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Abstract. High density polyethylene is widely used in many applications which deal with 

slurry because of its high erosion resistance characteristics. Slurry erosion is a type of erosive 

wear which takes place when a stream of liquid hits a solid body and results erosion in this 

body surface. Slurry erosion is affected by some parameters as material hardness, impact 

velocity, impact angle, slurry content, ambient temperature, particle hardness, particle size and 

particle shape. The changing of these parameters individually will result in useful analysis for 

the changing in slurry erosion rate with respect to the changed parameter. This experimental 

work aims to investigate the slurry erosion behavior of high density polyethylene under the 

effect of different impact velocities. A slurry impingement test rig will be used to make the 

wear test and wear rate of HDPE is investigated as a function of impact velocity and impact 

angle. Results showed that the maximum wear rate is at the lowest impact angle and maximum 

impact velocity. Weight loss is the indication of wear rate of the HDPE specimens after 

experiment and wear rate is defined as weight loss during the test time in [mg/h] unit    

Keywords: slurry erosion, wear rate. 

1. Introduction 

 

In the last few years, non-metallic materials were widely used in many industrial and slurry 

transportation applications because of their erosive resistance, mechanical properties, and low cost. 

HDPE is one of the polymeric materials used in many applications like slurry transportation pipelines 

[l]. To improve the performance of machinery parts and pipes made of HDPE and to increase the 

service life of these parts, the slurry erosion behavior of HDPE must be studied well to investigate the 

effect of different parameters on these parts. Slurry erosion is a type of erosive wear which remarkably 

affects the service life of machine parts or pipes that deals with a stream of liquids containing solid 

particles. This type of erosion happens when a stream of liquid carrying solid particles hits a surface of 

a solid body. Many parameters affect the behavior of erosion such as the impact characteristics, 

erodent particle characteristics, surface of the solid body characteristics, and liquid characteristics. 

Impact characteristics are the properties of the impact process such as impact velocity and impact 

angle. Erodent particle characteristics are the shape, size, hardness, and density of the solid particles. 

The surface of the solid body characteristics includes hardness, ductility, toughness, and yield 

strength. Liquid characteristics include the viscosity and density of the liquid. All these parameters 
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significantly affect the erosion rate. Erosion is known as the weight loss of the material sample after 

experiments [2]. Fact characteristics have a significant effect on the slurry erosion behavior. The 

experiments carried out to study the impact of various parameters on erosion rate are in the laboratory 

using different kinds of test rigs such as slurry pot tester as shown in Fig.1, and jet impingement tester 

as shown in Fig.2 [3]. 

   

 

   

 

 

 

 

 

 

 

        Fig.1 Schematic diagram of slurry pot [3]   

 

   

           

 

 

 

 

 

 

 

 

 

 

Fig. 2 Schematic diagram of jet impingement tester [3] 

 

1.1. Effect of Impact angle on erosion rate 

  

The impact angle is defined as the angle between target surface and the direction of the striking 

flow. It is known that the erosion rate is related to the impact angle. The effect of impact angle is 

different in the cases of brittle and ductile material. For ductile material, the maximum erosion rate 

takes place at lower impact angles (from 20 to 30 °) but for brittle material the maximum erosion rate 

occurs at highest impact angle (90 °) as shown in Fig.3 [4,5]. 



Raafat Mahmoud Gad El-Rab/ et al/ Engineering Research Journal 171(september 2021/ MD1– MD12)
 

 

 

 

3MD 
 

 

 

 

Fig.3 Variation of erosion rate according to impact 

angle for ductile and brittle materials [4] 

Many erosion studies were previously made on plastic material such as PE [1, 6-8], polyether ether 

ketone (PEEK) [8-10], polyethylenimine (PEI) [8, 11-14], polyimide (PI) [15], polypropylene (PP) [6, 

16], polyphenylene sulfide PPS [8, 17, 18]. In this research slurry jet erosion test was carried out on 

HDPE samples under the effect of different impact angles. The results showed the erosion behavior of 

tested samples.  

 

1.2. Effect of Impact velocity on erosion rate  

 

Impact velocity is defined as the exit velocity of the jet from the ejector in jet impingement test rig. 

Ductile and brittle material erosion rate is directly proportional to the impact velocity which means 

that the erosion rate of any material increases with impact velocity increasing. The main difference 

between ductile and brittle material erosion rate is the material removal mechanism. Fig.4 shows the 

relation between erosion rate and impact velocity of a polymeric paint-films using slurry erosion 

whirling-arm rig and it is clear that erosion rate increases with impact velocity increasing [3].   

 

 

 

 

 

 

 

 

 

 

 

Fig.4 Relation between erosion rate and impact velocity of a 

polymeric paint-films [3] 
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  In this research HDPE samples are tested using slurry impingement erosion test. The erosion rate 

is evaluated at different impact velocities and impact angles.  

    

2. Experimental work 

 
In order to investigate the slurry erosion behavior of HDPE, a laboratory test must be performed on 

this material changing number of parameters and the erosion behavior of HDPE can be accurately 

discussed using the analysis of results. In this study, high density polyethylene samples with 

dimensions 40x40x3 [mm] were subjected to a slurry jet with a range of impact angles. SEM 

examination used to insure the study and to confirm the results. An analysis of the erosion rate results 

(defined as the weight loss during the test time) and SEM examination to evaluate the erosion behavior 

of HDPE. Details of the experimental work listed in main points such as test apparatus (slurry 

impingement test rig), erodent particles, target material, erosion test parameters and erosion rate 

calculation method.   

  

2.1. Slurry impingement test rig: 

 

The slurry jet impingement test rig was designed and constructed to achieve control on various 

parameters which affect the erosion rate (impact angle, impact velocity, erodent particles size, slurry 

mixture type, slurry content and different target materials). This type of test rigs has been used in 

many earlier works [19, 20]. The test rig used in this study is formed of many components (acrylic 

tank, water pump, piping system, flow meter, electrical control panel, ejector and specimen holder) as 

shown in Fig.5.  

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Slurry impingement test rig 
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2.1.1. Acrylic tank: 

 

Acrylic tank is made of transparent acrylic 10 mm thickness and made of two main sections slurry 

section and water section. Slurry section contains the required amount of silica solid particles and the 

water section contains water which used to make a jet. The inner wall which separates slurry and water 

sections has a rectangular opening with stainless steel filter with size 200 μm to allow water to return 

from the slurry section to the water section and preventing solid particles from entering into the water 

section. Fig.6 shows the acrylic tank sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Acrylic tank 

 

2.1.2. Water pump: 

 

The pump with 0.5 HP 3 phase electrical motor used for water pumping into piping system. 

 

2.1.3. Piping system: 

 

Piping system is made of 0.5 inch PVC pipes, joints and stop valves to control the flow in the test 

rig. 

 

2.1.4. Flow meter: 

 

Digital flow meter assembled in the pipe line to monitor the actual flow rate and be able to 

calculate the actual impact velocity. 

 

2.1.5. Electrical control panel: 

 

Control panel consists of main circuit breaker to provide the panel components with the required 

electrical 220 VAC power, 5 VDC power supply provides electrical power to the flow meter and 

frequency converter to control speed of pump to control the impact velocity. 

 

 

 

 

 

Water Section 

Slurry Section 
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2.1.6. Ejector: 

 

Teflon ejector is designed according to venture theory and used for mixing the slurry jet (silica – 

water) and direct the slurry jet towards the target material, Fig.7 shows half section of the ejector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Half section of the Teflon ejector 

 

 

2.1.7. Specimen holder: 

 

Holder was constructed of fixed part and rotating part. The fixed part is fixed to the acrylic tank in 

front of the ejector and rotating part is used for specimen fixing and changing impact angle by rotating 

it. The specimen holder can achieve 30°, 45°, 60° and 90° impact angles. Fig.8 shows the specimen 

holder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8 Specimen holder  

Specimen 

Rotating part 

Fixed part 

Thread 0.25 inch for 

slurry suction line 

Thread 0.5 inch for 

pure water pump line 

Throttle to make 

pressure difference 
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2.2. Erodent particles: 

 

The solid erodent particles were silica sand with size range 600 – 710 μm mixed with water. Sand 

particles were prepared using two stainless steel sieves with sizes 710 and 600 μm. Therefore the 

average size of solid particles was 655 μm as shown in Fig.9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 Solid particles, 710 μm and 600 μm sieves 

2.3. Target material: 

 

Material subjected to erosion test was HDPE samples with dimensions 40x40x4 [mm].                

The mechanical properties of HDPE are listed in table 1. 

 

Table 1. Technical data of HDPE used in tests  

Mechanical Nominal value (SI) Test method 

Tensile strength 

Yield  31.0 MPa 
ASTM D638

1
, ISO 527 

Break  17.9 MPa 

Tensile Elongation 

Yield  6.0 % 
ASTM D638

1
, ISO 527 

Break  350 % 

Flexural modulus – 2% Secant  1410 MPa ASTM D790B
1
, ISO 178 

Impact Nominal value (SI) Test method 

Tensile impact strength  168 KJ/m
2
 ASTM D1822

1,2
, ISO 8256 

Hardness Nominal value (SI) Test method 

Durometer hardness (shore D) 61 ASTM D2240
1
, ISO/IEC 17025:1999 

 

2.4. Erosion test conditions and parameters: 

 

Tests were conducted with some fixed parameters slurry concentration 4 wt. %, the slurry content 

tested practically during preparation of test rig, a digital flow meter used in calculating the jet velocity. 

Experiments done by subjecting each sample to slurry jet with previous parameters for 30 minutes, 

impact angles 90, 60, 45 and 30 degrees were adjusted to study the effect of impact angle on the slurry 

erosion rate, impact velocities 4, 5, 6 m/s. 
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The four impact angles are adjusted at each impact velocity, three samples are used for each impact 

angle. The average erosion rate is taken. The total number of tested samples in this study is 36. 

 

2.5. Erosion rate calculation method 

 

Erosion rate is defined as the mass loss of target material per time of the test, all samples were 

weighed before tests using digital scale with accuracy 10
-4

 g and weighed again after tests to calculate 

the mass loss and erosion rate. Results can be compared with SEM of the tested samples. 

 

3. Results and discussion: 

 
Experimental investigation of the slurry erosion rate and weight loss of HDPE has been carried out 

in the conditions listed in paragraph 2.4. Results are recorded in the table 2.  Fig.10 shows that the 

erosion rate is directly proportional to the impact angle till the impact angle is about 48° and then it is 

inversely proportional to the impact angle. The maximum erosion rate takes place between impact 

angles 40° and 50°. Fig.11 shows the slurry erosion rate under the effect of different impact angles and 

different velocities. It is clear that the erosion rate increases with the impact velocity increasing. The 

erosion rate at impact velocity 4 m/s increases with impact velocity increasing till the impact angle 

reaches about 45° and then starts decreasing with the impact angle increasing. At impact velocity 5 

m/s the erosion rate is directly proportional to the impact angle till the value about 56° and then it 

inversely proportional to the impact angle. The erosion rate at impact velocity 6 m/s increases with the 

increasing of impact angle till it reaches about 48° and then starts in decreasing with the increasing of 

impact angle. Fig.12 shows the slurry erosion rate at impact angle 45° and it is clear that the erosion 

rate is directly proportional to the impact velocity. The results follow the slurry erosion of ductile 

materials and it is agreed with the mechanical properties of the HDPE which have been listed in the 

technical datasheet. 

 

Table 2. Erosion rate tests results  

 

Test parameters Erosion rate [mg/h] 

Impact velocity 4 [m/s] 

Impact angle 30° 1.66 

Impact angle 45° 6 

Impact angle 60° 3.26 

Impact angle 90° 1.47 

Impact velocity 5 [m/s] 

Impact angle 30° 4.14 

Impact angle 45° 9.4 

Impact angle 60° 11 

Impact angle 90° 4 

Impact velocity 6 [m/s] 

Impact angle 30° 4.6 

Impact angle 45° 13.94 

Impact angle 60° 11.9 

Impact angle 90° 5.26 
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        Fig.10 Slurry erosion rate of HDPE for different impact angles, at impact 

velocity 6 [m/s]. 

 

 

 

 

 

 

 

 

 

Fig.11 Slurry erosion rate of HDPE for different impact velocity and impact 

angles 
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 Fig.12 Slurry erosion rate of HDPE for different impact velocity at 45° impact angle 

 

4. SEM Examination: 

The eroded specimens have been examined using scanning electron microscope (SEM). Fig.13 

shows the mechanism of material removal in case of 90° impact angle and impact velocity 5 [m/s]. In 

case of ductile material like HDPE (the tested material) the removal mechanism of material occurs in 

following sequence: crack formation, crack propagation and bulk material loss marked with the circle 

marks in Fig.13 and it is matching with the material removal mechanism of ductile materials. 

 

Fig.13 SEM examination image for HDPE sample tested at 90° impact angle and 5 [m/s] impact 

velocity   
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Fig.14 shows the material removal mechanism of tested sample at 30° impact angle and impact 

velocity 6 [m/s]. For ductile material the removal mechanism takes place by cutting wear as shown. 

The oval marks in the same figure refer to longitudinal cutting wear and the square marks refer to the 

removed materials in the direction of the slurry flow. 

 

Fig.14 SEM examination image for HDPE sample tested at 30° impact angle and impact velocity 6 

[m/s]   

5. Conclusion  

- Slurry erosion test was carried out using slurry jet impingement test rig on HDPE samples for 

30 minutes for each sample. Sand erodent particles with 655 μm average particle size, 4 wt. % 

slurry content, impact angles (30°,45°,60° and 90°) and range of impact velocity 4, 5, 6 m/s. 

- Maximum measured erosion rate is 13.94 [mg/h] at 45° impact angle and 6 [m/s] impact 

velocity.   

- The results showed that the maximum erosion rate of HDPE takes place at impact angles (40° - 
50°) as shown in Fig.10.  

- The SEM results showed the material removal mechanism of HDPE in case of high and low 

impact angles (90° and 30°) of the erosion rate as shown in Fig.13 and Fig.14. 

- The erosion rate is directly proportional to the impact velocity as shown in Fig.11 and Fig.12.   

- These results are acceptable compared with the behavior of erosion rate of ductile materials.  

- The results of HDPE can be used in applications with impact angles from (0° to 40°) and from 

(50° to 90°) as petroleum transportation pipelines taking in consideration the effect of impact 

velocity. 
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