nda.edu.ng 610

Nag, PK. 2002. Power Plant Engineering. Tata McGraw-Hill Publishing Company Limited, pp.
432-455. New Delhi.

O’Connor, JJ. and Roberston, EE. 1999. Turbine Technology. Heron of Alexandria. MacTutorm.
pp. 16-22. Athens, Greece.

Whitaker, JC. 2006. Heat Treatment Handbook. Boca Raton, FL: Taylor and Francis. pp. 5-14.
Boca Rotan. https://doi.org/10.1201/NOF0849384530.

https://doi.org/10.1201/NOF0849384530
http://www.azojete.com.ng

