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purpose of investi i7sti2n: 

The Birminham Electri ,; Furnaces Limited:  in 

England,  ha  s recently dovelopeJ. a process for conv,.rtîne a 

high manganese white cast iron f.nto austenitic manvInese 

steel. As conceived in "Lnand, this process aired  at  caet-

ing a  white cast iron containing the elerents in the  same  . 

proportion  as austenitic unuga -....zoso  8tc2.  oxeept  tIzat 

the carbon content was between  3  and.  4 per cent, This high 
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(Purpose of Investîaon, cont'd) - 

carbon was then redc("1 by ia', -..lecarbmrIatIon. treatment no 	, 

bhat ongyen.ching froff: a high tomperatur ,?..,  a mItteri.ul 

mç3tallographically and physicC,ily i&ffltical  1 ouete&1t.1<s; 

-oas romod- - 

àftc,r some trials DirLr.tihum•ElectrIc di.d. not 

deem. It adisable to.remove by decrburation. tbs carbnn 

in the centre of .tho part but attopted o • ly to form,an 

ausIenItic layor on the 3urfac'e,, The 	pplied Ubis decar- 

burIzation process to caatiug trac!..: links 	reported 

successf:uj operation 	Wae links in. ocrviee‹.. 

Thcae Laboratories 'h..ave 10 perl'ored 

experimental wo.ck on a high-manieneno cant iron e, with a view 

to determining the fal.?›5bi1ity of using bb ,,,.; proesn in Canada, 

Ii;  is posible to  cs 	a whlto 	wU;h a much 

lower carbon content than :U.). usid 	Engli9,nd and fr) thiu 

reason a melt was oast in tbue Laborato:ries with. 2,5 per. ,7,f5nt 

carbon content . ThJA-.., lower carbon cohtnt minimizes the 

prepen2Ity of this -elaterial to cracking en quanahlurl; ta common 

o'ccurreuce in the yu.tr .:,..z.O. cas 	lingland) and shortened 

considerably the decarburizin timce„ 	. 

Orien of MatorIal 

wp.s connidered advantageoUs at thls time to as  

.only test bar.a, and :.).w.12-erim-,mt with them,  Bar of  /3_6' inch 

diameter were  at  and M2c-InNestietional woxk was'conducbed 

on test pieces which wera ground to the 0.sire,)d dimonsione„ 

Two melts wore cast from an induction $.>urracep 

t being appro;dmately 4 5  pounds. FemP,titep pis Iron i„ 

Ingot metal, ferraMçinanee, and ferrosilicon wo uSed to 

'obtain  ;ho dekOrod analyis„. 
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(Decarburization Tests e •conttd) - 

of . hematito pro and mill oca1p 9 ' or the length of decarbur-

ization treatment, Howevere  tàis adjustment involves 

lengthy•experiments and  it is sufficient to note that a 

cycle slMliar to that now used to manufacture whlteheart 

malleable can be uaod to produce this high manDmiene 

material, 

.pecarbyzatiola Usn.g_a Gaso2usMedlu.m 

By using a carbon dioxide atmospherep docarburiza-

tion could be'offocted very  easily  and for this work was 

found to be a ver .usimple methed, 

The edvantages were 

(1) Amy  range of temperatures could be used; and: 

(2) The  specimens could be quenched directlys  thue-
obviating the necessity of a reheat, 

(3) Very.little scaling restated, 

Previous.experiments in these laboratories on 

whlteheart malleable  indic ated  that a satisfactory method 

of decarburization by using CO2 was  one  in Which the test  

bars were.placed on a tray in an airtight-container, The 

tray rests on a bed of pure hematite ore, No portion of the 

test bars was In contact With the ore, The container was 

scaled  end  the air replacod by carbon. dioxide, The aystam 

was  thon  heated to the rediuired temperature, 

The de:carburization In such a system takes place 

through the carbon dioxide which is converted to carbon -

monoxide by.reason of•its action on the iron carbide  in the  

test bar, The,carbon monoxide .  Is then regenerated to carbon* 

dioxide by the action of hot iron exide 9  thus producing a 

continuous cycle  as long as the iron Oxide remains active, 

The 9/16-ineh-diameter bars which wore- cast from 

1 
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(Decarburiï,ation Tef?,ts, contd) - 

the No,  O  molt wore ground to tmsile test specimens 0,450 !noh 

in. diayrater in the gauge length and 0,650 tnch on the grips, - 

Short leugthz of bar9 0„450 inch ryl. diameter were also ground 

to size to be used for micro c2,:ali:j.Y.udir, 

Four test bars plus 	.b on; lengtho o  as menticmod above, 

wore placed in tale closed decarburlzing system at IÇ60° P„ for 

periodS of 24 e  32 e  40 9  and 4,8 Iwurs and Immediately quenehod hlto 

wator, It was found that thso te3t r.deces soaled considorably e  

due to the fact that -Inadvertently  t' .e  had been placed in the 

tray over wet hematite ore and while it was being heated to 

•emperat•re the container was left open to the air in order to 

drive off tirw largo amount of moisture that was pr'?sfflt in the 

ore, Howevcr e  previous 'experimmts haro proven that If the ore 

Is wall dried and the test bars aro heated in a carbon dioxido 

atmosphere there ' will bo no scaling. 

Mechanical Testin: 

The tensile test bars after treat-gent as above wero 

tested without further maehinint 	The resul'.7.s oftimie testa are 

shown in Ta 

Tebio I, 

Vickers Hardness 
Depth of 	using 10 Kg Load 	Tensile 

Decarb 	Decarbur- 	Outer Decarb 	 Strength 
Ti'ne 	17ation 	Edge 	laver 	Core 	lbs so.in  

24 hrs 	.12" 	298 	216 	437 	32,300 

32 	 .13 	24C, 	200 	370 	34,300 

40 	• 	.16 	2 0 4 	Pli-3 	240 	47,50C 

48 	 .13 	0 1 	213 	200 	33,300 
(flaw 	In 
s ,Decimen) 
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(Mechnnical Testing, cent d) 

Hardness tests were conducted on.all Of the 
.,•- 

decarburized specimens, The  results  are  shown In Table  —.1„ 

Depth of Decarburizatioh: 

This was measured from  the specimens used for, ; 

microscopic examination, Tho depth .-of decarburization for 

 the various decarburizing times is also shorn in Table  1.  

rc p ta.  9p o321c 
- , 

The specimens  (ta ch from Melt No  0'1) which•Wore' 

packed In heMatite ore and MIll scale'Were -eut  up for Micro 

scopic examination °  Eich s-oecimen was givon a metallOgraphic 

•pollshand 'etched in a 2 par  cent  solution of nitric aCid in 

alcohel, 

• Figure 2  shows the decarburlzed layer after.heating 

opD ,  specimen to 152.,60°.F, end-water-quenching,  The  a-Listen:It:lc 

structure Is-apparent, The edge  of  this specimen did •nct.show 

a martens:U:1c structure and it waS concluded that the rate of 

diffusion of carbon to the surface was identical to the rate 

at which it was being remOved, 

• Figure 3 13 ía  photorecrograph„ at X100 magnifiCation, 

of thé core  structure  of this material, 

, 11. specimen for microscopic cxamInatIon was cut' from 

each piece that had been treated . in C0. for 2d 32  40. and 481untro0 

Each specimen was etched in a 2 per cent solution  of  nitric 

acid in alcohol and exu.mined under the microsooPe at x.100 

magnification, Figure 4 is a photomidrograph of the ducarb-

urized layer and this is representative of this layer 5„n all 

four specimens, Figure 6 is a photomicrograph, at X100, of 

the structure of austehltic manganese' steel, These twe ,, 
• 

structures  are  identical, Figure 5 Is a photomicrograph '4ken 

• , 



(Microscopic Examinatl.on, cont'd) - 

of Vae-  cors  or undocarburized layer, In the specimen which 

had been docarburized for 52 and 48 hours o  there was little 

of this structure remaining °  

Discùàsion of Results 

The microstructure provos that a material metallo-

graphically identical to austenitic mauganese steel can be 

Prcducod frem a h:Lh Imnganose cafJt îron °  Figures 2 aad 4 

are  photomicrographs of structurs ikibAch r,ro typical 

austonitie manganese steel °  The austonitie layer illustrated 

by Waese fIgures e when peened with a hammer i, s'Jhowed considerable 

increase in hardness °  This ph,.momenon is typical of austen-

itic'mangsnese steel °  The core material Is hard tiald brittle 

and apparently when it  cent aine  -wore than 3 per cent carbon 

IS susceptible to.cracking on water-queaching °  This condition 

was prevalent in the iron produCed in England °  

Tensile tests on deearburized test pieces indicate 

that the strength incrE 	with U1G aneunt of docarburization, 

The presence of the white iron core accounts for the low 

tensile s•rength ;, which increa ,.;es as the  ocre  disappears °  

hardnes:A nves  of the Die)(7,8 used for mic:co- 
, 

.917)(rmans indicate tir3.1-  the  eu: tu 	Duel- has a hardness 

closely approximRting Umt of austenitic manganese stool °  

The °lobed system  of decarburizing presents a very 

simple method  and  permits the use  of high temperatures, 

of 
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CONCUSIONS: 

. 1. The feasibility of converting, by decarburization, 

a high manganese white iron Into •  a material wrhIch'is métailo-

graphically .and physleally similar to austenitic manganese steel 

, is established. 

2. Experim.ents in Great Britain have proven that the 
• 

process can be used - .ruacessfully  in the  production ot,track 

links. This report does not attempt to peoVe that track .links 

cast from high manganose  catit  iron and decarburized will be 

satisfactory in :service, but It is concluded that they will be 

satisfactory if properly prepared and -treated. 

The process does not attempt to lower, by.means of 

decarburization, the carbon content throughout the link,' but 

removes seficient carbon from the surface to form an auston-

itic layer there  that  when subjected to wear, work-hardens 

as In an austenitic manganese steel link. PItch. measurements. 

of an experimental track produced In England Indicated that 

-the increase in pitch is considerably lesà In a track which is 

cast froM manganese Iron and then decarburized than it is in 

a manganese steel track. This Is thought t6 be due to the 

presence of the hard core e  which is more resistant to stretch, 

• 3. The process is suited to iron foundries and • 

malleable iron foundries. The charge may be melted in air 

furnaces and cupolas. In Great Berea:In. -use was made of a 

- cupola and a rotary furnace to melt and 'cast experimental 

links. 	 • 

.Decarburization can be conducted In any  type of  

furnace in which a controlled atmosphere can be maintained. 

Furnaces which make use of suitable packing compounds may also 

be used. .For large outputs continuous furnaces may be emploYed. 

A closed system for decarburization e  as described in this . 

report, may also be used with good results. 

(Continued on next page) 
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(Concluslons e  contld) - 

5. The experimental work condyted in England — 

was done with an iron 6ontaîn1n 3.5 to 4 per cent carbon. 

It is recOmmanded that the carbon content be kept to about 

2.75 per cent, This can be  done quite readily and ha s the 

advantage that the lower carbon reduces the decarburizine 

times and also the possibîlity cf .quenching cracks forming. 

6. Most track links are designed so that the 

thickness of metal at any point is not great. This factor 

lends Itself readily to a process such asthis, since the 

thinner the section the smaller will be  the  amount of core 

material remaining after decarburizatIon. 

7. If further information is desired, and the 

steel casting shortage becomos serious enough to warrant It 

 additional investigation should be oondueted on actual links. 

000000000000 

000000 

HLL:GHB. 
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71z3.7e 1,, 

X2031, nital etch. 

"AS CAST" 

7200, ni';a1 etch. 

lYARBURIZED LAYER. 

Yanganes9 cao‘; Iron packd in hematite ore 
anc:: mill scale at 1630° F. for Ki hours 4 

 heeted tc 190° F., and watar-queached, 
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AUSTENIIC STrirriCTURii,‘ 
PRODUCED BY DSCARF,URIZING IN CO2. 
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• ,  • 
- 1 

, 

UDC, nital tch. 

CORE STRUCTURE 
BENEATH J1USTENITIC LAYER. 

Fîgg.re  B o  

X100, nital etc711 

STRUCTUR OF A:USTENITIC 
- MANGAME3E CAST STEEL 

HLL:C/HB 


