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. 9 Claims,

This invention relates to the preparation of

sugar syrups containing both sucrose and invert
sugars. ,

For many uses it is desirable to produce syrups

containing substantial proportions of hoth su- -

crose and invert sugar which are as water-clear
or water-white in color as possible, and which
remain stable both as to their sugar content and
eolor upon storage and handling. Such a syrup
containing sucrose, dextrose and levulose should
be as fres from iron as possible and as free from
mineral salts as possible in order to have the best
stabilivty. ZLevulose is not particularly stable, and
such & syrup containing levulose, particularly if
i} contains much ash, is apt to develop color upon
standing.

Procedures that have been used heretcfore for
preparing such syrups involve the usual steps in
the refining of raw sugar and at a certain stage
in the refining process the addition of acid to
convert the desired proportion of sucrose to dex-
trose and levulose. In spite of continued efforts
over g period of a great many years, it has noi
been possible by this procedure to obtain a su-
crose-dextrose-levulose syrup that is completely
water-white, free from minerals and stable so far
as color developiment is concerned upon subse-
guens storage and handling.

One object of this invention is to produce such

g syrup containing the desired proportion of .

invert sugar, that has as little color as possible
and that is practically free from minerals, par-
ticularly iron.

A further cobject of this invention is the pro-

vision of an economical method of accomplishing
these results in which the proportion of invert
sugar can be controlled at will and the finished
syrup is stabilized against the development of
color., | .
- Another okject of the invention is the provision
of an invert sugar syrup that is relatively free
irom minerals or ash, that has as little color as
possible, and that does not increase in color ap-
preciably after storage and handling.

In the drawings, Figures 1 and 3 are flow dia-
grams llustrating two procedures in accordance
with our invention by which a high quality partly
inverted sucrose syrup may be made.

Figure 2 is a graphic illustration of the pro-
portion of sucrose inverted by a hydrogen ion
exchanger during one cycle of operation.

If has been recognized for some time that ion
exchange materials could be used to remove most
~of the'mineral salts from wateér and various dilute
sclitions.

It has also been proposed to treat V;
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‘both bone char and vegetable carbons.
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sugar juices by such ion exchange raaterials o
remove melassigenic salis and increase the re-
covery of crystaliizeble sugars. In this coniec-
tion, it has aiso been recognized that the treat-
ment of sugar juice with a cation exchange ma-~
terial containing exchangeable hydrogen, par-
ticularly when carried out at somewhat elevaied
temperatures, produces some inversion of the
sucrese. Accordingly, on its face, it would seem
to be a simple matter fo produce a partly inverted
sucrose solution free of minerals hy the use of
ion exchange materials. This has not proved fo
be the case for various reasons.

In the first place, the proportion of sucrose
converted to invert sugar by the rassage of a hot
sucrose solution through a hydregen ion ex-
changer is not uniform throughout a cycle of
operation. The ion exchange material appears
t0 ach as a catalyst in produecing inversion, and
Figure 2 illustrates the change in amount of in-

ersion from the time the flow of syrup starts
through a bed of freshly regenerated hydrogsn
ion exchange material until the material reaches
the point of exhaustion for all practical purposes.
While the actual amounts inverted may vary with
different temperatures of treatment and different
flow rates, the proportion inverted follows such a
curve in each cycle of operation of the exchange
material. Other problems in such a process are
the treatment by ion exchange of fairly concen-
trated sugar liguors, and the preparation of a
finished syrup that initially is water-white and
that remains water-white upon siorage and
handling.

We have found that, contrary to prevailing
views, it is essential in a practical process to
decolorize the sugar liquor with carbon or iis
decoclorizing equivalent, and preferably with both
bone char and vegetable carbon, before the ion
exchange treatment if a stable syrup is to be ob~
tained that contains as little color as possible.
By the process of this invention, a watsr-white
syrup can be obtained containing any desired
controlled proportion of invert sugar, which syrup
is stable as to sugar content and does not develop
color appreciably upon subsequent storage or
handling.

Our invention is hbased on the treatment
throughout of a high density sugar solution or
liquor which is first prepared as a washed raw
sugar melt and subjected to the usual defecation,
clarification and decolorizing, preferably with
The de-
colorized liquor is then treated with cation and
anion exchange materials in such a manner as to
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control the proportion of sucrose inverted, to pro-
duce this inversion without increasing the color
of the syrup, to remove minerals from the liquor,
and to utilize to best advantage the capacities of
the exchange materials. A stable invert syrup
practically free from color and ash or minerals
can thus be produced which requires a minimum
of further processing.

One embodiment of our process, shown in flow
sheet form in Figure 1, can be carried out as fol-
lows:

A washed raw sugar melt of high density is pre-
pared and subjected to the customary defecation,
clarification and decolorizing with carbon, such
as by the use of bone char filters and the addition
of vegetable carbon. Such a procedure is cus-
tomarily carried out with the liquor at a temn-
perature of the order of 180-190° F. After the
liquor is thus clarified and decolorized with car-
hon, it is flowed through a bed of cation exchange
material regenerated with acid so that it contains
exchangeable hydrogen icns, the temperature of
the liquor during this treatment being main-
tained as high as possible without serious injury
to the exchange material. For example, it has
been found that the liquor can be treated at about
160° F. in the cation exchanger although a tem-
perature of the order of 130-135° F. is safer and
therefore preferred.

The liquor coming from the cation exchanger
is flowed into one or more holding tanks in which
the elevated temperature of the liquor is main-
tained or increased scmewhat. Heat exchangers
may be used for this purpose if necessary. The
liquor in these holding tanks is practically free
of mineral salts but contains the acids correspond-
ing to the salts in the liquor prior to the cation
exchange treatment. - Consequently, the propor-
tion of invert sugar in the liguor in the holding

tanks gradually increases due to the presence of

the acids and the elevated temperature. Because
the sugar solution in these holding tanks is sub-

stantially free of minerals, the inversion of the -

sucrose in this manner does not increase ap-
preciably the color of the liquor as happens when
such an inversion process takes place in the
presence of a substantial amount of mineral salts.

As the liquor in each holding tank reaches the
desired proportion of invert sugar, the liquor from
such tank is cooled and flowed through a suitable
bed of anion exchange material to remove free
acids from the liquor. By this procedure a con-
stant flow of sugar liquor through both the cation
exchange bed and the anion exchange bed can
be maintained once the process is started.

Suitable plumbing connections and valves be-
tween the cation exchanger, the holding tanks
and the anion exchanger may be used to switch
the flow to and from the various holding tanks
as needed. If necessary, the degree of inversion
of the liquor in each tank can be determined by
the operator from time to time by any suitable
means such as a saccharimeter provided with an
observation tube connected by suitable pipes to
each tank and arranged so that liquor from each
tank can be pumped successively through this
observation tube for frequent determination of
the degree of inversion in the tanks.

We have also found that the cation exchange
material can be utilized advantageously in g fully
continuous process by varying the composition of
the sugar liquor passed through the cation ex-
change bed as each cycle of operation progresses.
In the curve shown in Figure 2, the proportion of
sucrose converted to invert sugar by the cation
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exchange material remains fairly constant at a
high level for roughly two-thirds of the cycle, or
until the point X on the curve is reached. There-
after in the cycle as more liquor is passed through
the bed, the effluent shows a gradually decreasing
amount of invert sugar with a corresponding in-
crease in pH, and gradually increasing amounts
of metallic cations until the point Z on the curve
is reached when the cation exchange material
becomes exhausted for all practical purposes and
no longer produces any appreciable inversion of
sucrose or removal of minerals.

Another embodiment of our process, therefore,
is to utilize the entire cycle which may be accom-
plished by running the carbon decolorized hot
sugar liquor through a cation exchange unit until
the point X is reached. At this stage the influent
or raw liquor is mixed or blended before enter-
ing the exchangers with a quantity of pre-in-
verted syrup having a substantially higher pro-
portion of invert sugar than is needed in the final
product. For example, 2 parts of the raw liquor
may at this point be mixed or blended with 1
part of a syrup containing 90% invert sugar and
the mixture passed through the exchanger until
the point Y on the curve is reached when the
proportion of pre-inverted syrup is increased to
say 50%. The exact proportions for blending will
depend obviously on a number of factors such as
the temperature of treatment, flow rate used,
composition of the pre-inverted syrup, and com-
position desired in the finished syrup. The per-
centages of invert sugar and ash referred fto
herein are calculated, in all cases, on the basis
of the solids content of the sugar liquor or syrup
mentioned. ’

The pre-inverted syrup may be prepared sepa-
rately in any desired manner as by a conventional
treatment with acid or it may be some of the
first run of liquor from the cation exchanger
that is drawn off and held at an elevated tem-
perature to increase the amount of inversion.

In this procedure also, the liquor from the cat-
ion exchanger or exchangers is passed im-
mediately through the anion exchanger without
any holding period and after such intermediate
cooling as may be necessary to avoid injury to the
anion exchange material. Thus, the full capacity
of the cation exchange material is utilized in spite
of the drop in its catalytic effect to invert sucrose
near the end of each run, and the entire treat-
‘ment is carried out on a fully continuous basis.

In either of the foregoing procedures, the eflu-
ent from the cation exchanger will be substan-
tially mineral free up to about the point X on
the curve shown in Figure 2 and for the bal-
ance of each cycle will begin to show increasing
amounts of unconverted mineral salts. If de-
sired, the ligquor processed during the first part
of each cation exchange cycle can be maintained
and handled separately from the liguor processed
during the latter part of each cycle, and the two
products sold as different grades of invert syrup.

The best mode of operation, however, is to use
two or more cation exchange units which may be
connected in series so that the raw liquor is passed
successively through at least two separate units.
By using suitable piping connections, the ex-
change units may be operated with either one
first in the series, or with either one cut out of
the cireuit for regeneration.

With two or more freshly regenerated cation
exchangers connected in series, the first bed or
unit would be doing most or all of the inverting
of sucrose and conversion of salts to acids dur-
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ing the first part of the liquor run. When the
first bed or unit becomes partially exhausted, the
“breakthrough” point would be reached as evi-
denced by the presence in the effluent from the
first bed of traces of unconverted mineral salts.
The first bed would still be capable of doing use-
ful work, however, so that the flow of liquor
would be continued beyond this breakthrough
point of the first bed for a suitable time, for ex-
ample as long as the exchange material con-
tinues to convert to acids a substantial propor-
tion such as 30-50% of the mineral salts in the
raw syrup. Of course, during this phase of oper-
ation any subsequent cation exchange unit in the
series would produce additional inversion of su-
crose and remove any minerals left in the syrup
by the partially exhausted unit.

At some such point, however, the first unit
would be cut out of the sugar ligquor line and be
regenerated while the flow of raw liquor is con-
tinued to the subsequent exchange unit or units
in the series. The freshly regenerated unit would
then be connected back in the liquor line as the
last unit in the series. Such a procedure can be
followed with only two cation exchange units al-
though it will be apparent to those skilled in the
art that it would provide a greater factor of safe-
ty to use three or more such units in such a series.
If a large enough number of cation exchange
units are used in series so that at least one unit
is always operating in the first portion of the
cycle as shown by the curve in Fig. 2, it is pos-
sible to produce an invert syrup that has a fairly
constant and sufficiently high proportion of in-
vert sugar. In this manner a top grade invert
syrup can be produced by a wholly continuous
process utilizing most of the capacity of the ca-
tion exchange material during each eycle, or in
other words reducing the frequency and number
of regenerations.

If only one or two cation exchangers are used
in series, it may be desirabie to increase and con-
trol the proportion of invert sugar in the finished
syrup by either the holding tank or pre-invert
blending procedures described in connection with
Figs. 1 and 3. In fact, by using holding tanks be-
tween the cation and anion exchange treatments
and also adding pre-inverted syrup to the raw
sugar liguor geing into the cation exchanger,
greater fiexibility is obtained in the control of
the proportion of invert sugar in the finished
syrup.

It is also desirable to employ two or more anion
exchange units and to operate them in series on
the same principle.

In any of the foregoing procedures, the efluent
syrup from the anion exchanger is preferably ad-
justed in pH, passed through a polishing press
znd then evaporated to the desired high concen-
iration before being pumped to storage..

The liguor passing through the anion exchang-
er may be at a temperature of the order of 110°
F. and does not have to be reheated but may be
passed through a filter, such as a polishing press,
and then concentrated in a vacuum evaporator,
if necessary, without any further heating.

The density of the sugar liquor thus treated is
not particularly critical although the higher it is,
the less work will have to be done at the last stage
in the evaporator. On the other hand, the liquor
is more easily pracessed in the ion exchangers if
i{ is not too concentrated. As a compromise, a
sugar liguor having a demsity of about 60° Brix
has been found suitable for treatment by the pro-
cedures of this invention.
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It is desirable to "adjust the pH of the syrup
prompfly after it comes from the anion exchanger
in order to improve its stability. The first portion
of the effluent from the anion exchanger, particu-
larly if that material is regenerated with a solu-
tion of caustic soda, or a similar strongly alkaline
reagent, is apt to be distinctly alkaline. If the
syrup is left in this condition, the levulose in the
syrup is-affected adversely. Subsequent portions
of the anion exchange efffuent have a lower pH
and may be blended with the first portion if this
can be done without tco much delay and produces
a sufficiently low pH in the blend. Otherwise, it
is desirable to stabilize the syrup by adding a
small amount of acid, such as hydrochloric acid,
to reduce the pH to 6.5 or less. A pH of about 3
to 6 is satisfactory. This may be done while the
syrup is in the receiving tank referred to in the
flow diagrams in Figures 1 and 3. If thé finished

syrup is not made acid enough, the levulose is not

properly stabilized, and the color of the finished
syrup is affected adversely if such a pH adjust-
ment is not made. On the other hand, an invert
syrup of the purity obtained by the procedure of
our invention even with its pH lowered to 4 to 5
is a substantially unbuffered system and may be
handled and stored in iron equipment without ad-
verse effects.

By this procedure, an invert syrup containing at
least about 60% solids and 30 to 75% of the sugars
present as invert sugar can be prepared with much
less color and ash than has been commercially
possible heretefore. The ash content may easily
be held down to a maximum of 0.08% of the total
solids in the syrup and preferably does not exceed
0.06% of the total solids. ’

The color, as determined on a standard scale
which is referred to herein as the “caramel scale,”
may be easily held down to a maximum of 0.6,
and preferably does not exceed 0.4. This color
of the syrup is determined by comparing a sam-
ple iIn a 2 oz French, square cross section
(1%’ % 1%’ outside dimensions) water sample
bottle made of colorless glass, with 3 set of color
standards ranging in value from 0.1 to 10 or
higher. These standards are prepared as follows:
The basic or number 10 standard is prepared by
making up a caramel solution of such strength
that 10 ml. of solution diluted with distilled water
to 160 ml. matches the combined 30 yellow and
6.2 red color glasses of the well known Lovibond
scale when superimposed on each other and held
against a water sample bottle containing distilled
water. The other standards from 0.1 up to 10 are.
then made up by diluting smaller amounts of the
same caramel solution to 100 ml. with distilled
water. Thus, the 0.4 color standard contains 0.4
ml of the caramel solution diluted to 100 ml., the
#1 standard contains 1 ml. of the caramel solu~
tion, etc. The color of a liguid determined on this
scale is calculated on the basis of solids content,

By way of example, it has been found that the
process of this invention makes it possible to pro-
duce on a commercial scale an invert syrup con-
taining about 76 % solids with around 509 invert
sugar based on total solids that consistently has
a color on the above scale of not more than 0.2
or 0.3 and an ash content of 0.002% or in any
event less than 0.01% of the total solids in the
syrup.

It has been found that various cation exchange
materials, as long as they are organic in nature
and capable of heing regenerated with acid, can .
be used in the cation exchanger. It is also desir-
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able, of course, to employ a cation exchange mate-
rial that is not deteriorated by or sensitive to the
elevated temperatures of the liquor passing
through the cation exchanger.

. Various anion exchange materials may also be
used. While suich materials have been referred to
as ahion exchange materials, it is not clear
whether they operate by producing a true ex-
change of hydroxyl ions for the ions of the acids
in the liquor, or whether they operate by ahsorb-
ing the entire acid molecules from the liquor. In
either case, however, the net result is the removal
of free acids from the sugar solution of liquor.

It has been found that it is most important to
carry out the ion exchange treatment after the
sugar liquor has been clarified and decolorized
with bone char and/or vegetable carbon, or equiv-
alent decolorizing material, if a stable clear wa-
ter-white syrup of the besi guality is to be ob-
tained. An ion exchange demineralizing and in-
version process applied to sugar liquor before the
color is reinoved with the carbon produces a much
darker syrup. By the treatment of a “decolor-
ized” or ‘“‘carbon decolorized” sugar liquor is
meant o liquor which has had its color reduced
to the order of 0.8 to 1 on the caramel scale be-
fore the liquor is subjected to the ion exchange
freatment,

Also, a particular advantage of the process of
this invention is that the inversion takes place
while the syrup is practically free from cations.
When inversion is carried out in the presence of
substantial quantities of minerals, for example,
around 300 P. P. M. of incrganic salts, enough

color is produced in the finished syrup to be very 3

noticeable. Also, of course, the anion exchange
treatment avoids the necessity of adding alkali to
neutralize some of the acid used in the conven-
tional method of producing an invert syrup. The

addition of substantial amounts of such alkali in

the usual process has the effect of increasing color
in the syrup, apparently due to scme type of in-
dicator action and decomposition of levulose at
high pH. By the process of our invention the
sugar solution is not held at elevated tempera-
tures for any substantial period of time after in-
version which also is important in avoiding de-
velopment of color.

By the foregoing procedures, not only is a sub-
stantially mineral free syrup produced, but the
relative proportions of sucrose and invert sugars
can be controlled at will and maintained constant
within reasonable limits. In addition, such a
syrup can be produced which for the first time is
water-white, or free of objectionable color, and
is stable under ordinary conditions of storage
and handling,

The terms and expressions which have been
employed herein are used as terms of description
and not of limitation and there is no intention
in the use of such terms and expressions of ex-
cluding any equivalents of the features shown
and described or portions thereof, but it is rec-
ognized that various modifications are possible
within the scope of invention claimed.

We claim:

1. A process of preparing a clear substantially
water-white demineralized syrup containing su-
crose and invert sugar which comprises subject-
ing a high density sugar liguor to clarification
and carbon decolorizing, thereafter passing such
liquor at an elevated temperature through an
acid regenerated cation exchanger to convert
~ salts therein to acids and to invert sucrose, cool-

ing the liquor thus obtained, and passing the
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: 8
cooled liquid thrcugh an anion exchanger to
remove free acids.

2." A process of preparing a clear substantially
water-white demineralized syrup containing su-
crose and invert sugar which comprises subject~
ing a high density sugar liquor to clarification
and carbon decolorizing, thereafter passing such
liquor at an elevated temperature through an
acid regenerated cation exchanger to convert
salts therein to acids and to invert sucrose, cool-
ing the liquor thus obtained, passing the cooled
liquor through an anion exchanger to remove
free acids, and adjusting the pH of the treated
syrup to the range of about 3 to 6.5.

3. A process of preparing a clear substantially
water-white demineralized syrup containing su-
crose and invert sugar which comprises subject-
ing a clarified, carbon decolorized high density
sucrose liquor to treatment at an elevated tem-
perature with an acid regenerated cation ex-
change material to convert mineral salts in the
liquor to their corresponding acids, holding the
effluent liquor thus obtained at an elevated tem-
perature until the desired proportion of sucrose
has been converted to invert sugar, then cooling
the liquor and immediately treating it with an
anion exchange material to remove free acids
therefrom.

4, A process of preparing s clear substantially
water-white demineralized syrup containing su-
crose and invert sugar which comprises flowing
a clarified carbon decolorized sucrose liquor at
an elevated temperature through a series of beds
of cation exchange material charged with ex-
changeable hydrogen, collecting the liquor thus
treated in a container, holding the liquor in the
container at an elevated temperature until the
desired proportion of sucrose has been converted
to invert sugar, and then flowing the liquor from
said container through a bed of anion exchange
material to remove free acids therefrom.

5. A process as defined in claim 3 in which the
liquor after treatment with the anion exchange
material is adjusted to a pH of about 4 to about 6.

6. A process as defined in claim 4 in which
the liquor after treatment by the anion exchange
material is adjusted to a pH between about 4
and about 6.5.

7. A process of preparing a clear substantially
water-white demineralized syrup containing su-
crose and invert sugar which comprises passing
a hot clarified, carbon decolorized sucrose liquor
through a bed of acid regenerated cation ex-
change material, blending with the raw liquor to
be thus passed a quantity of pre-inverted syrup
when the exchange material becomes partly ex-
hausted, cooling the effluent from the cation
exchange bed, and passing said effluent through
a bed of anion exchange material.

8. A process of preparing a water-white syrup
containing sucrose, dextrose and levulose which
comprises flowing a heated high density carbon
decolorized sugar liquor through a bed of acid
regenerated cation exchange material until the
effluent shows a substantial drop in invert sugar
contenf, then blending with the liquor to be
flowed therethrough an appropriate quantity of
pre-inverted syrup containing a high proportion
of invert sugar to produce an efluent of the de-
sired invert sugar content, holding the efluent
from the cation exchange bed to further adjust
the proportion of invert sugar, and passing said
cation exchange bed effluent through an anion
exchanger to remove free acids.

9. A process of preparing an invert sugar syrup
which comprises subjecting a high density melt
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of raw sugar to defecation, clarification and de-
colorizing with carbon, flowing the sugar liquor
‘thus obtained through an acid regérierated cation
exchange unit to convert salts in- the liquor to
their corresponding acids and to invert a portion
of the sucrose in the liguor, adjusting the propor-
tion of invert sugars in the effluent from said
units as the flow proceeds in order to maintain
the ultimate proportion substantially constant,
and flowing the invert sugar liquor thus obtained
through an anion exchange unit.
MARY F. HUGHES
MEDFORD 'A. McCALIP.
HOWARD S::PAINE.
NORMAN ROSENBERG.
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