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Bismuth in Molybdic Oxide: Its Effeet 
in Steel Making. 

Origin  of Material and 0.LIAnt_of_Inirel/letion: 

For  sosie  time the Wartime Metals Corporatj.on has 

been operating the La Corne Molybdenum Project at 111 d'Or e 

 q,uebec, sending the concentrates to the Climax Moly..)denum 

Company  for roasting in the  U.S.A.  Th a  La  Corne moT.ybdenum 

concentrates contain considerable bismuth. This we.; not of 

great consequence as long  as  they were being mixed Ath the 

Climax production but it might have  considerable beRring  if 

the product had to be used undiluted. Accordingly, the  Metal» 

Controller's Office at Ottawa asked that  tests be cnducted 

to determine the effect the high bismuth  in molybdic oXide 
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(Origin of  Material and  Object of  Investigation, cortid)  - 

would have on the  steel-making operation. 

Materials Used: 

Three  different  molybdic oxides were used. The 

first, Oxide A, was a sample of La  Corne  untreated  concentrate 

roasted, containing 1.92 per cent  bismuth and 91.1  per cent 

molybdic  oxide. In the second, Oxide  B, the bismuth  of the 

molybdenum concentrate had been reduced  by  ore  dressing 

methods to give a cemposition. of 0.11 per  cent bismuth  and 

92.9 per  cent molybdic oxide in the roasted product.  The 

third,  C, was C.P.  molybdic oxide. 

Steel Makin4 and   Formirml: 

All steals were made in  a high-frequency Ajax-

Northrup 50-pound-capacity furnace. Scrap used was remelted 

boiler punchers cast into ingot form. Molybdic oxide and 

nickel were added with scrap. Carbon was added  as wash' metal 

as soon as the melting was comPlete. Chromium, manganese  and 

silicon were added as ferro alloys, in that order, at  the end 

of the heat. A final addition of  aluminium equivalent to 

12  ounces to the ton was made. Time from start to  pour was 

30  minutes. Pouring temperature, as measured by a  tungsten-

graphite  thermocouple, was  2,950° F.  As  far  as posgible all 

conditions were held  constant for . the three heats, tmach  made 

using melybdic oxide of varying bismuth  content. 

The steel was poured into a  50-pound  Gathman-

designed cast iron mould. The ingot was slowly cooled  and 

thon subeequently heated  in a gas-fired furnace to 2200 0  P. 

The  ingot, Which was about  4  inches  in section  at  the  top, 

was forged to a 1*-inch-square bar,  forging being conducted 

at between  2000  and  2200°  F.  The  forged steel was furnace-

cooled. Only the middle third of the  ingot was use.T. in  ths 
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(Steel Making and For;afng, ccntTd) -

teat work.

Chemical Ana^,^ses:

Dr{ llings ta3cen from the bars were found to have VYae

following eompasitions. ^he stesle at•e designated A. 8 and C,

being, respective^]!y, t^hosc madb using high-bismuth, ?.ow^-bis-

much and bismuth-free m.olybdic oxide.

: : •an- • ^`i^-^ôs-. s : : o y^
gteel:Carbon. ganeso: coz^ :^harus : W^ul^hus:Chraz^iiur^: Ni<1ke].:den^.u^
..^+...o...

. . : : . : : .
• - P e r C e n t ^ •: . . .

A : 0.3£^ : 0.75 : 0035 'O.C^}.3 : 0,0;^2 : 0.76 : 1^96 : 0.4^4
B : 0.38 : 0.75 : ^^.û5 :U.013 : 0.016 . 0,?'6 : ao98 : 004^^
C: 0,32 : 0.7^ : 0,33 :0,015 t 0.0:i4 : 0.90 : 1.94 : 0,5^r

A spec i:rc^graphic s.nalysis showed a fa.int t-race nS bis-

muth in steel A, and r^o ^^isz^uth in steels 8 and C. This is

ror steel^a that had respectively O.O^.B per cent, Oe001 per cer.t

and nil risznuth added t^ the charge.

Heat Treatmsnt ar^d Pro ^̂aratian of Test S^ecimens:

All s^ceeZs vrere held at 1600° F. for 2 hours and

cooled in air. Standard tensile ar^d impact test spfcimena were

ther_ machined fx°om each steel to slightly greater tr^xn apeci-

r I e d dimensions . These and adciitior^al unmachined k^ars .from

each steel ^dre hc^].d a^^ 1525° F. for 1 hour in a V'a^ ^carb

furnace and quenahed in 90° F. hough^on+s No. 2 queâ:hing oil^

The machined samples were then c'.rawn fmmediately at 650° F. ^or

1 hour. The unmachined bars ^ere dra^rn im^ediately ^^t 1150° F^.

All material was u^ater-quenched from tha draw. The harder

teat specimens were then ground to size. Simi^.ar test speci-

mene were :u&chin^d fr or•1 the soi't bar.

i^echaniaal Properties:

Hardness tests made, using a 10-mrn. iaall ::,oaded wi`::^.

3,000 kilograrlg ^or 30 soconds, 3howed that st©e].8 ^. and F,

dra^vn at 650° F., had a Brinell hardness of 461; C, steel

^:T.-^-, : ^,,;.. ^:^- ^,^^ ._.
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(Mechanical Properties, conttd) - 

drawn at 6500  F., was  444  Brinell;  and  the Brinell hardnesses 

of the steels drawn at 1150° F.  were all 302. 

Resulte of  mechanical  tests are  given  in the 

following table: 

25.1111P-12111. 

: ree--- ililtimate:5.2 per cent:Elonga- :leduoTfar 
:tempera- :  stress,:proof  stress,: tion, : in area, 

......1.2.8.u.sp.usteeiFtw
allmemalie 	cent 

 A : 	850 	:  228,700:  160,000 	: 11.5 	40.0 
B : 	650 	: 225,000: 159,200 	:  11.5  : 	42.5 
C  : 	650 	: 211,250: 153,600 	:  15.0 : 	46,0 
A  :  1150 	: 142,500: 127,000 	:  20.0 : 	55.5 
B : 1150 	141,900: 126,500 	:  22.0 : 	60.0 
C  :  1150 	: 143,700: 126,500 	: 18.0 : 	55.0 

• • • • 	 • 

Meet Teste. 

teritper- :Steels drawn reATireiee-
Steel  :  ature °F.  :  at 650° F.  z  at  1150°  F. 

XMONMICURIMMUMMIMS 

• • • • 

All the above values are the average  of  at least 

three readings. 

Micruemle_Examination:  

Samples were  out  from all steels, both before  and 

after heat treatment.  Metallogpaphic  examination showed  that 

all three steels were clean. The tas forged' structures w3re 

typical  for  this  t7pe of steel. The  heat- treated  epecimene 

showed the  expected drawn martensite structures.  Structures 

revealed by  a 2 per cent nital  etch after polishing are  shown 
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(Microacopic Exja-nination, cont 'd ) -

in Figures 1 to 7 inclusive. Only one drawn at 1150"' F.

structure Is shown, as all are similar.

summar :

Chemical analysis, xnechanical testing and ,nicra-

acopl.o examination reve9led no significant d:.fferences in

nickel•ahromium-roolgbdenura stoela (S.t1.E, 4340 approx3.mately)

made in an induction furnace, ueing Ynolybdia oxides of vary-

ing bismuth content. It taa(": been held that for an engi:r-

eering type steel, even if all bismuth preeent in the oxide

entered the steel it would not be present in sufficient

amount to have a deleterious effect. The results of the

chemical analyses would show that under induction melting

conditions very little bismuth enters the steel, the greater

part apparently volatilizing. Certainly, the conclusion

would be that bismuth contents, at least up to 2 per cent,

can be tolerated in molybdie oxide required for use in the

manufacture of engineering ateels.
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Fimure  2. Figure 1. 
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X100, etched in 2 
per cent nital. 

STE.L1, C,  AS FORUD. 

X1WO, etched 	2 
per cent  nital. 

STEU  A, DRAWN  A'? 650° F. 
WOO Mal 
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X100, etched in 2 
per aent nital. 

STE'  A, AS FORGED. 

Fluure  

X100, etChed in 2 
per cent nital. 

STEUL B o  AS FORGED. 
• 

ELJALLI . 
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F4 -,ure Figure  6.  

X1000, etched in 2 
per cent nital. 

STEEL B, DRAWN AT 6500  F. 
ale  

X1000, etched in 2 
per cent nital. 

STEEL Ce  DRAWN AT 3500  F. 

FiEure  

X1000, etched. in  2 
per  cent nital. 

STEL  A,  DRKON  AT 1150°  F. 
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