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Abstract - This paper aims to discuss the biodegradability aspects of conglomerated nano-cutting fluids. Nano molybdenum di 

sulfide (nM) and nano titanium dioxide (nT) particles are mixed with green base fluids (gBf), and cutting fluids are formulated. 

Coconut oil (CC) and Canola (Can) are used as base oils to prepare the hybrid nanofluid (hnf) blends. Absorbance, 

biodegradability index, and microbial contamination of the blends are examined. The properties are measured using respective 

measurement devices. It was found that the biodegradability index for the formulations was between 0.3 and 0.4. at 0.5% hnf 

with nM and nT in Cc base fluid, the extent of biodegradation is 0.3525%, compared to other cases. The range within which 

the biodegradability index lies indicates that through seeding, the disposed fluids can be biologically treated and do not incur 

harm to the environment. Moreover, being supplied at a minimum quantity of 15ml/min in machining, the quantity of cutting 

fluids is very less. Microbial contamination (Mbc) is observed to be significant with Cc-based conglomerates compared to the 

other cases. Mbc for synthetic cutting fluid is more than pure oil blends. Among all the cases considered, hnf blends with CC 

resulted in less Mbc, followed by Can-based blends.  

Keywords - Absorbance, Biodegradability aspects, Hybrid nanofluids, MQL, Microbial contamination. 

1. Introduction 
Environmentally supportive and endurable cutting fluids 

are given eminence compared to traditional metal cutting 

fluids (tMcF). The reason is the non-impeccable outcomes of 

using tMcF [1,2]. They result in issues related to the wellness 

of the people/operators/machinists exposed to this machining 

condition. According to research reports, exposure of 

workers to machining conditions using synthetic McF 

effected the epidermis and/or alveolus, eventuating in 

dermatitis and chronic bronchitis [3,4]. Therewithal, the 

routine fluids or tMcF lead to disposal related problems in 

terms of their extensive use in bulk through flood mode of 

application as cutting fluids during machining operations and 

hinder the environment since they are not bio-decomposable 

[5,6]. The cost of machining is also high and contributive 

through tMcF usage. As reported by Astakov [7,8], tooling 

costs are approximately two-fold that of other costs. To 

obtain unmatched machining quality, optimum surface 

symmetry and minimum tool wear-out are prime factors 

[9,10]. Enabling this aspect, fluids are supplied incessantly to 

the exteriors from 1 liter/minute to even 63.4 liters/minute 

[11,12]. Hence, the probe for surrogates to these fluids has 

been immense. Near dry machining or minimal supply-

assisted machining resulted in promising results, as Ali et al. 

reported [13]. They investigated machining performance 

using uncoated carbide tool tips while turning carbide steel 

(medium). It was noted that, under varying turning 

conditions, using cutting fluid at 150ml/hour reduced wear 

(tool) and roughness (workpiece surface). Tawakoli et al. 

[14] studied the effectiveness of minimal supply cutting 

fluids while grinding 100Cr6 grade steel using varying 

machining environments. Thermal defacement using 

Minimum Quantity Lubrication (MQL) abet grinding was 

minimal, and material edge flow was also low in correlation 

with other grinding environments. The viscosity of the 

coolant must be lower for effective results using MQL, as 

noted by Tosun and Mesut [15]. They worked with milling 

and reported that, at higher milling speeds, surface roughness 

was low through the MQL technique compared to flood 

mode. MQL is a preferred surrogate to conventional coolant 

supply methods in milling operations. Lubes extracted from 

natural eco-safe components like Cocus-nucifera, Helianthus 

annuus, Glycine max, Brassicaceae and Ricinus Communis 

oils, etc., are used in place of tMcF in machining operations. 

Kalowole and Odusote [16] evaluated the role of peanut and 

palm oils on mild steel during machining. They boosted the 

oxidative properties of the oils by dispersing citrus extracts. 
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Viscosity of 28.0 (poise) was the least recorded with peanut 

oil. The comparison of micrographs with peanut oil resulted 

in fine, smooth outputs compared to traditional oils. Thus, 

the surface finish imparted was better using peanut oil 

compared to other cases. Cutting temperatures recorded were 

also minimal with this oil. Hence, they proposed that the oil 

can be used as industrial cutting fluid due to its machining 

performance improvement characteristics. Given eco-safe 

machining processes, materials, and systems, researchers 

have worked on the sustainability aspects of cutting fluids 

[17].  

       Researchers [18] analyzed machining performance by 

taking tool runout and surface texture in mql-machining of 

Inconel (718) grade material. They considered power 

consumption, user health, and environmental impact while 

using dispersions of nAl2O3 and mW-CnT. They inferred that 

nanoparticle concentration contributes to machining outcome 

and sustainability aspects. Luka Sterle et al. [19] investigated 

the effect of MoS2 (2*10-6 m particle size) on the coefficient 

of friction using a tribometer for machining applications. 

They concluded that the friction coefficient ranged from 0.11 

to 0.13, otherwise double conventional fluids’ use. From this, 

they inferred that this solid lubricant can be used in cutting 

fluid formulations to reduce cutting temperatures during 

machining. Machining performance improved by a reduction 

in temperatures and an improvement in the surface quality of 

the workpiece.  

       Ricardo et al. [20] examined the comparative 

performance of graphene and molybdenum di sulfide micro 

solid lubricants while turning Ti-6Al-4V. Application of the 

latter resulted in improved tool life, reduced surface 

roughness, and minimum cutting temperatures compared to 

the former. Hence, they proposed that solid lubricant-based 

machining has the potential to improve productivity by 

enhancing the machining performance. Improvement in 

machining performance, putting the performance parameters 

on average, was observed to be up to 43% in the works 

reported, compared to TMF-assisted machining operations. 

Due to the high surface area to volume ratio and enhanced 

thermal conductivity, nanoparticles have the potential to be 

used in machining as dispersions in base fluids. Philip and 

Shima [21] reported that suspensions of nanoparticles as 

colloids in a base-fluid enhance the heat transfer ability of 

the fluid.  

This is a favorable property of using these colloidal 

formulations in machining. Sharmin [22], with his co-

researchers, worked with carbon nanotube dispersions in 

water-based MF and reported affirmative results regarding 

machining performance. Interfacial temperatures, machined 

surface texture, force, and tool runout were reduced by 29%, 

34%, 33%, and 39%, respectively. This was at a 0.3% 

concentration of nano colloids. Nano-cutting fluids through 

the MQL technique were applied in machining operations by 

Hegab et al. [23]. MWCNT-based fluids were applied while 

cutting titanium-based alloy. They compared surface 

roughness using nanofluid-based and conventional 

environments. At 2% by weight of nano-dispersions, a 50% 

reduction was traced in surface roughness. A thirty-eight 

percent reduction in surface roughness was found at 4% 

weight of dispersions. They reported that applying MQL 

nanocutting fluids is affirmative in improving machining 

performance. Duc TM et al. applied Soyabean oil-based 

Al2O3 nano formulations during hard milling hardened steel-

Si2Mn [24]. They concluded that pure oil based nanofluids 

with MQL reduced machining forces and improved surface 

quality.  

      The sustainability aspects of using nanocutting fluids 

dispersed in palm oil at varying weight percentages were 

experimented with by Ibrahim with co-researchers [25]. They 

worked with titanium alloys in grinding. Grinding energy 

(specific) was reported to be 91.7 % less than dry conditions 

at 0.1 % by weight of palm oil-based nano cutting fluids. 

They inferred that these formulations are energy efficient and 

contribute to sustainable cutting fluids. Optimum 

performance and resource utilization in terms of energy, 

economic viability and society friendly machining processes 

result in sustainable processes [26]. Hence, it is observed that 

researchers have conducted experiments related to 

applications of nanocutting fluids in various machining 

operations using different supply methods, materials and 

conditions.  

Researchers have experimented with: 

i. Vegetable oils, nanoparticles dispersed vegetable oils, 

surfactants, and emulsifier mixed: cutting fluids in 

machining operations. 

ii. Dry machining, flood supply-based machining, MQL 

assisted machining, and MQL mist/aerosol-based 

machining using the above cutting fluids. 

iii. Machining performance for different process parameters 

was investigated. 

In addition to the above, it is also paramount that 

machining performance can be adjudged using hybrid 

conglomerates by taking advantage of dual nanoparticle 

combinations dispersed in a base oil. Hence, this work 

addresses the discussed aspect, which differs from the 

existing broad literature, emphasizing sustainability studies 

using experimental and basic software-focused analysis. 

Machining performance improved using the formulations. 

The performance of hybrid nano-conglomerates was 

not/rarely experimented more specifically from the 

perspective of biodegradability and microbial contamination-

related aspects. Conducting research in these dimensions is 

vital to comprehend the performance of the formulations 

from machining and sustainability dimensions. Because of 

these research gaps, the present work also addresses the 

dimensions. 
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Fig. 1 (a) Bath type Sonicator for formulation of conglomerates: i) nTio2 

with base oil ii) nMoS2 with base oil 

Table 1. Properties of base fluids 

Base 

fluid 
Saturated 

Unsaturated 

(Mono) 

Unsaturated 

(Poly) 

CC 91 6 3 

CAN 15 41 42 

ii) Carbon chain length  
Base 

fluid 

Carbon 

chain type 

Length of Chain  

(carbons) 

CC M* 8 to 12 

CAN L** 14 to22 

*M: Medium ; **L: Long 

2. Materials and Methods 
2.1. Preparation of Hybrid Nanoformulations 

The formulations for examination are prepared by 

manual stirring of base fluids and nanoparticles followed by 

sonication in a bath-type sonicator for 1 hour [27] reference. 

Sonication results in a uniform composition of the resultant 

formulation, avoiding settling hybrid nanoparticles, as shown 

in Figure 1(a).  

The sonication conditions are set at room temperature 

and slow vibration for one hour, enabling the formulation of 

the uniform conglomerate to be used for testing properties 

and machining operations. Coconut and canola oils are taken 

as base oils owing to their fatty acid composition and carbon 

chain lengths, as shown in Table 1. 

2.2. Absorbance 

The absorbance of the formulations reflects the extent of 

mixing of the conglomerates in the prime fluid. This property 

helps to interpret the performance of the fluids when applied 

to machining and aids in understanding their thermo-physical 

properties [28]. The hybrid conglomerates’ absorbance is 

obtained using a double-beam UV visible spectrophotometer                     

(wavelength:190 nm to 1100nm; accuracy:± 0.002 abs; 

range:± 4.0 abs; source: deuterium lamp (UV zone);  ). The 

samples after sonication are collected in cuvettes at the 

quantity of 2 ml. The resultant values are recorded thrice, and 

average values are considered final outputs.  

 
 Fig. 1 (b) Samples prepared for contamination test (a,b : Cc+nM @ 

0.25%; c,d : Cc+nT@ 0.25%)     

2.3. Biodegradability Index 

The potential of any matter/medium/substance to 

disintegrate into innocuous elements is termed 

biodegradability (Bio-di). This disintegration of the matter is 

encouraged by introducing pathogens into it. Thus, the extent 

of Bio-d signifies whether the substance under test is 

blending with the elements of nature without causing harm to 

the ecosystem. In this work, the Bio-d of the conglomerates 

is obtained by evaluating the Bio-d Index (Bio-di). Bio-

chemical Oxygen Demand (BoCd) for 5 days (BoCd5) is one 

indicator of this index, in addition to chemical oxygen 

demand (ChoDp). The ratio of BoCd5 and ChoDp results in 

the Biodegradability index for five days. 0.25% and 0.5% of 

hnp suspensions in Coconut and Canola oils are considered 

for evaluation of Bio-di. The tests were conducted at Vimta 

Labs, Visakhapatnam. 

2.4. Microbial Contamination 

It is the contamination of the cutting fluids by 

contaminators like fungi, yeast, protozoa, etc. Microbial 

contamination of cutting fluids makes them lose their cooling 

and lubricative effectiveness if they are to be reused or left 

unused for longer. The assessment of this aspect enables 

understanding the possible extent of microbes’ growth in 

different formulations. 0.25 l of hnf formulation is taken with 

the base fluids individually. Mbc is observed for 0.25% of 

hnp suspensions. Nutrient agar (Na) and Potato Dextrose 

Agar (Pda) are used to initiate Mbc, as shown in Figure 1(b). 

In the case of Pda, 3.9 g of agar is blended in 100 ml of water 

(distilled), while 2.8 g of Na was mixed in 100 ml. The 

resultants are pressurized to 15 lbs and maintained here for 

15 minutes. After this, the resultant blends were allowed to 

cool for 30 minutes. Cutting fluids, when disposed of in the 

environment (especially water estuaries), poses a critical 

threat to the surroundings. This happens when the used 

cutting fluids are discarded without proper treatment [29]. 

The quantifying parameter measures the impact of cutting 

fluid discard on the environment’s biodegradability. Besides 

this parameter, contamination in terms of the growth of 

i ii 
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microbes is also a compounding aspect of comprehending 

the biodegradability of the formulations. Microbial 

contamination is also examined for nano cutting fluids. 

Biodegradability tests were conducted at Vimta Laboratory 

in Visakhapatnam, and microbial contamination was 

examined at the Department of Bio-Technology, GITAM, 

Visakhapatnam.   

3. Results and Discussion 
The results obtained as a part of the work are reflected 

and discussed in this section under the following heads: 

3.1. Absorbance 

Figure 2 (a to c) presents the levels of absorbance of 

coconut and canola oil based dispersions. The absorbance of 

the fluids with individual nanoparticles (nM /nT) and hybrid 

nanoparticles (nM+nT) at varying particle concentrations 

ranging from 0.25% to 1% are presented and discussed.  

 
Fig. 2(a) Absorbance for CC based dispersions  (A: CC + nM ; A1: 

CC+nT; A2: CC+nM+nT) 

 
Fig. 2(b) Absorbance for CAN based dispersions (B : Can + nM,B1: 

Can+nT,B2: Can+nM+nT) 

Fig. 2(c) Absorbance for hybrid dispersions (A2 : CC+nM+nT; B2 : 

Can+nM+nT) 

It is observed that the absorbance of nT-based fluids in 

CC is more compared to nM-based fluids in both the base 

fluids. At the outset, combining hybrids in CC gave out 

better dispersion than hybrids in Can. From the viewpoint of 

particle percentage, absorbance is found to increase with an 

increase in nanoparticle concentration up to 0.5%, which 

reflects a decrease in the same after this percentage.  

The reason may be aggregation n of np after a certain 

percent of dispersions. Depending on these results, 

machining experiments can be more affluently conducted up 

to a certain particle concentration (0.5% in this case), and 

more calculative experimentation beyond this percentage is 

required. 

3.2. Biodegradability Index (Bio-di5)  

Bio-di5 is reflected with BoCD and ChoDp in %, as 

shown in Table 2. The Bio-di5 for all the cutting fluid 

combinations with vegetable oils is greater than 0.3, from 

which it can be inferred that before being disposed to the 

environment, these conglomerates do not require any specific 

treatment for Bio-di5 of these samples compared to synthetic 

cutting fluids used in machining is less than 0.3 [30]. Thus, it 

is important to note that using natural vegetable oils with 

blends of np in milligrams does not hinder the environmental 

balance [31]. Moreover, titanium dioxide in the nanoform is 

a non-toxic material, and hence, researchers are finding ways 

to explore the applications of nT in the medical field [32]. 

Among all the cases tested in this work, within a fraction of a 

second decimal greater than 0.3, CC+0%nM+0.25%nT has a 

higher value of Bio-Di5. CC and Can, with 0.5% of nM and 

nT, each reflected the next level of biodegradability index 

compared to other cases. This is due to the non-toxic 

properties of nT compared to nM in the former case, while in 

the latter case, an increase in the percentage of nT from 0.25 

to 0.5 has imparted a good extent of biodegradability. Bio-

di5 value of 0.3525 is reflective of the following aspects: 
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1) The composition is subjected to slow degradation and is 

invulnerable to microbes. 

2) Subject to additional processing/ treatment, it does not 

harm the environment.  

3) The extent of biological disintegration activity aided by 

bacterial/fungi.  

In total, with slight variation, all the samples / hybrid 

conglomerates resulted in a comparable and safe range of 

biodegradability index, which is less than 0.3. This variation 

in the index for all the samples is reflected in Figures 3 to 5, 

showing BoCD and ChoDp with respect to the sample on the 

x-axis. 

Table 2. BoCd, ChoDp for nano-conglomerates (value set2) with Biodegradability index (BoDi) 

Conglomerate description BoCD (%) ChoDp (%) Bio-di = BoCD5/ChoDp (Index) 

CC+0.25%nM+0% nT 24.6 69.8 0.3524 

Can+0.25%nM+0%nT 33.3 97.1 0.3429 

Can+0%nM+0.25%nT 45.8 105.6 0.3496 

CC+0%nM+ 0.25%nT 72.6 208.2 0.3487 

CC+0.25%nM+0.25%nT 23.4 69.8 0.3352 

Can+0.25%nM+0.25%nT 44.4 127.0 0.3496 

CC+0.5%nM+0.5%nT 60.6 171.4 0.3535 

Can+0.5%nM+0.5%nT 70.5 200 0.3525 

CC+0.75%nM+0.75%nT 62.4 179.0 0.3486 

Can+0.75%nM+0.75%nT 59.7 170.1 0.3509 

 
Fig. 3 Biochemical oxygen demand @ 5 days for different types of conglomerates 

 
Fig. 4 Chemical oxygen demand for different types of conglomerates 
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Fig. 5 Biodegradability index for varying cutting fluid conglomerates 

The cutting fluids with a biodegradability index (0.3 to 

0.4) are partially biodegradable. These values are affirmative 

compared to the biodegradability index of conventional 

fluids used in machining. Hence, their usage deems it 

advantageous compared to their conventional counterparts. 

In real-time environments, post-usage, these formulations 

can be reused/ treated and disposed of to minimize the 

environmental impact. Moreover, the supply method for 

these conglomerates is minimal lubrication, 10ml/min to 15 

ml/min. Hence, the fluids’ quantity is minimal during 

disposal compared to flood-based conventional cutting 

fluids. Through MQL, the huge quantity of fluid usage is 

reduced, and by adding hybrid dispersions, the aim is also to 

improve machining performance.  

 
      Fig.6 Images of microbial contamination for various conglomerates (a-c) : CC with nanoformulations ; (d-f) Canola with nanoformulations ; (g-i) 
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3.3. Microbial Contamination 

Microbial contamination for nanocutting fluid and 

hybrid nanocutting fluid conglomerates is presented with 

images and inferences in Figure 6 (a to i). The results for  

SAE oil with nano and hybrid nano dispersions are also 

shown. Mbc for CC based blends is shown in Figure 6(a-c), 

similarly for CAN based ones from Figure 6(d-f), and the last 

three images reflect Mbc for SAE nano and hybrid nano 

blends, respectively. The extent of contamination is more 

significant in the case of SAE-based blends than in the case 

of Can and CC counterparts. Meanwhile, for CC-based nano 

and hybrid blends, Mbc is the least compared to Can-based 

cutting fluids. Mbc for all the samples is observed for 3 days 

at 0.25% of nano dispersions. The comparison is made with 

0.25% nM and 0.25% nT individually in all three oils and 

with a hybrid blend. The hybrid blend of nM and nT at 

0.25% exhibited less Mbc than nT and nM. nT being is less 

toxic than nM, resulting in less Mbc in individual blends.  

The very nature of Cc being antibacterial because it is 

used for skin-related problems has resulted in low Mbc 

compared to Can. The combination of Cc with nM and nT 

reflected the least microbial contamination, as seen in the 

images. Besides visual observations of Mbc, the formation of 

bacteria and fungi in the nanocutting fluids is reflected 

through the number of colony formation units or colony-

forming units (CoFu) [33]. Figure 7 (a to i) shows the 

nanofluid type and the number of CoFu for the samples 

considered in this work. In equivalence to the visual 

observation of images, the extent of microbial contamination 

is more significant in the case of SO and CAN-based fluids 

compared to CC-based counterparts.  

 
Fig. 7 Representation of CoFu in each type of nanofluid sample (a-i) 
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Individually, hybrid conglomerates gave out minimum 

CoFu in each base fluid. The formation of colonies is 

identified and marked in blue, as shown in Figure 8.              

The datasheet extracted from OpenCFU application 

software is presented in Figure 9, representing the 

characteristics of the images processed for identifying CoFu 

in each petri plate of a specific nanofluid type. It is observed 

that nanohybrid conglomerates in all three base oils gave out 

low values of CoFu. Within the three oils, a deviation is 

observed in Canola oil with 0.25% nM, resulting in a 

maximum CoFu of 16 compared to other cases, including 

soluble oil. The reason can be attributed to the agglomeration 

of nanoparticles, and the base fluid might contain previously 

existing colony formation, which accelerates during the Mbc 

examination process. Except for this deviation, the Mbc for 

pure oils is less than the mineral oil counterpart in all the 

other cases. Hence, it can be inferred that, compared to this 

case (Canola’s Mbc), CC with nanohybrids Mbc is less by 

87.5% and 77.7% compared to SO (CoFu = 7 with nM).  

In total, the results obtained as an outcome of this 

experimental work are better/comparable to those available 

in literature because of the ensuing aspects: 

• Testing procedures implemented are in industrial / 

research labs and are as per standards. 

• Hence, the results are more accurate than those obtained 

in academic testing environments. 

• Bio-Di5 and Mbc are examined for hybrid nano-

conglomerates with nT and nM dispersions, which is 

different in this work compared to other existing 

literatures. 

• The purpose of the formulations is to be used in 

machining as machining fluids subject to verification of 

properties and sustainability facets. Hence, the purpose 

is not limited to analysis of the aspects but also to 

inspect the applicability of the fluids in the aforesaid 

operations.  

• Mbc for various cases reported here is tested using the 

OpenCFU software application, where the results also 

agree with those obtained for Bio-Di5.  

 
Fig. 8 Representation of CoFu for different nanofluid samples 

 
Fig. 9 Representation of OpenCFU data sheet for the nanofluid images processed 
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4. Conclusion 
    The absorbance of CC-based fluids is higher by 

approximately 10 to 15 % than its pure oil counterpart.   The 

biodegradability index for all the samples is greater than 0.3. 

CC+0%nM+0.25%nT has a higher value. With 0.5% of nM 

and nT, CC and Can report the next value. Microbial 

contamination is high for mineral oil-based formulations, 

followed by canola counterparts. CC-based formulations are 

seen to be subjected to the least contamination. Among all 

the cases, contamination for hybrid conglomerates of nT and 

nM in CC is the least obtained from OpenCFU software-

based image processing and analysis.  

Limitations 
• This work primarily focuses on sustainability aspects at 

large. Machining performance regarding temperature 

effects is not discussed, but it can be addressed from the 

application point of view.  

• The conglomerates are in the 0.25 to 0.75% percentile 

range, as considered in this work. The variation in the 

percentage of hybrid nanoparticles can be further 

extended beyond 0.75% to comprehend the 

sustainability facets at a broader. 

• The duration of microbial conta mination 

considered in this work is two months. An extended 

period of contamination studies would reveal more 

interesting results for interpreting the exact 

combinations of oil and nanoparticle percentages that 

trigger contamination in addition to environmental 

conditions. This aspect is vital and must be analyzed in 

view of industrial cutting fluids.The results obtained in 

this world can ensure the applicability of eco-safe fluids 

for industrial needs. Hence, it needs further exploration. 

Future Work 
This work can be further enhanced in the long run for 

extended investigations of the following aspects: 

i. To conduct the biodegradability and microbial 

contamination tests for more than 3 months for in-

depth analysis and inferences. 

ii. Optimization in terms of hybrid nanoparticle 

percentage and type of oil can be done to obtain the 

best results in terms of sustainability aspects and 

machining performance, as well as with minimal 

utilization of resources. 

iii. Economic evaluation can be done to interpret the cost-

benefit analysis of testing and using the 

conglomerates.  
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