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Abstract 
Manufacturing companies have to continuously look for ways to innovate, derive business opportunities and make 
better use of their waste streams. The value intensification for waste is a grand challenge facing many companies 
especially the steel making industry. The aim of this research was to investigate and derive new value from furnace 
slag that is produced by steel companies and currently considered as waste material. The research explored 
possible uses of cupola furnace slag that is produced as waste in the production of steel in cupola furnaces. After 
extensive literature review and chemical analysis of the waste material a hypothesis was developed that the use 
of powdered cupola furnace slag as a solid lubricant in machining processes could help improve machining 
performance and reduce the use and cost of oil-based cutting fluids. To test the hypothesis drilling experiments 
were undertaken. The results showed that cupola furnace slag is a possible effective lubricant in the cutting of 
steel as it both lubricates and inhibits heat diffusion and hence improves machining and manufacturing 
performance.  These findings are important for the steel industry since this presents an opportunity for revenue 
generation as well as reducing cost of waste disposal and improving environmental credentials. This also opens 
new opportunities for the academic community to examine the surface industry aspects and to develop 
sustainability metrics for such waste stream utilisation. 
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1. Introduction and Challenge Definition 

The process that produces pig iron and cast iron also produces secondary raw materials and industrial wastes. 
Furnace slag is a secondary product produced in large quantities in these processes. Two types of slags are 
commonly produced and are named according to the type of furnace used: Blast furnace slag and Cupola furnace 
slag. Each of the two is created from melting of veinstone parts of metal bearing materials, slag forming additives 
and coke ash. Generally, slag is made up of compounds of metallic and non-metallic oxides elements which form 
chemical compounds and solutions with each other and also comprise of small quantities of metals, sulphides of 
metals and gases. The utilisation of the slag in different fields of industry heavily depends on the chemical, 
mineralogical and physical properties of slag. Chemical similarity of blast to cupola furnace slag has resulted in 
studies focusing on the potential of utilization of cupola furnace slag in the production of concrete (Baricov, 
Pribulov et al. 2010).  
 
Two companies in Zimbabwe, Midland Metals (Gweru) and Craster International (Harare) both manufacture steel 
products from scrap metal. The range of products that is common to the two is grinding media, manhole covers, 
ploughs and mining spares. Raw material is mostly scrap metal and the main processes carried out are scrap 
processing, mould making, casting, fettling (if necessary) and machining. Their common furnace is the cupola 
furnace. The main challenge that the companies are facing now is how to dispose of the cupola furnace slag. The 
production of the cupola furnace slag as waste is up to about two tonnes daily. They both have slag heaps at their 
properties such as one shown in Figure 1.  Midlands Metals uses some of its city council’s land too to dispose of 
the cupola furnace slag. 
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Figure 1: Slag heap at Craster International 

Both companies have the cupola furnace slag as an industrial waste and are now looking into making it a secondary 
raw material instead. Samples of the cupola furnace slag were collected from both companies and tested. A non-
destructive analytical technique was used to determine the elemental composition of the materials. This was done 
at Peacocke & Simpson, a company leading in the minerals processing industry, in Harare. The samples are shown 
in Figures 2 (a) and (b). 

          
(a)                                            (b) 

Figure 2: Slag samples for analysis from (a) Craster International Sample and (b) Midlands Metal sample 

2.  Literature Review 
2.1  Use of Ground Granulated Blast Furnace Slag in Concrete 
Ground granulated blast furnace slag is produced using blast furnace slag. At the furnace exit liquid blast furnace 
slag is rapidly cooled in a water pool, or with powerful and effective water jets, it forms a fine, granular,  non-
crystalline, shiny  granulated slag (Hwang, Lin 1986). Ground granulated blast furnace slag is mostly used in 
concrete making by either fully or partly substituting Portland cement. Shi and others pointed out that using ground 
granulated blast furnace slag as a fractional substitution of normal Portland cement enhances the strength and 
durability of cement through the formation of a denser medium and in that way extending the life of concrete 
structures (Shi, Qian 2000). Benefits of using ground granulated blast furnace slag in concrete are that: 

• Concrete containing ground granulated blast furnace slag maybe used at elevated temperatures 
(Siddique, Kaur 2012). 

• Concrete from ground granulated blast furnace slag and metakaolin as cement replacement materials 
have enhanced microstructure and durability (Duan, Shui et al. 2013).  

2.2  Comparison of The Cupola Furnace to Blast Furnace Slag  
Cupola furnace and blast furnace slag are similar in their chemical composition, properties and nature. Their 
chemical compositions show the same basic oxide components as seen in Table 1.  
 
Table 1: Range of chemical composition cupola furnace slag and blast furnace slag (Baricov, Pribulov et al. 2010) 

 CaO [%] SiO2 [%] Al2O3 
[%] 

MgO [%] MnO [%] FeO [%] 

CUPOLA FURNACE 
SLAG 

20-50 25-55 5.0-20 0.5-30 1.0-4.0 1.0-15 

BLAST FURNACE 
SLAG 

36-50 30-42 7.0-18 2.0-12 0.4-1.1 0.4-1.1 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 1487



The chemical properties and characteristics of cupola furnace slag for the most part depend on the properties of 
raw materials that are utilized, specific procedures, temperature, time of thermal treatment. Subsequently, the use, 
treatment and discarding techniques similarly rely on these properties (Ladomersk, Janotka et al. 2016). The 
physical characteristics of these slags are mostly due to the manner in which the molten slag is cooled and allowed 
to set. Dependent on the way the slag is cooled, decreased or increased crystallization of specific structural 
constituents happens. The subsequent proportion of crystalline and glassy phases is what influences their ability 
to be ground. Their mineralogical structure and size of crystal stones impacts its strength and resistance to 
abrasion.  Spilling gases cause porosity that reduces when cooling, however, it affects the strength. These two 
kinds of slag are not utilised in metallurgic production so it becomes necessary to modify them, if need be, and 
utilize them outside the metallurgic processing (Baricov, Pribulov et al. 2010). 

2.3  Use of Cupola Furnace Slag in Concrete Making 
In numerous foundries in different countries the need for the use of cupola furnace slag is expanding  (Ladomersk, 
Janotka et al. 2016). This underscores the necessity to determine ways in which cupola furnace slag can be utilised. 
Since the chemical composition of cupola and blast furnace slags is similar to some extend research was carried 
out to see if cupola furnace slag can also be utilised in concrete making. It has been successfully used as aggregate 
mix of cupola furnace slag and blast furnace slag (Baricov, Pribulov et al. 2010) and to partially replace ordinary 
Portland cement in concrete making (Alabi, Afolayan 2013). 
 

2.4 Other Possible Uses of Cupola Furnace Slag 
2.4.1 Application of foundry slag for metal cutting - performance as a diffusion inhibitor  
Research was carried out on the possible uses of cupola furnace slag in metal cutting (Uehara, Sakurai 1996). A 
particular oxide contained in the matrix of calcium deoxidized steel was described to intensify the machinability 
of the steel in high speed cutting when carbide cutting tool was utilized. The oxide film adhered on the rake face 
of cutting tool and its main constituent is gehlenite. It was suggested that gehlenite or comparable compounds acts 
as heat diffusion inhibitor at the tool-chip interface in machining steel. Gehlenite can be manufactured from three 
components, namely Al2O3, SiO2 and CaO (Bouhifd, Gruener et al. 2002). It can be inferred that the slag collected 
from cupola furnaces is close to gehlenite. The nature of the slag exhausted from cupola was analysed and the 
possibility to use it for steel cutting was examined. The conclusions were as follows: 

i. The chemical composition of the slag is close to being identical to the gehlenite and its characteristics 
resemble those of the gehlenite in metal cutting. 

ii. Adding slag powder in intervals during steel cutting reduces the crater wear when type K carbide tool is 
used. 

iii. Feeding of slag powder in intervals during steel cutting reduces the flank wear and cutting force when 
type P carbide tool is used.  

iv. The slag can be utilised as an alternative for gehlenite. Especially, the utilisation of the slag in interval 
high speed steel cutting with type K carbide tool will have a useful significance. 

2.4.2 Use of cupola furnace slag in the manufacture of zsm-5 and na-a zeolites 
Zeolite in its natural state is a good water filter. It performs better than sand and carbon filters, resulting in cleaner 
water and higher output rates with less maintenance requirements. It can be utilised without any modifications.  
An examination was done on creation of Na-A sort zeolites from two industrial wastes (Anuwattana, 
Khummongkol 2009). The outcome demonstrated that fused sodium aluminosilicate may be effectively changed 
over into Na-A zeolite. The ideal precursor is the mixing with treated cupola furnace slag. In another research 
ZSM-5 type zeolites were prepared from cupola slag waste using both conventional hydrothermal and microwave 
syntheses at 130–200oC (Anuwattana, Khummongkol 2009). The possible quantity of cupola slag which can be 
used in the commercially manufacture of ZSM-5 by both the conventional and the microwave treatments is critical 
from a perspective of its reuse and the environmental impact.  

2.5 Selection of The Most Probable Use of Cupola Furnace Slag 
From all these possible uses of the cupola furnace slag both companies and the researcher were interested in its 
use in metal cutting. What mostly attracted both companies to that possibility is the fact that it is used as is or with 
minimal modification.  

• Craster International is composed of two main sections: the foundry and the machine shop. So, this 
possibility brought to them immediate use that rids them of the industrial waste and bringing savings to 
them by extending the life of their tools and no longer buying soluble oil for use as lubricant.  

• For Midlands metals the composition of their slag and that of gehlenite are even closer related, so this 
possibility is the closest to reality for them. Further looking into possible commercialisation of what has 
been waste for them made this very exciting for the company. 
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• For the researcher waste utilisation became the immediate attraction. Management of waste falls under 
environmental sustainability. Minimising waste is one of the most productive ways to attaining greener 
manufacturing. Many other challenges are considered as waste in these fabrication businesses too for 
example lack of efficiency in energy and water utilisation, toxic gaseous emissions and the carbon 
footprint. All these negatively impact environmental sustainability significantly (Latif, Gopalakrishnan 
et al. 2017). 

With all this in mind experiments were set up to evaluate the effect of the two types of slag in drilling. 

2.6 Comparison of Gehlenite To the Cupola Furnace Slag Samples 
Gehlenite is a mineral of the melilite group. It is an amorphous material that is generally transparent to translucent. 
Its chemical composition comprises of Aluminium, Calcium, Silicon and Oxygen. The chemical formula is 
Ca2Al(AlSi)O7 and the molecular weight = 274.20u.  Gehlenite can be made artificially from three elements: 
Al2O3, SiO2 and CaO (Bouhifd, Gruener et al. 2002). The percentage chemical composition as elements and as 
oxides is in Table 2: (Mineralienatlas 2017). Figure 3 shows a yellowish-brown anhedral gehlenite associated with 
black magnetite and white wollastonite (Lafuente, Downs et al. 2015).  

Table 2: Element and Oxide composition of Gehlenite as a percentage 
Element Composition (%) Oxide Composition (%) 
Calcium 29.24 CaO 40.90 

Aluminium  19.68 Al2O3 37.20 
Silicon 10.24 SiO2 21.90 
Oxygen 40.84   
Total 100.00 Total 100.00 

 

 
Figure 3: Gehlenite (Lafuente, Downs et al. 2015) 

 
In order to determine the chemical compositions of the two samples of cupola furnace slag X-ray fluorescence 
was used. This test is the emission of distinctive (or fluorescent) X-rays from a material that has been excited by 
bombarding with high-energy X-rays or gamma rays.  The results are shown in Table 3.  
 
Table 3: Sample compositions of slag from two different foundries 

 Craster International 
Sample 

Midlands Metal 
Sample 

Element Percentage (%) Percentage (%) 
Chromium (Cr) 0.537 1.375 
(Iron) Fe 2.423 5.257 
Aluminium (Al) 8.044 13.187 
Magnesium (Mg) 9.200 4.602 
Silicon (Si) 15.309 19.378 
Calcium (Ca) 14.273 6.747 
Manganese (Mn) 1.255 5.803 
Nickel (Ni) 0.003 0.014 

Balance Composition is Oxygen 
 
Of greatest interest in both samples is the presence of the three elements Silicon, Aluminium and Calcium. These 
are the three that can be used to produce Gehlenite artificially. In the Craster International sample the highest 
element percentage are Silicon, Calcium, Magnesium and Aluminium. In the Midlands Metals sample has highest 
percentage of elements in Silicon, Aluminium and Calcium.  This indicates that these samples are chemically 
related to Gehlenite. In their experiments (Uehara, Sakurai 1996), Gehlenite and similar compounds were 
observed to attach themselves to the rake face of the cutting tool thereby acting as a heat diffusion inhibitor at the 
tool-chip interface. From the chemical compositions shown in Tables 2 and 3, the two cupola furnace slag samples 
are similar to Gehlenite. Their colour as can be seen in Figures 2 and 3 suggests the presence of Carbon. Carbon 
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is known to reduce the coefficient of friction, an important property in metal cutting and in particular in drilling 
where the chips produced have to be pushed up and out of the borehole. These motivated experiments being 
carried out to determine if any of the two cupola furnace slag samples or both maybe used as solid lubricants 
(through heat inhibition and reduction of friction) in the cutting of steel. 
 

3. Experiments to Evaluate Cupola Furnace Slags to Act as Lubricants in Steel Cutting 
Two identical sets of five experiments were carried out in the machine shop. In all the experiments the only 
variable was the lubricant. Each lubricant was used twice, once in each set. The tool readings were done before 
and after the experiments in the workshops.  

3.1  Materials and Methods 
Materials used in the experiments are explained in this section. 19%Si,13%Al,7%Ca Slag, 15%Si,8%Al,14%Ca 
Slag, Soluble oil, Vaseline that was mixed with the powders to form pastes and were used as lubricants. Soluble 
oil that is used at Craster International is called Almaredge BI and is supplied by Castrol.  It was used in the 
drilling tests to serve as the control experiment. The slag rocks were ground into fine powders as shown in Figure 
4. 
 

                 
   (a)            (b) 

Figure 4: Slag samples ground into powder (a) 15%Si,8%Al,14%Ca Slag (b) 19%Si,13%Al,7%Ca Slag 
 
A steel sieve, shown in Figure 5, was used to determine the particle size of the powders. It is a mesh size 16 using 
the Tyler Mesh Size system meaning that it has 1 mm openings. This was used in order to identify the size of 
particles used. This opens opportunities of growing the experiment by using different sizes of powder particles. 
 

 
Figure 5: the #16 mesh size sieve that was used 

 
Starch paste or Vaseline were suggested in the experiments by (Uehara, Sakurai 1996) to be used in some of the 
experiments to be mixed with the slag powders forming slag pastes. This was also done in this experiment to test 
the lubrication abilities when mixed with Vaseline so that, if equally good, the paste maybe used in minimum 
quantity in some processes where it is inconvenient to use powder lubricants. In both cases 150ml of Vaseline 
was mixed with 75 g of each slag powder. Figure 6 shows the amount of 19%Si,13%Al,7%Ca slag powder used 
being weighed. The appearance of the paste is what determined the quantities used. The active ingredient should 
still have been the slag but in a form of a paste then, meaning that the powder needed to dominate the paste. Figure 
7 shows the pastes. 
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Figure 6:    (a) Initial reading before the slag is added   (b) weight of the slag shown 
 

                   
Figure 7: (a) 19%Si,13%Al,7%Ca slag paste   (b) 15%Si,8%Al,14%Ca slag paste 
 
Five identical drill bits (DO0630 A100 Dormer Jobber Drill) were used, one used twice in the experiments. Figure 
8 (a) shows the drill bits before use, (b) and (c) is showing one of the drill bits having its full length measured. 
They are made of High Speed Steel material and do not have any form of coating that might assist with lubrication 
as is the norm in other types of drill bits. Each has the full length of 152.2mm, flute length of 100mm, diameter 
of 13mm, point angle of 118o, and a helix angle of 30o. The HSS were chosen due to their lower cost per drill 
since cost reduction is a major goal in the industrial environment and companies that took part in the study. 
 
 

     
(a)    (b)     (c) 

Figure 8:(a)13mm high speed steel drill bits (b) full length of the drill bit                 (c) full length of 152.2mm
  

Holes were drilled into a 30mm thick boiler plate steel (BS 1501-151 Grade A) bar shown in Figure 9. The length 
and width of the component was 2000 mm by 300 mm. 
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Figure 9: The steel bar mounted on the drilling machine 

 
The machine used is a Radial Drilling Machine called Drummond – Asquith, Machine No. P24029. 
 

       
  (a)   (b)    (c) 
Figure 10: Drilling processes (a) using the soluble oil (b) using slags in powder form (c) using slag pastes 
 
Figure 10 shows how the experiments were carried out. Each drill bit drilled a total of 40 holes with drill bit 
diameter readings being taken after the first set of 20 holes each and after the total 40 holes. The spindle speed 
used for all the experiments was 250 rev/min and a feed rate of 0.21 mm/rev. The control experiments were carried 
out using soluble oil as the lubricant. The drilling was continuous and the liquid was continuously poured into 
each hole as it was being drilled down. The drilling was also continuous when using powder lubricants with the 
powder continuously being pushed down into each hole as it was being drilled down. The other two sets of 
experiments utilised the 19%Si,13%Al,7%Ca slag paste and 15%Si,8%Al,14%Ca slag paste. At the start of the 
first hole the paste was applied on the drill bit, as the drilling continued the drill bit was periodically pulled out 
and the paste pushed into the hole and drilling continues until the hole was fully drilled. The nature of the paste 
required that peck drilling be the type of drilling of choice. The drill bits were each labelled after its first 20 holes. 
These are seen in Figure 11. 

 
Figure 11: labelled drill bits 
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The drill diameters were measured before and after the experiments.  
 
In addition to checking the diameters after the experiments it was crucial too to check if there were any chipping 
on the drill bits. An Optical Profile Projector shown in Figure 12 was used to check for any chipping on the drill 
bits.  

 
Figure 12: The Optical Profile Projector used in checking for any cracks. 

3.2  Results and Discussions 
3.2.1 Results 
All the holes that were drilled are shown in Figure 14 (a). Figure 14(b) shows the entry side and Figure 14 (c) 
shows the exit side. 

 
Figure 13 (a): all the 200 holes that were drilled in all the experiments 

 

 
Figure 13 (b): Holes drilled – the entry side 
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Figure 13 (c): Holes drilled – the exit side 

As can be seen in Figure 13(c) the drilling process produced minimal to no burr at all. Entry and exit diameters of 
three random holes per lubricant were measured using a T-gauge as shown in Figures 14 (a), (b). All the measured 
holes had a diameter of 12 mm. Figure 14 (c) and (d) show that the measured holes being 13mm in diameter. 

          
      (a)    (b)    (c)    (d) 

Figure 14: A T-gauge was used to check the diameter of holes confirming diameters of 13mm each 
 
 
Drill bits diameter readings before and after the experiments are shown in Tables 4 (a) – (d).  
 

Table 4 (a): Drill bit diameter readings before the experiments 
Drill 
bit 

First reading 
(mm) 

Second 
reading (mm) 

Third reading 
(mm) 

1 13.000 13.000 13.000 
2 13.000 13.000 13.000 
3 13.000 13.000 13.000 
4 13.000 13.000 13.000 
5 13.000 13.000 13.000 

 
Now with labelled drill bits: 
 
Table 4 (b): Drill bit diameter readings after the first 20 holes on each drill bit 

Corresponding lubricant used on the 
drill bit 

First reading (mm) Second reading (mm) Third reading (mm) 
After 20 

holes 
After 40 

holes 
After 20 

holes 
After 40 

holes 
After 20 

holes 
After 40 

holes 
Soluble oil 12.990 12.980 12.990 12.980 12.990 12.980 

19%Si,13%Al,7%Ca Slag Powder 13.000 12.990 13.000 12.990 13.000 12.990 
19%Si,13%Al,7%Ca Slag Paste 12.990 12.990 12.990 12.990 12.990 12.990 

15%Si,8%Al,14%Ca Slag Powder 12.980 12.930 12.980 12.930 12.980 12.930 

15%Si,8%Al,14%Ca Slag Paste 12.985 12.930 12.985 12.930 12.985 12.930 
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Table 4 (c): Entry and exit diameter readings on three random holes per lubricant after 40 holes 
Corresponding lubricant used on the 

holes 
First reading (mm) Second reading (mm) Third reading (mm) 

Entry Exit Entry Exit Entry Exit 

Soluble oil 13.000 13.000 13.000 13.000 13.000 13.000 
19%Si,13%Al,7%Ca Slag Powder 13.000 13.000 13.000 13.000 13.000 13.000 
19%Si,13%Al,7%Ca Slag Paste 13.000 13.000 13.000 13.000 13.000 13.000 

15%Si,8%Al,14%Ca Slag Powder 13.000 13.000 13.000 13.000 13.000 13.000 
15%Si,8%Al,14%Ca Slag Paste 13.000 13.000 13.000 13.000 13.000 13.000 

 
Table 4 (d): Drill bit average diameter measurements and corresponding average hole diameters 

Lubricant used Average initial drill bit 
measurement (mm) 

Average final drill bit 
measurement (mm) 

Corresponding holes average 
diameter (mm) 

After 20 
holes 

After 40 
holes 

Soluble oil 13.000 12.990 12.980 13.000 
19%Si,13%Al,7%Ca Slag Powder 13.000 13.000 12.990 13.000 
19%Si,13%Al,7%Ca Slag Paste 13.000 12.990 12.990 13.000 

15%Si,8%Al,14%Ca Slag Powder 13.000 12.980 12.930 13.000 
15%Si,8%Al,14%Ca Slag Paste 13.000 12.985 12.930 13.000 

 
These changes are clearly shown in Figure 15.  
 

 
Figure 15 Changes in drill bit diameter 

 
The slag that has 13% Al outperformed the slag that has 8% Al in both states as a powder and as a paste. Since 
these elements exist as oxides in the slag it means that the better performing slag has higher quantities of Al2O3 
in it. This tallies well with the use of Al2O3 in tool coatings. The coating used on tools is a layer that is about few 
micrometres thick consisting of hard, anti-friction, chemically inert and thermal isolating materials. Therefore, 
coated tools perform better under mechanical and thermal loads, reduce friction and improve resistance to wear 
in a wider range of cutting temperature when compared to the tools that are not coated(Bouzakis, et al. 2012). 
Al2O3 has exceptional chemical stability and in coating brings in high temperature resistance, high hot hardness 
and wear resistance. In temperatures higher than 800oC, Al2O3 in coating gives the best hot hardness. Its resistance 
to oxidation is high due to its chemical inertness together with electrical insulation(Bobzin 2017).  A higher Al2O3 
content at the tool-workpiece material interface improves tooling performance. 
 
After the drilling of 40 holes each drill bit experienced some level flank wear, some more than others. Figure 16 
shows labelled drill bits at close range compared to a brand-new drill bit. In the figure all the drill bits are showing 
minimal flank wear with the drill bit that used 19%Si,13%Al,7%Ca slag powder as its lubricant being the least 
affected. The ones that used Soluble oil and 19%Si,13%Al,7%Ca slag paste are comparable and are the next to 
be least affected. The two that used 15%Si,8%Al,14%Ca slag powder and paste were the worst affected. 

12.88 12.9 12.92 12.94 12.96 12.98 13

Soluble oil

19%Si,13%Al,7%Ca Slag Powder

19%Si,13%Al,7%Ca Slag Paste

15%Si,8%Al,14%Ca Slag Powder

15%Si,8%Al,14%Ca Slag Paste

Changes in drill bit diameters per lubricant 

Average final drill bit diameter after 40 holes (mm)

Average final drill bit diameter after 20 holes (mm)

Average initial drill bit diameter (mm)
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Figure 16: Used drill bits at close range being compared to a brand new one 

 
Figure 17 shows the used drill bits at an aerial view again being compared to a brand-new drill bit. 

 
Figure 17: Aerial view of the used drill plus the brand new one 

 
From the aerial view the flank wear is clearer. All the drill bits have worn out visibly with the one that used soluble 
oil for its lubricant showing the least effect.  

3.2.2 Discussion of Results 
The results above can be then explained as follows: 

1. From the Optical Profile Projector as can be seen in Figure all the drill bits were not fractured during the 
drilling processes.  

2. All the holes that were drilled were 13 mm in diameter. This shows that all the drilling processes were 
fairly effective. 

3. The change in diameters of drill bits after 20 holes each prove that generally all the powders and pastes 
perform well as lubricants since the differences in the final drill bit measurements are all comparable to the 
final measurement of the control drill bit. However, after 40 holes each the performance of the 
15%Si,8%Al,14%Ca slag both as a powder and as a paste drops considerably as the 2 drill bit diameters 
decrease by a much larger margin.  Both 19%Si,13%Al,7%Ca slag paste and powder out performed soluble 
oil in drilling 40 holes. At 40 holes drilling the temperature build up becomes more increased and the results 
suggest that the use of this slags appears to produce better results in prolonged drilling tests and hence more 
adverse cutting conditions. 

4. The addition of Vaseline reduced the lubrication properties of the 19%Si,13%Al,7%Ca slag, while it 
improved the properties of 15%Si,8%Al,14%Ca slag powder after 20 holes per drill bit and showed on 
effect on the latter set of 20 holes per drill bit. This implies that addition of Vaseline has little consequences 
on the properties of the slag powders. In cases where it is impossible to use a powder lubricant, then 
Vaseline maybe be added to produce pastes. 
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4.  Conclusion and Recommendations 
4.1 Conclusions 
As noted at the beginning the purpose of this research was to identify ways in which two foundry companies in 
Zimbabwe can utilise the cupola furnace slag that is currently produced as waste. This research showed that cupola 
furnace slag may be used 

i.  in concrete making as partial replacement of blast furnace slag as aggregate and as partial replacement 
of Portland cement as well 

ii. in the production of Na-A and ZSM-5 types Zeolites  

A further experiment into the research then showed that the 19%Si,13%Al,7%Ca slag may be used as a lubricant 
in steel cutting. It is effective in drilling and outperformed oil-based cutting fluid when more boreholes are drilled. 
This can be attributed to its ability to acts as a diffusion inhibitor and elongate the tool life. Looking at Table 4.6, 
the 19%Si,13%Al,7%Ca slag had Aluminium and Silicon as the elements with the highest content. This makes 
its properties closer to those of Gehlenite than the 15%Si,8%Al,14%Ca slag properties. This explains the better 
performance of 19%Si,13%Al,7%Ca slag than 15%Si,8%Al,14%Ca slag as a lubricant in steel cutting. Gehlenite 
had already showed that it can be used as a lubricant in steel cutting in earlier research. The selection of slag that 
has a high aluminium and silicon content will help in its use as a cutting tool. It is also noted that both elements 
are key constituents of coatings for cutting tools. 

4.2 Recommendations 
The use of Cupola furnace slag in Steel cutting is the easiest of the three suggestions that came out of the research. 
Most importantly it is because it can be used as a powder lubricant directly from their landfills with minimum 
post processing. The only process that is required is grinding it to a powder form. The research can be taken further 
by: 

1. carrying more drilling tests and testing the application to other materials and cutting processes.  
2. grinding the powders to different sizes and evaluate the optimum size of powders for improved 

machining performance. 
3. use of another waste stream material as an alternative to Vaseline. 
4. checking the composition of the fumes that are produced while using pastes to find out if they affect the 

operator. 

All these will help the environment by utilising cupola furnace slag which is currently just being disposed of as 
waste in landfills. The companies will benefit by not spending any more on buying soluble oils as lubricants and 
hence improving their economic and environmental sustainability 
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