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Abstract - In the 21st century, as it is important to produce products with care for protecting the earth, a producer must 

carefully give attention on the energy conservation issue, save resources and reduce waste which pollutes environment. On the 

other hand, in case of a machine tool, significant quantity of lubricating oil was used for smooth drive, much electrical energy 

was consumed for high accuracy using forced cooling machining. In this way, a lot of cutting oil was used for lubrication and 

cooling, and this contributes to environmental degradation. Therefore, in this research, the cutting fluid with lower coefficient 

of friction was developed and evaluated. The proposed cutting fluid which mixed the strong alkaline water with polymer and 

small graphite grains was firstly investigated for lower coefficient of friction. Then optimum condition for the proposed 

cutting fluid was investigated and decided in the several experiments. The evaluation for the effect of the lubricant with lower 

coefficient of friction was conducted through a CNC lathe machine performances. Evaluation for environmentally friendly was 

performed by using simple LCA approach. It is concluded from the study that; (1) The lubricant of the proposed cutting fluid 

which mixed the strong alkaline water with polymer and small graphite grains has friction coefficient 0.13, (2) The proposed 

cutting fluid was very eco-friendly alternative to the conventional one. 
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I. INTRODUCTION 

 

In recent years, the urgency to create environmentally 
friendly technologies has dramatically increased [1]. 
However, these technologies are usually not adopted 

due to their large cost and low profit. On the other 

hand, in case of a machine tool, greater quantity of 

lubricating oil was consumed for smooth drive, a lot of 

electrical energy was used for high accuracy using 

forced cooling machining. In this way, large cutting oil 

was also utilized for lubrication and cooling [2], in 

fact, this has significant effects on earth problems. 

Therefore, in this research, the cooling fluid with 

lower friction coefficient was developed and evaluated. 

The proposed cutting fluid which mixed the strong 

alkaline water with polymer and small graphite grains 

was firstly investigated for lower coefficient of friction. 

Then optimum condition for the proposed cutting fluid 

was investigated and decided in the several 

experiments. Evaluations for the cutting property 

through a CNC lathe performance and the 

environmental impact was lastly analyzed by using 

simple LCA for the lubricant with lower coefficient of 

friction.  

 

II. CUTTING FLUID SPECIFICATIONS 

AND EXPERIMENTAL SET-UP 

 

A. Experimental Set-up 

The experimental conditions and its set-up procedures 

for measuring coefficient of friction are respectively 

shown in Table 1 and Fig. 1. The equipment for 

measuring coefficient of friction consists of digital 

weighing device, weight of the balance, linear motion 

table, pulley, friction base and sliding body. Sliding 

body is a part which put a weight for adjusting pressure 

of contacted surface on “Boat”. In this experiment, 

“Boat” is a part which fixed 3 pieces of sliding parts on 

the bottom of the acrylic disk of 10 mm thickness and 

φ50 mm diameter. The used three pieces of sliding 

parts are the disk of SUS304 stainless steel of 2 mm 

thick, φ8 mm diameter and 0.17 μm surface roughness 

Ra.  In this experiment, a weight of the sliding body of 

870 g and the frictional property when pressure of 
contacted surface was 0.06 MPa could be investigated. 

The boat and the weight of the balance were connected 

with stainless steel wire through the pulley. The 

frictional force between the friction base and the 

sliding part of the boat can be calculated by using the 

mass change which is measured with the digital 

weighing device when linear motion table is carrying. 

The elongation of the wire is 0.005 mm which can be 

neglected in the coefficient friction calculation. The 

slippage between the pulley and the wire can be 

neglected since it was confirmed at preliminary 

experiment. The coefficient of friction  is calculated 

by using equation (1). 

 

 

Where, “ m”  is weight of the sliding body before 

working, “  M ”  is weight of the balance before 

working and “  M’  ”  is value of digital weighting 

device at working. In this time, measurement error of 

coefficient of friction was Δ ＝7.94×10-6 which was 

calculated by the Tailor`s error spread method [3]. The 

number of measurement for coefficient of friction in 
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the condition of proposed cutting fluid was conducted 

thirty times for the measurement accuracy. Then, the 

final value was obtained from the average result 

calculation. Therefore, presumptive error of average 

value of coefficient of friction is 1.45×10
-6  

and minute 

value. 

 
 

B. Cutting Fluid 

Strong alkaline water, polymer PEO (= polyethylene 

oxide) and graphite grains were used for the cutting 

fluid. Specification for these materials are shown in 

Table 2.  

Strong alkaline water has been used for cooling in 

machining. Water has high heat capacity which is best 

cooling and has very large evaporative cooling effect 

compared with other cutting fluid. The practice of 

using water for machine tool cooling is yet not 

commonly implemented. This is because the water that 

has a low pH value induce corrosion on the machine 

tool, work piece and machine elements. Acidic water 

has lots of H+ ions which react with the electrons at the 

cathode, corrosion is enhanced. However, when the 

concentration of hydrogen in water is decreased with 

higher pH value, corrosion will not occur and therefore 

it is possible to be used as cutting fluid for cooling. 

According to the corrosion characteristic of strong 

alkaline water, in the case of steel, the corrosion will 

not be enhanced when the pH value of strong alkaline 

water is greater than 10.0. In application of nickel and 

nickel-based alloys, it shows no corrosion at the range 

of pH 8.5 to pH 13.0. From these facts, the range of pH 

between 10.0 and 13.0 is considered adequate to be 

used for cutting under immersed condition with 

effective evaporative cooling to reduce thermal loads 

on the machine tool. Furthermore, cleaning after 

machining is not necessary as the strong alkaline water 

can act as cleaning agent. Moreover, special treatment 

for storing and disposing is not necessary as the strong 

alkaline water will lose its alkalinity and become 

normal water when stored longer in the ambient air. 

By this phenomenon, it can be disposed as normal 

water once it loses its alkalinity, which is considered 

safe for environment. It has been investigated in 

previous research that most of machine tool related 

materials except aluminum were not corrode when 

submerged into strong alkaline water for two months. 

As alkaline water can maintain its pH longer, thus, 

machining with immersed condition is possible. The 

strong alkaline water was produced by strong alkaline 

water generating device which mix chemical 

compound of potassium hydroxide (K2CO3) to the 

water with ratio 0.18 w/v%. Strong alkaline water also 

actions melting protein by its characteristic of the 

hydrolysis of amide bond. Although it is not hazardous, 

the precaution action such as wearing safety glasses, 

dust mask, gloves and wash hand properly after 

encountered are strongly suggested.  

 

When the polymer PEO was mixed in strong alkaline 

water, the friction coefficient becomes small value. 

This is because the fluid gets high viscosity by the 

polymer property. In addition, the fluid has the 

property for following the moving matter as it becomes 

non-Newtonian fluid. Therefore, the cutting fluid is 

hugged to the tool and the chip, the polymer with the 

graphite grains (later) can reduces the friction 

coefficient between the tool and the chip during a 

cutting. 
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When the graphite was mixed in strong alkaline water 

and polymer PEO, the friction coefficient becomes 

small value. This is because the friction coefficient of 

graphite is small, then it often used lubrication. 

Therefore, the graphite grains were used for the 

cutting fluid in this research. It is very difficult to 

supply continuously the graphite grains between the 

tool and the chip. However, in this research, strong 

alkaline water has the high penetration property, the 

polymer PEO can twine the graphite grains by its very 

long macromolecules and can follow the moving 

matter. Therefore, it easily maintains a continuous 

supply of the graphite grains between the tool and the 

chip. 

 

III. OPTIMUM CONDITION FOR CUTTING 

FLUID AND ITS EFFECT 

 

Optimum condition for the cutting fluid was 

investigated by using DOE. Table 3 shows the control 

factors and their level values. Meanwhile, Table 4 

reveals the L16 orthogonal table based on the Table 3 

arrangements for coefficient of friction and standard 

deviation. Here, the number of determinations of 

coefficient of friction is always taken thirty times on 

the various article of L16 orthogonal table. 

 

 

 

Figure 2 depicts the relationship between the 

coefficient of friction or standard deviation and both 

PEO and Grain weight percentage in SAW which 

illustrated from Table 4. Here, lower coefficient of 

friction means that heating value is low during cutting, 

and lower standard deviation means that measurement 

condition is stable. As the result, graphite grain is 

effective for lower coefficient of friction, and then the 

coefficient of friction of the proposed cutting fluid PEO 

of 2 (wt. %) and Grains of 8 (wt. %) that mixed into the 

SAW was 0.128 and became smallest value.  

 

 

 
The Fig. 3 shows the comparison between various 

lubrication with its different coefficient of friction. The 

coefficient of friction of the proposed cutting fluid was 

smaller than the conventional lubricant oil. So the 

proposed cutting fluid is very effective for industrial 

field. 
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IV. EVALUATION FOR CUTTING PROPERTY 

AND ENVIRONMENTALLY FRIENDLY 

 

A. Cutting Property 

The evaluation of the proposed cutting fluid for the 

effect of the lubricant with lower coefficient of friction 

was carried out for the CNC lathe. A tool-life test was 

performed and the setup is shown in Fig. 4 and the 

conditions are outlined in Table 6. The tool-life limit 

was set as a flank wear of 0.15 mm. Moreover, the 

selected tool was set to contain just one insert as the 

proposed cutting fluid would be possible provided to 

the tool tip during air cutting. The results of the 

tool-life test are shown in Fig. 5 and it can be observed 

that the proposed cutting fluid offered a great benefit of 

a tool-life, 12 times longer compared to dry cutting and 

3 times to wet cutting. Therefore, it is thought that the 

heat generated during machining can easily be 

alleviated with the proposed cutting fluid. In addition, 

upon inspection of the tool tip under the microscope, it 

was observed that no cracks or fractures were present. 

 

 

 
 

B. Environmentally Friendly 

The energy and environmental evaluation for this 

cutting fluid is discussed in this section. CO2 emission 

CLCO2 (kg-CO2) due to manufacturing energy 

consumption was calculated by equation (2) [4]. 

CLCO2 = 0.496 × WE                                                               (2) 

 

Where, WE is the consumed electric power (W) and 

0.496 (kg-CO2/kWh) is the coefficient of relationship 

between the used electric power and the CO2 emission 

[5]. CO2 emission CLCO2 (kg-CO2) due to 

manufacturing lubrication oil consumption was 

calculated by equation (3) [6]. 

 

CLCO2 = D × C × Q × 44 / 12                                                 (3) 

 

Where, D is quantity of discharge oil (kℓ), C is 

calorific value (GJ/kℓ), Q is carbon dioxide emissions 

factor for oil (t-C/TJ).  Here, 40.2 (GJ/kℓ) is used for C 

and 19.9 (t-C/TJ) is used for Q [7]. In case of the 

conventional wet cutting with oil, 4.4 kW of electric 

power are used; here, the CNC lathe machine (1.0 

kW), oil pump (1.2 kW) and machine tool refrigerator 

(2.2 kW) are used for machining. Working hours in 

one day are 8 hours and working days of one year are 

250 days. Cutting oil consumption is 680 ℓ (= 340 ℓ × 

2 times) and being changed twice a year as the oil tank 

gathers impurities. Cutting oil consumption of 360 ℓ 

(= 30 ℓ × 12 months) is the daily machining oil 

supplied to the tank. CO2 emission CLCO2 (kg-CO2) for 

the used electrical energy and oil was calculated by 

equation (2) and (3) respectively. The annual 

calculation results of CO2 emission CLCO2 (kg-CO2) 

are shown in Table 7. In case of using the proposed 

cutting fluid, electric power consumption was 

calculated by considering a CNC lathe machine (1.2 

kW), a pump for supply the proposed cutting fluid 

(0.75 kW) and a generating unit for strong alkaline 

water (0.75 kW) used for cutting. Here, the working 

conditions are similar to the conventional wet cutting 

with oil.  

However only generating unit for strong alkaline water 

was irregularity and independently used as Table 8. 

The calculation for CO2 emission was only considering 

the electrical energy consumption, as oil was not used 

for the proposed cutting fluid as cooling. The CO2 

emission CLCO2 (kg-CO2) for the used electrical energy 

was calculated by equation (2). The calculated results 

of CO2 emission CLCO2 (kg-CO2) for one year are 

shown in Table 8. Comparison of environmental 

impact between the conventional wet cutting with oil 

and the cutting using the proposed cutting fluid are 

shown in Fig. 6. The generated CO2 emission of the 

cutting from the proposed cutting fluid was only 24 % 

compare to wet cutting with oil. Moreover, it only 

consumed 40 % of energy, which is 3527 kWh/y 

during machining. In contrast around 8800 kWh/y 
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energy was consumed for the machining by 

conventional wet cutting with oil. Thus, it can be 

stated that by using the proposed cutting fluid, the CO2 

emission and energy consumption can be effectively 

reduced and resulting an improved environmentally 

friendly technology. 

 
 

 
 

V. CONCLUSION 

 

It is concluded from the results that;  

(1) Strong alkaline water, polymer PEO and graphite 

grains were appropriately selected for the new cutting 

fluid constituents. 

(2) The optimum condition for the cutting fluid were 

defined, and the friction coefficient for the fluid was 

0.13. 

(3) The tool life using the proposed cutting fluid was 

12 times of that during dry cutting and 3 times of that 

during oil cutting. 

(4) The proposed cutting fluid reduces energy 

consumption by 60 % and CO2 exhaust emission by 76 

% compare to the conventional oil cutting. 

 

REFERENCE 

 
[1] L. E. Pena-Gonzalez, P. Da Silva and I. Tanabe, “Development 

of environmentally-friendly technologies based on the double-eco 

model – an evaluation platform,” Journal of Machine 

Engineering, Vol. 18, No. 1, pp.18-31, March 2018. 

[2]  A. Shokrani, V. Dhokia, S. T. Newman, “Environmentally 

conscious machining of difficult-to- machine materials with 

regard to cutting fluids,” International Journal of Machine Tools 

and Manufacture 57, pp.83-101, 2012. 

[3] Instruments and Apparatus Supplement ANSI/ASME PTC 

19.1-1985, “Measurement Uncertainty,” Trans. JSME, pp. 

47-48, Nov 1987. 

[4] e-Gov, Ordinance related to calculation for carbon dioxide 

equivalent greenhouse gas emissions with their business activities 

of specified emitters, Article 2 (2010), available 

from<http://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/

lsg0500/detail?lawId=418M60001400003 > (accessed on 23 

April, 2019) (in Japanese) 

[5] Ministry of the environment, Announcement of actual emission 

factor, adjusted emission per electric utility company in FY 2017 

(2018), available from < 

http://www.env.go.jp/press/files/jp/110465.pdf > (accessed on 

23 April, 2019) (in Japanese). 

[6] Ministry of the environment, Calculation method and emission 

factor on calculation, report and publication system (2015), 

available from < http://ghg-santeikohyo.env.go.jp/ 
files/calc/itiran2015.pdf > (accessed on 23 April, 2019) (in 

Japanese).  

[7] Greenhouse gas inventory office of Japan, National Greenhouse 

Gas inventory Report of JAPAN (2019), available from  <  

http://www-gio.nies.go.jp/aboutghg/nir/2019/NIR-JPN-2019-v3

.0_J_GIOweb.pdf > (accessed on 15 April, 2019) (in Japanese). 

 

http://ghg-santeikohyo.env.go.jp/
http://www-gio.nies.go.jp/aboutghg/nir/2019/NIR-

