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In addition to the existing methods to purlfy
sugar containing liquids, e. g. sugar juices, where-
by frequently lime, whether or not used In ex-
cess, 1s applied, which lilme s later on preecipi-
tated and removed with the aid of carbonic or
sulphurous acld, of late also other fleatlon
agenis lke Infusorial earth, activated carbon,
colloidal humic substances, etc. are applled.

However, the ideal of a good purificatlon, viz,
the removal of practically all non-sugar sub-
stances, llke Inorganic and organic salts ete.,
even has not yét been approached.

In the cane apd beet sugar industry after an
Intensive purification, the julce still contains on
100 parts of sbftd matter besides 90-93% of sac-
charose, 7-10% of the go-called non-sugars. It
needs no explanation how harmful this s, be-
cause! a. The lquid can only be freed from
sugar by repeated crystalllzation ». Finally a
aum liquid, blackstrap, Is left, which still con-
talfi§-about 50% of sugar, which will not crys-
tallt®e out, because the non-sugars hinder this
and which fhus remains in this blackstrap and

gets 164t for consumption, at least i3 only of value

asg forage or for manufacturing elcohol.

Now, according to  my Invention, the sugar
containing Jiquid is wholly or partially freed from
non-sugafy*by bringing the lquid successively
Into cofitact with substances of contrary polar
bindl

acting §ubstances (anions) and the substances

with négative electric load on the one glde are

removed by the positive polar substa.nces and
the basic reacting substances (catlon.s) and the
substances with positive electric load onr the other
by the negative polar substance. The substarces
having polar hinding and adsorptive power,
which are applied according to my Invention, are
under the clréeumstances of thelr application
practically Insoluble and also form practically
insoluble components. They are of micellar
structure. Certaln equilibriumé occur at the
binding or adsorption, which: ghey generally
known principles and hqve frequaptly been the
subject of sclentific study.

Not only substances havi
load are isolated In this v
stances having not a notie
amphoter character.
method besides the electrol¥tes, also the non-
eleetrolytes can be removet--from the sugar so-

bix# also the sub-
¢ load or belng of

vand adsorptive power. Thus the acld re-
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lution to a rather large extent as will be shown -

by the examples.
From the-electrolytes not only the l.tnngl.v dis-

soclated ones are removed, but.es ml her
easlly the weakly dissoclated, o fds or
substances the acid character “¥hieh may

hardly be observed or Ig avaflable in latent;éon-
ditjon. .
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This is especlally evident, if blackatra#ﬁ stib-
jected to the treatment, in which Hquid, as is
known, all nhon-sugarsg are accumulated, so that
the ¢ontents amount to 30-40% of the solid
welght. In fact strong alkalls otclur In same,
about 15% .8f KiO-of the non-sugar welght,
2% % of WaeO and still some percents of thé-
weaker Inorganic bases and also 1%-2% of strong’
organid aclds, but about 75% consist of Wéhk’

. organic acids and non electrolytical orgdnﬁﬁﬂ"at’-

ter, esters, albumines, etc. By the new methed -
all these substances can be removed for-the
greater part in a simple way, which will appear
from the examples. The most striking featire

. hereby is, that the organlc acids or bases and

non-electrolytes can be removed as well as or
even better than the strong dissoclated organtc
substances, having a very large affinity to the
polar adsorbents, It might be expected that in’
presence of these strong dissoclated momnic
substances they could not be removed practicaiy,
but this s still possible, whereag the capitotty’
of the material for eliminating the strong dissoc-"
ated inorganic substances 1s only very littlé in-
fluenced by them. The elimination of thege sub-
stances must thus probably be of a complitated’
nature, double binding and condensation phe-
nomenons certainly oceur. -

Some investigators consider this phenomenon
as & normal chemical binding, but In any case it
must then be taken for granted, that thé-fesc-
tioh is very reversible, which e. g. is showri by’
the fact, that anlons are much more strongly
adsorbed from a very strong acid milleu.

Other Investigators wish to see in the bindlng
of the substances by the products, which are dap-
plled according to the present invention, a nor-
mal adsorption and declare the lon-exchange
to be a result of the slight solubflity, whith also
practically insoluble substances pdssesss, whete-
as the large exchange capacity of some materials
1s a result of thelr micellar structure. It 15 a-
matter of fact, that the binding phenomehons
sometimes may be declared much more éaslly by

3 chemical binding, sometimes by physical adsorp-

tion. However, it is Important, that one s prac-
tically able to remove the desired impurities from
the sugar-solutions, provided this can take place
under the right clrcurtistances.

In order to demonstrateé this with an example
according to the new working method 1t would
practically not be posalble to remove the salt from
seawater, viz. because ‘by percolatlon over the
negative polar adsorbent, the slightest catlon-
binding would cause such low a pH, that further
binding becomes only possible, after the acid-has
been removed. Thus a very large number of
cycles must be applied, which practically is im-
possible, whereas furthermore for the regeneéra-
tion of the substances with polar binding bower
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more leaching water is needed than the process
yields. When, however, purifylng a sugar solu-
tion, the salt can be removed for the greater
part in one single cycle, because when binding
cations a low pH only occurs after a very large
removal, viz. the freed organic acids do not cause
a strong decrease of pH. It also 18 of ne Im-
portance how much leaching water is required
for the regeneration. The cost of same is mini-
mal with regard to the one of the sugar solution.

With reegard to the foregolng 1t is also prac-
tically possible to free the strongly acidified sugar
solutions, e. g. those, which are obtalned by the
conversion of flour, from acid by a treatment
with the positive polar substances. The treat-
ment with the negative polar substance then
needs only take place to a very small extent.

When proceeding according to my invention,
the decolouration especially when applying the
positive polar adsorbent, i3 encrmous and larger
than may be obtained with any known decolour-
izing agent. Also ns a result of this, the inven-
tion gets teehnically very importabt, beecause
there are no decolourizing agents, which are ahle
to remove similar substances.

There are many substances known which have
polar binding power, which under the required
circumstances are practically insoluble and may
be applled when working according to my new
method.

From the inorganjc substances the zeolithes,
which can bind cations, are known, However,
owing to their large solubllity, especially at a low-
er pH, they are unsuitable. As negative polar
adsorbents, however, such materials, as are obh-
tained by the reaction of sulphuric acid and
equvalent dehydrating agents on carbonaceous
material, ¢. g. coal, are excellently suitable,

These materlals resist & treatment with the
strongest chemlicals. For the elimination of acid-
radicals, various metal-oxide-gels are known,
e. g. iron-oxide-gels and gels of copper-oxide,
manganese-oxide, chrome-oxide, aluminium-
oxide etc. Frequently these gels are precipitated
on bearers. Natural bauxite, which contains
much Iron-oxlde, is also often sultable. The suit-
ability frequently lles between a cerfain pH-
range, for fresh aluminium-oxide-gel e. g be-
tween 4.8 and 8. By drylng the material, this
range can be increased. However, it Is a matter
of fact that the application of this kind of sub-
stances does not lead to practical results as per
the present invention.

As positive polar substances further gince years
ago many of the so ealled bases of Schiff are
known and other Insoluble resinous condensation
pbroducts or dye stuffs of alkaline character, pro-
vided they meet the requirements of practical in-
soluhility when used In my process,

Ralkow found already in 1896 (Berichte 1896)
that a condensation product from formalin and
anilin has a baslc character, is practically insclu-
ble and alse forms insoluble salts. This refers
to all condensation products from aldehydes and
cyclic compounds with amin-groups or imin-
groups, If eondensation takes place in the right
way, Like the shove- and hereunder mentioned
resins, they have a mlicellar structure.

A very cheap posilive substance, however
mostly less active,‘is the reaction product of sul-
phuric acid and the like on carbonaceous mate-
rial, sawdust etc., which product is a kind of
humic acld and in which ammonia has been in-
corporated.

As & negative polar substance at present also
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synthetical resins on phenol basis are known and
also some practically insoluble organic aclds.
For binding acid radicals, various natural nitrog-
enous organle products, wool etc. are known.
Technically their importance is little.

However, applicant has found that many cf
these synthetical resins are of amphoter char-
acter. Thus a resin being negatively polar, also
under the right circumstances may act as posi-
tive polar adsorbent and thig reversion frequent-
1y also takes place with positlve polar substances.
To a still larger extent, this refers to the sub-
stances with a weak electric load, or if they them-
selves are of amphoter character.

The process may be applied in various stages
of the treatment of sugar extracts. Sometlmes
it is advisahle to apply the process immediately
after the extraction, in order to aveld other ex-
pensive purification methods in the sugar in-
dustry, as a large cxcess of lime, which is later
precipitated with carbonie acid or sulphurous
acld,

It is known, that by thig lime treatment many
valuable substances are destroyed, vitamines ete.
According to the new process one is able to sep-
arate these, However, when treating raw ma-
terials of inferior quality, the binding capaeity
of the polar adsorbents is influenced unfavour-
ably,

Technically it is of importance that hlack-
strap, being a waste product as has already been
explained above, may be gathered from different
factories and can be subjected to the new process.
As a result thereof one succeeds in crystallizing
the sugar which is present in the blackstrap for
the greater part. It is also possible to sell this
treated backstrap as a syrup for human con-
sumption. This syrup excels in a low non sugar
content and flne aromatic taste, even If the raw
material is the very badly tasting blackstrap of
beet.

It goes without saying that the method is also
very suitable for the treatment of already puri-
fled extracts, whether concentrated or not.

In glucose manufacture a fine result may be
obtalned, if the converted juice Is first treated
with a positive polar substance and theresfter
with a negative polar one.

The application of the working method takes
place in a simple way by percolation of the liquid
over thick layers of the polar substances, which
In this case have to be of granular structure.
However, a treatment with powdery substances,
which are filtered-off afterwards also leads to
proper results, but this way of applicatlon is
more expenslve and requires much labour.

By applying substances of granular structure
one 15 also better able to use the principle of
counter current. The application of this prin-
ciple 1s always of advantage In case of reactions
of equilibrium, with which one hes to do in this
case.

¥or preference the liquid to be treated be first
percolated over the negative polar substance and
As
soon as Important quantities of substances to be
removed break through one of the contact filters,
this filter must be cut out. According te the
principle of counter current, flnally a greater
quantity of Hquid can be treated if ohe does not
apply onie filter of each kind consecutively but
more. Hereby care must be taken that the liguid
by turns passes a filter containing negative poier
contactmass, one cobtaining positive polar con-
tactmass, one containing negative polar contact-~



350,675

mass ete. By turns, a filter, viz. the ohe which
has been into contact with the fresh liquid, must
be prepared for a new purification of the liquid by
treating it with a sultable solution of electrolytes.
Then this filter comes into contact with the l1quid,
which has already passed all the other filters.

The principle of counter current is also applied,
if one uses one filter of each kind, but keeps op-
erating some time after the liquid has broken
through and pumps the Hquid—which has passed
thereafter—over the contactmass again after this
has been regenerated. -

One acts also according to this principle, If one
carries the regenerating-liquid through the con-
tactmass in opposlte direction to the lUquid to be
purifled. Whether the principle of counter-cur-
rent can be applied to advantage, depends on the
price of the chemieals, which are used for the
regeneration and whether the chute in neutraliz-
ing power of the contactmass occurs rapidly or
slowly, that 1s to say whether the breaking
through of the substances to be removed, in-
creases rapidly or slowly. In the latter case a
more or less complete application of the principle
of counter current is of advantage. When mak-
ing use of synthetical resins this s the case to
a large extent, the load becomes much greater,
e. g. In case of higher acidity of the liquid.

In some eases a contactmass, consisting of a

mixture of the negatlve and positive polar sub-

stances may be applied, viz. if the regeneration
of the substances can take place in the same way,
or with chemicals which regenerate one of the

substances without disturbing the capacity of the )

other.

If e. g. sulphuric acld is used as regenerating
agent, such a3 mentioned In Example 2, one can
proceed in this way. BSulphurots acid I3 also very
sultable as a regenerating agent, especlally for
the positive polar substance. The sulphurous
acid applled In excess pushes away the impurities
absorbed and may be driven out of the acid-
binding resin by steaming or heating.

If the substances are Introduced into a liquid,
in which certain ions prevail, these ions are in-
corporated in the substance. As well the removal
of the substances from the liqulds to be treated
as the regeneration of the polar adsorbents Is
based on this principle.

Applicant has found, that when making use of *

gynthetical resins, which bind aclds a. o. polarly,
the loading Is much higher if these acids are
present in a milleu of low pH, Practically this is
the only right method to remove a large quantity
of the aclds from the sugar solutions, at least it
offers blg advantages. Only if this low pH meets
with objections, one may derogate from it. On
that account one will not carry thick julee In
sugar factories over two percolators, but over
varlous ones, which by turns contaln the differ-
ent substances with polar binding power.

The chemicals which can serve for the regen-
eration, principally sulphuric aecid, hydrochloric
acid, soda, caustic soda, lime and sodium chloride,
are cheap, but frequently have to be applled in
a large excess, for which reason the solutions are
often systematically used repeatedly. In sugar
factories, In which one dispeses very often of
strong alcaline condensed water from the evap-
oration plant, this is a cheap regenerating liquid,
egpeclally for the alcaling contactmass.

For the regeneration of the negative polar sub-
stance a treatment with acid iIs best, as applicant
has found. A modiflcation of this working
method 1s the use of sulphurous aeld, which has
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sterilizing capacities and which besides by wash-
ing can also be removed in a simple way by steam-
ing or heating.

Also for the regeneration of the positive polar
substance, this regeneration method with sul-
phurcus ecid is extremely suitable, as applicant
has found. The sulphuric acid can be applled in
excess, because it may be easily recuperated out
of the ligutd by heating and consequently all sub-
stances adsorbed can be driven out of the mass
to be regenerated.

When regenerating the posltive polar substance
according to the present working method, also
a good result may be obtained—If much water Is
avallable—by washing the mass to be regenerated
during a long time. The impurities absorbed are
then carried way. The process can be acceler-
ated if hot water is used.

If an alkall treatment for the regeneration of
the positive polar substance is applied, a dlluted
lime golution is better and cheaper than a solu-
tion of soda or caustic soda. Furthermore a so-
lutlon of lime Is much easler to be removed from
the mass by rinsing.

It may be that In the long run on the polar ad-
sorbents substances accumulate, which are not
removed by the above mentloned regenerating
method. In this case a treatment of the positive
polar substanee with strong solutions of caustic
soda and of strong sulphuric acid, to which even-
tually oxidation agents have been added, is ad-
visable. The hegative polar substance is treated
in the most suitable way with strong sulphurie
acld. Itis also possible to get rid of the strongly
adsorbed organic substances In the blological
way, especlally of the albuminous compounds.
This method has formerly also been suggested
for the regeneration of bone char, but here al-
most the same result could be obtained by glow-
Ing the bone char.

However, the present polar substances cannot
be glown, because they then would lose their ac-
tivity.

At this biological purification of the substances
in question, micro-orgahisms of different nature
play part. These micro-organlsms can also be
cultivated separately; they are present nearly
everywhere in the nature, The cultivation of
these microorganisms and the destruction of the
impurities adsorbed are furthered in a weak acid
milleu and at moderate increased temperature
(30-40° C). It Is also desirable that air can get
admittance, because the fermentation which oc-
curs Is principally of an oxidative nature,

It goes without saying, that, If one wants to
gather the substances accumulated in the con-
tactmass on account of their value, regenerat-
ing liquids of suitable composition and concen-
tration should be applied. Mostly strongly con-
centrated solutions will be applied in order not to
obtain the liquids to be gathered in a too dilute
condition.

An advantage not to be underestimated of the
present method is this, that mostly the lquid
can be filtered over the contactmass in cold con-
ditlon or at moderate temperatures. Decompos-
tng losses of sngars and albumines then do not
accur, whereas still the cololds which hinder fil-
tration are removed and which, when applying
the old methods, could only be made harmless by
a thorough heating and with the ald of chem-
icals. Moreover the substances to be gained with
the contactmasses are not decomposed or coag-
ulated. !
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I give hereunder the following examples:
Egxample 1

Blackstrap of beet with a sugar content of 51%,
water-content 18%, ash content 9.8%, is diluted
to 65 Brix with the aid of a sugar containing lig-
uid to be mentioned later on, the pH=739.

This liquid is treated wth 5% of an active hu-
mus, made of sawdust with the aid of sulphuric
acid, heated to 80° C and filtered, on account of
which the pH decreases to 7 and the Brix to 60.

This liquid 1s successively filtered over a con-
tactmass of a substance, obtained by the reac-
tion of gaseous SO3 on coal at a tempertaure of
about 100° C, and over & contactmass of syn-
thetical resin obtained by the reaction of form-
alin on metaphenylendiamin.

The negative polar contactmass has a size of
grain of 0.25-1 mm. and is stored in an iron con-
tainer, which ls covered with ebonite. This con-
tainer has a net content of 6000 L. and contains
2900 kg of the substance. The positive polar
contactmess has an egual size of grain and is
also stored in an iron container covered with
ebonite with a net content of 7500 L. contalning
2500 kg of the substance. The substances are
put on layers of sand. Both containers are filled
with water up to the surface (level) of the mass;
a suitable overfiow tube takes care that the mass
cannot become dry.

Now over both masses, respectively 2500 L. of
water, which contains 320 kg of HCI, and 3750 L.,
which contains 350 kg of caustic soda, are intro-
duced from the top downward, thereafter respec-
tively 4000 L. and 8000 L. of water.

Then 4000 L. of the dilute blackstrap are car-
ried over the negative polar substance, after-
wards 3000 L, of water and fBnally the regener-
ating llquid and the leaching water.

The lignid running first out of the filter is wa-
ter, only at 3 Brix concentration one gathers sep-
arately, viz. successively:

1000 L. of liquid, concentration 10.2 Brix
1000 L. of liquid, concentration 25.1 Brix
1000 L. of liquid, concentration 40.4 Brix
1000 L. of liquid, concentration 39.2 Brix
1000 L. of liquid, concentration 35.— Brix
1000 L. of liquid, concentration 29.2 Brix
1000 L. of liquid, concentration 22.2 Brix
1000 L. of liquid, concentration 14.1 Brix
1000 L. of liquid, concentration 7.3 Brix

1000 L. of liquid, concentration 4.— Brix

The then following liquid is thrown away.

The sugar solutions collected are carried suc-
cesslvely over the positive polar contactmass,
then 3000 L. of water and finally also the regen-
erating Hquld and the leaching water.

The llquid running first out of the fllter is wa-
ter, only at 3 Brix concentration the liquid Is
gathered viz,

1000 L. of liguid, concentration 5.— Brix

1000 L. of liquid, concentration 10.4 Brix
10090 L. of liquid, concentration 18.9 Brix
1000 L’ of liquid, concentration 25.4 Brix
1000 L. of liquid, concentration 28.3 Brix
1000 L. of liquid, concentration 27.4 Brix
1000 L. of liquid, concentration 25.6 Brix
1000 L. of liquid, concentration 20.0 Brix
1000 L. of liguld, concentration 13.4 Brix
1000 L. of liquld, conceneration 7.6 Brix
1000 L. of liquid, concentration 4.~ Brix
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The then following lquid is thrown away.

The pH of the liguid, which has passed the
negative polar substance, has decreased consider-
ably, to abt. 2.8, that of the llquid, which has
passed the positive polar substance, is normal
agaln and practically neutral. Only the last
running-off sugar solution shows g low pH again.

From the solid matter introduced abt. 87%

passes the negative polar contactmass, abt. 72%
the positive polar contact mass. This last fil-
trate as far as the colour, purity and crystallizing
power are concerned, does not yield to purifted
thick juice,
* The largest removal of colour is to be attrib-
uted to the positive polar substance, after hav-
ing passed this mass the liguid still contains
about 15% of the original coloring matter. The
negative polar contactmass removes only 109 of
the coloring matter.

The dilute first running and running-off of
the filtrates are used for;diluting the original
blackstrap.

In the regenerating liquid of the negative polar
contactmass all potassium be accumulated, also
betaine, in the orie of the positive polar mass all
organic aclds, the valuable glutaminacid e. g. and
other organic matter. ‘These liquids may be
worked on these products.

The positive polar contactmass has often a
tendency to disperse originally and to give off
colour. In this case it 1s desirable to carry the
first running of the positive polar mass over the
negative polar mass, as a result of which this
dispersion 1s separated.

Example 2

The polar adsorbents are mixed or placed in
layers on each other in & container, having a
net contents of 13.000 liters. Through this con-
talner the blackstrap diluted as per Example 1 in
the same quantity is filtered. 'The regeneration
takes place with 600 kilog of sulphuric acid. On
account of this the working method is very much
simplified, although the removal of non-sugars,
particularly of colour takes place to a less ex-
tent. Finally the llquid is strongly acid, owing
to the sulphuric acid, which has to be precipi-
tated with baryt and filtered off. If a negmtive
polar contactmass, proof against lye, is used, re-
geheration with a lye- or soda-solution is also
possible.

Example 3

The regeneration of the positive polar mass
from Example 1, takes place by carrying through
water, in which sulphurous gas is blown.

As soon as the running-off rinsing water is
almost ireed from the impurities rinsed from the
positive polar substance, the mass 1s steamed out.

The free sulphurous acld can be gathered.

Ezample ¢

In Example 3 exclusively hot town water is
used for rinsing purposes till in the running-off
water practically no more impurities occur.
Then the mass is sterilized by steaming out.

Example 5

In Example ¢ water saturated with lime is used
and this is rinsed out with town water, as soon
fs there are practically no more impurities pres-
ent In the running-off liquid.
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Ezxample 6

Over the same apparatus as applied in Ex-
ample 1, unhented diffusion juice obtalned from
beets or press juice from sugar cane, can be car-
ried.

The regeneration takes place In the same way.
From the regenerating liquids pectin-substances
ete. can be gained.

It is desirable to sterilize the filters from time

5

to time e, g. by steam|ng or boiling out with hot
water,
Example 7

As per Example 1 liguorg from refineries can
be tremted, principally in view of decolouration
to replace the hone-char-treatment. The de-
colourizing expenses are much lower.

PIETER SMIT.



