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ABSTRACT – The problem of low wear and poor 

mechanical performance of W6 HSS caused by 

traditional heat treatment are improved by adding 

cryogenic treatment and electrolytic passivation.The 

aim is to explore the effect of different processes on the 

high temperature wear resistance and analyze the 

reasons and mechanisms of wear resistance 

improvement from microscopic wear morphology and 

microstructure change.The results showed that the 

relative wear resistance of the CT increased to 1.34 

times that of the untreated one, and the relative wear 

resistance of the CPT was 1.52 times higher than that of 

the untreated one, indicating that CT is the main reason 

for the improvement of wear resistance. 

 

1. INTRODUCTION 

W6Mo5Gr4V2 high speed steel (W6 steel) tool 

today is still the preferred material for manufacturing 

precise complex cutting tool, this is due to the material 

properties of high speed steel excellent in toughness and 

high wear resistance and red hardness, stronger than the 

same type of material, so it is often used in the 

manufacture of precision tool impact resistance and 

complex shape, for example taps. Take M2 high speed 

steel and tap cutter as the research object, design and 

formulation of cryogenic treatment technology, 

traditional heat treatment and electrolytic passivation 

treatment process experimental scheme, omparing the 

performance changes of materials before and after 

cryogenic treatment before or after electrolytic 

passivation [1-6]. 

 

2. METHODOLOGY 

The M2 high-speed steel was processed by 

cryogenic treatment, electrolytic passivation, deep 

cooling and passivation. The sample was prepared as a 

cylindrical structure (unit: mm). The test plan of heat 

treatment and cryogenic treatment is shown in Table 1. 

 

Table 1 Test scheme for heat treatment and cryogenic 

treatment. 

Test 

number 

Quenching 

temperature

℃  

Cryogenic 

temperature

℃  

Cryogenic 

times 

Tempering 

temperature

℃  

1 1180 -155 3 560 

2 1210 -155 3 230 

3 1210 -155 3 560 

4 1240 20 0 560 

 

 

Three samples were electrolyzed and passivated by 

6 samples in each group. The electrolytic passivation 

process was carried out on the rotary tool passivation 

equipment TYESM-15 developed by our team, and the 

adjustable parameter consumption of electricity was set 

to 500 Kulun. The remaining 3 samples of each group 

were not treated. 

In the HT-1000 high temperature friction and wear 

testing machine on the friction and wear test, friction 

form selection of ball disc friction, Si3N4 ceramic ball 

grinding material diameter 5mm, the friction load 19.6N 

(2kg), the rotation radius is 7.5mm, the line speed is 

120m/min (spindle speed 2389r/min, frequency 

43.66Hz), wear time setting for 60min, the wear 

temperature is 500 degrees. In the process of wear, the 

friction coefficient is collected, and the wear volume of 

the wear marks is measured after the wear is 

finished.The average value of the wear volume was 

measured in the high temperature friction and wear test, 

and the wear rate and relative wear resistance of the 

material were calculated. 

 

3. RESULTS AND DISCUSSION 

The results of wear rate and relative wear 

resistance are as follows Figure 1 and Table2. 

 

 
Figure 1 Effect of different treatment on the wear rate of 

M2 HSS. 

 

Table2 Effect of cryogenic and passivation treatment on 

relative wear resistance of the M2 HSS. 

Different 

treatment 
QT QTP QCT QCTP 

Relative 

wear rate 
1 1.09 1.34 1.52 
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Seen from the changes of the wear rate, after 

cryogenic treatment of high speed steel specimen wear 

volume loss decreased significantly compared with the 

non-cryogenic sample, cryogenic treatment + 

electrolytic passivation process of the wear rate is lower, 

only after the wear volume as the wear volume of 

cryogenic style electrolytic passivation treatment, that 

cryogenic treatment can effectively to improve the wear 

resistance of high speed steel, electrolytic passivation 

technology can improve wear resistance, but the effect 

is not obvious after cryogenic treatment, two kinds of 

wear resistance of the sample process of the worst. 

From the relative wear resistance data, it can be seen 

that the relative wear resistance of the cryogenic 

treatment increased to 1.34 times that of the untreated 

one, and the relative wear resistance of the cryogenic + 

passivation treatment was 1.52 times that of the 

untreated one, indicating that cryogenic treatment is the 

main reason for the improvement of wear resistance. 

Both electrolytic passivation and cryogenic treatment 

can effectively reduce the friction coefficient in high 

temperature friction and smooth the fluctuation of 

friction coefficient, and the effect of superposition 

treatment is better [7]. 

The precipitation of carbides after cryogenic 

treatment is following Figure2. 

 

 
(a)                                       (b) 

  
(c)                                       (d) 

Figure2 Carbide precipitation under SEM. (a), (b) and (c) 

is QCT and (d) is QT. 

 

Table 2 the precipitation of carbides. 

Test 

number 

Total 

number 

Proeutectoid 

carbide 

Primary 

carbide 

Average 

size(!"#) 

1 189 185 4 0.975 

2 173 172 1 0.932 

3 244 242 2 0.473 

4 106 100 6 1.342 

 

Analysis of the wear morphology, elemental 

contents and sample precipitation of carbides, without 

cryogenic wear form is mainly adhesion wear, carbide 

size coarse and scattered distribution, most of them are 

two times larger carbide; after deep cryogenic treatment 

and passivation treatment of high speed steel wear form 

are oxidation wear, the residual austenite in the 

cryogenic to martensite transformation process of local 

stress induced dispersion of carbide carbide precipitates, 

growth in the number of non-cryogenic 46%, the 

average size decreases and the distribution is more 

uniform, is the main reason of material wear resistance 

and toughness improvement. 

The electrolytic passivation on the microstructure 

has no effect, only to make the effect of material surface 

modification, electrolytic corrosion is formed into a 

layer of high carbon film on the surface of the material, 

to protect the wear, with self-lubricating effect, effective 

resistance to adhesive wear occurred, so as to improve 

the wear resistance of high speed steel. 

 

4. SUMMARY 

The following conclusions can be obtained by 

analyzing the results of the high temperature friction 

and wear test and the carbide precipitation data. 

The cutting stability of HSS taps can be improved 

by cryogenic treatment and electrolytic passivation.The 

wear resistance of high speed steel has been improved 

after cryogenic treatment and electrolytic passivation, 

but the main reason for the improvement of wear 

resistance is deep cold treatment.Cryogenic treatment 

can effectively improve the life span of high speed steel 

taps.The number of carbide in the high speed steel 

samples after cryogenic treatment increased by 78% of 

the non-cryogenic, the average size decreased and the 

distribution more uniform, which is the main reason for 

the improvement of material wear resistance and 

toughness.The electrolytic passivation on the 

microstructure has no effect, only to make the effect of 

material surface modification, electrolytic corrosion is 

formed into a layer of high carbon film on the surface of 

the material, to protect the wear, with self-lubricating 

effect, effective resistance to adhesive wear occurred, so 

as to improve the wear resistance of high speed steel. 
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