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 A B S T R A C T 

A slurry pot has been designed, fabricated and evaluated for erosion-
corrosion investigations. A variable voltage controller was used to vary 
the input voltage into the one-horse-power motor that controls the slurry 
pot. The actual speed of the slurry pot shaft was also calibrated using a 
non-contact digital tachometer. Voltages of 100 and 200 V resulted in 
rotational speeds of 1100 and 2100 rpm, respectively employed for the 
subsequent erosion-corrosion tests.  Erosion-corrosion of a dual-phase 
carbon steel was investigated with the aid of the slurry pot in aerated 3.5 
wt.% NaCl environments. The sample was normalised at 850 oC and then 
cooled in air to room temperature. Prior to the test, the normalised 
samples were heated to 700, 725, 750, 775, 800 and 825 oC, respectively 
and quenched in oil. Erosion-corrosion rates of between 0.027 to 1.26 
g/cm2.hr at 1100 rpm and 0.57 to 1.9 g/cm2.hr at 2100 rpm were 
recorded.  It was also observed that as hardness increased there was 
reduction in weight loss of the heat treated alloy. 
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1. INTRODUCTION  

 
Erosion-corrosion is a complex material 
degradation mechanism arising from both 
chemical and mechanical interactions [1,2]. 
Mining, hydropower and oilfield environments 
are among the areas where this material 
degradation mechanism is prevalent [3-5]. 
Slurry erosion pot is one of the numerous 
methods that can be deployed to study erosion-
corrosion. The slurry pot has an advantage of a 
simple arrangement for potentiometric control 
of the specimens as well as ability to attain 
higher rotational speed. This experimental rig is 

also recommended for the understanding of the 
mechanism of erosion-corrosion interaction for 
dilute slurries [6,7]. Meanwhile, recent 
investigations show that most researchers 
investigating erosion-corrosion effects in 
laboratory design and fabricate customized 
slurry pot erosion-corrosion rig as this is not yet 
captured in ASTM standard [8]. 
 
Medium carbon steels are hardenable and they 
can be partially hardened by quenching within 
the intercritical temperatures (AC1 and AC3) of 
the Fe–C equilibrium diagram. Within this 
processing window, ferrite, martensite, retained 
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austenite, bainite and pearlite are present [9-12] 
and such multiple phases make such alloy to 
exhibit unique properties. This is because ferrite 
is ductile and martensite is a hard phase [10-12]. 
Dual phase steel has high hardness because of 
the presence of martensite island within the 
ferrite matrix [9]. The presence of retained 
austenite in such matrix also makes such alloy 
strain hardenable because austenite is a 
metastable phase [13-16]. Several attempts have 
been made in the past to relate the volume 
fraction of martensite in such alloy to its 
tribological behaviour [9,17,18]. It has been 
reported that the wear resistance of dual phase 
steel increases as the volume fraction of 
martensite increases [17,18] albeit at low load. 
 However, little information is available to 
correlate the microstructural properties of dual 
phase carbon steel with their slurry erosion 
properties [9]. There are also different opinions 
as to how the hardness of steels affects their 
erosion-corrosion characteristics. Some schools 
of thought [19,20] believed that hardness affect 
the erosion-corrosion resistance of the alloy 
while some researchers [21-23] reported that 
this factor is not significant although it does 
affect it. High hardness has also been reported to 
result in low erosion rate for ductile metals [24]. 
This research is an attempt to produce a slurry 
pot for erosion-corrosion research as well as to 
expand the data base on the erosion-corrosion 
characteristics of multiphase carbon steel. 
 
 
2. MATERIALS AND METHODS 
 
2.1 The slurry pot test rig 
 
Outer shell of the pot is made of mild steel while 
the inner part is made of plastic to reduce 
corrosion of the inner wall. Inner diameter of the 
pot has a depth of 35 cm and diameter of 29 cm 
as selected from the plastic container, Figs. 1 and 
2. Total capacity of the slurry pot in terms 
volume is thus approximately 23 litres. 
 
The sample holder as shown in Fig. 3 was made 
of perspex with a centre hole of diameter 20 mm 
to fit the shaft attached to the electric motor. A 
plastic screw was also used to support the shaft 
for more rigidity.  The sample holder has four 
radial arms equidistance from the centre. Two of 
which are circular in shape while the other two 
are rectangular in shape as shown in Fig. 3a. 

This is to allow the use of both rectangular and 
circular specimens. 
 

 
Fig. 1. Designed and fabricated slurry pot (2D). 
 

 
Fig. 2. Designed and fabricated slurry pot (3D). 

 

 
a) Sample holder for the slurry pot 

 
b) Shaft for the holder 

Fig. 3. Designed sample holders for the slurry pot 

 
The shaft in Fig. 3b was made from a hollow zinc 
plated steel pipe force-fitted into a plastic casing. 
The shaft is of length 34 cm and diameter of 20 
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mm. A stirrer made of plastic material is fixed to 
the lower end of the shaft while the upper end is 
connected to the electric motor.  
 
2.2 Assembled slurry pot and its mode of 

operation 
 
The specimen to be tested is prepared by 
grinding and cleaning appropriately and 
weighed using a precision weighing machine. 
Sample having the standard size is then fixed 
onto the sample holder and immersed in the 
slurry. The motor is switched on and samples 
are rotated with the aid of a propelling shaft at 
the desired speed for a given period of time. 
After each experiment, the specimen is removed, 
cleaned and weighed. The rate of erosion-
corrosion is thus calculated. 
 
2.3 Speed control and calibration of the 

slurry pot  
 
A voltage regulator (variac) is connected to the 
motor to step the voltage between 0-240 V. A 
non-contact tachometer is used to calibrate the 
input speed. This is done by pointing the ray of 
the tachometer on the rotating shaft and the 
speed is read off from the digital display of the 
tachometer.  Three readings are taken at a 
particular voltage and the average is then 
calculated. At voltages 100 and 200 Volts speeds 
of approximately 1100 and 2100 rpm, 
respectively were recorded. These were used for 
the erosion-corrosion experiments. 
 
2.4 Heat treatment operations 
 
Medium carbon steel with chemical composition 
(analyzed with Auger spectrometer) shown in 
Table 1 was tested using the designed slurry pot. 
The medium carbon steel samples were 
sectioned into 10 x 20 mm. Samples were 
normalized by heating the specimens to 
austenitizing temperature of 850 oC, soaked for 
30 minutes and then cooled in air to room 
temperature. A set of the normalized samples 
was heated to 700 oC, soaked for 30 min and 
then quenched in oil. This same procedure was 
carried out for other sets of samples at 725, 750, 
775, 800 and   825 oC, respectively. Meanwhile 
the lower critical temperature (AC1, 720 oC) and 
the upper critical temperature (AC3,  782 oC) 
were determined using the empirical formulae 
in equations 1 and 2 [25]. 

AC1 (oC) = 739  22 C  7 Mn 2 Si  14 Cr  13 Mo 
13 Ni  20V                                                                         (1)  

AC3 (o C)= 902  255C 11Mn 19 Si  5Cr 13 Mo  
20 Ni  55V                                                                           (2) 

 
Table 1. Chemical composition (weight %) of 
medium carbon steel.  

C Si Mn S P Cr Ni Cu 

0.397 0.28 0.867 0.055 0.034 0.143 0.098 0.297 

Nb Al B W Mo V Ti Fe 

0.0001 0.010 0.0001 0.0001 0.0001 0.0001 0.007 97.31 

 
2.5 Metallographic examination 
 
Samples were mounted in phenolic resin and 
ground on a water lubricated hand grinding set-
up of abrasive papers. Grinding papers with grit 
sizes 240, 600, 800 and 1200 grades were used 
in that order. Polishing was carried out on a 
rotating disc of a synthetic velvet polishing cloth 
impregnated with alumina paste. Final polishing 
was carried out with diamond paste of 15 µm. 
The specimens were then etched with Nital. 
Microstructural analyses were performed with 
Tescan Electron Microscope, Oxford Instrument 
available at the University of Johannesburg. 
 
2.6 Hardness test 
 
Samples were ground and polished as described 
in section 2.5 and the hardness test performed 
using Rockwell hardness tester. The samples 
were loaded into the hardness tester and a load 
of 150 gf was used. The sample was then 
punched and the readings were recorded and 
the procedure was repeated three times to 
validate the results. 
  
2.7 Erosion-corrosion tests 
 
Erosion-corrosion tests were carried out using 
the designed slurry pot in Figs. 1-3. The slurry 
pot was operated at average speeds of 1100 and 
2100 rpm. The test solution contains 3.5 wt.% 
NaCl and 500 mg/l silica sand with particle 
distribution as reported by Aribo et al. [26]. 
Prior to immersion the test samples was ground 
to a surface finish of 1200 grit using silicon 
carbide paper,  polished with 15 µm diamond 
paste, degreased, washed in distilled water and 
dried in air. Each experiment was performed for 
1 hour and the weight loss measured before and 
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after the experiment. The erosion-corrosion rate 
was calculated using the formula: 

Erosion-corrosion rate =  Weight loss (g)                   (3)         
     Surface area (cm2) x time (hr.) 

                           
 
3. RESULTS AND DISCUSSION 
 
3.1 Calibration of the slurry pot 
 
Results obtained from the calibration of the 
motor is shown in Fig. 4. 
  

 
Fig. 4.  Calibration plot for the motor. 
 
As shown in Fig. 4, a graph of rotation speed (rpm) 
against the applied voltage revealed that speed up 
to 2500 rpm is achievable at a voltage of 240 V. 
This is a relatively high velocity which is 
characteristic of a slurry pot erosion rig. For this 
research, speeds of 1100 and 2100 rpm were used. 
 
3.2 Hardness properties 
 
The results of the hardness test performed on 
the medium carbon steel samples using the 
Rockwell hardness tester helped to establish the 
effect of the heat treatment on the medium 
carbon steel sample.  
 

 
Fig. 5. Hardness values (HRC) for the medium carbon steel. 

 
It is shown from the result in Fig. 5 that as the 
heat treatment temperature increased through 

the dual phase (α+ϒ) region to the austenitic (ϒ) 
region, the hardness of the steel sample 
increases.  It is expected that higher austenite 
volume fraction and lower ferrite volume 
fraction will be achieved with higher 
temperature. Higher volume fraction of 
austenite is expected to transform to higher 
martensite volume fraction during quenching. 
Hence, higher hardness as expected of a 
martensitic phase. 
 

3.3 Erosion-corrosion properties 
 
Results of the erosion-corrosion tests performed 
on the medium carbon steel samples are shown in 
Figs. 6 and 7.  Good repeatability is seen in all the 
experiments conducted as shown by the 
deviations from the mean values shown by the 
error bars in Figs. 5 and 6. Also, higher slurry 
speed of 2100 rpm resulted in higher erosion-
corrosion rates than the lower speed of 1100 rpm 
as expected. It can therefore be said that the slurry 
pot fabricated functioned as it is designed for.   
 

 
Fig. 6. Effects of heat treatment on the erosion-
corrosion characteristics of the heat treated medium 
carbon steel at 1100 rpm. 
 

 
Fig. 7. Effects of heat treatment on the erosion-
corrosion characteristics of the heat treated 
medium carbon steel at 2100 rpm. 
 
Figures 6 and 7 also showed that increase in 
hardness of the steel resulted in higher 
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resistance to erosion-corrosion. It will be 
recalled that higher hardness was recorded 
when the heat treatment temperature increases 
from the dual phase region towards the 
austenite region which would imply higher 
volume fraction of martensite after quenching. 
 
3.4 SEM images of the samples as normalised 

and hardened 
 
The microstructure of the normalised sample and 
alloy austenitized and quenched are shown in Fig. 
8. Normalised sample shown in plate A consists of 
mainly pearlitic phase. So also is the alloy heated 
to 700 oC and quenched in oil (plate B). Both 
samples were expected to feature such phase as 
alloy heated to 700 oC is below the AC1 line and 
hence, no transformation would occur. Plate C is 
the micrograph of the alloy heated to 750 oC and 
then quenched in oil. This alloy is heated within 
the α+ϒ region and the micrograph showed ferrite, 
retained austenite and very little volume fraction 
of lathe of martensite as expected. 
 

 
a) SEM (BSE) images of the alloys as Normalized. 

 
b) SEM (BSE) images of the alloys heated to 700 oC 

and quenched. 

 
c) SEM (BSE) images of the alloys heated to 750 oC 

and quenched. 

 
d) SEM (BSE) images of the alloys heated to 800 oC 

and quenched. 

 
e) SEM (BSE) images of the alloys heated to 825 oC 

and quenched 

Fig. 8. SEM (BSE) images of the alloys.  
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During austenitization, ferrite and austenite 
phases are expected to form and when such 
phases are quenched, the austenite transformed 
to martensite retaining the ferrite phase. The 
same features are repeated in plate D (with 
higher volume fraction of martensite) for the 
alloy heated to 800 oC and then quenched in oil. 
For both plates C and D the prior austenite grains 
can still be seen (with the plates of martensite 
aligned within the grains). After the quenching, it 
was also noticed that the higher volume fraction 
of austenite grains are retained within the matrix 
of the alloy quenched at 800 oC compared with 
alloys quenched at 750 oC. Plate E (825 oC) shows 
a full martensitic structure as expected of the 
alloy austenitized within the austenite region. 
Needle-like structure of martensite was observed 
in more than 95 % of the phase. 
 
3.5 Relationship between the microstructure 

and erosion-corrosion resistance 
 
There seems to be a direct effect of the higher 
martensite volume fraction and invariably 
higher hardness on the erosion-corrosion rate in 
both environments. It is also noticed that at 
lower temperature where the volume fraction of 
ferrite and pearlite is expected to be higher, 
erosion-corrosion resistance was low. This was 
because ferrite has been reported to be soft and 
strain rate sensitive and hence susceptible to 
erosion [14-16]. The rate of austenite 
transformation to martensite plays a significant 
role in determining the erosion-corrosion 
performance of the heat treated samples. This is 
in line with previous publication that reported 
the effects of phase’s volume fractions in 
assessing the mechanical properties [27]. The 
results as obtained in this study tend to be more 
supportive of the work of Tekeli and Gural [28] 
in that martensite hardness has relatively 
greater influence on the erosion-corrosion rate. 
 
3.6 Degradation mechanism 
 
Degradation mechanism shows both scratching 
and ploughing (Fig. 9a) as well as pits (Fig. 9b). 
Scratches and ploughing from the sand is expected 
at the high rotational speed and high volume 
fraction of sand particles. This is a classical mode 
of degradation in a slurry erosion. There is also the 
effect of the corrosive medium on the heat treated 
medium carbon steel with general and localised 
corrosion seen on the steel surface.  

 
a) scratching and ploughing 

 
b) pits 

Fig. 9.  SEM (SE) images of medium carbon steel 
subjected to slurry erosion-corrosion at 2100 rpm.  

 
It can therefore be said that there is a form of 
synergy between erosion and corrosion 
although the extent has not been quantified in 
this study. 
 
 
4. CONCLUSIONS 
 
A slurry pot has been successfully designed, 
fabricated, calibrated and evaluated for erosion 
and erosion-corrosion tests in the laboratory. 
Medium carbon steel from different heat 
treatment conditions and resultant 
microstructures possess different hardness 
values and were tested using the developed rig. 
It was observed from the results that higher 
hardness resulted in lower degradation while 
higher slurry speed resulted in higher material 
loss due to erosion-corrosion. Degradation of the 
alloy combines both erosion and corrosion with 
ploughing and pitting dominating the 
degradation mechanism. 
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