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Abstract 

Sintered alloy steel powder with four d if-

ferent hardenability of FN0200, FN0208, 

FD0408, and FLNC4808 are applied to form the 

sintered alloy steel. The sintered alloy steel, 

being cooled down to room temperature, is fur-

ther soaked in -196℃ liquid nitrogen for 4hrs  

deep cryogenic treatment. 

With deep cryogenic treatment, the retained 

austenite in the sintered alloy steel would  change 

the phase and become martensite, and the ap-

parent hardness of sintered alloy steel would be 

enhanced.  Further analyzing the effect of deep  

cryogenic treatment on the wear resistance of 

sintered alloy steel, the wear resistance would be 

improved when the apparent hardness of sin-

tered alloy steel is enhanced.  However, the deep 

cryogenic treatment would change the sintered 

alloy steel microstructures because of distinct 

hardenability.  Such research findings show the 

significant effect of deep cryogenic treatment on 

the sintered alloy steel with high hardenability, 

where the best hardness and wear resistance 

could be acquired from FLNC4808 sintered  

alloy steel through the deep cryogenic treatment.  
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1. Introduction 

Research on sub-zero  treatment actually  has 

been done in the early 20
th

 century to change the 

structure and function of steel by lower than 

freezing point. In  1937, A. P. Gulyaev [1] first 

researched sub-zero treatment fo r h igh-speed 

steel and proposed the theory of sub-zero down 

to -80℃ .  So far, it is known that deep cryogenic 

treatment (-196℃) could enhance the ratio of 

martensite and reduce austenite residue to im-

prove the wear resistance of steel. Deep cryo-

genic treatment is also broadly used for ma-

chinery industry internationally to enhance the 

wear resistance of ferrous products, such as die 

steel [2], powder h igh-speed steel [3], and cast 

iron [4], and the performance of non-ferrous 

products, like magnalium [5]. 

Nevertheless, deep cryogenic treatment has 

not been applied to the research on sintered alloy 

steel. This study therefore intends to discuss the 

effects of deep cryogenic treatment on the me-

chanical properties and wear performance of 

sintered alloy steel. 

2. Method 

Sintered alloy steel with four d ifferent mul-

tiplying factors of FN0200 (Fe- 1.2Cu- 2.5Ni- 

0.3C), FN0208 (Fe- 1.2Cu- 2.5Ni- 0.9C), 

FD0408 (Fe- 1.5Cu- 4.0Ni- 0.5Mo- 0.9C), and  

FLNC4808 (Fe- 2.0Cu- 2.7Ni- 1.25Mo- 0.2Mn- 

0.9C) is utilized in this study. The alloy contents 

are shown in Table 1. 

The as-sintered steel are further proceeded 

deep cryogenic treatment from room tempera-

ture down to cryogenic temperature -196℃ with  

0.3℃/min for 4hr and then slowly increased to 

room temperature with 0.3℃/min. Finally, sin-

tering sintered alloy steel and cryogenically  

treated sintered steel are tempered with 180℃  

for 1hr to remove residual stress caused by phase 

change. 

Furthermore, the mechanical p roperty is 

experimented. The above test pieces are meas-

ured the surface Vickers micro hardness (Hv1) 

with 1Kg load. 

The prepared φ5 cylinder wears test pieces 

and placed on the Pin-on-disc wear test platform, 
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Fig. 1. The wear test platform rotates an SKD11 

disc with the speed 60 rpm, and the wear test 

piece is placed 47.5 mm away from the disc 

center shaft, while a 2 Kg load is loaded on top 

of the wear test piece. Each test piece is pro-

ceeded the wear test of the wear distance 

15,000m, and the measured wear weight loss is 

calculated the wear coefficient of the test piece 

with the following equation. 

K＝ 








m

mm

NF

m 3


 (1) 

where K: wear coefficient;  

m: wear amount, g; 

ρ: density, g/mm
3
; 

F: positive load on wear test piece, N; 

t: wear distance, m. 

Table 1 Sintered alloy steel contents  

 

 
Fig. 1 Pin-on-disc wear test schematic 

3. Results and Discussion 

3.1. The Hardness of Sintered Alloy Steel 

The effects of deep cryogenic treatment on the 

hardness of sintered alloy steel with different har-

denability are further analyzed. The as-sintered 

steel after deep cryogenic treatment, where the 

apparent hardness could be improved by deep 

cryogenic treatment, regard less of the harden-

ability. Sintered alloy steel with d istinct har-

denability would enhance the apparent hardness 

with increasing hardenability, revealing that 

sintered alloy steel would be hardened with deep 

cryogenic treatment. Especially, most of the 

austenite structure in high carbon high harden-

ability alloy steel (FD0408) is changed into 

martensite and the austenite residue is dropped 

down to the lowest that the apparent hardness is 

increased from Hv1 516 to Hv1 733. The im-

provement of wear resistance could enhance 

sintered alloy steel parts to a higher level. 

3.2. The Wear Resistance of Sintered Alloy Steel 

The sintered alloy steel wear test pieces with 

different hardenability are placed on the 

Pin-on-disc wear test platform for the 15,000m 

wear test to measure the wear weight. The sin-

tering FN0200 alloy steel with the lowest har-

denability is worn the weight 0.0547g with  

15,000m, while the sintering FLNC4808 alloy  

steel with the highest hardenability is merely  

worn 0.0014g with 15,000m; after deep cryo-

genic treatment, FLNC4808 further drops down 

to 0.0009g, Fig. 2. The result explains that sin-

tered alloy steel could be improved the wear 

resistance with deep cryogenic treatment. 

 
Fig. 2 Wear weight of sintered alloy steel wear 

test 

Substituting the density (ρ), wear distance (t), 

test piece wear weight (m), and wear load (F) of 

the sintered alloy steel test pieces for Eq. (1) to  

analyze the wear coefficient, the results are 

shown in Fig. 3. 

 
Fig. 3 Comparisons of wear coefficient  

of sintering sintered alloy steel 

after cryogenic treatment 
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From the curve in Fig. 3, the sintered alloy  

steel with deep cryogenic treatment could ef-

fectively reduce the surface wear of sintered 

alloy steel parts.  High carbon high hardenability  

sintered alloy steel (FLNC4808) with deep 

cryogenic treatment could  further enhance the 

wear coefficient from K=0.72(×10
-6

 mm
3
/Nm) 

to K=0.46(×10
-6

 mm
3
/Nm), and the metallurgi-

cal structure is mostly changed into martensite. 

Among sintered alloy steel with distinct 

hardenability, the wear coefficient (K=0.46×10
-6

 

mm
3
/Nm) of FLNC4808 sintered alloy steel 

with deep cryogenic treatment outperforms the 

wear coefficient (K=2.25×10
-6

 mm
3
/Nm) of 

FN0208 sintered alloy steel with deep cryogenic 

treatment, and even better than FD0408 sintered  

alloy steel (K=0.93×10
-6

 mm
3
/Nm).  The result  

presents that among sintered alloy steel with  

different hardenability, FLNC4808 sintered  

alloy steel with deep cryogenic treatment could 

acquire the best wear resistance and effectively  

reduce the surface wear of sintered alloy steel 

parts. 

4. Conclusions 

(1) As-sintered alloy steel with higher hardenabil-

ity would enhance the apparent hardness as 

austenite changes the phase into martensit. 

(2) Austenite of sintered alloy steel with deep 

cryogenic treatment would change into mar-

tensite. Such a change enhances the structure 

apparent hardness. 

(3) Regarding the hardness performance and wear 

resistance of sintered alloy steel with distinct 

hardenability, high hardenability alloy steel 

(FLNC4808) with the hardenability above 40 

presents the best hardness performance and 

wear resistance combination. 

(4) FLNC4808 sintered alloy steel with deep 

cryogenic treatment presents the best wear  

resistance, which is suitable for machine 

parts requiring high wear resistance. 
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