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Abstract: Centrifugal slurry pumps are being used in many mineral companies to 
transport mineral materials. These materials are mainly abrasive and the liner of 
these pumps are eroded during their working life. Zinc oxide (ZnO) are usually used 
for enforcing rubber material but, the ZnO is harmful to the environment. Nano ZnO 
(n-ZnO) particles seem to purvey higher activity. In this work, the inlet liner of a 
centrifugal slurry pump was fabricated with n-ZnO that decreases environmental 
concerns and improves its wear life. The composite of inlet liner is made of Natural 
rubber (NR) and Polybutadiene rubber (PBR). For determining the optimal dosage 
of n-ZnO within the composite, mechanical properties for rubber compounds 
comprising 1-2 unit(s) n-ZnO, were investigated comparing to those of the 
compound with 5 units conventional ZnO (c-ZnO). It was found that optimal amount 
of n-ZnO was 1 unit which it was enough to give equivalent or better mechanical 
properties compared to one containing a higher amount of, namely 5 units, c-ZnO in 
the composite. In addition, field-emission scanning electron microscopy (FESEM) 
photo showed that n-ZnO particles were homogeneously dispersed in the composite. 
Finally, two inlet liners were manufactured, one of them was with 1 unit of n-ZnO 
(n-liner) and the other one with 5 units of c-ZnO (c-liner). These two liners were 
used in service in a plant. The field study showed that the life of n-liner was 1/3 unit 
more than the life of c-liner and n-liner face has been worn less than c-liner one.  
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1 INTRODUCTION 

Centrifugal slurry pumps transport slurry in mineral 

plants. Contacting-slurry components of a centrifugal 

slurry pump, including an impeller, inlet liner and outlet 

liner wear is mostly because of erosion [1-7]. The 

contacting-slurry components are usually made from 

rubber. These parts are in a different configuration and 

individually identified in “Fig. 1ˮ. Figure 2 shows the 

wear of rubber liner for VASA HD 455-100 pumps used 

in the magnetic plant of Golgohar mining & industrial 

Company. Wear affects the equipment performance and 

decreases its reliability, efficiency and operation life, 

and increases maintenance costs. The direct cost of 

slurry pump wear parts for the mining industry and the 

associated down-time and labor costs are important [3], 

[5], [8-12]. Also, ZnO is used as curing activator within 

rubber vulcanization. Excess ZnO may be released as a 

result of abrasion of rubber goods and during their 

production and leaching into the rainwater, so ZnO 

amount in rubber goods should be kept as low as 

possible for environmental reasons [13-15], especially 

components contacting slurry. The performance of ZnO 

within vulcanization can be added by the maximization 

of contact between the ZnO particles and the 

accelerators in the blend. The contact is dependent on 

the shape of the particles, their size, and their specific 

surface area. The use of n-ZnO particles seems to purvey 

higher activity, because they include ultra-small size and 

large surface area [16-17]. 

 

 
Fig. 1 Contacting-slurry components of a centrifugal 

slurry pump including the impeller, inlet and outlet liner. 

 
Fig. 2 Wear of rubber inlet liner for VASA HD 455-100 

pumps used in Golgohar mining & industrial company. 

 

The majority of liner wear has been attributed to the 

slurry leakage which occurs from the high pressure 

casing periphery back to the low pressure inlet (or eye), 

across the face of the impeller [4]. The results of 

investigations dealing with liner wear have confirmed 

that the wear pattern depends on the pump construction, 

solid particle size distribution, discharge flow rate, 

recirculation, mean concentration, rotational speed [10]. 

Also, The laboratory results of investigations dealing 

with the activation role of n-ZnO on EPDM rubber [17], 

NR [18], neoprene rubber [19], polybutadiene styrene 

[20], acrylonitrile butadiene rubber [21],  NR/butadiene 

rubber (BR) (75/25) and NR/styrene–butadiene rubber 

(SBR) blends [22], and NR/BR/high-styrene resin 

(NR/BR/HSR) blend (20/70/10) [23] have 

acknowledged that low dosage of n-ZnO was enough to 

give equivalent curing and mechanical properties to 

rubber system compared to those comprising a higher 

dosage of c-ZnO particles.  

In this work, the inlet liner of the centrifugal slurry pump 

was fabricated with n-ZnO to decrease environmental 

concerns and amend its wear resistance. The composite 

of inlet liner made of NR and PBR in 30/70 proportion, 

n-ZnO with this compound and proportion has been used 

for the first time, based on our limited literature 

knowledge. The optimal dosage of n-ZnO in the 

compound was determined from investigating 

mechanical properties such as tension properties, 

abrasion, tear strength and hardness for the samples 

comprising n-ZnO and c-ZnO contents; In addition, the 

morphological characterization of the nano sample was 

accomplished using FESEM (laboratory study). Finally, 

inlet liners made of n-ZnO and c-ZnO be separately 

serviced in a plant (field study, in addition to laboratory 

study).  
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2 MATERIAL AND METHODS 

2.1. Materials 

NR (SMR20, GM, Malaysia), PBR (Arak Petrochemical 

Company, Iran), c-ZnO (Sepid oxide zanjan, Iran) with 

mean particle size of 325 μm, n-ZnO (US Research 

Nanomaterials, US) with specific surface area of 20-60 

m2/g and mean particle size of 10–30 nm, black carbon 

(N330, doodeh sanati pars, Iran), stearic acid (IOI Pan-

Century Oleochemicals Sdn. Bhd., Malaysia), sulfur 

(tesdak iran Co., Iran), oil (Behranoil, Iran), 

Dibenzothiazole disulfide (MBTS) and N-Cyclohexyl-

2-benzothiazole sulfenamide (CZ) as the accelerators 

and 2 ,2 ,4- Trimethyl -1, 2-Dihydroquinoline Polymer 

(TMQ) as antioxidant (Hainan Huarong Chemical Co., 

Ltd, China), were used as received.  

2.2. The Preparation of Samples 

Different NR/PBR compounds with the details given in 

“Table 1ˮ were prepared using a laboratory Banbury 

mixer and a two-roll mill. At the beginning for preparing 

each compound, NR and PBR were fed into the Banbury 

mixer for 1 min. Thereafter, black carbon and oil were 

added to the compound for 1 min. then, ZnO (nano or 

conventional, to study the effect of n-ZnO) together with 

stearic acid and antioxidant were added to the compound 

for 1 min. after that, the accelerators and sulfur were 

added to the compound for 45 s. then, the compound was 

fed into the two-roll mill and the milling process 

continued for 2 min.  

The consequent compounds were vulcanized at 160 ◦C 

and pressure of 80 bars on an electrically heated 

hydraulic press. Finally, all the samples were rested for 

the following measurements. 

 
Table 1 Compounding components of studied samples in 

parts per hundred (phr) of rubber 

Sample 
NR/PBR/

c-ZnO5 

NR/PBR/n-

ZnO1 

NR/PBR/n-

ZnO2 

NR 30 30 30 

PBR 70 70 70 

TMQ 1 1 1 

CZ 1 1 1 

MBTS 0.7 0.7 0.7 

BC 55 55 55 

Stearic acid 3 3 3 

Sulfur 1.5 1.5 1.5 

Oil 25 25 25 

c-ZnO 5 - - 

n-ZnO - 1 2 

2.3. Characterization Methods 

Tensile properties such as tensile strength and 

elongation at break and also, tear strength were 

determined according to ASTM: D412 & D624, 

respectively at a uniform cross head speed 500 mm/min 

by HIWA tensile testing machine. Hardness (Shore A) 

of the vulcanizates was measured according to ASTM 

D2240 by a HIWA Hardness tester. The abrasion was 

measured according to ASTM D5963 using a HIWA 

Abrader.  

2.4. Scanning Electron Microscopy 

The rubbed surface of a nano sample was studied in 

FESEM by a TESCAN MIRA3 device equipped with an 

energy beam of 15 KV after coating the surface with 

sputtered gold.  

2.5. Liner Model for Manufacturing  

Many and various pumps were used to transport slurry 

in Golgohar Mining & Industrial Company. Their 

typical applications are primary mill discharge, cyclone 

feed and tailings disposal. Excess ZnO may be released 

as a result of wear of rubber contacting slurry 

components and causes environmental reasons including 

leaching into the rainwater. 350 rubber inlet liners of 

VASA HD 455-100 pump have been bought in Golgohar 

Mining & Industrial Co. for four years. Therefore, the 

inlet liner of this model was selected as the case to 

manufacture with n-ZnO. 

2.6. Field Plant 

PU302# pump, in the hematite plant of Golgohar mining 

& industrial company, was selected to assemble inlet 

liner. The pump operates in conditions such as solid 

content 47-55 w%, slurry density 1.4-1.8 g/cm3, and 

solid size (d80) 80-110 microns. 

3 RESULTS AND DISCUSSION 

3.1. Mechanical Properties 

Mechanical characterizations are listed in “Table 2ˮ for 

the entire samples. After comparing, NR/PBR/n-ZnO1 

with 1 phr n-ZnO had better mechanical properties than 

NR/PBR/n-ZnO2 with 2 phr n-ZnO. 

 
Table 2 The mechanical properties of the NR/PBR 

vulcanizates 

Sample 
NR/PBR/c-

ZnO5 

NR/PBR/n-

ZnO1 

NR/PBR/n-

ZnO2 

Abrasion 

(mm3) 
87 87 87 

Hardness 

(Shore A) 
57 57 57 

Elongation 

at break (%) 
480 480 455 

Tensile 

strength 

(MPa) 

16.6 16.8 15.8 

Tear 

strength 

(kN/m) 

97.5 98 95 
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This may be owing to the formation of large size 

agglomerates in NR/PBR/n-ZnO2 [17]. Therefore, this 

shows that the amount of n-ZnO as the activator is 

optimized at 1 phr n-ZnO. Comparing the properties of 

NR/PBR/c-ZnO5 and NR/PBR/n-ZnO1, it is shown that 

the mechanical properties of NR/PBR/n-ZnO1 are 

equivalent or better than those of NR/PBR/c-ZnO5. This 

may be owing to the crosslinking in NR/PBR/n-ZnO1 

being superior to NR/PBR/c-ZnO5 [19].  

3.2. The Study of Microscopic Structure 

Figures 3–5 illustrate the rubbed surface micrograph of 

the samples. The size and amount of agglomerates 

increased in the case of NR/PBR/c-ZnO5 while, ZnO 

nanoparticles were homogeneously dispersed in the 

NR/PBR/n-ZnO1 and NR/PBR/n-ZnO2 sample. ZnO 

nanoparticles due to the smaller size and higher surface 

area are easily dispersed within the matrix instead of 

forming agglomerates on the surface [21]. 

 

 
Fig. 3 FESEM micrograph with magnification X = 30000 

of NR/PBR/c-ZnO5. 

 

 
Fig. 4 FESEM micrograph with magnification X = 30000 

of NR/PBR/n-ZnO1. 

 

Fig. 5 FESEM micrograph with magnification X = 30000 

of NR/PBR/n-ZnO2. 
 

3.3. The Manufacture of Inlet Liner 

The results showed that the optimal amount of n-ZnO in 

composite NR/PBR (30/70) was 1 phr, so, an inlet liner 

was made of NR/PBR/n-ZnO1 compound (n-liner). 

Also, in order to investigate the function of n-liner, 

another inlet liner was made of NR/PBR/c-ZnO5 

compound (c-liner). For manufacturing, NR/PBR/n-

ZnO1 or NR/PBR/c-ZnO5 blend was first placed in an 

open mould cavity (“Fig. 6 & Fig. 7ˮ). Then, the mold 

was closed with a top plug member, the pressure was 

applied to force the compound into contact with all mold 

areas (“Fig. 8ˮ), while heat (160 ◦C) and pressure (300 

bars) were maintained until the blend has cured (“Fig. 

9ˮ). 

 

 
Fig. 6 Inlet liner mold for VASA HD 455-100 pump. 
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Fig. 7 The blend was placed in an open mould cavity for 

VASA HD 455-100 pump. 
 

 
Fig. 8 The mold was closed with a top plug member and 

compressed in order to have the material contact at all areas 

of the mold, while heat and pressure were maintained. 
 

 
Fig. 9 Inlet liner made of 1 phr n-ZnO for VASA HD 455-

100 pump. 

3.4. Field Observations 

Two inlet liner (n-liner and c-liner) were separately 

assembled in casing unit of PU302# pump to be serviced 

in the hematite plant of Golgohar mining & industrial 

company (“Fig. 10ˮ). The inlet liner fails when it holes 

through and leaks slurry to the atmosphere. n-liner failed 

for 24 days, but c-liner failed for 18 days. Namely, the 

life of n-liner was 1/3 unit more than the life of c-liner. 

Also, comparison of n-liner (“Fig. 11ˮ) and c-liner (“Fig. 

12ˮ) showed: 

 

 
Fig. 10 Inlet liner was assembled in casing unit of PU302# 

pump for hematite plant of Golgohar mining & industrial 

company. 
 

 
Fig. 11 Wear of n-liner (liner fabricated with n-ZnO) for 

VASA HD 455-100 pumps used in hematite plant in 

Golgohar mining & industrial company. 

 

The main wear including hole occurred away from the 

eye namely, circle position of impeller outer diameter. 

Because the tangential velocity component of particles 

is greatest. 
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The n-liner face has been worn less than c-liner one. This 

may be owing to the crosslinking in n-liner is more than 

c-liner. So, use of n-ZnO in fabricating liner causes less 

consumption of ZnO dosage that decreases 

environmental concerns, in addition it increases liner 

life.  

 

 

Fig. 12 Wear of c-liner (liner fabricated with c-ZnO) for 

VASA HD 455-100 pumps used in hematite plant in 

Golgohar mining & industrial company. 

4 CONCLUSION 

n-ZnO seems to have higher activity than c-ZnO. In 

order to reduce the dosage of ZnO in contacting-slurry 

rubber components because of environmental concerns 

and also better their life, Mechanical properties of a 

compound comprising 1-2 phr n-ZnO and 5 phr c-ZnO 

contents were investigated according to ASTM 

standards to determine the optimal dosage of n-ZnO in 

contacting-slurry rubber components of the centrifugal 

slurry pump. Compounds were made of NR and PBR in 

30/70 proportion.  

The compound comprising a lower amount (1 phr) of n-

ZnO was figured out to have equivalent or better 

mechanical properties than compounds with 5 phr c-

ZnO.  Also, the FESEM picture showed that in n-ZnO 

containing systems, size and amount of agglomerates 

decreased and ZnO nanoparticles were homogeneously 

dispersed. Therefore, an inlet liner of VASA HD 455-

100 pump was fabricated with 1 phr n-ZnO (n-liner) and 

another was fabricated with 5 phr c-ZnO (c-liner), 

finally n-liner and c-liner were serviced in hematite plant 

of Golgohar mining & industrial company.  

Field observations showed that the life of n-liner was 

33% more than the life of c-liner and n-liner face has 

been worn less than c-liner one. So, other contacting-

slurry rubber components including impeller and outlet 

liner can be fabricated with a lower amount (1 phr) of n-

ZnO to improve their wear life and detract 

environmental concerns.  
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