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ABSTRACT: This study investigated the 

development and performance evaluation of an eco-

friendly vegetable oil-based cutting fluid derived 

from Balanites aegyptiaca (desert date seed oil, 

DDSO) as a sustainable alternative to conventional 

mineral oil-based cutting fluids in machining mild 

steel. Desert date seed oil was extracted, 

characterized, and used to formulate cutting fluids 

by blending with additives at various levels using 

factorial design of experiment. The optimal 

formulation was mechanically compared to  mineral 

based oil (MBO) in turning mild steel using HSS 

cutting tool based on tool life, cutting temperature, 

surface roughness, tool wear and chip thickness. 

The experiment depended on Taguchi plan with L9 

orthogonal arrangement utilizing feed rate, depth of 

cut, and cutting speed as critical input parameters. 

The analysis showed the oil content of 57%,  high 

saponification value 200 mg/KOH/ and viscosity of 

26 cSt flash point 305
o
C, fire point 315

o
C which 

make it good in providing better boundary 

lubrication and less risk of fire. However the results 

of performance evaluations showed that the 

formulated cutting fluid exhibited superior 

performance over mineral-based fluids; DDSO-

based cutting fluid improved surface finish by 2-6% 

as the least surface roughness (2.81µm) and best 

quality was obtained with formulated oil, reduced 

cutting temperatures by 3–38%, and extended tool 

life by up to 11%. Additionally, formulated cutting 

fluid produced a higher chip thickness ratio than 

that produced by mineral based cutting fluid, this 

indicated superior lubrication properties, and 

reduced material deformation. It was concluded 

that the desert date seeds oil, can be a good and 

sustainable source of cutting fluids 

KEYWORDS:  Mild steel, desert date seeds oil, 

surface roughness, cutting temperature, tool life 

     

I. INTRODUCTION 
Metal cutting processes generate high 

temperatures, partly due to the shear strength of the 

workpiece, and high frictional forces due to sliding 

motion at the contact point between the tool and 

workpiece [1]. As the coefficient of friction 

increases, built-up edge is more likely to form on 

the cutting edge of the cutting tool. The higher the 

built-up edge, the more friction is generated, which 

can lead to poor surface finish, edge breakage 

during tool changes and regrinding, and ultimately 

reduced production rates [2]. 

Dry cutting is possible in light cutting 

operation with periods of rest at intervals to 

facilitate ambient cooling. Such ambient air cooling 

process is considered adequate for machining 

processes in repairs and maintenance work or 

simple workpieces [3]. For heavy and constant 

cutting operations, the rate of heat generation is 

higher than the rate of ambient air cooling 

dissipation, and it will be time consuming to stop 

the machine for a period of time for heat dissipation 

in such machining process. Hence, it is desirable to 

introduce a cutting fluid, which may have both 

cooling and lubricating effect on the material being 

cut in order to keep up with the level of heat 

generation [4]. The use of cutting fluids in metal 

cutting was first reported in 1894 by F. Taylor who 

noticed that cutting speed could be increased by 

33% without reducing tool life by applying large 

amounts of water in the cutting zone [5]. 

Cutting fluids are used to reduce the 

negative effects of heat and friction on both tool 
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and workpiece, thereby cooling and lubricating the 

chip tool interface and helps in chip removal, the 

mineral oil and sulfonates have been the basic 

source of cutting fluid formulations [6]. The 

petroleum based lubricating oil and sulfonates as 

emulsifier are hydrocarbons consisting of 

naphthenic, paraffins, aromatic and unsaturated 

hydrocarbons that are used as cutting fluids in 

machining operations. These minerals cutting fluids 

generally suffers from many disadvantages, such as, 

high toxicity to the environment, poor 

biodegradability and inconsistent characteristics 

with change in crude oil composition [7]. When 

inappropriately discharged, cutting fluids from 

mineral oil affects soil fertility, vegetation and 

water resources causing serious environmental 

pollution [8]. In search of alternative that are 

suitable, effective and ecofriendly various 

vegetable based oil have been formulated and used 

as cutting fluids. 

[9] Investigated the performance of an 

emulsion cutting fluid developed from watermelon 

seeds on the Machining of AISI 1525 Steel Using 

Taguchi Technique and Grey Relational Analysis, 

the results indicated that the developed cutting 

fluids reduced cutting temperature significantly 

compared to traditional lubricant. 

[10] Conducted a study on the 

comparative performance of neem seed oil, 

watermelon seed oil, and soluble oils as metal 

cutting fluids. The study evaluated the effectiveness 

of these oils during turning operations on mild steel 

under spindle speeds of 250 rpm, 710 rpm, and 180 

rpm, with depths of cut of 1 mm, 0.5 mm, and 0.75 

mm, respectively. An automatic feed rate was 

maintained, and experiments were performed at an 

ambient temperature of 34 °C. Machining results 

revealed that when used at 100 % concentration, 

both watermelon seed oil (54.66 °C) and 

conventional cutting oil (53 °C) were ineffective 

lubricants, as the cutting temperatures exceeded 

that of dry machining (50 °C). The lowest cutting 

temperature of 37.33 °C was achieved with an 

emulsion of 25 % neem seed oil and 75 % water. In 

general, all oil–water emulsions demonstrated good 

cooling performance, comparable to conventional 

cutting oil. However, the best surface finish was 

obtained under dry machining conditions, while 

100% watermelon seed oil provided the best 

surface finish among the oils tested.  

[11] evaluated the performance of Mango 

kernel seed (Mangifera indica) oil as cutting Fluid 

in Turning of AISI 1525 Steel Using the Taguchi-

Grey Relation Analysi, the tested parameters 

include surface roughness, cutting temperature, 

machine vibration and sound level, the results 

revealed that, when compared to the feed rate and 

the depth of cut, the spindle speed has the highest 

influence on multi-responses in turning operations 

with both the formulated and mineral based cutting 

fluids and generally mineral based cutting fluid 

outperformed mango kernel seed cutting fluid in 

most machining conditions. 

[8] assessed the lubricity of neem and 

castor oil and their blend in machining mild steel, 

lubricity of the formulated cutting fluid was tested 

using four balls tribo meter tester and the results 

obtained showed minimum Wear Scar Diameter of 

0.13 mm which is the least among the formulated 

oils obtained in the 60% Neem and 40% Castor oil; 

this implies that this formulation has maximum 

lubricity in terms of friction reduction as compared 

to other formulated oil and the conventional soluble 

oil. 

It has been observed from the literature 

reviewed that various plant seed oils have been 

used as vegetable oil based cutting fluids such as 

watermelon seed, mango seeds, castor seeds, neem 

seed, soya beans, cotton seeds, jatropha, palm oil, 

ground nut oil and thevaita pruvenssia seed oil but 

no particular research work has been conducted on 

the use of desert date seeds  as cutting fluids and it 

performance, therefore in this research vegetable 

oil-based cutting fluid (desert date seeds oil) was 

produced through the process of extraction, 

characterization as well as formulation and 

performance in terms of surface finish, chip 

thickness ratio, cutting temperature, flank wear and 

tool life of the formulated cutting fluid was 

contrasted with mineral oil-based cutting fluid 

during turning of mild steel under flood cooling 

application condition 

 

II. MATERIALS AND METHODS 
2.1 Materials used in the development and 

production of cutting fluids. 

 The materials used to formulate the 

cutting fluid in this study include desert date seed 

oil (balanite aegytiaca) and other additives such as 

emulsifier (washing soap), corrosion inhibitor 

(Banana sap), biocide (phenol), and anti-form 

agent. 

  

2.1.1  Extraction of seeds oil. 

The seeds were prepared by removing the 

endocarp, oven dried at the temperature of 105
0
C to 

reduce the moisture content, winnowing to separate 

the shell from the nibs (cotyledon). This was 

carried out using tray to blow away the cover in 

order to achieve very high yield. The extraction of 



 

        

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 7, Issue 09 Sept. 2025,  pp: 61-73  www.ijaem.net  ISSN: 2395-5252 

      

 

 

 

DOI: 10.35629/5252-07096173                |Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal     Page 63 

seed oils by chemical means was carried out in 

compliance with the [12]. Using 5 liters of the 

round bottom flask, soxhlet apparatus, and 

analytical grade n-hexane with a boiling range 

within 40-60 ° C, crude oil products were collected. 

The oils extracted were analyzed, the yield was 

measured and properly preserved for further testing 

at room temperature. 

 

2.1.2 Characterization of crude oil extract. 

 Crude oil extracts were characterized to 

recognize the properties of desert date oil related 

to, physicochemical, and lubricity. This was 

required in order to establish feasible parameters 

for the composition of cutting fluid. Several tests 

were conducted on the extracted sample. 

 

2.1.2.1 Physico-chemical characterization of 

crude oils extract. 

 Physiochemical tests such as oil pH 

(using pH meter), moisture content (with equation 

1) oil yield (with equation 2 according to ASTM 

D3175-18 method), acid value (with equation 3), 

free fatty acid (with equation 4 according to AOAC 

920.28 standard), relative density (using equation 5 

according to ASTM D1298-12b method), 

saponification value (with equation 6 in accordance 

with AOAC 920.159 standard), iodine value (with 

equation 7 in accordance with AOAC 920.159 

standard) kinematic viscosity (using equation 8), 

Congealing temperature, presence at room 

temperature, and oil color and odor (as per normal 

spectrophotometer AOCS Cc 13c -50 methods) 

 

2.1.2.2 Lubricity properties of crude oil 

extracts 

Pour point was investigated in accordance 

with ASTM D97, and the cloud point was 

determined using ASTM D2500. At the same time, 

both the fire points as well as the flashpoint were 

conducted based on ASTM D92. Flashpoint was 

characterized using Cusson Technology 

Manchester M71RH UK electrically heated Pensky 

Martens Equipment, and Stanhope Seta Cloud was 

used to experiment cloud point, while KT16 8AP 

equipment was employed for the analysis of pour 

point. The aforementioned equipment is considered 

for lubricity-related properties conducted on the 

watermelon crude oil extract. 

 

 (1) 

 

 (2) 

 

Acid Value =          

(3)   

 

Free Fatty Acid % =      

(4) 

 

Density =   g/cm
3
         

(5) 

 

        

(6) 

 

          

(7) 

 

=            

(8) 

Where, = viscosity in centipoises (cP), d = density 

in g/ml, t = time in seconds, A and B are constants 

 

2.1.3 Formulation of emulsion cutting fluids. 

The formulation of the cutting fluid 

involved the combination of four factors at three 

levels (upper (+), lower (-) values. The combination 

of these factors in (Table 1) produced a total 

number of 16 samples (plate 7) for the experiments 

carried out with the oil from which the best 

combination of factors in terms of pH response was 

determined according to [13] 

 

Table 1: Factors and levels Examined in the formulation 

Factors  Symbol Level 

  Min 

(%) 

Max 

(%) 

Emulsifier (soap) A (-)10 (+)15 

Biocide (phenol) B (-)0.5  (+)1 

Corrosion inhibitor 

(banana sap) 

C (-)2 (+)5 

Anti-oxidant  D (-)0.5 (+)1 
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Plate 1: 16 sample of formulated cutting fluid 

 

As an emulsion metal cutting fluid, the 

cutting fluid composition was applied. Desert date 

seed oil, blending additives, as well as distilled 

water were used to produce the emulsion cutting 

fluids. From factorial preparation guidance, the 

production of cutting fluids was planned, whereby 

the influence of four variables was assessed at two 

rates (16 full factorial planning). With 16 solutions 

derived from full factorial techniques, the cutting 

emulsion of fluids with 10 percent oil at volumetric 

water concentrations was prepared differently and 

in accordance with the standard reported in [10]. 

The variables (additives) and levels used 

respectively in the factorial design and 

experimental matrix of the 16 complete factorial 

designs are shown in Tables 2. A quantity 

exceeding 100 ml was found in each test. The 

effects of the output due to variation of the factors 

are statistically determined. 

 

Table 2: formulation of eighteen samples DDSO 

Run 

Order 

A % B % C % D % DDSO 

% 

1 12 0.5 5 0.5 82 

2 8 0.5 5 1 85.5 

3 12 1 5 0.5 81.5 

4 8 1 5 1 85 

5 8  1 2 1 88 

6 12 0.5 2 1 84.5 

7 12 1 2 1 84 

8 8 0.5 2 1 88.5 

9 8 0.5 5 0.5 86 

10 8 1 2 0.5 88.5 

11 8 1 5 0.5 85.5 

12 12 0.5 2 0.5 85 

  13 12 1 2 0.5 84.5 

14 12 0.5 5 1 81.5 

15 8 0.5 2 0.5 89 

16 12 1 5 1 81 

 

2.1.3.1 Characterization of developed cutting 

fluid. 

The pH value was considered as the output 

response variable because of its effect on the 

material. The pH values for the 16 samples are 

shown in table 2 was determined using pH meter 

and the pH values were analysed using statistical 

software Minitab 17 The output or response 

analyzed (Yr) with the experimental variables (Si) 

can be approximated to a polynomial expression: 

Yr = Co + ∑CiSi + ∑CijSi
2 
+∑ Cij SiSi          (9)  

Where Co is a constant, Ci, and Cij are coefficients, 

Si is the independent variable and Sij represents the 

interactions thereof [14]. The optimum values 

obtained in this research were used to produce the 

final metal cutting fluid that was used for 

machining. 
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2.2 Methodology for determination of effect of 

formulated cutting fluids in cutting operation 

2.2.1Experimental Design   

The experimental setup was Taguchi L9 

design. For the experiment, three cutting 

parameters were selected, namely: depth of cut, 

spindle speed, and feed rate. Consequently, three 

input variables exist, and each variable has assumed 

three levels, as revealed in Table 3. Taguchi 

established the L9 (3
3
) orthogonal array 

frameworks for a three factor-three-level 

experiment. Therefore, in conjunction with the 

Taguchi L9 orthogonal array of researchh setup, a 

total of nine machining trials were employed for 

each cutting fluid condition. As presented in Table 

4. A complete randomization of the 18 cuts was not 

done since switching from one cutting fluid to 

another for each experimental run involved a 

thorough cleaning of the sump and flushing of all 

the fluid in the system. Therefore, the experimental 

runs were conducted in batches turning at the 

petroleum based fluid, and desert date seeds oil 

based fluid conditions in sequence. The sequence 

of the nine runs under each cutting-fluid condition 

was randomized in order to minimize other 

unforeseen factors that might bias the experimental 

results. Each cutting fluid assessment was carried 

out on a different, fresh cutting edge and workpiece 

material. 

 

Table 3: Various levels of machining variables used 

Factors Level 1 Level 2 Level 3 

Spindle speed 

(m/rev) 

303 505 710 

Feed rate 

(mm/rev) 

0.10 0.15 0.20 

Depth of cut 

(mm) 

0.10 1.25 1.50 

 

Table 4: Modified L9 (33) orthogonal array including Experimental Factors 

Tr

ial 

N

o 

Spindle 

speed 

(rev/min) 

Feed rate 

(mm/rev) 

Depth of cut (mm) 

1 330 0.1 1.0 

2 330 0.15 1.25 

3 330 0.2 1.5 

4 505 0.15 1 

5 505 0.2 1.25 

6 505 0.1 1.5 

7 820 0.2 1 

8 820 0.1 1.25 

9 820 0.15 1.5 

 

2.2.2 Experimental Procedure 

A mild steel work specimen with 

dimension 30mm x120mm was machined on a 

lathe, using both formulated cutting fluid from 

DDSO and mineral base cutting fluid for 

performance evaluation. The work piece was 

mounted on a lathe face and centered. As indicated 

in table 4, turning operation was conducted using 

HSS insert at various spindle speed, depth of cut 

and feed rate. To facilitate better clamping force 

during turning, each test sample was placed on the 

lathe between the chuck and the living core [14] 

. 

2.2.3 Assessment of Surface Integrity.  

The surface integrity of the machined 

components of the workpiece was assessed using a 

portable surface roughness tester (SRT-6200). For 

each sample, three measurements were taken along 

the shaft axis, and the approximate value was 

determined and recorded. 

 

2.3.4 Evaluation of Cutting temperature. 

 The cutting temperature was determined 

using a thermocouple thermometer. Values were 
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recorded during machining by pointing the 

thermocouple wire to the chip-tool interface (see 

plate 9), which gave the interface the degree of 

hotness. The thermometer was physically held away 

from the chip tool interface at few mm. For every 

sample, three different measurement points were 

considered to ensure reproducibility and 

consistency, and the average value was reported. 

 

2.2.4 Evaluation of Chip Thickness Ratio. 

The chips formed for each cutting 

operation were collected, and millimeter micro-

screw gauge was used to measure the thickness of 

the formed chip, and chip thickness ratio was 

determined (see plate 10) using equation 9  

 Chip thickness ratio              (10)

     

Where r = chip thickness ratio, t1= uncut chip 

thickness (the thickness of the material before it is 

sheared), t2= cut chip thickness (the thickness of the 

chip after it is formed). 

 

2.2.5 Evaluation of Flank Wear of Tool. 

Mitutoyo Toolmaker’s Microscope (plate 

2) with a magnifica tion of 15 was used for 

measuring flank wear that oc curred on the flank 

face of an insert resulting from abrasive wear of the 

cutting edge against the machined surface. The 

wear can be read as small as 0.001mm 

 

 
Plate 2: Mitutoyo Toolmaker’s Microscope 

 

2.2.6 Evaluation of Tool life. 

The tool life was evaluated using volume 

of material removed before the tool reaches a 

critical flank wear value for each trial and for each 

cutting condition. 

 

(11) 

Where: VRMtrial= volume of material removed for 

each trial (mm
3
), Vmax= critical flank wear 0.3mm 

and VB = measured flank wear (mm) 

 

III. RESULT AND DISCUSSION 
3.1 .Physicochemical Test. 

Table 5: physical properties of DDSO 

Parameter Unit  Results 

Yield  % 57.27 

Moisture content % 0.10 

pH  7.6 

Emulsion 

stability  

 Good  

Colour   Pale yellow 

Density g/ml 0.93 

Physical state  Liquid  

Saponification 

value  

mg/KOH/g 200±0.16 

Acid value mgKOH/g 2.2 

Viscosity cSt 26.67 

Free fatty acid  % 0.21 

Iodine value mgI2/g 7.5 

Peroxide value mEqKOH/g 0.65 

Corrosion 

protection 

 
good  

 

The results of physic-chemical properties 

showed in table 5, the oil is liquid at room 

temperature similar to that reported by [15], pale 

yellow in colour similarvto that reported by [16], 

the pH of the extracted oil was 7.6 Any sample of 

pH value less than 7.0 is acidic in nature and cannot 

be used as cutting fluid for mild steel materials and 

also should not exceed 9.5 as it becomes very 
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caustic and not desirable to the machined surface or 

the machine operator according to [17]) and 

[18].The seeds oil yield was found to be 57.25%by 

weight which is higher than that reported  by [19] 

which was 50% and [20] which was  39.6%, with 

such high yield , the seeds is viable option for usage 

as source of oil, moisture content was found to be 

0.1% which is lower than that reported by [20] 

which was 2.6%. The density obtained (0.93g/ml) 

was similar to with that reported by [20] and [15]. 

The results in table 5 also revealed that the acid 

value was 2.22 mg KOH/g this is almost similar to 

that reported by [20] which was  2.22 mg KOH/g  

but a bit lower than 22.3 mg KOH/g reported by 

[21]. However, the relative increases in the amounts 

of free fatty acid can be attributed to the method 

adopted in the seed processing, duration of storage 

or drying of the seeds. Acid value can also be 

increased due to relative rise in temperature during 

extraction, processing or storage.The saponification 

200 mg/KOH/g found in this study is higher than 

that reported by [20] and [22]186.5 mg/KOH and 

186.25 mg/KOH/g respectively, however the value 

found was in collaboration with that reported by 

[23]. The saponification 200 mg/KOH/g found  

provide evidence that more soap and ester are 

likely to be produced from desert date seed, it is 

known that seed oils with higher saponification 

values provide better boundary lubrication [8]. The 

soapy film produced by such oil during boundary 

lubrication reduces friction and tool wear 

significantly. The low free fatty acid percentage and 

acid value found in the seed oil indicated a low risk 

to corrosion which is beneficial to work-piece and 

tool protection, as high acid value and high free 

fatty acid percentage can lead to fluid degradation, 

oil rancidity and increase the risk of corrosion and 

instability. 

 

3.2 Result of Lubricity properties of oil extracts 

Table 6: Lubricity-based properties of extracts of 

watermelon oil 

Parameter Unit  Results 

Viscosity cSt 26.67 

Pour point 
o
c 1 

Flash point 
o
c 305 

Fire point  
o
c 315 

 

The most important single property of a 

lubricant is its viscosity and it refers to fluids 

resistance to flow. The viscosity found in this study 

26.7 cSt as shown in table 6 is higher than what was 

found by [15] (19.68 cSt) and that of [24] which 

found to be cSt. This inherent variation in the 

viscous behavior could be ascribed to factors such 

as, the species of the seed and Vander Waals forces 

acting between oil molecules, the molecular weight 

of the fatty acid and types of carbon chain present 

in the oil [25]. The viscosity found in this study is 

in medium range, medium range viscosity usually 

ensures good lubrication and heat 

dissipation without being too thick for efficient 

flow in machining. The flash point (305
o
C) and 

pour point (1
o
C) found in this research as seen in 

table 5 is in the same range with one reported by 

[8] 327
o
C and -33

o
C respectively  and that of 

mineral based cutting fluid reported by [26]. The 

high flash point and low pour point of the 

formulated cutting fluids indicated good thermal 

stability which is essential for high speed 

machining operation, applications under high 

temperature and suitable fluidity for wide range of 

industrial application 

 

3.3 Results of Characterization of cutting fluids. 

Based on the validation results obtained, 

emulsion metal cutting fluids were formulated using 

desert date seed oil as the base oils. Optimum 

values for additives, anti-corrosion (5.0 vol. %); 

emulsifying agent (12.0 vol. %); antimicrobial 

agent (1.0 vol. %); as well as anti-oxidizing agent 

(1.0 vol. %) were used for formulating a new 

emulsion cutting fluid for machining operation 

 

Table 7: Characteristics of desert date seed oil and 

mineral oil-based cutting fluids 

Parameter desert date oil  Mineral oil  

Viscosity  cSt 26.7 28 

pH 7.6 8.5 

Density 

(g/cm
3
)  

0.93 0.92 

Stability Stable  Stable  

 

The results shown in table 7 indicated that 

the properties of the desert date seed oil-based 

cutting fluid are comparable with the mineral-based 

cutting fluid since it is stable with a pH of 7.6 and 

has a viscosity of 26.7Cst, thereby making it 

effective and safe to use as a cutting fluid in the 

machining process.  
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3.4 Results obtained from the cutting operation 

Table 8: Experimental process parameters, results (desert date oil-based cutting fluid) 

Trial 

No. 

Spindle 

speed 

(rev/min) 

Feed 

rate 

(mm/

rev) 

Dept

h of 

cut 

(mm) 

surfac

e 

rough

ness 

Ra 

(µm)  

Cutting 

temperat

ure (
o
C) 

Flank 

wear 

(mm) 

Volume 

of 

material 

removed 

(mm
3
) 

Tool Life 

(mm³) 

Chip 

thickn

ess 

ratio 

(r) 

1 330 0.1 1.0 2.81 53.2 0.026 17278.76 199,370.31 0.53 

2 330 0.15 1.25 3.95 54.5 0.042 21500.27 153,573.36 0.58 

3 330 0.2 1.5 9.47 56.2 0.062 25682.52 124,270.26 0.65 

4 505 0.15 1 8.16 55.8 0.066 17278.76 78,539.82 0.60 

5 505 0.2 1.25 9.72 57.5 0.075 21500.27 86,001.08 0.67 

 6 505 0.1 1.5 6.84 56.8 0.053 25682.52 145,372.75 0.45 

7 820 0.2 1 9.95 87.5 0.093 17278.76 55,737.94 0.70 

8 820 0.1 1.25 7.35 58.2 0.074 21500.27 87,163.26 0.48 

9 820 0.15 1.5 8.47 66.5 0.085 25682.52 90,644.19 0.54 

 

Table 9: Experimental process parameters, results (mineral oil-based cutting fluid) 

Trial 

No. 

Spindle 

speed 

(rev/mi

n) 

Feed 

rate 

(mm/rev

) 

Dept

h of 

cut 

(mm) 

surface 

roughn

ess Ra  

(µm)  

Cutti

ng 

temp

eratu

re 

(
o
C) 

Flank 

wear 

(mm) 

Volume 

of 

material 

removed 

(mm
3
) 

 Tool Life 

(mm³) 

Chip 

thickn

ess 

ratio 

(r) 

1 330 0.1 1.0 2.95 49.7 0.029 17278.76 178,745.79 0.48 

2 330 0.15 1.25 4.12 56.5 0.046 21500.27 140,219.15 0.56 

3 330 0.2 1.5 9.86 60.1 0.065 25682.52 118,534.71 0.61 

4 505 0.15 1 8.68 75.2 0.068 17278.76 76,229.82 0.63 

5 505 0.2 1.25 9.98 84.5 0.078 21500.27 82,693.35 0.63 

6 505 0.1 1.5 6.95 78.5 0.055 25682.52 140,086.47 0.45 

7 820 0.2 1 10.02 98.5 0.095 17278.76 54,564.51 0.65 

8 820 0.1 1.25 7.55 80.2 0.080 21500.27 80,626.01 0.45 

9 820 0.15 1.5 8.92 86.7 0.087 25682.52 88,560.41 0.52 

 

3.4.1 Effects of formulated and mineral base 

cutting fluids on surface roughness  

The formulated cutting fluid (from Desert 

Date Seed Oil, DDSO) as shown in table 8 and 9 

and fig. 1 resulted in lower surface roughness (2.81 

µm) compared to the mineral-based fluid (2.95 µm) 

at a low feed rate (0.1 mm/rev). The worst surface 

finish (9.47-10.02 µm) for both fluids occurred at a 

high feed rate (0.2 mm/rev), aligning with the 

findings of [10]. Overall, the formulated fluid 

improved surface integrity by up to 6%, a greater 

improvement than the -3% reported by [11] for a 

Mango kernel seed fluid but less than the 35% and 

20% improvements reported by [6] for Neem seed 

oil and [27] for Soya bean fluid, respectively.  

 

 
Fig.1: Effect of emulsion cutting fluids and surface 

roughness. 
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3.4.2. Effects of formulated and mineral base 

cutting fluids on cutting temperature 

Cutting temperature increased with cutting 

speed for both fluids as can be seen in table 8, 9 

and fig. 2, corroborating the findings of [10, 11] 

and [6]. Under the same machining conditions, the 

formulated fluid generally performed better at 

reducing heat at the tool-work interface than the 

mineral-based fluid. The DDSO fluid reduced 

cutting temperature by up to 38%, which is greater 

than the 18% reduction reported by [10] for a 

Neem seed fluid but less than the 48% and 56% 

reductions reported by [9, 11] for Watermelon and 

Mango kernel seed fluids, respectively. 

 

 
Fig 2: Effect of emulsion cutting fluids and cutting 

temperature. 

3.4.3 Effects of formulated and mineral base 

cutting fluids on chip thickness 

The formulated cutting fluid showed a 

higher chip thickness ratio (0.65-0.90) across most 

trials compared to the mineral-based fluid (0.65-

0.85) as shown in table 8, 9 and fig. 3. This 

indicates better lubrication, leading to less friction 

and shear deformation, providing evidence that the 

formulated fluid is superior for chip formation 

quality. Feed rate and depth of cut were also found 

to contribute to a higher chip thickness ratio, 

aligning with general machining principles. 

 

 
Fig 3: Effect of emulsion cutting fluids on chip 

thickness ratio 

 

3.4.3 Effects of formulated and mineral base 

cutting fluids on flank wear 

The formulated fluid (DDSO) produced 

lower flank wear values across all trials than the 

mineral-based oil (MBO) as shown in table 8, 9 and 

fig. 4. Flank wear increased with cutting speed, 

feed rate, and depth of cut due to higher 

temperatures and mechanical loads. Overall, the 

formulated fluid reduced flank wear by up to 

10.5%, which is higher than the 0% reduction 

reported by [18] for a Neem-based fluid but lower 

than the 45% reduction reported by [27] for a Soya 

bean fluid. 

 

 
Fig. 4: Effect of emulsion cutting fluids on flank 

wear. 

 

3.4.4 Effects of formulated and mineral base 

cutting fluids on tool life 

In every trial, the formulated cutting fluid 

resulted in a higher tool life than the mineral-based 

fluid as shown in table 8, 9 and fig. 5, with a 

percentage increment ranging from 2.3% to 11.5%. 

Tool life was greatly affected by cutting 

parameters, decreasing with higher speeds and feed 

rates due to increased thermal and mechanical 

loads. While the mineral-based fluid showed 

competitive performance under aggressive 

conditions, the formulated fluid consistently 

extended tool life, though its improvement was less 

than the 42% increment achieved by a Soya bean 

fluid reported by [27] 
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Fig. 5: Effect of emulsion cutting fluids on tool 

 

3.5 Analysis of Variance. 

 To examine the substantial influence as 

well as the percentage impacts of individual 

machining conditions, experimental findings were 

evaluated using analysis of variance. This study 

was performed using a confidence level of 95% and 

a significance level of 5%. For the individual 

responses of watermelon oil-based cutting fluid and 

mineral oil-based cutting fluid, Tables 8-13 show 

the Amount of Mean Square (MS), F-value (F), 

Square (SS), Percentage contribution (P) as well as 

Degree of Freedom (DOF)  

Table 10: ANOVA for cutting temperature 

Factors  DDSO Mineral base oil  

DF Adj SS Adj MS F P(%) DF Adj SS Adj MS F P(%) 

Spindle speed 2 462.70 231.41 3.2

7 

50.1

2 

2 1747.8

1 

873.90 30.7

3 

86.5

2 

Feed rate 2 197.70 98.80 1.4

0 

21.4

2 

2 212.69 106.34 3.74 10.5

3 

Depth of cut 2 141.50 70.70 0.8

5 

15.3

3 

2 56.88 28.44 0.05 2.82 

Error 2 120.90 60.50  13.1

3 

2 2.81 1.40  0.14 

Total  8 922.80 461.41  100 8 2020.1

9 

1009.9

9 

 100 

 

The ANOVA results presented in table 10 

revealed that the performance (cutting temperature) 

of the two oils is mostly influenced by cutting speed 

[DDSO (50.12%); mineral oil (86.52%)]. This is 

followed by feed rate [DDSO (21.42%); mineral oil 

(10.53%)], and the least significant factor is the 

depth of cut [DDSO (15.33%); mineral oil 

(2.18%)]. 

 

Table 11: ANOVA for chip thickness ratio 

Factors  DDSO Mineral base oil  

DF Adj SS 

(×10⁻ ⁵ ) 

Adj MS 

(×10⁻ ⁵ ) 

F P% DF Adj SS 

(×10⁻ ⁵ ) 

Adj MS 

(×10⁻ ⁵
) 

F P% 

Spindle 

speed 

2 35.60 17.8 16.0 1.00 2 140.0 70.00 2.33 2.68 

Feed rate 2 5235.6 2617.8 235 88.35 2 4460.00 2230.00 74.3

3 

85.44 

Depth of 

cut 

2 602.20 301.10 271.

0 

10.25 2 560.00 280.00 9.33 10.73 

Error 2 2.20 1.10 - 0.40 2 60.00 30.00  1.15 

Total  8 46.20 - - 100% 8 5220.00 - - 100% 

 

The ANOVA results presented in table 11 

revealed that the performance (chip thickness ratio) 

of the two oils is mostly influenced by feed rate 

[DDSO (88.35); mineral oil (85.44%)]. This is 

followed by depth of cut [DDSO (10.25%); mineral 

oil  (10.73%)], and the least significant factor is the 

cutting speed [DDSO (1.00%); mineral oil 

(2.68%)]. 
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Table 12: ANOVA for flank wear 

Factors  DDSO Mineral base oil  

DF Adj SS  Adj MS  F-

value 

P% DF Adj SS Adj MS F-

Value 

P% 

Spindle 

speed 

2 0.00248

3 

Adj MS 49.00 69.46 2 0.002481 0.001240 34.14 70.72 

Feed 

rate 

2 0.00085

6 

0.001241 19.51 24.04 2 0.000773 0.000386

5 

12.56 22.03 

Depth 

of cut 

2 0.00017

0 

0.000085 0.75 5.00 2 0.000181 0.000021 0.58 6.06 

Error 2 0.00005

1 

0.000019 -     1.5

0 

2 0.000073 0.000036      1.1

9 

Total  8 0.00356

0 

- - 100 8 0.003508 -  100 

 

The ANOVA results presented in Table 12 

revealed that the performance (flank wear) of the 

two oils is mostly influenced by feed rate [DDSO 

(69.46%); mineral oil (70.72%)]. This is followed 

by cutting speed [DDSO (24.04%); mineral oil 

22.03%)], and the least significant factor is the 

depth of cut [DDSO (5.0%); mineral oil (6.06%)]. 

 

Table 13: ANOVA for Tool life 

Factors  DDSO Mineral base oil  

DF Adj SS Adj MS F P(%) DF Adj SS Adj MS F P(%) 

Spindle 

speed 

2 10355094

690 

51775473

45 

7.7

4 

62.22 2 783687462

2 

3918437311 7.56 61.80 

Feed 

rate 

2 47395185

43 

23697592

71 

3.5

4 

28.47 2 355363561

8 

1776817809 3.43 27.76 

Depth 

of cut 

2 20921837

9 

10460918

9 

0.1

6 

8.50 2 373068669

0 

1865343340 0.36 9.62 

Error 2 13384196

9 

66920984 ----- 0.80 2 103702503 51851251  0.82 

Total  8 16642251

303 

24.959  100 8 128006039

48 

  100 

 

The ANOVA results presented in Table 13 

revealed that the performance (tool life) of the two 

oils is mostly influenced by cutting speed [DDSO 

(62.22%); mineral oil (61.80%)]. This is followed 

by feed rate [DDSO (28.47%); mineral oil 

(27.76%)], and the least significant factor is the 

depth of cut [DDSO (8.50%); mineral oil (9.62%)]. 

  

IV. CONCLUSION 
 The study has successfully demonstrated 

the feasibility of formulating a bio-based cutting 

fluid from Balanites aegyptiaca seed oil that meets 

critical performance and environmental criteria for 

machining operations. The following conclusions 

were drawn:  

I. With high yield (57%) and low moisture 

content (0.1%), desert date seeds has 

promising potential. 

II. With favorable phyico-chemical properties; 

moderate viscosity (26.67 cSt), appropriate 

pH (7.6), low acid value (2.2 mgKOH/g), 

low iodine value (7.5 mgI2/g), high 

saponification value (200±0.16mgKOH/g) 

and low corrosivity desert date seeds oil is 

ideal for cutting fluid formulation. 

III. Desert date seeds oil improves surface 

integrity (by up to 6%), reduces cutting 

temperature (by up to 30%), reduced tool 

wear (by up to 10.8%) and increase tool life 

(by about 11%)) when compared with 

mineral base cutting fluids. 
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