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 In this study, a cryogenic carbon dioxide cooling technique is 

implemented when turning of AISI 1045 medium carbon steel using 

uncoated carbide insert. In particular, various gas spray methods is 

analyzed by evaluating its effect on the progression of cutting tool wear. 

It was observed that pulse spray mode significantly reduces the 

consumption of coolant-lubricant, subsequently improve the production 

cost. Pulse spray mode of 70:30 outperformed other modes in terms of 

the tool life.

 
1.! Introduction 

Cutting fluid which is made from petroleum 

based product causes problems such as human 

health, economy and pollution. Improper 

handling and disposal can cause serious 

environmental problems especially in water and 

soil [1]. The treatment and disposal of the 

cutting fluid requires additional cost. According 

to Kloke and Eisenblatter [2], the used of 

cutting fluids was at 7 to 17% related with the 

manufacturing cost. The consumption is several 

times higher than the tool cost in about 2 to 4%. 

Therefore, it is essential to seek for alternative 

techniques in order to overcome the 

aforementioned problems. One of the promising 

technique is called cryogenic machining. The 

purpose of this technique is to cool down the 

machining process especially at the machining 

zone using liquid nitrogen. It was sprayed under 

the high pressure and velocity through a nozzle. 

This technique reduces cutting temperature and 

increases the hardness of the cutting tool hence 

reducing the cutting tool wear. 

Continuous spray mode of cryogenic 

coolant delivery is usually used to decrease 

temperature at the cutting zone. It has been 

proven to be one of the effective methods in 

cooling the machined surfaces. However, there 

are an area that needs an improvement which 

are the lubricant and gas consumption issues. 

Pulse spray mode is seen to be the potential 

alternative in reducing the consumption rates. It 

leads to an economic benefit by saving the 

excessive costs of using metal working fluids. 

The efficiency of spray pulse is the main 

consideration in this study, by which the ability 

to remove the generated heat, reduce the friction 

force and enhancing the cutting tool wear and 

life.  

 

2.! Experimental procedure 

The turning process was carried out on a NC 

lathe machine to cut AISI 1045 workpiece (100 

mm width and 150 mm length) at a fixed feed 

rate and cutting speed as shown in Table 1. An 

uncoated cemented carbide tool with a negative 

rake angle of 14° was used as the cutting tool. 

The overall setup is shown in Fig. 1. The cutting 

tools were analysed through a tool makers’ 

microscope (Nikon MM-60) in order to 

measure the progression of cutting tool life. The 

ISO 3685 was referred when conducting the 

machinability test. The cutting tool is rejected 

and further machining was stopped based on or 

a combination of the criteria shown in Table 2. 

In the turning experiment, the pulse mode ratios 

of cryogenic carbon dioxide gas (spray on: 

spray off) were set at 70:30, 50:50 and 30:70 

were applied.  
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Figure 1: Machining setup.  

 

Table 1: Connection between AA and VV. 

Cutting parameters Values 

Cutting speed, vc (m/min) 

Feed rate, fr  (mm/rev) 

Depth of cut, ap       (mm) 

300 

0.2 

1 

SCCO2 parameter Values 

Input chamber pressure, 

Pc  (MPa) 

Pulse mode (Spray On : 

Spray Off)

7.58; 8.96; 10.4 

 

70:30, 50:50, 

30:70

 

Table 2: Tool wear criteria.  

Type of wear Value 

Average flank wear, VBB ≥   0.3 mm 

Maximum flank wear, VBB max ≥   0.6 mm 

Maximum notch wear, VBN ≥   0.6 mm 

Catastrophic failure - 

 

3.! Results and discussion 

Table 3 show the progression of tool wear 

and tool life respectively, under various 

coolant-lubricant strategies. As expected, the 

cutting tool life is increases with the increase of 

both input chamber pressure and spray on 

duration. Maximum machining distance and 

time of 26650 mm and 133.25 minutes 

respectively was obtained at the higher input 

chamber pressure of 10.4 MPa and using 

continuous spray technique. Meanwhile, the 

minimum tool life of 41 minutes (distance of 

8200 mm) is observed at the lowest input 

chamber pressure and spray mode of 7.58 MPa 

and 30:70, respectively. Meaning that, this 

condition exhibited a rapid tool wear after only 

a short period of machining time.  It can be 

observed that notch wear is the dominant tool 

wear mode as shown in Figure 2. One of the 

independent effects are the stress distribution at 

the tool-chip interface is influenced by the 

effective tool-chip contact area and the contact 

mechanics at the interface.  

 

Table 3: Result of tool’s life.  

Input 

Chamber 

Pressure, 

Pc (MPa) 

Pulse mode 
Continuous 

Spray 

Durat

ion 

Life 

(min) 

Life 

(min) 

7.58 

70:30  63.5 

99.5 50:50  47.75 

30:70  41 

8.96 

70:30  74.75 

101.6 50:50  59 

30:70 45.5 

10.4 

70:30  94.25 

133.3 50:50  70.25 

30:70  47.75 

 

 

 
 

Figure 2: Images of cutting tool failure modes.  

 

Based on result of cutting tool life, the pulse 

spray mode of 70:30 produces longer tool life at 

all levels of input chamber pressures in 

comparison with the other two spray modes. 

The rate of diffusion of material elements is 

related to temperature and time. It is expected 

that the cutting conditions with the highest tool 

life experiences the lowest cutting temperature, 

thus improve its machinability [3]. It is 

generally expected that the cutting force 

increases when the flank wear increased, since 

the ability of the cutting tool to penetrate into 

the workpiece becomes more difficult [4,5]. 

The spray mode of 70:30 recorded the nearest 

result with the continuous spray. It shows that 

the longer the “spray-on” time, the better the 

coolant-lubricant efficiency 
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4.! Conclusion 

The effectiveness of cryogenic carbon 

dioxide gas machining at various pulse spray 

modes was successfully evaluated. The pulse 

spray mode of 70:30 is suggested as a solution 

reduce the consumption of cryogenic carbon 

dioxide gas for machining.  
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