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The invention relates to a method of producing
ethers, esters and mixed ether-esters of carbo-
hydrates, more particularly of starch in a dry
form which are soluble in cold as well as in hot
water.

There are already known several methods of
producing alkyl ethers of starch. In general they
are obtained by treating an aqueous suspension
or paste of the starch with the alkylating agent,
e. g. an alkyl sulphate, in the presence of a sub-
stance having an alkaline reaction. According
to these methods the ethers are generally obtained
in the form of colloidal solutions or pastes which
can be used as adhesives. The production of the
solid ethers in a dry condition from these reac-
tion products is known llkewise; for this purpose,
however, comparatively laborlous and expensive
treatments were necessary, such as e. g, precipita-
tion with alcohol, separation by dialysis or sep-
aration by adding inorganic salts with subsequent
filtering, washing and drying. The products thus
obtained were readily soluble in cold water, but
only slightly soluble in hot water. Up to the
present the sald starch ethers have been but little
used for technical purposes, which 1s partly due
to the lahorious methods of producing the same.

The production of ethers of other carbohy-
drates and of esters of carbohydrates is also
known. Up to the present, however, they have
also proved to be of small importance in actual
practice.

The present Invention relates to a method
which renders it possible to produce in a very
simple and economical manner from starch and
other carbohydrates which may be made into a
solution or paste by stirring them with a small
proportion of water, ethers, esters and mixed
ether-esters in the form of dry flakes or powders
which are readily soluble in cold and/or hot
water. This method consists in that a mixture
of the carbohydrate with a limlted quantity of
water either after the etherification or esterifica-
tion or in any desired stage of the sald processes,
is suddenly heated for a short time to a high tem-
perature and pressed out or spread out to form
their layers which are simultaneously dried. If
gelatinizable carbohydrates are used as a starting
material the reaction mixture 1s preferably heat-
ed to a temperature above the gelatinizing tem-
perature.

The invention is chiefly Important for the pro-
duetion of valuable products from starch or starch
containing materials and starch derlvatives, but
it may also serve for the production of ethers and
esters from other polysaccharides which likewlzse
will produce viscous, sticky soluttons bath in cold
and hot water.

The inventlon will now be described with re-
gard to the production of starch ethers.

According to an embodiment of the invention
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the starch is first mixed with a small proportion
of water (. e. the proportion usual for the pro-
duction of cold swelling starch) and with the
chemicals required for etherification and, prei-
erably after the etherification process has pro-
ceeded to a smaller or larger extent, subjected to
the heating process described above.

This process may be carried out by stirring the
starch e. g. with from %%-2 parts by weight of
water and subsequently adding the quantity of the
alkaline substance required for the reaction. As
such e. g. alkali hydrates, salts having an alka-
line reaction, ammonia or organic bases may he
used. The addition of the said alkaline suyb-
stances is necessary in most cases for effecting
the reaction with the etherifying agent.

The etherifying agent e. g. a dialkyl sulphate
is now added, while stirring to the said mixture.
In order to accelerate the reaction, the reaction
mixture may be heated, but since the reaction is
exothermic, this generally will not be necessary
and in some ceses cooling s even advisable, in
order to retard the reaction.

The mixture is now suddenly heated during a
short time to a high temperature and pressed or
spread out to form thin layers which are simul-
taneously drled. This operation which is well
known from the manufacture processes of cold
swelling starch of which it forms an essential
part is preferably carrled out by applying the
mixture to rotating cyllnders heated to a tem-
perature of 100° C or above, which are posi-
tioned so that the mass is pressed into a thin
layer. The starch will thereby be gelatinized in
so far gelatinizing has not yet been effected by
the alkali during the pre-treatment, and simul-
taneously dried, so that the material leaving the
cylinders will consist of thin sheets or chips
which may be ground, if desired.

Before the mass 1s submitted to this treatment,
a more or less advanced etherification of the
starch has already taken place; preferably oper-
atlons are carried out in such a way that the re-
actlon will be accomplished for three quarters or
more before the material 15 heated and dried on
the cylinder.

During this latter treatment the etherification
process will proceed, particularly because of the
fact that owlng to the evaporation of the water
the concentration of the unreacted part of each
component will Increase very gquickly, whereby
the reaction will be considerably accelerated. Tt
has accordingly been found that the etherifica-
tlon process is completed within a short time and
that In a few minutes a dry product of the de-
sired degree of etherification is obtained. The
method according to the invention therefore ren-
ders it possible to utilize the etherifying agent as
completely as possible in a very simple and ex-
pensive way,
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Instead of Immediately adding the entire
quantity of alkaline substance to the starch-
water mixture, it is also possible to add the same
entirely or partly together with the etherifying
agent. It Is also possible first to mix the starch
with the water and the etherifylng agent and
subsequently to add the required quantity of the
alkaline substance.

The etherifying agent may be diluted, if de-
sired, with a solvent; this solvent, however, must
not have too high a boiling point, as It will have

to evaporate again during the treatment on the

cylinders.

According to another embodiment of the in-
vention the etherifying agent is made to react
with the starch, after the same has been sub-
mitted to the above mentioned heating process.
This is done preferably by mixing the starch
with a small proportion of water and the alka-
line substance, Subjecting this mixture to the
heating treatment In question and subsequently
treating the dry product thus obtalned with an
etherifying agent elther or not diluted wih an
organic solvent, During this treatment the re-
actlon mixture may be heated or cooled If neces-
sary.

This method is particularly sultable for being
applied in cases In which the etherifying agent
is Insoluble in water, or decomposes in the pres-

ence of water or for other reasons cannot be

added to the aqueous solution of the starch prior
to the drying treatment. It {s advantageous in
that case to dissolve the etherlfying agent in an
organic solvent and to cause the dry mass ob-
tained by the heating treatment to react with
this solution. If desired the solvent remalning in
the dry mass after the mechanical removal of
the excess solvent may be recovered by evapo-
ration and condensation,

The best known and chiefly used etherifying
agents are the esters of the corresponding alco-
hols e.g. with aclds such as sulphuric acid, In
the etherifying process thls acid will be partly or
entlrely liberated and for this reason it is gen-
erally necessary to add alkaline substances which
combine with the acid., It is, however, also pos-
slble to employ etherifying agents which do not
produce acids, such as the epoxy alkanes. Never-
theless 1t will be advantageous in this case also to
add alkaline substances as they will act as cata-
lysts. After the reactlon has been completed,
the alkaline substance may be partly or com-
pletely neutralized.

The alkyl groups which may be combined with

the starch by the etherifying process may be of

a varying character and they may contaln vari-
ous substituents, e.g. one or more hydroxyl
groups, mercapto groups, rhodanide groups, halo-
gen atoms, amino or substituted amino groups,
carboxyl groups or arylcarboxyl groups or alkall
salts respectively, alkaiine earth salts or other
salts or functional derivatives thereof, such as
amides and substliuted amides, suiphonic acid
groups or aryl sulphonic acld groups, or salts or
functional derivatives thereof and the like.

The alkyl groups furthermore may have
stralght or branched chains which may be inter-
rupted by oxygen, nitrogen or sulphur.

The starch may also be etherlfled with differ-
ent groups. In that case the starch is reacted
with two or more etherifying agents which may
be added elther simultanecusly or successively
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and in any desired sequence, elther In immediate
successlon or at given intervals. Examples of
such mixed starch ethers are the methyl-ethyl
ether and the methyl-hydroxy.2 ethyl ether.

The invention has been described above for the
production of starch ethers, but the esters may
also be prepared in & similar manner, e.g. by mix-
ing the starch with a small proportion of water
and an alkallne substance, subsequently adding
an acid chloride and after the reaction has pro-
ceeded for a considerable part, heating the mix-
ture on cylinders in the manner described above.

The esters may be derived from polybasic In-
organic acids and from monho- or polybasic or-
ganlc acids, which may belong to aliphatic or the
aromatle serles. These acids also may contain
one or more of the above mentioned substituents.

Furthermore it is also possible to produce
mixed ether-esters by treating the starch both
with etherifying and esterifying agents. If the
addition of the esterifying agent occurs simul-
taneously with or after the addition of the etheri-
fying agent, the esterlfying agent may react with
free hydroxyl groups of the starch as well as
with certain groups, e.g. hydroxyl or amino
groups present in the etherifylng agent either
before or after esterification, or with both.

Similar derivatives as described sbove In con-
nection with starch may also be produced from
starch products as soluble starch, dextrine and
ihe like, and from other carbohydrates, such as
inuline, sugars, different kinds of gums, such as
gumn arabic, and the like, in so far as they can
be made Into a sclutlon or paste by stirring the
same with a small proportlon of water, and the
products thus obialned are likewise soluble in
cold and/or hot water. By a small proportion
of water I mean the proportion generally used
in the manufacture of cold swelllng starch. Of
course mixtures of different carbohydrates may
also be used as starting matertals.

The methods of production descrlbed asbove are
extremely simple, practical and far less laborious
than the methods used up to the present, which
renders the final products less expensive.

When compared with the usual starch prod-
ucts used for technical purposes e.g. the well
known soluble starches, cold swelling starches,
dextrines and the llke, the starch ethers and
esters according to the invention have different
properties, which makes that they have special
advantages for varlous purposes. Depending on
the nature and/or the quantity of the etherify-
ing or the esterifying agent used per unit of
glucose, one obtaing products which dissolved
in water to a colloldal solution will show a great
variety In regard to viscosity., The said viscous
colioidal solutions are characterized by a gum-
like character and s great and lasting transpar-
ency; they do not show retrogradation phenomena
and In many cases will possess a better solubility
and a strong adheglve power.

They furthermore have the advantage that
they are not substantially attacked by micro-or-
ganisms, so that practically no preservations need
be added to the adheslves produced from the said
ethers and esters. Moreover the starch prod-
ucts thus produced will practically form no lumps
when dissolved in cold water, a drawback which
as Is known, is generally Inherent to cold swell-
ing starch products.
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