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I. INTRODUCTION 
A. Powder Metallurgy (PM)  

In powder metallurgy (PM) process fine 

powdered materials are blended, pressed into a 

desired shape (compacted), and then heated 

(sintered) in a controlled atmosphere to bond the 

contacting surfaces of the particles and establish the 

desired properties. This process used for mass 

production of small, intricate parts requiring high 

precision. The PM process eliminates additional 

machining or finishing. Major areas of application 

of PM are those where strong economical 

advantage or where the desired properties and 

characteristics would be difficult to obtain by any 

other method. PM process usually consists of four 

basic steps: (a) powder manufacture. (b) mixing or 

blending, (c) compacting or shaping and (d) 

sintering or heating [13]. 

Up till now, many publications investigated 

DCT of conventionally produced tool steels. But 

very few attentions have been paid to materials 

produced by another routes such as powder 

metallurgical tool steels. By this production route 

can achieve a more homogeneous microstructure 

compared to conventionally produced steels. The 

powder metallurgical (PM) route was chosen since 

segregation-free and more homogeneous 

microstructures with a more cleanness can be 

achieved in comparison to a conventional  
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produced by another routes such as powder 

metallurgical tool steels. By this production route 

can achieve a more homogeneous microstructure 

compared to conventionally produced steels. The 

powder metallurgical (PM) route was chosen since 

segregation-free and more homogeneous 

microstructures with a more cleanness can be 

achieved in comparison to a conventional 

metallurgical (IM) route. Additionally, IM tool 

steels generally exhibit a banded carbide 

microstructure, which leads to variations in the 

mechanical properties and has to be considered 

when sampling. For that reason, different 

mechanical properties can be achieved depending 

on whether samples were taken parallel or 

perpendicular to the direction of hot deformation. 

As well, PM tool steels provide uniform spacing 

between single carbides in all directions.  In this 
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way, the scattering of test results due to anisotropic 

effects and an inhomogeneous distribution and size 

of carbides in small specimens is minimized [2]. 

As majority of the tool steels are produced 

in the metallurgical process based on the 

solidification of the melt, this method can be 

classified as conventional (C/M). This metallurgy is 

responsible for undesirable segregation that 

negatively affects the primarily toughness. But tool 

steels produced with powder metallurgy (P/M), we 

achieve, in comparison with C/M, a finer and more 

homogeneous structure resulting in better 

mechanical properties of the tools, such as greater 

toughness and wear resistance at higher cutting 

speeds. Even though P/M tool steels are several 

times more expensive compared with C/M steels, 

they may be economically advantageous. The 

economic benefit of their use is particularly 

important in the applications where the replacement 

of the tools is time consuming [7]. 
B. Cryogenic treatment 

What is cryogenics? The area of cryogenics is 

defined as the temperature range below -100°C (-

148°F), extending down to absolute zero,-273°C (-

450°F). The word cryogenics means related to cold, 

being derived from Greek words “kryos” which 

means “icy-cold” and “genes” which means “born”. 

According to authorities at Arthur D. Little, Inc. 

this word dates from about 1875, but it does not 

seem to have been used to any great extend before 

about 1955; prior to that date one finds most 

authors using the term “low temperature: to 

describe the really low temperature research and 

applications of the science of cryogenics, which 

date back to about 1900 when the cryogenic gases 

were first produced [12]. 

The application of deep cryogenic treatment 

(DCT) has shown its role into many fields of 

mechanical engineering during the last decade. 

DCT, which is as an add-on process to 

conventional heat treatment, involves cooling the 

material to about −196°C. Different investigations 

concerning cold-work and high speed steels have 

shown that DCT treatment improves the material 

properties, especially the wear resistance [2]. 

The DCT has a number of benefits. It 

provides dimensional stability to the material, as 

well as improves wear resistance, strength and 

hardness of the materials. A standard DCT cycle 

was shown in fig. 1. The reasons behind this 

improvement in properties are the complete 

transformation of retained austenite into martensite 

and the precipitation of fine carbides into the 

martensitic matrix. The main parameters taken into 

account in the DCT are: cooling rate, soaking 

temperature, soaking time, heating rate, tempering 

temperature and tempering time (the cooling rate is 

the rate by which the steel sample is cooled to the 

soaking temperature. The temperature at which 

sample is held for soaking is soaking temperature 

and time for this holding of sample is the soaking 

period. The heating rate is the rate by which the 

steel sample is heated back to its room temperature. 

Later on the tempering operation is performed on 

the sample for a predetermined time and 

temperature). Various researchers have utilized 

different levels of the cryogenic treatment 

parameters in their studies and have claimed 

different percentages of improvements in the 

mechanical properties of steel components. The 

levels of treatment parameters may vary from 

material to material [1]. 

 
Fig. 1 Standard DCT cycle 

II. STUDY OF LITERATURE 

Some important literature studied is as follows: 

Evaluation of effects of deep cryogenic 

treatment factors having a significant effect on a 

commercial, powder metallurgically produced cold-

work tool steel X153CrVMo12 tools (AISI D2 tool 

steel) was done by A. Oppenkowski et al. [2]. The 

Taguchi approach was applied to find the 

significant factors that improve either the wear 

resistance or the mechanical properties. The factors 

and levels selected were shown in Table1. 
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TABLE 1 

 FACTOR AND LEVEL DESCRIPTIONS FOR DOE. 

Factor/ level 1 2 3 

Austenitizing temperature TA (°C) 980 1080 - 

Cooling rate Tcool (°C/min) 1 5 LN2 

Holding time tc ( h) 1 5 24 

Heating rate ∆Theat Low High - 

Tempering temperature TT (°C) 180 CSPH - 

SPH = cryogenic secondary peak hardness  
(430°C for TA = 980°C and 500°C for TA = 1080°C). 

The conclusions drawn were: The most significant 

factors which influenced the properties of tool 

steels were the austenitizing and tempering 

temperatures during conventional heat treatment. 

The parameters relating to deep cryogenic treatment, 

only the holding time and the heating rate had a 

significant effect on the material properties. The 

cooling rate was only significant in relations with 

the heating rate or the holding time. From the 

confirmation experiments only the hardness and the 

wear behavior were correct within the 95% 

confidence interval. When applying DCT, a low 

austenising temperature in combination with a high 

tempering temperature was beneficial to improve 

properties like bending strength, elongation at 

fracture and deformation work, which improved 

hardness and wear resistance. The wear rate was 

almost constant for holding time up to 24 h.  It was 

seen for a longer holding time of 36 h, the wear rate 

reaches minimum and increase again on further 

holding. 

G. Sraffelini et al. [3] in their work, punches 

and dies were made with powder metallurgy S390 

HSS (high speed steel) produced by Bohler and the 

operation was carried out under constant lubrication. 

The blocks used were heat-treated with following 

cycle: austenitising at 1150°C for 60 min under 

vacuum, gas quenching, cold treatment at −70°C for 

20 h, and three tempering treatments at 540°C for 4 

h. The investigation was divided into two stages. In 

the first stage, the progression of tool wear during a 

precision stamping operation was investigated. 

Each operation took place in a boundary lubrication 

condition. The wear found was due to adhesion 

(with some transfer) and after 160,000 strokes 

micro cracking damage was shown to start in punch. 

The micro cracking was present at the die edges 

from beginning of the test. To improve the wear 

behavior of the tools, three treatments were 

investigated by them which were: coating by a 

ceramic thin film, namely AlCrN produced by 

physical vapor deposition (PVD; production of the 

tools by hard metals; and two deep cryogenic 

treatments of the HSS (S390). The comparative 

behavior of the treated tools was investigated in the 

second stage of the investigation. The results 

showed that the cryogenic treatments induce an 

improvement in the wear resistance. The 

comparison with the data obtained in the first stage, 

shown that such an improvement was limited and it 

may be within the experimental scatter. But the use 

of the hard metal and the AlCrN coating gave rise 

to significant increase in the wear resistance. In 

both cases, at the end of the test the burr height was 

limited and it seems that the tools may work for a 

very large number of strokes before the need of 

sharpening. 

S. Huth, et al. [4] two different metal 

powders were used named DA1 and DA2. 

DA1content were: 9%Nb, 12% Cr to provide a 

good corrosion resistance. DA2 contents were: 

9%Nb, 16% Cr for carbide formation and corrosion 

resistance. Also 2% Mo for both added to provide 

good resistance to pitting resistance. With respect to 

a high resistance to abrasion a metal-matrix 

composite was produced as a third approach on the 

basis of DA1named DAC. In addition to the 

diffusing allowed materials, another material the 

plastic mould steel X190 CrVMoW20-4-1 (referred 

as a X190) was investigated as a reference for state 

of the art PM steels in this field. The heat treatment 

given to material was: tempering of specimens after 

quenching from 1100°C, 30 min in oil. Tempering 

time was 2 h each. Cryogenic treatment was done if 

applied for 15 min in liquid nitrogen after 

quenching. For wear tests, two specimens were 

produced for every material. One was tested in the 

as hardened state, one was tempered as stated. 

They used a new production technology for steels 

with a high content of niobium carbide in a stainless 

steel matrix. They noted that during the diffusion 

alloying, a blend of carbon-free metal powder and 

graphite merged to a hardenable and carbide-rich 

tool steel during hot isostatic pressing (HIP). The 
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produced materials showed small (1µm) NbC-

carbides. Based on the composition of the metal 

powder and the amount of added carbon, different 

chromium-rich carbides were also present. The 

addition of coarse NbC-carbides not altered the 

dispersion at small NbCs formed during the process. 

As high amount of carbon, chromium and 

molybdenum dissolved in the matrix after 

hardening, all steels showed a pronounced 

secondary hardness maximum. Because of same 

reasons, they were also prone to show retained 

austenite after quenching. The materials offered a 

good resistance against abrasive wear of flint and in 

case of DAC also against corundum. But DA1 

performed weaker which could be explained by the 

extremely small size of NbCs and the low amount 

of hard phases (10 volume %). In wear tests against 

smaller abrasives, the smaller size will not fall into 

account that much. The lower amount could be 

compensated if more niobium was added to metal 

powder. A slightly larger carbide size would be 

preferable in this case. 

B. Podgornika, et al. [5], commercial P/M 

high-speed steel grade S390 Microclean from 

Boehler was used in the present investigation. The 

specimens in the shape of discs (20 mm× 9 mm) 

and rods (10mm × 100 mm) were cut and 

subsequently heat treated. After the last preheat 

(1050°C) the specimens were heated (25°C/min) to 

austenizing temperatures of 1130°C and 1230°C, 

soaked for 6 min and 2 min, and gas quenched to 

80°C, respectively. Some specimens were then 

triple tempered for 2 h at 540°C and 510°C, and 

few double tempered for 2 h at 540°C followed by 

plasma nitriding for 2 h at 520°C, then specimens 

were deep- cryogenic treated followed by single 

tempering, or deep-cryogenic treated and plasma 

nitrided. They concluded that deep-cryogenic 

treatment improved microstructure of P/M high-

speed steel as finer needle-like martensitic structure 

was produced. Finer martensitic microstructure 

resulted in higher surface hardness and improved 

tribological properties, particularly in terms of 

friction and galling resistance against stainless steel. 

Longer cryogenic treatment times may result in 

smooth finer microstructure and higher surface 

hardness, but it has no effect on abrasive wear 

resistance still considerably improves galling 

properties. Selection of the proper austenizing 

temperature was also an important factor. Increase 

in the austenizing temperature will lead to reduced 

volume fraction of carbides and thus to increased 

friction and wear. At the same time it showed no 

effect on galling resistance if surfaces were re-

polished after treatment. Plasma nitriding improved 

tribological properties of P/M high speed steel and 

which reduced the effect of austenizing temperature. 

But if it was combined with deep-cryogenic 

treatment it might eliminate the beneficial effect of 

deep-cryogenic treatment, though there is reduction 

in galling resistance, with the reasons behind not 

being clear at the moment. 

The experimental material used by Sobotova 

J. et al. [6] the P/M steel Vanadis6 and P/M high 

speed steel Vanadis30. 5 samples of Vanadis6 were 

austentized at 1050°C/30min with no DCT and 

tempered twice at 530°C. Other 5 samples of 

Vanadis6 were austentized at 1050°C/30 min and 

given DCT at -196°C/4h and tempered twice at 

530°C. Vanadis30 was austentized at 1100°C/ 5min 

with no DCT and tempered thrice at 560°C. Other 5 

samples of Vanadis30 were austentized at 

1100°C/5min and given DCT at-196°C/4h and 

tempered thrice at 560°C. They noted that if DCT 

step is inserted between quenching and tempering 

of both Vanadis6 P/M tool steel for cold work and 

Vanadis30 HSS steel, then following conclusion 

drawn: Noteworthy drop in hardness due to DCT of  

Vanadis 6 caused a slight increase of three point 

bending strength. Three point bending strength of 

Vanadis30 steel after DCT remains nearly 

unchanged within the standard deviation. In case of 

Vanadis 6 steel after DCT there was a slight 

increase in the wear rate, but Vanadis30 did not 

show any effect of the cryogenic treatment on wear 

rate. Metallograohic analysis of Vanadis6 after 

DCT established higher amount of small globular 

carbides in comparision with state after DCT when 

the austenitizing temperature was 1050°C. Analysis 

of carbide particles in Vanadis30 shown the 

presence of carbides based on vanadium and 

carbides based on tungsten and molybdenum. After 

DCT of Vanadis30, number of carbides based on 

vanadium somewhat decreased while the amount of 
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carbides based on tungsten increased. DCT did not 

seem to cause any noteworthy effect on fine 

carbides precipitation in Vanadis30. In case of 

conventionally heat treated Vanadis6 hardness 

found was 63 HRC while for deep cryogenically 

treated it was decreased and found 60 HRC. For 

conventionally heat treated Vanadis30 the hardness 

was slightly above 63 HRC and for deep 

cryogenically treated it was slightly less than 63 

HRC. 

Martin Kurik et al. [7] under taken 

commercial C/M cold-work steel 1.2379 

(X153CrMoV12, AISI D2),and P/M HSS Vanadis 

23 (1.3395) for the investigation. They conducted 

three point bending test. Samples for the three-

point-bending test (10 × 10 × 100 mm with surface 

roughness of 0.2–0.3 µm) were made from these 

two materials. They provided the heat treatment as 

shown in Table 2. 
TABLE 2 

HEAT TREATMENT OF THE EXPERIMENTAL MATERIALS 

Material Quenching 
Cryogenic 

treatment 
Tempering 

Designation 

of the regime 

1.2379 
1050°C 

/30 min 
- 

2×500°C 

/2 h 
CHT 

1.2379 
1050°C 

/30 min 

- 90°C 

/4h 

2×500°C 

/2 h 
SCT 

1.2379 
1050°C 

/30 min 

- 196°C 

/ 4 h 

2×500°C 

/2 h 
DCT 

Vanadis 

23 
1050°C 

/5 min 
- 

3×560°C 

/1 h 
CHT 

Vanadis 

23 
1050°C 

/5 min 

- 90°C 

/4 h 

3×560°C 

/1 h 
SCT 

Vanadis 

23 
1050°C 

/5 min 

- 196°C 

/4 h 

3×560°C 

/1 h 
DCT 

They inferred that the bending-strength was nearly 

identical after the conventional and cryogenic 

treatment of C/M tool steel 1.2379 and P/M HSS 

Vanadis23. The strength of steel Vanadis23 was 

around 1000 MPa higher than that of steel 1.2379 in 

all the types of heat treatment. But the hardness 

values for the two reference materials were 

somewhat decreased after the cryogenic processing. 

For steel Vanadis23 the hardness value was 1–2 

HRC higher than the hardness of steel 1.2379. 

Metin Zeyveli et al. [8] under taken work on 

Uddeholm Vanadis30 Powder Metal cold work tool 

steel as workpiece material. They performed 

machinability tests on a φ50 x 300 mm size as work 

material sample with hardness of 56 HRC. No 

cryogenic treatment was applied. For the tests 

uncoated cutting tools used were the form of 

SNGA1204008 and at MB8025 quality and the 

coated cutting tools were the form of 

SNGA120408G2 and at GBi03 quality. They 

applied Taguchi experiment design for investigation. 

The conclusions drawn were that cutting tool was 

number one and feed rate was number two effective 

machining parameters from the point view of 

cutting force analysis and surface roughness 

analysis. Cutting tool (81.59%) was more effective 

on surface roughness compared to cutting force 

(45.58%). The effect of feed rate on cutting force 

was more in comparison to its effect on surface 

roughness.    

Peter JURCI et al. [9] referred PM 

ledeburitic steel Vanadis6 as investigation material. 

The structure, hardness and three point bending 

strength was investigated as a function parameters 

of heat treatment. The specimens were subjected to 

the heat treatment i.e. vacuum austenitizing up to 

final temperature from the range 1000 - 1075°C, 

quenching and 2 x tempering at 530 or 550°C. In 

selected processes, the sub-zero treatment at a 

temperature of -90°C for 4 h was inserted between 

the quenching and tempering.  

The conclusions drawn were: Higher 

austenitizing temperature resulted in increase of 

hardness of the Vanadis6 steel and lowered the 

three point bending strength. This was because of 

the fact that increased austenitizing temperature 

resulted in the grain coarsening, which made the 

material more brittle. Increased tempering 

temperature above the secondary hardness peak 

increased the three point bending strength and 

lowered the hardness. The sub-zero processing led 

to higher hardness of the material than to no sub-

zero processed steel and this was valid only before 

tempering. The sub-zero treatment changed the 

tempering characteristics of the material and due to 

the as-tempered hardness of sub-zero processed 

material was by 2.5-3.5 HRC lower than that of 

non-sub-zero processed. The three point bending 

strength of sub-zero processed was lower than that 

of non-sub-zero processed steel. The nature of this 

effect is not clear yet and should be subjected to 

further investigations. The higher austenitizing 

temperature and/or sub-zero processing produced 
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embrittlement which was reflected on the fractured 

surfaces. The fracture of the steel processed at 

higher austenitizing temperature or by the sub-zero 

processing was partly propagated by cleavage 

manner whereas the use of lower austenitizing 

temperature resulted in a “low energetical ductile” 

propagation mechanism of the fracture. They 

observed hardness values of Vanadis6 which were: 

For specimens austenitized at 1000°C, sub-zero 

processed at - 90°C/ 4 h and double tempered at 

550°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 65.5, 66.5 and 56.5 

respectively.  

For specimens austenitized at 1000°C, sub-

zero processed at - 90°C/ 4 h and double tempered 

at 530°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 65.5, 66.5 and 58.5 

respectively.  

For specimens austenitized at 1025°C, sub-

zero processed at - 90°C/4 h and double tempered at 

550°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 66, 67.5 and 57.5 

respectively.  

For specimens austenitized at 1025°C, sub-

zero processed at - 90°C/4 h and double tempered at 

530°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 66, 67.5 and 59.5 

respectively.  

For specimens austenitized at 1050°C, sub-

zero processed at - 90°C/4 h and double tempered at 

550°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 65.5, 68 and 58 

respectively.  

For specimens austenitized at 1050°C, sub-

zero processed at - 90°C/4 h and double tempered at 

530°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 65.5, 68 and 60.5 

respectively.  

For specimens austenitized at 1075°C, sub-

zero processed at - 90°C/4 h and double tempered at 

550°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 66, 68 and 58 

respectively.  

For specimens austenitized at 1075°C, sub-

zero processed at - 90°C/4 h and double tempered at 

530°C the hardness of as-quenched, sub-zero 

processed and as-tempered were 66, 68 and 61.5 

respectively. 

Sanja SOLIC et al. [10], the purpose of this 

research was to examine the influence of deep 

cryogenic treatment on the microstructure in high-

speed steel produced by powder metallurgy 

compared to classical heat treatment. The material 

used in this study was a high-speed steel grade PM 

S390 MC produced by powder metallurgy. The heat 

treatment given to the material was shown in Table 

3. They concluded that properly conducted heat 

treatment could considerably influence the finite 

properties of high-speed steels; hence the heat 

treatment parameters were chosen depending on the 

specific properties of the particular tool. 

Combination of deep cryogenic treatment and 

various austenitization temperatures, affecting the 

volume of the retained austenite, due to this it was 

affected on the hardness and fracture toughness of 

certain components.  
TABLE 3 

HEAT TREATMENT PARAMETERS 

Batch 
Austenitization, 

°°°°C/ min 

Deep 

cryogenic 

treatment,  

°°°°C/ h 

Tempering

 , °°°°C/ h 

1 1130 / 6 min - 
520 / 520 / 

490 / 2 h 

2 1130 / 6 min - 196°C/ 24 h 520 / 2 h 

In addition, it could increase wear resistance in 

spite of changes in hardness values. Metallographic 

analysis of samples showed a characteristic 

microstructure of high-speed steel manufactured 

with powder metallurgy. Under the higher 

magnifications of the microstructure they seen 

differences in morphology of the martensitic matrix 

between classically heat treated and deep-

cryogenically treated samples. From the obtained 

results they noted that the deep cryogenic treatment 

mechanism had effect on the high-speed steel 

microstructure which could not be characterized by 

conventional metallographic methods but required 

more thorough and precise procedures. 

I. Gunes, et al. [11], evaluated the wear 

performance of cryogenically treated Vanadis4 

extra tool steel. For this purpose they used samples 

of diameter of 20 mm and height of 8 mm. These 

samples were given different treatments as shown 

in Table 4. 



  International Journal of Engineering and Techniques - Volume 5 Issue 3, May- June 2019                                              

ISSN: 2395-1303                                       http://www.ijetjournal.org                           Page 107 

TABLE 4 

DIFFERENT HEAT TREATMENT CYCLES FOR THE VANADIS 4 

STEEL SAMPLES 

Samples Hardening 
Cryogenic 

treatment 
Tempering 

CHT-LTT Austenitizing at 

30 min at 

1030°C and oil 

quenching 

None 

2 h at 175°C 
DCT-1 h-LTT 1 h at -145°C 

DCT-12 h-LTT 12 h at -145°C 

DCT-24 h-LTT 24 h at -145°C 

CHT-HTT Austenitizing at 

30 min at 

1030°C and oil 

quenching 

None 

2 h at 175°C 
DCT-1 h-HTT 1 h at -145°C 

DCT-12 h-HTT 12 h at -145°C 

DCT-24 h-HTT 24 h at -145°C 

CHT – conventional heat treatment, DCT – Deep cryogenic 
treatment, LTT – low tempering temperature, HTT – high tempering 
temperature  

They performed the friction and wear test using a 

ball-on-disk test device, measured hardness and 

observed microstructures. They deduced the 

following outcomes: The DCT resulted in a more 

homogeneous carbide distribution and a more 

uniform particle size with newly formed small-sized 

carbides. The microstructure f the DCT samples 

changed according to varying the holding duration. 

The cryogenic process increased the redistribution 

of chromium carbides in the microstructure, 

transformed the austenite to martensite and the 

hardness of the samples. This led to an increase I 

the wear resistance of the Vanadis 4 steel. The 

highest wear rate was observed under 10 and 20 N 

in CHT samples whereas it was lowest in the DCT-

24 h samples tempered at 525°C. Delamination 

wear by the advancement of micro-cracks was 

observed in the DCT samples. A high tempering 

temperature was more effective than DCT for 

transformation of austenite retained to martensite in 

the microstructure of Vanadis4 tool steel. 

 

III. CONCLUSIONS 

From the study of the discussed literature, following 

conclusions can be made: 

(1) Cryogenic treatment improved the wear 

resistance of PM tool steels. 

(2) Under certain conditions DCT improved the 

properties like bending strength, elongation 

at fracture and deformation work of PM 

steels. 

(3) The effect of cryogenic treatment achieved 

in some PM materials dependent on alloying 

elements and its particle size. 

(4) DCT improved microstructure of PM HSS 

as finer needle like martensite structure and 

which resulted in higher surface hardness 

and tribological properties. 

(5) In case of Vanadis6 notable drop in 

hardness due to DCT was seen and slight 

increase in wear rate after DCT. Sub-zero 

processing of Vanadis6 led to higher 

hardness than non processed one. But three 

point bending strength of sub-zero 

processed Vanadis6 was lower than non 

processed one. In case of Vanadis30 did not 

show any effect of DCT on wear rate. 

(6) The deep cryogenic treatment mechanism 

had effect on the high-speed steel 

microstructure which could not be 

characterized by conventional 

metallographic methods but required more 

thorough and precise procedures. 

(7)  The wear rate was lowest in the DCT-24 h 

samples tempered at 525°C under 10 and 20 

N load in case of Vanadis4 tool steel. 

(8) In general the gain of cryogenic treatments 

were subject matter of its processing 

parameters, the procedures used i.e. the 

sequence of heat treatments viz. 

austenitizing-tempering (its number of 

cycles) – cryogenic treatment –tempering 

(its number of cycles) etc. 
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