-;AQUECUS POLYURETHANE DI SPERSI ONS BASED ON POLYETHER POLYOLS OF U@#®aVENOL
.CONTENT- Techni cal Field The present invention pertains to aqueous®s
pol.yuret hane dispersions (latices). Mre particularly, the present

i nvention pertains to aqueous pol yurethane 5 di spersions exhibiting
unusual |y | ow hardness and hi gh el asticigy prepared from pol yoxyal kyl ene
. polyol s having | ow nonol content. The pol yuret hane di spersions are

suitable for forming flexible films and coatings. Background Art 10
Pol yur et hane coatings are by now well known. For exanple, polyurethane
var ni shes exh|huwﬂmﬂsembmmnnﬂmﬂmmbaDQSPEQSW@NQVBﬂgﬁbséhvﬁﬁﬁfETﬁﬁﬁ are

wi del y used. i nPOLYOLS 0F oW sionoLotoneesir netal, and plastic. Howev- er,
such varni shes are sol vent-borne, and the |ntroduc- 15 ti on of solvent,

into the air by evaporation is environ- nmentally undesirable. Many states

have enacted legisla- tion limting VOC (volatile organi c conpounds)

em ssions in industrial processes, and this ban has had an effect even on

hone use of such products. As a result, there 20 is a great interest

sol vent-free conpositions or aqueoUFech]mlli‘ieMs where only water is
evol ved upon drying. Aqueous pol yur et hane [atices have been

in

devel.oped which offer excellent filmformng capabili- 25 ties. Such

latices are typically pfbSRFsdans sHvedsbd epaang;uLeas, iarauevoval;tser.

Presently available
polyurethane dispersions (latices). More particularly,

the present invention pertains to aqueous polyurethane
5 dispersions exhibiting unusually low hardness and high
elasticity prepared from polyoxyalkylene polyols haﬁing
low monol content. - The polyurethane dispersions are
suitable for forming fleXible films and coatings.

Backg' round Art

10 . Polyurethane co;tings are by now well known.
For example, polyurethane varnishes exhibit excellent
resistance to water and solvents, and are widely used in
finishing articles of wood, metal, and plastic. Howev-
er, such varnishes are solvent-borne, and the introduc;

15 tion of solvent into the ‘air by evaporation is environ-
mentally undesirable. Many states have enacted legisla-
tion limiting‘VOC (volatile organic compounds) emissions
in industrial processes, and this bah has had an effect
even on home use of such products. As a result, there

20 is a great interest in solvent-free compositions or
aqueous compositions where only water is evolved upoﬁ
drying.

b , Aqueous polyurethane latices have been
' developed which offer excellent film forming capabili-
25 ties. . Such latices are typically dispersions of

polyurethane/ureas in water. Presently available



. -2- polyurethane dispersions offer relatively long shelf life, but the
range of hardness and flexibility is limted. For exanple, in textile
applications, solvent- borne polyurethane | acquers are still predom nant,
as' 5 ° aqueous di spersions have not provided the degree of softness and
elasticity required to prepare textiles having aesthetic hand and drape.

Pol yuret hane | atices are generally prepared by the reaction of excess di-

or polyisocyanate with a 10 hydr oxyl - f upcti onal polyol in the presence of
reacti ve conpounds capabl e of providing a degree of. hydrophilic character
to the prepolynmer thus fornmed. The reactive conpound may contain cationic

or anionic gro 82y@fet anel Qﬁ.e,cpéwﬂcﬂ@ bEgedl Uttt 251 8RY et V] ene

groups. 15 re 0] I's then dis erse I n wat er,
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hydr ophi | 5c gragpecus tdispgempicdnsehavee mﬁ:cepsav;zdeﬂ anier degreéf et | ong

termstability di r h ht settle qr,

coagul ate. 25 sbPehlfs Yt éiggt%%\fﬁﬁ 5%§QEF£AF neti gﬁSPaﬁa ftﬁ’%"t}ﬁﬁ i zed
to formthe |sbcyanateesbhatnatbdn@oay@r@rhame prepoly- mer, are pol yester
pol yol s such as pol ybutyl ene adlpate and pol ycapr ol act one dIO|S

pol yoxyt et ramet hyl ene ether glycols (PTVMEG, pol yoxyethyl ene dIO|S and

pol yoxypro- 30  pyl ene Bpbydrethane Jakicss aggr eeneraéizsempﬁ@r% b

the reaction of excess di- or polyisocyanate with a

10 hydroxyl-functional polycl in the presence of reactive
compounds capable of providing a degree of hydrophilic
character to the prepolymer thus formed. The reactive
compound may contain cationic or anionic groups or non-
ionic hydrophilic groups such as polyoxyethylene groups.

15 The_prepolymer is then dispersed in water, either neat
or dissolved in solvent. This dispersion is then
‘reacted in situ with a chain extender, generally a
diamine, triamine, or the 1like, to form a stable,
-aqueous polyurethane/urea latex. If solvent is uti-

20 lized, it is then stripped off, leaving an aqueous
‘dispersion. The charged or hydrophilic groups in the
prepolymer are necessafy in order to effect long term
stability to the dispersion, which otherwise might
.settle or coagulate.

25 Among the hydroxyl-functional polyols utilized
to form the isocyanate-terminated polyurethane prepoly-
mer, are polyester polyols such as polybutyléhe adipate
and polycaprolactone diols, polybxytetramethylene ether
glycols (PTMEG),_polyoxyefhylene diols and polyoxypro-

30 pylene diols. If a minor degree of crossiinking is
desired, a trifunctional polyol such as a trimethylol-
propane or glycerine initiated polyoxyalkylene polyol



.desired, a trifunctional polyol such as a trinethylol- propane or glycerine
I nitiated pol yoxyal kyl ene pol yol --3- may be added. | ncreased hardness
may be achi eved through addition of a | ow nol ecul ar wei ght glycol, for
ewanplé et hyl ene gl ycol or neopentyl glycol. Pol yoxytetramnethyl ene ether
glycols (PTMEG 5 are preferred in sone applications, as the cured filns
possess a desirabl e conbi nati on of properties, for exanple excellent

hydrol ytic stability and mcrobial resist&nace, in conparison to filns
prepared fromsimlar nol ecular weight polyesters. PTVEG i s, however, a
10 prem um cost raw nmaterial. Moreover, filnms formed even from

PTMEG based | at:rl Spal €a ﬂ&é&c' entppcielhls@d! bh!ai-&i{eégd xﬁ‘é n%t ' ?ehgg(,egany

appl i cati ons. Iyuret ane | atices have al so been ared from

conventional pdhFeUgh AAd RO F -3 akew B?%%%P%ﬂ%r@el tegtycoly | f8r15

prepared from w@mplreewﬂnyl@&ﬁe hawe:d 1oyl inodeansil §1sidoangt h and
el ongation, and have a tendency to be .tacky in conparison to their PTMEG
anal ogs. Applications of such pol yurethane di spersions are therefore

limited to uses where co$bmynﬂyneﬂﬁameqhyﬁmmmaethersgﬂysaﬂsv{BgMEG)
O havnS s, sAdEREy (67, SO by PEablife | CalT UL IO 08he .

polyurethane dispersions MA Iex ongalT o
properties whi plosspss er éﬂaeééblﬁosﬁéoltﬂ?lm@ti%s qﬁsmomrpiwse déerved

prepol ymers. 23yample excellent hyd8RAY s€ABiLlIUGNANR microbial
' resistance, in comparison to films prepared from similar

molecular weight polyesters. PTMEG is, however, a

10 prgmium cost raw material. Moreover, films forméd even
from PTMEG-based ' latices are deficient in flexibility
and elongation for many applications. Polyﬁrethane
latices have also been prepared from conventional
polyoxypropylene diol-based prepolymers. However, films

15 prepared from such prepolymers have inferior tensile
strength and elongation, and have a tendency to be tacky
in comparison to their PTMEG analogs. Applications of
such polyurethane dispersions are therefore limited to
uses where cost rather than performanée is the driving

20 factor. =~ Thus, it would be desirable to be able to
provide low cost polyurethane dispersions with flexibil-
ity, elongation, and other physical properties which
equal or exceed those of latices based on PTMEG derived
prepolymers.

25 Summaﬂ‘ Of The Invention

-~

It has now been surprisingly discovered that

polyurethane dispersions prepared fronLiSOCYénate-termi-

o . nated prepolymers derived 'from a polyol component
comprising in major part one or more polyoxypropylene

30 diols having an unsatﬁration of less than 0.02 meq/g
polyol, and preferably less than 0.010 meq/g polyol,



;ft has now been surprisingly discovered that polyurethane di spersions
prepared fromisocyanate-term - nated prepolyners derived froma polyol

conponent conprising in major part one or nore pol yoxypropyl ene 30 diols
havi ng ‘an unsaturation of less than 0.02 neq/g polyol, and preferably |ess
than 0.010 neq/g polyol, -4- have exceptional physical properties as

conpared to otherwise simlar |latices where the polyol conponent is a ,

convent4 onal pol yoxypropyl ene di ol of highgr unsatur- ation, or PTMEG The

| ati ces of the subject invention 5  extend the application of

pol yur et hane dispersions into fields where their performance was previously

i nade- quate. Byl Wot aw J i
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di spersing groups I by, di spersil e pol rihto mater. A 20
chain extendinggﬁﬁ%%% &g%%%HFg%%gd5%g%§5&%9%%ﬂ%ﬁ§s§F¥g§?usg&a&Q§&é'

di spersi on. Iquakecritical, during

Brief Description Of The Drawings

FIGURE 1 is a .plot of percent elongation
10 versus tensile strength for a film prepared from a
polyurethane latex of the subject invention and a film
prepared from a polyurethane latex containing a PTMEG-
derived polymer.

Description of the Preferred Embodiments

15 The polyurethane dispersions of the subject
invention are prepared by conventional methods, prefera-
bly by the preparation of an isocyanate-~terminated
prepolymer containing hydrophilic dispersing groups
followed by dispersion of the prepolymer into water. A

20 chain extending agent is then added to form a high
solids, stable dispersion. It is critical, during
prepolymer formation, to utilize as the polyoxypropylene
diol, a low unsaturation polyoxypropylene diol having a

-

low monol content.

25 By the term "polyurethane" is meant a polymer
! whose structure contains predominately urethane
0
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\_'prepol ymer formation, to utilize as the pol yoxypropylene diol, a |ow
unsat urati on pol yoxypropyl ene diol having a | ow nonol content. 25
By the term "pol yurethane" is nmeant a pol yner whose structure contains

predonf nat el y urethane [err] -5- linkages between repeating units.

Such |inkages are fornmed by the addition reaction between an organic -
i socyanate group R-[-NCO and an organi c hydroxyl group [HO]-R I n order
to forma polynmer, the organic 5 i socyanat e and hydr oxyl

group-cont ai ni ng conpounds nust be at |east difunctional. However, as
nodernly under- stood, the term "pol yurethane"” is not limted to those

pol yners cont alghan 89' X:é{{vféélfin?eﬁé%fﬂésunli% | nC5YERS 1&?1'1%@%% are

containing al'lo bi uret, carbodiimde, 10 oxazol1n
i socyanur at e, QF@FfidllPﬁédltd"f?e additidon FRAGEHR hEHWeDs ﬁﬁ RFFAH to |
urethane. The &saéyaﬁaﬁeogrb&pcuapame ] Wah& hah eflgdwid NBFdr P Sgrfup
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polymers containing allophanate, biuret, carbodiimide,
10 oxazolinyl, J.socyanurate, uretidinedione, urea, and
. other linkages in addition to urethane. The reactions
of isocyanates which lead to these types of linkages are
summarized in the POLYURETHANE HANDBOOK, Gunter Vertel, Ed.,
Hanser Publishers, Munich, ®1985, in Chapter 2, p. 7-41;
15 and in POLYURETHANES: CHEMISTRY AND TECHNOLOGY, J.H. Saunders
and K.C. Frisch, Interscience Publishers, New York,
1963, Chapter III, pp. .63-118. In addition to polyols
(polyhydroxyl-containing monomers), the most common
isocyanate-reactive monomers are amines and alkanol-
20 amines. In these cases, -.reaction of the amino group:
leads to urea linkages interspersed within the polyure-

thane structure.

Polyoxypropylene polyols are conventionally

prepared by the base-catalyzed oxypropylation of a

25 suitable initiator molecule, in the case of polyoxypro-
pylene diols generally by oxypropylation of a dihydroxy
functional initiator such as ethylene glycol, propylene
glycol, 1,4-butane diol, or the like. The oxfalkylati_on

. proceeds together with a competing reaction/rearrange-
30 ment to form allyloxy species which, upon oxyalkylation,
in turn, form allyloxy-terminated polyoxypropylene
monols. The mechanism of this competing reaction is
discussed in BLOCK AND GRAFT POLYMERIZATION, Vol. 2, Ceresa,



_thane structure. Pol yoxypropyl ene polyols are conventionally prepared by
t he base-catal yzed oxypropyl ation of a 25 suitable initiator nol ecul e,
in the case of polyoxypro- pylene diols generally by oxypropylation of a
di*hydroxy functional initiator such as ethylene glycol, propylene glycol,
1,4-butane diol, or the |ike. The oxyal kyl ati on proceeds together with a
conpeting reaction/rearrange- 30 ment to formallyl oxy species which,
upon oxyal kylation, in turn, form allyleexy-term nated polyoxypropylene
nonol s. The mechani smof this conpeting reaction is discussed in BLOCK
AND GRAFT PCLYMERI ZATION, Vol . 2, Ceresa, -6-. Ed., John Wley & Sons, on
pages 17-21. A%d,).xyrzf&ﬁa\/lvméqy QN SHnRGE RS palyBe 19LBALI Oﬁsoaxgpmaﬁ fgLi onal
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fromthe theor ®@nasdiicad uaipper tbimil uekor n pabyexypropylena tpolyel 15

The unsat urati QRuidRd MNGRe IPRO! 160 RFoxisRitely 2000 Da. At this
'equivalent weight, the unsaturation, measure& in accor-

10 dance with ASTM D2849-69, "Testing Urethane Foam Polyol

Raw Materials", indicates a monol content approaching 50

mole percent. The functionality of the polyoxypropylene

diol is lowered from the theoretical value of 2 to

values in the range of 1.4 to 1.6.

15 | The unsaturation, and hence monol content, can -
be 1lowered somewhat by lowering the oxypropylation
reaction tempefature and catalyst level. Unfortunately,
the improvement is only marginal, and further results in
increased process time, significantly incfeasing the

20 cost of the product. Catalysts other than traditional
basic potassium or sodium hydroxide or alkoxide cata-
lysts have been proposed, with some improvement result-
ing therefrom. Use of catalysts such as the flammable
and toxic diethylzinc, or combinations of metal naphthe-

25 nates and tertiary amines have been used to lower
unsaturation. However, the resulting polydls still have
considerable monol content. o '

Recently, complex catalysts based on double

metal cyanides (DMC) have been used to prepare low

30 unsaturation polyols. Although the basic DMC catalysts
were proposed in the 1960’'s, as evidenced by U.S. Patent

No. 3,427,256; 3,427,334; 3,427,335; 3,829,505; and
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has been used to further 1ower the unsaturati&n, but the
solvent must then be stripped from the product. Most
recently, and as disclosed in EP-A-654302, novel,

.substantially amorphous t—butylalébhol complexes of zinc

hexacyanocobaltate (DMC -‘TBA) have been used to produce
polyoxyalkylene polyols with unsaturations in the range
of 0.003 to 0.007 meqg/g. Although the ultra-low but
measurable unsaturation'implies.a finite monol content,
gel permeation chromatography shows the polyols to be
monodisperse with no detectable lower molecular weight

‘components which would be attributed to monol formation.

Numerous patents have addressed the use of
higher molecular weight polyols to prepare polyure-
thanes. In such cases, the improvemehts are said to
result either solely from the ability to provide higher
molecular weight polyols of useful functionality, or
additionally, the low monol content, the monol thought
to react as "chain-stoppers®” during polyurethane addi-
tion polymerization. Illustrative examples of such
patents are U.S. Patent Nos. 5,124,425, 5,100,997,
5,116,931, 5,250,582, 5,100,922, 5,300,535 and
4,239,879. However, none of these patents pertain to
aqueous polyurethane latex.

C.P. Smith et al., in "Thermoplastic Polyure-



~recently, and as disclosed in EP-A-654302, novel, substantially anorphous

~ t-butyl al cohol conpl exes of zinc hexacyanocobaltate (DMC TBA) have been
used to produce pol yoxyal kyl ene polyols with unsaturations in the range 15
of 0.003 to 0.007 neq/g. Although the ultra-Iow but neasurable.
unsaturation inplies a finite nonol content, gel perneation chronatography
shows the polyols to be nonodi sperse with no detectable | ower nol ecul ar

wei ght . conponent s -whi ch woul d be attribut-8d to nonol formation. 20

Nunmer ous patents have addressed the use of higher nol ecul ar wei ght polyols
to prepare polyure- thanes. In such cases, the inprovenents are said to

resul t either %ﬁla%vﬂaeabhaesaﬁaaé tE’rérﬁ) nqrg@lvmsqeeuqaer w@bﬁeubainght
pol yol s of useful functionali t¥ di tional éep ow nopol
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addi - tion pol V1981, Z38p ON313- Bhsusm&bumeexamﬁmpﬁaﬂw Phasvomense U. S

R .
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Elastomers Based on Low Unsaturation Polyoxypropylene
10 Glycols and Poly(tetramethylene oxide) Glycols", A.T.
Chen et ‘al., POLYURETHANES WORLD CONGRESS 1993, October 10-
13, 1993, pp. 388-399. Cited as positively influencing
elastomer physical properties were the low monol content
and low polydisﬁersity ‘of the c.a. 0.015 meq/qg,
15 DMC ‘glyme catalyzed polyols used.

High molecular weight, low wunsaturation
polyocls are not merely "drop-in" replacements for
conventional polyols, however. For example, use of a
10,000 Da low unsaturation triol in place of a conven-

20 tional 5000 Da triol resulted in a polyurethane foam
which was stiff and boardy rather than softer, as would
be expected. Preparation of a soft foam based on the
high molecular weight, low unsaturation polyol required
changing the formulation in addition to adjusting the

25 amount of isocyanate to maintain the same index. R.L.
Mascioli, "Urethane Applications for Novel High Molecu-
lar Weight Polyols", 32ND ANNUAL POLYURETHANE TECHNI-
CAL/MARKETING CONFERENCE, October 1- 4, 1989. 1In similar
fashion, the 10,000 Da polyol produced elastomeric

30 polyurethanes with greater hardness than conventionally
catalyzed 5000 Da polyols, where softer elastomers would
be expected. Thus, it is difficult to accurately
predict what effect substitution of low uﬁsaturation



. 0.018 nmeq/g. An additional exanple of |ow unsaturation polyols, in

pol yur et hane cast el astoners, is given in "Conparison of the Dynam c
Properties of Polyurethane El astoners Based on Low Unsaturation

Pol yoxypr opyl ene 10 G ycol s and Pol y(tetramet hyl ene oxi de) d ycols”,
POLYURETHANES WORLD CONGRESS 1993, Cctober 10- 13, 1993,
pp. 388-399. Cited as positively influencing el astoner physical properties
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less than 0.010 meq/g, and most preferably in the range
of 0.001 to 0.007 meq/g. Equivalent and molecular
weights expressed in Daltons (Da) throughout this
specification and the accompanying claims are number
average equivalent and molecular weights.

Such polyoxypropylene polyols may be prepared
by DMC -glyme catalysis, but preferably, by substantially
amorphous DMC ‘TBA catalysis. The actual method of
catalysis is not important; the critical feature is the
low unsaturation of less than 0.02 meqg/g.

The low unsaturation polyoxypropylene diols
should éomprise a major portion, i.e. greater than 50
weight percent, preferably greater than 80 weight
percent, of the polyol component used to prepare the
isocyanate-terminated prepolymer, and substantially all
of the total polyoxypropylene polyol portion of the
polyol component should be a low unsaturation polyol
such that the total polyol component unsaturation is
less than 0.020 meq/g. By the term "polyol component”
is meant that portion of the isocyanate-reactive ingre-
dients which is exclusively hydroxyl-functional and is

- used to form the prepolymer, other than reactive dis-

persing aids. fThus, the polyol component may include
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~-9- polyols for conventional polyols will have on the physical properti.es
of pol yurethanes prepared fromthem The pplyoxypropylene diols of the
subj ect invention have equival ent weights of from 1000 Da to 5 8000 Da
pt ef erably 1000 Da to 4000 Da, nore preferably 1000 Da to 3000 Da, and nost
preferably 1000 Da to 2000 Da, and nmeasured unsaturations |ess than 0.020
nmeqg/ g, preferably about 0.015 neqg/g or |less, nore preferably |less than
0.010 nmeq/g, and nost preferably in.the rHRge 10 of 0.001 to 0.007 neq/g.
Equi val ent and nol ecul ar weights expressed in Daltons (Da) throughout
this specification and the acconpanyi ng cl ains are nunber average
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portion of the |50ﬁ¥anate:react|ve |ngge- dients which is exclusively
hydr oxyl - f unct Y8hgRtafiReriesomay ,aL8°: B8 BFft he prepol ymer, other than

reactive dis-

10 The polyél component may further include a
minor amount of other high molecular weight diols such
as polyester diols, polytetramethylene ether glycols
(PTMEG), and the like, provided that any monol content

. of such diols is low, such that the total monol content

15 - of the polyol component is below that corresponding to
a polyoxyalkylene polyol unsaturation of 0.020 meq/g,
preferably below that corresponding to 0.010 meq/g.

The isocyanates useful in the preparation of

the subject polyurethane dispersions may, in general, be

20 any organic di- or polyisocyanate, whether aliphatic or
aromatic. = However, preferred isocyanates are the
commercially available isocyanates toluene diisocyanate
(TDI), methylenediphenylene diisocyanate (MDI), and
their alicyclic saturated analogs. Toluene diisocyanate

25 is generally used as an 80:20 mixture of 2,4- and 2,6-
TDI, although other mixtures such as the commercially
available 65:35 mixture as well as the pure isomers are
useful as well. Methylenediphenylene diisocyanate may

also be used as a mixture of 2,4’-, 2,2’-, and 4,4’'-MDI

30 isomers. A wide variety of isomeric mixtures are
commercially available.  However, most preferable is
4,4’'-MDI or this isomer containing minor amounts of the



;'persing aids. Thus, the polyol conponent ‘may include -10- m nor anounts
of hard-segnent producing diols, for exanple, ethylene glycol, propylene

glycol, 1,2- and 1, 4-butanediol, 1, 6-hexanediol, 1, 4- cycl ohexanedi ol ,

1% 4- cycl ohexanedi net hanol , 4, 4" - di hydr oxybi phenyl, 5 hydr.oqui none,

bi sphenol A, bisphenol F, bisphenol S, neopentyl gl ycol ,

2,2,4-trimethyl pent anedi ol , and pol yoxyal kyl ene ollgoners wi th nol ecul ar
wei ghts of | ess than about 300 Da. M xtlres of these | ow nol ecul ar wei ght
species may al so be used. 10 The pol yol conponent may further

I nclude a-m nor amount of other high nol ecul ar weight diols such as

pol yester diol g,4pol yhat cgretigbeeeset her glycols (PTMEG, and the |ike,
provi ded that any nonol content of such diols is low, such that the total
nonol content 15 of the polyol conponent is below that corresponding to a
pol yoxyal kyl ene pol yol uEratfara‘edoalblbh@tmdsmyag}aqﬂsafameabhsi bbheart hat

correspondi ng 49101048 WYLGoyIBeR0NAIRIES Hoelali Loy it pirapaLl on of

the subject poly rstons may, In geher any organlc
di - or polyi soéygndﬂ-ésoﬂﬁépﬁ§ﬁ>°§ltﬁpﬁat apdolingarediisocyanghes draving

preferreds i Soiﬁﬁaéhﬁérséaehett@oﬁ@_mr Gindldne amaiye té@ﬁi@é\atﬁcﬁ ol uene

di i socyanate (TDI net hyl enedi phen ||socyanate I and t eir
alicyclic satufft %ﬁ%ﬂ%ﬁﬁ?yaﬂéiﬂﬂ#§ qS at e ?§e |#y*Tsed as

an 80: 20 m xt uphaefic2, 4soeyanates TRre althwughamidies rmy@lm&$ipM®hi@s t he
commer cial I'y isocyanates such as those derived from hydrogenated
aryldiamines such as toluene diamine and methylene-
- 10 dianiline. Examples are l-methyl-2,4-diisocyanatocyclo-
hexane and l-methyl-2,6-diisocyanatocyclohexane; bis(4-
isocyanatocyclohexyl)methane and the isomers thereof;
1,2-, 1,3-, and 1,4-bis(2-(2-isocyanato propyl) )benzene;

and isophorone diisocyanate.

15 Modified isocyanates based on TDI and MDI are
also useful, and many are commercially available. To
increase the storage stability of MDI, for example,
small quantities, generally less than one mole of an
aliphatic glycol or modest molecular weight polyoxy-

20 alkylene glycol or triol may be reacted with 2 moles of
diisocyanate to form a urethane modified isocyanate.

- Also suitable are the well known carbodiimide, allo- .
phanate, uretonimine, biuret, and urea modified isocyan-
ates based on MDI or TDI. Mixtures of diisocyanates and

25 modified diisocyanates may be used as well.

The isocyanate should be present in an amount
sufficient to ensure isocyanate-termination of the
prepolymer. The ratio of 1socyanate groups to lsocyan—
ate-reactive groups contained in the polyol component,

30 dispersing aid component, and any other reactive compo-
nents present-during prepolymer formation should, in



,.available 65:35 mxture as well as the pure isonmers are useful as well.
Met hyl enedi phenyl ene diisocyanate may al so be used as a m xture of 2,4'-

2,2'-, and 4,4'-MDl 30 | somers. A wi de variety of isoneric mxtures
are conmercially avail able. However, nost preferable is 4,4'-MD or this
| somer contai ning mnor anmounts of the 2,4 - and 2,2'-isoners. Preferred

aliphatic isocyanates are the |linear alkylene diisocyanates such as

1, 6-di i socyanat ohexane, 1, 8-diisocyanatoekZ-ane, and |inear diisocyanates
having 5 i nterspersed heteroatons in the al kyl ene residue, such as

bi s(3-i socyanat opropyl) et her. - More preferred ali- phatic isocyanates are
t he vari ous cygbnekanhatangesﬁtymnntEausunhp&%fbh@&ﬂyderBved 2romand
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quantities, genera k%bless t han one, nol e gf an aliphatiic glycol or nodest
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suitable are tgimg%h l%89mam§3%9O%—meﬁ%ylig-pyrrolldone, tetrahydro—

10 furan, methylethylketone, acetone, and the like. For

low VOC latices, the solvent should be rémoved prior to

or after dispersion in water. Reaction temperatures

below 150°C, preferably between 50 and 130°C are suit-

" able. The reaction may be catalyzed by known catalysts,

15 for example +tin(II) octoate, dibutyltin dilaufate,

dibutyltin diacetate, and the like, in amounts of 0.001

to about 0.1 weight percent, preferably 0.005 to 0.05

weight percent based on the weight-of the prepolymer.
Other catalets are suitable as well.

20 - For a stable latex dispersion, the prepolYmer
should contain one or more dispersing aids. The dis-
persing aid component may comprise a single dispersing
aid or a mixture of one or more compatible dispersing
aids, at least one of which must be reactive with the .

25 isocyanate component or the polyol component, preferably
the former, and is considered when calculating the
equivalent ratio of NCO-groups to NCO-reactive groups.
In general, for example, the use of both cationic and
anionic group-containing dispersing aids is not recom-

30 mended, as these groups may inter-réact, resulting in
flocculation, coagulation, or precipitation of the
prepolymer from the dispersion. Anionic and hydrophilic
dispersing aids are preferred. Examples of suitable



phanate, uretonimne, biuret, and urea nodified isocyan- ates based on M
or TDI. M xtures of diisocyanates and 25 nodi fi ed diisocyanates nmay be
used as well. The isocyanate should be present in an anmount sufficient to
ensture i'socyanate-term nation of the prepolynmer. The ratio of isocyanate
groups to isocyan- ate-reactive groups contained in the pol yol conponent,
30 di spersing aid conponent, and any other reactive conpo- nents present
during prepolyner formation should, in ~13»- general, range from1.1 to
4, preferably 1.5 to 2.5, and nore preferably 1.5 to 2.2 on an equi val ent
basis. The resulting prepolyners should desirably have isocyanate group
(NCO) contents ofanieiniredispardifigneidh] mesfaniblb contrarle:fmrgablaybéxym 5
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based on the “Ei%Q%f%Er%%? ESBSL¥ER&- aids are a,a-dimethylolalkanoic

10 acids such as a,a-dimethylolacetic acid, and in particu-
lar, a,a-dimethylolpropionic acid. Polymers containing
ionic groups or latent ionic groups and having
isocyanate-reactive groups are also suitable. Examples
include vinyl copolymers containing residues of acrylic’

15 acid and hydroxyethylacrylate or other hYdroxyl—func—
tional vinyl monomers. -

Hydrophilic dispersing aids, as defined
herein, are those non-ionic groups which impart hydro-
philic character. Such groups may include oligomeric

20 polyoxymethylene groups or préferably, polyoxyethylene
groups. Particularly preferred are monofunctional
polyoxyethylene monols or copolymer monols based on
ethylene oxide and propylene oxide where a major portion
of the oxyalkylene moieties are oxyethylene such that

25 ‘the monol as a whole is hydrophilic. Other hydrophilic,
non-ionic polymers containing isocyanate reactive gfoups
are useful as well. When hydrophilic, monofunctional
dispersing aids are utilized, the isocyanate component
may advantageously contain higher functional isocyanates

.30 such as the polymethylene polyphenylene polyisocyanates
with functionalities between 2 and 2.4. Alternatively,
the amount of diisocyanate may be increased and minor
quantities of low molecular height, isocyanate reactive,



Qther catalysts are suitable as well. 20 For a stable |atex
" di spersion, the prepolyner should contain one or nore dispersing aids. The
di s- persing aid conponent may conprise a single dispersing aid or a
nt xt ur'e of one or nore conpatibl e dispersing aids, at |east one of which
nmust be reactive with the 25 | socyanat e conponent or the polyol
conponent, preferably the forner, and is considered when cal cul ating the
equi-val ent rati o of NCO groups to NCO reatd4-i ve groups. In general, for
exanpl e, the use of both cationic.-and anionic group-containing dispersing
aids is not recom 30 nended as these groups may inter-react, resulting
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‘Exanpl es include citric an rtaric aC| wever referre
di sper si ng ai d$ofiee HroRSLi@s] - di net hyl ol al kanoic 10 aci ds such as
a, a-di met hyl ol acetic acid, and in particu- lar, a,a-dinmethylol propionic

acid. Polyners containin on rou 0 Iatent ionic. groups and
havi ng y (%h Alspé}SlJ% aid component, conta nfn one

or more dispersing aids, may be added to the prepolymer-

10 forming ingredients during prepolymer formation, thus
being randomly incorporated into the prepolymer molecu- '
lar structure, or may be added following the reaction of
the di- or polyisocyanate with the polyol component.
Cross-linking agents, as described previously, may also

15 be added simultaneously or subsequently. Alternatively,
when two or more dispersing aids are present in the
dispersing aid component, one dispersing aid or a
portion of the mixture of two or more dispersing aids
may be added duriﬁg prepolymer formation with the

20 remainder added following prepolymer formation. Regard-
less of when the dispersing aids are added, the result-
ing dispersing aid-containing prepolymer should retain
isocyanate-reactive functionality.

. The prepolymer thus formed may be dispersed in
25 water by any known method, for example by adding water
w1th stirring until phase inversion occurs, but prefera-
bly by addlng the prepolymer, either neat or dissolved
in solvent, to water with vigorous stirring.

Either before or after the prepolymer has been
30 dispersed, latent cationic or anionic groups, preferably
anionic. dispersing groups, are advantageously converted



i'socyanat e-reactive groups are al so suitable. Exanples include vinyl
‘copol yners contai ni ng resi dues of acrylic 15 acid and-
hydroxyet hyl acryl ate or other hydroxyl-func- tional vinyl nonomers.
Hydrophilic dispersing aids, as defined herein, are those non-ionic

groups which inpart hydro- philic character. Such groups may include
ol igoneric 20 pol yoxynet hyl ene groups or preferably, polyoxyethylene
gr oups. Particularly preferred are 4gnofunctional pol yoxyethyl ene

nonol s or copol yner nonols based on et hyl ene oxi de and propyl ene oxi de
where a major portion of the oxyal kyl ene noieties are oxyet hyl ene such that
25 the nonol 8§ anholRriresheAuenk | Afion Oder caxdbephi Ebs, é}&ﬁn;smlc

pol yners containing isocyanat e reactive groups are useful as wel Vihen
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di i socyanabe rragemrahnzeageaigmm o exqmglE ai ESrbiarymecmicm asei ght
| socyanate reacfiyg hy am%ﬁ pol yfuncti onal -speci es such as gl ycerine,
trimethylol- propane, %le anol am ne, triethanol anine and the |ike,
general |y considered in polyurethane chenmistry as cross- |inking agents,

may be added to counteracgoii®we |np§ePthQg5wugéffegheofﬁygygﬁwﬁggona

nonol s. Howev addj ti on of uncti opal_species is kngwnto sacrifice
Slsp l 3 c nvg}s{Ln of all r%r a portion' of latent

ersion an
ionic groups to ionic groups, the chain extender is
10 added to the dispersion. The chain extender may be one -
of the known glycol chain extenders, but is preferably
an amine-functional or hydroxylamine-functional chain
extender. The chain extender may be added to the water
before, during or after dispersing the prepolymér. If
15 - the chain extender is added after dispersing the pfe—
polymer, then it should be added before the prepolymer
has an opportunity to significantly react with water,
normally within 30 minutes, preferably 15 minutes.

The amine chain extender is preferably a
20 polyfunctional amine or a mixture of polyfunctional
amines. The average functionality of the amine, i.e.,
the number of amine nitrogens per molecule, should be
between about 1.8 and 6.0, preferably between about 2.0
and 4, and most preferably between about 2.0 and 3. The
25 desired functionalities can be obtained by using mix-
tures of polyamines. For example, a functionality of
2.5 can be achieved by using equimolar mixtures of
diamines and triamines. A functionality of 3.0 can be
_ achieved either by using: '
t 30 (1) triamines,

(2) equlmolax'mlxtures of diamines and tetramines,

(3) mixtures of 1 and 2, or



sonme properties. The dispersing aid conponent cont ai ni ng one or nore

"di spersing aids, may be added to the prepolynmer- 10 formng ingredients
during prepolyner formation, thus being randomy incorporated into the
prepol ymer nolecu- lar structure, or may be added following the reaction of
the di- or polyisocyanate with the pal yol conponent. Cross-I|inking agents,
as described previously, may al so 15 be added si nmul taneously or
‘subsequently. Alternatively, when two or +l6re di spersing aids are present
in the dispersing aid conmponent, one dispersing aid or a portion of the
m xture of two or nore dispersing aids may be added during prepol ymer
formation-with the 2@4é rgﬁyladaéragdgaaﬁpél@ﬂkﬂgrggepolyner fornatlon
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any known net ho i water with stirring until phase
i nversi on occurgrd%gérg 42-9 gggygg%aing t he prepolynmer, either neat or

di ssolved in solvent, to water mnth vigorous stirring. Either before or
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gr oups, preferabli ani oni c di spersing groups, are advant % converted
to the correspoPL¥gRaREsn coPtedning, dF°e§aﬂﬂ%Pecﬂ#W%P§thl§ dF oyl i ¢

aci d groups to LesdpaNhEéereactpte HRIMRIeTPACRLraANOKY! tite AErEwHIUPS tO
car?ox- -noff test, e.g., primary or secondary amine groups. The
polyamines are generally aromatic, aliphatic or alicy-
10 clic amines and contain between about 1 to 30 carbon
atoms, preferably about 2 to 15 carbon atoms, and most
preferably about 2 to 10 carbon atoms. These polyamines
may contain additional substituents provided that they
are not as reactive with isocyanate groups as the
15 primary or secondary amines. Examples of polyamines for
' use in the present invention include the amines listed
as low molecular compounds containing at least two
isocyanate-reactive amino hydrogens, and also diethylene
triamine, triethylene tetramine, tetraethylene penta-
20 mine, pentaethylene hexamine, N,N,N-tris~(2-aminoethyl)-
amine, N-(2-piperazinoethyl)ethylene diamine, N,N’-bis-
(2-aminoethyl)piperazine, N,N,N’-tris-(2-aminoethyl)-
ethylene diamine, N-{N-(2-aminoethyl)-2-aminoethyl]-N'-
(2-piperazinoethyl)-ethylene diamine, N-(2-amino-
25 ethylene-N’-(2-piperazinoethyl)amine, N,N-bis-(2-piper-
azinoethyl)—amine, polyethylene imines, iminobispropyl-
amine, guanidine, melamine, N-(2-aminoethyl)-1,3-propane
diamine, 3,3’diaminobenzidine, 2,4, 6-triaminopyrimidine,
polyoxypropylene amines, tetrapropylenepentamine,
30 tripropylenetetramine, N,N-bis-(6-aminohexyl)amine, °
N,N’-bis~(3-aminopropyl)-ethylene diamine and 2,4-bis-
(4'-aminobenzyl)-aniline. Preferred polyamines are 1-
amino-3-aminomethyl-3,5,5-trimethyl-cyclohexane (isopho-



yl ate groups may be acconplished by addition of a 5 neutralizing agent,

" for exanple a tertiary am ne such as triethylam ne. Follow ng preparation
of the prepol yner dispersion and conversion of all or a portion of |atent
i‘'onic groups to ionic groups, the chain extender is 10 added to the

di spersion. ‘The chain extender may be one of the known glycol chain
extenders, but is preferably an am ne-functional or

hydroxylan1ne functional chain extender.-1The chain extender may be added to
the water before, during or after dispersing the prepolynmer. If 15 t he
chain extender is added after dispersing the pre- polynmer; then it should
be added beforEomeedﬁamﬁnbymErnﬁnnky1bﬁgxﬁ4+aminodynkbnpﬁjlymuﬁﬂanqﬁact
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2.0 and examingesired functionalities can be obtained by using mx-
tures of polyamnes. For exanple, a functionality of 2.5 can be achieved
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equi nmol ar ni xtim eaccbrdanaenws tAndhectpreseres, 1¢G¢nu1anuissdebehdmm¢ 2, or
upon the number of terminal isocyanate groips in the
prepolymer. Generally, the ratio of terminal isocyanate
10 groups of the prepolymer to the amino hydrogens of the
polyfunctional amine is between about 1.0:0.6 and
1.0:1.1, preferably between about 1.0:0.8 and 1.0:0.98
on an equivalent basis. Lesser amounts of polyfunc-
tional amine will allow for too much undesired. reaction
15 of the isocyanate groups with water, while an undue
excess may lead to products with low molecular weight
and less than the desired amount of cross—linkiné, when
cross-linking is desired. For the purposes of these
ratios, a primary amino group is considered to have one
20 amino hydrogen. For example, ethylene diamine has two
equivalents of amino hydrdgens and diethylené triamine

has three equivalents.

The reaction between the dispersed prepolymer

and the polyamine is conducted at temperatures from

25 about 5° to 90°C, preferably from about 20° to 80°C, and

most preferably from about 30° to 60°C. The reaction

conditions are normally maintained until the "isocyanate

groups are essentially completely reacted. In order to

reduce the presence of localized concentration gradi-

' 30 ents, the polyamine is preferably added slowly or in
increments to the dispersed prepolymer which is normally

‘agitated to ensure complete mixing of the polyamlne



-16- (4) any other suitable m xtures. These other suitable m xtures for
" obtaining the desired functionalities will be readily apparent to those of
ordinary skill in the art. 5 Sui t abl e ami nes are essentially
hydr ocar bon pol yam nes containing 2 to 6 am ne groups which have
| socyanat e-reacti ve hydrogens according to the Zerewiti- noff test, e.g.,
primary or secondary am ne groups. The polyam nes are generally aromatic,
al i phatic or alicy- 10 clic am nes and-18entai n between about 1 to 30
carbon atons, preferably about 2 to 15 carbon atons, and nost preferably
about 2 to 10 carbon atons:. These pol yam nes may contain additional
substituents pta¥bdgHolibatlt Heheyquwdsud Ohedsumsacttye Pblf}ain%ﬁéyw GdJI OUPS
as the 15 primary or. secondary am nes. Exanples of polyam nes for use in
the present i nodfetoRor el AGUERESIAAZEm 15 A s SRRy @ &t dHhounds
g_ont ﬁi Ini ng at_beasdisw_liré@c%/@m‘latﬂgm@_éd/emm watbﬁdregen@n a:rxﬁt;agdﬁ@ _

iethylene triamne, trigt e tetram ne, tetraethyl]ene penta- m
pent aet hyl ene ﬁgigﬁpﬁé, é&fgéﬁig|qggﬁﬁigaﬁPﬁggph§I?Fea RS prev1ouéﬁy
N- ( 2- pi pefazi ndesbyibednfdensealiianpnepakihl-the -ictmmateetttepn)iyigesdazi ne,
N,N,N'-tris-(z?ﬁg% ) Q¥L)- et hyl ene di am ne,
N-[ N- (2- am noet hy ?- -am noet hyl]-N - (2-pi perazinoet hyl)-ethyl ene
di am ne, N-(2-am no- 25 et hyl ene- N - (2- pi per azi noet hyl ) am ne,
N, N- bi s- (2-pi per- azi noethy! 1l Phoddey Aishy! 808p18] NEguedus RGYFEYFOPY! -
am ne, guani dineg, nelan1gﬁ,,ghﬁi-anxngsthyl -1, 3- propane di.am ne, 3,3
di ami nobenzi di $tOR20%  CRMPIGALAE TR Flﬁéﬁfofygﬂﬁﬁﬁ7ﬂﬁ?thaﬁﬁﬁﬂes,
t et rapr opyl enepret parécle size is generally below about 1.0 micron,

10 and preferably between about 0.001 to 0.5 micron. The

average particle size should be less than about 0.5

ne,

micron, and preferably between 0.01 to 0.3 micron. The

small particle size enhances the stability of the

dispersed particles and also leads to the production of
15 films with high surface gloss.

It is to be understood that the methods
disclosed herein for preparing the polyurethane
dispersions of the present invention are by way of
example, and other methods known to those skilled in the

20 art may be used as well without departing from the
spirit of the invention. Suitable methods, for example,
are disclosed in U.S. Patent Nos. 4,408,008; 4,507,430;
3,479,310; 4,183,836; and 3,238,010, whiéh are herein
incorporated by reference.

25 Having genefally described this invention, a -
further understanding can be obtained by reference to
certain specific examples which are provided herein for
purposes of illustration only and are not intended to be
limiting unless otherwise specified. ‘



30 tripropyl enetetram ne, N, N- bi s- (6- anmi nohexyl ) ani ne,

N, N' - bi s- (3-am nopropyl ) -et hyl ene di am ne and 2, 4-bi s-

(4' -am nobenzyl)-aniline. Preferred polyamnes are 1- .

am no- 3-am nonet hyl -3, 5, 5-tri nmet hyl - cycl ohexane (i sopho- -17- rone

di am ne or | PDA), bis-(4-am nocycl ohexyl)nethane,

bi s- (4- am no- 3- net hyl cycl ohexyl ) net hane, 1, 6-di am no- hexane, ethylene

di amine, diethylene triamne, triethyl- 48e tetram ne, tetraethyl ene
pent am ne and pent aet hyl ene 5 hexam ne. The annunt of pol yfuncti onal
amne to be used in accordance with the present i nvention is dependent upon
t he nunber oflggayﬁuaql |socyanate groups in the prepolymer. Cenerally, the
ratio of termpaah pe @ $BLF ) 3P , e ol YiRr to the am no
hydr ogens of t bp Y ) e Dig By Jn 0.0BY & 1.0:0.6 and
1.0:1.1, preferably between about 1.0:0. 8 and 1 0: 0. 98 on an equi val ent

basi s. Lesser anounts p for much
undesired reaction 15 )gr; tﬁieéq éo aa%éagyﬁl%gﬁgdwt#\ﬁ?dlwev{hl I é'%%n undue
excess may Ieé&ﬁRﬁﬁﬁQmﬂﬁ%@Svﬁh¢lﬁ Qﬁﬂ&&uﬁQﬁmW%ﬁiﬁﬂnand less than the
desi red anount fofF—trosS—FFTRkr g e crooo—+1 r the
pur poses df t hip PREPOLYMERFQRMULATION no group i s considered to haye one

20 am no hyfirogen. For exanple, € ne ents of
am no hydroge and diethyl ene triam ng has threé eqqivalents“k@ﬁé eaction
bet ween the di EERIALS pol yner Eq. Wt. | Equivalents |  (gs)
“ 4,4’-dicyclohexylmethane ~ -131.2 0.5354 70.24
diisocyanate (Desmodur W) _ '
4000 Da polyoxypropylene diol 1968 - | 0.0965 | 189.89
10 (unsat. = 0.005 meq/g, OH# 28.5) '
dimethylolpropionic acid (DMPA) 67.1 0.1466 9.84
N-methyl-2-pyrrolidone (NMP) 30.00
stannous octoate ' 0.03
Total Prepolymer Weight (gs) : 300.00
15 The 4000 Da polyoxypropylene diol, DMPA, NMP

and Desmodur W were charged to a 500 ml, 3-neck, round-
bottom flask equipped with a thermocouple, stirrer and
nitrogen inlet. While stirring, the mixture was heated
"to 80°C until the DMPA solids dissolved and the mixture
20 became homogeneous. The stannous octoate was then added
and the temperaturé raised to 100°C. The components
were reacted at 100°C for 7 hours forming an isocyanate-
terminated prepolymer with a calculated weight percent
_ carboxylate content of 1.20 and an isocyanate (NCO)
25 content of 3.81% (theoretical NCO = 4.09%). The
prepolymer was cooled to 80°C, then 5.98 g (0.059
equivalents) of triethylamine was added to neutralize
the carboxylate groups and stirred for about 10 minutes.

The prepolymer viscosity was 1020 cps at 80°C.



and the polyamne is conducted at tenperatures from25 about 5 to 90C,
" preferably fromabout 20[err] to 80[err]C, and nost preferably from about
30 to 60[err]C. The reaction conditions are normally maintained until the
| Socyanate groups are essentially conpletely reacted. In order to reduce
the presence of |ocalized concentration gradi- 30 ents, the polyamne is
preferably added slowly or in increnents to the dispersed prepol ynmer which
is normal ly agitated-to ensure conpl ete m2ki ng of the pol yam ne
t hroughout the aqueous medi um The pol yam ne may be added to the aqueous
mediumin its pure formor it may be dissolved or dispersed in water or an
organi ¢ sol vent. Suitabl gnan@aBksre@hyephsidie, 196y er&ags%h er at_

descri bed for in prep t he i sdcyanate-term nat ed yner.,
final product % §:§ﬁ§3%£i%£gﬁﬁﬁgydpgﬁ §|BﬁnHFGCBFFépéaFP§°st§9°

particles “of uma.amrs&hharlask thatpdntingl 809i 8egi 6fgdscoalk¥dbehtrrageut 1.0
m cron, agﬂ E{eferably bet ween about 0.001 to 0.5 micron. The average
partlcle S|ze ‘d be less than about 0.5 micron, and preferably between
0.01 to 0.3 micron. The small particle size enhances the stability of the

di sper sed sparti cl es and alSqnligadsy,kanble BoPUVELAoRL 48ing. bF! EBgMi th

hi gh surface gl oss. ISt e un erstood t ¢l osed
herein for pﬂéﬁér?ﬁéYlﬁﬁé digmineefRdnd4df sGepti daionizedewates evias

invention are Budeay fow@Bver &ds OhattEetidRodNoOWrHD t89sEL Sk§! | ed

~inthe aqueous polyurethane/urea dispersion was heated at 50°C .
for 2 hours to react off any remaining free isocyanate.

10 The dlsperslon was stable w1th a total calculated solids

content of 40.8% and a v150051ty of 18 cps at 25°C.

Films were cast on glass plates using a 20 ml
drawdown bar. The films were flashed off at room
temperature and then heated to 80°C for 1 hour. The

15 resulting films were clear and flexible. The films were
removed by immersing in water and then conditioned at
least 2 weeks at 23°C and 50% humidity prior to testing.
The film properties are summarized in Tables 1 and 2.

Example 2 _
20 4000 Da Polyoxypropylene Diol (Unsaturation = 0.015 meq/g)

An isocyanate-terminated prepolymer was
prepared using the following formulation and following
the procedure described in Example 1:



i nvention.

S TS

20

art may be used as wel |
Sui t abl e net hods,

for exanple,

wi t hout departing fromthe spirii of the
are disclosed in U S. Patent Nos.

4,408, 008; 4,507,430; 3,479,310; 4,183,836; and 3,238,010, ‘which are .herein

i ncor porated by reference.
a further understandi ng can be obtained by reference to certain

i nventi on,

speci fic exanpl es which are provided herein for
.only and are not
-19- Exanple 1 4000 Da Pol yoxypropyl ene”

25 Havi ng general |y descri bed

purposes of illustrat

i ntended to be Ilnltlngdggless ot herwi se specifi ed.
(Unsaturation = 0.005 ne

An | socyanat e-t er m nat ed prepolyner mas prepared u5|ng the fol
formul ation: 5 RREPROL VVER L ORM AT OMG gl MO T DL O
Eq. W. Equiv 131 2 0.p
70. 24 dii socyarfate \ucalluuw W 4600 PaTpotyoxyprppytene i gt 968
0. 0965 189. 49 10 (unsat. = 0.005|neq/g, OHff 28.5) Weight
- di met hyl ol pr opijoMATERIALS( DVPA) 67.1 0. 1B@oWt. 9| SBquivalesthy| - 2(@yrr b
( NVP) stannous oct gat.e :
0.03 Total Pr e;{lg W%&g 'ﬁa 312 205800 15 70-59
The 4000 Da pollySiisggapats (Resmo NVP and Pesnndur Wlwere cha
a 500 m, &3- nedn(‘tooh%mlyoxypmpylcne diol 1968 0.0969 189.50
(unsat. = 0.015 meq/g, OH# 28.7)
. dimethylolpropionic acid (DMPA) 67.1 0.1474 9.89
N-methyl-2-pyrrolidone (NMP) 30.00
‘stannous octoate 0.03
10 Total Prepolymer Weight (g) 300.01
The isocyanate-terminated prepolymer had a
calculated weight percent carboxylate content of 1. 20
and an isocyanate (NCO) content of 3.88% (theoretical
NCO = 4.11%). The prepolymer was cooled to 80°C, then
15 6.01 g (0.059 equivalents) of triethylamine was added to
neutralize the carboxylate groups and stirred for about
10 minutes.
While stirring rapidly, 284.6 g of prepolymer
at 80°C was added slowly over a 5 minute period into a
20 500 ml resin flask containing 308.0 g of deionized water
at 50°cC.
An amine extender solution consisting of 6.98
g of ethylene diamine and 34.9 g of deionized water was
added slowly over a 5 minute period. The™ resulting
25 ' aqueous polyurethane/urea dispersion was heated at 50°C

for 2 hours to react off any remaining free isocyanate.

The dispersion was stable with a total calculated solids
content of 40.7%. '

this
I on
q/ g)
ow ng
354

| i done

ged to



bottom fl ask equi pped with a thernocouple, stirrer and nitrogen inlet.
While stirring, the mxture was heated to 80[err]C until the DVPA solids

di ssol ved and the m xture 20 became honbgeneous. The stannous octoate
was then added and the tenperature raised to 100C. The conponents were
reacted at 100[err]C for 7 hours form ng an isocyanate- term nated
prepolynmer with a cal cul ated wei ght percent carboxylate content of 1.20 and
an i socyanate (NCO 25 content of 3.8192- (theoretical NCO = 4.09%.
The prepolynmer was cooled to 80C, then 5.98 g (0.059 equival ents) of
triethylam ne was added to neutralize the carboxyl ate groups and stirred
for about 10 m nutes. The Pitpsl| ywerevi ebbaihgdwassitz0 ahe atprfdédure - 20-

VWhile stirring rapi 8 of |y J ded sl owy
over a5 mnute SOrT EHPra: O aERuRPLE PP YT Hedll Blid it K
dei oni zed wat er @uds5flekibte 8nd the film prapextiss @veestomagdlzed dm
consisting of 6.88,9e0i, ethylene diamne and 34.4 g of deionized water was

added slowy over a5 m nute period. The resul ti ng aqueous
pol yur et hane/ urea di spersion was heated at 50[err]C for 2 hours to react

of f any ren®i ni NQohp@arivé Exumpre & to Bxampldi€l ghdper sion was stable with a
total calcul atedyp WP@@@malz%eﬁoﬁ&@@ﬂﬁﬁghs._r_:gbgy%gé%gﬁ cps at
25[err]C. Filnms wWere cast on glrass plrates using a wn bar . The

films were flashed off at roomtenperature and then heated to 80[err]C for

_1 hour . The An  isocyanate-terminated prepolymer was

p'repared using the following formulation and the
‘procedure described in Example 1 except that the

10 ° components were reacted at 100°C for 8 hours.
" PREPOLYMER FORMULATION
_ Weight
MATERIALS Eq. Wt. Equivalents (g
4,4’-dicyclohexylmethane 131.2 0.5180 67.96
diisocyanate (Desmodur W) :
15 4000 Da polyoxypropylene diol 2063 0.0933 192.49
(unsat. = 0.085 meq/g, OH# 27.2) :
“ dimethylolpropionic acid (DMPA) 67.1 0.1419 9.52
" N-methyl-2-pyrrolidone (NMP) 30.00
u stannous octoate -0.03
20 I Total Prepolymer Weight (g) ' 300.00

The resulting isocyanate-terminated prepolymer
had a calculated weight percent carboxylate content of
1.16 and an isocyanate (NCO) content- of 3.48%
(theoretical NCO = 3.96%). The prepolymer was cooled to
25 80°C, then 5.78 g (0.057 equivalents) of triethylamine
was added to neutralize the carboxylate groups and
stirred for about 10 minutes. The prepolymer viscosity

was 940 cps at 80°C. R



15 resulting filnms were clear and flexible. The filns were renoved by
i Mmersing in water and then conditioned at |east 2 weeks at 23[err]C and
50% humi dity prior to testing. The filmproperties are sumarized in Tabl es
1 and 2. Exanple 2 20 4000 Da Pol yoxypropyl ene Diol (Unsaturation-= 0.015

meq/ g) An | socyanat e-t erm nat ed pr epol yner was prepared using the
followng formulation and follow ng the procedure described in Exanple 1:
- 21 - PREPOLYMER FORMULATI ON Wi ght. MATERFALS ' : Egq. W.
Equi valents = (g) 4,4 -dicyclohexyl nethane | 131.2 . 0. 5380 70. 59
di i socyanat e (EEsnDdur W 5 4000 Da polyoxypropylene diol 1968

0 0969"  189.50 (unsat, whi0e0dbifeahg. rabiia2y, 125al 5o s ghis aci d
(DVPA) 67.1 Q.1 9. 89 N et hyl gr#ol?'one l\/% BRESOLARE

30. 00 stannous? ?é cwas added” slowly dver’a 5 min t?)RﬁF%R# intor g
Prepol ymer Wi §b0 mg)reS1n flask containing3@82Q0Y §hefideLymipéE wardr nat ed
pr epol yner had L ul at ed wei ght percent carboxyl ate content of 1.20 and
an i socyanate ?ﬁcﬁ? content of 3.88% (theoretical NCO = 4.11% . The

prepol yner was cooled to 80[err]C, then 15 6.01 g (0.059 equival ents) of

triethyl agine was added hn BRYhEALkEENEEL SSTROKYA ASnI QUAT; W $Sidfred

for about 10 m nutes. L. .
g of ethylene diamine and 28.4 g of deionized water was

added slowly over a' 5 minute period. The resulting

agueous polyurethane/urea dispersion was heated at 50°C
_ for 2 hours to react off any remaining free isocyanate.
10 The dispersion was stable with a total calculated solids

content of 40.7% and a viscosity of 26 cps at 25°C.

Films were obtained using the procedure
" described in Example 1. The resulting films were
slightly hazy. The film properties are summarized in

15 Table 1.

TABLE 1 - FILM PROPERTIES

EXAMPLE 1 | EXAMPLE 2 | COMPARATIVE |
EXAMPLE 3

Polyol Unsaturation, 0.005 0.015 0.085
meg/g :

Tensile Strength, psi 3230 2950 1760

20 100% Modulus, psi 1260 1090 950

300% Modulus, psi 2300 1910 1690
Ultimate Elongation, % 430 460 320 -

As Table 1 illustrates, use of polyols having

low unsaturation enables preparation of polyurethane

‘ 25 latices capable of foriming films with vastly superior
‘properties as compared to films formed from latices

employing conventional polyols. All physical properties



VWhile stirring rapidly, 284.6 g of prepolyner at 80[err]C was added slowy
over a 5 mnute period into a 20 500 M resin flask containing 308.0 g
of deionized water at 50[err]C. An am ne extender sol ution consisting of
6.98 g of ethylene diamne and 34.9 g of deionized water was added slowy
over a 5 mnute period. "~ The resulting 25 aqueous pol yur et hane/ urea

di spersion was heated at 50[err]C for 2 hours to react off any renmaining
free isocyanate. The dispersion was stable2ith a total calcul ated solids
content of 40.7% -22- Filnms were obtained using the procedure descri bed
in Exanple 1. The resulting filnms were clear and flexible and the film
properties are saneninceeasadTablke hidher HeargpidrentstueergtdmEne &llomga-
Exanpl es | and 2,{400Q [ EQH%MS&PP%' %{ao'?t%t( ety #ihal <wP1P8%e
meq/g)) An i socyanate-tefrm nated [ prepdlymer was prepared using the
followi ng form$é@biest tm@Etuess pr Busgbesmoges ckhechilng prepanad from
except that thfolemsatﬁﬁ%’lﬁﬂ%@l?@ledéﬁﬁﬁéﬁ%ﬂyéﬂ@il%ﬂé @i{#@z%i%‘érs-
PREPCLYMER jj:CRI\/ULATI ON Wei ght ERI ALS . - Eq. :

Equi val ents®  ( gJeHe 4 URBXRRST | d€Rzne Whilg) shose pubpared fzpmyg
dii socyanat e (Desimiluar BorhhilaticH¥)empbdopahygoxypvenyiensl dicllyoldare

0. 0933 192. 49hazy

Example 3 ' -
4000 Da Polyoxvpro, ler_le Diol (Unsaturated = 0.005 me and Aliphatic

10 Isocyanate

An isocyanate-terminated prepolymer was
prepared us.ing the following formulation and the
procedure described in Example 1 except that the
components were reacted for 10 hours at 100°C. *

15 | PREPOLYMER FORMULATION
| Weight
MATERIALS Eq. Wt. | Equivalents (g
Isophorone diisocyanate (IPDI) 111.1- 0.5514 61.26
4000 Da polyoxypropylene diol 1999 0.0994 198.58
‘(unsat. = 0.005 meq/g, OH# 28.1)
20 " dimethylolpropionic acid (DMPA) 67.1 0.1510 10.13
| N-methyl-2-pyrrolidone (NMP) | | 30.00
stannous octoate ' 0.03
Total Pr@lymer Weight (g) 300.00

-

The isocyanate-terminated prepolymer had a

25 calculated weight percent carboxylate content of 1.23

\ and an isocyanate (NCO) content of 4.05% (theoretical
' NCO = 4.21%). The prepolymer was cooled to 80°C, then
6.16 g (0.060 equivalents) of triethylamine was added to

neutralize the carboxylate groups and stirred for about



(unsat. = 0.085 nmeq/g, OH# 27.2) dinethylolpropionic acid (DVPA) 67.1

0. 1419 9.52 N-nethyl -2-pyrrolidone (NWVP) 30. 00
st annous octoate . 0.03 20 Tot al
Prepol yner Wi ght (9g) 300. 00 The resulting

| socyanate-term nated prepol yner had a cal cul ated wei ght percent
carboxyl ate content of 1.16 and an isocyanate (NCO content- of
3.48% (theoretical NCO = 3.96% . The prepglsynmer was cooled to 25 80C,
“then 5.78 g (0.057 equivalents) of triethylamne was added to neutralize
t he carboxyl ate groups and stirred for about 10 m nutes. The prepol yner

viscosity was 9 O[e | r agindl 59
of prepolyner a #8 &P &%%gmas&égdgggﬁ e€ﬂ2*§55%}¢#r£ ? %gplo %@
500 Ml resin fl 83kCeontaining 282.7 g of delonlzed wat er at 50[err]C 5

An am ne extender solution consisting of 5.67 g of ethylene di am ne and
28.4 g of deionized water_ was added slowy over m nut e peri od. The

resul ti ng agueous pol yureWPréu]i@/%F%ﬁrﬁ‘i‘%p‘@%ﬁ%vve?ss%@aPédPﬁ?P%b}’@?F]@for 2
hours to react ebf’caﬁv&sr agaedi ngm?eové.@caaslammuﬁa peri6d A ARSI &1 HH0 WaS
stabl e mnt ato calﬁgiat d _so|ids. Conéfﬂ - 4 %96and a, Vi scosit of
26 cps at [erﬁn Cr =t cCOBEAFALET Y t‘ﬁe SRR 28 Ak
Exanpl e. 1. Tee°cesulting filnms were slightly hazy. The f|In1propert|es
are summari zed in :
An amine extender solution consisting of 6.60
g of ethylene diamine and 33.0 g of deionized water was
added slowly over a 5 minute period. The resulting
10 aqueous polyurethane/urea dispersion was heated at 50°C
for 2 hours to react off any remaining free isocyanate.
The dispersion was stable with a total calculated solids
content of 40.7% and a viscosity of 35 cps at 25°C.

Clear and flexible films were obtained using
15 the procedure described in Example 1. The £film
properties are summarized in Table 2.

TABLE 2 - FILM PROPERTIES

" I EXANHHJ§11 EXAMPLE 3 l

Diisocyanate Desmodur W ~ IPDI
Tensile Strength, psi 3230 4520 "
20 1100% Modulus, psi 1260 10 |
300% Modulus, psi 2300 1540 "
Ultimate Elongation, % 430 - 670 ~

Example 4
! 2000 Da Polvoxypropylene Diol (Unsaturation = 0.005 me

25 ~ An isocyanate-terminated prepolymer  was
prepared using the following formulation and the



15 Table 1. TABLE 1 - FILM PROPERTI ES EXAMPLE 1 EXAMPLE 2 COVPARATI VE

EXAMPLE 3 Pol yol Unsaturation, 0,005 0. 015 0.085 neg/g Tensile
Strength, psi 3230 2950 1760 20 . 100% Modul us, psi 1260
1090 950 300% Mbdul us, psi 2300 1910 1690
Utinmate El ongation, % 430 460 320 As Table 1 illustrates,
use -of polyols having | ow unsaturation enabl es preparati on of pol yurethane
25 | ati ces capable of forming filnms w tf6vastly superior properties as
conpared to filnms formed fromlatices enpl oyi ng conventional polyols. A
physi cal properties -24- are increased. The higher tensile strength and

el onga- tion areppacétdonkadéycrihbedt ant Exémpbef8tns will be subject to
stress. Furthernore, the films prepared from | ow unsaturation

pol yol - derived p lr-—------—_=---=--——:-—-:--——-—=-=-——-z-.:—~--_-_-=:___._~-_--__——,_--
whil e those preparrEPOLYMBERSFORMULATION ati ons enpl oyi ng convention

pol yol s were haz§—Examptre—3—4000Da—PotrypxypropytgmeDrot—Ursaturatgd =
0.005 nmeq/g) andfjAliphatic 10 |socyanatp An isdcyanat e-t ef mWeightd
“prepol ymer  was[|MASERMALS using the fol | & N floEquivalentsn) arg) .t He
' Isophorone diisocyanate (IPDI) . 131.2 0.5614 62.37
5 2000 Da polyoxypropylene diol 1062 0.1871 198.82
(unsat. = 0.005 meq/g, OH# 52.8)
dimethylolpropionic acid (DMPA) 67.1 0.1310 8.79
N-methyl-2-pyrrolidone (NMP) . 30.00
stannous octoate 0.03
10 | Total Prepolymer Weight (g) 300.01

The isocyanate-terminated prepolymer had a
calculated weight pefcent carboxylate content of 0.99
and an isocyanate (NCO) content of 1.90% (theoretical
NCO = 2.01%). The prepolymer was cooled to 80°C, then
15 4.94 g (0.048 equivalents) of triethylamine was added to
neutralize the carboxylate groups and stirred for about
10. minutes. The prepolymer viscosity was 1440 cps at
80°cC. '

While stirring rapidly, 250.5 g of prepolymer
20 at 80°C was added slowly over a 5 minute period into a
500 ml resin flask containing 292.9 g of deionized water

at 50°C. '

An. amine extender solution consisting of 3.01

g of ethylene diaminé and 15.1 g of deionized water was

25 added slowly over a 5 minute period. The resulting
aqueous polyuréthane/urea dispersion was heated at 50°C

for 2 hours to react off any'remaining free isocyanate.

The dispersion was stable with a total caleulated solids



procedure described in Exanple 1 except that the conponents were
reacted for 10 hours at 100[err]C. 15 PREPOLYMER FORMULATI ON Wei ght -
MATERI ALS Eq. W. Equivalents (g) |sophorone

dii socyanate (IPDI) 111.1 O0.5514 61. 26 4000 Da pol yoxypropyl ene di ol
1999 0.0994 198.58 (unsat. = 0.005 neq/g, OH# 28.1) 20 '

di net hyl ol propionic acid (DMPA) 67.1 0.1510 10. 13

N- net hyl - 2- pyrrol i done ( NVP) -27- 30. 00 stannous octoate
0.03 Total Prepolymer Weight (g) ' 300. 00 The
| socyanat e-term nated prepol yner ‘had a 25 cal cul at ed wei ght percent

car boxyl ate conteitedf df 28030 &k $OFYSAGE £rf )46 LM 05 4 09%
(theoretical NCO = 4.21% . The prepol yner was cooled to 80C, then 6.16 ¢

(0.060 equivalents) of triethylam ne was added to neutralize the

car boryl ate groups and StGIS%&fxd a40d ﬂ.bgidibleCfiarhn_sllﬁeﬂ‘]e_n%b%&inedﬂﬁgling -
prepol ynmer viscqsity was cps_at rr] C | stirring rapidly, g
of prepol yner a‘%‘%O[Q—ﬁ?‘f e a%’(ﬁﬁf’@?% y“]’bveﬁxaé“é% Mt e pdficod filﬁfrb a
500 5 M r espropémisies canteri sumuai/sed in dfable 3y zed water at 50[err] C
An am ne extender solution consisting of 6.60 g of ethylene diam ne and

33.0-g of deionized water was added slowy -over a 5 m nute period. The -
resulting S Comparative Example B to Example 4

(2000 Da Polyoxypropylene Diol (Unsaturation = 0.030 meg/g))

An  isocyanate-terminated prepolymer was
prepared using the method described in Example 3 and the
following formulation: |

10 PREPOLYMER FORMULATION
Weight
MATERIALS ' Eq. Wt. Equivalents ®
Isophoroﬁe diisocyanate (IPDI) ) 131.2 0.5804 64.48
2000 Da polyoxypropylene diol _ 0.1935 196.40
(unsat. = 0.030 meq/g; OH# 55.2)
15 dimethylolpropionic acid (DMPA) 67.1 0.1354 9.09
N-methyl-2-pyrrolidone (NMP) | 30.00
" || stannous octoate 0.03
" Total Preﬁolymer Weight (g) ' , ~300.00

The isocyanate-terminated prepolymer had a
20 calculated weight percent carboxylate content of 0.99
and an isocyanate_(NCO) content of 1.90% (theoretical
NCO = 2.01%). The prepolymer was cooled t6~80°c,.then
4.94 g (0.048 equivalents) of triethylamine was added to
' neutralize the carboxylate groups and stirred for about
25 10 minutes. The prepolymer viscosity was 1440 cps at
80°C.



.10 aqueous pol yur et hane/ urea di spersi on. was heated at 50[err]C for 2
hours to react off any remaining free isocyanate. The di spersion was stable
wiith a total calculated solids content of 40.7%and a viscosity of 35 cps
at 25[err]C. Clear and flexible filnms were obtained using 15 the

procedure described in Exanple 1. The filmproperties are

summari zed in Table 2. TABLE 2 - FI LM PROPERTI ES EXAMPLE 1 EXAMPLE 3

Di i socyanate Desmodur W | PDI Tensid8e Strength, psi 3230 4520
20 100% Modul us, psi 1260 810 300% Modul us, ps

2300 1540 U timate El ongation, % 430 670 Exanple 4 2000 Da

Pol yoxypr opyl ene Di Old (Unwaileaktopring. 08piaRy, 025855 g of hpre?oll. .

i socyanat e-term_pa repo r s prepared ~using the .Tollow ng
formul ation an8® %ﬁec “’%-52(9&‘%%5&@3&@ (?g'fctfiéb e Rfeed B AE YWER
FORMULATI ON Wi 500 mATESRsdh Flask containing 298q9 W of deioniiedtwaterf g)

| sophor one diisg%ygaabe (IPDI) 131.2 0.5614 62.37 5 2000 Da

pol yoxypropyl ene "dirol ~°1062 . 0.1871 198.82 (unsat. = 0.005 nmeq/g, OH#
52.8) dinethylol propionic acid (DVWPA) 67.1 0.1310 8.79

N-net hyl - 2spyrrolidone (NNR) amine extender solutidf &8nsisting of 3.01
g of ethylene diamine and 15.1 g of deionized water was
added slowly over a 5 minute period. The fesulting
aqueous polyurethane/urea dispersion was heated at 50°C
for 2 hours to react off any remaining free isocyanate.

10 The dispersion was stable with a total calculated solids
content of 40.0% and a viscosity of 64 cps at 25°C.

Clear and flexible films were obtained using
the procedure described in Example 1. The film
properties are summarized in Table 3.

15 : TABLE 3 - FILM PROPERTIES

' EXAMPLE 4 | COMPARATIVE
EXAMPLE B

I Polyol Unsaturation, meq/g 0.005 0.030

H Tensile Strength, psi 5930 4380

|| 100% Modulus, psi | . 510 570

Il 300% Modutus, psi | 1090 1160 |
20 " Ultimate Elongation, % - 670 640 "

Table 3 illustrates that the wuse of 1low
unsaturation polyols in conjunction with isophoronedi-
isocyanate to prepare polyurethane dispersions enables
the production of softer films which unexpectedly offer

25 higher tensile strength and elongation as compared to
films-prépared from similar dispersions derived from
conventional polyols. '



st annous octoate 0.03 10 Tot al

Prepol ynmer Wi ght (g) - 300.01 The isocyanate-terni nated
prepol ymer had a cal cul ated wei ght percent carboxylate content of 0.99 and
an i socyanate (NCO content of 1.90% (theoretical NCO = 2.01% . The

prepol yner was cooled to 80[err]C, then 15 4.94 g (0.048 equival ents) of
triethylam ne was added to neutralize the carboxylate groups and stirred
for about 10 minutes. The prepol yner visedsity was 1440 cps at 80C. Wile
stirring rapidly, 250.5 g of prepolyner 20 at 80[err]C was added slowy
over a 5 mnute period into a 500 Ml resin flask containing 292.9 g of

dei oni zed wat er Bxtzrriply S(High Hevrdrress PErgxt ender sol ution consisting of 3.01
g of. ethylene diam ne and 15.1 g of deionized water was 25 added slowy
over a 5 mnute period. The resul ti ng aqueous polyurethane/urea

di spersion was heated at {QC fg%ogKFBHEE EQr&EﬁﬁE @g¥g§fgﬁsglngwgéee

i socyanate. The di spersion was e wmth a tota ol ids

-27- content of PF@PEKLshd UsiRSscddie y fllesving aﬁoma@%r and ftesible

films were obt aipyieeedvired H@%crﬁb@ﬁedﬂhe Eﬂaﬁﬁlébe@! éﬂceﬁfﬁan@hét lgne The
filmproperties are summarized in |ve Example B to

Exanpl e 4 2000 B&‘W&%WFS@F@EQ"@OPW @Jﬁgapu%ogﬁ °§r§30 meq/ g)) An

| socyanat e-t er mi nat.ed prepol yner .was

PREPOLYMER FORMULATION
Weight
MATERIALS _ Eq. Wt. Equivalents (2
4,4’ -dicyclohexylmethane 131.2 - 0.8819 115.70
diisocyanate (Desmodur W) .
10 2000 Da polyoxypropylene diol 1018 0.1102 112.22
(unsat. = 0.005 meq/g, OH# 55.1) -
neopentyl glycol (NPG) 52.0 0.3307 17.20
dimethylolpropionic acid (DMPA) 67.1 0.1469 9.86
N-methyl-2-pyrrolidone (NMP) 45.00
15 stannous octoate : 0.03
Total Prepolymer Weight (g) 300.01

The isocyanate-terminated prepolymer had a
calculated weight percent carboxylate content of 1.27
and an isocyanate (NCO) content of 3.69% (theoretical
20 NCO = 4.12%). The prepolymer was cooled to 80°C, then
5.99 g (0.059 equivalents) of triethylamine was added to
neutralize the carboxylate groups and stirred for about
10 minutes.
While stirring rapidly, 261.4 g of prepolymer
25 at 80°C was added slowly over a 5 minute period into a
500 ml resin flask containing 258.6 g of deionized water
at 50°C.



-prepared using the nmethod described in Exanple 3 and the foll ow ng

formul ati on: 10 PREPCLYMER FORMULATI ON Wi ght MATERI ALS

Eq. W. Equi val ent s (g) Isophorone diisocyanate (IPDI) 131.2 0.5804
64. 48 2000 Da pol yoxypropyl ene di ol 0. 1935 196.40 (unsat. =
0.030 neq/g; OH# 55.2) 15 di met hyl ol propi onic acid (DWPA) 67.1 0.1354
9.09 N-nethyl-2-pyrrolidone (NW) ~30. 00 stannous
octoat e B3®3 Total Prepolymer Wight (g)
300. 00 The isocyanate-term nat ed prepol yner had a 20 cal cul at ed wei ght

percent carboxylate content of 0.99 and an isocyanate (NCO content of
1.90% (theoretical NCO =ph %Bﬁne B&%aﬂﬁéﬁowm&tmmceﬁehedmg 8B 6L 0BC,

then 4.94 g (0.048 e al e ) Qf tr| t m_ne S edto eutralize
the carboxyl at & é’ffoﬁg'g‘ ﬁﬁd" Bﬁu °fwg éoﬁfﬁﬁgega ﬁ:h‘gas

pr epg: yrns*r2 5\(3! Z@Qﬁiéfd’ SBswly4overs aat58(ﬁ[1mut]eC per:aecéB Vgﬂ: eresuii.tii.gg t
rapidly, : Q e rr e v m nut e
period into a §&5‘ é’o rfﬁg%ash%%egq‘f% n!d%s‘ﬁ’%gfﬁg a% gel gﬁ?zgé %/glt(e:r at
50[err]C. % for 2 hoursArtoamaaé:teﬂfénééy ggma@néngc6ﬁ§es@sﬁgygna9e@1 g of

ethyl ene di ani Rg io%r%l%notﬂagegeabzs%m o peRmlededulhewlyseyedsa 5

- mnute period. esul
content of 39.1% and a viscosity of 1450 cps at 25°C.

Clear and flexible films were obt&ined using
the procedure of Example 1. The film properties are

10 summarized below.
Pencil Hardness | H
Tensile Strength, psi 6410
100% Modulus, psi 3460
Ultimate Elongation, % 250

15 Example 6
An isocyanate-terminated .prepolymer was
pfepared using the following formulation and the

procedure described in Example 1:



.aqueous pol yuret hane/ urea di spersion was heated at 50[err]C for 2 hours to
react off any remaining free isocyanate. 10 The di spersion was stable
wi,th a total calculated solids content of 40.0% and a viscosity of 64 cps
at 25[err]C. Clear and flexible filnms were obtained using the procedure

described in Exanple 1. The filmproperties are summarized in
Table 3. 15 TABLE 3- FI LM PROPERTI ES EXAMPLE 4
COVPARATI VE EXAMPLE B Pol yol Unsaturation3l-neq/g 0.005 0.030 Tensile
Strength, psi 5930 4380 100% Modul us, psi. 510 570
300% Modul us, psi 1090 1160 20 Utimte Elongation, %
670 640 Table 3 |IIustrates that the use of Iom/unsaturatlon

pol yol s in conjunct ij FToTones ey arTare Eare
pol yur et hane di sper gji BREPORYBIER FORMUEATION| on of softer fllns whi ch
unexpectedly offer 4

to films prepared f Ji[.r di spersi ons deﬂ#v ed fro ht {onal
pol yol s. -29- Exd HPgh Hardness Fi quigalents term nat ed
prepolyner  was prépguedicytidnBeih&Ranko! | oW ng fqiﬂyﬁatlonea%q t §e procedure
described in Exanpl ¢ jusgey;,%ﬁ (Qﬂge'gﬁgdutrw) 5 gonponents \were reafted at
100[err] C for 13 houyr
.5 _ 2000 Da polyoxypropylene diol ' 0.1954 195.44
(unsat. = 0.005 meqg/g, OH# 52.8)
dimethylolpropionic acid (DMPA) 0.1173 7:87
N-methyl-2-pyrrolidone (NMP) 30.00
stannous octoate ' 0.03
10 Total Prepolymer Weight (g) 300.01

The isocyanate-terminated prepolymer had a

calculated weight percent carboxylate content of 0.96

and an isocyanate (NCO) content of 2.74%. The prepoly-

mer was cooled to 80°C,'then.sufficient of triethylamine

15 was added to neutralize 80 percent of the carbokylate

groups and stirred for about 10 minutes. The prepolymer
viscosity was 1350 cps at 80°C.

While stirring rapidly, the prepolymer at 80°C
was added slowly over a 5 minute period into a 500 ml
20 - resin flask containing deionized water at 50°C.

An amine extender solution consisting of
ethylene diamine in deionized water was added slowly
over a 5 minute period in an amount sufficient to react
to react with 90 percent of the remaining isocyanate

25 groups. The resulting aqueous polyurethane/urea disper-

! sion was heated at 50°C for 2 hours to react off any

: remaining free isocyanate. The dispersion was stable
with a total calculated solids content of c.a. 40%.



.PREPOLYMER FORMULATI ON Wi ght MATERI ALS - Eq. W.

Equi val ent s (g) 4, 4'-dicycl ohexyl met hane 131.2 0. 8819 115. 70
di,i socyanate (Desmodur W 10 2000 Da pol yoxypropyl ene diol 1018
0.1102 0 112.22 (unsat. = 0.005 neq/g, OH# 55.1) neopentyl glycol (NPGQ

. 52.0 0. 3307 17.20 di'met hyl ol propionic acid (DVPA) 67.1 0.1469
9.86 N-nethyl-2-pyrrolidone (NVP) . 45.00 15 st annous
octoat e %3 Tot al Prepol yner Wei ght (g)

300. 01 The isocyanate-term nated prepol ymer had a cal cul ated wei ght percent
carboxyl ate content of 1.27 and an isocyanate (NCO content of 3.69%
(theoretical 20 NCO = £leRy andTidexidde Viidms\aiere dkipinedopeing C,
then 5.99 g (0.038 gadieaLeR! aksekibeletRyEagReeWds ,added to neutralize

t he carboxyl ate groups and stirred for about 10 m nutes. While stirring
rapidly, 261.4 g of prepolymer 25 at 80[err]C was added slowy over a 5

m nut e period | Ohapardihie Elanie Oof Jg@nt ai ni ng 258.6 g of deionized
wat er at 50[errJC -30- An am ne extender solution consisting of 6.08 g
of ethylene diam ne and 30.4 g of deionized water was added slowy over a 5

i nut iod.  Th i na. y : _
mnute period | one resubh nd;8gueeHs.ROLHLEhRRAE V" SReBbERRLS! OB
prepared using the following formulation and the

procedure described in Example 1:

" PREPOLYMER FORMULATION
" ' Weight
MATERIALS : Equivalents @
4,4’-dicyclohexylmethane 0.4996 65.54
10 diisocyanate (Desmodur W)
2000 Da polytetramethylene ether 0.1921 196.70
glycol (PTMEG)
dimethylolpropionic acid (DMPA) - 0.1153 7.74
N-methyl-2-pyrrolidone (NMP) 30.00
15 stannous octoate ) 0.03
Total Prepolymer Weight (g) _ 300.00

-The isocyanate-terminated prepolymer had a
calculated weight percent -carboxylate content of 0.94
and an isocyanate (NCO) content of 2.69%. The pre-
20 polymer was cooled to 80°C, then sufficient
triethylamine was added to neutralize 80% of the
carboxylate groups and stirred for about 10 minutes.

The prepolymer viscosity was 9100 cps at 80-C.

While stirring rapidly; the prepolymer at 80°C
was added slowly over a 5 minute period into a 500 ml
resin flask containing deionized water at 50°C.

L



5 for 2 hours to react off any remaini ng frée | socyanate. The di spersion
was stable with a total calculated solids content of 39.1% and a viscosity
of, 1450 cps at 25[err]C. Clear and flexible filns were obtained using the

procedure of Exanple 1. The filmproperties are 10 sumari zed bel ow.
EXAMPLE 5 Pencil Hardness H Tensile Strength, psi 6410 100%

Modul us, psi 3460 U timate El ongation, % 250 15 Exanpl e 6 An

| socyanat e-t er mi nat ed pr epol yner was -Bgepared wusing the follow ng
formulation and the procedure described in Exanple 1: - -31- PREPOLYMER
FORMULATI ON Wei ght MATERI ALS Equi val ent s (9)

4, 4' -di cycl ohexyl net hane an 0. 508  extihdil didsiomApAL f-eo&l@&%m%% )ﬁlf
2000 Da pol yoxypropyl ene diol 0.1954 195. 44 (unsat. =

52.8) di met hyl GHhOkeRS | diamine (pReafeionized water \waet Agfed. ﬁ}PW&Vldone
( NVP) By SIAMMAHIROPRFR] in an amount sufficieBtOBolPeact

Total Prepol yrer M1 90 (8 che remaiddhd il0SyRORLA GLSHLET M NbEd

5 resulting agqueous polyurethane/urea dispersion was
heated at 50°C for 2 hours to react off any remaining
free isocyanate. The dispersion was stable with a total

calculated solids content of c.a. 40%.

Clear and flexible films were obtained using
10 the procedure described in Example 1. '

The film prepared from PTMEG in the Compara-
tive Example is decidedly harder than the film prepared
from the low unsaturation ‘polyoxypropyiene diol in
Example 6, as can be demonstrated with respect to Figure

15 1, where the solid curve is the tensile strength versus
elongation of the PTMEG-derived film of Comparative
Example C and the dashed curve the same plot for the low
unsaturation polyoxypropylene diol £ilm. As can be
seen, the latter has a considerably lower modulus at

20 100% elongation than the PTMEG derived film. Moreover,
the PTMEG-derived film of Comparative Example C is
actually considerably softer than what can be used
commercially, as the upper processing limit on prepoly-
mer viscosity is 5000 cps at 80°C, while the 1aboratory

25 prepared PTMEG-derived prepolymer of Comparative Examble
C had a viscosity of 9100 cps at 80°C. Under the same
conditions, the prepolymer of Example 6 had "a viscosity
of only 1350 cps. It should be noted that the polyure-
thanes of Example 6 and Comparative Example C had

30 virtually the same hard segment content, 29.0 and 28.4
weight percent, respectively.



cal cul at ed wei ght percent carboxylate content of 0.96 and an isocyanate
(NCO) content of 2.74% The prepoly- nmer was cooled to 80[err]C, then
sufficihent of triethylamine 15 was added to neutralize 80 percent of the
. carboxyl ate groups and stirred for about 10 m nutes. The prepol yner
viscosity was 1350 cps at 80C. While stirring rapidly, the prepolyner at
80[err]C was added slowly over a 5 mnute period into a 500 m 20 resin
fl ask contai ni ng dei oni zed water at 50C. -8A- ami ne extender sol ution

consi sting of ethylene diamne in deionized water was added slowy over a 5
m nute period in an anmount sufficient to react to react with 90 percent of
the renaining i socyanate Révingrnopsfulbg descktibed ateedmsvention, it

pol yur et hane/ ur i sper-..Si h edca I 2.ho tQ.,react
of f any renai ni"glgl rgg |§8c%f%%§¥%so (ﬁl&e glt-str?ex.r%gi[ll%rrfr)’]méﬁls ]ébf'g \!}J'\nh?h agrt,[ ot al
cal cul ated sol i datomerntchinges andigeedificaglions ezan dwl nfddexithlegeftid ns

wer e obt ai ned i e ﬁg}_q,_q ri i ggépgrpl 1 ti
Exanmple Cto Ex%g:%rp%ﬁg A(\fl’lg I sg{?ea%gtsgl-tgr??ﬁ néabt e g?epgfézﬁgpaéﬂmg\s‘%
prepared Usi ngLhYERL1IPR| 2P \Fely fOBEINESITH: and the procedure descri bed

in Exanple 1: PREPOLYMER FORMULATI ON Wei ght MATERI ALS _
Equi val ent s (g) 4,4 -dicyclohexyl nethane 0.4996 65. 54



.10 dii socyanate (Desnodur W 2000 Da pol ytetramet hyl ene et her
0.1921 196. 70 glycol (PTMEG dinethylol propionic acid (DWA) 0.1153
7.74 N-nethyl -2-pyrrolidone (NWP) 30. 00 15 stannous

octoate ~ 0.03 Total Prepol yneli
300. 00 The isocyanate-term nated prepol ymer had a ﬂ ﬂ w percent
carboxyl ate content of 0.94 and an isocyanate (NCC»*content D

pre- 20 pol yrer was cool ed to -3PC t hen suff|C|ent
triethylam ne was added to0 neutralize 80% of the carboxylate groups and
stirred for about 10 m nutes. The prepol yner -viscosity was 9100 cps at

80[err]C Vhll Ling rapidly, the prepolymer at.-80C 25 was added
slowy over lﬁih{s e period into a 500 mM resin f1ask cont ai ni ng

dei oni zed mater at 50C. -33- An am ne extender solution consisting of
ethyl ene di am ne and dei gni zed,water was added, sI 8¥y over .a-5 m.nute
period in an amount Lsuf f A% ent *FRYERALSTEIFMEBOEER t hePPEFRLETRARS

| socyanat e gr oppepolyhlee &omprusinbtthg requedoa ppoﬂmntebhane/urea-
froo | sooyanate. | The di Shersiin it St Be193ELYebalR SR [0
content of c.aamd0nt Guffricient |exi providenane@O obraipedandiend 1n  t he
procedure desc%EQﬁd_ﬁbeéfﬁRéf bf from about 1 to about 8 weight
percent based on the weight of said prepolymer;
b) a polyol component comprising; in major
part, one or more polyoxypropylene diols having an
10 equivalent weight of from 1000 Da to about 8000 Da and
an unsaturation of 0.020 meq/g or less; and

c) a dispersing aid component.
2. A prepolymer as claimed in claim 1
characterised in that the dispersing aid component
15 contains one or more dispersing aids containing

dispersing groups selected from the group consisting of
ionic groups, latent ionic groups, . and non-ionic
hydrophilic groups.

3. A prepolymer as claimed in claim 2 wherein
20 said dispersing group is a carboxylate group or a
carboxylic acid group present in an amount of from about
0.1 weight percent to about 5 weight percent based on
the weight of the prepolymer.

4. A prepolymer as claimed in any one of claims
25 1 to 3 wherein said dispersing aid component comprises
a hydroxyalkanoic acid.

5. A prepolymer as claimed in claim 4 wherein
said hydroxyalkanoic acid is an a,a-dimethylolalkanoic
acid.



The filmprepared fromPTMEG i n the Conpara- tive Exanple is decidedly
harder than the filmprepared fromthe | ow unsaturatLQQ_QQLXQX1Q_QQ¥Lene
diol in:Exanple 6, as can be denonstrated with respect to Figure 15

where the solid curve is the tensile strength versus el M“l“ﬂ“ma
PTVMEG derived filmof Conparative Exanple C and the da ﬂ“m“lﬁm

plot for the | ow unsaturation pol yoxypropyl ene diol film ¢ As chn be “seen,
the latter has a considerably |ower nodul.us3@t 20 100% el ongati on t han

the PTMEG derived film Moreover, the PTVMEG derived filmof Conparative -
Exanple Cis actually considerably softer than what can be used

commercially, as the wpper apr |ymkﬂ|a§tc1§1ﬁgdxmﬁya Cgﬁéééayngs
eriv

S onol prer of Coflaim MAs TR theda Ad BT iaoi»ymxeeg%?"%‘%ﬁemeeepxgla+maffy
8Q[err]tC. U][\derltsh)e werrgmonﬂercegs dfe qreepolty neoref ﬁualmskypﬁob%gﬁg: of
VI SCOSI (0] on

Exanpl e % and Co oﬁ g@f&e %% éh%a§%§§%3%$|%?a§|k?%tﬁ§q¥ n§ h;

segnment content, 29 0 and 28. 4 melght percent, respectively. - 34- _FQV|ng
nom1fu||y dgscrlbed t ke |n%p@&| ljdéf“éé é%%fﬂgE”ana%fbe nagé %&iﬂ?r

skill in the art that many changes and nodifications ca ere
wi t hout departin§ ﬁ%ﬂnWhﬁF%kﬂrP?lﬁrQﬁﬁnﬁ?oﬁoFﬁeHQ%XQﬁXQ%kK%ﬁﬁﬁndiglﬁh

her ei n. have an unsaturation of 0.010 meq/g or less.

_ 8. A prepolymer as claimed in claim 7 wherein
said one or more 'polyoxyalkylene diols have an
10 unsaturation of 0.007 meqg/g or less.

9. A prepolymer as claimed in any preceding claim
wherein said polyoxypropylene diol has an equivalent
weight of from 1000 Da to about 3000 Da.

10. A prepolymer as claimed in claim 9 wherein
15 said polyoxypropylene diol has an equivalent weight of
from 1000 Da to about 2000 Da.

11. A prepolymer as claimed in any preceding claim
wherein said polyol component further comprises up to
about 10 equivalent percent, based on polyol component

20 equivalents, of a polyoxyalkylene polyol having a
functionality greater than 2 and an equivalent weight of
from about 1000 Da to 3000 Da, said polyol component
havin§ an average unsaturation of less than 0.02 megq/qg.

12. A prepolymer as claimed in any one of claims

25 1 to 11 in the form of an aqueous dispersion.

13. An aqueous polyurethane dispersion wherein the
polyurethane dispersed phase comprises the reaction



-35- Cdains: 1. An i socyanat e-t er m nat ed pol yur et hane prepol yner
conprising the reaction product of: a) an organic di- or polyisocyanate
in.an 5 amount sufficient to provide an NCO group content—in said

prepol ymer of from about 1 to about 8 weight percent baf d on t he weight—of

sai d- prepol yner; b) a polyol conponent conprising, in / or
nor e pol yoxypropyl ene diols having an 10 equi val ent W’IHQWO
Da to about 8000 Da and an unsaturation of3W.020 nmeqg/g or l'ess; &n +a
di spersing aid conponent. 2. A prepolyner as clained in claim 1
0

characterised in that the dispersing aid conponent 15 - contains one
nore di spersi ngrodudx ofantai ning di spersing groups selected fromthe

group consisting of ionic _groups, latent ionj.c _groups, and non-ionic,
hydr ophi li ¢ groups. 3. Egprepapyniﬁu%ﬁyﬁﬂ ﬁﬁé%ﬁﬁ%QHzﬂ%ﬁ_Zc%ﬁéW n 5B

sai d di spersi ngcjadmp 125 ariddw boxyl ate group or a carboxylic acid group
present in an anmount of frgm abqut : | C bout i ght
percent based on the weigﬁ@ of_?hec%%%%gﬁ§%%%Fﬁ§¥ %%§°%38%5|§%%§ 2§a8$ained
in any onedof clisiosyapmte-tpnmdnatade PEePpodame@rdi spersing ai d conponent

conpri ses a hydroxyal kanoi ¢ acid. 5. A prepolynmer as clained inclaimé4

wherei n sai d hydroxyal kanqi ¢ acid i s an err],éerrﬂ-ﬂinethylolalkanoic
14. A dispersion "as claimed 1n claim 13

11

wherein said dispersing aid component comprises a
hydroxyalkanoic acid and prior to reaction of said
prepolymer with said chain extender, at least a portion

10 of carboxylic acid groups = derived from said
hydroxyalkanoic acid are neutralized with a neutralizing
agent effective té neutralize said portion of carboxylic
acid groups to carboxylate groups.

15. A dispersion as claimed in claim 14 wherein
15 said neutralizing agent comprises a tertiary organic
amine.

16. A dispersion as claimed in aﬁy one of claims
13 to 15 wherein said chain extender is an organic di-
or polyamine.

20 '17. A dispersion as claimed in claim 16 wherein
said di- or polyamine comprises an alkylenediamine.

18. A polyurethane film comprising the dried
aqueous dispersion of any one of claims 13 to 17.

-



aci d. -36- 6. A prepol ymer as clai med in any'oné precedi ng cl ai m
wherein said pol yol conponent conprises mninmally 80 wei ght percent of one
or .nrore pol yoxypropyl ene pol yol s having an unsaturation of 0.020 neq/g or

|l ess. 5 7. A prepolynmer as clainmed in any one precedi ng claim
wherein said one or nore pol yoxyal kyl en&di-ol s have an unsaturation of
0.010 nmeq/g or less. 8. A prepolyner as clained in claim?7 wherein said
one or nore pol yoxyal kyl ene di ols have an 10 unsat uration of 0.007 neqg/g
or less. 9. A prepolyner as clainmed in any preceding clai mwherein said
pol yoxypropyl ene di ol has an equival ent weight of from 1000 Da to about
3000 Da. 10. A pr USSPOBYURETHANE TISPERSIONS BASED!

Doo 11 AQNEQEYETHER PALYORS OF LW MONOE CORTERL

pol yol conponent further conprises up to about 10 equival ent percent, based
on pol yol conponent 20 equi valents, of a pol yoxyal kyl ene . pol yol
having a functionality greater than 2 AbsSteactequi val ent wei ght of from
about 1000 Da to 3000 Da, said polyol conponent having an average
unsaturation of less than 0.02 nmeqg/g. 12. A prepolyner as clained in any
one of claims 25 .1 to Adquebub iﬁif@ﬂia:@él HGpRAEI otisSPeepaad firom An

aqueous po%yureg 29% %x é% I rbo fﬂ§%€hane prepolymers which are the
reaction product of a di- or polyisocyanate, a polyol
component containing, in major part, a polyoxypropylene
diol having an unsaturation of 0.020 meq/g or less, and
a reactive dispersing aid, are suitable for preparing
10 polyurethane films with greater softness and elasticity
than similar films prepared from PTMEG, and greater
tensile sﬁrength and elasticity than polyoxypropylene_

diols having conventional levels of unsaturation.

FIGURE 1



pol yur et hane di spersed phase conprises the reaction -37- product of: a)
an aqueous dispersion as clainmed in claim12, wth b) a chain .
extender reactive wth said 5 i socyanate-term nated prepol yner. 14. A
dlsperS|on as claimed in claim 13 wherein said dispersing aid conponent
conprises a hydroxyal kanoic acid and prior to reaction of said prepolyner
with said chain extender, at least algartion 10  of carboxylic acid
groups derived from said hydreoxyal kanoic acid are neutralized with a
neutralizing agent effective to neutralize said portion of carboxylic acid
groups to carboxylate groups. 15. A dispersion as clainmed in claim14

wherein 15 said neutralizing agent conprises a tertiary organic anine.
16. A dlspgpgq n as clained in any one of clains 13 to 15 wherein said
chain extender 4s an organic di- or polyamne. 20 . 17. A dispersion
as clainmed in q aim 16 wherein said di- or polyam ne conprises an
alkylenedlgﬁp@__ 18. A polyurethane filmcongrising the dried. aqueous
di spersi on ahy one of clains 13 to 17. /
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