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(57) Claim

1. A pearlitic steel rail of high wear resistance and

toughness having a pearlitic structure consisting, by

weight, of 0.60 to 1.20 % carbon, 0.10 to 1.20 % silicon,

0.40 to 1.50 % manganese, with the remainder consisting of

iron and unavoidable impurities, the grain diameter of

pearlite blocks averaging 20 to 50 pm in a part up to 

within at least 20 mm from the top surface of the rail head 

and in a part up to within at least 15 mm from the surface 

of the rail base and 35 to 100 pm in other parts, having an 

ο Λ

elongation of not less than 10 % and a V notch Charpy 

impact value of not less than 15 J/cm2 in the part where 

the grain diameter of pearlite blocks averages 20 to 50 pin.
. . ./2
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(lie surface of the rail base and 35 to ΙΟΟμιη in other parts, having an elongation of not 

less titan 10% and a V notch Charpy impact value of not less than 15 J/cm2 in the part 

where the grain diameter of pearlite blocks averages 20 to 50/zm.

5. A process for manufacturing a pearlitic steel rail of high wear resistance and toughness 

as claimed in claim 1 comprising the steps of (i) roughing a billet of carbon or low-alloy 

steel containing, by weight, 0.60 to 1.20% carbon, 0.10 to 1.20% silicon, 0.40 to 

1.50% manganese, with the remainder consisting of iron and impurities, into a semi­

finished breakdown; (ii) continuously finish rolling the breakdown while the surface 

temperature thereof remains between 850° and 1000°C by giving three or more passes, 

with a reduction rate of 5 to 30 % per pass and a time interval of not longer than 10 

seconds between the individual passes; and (iii) allowing the finished rail to cool 

naturally in the air, thereby adjusting the grain size of the pearlite blocks and the 

mechanical properties of the rail.
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(57) Abstract ’

This invention relates to a high- 
tenacity rail having a strength, an abra­
sion resistance, and a high carbon pearlite 
structure excellent in ductility and tenac­
ity; and a method of manufacturing the 
same, A high-tenacity rail having elonga­
tion of not less than 12 % and a U-notch 
Charoy impact value of not less than 25 
J/cm*  obtained by_forming fine pearlite 
blocks by a special^.rolling operation in 
steel of a high abrasioi resistance con- 1 
taining 0.60-1.20 wt.% of C, 0.10-1.20 
wt.% of Si and 0.40-1.50 wt.% of Mn, , 
and one or not less than two kinds of 
elements out of Cr, Mo, V, Nb and Co 
as necessary; and a method of manufac­
turing the same. This invention enables 
the ductility and tenacity of a high carbon 
steel rail of a high abrasion resistance to 
be improved, and a rail of a high safety 
to be provided for railways in a cold dis­
trict. ’

1 ... pearlite blocks

2 ... old austenite grain boundary

3 ... colonies



SPECIFICATION

Rails of Pearlitic Steel with High Wear Resistance and 

Toughness and Their Manufacturing Methods

Field of the Invention

This invention relates to rails with high toughness of 

high-carbon pearlitic steels having high strength and wear 

resistance intended for railroad rails and industrial 

machines and their manufacturing processes.

Description of the Prior Art

Because of high strength and wear resistance, high- 

carbon steels with pearlitic structures are used in struc­

tural applications, for railroad rails required to with­

stand heavier axial loads due to increases in the weight of 

railroad cars and intended for faster transportation.

Many technologies for manufacturing high-performance 

rails have been known. Japanese Provisional Patent Publi­

cation No. 55-2768 (1980) discloses a process of manufac­

turing hard rails by cooling heated steel having a special 

composition that is liable to produce a pearlitic structure 

from above the Ac3 point to between 450 and 600° C, thereby 

producing a fine pearlitic structure through isothermal 

transformation. Japanese Provisional Patent Publication 

Nd. 58-221229 (1983) discloses a process of heat treatment 

for producing rails with improved wear resistance that '
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produces fine pearlite by quenching a heated rail contain­

ing 0.65 to 0.85 % carbon and 0.5 to 2.5 % manganese, 

thereby producing fine pearlite in the rail or the head 

thereof. Japanese Provisional Patent Publication No. 59- 

133322 (1984) discloses a process of heat treatment for 

producing rails with a fine pearlitic structure having a 

hardness of Hv > 350 and extending to a depth of approxi­

mately 10 mm from the surface of the rail head by immersing 

a rolled rail having a special composition that forms a 

stable pearlitic structure and heated to a temperature 

above the Ar3 point in a bath of molten salt of a certain 

specific temperature.

Although pearlitic steel rails of desired strength and 

wear resistance can be readily produced by adding appro­

priate alloying elements, their toughness is much lower 

than that of steels consisting essentially of ferritic 

structures. In tests made on V notch Charpy test specimens 

No. 3 according to JIS at normal temperatures, for example, 

rails of eutectoid carbon steels with a pearlitic structure 

exhibit a toughness of approximately 10 to 20 J/cm2 and 

those of steels containing carbon above the eutectoid point 

exhibit a toughness of approximately 10 J/cm2, Tensile 

specimens No. 4 according to JIS exhibit an elongation of 

less than 10 %. When steels having such low toughness are 

used in structural applications subject to repeatea loading



and vibration, fine initial defects and fatigue cracks can 

lead to brittle fractures at low stresses.

Generally, toughness of steel is improved by grain 

refinement of the metal structure or, more specifically, by 

refinement of austenite grains or transgranular transforma­

tion. Refinement of austenite grains is accomplished by 

application of low-temperature heating during or after 

rolling, or a combination of controlled rolling and heating 

treatment as disclosed in Japanese Provisional Patent 

Publication No. 63-277721 (1988). In the manufacture of 

rails, however, low-temperature heating during rolling, 

controlled rolling at low temperatures and heavy-draft 

rolling are not applicable because of formability limita­

tions. Even today, therefore, toughness is improved by 

conventional heating treatment at low temperatures. Still, 

this process involves several problems, such as costliness 

and lower productivity, requiring prompt solutions to make 

itself as efficient as the latest technologies that provide 

greater energy and labor savings and higher productivity.

The object of this invention is to solve the problem 

described above. More specifically, the object of this 

invention is to provide rails with improved wear resis­

tance, ductility and toughness and processes for manufac­

turing such rails by eliminating the problems in the 

conventional controlled rolling processes dependent upon

3



low temperatures and heavy drafts, and applying a new con­
trolled rolling process to control the grain size of the s?

pearlite in eutectoid steels or carbon steels above the 

eutectoid point.

Summary of the Invention

The inventors found the following from many experi­

ments on the composition and manufacturing process of fine­

grained pearlitic steels with improved toughness. Rails 

are generally required to have high wear resistance in the 

head and high bending fatigue strength and ductility in the 

base. Rails with good wear resistance, ductility and 

toughness can be obtained by making the carbon content in 

the rail head and base eutectoid or hypereutectoid and 

controlling the size of fine-grained pearlite blocks. When 

rolled in the austenitic state, high-carbon steels recry- /

stallize immediately even after rolling at relatively low 

temperatures and with light drafts. Fine-grained uniformly '

sized austenite grains that form a fine-grained pearlitic 

structure can be obtained by applying continuous rolling 

with light drafts and more closely spaced rolling passes 

than before to the steels just described.

Here, the pearlite block is made up of an aggregate of 

pearlite colonies with the same crystal and lamella c

orientation, as shown in Fig. 1. The lamella is a banded 

structure consisting of layers of ferrite and cementite.
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When fracturing, each pearlite grain breaks into pearlite 

blocks.

Based on the above finding, this invention provides:

Rails of carbon steel or low-alloy steels having high 

toughness, high wear resistance, and pearlitic structures 

consisting of 0.60 to 1.20 % carbon, 0.10 to 1.20 % sili­

con, 0.40 to 1.50 % manganese, and, as required, one or 

more of 0.05 to 2.00 % Chromium, 0.01 to 0.30 % molybdenum, 

0.02 to 0.10 % vanadium, 0.002 to 0.01 % niobium and 0.1 to 

2.0 % cobalt, by weight, with the remainder consisting of 

iron and unavoidable impurities, the grain diameter of 

pearlite blocks averaging 20 to 50 μη in a part up to 

within at least 20 mm from the top surface of the rail head 

and in a part up to within at least 15 mm from the surface 

of the rail base and 35 to 100 pm in other parts, having an 

elongation of not less than 10 % and a V notch Charpy 

impact value of not less than 15 J/cm2 in the part where 

the grain diameter of pearlite blocks averages 20 to 50 pm; 

and

Processes for manufacturing high toughness rails with 

pearlitic structures by improving mechanical properties, 

particularly ductility and toughness, by the control of the 

size of pearlite blocks that is achieved by applying three 

or more passes of continuous finish rolling at intervals of 

not more than 10 seconds to semifinished rails roughly 
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rolled from billets of carbon or low-alloy steels of the 

above composition while the surface temperature thereof 

remains between 850 and 1000° C, with a reduction in area 

of 5 to 30 % per pass, and then allowing the finish-rolled 

rails to cool spontaneously or from above 700° C to between 

700 and 500° C at a rate of 2 to 15° C per second.

In particular, carbon and low-alloy steels containing 

0.60 to 0.85 % carbon, by weight, exhibit higher toughness, 

with an elongation of 12 % or above and a V notch Charpy 

impact value of 25 J/cmz in the part where the grain 

diameter of pearlite blocks averages 20 to 50 pm, while 

carbon and low-alloy steels containing 0.85 to 1.20 % by 

weight carbon exhibit higher wear resistance.

Brief Description of the Drawing

Fig. is a schematic illustration of a crystal grain of 

pearlite.

Description of the Preferred Embodiments

Details of this invention are described in the fol­

lowing .

The reason for limiting the composition of steel as 

described before will be discussed first.

Carbon: Carbon imparts wear resistance to steel by 

producing pearlitic structures. Usually, rail steels 

contain 0.60 to 0.85 % carbon in order to obtain high 

toughness. Sometimes, proeutectoid ferrite is formed at
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austenite grain boundaries. To improve wear resistance and 

inhibit the initiation of fatigue damage in rails, it is 

preferable for rail steels to contain 0.85 % or more of 

carbon. The quantity of proeutectoid cementite at auste­

nite grain boundaries increases with increasing carbon 

content. When carbon content exceeds 1.2 %, deterioration 

in ductility and toughness becomes uncontrollable even by 

the grain refinement of pearlitic structures that is 

described later. Hence, carbon content is limited to Λ

between 0.60 and 1.20 %.

Silicon: The content of silicon, which strengthens

the ferrite in pearlitic structures, is 0.1 % or above. j ;

However, silicon in excess of 1.20 % embrittles steel by 

producing martensitic structures. Hence, silicon content 

is limited to between 0.10 and 1.20 %.

Manganese: Manganese not only strengthens pearlitic 

structures but also suppresses the production of proeutec­

toid cementite by lowering the pearlite transformation 

temperature. Manganese below 0.40 % does not produce the 

desired effects. Conversely, manganese in excess of 1.50 % 

embrittles steel by producing martensitic structures. 

Therefore, manganese content is limited to between 0.40 and 

1.50 %.

Chromium: Chromium raises the equilibrium transforma­

tion temperature of pearlite and, as a consequence, refines

7



the grain size of pearlitic structures and suppresses the 

production of proeutectoid cementite. Chromium is there­

fore selectively added as required. While not producing 

satisfactory results when its content is below 0.05 %, 
\ manganese embrittles steel by producing martensitic struc­

tures when its content exceeds 2.0 %. Thus, chromium 

content is limited to between 0.05 and 2.00 %.

Molybdenum and Niobium: Molybdenum and niobium, which 

strengthen pearlite, are selectively added as required. 

Molybdenum below 0.01 % and niobium below 0.002 % do not 

produce the desired effects. On the other hand, molybdenum 

over 0.30 % and niobium over 0.01 % suppress the recrystal­

lization of austenite grains during rolling, which is 

preferable to the grain refining of metal structures, form 

elongated coarse austenite grains, and embrittles pearlitic 

steels. Therefore, molybdenum and niobium, contents are 

limited to between 0.01 and 0.30 % and between 0.002 and 

0.01 %, respectively.

Vanadium and Cobalt: Vanadium and cobalt strengthen­

ing pearlitic structures are selectively added between 0.02 

and 0.1 % and between 0.10 and 2.0 %. Addition below the 

lower limits does ngt produce sufficient strengthening 

effects, while addition in excess of the upper limits 

produce excessive strengthening effects.

This invention is based on eutectoid or hypereutectoid 
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steels whose austenite exhibits a recrystallization behav­

ior characteristic of high-carbon steels. Any of the 

alloying elements described before may be added as required 

so long as the metal structure remains pearlitic.

The range in which the grain size of pearlite blocks 

averages 20 to 50 pm is limited to a part up to within 20 

mm from the surface of the rail head and up to within 15 mm 

from the surface of the rail base for the following reason. 

Damages caused by the contact of the rail head with the 

wheels of running trains are confined to a part up to 

within 20 mm from the surface of the rail head, whereas 

those caused by the tensile stress built up at the rail 

base are confined to a part up to within 15 mm from the 

surface thereof.

The average grain size of pearlite blocks in the rail 

head and base is limited to between 20 and 50 pm because 

the grains finer than 20 pm do not provide high enough 

hardness to obtain the wear resistance required of rails, 

while those coarser than 50 pm bring about a deterioration 

in ductility and tovighness.

The average grain size of pearlite blocks in other 

parts than the rail head and base is limited to between 35 

and 100 pm because the grains finer than 35 pm do not 

provide the strength required of rail steels while those 

coarser than 100 pm deteriorate the ductility and toughness 

9



thereof.

The reason why the elongation and V notch Charpy ,.

impact value of the portions of the rail in which the grain 

size of pearlite blocks averages 20 to 50 μπι are limited to 

not less than 10 -¾ and not lower than 15 J/cm2 is as 

follows: Rails with an elongation below 10 % and V notch 

Charpy impact value below 15 J/cm2 cannot cope with the 

longitudinal strains and impacts imposed by the trains !

running thereover and might develop cracks over long

periods of time. With rail steels containing 0.60 to 0.85

% by weight of carbon, elongation and V notch Charpy impact 

value may be increased to 12 % or above and 25 J/cm2 or 

above, thus providing high toughness than that of conven­

tional rails.

Processes for manufacturing rails having the above J

compositions and characteristics are described below.

Billets of carbon steels cast from liquid steel

prepared in an ordinary melting furnace through a continu­

ous casting or an ingot casting route or those of low-alloy 

steels containing small amounts of chromium, molybdenum, 

vanadium, niobium, cobalt and other strength and toughness 

increasing elements are heated to 1050° C or above, roughly
'r ' .

rolled into rail-shaped semifinished products, and then v

continuously finished into rails. Though not specifically 

limited, the temperature at which breakdown rolling is

10



finished should preferably be not lower than 1000° C in
. . . - ' / J)

order to provide good formability. Continuous finish

rolling that finishes a breakdown into a rail of final size 

and shape start at the temperature at which breakdown 

rolling was finished, reducing the cross-section by 5 to 30 

% per pass while the surface temperature of the rail 

remains 850 to 1000° C .

Continuous finish rolling under the above conditions 

is necessary to produce austenitic structures of uniformly 

sized fine grains that are essential for the production of ° 

fine-gi-ained pearlitic structures. Because of higher 

carbon contents, (1) fine-grained austenitic structures can s

readily recrystallize at lower temperatures and with lower ,.

reductions, (2) recrystallization will be completed quickly %

after rolling, and (3) recrystallization repeats each time ‘

rolling is applied even if the amount of reduction is 

small, thus suppressing the grain growth in austenitic ,

structures.

As the growth of pearlite initiates from austenite 

grain boundaries, austenite grains must be refined in order 

to reduce the size of pearlite blocks. Austenite grains 

are refined by hot-working steels in the austenite tempera­

ture range. As austenite grains recrystallize each time 

hot working is repeated, grain refinement is achieved by 

repeating hot working or increasing the reduction rate. On 

11



the other hand, rolling time intervals must be reduced as 

the growth of austenite grains begin shortly after rolling. ·

The rails finished by this continuous finish rolling 

of this invention have a surface temperature is between 850 

and 1000° C. If the finishing temperature is lower than
, ■ ■ . . ■ ■ ■ ■ -- ... ... /.·’%· 850° C, austenitic metal structures remain unrecrystalliz- ..

ed, with the formation of fine-grained pearlitic metal 

structures prevented. Finish rolling at temperatures above 

1000° C causes the growth of austenite grains and then 

forms coarse-grained austenitic metal structures during the s

subsequent pearlite transformation, as a result of which 

the production of uniformly sized fine pearlite grains is
■ >> ■ . ■ 

again prevented. =

A reduction in area of 5 to 30 % per pass produces 

fine-grained austenitic metal structures. Lighter reduc- .,

tions under 5 % do not provide large enough strain harden­

ing to cause recrystallization of austenitic metal struc­

tures. Heavier reductions over 30 %, in contrast, present u

difficulty in rail forming. To facilitate the production . c

of fine-grained austenitic metal structures with a reduc­

tion in area of not more than 30 %, rolling must be per­

formed in three or more passes so that the recrystalliza-

tion and grain growth of austenitic metal structures are 

suppressed.

Between the individual passes in the rolling opera-
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tion, austenite metal structures grow to produce coarser 

grains that deteriorate the strength, toughness and other 

properties required of rails because of the heat retained 

therein. Accordingly, this invention reduces the time 

interval between the individual passes to not longer than 

10 seconds. Continuous finish rolling comprising passes at 

short intervals is conducive to the attainment of fine­

grained of austenitic metal structures which, in turn, x 

leads to the production of fine-grained pearlitic metal . 
structures. The time interval between the passes of V

■ordinary reversing-mill rolling is from approximately 20 to | 

25 seconds. This time interval is long enough to allow the ίχ 

grain size of austenitic metal structures to grow to such '

an extent that relief of strains, recrystallization and t, 

grain growth are possible. Then, the effect of rolling- 

induced recrystallization to cause grain refinement will be 

marred so seriously that the manufacture of rail steels 

having fine-grained pearlite blocks becomes impossible. 

This is the reason why the time intervals between the 

rolling passes must be reduced to a minimum. The rail.·? 

thus finished to the desired shape and size under the 

rolling conditions described above and still hot are 

allowed to cool naturally in the air to lower temperatures.

When high strength is required, rails after continuous 

finish rolling are cooled from above 700° C, where trans-

13



formation-induced strengthening can take place, to a 

temperature range between 700Q and 500° C in which the 

cooling rate of steel affects its transformation, at a rate 

of 2° to 15? C per secorid. A cooling rate slower than 2° C 

per second does not provide the desired strength because 

the resulting transformation-induced strengthening is 

analogous to that which results from natural cooling in the 

air, A cooling rate faster than 20 C per second, on the 

other hand, produces bainite, martensite and other struc­

tures that greatly impair the toughness of steel and 

thereby lead to the production of brittle rails.

As is obvious from the above, the manufacturing 

processes of this invention permit imparting higher tough­

ness to rails through the production of fine-grained 

pearlitic metal structures.

[Examples]

Table 1 shows the chemical compositions of test 

specimens with pearlitic metal structures. Table 2 shows 

the heating and finish rolling conditions applied to the >

steels of the compositions given in Table 1 in the process­

es of this invention and the conventional processes tested 

for comparison. Table 3 shows the conditions for post­

rolling cooling.
Table 4 lists the mechanical properties of the rails 

manufactured by the processes of this invention and the 
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conventional processes tested for comparison by combining 

the steel compositions, rolling and cooling conditions 

shown in Tables 1 to 3.

The rails manufactured by the processes of this 

invention exhibited significantly higher ductilities and 

toughness (2UE + 20° c) than those manufactured by the 

conventional processes, with strength varying with the 

compositions and cooling conditions.

Table 1

Steel C S i Μ n C r Mo V N b C o

A 0.62 0.20 0. 90 — — — — —

B 0. 80 0.50 1. 20 0. 20 — 0. 05 — —

C 0. 75 0.80 0.80 0. 50 __ — 0. 01 0.10

D 0. 83 0. 25 0. 90 1. 20 0.20 — — —

E 0. 86 0.20 0.70 — ■ — — — —

F 0. 90 0.50 1. 20 0. 50 __ 0. 05 0. 01 0.10

G 1. 00 0.50 1.00 — 0.20 — — —

H 1.19 0. 20 0. 90 — — — — —
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Finish Rolling Conditions

First Pass
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) Second Pass
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) Third Pass

In
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Se
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) Fourth Pass

I

G θfl) 0 ■p dPh

I

fl) 0
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te

% :
I

nJ o

S Re
du
ct
io
n

Ra
te

% u

Re
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Ra
te

%

a 1250 1000 25 1 1000 5 5 995 15 1 995 -5

b 1250 950 25 1 950 5 5 945 15 1 945 5

c 1250 900 25 1 900 5 5 895 15 1 895 5

d 1250 1000 25 .a 
L 1000 5 25 980 15 1 980 5

e 1250 950 25 1 950 5 25 930 15 1 930 5
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Table 3

Designation Cooling Start 

Temperature

'C

Cooling Rate

°C/S

I 800 2

II 800 4

SI 720 10

IV 680 12
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Table 4
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hr

Η O
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Is

1 Λ a A.C. 930 285 14 26 42 —

2 B b I 1210 365 16 33 28 —

3 B b III 1290 395 17 43 29 —

4 D b A.C. 1100 335 13 28 31 —

5 C a fl 1280 390 15 32 43 —

6 B c HI 1260 380 17 45 22 —

7 E a A.C. 920 280 11 16 .. 48
.

0.65

8 E b II 1150 345 12 19
. . . . . . . . . '

23 0.20

9 F a A.C. 1050 320 11 17 41 0.30

10 F b I 1310 400 15 24 39 0.02

11 G a A.C. 1040 315 10 17 46 0.40

12 G b II 1280 390 14 22 29 0.03

13 G c ni 1340 410 15 23 21 0.01

14 H b 1 1335 410 12 16 31 0.02

15 A d A.C. 940 285 10 16 123 —

16 B d I 1200 365 11 16 120 —

17 E d A.C. 930 285 7 5 122 1.10

18 G e II 1300 395 9 9 95 0.20

19 B d IV 1100 335 11 15 122 —

A.C. : Air Cooling
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Use in Industrial Applications

As will be obvious from the above, the rails manufac­

tured by the processes of this invention under specific 

finish rolling and cooling conditions have fine-grained 

pearlitic structures that impart high wear resistance and 

superior ductility and toughness. The rails according to 

this invention thus prepared are strong enough to withstand 

the increasing load and speed of today’s railroad services.



What is claimed is:

1. A pearlitic steel rail of high wear resistance and

toughness having a pearlitic structure consisting, by /* // : . c
■ . Ί

weight, of 0.60 to 1.20 % carbon, 0.10 to 1.20 % silicon, '

0.40 to 1.50 % manganese, with the remainder consistingJof <

iron and unavoidable impurities, the grain diameter of 

pearlite blocks averaging 20 to 50 pm in a part up to 

within at least 20 mm from the top surface of the rail head J(
x,· ■

and in a part up to within at least 15 mm from the surface 

of the rail base and 35 to 100 pm in other parts, having an 

elongation of not less than 10 % and a V notch Charpy 

impact value of not less than 15 J/cm2 in the part where 

the grain diameter of pearlite blocks averages 20 to 50 pm.

2. A pearlitic steel rail of high wear resistance and 

toughness having a pearlitic structure consisting, by 

weight, of 0.60 to 1.20 % carbon, 0.10 to 1.20 % silicon, 

0.40 to 1.50 % manganese, and one or more elements selected 

from the group of 0.05 to 2.00 % chromium, 0.01 to 0.30 % 

molybdenum, 0.02 to 0.10 % vanadium, 0.002 to 0.01 % 

niobium and 0.1 to 2.0 % cobalt, with the remainder con­

sisting of iron and unavoidable impurities, the grain 

diameter of pearlite blocks averaging 20 to 50 pm in a part

up to within at least 20 mm from the top surface of the ‘

rail head and in a part up to within at least 15 mm from

20
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the surface of the rail base and 35 to 100/zm in other parts, having an. elongation of not 

less than 10% and a V notch Charpy impact value of not less than 15 J/cm2 in the part 

where the grain diameter of pearlite blocks averages 20 to 50/zm.

5 3. A pearlitic steel rail of high wear resistance according to claim 1 or 2, in which carbon

content is limited to between over 0.85% and 1.20% by weight.

4. A pearlitic steel rail of high toughness according to claim 1 or 2, in which carbon 

content is limited to between 0.60 and 0.85% by weight, with an elongation of not less 

10 than 12% and a V notch Charpy impact value of not less than 25 J/cm2 in the part where 

the grain diameter of pearlite blocks averages 20 to 50/zm.

5. A process for manufacturing a pearlitic steel rail of high wear resistance and toughness

as claimed in claim 1 comprising die steps of (i) roughing a billet of carbon or low-alloy

15 steel containing, by weight, 0.60 to 1.20% carbon, 0.10 to 1.20% silicon, 0.40 to

1.50% manganese, with the remainder consisting of iron and impurities, into a semi­

finished breakdown; (ii) continuously finish rolling the breakdown while the surface 

temperature thereof remains between 850° and 1000°C by giving three or more passes, 

with a reduction rate of 5 to 30 % per pass and a time, interval of not longer than 10 

20 seconds between the individual passes; and (iii) allowing the finished rail to cool

naturally in the air, thereby adjusting the grain size of die pearlite blocks and the 

mechanical properties of die rail.

6. A process for manufacturing a pearlitic steel rail of high wear resistance and toughness 

25 as claimed in claim 2 comprising the steps of (i) roughing a billet of carbon or low-alloy 

steel containing, by weight, 0.60 to 1,20% carbon, 0.10 to 1.20% silicon, 0.40 to 

1.50% manganese, and one or more elements selected from the group of 0,05 to 2.00% 

chromium, 0.01 to 0.30% molybdenum, 0.02 to 0.10% vanadium, 0.002 to 0.01%

vi
d Ο

niobium and 0.2 to 2.0% cobalt, with the remainder consisting of iron and unavoidable 

impurities, into a semi-finished breakdown, (ii) continuously finish rolling the 

breakdown while the surface temperature thereof remains between 850° and 1000°C by
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giving three or more passes, with a reduction rate of 5 to 30% per pass and a time 

interval of not longer than 10 seconds between the individual passes, and (iii) allowing 

the finishing rail to cool naturally in the air, thereby adjusting the grain size of the 

pearlite blocks and the mechanical properties of the rail.

5

7. A process as claimed in claim 5 or 6 modified in that, instead of allowing the finished 

rail to cool naturally in the air, the rail is cooled from 700°C or above to between 700° 

and 500°C at a rate of 2°C to 15° C per second, thereby adjusting the grain size of the 

pearlite blocks and the mechanical properties of the rail.

10

8. A process as claimed in any one of claims 5 to 7 in which the carbon content is limited 

to between over 0.85 and 1.20% by weight.

9. A process as claimed in any one of claims 5 to 7, in which carbon content is limited to 

15 between 0.60 and 0.85% by weight.

DATED this 27th day of May, 1997.
9
• 9 · «• · »• · ·• ·
:Nippon steel corporation·· · ·

20 By Its Patent Attorneys
C J DAVIES COLLISON CAVE
• · · ·• · ·9 ·
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