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UNITED STATES

PaTEnT OFFICE.

CARL STEFFEN, OF VIENNA, AUSTRIA-HUNGARY, ASSIGNOR, BY MESNE

ASSIGNMENTS,
SYLVANTA.

TO WILLIAM W. FRAZIER, OF PHILADELPHIA, PENN-

PROCESS OF OBTAINING SUGAR.

SPECIFICATION forming part of Letters Patent No. 489,879, dated January 10, 1893.

Application filled November 20,1890, Serizl No, 872,110, (No specimens,) Patented in Gtermany February 27,1890, No, 68,191,
in France March 4, 1890, No, 204,121 ; in England March 6, 1890, No, 3,689 ; in Belgium March 6,1890, No. 89,737, and in

Spain March 10, 1890, No. 10,595,

To all whom it may concern:

BeitknownthatI, CARL STEFFEN, engineer,
a subject of the Emperor of Austria-Hungary,
and a resident of Vienna, Austria-Hungary,
have invented certain Improvements in the
Art of Extracting Crystallizable Sugar from
SaccharineSubstances, (for which Thave been
granted patents in England, No. 3,589, dated
March 6, 1890; in France, No. 204,121, dated
March 4, 1820; in Belgium, No. 89,737, dated
March 6, 1890; in Spain, No. 10,595, dated
March 10, 1890; and in Germany No. 58,191,
dated February 27, 1890;) of which the follow-
ing is a specification.

My invention relates to an improved pro-
cess for obtaining from saccharine juices of
plants, and from other more or less pure sac-
charine solutions the ecrystallizable sugar
which they may contain, by first using such
juices or solutions, to wash raw sugar or
“masse-cuite,” and afterward subjecting them
to a novel method of “boiling” in order to
produce sugar crystals. In the present and
customary method of *boiling” such juices
and solutions, the “liquor” is from time to
time introduced into the pan as the evapora-
tion proceeds, and the portion of liquor intro-
duced is usually of the same degree of purity,
from the commencement to the close of the
operation. As the sugar separates a portion
is deposited on the crystals first formed thus
determiningtheir growth,and another portion
gives rise to the formation of new crystals.
During the evaporation, therefore, the sugar
assumes a solid or crystalline form while the
Impurities accumulate in the mother liquor
which thus consequently decreases in “pu-
rity ” or amount of crystallizablesugar. The

decrease is not. however, a steady or continu--

ous one, as each time a fresh quantity of
“liguor” is fed into the pan the purity of its
liguid contentsis, forthe timebeingincreased.
It results in consequence, that in this method
of boiling, mother-liquor isnotableto giveup
its maximum of erystallizable sugarasrapidly
as it should do, nor is the energy of crystal-
lization for a given period of time able to
reach a maximum.

In the aceompanying drawings:—Figure 1,

isa diagram,is given to illustrate the progress
»of erystallization and evaporation, in the
method of extracting  crystallizable sugar,
heretofore in use. Fig. 2,is a similar dia-
gram, in like manner illustrating the pro-
gressive action and conditions at different
periods in the process of reduction, acecording
to my improved method.

In Fig. 1, the vertical lines or ordinates are
equally divided by the horizontal lines rep-
resenting abscissas.

The diagonal line in Fig. 1, shows the con-
dition of the liquid contents of the vacuum
pan during the progress of evaporation and
crystallization. The ordinates represent the
“coefficient of purity” of the liquor, and the
abscissas the time, the “ boiling” has been in
progress. The abscissas are divided in spaces
representing ten minutes each. (The term
“coefficient of purity” is here used in the
sense in which it is generally employed: thus
the statement that a “liquor” has a coeffi-
cient of purity ninety,is equivalent to saying
that ninety per cent. of the total solid matter
present in solution is crystallizable sugar.
This form of expression deals only with the
quality of the solution, and gives no informa-
tion regarding its strength or in other words
as to the proportion of water present.)

The “curves” C, show the periedical in-
crease in “purity” of the mother liguor
brought about by the introduction from time
to time of freshliguor, in the usual way. This
motherliquor owing to the periodical improve-
ment, is unable to reach in a given period of
time its lowest possible degree of purity by
the separation of sugar. To reach this low-
est possible degree of purityis theobject and
ultimatum of the boiling process.

In the process of boiling it is necessary that
the fiuid character of the mass be not dimin-
ished by evaporation beyond the point at
which the particles of crystallizable sugar
move easily in it to form crystals or to attach
themselves to crystals already formed, or be-
low the point at which the contents of the
vacuum pan may be easily withdrawn. As
sugar boiling is now practiced this limit of
evaporation is reached while yet a large pro-
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portion of crystallizable sugar has not yet
been crystallized. To get this it is common
to reboil the molasses, which indeed is not

true molasses because of this undue amount’

of sugar. The boiling of snch mother-liquor
or sirups as they are technically called, is
however, frequently a matter of considerable
difficulty; and before the available sugar can
be completely extracted the operation may
have to be repeated several times.

Boiling in vacuum premises that the liquor
orsirup shall possess such crystallizing capac-
ity that grains of sugar can be produced; but
the ease and rapidity with which the crystals
areformed dependslargely upon the character
and purity of the solution to be evaporated.
The separation of crystals having however
once commenced, takes place subsequently
with greater ease; as those first formed pro-
mote erystallization by their presence, by the
influence which they exert upon the sugar
still in solution. Consequently, the larger
the number of crystaly present, the more en-
ergetic will be the crystallization. Very im-
pure solutions cannot be boiled to a grain
under ordinary circumstances, because the

grain refuses to form at first and the condi-:

tions then rapidly become less favorable for
crystallization owing to the increase in vis-
cosity of the solution. In considering this
question, it should therefore be borne in mind
that the evaporation of saturated sugar solu-
tions is not of necessity accompanied by crys-
tallization, and this is especially the case with
very impure sugar solutions; these readily
become supersaturated. It has, however,
long been known that if such impure solu-
tions are brought in contact with a suffi-
ciently large number of crystals, a very ef-
fective erystallization ean be brought about
in the vacuum pan; and this knowledge has
been made practical use of in sugar factories
by the addition of raw sugar crystalstojuices
which could otherwise only be boiled with
great difficulty. Similarly it is sometimes
customary in sugar refineries, when very
small crystals are desired, to bring the liquor
to the crystallizing point, and then by the in-
troduction of a quantity of finely pulverized
sugar to start energetic crystallization, thus
insuring the formation of small crystals by
shortening the time of boiling and conse-
quently that given to the erystals in which to
grow. \

It is to be inferred from an inspection of
the curve C,in Fig. 1,that the process of boil-
ing would be more correctly carried out, and
would also be more effective, if mother-liquor
were not subject to periodical improvement.
If on the other hand the liquor drawn from
time to time into the pan were to correspond
in purity with that of .the liquor contents of
the pan for the time being, a mother liquor
of much greater impurity and consequently
much more exhausted of its sugar would be
obtained in a given time. The object among

others, of the process forming the subject:
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matter of this application, is to produce from -

liguor, or sugar solutions in general, in the
manner given below, a series of solutions
ranging from a very low to a very high de-
gree of purity. The total quantity of liquor
thus operated upon should be about sufficient
for a pan of sugar. .

In my method, when the liquor has been
prepared in portions of increasing purity, the
boiling operation is commenced with thebest
or purest portion. This, in consequence of
its purity, possesses great crystallizing power;
and it results that in the shortest possible
time, and under the most favorable possible
conditions sugar crystals are formed in great
number. As the evaporation proceeds the
remaining portions of liguor are drawn into
the pan in order of their purity, the most im-
pure being -consequently left to the last, It
is clearfrom what has been already said,that
the crystals first formed are able to promote
the separation of crystals from the less pure
portions of liguor subsequently admitted to
the pan and consequently the last and very
impure portions, which would under other
circumstances crystallize with the greatest of
difficulty, yield their sugar readily under the
influence of the large number of sugar crys-
tals present. It is moreover evident that, as
each successive portion of liquor is drawn
into the pan, the quantity of sugar presentin
acrystalline condition hasincreased, and con-
sequently the influence it exerts upon each
succeeding portion increases also; sothat the
constantly increasing effect of the greater
impurity of the last portions in retarding
crystallization is counterbalanced by the con-
stantly increasing quantity of the sugar pres-
ent which promotes it. In consequence of
the attractive action thus exerted by the erys-
tals the whole of the sugar capable of crys-
tallizing is obtained in a solid form, and the
mother-liquor remaining is true molasses.

The process has still other advantages.

The quality of the mother-liquor is at no time
suddenly improved, as the portions of liquor
successively introduced into the pan are ap-
proximately the same in quality as the moth-
er-liguor surrounding the erystals at the time
of such introduction. The addition there-
fore, of each succeeding portion merely in-
creases the quantity of the mother-liquor with-
out materially affecting its quality. It results
that the liquor is more completely under the
control of the boiler, who, under other circum-
stances frequently has difficulty in prevent-
ing the formation of crystals he does not de-
sire. It is moreover often a matter of con-
siderable importance that the crystals should
be regular in form, as well as in size, and this
end can be best attained by preventing any
sudden variation in the character of the
mother-liguor. The formation of small erys-
tals toward the end of the operation is also
entirely obviated for the reason that owing to
the last portions of liguor being very impure,
they possess buta very small tendency to de-
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posit new erystals. The separation of sugar
as does oceur being essentially brought about
by the influence of crystals already present,
with the result that the sugar is deposited
upon them, merely increasing their size but
not their number. In Fig. 2,thesame system
of lines is shown representing ordinates and
abscissas with difference only in number, the
degrees of purity ranging from sixty-five to
one hundred.

In Fig. 2, the curve B, represents the con-
dition of the mother-liguor during the course
of evaporation and erystallization in vacuum,
when the liquor fed into the panis of the same
degree of purity throughout the operation.
The ordinates give the “quotient of purity”
of the mother-liquor, the abscissas the time
of duration of the boiling. -The curve A, in
the same figure shows the condition of an-
other mother-liguor also during erystalliza-
tion and evaporation, but in this case the
liquor fed into the pan is divided into por-
tions according to quality. The portions
form collectively a series of sirups inecreas-
ing gradually from a very low to a very high
degree of purity; and are taken in proper or-
der.into the pan commencing with the solu-
tion of highest value, and ending with that
of greatest impurity. The ordinated in this
case also denote the quotient of purity of the
mother-liquor, and the abscissas the time of
duration of the boiling.

The numerical figures given for the co-or-
dinates are those obtained by actual experi-
ment; they show that in the method of boil-
ing last described a mother-liquor of consid-
erably less purity can be withdrawn from the
crystallizingprocessin a given time than when

“the method of boiling first given is followed.

This is due to two principal causes:—First.
By commencing the boiling operation with a
liguor of greatpurity alarge quantity of erys-
tals is formed in the shortest possible time,
and these crystals promote the separation
of sugar from the liquor of less purity which
follow. Second. The liquor drawn into the
pan does not materially improve the quality
of mother-liquor but merely increases its vol-
ume, and upon evaporation more sugar is de-
posited, and a mother liquorof lower quality
produced, which is in turn increased in quan-
tity by the addition of liquor of like value.
Having now fully described in the forego-
ing my new method of boiling liquor after
the same has been prepared in portions of as-
cending purity, I will proceed to discuss the

preparation of such portions of liquor from

the juices of plants and from sugar solutions
in general. The liquor obtained by the par-
tial evaporation of juices of plants &e.,is not
(as has been heretofore customary) taken di-
rectly to the vacuum pan for crystallization,
but is merely sufficiently concentrated tofur-
nish a solution of sugar which will be satu-
rated at the temperature at which it is to be

subsequently employed; and which will con-

sequently be unable to dissolve any sugar

R

when brought in contact with it at that tem-
perature. The liquor thus prepared is then
employed as alixiviating fluid to displace the
molasses from a “masse-cuite” obtainedin a
preceding boiling operation, and when the mo-
lasses has been completely expelled, the lig-
uor adhering to the crystals isin turn dis-
placed by the use of steam, water, or a more
or less completely saturated solution of pure
sugar. :

By proceeding in the manner described, the
liguid first flowing from the “masse-cuite”
will consist essentially of molasses, which at
thetimeof commencing the washingoperation
was surrounding the crystals of the “masse-
cuite.” The liquid following however will
gradually inerease in purity, owing tothead-
mixture of a portion of the liquor used for
lixiviating with a portion of the molasses,and
this increase in purity will continue untilthe
whole of the molasses hasbeen expelled, when
the liquor will. flow from the sugar crystalsin
precisely the same condition as it was admit-
ted to them. As the liquor is followed by a
puare solution of sugar, the liquid flowing from
the sugar erystals will gradually approach to,
and finally reach, a condition of absolute pu-
rity.

In the case in which steam or water is em-
ployed to displace the liquor, some of the
washed sugar crystalsare dissolved, and thus
a solution of pure sugar is formed which dis-
places the liquor adhering to the crystals re-
maining undissolved.

After discarding the first portions expelled
from the “masse-cuite” which consists essen-
tially of molasses, the solution is collected in
portionsof inereasing value which range from
a very low to a very high degree of purity.
The liquor so collected is then subjected to
the boiling process above described, and a
“masse-cuite” is obtained, containing in a
solid form the whole of the sugar capable of
crystallizing originally present in the lignor.

By submitting the “masse-cuite” to the
washing process in the manner described it
can be entirely free from molasses and the
whole of the sugar obtained in a condition of
great purity. Ttis thus possible to obtain in
a pure form, from a given liquor, the whole
of the sugar capable of crystallizing by first
using such liguor for washing a “ masse-cuite”
obtained in a preceding operation, and then
subjecting the samedivided into portions ac-
cording to purity, to the boiling process in
the manner described.

The process may be earried out in practice
inthefollowingmanner:—The juicesof plants,
or solutions of sugars, are just sufficiently
concentrated in the ordinary evaporating ap-
paratus, to convert them into saturated so-
lutions of sugar. If it is not desired to work

warm, but at ordinary temperatures, the so-
lutions may be cooled by the help of any of
the appliances usually employed. “Masse-
cuite” from a preceding boiling operation,
either in a warm condition or after passing
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through one of the refrigerators ordinarily
used for the purpose, is filled in the suction
vessels, subjected to suction, and lixiviated
by means of a saturated solution prepared as
above described. The melasses drawn off by
means of a pump, through the perforated bot-
toms of the suction vessels, is discarded; and
the lixiviating fluid is then delivered into a
number of reservoirs which separate the same
into portions of different quality. The flow
of liquor to thesugariscontinued untila fluid
passes from the suction vessels of nearly the
same degree of purity as that entering them.
A saturated solution of puresugaristhen fed
into the suection vessels until it is withdrawn
from them by the pump almost unchanged.
The erystals are not surrounded by a pure so-
lution of sugar, and can be simply dried or
“melted” and converted into any desired
form of refined sugar. The entire washing
fluid, which is almost equal in quantity to
that from which the “masse-cuite” was pro-
duced, being now separated according to its
quality in the reservoirs, is from there taken
to the vacuum pan and erystallized in order

- of decreasing purity. The “masse-cuite” pro-
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duced is then treated with a fresh quantity
of saturated liquor so thatit may be resolved
into pure sugar on the one hand, and on the
other into molasses absolutely free from sugar
capable of crystallizing.

The separation of the molasses, the wash-
ing with liquorand the subsequent lixiviation
with water or steam (if employed) ean be ac-
complished in centrifugal machines; and in
this case also, after the molasses has been
discarded, the liquid discharge from the ma-
chines is separated in asufficientlylarge num-
ber of portions according to its quality. It
is recommended that not less than ten por-
tions of liguor of varying quality beemployed,

489,879

and when the best effect is looked for it is
even desirable that the number should be
larger if possible.

If it is necessary to use the entire quantity
of liquor required for one boiling operation,
for the washing process, the surplus is to be
added to that quantity of liquor having the
same degree of purity as itself, and is not to
be taken to the pan until all portions of lig-
uor of greater purity have preceded it.

What I claim and desire to secure by Let-
ters Patent is:—

1. The process of extractingsugar from the
juices of plants and solutions of sugar in gen-
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eral, by the successive introduction of sugar .

solutions of constantly decreasing purity into
the vacuum apparatus for evaporation and
crystallization, such solutions being prepared
by employing a saturated solution of more or
less pure sugar to expel the sirup from a
“masse-cuite’” in the mannerherein described,
and collecting the liquid flowing therefrom
intoanumberof portionsof ascending purity.

2. The herein described process of extract-
ing sugar from sugar solutions by systematic
boiling, which consists in adding to a solution
of sugar undergoing evaporation and crystal-
lization, and consequently still in contact with
the crystals it has deposited, solutions of su-
gar successively decreasing in purity, but of
approximately the same quality as the liquor
in process of crystallization at the time such
addition is made.

In witness whereof I have hereunto signed
my name in the presence of two subscribing
witnesses. ‘

CARL STEFFEN.
Witnesses:

W. B. MURPHY,
JOoHN H. FORSTER.
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