2,432,431

CELL FOR THE ELECTROLYSIS OF MAGNESIUM CHLORIDE FUSIONS

R. B. MacMULLIN

. 9, 1947,

—1 0

5 Sheets—Sheet 1

Filed Nov., 21, 1942

ol ﬂ.u ,,///,/,.,,/,// -
/] \ NESTRIREN A &
YN ~ RN N
¥ N R A &

SN ——] N
\‘nz N ,/ g\ ! Ve W‘W M.//,a.\n
-/ X N NONNE
¥ : . Y
1 _ﬂ& N RN ¢
[<p - DN/ NN &
EaR ) N

p Y 9 S/J NN 2 &
y N iﬂh IR N 5
1 Q BN AR Y B¢
57 R NS
o -y .
2V AR ® Mﬂ < m/,,/,,nn
b N N " NN -
\\/» S 1../— Q //,/b.f-.n
A W fd ﬂ.c/ NAA #
28N \ ” LN B M//,/, -
[ P » ot
=N RN &
BN Q A ISNRVES
‘3 Q N
K IN] 3 NN
’ X A &Nl AN LA NSO Z
L8 N z s e N /ﬂw,/l.‘ NS AN A
] e 10/ N ARSI AN 4
y M e A0S L) NS
i o i Al Y N DN RN 7
‘\n II\ \_nwu# \\. m /z/z \m. m ,/ g
1 ‘v . '\ - . DN P
Ko w N NI N KON
f Vot g 9# ~ 2 « 1
B RAES ﬂ £ R NS A
N £ ﬂ ,/ /,3€a/~/_h_. MY
- g fd N
4 ) R B 2\ PERIL N
B R4 N
SN N INZ S RNINE
g 2

TP OTRRT R s AIAY N Ay ///ﬂ NG
4 Ny N NS AN S AU AT SENENL SENERRN i
g N AN R IERS ' \ L NIINER N NESR NN SR (4
1] AR WAV //// N SRR ,/l.zz/z/,.,//,/\
\\ PRy /o ///rr//f//// r’ N /_///vl NN N N . N r/t IR J- “
RN RN 7 PRANND PRI St SIS 17,

e AT T b Tt e

h

Y

1

Vi

ANODE

INVENTOR

Fober? B SMac .
(Y TV
ATTO

(Y3

277

7



Dec. 9, 1947. R. B. MacMULLIN 2,432,431
CELL FOR THE ELECTROLYSIS OF MAGNESIUM CHLORIDE FUSIONS
Filed Nov, 21, 1942 5 Sheets-Sheet 2

AR NMNAN AN NN VNN NN AN ~ . NN N AR RN
(3 (SNSRI RN AR N A SRACNON RTINS J
I N R N IR EA R
A VA SV IR R A S P A I A N
Mot R R I AP A AR Ay PRI RN
‘ . ’ . - ’ rd - . v - ’ P ’ {9
4 e . 4 P . L e . Py A
N B R PR R ’ . Ll S0
N A\ SRR SRRV R AT /;,, L ,,/ [P ¥
rd »” \
NN REVINS
b C’ﬂﬂ/op[.s SRR N
N T /‘5’ PPRIRE N
N\ R AR 3
A s - e
N 222 <, DOR
. L0
NN - C‘/ PR X
X e "I g NODfS RO RPR N
N7 PR |
NN s~ . Rl PRGEIEAV 18 /
° "’/’ ’,’ // "\
N . PR -t .
\\\/""/' AR ’,’,- e 2o 2NN
L Z.z PPN
N e S AL ORIITEY N
5 .
TGN o T AN X2 .,
N N . N .o, 20
N e I R\ O P, ARMNY
Ol F PRI N
< - LA
e 77 sﬂm&s‘ R N
o 75} CATHODES) 4\ #5GcarooEs BN
1 LA
NS %zzz : ) EARN P
\ i L, .
N\ S5 7z ] SIS P«
B A PR .
\ AN DA RPENEATY S . 3 " . LA M
. AN ol X s ¢
N2t y// ANODES a - A7\
NN ” .~ s .
\\”, . |- . i
N 6' L, . f
N -
g NN AMODES /, ~/4‘ : -
\‘\ . - N
SN A\
NN 24 NN
4 .
M ’ A
Jyo e R =
NN /)
6] NS A - )
oL . .. s,
NN :, ,,,, . N Zf/
RN et M ]
R L N .
N N PRI
Ay PR AR v
NP2 S|
N oL - SN
W Pt B
. N S 2. 3
e 33 L WK Jg
A
71 L /320 RN 7
JAM /| .
N A
- e
A A 7 .
O AR ,,,,,,,,,.’,’,’,’,/ . M
A . P A P s 7 7.7 AN
) ﬂcﬂfcﬂwfs R O A RIS \ \
N AR R SR IR & {
‘///f'f///////////,//’,1,',/,/,/,4\_\_
YN VTRV N RN UV VRNV \\\\\\\\\ 1\\'\\\\\\\‘\‘\
‘! AR AR \q AN AN \~ FEAERERR ~\\\‘\ Syt S ALY LS Y DRI N

INVENTOR

Roberd B.MacHllin

BY
// M/ <Q‘“‘:'/ Aﬁg;NEYS ,




RNRINEN

2,432,431

DARA
\
.

\

5 Sheets-Sheet 3

7%
I

S5

FREROR)

T~ L~

//

TR SRR

1942

1]

21

s

CATHODES

TN

~

¥4
.0,
. SN

s

R. B. MacMULLIN

iled Nov.

F

AR

RO e

r/b.b/////z

2D

CELL FOR THE ELECTROLYSIS OF MAGNESIUM CHLORIDE FUSIONS

P AT A

AC-ELECTRO,

Dec. 9, 1947.
A C. ELECTRODES

. \ /

. ST v A v MY
.,//,,/I/z//,/,,,,,,.,.z,

TN E AN
ALl 3 s NS

/_ui\\
.r/,//,///// /,///,//:.{\
A R R R A AR T AN,
z,,,,»,/,,,/z,¢/, ,,z,z,zz
[SANRY NEMR AT TR NI YR
le,,////,///»//,//z,, /;z
N
H o O
. H \
p ' N
“ ASN N
-2 ' AN
., N N
V\A?\\\\.\\\ o ,,z
R AT W
% i /,/,z/
4 /,/
1/
g /tv
7 A foow
/| y N
/ a ANRY
% ¥ < |L 0
w // m (K8
A = b AN
5 s N A S foae
/,/,,/\
AN 4
4 AT
AN
N
~ ////\
AR
Wy
/,///
/;//
\
«Au AR ¢
W W
IR 2
,/,/z/,////,/, AN
\ ’r/r/ /.f 4
/,./z///,..,.,z/ N
L T T U N #
RIS TN N
I | ) RN?
N
2 ] LN 4
4 / /t l,
A . , Yz
\u.ll.ll.lu.l_ ,,,-d.r
—\ 4 P
4 ,///zz/a///,;//,//// ///
RN A S AT A R
,,,,/, s zz. ./,/z//z \

,/—WV\\\\\\\\\\\\\\\\\\\\\\\\

CRAMAV PN

w

V4

(P

Jobert B MacHollin
Vs,

2

I




2,432,431

R. B. MacMULLIN

Dec. 9, 1947.

CELL FOR THE ELECTROLYSIS OF MAGNESIUM CHLORIDE FUSIONS

5 Sheets-Sheet 4

1942

?

led Nov. 21

Fi

-

7
£~

s .,
.
-,
P
,
v

.

’
0,
s
.0,
Z 2 s

.
Vs

.
-
VA

and s 7
e

4
4
.
.
.

)

TN

B Y

N

TANSSN A ANNAN SN S

SN Y NN N N v\

[N

N

(/A4

N

78

o
X
COMNY

e
CATHODE

W

LADRE
N

o\ \‘\

77

X,

RS
SOOI

Y

SN

A,
RS
A

CATHODE

-,
’
.
z.
N
PR

-
/
CRNENENENEY SN

N

|

N

Foberl B. Mactllizr

=

0" 77" 72

ATTORNEYS

Do o £z,

.

(Y



2,432,431

5 Sheets-Sheet 5

R. B. MacMULLIN

CELL FOR THE ELECTROLYSIS OF MAGNESIUM CHLORIDE FUSIONS .
Filed Nov. 21, 1942

Dec. 9, 1947.

NN YN

RANANNNE

Paiodaos .

NANIANY
AN

G-

RERY
Y

|

+ 28

RN

\
RARE LY N s
\ AR AT \ ARY
AANIIOMNEN NS .,//,z
P .

dsiiizizoa I

o T|-u||-||1-|..ﬂ O
H R

[ N

T A

<
SN

R N

VIRV A
/
.
.

AN
NN

TINTNN

Y

72

2%

BY

—+ 43

INVENTOR
MLl
e Y T ORNEYS

[ PPN

9 7

/?aﬁcrft 5. Z/a

=t

|57
%
J

N

N

N
SN
Ny
NS
N
N,
B
* AR
=4

A S AN N NSNS

DR TR TR WR VA VR VRN
[T N S O NN

I R I TR R T SRR N
R S N T S
T T AT

v d

<2

25 {9

s v-d
R g
e T L
e D,
L., AYAREY
PR \ \
g TN ///r/,
AR | QNN
N FAY \,
\ ///z///
AT SN \
AMANZ SN S vy




Patented Dec. 9, 1947

2,432,431

UNITED STATES PATENT OFFICE

2,432,431

CELL FOR THE ELECTROLYSIS OF MAG-
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signor to The Mathieson Alkali Works, Inc.;
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Application November 21, 1942, Serial No. 466,456

1 Claim.

1

My invention relates to improvements in cells
for the electrolysis of magnesium chloride fusions
to which magnesium chloride, to replace that con-
sumed by electrolysis, is supplied in hydrous form.
The improved electrolytic cell of my invention is

(CIL 204—238)

useful particularly for carrying out the process

described in my application Serial' No. 439,333,
filed April 17, 1942, :

‘When hydrous magnesium chloride is added to
such fusions -at temperatures of the ‘order of
700°-750° C., representative of normal electrolyte
temperatures in the operation of such cells, the
water.component of the make-up salt is'not com-
pletely eliminated.- A ‘part of the hydrous mag-
nesium chloride tends to decompose with Ilibera-
tion of hydrochloric acid and formation of mag-
nesium hydroxy chloride (MgOHCI).
trolyte thus becomes saturated with the hydroxy
chloride. In a fusion consisting essentially of
about 256%-50% MgCl: and the balance of NaCl,
for example, the dissolved hydroxy chloride may
be equivalent to as much as 0.5% H20 by weight
on'the fusion.” Additional hydroxy chloride may
also be carried in suspension in the elecirolyte.
Decomposition of: the hydroxy chloride in the
region of electrolysis, through reaction with the
carbon of conventional anodes or with magnesium
metal liberated by the-electrolysis, impairs the
efficiency ‘of the operation, consumes magnesium
chloride in the formation of magnesium oxide or
magnesitim oxy chloride (Mgz:OCl:) and liberates
hydrochloric acid which contaminates the chlo-
rine. liberated by the electrolysis. The improved
cell .of my invention provides for substantially
complete dehydration of hydrous make-up mag-
nesium chloride in such magnesium chioride fu-
sions and thus for improvement in the recovery
of magnesium metal and of chlorine values, for
improvement in chemical efficiency and power
consumption, for improvement with respect to

the life of carbon anodes and generally for im-

provement in efficiency, economy and uniformity
of operation.

Magnesium. hydroxy .chloride, as an isolated
compound, is. probably unstable. at temperatures
upwards of about 520° C., but when dissolvad in
a magnesium chloride fusion the  dissociation
pressure is much reduced depending upon con-
centrations and temperatures. Such fusions. to
which magnesium. chloride is supplied as a hy-
drous salt can be demonstrated in many instances
to contain a fractional percentage of water: pre-
sumably as the hydroxy chloride, at. 725°. C. for
example. This water content can be eliminated
to produce a fusion substantially free from water
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or its equivalent as the hydroxy chloride by super-
heating the fusion, for example to temperatures
approximating 800°-850° C. Satisfactory results
however are not achieved by generally increasing
the temperature of the fusion subjected to elec-
trolysis for if this is done the fusion, at elevated
temperatures effective to eliminate water, becomes
too thin to provide a maintained chloride film
covering liberated magnesium metal, as droplets
and coalescing masses, effective to prevent sub-
stantial recombination: of maghesium and chlo-
rine and burning of the liberated metal.

In the improved electrolytic cell of my inven-
tion, the hydrous magnesium chloride is added
to the fused. elecirolyte in a feed chamber, sep-
arate from the  electrolysis chamber, through
which electrolyte depleted with respect.to mag-
nesium chloride ‘in the electrolysis ¢hamber cir-
culates and, before it returns to the electrolysis
chamber, the electrolyte including added mag-
nesium chloride is circulated through .a super-
heating chamber in which water remaining after
the dehydration .effected in- the feed chamber,
present for example as magnesium hydroxy chlo-
ride, is eliminated by maintaining a substantially
higher electrolyte temperature than in the elec-
trolysis chamber and the feed chamber.. The im-
proved electrolytic cell of my invention comprises
an electrolysis chamber, a feed chamber and a
superheating - chamber, anodes and cathodes in
the electrolysis chamber, appropriate passages
connecting the electrolysis chamber and the feed
chamber, the feed chamber and the superheating
chamber, and the superheating and the elec-
trolysis :chamber below the normal electrolyte
level, means for maintaining a higher electrolyte
temperature in the superheating chamber than
in the electrolysis chamber and the feed chamber,
and means for controlling electrolyte circulation
from the electrolysis chamber through the feed
chamber -and the superheating chamber back -to
the electrolysis chamber.

In the improved electrolytic cell of my invention
the means for controlling electrolyte circulation
through the cycle just described are arranged in
one or more of the passages connecting the elec-
trolysis chamber, the feed chamber and the su-~
perheating chamber. These control means may
comprise, for example, one or more valves or a
‘forcing means such as a gas lift or both. - The
primary control means are with advantage ar-
ranged in the passage connecting the electrolysis
chamber and the feed chamber and may be sup-
plemented by other control means arran’ged in
one or more of the other passages. By thius ars
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ranging the primary control means I secure &
number of important advantages. The operation
of the cell can be carried out either with con-
tinuous controlled circulation of electrolyte from
the electrolysis chamber through the feed cham-
ber and the superheating chamber back to the
electrolysis chamber or with intermittent cir-
culation through this cycle transferring. electro-
Iyte from the electrolysis chamber to the feed
chamber, from the feed chamber to the super-

heating chamber and from the superheating:

‘chamber back to the electrolysis chamber at
spaced intervals. If, with continuous circula-
tion controlled by means arranged in either the
passage between the feed chamber and the super-
heating chamber or the passage between the su-
perheating chamber and the. electrolysis cham-
ker, irregularities occur in the feed chamber, tem-
porary reversal of electrolyte flow through the
passage between the electrolysis chamber and the
feed chamber tends to carry magnesium hydroxy
chloride into the feed chamber and thus to im-
pair the cperation as previously described. Since
the bulk of the water content of the hydrous
make-up salt, MgClae.H20 or MgCl2.2H:20. for ex-
ample, is flashed into steam as this salt enters
the fused electrolyte in the feed chamber, such
irregularities in operation will occur in the feed
chamber. However, by arranging the primary
control meansin the passage connecting the elec-
trolysis chamber and the feed chamber; I avoid
difficulties flowing from such irregularities. The
same situation prevails with intermittent circula-
tion of the electrolyte. Further, with such inter-
mittent-circulation controlled by means arranged
in the passage connecting the feed chamber and
the superheating chamber. or the passage con-
necting the superheating chamber and the elec-
trolysis chamber, the addition of make-up salf to
the electrolyte in the feed chamber increases the
liquid head in this chamber and thus directly
tends to cause reverse flow through the passage
connecting the electrolysis chamber and the feed
chamber, a result avoided if the primary control
means are arranged in the passage connecting the
electrolysis chamber and the feed chamber. Cir-
culation may be that induced by thermal effects
or circulation of electrolyte may be effected or
assisted by a forcing means such as a gaslift. - For
effective thermal circulation, the exit port of the
passage connecting the: feed chamber and the
superheating chamber must be beslow the inlet
port of the passage connecting the-superheating
chamber and the elactrolysis chambYer, With
thermal circulation, a regulating valve may be
positioned in any one or more of the three pas-
sages. For regularity of circulation, a forcing
means such as a gas lift is arranged-in one of the
several pacsages, advantageously in the passage
connecting the electrolysis chamber and the feed
chamber, and one or more valves may be‘arranged
in one or more of the other passages to assist in
controlling circulation.  With intermittent cir-
culation the forcing means and a valve may he
arranged in the same passage for alternate use;
with continuocus circulation it.is advantageous to
avoid valves in the gas liff discharge if a gas 1ift
is used as a forcing means.

The accempanying drawings represent an elec-
trolytic cell. embedying my invention and my in-
vention will be further described by reference to
this illustrative electrolytic cell and its opzra-
tion. Inthese drawings:

Fig. 1 is & section in plan on line 1—F in Figs.
3and4;
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4
Fig, 2 is g section in plan on line 2—2 in Figs.
3,4 and 5;
Fig. 3 is a section in elevation on line 8—3 in
Figs, 1and 2;

Fig. 4 is a section in elevation on line §-4 in
Figs. 1 and 2, except that the position of the al«
ternating current elsctrede 32 has been indicated
in Fig. 4 by dot and dash lines notwithstanding;
its position to the right of the section line 4—4
in Figs. 1'and 2;

Fig. 5 is.a section in elevation on line 5—5§ in
Figs. 1,2,3and 4;

Fig. 6 is a section in elevation on line §—8§'in
Figs. 1,2, 3and 4;

Fig. 7 is a section in elevation on line 7= in
Figs. 1, 2, 3 and 4, except that the position of the
alternating current electrcdes 3! and 32 have
been illustrated in dot and dash-lines in Fig. 7
notwithstanding their position below the section
line 7—7 as shown in Figs. 1 and 2 and to theleft
of the section line T—T7 as shown in Figs. 3 and 4;

igs. 8 and 9 are enlarged details of a valve ele-
ment also illustrated in Figs. 1, 2, 4 and 7, and

PFig. 10 is an enlarged fragmentary defail of a
valve element and gas discharge tube also illus-
trated in Figs. 3 and 7.

Referring to the drawings: .The cell illus-
trated comprises a rectangular steel shell 18 lined
with insulation 1§ and refractories {2 and divided
by a refractory wall' 13 into a major chamber A,
the region of electrolysis, and g pair of minor
chambers B-and C.. Anodes 14 and cathodeés {5
are arranged in groups in the chamber A. The
anodes consist of cylindrical carbon rods resting
on the bottom of the chamber. The cathodes are
with advantage arranged to permit their eleva-
tion while dredging the cell. The anodes and
cathodes are connected through busbars arranged
immediately over the cell covers to a source of
direct current of appropriate potential. Adjacent
anodes and cathodses are separated, at and-above
the ncrmal electrolyte level, by partitions made
up of rectangular webbed arch elements {8 sup-
ported by pillars 17 and the cell walls. The series
of elements I§ along each side of each row. of
ancdes with the covers {8 form closed troughs for
collecting the chlorine liberated at the anodss
by the electrolysis. Connections 9 are provided
fcr collecting this chlorine from each of the anode
troughs and delivering it to an appropriste re-
covery system. - The magnesium metal liberated
by the electrolysis collects initially above the ecath-
odes as molten metal floating on the fused elec~ -
trolyte.. The-magnesium metal thus collected
above  the several rows of cathodes is removed
frem-the cell through the several corresponding
ports 28. “In- carrying out my-invention in the
Hustrated cell, the magnesium chloride fusion -
within chamber A, the region. of electrolysis, is
maintained substantially free from. water al-
though make-up magnesitim chloride is intro-

- duced as the hydrous salt to the chamber B with-

65

75

in the cell' structure. The chambers B and C,
separated from the electrolysis .chamber by the
refractory wall 13, constitute, respectively, a feed
chamber and a superheating chamber. Fused
electrolyte withdrawn. from the chamber A
through passage 2§, the several component parts
of which are-identified in Fig. 3 by the reference
numerals 35, 34 and 86, passes through the cham-
ber B, then; after passing from chamber B into
chamber C through passages 22 in refractory wall
23, passes through the chambsr C agnd then
through passage 24 back to chamber A, In cham-
ber C, the superheating chamber, the port of
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passage 22 is below-the port of passage 24.: Cirs
culation of fused . electrolyte. from chamber A
through chambers B and C back to chamber A is
controlled by regulating either the valve 26 or the
gas-lift comprising gas discharge tube: 25 in the
vertical portion of passage 21. This control may
be supplemented by regulating the valve 45. Hy-
drous magnesium chloride is supplied to chamber
B through connection 27 and the. gas mixture
formed: in this chamber is discharged through
connection 28. Chlorine or hydrochloric acid or
a ‘mixture of chlorine and carbon monoxide or
carbonyl chloride for example may. be-introduced
into the body of fused electrolyte in chamber B

thrcuzh connection 29 to ‘suppress decomposi- .

tion of magnesium chloride within the body of
electrolyte in this chamber as an incident to the
initial dehydration of the hydrous salt.. Pairs of
electrodes- 38, 31, 32 and 33 are arranged within
the chambers B and C for supplying heat to these
chambers through the fused electrolyte within
these chambers as a resistor in each of these
chambers' with respect to alternating current
passing  between these electrodes.. The desired
temperature gradient through the chambers B
and C is easily established and maintained for
example by providing for separate regulation of
alternating current passing (1) between elec-
trodes 80 and 3f with respect to chamber B and
(2) between electrodes 82 and 33 with respect to
chamber C. Other arrangements for establishing
and maintaining this temperature gradient may,
however, be used. Individual transformers-are
with advantage used to supply alternating cur-
rent for. heating the electrolyte in each of the
miner chambers of individual cells. ‘With this
arrangement the cell side of each such. trans-
former will be at the same direct current ppten-
tial above ground as the.cell-and conseguently
must-be insulated with respect to the input side
of the transformer to withstand this direct cur-
rent potential as well as the alternating current
potential impressed on the transformer. The pri-
mary mezans for controlling electrolyte circula-
tion through the chambers B and C are either
the valve 28 or the gas lift comprising gas dis-
charge tube 25. These means are arranged in the
vertical portion 34 of the passage 21 connecting
a low point 33 in the electrolysis chamber A with
& high point &8 in the feed chamber B (see Fig, 3).
The control means illustrated are particularly ad-
vantagecus. They comprise a valve plug 28
seated in an enlargement 37 in the upper part of
the portion 34 of the passage 2 and carried on
a tube 383 vertically movable by means of wheel
39 supported by yoke 40 and receiving a threaded
coliar 41 secured to the upper end of the tube 38.
The yoke 48 is removable so that the entire valve
astembly can be removed by lifting it out.of the
cell through the extension 42 of the passage 34
above the discharge port to chamber B. The gas
discharge tube 25 can be moved into the vertical
portion 34 of the passage 2{ from above the nor-
mal electrolyte level either through the tube 38
or it can be moved into this passage after removal
of the valve assembly permitting alternating use
of the valve and the gas lift. Valve 48, arranged
in the passage 24 connecting chamber C and
chamber A, may be used to supplement valve 26,
or this valve 43 may be omitted.

In operation: The cell is charged with fused
electrc’yte to a level at which the lower edges of
the webs in the rectangular arch elements 18 are
immersed. The electrolyte may consist for ex-
ample of a fused mixture of the chlorides of the

10

‘20

25

30

40

45

~ and any other thermal losses.

50

60

65

70

5

6

alkali metalsiand alkaline earth metals compris<
ing about 10%-55% by weight of magnesium
chloride.” ' The-temperature of the electrolyte in
the cell i$ 'maintained above its fusion: point;-for
example at .o temperature approximating 725° C.
The heat required to maintain this temperature,
in excess of that liberated in conjunction with the
electrolysis proper; is supplied to the electrolyte
as it passes: through the feed chamber and the
superheating chamber. The direct current volt-
age impressed across the anodes and cathodes in
the electrolysis chamber will vary with the spac-
ing-of these electrodes and the temperature and
composition of the electrolyte; it may. for ex-
ample approximate 6-8 volts.  Circulation with-
in: the electrolysis chamber effective to maintain
substantial uniformity, with respect both to coms
Position "and to temperature, throughout the
major body. of electrolyte undergoing electrolysis
in-that chamber is maintained by the levitating
effect of chloride liberated at the anodes and by
local thermal cycles of circulation.  The additions
required to maintain the composition and quan-
tity ‘of electrolyte in’ the cell, as the electrolysis
proceeds, are introduced from time to time into
the:feed: chamber. -Magnesium chloride con-
sumed by the electrolysis is thus replaced by the
intreduction of hydrous magnesium chloride.. In
the feed chamber, this hydrolis magnesiiim chlo-
rideis partially dehydrated, its water content be-
ing:reduced for example to about 0.3-0.5 mol per
mol of added magnesium chloride or less, fused
and-incorporated into the body of fused electro-
lyte.- - Such hydrous:magnesium chloride is with
advantage ‘introduced into the feed chamber in
the form of pellets having a specific gravity: of
about-1 which may contain a small proportion,
about:~0:5%  for example; of free carbon. The

temperature of -the fused: electrolyte in the-feed

chamber is maintained at about the same-level
as that prevailing in the electrolysis chamber by
supplying sufficient additional heat as previously
described to make up the heat of dehydration and
fusion of the hydrous magnesium chloride incor-
porated into the electrolyte in the feed chamber
Thus, with a tem-
perature in the electrolysis chamber approximat-
ing 725° C., a temperature of the same order is
maintained in the feed chamber. Fused electro-
Iyte depleted with respect to magnesium chloride
in the electrolysis chamber moving from that -
chamber to the feed chamber is thus in the latter
chamber replenished with respect to magnesium
chloride and moves from the feed chamber to the
superheating chamber as- a fusion containing
added magnesium chloride and a small propor-
tion-of water, presumably in the form of mag-
nesium hydroxy chloride. In the superheating
chamber a substantially higher temperature is
maintained, a temperature of 800°-850° C. for
example, and as a consequence this remaining
water is eliminated.. This superheating of the
fused electrolyte after introduction of the hydrous
magnesium chloride is effected in the substan-
tial absence of magnesium metal, the magnesium
metal liberated by the electrolysis being sepa-
rated in the electrolysis chamber as previously
described from the fused electrolyte moving from
the major body in the electrolysis chamber to the
minor body in the feed chamber through the sub.
merged passage connecting these chambers. The
fused electrolyte stripped of water in the super-
heating chamber, carrying the added magnesium
chloride incorporated in the feed chamber, moves
from the superheating chamber into the electro-
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1ysis chamber where, as a result of the circulation
within the electrolysis chamber previously de-
scribed, its exéess of magnesium chloride ahd its
excess of heat are rapidly absorbed by the major
body of electrolyte as a whole. The circulation
of electrolyte from chamber A through chambers
B and C in succession and back to chamber A
may, as previously noted, be a:continuous -con-
trolled circulation or an intefmittent circulation.
If continuous, the rate of ecirculation is main-
tained sufficient to carry into the electrolysis
chamber the required make-up magnesitim chlo=~
ride but is limited approximately to the minimum
required to accomplish this result since circula-
tion in excess of this minimum tends to increase
the ‘additional heat required in the feed cham-
ber and the superheating chamber and involves
waste as well as the burden of dissipating such
dadditional heat in the electrolysis chamber, In
the particular cell illustrated, the arrangement
‘of theseveral chambers and connecting passages
is such that thermal effects may, at some operat-
ing levels, induce circulation rates exceeding this
minimum, but generally it is advantageous- to
force circulation in this cycle to insure-effective
and regular control and, to this end, the gas lift
comprising gags discharge tube 25-is used. If the
-¢irculation is intermittent, the valve 26°is closed
when circulation is stopped, and during such
periods valve 43 may also be closed, and, when
transfer of electrolyte is to be effected, valve 26
is opened or removed, valve 43 being open during
such periods, ‘and relatively rapid circulation is
forced for a limited interval by introducing gas
through the gas discharge tube 25 within the ver-
tical portion 34 of the passage 21 as-a gas lift.
An inert gas such as- nitrogen may be used or,
since passage 21 discharges into chamber B, a-gas
such as chlorine to be supplied to the feed cham-
ber may be used. )
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ride fusions comprising an electrolysis chamber,
a feed. chamber and a superheating chamber,
anodes and cathodes in the electrolysis chamber,
a first ‘passage -connecting-the electrolysis-cham-
ber and the féed chamber below the normal elec-
trolyte level, said first passage including a ver-
ticdl portion connecting a iow peoint in the elec-
trolysis chamber with a high point in the feed
chamber, a plug valve in the upper part of said
vertical portion of the first passage, a gas dis-
charge tube movable into said vertical portion of
the first passage from. above the normal elec-
trolyte level, a-second passage connecting the féed
chaniber and: the superheating chamber below
the normal electrolyte level, a third passage ‘con-
necting the-superheating chamber and. the elec-
trolysis chamber below the normal electrolyte
level, the second passage connecting the feed
chamber and the superheating chamber being po-
sitioned below the level of the third passage con-
necting- the superheating chamber and the elec-
trolysis chamber, and means for maintaining a
higher- electrolyte temperature in the superheat-
ing chamber than-in the electrolysis chamber and
the feed chamber,
ROBERT B. MacMULLIN,
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