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L)Elgin  of Material and 011ject of Investietion: 

On June 26, 1945, Sorel Steel Foundries Limited, 

Sorel, Quebec, submitted for metallurgical examination three 

(3) samples  of austenitic manganese steel. The  samples  had 

been  flame-out  from three castings which had the  following 

history: 

100-1 0  A sample of thin ball m111 line. which  ran  for 

574 days. This is considered a record for manganese 

steel.  

100-2.  Sample of thick liner taken from  the  same ball 

mill and  having the saine  history as  100-1. 

100-B. Sample  from four (4) foot  Symons Crusher  Mantle. 

The  mantle stretched so  much  in use  it had to be 

replaced. It  crushed 12,000 tons, against en 

average of about 35,000. 



100-1 
100-2 
100-8 

1.18 
1,31 
1.22 

13.7_6 
13.15 
12.83 

0.63 
0.65 
0.21 

1.15 
1.75 
0.C4 
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Chemical Analysis: 

Car.1"— r-anganese, 	:-dEroniruza, 
1:12.12.1allee crt:.£2£.2..M.U.E21....2212I.E.k er  cent  

a. 

CI= 

Microscopic Examination: 

Microscopic examination  of  specimens  taken from  the 

three castings showed them  to  be free from  blow  holes and  to 

contain no more  than the usual amount of  non-metallic inclu-

sions. 

The  microstructures  of  SeÀaples  100-1  and 100-2  were 

not completely  austenitic but contained  a  mixture  of  austenite 

and  cementite.  Figure 1,  a  photomicrograph  at  X250 magnifi-

cation, shows  the  microstructure  of Sample  100-1. The 

cementite occurs as small particles within  the austenite  grains .  

Fier() 1. 

X250, etched  in 
2 per cent  nital. 

SAMPLE  100-1. 

Austenite and particles of cementite. 
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(Microscopic Examination, conttd) - 

The microstructure oC Sample 100-2 contained more 

cementite than that of  Sample  100-1;  also,the  greater  proportion 

tion of the cementite is found ut the  austenite grain 

boundaries rather than within  the grains.  •  See Figure 2,  a 

photomicrograph at X250 magnification. 

EIZ2E1- 2 . 

X250,  etched  in 
2 per cent nital. 

SAMPLE 100-2. 

Austenite with relatively large particles of 
cementite located at an austenite grain boundary. 

IMP 

The microstructure of Sample 100-B consists of 

large-grained  austenite (see Figure  3, a  photomicrograph at 

X100 magnification). 

d- 

(Continued on next  page) 
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(Microscopic Examination, conttd) 

Figure 3. 

X100, etched in 	• 

2 per cent nital. 

SAMPLE 100-B. 

Completely austenitic microstructure, 
of large grain  size. 

.1» 

Discussion: 

All three samples were  free  from casting defects 

such as shrinks  and blow holes. They have a normal inclusion 

content and, apart from the  higher chromium content of 

Samples 100-1 and 100-2, their chemical  composition is in 

agreement with A.S.T.M, specifications  for austenitic mangan-

ese steel. 

It has been shown, however, that Castings 100-1 

and 100-2 differ from  Casting 100-B in three respects: 

(a) They have chromium contents of 1.15 and 1.75 per cent 

respectively„while that  of Casting  100-B  is not significant; 

(b) they have been so heat-treated that their microstructures 

- consist of austenite and cementite, whereas in Sample 100-3 

the carbides are all in eolid solution to give a completely 

aistenitic microstructure; (c) Casting 100-B has a much 

larger austenitic grain  size than the others, Which, of 



(Discussion, conted) 

course, indicates a higher pouring temperature. 

Despite the fact that these samples may be classi-

fied in the same way on the basis of service, it is significant 

that they have also been used for different purposes, i.e., 

Samples 100-1 and 100-2, functioning as ball kill liners,  would 

be z,ubject to different stresses and conditions of wear  than 

Casting 100-B, the nantie of a cone crusher. It is felt  that 

the ball mill liners cave such excellent service, not  because 

they have attributes of ideal austenite manganese steel castings e 

 but because they have properties particularly suited to ball 

mill linrs for a particular type of ball-milling operation. 

.  Austenitic manganese steel owes its good wearing 

properties to a surface layer of martensite, the product of  the 

austenitic break-down which occurs when the metal is subject 

to the impact of heavy cold work during service. If the 

metal is not subject to cold work (and quite likely some 

types of ball mill liners are not), the austenite does not 

break down and the material does not wear well. 

It is claimed that the addition  of  from 1  to  3  per 

cent of chromium reduces the amount of cold work necessary 

to  properly harden austenitic manganese steels. The fact 

tàat Samples 100-1 and 100-2 have a sielificant chromium 

content is  a plausible explanation for their unusally good 

service. 

It is moreover, a well-known fact that the presence 

of small carbide particles in a softer matrix will produce 

reJlarkable wearing properties in a steel. It is therefore 

notable that these two ball mill liners have such a micro-

structure, with particles of iron-manganese carbide in an 

austenitic matrix. This structure z.i.ives better wear resis-

tance than a completely austenitic structure if the o.peratin 
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(Discussion, contld) 

conditions do not involve ally -  cold work to tha metal,  but 

it does so at the  expense of ductility, particularly when 

the carbide particles  are  located at the grain boundaries. 

From the record of these  bail  mill liners, it would appear 

that for such parts full ductility is not required and 

therefore  the properties of Castings 100-1 and 100-2 were 

particularly well suited to their uses. 

There Is no apparent reason for the unaatiseactory 

behaviour of the Symons cruaser mantle, other than that the 

service stresses  imposed have exceeded the yield strength  of 

a properly heat-treated casting of thle composition. The 

yield strength  of austenitic manganeee steels is always low 

In proportion to  the tensile strength, 1.0., for a tensile 

etrength of  approximately 125,000 p.s.i. the yield strenth 

would be about 55,000  n.s.l. 

Microscopic examination has shown that the heat 

treatment of  Casting 100-B was satisfactory and  has produced 

a completely  austenitic casting s  which is considered  the 

optimum condition for parts such as  erusher mantles which must 

have considerable toughness as well as resistance to abraeive 

wear. The grain size of this castinL; Is unusually large  but, 

although this would likely reduce  the  impact strength, it la 

not known to cause low yield values. Assuming, then, that the 

casting in its optimum condition has not given satiefactory 

service, there  ià  only  one way,  other than increasing  the 

size of the section, to improve this condition and that Is 

by  a  change  in the chemical composition. It is generally 

agreed that silicon up to  a limiting critical value Is very 

valuable in increasing  the  yield strength  and  resistance to 

flow without substantial sacrifice  of toughness. Scme manu

facturers claim that the addition of moderate amounts of 
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(Discussion, conttd) - 

chromium has the same effect. It is suggested  that  a com-

parison of chemical analysis of this menUe with others 

which have given more natisfaction may yield some information 

on this problem. 

In general, this investigation has shown that the 

best service  lift  is not necessarily obtained from austenitio 

manganese steel castings with a chemical analysis and heat 

treatment which has produced a completely austenitic micro-

structure. Variations in both factors might well be made to 

suit castings intended for different uses. 

Obviously, more detailed information indicating 

which properties or characteristics of austenitic manganese 

steel are beat suited to specific uses would be quite valuable 

to manufacturers of mining equipment. However, this investi-

gation, as well as others in the past, wae of necessity Itmit..r.d 

by the lack  of  information available about the working condi-

tions under which the part  failed, as well as the manner in 

Which it failed. 

Two factors determine the life of an austenite man-

ganese steel casting: wear, end breakage. Wear is  a  function 

of the surface and is not necessarily influenced by the hard-

ness of the body of the casting. Breakage, on the other hanyle  

involves strength and ductility. Thus the value of a metal-

lurgical examination would be greatly enhanced if, before it 

was started,  sons record had been made of the extent of weear 

and if it was reported whether the casting had failed by 

fracturing or was remeved because it had worn too tlein. 

Also of value would be a record of the type of equipment,  auen 

as  size of ball and type of ball mill, which might telp to 

determine whether the  matai  had been subjeet to impact 

stresses  or only to abrasive action. 



A

-Pa6e, S -

(Dïscusslon, cont °d) -

More considexation should also be given to the

stunl)le suinii:l'uteâa In castinLs of thick section, such as

crusher cones, variations in microstructure may occur

throu6hout the section or it may be advantageous to r,Easure

the aniount of eiecarburization on surfaces tisrl-.i.ch have not

been exposed to wear. For such reasons, samples out from

the casting should be accomipanied by a short description or

a sketch shotvinb the location frorr^ which it was taisen,

particularly with respect to any points of failure such as

cracks or fractures.

As information re^,ardin,-; the working conditions

whicI: cause failure i s obtained and correlated with the

physical characteristics, laboratory tests, such as l1-fard-

ness, mechanÿcal and bend t0sts, can b-1 carried out and the

results can with some as: urance be used to predict service

life of manÛs.nese steel castings in mininC; equipment.

Conclusions:

1. Sar+i^^les 100-1 and 100-2, reported to have

given record-breaking service as ball mill liners, are

characterized 'ay r::lative3.y ^_i,6h chromium contents. The

heat treatment ;iven these parts has not produced a com-

pletely austenxtic r.icrostructure.

2. Sample 100-D has a completely aust®niti.c

microstructure of relatively large grain size. It is sug-

gested that the cause of failure rii6ht be determined by

comparing the chemical composition of this vJith more satis-

factory cone crusher mantles.

3. This investi^ation has indicated that inproved,

mari.anese steel cFxstin&_s for mi ninZ; equip:nent could be

produced,by usi.n8 a different laeat treatment and chemical
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(Conclusions, contd) 

composition  for ball mill liners as compared with cone 

crusher  parts. 

Recommendations: 

1. It is recommended that further samples be 

submitted to  check the results of this investication,  and 

that the  samples should be accompanied, when possible, 

by  a  record of wear and mariner of failure, as well  as a 

description of the size and type o£ machine from which 

they were taken. 

2. If samples are flame-cut, they should be 

approximately 1 foot square and the thickness of the 

casting. 
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