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Abstract

In this paper, the reasons of damage water pumps @iathe air compressor cooling system were
studied To reach this goal, the works like preparing metathphic samples, evaluation of
structure, investigation of mechanical properttbs, alloy parts detection and chemical analysis of
deposit and corrosion products collected from tagspwere performed. According to studies and
results obtained, alloys suggested to be useckeiimtpeller and casing are gray cast iron with flake
graphite (random distributed) and ductile iron wisipherical graphite (distributed almost
uniformly), respectively. Also cause damage to fhenp impeller, graphitic corrosion was
described.
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1. Introduction

In general, a pump refers to a device that trassfechanical energy from an external source to the
passing fluid. Pumps are used in various industsesh as mining, petroleum, automotive,
construction and marine. Among different types winps, the centrifugal pumps are very important
because of their usage. Minimizing the pump faguseso important and one of main tools to study
these failures is reliability[1]. The main reasdos focusing on reliability of the pumps are as
follows [2, 3]:

1. Average cost of maintenance and operation dfibegal pumps is 50 percent higher than other
rotating equipment.

2. Centrifugal pumps of most industrial units cansumore than 50 percent of their motor power.
3. Pumps need more energy than other industriapesant. The average efficiency of pumps may
be less than 40 percent and sometimes less thpardént.

In 2006, the causes of corrosion and fracture afiggiwhich inject seawater into the oil wells were
investigated; the result of this research showsdhgloyment of polymer material of salt water of
offshore platforms would extend the life cycle angprove the efficiency of those pumps. Also
employment of polymer composite coatings on theamblades of pumps and on their casing
would improve the pumps cavitations and erosionatgresistance.
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In 2010, the corrosion of centrifugal pumps at S&teel Complex has been studied and the results
showed that the cause of the problem is cavitatidsresolve this problem, solutions such as
replacement of the alloy and employment of coatingee suggested [3-5].

This paper studies the damage causes of the egyatkifvater pump parts of cooling system of air
compressor of pressure amplification unit. The pumpeller and its casing are respectively made
of the gray iron and ductile iron with an almostfarm distribution of spherical graphite in it. The
type of impeller damage is described as Graphitesimn. This type of corrosion is categorized as
selective corrosion. A solution for preventing asions such as graphite corrosion is replacement

of the alloy. Employment of white cast iron greatigduces the risk of happening of such
phenomenon.

1.1 centrifugal pumps

Centrifugal pump is a rotary machine in which thewfand pressure are dynamically generated,
which is called "pumping”. Because of the many gemnthat happen in velocity of fluid when it
crosses impeller and passages, this type of pusrgdso called Roto-dynamic pumps[2] .
Centrifugal pumps are made of rotary componentduding shaft and impeller and fixed
components including casing, stuffing box and lgarOther parts like shaft sleeve and casing

wear ring are added for a better performance. gnlFa cutaway view of a centrifugal pump and its
components is shown [2].
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Figurel. A cutaway view of a centrifugal pump arsdcomponents

1.1.1 Introduction to some components of Centrifugal Pumps

Casing: The set of rotating blades of a centrifygahp is inside a sealed housing called “Casing”,
which the volute of the pump is a part of it [2].

Impeller: Impellers convert mechanical rotationvedocity. Impellers are usually produced using
casting or welding methods. Small impellers foradlevater pumping are made of bronze or brass.
On the other hand, large impellers are usually nudaast iron ASTM A-48-40 [3].
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2.1.1 Damage Causes of centrifugal pumps

Because of the working condition of the water pumpscooling systems, in general the main
damage causes of their impellers are corrosioncandation, the other issues such as chemical
corrosiveness of fluid or electrochemical effecsuially play a lesser role in the destruction of
impellers and pumps.

Cast iron is widely used in the casing of centr@dugumps. Cast iron is used when the fluid pH is
lower than 6. In this case, cast iron plays a ptote coating role on the surface of metal. This
coating protects the graphite coating of the sarfaicmetal from corrosion. High viscosity fluids,
cavitations, metal-metal contact and erosion cadfigct the protective coating [4].

2. Laboratory Studies

With creating multiple metallographic samples frartact and adjacent areas of corroded parts of
the casing and impeller, the structural conditiod &eginning and extension of the damage were
investigated. Also, the Brinell hardness method wasducted on the samples. Sediment and
corrosion products on the damaged pump impellereweollected and were chemically
decomposed.

3. Discussion and Conclusion

Examination of metallographic samples of the casind impeller of the pump showed that the
alloy used in impeller, gray cast iron which itpegximate equivalent is ASTM A 278 (Table. 1)
has a hardness of 111 HB and the alloy used ircélseng, ductile iron which is approximately
equivalent to ASTM A536 [5] (Table. 2) has a hasmef 156 HB. In the standards mentioned
above, different classifications are based on amum tensile strength. Due to dimension limits of
the impeller, providing a tensile sample deterngnihe exact classification was not possible.
However this doesn't affect the final evaluation.

Tablel. Chemical composition of pump impeller

Element Percent
C 3.60
Mn 0.55
P 0.52

0.175
Si 3.44
Cr 0.08
Ni 0.03
Mo 0.01
Fe Base
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Table2. Chemical composition of pump casing

Element Percent

Mn 0.06

S 0.027

Cr 0.006

Mo 0.003

Examination of microstructure of metallographic gées showed that the pump casing has a
uniform distribution of spherical graphite (Figu® and the pump impeller has a random
distribution of graphite sheets in the field ofrfer — pearlite.(Figure 3, 4)

Figure2. Spherical graphite with almost uniformtdsition of the sample metallographic taken fragva pump body
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Figure4. Graphite sheets in ample ferrite-peélitactu-re taken from the pump impeller (affectajiieral affectation)

In some parts of the microstructure, porosity a tiasting process also is observed to a limited
extent. Severe corrosion along with thickness rgduocis evident in some of the interior

components of the pump.
In addition to reducing the thickness, sedimentuaudation and corrosion products on the

components are visible as shown in Figure. 5.
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Figure5. Damage and the formation of deposits ernirther cover of the pump

The damaged pump impeller is coated by black, l&rifragile, and quite porous deposition.
(Figureb)

Figure6. Corrosion and destruction of water pumpeher of the cooling system air compressor

Due to the fact that cooling system alloy tubesmaagle of stainless steel, therefor corrosion in the
pipes has to be seen significantly. Most fractunes gathering at the junction of the plain carbon
where steel coating is used as shown in Figure 7.
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Figure7. Corrosion at the junction of cooling waggstem to the compressor

With gathering multiple metallographic samples fratififerent parts of the pump impeller in
particular the surrounding area of damage and tieis& reduction, structural condition and possible
changes were evaluated.

As shown in Figurs, the collapse of the graphite cast iron grids famchation of black and porous
layer and also formation of corrosion products thatome areas include up to half of the thickness
of the sample is evident.

Figure8. Separation of cast iron from iron and legthe black graphite layers on the surfaces @ftlmp impeller,
when polishing the sample

By focusing on the corrosion areas and enlargingmigroscopic examination, exacerbated

corrosion in the contact Ferrite- pearlite and pitpfree complex network of rail network
Graphite or iron sulfide remain detectable impastiln metallographic samples taken from the
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pump body, signs of reduced thickness were also. a4 there is far less sediment accumulation
or corrosion products.
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Figure9. Iron-free areas because of graphite ciomos
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At the surfaces of the pump impeller, the intenatiion of corrosion at the contact point of the
graphite with the ferrite — perlite network is discable marked places.

Water quality analysis in air compressors of caplivater system represents significant amounts of
chlorine ions. The footprint of this element in weents collected from inner pump and surfaces of
the impeller are detectable.

4. Results

According to studies, particularly considering ttesults of structural evaluation and chemical
decomposing of the sediment, the type of impeléanage is graphite corrosion. Graphite corrosion
is categorized as selective corrosion.

Considering the fact that the pump casing is mddiuctile cast iron, and this type of cast iron is
resistant against graphite corrosion, still thensigf damage on the pump casing and even other
components of the air compressor of cooling syséee evident, so, it seems that the general
condition of the fluid is suitable for the occurcenof electro-chemical corrosion and thus in some
parts, other types of corrosion such as water smmnoare appeared.

Graphite corrosion has been reported mostly in cdseast iron parts, particularly the internal
components of pumps, pipes and fittings in contattt water, soil or acidic electrolytes. Obviously
increase of anions and cations in the fluid, splgcihe hydrogen and chlorine ions, will increase
the reaction rat and lead to further corrosionthis condition, the presence of chloride ion in the
water cooling system is evaluated important anelcéiffe.

The sediment collected from the inside of the pucaging and the surface of impeller was
chemically decomposed. The main compounds of tdenemt were iron oxide, graphite carbon,
sulfur and silica. The considerable amount of chiron is also noteworthy.

The graphics in the gray cast iron compared with inets are less inclined to reaction. If the cast
iron is in electrolyte, grid iron usually reactsaride or sulfide form (depending on the conditions
of the fluid) and then is removed and leaves am-free and graphite-saturated network.
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In summary, in this phenomenon, a sort of galvasgorosion occurs on a microscopic scale
between the constituents of the alloy in the etdygtie. Graphite sheets or aggregated residual as a
black and brittle layer on the surface will be rgmi@able. Thickness reduction in this type of
corrosion appears to be insignificant and oftenrelexe in mechanical properties, particularly
tensile strength and alloy yielding is important.

5. Recommendations

The presence of corrosive factors such as chleong in water used in the air compressor of the
cooling system in which chemical analysis of th@isent and corrosion products also uncovers the
role of these factors can be considered. It sebatsrt this regard, focusing more on quality ofdise
water and adapting its characteristics to the d¢mmd in manufacturer’s instructions will be
necessary.

A solution that is often used to prevent corrosisash as graphite corrosion is proposed to replace
the alloy. It is essential that the phenomena andadjes such as selective separation occur due to
specific metallurgical structure of some alloysefidfore, by changing the conditions of this type of
alloy, such damages will reduce probably. For exameplacing gray cast iron with other white
cast iron reduces the risk of this phenomenon gtyorHowever, in terms of reducing, it is
discussed with regard to significant corrosion theo system components. It is very important to
conduct these strategies more carefully.

The white cast iron is very hard machining alloyl ahthis alloy be used, the cost of pump gets
high. In general, white cast iron is used when ieross important. But, when the corrosion is
important, the alloy such as stainless steel isllysused (such as AISI 410, 420).
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