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ABSTRACT
This work focuses on the determination of the causes of the frequent failure of the crushing
hammer of the hammer mill and to improve on its lifespan. Failure analysis test based on the
destructive and non destructive tests were conducted on the samples of the failed hammer mill
hammers collected. Samples which were not heat treated were taken as control and different
samples of the specimens which were heat treated, quenched and tempered in different media
were tested to determine the best result. Tensile test, hardness test conducted revealed that the
material lacked the appreciable hardness to withstand the impact force for crushing. The heat
treated materials changed the microstructure and mechanical properties of the material. The
chemical composition test revealed that the material lacked the required percentage composition
of some essential elements for strength and impact enhancement. The main causes of the hammer
wear identified were impact, followed by erosion wear by many fine grains. Improving the
geometric profile; redesigning non-clearance hammer to prevent abrasive sliding and decrease
clearance between the impact granularity and the undersurface may prolong the lifespan. It was
recommended that the addition of 12 manganese and 1.2 percent carbon to steel or alternatively
steel bounded tungsten carbides F3002 which is expensive followed by controlled heat treatment
will help improve the lifespan of the hammer of the hammer mill.
Keywords: Failure, Hammer, Hammer Mills, Tensile, Hardness

INTRODUCTION
Proper selection of the most suitable materials
for different parts of a machine, particularly a
hammer mill is of paramount importance based
on the desired mechanical properties; this is to
enhance efficiency and durability of the
machine. Frequent breakdown of industrial
machines reduces production output and
subsequently reduces income of the company.
This frequent breakdown of the hammer mills
of these three companies aforementioned has
prompted this study. There is an envisaged need
to investigate the causes of this frequent failure
of the hammer mills and a lasting solution to
this problem proffered.
A conventional hammer mill is a device
consisting of a rotating head with free swinging
hammers, which reduce rock, grains or similarly
hard objects to a predetermined size through a
perforated screen (Science-tech Dictionary,
2003). Hammer mills are widely used in the
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agricultural, wood, mining, and chemical
industries.
According to Okpala (1990), majority of
Nigerians
live
in
the
rural
areas.
Anifowoshe (1990) also said that Nigerians are
predominantly engaged in agriculture and
produce grains at constant basis; therefore,
efficient design and manufacture of a hammer
mill are indispensible.
Nigeria is blessed with equatorial (Morgan and
Moss, 1965), Tropical (Clayton, 1958), Guinea
(Jones, 1963), Sudan (Olajire, 1991) and Sahel
(Pande et al., 1993) climatic zones; thus making
her suitable for the profitable cultivation and
production of a wide variety of grains and
tubers (FAOSTAT, 2004). Biewar (1990),
Igbeka and Olumeko (1996), Adejumo and Raji
(2007) said that the farmers rely on ancient and
antiquated methods that are inefficient for
storing the grains and tubers and these lead to
large storage losses due to rodents, damp, fungi
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and natural decay. Dixon et al. (2001) and
Taylor et al. (2006) said that the grains and
tubers in their unprocessed states are bulky,
difficult to transport and fetch very low prices in
the market. Killick (1990) and Umoh (2003)
sees that it is a major cause of poverty amongst
rural farmers. That encourages rural urban
migration (UNEP, 2006). Thus, to guarantee
access to food (Simon et al., 2003) and
(Sanchez et al., 2005), reduce rural-urban
migration
and
encourage
sustainable
development (Barber, 2003) and (Altieri, 2004),
the processing of agricultural products like
grains and tubers or solid minerals like clays
and feldspars into more valuable products by
the use of hammer mills must be encouraged
and fostered.
Conventional hammer mills that are extensively
employed in the processing of solid minerals
and grains suffer from a number of weaknesses
that greatly hamper their productivity,
efficiency and effectiveness. These weaknesses
include the following:
a.

b.

c.
d.

The conventional hammer mill cannot
produce material whose particle size is
less than 400m. For the most commonly
processed solid minerals like kaolin,
dolomite and feldspar, the particle sizes
produced are relatively large and they
cannot be directly used in the
pharmaceutical, paint, textile, tyre,
chemical, paper and glass industries or for
grains as flour to make bread, biscuit and
foo-foo for local consumption (Beintema
and Stads, 2004), and (Eyo, 2008).
The fineness of the particles produced
depend on the hole size of the screen sieve
employed. Large particles can block the
holes of the sieve screen thereby, reducing
the output of the hammer mill.
Milling rates fall rapidly as the moisture
content of the raw material increases.
To maintain the output, the screen sieves
are continuously changed. Hence, it
requires the acquisition of a lot of
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e.

expensive accessories which cannot be
produced locally.
Excessive dust particles are usually
released into the atmosphere where
hammer mills are operating. This
constitutes a health hazard for the human
operators and environmental pollution for
the surrounding plants, animals and
human communities.

The defects and shortcoming of currently used
hammer mills have meant that most hammer
mill operators and owners in Nigeria are
running their businesses at marginal profit
levels. This is because virtually all the hammer
mills being utilized are old designs. These
machines were originally designed and
manufactured in Britain and the United States of
America in the early 1930s (Lynch and
Rowland, 2005). They were brought into
Nigeria by the tin mining companies in Jos and
were copied by local artisans. Since then, there
have been no significant improvements in their
designs or method of operation. The lack of
innovation in the areas of design and operating
principles of hammer mills has constituted the
greatest hindrance facing the growth of solid
minerals and grains processing industries in
Nigeria.
MATERIALS AND METHOD
Materials
The equipment used includes, hardness testing
machine, tensile testing machine, leitz mass
spectrophotometer, high powered metallurgical
microscopic, grinding machine, mounting press,
polishing machine, oxyacetylene gas welding
machine, lathe machine, veneer caliper, hack
saw, sand paper and grinding machine.
Method
Collection of Samples
Sicaro Vegetable Oil Company PLC was used
as the case study for this research work because
the company uses hammer mill for processing
palm kernel and soya bean seed into vegetable
oil and soya bean oil. Scraped hammers were
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Mill Hammers

13

Analysis of Failure and Performance Improvement of Hammer Mill Hammers

collected from the breakdown hammer mill for
failure analysis tests. A total of five samples of
the scraped hammers were collected for the
different failure analysis tests.
Preparation of Specimen for Test
Five samples were collected from the failed
hammer mill hammers (Plate 1).

Sample 5

Sample 1

Plate 1: Samples 1, 2,3,4,5
Two test pieces were cut out to the required
dimension from each of the five hammers
collected for hardness test, microstructural test,
tensile test and chemical composition test.
These were turned with a lathe machine to a
round bar of uniform cross section of 28mm
length and 5mm diameter for the tensile test.
This is shown in Plate2. A total of 10 tensile test
samples were machined.

Sample 2

Sample 3

Plate 2: Tensile test specimens

Sample 4
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Five specimen from each of the hammers were
labeled specimens 1, 2, 3, 4, 5. These specimens
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were untreated that is without heat treatment.
The remaining five specimens were selected and
different heat treatments were done on them.
The specimens were labeled specimen 1a, 2a,
3a, 4a, and 5a respectively (Plate 2).
Specimens Ia was heated to red hot of about
7000C without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
immediately dipped into oil and allowed to cool
(carburized and quenched in oil). The sample
was also heated again but this time not to red
hot of about 4500C and carbon was allowed to
diffuse into the specimen. The sample was
dipped into oil and allowed to cool (carburized
and tempered). Specimen 1a was, therefore,
heated to martensitic temperature, carburized,
and tempered in oil.
Specimen 2a was heated to red hot of about
7000C without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
immediately dipped into water and allowed to
water quench (carburized and quenched in
water). The specimen was also heated again but
this time not to red hot to about 4500C and
carbon was allowed to diffuse into the
specimen. The specimen was dipped into water
and allowed to cool (carburized and tempered).
Specimen 2a was, therefore, heated to
martensitic temperature, carburized, and
tempered in water.
Specimen 3a was heated to red hot of about
7000C without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This sample was
immediately dipped into water and allowed to
water quench (carburized and quenched in
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water). Specimen 3a was, therefore, heated to
martensitic temperature, carburized, and
quenched in water.
Tensile Test
The tensile testing machine used for this test
was the Extensiometer. The diagram of
extensiometer is shown in Plate 3.

Plate 3: Extensiometer
A plain graph sheet was worn round the rotating
drum and held with a masking tape. The
specimen was inserted into the pairs of the
chuck and griped. The mercury which records
the force to zero extension was set to the zero
level. Cursor was attached on the scale to the
zero level. The wheel was rotated to introduce
the force which expands/elongates the
specimen. As the wheel was rotated another
person directed the cursor and which made
marks on the graph following the direction of
the mercury. When the specimen broke, the
rotation was stopped.
The gauge lengths are 28mm and the initial
diameters Di are 5mm. The final diameters after
the breaking force were measured using the
vermier caliper. The extensions were measured
from the graph. This was done by measuring the
length in millimeter using a ruler and dividing
the value measured by 16 which is the
magnification of steel from the tensile graph.
Note that every material has its own
magnification from the tensile test graph.
On the vertical axis of the graph were measured
the values of forces in kilo newton that is 1cm
represents 2000N on the vertical axis. Therefore
each division on the vertical axis represents
200newtons. Assume here that toughness of the
Analysis of Failure and Performance Improvement of Hammer
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material is the total area under a stress strain
curve and that ductility is a measure of the
percentage elongation.
The cross sectional area of the specimen is
calculated as;
Area is calculated as 1  d2
4
Area = 1 x 3.142 x 5x5
4
= 19.6mm2
Chemical Composition Test
Leitz MPV-L Spectrophotometer was used to
determine the chemical composition of the
specimen. Heat was directed to two portions of
the specimen and the chemical properties of
specimen were analyzed by the Leitz MPV-L
Spectrophotometer and the information read on
the computer screen and printed out. Plate 4
shows the Chemical composition test specimen
and Plate 5 shows the Leitz MPV-L
spectrophotometer

Plate 4: Chemical composition test specimen
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Hardness Test
Two specimens each were cut out from each of
the hammers. Five specimens were not heat
treated and taken as a control. Five other
specimens were carried out using the following
heat treatments on them.
Specimen 2a was heated to red hot of about
7000C without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
immediately dipped into oil and allowed to cool
(carburized and quenched in oil).
Specimen 4a was heated to red hot of about
7000C without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
immediately dipped into oil and allowed to cool
(carburized and quenched in oil). The specimen
was also heated again but this time not to red
hot of about 4500C and carbon was allowed to
diffuse into the specimen. The sample was
dipped into oil and allowed to cool (carburized
and tempered). Specimen 4a was, therefore,
heated to martensitic temperature, carburized,
and tempered in oil.
Specimen 3a was heated to red hot 7000C
without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
exposed and allowed to be air cool (carburized
and normalized).

Plate 5: Leitz MPV-L spectrophotometer

Ajuwa, Christopher I., Duru, Augustine Chibuike, Uyaelumuo,
Anthony Emeka

Specimen 5a was heated to red hot (7000C)
without melting it using the heat from
oxyacetylene gas welding machine. The flame
from oxyacetylene gas welding machine was
reduced to generate carbon which is allowed to
diffuse in this specimen. This specimen was
immediately dipped into water and allowed to
cool (carburized and quenched in water). The
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sample was also heated again but this time not
to red hot (4500C) and carbon was allowed to
diffuse into the specimen. The specimen was
dipped into water and allowed to cool
(carburized and tempered). Specimen 5a was,
therefore, heated to martensitic temperature,
carburized, and tempered in oil. Specimen 5a
was quenched in water and tempered.
The Rockwell hardness testing machine (Plate
6) was used for the research. The specimen was
introduced into the anvil of hardness tester and

raised to touch the indenter. A minor load of 10
kg was first applied by pressing the lever, which
causes an initial penetration and holds the
indenter in place. Then, the dial was set to zero
and the major working loads of 100kg tagged
HRB in the conversion table were applied.
Upon removal of the major load, the depth
reading is taken while the minor load is still on.
The hardness number may then be read directly
from the scale on the dial gauge.
Plate 6: Rockwell hardness tester

Plate 6: Rockwell hardness tester

RESULTS AND DISCUSSIONS
Results of Tensile Test
The results for the tensile tests are presented in Tables 1 to 6 and their corresponding graphs are shown
in Figures 1 to 2.
Table 1: Data for specimen 4 (untreated)
Force (N)
Extension (mm)
Stress (N/mm2)
0
0
0
2000
0.625
102.04
5200
1.19
265.3
9100
2.38
464.3
9600
2.13
489.8
10000
3.56
510.2
10600
3.13
540.8
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Strain
0
0.022
0.043
0.085
0.076
0.13
0.11

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS
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Table 2: Data for specimen 5 (untreated)
Force (N)
Extension (mm)
Stress (N/mm2)
0
0
0
2000
0.5
102.04
4000
0.93
204.1
7800
2.25
397.9
8400
1.88
428.6
9200
8.0
469.4
12000
6.25
612.2

Strain
0
0.018
0.033
0.08
0.067
0.29
0.22

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS

Table 3: Data for specimen 3 (untreated)
Force (N)
Extension (mm)
Stress (N/mm2)
0
0
0
2000
0.5
102.04
4000
0.81
204.1
7800
1.88
397.9
8200
1.81
418.3
9000
6.75
459.2
11800
5.63
602

Strain
0
0.018
0.033
0.08
0.067
0.29
0.22

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS

Table 4: Data for specimen 3 (Quenched in water)
Force (N)
Extension (mm)
Stress (N/mm2)
0
0
0
2000
0.31
102.04
4000
0.44
204.1
7000
1.19
357.1
8200
0.94
418.4
10400
5.7
530
11200
5.0
571.4

Strain
0
0.011
0.016
0.043
0.034
0.203
0.18

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS

Table 5: Data for specimen 1 (Quenched in oil and tempered)
Force (N)
Extension (mm)
Stress (N/mm2)
Strain
0
0
0
0
2000
0.5
102.04
0.018
4000
0.88
204.1
0.031
5200
1.6
265.3
0.057
5800
1.3
295.9
0.046
6800
8.3
346.9
0.296
8200
7.5
418.4
0.27

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS

Table 6: Data for specimen 2 (Tempered in water)
Force (N)
Extension (mm)
Stress (N/mm2)
0
0
0
2000
0.38
102.04
4000
0.88
204.1
5600
1.8
285.7
6200
1.3
316.3
6000
4.0
306.1
7000
3.6
451.1

Type of stress
Normal
Normal
Normal
Lower yield stress
Upper yield stress
Breaking stress
UTS
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Strain
0
0.014
0.031
0.064
0.046
0.143
0.13
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14000
12000

Specimen 4 (Untreated)

Force (N)

10000

Specimen 5 (Untreated)

8000

Specimen 3 (Untreated)

6000
4000

Specimen 3 (Quenched in
water)

2000

Specimen 1 (Quenched in
oil and tempered)

0

Specimen 2 (Tempered in
water)
0

2

4

6

8

10

Extension (mm)

Figure 1: Force/extension graph for data values for specimens
700
600

Specimen 4 (Untreated)

Stress (N/mm2)

500

Specimen 5 (Untreated)

400

Specimen 3 (Untreated)

300
200

Specimen 3 (Quenched
in water)

100

Specimen 1 (Quenched
in oil and tempered)

0

Specimen 2 (Tempered
in water)
0

0.1

0.2

0.3

0.4

Strain

Figure 2: Stress/Strain graph for data values for specimens
DISCUSSION OF RESULTS OF TENSILE
TEST
The parameters which are of importance to the
engineer during design construction in the

stress/strain curve are the ultimate tensile
strength, the yield strength, the percentage
elongation and the percentage reduction in area.
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Specimen 4 (untreated) gave the following
values: upper yield stress of 489.8N/mm2, lower
yield stress of 464.3N/mm2, UTS of
540.8N/mm2, ductility (elongation of 12.85%
and percentage reduction in area of 37.7%).
Specimen 5 (untreated) gave the following
values: upper yield stress of 428.6N/mm2, lower
yield stress of 397.9N/mm2, UTS of
612.2N/mm2, ductility (elongation of 28.5% and
percentage reduction in area of 12.1%).
Specimen 3 (untreated) gave the following
values: upper yield stress of 489.8N/mm2, lower
yield stress of 464.3N/mm2, UTS of
602.N/mm2, ductility (elongation of 23.9% and
percentage reduction in area of 12.1%).
Specimen 3 (quenched in water) gave the
following values; upper yield stress of
418.4N/mm2, lower yield stress of 357.1N/mm2,
UTS of 571.4.N/mm2, ductility (elongation of
20.0% and percentage reduction in area of
51.0%).
Specimen 1 (quenched in oil and tempered)
gave the following values: upper yield stress of
295.9N/mm2, lower yield stress of 265.3N/mm2,
UTS of 418.4N/mm2, ductility (elongation of
29.6% and percentage reduction in area of
12.1%).
Specimen 2 (tempered in water) gave the
following values: upper yield stress of
316.3N/mm2, lower yield stress of 285.7N/mm2,
UTS of 415.1N/mm2, ductility (elongation of
15.4% and percentage reduction in area of
35.7%).
It can be inferred here that heat treatment
reduced the UTS, upper yield and lower yield
stress and the ductility of the material. The
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material that gave the highest UTS of
612N/mm2 is specimen 5 (untreated) and the
highest ductility (elongation) 29.6% was given
by specimen 1 (quenched and tempered in oil).
In the experiment conducted by Huang et al.
(2009), the parameters recommended for
hammer material is austenitic manganese steel
presented in Table 3. Table 4 shows that the
required yield stress for hammers material is
394MPa and the UTS is 1229.75MPa. The
elongation (ductility) was given as 50%. These
materials tested did not attain these
recommended values. This means that another
means of strength improvement principle should
be applied that is alloying. The application of a
proper alloy in its correct proportion and
controlled heat treatment will improve the
strength of the material.
Discussion
of
the
Microstructural
Examination Results
The result of the microstructural result indicates
a multiphase internal structure of the material.
This multiphase structure indicates that the
material is made of many elements alloyed
together and this is indicated by the many
colours in the structure. Ferrite indicated by
white and pearlite indicated by black.
The untreated specimen indicated a loose
structure and that shows less hardness of the
materials. The heat treatment helped in reducing
the grain sizes and this is noticed in closeness of
grains of the specimens heat treated. Specimen
4 (quenched in oil and tempered) shows a much
closeness of the grains to the boundaries. There
is, therefore, the precipitation of iron and
manganese carbide, at grain boundaries
followed by the appearance of a new constituent
which extends to the interior of the grain.

The Results of Hardness Test
The results of hardness test presented in Table 1.7 and the corresponding graphs are shown in Figure 3
to 5.
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Table 7: Relationship between Rockwell and Brinell hardness number
Specimen
Rockwell Hardness
Brinell Hardness
number (kg/mm2)
number (kg/mm2)
Specimen 2
70
122.5
Specimen 3
75
132.5
Specimen 4
79
142.5
Specimen 5 quenched in water and tempered
77
137.5
Specimn 4 (quenched in oil and tempered)
73
127.5
Specimen 2 (quenched in oil)
71
122.5
Specimen 3 (air cooled)
69
120

Rockwell Hardness number

Bar chart showing Rockwell Hardness Number against
specimens (untreated)
79

80
78
75

76
74
72
70

Specimen 2

70

Specimen 3

68

Specimen 4

66
64
Specimen 2

Specimen 3

Specimen 4

Specimen (untreated)

Figure: 3: Bar chart showing Rockwell values against specimen (control)

Rockwell Hardness Number

Bar chart showing Rockwell hardness number against specimen Heat
treated
78
76
74
72

Spec 5 tempered in water

70
68

Spec 4 tempered in oil

66

Spec 2 Quenched in oil

64
Spec 5
Spec 4
Spec 2
Air cooled
tempered tempered Quenched
in water
in oil
in oil

Air cooled

Specimen Heat treated

Figure 4: Bar chart showing Rockwell hardness number against specimen Heat treated
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Brinell Hardness Number
(kg/mm2)

DISCUSSION OF HARDNESS TEST
RESULT
The result of the Rockwell hardness test
conducted shows that specimen 4 (untreated)
has the highest Rockwell hardness number of 79
(BHN of 142.5). Heat treatment reduced and the
affected the hardness of the materials. Specimen
3 (air cooled) has the least Rockwell hardness
number of 69 (BHN of 120). This shows that
the samples tested lacked the appreciable
hardness for crushing. As stated by Huang et al.
(2009), the recommended Brinell hardness

number for hammer mill hammers is BHN of
600.
Therefore, the hammers tested should be
hardened to improve their hardness by alloying.
Alloying will reduce the shock resistance and
enhance abrasive (or wear) resistance. Heat
treatment changes the internal structure,
microstructure, with the resultant change in
physical,
mechanical
or
metallurgical
properties.

145
140
135
Brinell Hardness number
(kg/mm2) Untreated

130
125

Brinell Hardness number
(kg/mm2) Heat Treated

120
115
65

70

75

80

Rockwell Hardness Number (kg/mm2)

Figure 5: Relationship between Rockwell and Brinell hardness number for untreated specimens
and heat treated specimens
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Chemical Composition Result
The result of the chemical composition test is shown in Table 8.
Table 8: Chemical composition test result

Discussion of the Result of Chemical
Composition Test
The chemical composition result indicates that
hammer mill materials are composed of the
following elements essential components:
Iron, Fe = 97.9%
Carbon, C = 0.606%
Manganese Mn = 0.587%
Nickel, Ni = 0.061%
Silicon, Si = 0.275%
Chromium, Cr = 0.025%
From Table 1 it shows that the material is
composed of a high carbon steel of low carbon
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content. The range of carbon content for high
carbon steel indicated is between 0.55-1.8% C.
A study conducted by Fadhula et al (2007)
reported that the best material for the hammer
mill hammers is austenite manganese steel of
the compositions see Table 2.3.
Iron, Fe = 81.96%
Carbon, C = 1.059%
Manganese Mn = 11.34%
Nickel, Ni = 0.1366%
Silicon, Si = 0.3694%
Chromium, Cr = 0.1366%
Analysis of Failure and Performance Improvement of Hammer
Mill Hammers
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The hammer mill hammers, therefore, need to
be alloyed to attain the compositions of austenic
manganese steel recommended by Huang et al.
(2009), for hammer mill materials. There should
be controlled heat treatment so that the
formation of austenite begins by the
precipitation of iron and manganese carbide at
the grain boundaries.
CONCLUSION
This work ‘Analysis of Failure and Performance
Improvement of Hammer Mill Hammers’
involved testing the mechanical properties of
the material using the destructive and non
destructive tests. The results of the different
tests conducted revealed that sample was made
with inferior or substandard material.
From Table 3, specimen 5 (untreated) has the
highest UTS of 612.2N/mm2 than the other
untreated specimens and heat treated specimens.
This shows that though the specimens were
made of the same materials but there were
dislocations during the production processes
since the materials were supposed to have the
same results in UTS, yield strength and
ductility. Specimen 1 (tempered in oil) has the
highest ductility and percentage elongation of
29.6%. Specimen 4 (untreated) has the highest
Rockwell hardness number of 79.
This shows that the hammers were made with
substandard material and therefore, lacked the
required
mechanical
properties.
The
recommended material used for the manufacture
of modern hammer mill hammers is the
austenitic manganese steel (ZGMn13-4) which
is a type of wear resistance material. The Brinell
hardness number is about HB600 and the
elongation is about 50% based on the tensile test
result. The unique properties of Hadfield’s
austenitic manganese steel with composition
1.2% carbon and 12-14% manganese are high
strength and high toughness, resistance to wear
and heavy impact loading that makes the steel
very useful in various applications as rail road,
grinding mill liners, crusher jaws and cones,
impact hammer and even bullet proof helmets
(Frank, 1986).
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A standard industrial practice to strengthen
Hadfield’s austenitic manganese steel is by
solution annealing which is to heat-treat the
material at 1000-10900C for up to 1 hour
followed by a water quench (Taylor, 1986) and
(Sant and Smith, 1985). This partial
decomposition of austenite depends on the time
and temperature of the tempering condition.
RECOMMENDATION
Based on the observations made in the research,
the following measures which will improve the
performance improvement of the hammer mill
hammers are recommended:
Hammer mill hammer material should be made
of high strength, high toughness, resistance to
wear and heavy impact loading that will nullify
the impact failure and erosive wear.
To avoid hammer abrasion and erosion, we can
design non-clearance hammers, and decrease
the clearance between the impact granularity
and the bottom surface of hammers.
Austenitic manganese steel of composition
1.2% carbon and 12-14% manganese should be
recommended for the manufacture of hammer
mill hammers. This is because this material has
the desirable mechanical properties require for a
crushing hammer.
Adequate and controlled heat treatment should
be applied to cause the solid solution of the iron
and manganese carbide to be precipitated in the
grain boundaries of the pure austenite.
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