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The present invention relates to methods of casting readily oxidizable metals, partic 
ularly magnesium and alloys thereof where 
in the magnesium content predominates. 
One object of the present invention is to per 
mit casting such metals in moist or "green' 
sand molds and the like, whereby the metal 
is protected from attack by air or by the 
steam generated in the mold when the hot 
metal is poured. Another object of our in 
vention is to produce castings of the afore 
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mentioned metals the surface of which has 
a good appearance and is substantially free 
from burned spots, pits, or other defects 
which result from casting such metals in or 
dinary water-bound molds. Other objects 
and advantages will appear as the description 
proceeds. 

For convenience, the term “magnesium' is 
used herein and in the appended claims to 
mean not only pure magnesium but also al 
loys of the same in which the magnesium 
content predominates. 
The casting of magnesium presents a prob 

lem which is unique in commercial foundry 
practice due to the great affinity for oxygen 
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this metal possesses at elevated temperatures. 
In the molten state at the temperatures em. 
ployed in casting, the metal is capable of 
combining spontaneously with oxygen, which 
may be derived either from the atmosphere 
or from substances containing oxygen that 
are in contact with the metal, such as water 
or steam or other oxygen compounds in the 
molding material. Thus, it is practically 
impossible to make a sound casting of mag 
nesium in a conventional type of mold in 
which the molding material has been rendered 
moldable with water, inasmuch as the steam 
generated from the water in the mold ma 
terial by the hot metal produces an atmos 
phere in which magnesium oxidizes rapidly 
and may even cause the metal to ignite and 
burn so long as oxygen or oxygen-containing 
substances have access to it. 

Various casting methods have been devel 
oped to overcome the tendency for the water 
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or other oxygen compounds in the mold to 
attack the magnesium. Heretofore, for ex f ° ample, magnesium has been cast in water 
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bound sand molds in which the sand of said 
molds has been mixed with an oxidation in 
hibitor, such as sulphur or boric acid, so as 
to prevent chemical attack or burning of the 
magnesium in the steam atmosphere gener 
ated by the hot metal in contact with moist 
molding sand. In United States Patent No. 
1,825,242, other types of volatile agents, viz., 
ammonium hydro-fluoride and ammonium 
silico-fluoride, have been described as being 
able to prevent the burning of magnesium 
in water-bound molds and also to produce a 
corrosion-resistant film upon the surface of 
the casting. These complex ammonium flu 
orides, when employed as oxidation inhib 
itors, have the peculiar disadvantage in that 
they react with sand, forming various.com 
pounds therewith so that the mixture of sand 
with said agents soon loses the property of 
inhibiting attack upon the metal by the wa- 0 
ter in the mold. Furthermore, the admixture 
of the aforesaid fluorides with molding sand 
causes the sand to swell and interferes with 
the forming of molds therewith. It has been 
suggested to allow the sand mixture to stand 
for a period of time before use in order to 
permit the swelling to complete itself be 
fore the sand molds are made. The tendency 
for these substances to decompose and lib 
erate ammonia, especially on being heated 
during the casting process, also results in 
rapid impoverishment of the molding mix 
ture with respect to the agent added, thus 
necessitating 'frequent re-addition of the 
same. These agents in the molding sand 
also produce on the surface of castings made 
therein an adherent coating which detracts 
from the appearance of the casting. Fur 
thermore, while the addition of the proper 
amount of one of the aforementioned agents 
to the molding sand prevents oxidation of 
a casting of uniform cross section, with other 
types of castings having an irregular or non 
uniform cross section it often happens that, 95 
when sufficient of the agent is added to pro 
vide protection of the heavy portions of the 
casting, the thin sections become pitted; or, 
if a smaller quantity of said agents is em 
ployed so as to prevent pitting of the thin 
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sections, the heavy sections are 
protected from oxidation. 
The problem encountered in satisfactorily 

casting magnesium in temporary water 
bound molds involves overcoming the detri 
mental effect of one or more of the following 
factors, namely; (1) oxidation (burning), 
which may be due to attack by the air, attack 
by Water vapor, or attack by oxygen com 
pounds in the sand or by the sand itself; 

inadequately 

(2) the formation of pits and blowholes; (3) 
the formation of superficial coatings or films 
of a non-metallic nature on the surface of 
the castings which give them a rough, dis 
colored or otherwise unattractive appear 
800. 
We have discovered that the aforemen 

tioned difficulties may be practically over 
come by employing certain new and im 
proved agents for incorporating in molding 
sand, which are more stable and permanent 
than the compounds aforementioned, do not 
cause swelling of the molding sand, and do 
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may produce castings having a surface finish 

30 

40 

45 

50 

not produce an unsightly surface on the cast 
ing. We have found, for instance, that we 
which is clean and bright and which is also 
Smooth and free from imperfections, such as 
pitting and blowholes, when the sand is treat 
ed with our new agents. 
To the accomplishment of the foregoing 

and related ends, the invention, then, consists 
of the methods hereinafter fully described 
and particularly pointed out in the claims, 
the following description setting forth in de 
tail several forms of molds and methods of 
carrying out the invention, such disclosed 
molds and methods illustrating, however, but 
several of the various ways in which the prin 
ciple of the invention may be used. 
Our invention is based upon the discovery 

of the fact that hydrogen fluoride in aqueous 
solution, when added to a permeable foundry 
Sand in which enough water is present to 
render the sand moldable, permits casting 
magnesium without detrimental attack upon 
the metal by steam generated in the mold. 
However, since hydrogen fluoride, when so 
employed, attacks the sand more or less rap 
idly, the quantity of the same which is pres 
ent as such becomes diminished after a time 

65 

to a point where the amount may be in 
adequate to prevent oxidation of the metal. 
We have discovered that we may overcome 
this disadvantage by mixing with the mold 
ing sand certain metallic salts of hydrogen 
fluoride which are of low volatility and are 
not quickly displaced from the sand when 
in use. The salts which we have found ap plicable in the sand mixture with hydrogen 
fluoride, or which may be substituted for it, 
are the simple binary fluorides of aluminum 
(AlFs), antimony (SbF), calcium, chro 
mium (Crfa), iron (FeF), lithium, zinc, 
bismuth, or mixtures of these salts. Also, it 
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has been discovered that, when employing 
relatively small amounts of the aforemen 
tioned metallic fluorides, certain other salts 
or acid salts may be advantageously employed 
to replace a part or all of the hydrogen 
fluoride. For example, potassium acid sul 
phate (KHSO) in conjunction with these 
metallic fluorides effectively inhibits burning 
or oxidation. The principle of our invention 
consists in providing a strongly acidified 
moist atmosphere in contact with the hot 
metal within the mold at the time of casting, 
which atmosphere is developed by the heat 
of the cast metal and slightly attacks the 
surface of the casting, and prevents the for 
mation of magnesium oxide films thereon. 
Thus, by our improved method the surface 
of the casting presents a clean and bright 
appearance and is free from pitting. These 
new agents are much less volatile than am 
monium salts and are retained in the sand for 
long periods of time, thus permitting numer 
ous castings to be made without renewal of 
the agent. 

Suitable procedures to follow for casting 
magnesium according to our invention are 
given in the following examples in which an 
open or permeable type of foundry sand was 
employed. 

Eaample 1 
To foundry sand was added 2 per cent of 

hydrogen fluoride and the whole thoroughly 
mixed and tempered with water. Castings 
of magnesium alloys poured in molds made 
of this mixture were free from flaws and 
possessed a clean surface with metallic luster. 

Eacample 8 
Foundry molding sand was thoroughly 

mixed with about 5 per cent of antimony 
fuoride and tempered with water, then 
formed into a mold. Castings obtained from 
such molds were sound and of clean appear 
ance. The fluorides of chromium, zinc, bis 
muth, etc., employed in similar manner gave 
equally good castings. 

Eacample 3 
A molding sand was thoroughly mixed 

with about 5 per cent of finely powdered cal 
cium fluoride and about 3 per cent of potas 
sium acid sulphate and the mixture tempered 
with water. Castings poured in molds em 
Rying this molding mixture were free from 
8WS. 

Eacample 4 
A similar molding sand was thoroughly 

mixed with about 5 per cent of aluminum 
fluoride and 2 per cent of hydrogen fluoride, 
tempered with water and then formed into 
a mold. The casting obtained from this mold 
was clean and free from flaws. 
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rthereof which may be employed varies with 
the type of casting to be made and with the 
nature of the molding material. In making 
large castings it is preferable to employ a 

5 greater proportion of inhibitor than when 
relatively small castings are made. Normal 
ly the foundry molding material may be inti 
mately mixed with from 1 to 10 per cent by 
weight of any one of the simple binary metal 

10 lic fluorides aforementioned, or with hydro 
gen fluoride in amount from 0.5 to 3.0 per 
cent. Mixtures of two or more of these sub 
stances may be employed, the sum of which 
need not exceed about 15 per cent, with or 

15 without up to 6 per cent of potassium acid 
sulphate. For castings having relatively 
thin sections, smaller amounts than the maxi 
mum stated may be used, preferably from 
3 to 7 per cent of at least one of the binary 

20 fluorides or from 0.5 to 3.0 per cent of hydro 
gen fluoride, while for medium section cast 
ings approximately 5 per cent of the same 
may be used, with or without up to 6 per cent 
of potassium acid sulphate. It is to be under 

25 stood, however, that the quantity of one or 
more of such agents employed in a given case 
is to be governed by thesize and character of 
the casting. When adding hydrogen fluor 
ide to the molding mixture it is convenient 

30 to use commercial aqueous solutions of the 
Sae. 

Naturally the effectiveness of any oxida 
tion inhibitor for use as hereinbefore de scribed varies with the permeability of the 

35 sand, being somewhat greater with sands of 
high permeability than with those of rela 
tively low permeability. The molding sand 
should, therefore, be sufficiently open or per 
meable to permit of free escape of gases out 

40 of the mold, which are formed by contact 
- with the hot metal as it is poured into the 

mold. In general we have found that a per 
meability factor of 30 or more gives satis 
factory results, although in many cases good 

45 results may be obtained with sands of some 
what lower permeability. The definition of 
the term permeability” as used herein and 
the method of measuring its numerical value 
is described in the bulletin “Testing and 

50 Grading Foundry Sands', published by the 
American Foundrymen's Association, March 
1931. - 

While we have described our invention 
more particularly in terms of molding sand 

55 having in admixture therewith one or more 
of the agents above specified, our invention 
is not necessarily limited thereto, inasmuch 
as these agents are effective as oxidation in 
hibitors when used in mold facings or in solu 

60 tion sprayed upon the inner surface of the 
mold or upon baked cores, or the surface of 
the mold parts coming in contact with the 
molten metal may be dusted or otherwise coat 
ed with the-aforementioned substances. The 

65 use of our new agents, furthermore, is not 

necessarily limited to molds made from sand 
since other moldable materials such as 
graphite, pulverized carbon, coke, and the 
like, may be substituted for the sand. 
Other modes of applying the principle of 

our invention may be employed instead of 
those explained, change being made as re 
gards the means and steps herein disclosed, 
provided those stated by any of the follow 
ing claims or their equivalent be employed. 
We therefore particularly point out and 

distinctly claim as our invention:- 
1. The method of casting magnesium and 

alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
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and a relatively small amount of a substance 
selected from the group consisting of alumi 
num fluoride, antimony fluoride, SE): 
calcium fluoride, chromium fluoride (Cra), 
iron fluoride (FeFa), zinc fluoride, bismuth 
fluoride, hydrogen fluoride, forming said 
mixture into a mold, and casting magnesium 
therein. 

2. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
and a relatively small amount of at least one 
of the substances selected from the group 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeFs), zinc 
fluoride, bismuth fluoride, hydrogen fluoride, 
forming said mixture into a mold, and cast 
ing magnesium therein. 

3. The method of casting magnesium and 
alloys thereof insand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of at least one 
of the substances selected from the group 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeF), zinc 
fluoride, bismuth fluoride, hydrogen fluoride, 
forming said mixture into a mold, and cast 
ing magnesium therein. 

4. The method of casting magnesium and 
alloys thereof insand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 percent of at least one 
of the substances selected from the group 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeF), zinc 

85 

90 

95 

100 

05 

10 

115 

fluoride, bismuth fluoride, hydrogen fluoride, 
and up to 6 per cent of potassium acid sul 
phate, forming said mixture into a mold, and 
easting magnesium therein. 

5. The method of casting magnesium and 
alloys thereof insand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of at least one 
of the substances selected from the group, 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeF), zinc 
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fluoride, bismuth fluoride, and from 0.5 to 3 
per cent of hydrogen fluoride, forming said 
mixture into a mold, and casting magnesium 
therein. . of 

6. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of at least one 
of the substances selected from the group 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrE), iron fluoride 
fluoride, bismuth fluoride, and from 0.5 to 3 
per cent of hydrogen fluoride and up to 6 per 
cent of potassium acid sulphate, forming said 
mixture into a mold, and casting magnesium 
therein. 

7. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming, an intimate mixture of foundry 
sand and from 3 to 7 per cent of at least one 
of the substances selected from the group 
consisting of aluminum fluoride, antimony 
fluoride (SbF), calcium fluoride, chromium 
fluoride (CrE), iron fluoride (FeF), zinc 
fluoride, bismuth fluoride, forming said mix 
ture into a mold, and casting magnesium 
therein. 

8. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
and from 3 to 7 per cent of at least one of 
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the substances selected from the group con 
sisting of aluminum fluoride, antimony flu 
oride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeF), zinc 
fluoride, bismuth fluoride, hydrogen fluoride, 
and up to 6 per cent of potassium acid sul 
phate, forming said mixture into a mold, and 
casting magnesium therein. 

9. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
and from 3 to 7 per cent of at least one of the 
substances selected from the group consist 
ing of aluminum fluoride, antimony fluoride 
(SbF), calcium fluoride, chromium fluoride 
(CrE), iron fluoride (FeFs), zinc fluoride, 
bismuth fluoride, and from 0.5 to 3 per cent of 
hydrogen fluoride, forming said mixture into 
a mold, and casting magnesium therein. 

10. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand and from 3 to 7 per cent of at least one 
of the substances selected from the group con 
sisting of aluminum fluoride, antimony flu 
oride (SbF), calcium fluoride, chromium 
fluoride (CrF), iron fluoride (FeF), zinc 
fluoride, bismuth fluoride, and from 0.5 to 3 
per cent of hydrogen fluoride and up to 6 
per cent of potassium acid sulphate, the total 
amount of the said substances added to the 
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5 Sand not materially exceeding 15 per cent, 

(FeF), zinc 
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forming said mixture into a mold, and cast 
ing magnesium therein. 

11. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand and from 3 to 7 per cent of at least one 
of the substances selected from the group con 
sisting of aluminum fluoride, antimony flu 
oride (SbF), calcium fluoride, cromium flu 
oride (CrE), iron fluoride (FeFa), zinc flu 
oride, bismuth fluoride, and from 0.5 to 3 per 
cent of hydrogen fluoride and up to 6 per 
cent of potassium acid sulphate, forming said 
mixture into a mold, and casting magnesium 
therein. 

12. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of aluminium 
fluoride, from 1 to 10 per cent of antimony 
fluoride, and from 0.5 to 3 per cent of hy 
drogen fluoride, tempering the mixture with 
water, forming said mixture into a mold, and 
casting magnesium therein. . 

13. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of aluminium 
fluoride and from 1 to 10 per cent of antimony 
fluoride, tempering the mixture with water, 
forming said mixture into a mold, and cast 
ing magnesium therein. 

14. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry 
sand from 1 to 10 per cent of aluminium flu 
oride and from 0.5 to 3 per cent of hydrogen 
fluoride, tempering the mixture with water, 
forming said mixture into a mold, and cast 
ing magnesium therein. 

15. The method of casting magnesium and 
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alloys thereof in sand molds which comprises . . 
forming an intimate mixture of foundry 
sand and from 1 to 10 per cent of antimony 
fluoride and from 0.5 to 3 per cent of hydro 
gen fluoride, tempering the mixture with 
water, forming said mixture into a mold, and 
casting magnesium therein. 

16. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
and from 3 to per cent of aluminum fluoride, 
tempering the mixture with water, forming 
said mixture into a mold, and casting mag 
nesium therein. o 

17. The method of casting magnesium and 
alloys thereof in sand molds which comprises 
forming an intimate mixture of foundry sand 
and from 3 to 7 per cent of antimony fluoride, 
tempering the mixture with water, forming 
said mixture into a mold, and casting mag 
nesium therein. 

18. The method of casting magnesium and 
alloys thereof in temporary molds which 
comprises forming an intimate mixture of 

O 

115 

120 

125 



1,898,437 

molding material and a relatively small 
amount of a metallic fluoride characterized 
by a melting point lying between approxi 
mately 289° and 843°C., forming said mix 

5 ture into a mold, and casting magnesium 
therein. 

19. The method of casting magnesium and 
alloys thereof in temporary water-bound 
molds which comprises forming an intimate 

10 mixture of molding material and a relatively 
small amount of one of the fluorides selected 
from the group consisting of aluminum flu 
oride, antimony fluoride, chromium fluoride, 
iron fluoride, bismuth fluoride, forming said 

15 mixture into a mold, and casting magnesium 
therein. 
Signed by us this 29 day of April, 1932. 

JOHN A. GANN. 
JAMES B. RED. 
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