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Abstract 

he study on the assessment of waste metals 

chips and its potentials in engineering 

applications was conducted in some selected 

workshops in Maiduguri Metropolitan Council, Borno 

state. The main objectives of this investigate is to 

access waste metal chips for potential engineering 

applications in Nigeria. Interview and observation 

approaches were adopted as an instrument for the 

data collection using a prepared interview guide. The 

results of the study revealed that there are good 

quantities of metal chips generated from various 

workshops in the study area. The majority of the 

metal chips available are mild steel chips, Cast iron 

chips and Aluminium chips whereas Brass chips, 

Copper chips and chips from other metals are rarely 

obtained. The Aluminium chips, Brass chips and 

Copper chips are used in casting operation or are 

rather converted to billet for other uses. The Cast iron 

chips and mild steel chips 

are not recycled despite 

their quantities being 

considerably high. They are 

mainly disposed at refuse 

site or sold to scrap buyers. 

From the findings of this 

investigation, an average of 

4,800 Kg of waste metal 

chips is generated in 

Maiduguri annually. This is 

due to the insurgency that 

bedevilling the state but 

the quantity is far more 

than this before the 

insurgency period of Boko 

haram. If properly harness, 

this chips have potentials 

for use in areas such as: 

production of abrasives 

(sandpaper), grinding 

wheels, and automobile 

brake pads. It is also applied 

as desulfurizer in biogas 

desulfurizer and as 

replacement for row sand 

in concrete development 

among others.   
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Introduction 

etal chips are waste materials removed by grinding, drilling, turning, 

milling, etc. in the machining of metals. The form of the chips produced 

depends completely on the type of metals being machined. Hard and 

brittle metals with low strength are often discarded as small and uneven bits, 

while softer metals or those of higher strength may peel off as coils or ribbons. 

Often very sharp and able to cause minor to serious injuries to all those who handle 

them, it is absolutely essential to remove them immediately before they become 

airborne.  These materials can cause serious health and safety risks for humans, 

fire hazards for properties and even damage to the surrounding environment 

(Bongardt et al, 1997). 

Metals such as Fe, Al, etc. are widely used in manufacturing to produce almost all 

kinds of industrial and consumer products. Each year, a huge amount of metal chip 

solid waste is generated from the manufacturing industry. Current manufacturing 

companies either landfill these wastes or pay a third party to haul them away, 

causing both environmental and economic problems (Qiang and Chris, 2012). 

The quality of our environment is a matter of urgent and serious concern, 

especially now that the consequences of human interventions are already evident. 

Although environment is extremely valuable to people and other organisms living 

in it, it is also endangered due to human activities that are continuously 

deteriorating it. Metals that used to exist in traces in the environment due to 

natural sources have become ubiquitous and hazardous these days due to the 

extreme human/anthropogenic contributions. Many of them are usually 

extracted, purified and processed for industrial use and then released again into 

the environment (Davis, 2006). 

The discarding of waste metal materials has a negative environmental impact and 

is a waste of time and money for the manufacturer of steel or machine parts. Steel 

chips are a by-product of the mechanical working of steel parts in the metal 

industry and their quantity is considerable. For better productivity during metal 

working, the cutting tools are cooled and lubricated with special cooling liquids 

consisting of lubrication, cooling and anticorrosion agents. However, the chips are 

contaminated with these substances and need to be cleaned before any further 

processing (Kurdyukov, et al; 1997). 

The discarding of metallic chips is harmful to the environment, regardless of 

whether they are contaminated or not, and these chips should not end up in 

landfills, thereby losing their potential for reuse. In the near future, the recycling 
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of these chips will actually cost less than disposing of them in a landfill. Nowadays, 

the usage of recycled properties becomes prevalent for the inconsideration of 

effective usage of natural resources and avoidance of environmental pollution so 

as to take care of the very huge amount of metallic chips produced by 

manufacturing industry during machining of metals which are generally evaluated 

as waste material (Mujtaz, et al; 2010). 

Abdullahi, et al; (2018) investigated the produce-ability and mechanical properties 

of porous metal matrix composites by recycling of spheroid cast iron chips (GGG-

40) and bronze chips (CuSn10) by hot isotactic pressing. The metal matrix 

composites were produced with four different CuSn10 contents, three different 

pressures and temperatures and effects of production parameters on porosity, 

hardness, and flexure properties were examined. It was revealed that the metallic 

chips can be recycled by using hot pressing and the mechanical properties of 

produced metal matrix composites were close to mechanical properties of bulk 

CuSn10. XRD and microscopy studies showed that there is no intermetallic 

compounds formation between metallic chips and the chips were consolidated by 

mechanical interlocking. 

Alwaeli, (2016) examined the implementation of scale and steel chips waste as a 
replacement for raw sand in concrete manufacturing. The results obtained 
demonstrate a tendency for the thicknesses of mixed concretes to decrease as the 
mixing ratio of scale and steel chips waste aggregate increases. The data shows 
that concrete mixed with steel chips waste have better strength than ordinary 
concrete, while in the case of concrete mixed with scale waste, an addition of over 
25% brought about a reduction in compressive strength. The lead equivalent 
thickness, measured with scale and steel chips waste concrete slabs, increased 
with an increase in the concentration of scale and steel chips waste. 
Metal chip waste from the manufacturing industries/workshops is significant from 
both economic and environmental perspectives. Recycling these metal chips can 
enhance the economic profit and reduce the environmental impact of the 
manufacturing industry (Qiang, 2012). In view of the above, this investigation 
seeks to assess waste metal chips and its potentials in engineering application: a 
case study of manufacturing industries/workshops in Maiduguri. 
 

Material and method: 

Description of study area 

Maiduguri, also called Yerwa by its locals, is the capital and the largest city of 

Borno State in north-eastern Nigeria. The city sits along the seasonal Ngadda River 

which disappears into the Firki swamps in the areas around Lake Chad. Maiduguri 
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was founded in 1907 as a military outpost by the British and has since grown 

rapidly. Maiduguri is situated at 11.85° North latitude, 13.16° East longitude and 300 

meters elevation above the sea level. It is a very large town in Nigeria, having 

about 1,112,449 inhabitants according to 2006 census (Kagu et al, 2013). 

 

Method of data collection 

According to Cooper (1985), the reliability of information depends largely on the 

method used in collecting the data. For the purpose of this research, the 

descriptive method under qualitative research method was used. This is 

characterized by the use of interview and observation for obtaining first-hand 

information from the respondent.  

 

Instrument used for data collection and sampling 

An interview and observation were adopted as an instrument for the data 

collection. The interviewees were asked verbally in a face-to-face manner in order 

to obtain the desired information using a prepared interview guide. The sample of 

the study was drawn from some selected workshops within Maiduguri.  

 

Results and Discussion 

 

Data analysis 

The results of the study carried out based on: gender, level of education, duration 

of the interviewee in the profession, type of metal chips generated from the 

workshops, the type of metal chips recycled, mode of recycling the metal chips, 

quantity of metal chips produced averagely in a month, the mode disposing non-

recycled metal chips are hereby presented in a tabular form from table 1 to table 

8 accordingly. 

 

Table 1: Gender of Respondents 

Gender No. of interviewee Percentage % 

Male 12 100 

Female 0 0 

Total 12 100 

The table above shows that all the interviewees were male. 
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Table 2: Level of Education 

Level  No. of interviewee Percentage % 

Non-formal 0 0 

Primary 0 0 

‘O’ level 4 33.3 

Technical 5 41.7 

OND/ND 3 25 

Bsc 0 0 

Total 12 100 

The table above shows that 33.3% of the interviewees had ‘O’ level education, 41.7% 

attended technical education, and 25% had OND/ND education. 

 

Table 3: For how long have you being in this profession? 

Duration No. of interviewee Percentage % 

Below 10years 3 25 

10-20years 6 50 

21-30years 2 16.7 

31years and above 1 8.3 

Total 12 100 

 

From the table  above, 25% of the interviewees have being in the profession for 

less than 10years, 50% have 10-20years experience in the profession, 16.7% have 21-

30years experience in the profession and 8.3% have more than 30 years working 

experience in the profession. 

 

Table 4: Type of metal chips obtained from the workshop 

Type of chips No. of interviewee Percentage % 

Mild steel , Aluminium, and cast iron chips 10 83.3 

Aluminum chips only 0 0 

Cast iron chips only 0 0 

Copper and Brass chips  2 16.7 

All of the above 0 0 

Total 12 100 
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From the table above, 83.3% of the interviewees responded that mild steel chips, 

Aluminium chips and cast iron chips are mainly obtained while 16.7% of the 

respondent indicated that copper and Brass chips are also obtained. This shows 

that the chips that are obtain in large quantity are mild steel chips, cast iron chips 

and Aluminium chips. This is due to the fact that most of the automobile parts and 

other machine components are made from these materials. 

 

Table 5:  Which of these metal chips do you recycle? 

 

From the table above, 33.3% of the interviewees responded that they only recycled 

Aluminium chips, Copper chips and Brass chips, 16.7% responded that they only 

recycled Aluminium chips while 50% responded that they recycled none of the 

metal chips. Therefore there is need to devise a mean on how these chips can be 

harnessed for a useful engineering material. 

 

Table 6:  How do you recycle the metal chips? 

Mode of recycling No. of interviewee Percentage % 

Converted to billet 4 33.3 

Use in casting product 8 66.7 

Use for composite 0 0 

All of the above 0 0 

None of the above - - 

Total 12 100 

 

From the table above, 33.3% of the interviewees responded that Aluminium chips, 

Copper chips and Brass chips are converted to billet for further use while 66.7% 

responded that they are used in casting products. 

 

Type of chips No. of 

interviewee 

Percentage 

% 

Mild steel , and cast iron chips 0 0 

Aluminium chips, Copper and Brass chips only 4 33.3 

Aluminium chips only 2 16.7 

None of the above 6 50 

Total 12 100 
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Table 7:  What quantity of metal chips do you produce averagely in a month? 

Type of chips No. of interviewee Percentage % 

10-20kg 0 0 

21-30kg 5 41.7 

31-40kg 6 50 

41-50kg 1 8.3 

50kg and above 0 0 

Total 12 100 

 

From the table above, 41.7% of the interviewees indicated that 21-30 Kg of metal 

chips are produced averagely in a month, 50% responded that 31-40 Kg of the metal 

chips are obtained averagely in a month and 8.3% responded that 41-50 Kg of the 

metal chips are generated averagely in a month. This shows that the quantity of 

the chips generated is a source of concern that requires deliberate attention. 

 

Table 8:  How do you dispose the non-recycle metal chips? 

Type of chips No. of interviewee Percentage % 

Landfilling 3 25 

Dumped at refuse site 3 25 

Sale to scrap buyers (Ajakuta) 6 50 

Total 12 100 

 

From the table above, 25% of the interviewees responded that the metal chips 

were disposed by landfilling pot holes, 25% responded that it is dumped at refuse 

site, and 50% responded that it is sold to scrap buyers (Ajakuta) which shows that 

the metal chips are not properly utilized. 

 

Discussion 

The results of the study revealed potentials of waste metal chips especially of 
Aluminium, cast iron, and mild steel in Maiduguri. These wastes can be converted 
to engineering application through the formulation of metal matrix 
composites/other composites, casting, alloying, or they can be used as additives 
in processing engineering materials. 
According to Laila, et al; (2014), the upgrade recycling of cast-iron scrap chips 
towards β-FeSi2 thermoelectric materials is proposed as an eco-friendly and cost-
effective production process. By using scrap waste from the machining process of 
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cast-iron components, the material cost to fabricate β-FeSi2 is reduced and the 
industrial waste is recycled. The use of cast iron scrap chips to produce β-FeSi2 
thermoelectric materials shows promise as an eco-friendly and cost-effective 
production process for thermoelectric materials such as semiconductors etc. 
Tjokorda, et al; (2014) used the waste of aluminium chips as desulfurizer by using 
galvanic coupling method in Biogas Desulfurizer made from waste of Aluminium 
chips. Hydrogen sulfide (H2S) is found in the biogas as an impurities and is a 
corrosive gas that can corrodes the steel tank of biogas container. Other serious 
problem concerning H2S is, this type of gas is a harmful gas that should be avoided. 
The results of the investigation revealed that the more addition of iron chips in to 
the mixture of aluminium + iron, the more reactive the aluminium as desulfurizer. 
When small amount of iron chips is added (75% Al+25% Fe), the performance 
increase significantly which is above 50% in reducing amount of H2S. 
Onyeneke, et al; (2014) reported that the production and testing of motor vehicle 
brake pad using locally available raw materials is presented. The disc brake friction 
lining with the geometrical specifications of Audi 90 model was produced using 
palm kernel and coconut shell powder as base materials, araldite and epoxy resin 
as binder materials and carbon as fibre reinforcement. Aluminium chips, copper, 
zinc and cashew nut shell were used as abrasives and rubber dusts from shoe as 
filler. From the analysis of the experiment conducted, it was revealed that the co-
efficient of friction of the pad material ranged from 0.4-0.65, scratch hardness of 
80-85, bonding strength of 25-27 Kg/cm2 and wear rate of 0.025mm/min to 
0.06mm/min as compared to the conventional brake pad material that has 
hardness of 80-85, bonding strength of 25-27 Kg/cm2 and wear rate of 0.03-0.08 
mm/min. These results are in agreement with those of asbestos friction materials 
produced. 
Johnson, et al; (2018) reported on the Recycled ceramic composite for automobile 
brake pad application. An asbestos free brake pad was developed from recycled 
clay tiles, epoxy resin/hardener, gum Arabic, graphite, Aluminium chips and 
particulate steel slag using casting method. The Results of the investigation 
revealed that the developed composite brake pads were compared with those of 
the imported brake pads bought in Nigeria. Comparison of results revealed a fair 
suitability of the developed composite for automobile brake pad applications. 
Moreover, the properties of the developed Recycled ceramic composite for 
automobile brake pad application 45 epoxy composite for brake pad application 
can be improved by adoption of combined casting and compaction technique 
prior to full curing of the epoxy used as a binder for other additives in the 
development of the composite brake pad. 
Alwaeli, (2016) investigated the implementation of scale and steel chips waste as 

a replacement for raw sand in concrete manufacturing. Test results of the 

compressive strength indicates that concrete mixed with steel chips waste have 
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better strength than ordinary concrete, while the optimum replacement 

percentage of sand with scale is 25% as the compressive strength of concrete 

containing scale is improved at this replacement level. Further additions of scale 

waste in excess of 25% caused a reduction in compressive strength. 

 

Potential application areas of waste metal chips 

Waste metal chips find application in areas such as: production of abrasives 

(sandpaper), grinding wheels, and automobile brake pads. It is also applied as 

desulfurizer in biogas desulfurizer and as replacement for row sand in concrete 

development among others. 

       Fig. 

1: Aluminium chips on lathe machine.  Fig. 2: Cast iron chips from boring of cylinder 

block 

 

  Fig. 3: 

Dumped metal chips at refuse site  Figure 4: Brass chips 



 

 

 
48 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – ERT 
VOL. 10 NO.5 DEC-2019 ISSN: 1074-4741 

 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

      
Fig. 5: Copper chips  

 Figure 6: Metal chips diluted with lubricant 

 

CONCLUSION 

The study on the assessment of waste metals chips and its potentials was 

conducted. The result revealed that there are good quantities of metal chips 

obtained from various workshops in the study area. The majority of the metal 

chips available are mild steel chips, Cast iron chips and Aluminium chips whereas 

Brass chips and Copper chips are rarely obtained. The Aluminium chips, Brass chips 

and Copper chips are used in casting operations or are converted to billet for other 

uses. The Cast iron chips and mild steel chips are not recycled despite their 

quantities being considerably high. They are mainly disposed at refuse site or sold 

to scrap buyers. These chips can be harnessed to produce composite materials for 

engineering applications or applied in other engineering applications. It can be 

used in the development of brake pads for automobiles, abrasive (sandpaper), 

grinding wheels, desulfurizer in biogas, replacement for row sand in concrete 

development etc. Finally, on the basis of quantity of the waste metal chips 

generated in Maiduguri, the chips have rated in the order as follows; mild steel 

chips > cast iron chips > Aluminium Chips > Copper chips > Brass chips respectively. 
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