S N

UNITED STATES
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IMPROVEMENT IN DECOMPOSING ALKALINE AND OTHER SALTS.

Specification forming part of Letters Patent No. 5,383, dated December 4, 1847,

To all whom %t may-concern :

Be it known that I, the undersigned, R1cH-
ARD ALBERT TILGHMAN, of the city of Phila-
delphia, in the State of Pennsylvania, have in-
vented a new and useful improvement called
‘“an improved method of decomposing the sul-
phates and muriates of the alkalies and alka-
line earths,” of which the following is a full and
exact description.

My invention consists in a method of decom-
posing the sulphates and muriates of the alka.-
lies and alkaline earths by exposing them at a
high temperature to a carrent of steam or va-
por of water, by which the acid is carried off
and the alkaline base either remains free or
enters into combination with some third sub-
stance provided for that purpose.

Todecomposesulphateoflimeand obtainfrom
itsulphuricandsulphurousacidsandfreelime, I
proceed in the following manner: I have afire-
clay cylinderofclose texture and of any conven-
ientsize placed verticallyin a furnace,and pro-
vided with openings at the top and bottom for
charging and discharging, which openings are

-capable of being closed air-tight. To the top

of this eylinder I adapt an escape-tube of fire:
clay forconveying offtheacid-vapors,and to the
bottom, for the admission of the steam, Iadapt
another clay pipe connected with a steam-boiler
by a series of fire-clay tubes which are to be
kept at a red heat. In order to diminish the
corrosion of the eylinder by the sulphate of

. lime or the lime itself, I line it with a couating

of native carbonate of magnesia applied ina
similar manner to the usual clay linings of
chemical furnaces. I fill the eylinder with
pieces of sulphate of lime about a quarter of
aninchin diametér,and having luted the open-
ings air-tight, I heat the cylinder and its con-
tentstoahighred heat. I then pass steamfrom
the boiler through the red-hot clay tubeinto the
bottom of the eylinder and np through the
charge. The heated steam, in its passage up
through the pieces of sulphate of lime, earries
off the acid in the state of sulphurous acid and
oxygen, with sometimes alittle sulphuricacid
mixed with it. The acid-vapors pass off by
the escape-tube at the top of the cylinder, and
Iconvey them by stoneware tubes into a leaden
chamber, in order to combine them into sul-
phurie acid by the usual means. I take care
that the heat is not raised so high at first as

'to melt the sulphate of lime in the cylinder;

but I increase it toward the end of the opera-
tion, the charge becoming more infusible when
partly decomposed. I haveanopening inthe
tube conveying off the acid-vapors from the
top of the ecylinder, by means of which Iex-
amine the vapors from time to time, and from
the relative acidity of these, ascertained by
the usual tests, I judge of the progress of the
operation. Iregulate by a stop-cock the quan-
tity of steam passed through the charge inthe
cylinder, maintaining the supply at that point
which produces the greatest quantity of acid
in the vapors. When the vapors cease to con-
tain any notable proportion of acid, the eylin-
der and its contents being at a high red or low
white heat, I shut off the steam, withdraw the
charge from the eylinder by the lower open-
ing, and put in a fresh one to be treated like
the first. The charge thus operated upon will
be found to consist chiefly of caustic lime,

When I wish to obtain the acid and alkaline
base from the sulphate of magnesia I first -
drive off by heat all its water. I then intro-
duce it in small pieces into a eylinder, such as
I have before described; and operate upon it
in the manner directed for thesulphateof lime;
but I take care to keep the heat at low redness
at first to prevent the fusion of the charge,
which would choke up the cylinder and pre-
vent the passage of the steam. The decom-
position of the sulphate of magnesia takes
place at a much lower temperature than that
of sulphate of lime (a low red heat is sufficient)
and a considerable part of the acid is given off
in the state of sulphuric acid. When the
charge has been treated as directed the residue
will be found to consist chiefly of caustic mag-
nesia.

‘When I wish to decompose the sulphates of
baryta and strontia I operate apon them ina
reverberatory furnace. This mode is less ad-
vantageous for the manufacture -of sulphuric
acid than the use of the close cylinder formerly -
deseribed; but I prefer it for the two last-men-
tioned salts, becanse Iconsider their bases the
more important product of their decomposi-
tion, and the hydrates of these alkalies, and
particularly that of baryta, being fusible,would
have much tendeney to corrode the interior of
the cylinder at the heat necessary to decom-
pose the salts,

I use a common reverberatory furnace with
its hearth covered with a compact bed of native
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carbonate of magnesia three or four inches
thick. Severalclaysteam-pipesareintroduced
through the roof of the furnace, so as to throw
a current of heated steam over the whole width
of the hearth. These pipes are connected with
a steam-boiler by aseriesof fire-clay tubes kept
red-hot. The sulphate, broken into pieces of
about half an inch in diameter, is spread over
the lining of carbonate of magnesia on the
hearth of the furnace and brought to a high
red or low white heat. A current of steam is
then admitted trom theboiler, through the red-
hot tubes, upon the charge. The acid of the
sulphate is carried off by the steam, and when
I wish to condense it the acid-vapors are con-
veyed along with the gases of the fire into a
leaden chamber to be combined into sulphurie
acid by the usnalmeans. Thequantity of steam
thrown upon the charge is kept at the point
which produces the most rapid evolution of
acid, and the charge is stirred occasionally, so
as to expose fresh surfaces to the action of the
steam. As the contact of deoxidizing-gases
with the sulphate is injorious, I admit, if nec-
essary, by suitable openings above the fuel,
such an excess of air as will render the atmas-
phere in the furnace oxidizing. The sulphate
of strontia requires a higher heat than the sul-
phate of lime for its decomposition, and the
sulphate of baryta still higher than the sul-
phateofstrontia. Whenthesulphate of baryta
is partly decomposed the mass melts and be-
comes more fusible as the decomposition pro-
ceeds. Tjudge ofthe progressof theoperation
by testing a portion of the charge from time to
time. When it dissolves altogether, or nearly
80, in dilute nitricacid I withdraw the charge,
which now consists chiefly of the bydrate of
baryta or strontia.

To obtain muriatic acid and the hydrates of
baryta or strontia or caustic lime from the
muriates of those bases, I employ the same pro-
cess as that above described for the decompo-
sition of thesulphateof baryta. The sulphates
of potash and soda may to some extent be de-
composed by being subjected at a high temper-
ature to the action of a current of steam in the
manner directed for the decomposition of the
sulpbate of baryta; but, owing probably to the
volatile nature of the bases of these salts at a
high temperatnre, no large proportion of them
can thus be obtained in a free state. To aid,
therefore, the decomposing action of the steam
I employ some substance capable,when mixed
with these sulphates, highly heated and ex-
posed to steam, of forming a combination with
their alkaline bases which shall yet,when eold,
give up the alkali to the action either of water
or of water and carbonic acid. Of the large
-class of substancespossessing these properties,
which for convenience I will call ¢ combining
substances,” I prefer to use either alumina or
the subphosphate of alumina. The alumina is
prepared by strongly igniting the sulphate of
alumina, or by any other well-known process.
The subphosphate of alumina is prepared (as
.is directed in chemical works) by mixing solu-

tions of the phosphateof sodaand the sulphate
of alumina and adding to the solution a slight
excess of ammonia. I mix the aluminain the
state of powder with an equal weight of the
sulphate of potash, or of soda also powdered,
and spread the mixture npon the hearth of a
reverberatory furnace, such as I have before
described for the decomposition of the sulphate
of baryta. Themixtureisthenheated,exposed
to steam, stirred, and the operation conducted
in all respects in the manner described for the
treatment of the sulphate of baryta. When it
is desired to collect, the sulphuric and sulpbur-
ous acids produced by thedecomposition of the
sulphatesof potash andsoda, I prefer to moisten
the mixture of alumina and the sulphate with
water and form it into balls of about half an

inch in diameter, which I heat and expose to

steam in a close cylinder in the manner for-
merly described for the sulpbateof lime. When
a specimen of the charge shows by the usual
tests that it contains no notable proportion of
sulphate undecomposed, the operation is com-
pleted. T then withdraw the charge, lixiviate
it with hot water, and when the clear solution
of aluminate of potash or soda thus obtained
has become cold I pass through it an excess of
carbonie acid until no more precipitate of alu-
minais formed. The clearsolution of carbonate
of potash or soda is then drawn off and evapo-
rated. The alumina thus recovered is again
used as the combining substance.

‘When I wish to obtain the alominate of pot-
ash or of soda I merely evaporate the solution
above described without introducing the car-
bonie acid. The muriate of potash or of soda
may also be decomposed,when in a fused state,
by the action of steam, alumina, or the sub-
phosphate of alumina being present. The op-

“eration is to be conduected in all réspectsin the

same manner as that just deseribed for the sul-
phates of potash and soda; but, owing to the
great volatility of the muriates of potash and
soda when exposed at a hightemperature to a
current of air or steamn,alarge quantity of the
muriate will escape with the steam and gases
of the fire in the state of vapor undecomposed, .
and will be lost, or will be difficult to condense.
I prefer therefore to effect the decomposition
of the muriates of potash and soda by causing
their vapors,intimately mixed with highly-heat-
ed steamn, topassslowly through amassofsmall
pieces of alumina keptat a highred-heat. I use
for this purpose a vertical fire-clay cylinder

lined withacoating of nativeearbonate of mag-

nesia to diminish the corrosion of its sides by
the alkali, and made with convenient openings
at top and bottom for charging and discharg-
ing,which openings should be capable of being
closed air-tight. I arrange a cast-iron retort
so that its ‘tnbe enters directly the cylinder
near its bottom. The retort should have a
charging-door at the top capable of being made
air-tight, through which is introduced the ma-
riate of potash or soda to be decomposed.
The muriates of potash and soda will not

-vaporize freely, even when fused and highly
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heated, unless the atmosphere above them is
continnally changed. This may be effected by
a current of steam, and I find that I can suf-
ficiently regulate the quantity of the salt vol-
atilized from the retort by the amount of steam
which I blow over its melted surface. I there-
fore insert a small steam-pipe into the top of
the retort, so as to throw a jet of heated steam
upon the surface of the melted salt, and thus
force its vapor to enter the cylinder. The
quantity of steam thus introduced to aid the
volatilization is not sufficient to decompose all
the salt volatilized. . The restof the steam nec-
essary for this purpose is passed directly into
the eylinder by a fire-clay pipe entering it near
the bottom, and connected through a series of
fire-clay tubes, kept red-lot, with a steam-
boiler. Both steam-pipes are provided with
cocks. An eseape-tube is inserted into the
top of the cylinder to convey the acid-vapor
and the vapor of any undecomposed muriate
into suitable condensers. 1 have an opening
in this tube, by which I can withdraw at times
a portion of the vapors in it to examine their
saline and acid character. The eylinder and
retort are to be so coustructed and arranged
as toallow their contents to be heated to high
redness and upward by any of the well-known
means.

Themodeof operating isasfoilows: The dis-
charging-door being closed air-tight, I fill the
cylinder with alomina in pieces of abont one-
quarter of an inch in diameter and fill the re-
tort with the muriate of potash or soda, and
then close both the charging-door of the cyl-
inder and that of the retort air-tight. I now
bring the cylinder to a high red or white heat
and the retort to a cherry-red heat, so thatthe
saltin it ismelted and ready to volatilize freely
on the admission of steam upon its surface.
Steamisnow passed from the boiler throngh the
red-hottubesintothe cylinder by the pipeenter-
ingnearitsbottom,sothatitisfilled witn highly-
heated steam passingupward in a slow current

through the interstices of the pieces of alu-

mina. I nowadmitDby degrees a jetof heated
steam into the salt-retort by the pipe entering
its top, and thus drive a quantity of salt-va-
por into the cylinder, where it mixes thor-
‘oughly with the current of steam which has
entered by the other pipe and ascends with it
through the column of highly-heated alumina.
In its passage the alkaline base of the muriate
combines with the alumina, forming an alu-
minate of potash orsoda,and the muriaticacid,

‘together with any salt-vapor which may have

escaped decomposition, passes off with the
steam, through the escape-tube at the top of
the cylinder, into the condensers provided,
The progress of the operation can be as-
certained by examining the nature of the va-
pors which are passing through the eseape-

* tube. When these vapors contain a large

quantity of salt and are strongly acid at the

-same time I admit more steam through the

pipe leading directly into the cylinder, and if
this does not have the effect of diminishing

the quantity of salt in the vapors, I'lessen the
quantity of steam thrown into the salt-retort,
and by that means decrease the supply of salt-
vapor driven into the eylinder. When the es-
caping vapors contain but little salt and a
large quantity of acid I consider the operation
as proceeding favorably, and I always en-
deavor to regulate the quantitics of steam
passed through the two pipes, and by that
means the proportions of salt-vapor and steam
thrown into the cylinder, so as to prodnce this
effect. When the eseaping vapors contain a
large quantity of salt and steam and but little
acid, the cylinder and its contents being at a
bigh red heat, I consider that the decomposi-
tion of the salt is no longer effected in the eyl-
inder, and I then shut off both currents of
steam, withdraw the charge by the lower door,
and replace it Ly fresh alumina. The with-
drawn chargeis then lixiviated with hot water,
and the solution of aluminate of potash or
soda thus obtained is treated with earbonic
acid, as before described. The lining of the
cylinder should be examined occasionally and
kept in repair, so that the fire-clay may not be
corroded by the alkali. Provided the charge
ofaluminain theeylinderisreadilyand equably
permeable to the eurrent of steam and salt-va-
por, the smaller the pieces of which it consists
and the greater the surface they expose to the
cuarrent the more rapidly will the decomposi-
tion of the muriate proceed. The steam used
need not be of a higher boiler-pressure than
will suffice to secure its passage through the
charge in the eylinder. :
The subphosphate of alumina may be sab-
stituted for the alumina in.the processes for
the decomposition of the sulphates and muri-
ates of potash and soda, and its action is even
more powerfal; but its first cost is greator.
Although, to aid the decomposition of the sul-
phates and muriates of potash and soda by
steam at a high temperature, the useof either
alming or its subphosphate is preferred as the
combining substance, yet there are a great
number of substances which also possess the
requisite properties, but act with various de-
grees of energy. Thus many salts which al-
ready contain a certain proportion of ‘base will
yet,when exposed in contact with the sulphates
and muriates of potash and soda at a high heat
to the action of steam, form a combination with
tlie potash or soda decomposable when cold by
water or water and carbonic acid. The sab-
phosphates of lime, baryta, and strontia and
the subsilicates of lime, baryta, and stroutia
will under these circumstances combine with
the alkali and yield it to the action of water
alone when cold. The sulphates of baryta and
strontia, although themselves decomposable by
by theaction of steam at high temperatures, are
still capable of thus aidingin the decomposition
of the sulphates and muriates of potash and
soda, and yield the alkali by the action of wa-
ter. The neutral phosphates and neutral sili-
cates of potash and soda, when thus treated,
form Dasic salts which are soluble in water
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and decomposable by carbonic acid. The al-
kalies, lime, and magnesia will also thus com-
bine with a portion of free potash or soda,
which may be extracted by water. Other ma-
terials are capable of being used as combining
substances; but I have named those which I
consider preferable.
The decomposition of the muriate of soda by
"theaction of steam atahigh temperature may be
applied tothe production of sulphateof soda by
exposing the muriate, mixed with sulphate of
lime, to a high heat and to the current of steam.
Tor this process I use a horizontal eylinder of
close fireware protected on the inside from the
action of the lime or the sulphate by a lining
of earbonate of magnesia, and provided with
an opening for charging capable of being made
air-tight. Into the top of the cylinder, at one
end, a steam-pipe is introduced, and from the
other end, at the top, an escape-pipe connects
with suitable condensers for collecting the va-
porizedsaltand acid. Thecylinderishalffilled
with a mixture of equal parts, by weight, of
sulphateof lime and muriate of soda, the open-
ing made air-tight, and the cylinder and its
contents brought to a red heat. A current of
heated steam is then admitted, which passes
over the surface of the melted mixture and car-
ries off muriatic acid with more or less vola-
tilized salt into the condensers. When the
steam escaping fromn the cylinder ceases to
contain any notable quantity of muriate acid
the operation is discontinued ‘and the charge
is withdrawn. Ifts soluble salts are extracted
by water and the sulphate of soda separated
from any undecomposed muriate by evapora-
. tion and erystallization. In thisoperation the

heat should not be raised so high as to cause
the decomposition by the steam of the sulphate
of soda produced on thesulphate of lime itself.

Though I prefer in all the above-deseribed
processes heating the steam highly before
passing it upon the salt to be decomposed, yet
the same effect will be produced whenever the

steam and salt are in contact at the proper
temperature for the respective decompositions
whether they haveboth been previously heated
or one alone heated so highly as to be able to
raise the other to the required temperature.
As has been Dbefore stated, some of the salts
are decomposable by steam at a much lower
temperature than others; but with all the de-
ecomposition proceeds move rapidly in propor-
tion as the heat is increased.

I claim as of my invention—

1. The decomposing the sulphates of baryta,
strontia, lime, and maguoesia and the muriates
of baryta, strontia, and lime by exposing them

- at a high temperature to the action of a car-

rent of steam for the purpose of obtaining the
glci(]is and the alkalies of these salts, respect-
ively.

2. The decomposing the sulphates and mu-
riates of potash and soda for the purpose of
obtaining the acids and the alkalies of these
salts, respectively, by exposing them at a high
temperature to the action of a current of steam,
alumina er other combining substance being
present. -

3. Making alnminates of potash and soda by
the action of a current of steam upon a mix-
ture of alamina and the sulphate or muriate
of potash or soda at a high red heat.

4, The making sulphate of soda by tlie ac-
tion of a current of steam upon the muriate of
soda at a red heat, sulphate of lime being pres-
ent, as deseribed.

I testimony whereof I, the said RICHARD AL-
BERT TILGHMAN, hereto subscribe my name,in
the presence of the witnesses whose names.are
hereto subscribed, on the13th day of September,
A. D, 1847,

RICHARD ALBERT TILGHMAN.

In presence of—
JOSEPH MARQUETTE,
WILLIAM EWING.
U. 8. Consulate, London.




