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(57) ABSTRACT 

The present invention relates to evenly substituted polysac 
charide derivatives having the general structure: 

polysaccharide-O—R 

Wherein polysaccharide-O represents a substituted or unsub 
stituted polysaccharide unit and R is a substituent of a 
polysaccharide-OH group having either the structure 

Wherein A is a linear polyether chain having the following 
structure: 

Wherein D denotes a linear aliphatic branched or unbranched 
chain having 2 to 12 C atoms, O represents an oxygen atom 
and n is a number equal to or greater than 1, and 

B represents a substituted carbarnic acid having the structure 

Wherein E denotes a linear or branched aliphatic chain 
having 1 to 18 C atoms. 
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THERMOPLASTIC MATERIAL CONSISTING OF 
ALIPHATIC CARBAMIC ACID DERIVATIVES OF 
POLYSACCHARIDES AND LOW-MOLECULAR 
UREA DERIVATIVES AS WELL AS A PROCESS 
FOR THEIR PREPARATION AND USE OF THE 

SAME 

[0001] The present invention relates to neW materials 
consisting of thermoplastic aliphatic polysaccharide car 
bamic acid derivatives, as Well as of mixtures of such 
derivatives With loW-molecular urea derivatives, the prepa 
ration of such derivatives and mixtures from polysaccha 
rides or polysaccharide derivatives and aliphatic monoiso 
cyanates in a suitable solvent. The materials according to the 
invention, after removal of the solvents. are preferably 
processed as thermoplastic material by injection moulding 
or extrusion. Mouldings, ?bres, ?lms, as Well as foams or 
coatings can be produced. 

[0002] It is knoWn that thermoplastically processable 
materials can be produced from polysaccharides, in particu 
lar from starches or celluloses, by esteri?cation or etheri? 
cation of the free hydroxyl groups in a homogeneous reac 
tion process (cf. Encyclopaedia of Polymer Science and 
Technology Vol. 3, 1985). 

[0003] Thermoplastic materials are also correspondingly 
obtained, for example, according to EP 626 392, by esteri 
?cation of polysaccharide hydroxyalkyl ethers. 

[0004] JP 142938 and Macromolecules 18, 1985, 1746 
1752 describe the reaction of cellulose ethers With acid 
chlorides or With carboxylic anhydrides. 

[0005] J. Appl. Polym. Sci. 52. 1994, 755-761. and J. Env. 
Polym. Degr. 3, 1995, 115-118 describe the preparation of 
thermoplastic cellulose esters from cellulose and long-chain 
unsaturated fatty acids in pyridine/DMF. 

[0006] The thermoplastic processability of polysaccharide 
derivatives is dependent on the average degree of substitu 
tion of the anhydroglucose repeat unit, referred to beloW as 
DS, Which in the case of thermoplastic aliphatic cellulose 
ester derivatives, for example, is at least approximately 2.0. 

[0007] To obtain thermoplastic processability, it is neces 
sary to add further auxiliary substances, especially plasti 
cisers,to these polysaccharide-derivatives Miiller, Ch. 
Leuschke, in Becker/Braun: Kunststoff-Handbuch Vol. 3/1, 
Hanser Verlag, Munich, 1992). 

[0008] Whereas the etheri?cation is usually carried out by 
reacting alkali cellulose With epoxides such as, for example, 
ethylene oxide or propylene oxide, in an inert suspending 
medium, esteri?cations are usually carried out in a solvent 
process using acids as solvents. Here the sWelling process 
also serves to activate the cellulose (Encyclopaedia of 
Polymer Science and Technology Vol. 3, 1985). 

[0009] Comparably, the steady reaction of polysaccha 
rides With substituted isocyanates or substituted isothiocy 
anates likeWise succeeds only in the case of easy accessi 
bility of the cellulose chains in homogeneous solution or in 
solvents having a very strong sWelling effect. 

[0010] Acta Polymerica 32, 1981, 172-176 speci?es that 
dry cellulose does not react satisfactorily With isocyanates in 
the absence of solvents and further catalysts. Reactions in 
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solvents Which are not capable of at least initiating sWelling 
in the cellulose do not produce satisfactory reactions With 
the cellulose (Ang. Chem., 59, 1947, 257-288). 

[0011] B. Polym. J., 18, 1986. 259-262 describes the 
reaction of Wood cellulose With alkyl monoisocyanates. The 
formation of urethane remains limited to the surface of the 
polysaccharide ?bres. 

[0012] DE 2358808 describes the reaction With long-chain 
mono- and diisocyanates, Which is limited to the surface of 
cellulose poWders. 

[0013] L. Disserens, in “Neueste Fortschritte und Ver 
fahren in der chemischen Technologie der Textilfasern”, 
Birkhauser Verlag, Stuttgart, 1957, presents a survey of the 
reactions of textile ?bres With mono- and diisocyanates 
Which are limited to the surface. Long-chain alkyl isocyan 
ates are preferably used here for the purpose of hydrophob 
ing the textile material. GB 467 992 describes the hetero 
geneous reaction With isocyanates of textile ?bres Which 
have been previously reacted With alkylene oxides. In the 
reaction carried out in petroleum spirits, hoWever, no sig 
ni?cant sWelling of the cellulose results. 

[0014] In addition the mechanical properties of paper can 
be in?uenced by the reaction of isocyanates With the cellu 
lose ?bres (Acta Polymerica 32, 1981, 172-176). HoWever, 
for this preferably multifunctional isocyanates, particularly 
preferably diisocyanates, are used, Which are not the subject 
matter of the present invention. 

[0015] Average degrees of conversion of cellulose With 
isocyanates are obtained using solvents and catalysts espe 
cially When the cellulose is in the sWollen condition. This 
can be achieved through the use of a suitable solvent or else 
through the use of a derivative of the cellulose or of a 
polysaccharide together With a suitable solvent. The forma 
tion of the urethane bond can also be brought about here by 
an additional back process (Cell. Chem. Technol. 1, 1967, 
23-32). 
[0016] The sWelling of the cellulose can be achieved by 
initial sWelling in Water and subsequent exchange for a polar 
aprotic solvent. 

[0017] Alternatively, solvents having a strongly sWelling 
or solvent effect on cellulose, such as DMAc, DMSO, 
DMAc/LiCl or DMSO/formaldehyde mixtures, can also be 
used directly (US. Pat. Nos. 4,129,451, 4,129,640, 4,097, 
666). Surveys of solvent systems are published in Nevell and 
Zeronian: Cellulose chemistry and its applications, Wiley, 
NY, 1985, Acta Polym. 36 (1985), 697-698 and Polymer 
NeWs 15, (1990), 170-175. 

[0018] Also described as being good sWelling or dissolv 
ing systems are, for example, morpholine/piperidine mix 
tures (J. Appl. Polym. Sci., 22, (1978), 1243-1253, as Well 
as amine-N-oxides (Acta Polymerica, 39, (1988), 710-714, 
US. Pat. No. 3,508,941) and metal cation/solvent systems 
such as Cu/NH3 or Cd/ethylenediamine (Polymer 31, 
(1990), 348-352). 
[0019] The reaction of phenyl isocyanate With cellulose in 
DMSO/paraformaldehyde mixtures is described in J. Appl. 
Pol. Sci. 27, (1982), 673-685, J. Appl. Pol. Sci. 42, (1991), 
821-827, and in Nevell and Zeronian: Cellulose chemistry 
and its applications, Wiley, NY, 1985. 
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[0020] High degrees of conversion are favoured especially 
by the addition of catalysts, by a reaction period of an 
appropriately chosen length or by elevated temperatures. On 
the other hand, the formation of isocyanurates is catalysed 
by means of amines in DMAc, DMSO or DMF as sWelling 
agents or solvents (Eur. Polym. J., 26 (11), (1990), 1217 
1220). 
[0021] The patents and publications listed beloW describe 
the reaction of soluble cellulose acetate having degrees of 
substitution DS<3.0 With isocyanates. isocyanate prepoly 
mers or isocyanate-functionalised polymers or oligomers in 
homogeneous solution. After the formation of the urethane, 
the acetate groups can be saponi?ed and the urethane 
derivatives of the unsubstituted cellulose can be isolated. 

[0022] J. Macromol. Sci. Chem. A 16 (1981) 473. Polym. 
Prepr. Am. Chem. Soc. Div. Poly. Chem. 20 (1979) 574, J. 
Poly. Sci. Polym. Lett. ed. 111 (12) (1973) 731-735, Mac 
romol. Synth. 7, 101-105, Polymer 21 (1980) 648-650, 
Polym. Prepr. Am. Chem. Soc. Div. Poly. Chem. 3 (1990) 
642, US. Pat. No. 3,950,28. 

[0023] Thermoplastically processable aliphatic carbam 
ates starting from polysaccharides or polysaccharide 
hvdroxyalkyl ethers are not knoWn. 

[0024] The object of this invention is to identify reaction 
conditions for the reaction of polysaccharide derivatives. 
preferably those from reneWable raW materials and deriva 
tives of these, With isocyanates, such that average to high 
degrees of conversion are obtained. For this Was required in 
particular a reaction under homogeneous conditions, that is. 
a solution of the polysaccharide derivative in the solvent, 
and at least a solvent having a very strong sWelling effect. 

[0025] Surprisingly, it has noW been found that cellulose 
derivatives, and particularly preferably cellulose alkyl ethers 
Which are not soluble or highly sWellable in the solvents 
used according to the invention, pass into solution or begin 
to sWell strongly during the reaction With alkyl monoisocy 
anates and consequently lead to average to high degrees of 
conversion. 

[0026] Examples of polysaccharide components Which 
may be mentioned in particular are hydroxypropyl cellulose 
and hydroxyethyl cellulose. Aprotic polar and nonpolar 
solvents, preferably cyclic ethers or substituted aromatics, 
particularly preferably dioxane and toluene, can be used as 
solvents in the process according to the invention. 

[0027] It has also been found, surprisingly, that the prod 
ucts A of this process according to the invention are ther 
moplastically processable and especially the by-products B 
of the process according to the invention improve the 
thermoplastic processability of the products according to the 
invention. This surprising result of the procedure according 
to the invention could not have been anticipated by the 
person skilled in the art. The person skilled in the art had to 
anticipate that the by-products B Would decompose during 
subsequent thermoplastic processing and form interfering 
gaseous decomposition products. 

[0028] The molar ratio of the components Aand B is given 
by the formula 
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[0029] The molar ratio B/(A+B) is particularly preferably 
at least 0.05 and in particular 0.1 to 0.2. If the limiting value 
of 0.5 in the above formula is exceeded, that is, if the 
proportion of by-product is increased, the product no longer 
possesses mechanical properties Which render possible its 
practical use. 

[0030] The function according to the invention of the 
product B operates only if the melting temperature of B is 
loWer than the processing temperature. 

[0031] The neW compounds correspond to the general 
structure: 

polysaccharide-O—R 

[0032] Wherein polysaccharide-O represents a substituted 
or unsubstituted polysaccharide unit and R is a substituent of 
a polysaccharide-OH group having either the structure 

R=—A—B— 

[0033] or the structure 

R=—B—, 

[0034] Wherein A is a linear polyether chain having the 
folloWing structure: 

[0035] Wherein D denotes a linear aliphatic branched or 
unbranched chain having 2 to 12 C atoms, O represents an 
oxygen atom and n is a number equal to or greater than 1. 

[0036] B represents a substituted carbamic acid having the 
structure 

[0037] Wherein E denotes a linear or branched aliphatic 
chain having 1 to 18 C atoms. 

[0038] The invention accordingly provides thermoplasti 
cally processable urethane derivatives of polysaccharides or 
polysaccharide ethers Which have been reacted With isocy 
anates or blocked isocyanates at average degrees of substi 
tution (referred to the anhydroglucose unit) of DS equal to 
0.3 to 3.0, preferably 0.6 to 2.5. 

[0039] The invention also provides the mixture of the 
polysaccharide urethane derivatives according to the inven 
tion With loW-molecular symmetrical and asymmetrical ali 
phatic urea derivatives, having chain lengths of 1 to 20 
carbon atoms. 

[0040] The invention further provides a process for the 
preparation of such thermoplastic polysaccharide urethanes, 
polysaccharide ether urethanes and mixtures of these With 
loW-molecular urea derivatives, Which is characterised in 
that the polysaccharide or the polysaccharide ether is intro 
duced into a nonsolvent together With a suitable catalyst and 
is then converted by means of an isocyanate into the 
corresponding urethane, the polysaccharide urethanes or 
polysaccharide ether urethanes thus formed and the loW 
molecular urea derivative being soluble in the solvent or 
suspending medium used. The product can be isolated in the 
process according to the invention by a precipitation or by 
an evaporating extrusion. 
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[0041] For the synthesis, a cellulose derivative is re?uxed 
in a suspending medium and, after addition of a catalyst, the 
isocyanate compound is added dropWise. Here it is to be 
regarded as surprising that the isocyanate reacts With the 
polysaccharide or With the polysaccharide ether in a solid 
liquid tWo-phase reaction in standard suspending media. In 
suspending media such as dioxane and toluene the reaction 
products pass into solution during the reaction and can be 
isolated by distillation or precipitation in nonsolvents, for 
example, With Water, acetone, or alkanes. 

[0042] The degree of conversion of the polysaccharide 
derivative can be adjusted Within Wide limits through the 
stoichiometry and the progress of the reaction. In this 
connection a degree of substitution of greater than 0.5 is 
sufficient to provide a thermoplastically processable mate 
rial. At normal pressure and room temperature, polysaccha 
rides and polysaccharide derivatives may contain a small per 
cent by Weight of Water. The secondary reaction of the 
isocyanate compounds With Water leads to the formation of 
by-products. among Which are preferably disubstituted 
ureas. The extent of the formation of by-products is here 
highly dependent on the Water content of the reaction 
solution. These by-products have melting temperatures 
<200° C. and, unless they are removed during the Working 
up of the polysaccharide derivatives, lead to a distinct 
improvement in the thermoplastic processability of the prod 
uct. This outcome is surprising to the person skilled in the art 
and Was not predictable. 

[0043] Industrially available polysaccharide derivatives of 
any molecular Weight are suitable for the synthesis. 

[0044] If polysaccharide ethers and in particular cellulose 
ethers are used. examples of suitable cellulose ethers are 
methyl cellulose. ethyl cellulose or benZyl cellulose having 
average degrees of substitution of less than or equal to 2.5. 
hydroxyethyl cellulose, hydroxypropyl cellulose, dihydrox 
ypropyl cellulose, hydroxybutyl cellulose, methylhydroxy 
ethyl cellulose, methylhydroxypropyl cellulose, methyl-hy 
droxybutyl cellulose, ethylhydroxypropyl cellulose, 
ethylhydroxyethyl cellulose, carboxyalkyl cellulose, sul 
phoalkyl cellulose, cyanoethyl cellulose and mixed ethers 
thereof. 

[0045] Suitable suspending media and solvents are 
ketones such as, for example, methyl ethyl ketone, ethers 
and cyclic ethers such as, for example, dimethoxyethane, 
dimethoxymethane, dimethyl ether, diethylene glycol dim 
ethyl ether. dioxane and tetrahydrofuran, acetals, hydrocar 
bons and polar aprotic compounds such as dimethyl sul 
phoxide, dimethylformamide, dimethylacetamide, 
N-methylmorpholine, N-methylpyrrolidone. trialkyl phos 
phate, ethyl acetate as Well as nonpolar aprotic solvents such 
as toluene. Dioxane and toluene are preferred. 

[0046] Suitable isocyanate compounds are aliphatic linear 
and branched monoisocyanates having saturated or unsat 
urated alkyl chains such as, for example, methyl isocyanate, 
ethyl isocyanate, propyl isocyanate, isopropyl isocyanate, 
butyl isocyanate. pentyl isocyanate, hexyl isocyanate, heptyl 
isocyanate, octyl isocyanate, nonyl isocyanate, decyl isocy 
anate, undecyl isocyanate, dodecyl isocyanate, tetradecyl 
isocyanate. hexadecyl isocyanate, octadecyl isocyanate, the 
corresponding isothiocyanates as Well as any mixtures of the 
above-mentioned monoisocyaniates and isothiocyanates. 
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[0047] Suitable catalysts for the reaction are amines, par 
ticularly sterically hindered tertiary organic amines such as 
trimethylamine, triethylamine, tributylamine, tetramethyl 
ene-diamine, pyridine, N,N-dimethylcyclohexyldiamine, 
N,N-dimethylbenZylamine, 4-pyrilidinopyridine, permeth 
yldiethylenetriamine, 1,4-diaZabicyclo[2.2.2]octane, 1,8-di 
aZabicyclo[5.4.0]undec-7-ene, 1,5-diaZabicyclo[4.3.0]non 
5-ene and any mixtures thereof. 

[0048] The catalysts conventional in polyurethane chem 
istry such as, for example, organotin compounds. are equally 
suitable. 

[0049] During the catalysis the quantity of amine added 
affects the degree of derivatisation of the polysaccharide. 
For the reaction With the polysaccharide derivative, the 
amine is added in a molar ratio to the polysaccharide of from 
0.01 to 3, preferably from 0.1 to 1. 

[0050] The temperature of the reaction of the polysaccha 
ride derivative With the isocyanate is 20° C. to 150° C., 
preferably 40° C. to 130° C., particularly preferably 50° C. 
to 120° C. The reaction times are from 0.5 to 16 hours, 
preferably 0.5 to 8 hours, particularly preferably 0.5 to 4 
hours. 

[0051] The polysaccharide ether esters obtainable by the 
process according to the invention are soluble or highly 
sWellable in organic solvents such as dioxane. tetrahydro 
furan, toluene, methylene chloride. chloroform. 

[0052] Moreover, these compounds are thermoplastically 
processable after removal of the solvents and can be con 

verted by means of the conventional processing techniques 
such as extrusion into. for example, injection mouldings, 
?lms or ?bres. 

[0053] The process according to the invention is also 
characterised in that by-products, particularly preferably 
dialkylureas, are formed during the reaction, depending on 
the Water content of the polysaccharide component. The 
retention of these by-products in the product improves the 
thermoplastic processability of the cellulose ether urethane 
derivatives. 

[0054] The polysaccharide derivatives and mixtures 
thereof With loW-molecular urea derivatives according to the 
invention are suitable for the production of coatings, ?bres. 
poWders, ?lms, foams and mouldings. Their properties can 
be varied by preparing blends of any composition With other 
components such as, for example, polysaccharides and 
polysaccharide derivatives or polyurethanes. Combination 
With plasticisers, ?re-protecting agents, pigments and pro 
cessing aids such as, for example, long-chain fatty acid 
amides, is also possible here. Especially the addition of 
plasticisers such as, for example, triethylene glycol, lactic 
esters or tartaric esters, improves the thermoplastic process 
ability and renders possible processing even at loW degrees 
of substitution such as, for example, a DS equal to 0.6. 

[0055] The subject matter of the present invention is 
explained in more detail by means of the available 
Examples. 
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EXAMPLES 

First Comparative Example 

[0056] 0.05 mol of Wood pulp (Pn=1200) and 0.025 mol of 
triethylamine are re?uxed for 30 minutes in 500 g of 
dioxane. 0.15 mol of stearoyl isocyanate is then added 
dropWise, the suspension is stirred under re?ux for 9 hours, 
precipitated from acetonitrile, ?ltered under suction, Washed 
With acetone and dried under a slight vacuum. An inhomo 
geneous product Which cannot be heat-softened is obtained. 

Second Comparative Example 

[0057] 0.05 mol of Wood pulp (alistaple) and 0.025 mol of 
triethylamine are re?uxed for 30 minutes in 300 g of 
dioxane. 0.15 mol of stearoyl isocyanate is then added 
dropWise, the suspension is stirred under re?ux for 9 hours. 
precipitated from acetonitrile, ?ltered under suction, Washed 
With acetone and dried under a slight vacuum. An inhomo 
geneous product Which cannot be heat-softened is obtained. 

[0058] Process according to the invention: 

Example 1 

[0059] 0.025 mol of hydroxypropyl cellulose (DS 0.9) and 
0.0125 mol of triethylamine are re?uxed for 30 minutes in 
150 g of dioxane. 0.05 mol of stearoyl isocyanate is then 
added dropWise and the suspension is stirred under re?ux for 
9 hours. In the course of this a highly viscous. clear solution 
is formed. The product is precipitated from acetonitrile, 
?ltered under suction, Washed With acetone and dried under 
a slight vacuum. AWhite product, Which forms a melt of loW 
viscosity at 210° C. and contains bis-stearoyl urea, is 
obtained in a yield of 93%. (FT-IR: C=O stretching vibra 
tion, urethane 1720 cm_1; C=O stretching vibration, urea 
1615 cm_1; N—H deformation vibration, urea 1575 cm_1). 
To control the IR spectra, the bis-stearoyl urea Was prepared 
directly by reacting 0.05 mol of stearoyl isocyanate With 0.1 
mol of Water in 100 g of dioxane, the precipitated urea Was 
?ltered off and the FT-IR spectrum Was recorded: (FT-IR: 
C=O stretching vibration, urea 1615 cm_1; N—H defor 
mation vibration, urea 1575 cm_1). 

[0060] A glass-clear ?lm Was pressed out of the product 
containing bis-stearoyl urea at 200° C. and 200 bar. The ?lm 
is characterised by a modulus of elasticity of 340 MPa, an 
elongation at tear of 22% and a tear strength of 10 MPa. 

[0061] The bis-stearoyl urea can be removed quantita 
tively With cyclohexane by Soxhiet extraction. The resulting 
hydroxypropyl cellulose stearoyl carbamate has a degree of 
substitution per anhydroglucose repeat unit of DS 1.4, 
determined by 13—C— NMR (CP-MAS), and melts at 210° 
C. 

Example 2 

[0062] 0.025 mol of hydroxypropyl cellulose (DS 0.9) and 
0.0125 mol of triethylamine are reacted With 0.075 mol of 
stearoyl isocyanate as in Example 1. After the extraction, a 
hydroxypropyl cellulose stearoyl carbamate having a D5 of 
1.8 is obtained. The product melts at 210° C. 
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Example 3 

[0063] 0.025 mol of hydroxypropyl cellulose (DS 0.9) and 
0.0125 mol of triethylamine are reacted With 0.075 mol of 
dodecyl isocyanate as in Example 1. After the extraction, a 
hydroxypropyl cellulose dodecyl carbamate having a D5 of 
1.3 is obtained. The product melts at 200° C. 

Example 4 

[0064] 0.025 mol of hydroxypropyl cellulose (DS 0.9) and 
0.0125 mol of triethylamine are reacted With 0.075 mol of 
butyl isocyanate as in Example 1. The reaction product is 
precipitated from acetonitrile and does not contain dibutyl 
urea in a quantity detectable in the IR spectrum, so that an 
extraction is omitted. The product melts at 240° C. and has 
a D5 of 1.4. By adding a suitable plasticiser such as, for 
example, triethylene glycol. it is possible to carry out the 
thermoplastic processing at temperatures of <200° C. 

1. Evenly substituted polysaccharide derivatives having 
the general structure: 

polysaccharide-O—R 

Wherein polysaccharide-O represents a substituted or 
unsubstituted polysaccharide unit and R is a substituent 
of a polysaccharide—OH group having either the struc 
ture 
R=—A—B— or the structure R=—B—, 

Wherein Ais a linear polyether chain having the folloWing 
structure: 

A=(—D—O—), 
Wherein D denotes a linear aliphatic branched or 

unbranched chain having 2 to 12 C atoms, O represents 
an oxygen atom and n is a number equal to or greater 
than 1, and 

B represents a substituted carbamic acid having the struc 
ture 

Wherein E denotes a linear or branched aliphatic chain 
having 1 to 18 C atoms. 

2. Thermoplastically processable urethane derivatives of 
polysaccharides or polysaccharide ethers according to claim 
1, characterised in that they have been reacted With isocy 
anates or blocked isocyanates to average degrees of substi 
tution (referred to the anhydroglucose unit) of DS equal to 
0.3 to 3.0, preferably 0.6 to 2.5. 

3. Mixtures of the polysaccharide urethane derivatives 
according to claim 2, having loW-molecular symmetrical 
and asymmetrical aliphatic urea derivatives, as Well as 
mixtures of the same, having chain lengths of 1 to 20 carbon 
atoms. 

4. Process for the preparation of such thermoplastic 
polysaccharide derivatives according to one of claims 1 to 3, 
characterised in that the polysaccharide or the polysaccha 
ride ether is introduced into a nonsolvent together With a 
suitable catalyst and is then converted by means of an 
isocyanate into the corresponding urethane, the polysaccha 
ride urethanes or polysaccharide ether urethanes thus formed 
and the loW-molecular urea derivative being soluble in the 
solvent or suspending medium used. 

5. Use of the polysaccharide derivatives according to one 
of claims 1 to 3 for the production of coatings. ?bres, ?lms, 
foams and mouldings of any kind. 

* * * * * 


