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Ori~in of f.1aterial and Objec_~ or Investigation: 

On January 12.P 1346 , a piece 01' austenitic manganese 

ste-31 casting (see Figure 1), :~ut f'rora the mantle of a Symons 

5{-ft. Short Head Cone Cru3her, was submitted by the Sorel 

Steel F'oundries Limited, Sore l, 'iuebec, per H. t.1 . Brownrigg, 

~1letalh rgist. 

• The covering le tter, dated January 10, 1946, stated 

that t he mantle had been retnoved~ brolrnn in three places, after 

37 per cent normal service life~ A complete metallurgical 

examination was requested in order to determine the cause of 

the fa.ilure o 
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SAh~PLE OF AUSTENITIC ~TEEL ClTT FROM 
MAN'l.1LE OF SYMONS CONE CRUSHER. 

(Dimensions, 4 ino x 4 in .. x 2 in. ). 

PROCEDURE: 

!· Chemical Examination. 
I 

The results of the chemical examination are compared 

in the following table , with A.s.·r.I11. specifications for 

austenitic man~a.nese steel: 

As Found A.,S.T.M. Specification 

Carbon 
Man6a.ne s e 
Silicon 
Phosphorus -
Sulphur 
Ch1'omium 

1.59 
11.84 

1 0 33 
0,, 0 25 
0.010 
1. 25 

2. Hardness Tests .. 

~· Per Cent -

1 0 00-1.40 
10 .. 0-1400 
0.25-1.0 
0.10 max. 
0.,05 It 

Hardness read:tngs were taken on the sample submitted 

and it was round t o average 22 Rockwell ncn. No appreciable 

work hardness was evident. 

3 . £ieat-treat1ng Experiment. 

A sample of the steel submitted was heated to 1900° F. 

for 1 hour and quenched in water. 
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:iuer.ti ties o.f b:·i ttle Cd. l'bides • re e·, Jc:.ont a the .~r-:;,.in 

boumJur·ies. 

::ihow th. rnic1os~r\,1ctur .. after· the hea'!"; treatment d~~!.;.: rihed 

.• ~ a ) 
J.~, \ - • It v1il l be not t eed t.h,:i. t th~ CE-.rbid es are s t n l. evid" t. 

al thou6h in s nal lflr qu3.n~ ... i ties. 

1 ~rn r0s ll ts o-:."' the eh m1.cal analysis inC.ica ce that 

both the 1'.!&.rbo.1 ~nd silicon ccntc.nta of the ste~: are h it):1e • 

than call0d for by the A .. i.J.1'.!.'. specifications, Ir .. ·ldi ticn, 

U1e .sr,e0l c\Or..t.::i.ln" l .,25 per ce r:t chr r:l"i.um. 

It hR'3 been f'ound that no app-"cciable effect ls pro·-

d uc ad up on the physic i::i.:l properties O.f ·.rarying t he si LL.~cn 

cuntJnt from 0.3 to l.u pe r cert 

~reater than J pa~ cent (in this ca~e it 1~ !.33 ~er cent) . 

t en the steel becomes ambrittled. 

'Ihe max.lmum c.'.:lrbon content a~er;ified .:·or n,;.3tt .. ~1t:!.c 

rn&nGa ne se steel is 104(; oer cent. If the cs.rbon c o:nt-=;n t is 

jncreused bey ond this f . ure ~ a brittle ~arbi~e is fcrrned 

whlc'·; co:n•;s out at th0 -:;;r e... in 1.)0L;:.nd r ies 1::i.ud ( ,res ~-1 :r d-?:~reases 

~Hr:..ce thfJ car0on content of the s teel under ,11:.3.mi na-

., . .., ,, It .1.s quito certain tlJr::r., that th, 1..',hief contritL t.tne; 

°<:'d~tor to the premature .failure of' the steel is the hi.1:5h capbon 

,·, 0ntent. 

A s~ull p iec e of the ·steel was reheated to 1900~ F. 

and quenched in ·11ate r , ln an effort to dissolve the free 
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ca.rbidos. 

bee., treatr. i.:; n t wtll no·;; e_imina te the <.! arb :".dos in aust6n1 tic 

ma.nc;anese :;;tcsls of t h -.:..., ct:.L.'bor. c ot.Lt e:i:r i: . 

steels ~-s ec ~ ,s:i.dored 'by s ome authorities ;o ilavo the e.ff'ect 

or oausing ~he st J el to ~ork-t9rden nt l wer loads. This 

¥culd e an advanta~e i n ~e~ tain app~ication3 but vould not 

nec.ossaril r l'e · ul ~~ 11 :L~ ·:)rovemcnt i.n services · wh3re heavy 

impact stresses are e:-ic ouri t; t-H' e d . 

3u.mmerizing, failure undoubtedly resulted from the 

pre~rnnce of' largt1 g:u.f:l.:o ,1 tlos of' tree carbil es cCJ.uaed . ty ~he 

hi !'!/ cai>bon content of the steel. Another c r.trlbutlr:.g 

1'a.c to;:- ~'1ay l:o.ve boen th-:: embri tling ef.fec t res· 11 ting from 

t·;he hl .,.h silicon content. 

Rec'"'rm ie.nda tj one: 

Ir. o:ede t ... to prevent simlla r .failur0s lt is rec om-

r. tH1 de<l that t!J.e e9.rbori con vent be kept within •. he range 

l.OC t 1.,±c p e r cent, a.nd the ~llicon con-cent Oe25 to 1 .. 0 

.\F : ~.S. 

oooooocc c.ooo 
000 0 ' C: OO 

00 

--------~-.. -
(Figures 2 t~ 5 follow, ) 
(on Pages 5 end 6 . ____ ) 
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XlOO, nital etch. 

figure 3 . 

X500, nltal etch . 

ST~..:EL AS RECEIVED, SHOWING FREE CARBIDES 
AT THE GRAIN BOUNDARIES. 
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XlOO, nital etch. 
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X500, ni tal etch • 

SMALL SECTION HEATED TO 1900° F. 
AND QUENCHEO IN WATER. 

•· 

Note presence or large carbides still 
evident. 
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