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Procedures for producing hardfaced jaws using ferro-
alloy hardfacing inserts and low carbon steel substrate 
have been established. This research was prompted by the 
need to provide an economical substitute to the high 
manganese austenitic steel that has dominated the mining 
and minerals industries since its invention by Sir Robert 
Hadfield in 1882. In this research, ferro-alloy hardfacing 
inserts of composition 72.80 %Fe. 12.32 %Mn, 7.38 %Cr 
were produced by sand casting. The inserts were welded 
to low carbon steel substrate by manual metal arc-welding 
to form the hardfaced jaws. Welding was carried out 
intermittently using E6013 gauge 10 oerlikon electrode 
and a current of 100 A. The fixed and movable jaws lost 
0.3 and 0.1 kg, respectively, after crushing 400 kg of 
granite in the jaw crusher. Hardness values and wear 
volumes of the hardfacing insert and workhardened 
Hadfield steel were 653 HV, 0.0069 cm3 and 517 HV, 0.017 
cm3, respectively. Cost of producing the hardfaced jaws 
was five times cheaper than the estimated cost of 
producing Hadfield steel jaws. Consequently, the 
hardfaced jaws can economically substitute the Hadfield 
steel jaws in jaw crushers. 
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1.0 INTRODUCTION 
Critical components of mining and mineral processing machineries such as crusher jaws, 

mantles, concave and rolls are subjected to severe wear in service. The dominant wear modes in 
these stone and ore handling facilities are abrasion and impact. Abrasive wear requires that the 
component be very hard, especially on the surfaces, while impact wear requires the component 
to be tough. Producing wear components that combine these properties has been a major concern 
of researches in the minerals industries. Hadfield steel, a high manganese austenitic steel has been 
the dominant material used in the minerals industries for wear application since its invention by 
Sir Robert Hadfield in 1882 and patents in Britain and US in 1883 and 1884 with patent numbers 
303150 and 305151, respectively (Balogun et al., 2008; Allahkaram, 2007; Haakonsen, 2009; 
Bhero et al., 2013). 

Reparation of worn austenitic manganese steel components has become a herculean task due 
to its poor machinability and carbide precipitation during welding. Low machinability of the steel 
has been attributed to its high hardness, strain hardening behaviour, strength, toughness, wear 
resistance and low thermal conductivity (Kopac, 2001; Kuljanic et al., 2012). Strong abrasion and 
notch wear have been observed when turning Hadfield steel (Kuljanic et al., 2012). Consequently, 
the high manganese steels are referred to as difficult-to-cut materials (Kivak et al., 2016). Olawale 
et al. (2013) noted that inadequate quenching operations during manufacturing process of the 
steel leads to the formation of carbide precipitates, which embrittle the steel, reduce its ability to 
withstand shock and create non-uniform plastic flow as the material strain hardens. 

Low alloy wear resistant steels and high chromium white cast iron are alternative wear 
materials to Hadfield steel; however, their applications are limited by either complex 
manufacturing processes or too low toughness (Qichuan et al., 1989). Austempered ductile iron 
(ADI) has been suggested by Skoczylas et al. (2011) as a substitute to Hadfield steel due to its 
excellent combination of strength, ductility and toughness in addition to low weight loss when 
subjected to abrasive wear test, but the authors did not take into cognizance the increase in 
hardness and toughness of the Hadfield steel as it workhardens under impact loading.   

Despite the fact that austenitic manganese steel repair and replacement are some of the major 
challenges encountered by users of jaw crusher, many researchers concentrated on modification 
of the properties of the steel. For example, Limooei and Hosseini (2012) reported that the wear 
resistance property of the manganese steel was raised up to 40 % by addition of titanium and 
good grain refinement. There is a scarcity of information on cheaper substitutes to the Hadfield 
steel in the minerals industries. The major challenges in the mining and mineral processing 
machineries are the high cost of producing austenitic manganese steel parts and the difficulty of 
replacing components made from this material when they fail. These have led to longer 
downtimes, reduced productivity, production of poor quality aggregates and in some cases, 
moribund of mines and quarries. 

Hardfacing inserts have been used in cutting tools for machining (Vrabel’ et al., 2017), 
tangential-rotary picks for mining (Krauze et al., 2017) and drill bits and downhole tools in the oil 
and gas industry (Langford et al., 1998). Hardfacing inserts have not been notably used in forming 
crusher jaws; rather consumables in the form of wire, tubular or powdered electrode are melted 
on the surface of the substrate for build-up and the production of new hardfaced components. 
Hence, the objectives of this research are to: develop suitable hardfacing insert for the formation 
of crusher jaws corrugations; compare the wear properties of the hardfacing insert and Hadfield 
steel; determine the nature of corrugation shape that will guarantee minimal wear; develop 
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hardfaced jaws using the ferro-alloy hardfacing inserts and low carbon steel substrate; and 
evaluate the wear behaviour of the hardfaced jaws in a jaw crusher. 

 
 

2.0 MATERIALS AND METHODS 
 
2.1 Materials selection 

Usually, the austenitic manganese steel used in making crusher jaws has high toughness with 
a ductile core due to the retained austenite; this implies that any base material to be used as 
hardfaced jaws’ substrate must be tough and ductile. Based on these two mechanical properties, 
low carbon steel with inherent toughness and good ductility was used as the substrate. It has good 
machinability and weldability (Fisher, 2005; Sharma, 2007).  Hadfield steel was used as the 
control sample, for the purpose of comparing the hardness of the hardfacing insert and impact 
property of hardfaced insert. 

The materials used for the production of the hardfacing insert and their selection criteria are 
shown in Table 1. 

 
Table 1: Criteria for selecting hardfacing charge materials. 

Charge materials Selection criteria 

High carbon FeCr Melting range of 1350 – 1450 oC (Met Globe, 2017). High amount of Cr 
in hardfacing composition increases carbide formation which 
increases the hardness value (Vasudev, 2014).  

High carbon FeMn Melting range 1140 – 1200 oC (Met Globe, 2017). Mn increases the 
impact property, yield and tensile strengths of iron manganese alloys 
(Evans, 1980) 

Cast iron It will supplement the iron and carbon content of the ferro-alloys in 
the hardfacing. Fe serves as a matrix material or metallic binder in 
ferro-alloy hardfacings (White and Wisler, 1974). 

 
2.2 Charge calculation for the production of the hardfacing inserts 

Preceding the casting of the hardfacing inserts, a charge calculation was carried out based on 
charge mass ratio for Fe: Cr: Mn of 7:1.5:1.5. Compositions of the charge materials used are 
presented in Table 2, while the summary of the elemental masses for the sand casting shown in 
Table 4 was determined from Table 2 and Table 3. Determination of the mass of each element 
present in the charge materials was based on equation (1). According to Newey and Weaver 
(1990), for an alloy A-B containing alloying elements A and B; if the number of atoms of A is nA 
and that of B is nB; the atomic mass of A is MA and that of B is MB, while mA is the mass of A, then, 
the weight percent of A in A-B is given by: 
 

WA =  
100 mA

(mA+ mB)
=

100nAMA

(nAM+ nBMB)
         (wt%)              (1) 
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Table 2: Compositions of cast iron, FeMn and FeCr for production of hardfacing inserts. 
Wt % of elements C.I. FeCr FeMn 
Fe 91.100 27.214 28.822 
Cr 0.165 67.808 0.425 
Mn 0.665 0.222 66.220 
C 4.350 3.490 3.057 
Others 3.720 1.266 1.476 
Total 100.000 100.000 100.000 

 
Table 3: Quantities of charge materials required for the production of hardfacing inserts. 

Elements Estimated mass (kg) Charge material Mass of charge material (kg) 

Fe 18.630 Cast iron (C.I.) 20.450 

Cr 4.750 FeCr 7.005 

Mn 4.650 FeMn 7.022 

 
Table 4: Summary of elemental masses for the production of the hardfacing inserts. 

Elements C.I. FeCr FeMn Sum of mass of elements (kg) 

Fe  18.6300 1.9063 2.0233 22.5596  

Cr  0.0337 4.7500 0.0298 4.8135  

Mn  0.1360 0.0156 4.6486 4.8002  

C  0.8896 0.2445 0.2146 1.3487  

Others 0.7607 0.0887 0.1036 0.9530  

Total mass of elements in the charge materials 34.4750  

Firing time: 1 hr: 50 mins; Casting method: Sand casting; Mould drying time: 5 days 
 
2.3 Sand moulding and casting of the hardfacing inserts 

Prior to the sand moulding and casting of hardfacing inserts, 20 sticks of dimension 1 cm x 1.3 
cm x 30 cm where produced for the creation of cavities in the sand mould. Flowchart of the sand 
moulding and casting of the hardfacing inserts is shown in Figure 1, while the cast inserts after 
casting and fettling is shown in Figure 2. 
 
2.4 Laboratory tests on hardfacing insert and Hadfield steel samples 
 
2.4.1 Composition tests 

Compositions of the charge materials (FeCr, FeMn, cast iron), hardfacing insert, low carbon 
steel substrate, weld interface between the insert and the substrate and Hadfield steel were 
determined with SPECTROMAXx optical emission spectrometer. Samples were ground with a 
combined grinder/polisher prior to the spark test.  
 
2.4.2 Optical microscopy 

Sectioned samples of the hardfacing insert and the weld interface between the insert and low 
carbon steel substrate were ground with abrasive papers of grits 220, 400, 800 and 1200. 
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Polished metallographic samples of the hardfacing insert and the weld interface between the 
insert and low carbon steel substrate were etched with Nital reagent to reveal their 
microstructural details. OMAX optical microscope with camera resolution of 14 MP was used to 
examine and capture the microstructures of the samples at 100x magnification level. 
 
2.4.3 Hardness test 

A digital hardness testing machine (INDENTEC) was used to determine the hardness of the 
hardfacing insert. Hardness of the Hadfield steel and weld interface between the insert and the 
substrate were determined with a combined Brinell-Rockwell hardness tester. Metallographic 
samples of the insert and Hadfield steel and weld interface were subjected to 150 kg-force (HRC) 
indentation and the hardness values recorded. Hardness values of the samples were averaged and 
converted to Vickers hardness based on ASTM E140 – 97 hardness conversion. 

 

 
Figure1: Flowchart for the sand moulding and casting of the hardfacing inserts. 
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Figure 2: Hardfacing inserts after casting and fettling. 

 
2.4.4 Wear test 

Dry abrasive wear of the hardfacing insert and Hadfield steel samples was achieved with 
combined Metkon FORCIPOL wear tester. The samples were weighed before and after a wear 
period of 900 s, while 220 grit abrasive paper, disc speed of 500 r.p.m. and normal load of 20N 
were used. Wear volume of each sample was calculated with equation (2). 
 

Wear volume  =  
mL 

ρ
    (cm3)                (2) 

Where, mL is the mass loss (g)and ρ is the density of the material (g/cm3). 
 
2.4.5 Impact test 

Charpy impact test of the hardfaced insert, low carbon steel substrate and Hadfield steel 
samples was carried out. With respect to the hardfaced jaws, hardfaced samples were prepared 
by manual metal arc welding with thickness of the mild steel plate, buffer and hardfacing being 6 
mm, 1 mm and 3 mm, respectively. Also, Hadfield steel and low carbon steel samples were 
prepared to dimension of 10 mm x 10 mm x 60 mm. A V-notch of depth 2.5 mm was made at the 
centre of the surface of the mild steel substrate part of the hardfaced insert, low carbon steel 
substrate and one side of the Hadfield steel samples. Maximum velocity of the impact pendulum 
hammer of the impact tester was 5.24 m/s. 
 
2.5 Selection of the hardfaced jaws corrugations’ shape 

Preceding the hardfacing of the substrate with the hardfacing insert, the nature of the 
corrugation to be formed was determined by analysing the effect of forces on virtual hardfaced 
jaws. Crushing forces of magnitude 300 N, 600 N, 1000 N, 1683.62 N and 2000 N were used for 
static simulations of virtual hardfaced jaws. The jaw crusher to be used for actual service 
performance evaluation of the hardfaced jaws has total crushing force of 1683.62 N. Mild steel 
was used as the base metal and AISI 6150 steel as the corrugation. Semicircular and triangular 
corrugation were analysed and their properties generated from Autodesk Inventor® software.  

It is important to note that the jaw crusher crushes mainly by compression; hence, the use of 
static simulation. Stress analysis steps outlined by Waguespack (2013) were adopted. The design 
specifications for the virtual hardfaced jaws are outlined as follow: 

(a) Von Mises stress due to the crushing force should be less than the yield strength of the 
substrate. 
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(b) Displacement of the corrugation should be negligible. 
 

Constrained faces, properties of the virtual parts and applied force direction are shown in 
Figure 3, Table 5 and Figures 4 and 5, respectively. 

 

 
Figure 3: Constrained faces of the base plate of the virtual hardfaced jaws. 

 
Table 5: Properties of the virtual hardfaced jaws. 
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Figure 4: Crushing force applied on the triangular AISI 6150 steel corrugations. 

 

 
Figure 5: Crushing force applied on the semicircular AISI 6150 steel corrugations. 

 
Static simulation results of the Von Mises stress of the virtual hardfaced jaws for the specified 

crushing forces are graphically summarized in Figure 6, while Figures 7 and 8 show the generated 
Von Mises stress for the semicircular and triangular corrugations when the crushing force is 
1683.62 N, respectively. 

Structurally, it is desired the Von Mises stress be far below the yield strength. From Figure 6, 
it can be seen that the semicircular corrugation yields a lower Von Mises stress than the triangular 
corrugation. More so, from Table 5, yield strength of mild steel is greater than Von Mises stress 
shown in Figure 7 (semicircular corrugation- 0.9529 MPa) and Figure 8 (triangular corrugation- 
4.349 MPa). Consequently, virtual hardfaced jaw with semicircular corrugation was considered 
safer than the hardfaced jaw with triangular corrugation. 
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Figure 6: Von Mises stress for the semicircular and triangular corrugations. 

 

 
Figure 7: Von Mises stress for the semicircular corrugation 1683.62 N. 

 

 
Figure 8: Von Mises stress for the triangular corrugation at 1683.62 N. 
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Static simulation results of the displacement of the virtual hardfaced jaws for the specified 
crushing forces are graphically summarized in Figure 9, while Figures 10 and 11 show the 
generated displacement for the semicircular and triangular corrugations when the crushing force 
is 1683.62 N, respectively. 

 

 
Figure 9: Displacement for the semicircular and triangular corrugations. 

 

 
Figure 10: Displacement for the semicircular corrugation. 
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Figure 11: Displacement for the triangular corrugation. 

 
From Figure 9, the semicircular corrugation yields lower displacement than the triangular 

corrugation. Additionally, the displacement values shown in Figure 10 (semicircular corrugation- 
5.201 x 10-4 mm) and Figure 11 (triangular corrugation- 5.793 x 10-4 mm) are insignificant; 
although, the semicircular corrugation resulted in lower displacement than the triangular 
corrugation. Consequently, the semicircular corrugation was preferred and used in forming the 
stringer hardfacing corrugation for the fixed and movable crusher jaws.  

Modal simulation, which represents dynamic situation, was performed to ascertain the 
corrugation suitability; crushing forces of magnitudes 300 N, 1000 N and 1683.62 N were used. 
Displacement (mm) was the only parameter generated from the Autodesk Inventor® software at 
various frequencies as shown in Tables 6 and 7 for semicircular and triangular corrugations, 
respectively. 

 
Table 6: Displacement of semicircular corrugation at 3323.13 Hz. 

Force (N) Frequency (Hz)  Maximum displacement (mm) 

300.00 F1 3323.13 17.92  

1000.00 F1 3323.13 17.92  

1683.62 F1 3323.13 17.92  

 
Table 7: Displacement of triangular corrugation at 3323.13 Hz. 

Force (N) Frequency (Hz)  Maximum displacement (mm) 

300.00 F1 3320.77 17.95  

1000.00 F1 3320.77 17.95  

1683.62 F1 3320.77 17.95  

 
From the modal simulation results presented in Tables 6 and 7, it is obvious that the maximum 

displacement did not vary for similar corrugation. However, displacement of the semicircular 
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corrugation (17.92 mm) generated at a higher impact frequency of 3323.13 Hz is lower than the 
displacement (17.95) of the triangular corrugation generated at a frequency of 3320.77 Hz. 
Furthermore, this makes semicircular corrugation preferable to the triangular corrugation. 
Displacements of the semicircular and triangular corrugations at 1683.62 N are shown in Figures 
12 and 13. 

 

 
Figure 12: Displacement of semicircular corrugation at 1683.62 N and 3323.13 Hz. 

 

 
Figure 13: Displacement of triangular corrugation at 1683.62 N and 3320.77 Hz. 

 
2.6 Development of the hardfaced jaws 

The materials used for the production of the hardfaced jaws are 10 mm mild steel plate, 
hardfacing inserts and AWS E6013 Ø3.2 x 350 mm (gauge 10) oerlikon electrode. Hardfaced jaws 
were produced by manual metal arc welding of the ferro-alloy hardfacing inserts to mild steel 
plate; intermittent welding and current of 100 A were used. A video clip of the welding process 
and the length of the weld bead were used to calculate the welding speed as follow:  

Length of weld bead = 20 mm, 
Duration of welding = 10 s = 10/60 min = 1/6 min, 
Welding speed = 20 mm x 6 min-1 = 120 mm/min, and Dwell time = 1 min. 

The development stages of the hardfaced jaws are shown in Figure 14. 
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Figure 14: Flowchart of the development stages of the hardfaced crusher jaws. 
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3.0 RESULTS AND DISCUSSION 
 
3.1 Compositions and microstructures of experimental samples 

The composition of hardfacing insert, low carbon steel substrate, weld interface between the 
insert and the substrate and Hadfield steel sample are summarized in Table 8. 
 

Table 8: Composition of hardfacing insert, substrate, weld interface and Hadfield steel. 

Samples Fe (%) Mn (%) Cr (%) C (%) Si (%) Others (%) 

Hardfacing insert 72.80 12.32 7.38 4.35 1.74 1.41 

Substrate 99.10 0.38 0.05 0.10 0.03 0.34 

Weld interface 95.60 1.47 1.30 0.68 0.49 0.46 

Hadfield steel 81.10 12.47 2.47 1.47 1.19 1.30 

 
From Table 8, the weld interface can be said to be moderately diluted. The hardfacing insert 

has the highest alloy content, followed by the Hadfield steel, weld interface and lastly the 
substrate. Photomicrograph of the hardfacing insert presented in Figure 15, shows the presence 
of Hӓgg carbide and cementite. Okechukwu et al. (2018) reported a similar microstructure as 
Figure 15, generated with SEM, which had presence of hexagonal prism shaped Hӓgg carbide 
(Fe5C2) and orthorhombic cementite (Fe3C) in a ferro-alloy hardfacing produced with a charge 
mass ratio for Fe: Mn: Cr of 2:1:1 by sand casting. Carbides of Fe, Mn and Cr present in the ferro-
alloy hardfacing are Fe3C, Fe5C2, Fe4C, Fe7C3; Mn23C6, Mn7C3; and Cr23C6, Cr3C2, Cr7C3, respectively.  

The microstructure of the weld interface in Figure 16 has a hypoeutectoid steel structure, 
which consists of network of ferrite and pearlite. This is in agreement with its average carbon 
content of 0.68 %, with reference to iron-iron carbide phase diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
Figure 16: Photomicrograph of weld 
interface between hardfacing and low alloy 
steel substrate (100x). 

 
Figure 15: Photomicrograph of the 
hardfacing insert produced by sand casting 
(100x). 
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3.2 Hardness of experimental samples 
Average Rockwell-C hardness values of the hardfacing insert, workhardened Hadfield 

steel and weld interface were converted to average Vickers hardness equivalent based on ASTM 
E140 – 97 hardness conversion. The Vickers hardness values are shown in Table 9. 

 
Table 9: Hardness values of the hardfacing insert, Hadfield steel and weld interface. 

Sample HRC values Average HRC HV Value 

Hardfacing insert 58.70, 58.40, 56.90 58.00 653 

Hadfield steel  49.90, 50.50, 50.60 50.33 517 

Weld interface 43.55, 43.55, 42.25 43.12 426 

 
Hardness values reported in Table 9 are in agreement with the observation of Anand et al. 

(2016), that increase in chromium content, increases the hardness due to the formation of 
chromium carbide at the grain boundary. Iron based alloys with high chromium content result in 
high hardness and excellent abrasive resistance due to the increased presence of chromium 
carbide (Venkatesh et al., 2015).  Buytoz and Yildirim (2010) noted that lower hardness values 
have been recorded when the amounts of C and Cr are small in the microstructure, but high C and 
Cr content in carbide form result in excellent wear behaviour. 

The high hardness of the Hadfield steel can be attributed to the strain hardening arising from 
cutting and grinding impact during sample preparation. Tryba and Kot (2017) reported that 
burnishing increases the hardness of the steel. It should be noted that the hardness of the non-
deformed Hadfield steel prior to its subjection to wear application ranges from 215 to 230 HV 
(Qian et al., 2011). Through impact loading, the hardness value of Hadfield steel surface can go 
above 700 HV (Yan et al., 2007). Though it can workharden to this level but not without surface 
alterations such as reduction or elimination of corrugation in crusher jaws, which results in the 
production of non-uniform and oversize aggregates in quarries. Mendez et al. (2004) rightly noted 
that Hadfield steel sustains substantial deformation before its workhardening becomes effective, 
due to the low yield strength. 
 
3.3 Wear volumes of experimental samples 

Wear volumes of the hardfacing insert and the Hadfield steel after a wear period of 900 s are 
reported in Table 10. 

 
Table 10: Calculation of wear volume of hardfacing insert and Hadfield steel samples. 

Sample Density (g/cm3) Mass loss (g) Wear volume (cm3) 

Hardfacing insert 7.4100 0.0512 0.0069 

Hadfield steel 7.9824 0.0852 0.0107 

 
Additionally, from Table 10, the wear volume of the hardfacing insert being 0.0069 cm3 is less 

than that of the workhardened Hadfield steel. This can be linked to the fact that the hardfacing 
insert has higher chromium and carbon content than the Hadfield steel; this implies more 
carbides in the microstructure of the insert that offer high resistance to abrasion wear. The wear 
results in Table 10 are supported by Pawar and Utpat (2016), who noted that addition of 
chromium improves hardness; Reddy and Thanusa (2016) found that wear resistance increases 
with increase in the percentage of chromium and carbon content in weld deposits. 
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3.4 Impact energies of the experimental samples  
Results of the average impact energy of the hardfaced insert, low carbon steel substrate and 

Hadfield steel samples are shown in Figure 17. 
 

 
Figure 17: Impact energy of hardfaced insert, low carbon steel and Hadfield steel. 
 

The low impact energy of the hardfaced insert compared to that of the Hadfield steel can be 
attributed to the high chromium content of the hardfacing insert, which diluted the weld interface 
and resulted in low toughness in consonance with the observation of Surian et al. (1994). Also, 
Panchal (2016) noted that chromium is very detrimental to toughness. More so, the high impact 
energy of the low carbon steel substrate compensated for the brittleness of the high alloy 
hardfacing insert, which are usually of known to have low impact energy. 
 
3.5 Performance evaluation of the hardfaced jaws 

Performance evaluation of the hardfaced jaws was carried out with a 0.24 ton/hr capacity 
single toggle jaw crusher. The movable and fixed hardfaced jaws were weighed before crushing 
and positioning in the crushing compartment as shown in Figure 18. Wear behaviour of the 
hardfaced jaws was determined by crushing 400 kg of granite in the jaw crusher as reported in 
Table 11. 

 

 
Figure 18: Hardfaced jaws positioned in the crushing compartment. 
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Table 11: Determination of loss in mass of hardfaced crusher jaws during crushing. 

Components 
Mass of jaw before 
crushing (kg) 

Mass of jaw after crushing 
400 kg of granite (kg) 

Loss in mass (kg) 

Fixed jaw 
subassembly 

12.10 11.80 0.30 

Movable jaw 
subassembly 

28.40 28.30 0.10 

 
The fixed jaw lost more of its mass than the movable jaw. It is a well-known fact that the fixed 

jaw of jaw crushers wear faster than the movable jaw towards the discharge or set were crushing 
is more intense. However, the loss in mass from both jaws was due to the loss of few dot 
hardfacing, which arose due to inadequate buffer thickness along the grooves and insufficient 
dilution of the substrate plate. According to STOODY (2017), dot pattern is applied in areas that 
do not experience heavy abrasion.  Positions of lost dot hardfacings on the surfaces of the 
hardfaced jaws after crushing 400 kg of granite are shown in Figure 19. 

 

 
Figure 19: Movable and fixed jaws showing lost dot hardfacing positions after crushing 400 kg of 
granite. 
 
Given that: Crusher capacity = 0.24 ton/hr = 240 kg/hr = 4 kg/min = 0.0667 kg/s, Quantity of 
stone crushed = 400 kg  
Total mass loss of the fixed and movable jaws subassemblies = 0.4 kg, then,  

Wear rate of the hardfaced jaws =  
0.4 kg × 0.0667 kg/s 

400 kg
= 0. 000067kg/s 

 
3.6 Comparison of the cost of producing hardfaced jaws and Hadfield steel jaws 

Excluding transportation cost, value added tax and contingencies, the cost of producing the 
hardfaced jaws was calculated as $ 168 and the estimated cost of producing the Hadfield steel 
jaws of the same size was $ 787. Hence, the ratio of the cost of producing Hadfield steel jaws to 
that of hardfaced jaws of the same size was determined as 4.7:1. 
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3.7 Comparison between hardfaced jaws and Hadfield steel jaws 
Considering the processes and facilities involved in developing the hardfaced jaws and jaws 

made of Hadfield steel and their methods of replacement or repair, the benefits of the hardfaced 
jaws over the Hadfield steel jaws are listed in Table 12.  

 
Table 12: Benefits of hardfaced jaws over Hadfield steel jaws. 

S/N Hardfaced jaws Hadfield steel jaws 

1 Higher hardness of insert Low hardness compared to the insert 

2 Cost of production is low Cost of production is high 

3 Shorter production steps and time Longer production steps and time 

4 
Requires no special pattern; sticks are 
used to make cavities in sand moulds 

Requires special pattern and input of an 
experienced pattern maker 

5 
Hardfacing insert is user-ready after 
casting 

As cast product requires heat treatment and 
quenching before use 

 
 
CONCLUSIONS 

Hardfacing insert produced with the charge mass ratio of 7:1.5:1.5 resulted in satisfactory 
wear properties, having recorded lower wear volume of 0.0069 cm3, higher hardness of 653 HV, 
compared to the workhardened Hadfield steel which gave wear volume of 0.0107 cm3 and 
hardness of 517 HV. High chromium and carbon content contributed significantly to the wear 
properties of the hardfacing insert. 

Semicircular corrugation was preferred to triangular corrugation because of the lower Von 
Mises stress and displacement of the former. Production of the hardfaced jaws was achieved by 
intermittent manual metal arc welding of the hardfacing inserts to the low carbon steel substrate 
using AWS E6013 Ø3.2 x 320 mm oerlikon electrode. Welding current of 100 A and speed of 120 
mm/min resulted in a hypoeutectoid steel weld interface, showing network of ferrite and pearlite. 
This implied minimal dilution of the low carbon steel substrate. 

When subjected to actual service performance evaluation in a developed laboratory size jaw 
crusher, the combined wear rate of hardfaced jaws was determined as 0. 000067 kg/s.  Wear 
losses occurred mainly along the grooves due to lost dot hardfacing positions, arising from 
inadequate buffer thickness and insufficient dilution of the substrate plate. 

Cost of producing hardfaced jaws was five times cheaper than the estimated cost of producing 
Hadfield steel jaws of the same size; hence, the hardfaced jaws can economically substitute 
Hadfield steel jaws in the mining and mineral processing industries, especially in high abrasion 
and less impact wear applications. 
 
 
RECOMMENDATIONS 
The following suggestions are recommended: 

(a) Intermittent welding should be used when joining hardfacing inserts to substrate; this 
procedure of welding will reduce the bending of the substrate during hardfacing.  

(b) Hardfacing inserts should be used were abrasion wear is high, such as crusher rolls in the 
cement industry, earth-moving machines e.g. excavator buckets in the construction sector 
and mining machineries e.g. mantle and concave of cone crushers. 
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(c) Heat-treated inserts will be a good tool insert for machining soft materials. This is due to 
the presence of Hӓgg carbide, which occurs in tempered tool steels. 
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