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Thls invention relates to a process for the pro-
ductmn of magnesium chloride and is particular-
ly d1rected to the production of substantially
,pure anhydrous magnesium chloride. ’

Processes for the electrolysis of fused magnes1- .

.um. - chloride - to- obtain metallic magnesium
‘therefrom have been in relatively widespread use
.for many years past. It is also well known that
‘magnesite (magnesium carbonate)  which occurs
in nature alone or in compounds, such as dolo-
mite (MgCOs Ca003) can be converted into
,chlorlde form and the resultmg magnesium chlo-
nde electrolyzed to recover the metalhc magnesi-
,um in substantially pure form.

' For “the - successful electrolytlc separation of
magnesxum from molten magnesium chloride, the
.magnesium chloride must be-substantially free
from sohd 1mpur1t1es and preferably should con-
,tam no water and not more than 1% solids.
Magnesmm chloride of this quahty is suitable for
d1rect addition to the electrolytic cell, and recov-
eries of the order of 90% of the magnesium with
high current efficiency can be . obtained.  To
illustrate the 1mportance of using a chloride sub-
;stantlally free from solid 1mpunt1es and water,
which latter would be decomposed to form mag-
‘nesium oxide, it is found that a recovery of only
" “about 80% of the. magnesium can be obtained
from. magnesium chlonde containing 2% solids,
while & recovery of only 60% can be obtained
.from magnesium chloride containing 4% solids.
“These lower recoveries are due to-the. retentlon
of electrolyte and of metalhc magnesium by mag-
nesium oxide and other insoluble  impurities
_Whlch it is necessary to remove from the cell dur-
_ing operation.

It is. manifest from .the published hterature
relating to processes for the chlorination of mag-
nesium oxide, such as exemplified on page 175,
vol, III of “Handbuch der Techmschen Elektro—
_Chemie,” by Engelhardt, 1934, that considerable
dlfﬁculty has been encountered in the develop—
“ment of processes for the production of anhy-
drous magnesium chloride from magnesite..

.Among the principal difficulties encountered in :

such processes' is that of effecting the substan-
.tially complete combination of chlorine with the
‘magnesmm of the magnesium oxide.

‘A further difficulty arises from the tendency
‘of the magnesium oxXide material to disintegrate
‘during chlorination, whether the material is in
the-form of lumps of magnesite or in the form
.0f briquettes of finely. ground magnesia, bonded
"by known.methods invelving the use of magnesi-
‘um chlonde carbonaceOUS matenals and -the
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‘,gested to obviate thé"disadvantages arising out of

:hke -

These magnesmm ox1de matenals tend to
drsmtegrate into partlcles which are carried away
with the molten magnesium chloride, with the re-
sult. ‘that. the whole charge is converted into an
extremély viscous mass which retards, if it does
not completely prevent, the further chlorination
of sueh of the unchlorinated pieces of the charge
as.are covered with this viscous material. The
magnesium oxide , thus' entrained impairs the

’nunty of any product obtained and . necessitates
“its further treatment to make it suitable for elec~

trolysis. Slmllar difficulties are caused by con-
tammatmn of - the molten ‘magnesium chloride
with finely ‘ground coke or other forms of carbon
whether bonded or not.

'A “still -further: dlfﬁculty -arises from the de-
velopment of high’temperature zones in the elec-
trically heated chlofinating furnaces of the prior

~art, which tend to volatilize the magnesium chlo-
-ride as it is formed. - The volatilized magnesium

chloride may be carried off in the exit gases from

the furnace or condensed to an appreciable ex- .

tent in colder_sections of the:charge or furnace
to form viscous. zones, thus decreasing the effi-
ciency of-the operation. Under such circum-

. stan;ces, very . little, if. any, magnesium chloride
:is recovered in molten form at the tap-hole.

Reference is made Ain the prior art to the exo-

“_thermlc reactions:
30

. MgO+C+Clz——MgClz+CO
27 - 2MgO4€+2Cla=2MgCh+CO; -
3, -/ -'MgO+C0+Cl=MgClz-+COz -

It a,ppears that the above. reactions have been
5 théstibject of detailed itivestigation for.a number

of years past biit due to the above mentioned dif-

“ficulties in. Operation, processes based on these
‘reactions have not appeared m practlce until

recently.
In ‘these- processes expedlents have been sug-

“the entramment ‘of ‘particles of magnesium oxide
-by -the molten magnesium chloride in its down-
“ward course-through the charge. Filtering or ir-
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rigation ‘beds have ‘been suggested -to serve the
purpose of promoting the chlorination of the en-

-trained magnesium “oxide particlés-suspended in
.the molten magnesium chloride and of separat-
-ingr out the -impurities ‘and any unchlorinated
50 -

magnesium:oxide :particles. . ‘Alternatively, it has
been’ suggested, in -order to: avoid the above dis-

. advantages, that chlorination: should be carried

- 58

out at a temperature below the melting point of
the. magnesmm chlonde, conditions being ar-
ranged so that the chloride will fuse and run
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quickly off the unreacted material of the charge .

at the zone of contact with the irrigation bed,
which is maintained at a temperature above the
melting point of the chloride. The quick separa-
tion: of .the molten. .chloride, dmmediately prior
to entering the ‘irrigation bed, is re¢commended,
presumably to prevent the magnesium chloride

from picking up particles of magnesium oxide.:

<

However, operating under these restricted condi-

tions involves considerable d1moulbies and:the-dis-

10

advantage that residue, resultirg from ‘theuse-of -

excess magnesium oxide, excess: coke Qr. Jimpure

magnesium oxide, would acoumulate above the

electrically heated irrigation bed, making -con-
tinued operation impracticable:and,;furthermore,
chlorinating at such low temperatures entails the
disadvantage that a slower. rate of .chlorma.tmn
is inevitable.

We have found that it is possible to ‘effect the
chlorination.of magnesium oxide in such.a man-
ner that'the’ magnesmm Chloritle is récovered’in
substantlally pure .and h1gh1y ‘fluid ‘form, while
obtaining a ‘high yield and avoiding the difficul-
ties hitherto associated’ w1th the chlorination ‘of
ma.gnesmm oxide. .

Oneé of the principal features-of our ‘invention
Tesides in ‘the prellmmary ‘treatment to which
the ma.gnesmm oxide 1is “subjected before it is
charged into. the chlorma.tmg furnace. ‘The
magnesmm ox1de is glven .a Jbréliminary ‘treat-
ment. to prepare it.in a; form in which. it is porous
and in which it has ‘sufficient physmal strength
to ‘enable it -to w1thsta.nd .disintegration during

chlorination. A piece of magnesium oxide .pre-

.pared in :the .manner :disclosed -hereinafter re-
.mains, throughout .the.chlorinating gperation, .as
- single piece -which .gradually decreases. in size
-as Jits ‘chlorination  progresses... Melten magne-
:sium chloride formed in:a’charge:of thisimaterial
‘is ‘pure.and, .furthermore, .daes not-become ‘con-
. -taminated :during:its: passagethrough:the:charge.
By -employing :a :charge of this :nature, the -ex-
‘pedients resorted .to:in the:priorart, in :order :to
‘Obtain- a product ‘of pure; anhydreus magresium
‘chloride, are-avoided. .~:As ‘will-be apperent here-
inafter, ‘the -customary -preparation “and “use ‘of
-earbonaceous ‘briguettes from frely ground -mag-
nesia and carbon are also avoided ‘by -using ‘the
methods of our invention, - . .
A further feature of our process .resides in the
manner in whlch ,the chlormating zone of the
furnace is heated umformly throughout - and
ma.mtained ‘at-a temperature ‘above the" meItlng
‘point -of- magnesmm ¢hloride, but below the boil-
'mg pomt and preferably below the temperature
-nesium ‘chloride oceurs.”
A further feature of the invention re51des in
‘the. manner in. wh1ch the chlorma.tmg brocess is
‘operated to obtain a h1gh reactxon velocity .and
eﬂimemy with :the result that .at the .same :time
. econaomies are effected in the..operation of the

process .which ‘were hltherto cconsidered impos- .,

sible ‘to- realize. .

A complete understanding of the obJects of the
present invention and the mammer in which they
are-attained: may be had from ithe following de-

.scription ;and accompanying idrawing in -which:"

' Figure: 1 ds & cross+sectional side’ elevation- of
A,an .€lectrical :resistance furnace :suitable for ‘car-
P rying out the process” herem described; and

iFigure 2is-a'top plan view of the’furnace ﬂlus—
: tra.ted inFigure 1, N
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Like characters of reference refer to like parts
throughout the specification and drawing,

In general, the present process consists of two
steps: )

(a) The preparation .of .the charge containing
sstrong icoherent ,porous’ pieces of :siritered mag-
nesium oxide and pieces of coke; and

. (b) The chlorination of the charge during

“which the magnesium oxide is converted into sub-

‘stantidlly :pure :and highly fluid molten magne-
ssiumi «¢hloride.. - -

We have found .that magnesium bearing ores
such.as dolemite, ‘brucite and magnesite, in the
form .0f fin€ly ground concentrates or of ore in
ilump or _finely iground form, all of which forms
may containiimpurities such as the oxides of sili-
con, iron, aluminum and calcium, may be used
satisfactorily as ‘raw materials for our process.

JIn the'case of a finely ground concentrate, con-
taining magnesium in the form of carbonate, we
‘prefer “first to ‘calcine ‘the’ concentrate ‘at - about
700°-C. ‘o produce ‘a lightly calcined -or caustic
magnesium -oxide. - Water ‘or‘a dilute ‘acid solu-
tion, such as;for-example, would contain 3% stil-
phunc acid; is ‘added to form ‘a plastic mixture
‘suitable‘for moulding into-brick:shapes. The‘use
-of sulphuric -acid solution increases-the strength
-of -the ‘bricks ‘after -drying and in ‘the-first stages
‘of -fifing, ‘the ‘firing -preferably -being conducted
“in‘the manner:described ‘hereinafter. The use of
-sodium ‘ carbonate, ‘Goulac -or “similar binding,
-agents ‘gives -similar -characteristics. The con-
eentrate may, if desired, ‘be first ‘moulded, then
calcined and fired. Also, magnesmm bearing ores
‘may be-cdleined, sized, moulded -andfired, or they
‘may be ‘sized, moulded; calcined and ‘fired at the
‘requisite ‘temperatures. In ‘the latter- case, ‘the
‘calcination and firing may take place in one-op-
-eration. “Alternatively, ‘if ‘the magnesium bear-
ing ores 'are in lump form; ‘they may be -cal-
-cined and fired w1th the -omission:of the mould-
ing step. :

The +temperature -at- which the ‘finely ground
“materigl-is:given its-calcination has-an important
-bearing-on the- subsequent behaviour of the cal-
-cined ‘material. 'The lower the temperature of
“cdlcination;‘the lighter, more chemically reactive
-and water: absorbent‘ls'the resulting calcined ma-
-terial and -we, {therefore; ‘prefer to-calcine ‘the

“magnesium bearing material-at -a comparatlvely

“low temperature, -about 700° C., ‘which, ‘in the
-next -stage -of ‘the ﬁrmg, results ‘in a very strong
and~relatzvely ‘porots brick: which is readlly amen-

~glle ‘to--chlorination.

The ‘bricks, after ‘they have been moulded, are
dried slowly and then fired at the requisite tem-
‘peragture which, as- described ‘hereinafter,; causes
~sufficiertt “sintering ‘of the material ‘to produce a

a0 -strong,’‘poreus, coherent product.

’Wlthm ‘therange of ‘from Vy*’‘te 11/2" ‘being ‘pre-

“The ‘bricks ‘are“broken ‘and sxzed the pieces

“ferred -as ‘feetl for the-chlorination ‘furnace; ‘the
“minus materlal ‘being returned“to the mould-
ing step. -

We have found ‘that the: satisfactory behaviour

“of ‘the*magnesium oxide in-the subsequent chlori-

‘nating ‘step -tepends to a great -extent upon the
temperature-at ‘which the brlcks are-fired. ‘Pure

“magnesium ‘oXide “has -a ‘melting “point -of -about

*2800°+C. ‘but, if ‘impure, ‘it softens ‘and partially
-or -completeély Ffuses -at - considerably lower -tem-
‘peratures,‘the’actudl temperatures of such-physi-
‘cal -change - dependmg upon the -composition -of
“the materidl being ‘used. - ‘Magnesium :silicates
‘form ‘at temperatures of 't400°C. and gbove,
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> Magnesium oxide in thé fused c¢ondition is dif-
ficult to chlorinate and magnesium silicate - is
practically inert with respect.to chlorination.
Both these materials, and also other silicates
which may form, have the effect of coating the
magnesium oxide particles and filling the pores
in the brick. Therefore, at too high a tempera-
‘ture-of firing, apart from the increased cost en-
tailed, a product is-obtained which is not as eas-
ily -chlorinated and the higher the temperature
of firing, the greater is the proportion of fused
products. Conversely, when too low a tempera-
. ture of -firing is employed, a product is obtained
which lacks strength due to an insufficient pro-

portlon of fused materials being present in the -

‘mass.  This product-tends to crumble - during
~chlormatxo°1 to form fines which contaminate the
magnesium chloride and cause the operating diffi-

‘culties: which 1t is the obJect of this invention

to avoid.

"We have found that the most suitable tem-
‘peratire range of firing will vary with different
tybes of magnesium oxide bearing materials. The
product from such firing should preferably be

‘not glassy or vitreous in appearance, though a -

‘partially vitrified product, such as commercial
‘mag*lesxte brick, may be-used, but sufficient fusion
‘of ‘some of the constltuents should have taken
blace to bind all the grains together into a strong,

‘porous, coherent mass and-only sufficient tem-:

5perature to produce this result should be used
for' reasons mentioned hereinabove. We have
‘found that the preferred firing temperature for
‘certain magnesmm bearing concentrates, which

had been caustic calcined and bonded as de-#

scribed hereinabove and for certain magnesium
bearing ores, lies within the range of from 1250°
C. to 1400° C.

“'The size of the pleces of magnesium oxide

“charged into the chlorinating furnace also hasan '

important bearing on'the successful chlorination
-of ‘the charge, inasmuch as the speed of the re-
actlon between the chlorine and the magnesium

- oxide 1s largely determined by the surface area
of the pieces exposed to the action of the chlorine. “*

'Wh1le this factor governs the maximum size, it
is’ partlcularly desirable to limit the minimum
size; since too large a proportion of fine material
“in the’ charge tends to choke the furnace and,

“moreover, such fine material has a tendency to ¢"

"be “washed down with the magnesium chloride,
forming therewith the thick pasty mass, which
makes the continued operation of the process ex-
tremely difficult and contaminates the product.

We have found that very satisfactory operat--

_ing results are obtained when the size of the mag-
nesia brick fed to the chlorinating furnace is be-
“tween ¥4’’ and 1%’’. It will be understood, of
course; that the scope of the invention is not to
be limited to these sizes.
‘even a Yi’’ piece, after it has been 90% chlori-
nated, has a diameter of approximately 3 milli-
meters and no difficulties are encountered with
pieces of such size.

The size of the ccke, which preferably com-
prises about 20% of the weight of the charge,
"is of the same order as that of the pieces of mag-
nesia brick feed which comprise the remainder
of the charge. We prefer to use petroleum coke
‘but have found that other types of coke react
well, although they may have a higher ash con-
tent, containing in:particular silica, iron oxide
and alumina, which are chlorine consuming
. and/ or residue producmg impurities.
" 7The coke, if containing appreciable amounts

It is pointed out that
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of - hydrocarbons. and . water, . preferably: -should
first- be calcined in:.order to avoid the possible
formation of soot and: hydrochloric acid.

We have found that very satisfactory operat-
ing results are obtained when an excess of coke
is mixed with the magnesium oxide over the
amount actually required to effect the reaction.

2MgO4-C+2Cls=2MgCl:4-COz

In operating with a charge containing pieces of
magnesium oxide and coke in the proportion of
about 80 to 20 by weight, the chlormatlon pro-
ceeds: at a-very rapid rate.

The sized pieces of magnesium oxide and coke
are charged into a suitable furnace, such as that

_described - hereinafter, and the temperature of
-the lower or chlorinating zone of the furnace is

raised by means of internal or external heating
to’ the desired temperature above the melting
point of magnesium chloride, but below the point
at which appreciable volatilization of the mag-
nesium chloride will occur. Having regard to the
above limitations, we have found that the higher
the temperature above the melting point in this

-zone, the more rapid is the rate of chlorination.

‘We have further found that the most satisfactory
results are obtained when the chlorinating zone
is maintained at about 1100° C,, as the use of this

-temperature serves to increase the rate of chiori-

nation many times over the rates prevailing in
processes operated at temperatures below or near
the melting point: of magnesium chloride. The
temperature of 1100° C. is- well above the melt-
ing point of magnesium chloride, 712° C., yet not
sufficiently high to cause any appreciable volatil-
ization of the magnesium chloride; attack upon
the furnace lining or the formation of silicates.or
other fusible materials which, if present, would
increase operating difficulties, decrease efficiencies
and impair the purity of the product. The top
zone -of the furnace, which is much shallower
than the chlorinating zone beneath it, need only
be maintained at a temperature sufficiently high
to prevent, therein, any appreciable condensation
of volatile impurities such as the chlorides of iron
and aluminum. When the furnace has been heat-
ed to within the predetermined temperature
ranges, chlorine gas is admitted to the chlorinat-
ing zone and passed up through the charge at
the desired rate.

As the fluid, molten magnesium chloride, un-

: contammated by entrained impurities, is formed,
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‘magnesium - oxide,

‘it passes downwardly through the charge and is

collected at the base of the furnace in a reser-
voir of coarse lumps of suitable material such as
coke, graphite, silica, magnesium silicate, fused
» charge mixture, or spent
charge. The fluid molten magnesium chloride is
removed periodically from the base of the furnace
in a manner similar to that used in the operation
of blast -furnaces for the production of various
metals.

:Fresh charge is added to the top zone of the
furnace as the charge below is consumed and

ssinks downwardly as-the reaction between the

maghesium oxide and chlorine proceeds. This

.procedure is repeated until the furnace becomes

full of residue, which is-then removed and the
operation is repeated:. Alternatively, the opera-
tion may be conducted continuously, the residue
be1ng removed periodically through a furnace
clean-out door provided for that purpose.
Recoveries. of magnesmm as magnesium chlo-~
ride of the order of 90% or more can be obtained
in our process with substantially no chlorine loss
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By -conducting :the reactionin a shaft furnace of
g, height sufficient :such ithat iall :the -chlorine iis
consumed .and :such.ihat . the -residue removed
from the furnace :contains very little runreacted
material. - JIn the event that the:operationds car-
ried 'out in:amanner:suchthat the/exit gases.con-
tain ¢hlorine, this chlorine may be:recovered and
passed into a. second furnace-or returned to the
first furnace.

Referring 'to ‘the accompanying drawing, the
numerdl i iindicates an -electrically heated :shaft
furnaée lined with heat :and ‘chlorine resistant
material 2 such as silica bricks, .into which dis
-charged the sized pieces of magnesium-oxide.and
colze 3. ‘Molten :magnesium chloride -collects ‘in
‘the reservoir formed in the hase ‘of the furnace
»from which it is peuodlcally withdrawn through
tap-hole 4.

TThefurnace is heated:by means.of two vertical
.carbon -orgraphite electrodes 8, -used-as resistors,
which:are solidly connected to the horizontal.car-
“bon or graphite connection 8- of relatively large
:cross-sectional area. Tt will'be'apparent‘that:the
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furnace may “be fitted with :any nuniber ‘6f ver-

tical resistors connected together by means of-one
‘or more-horizorital carbon:contiections or ‘Blocks
in.:single-phase or three-phase -circuits. The
-eross-section, :current -density :and spacing of
these resistors:are'such:as to establish:and.main-
‘tain the - de51red temperatures through ‘the fur-
nace:

Chlorine is a,dmltted into ‘the lower portion-of
the-charge 3 through the'nozzle 1.

:As the reaction between ‘the-chlorine and mag-
nesium ‘oxide progresses, ‘the residue which col-
‘lects at the bottom may be removed through the
-élean-out door 8 located at theside ‘of the fur-
‘nace. )

A removable brick cover 9 is fitted over the top
“and provided with openings ‘t0-and{ { -which serve
-respectively for barring‘the charge,if necessary,
and for evacuation of‘the exit gases. The resist-
ors are ‘shielded ‘and ‘water-jacketed ‘to prevent
thelr ‘corrosion where ‘they enter the furnace.

Tn-the event that it is ‘desired ‘to conduct the
chlorinating process in.an externally heated fur-
‘nace, a.retort type furnace, similar to-that used
in ecke oven practice, is_required.

In the operation of the furnace, it is necessary
to ensure that .the charge.be heated .and main-
tained within .the highest possible temperature
‘i‘ange ‘having .regard to the limitations set-out
hereinbefore in .order:to.conduct-the -operation of
‘the furnace in the most -efficient -manner. We
.have found that temperature :control -within -this
-pange is necessary for the reasons also set :out
.hereinabove.. .In addition,local high temperature
zones, such as would: be :.developed hy :arcing, by
points of high electrical resistance.or by other
-causes, must -be-avoided to prevent:high élec¢trode
consumption and the formation of undesirable
~materials such as :secondarily .:formed,. finely: di-
vided:magnesium oxide and soot.

"The composition -of the. residue -is ‘dependent
‘upon the:analysis.of the charge fed into the fur-
-nace and the degree of :chlorination of the charge.
A" typical ‘residue “where the “process has been
-operated in ‘a manner . described heréinbefore,
-consists of unused coke, saturated with magne-
sium ‘chloride, -and ‘mixed with -considerable
amounts 'of impurities ‘such as ‘silica-and incom-
vpletely ‘chlorinated magnesium oxide.

In the operatlon of ‘the process ‘'we have found
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that we-are primarily interested.in-the following
:consecutive ;reactions:

A, ‘MgO4Claa2MeClza+1602:47;310 cals.
‘B 1C41502="5C02:4:47;200 -cals.
C. Yo CH4 Y% C0O2e2C0O—20,770 -cals.
D 1502 4+CO2C Q268,000 cals.

‘With iresp_ect .to rate constant k of reaction A,
Gmelin’s .Handhbuch :der -Anorganischen Chemie,

8th edition, part A-B, ;:page 111, part B magne-
sium 1937, ;states -that

- ()

K550 (o) =‘[/[ 82%_17 4: and K700° C- =290.5

From these values we.have:determined by calcu-
Jation that Kioeo’.c:=60.3.and that.at equilibrium
.at 1000° .C. the theoretical gas analysis would,
therefore,.show.2.:6% Oz and 97.4% Cl2. The rate
of ‘reaction -of a reversible reaction being propor-
tional to the extent to which the system is re-
moved from the state .of equilibrium, it follows
that the rate of .chlorination in the case of reac-
tion A must depend .upon the difference in.oxygen
.concentrations .at .equilibrium .and at :any .given
state -of ithe system. Where reactions A and B
-only-are.concerned, the rate of chlorination, being
promoted:by the removal.of .oxygen from the sys-
tem and by the intimate distribution of coke in
the charge, is thus.governed by the diffusion rate
of .oxygen.  Where reactions C.and D are, how-

ever, .also involved, the diffusion rate is of much
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less importance. Of these secondary reactions

.at 1000°.C., C and D .are sufficiently fast to serve

to depress .the oxygen .concentration .and, pro-
vided .there is sufficient coke available, it is.not
-essential .that the coke be intimately mixed .in
the .charge. o
This theory is confirmed by chlorinating pieces
.of magnesium oxide brick feed alone in.an exter-
-nally ‘heated .silica-lined furnace at .a tempera-
ture .of .about :1000° C., no reducing agent being
present. Oxygen was .found in the exit .gas, -
while magnesium chloride, free :from.-magnesium
.oxide, was collected in the well of the apparatus.
JIn a second experiment, a column of alternate
pieces of magnesium oxide brick feed .and coke,
the pieces being about an inch and.a half .in.size
and touching only .at their upper and lower. ex-
tremities, were.exposed to.reaction with chlorine
.and the chlorinating rate was much faster due to
‘the secondary.reactions than.in the first experi-

.ment, where no.secondary reactions were possible.

In a third .experiment, .an intimate mixture of
pieces .of .coke and of .similarly sized pieces of
magnesium oxide brick feed was chlorinated,
with the:result that the secondary reactions were
favoured and the chlorinating rate was increased
considerably.. In .this experiment, in which the
coke was distributed threcughout the charge, con-
ditions were similar to those .prevailing in our
norma] furnace operation.

It will be apparent from the above discussion
that, for any given temperature, the rate of
chlorination would be favoured to some extent
by the .intimacy -of the magnesium oxide .and
carbon mixture in the charge. ‘Briquetted mix-
‘tures of finely ground magnesium oxide and car-
bon might thus be more reactive than a mixture
of coarser pieces of magnesium oxide .and car-
bon, if ‘the latter mixture ‘had not sufficient
porosity. However, temperatures helow’the melt-
ing point of magnesium chloridé have beer Tec-
ommended “for the chlorination ‘of these ‘briquet-
“ted ‘materials, since these disintegrate above ‘the
melting point of ‘magresium ‘chloride, -and -this
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disintegration seriously retards the rate of chlo-
rination, impairs the purity of any product:
formed, and causes difficulties which finally make
continued operation impossible. The lower tem-
peratures greatly decrease the rate of chlorina-
tion. In operating with the type of charge de-
scribed hereinbefors and at a relatively high
temperature, the chlorination is carried out con-
siderably ahove the melting point of magnesium
chloride, such as for example at about 1100° C,,
thereby gaining the advantage of the greatly in-
creased rate of chlorination without any of the
above disadvantages asscciated with the use of
briquettes at such high temperatures.

Carbon monoxide, as is shown in the prior art,
may be used as a reducing agent in place of
coke, but we have found that the chlorinating
rate is, however, only about three-quarters that
when coke is used, due to dilution of the chlorine
with carbon monoxide, both the driving force
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and the time of contact being reduced. The
carbon monoxide mentioned here is not to be
confused with the carbon monoxide of reaction
C above, which is only an intermediate reac-
tion product. In this case also, when using a
magnesium oxide charge, as prepared above, we
have found that a pure magnesium chloride
product is obtained directly from the charge.

What we claim as new and desire to protect
by Letters Patent of the United States is:

1. The method of producing anhydrous mag-
nesium chloride which comprises reacting mag-
nesium oxide, in the form of strong, porous, co-
herent pieces formed by heating magnesium con-
centrates to incipient fusion of the impurities
therein, with chlorine gas in the presence of coke
while maintaining a reaction temperature above
the melting temperature of magnesium chloride.

2. The method of producing anhydrous mag-
nesium chioride which comprises reacting mag-
nesium oxide, in the form of strong, porous, co-
herent pieces formed by heating to incipient fu-
sion magnesium oxide bearing substances which
fuse substantially above the melting temperature
of magnesium chloride, with chlorine gas in the
presence of coke while maintaining a reaction
temperature above the melting temperature of
magnesium chloride.

3. A process for the production of anyhydrous
magnesium chloride which comprises charging
pieces of impure magnesium oxide into a chlo-
rinating furnace, said pieces of magnesium oxide
having been formed by heating to a tempera-
ture substantially above the melting temperature
of magnesium chloride whereby incipient fusion
of the impurities occurs to form pieces which are
strong, porous and coherent at temperatures
above the melting temperature of magnesium
chloride, reacting the magnesium oxide with
chlorine gas in the presence cf coke at a tem-
perature above the melting temperature of mag-
nesium chloride and separately withdrawing sub-
stantially pure magnesium chloride from the
chlorinating furnace.
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4, A process for the production cf anhydrous
magnesium chloride which comprises charging
into a chlerihating furnace pieces of sintered
magnesium oxide and pieces of coke, said pieces
of sintered magnesium oxide having been pre-
pared from magnesium oxide sintered at a tem-
perature within the range of frcm 1250° C. to
1400° C.; maintaining in the chlorinating zone
of the furnace a uniform temperature above the
melting point of magnesium chloride and in the
upper zone a temperature sufficiently high to
prevent condensation of volatile metallic chloride
impurities from the exit gases; passing chlorine
gas through the charge and separately withdraw-
ing substantially pure magnesium chloride.

5. A process for the production of anhydrous
magnesium chloride which comprises charging
pieces of impure magnesium oxide, sized within a
particle size within the range of from %4 inch
to 1% inches, into a chlorinating furnace, said
pieces of magnesium oxide having been formed
by heating to a temperature substantially above
the melting temperature of magnesium chloride
whereby incipient fusion of the impurities occurs
to form pieces which are strong, porous and co-
herent at temperatures above the melting tem-
perature of magnesium chloride, reacting the
magnesium oxide witi chiorine gas in the pres-
ence of coke at a temperavure above the melting
temperature oi magnesium ciloride, and sepa-
ravely withdrawing supstantially pure magne-
sium chloride from the cihlorinating furnace.

6. A process for the production of anhydrous
magnesium chloride which comprises heating to
incipient fusion magnesium oxide bearmng sub-
stances whicn fuse at a temperature substantially
above the meiting temperature oi magnesium
chloride, thereby forning pieces of impure mag-
nesium oxide whici are strong, porous and co-
herent at temperatures above the melting tem-
perature of magnesium chloride, charging the
pieces of impure magnesium oxide into a chlo-
rinating furnace and reacting the magnesium
oxide with chiorine gas in the presence of coke
while maintaining a reaction temperature above
the melting point of magnesium chloride and
separately witndrawing substantially pure mag-
nesium chloride from tne chlorinating furnace.

7. A process for the production of anhydrous
magnesium chloride which comprises sintering
magnesium oxide at a temperature within the
range of from 1250° C. to 1400° C.; breaking the
sintered magnesium oxide into pieces of from
Y’ to 1%’ size; charging into a chlorinating
furnace the sized pieces of sintered magnesium
oxide and similarly sized pieces of coke, main-
taining in the chlorinating zone of the furnace a
uniform temperature of about 1100° C., and in
the upper zone a temperature sufficiently high to
preveni condensation of volatile metallic chlo-
ride impurities from the exit gases; passing chio-
rine gas through the charge and separately with-
drawing substantially pure magnesium chlioride,
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