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To a/ZZ whom it may eoﬂeern

~ Beit known that I, HENRY SPeNCER BLACK-
MORE, & citizen of the United States, residing
at Meunt Vernon,in the county of Westeh ester

and State of New York, have invented certain |

new and useful Improvements Inthe Art of Re-

‘ducing Aluminium or other Metals; and I do

| hereby declare the following to bea full, clear,
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and exact description of the mventlen sueh
as will enable others skilled in the art to Whreh
1t appertains to make and use the same.

The object of my invention is to reduce

metals from their salts or combinations in a

simple and economical manner; and it consists

1in extracting the desired metal from its asso-
clated elements by action of substances for
- which the associated elements have greater
“ailinity and maintaining the composition at a

reacting temperature larcrely by action of heat

hbera,ted within the mass by chemical reaction.

It 1s well known that in the formation of

many compounds—such, for instance, as alu-

~minium oxid by the union of alummlum
- with oxygen —a great amount of heat is
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. to advantage without loss of metal by vola-
tilization or corrosion or destruction of ap-
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evolved, which heat must be resupplied be-

fore the elummmm oxid or similar substance
can be reduced or transformed to a metallic

condition again, and for this reason oreatdiffi-
-~ enlties ha,ve been’ encountered in the extrac-

tion of many metals from their associated ele-
ments because of the high temperature re-
gquired and the means at hand for applying it

paratus 1n which the transformation or re-

‘duction is performed.

My invention therefore relates to a class of
reduction of exothermic nature whereby
action between materials which OI‘dlIl&'[‘ll re-
quire considerable externally - applied heet
either by conduction, convection, or electrical
resistance, may be eerrled on at mueh lower-

~applied heat or wholly by heat liberated with-
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- stances.
-within the mass of materials to be reduced
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1n the mass in juxtaposition with the ingredi-

ents by chemical action of more energetic sub-
By the application of heat evolved

the loss of heat which ordinarily occurs in

furnaces from products of combustion and re--
sistance of materials and contaminations are |

] avmded a,nd the heat hbereted at pomts where

utilized without loss. = Thisis particularly ap-
plicable in such cases where the ingredients
are of high resistance to heat, as are many of
the alummlum comapounds and s:rmﬂar refrae-
tory substances.

Asanillustration of my invention I will take,

| forexample, the reduction of aluminium from
its oxid by action of acetylene and magne-
60
reduce aluminium oxid at high temperatures |
provided it can be prevented from dissociating

sium. It is well known tha,t acetylene Wlll

into free carbon and hydrogen before brmcv-
1ng in contact with the heated aluminium 0x1d

This reaction, therefore, isonly practical when

the oxid is heated to the required. tempera-
ture and heated acetylene conveyed in con-

| tact therewith. The maintenance of the re-

fractory aluminium oxid at the required tem-
perature has also been a serious factor in per-

forming reduction from this standpoint. I

have found however, that the heat may be
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‘readily supplled by ehemlca,l action within the

mass of aluminium oxid by Introducing with

theacetylene gasvaporized magnesium, WhICh
magnesium, havmﬂ' greater eﬁmt for the

oxygen eontent of the aluminium OXId ab-

stracts it, liberating aluminium and ogenerat-

Ing an excess of heat whereby the tempereture'
-necessary to perform the reduction of alu-

minium oxid with eeetylene may be attained

‘within the mass, and it is found that the em-
ployment of a small amount of magnesium

thus renders the reduction of the refractory
aluminium oxid by carbon practically teasible,
especially when the heat liberated by disso-
ciation of the endothermiec acetylene also
assists the reaction.

place may be 111ustrated by the followmﬂ*
formula or equation:

ALOs+CHe+-Mg=
_ 2A1

The heat evolved 1n this reaction is sufficient
to render available the reaction as illustrated
in the following equation: -

2A1:0:+3C.Ha=4Al+ 660—[— 6H,

so that the magmnesium requlred to perform
and maintain the heat necessary for practical

The reaction which talkes
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reduction of aluminium oxid with acetylene

is only in small proportion and may be illus-
trated in chemical formula as a whole by the

 following equation:
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65 ingredients capable of reducing the metal by | consists in exposing an

SAlzo:a—[— 403H2—[—l\/ o
6A1+-8CO-+MgO+8H.

In carrying out my invention I prefer to
employ porous aluminium oxid, place 1t in a
retort or container preferably lined with car-
bon, and heat the oxid to bright redness. I
then pass a current of acetylene through mol-
ten magnesium, regulated so that it will carry
in suspension the magnesium vapor in about
equivalent proportions and introduce the
acetylized magnesium into and through the
heated aluminiom oxid, whereupon areaction
ensues, liberating metallic aluminium, which
can be withdrawn from the reduction-cham-
ber from time to time as desired. A part of
the magnesium in the acetylene 1s transformed
into magnesium acetylide, which is carried
along in suspension in the magnesium vapor.

Instead of exposing the porous aluminium
oxid to the action of the acetylene and mag-
nesium 1n its dry-heated condition I can em-
ploy it in any form, such as dissolved or sus-
pended in molten bath or combined with other
materials which merely render 1t fusible, or 1
can bring the ingredients together 1n any con-
venient or practical manner. I can also em-
ploy other reducing agents with the magne-
sium, such as hydrogen. Neitherdol desire
to confine myself to the reduction of aluminium
oxid, as my process may be applied to the re-
duction of many other metals and substances.
I can also employ other heat-generating ma-
terials instead of magnesium, which materials
need not enter directly in the reduction as
part of metal yield and may even be of non-
metallic nature so long as heat sufficient to
maintain reduction of “desired metal is pro-

duced within the mass of ingredients or In

juxtaposition thereto by chemical action. I
can also employ any practical compound or
compounds of the metal which it is desired to
reduce and any reducing agent so long as
the reacting ingredients contain as a part of
their composition substances which evolve
heat on reaction, which substances may either
enter directly into the chemical reduction of

“the desired metal or may be exclusive and in-

ert to the same so long as the heat is liberated
in juxtaposition to the reacting ingredients.
Having now described my invention, what

I claim as new, and de,sn e to secure by Lettels |

Patent, 15—

1. The process of reducing metals which
consists in exposing a compound of the metal
to be reduced to the action of a substance hav-
ing such superior affinity for the electronega-
tive constltuent of the compound that heat 1S
evolved In the sald reduction and simultane-
ously employing the said heat to elevate other

7'(8,100

endothermic reaction to a temperature at
which reduction 1s accomplished, and carrying
on the reduction by the action of such 1nevre-
dients.

2. The process of reducing metals which
consists 1n exposing compounds of the metal
desired to the action of a reducing agent capa-
ble of liberating heat during the sad redue-

tion while in the presence of Ingredients re-

quiring the external application of heat to re-
duce the same and utilizing the heat hiberated
in the first reaction to maintain the reduction
in the second.

3. The process of reducing metal oxy com-
pounds which consists in exposing sald oxy
compounds to the action of a reducing agent
capable of liberating heat during reduction
and utilizing the heat so liborated by the em-
ployment of reducing agents absorbing heat
during reduction, the said endothermic and
exothermic reduction processes heing so pro-
portioned that the heat evolved by exother-
mic reduction will be sutheient or In excess of
that required to maintain the endothermic re-
duction.

4. The process of reducing metals which
consists In exposing a compound c,onta,ininu
metal and oxygen to the action of reducing
agents one of which evolves heat while reduc-
ing the metal by abstracting theoxygen there-
from and the other which requires the addi-
tion of heat to perform and maintain reduc-
tion and proportioning the amount of reduc-
ing agent of exothermic nature to that of en-
dothermic nature so that the metal will he
reduced by both reducing agents, the heat
evolved by one being sufficient or In excess
to maintain the other.

The process of reducing metal oxids
which consists in exposing the metal oxid to
the action of a deoxidizing agent capable of
liberating heat and the action of a deoxidiz-
ing agent requiring the application of heat
the said deoxadizing agents being so propor-
tioned that the amount of reducing agent lih-
erating heat will supply sutlicient or excess
heat to perform the reduction by the reduc-
ing agent requiring the application of heat.

6. The process of reducing metals which
consists 1n exposing a metallic oxid to the ac-
tion of magnesium and a reducing agent re-
quiring the application of heat to perform
reduction and proportioning the amount of
magnesium and other reducing agent so that
the heat evolved by the reduction with mag-
nesium will be suflicient or in excess of that
required to reduce the metallic oxid by the
reducing agent requiring the application of
heat.

7. The process of reducing metals which
consists in exposing a metal oxid to the action
of magnesium and acetylene, at a reacting
temperature.

8. Theprocessof rec

ucine aluminiuny which

alumi
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pound to the action of magnesium and acety-
lene, at a reacting temperature. -
9. The process of reducing aluminium oxi

which consists in exposing it to the action of
a reducing agent capable of liberating heat |
‘and a reducing agent requiring the applica-

tion of heat, the said reducing agents being

S0 proportioned that the heat evolved by one
~will be sufficient orin excess of that required
to produce and maintain the reduction by the

other,;

- 10. Theprocess of reducing aluminium oxid

‘which consists in exposing aluminiom oxid to . .

the action of magnesium and acetylene, at a

reacting temperature. | - B
Intestimony whereof Laffix my signature in

‘presence of two witnesses. |

HENRY SPENCER BLACKMORE.

- Witnesses: .
C. C. WrigHT,
‘H. N. JENKINS.
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