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CLEAR HYDROPHOBIC TPU 

FIELD OF THE INVENTION 

[0001] The present invention relates to a hydrophobic thermoplastic polyurethane 

(TPU) which has increased clarity and reduced haze. The hydrophobic TPUs of this 

invention have lower specific gravity than normal commercial hydrophilic TPU. The 

TPUs of this invention have several uses in molding and extrusion processes to make a 

wide variety of products, including products for medical applications.  

BACKGROUND OF THE INVENTION 

[0002] TPU (thermoplastic polyurethane) polymers are typically made by reacting (1) 

a hydroxyl terminated polyether or hydroxyl terminated polyester, (2) a chain extender, 

such as a short chain diol, and (3) an isocyanate compound. Various types of 

compounds for each of the three reactants are disclosed in the literature. The TPU 

polymers made from these three reactants find use in various fields where products are 

made by melt processing the TPU and forming it into various shapes to produce desired 

articles by processes such as molding and extrusion.  

[0003] TPUs are segmented polymers having soft segments and hard segments.  

This feature accounts for their excellent elastic properties. The soft segments are 

derived from the hydroxyl terminated polyether or polyester (also referred to as the 

polyol) and the hard segments are derived from the isocyanate and the chain extender.  

The chain extender is typically one of a variety of short chain glycols, with 1-4 butane 

diol being the most common.  

[0004] TPUs are normally hydrophilic polymers, with the ones which use a 

polyether polyol, such as a polyethylene glycol, being the most hydrophilic. TPUs which 

use a polyester polyol, such as ones made with a polyol made from adipic acid reacted 

with 1,4-butaine diol are also hydrophilic. TPUs which are hydrophobic are not very 

common.  

[0005] US 2009/0192262 Al discloses a hydrophobic TPU which uses a polyester 

polyol made with a dimerized fatty acid. The TPUs made in US 2009/0192262 Al are 

opaque.
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[0006] US 2010/0056682 Al also discloses a hydrophobic TPU which uses a 

polyester polyol made with a dimerized fatty acid and mineral oil as an additive to the 

TPU. The TPUs made in US 2010/0056682 are also opaque.  

[0007] There exists a need to have a hydrophobic TPU which has greater clarity 

than prior art hydrophobic TPUs.  

SUMMARY OF THE INVENTION 

[0008] Hydrophobic TPUs of this invention comprise the reaction product of: 

(a) at least one hydrophobic polyol, wherein said hydrophobic polyol is a 

diacid polyester polyol made with a dimerised fatty acid containing from 26 to 44 

carbon atoms; 

(b)at least one linear diol chain extender having from 10 to 14 carbon atoms; 

(c) at least one branched diol chain extender having from 8 to 12 carbon 

atoms and wherein at least 2 carbon atoms of said branched chain extender are in the 

branch, wherein the weight ratio of said linear chain extender to said branched chain 

extender is from about 70:30 to about 85:15; 

(d) at least one diisocyanate; and 

(e) optionally at least one urethane catalyst.  

[0009] In the most preferred embodiment, the hydrophobic polyol is made with a 

dimerised fatty acid containing 36 carbon atoms reacted with 1,6 hexane diol to provide 

a hydroxyl terminated polyester polyol. Also, in the most preferred embodiment, the 

linear diol chain extender is 1,12-dodecane diol (12 carbon atom). It is preferred to use 

2-butyl-2-ethyl propane diol and/or 1,4-cyclohexane dimethanol as the branched diol 

chain extender. A blend of two or more branched chain extenders may be used.  

[0010] In the most preferred embodiment, the diisocyanate used is 4,4'-methylene 

bis-(phenyl isocyanate). A urethane catalyst is used for the softer grades of TPU, such 

as from 70-90 Shore A hardness. For harder grades of TPU, such as 91 to 98 Shore A 

hardness, a catalyst is not desired.
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[0011] The hydrophobic TPUs of this invention have low specific gravity (lower than 

typical TPUs) of from about 0.90 to about 1.10 g/cc, and preferably from about 0.95 to 

about 1.07 g/cc.  

[0012] The process to make the hydrophobic TPU of this invention can be any of the 

normal processes to make a TPU. The most common types of processes are the one

shot process where the reactants are fed to a twin screw extruder and the reaction 

occurs in the extruder. The most preferred process is a batch process where the at 

least two chain extenders (linear chain extender and branched chain extender) are 

mixed together and heated to form a clear homogenous liquid mixture. The 

hydrophobic polyol is added to the reaction vessel and the heated chain extender 

mixture is added to the reaction vessel and mixed with the polyol. The diisocyanate is 

added to the reaction vessel to form the reaction mixture and the reaction is allowed to 

proceed for about 1 to about 3 minutes. Once the reaction temperature reaches a 

temperature of from 80*C to 100*C and the reaction mixture is still in a pourable state, 

the reaction mixture is transferred to a container and the container containing the 

reaction mixture is transferred into a heated oven to complete the reaction. The oven 

is usually heated to a temperature of from about 120*C to about 130*C and the reaction 

is complete in 3 to 5 hours.  

[0013] The fully reacted TPU by the batch process described above is granulated 

and the granules are extruded into pellet form for further processing into various 

products.  

[0014] The hydrophobic TPUs of the invention are used in products where 

increased clarity is desired, such as medical applications, especially medical applications 

which have exposure to body fluids.  

[0015] The processes, polymers and compositions of the present invention may 

suitably comprise, consist of, or consist essentially of the reactants, process steps and 

process delineations described herein. The invention illustratively disclosed herein may 

be practiced in the absence of any reactant or process step which is not specifically 

disclosed herein.
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DETAILED DESCRIPTION 

[0016] The first necessary reactant to make the TPU composition of this invention is 

at least one hydroxyl terminated hydrophobic polyol. The hydrophobic polyol is made 

from a dimerized fatty acid or esters thereof. The dimerized fatty acid contains from 26 

to 44 carbon atoms preferably 36 carbon atoms. The dimerized fatty acid is reacted 

with a short chain diol to create the hydroxyl terminated hydrophobic polyol.  

[0017] Dimer fatty acids (and esters thereof) are a well known commercially 

available class of dicarboxylic acids (or esters). They can, for example, be prepared by 

dimerising unsaturated long chain aliphatic monocarboxylic acids, usually of 13 to 22 

carbon atoms, or their esters (alkyl esters). The dimer fatty acid will usually contain 

from 26 to 44 carbon atoms, preferably 36 to 44 carbon atoms, and most preferably 36 

carbon atoms. Dimer fatty acids derived from C18 unsaturated acids, which include 

linoleic and lindenic are particularly desirable to produce C36 dimer fatty acids.  

[0018] The dimer fatty acids will normally also contain proportions of trimer fatty 

acids (C54 acids when using C18 starting acids), possibly even higher oligomers and also 

small amounts of the monomer acids. Several different grades of dimer acids are 

available from commercial sources and these differ from each other primarily in the 

amount of monobasic and trimer acid fractions and the degree of unsaturation.  

Priplast TM polyester polyols are branched C3 6 dimerized fatty acids which are particularly 

useful as the hydrophobic polyol of this invention. Priplast TM polyols are commercially 

available from Croda Uniqemna Inc. of Gouda, The Netherlands. The hydrophobic 

polyol used in synthesizing the TPUs of this invention will typically have a number 

average molecular weight in the range of about 1,000 to about 8,000 Daltons, 

preferably from about 1,500 to about 4,000, and more preferably have a number 

average molecular weight of from about 2,000 to about 3,000 Daltons.  

[0019] To obtain the hydroxyl terminated polyol used to make the TPUs of this 

invention, the dimerized fatty acid is reacted with a short chain diol. Short chain diols 

having from 2 to 12 carbon atoms are used, with 1,6-hexane diol being the most 

preferred.
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[0020] The second necessary ingredient to make the enhanced clarity hydrophobic 

TPUs of this invention is a chain extender mixture having at least two chain extenders.  

The first chain extender used in the chain extender mixture is at least one linear diol 

chain extender having from 10 to 14 carbon atoms, preferably 12 carbon atoms. 1,12

dodecane diol is the preferred linear chain extender. The use of the linear chain 

extender as the only chain extender gives good physical properties but is not clear. A 

second chain extender is required in the chain extender mixture to improve clarity and 

reduce haze. The second chain extender used in the chain extender mixture is a 

branched diol chain extender having from 8 to 12 carbon atoms, with at least 2 of the 

carbon atoms in the branch. The preferred branched diol chain extenders are 2-butyl-2 

ethyl propane diol and 1,4-cyclohexane dimethanol, and mixtures thereof. The use of 

the branched diol chain extender as the only chain extender gives good clarity but is not 

stable and results in a sticky TPU, which is not desirable.  

[0021] The preferred linear chain extender, 1, 12-dodecane diol (DDO), does not 

melt until it reaches a temperature of from 85-90*C. The melting point of DDO is too 

high of a temperature to start the batch process reaction, because there would not be 

enough time to thoroughly mix the reactants before the reactants become too thick to 

transfer out of the reaction vessel. A branched chain extender, such as 2-butyl-2-ethyl 

propane diol (BEPD), which has a melting point of from 45-50*C, is added to the DDO 

chain extender. This causes the chain extender mixture to be liquid at less than about 

70*C, and preferably less than 65*C. This allows the batch process reaction to be 

started at from about 63-68*C and thus allows for enough time to mix the reactants 

before the reaction becomes too thick to pour out of the reaction vessel into the 

container.  

[0022] It is not only important that a mixture of the two chain extenders described 

above are used, but also the weight ratios in which they are used is important. The 

weight ratio of the linear chain extender to the branched chain extender is from about 

70:30 to about 85:15, preferably about 75:25 weight ratio. Weight ratio outside the 

range stated above do not give acceptable TPUs having improved clarity, reduced haze, 

and stable polymers (not sticky). The at least two chain extenders used are miscible at
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less than 900 C. The linear chain extender is not a liquid at room temperature, but when 

heated to its melting point (<90 0 C) in the presence of the branched chain extender a 

miscible liquid is obtained.  

[0023] The third necessary reactant to make the increased clarity hydrophobic TPUs 

is at least one diisocyanate. Suitable diisocyanates include aromatic diisocyanantes 

such as : 4,4'-methylene bis-(phenyl isocyanate) (MDI), M-xylene diisocyanate (XDI), 

phenylene-1, 4-diisocyanate, naphthalene-1,5-diisocyanate, diphenylmethane-3,3'

dimethoxy-4,4'-diisocyanate, and toluene diisocyanate (TDI); as well as aliphatic 

diisocyanates such as isophorone diisocyanate (IPDI), 1,4-cyclohexyl diisocyanate (CHDI), 

decane-1,10-diisocyyanate, and dicyclohexylmethane-4,4'-diisocyanate. Dimers and 

trimers of the above diisocyanates may also be used as well as a blend of two or more 

diisocyanates may be used.  

[0024] The diisocyanates used in this invention may be in the form of a low 

molecular weight polymer or oligomer which is end capped with an isocyanate. For 

example, the hydroxyl terminated dimerized fatty acid polyol described above may be 

reacted with the diisocyanate to create a low molecular weight polymer end capped 

with isocyanate. In the TPU art, such materials are normally referred to as pre

polymers. Such pre-polymers normally have a number average molecular weight of 

from about 1,500 to about 10,000 Daltons. It is preferred to use the diisocyanate 

directly, rather than a pre-polymer.  

[0025] The mole ratio of the one or more diisocyanate is from about 0.95 to about 

1.05, preferably from about 0.98 to about 1.03, and more preferably from about 0.99 to 

about 1.01, per mole of the total moles of the one or more hydrophobic polyol and the 

two or more chain extenders.  

[0026] The reactants (polyol, chain extenders, and isocyanate) to make the 

hydrophobic TPUs, should all be difunctional. Substantial amounts of trifunctional 

reactants should be avoided so as not to create a thermoset polymer. The amount of 

trifunctional reactants should be less than 2 mole percent, preferably less than 1 mole 

percent, and more preferably should be 0 mole percent (not present). The reactants 

should also be substantially free of moisture (water). The level of water should be less
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than 0.5% by weight, preferably less than 0.05% by weight. Higher moisture levels can 

cause crosslinking and also cause foaming in the reaction.  

[0027] It is often desirable to utilize a catalyst to make softer grades of the 

hydrophobic TPUs. Catalysts are desirable for a TPU, having a hardness of 90 Shore A or 

less. For TPUs harder than 90 Shore A, it is not preferred to use a catalyst. Suitable 

catalysts are metal carboxylates as well as tertiary amines. Examples of metal 

carboxylate catalysts include stannous octoate, dibutyl tin dilaurate, phenyl mercuric 

propionate, lead octoate, iron acetylacetonate, magnesium acetylacetonate, and the 

like. Examples of tertiary amine catalysts include triethylene diamine, and the like. The 

amount of the one or more catalysts is low, usually from about 50 to about 100 parts by 

weight per million parts by weight of the TPU formed.  

[0028] The processes employed to produce the TPUs of this invention can utilize 

conventional TPU manufacturing equipment. The TPUs can be made by the continuous 

process known as the one-shot process or by a batch process. In the one-shot process, 

the reactants are fed to an extruder and the reaction occurs in the extruder. The 

hydrophobic polyol can be mixed with the chain extender mixture prior to adding to the 

extruder. The diisocyanate is added separately to the extruder. The reactants are all 

heated to a temperature of from 100*C to 220*C. The reactants are mixed and reacted 

simultaneous in the extruder. The time in the extruder is usually from 2 to 10 minutes, 

preferably from 3 to 5 minutes. Upon exit from the extruder the TPU is formed into 

pellets.  

[0029] The preferred process to make the clear hydrophobic TPU is the batch 

process. In the batch process, the chain extender mixture is formed and heated to a 

temperature necessary to liquefy the liner chain extender, usually from about 80*C to 

about 110*C. The chain extender mixture forms a miscible mixture. The hydrophobic 

polyol (thick viscous liquid) is added to the reaction vessel followed by the addition of 

the liquid chain extender mixture. The hydrophobic polyol is mixed with the liquid 

chain extender mixture in the reaction vessel. The diisocyanate is melted and then 

added to the reaction vessel and the reaction begins. The reaction start temperature is 

from about 60*C to about 70*C. A catalyst, if used, is added after the diisocyanate is
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added. The reaction is allowed to proceed while stirring until the reaction temperature 

reaches from about 80*C to about 100*C. The reaction in the reaction vessel usually 

requires from about 1 to about 3 minutes to reach a thickened state, but still pourable.  

While still in a pourable state, the reaction mixture is transferred to a container. The 

container with the reaction mixture inside, usually a pan, is placed in a heated 

environment (oven) to complete the reaction to form the TPU. The oven is preferably 

heated to a temperature of from about 120*C to 130*C and the reaction will typically 

require from about 3 to about 5 hours to complete in the oven. Once the TPU is fully 

formed, the TPU in the form of a cake is removed from the container and granulated 

and the granules are extruded into pellet form.  

[0030] The hydrophobic TPU polymers of this invention will preferably have a 

durometer hardness of from 70 to 98 Shore A as measured according to ASTM D2240, 

and mole preferably from 75 to 95 Shore A. The hardness can also be measured on a 

Shore D scale. Shore D is usually used for harder materials and the Shore D value is 

usually about 50 points less than the Short A value. For example, a 90 Shore A would be 

about 40 Shore D. This correlation does not hold well at the extremes of the scale, such 

as a 98 Shore A. The TPU polymers of this invention also have a specific gravity lower 

than normal hydrophilic TPU. The specific gravity will be from about 0.90 to about 1.10 

g/cc, preferably from about 0.95 to about 1.07 g/cc. The TPU polymers of this invention 

are solid polymers, that is they are not cellular products as a polyurethane foam would 

be. The TPU polymers of this invention have increased clarity and reduced haze. The 

haze values are usually less than 50%, and the clarity is sufficient to read printed 10 

point type through a 100 mil thick molded plaque of the TPU polymer.  

[0031] The TPUs of this invention will have a urethane content of from about 20% 

to about 50%. Urethane content % is related to hardness and is defined by the weight 

of all chain extenders plus the weight of isocyanate divided by the weight of polyol plus 

chain extenders plus isocyanate X 100 to arrive at % urethane content.  

[0032] The weight average molecular weight (Mw) of the clear hydrophobic TPU of 

this invention will typically be in the range of 40,000 to 700,000 Daltons, preferably 

from 60,000 to 400,000, and more preferably from 80,000 to 300,000 Daltons. The Mw
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of the TPU polymer is measured according to gel permeation chromatography (GPC) 

against polystyrene standards.  

[0033] The TPU compositions of this invention may contain other additives, such as 

fillers, antioxidants, colorants, and the like, as are typically used in TPU. In some 

medical applications, barium sulfate may be used to provide better x-ray visibility.  

[0034] The invention is illustrated by the following examples that are merely for the 

purpose of illustration and are not to be regarded as limiting the scope of the invention 

or the manner in which it can be practiced. Unless specifically indicated otherwise, 

parts and percentages are given by weight.  

EXAMPLES 

[0035] The following examples 1-14 in Table 1 used a laboratory batch process 

described above to make the TPUs of the examples. Examples 1-11 are comparative 

examples and examples 13-15 are examples of this invention. MDI was used in all 

examples as the diisocyanate and was used at a level to give a stoichiometry of 1.0, that 

is one isocyanate group for each hydroxyl group in the polyol and chain extender.  

Table 1 

Ex Priplast TM  Chain Urethane Batch Start Target 

Polyol Extender Content (%) Temp (*C) Hardness 
Used (Shore A) 

1. 31961 DDO 3  25 94 75A 
2. 3196 DDO 35 84 85A 
3. 3196 Pentanediol 25 58 75A 
4. 3196 Pentanediol 35 58 85A 
5. 18382 BEPD 4  25 51 75A 
6. 1838 BEPD 45 51 95A 
7. 1838 BEPD 46.5 55 95A 
8. 3196 CHDM 5/DDO 25 63 75A 

50:50 
9. 3196 CHDM/DDO 35 61 85A 

50:50 
10. 3196 CHDM/DDO 45 62 95A 

50:50 
11. 3196 BEPD/DDO 35 68 85A 

50:50 
12. 3196 BEPD/DDO 28.5 63 75A
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Ex Priplast T M  Chain Urethane Batch Start Target 

Polyol Extender Content (%) Temp (*C) Hardness 
Used (Shore A) 

25:75 
13. 3196 BEPD/DDO 38.5 72 85A 

25:75 
14. 1838 BEPD/DDO 46.5 72 95A 

25:75 

1PriplastTM 3196 is a 3000 MW C3 6 dimer fatty acid reacted with 1,6-hexane diol.  
2 PriplastTM 1838 is a 2000 MW C3 6 dimer fatty acid reacted with 1,6-hexane diol.  
3 DDO is 1,12 dodecane diol.  
4 BEPD is 2-butyl-2-ethyl propane diol.  
5CHDM is 1,4-cyclohexane dimethanol.  

[0036] In Examples 1 and 2, the reaction was too fast for a batch process due to the 

high start temperature necessary to melt the DDO.  

[0037] In Examples 3 and 4, the start temperature was low, but there was high 

phase separation resulting in the TPU being non-homogenous and opaque.  

[0038] In Example 5, the TPU was too sticky and could not be further processed.  

[0039] In Examples 6 and 7, the TPU was clear and homogenous but when 

granulated and pelletized, the pellets stick to each other as they sit in storage.  

[0040] In Examples 8, 9, and 10, which used a 50/50 weight percentage mixture of 

CHDM and DDO chain extenders, adding the CHDM as a co-chain extender enabled a 

lower start temperature than DDO alone (Example 1). The TPU produced was phase 

separated. The TPU was non-homogenous and white (not clear) in appearance.  

[0041] In Example 11, a 50/50 weight mixture of BEPD/DDO was used as the chain 

extender. A lower start temperature of the TPU reaction was realized due to the BEPD 

lowering the melting temperature of the chain extender mixture. The TPU was 

homogenous and semi-clear in appearance.  

[0042] In Examples 12, 13, and 14, a 25/75 weight mixture of BEPD/DDO was used 

as the chain extender. This chain extender enabled a low reaction start temperature.  

The TPU produced was homogenous and clear in appearance.
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[0043] Examples 12, 13, and 14 are examples of the present invention where a low 

reaction start temperature is required for a batch process and a clear TPU product, that 

is not sticky, is desired.  

EXAMPLES 15-17 

[0044] Examples 12, 13 and 14 were repeated in a production facility with a batch 

size of 150 pounds, which are shown below as Examples 15, 16, and 17. All three 

examples use a 25:75 weight ratio mixture of BEPD/DDO for the chain extender mixture.  

MDI was used as the diisocyanate at a stoichiometry of 1.0. The TPU produced was 

measured for physical properties, as shown in Table 2 below.  

[0045] The procedure used in Examples 15, 16 and 17 was to first make a mixture of 

the chain extenders BEPD and DDO at a weight ratio of 25/75. Both chain extenders are 

solid at room temperature, DDO melts at 85-90*C and BEPD melts at 45-50*C. BEPD is 

first melted at 60*C and weighed into a 5 gallon pail. To the melted BEPD preweighed 

flakes of DDO are added and the pail is put into an oven at 110*C so the DDO melts and 

a clear homogenous mixture of BEDP (25 wt. %) and DDO (75 wt. %) is obtained. This 

mixture is maintained at 110*C until ready to use.  

[0046] The PriplastTM polyol is a thick viscous liquid at room temperature and is 

heated to about 85*C to make it easier to pour and weigh. The polyol is added to the 

reactor. Small amounts of antioxidant can be added to the polyol if desired while 

mixing. The hot (about 100*C) chain extender is then poured into the reactor vessel 

and mixed for 1 minute using a mixer set at 900 rpm. While mixing, MDI is added. MDI 

is also a solid at room temperature but melts at 37*C. A drum of MDI is melted and 

used at 55*C. Once MDI is added and the mixture mixed for 20 seconds, 4-6 drops of 

dibutyltin dilaurate catalyst is added when making the TPU with a hardness less than 90 

Shore A (no catalyst is used for 95 Shore A TPU). The reaction start temperature varies 

from 630C to 680C). The reaction is allowed to proceed with stirring until it reaches 

about 80 0C at which point it is removed from under the mixer and the contents of the 

reaction vessel are poured into trays. The reaction mix time varies between 40 seconds
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and 2 minutes, depending on the Shore hardness of the desired TPU. The trays are then 

placed in a 125*C oven for 4 hours to complete the reaction.  

[0047] After the cakes of TPU are reacted, the cakes are cooled to room 

temperature and guillotined into large pieces which are then put in a granulator. The 

granules are sieved through a 3/8 inch sieve. The granules are dusted with a small 

amount of an anti-block agent, such as Cabosil*. The granules are placed in a dryer for 

at least 4 hours at 200*C. The dried granules are fed to a single screw extruder to 

create pellets. The pellets are then treated with small amounts of an anti-block agent.  

[0048] To determine the physical properties of the TPU made, various tests are run.  

To determine the melt index, 3 to 4 grams of pellets are put in a small mesh bag and 

dried for at least 4 hours at 200*F. Melt index is determined using a plastometer. The 

plastometer is a furnace with a capillary die at the bottom. The furnace and the die are 

heated to 2000 C. The pellets are then fed to the furnace and pushed through the die 

using a 8700g load. Melt index (MI) is obtained in grams/10 minutes.  

[0049] To determine stress-strain properties, dried pellets are extruded into tapes 

(20-25 mil thick, 4 inches wide). ASTM D412 size dogbones are punched out of these 

tapes and tested on an Instron* tensile testing machine.  

[0050] Durometer of the TPU is determined by injection molding bars per ASTM 

D2240. Durometers are measured after 5 days.  

[0051] Examples 15 and 16 used Priplast TM 3196 polyol and example 17 used 

Priplast TM 1838 polyol.  

Table 2 

Example No.  

Properties 15 16 17 
Urethane Content % 28.5 38.5 46.6 
Melt Index @ 2000 C, 8700g load 3 2.2 2.1 
Ultimate tensile (Psi) 2201 2873 4122 
Tensile stress @ 100% (Psi) 997 1477 1678 
Tensile stress @ 200% (Psi) 1299 2043 2401 
Tensile stress @ 300% (Psi) 1610 2846 3573 
Elongation % 466 381 357 
Hardness(Shore A) 78 87 95
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The TPUs made in Examples 15, 16 and 17 were all clear with low haze and 

exhibited good physical properties.  

EXAMPLES 18-20 

[0052] Examples 18-20 in Table 3 used a laboratory batch process similar to 

Examples 1-14 above. Examples 18 and 19 are examples of this invention, whereas 

Example 20 is a comparative example.  

Table 3 

Ex Priplast TM  Chain Urethane Hardness Haze * Sp.Gr.  

Polyol Extender Content (Shore A) 9/ g/cc 
Used Mixture 9 

WT/WT 
18. 3196 DDO/CHDM 35% 89A 37.2% 1.0381 

85:15 

19. 3196 DDO/CHDM 36% 89A 44.0% 1.0418 
80:20 

20. 3196 DDO/CHDM 38% 90A 81.1% 1.0414 
87:13 

* % haze was measured using a BYK-Gardner Haze-Gard Plus meter. All 

samples were 250 mil (0.25 in.) in thickness. The sample is placed in the path of 

the sample beam on the haze meter, the start button is pushed, and the % 

transmission haze is recorded to the nearest 1%. The meter is the industry 

standard and follows ASTM D1003 in design. The meter has an internal 

reference beam to compare to the sample beam.  

[0053] In Example 18, a chain extender mixture of 85 wt. % DDO and a 15 wt. % 

CHDM was used. The TPU produced was clear and had a low haze value of 37.2%.  

[0054] In Example 19, a chain extender mixture of 80 wt. % DDO and a 20 wt. % 

CHDM was used. The TPU produced was clear and had a low haze value of 44.0%.  

[0055] In Example 20, a chain extender mixture of 87 wt. % DDO and a 13 wt. % of 

CHDM was used. The TPU was fairly opaque and not clear and had a haze value of 

81.1%.  

[0056] These examples demonstrate the need to have at least about 15 wt. % of the 

branched chain extender (CHDM) mixed with the linear chain extender (DDO) to make 

the chain extender mixture to give a TPU which is clear and has low haze.



1A M 

The Cas defining the invention are as follows: 

1. A dear thermoplastic polyurethane polymer composition comprising the 

reaction product of: 

(a) at least one hydrophobic polyol, wherein said hydrophobic polyiol is a 

diacid polyester polyol made with dimerised fatty acids and wherein said dimerised 

fatty acid contains frorn 26 to 44 carbon atoms, 

(b) at least one linear diol chain extender having from 10 to 14 carbon atoms; 

(c) at least one branched diol chain extender having from 8 to 12 carbon 

atoms and wherein at least 2 carbon atoms of said branched chain extender are in the 

branch, wherein the weight ratio of said linear chain extender to said branched chain 

extender is from about 70:30 to about 85:15; 

(d) at least one dilsocyanate; and 

(e) optionally at east ore urethane catalyst, 

2, The thermoplastic polyurethane composition of Claim I wherein said diimerised 

fatty acid contains from 25 to 36 carbon atoms.  

I The thermoplastic polyurethane composition of any one of the preceding Claims, 

wherein sad linear diol chain extender is 112-dodecane diol or wherein the weight 

ratio of said linear diol chain extender to said branched dicl chain extender is about 

75:25.  

4. The thermoplastic polyurethane composition of any one of the preceding Caims, 

wherein said branched diol chain extender is selected from the group consisting of2

butyl-2-ethyl propane diol and 1,4-cyclohexane dimethanol, 

5. The thermoplastic polyurethane composition of any one of the preceding Claims, 

wherein said dfisocyanate is 4,4'-methylene bis-(phenylisocyanate).



E The thermopastic polyurethane composition ofnny one of the preceding Claims 

having a Shore A hardness of fom 70 to 98; or having a Shore A hardness of from 70 to 

90 and wherein the polyurethane catalyst is used in the reaction; or having a Shore A 

hardness of from 91to 98 and the polyurethane catalyst is absent from the reacdon.  

7. The thermoplastic polyurethane composition of any one of the preceding Claim, 

wherein said composition has a specific gravity of from 0.90 to 1,10 g/cc; or a specific 

gravity of from 0.95 to 1.O7 g/cc.  

8, The thermoplast polyuethane composition of any one of the preceding Claims 

in the form of a shaped article, 

9. The thermoplastic polyurethane composition of Claim 8, wherein said shaped 

article is a medical article.  

10. The thermoplastic polyurethane composition of aniy one of the preceding Claims 

made from a process selected from the group consisting of a one-shot process and a 

batch process.  

I1 A batch process to produce a clear thermoplastic polyurethane polymer 

composition of any one of the preceding Claimsthe batch process comprising the steps 

of: 

(a) making a diol chain extender mixture of at least one linear chain 

extender and at least one branched chain extender; 

(b) heating the chain extender mixture to form a clear homogenous liquid 

mixture; 

(c) maintaining the heated chain extender mixture in a liquid state until 

used; 

(d) adding at least one hydrophobic polyol to a reaction vessel; 

(e) adding said heated chain extender mixture to the reaction vessel;



-16

(f) mixing the heated chain extender mixture with the polyol in the reaction 

vessel; 

(g) adding at least one dilsocyanate to the reaction vessel to form a reaction 

mixture; 

(b) allowing the reaction to proceed for about Ito about 3 minutes; 

(i) tIansferring the reaction mixture to a container on ce the reaction 

temperature reaches a temperature of from about SO0Cto about 10C and the 

reaction mixture is still in a pourable state; and 

() transferring the container into a heated environment to complete the 

reaction.  

12. The batch process of Claim 1t wherein the linear chain extender is 142

dodecane diol and the branched chain extender is selected from the group consisting of 

2-butyl-2-ethyl propane dicd and 1;4-cydohexane dimethanoL 

11 The batch process of Claim 12 wherein the weight ratio of said linear chain 

extender to said branched chain extender is from about 70:30 to about 85:5 or 

wherein the weight ratio of said linear chain extender to said branched chain extender 

is about 7525.  

14. The batch process of any one of Claims 12 to 13, wherein said chain extender 

mixture is heated to a temperature of from 85Cto IIO'C to form a homogenous 

mixture.  

15. The thermoplastic polyurethane composition of any one of Caims Ito 11 

wherein said polyol is made from a dimerised fatty acid having 36 carbon atoms reacted 

with 1,6-hexane diol or the batch process of any one of Claims 12 to 14, wherein said 

hydrophobic polyol is a 36 carbon atom dimerised fatty acid reacted with 1,6-hexane 

dioL
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16, The batch process of Claim 15 wherein said hydrophobic polyo is heated to a 

temperature between 80 0C and 100"C before adding said hydrophobic polyol to the 

reaction vessel, 

17. The batch pracess of any one of Claims 12 to 16, wherein the chain extender 

mixture is heated to a temperature of from 80C to lOC before adding said chain 

extender mixture to the reaction vesseL 

18 The batch process of any one of Claims 12 to 17, wherein said disocyanate is 

melted before adding said diisocyanate to the reaction vessel to form the reaction 

mixture.  

19. The batch process of any on ofClaims 12 to 18, wherein the reaction mixture is 

from about 60"C to about 70C at the start of reaction and the reaction is allowed to 

proceed until the reaction mixture reaches a temperature of from about 80*C to about 

100*C or wherein the reaction mixture is transferred to a container and the container is 

placed in a heated oven for from 3 to 5 hours at a temperature of from 120C to 130GC 

to complete the reaction.  

20 The batch process of any one of Claims 12 to 19, wherein the fully reacted 

thermoplastic polyurethane is granulated and the granules are extruded and penletized 

into pellet form.
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