Graphene nanopowder-dispersed propylene glycol-water solutions as cutting fluid in metal cutting process on CNC milling machine
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ABSTRACT:
The primary goal is to study the behaviour of nanofluids containing graphene powder distributed in propylene glycol-water when they are used as cutting fluids in the metal cutting process. Nano fluids with compositions of 100:0, 75:25, and 50:50 were made from Propylene Glycol and Water. Graphene was mixed into the base fluids at concentrations of 0.25 and 0.5 percent, respectively. The work piece make of aluminium is fixed to CNC machine and metal cutting process was done where nanofluids are used as cutting fluids. Several characteristics such Arithmetic mean roughness (Ra), Root mean square roughness (Rq) and Ten Point height roughness (Rz) have been evaluated using Talysurf apparatus and it is found that with the increase in the depth of cut there is an increase in the value of cutting time and decrease in the values of roughness values. It can be concluded that the prepared nanofluid solutions can be used as cutting fluid in metal cutting process.
Keywords: Graphene nanopowder, cycle time, Talysurf, arithmetic mean roughness, root mean square roughness, ten point height roughness.
1. INTRODUCTION:
As a 21st-century innovation, nanotechnology has the capacity to alter numerous features of a material. Nanoparticles are emerging as a promising new addition for use in cooling systems. Recent progress in nanotechnology has included the creation of nanofluids. When it comes to movement and attributes, a particle is defined as a discrete unit. However, the size of ultrafine particles is between 1 and 100 nanometers. It is possible, but not certain, that nanoparticles will exhibit size-linked characteristics that significantly vary from those of tiny particles or complete materials. Due to its potential mechanical, biochemical, and electrical applications, research on nanoparticles is now a topic of high scientific relevance.
Over the course of many decades, several fields have shown nanofluids' usefulness. They may increase the heat transmission efficiency of industrial machinery. Since nanofluids came along, scientists have focused more on making them better at transferring and conducting heat than on making them less thick. When one or even more nanoparticles are spread throughout a base fluid, the resulting mixture is called a nanofluid. According to research [1] on the physic-thermal effects of graphene nanopowder on nanofluids, both specific heat as well as thermal conductivity increase with temperature. Viscosity and density both dropped as temperature climbed.
Due to their poor thermal conductivity and extremely high viscosity [2], nanofluids are notoriously difficult to research. Thermophysical studies of base fluids were the subject of several studies over the past two decades. The experimental results imply that the base liquid's heat conductivity and viscosity may be improved by the addition of nanoparticles. The present study explains about how graphene nanopowder-dispersed propylene glycol-water solutions can be used as cutting fluid in metal cutting process.

2. Materials and Methodology:
Propylene glycol, which is used in these formulations as the fundamental liquid component, was sourced from Naveen Chem. According to the International Union of Pure and Applied Chemistry (IUPAC), propylene glycol is a viscous liquid that is colourless and has a flavour that may be described as slightly pleasing. Another name for propylene glycol is propane-1,2-diol. This substance may be represented by the chemical formula CH3CH(OH)CH2OH. Because it has two different alcoholic functional groups, it is classified as a diol. It may be dissolved in a wide range of solvents, including water, acetone, and chloroform, among others. In their natural state, glycols do not cause irritation and have a minimal volatility [3]. Propylene glycol has several applications, such as in the creation of polymers, in the food and beverage industry, and in the medical field. The properties of propylene glycol are shown in table 1.


	Properties

	Chemical formula
	C3H8O2

	Density
	1016 kg/m3

	Melting point
	−59 °C 

	Boiling point
	188.2 °C 

	Thermal conductivity
	0.491 Kw/h

	Viscosity
	1.4 m2/s * 10-6


Table 1: Properties of Propylene Glycol
Graphene is a two-dimensional honeycomb crystal lattice of atoms. Graphite's numerous double bonds inspired the "-ene" suffix. Every atom in a graphene sheet adds an electron to a valence band which spans the sheet, and every atom has a strong link with its three neighbours. PAHs, fullerenes, carbon nanotubes, and even glassy carbon show this connection [4]. Since the conduction and valence bands are connected, graphene, a semimetal with exceptional electrical properties, may be characterised using massless relativistic particle theories. These ideas explain graphene. Graphene field-effect transistors may conduct bipolarly because charge carriers' energy depends linearly on momentum. The material has massive quantum oscillations, nonlinear diamagnetism, and ballistic charge transfer over long distances. Graphene conducts heat and electricity well [5]. Graphite absorbs visible light, making it black, yet a single sheet of graphene is practically transparent. This combination is 100 times stronger than the hardest steel. Graphene's tensile strength, electrical conductivity, opacity, and status as the world's strongest material have made it a lucrative nanomaterial [6]. Graphene is the strongest and thinnest two-dimensional material. In 2012, the semiconductor, electronics, electric battery, and composites industries' research and development sectors drove graphene's $9 million worldwide market. Graphene nano powder was procured from Ultrananotech Pvt.Ltd. Table 2 gives the description of Graphene and Table 3 shows the properties of Water.

	TestItem
	TestResult

	Purity 
	>99%

	Thickness 
	5-10nm

	Length 
	5-10 micron

	Density 
	3.1 g/cm3

	Number of Layer 
	Average No. of Layer 4-8

	Surface Area 
	200-210 /g


Table 2: Description of Graphene

	Density
	992.25

	Specific heat
	0.9980

	Thermal conductivity
	0.540

	Viscosity
	0.658


Table 3: Properties of Water
2.1. Preparation of base fluids and nano fluids:
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Fig. 1.Propylene Glycol-Water samples.

Propylene glycol-water samples of three kinds (50:50), (75:25), and (100:0) are prepared in this experimentation [7]. The graphene nanoparticles are dispersed in the designed solutions with the help of an ultrasonic probe sonicator at 0.25 and 0.5 wt%. Fig. 1 shows the prepared nanofluid samples [8].

3. EXPERIMENTAL SETUP AND PROCEDURE:
3.1. CNC Milling machine:
[bookmark: _Hlk130029557]A CNC milling machine is a versatile and precise tool used in modern manufacturing industries to create complex and precise parts and components. Unlike traditional milling machines, which require manual operation and adjustment, CNC milling machines are controlled by computer programs that allow for highly accurate and repeatable machining operations [9].  Here are some features and components of a typical CNC milling machine:
Bed: The bed is the base of the machine that supports all other components. It is usually made of cast iron or steel and is designed to be rigid and stable to ensure accuracy during machining.
Spindle: The spindle is the rotating component of the machine that holds the cutting tool. It is typically driven by an electric motor and can rotate at high speeds, allowing for precise and efficient machining.
Cutting tool: A cutting tool is a rotating tool that is used to remove material from the workpiece. It is usually made of high-speed steel or carbide, and is selected based on the specific material being machined and the desired surface finish.
Tool holder: The tool holder is the component that holds the cutting tool and attaches it to the spindle. It is designed to be easy to replace, allowing for quick tool changes and increased productivity.
Worktable: The worktable is the component that supports the workpiece during machining. It is typically adjustable in height, angle, and position, and may be equipped with various clamps and fixtures to hold the workpiece securely in place.
Control panel: The control panel is the interface between the operator and the machine. It typically consists of a computer screen, keyboard, and other input devices, and allows the operator to program and control the machine's movements and operations.
CNC controller: The CNC (Computer Numerical Control) controller is the brain of the machine. It reads the operator's instructions and converts them into electrical signals that control the machine's movements and operations.
Axis system: The axis system is a set of linear or rotary motion components that control the machine's movements along different directions. The most common axis system is a three-axis system, consisting of the X-axis (horizontal), Y-axis (vertical), and Z-axis (depth).
Coolant system: The coolant system is a component that cools and lubricates the cutting tool and workpiece during machining. It helps to prevent overheating and prolong the life of the cutting tool, and may also help to remove chips and debris from the work area. Figure 2 shows the CNC milling machine.
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Fig.2. CNC Milling Machine
3.1.1. Cutting tools Used:
· Flat-end mill cutter:
A flat-end mill cutter is a tool used in milling machines to shape and cut various materials. It has a cylindrical body with a flat cutting edge at the end, which is often made of carbide. This cutting edge is used to create flat surfaces, slots, keyways, and other shapes in a workpiece. Flat-end mill cutters come in different sizes and can be used for both horizontal and vertical milling operations [10].
The flat-end mill cutter is an important tool for producing smooth finishes on workpieces, especially if the cutter is sharp and well-maintained. However, it has limited versatility in creating complex shapes due to its single-plane cutting edge. In such cases, other types of milling cutters with specialized cutting edges may be more appropriate [11]. Overall, the flat-end mill cutter is a versatile and useful tool for a range of milling applications. Fig 3 shows the flat end mill cutter. 
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Fig 3: Flat end mill cutter
3.1.2. Machinespecifications:
· Model – SPM 250
· Controller- Siemens 808D
· Axis movement:
· x- 300 mm
· y-250 mm
· z-250 mm
· Axis motor and drive- SIEMENS V90
SERVO MOTOR WITH SERVO DRIVE
· Distance between table top and spindle nose – 70-370mm
· Distance between spindle to column- 270mm
· Feed rate – 0- 5000 mm/min
· Rapid travel – 5000mm/min
· Table size – 700 ×300mm
· Load on Table – 120 Kg
· Spindle motor capacity – 3HP
· Motor type- AC motor with VFD
· Spindle rpm- 100 to 3000 rpm
· type of magazine -Disc type
· Capacity of magzine - 8 tools
3.2. Talysurf Experimentation setup:
Specimen: The specimen is the surface that will be measured for roughness using the Talysurf apparatus. We have taken Aluminum specimens of 100mm×100mm which should be prepared by cleaning and removing any debris or contaminants.
Instrument: The Talysurf surface roughness apparatus is the main instrument used to measure the roughness of the specimen. It typically consists of a stylus that moves across the surface of the specimen, tracing its contours and recording roughness values. The instrument is calibrated before the experiment to ensure accurate readings. Fig 4 shows the Talysurf set up
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Fig 4. Talysurf setup
3.3. EXPERIMENTAL PROCEDURE:
3.3.1. Experimental Procedure on CNC Milling:
1. Select the appropriate cutting tool: Choose a cutting tool that is suitable for the material being machined and the size and shape of the slot to be cut [12]. The tool should be securely mounted in the spindle.
2. Position the workpiece: Mount the workpiece securely on the worktable and position it so that the slot is aligned with the cutting tool.
3. Set the cutting parameters: Set the machine's cutting parameters, such as the spindle speed, feed rate, and depth of cut. These parameters will depend on the material being machined and the size and shape of the slot [13].
4. Enter the Program: Create a program using G and M codes in edit mode, that instructs the machine to cut the slot. This program will include the cutting path, cutting parameters, and any other instructions necessary to complete the operation [14].
5. Start the machine: Put auto mode and control the rapid rate and feed rate with 100% and press the cycle start button once [15]. Now the machine will run. The cutting tool will move along the designated path, removing material from the workpiece to create the slot.
6. Monitor the process: Keep an eye on the machining process to ensure that everything is running smoothly [16]. Check the workpiece periodically to ensure that the slot is being cut to the correct dimensions.
7. Finish the slot: Once the slot has been cut to the desired depth and width, stop the machine and remove the workpiece [17]. If necessary, use pressurized air to remove the chips.
8. Clean up: Clean up the work area and return the machine and cutting tool to their proper storage locations [18]. Fig 5 shows the work piece which is machined using CNC milling machine
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Fig 5 : Machined work piece
3.3.1.1. PROGRAM:
O123;
N1 G75 Z0;
N2 T5 D1 M6;
N3 M03 S250;
N4 G54 G90 G17 G00 X8 Y-10;
N5 G00 Z3;
N6 G01 Z-0.2 F200;
N7 G01 X25 Y-10;
N8G01 Z0.5;
N9 G00 Z50;
N10 G75 Z0;
N11 G75 Y0;
N12 M30;
3.3.2. Experimental Procedure on Talysurf apparatus:

1. Thepowersupplytothetallysurfmeasuringinstrumentisgivenanditischeckedwiththereferencesampleforcurrentroughness
2. Theinstrumentisboundonthespecimenproperlyandthenthemeasurementisstoredbypressing the start/stopbutton.NotedownRa, Rq&Rzvaluesusing the parameter button.
3. Repeattheexperimenton the specimenby changingthedistribution.
4. Repeat the processfortheremainingspecimenandtabulatethereadings.

4. Results:
4.1. Arithmetic Mean Roughness (Ra):
Fig.6(a) graph drawn between depth of cut and Arithmetic Mean Roughness (Ra). The arithmetic mean roughness (Ra) decreases with increase of depth of cut. The minimum value is 0.418 µm for PG+ 0.5 % Grapheneat 0.5 mm depth of cut. Fig.6(b) graph drawn between depth of cut and Arithmetic Mean Roughness (Ra). The arithmetic mean roughness (Ra) decreases with increase of depth of cut [19]. The minimum value is 0.644 µm for PG+WATER (50:50) + 0.5 % Grapheneat 0.5 mm depth of cut. Fig.6(c) graph drawn between depth of cut and Arithmetic Mean Roughness (Ra). The arithmetic mean roughness (Ra) decreases with increase of depth of cut. The minimum value is 0.53 µm for PG+ WATER (75:25) + 0.5 % Graphene at 0.5 mm depth of cut [20]. While comparing arithmetic mean roughness for above samples, the minimum arithmetic mean roughness is 0.53 µm for PG+ WATER (75:25) + 0.5 % Graphene at 0.5 mm depth of cut. 
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(c)
Fig.6 (a) graph drawn between the Arithmetic Mean Roughness (Ra) and the depth of cut for PG (100%). Fig.6 (b) graph drawn between the Arithmetic Mean Roughness (Ra) and the depth of cut for PG + Water (50:50). Fig.6(c) graph drawn between the Arithmetic Mean Roughness (Ra) and the depth of cut for PG + Water (75:25).

4.2. Root Mean Square Roughness (Rq):
Fig.7(a) graph drawn between depth of cut and Root Mean Square Roughness (Rq). The Root Mean Square Roughness (Rq) decreases with increase of depth of cut. The minimum value is 0.557 µm for PG at 0.5 mm depth of cut [21]. Fig.7(b) graph drawn between depth of cut and Root Mean Square Roughness (Rq). The Root Mean Square Roughness (Rq) decreases with increase of depth of cut. The minimum value is 0.716 µm for PG+WATER (50:50) + 0.5 % Graphene at 0.5 mm depth of cut. Fig.7(c) graph drawn between depth of cut and Root Mean Square Roughness (Rq). The Root Mean Square Roughness (Rq) decreases with increase of depth of cut [22]. The minimum value of is 0.64 µm for PG+ WATER (75:25) + 0.5 % Graphene at 0.5 mm depth of cut. While comparing root Mean Square Roughness for above samples, the minimum arithmetic mean roughness is 0.557 µm for PG (100%) at 0.5 mm depth of cut. 
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(c)
Fig.7 (a) graph drawn between the Root Mean Square Roughness (Rq) and the depth of cut for PG (100%). Fig.7 (b) graph drawn between the Root Mean Square Roughness (Rq) and the depth of cut for PG + Water (50:50). Fig.7(c) graph drawn between the Root Mean Square Roughness (Rq)and the depth of cut for PG + Water (75:25).
4.3. Ten Point Height Roughness (Rz):
Fig.8(a) graph drawn between depth of cut and Ten Point Height Roughness (Rz). The Ten Point Height Roughness (Rz) decreases with increase of depth of cut [23]. The minimum value is 3.752 µm for PG+ 0.5 % Graphene at 0.5 mm depth of cut. Fig.8(b) graph drawn between depth of cut and Ten Point Height Roughness (Rz). The Ten Point Height Roughness (Rz) decreases with increase of depth of cut [24]. The minimum value is 2.279 µm for PG+WATER (50:50) + 0.25 % Graphene at 0.5 mm depth of cut. Fig.8(c) graph drawn between depth of cut and Arithmetic Mean Roughness (Ra). The arithmetic mean roughness (Ra) decreases with increase of depth of cut. 
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(c)
Fig.8(a) graph drawn between the Ten Point Height Roughness (Rz) and the depth of cut for PG (100%). Fig.8(b) graph drawn between the Ten Point Height Roughness (Rz) and the depth of cut for PG + Water (50:50) . Fig.8(c) graph drawn between the Ten Point Height Roughness (Rz) and the depth of cut for PG + Water (75:25).
The minimum value is 2.99 µm for PG+ WATER (75:25) at 0.5 mm depth of cut [25]. While comparing ten point height roughnessfor above samples, the minimum arithmetic mean roughness is 2.279 µm for PG+ WATER (50:50)+0.25% graphene at 0.5 mm depth of cut. 
5. CONCLUSIONS: 
1. The essential fluids were propylene glycol and water, which were mixed in the following proportions: 100:0, 75:25, and 50:50 to form nanofluids. 
2. Both base fluids had 0.25 or 0.5 graphenes added.
3. The prepared nanofluids were used as coolant in a CNC milling machine and the surface roughness values have been measured using Talysurf apparatus.
4. While comparing arithmetic mean roughness for the prepared samples, the minimum arithmetic mean roughness is 0.53 µm for PG+ WATER (75:25) + 0.5 % Graphene at 0.5 mm depth of cut. 
5. While comparing root Mean Square Roughness for the prepared samples, the minimum arithmetic mean roughness is 0.557 µm for PG (100%) at 0.5 mm depth of cut. 
6. While comparing ten point height roughnessfor the prepared samples, the minimum arithmetic mean roughness is 2.279 µm for PG+ WATER (50:50)+0.25% graphene at 0.5 mm depth of cut. 
6. Future Scope:
Different nanofluids can be prepared and can be used as coolant on CNC milling machine, CNC late machine and also CNC drilling machine. Further along with surface roughness the cutting forces can also be measured.
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Rq



PG + WATER (75:25)	0.1	0.2	0.30000000000000032	0.4	0.5	2.0379999999999998	1.7454999999999961	1.452999999999997	1.165	0.86800000000000144	PG + WATER (75:25) + Graphine (0.5%)	0.1	0.2	0.30000000000000032	0.4	0.5	1.8114999999999972	1.5189999999999972	1.2264999999999973	0.93399999999999994	0.64150000000000063	PG + WATER (75:25) + Graphine (0.25%)	0.1	0.2	0.30000000000000032	0.4	0.5	1.9247500000000026	1.6322500000000029	1.33975	1.049499999999997	0.75475000000000181	depth of cut

Rq



PG + WATER (50:50)	0.1	0.2	0.30000000000000032	0.4	0.5	9.6890000000000001	7.806	5.923	4.04	2.157	PG + WATER (50:50) + Graphine (0.5%)	0.1	0.2	0.30000000000000032	0.4	0.5	9.9330000000000016	8.0500000000000007	6.1669999999999945	4.2839999999999998	2.4009999999999998	PG + WATER (50:50) + Graphine (0.25%)	0.1	0.2	0.30000000000000032	0.4	0.5	9.8110000000000035	7.9280000000000008	6.0449999999999955	4.1619999999999955	2.2789999999999999	depth of cut

Rz



PG(100%)	0.1	0.2	0.30000000000000032	0.4	0.5	8.1210000000000004	7.048	5.9749999999999996	4.9020000000000001	3.8289999999999997	PG(100%)+Graphine (0.5%)	0.1	0.2	0.30000000000000032	0.4	0.5	8.0440000000000005	6.9710000000000116	5.897999999999989	4.8249999999999869	3.7519999999999998	PG(100%)+Graphine (0.25%)	0.1	0.2	0.30000000000000032	0.4	0.5	8.0825000000000067	7.0095000000000001	5.9365000000000014	4.8634999999999975	3.7904999999999998	depth of cut

Rz



PG + WATER (75:25)	0.1	0.2	0.30000000000000032	0.4	0.5	8.9050000000000047	7.4269999999999996	5.9489999999999998	4.4710000000000116	2.9930000000000003	PG + WATER (75:25) + Graphine (0.5%)	0.1	0.2	0.30000000000000032	0.4	0.5	8.9885000000000002	7.5104999999999995	6.0324999999999998	4.5544999999999956	3.0764999999999967	PG + WATER (75:25) + Graphine (0.25%)	0.1	0.2	0.30000000000000032	0.4	0.5	8.9467500000000015	7.46875	5.9907500000000002	4.5127500000000005	3.0347499999999967	depth of cut

Rz
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