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[57] ABSTRACT 
An improved method for the production of martens 
itic and/or lower bainitic white cast iron. The method 
of this invention includes the steps of preparing a melt 
of molten cast iron having a chromium content in the 
range of 0.5 percent to 15 percent, a total additional 
content of hardenability increasing alloying elements 
in the range of trace to 3 percent, casting into a mold 
having a maximum cavity thickness of about 2.5 
inches and retaining the casting in the mold until it 
cools to a shake~out temperature in the range of 
1,700°F. to 1,950°F.. The casting is then cooled after 
shake-out in still air to a temperature in the range of 
1,325°F. to 1,650°F. and thereafter the casting is 
quenched when at a temperature within the range of 
1,325°F. to 1,650°F. by immersing it in the liquid 
quenching medium at a temperature above 80°F. so as 
to cool the casting at a rate of cooling sufficient to 
prevent the formation of pearlite without cracking or 
distorting ‘he casting. 

6 Claims, 1 Drawing Figure 
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MANUFACTURE OF WHITE CAST IRON 

CROSS REFERENCES 

This application is a continuation-in-part of applica 
tion Ser. No. 93,754, ?led Nov. 30, 1970 now aban 
doned. 
This invention relates to the manufacture of white 

cast iron. In particular the invention provides an im 
proved method of producing white martensitic and/or 
lower bainitic cast iron with a relatively low content of 
alloying elements which increase the hardenability. 

PRIOR ART 

Martensitic and/or lower bainitic white cast iron has 
high wear resistant and abrasion resistant characteris 
tics and, as a result, martensitic and/or lower bainitic 
white cast iron is used in the manufacture of a wide 
range of castings wherein these characteristics are re 
quired. The martensitic and/or lower bainitic structure 
in white cast iron is achieved in the known processes by 
employing a relatively high content of hardenability in 
creasing alloys. The increase in hardenability obtained 
by adding certain alloying elements to the iron results 
from delaying the transformation times of the higher 
temperature transformation products such as pearlite 
and bainite. Many of the hardenability increasing al 
loys, such as nickel, chromium, molybdenum, copper 
and vanadium are expensive alloys and the cost ofthese 
alloy additions is a substantial factor in the cost of pro 
ducing martensitic and/or lower bainitic white cast 
iron. in the known method of producing martensitic 
and/0r lower bainitic white cast iron, the hardenability 
increasing alloys are added in the melt, in the furnace 
or in the receiving or pouring ladle. Molten iron of 
white iron composition is poured into a sand mold or 
into a permanent mold such as a cast iron or graphite 
mold. After pouring, the casting is allowed to solidify 
in the mold and, at some time after the casting has so 
lidified, it is removed from the mold. When a perma 
nent mold is used, the conventional practice is to shake 
out the casting from the mold shortly after solidi? 
cation. An important step in most of the present meth 
ods for the production of martensitic and/or lower bai~ 
nitic white cast iron is the step of retarding the rate of 
cooling of the casting. The rate of cooling can be re 
tarded by retaining the casting in the sand mold or if it 
is produced in a permanent mold, the casting may be 
placed into a sand pile immediately after shake-out. 
Depending upon the geometry of the casting, it has 
been known to reduce the rate of cooling by means of 
a soaking pit or the like in order to prevent cracking. 
in some instances, the castings are allowed to cool in 
air and where the geometry of the casting is very sim 
ple, cooling may take place in moving air. No methods 
are presently in use in the production of martensitic 
and/or lower bainitic white cast iron wherein the cast 
ing is quenched, immediately after shake-out at a tern 
perature above the critical temperature, into a quench 
ing media so as to effect a very rapid cooling of the 
casting. In fact, in most processes for producing mar 
tensitic and/or lower bainitic white cast iron, great care 
is taken to prevent rapid cooling of the casting when it 
is shaken out at temperatures above the transformation 
temperature. It has been generally believed that rapid 
cooling of the casting from a high shake-out tempera 
ture to below the Ms temperature (temperature of start 
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of transformation of austenite to martensite) sets up 
stresses in the casting which are very undesirable in a 
material of this extremely brittle nature and may cause 
cracking. 

SUMMARY 

The present invention provides; an improved method 
of producing martensitic and/or lower bainitic white 
cast iron. According to an embodiment of the present 
invention, martensitic and/or lower bainitic white cast 
iron having a chromium content in the range of 0.5 per 
cent to 15 percent is produced by a method which in— 
cludes the steps of preparing a melt of molten cast iron 
having a hardenability increasing alloy content consist 
ing of from 0.5 percent to 15 percent chromium and 
from trace to 3 percent of a material selected from the 
group consisting of nickel, molybdenum, copper, man 
ganese and vanadium, casting the molten cast iron into 
a mold having a maximum cavity section thickness of 
about 2.5 inches, retaining the casting in the mold until 
it cools to a shake-out temperature in the range of 
1,700°F. to 1,950°F., cooling the casting after shake 
out in still air to a temperature in the range of 1,325°F. 
to 1,650°F. and thereafter quenching the casting when 
at a temperature in the range of 1,325°F. to 1,650°F. by 
immersing it in a liquid quenching medium selected 
from the group consisting of; aqueous solutions of or 
ganic polymers, polyvinyl alcohol, molten salt and 
quenching oils, at a temperature above 80°F. so as to 
cool the casting at a rate of cooling sufficient to prevent 
the formation of pearlite without cracking or distorting 
the casting. As a result of the fact that this method per 
mits a casting to be quenched shortly after shake~out, 
it is possible to produce white martensitic and/or lower 
bainitic cast irons without requiring a holding furnace 
for elevated temperature treatments or the reheating 
furnace which is used in the known methods. In the 
production of white cast iron, this method has been 
shown to produce a crack-free martensitic and/or 
lower bainitic white cast iron casting from a melt hav 
ing a relatively low content of the more expensive hard 
enability increasing alloys. In addition, it has been 
found that the martensitic and/or lower bainitic white 
cast iron produced according to the method of the 
present invention not only requires lower alloy content 
at lower cost, but also results in improved structural 
and physical properties compared to conventionally 
produced irons. It has been found that the structure of 
the cast iron produced by the method of this invention 
is superior to conventionally produced irons because 
only a small amount of austenite is retained in the cast 
product. As a result, the hardness of the martensitic 
and/or lower bainitic white cast iron produced accord 
ing to the method of the present invention is higher 
than that of many of the martensitic and/or lower bai 
nitic white cast irons obtained by the methods of the 
prior art. The improvements in the art described above 
were totally unexpected having regard to the fact that 
it was widely believed that a martensitic and/or lower 
bainitic white cast iron casting could not be produced 
with a low content of hardenability increasing alloy 
without excessive cracking occurring as a result of 
quenching. 
The invention will be more clearly understood with 

reference to the following examples and the accompa 
nying drawing wherein, 



3,784,416 
3 

FIG. 1 is a schematic illustration of the temperature 
time-transformation curve for the low alloy martensitic 
and/or lower bainitic cast iron disclosed herein. 
With reference to FIG. 1 of the drawings, this curve 

applies to several types of irons with different alloy 
contents, no absolute times or temperatures are listed. 
The curve B represents a typical cooling curve for an 
iron cooled in air in the conventional manner. It will be 
noted that this curve intersects the low alloy transfor 
mation curve in the area of the “pearlite nose” (the 
shortest time for pearlite transformation) and, as a re 
sult, pearlite is formed in the material. Pearlite has pre 
viously been shown to be undesirable as it detracts 
from the required qualities of high wear and abrasion 
resistance in cast iron. By adding a predetermined 
amount of nickel or other hardenability increasing al 
loys, it is possible to move the transformation curve to 
the right of the graph which has the effect of increasing 
the time period provided before transformation occurs. 
Under these conditions the conventional cooling in air 
(curve B) would not pass through the “pearlite nose" 
and, consequently, no pearlite would be formed in the 
iron cooled in the conventional manner. 
Curve A illustrates a typical cooling curve for iron 

cooled according to the present invention. This cooling 
rate can be achieved by quenching in a liquid medium 
immediately after shake-out at a temperature above the 
critical temperature. As shown in FIG. 1, this cooling 
rate has the effect of cooling an iron casting of the 
lower alloy content suf?ciently rapidly to prevent the 
formation of pearlite. 
An important step in the production of white cast 

iron according to the present invention is in the holding 
of the casting in the mold until it cools to a shake-out 
temperature in the range of l,'700°F. to 1,950°F. After 
shake-out, the casting is cooled in still air to a tempera 
ture in the range of l,325°F. to l,650°F. prior to 
quenching. The purpose of retaining the casting in the 
mold to the shake-out temperature speci?ed above and 
the step of cooling the casting after shake-out in still air 
to a temperature in the range speci?ed is to minimize 
existing thermal gradients thereby reducing the proba 
bility of cracking during subsequent quenching. Be 
cause of the cracking which occurs during quenching, 
it is necessary, even with the present invention, to limit 
the maximum sectional thickness of the casting to 
about 2.5 inches. Even with cooling in still air, it is not 
possible to eliminate all of the existing thermal gradi 
ents with the result that sections greater than two and 
one-half inches are very susceptible to cracking during 
quenching. 

It is essential that the cooling rate be accelerated 
while the casting is still above the critical temperature. 
Therefore, the castings must be cooled in the mold to 
a shake-out temperature in the range of l,700°F. to 
1,950°F., removed from the mold, cooled in still air to 
a temperature in the range of l,325°F. to 1,650°F., and 
quenched while still above the critical temperature. 
When a casting at a temperature in the range of 

1,325°F. to l,650°F. is placed into a selected liquid me 
dium, a blanket of vapour immediately envelops the 
material. The manner in which this vapour forms bub 
bles and thereby removes itself from the surface of the 
casting affects the uniformity of heat extraction from 
various areas of the casting surface. Since it is desirable 
to remove heat from the surface of the casting in as uni 
form manner as possible in order to minimize the 
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4 
stresses incurred in the casting during cooling, the cool 
ing or quenchant medium should be selected to provide 
properties which allow a uniform distribution of heat 
extraction. 
The liquid quenchant should also exhibit a moderat 

ing in?uence on the rate of heat extraction. Although 
a very rapid rate of heat extraction is desirable from the 
point of view of minimizing the amount of alloying ele 
ments necessary to prevent the formation of pearlite, 
an extremely rapid rate of cooling will also cause the 
formation of a considerable temperature gradient be 
tween the surface and the centre of the casting. A steep 
temperature gradient in a material of the brittle nature 
of white cast iron may cause cracking. 

If the material is cooled sufficiently rapidly to pre 
vent the formation of pearlite (which forms at tempera 
tures between approximately l,325°F. and 850°F.), the 
original austenite will transform to martensite and/or 
lower bainite at lower temperatures. This transforma 
tion occurs extremely rapidly and is accompanied by a 
volume increase in the material. If the casting is cooled 
rapidly through the temperature at which martensite 
begins to form, the outside of the casting, being at a 
lower temperature, will transform more rapidly than 
the inside. Under these circumstances the outside of 
the casting would become brittle and when the centre 
section is transformed with an accompanying volume 
increase, the outside layer would be stressed and crack 
ing could occur. This can be prevented by holding the 
casting isothermally at a temperature just above the 
Ms temperature and then removing the casting from 
the bath and allowing it to cool slowly in air. An effec 
tive media for this type of treatment is a bath of molten 
salt. - 

An alternative method is to time the length of quench 
in the liquid medium such that the casting cools quickly 
from the critical temperature to a temperature just 
above that at which the austenite transforms to mar 
tensite. The casting is then withdrawn from the bath 
and allowed to cool in air. The liquid medium em 
ployed may be various oils, or water base solutions, or 
emulsions containing selected additional agents that 
delay the rate of cooling. A water soluble organic poly 
mer identi?ed by the Trade Mark “UCON QUEN 
CHANT A” can be mixed with water to provide the re 
quired quenching medium. 
When producing 1 1/2 inches diameter white cast 

iron spheres, water base solutions containing 15 per 
cent, 20 percent and 25 percent Ucon A by volume of 
an organic polymer were found to cool the castings suf 
?ciently slowly to prevent the cracking of the castings. 
Dwell times in the quenching tank of 40 seconds were 
adequate to prevent the formation of pearlite. Castings 
were left in the bath until they attained the bath tem 
perature (80° - 1 10°F.) and did not exhibit any signs of 
cracking. An alloy containing 0.6 percent nickel and 
0.6 percent manganese, when quenched in Ucon A of 
the indicated concentrations, exhibited no signs of 
pearlite. 
The following Examples will serve to illustrate that 

martensitic and/or lower bainitic white cast iron can be 
successfully produced without requiring a high per 
centage content of hardenability increasing alloys in 
the casting. 
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EXAMPLE 1 
A melt containing the following chemical analysis 

was prepared: 

T.C. S Si Mn Cr Ni 
3.42 0.185 0.25 0.42 10.80 0.12 

This iron was cast into cast iron permanent molds to 
make castings in the shape of a truncated cone, the end 
diameters of which were l-‘ré inches and 1 inch respec 
tively, and the height of which was l-‘é inches. The 
castings were shaken out of the molds at approximately 
l,800°F. and were allowed to cool in still air to a tem 
perature of about l,550°F. The castings were then im~ 
mersed into a water base quench bath containing a 
water soluble polymer. The castings were allowed to 
cool to a bath temperature of about 100°F. 
After quenching, the structure contained approxi 

mately 50 percent carbides and 50 percent retained 
austenite. The hardness was Re 55. 

After tempering for four hours at 600°F., the struc 
ture contained approximately 50 percent carbides, 35 
percent retained austenite and 15 percent martensite 
and/or lower bainite. After tempering, the castings ex 
hibited a hardness of Re 57.5. 

. EXAMPLE. 2 

‘ A melt containing the following chemical analysis 
was prepared: 

%Cr 
1.74 

%Ni 
0.83 

This iron was cast into green sand molds to make 1 
1/2 inch diameter spheres. The castings were shaken out 
of the molds at about 1,700°F. and cooled in still air to 
about 1,650°F. and were then immersed into a bath of 
molten salt held at a temperature of 500°F.. The cast 
ings were allowed to remain in the salt bath for?ve 
minutes and were then withdrawn and allowed to cool 
in still air. After tempering at 525°F. for four hours, the 
structure of the material contained approximately 50 
percent carbides, 5 percent retained austenite and 45 
percent martensite and/or lower bainite. 
Careful examination revealed no quench cracking. 

EXAMPLE. 3 
A melt containing the following chemical analysis 

was prepared: 

%T.C. 
3.23 

Si 
0.68 

%S 
146 

%Cr 
1.73 

%Ni 
0.73 

This iron was cast into green sand molds to make 1 
1/2 inch diameter spheres. The castings were shaken out 
of the molds at about 1,700°F. and cooled in still air to 
about 1,650°F. and were then immersed in a bath of a 
water base quenchant containing a water soluble poly 
mer. The castings were allowed to cool to the bath tem 
perature (80°F). 
After quenching, the structure contained approxi 

mately 50 percent carbides, 20 percent retained aus 
tenite and 30 percent martensite and/or lower bainite. 
The hardness was Re 57.4. 

After tempering for four hours at 525°F., the struc 
ture contained approximately 50 percent carbides, 5 

20 

25 

30 

35 

40 

45 

55 

65 

6 
percent retained austenite and 45 percent martensite 
and/or lower bainite. After tempering, the castings ex 
hibited a hardness of RC 61.0. 
No quench cracks were observed. 

EXAMPLE 4. . 

A melt containing a conventional martensitic and/or 
lower bainitic white iron analysis of the following com 
position was prepared: 

%Si 
0.59 

%S 
0.14 

%Mn 
0.58. 

This iron was cast into green sand molds to make 1 
1/2 inch diameter spheres. The castings were shaken out 
of the molds at about 1,700°F. and were allowed to 
cool in air. The structure of the as-cast product con 
tained approximately 50 percent carbides, 25 percent 
retained austenite and 25 percent martensite and/or 
lower bainite. The as-cast structure exhibited a hard 
ness of RC 54.2. 
After tempering at 525°F. for four hours, the struc 

ture contained approximately 50 percent carbides, 15 
percent retained austenite and 35 percent martensite 
and/or lower bainite. The hardness of the tempered 
product was RC 59.6. 

EXAMPLE 5 

A melt was prepared with the following approximate 
chemical analysis: 

T.C. 
3.2 

Si 
0.6 

Mn 
0.55 

Cr Ni 5 
2.0 2.0 0. l 2 

This iron was cast into cast iron permanent molds to 
make castings in the shape of a truncated cone, the end 
diameters of which were 3 inches and 2-1/2 inches re 
spectively, and the height of which were 3 inches. The 
castings were shaken out of the molds at about 1,850°F. 
and were then allowed to cool in still air to a tempera 
ture of about 1,550°F. A casting was then quenched by 
means of a fine spray of quenchant containing 10 per 
cent organic polymer in aqueous solution. This casting 
exhibited a large number of quench cracks. 
The castings produced by conventional treatment 

and composition of Example 4 were compared with the 
material produced in Example 3 under conditions of 
repeated light load impact. All castings were tempered 
at 525°F. for four hours before testing. 
The quenched material outlined in Example 3 with 

stood 60 percent more blows than the conventional 
material of Example 4 before spalling or exfoliation oc 
curred. The quenched material withstood approxi 
mately 10 percent more blows before major fracture 
occurred. 
Metallographic inspection of the 0.7 percent Ni 

quenched material revealed that a slightly larger pro 
portion of the matrix transformed to martensite and/or 
lower bainite in the as-cast condition than occurred in 
the conventional alloyed white iron. 
After tempering for four hours at 5 25°F ., the 0.7 per 

cent Ni quenched material contained less than 5% re 
tained austenite in the matrix whereas the conventional 
alloyed white iron generally contained 15 percent ~ 20 
percent by volume of retained austenite. 
Although the as-cast hardnesses of the quenched ma 

terial and the conventional alloyed white iron material 
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did not differ greatly, the hardness of the quenched ma- _ 
terial was considerably higher than that of the conven 
tional alloyed white iron after tempering at 525°F. for 
four hours and, as a result, the quenched material ex 
hibits better wear or abrasion resistance than the con 
ventional alloyed white iron material. 
From the foregoing it will be apparent that the pres 

ent invention provides an improved method for the 
production of martensitic white cast iron. The improve 
ments in the art described above were totally unex~ 
pected, having regard to the fact that it was widely be 
lieved that a martensitic and/or lower bainitic white 
cast iron could not be produced with a low content of 
hardenability increasing alloy without excessive crack 
ing occurring as a result of quenching. 
What I claim as my invention is: 
1. A method producing a martensitic and/or lower 

bainitic white cast iron having a chromium content in 
the range of 0.5 percent to 15 percent and a maximum 
section thickness of about 24/2 inches comprising the 
steps of, 

a. preparing a melt of a molten cast iron having a 
hardenability increasing alloy content consisting of 
from 0.5 percent to 15 percent chromium and from 
trace to 3 percent of a material selected from the 
group consisting of nickel, molybdenum, copper, 
manganese and vanadium, 

b. casting the molten cast iron into a mold having a 
maximum cavity section thickness of about 2.5 
inches, 

0. retaining the casting in the mold until it cools to a 
shake-out temperature in the range of l,700°F. to 
l,950°F., 

d. cooling the casting after shake-out in still air to a 
temperature in the range of 1,325°F. to l,650°F. 
and thereafter quenching the casting when at a 
temperature in the range of l,325°F. to l,650°F. by 
immersing it in a bath of liquid quenching medium 
selected from the group consisting of aqueous solu 
tions of organic polymers, polyvinyl alcohol, mol 
ten salt and quenching oils at a temperature above 
80°F. so as to cool the casting at a rate of cooling 
sufficient to prevent the formation of pearlite with 
out cracking or distorting the casting. 

2. A method producing a martensitic and/or lower 
bainitic low chromium white cast iron having a chro 
mium content in the range of 0.5 percent to 3 percent 
and a maximum section thickness of about Z-Vz inches 
comprising the steps of, 

a. preparing a melt of a molten cast iron having a 
hardenability increasing alloy content consisting of 
from 0.5 percent to 3 percent chromium and from 
trace to 3 percent of a material selected from the 
group consisting of nickel, molybdenum, copper, 
manganese and vanadium, 

b. casting the molten cast iron into a mold having a 
maximum cavity section thickness of about 2.5 
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inches, 

0. retaining the casting in the mold until it cools to a 
shake-out temperature in the range of 1,700°F. to 
l,950°F., 

d. cooling the casting after shake-out in still air to a 
temperature in the range of 1,325°F. to l,650°F. 
and thereafter quenching the casting when at a 
temperature in the range of 1,325°F. to l,650°F. by 
immersing it in a bath liquid quenching medium se 
lected from the group consisting of aqueous solu 
tions of organic polymers, polyvinyl alcohol, salt 
bath and conventional quenching oils at a tempera 
ture above 80°F. so as to cool the casting at a rate 
of cooling sufficient to prevent the formation of 
pearlite without cracking or distorting the casting. 

3. A method producing a martensitic and/or lower 
bainitic high chromium white cast iron having a chr0 
mium content in the range of 8 percent to 15 percent 
and a maxium section thickness of about 2-‘/; inches 
comprising the steps of, 

a. preparing a melt of a molten cast iron having a 
hardenability increasing alloy content consisting of 
from 8 percent to 15 percent chromium and from 
trace to 3 percent of a material selected from the 
group consisting of nickel, molybdenum, copper, 
manganese and vanadium, 

b. casting the molten cast iron into a mold having a 
maximum cavity section thickness of about 2.5 
inches, 

0. retaining the casting in the mold until it cools to a 
shake-out temperature in the range of l,700°F. to 
l,950°F., 

d. cooling the casting after shake-out in still air to a 
temperature in the range of 1,325°F. to 1,650°F. 
and thereafter quenching the casting when at a 
temperature in the range of 1,325°F. to 1,650°F. by 
immersing it in a bath liquid quenching medium se 
lected from the group consisting of aqueous solu 
tions of organic polymers, polyvinyl alcohol, mol 
ten salt and conventional quenching oils at a tem 
perature above 80°F. so as to cool the casting at a 
rate of cooling suf?cient to prevent the formation 
of pearlite without cracking or distorting the cast 
ing. 

4. A method as claimed in claim 1 wherein the cast 
ing is cooled by quenching to a temperature below the 
Ms temperature. 

5. A method as claimed in claim 1 wherein the cast 
ing is cooled by quenching to a temperature above the 
Ms temperature and thereafter cooled in air. 

6. A method as claimed in claim 1 wherein the cast 
ing is quenched in a bath of molten salt held isother 
mally at a temperature not lower than the Ms tempera 
ture and not more than 300°F. above the Ms tempera 
ture. 

* * * * * 


