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I. REASON FOR INVESTIGATION. 

1. Aluminum as a de-oxidizer :of Steel: Aluminum is used to quite 

an extent in the manufacture of steel to affect the final de-oxida-

tion. Aluminum is a Tigorous and effective de-oxidizing agent but 

its high price and some technical difficulties make it impractical 

to use except for the final de-oxidation. It is, therefore, added 

to the steel after the manganese and the silicon have done their 

work . Ordinarily it is added to the metal as it is poured into the 

mold or ladle. Sometimes the aluminum is put into the mold and the 

metal poured on it. The aluminum added reduces the iron oxides pres

ent and in so doing produces considerable heat. The aluminum oxide 

ordinarily has time to leave the bath as a slag; if it does not,due 

to bad practise, it has an injurious effect on the steel. The effect 

of the metallic aluminum can be neglected , as generally there is 

very little present and what is present instead of having a harmful 

effect, of late is thought to be beneficial. Aluminum is in bRd re

pute, partly because it can be used in such a way that increased 

production at the cost of quality, can be attained. 

2. Magnesium as a De-oxidizer of Steel: Magnesium is used to 

only a very small extent in the manufacture of steel. It can not be 

used in the pure state as aluminum is, because magnesium is volatile 

far below the melting point ~f iron. The boiling point of magnesium I 
0 

at atmospheric pressure is about 1100 and the melting point o~ iron 

is 1530° and it is generally poured at a considerably higber temper-



ature. The attempts to use magnesium in a pure state have,therefore 

most often ended disastrously,metal being thrown out or the bath or 

the magnesium coming to the surface and oxidizing . It ie used as an 

iron alloy(99-l) for de -oxidation to a limited extent . 

11 3. Comparison of Magnesium and Aluminum: In comparing these two 

metals the following factors have been considered: a)specific grav

ity of metals, b) specific gravity of oxides, c) reacting agents, 

d) volUJnes, e)heats of formation , f)costs (occurence of ore) . 

aQ . The specific gravity of magnesium is 1 . 74 as compared with 

2 . 71 for aluminum. Any residual metal is , therefore , going to have 

2 

a greater tendency to float out. Owing to the great differences in 

specifie gravities between iron and magnesium there is not much 

chance of excess magnesium remaining in the iron to form undesirable 

alloys. 

b) . The specific gravities of the oxides are not so far apart. 

agnesiwn oxide has a specific gravity or 3 .43 while that of alium

inu.m oxide is 3 .75. This would seem to be an advantage for the mag

nesium but since we do not know that the magnesium oxide and the 

aluminum oxide particles formed have the same size, we can say noth

as to the rapidity with which they leave the bath. 

~) . From the formula it is evident that weight for weight,alum

inu.m is more efficient than magnesium. Thus it takes 24.32 grams of 

magnesium to do the work of 18 . 1 grams of aluminum or one gram of 

aluminum does the work of 1 .45 grams of magnesium . So, from a con

sideration of reacting weights aluminum is superior . If, however, 

magnesium can be aaded in such a way that very little is lost,it 

has other advantages over aluminum that might make its use more prac 



ticable. 

d). Magnesium, being more bulky than aluminum, would have mora 

metal surface and therefore be a more efficient de-oxidizer. 

e). One difference between the action of magnesium and alumnium 

as de-oxidizers is the amount of heat generated during the formation 

of the oxide. The molecular heat of formation of aluminum oxide(Al 2 
03) is 392,000 calories and that of magnesium oxide (MgO) is 144,000 

calories. The heats for equivalent amounts of oxygen(Sg.) are 72,000 

and 65,000 calories for magnesium and aluminum respectively. This 

increased amount of heat per unit of oxygen consumed is going to 

esultcin greate~1fluidity. This in turn is going to permit oxides 

and gases to float out and will result in a lower amount of foreign 

inclusions and fewer blow-holes. 

f). At the present time its high price is an objection to the 

use of magnesium. It costs about $2 .00 per pound now , although once 

it was quoted as low as $1.75. agnesium is about as abundant as 

aluminum and its process of manufacture is similar and need not in

volve a much ereater expense. The magnesium ore used at the presert. 

time contains only 8% magnesium although deposits of 40f, magnesium 

content exist in Canada. These, however, are rather inaccess le. 

See water conta ns one-eighth of one per cent magnesium and the wat 

s of Salt Lake contain seven times as muc • This means that a six-

teen foot cube contains one tom of magnesilun. If the demand for mag 

nesium increases, methods will improve and it fill become cheaper. 

II. PURPOSE OF INVZSTIGA~ION. 

4. Since magnesium cannot be added ass h to steel, it seems 



feasible that it could be sdded as an alloy. In the form of an alloy 

of low magnesium content it would have a specific eravity more near-

j 1y approaching that of iron and would not float to the top of the 

melt immediately. rt would probably not volatilize so readily either. 

Naturally it would be alloyed with some metal that is beneficial to 

steel or which in itself would help the process. 'tanganese is used 

in steel to reduce oxides and to remove sulphur as sulp1•ide. Chromium 

is used more and more to give steel a greater hardness without aff 

ecting its ductility or tensile strength. An alloy of magnesium 

with manganese or chromium could therefore be used in steel to an 

advantage because it would be an excellent de-oxidizing agent ~nd 

either the manganese or chromium remaining in the steel would give 

it desirable properties. 

5. The purpose of this investigation was ,therefore , to see if an 

alloy of the inter-metallic compound or solid solutton type could be 

made using these metals. _echanical mixtures are, of cour e , out of 

the question since the melting point of both manganese and chromium 

are above the boiling point of rragmesium. 

III. PROPERTIES OF MAG~ESIUM . 

6. Compounds of Magnesium : agnesium will form oxides,carbides, 

nitrides and silicides quite readily. The oxide is formed most read

ily and the nitride is perhaps the most dificult of the four to pre

pare or retain. It is impossible to bring the magnesium very far 

above its melting point in air without igniting the metal. It was 
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found during this investigation that the carbide and nitride are 

readily formed at the temperatures to which it was necessary to 

bring the magnesium. iagnesium carbide is formed in air by heating 

magnesium with a bare gas flam • Acetylene is formed by the inter

action of water and agnesiurn.,4-Carbide. agnesium nitride is often 

formed in the atmosphere of tne furnace. In water this decomposes to 
• 

form ammonia and magnesium oxide. ~agnesium att acks silica tubes, 

magnesium silicide and magnesium oxide being formed. In this case, 

the temperature of the melt makes a great difference; at 1000° 

silica is attacked quite rapidly and at 8000 the action is slow. At 

the lower temperature, the same silica tube can sometimes be used 

for two melts. 

7. Study of Fluxes: Owing to the low specific gravity of magnes

ium it floats on top of other metals and an intimate mixture i 

difficult to obtain. As yet a flux of lo er specific gravity than 

magnesium has not been obtained. Potassium chloride and lithium 

chloride have a specific gravity of about two and these salts come 

closer to having the specific gravity of magnesium than any others 

Which could be used as fluxes. A flux would be quite desirable 

because magnesium gets coated with a thin film of oxide in the air 

and this prevents it from coalescing when in the form of powder or 

chips. It is reasonable to suppose that thi film of oxide is going 

to prevent intimate contact with other elements and, therefore, 

hinder alloying in some cases. 

8. Effects of Gases on Magnesium: Because of the ease with which 

magnesium forms oxides it was necessary to exclude oxygen or air 
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from contact with molten magnesium. In this investigation it was not 

realized at first that an atmosphere of nitrogen would be harmful. 

Nitrides , however, were formed so this gas also had to be excluded. 

Hydrides do not form with magnesium so this gas and a vacuum were 

used successfully. 

9. Melting and Boiling Point Considerations: The melting point 

or magnesium is 6510 and the boiling point at a pressure of 760nun. 

is 1135°. The melting pollnts of manganese and chromium 1260° and 

1525° respectively. It is,therefore, evident that it ~Wii-..m:r-A-t"la 

is impossible(except perhaps at high pressures) to have molten mag

nesium in contact with molten manganese or chromium. To have an 

alloy formed it is neeessary that, solid manganese or chromium dis

solve in molten magnesium; or that, liquid(or solid) manganese or 

chromium take gaseous magnesium into solution. 

10. Crucibles: Some difficulty was experienced in getting a cru

cible that would hold molten magnesium at a high temperature. The 

magnesium rapidly attacked porcelain and if the crucible lasted 

through the melting process it was generally broken hen the metal 

solidified. Graphite crucibles contaminated the melt,magnesium car

bide being formed. Fire-clay crucibles ere also attacked and the 

melt contaminated. In this case, magnesium silicate and magnesium 

silicide were formed. Alundum (aluminum oxide) crucibles ere found 

to be the most satisfactory. If the metal was heated up rapidly,the 

crucible ordinarily could not be used more than once. If some mag

nesium oxide was rubbed into the walls of the crucible and the cru

cible heated up slowly, it could be used repeatedly. agnesium re-

9 
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duces aluminum oxide but the oxide of magnesium already in the all 

and some that may have been formed there during the process seemed 

to have prevented further action. 

IV. PREVIOUS WORK . 

11. Work on Magnesium-Chromium Alloys: Parkinsonl (1867) claims 

to have obtained an alloy of chromium and magnesium by heating mag~ 

nesium with chromium oxide. He obtained a product which burned in 

air and which decomposed water. He also did some work on other all

oys of magnesium. His work on chromium-magnesium was repeated. For 

details see page 15 . 

12. Work on Magnesium-Manganese Alloys: Terre112 (1874) claims 

to have obtained without much trouble an alloy of magnesium with 

manganese through the reduction of manganese proto-chloride. He does 

not describe his reaction or product. His work as repeated in air 

and in vacuum. For details of work in vacuum see page 15 . 

3 13. Work on agnesium-Nickel: Alloys: Gustav van Voss (1908) pre -

pared a series of magnesium-nickel alloys by heating the t o metals 

in contact. He did his work in an atmosphere or hydrogen in porce

lain crucibles. 

Ref.t'erences: (l)Guertler--p.415 

(2)Guertler--p.415 

(3)Z.anorg.Chem.57,61-67. (1908) 
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Since the melting point of nickel is 1492°, which is about 3000 

above the boiling point of magnesium, it might be possible to att

ack this problem in the same manner,i.e. by heating manganese or 

chromium in contact with magnesium it seemed probable that an alloy 

of magnesium-chromium or magnesium-manganese might be obtained. 

V. STUDIES ON PREPARATION OF ALLOY: 

HEATING THE METALS IN SEALED CRUCIBLES. 

14. Preparation of Metals : The first attempts were made using 

large pieces of magnesium and manganese. Later the mangan 1 was 

finely ground . It was unnecessary to use magnesium in a finely 

divided state since it melted at a compara£ively lo temperature . 

If magnesium filings were used it was found that magnesium oxide 

film formed on each particle prevented the mass from coalescing and 

they were found in the same shape before and after melting. 

15. Crucible Linings and Seals: Different kinds of seals and lin

ings were used. In the same crucible,the same kind of material was 

always used to seal up the crucible that was used to line it. The 

magnesium. oxide lining that was used at first as made from rather 

coarse magnesite with hitempite binder. This, ho ever, crumbled too 

readily. A more successful material was made by grinding magnesite 

down to 200 mesh and using that with hitempite as binder and some 

50 mesh magnesite as body. This could be dried quite rapidly. If 

this material was cintered successfully it could be used a number 

of times without crumbling. 



16. Tests: A number of different kinds of crucibles and linings 

were tried and the tests may be summarized under the following four 

groups: (The data in each group are the result of a number of tests) 

II a) The first crucible to be used was plumbag , lined with mag-

nesium oxide. Because of the porous nature of the crucible, furnace 

gases penetrated it and the magnesium was all converted into nitride 

and carbide. 

b} An alundum crucible,lined with magnesite, having a clay 

cover sealed on with hitempite was used. The results were the same 

as when the plumbago crucible was used so this must have been just 

as porous. 

c) A porselain crucible with a porcelain cover sealed on 1th 

hitempite was tried. The magnesium attacked the walls of the cru-

cible and furna gases entered. On solidifying the magnesium con-

tracted faster than the porcelain and pulled with it the fluxed 

inner part· of the wall and ruined the crucible. 

d) A porcelain crucible was used as in the above case except 

that it was lined with magnesite. The crucible was not attacked in 

this case and there was not so much trouble with furna e gases. Thi 

was the only one with which any degree of success as obtained. 

17. Results: In no case was the slightest tendency to alloy evid

ent. In one case a hole as drilled into a piece o magnesium a.nd 

this filled with manganese a nd heated. Later hen the magnesium 

was sawed through, the manganese was found in the original shape 
oxi e 

and very nearly the same position. The film of surrounding the 

magnesium d seemed to be very tenacious. In some instances where 
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the temperature had been brought well above the melting point or 

magnesium, sticks of this metal we-re in~e~ted. ~hey we~e about an 

inch high and just flattened out a little, On the whole, attempts 

that were made using sealed crucibles were not a success because 

gases would penetrate at the seal. This was always some hat porous. 

There is one advantage in using sealed crucibles over using the vac

uum furnace, namely, in the sealed crucibles the melt can be shaken 

~tt up so that the two metals come into closer contact. The non-all

oying properties of these metals is shown by the gact that the two 

metals were never made even to adhere by any of these methodso 

VI. STUDIES ON PREPARATION OF ALLOY : THERMITE REACTIONS . 

18. Theoretical Considerations: Aluminum alloys are frequentlf 

made by causing an excess of aluminum to react with the oxide of the 

element with which it is desired to form an alloy. By this means it 

is possible to produce alloys of a definite composition. agnesium 

alloys can no doubt be made in the same way if the alloying elements 

are restricted to those that have a melting point belo the boiling 

POi~t of magnesium. There is more difficulty with those elements 

Which have a melting point a~~ve that of the oiling point of mag

nesium as is the case in this investigati?n• Aluminum, having a 

boiling point of 18000 can be used with a greater number of oxides 

to form alloys. There are records, however, of alwninum alloys hav

ing been made by using aluminum with an oxide of a metal having a 

higher melting point than 1800°. Magnesium has a higher heat or t<r -

mation than aluminum and will, therefore ~~ reduce a greater number 
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of 
of oxides. The following table contains those element hi ch alloys 

with magnesium have not been made or studied; the calories given 

are those liberated when the oxide is reduced with magnesium: 

i: .~i ·. OXide. Cal.liberated per Cal.liberated per elting point 
of metal. 0c;. mole. or oxide. at. wt. of metal. 

coo 86,400 86,400 1491 
00304 382,200 127,400 1491 

Cr03 291,700 291,700 1505 
Ct-203 163,900 81,900 1505 

FeO 78,200 78,200 1505 
Fe203 234,000 117,000 1505 

MnO 53,100 53,100 1260 
Mn02 161,800 161,800 1260 

002 145,000 145,000 2535 
003 264,700 264, 700 2535 

PtO 126,900 126,900 1755 

T102 72,200 72,200 1800 

V205 409,000 204,500 1710 

W02 156,400 156,400 2974 

An extensive tabulation sho ing the molecular and unit heat 

of formation of various oxides is included in tbe attached blue 

prints. 
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19 . Reduction of Manganese Dioxide with agnesium Filings : S9me 

magnesium filin s were mixed with a quantity of manganese dioxide 

in an iron crucible and a coil of aluminum wire put down into the 

mixture . A current was passed through the wire for an instant and 

the heat produced was sufficient to start the reaction between the 

aluminum and the oxide . The reaction was quite violent . The cruci -

ble became very hot and the ends of the copper leads were melted off . 

Some of the contents of the crucible were thrown out during the 

reaction . The material left in the crua!~le showed no traces of an 

alloy and since the reaction was of such violence , further experiment 

in air was discontinued . 

20 . Thermite Reactions in vacuo: A number of holes were drilled in 

a piece of magnesium and these filled 1th manganese dioxide . This 

.us heated in a vacuum furnace and a reaction ~as observed to take 

place . The manganese must have been reduced but it could not be 

determined that any of it entered in to combination with the magnes 

ium . Other tri .. ls were made 1th the thermite process using magnes 

ium in different forms and arranging the t o mat rials in different 

ways . In cases here it as possible , such ei htSof reacting mat 

erials were used as would give a 50 -50 alloy fter the reduction 

of the oxide . The reaction , ho ever , always took place 1th such 

violence that most of the reacting materials ere scattered through 

the furnace and the crucibles were often cracked . No trace of alloy 

was ever detected . The excess magnesium seems to have been volatil -
~ J arable 

ized by the heat generated in the reaction . Since no....results were 

obtained by this method , it was also discontinued . 
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VII. STUDIES ON PREPARATION OF ALLOY:EXPERIMENTS IN VACUO. 

21. Heating in Evacuated Section of Iron Pipe: Since sealed cru

cibles did not give satisfactory results because of oxidation and 

since it is quite difficult to introduce a thermo-couple into the 

vacuum furnace, another method was tried before resorting to the 

va cuum furnace. An iron pipe 14 inches lon , three inches inside 

diameter and provided with caps on both ends wa s obtained. One of 

the caps was provided with three openings, one for ga s inlet(in case 

an inert gas would be used}, one for outlet and one for thermo-coup

le. The sides ere covered with fire-clay, hitempite being used for 

binder. The outlet was connected with a vacuum pump and the air ex

hausted. The pipe was then placed in a vertical position 1n a gran

ular carbon resistance furnace, surrounded by the resistor to a 

he~ght of eight inches and heated. Because of the thickness of the 

walls it was difficult to get the melt hot in the first trial. The 

outside of the apparatus got hot while the interior only ent up to 

about 300°. In the final trial the outside of the pipe melted and 

the interior just ient up to a scant 1000°. This apparatus a s not 

satisfactory because the walls must of necessity be thick and it 

took too long for the he~t to penetra te. The fire-clay became a con

ductor before the magnesium was melted. This arrangement might be a 

success in another kind of furnace but it vould not be used in an 

electric resistance furnace. 

22. Description of Vacuum Electric Furnace: An Arsea vacuum elec

tric furnace was used. This furnace is the small furnace manufactur-



14 

ed by· the General Electric Company. It has a spiral carbon heating 

element with water cooled electrodes. The outside j a cket is also 

water-cooled. The gas is exhausted by means of a two-stage centri

fugal pump. This furnace may be used with an atmosphere of hydrogen 

by merely connecting a source of hydrogen to the vacuum line. The 

air is first exhausted and then the hydrogen admitted. The hydrogen 
m 

should be repved before the furnace is opened again as explosions 

may follow if it is permitted to remain. One explosion which was 

more or less serious seems to have resulted from opening the fur-

nace while certain parts were still hot; supposedly, air entered and 

formed an explosive mixture with the hydrogen. 

1· 23. Alundum crucibles were used inall the experiments in the vac 

uum electric furnace. They could be used a number of times if heated 

up carefully the fi r st time. The various experiments can be consid

ered from the following groups: (The da ta in each group are from 

a number of tests.) 

a) In the first trial at producing an alloy in this furnace, 

pla tes of magnesium about one millimeter thick and one and one half 

centimeters square were placed in a crucible and powdered manganese 

ppt in between them. The temperature as kept at about 750° for 20 

minutes. There was no sign of alloying. There as again the diff

iculty in getteing the two metals even to adhere. 

b) Pieces of manganese metal ere ground do n round and insert

ed in magnesium. The magnesii.lm was raised to its boiling point and 

held there for a short time . The cooled melt as afterward ground 

down so as to expose a boundary between the t o metals. No indica-
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tion of alloying was found. 

c) A piece of chromium was placed over magnesium in such a way 

that the magnesium in distilling waald condense mn the polished 

face of chromium. This piece of chromium was later polished in such 

a way that the boundary line between the two metuls could be exam

ined. It showed only an intermediate area of magnesium oxide. 

d) A piece of chromium was examined under the microscope. This 

piece was then put in a crucible with some magnesium and the magnes

ium distilled off very slowly. The chromium sho ed very little 

change in structure and the observed change was no doubt due to the 

long anneal. 

e) Parkinson's work (reducing chromium trioxide 1th excess 

magnesium) as repeated. (see page 7) In the experiment some green 

chromic oxid (cr2o3 ) wus obtained but the greater portion no doubt 

as reduced to metallic chromium. There was no alloy formed. Park -

inson perhaps used carbon crucibles and so obtained something which 

would decompose ater. The excess magnesium ould cause the material 

to burn in ~ir. 

f) Te1•reil's work (reducing chloride mang~nous 1th magnesium) 

was repeated both in air and vacuum. (see page 7) If Terreil did 

the work in air, the manganese chloride being hygroscopic ould 

absorb water and the magnesium ould all be converted into ma nes-

ium oxide. The lOrk v·as repeated in vacuum using a de-hydrated chl

oriee. The manganese chloride as reduced but the excess magnesium 

did not combine 1th the manganese to form an alloy . If Terrell 

used silica or graphite crucibles he ·ould get products (lllE..gnesium 
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carbide or magnesium silicide) that could be mistaken for alloys. 

II g) A piece of magnesium having one face as plane as it could 

be made by careful grinding and polishing was placed against a sim

ilar surface of manganese. Th• two were surrounded with magnesium ,. 

II filings and heated up in the vacuum furnace. hen taken out of the 

furnace the two metals were found to adhere but cartti'ul polishing 

of the junction failed to show any alloying. A number of photographs 

were ta.ken to prove that the two metals themselves had not alloyed. 

(see photographs #2 and #3) 

h) Plane faces mf magnesium and chromium were heated in con

tact as with manganese and with the same result. Under the micro

scope the metals showed straight edges and the microstDpcture of 

both metals was the same after, as before the experiment. 

24.Conclusion: From the work it was evident that there was no all

oy formed betveen the magnesium and manganese or magnesium and 

chromium. The edges of the two metals in contact ere comparatively 

straight as shown by the photograp • No intermediate met llic mat

erial can be detected. The fact that the tio metals adhered may be 

due to the f a.ct that the magnesium reduces the oxide on the su:t'face 

of the other metal. 
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Fig . I . PU.re 1~agnesium(xl25) Etching Reagent , .Amrrranium Chloride. 

This sample was used for comparison to detect any 

indication of alloying . Magnesium that had been used 

in any experiments with manganese or chromium was 

compared with this . 
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Fig.II. section of Junction of Manganese and Uagnesium .(xl25). 

Etehing Reagent, Ammonium Chloride. 

The small light area at the top is manganese metal. This 

photograph sho s a structure which looks ike an alloy more than 

any other obtained during this investig&tion. The magnesium had 

been molten while tbc manganese had not. The magnesium had perhaps 

reduced some oxide on the surface of the mang~nese or attacked some 

impurity in the manganese. The magnesium in the photograph sho s 

essentially the same structure as pure magnesium. 
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Fig.III.Section of the Junction of 1agnesium and 'anganese . (x200) 

This shows a typical section of the junction of the t o metals . 

The edge on the manganese is very nearly as straight as before it 

was put in the furnace. The intermediate material is perhaps oxide . 
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V!II. STUDIES 0 PREPARATION OF ALLOY: .I SCEILANEOUS TRIALS. 

25. Heating in an Atmosphere of Hydrogen: Because of the diffi

culty of regulating the tempera ture and because magnesium boils at 

a much lower temperature in a va cuum, an attempt was made to have ~ 1t J 

molten magnesium in contact with the other meta ls in an atmosphere 

of a neutral gas. A platinum wound furnace of the Rosenhain type 

with a usalite core was arranged in a vertical position so that hy

drogen gas could be admitted at the top and escape at the bottom. 
couple 

The thermo 4Pr' was inserted so that it rested against the bottom 

of the crucible. The melt could be watched from above through a 

mica window. At first the hydrogen was generated by two Kipps but 

later a tank of hydrogen was used. This apparatus as at fault in 

that the usalite tube did not cold the hydrogen. A porcelain tube 

of different quality or a silica tube might keep the hydrogen from 

escaping. 

26. Volatilization of !agnesium in It as thot 

• that if magnesium vapors 1ere forced up through a melt of manganese 

an alloy might be formed. A piece of gas-pipe about one-half inch, 

inside diameter and t enty inches long was stopped up about one inch 
• 

from one end with magnesite. The inside and outside of this end 

ere then covered with magnesite and allo ed to dry. A hole ab out 

one inch long and one quarter inch in diameter as left. This ~ s 

filled 1ith magnesium filings and heated to about six hundred 

grees. This as then plun ed in some ferro-manganese hich was ell 

above its melting point, probably 1350°. There was a slight bubbling 
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on the outside of the pipe and the metal near the pipe became more 

liquid than the rest of the melt. The magnesite on the outside of 

the pipe sc r led off and some of the pipe dissolved in the melt. Fer - • 

re-manganese was used in this case only to see if the method was 

' possible and justified further study. 

II About 150 grams of manganese metal were brought to a temperature 

of 1350° in the electric furnace. Fluorspar was used as a cover to 

prevent o~idation. agnesium was forced to volitalize up through 

this in the smae manner as in the previous case. In this case an 

uncovered silica tube wa s used that was closed one inch from the 

end with asbestos fibre. This time the magnesium came up through 

the slag and oxidized in the air. The silica tube w~ s attacked both 

on the inside and the outside so there must have been some silica 

dissolved in the melt as well as decomposed by the volatile magnes~ 

ium. 

On investigation, no difference could be found between the 

manganese that had been subjected to this treatment and other ferro

manganese. The manganese metal as carefully analyzed but no mag

nesium could be detectedo 



Rosenhain Electric nace. 
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IX . CONCLUSIO • 

27 . Fluxes: In this work it was found that it is absolutely 

necessary to keep the molten metal out of contact with nitrogen as l 

well a.s oxygen . A flux is necessary if the work is to be done in 

The flux should also remove the tenacious oxide film . Because of the 

II low specific gravity of magnesium no s tisfactory flux could be 

found . 

28 . Crucibles agnesium oxide crucibles would be the est for 

work with magnesium . The next best thing is a crucible in thich 

a magnesium oxide lining can be placed and from which it / 1 not 
a 

sc~ le off too easily . For ordi~ry work an alundum crucible will 

serve the purpose . 

29 . Thermite Reactions : Magnesium alloys with manganese or chrom

ium cannot be produced with the same ease that aluminum alloys may 

be with the same metals by means of thermite reactions. o alloy 

w&s produced 'tav~ magnesium 1th an oxide of mang nese or of 

chromium . 

30 . Al loys : If maenesium forms alloys ith manganese or chromium 

it does so ivi th extreme reluctance . ~:agnesium as found to al lo 

with nickel in a few minutes in the vacuum furn ce while it as im-

possible to ~ ind a ~race of manganese or chromium alloy after a pro 

longed heating . This work does not necessarily prove that alloys 

of meenesium with mansanese or iith chromiu.~ of the solid solution 

or inter -meta l lic compound type c•nnot be formed but that none of 

these metals could be formed by the methods tried in thia investi 

gation o 
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