-1 - CRYSTALLI.NE POLYURETHANE THERMOPLASTI C MATERI AL AND IVETHCD FOR THE

- MANUFACTURE THEREOF 5 DESCRI PTI ON The invention rel ates t

pol yur et hane thernoplastic material having the general f "@MHO
01 1{ 111" H-{-E- OR-OCNHRNHC - (X—OC—NH—R—NH— -

f (1) where f is an integer ranging from1l to 58; is an int 1gS%T rangi ng

fromO to 15 58; R and R are the sanme or dlfferent and s
_aryl groups and X is a pol ycaprol actone bl ock pol yner, ym g,uﬁ MMQEUI ar
wei ght ranging from 500 to 25,000 and Havi ng formula I1
5-CO0}-R'-0-f-C (CH2)5 - 0} n. n (Il) where R' is an al K§"dr aryl
group, and n' and n" are integers the sumof which ranges from42 to 220.
25 Thi's pol yur elGRYSTALLINE POLYWRETHANG FHERMOPLASTICIMATERZY. AM0 hot el t

applications in the i ndl\L)IEtr[-lb%l Fgﬁrﬁfé EllAl\ﬁHpAvcerLﬁié TI-I%EREfch:Ot wear, wood and

aut onot | on.

5 DESCRIPTION

The invention relates to a crystalline polyurethane thermoplastic
material having the general formula |
o A
H - O-R’-0-C-NH-R-NH-C 3—£X-0-C-NH-R-NH-C 3-}— OX-OH
f f
()
where f is an integer ranging from 1 to 58; f' is an integer ranging from 0 to
15 58; R and R' are the same or different and stand for alkyl or aryl groups and
X is a polycaprolactone block polymer, having a molecular weight ranging
from 500 to 25,000 and having formula Il

O O

20 J+CH,) s-C-O }—R"-O -{~C- (CH,)5 - O }—
- "
)
where R" is an alkyl or aryl group, and n' and n" are integers the sum of
which ranges from 42 to 220.

25 This polyurethane is particularly useful in thermobonding and hot
melt applications in the industrial markets, above all for footwear, wood and
automotion.

The polyurethane thermoplastic materials of the present invention
have the advantage over all the known polyurethane thermoplastic

30 materials of being very crystalline, with good physico-chemical and
mechanical properties, and at the same time very thermoplastic, with

softening points of 60-70°C and very soluble in all the regularly used



The pol yurethane thernoplastic materials of the present invention have the
~advantage over all the known pol yurethane thernoplastic 30 materials of
bei ng very crystalline, with good physico-chenm cal and nechani cal
properties, and at the sane tine very thernoplastic, with softening points
of 60-70C and very soluble in all the regularly used -2 solvents. They are
al so very easily presentable in mcrobead formor convertible into
_powders. The invention also relates to a nmethod of preparing the said
conpound. This method is characterised #n that it conprises reacting a 5
pol ycaprol act one polynmer of relatively high nol ecular weight 41 H O
-[-(CH2) 5-CG0}-R'-O0-{-C (CH2)5 -01}- Hn. 10 n" (Ila) wth a

di i socyanat e o§olfentsruTireyOahe %d&c%@ndasngtm@@itwe%_t MicPotsedi formewt ender  of
formula HO-R - have the sane neaning as i ndicated

OH, re. R an
her ei nbef ore. %%V&mh 'Q'F?dﬁ?w‘feés'preferabl y 1, 4-butanediol and said 15

dii socyanate is di pligayhvertibangsd rélatedl it QL RS E of t reparity Zhe-sarnd 2, 6-
di i socyanate, dicyclo hexyl nethane 4,4' -dii s_ockllan,at e or, 3-1socyanonet hyl -
3,5,5-tri met hyPy Ltmeifms megiogals gharacigrisef da dpatolh Gognaises, reactingrapl y

conduct ed by nhtycpreiactbR® bEIgMbAsS reRIVINhigh Molsbulsofigiate with the formul a
Il polycaprol actone polyner. 20 It is contenplated that m xi ng be

continuous with a flowrate ranging from 200 to 1200 kg/ h of total
conponent wei ght, in an extruder, Cat a @)

H-O HHCH,) 5-C-0 }—R"-0 4-C- (CH,)s - O }— H

10
(na)
with a diisocyanate of formula OCN-R-NCO and optionally with a chain
extender of formula HO-R'-OH, where R and R' have the same meaning as
indicated hereinbefore. Said extender is preferably 1,4-butanediol and said

15 diisocyanate is diphenylmethane 4,4'-diisocyanate, toluene 2,4- and 2,6-
diisocyanate, dicyclo hexylmethane 4,4'-diisocyanate or 3-isocyanomethyl-
3,5,5-trimethylcyclohexyl isocyanate.

The reaction is also preferably conducted by mixing equimolecular
amounts of diisocyanate with the formula Il polycaprolactone polymer.

20 It is contemplated that mixing be continuous with a flow rate ranging
from 200 to 1200 kg/h of total component weight, in an extruder, at a
temperature ranging from 150° to 350°C and with a mean dwell time
ranging from 45 seconds to 2.5 minutes.

The reaction is preferably conducted in the presence of metal

25 complex based catalysts proper to urethane reactions, particularly tin
and/or bismuth derivatives.

EXAMPLE 1
Preparation of a crystalline polyurethane thermoplastic material

30 87.0 kg of 2,4, 2,6 toluene diisocyanate and 5,000 kg of the
polycaprolactone polymer were used. These products were mixed in a
continuous process at a rate of 600 kg/h in a double screw extruder of a



tenperatufe ranging from 1500 to 350C and with a nean dwell tine ranging
from 45 seconds to 2.5 mnutes. The reaction is preferably conducted in the
presence of metal 25 conpl ex based catal ysts proper to urethane reactions,
particularly tin and/or bisnuth derivatives. EXAMPLE 1 Preparation of a
~crystalline pol yurethane thernoplastic material 30 87.0 kg of 2,4; 2,6
tol uene diisocyanate and 5,000 kg of the polycaprolactone polymer were
_used. These products were nixed in a contlnuous process at a rate of 600
kg/h in a double screw extruder of a 3'Torn1proper to a reactor, at a
tenperature held to between 2000 and 300C and with a nean dwell tinme
ranging from1.5 to 2.0 mnutes. On exiting fromthe extruder, the product
was gut g cool efdrrartopdr s aedadtor, ah b)eantseratgesheld teebetavedn Q&Okarg:]!caﬂom'@der
standard tenperature m dit ndi n anmount of 100 ppm of
metal conpl ex 2 ﬂF@Ef@?aﬂéi$mH§¥H“W mgﬁ f%@%?Q 'E%%ﬁPLE 2 Preparation of
a crygt alhl l nf pol Kuocatémn@ rrbmr e lertider, tmt ﬁrddabt ]\;b@sZc&ﬁ kgoled and |
4, 4" - di pheny t te and 10, 00 of . t caprol act one
pol yner were ug’eé’a d 83@ a?'o ﬁ% ded\ap pﬁf:'?eg&g 9{%5 H?fdn@{ﬂfze %Bc?cess at a
rate of 6005 kgamd hlmnmltyleu:hﬂ:ﬁorscm\anmhrudmo ppim of métal oorpplepeatalystsa r eact or,
at a tenperature h g R bet ween 200 and 300C and with a nean dwell tine
rangi ng from 1W8S PBeDINGNePIAGERY 15 On exiting fromthe extruder, the
product was cut, cooled and forned into beads, was dried and packaged
under standard %ﬁ@@> ure and humdity conditions. An anmount of 100 ppm
of net al coanE ?gﬁ%sts

Preparation of a crystalline polyurethane thermoplastic material

10 250 kg of 4,4'-diphenyl-methane diisocyanate and 10,000 kg of the
polycaprolactone polymer were used. These products were mixed in a
continuous process at a rate of 600 kg/h in a double screw extruder of a
form proper to a reactor, at a temperature held to between 200° and 300°C
and with a mean dwell time ranging from 1.5 to 2.0 minutes.

15 On exiting from the extruder, the product was cut, cooled and
formed into beads, was dried and packaged under standard temperature
and humidity conditions. An amount of 100 ppm of metal complex catalysts

was used in the process.



was Used in the process. CLAI M 1.- A crystal line pol yurethane
t hernopl.asti¢c material having the 5 general fornmulal 000 O 44 91 1 . 11
OR-OCNHRNHC-~-+X-OCGNHRNHC-H OX-OH f io where f is an

H +~-

whi ch ranges from42 to 220. 2.- A met bd for the preparation of a

integer ranging from1 to 58; f is an integer ranging fromO to 58; R and
"Rare the sane or different and stand for al kyl or aryl groups and X has
the formula 11 0 0 15 44CH2) 5-C0 1--R'-04-C (CH2)5 - 0 n . n. (11)
.where R' is an alkyl or aryl group, and n' and n" are integers the sum of

crystalline pol yurethane 20 thernoplastic material of general formula 1, O
251 1 . Il H+~ OR-OCGCNHRNHC -~+X-OCGNH+RNHC -H
f (1)
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CLAIMS

1.- A crystalline polyurethane thermoplastic material having the
general formula |

O O O O

H 4+ 0-R-0-C-NH-R-NH-C 3—X-0-C-NH-R-NH-C --}— OX-OH
f f

{)
where f is an integer ranging from 1 to 58; f' is an integer ranging from 0 to
58: R and R' are the same or different and stand for alkyl or aryl groups and

X has the formula Il
@] 0]

JHCH,) s-C-O }—R"-O 4-C- (CH,)s - O }—
(I1)
where R" is an alkyl or aryl group, and n' and n" are integers the sum of
which ranges from 42 to 220.
2.- A method for the preparation of a crystalline polyurethane
thermoplastic material of general formula |,

@) O O @)

“ i 5" 1}

H 4+ 0-R'-0-C-NH-R-NH-C 4+—X-0-C-NH-R-NH-C 34— OX-OH
f f
(1)
where f is an integer ranging from 1 to 58; f' is an integer ranging from O to
58; R and R' are the same or different and stand for alkyl or aryl groups and

X has formula [l
@] O

“ [1]

HHCH,) 5-C-O }-R"-O -C- (CHy)s - O }—

n n

(I



wheré f 15 an integer ranging from1l to 58; f is an integer ranging fromO
to 58, Rand R are the sane or different and stand for al kyl or aryl
groups and X has fornmula 11 0 0 30 it 64 -14CH2) 5-C-0 1--R'-0 -f-C
(CH2)5 - 0 1- (11) -5 where R' is an alkyl or aryl group, and n* and n" are
“integers the sumof which ranges from42 to 220, characterised in that it
“conprises reacting a polycaprol actone polyner of formula Ila 5 HO0
_-E-(CH2) 5-C0}-R'-0-f-C (CH2)5 - O}- H(lIla) where R', n" and n" have
t he meani ng given hereinbefore, with a To diisocyanate of fornmula OCN-R- NCO
where R and R have the neaning given hereinbefore. 3.- The nethod
according to claim2, characterised in that a chain extender of fornula
HO R - OH i s usetletenRS & ah ntkgicorn aml gretupeand h'hand poareciategetsathiecsuen pdl yner of

charact er i ged PR AIE 1B 2. Harderrgen b oSt Tedthosta 0y

accordi ng to apolyespstlactore pblymenofferndula da4, characterised in that said
di i socyanate i s di phenyl net hane 4,4'- diisocyanate, toluene 2,4- and

2, 6-dii socyanate, dicyclo hexyl mnetggane 4,4" 2D diisocyanate or
3-isocyanonet hyl -3, 5, 5-tri nmet hyl cyel ohexyl isocyanate.

H-0 44CH,) 5-C-0 }—R"-0 4-C- (CH,)s - O }—H

(l1a)
where R", n' and n" have the meaning given hereinbefore, with a
10  diisocyanate of formula OCN-R-NCO where R and R' have the meaning
given hereinbefore.

3.- The method according to claim 2, characterised in that a
chain extender of formula HO-R'-OH is used in said reaction between the
polycaprolactone polymer of formula lla and said diisocyanate.

15 4.- The method according to claim 3, characterised in that said
extender is 1,4-butanediol.

5.- The method according to at least one of claims 2 to 4,
characterised in that said diisocyanate is diphenylmethane 4,4'-
diisocyanate, toluene 2,4- and 2,6-diisocyanate, dicyclo hexylmethane 4,4'-

20  diisocyanate or 3-isocyanomethyl-3,5,5-trimethylcyclohexyl isocyanate.

6.- The method according to one of claims 2 to 5, characterised
in that said reaction is conducted by mixing equimolecular amounts of
diisocyanate with said chain extender and said polycaprolactone polymer of
formula Il, said last two compounds being present at a molar rate ranging

25 from 0/1 to 1/1 respectively.

7.- The method according to claim 6, characterised in that the
mixing is continuous with a flow rate ranging from 200 to 1200 kg/h of total
component weight, and is performed in an extruder, at a temperature
ranging from 150° to 350°C and with a mean dwell time ranging from 45

30 seconds to 2.5 minutes.

8.- The method according to one of claims 2 to 7, characterised
in that said reaction is conducted in the presence of metal complex based
catalysts proper to urethane reactions.



6. - The met hod according to one of clains 2 to 5, characterised in that
sai d reaction is conducted by mixing equi nol ecul ar anmobunts of diisocyanate
with said chai n extender and sai d pol ycaprol actone pol yner of fornula Il
said last two conpounds being present at a nolar rate ranging 25 fromoO/1
*to 1/1 respectively. 7.- The nethod according to claim®6, characterised in
“that the mixing is continuous with a flowrate ranging from 200 to 1200
_kg/h of total conmponent weight, and is perforned in an extruder, at a
temperature ranging from 150 to 350C afid with a nmean dwell tinme ranging
from45 30 seconds to 2.5 mnutes. 8.- The nmethod according to one of
claims 2 to 7, characterised in that said reaction is conducted in the
presence of metal ceapl erhd ARebd sbRiinglosclaimoPethatartétiset hameatisarict i ons. -6
9.- The net hod af ordln%atﬁg%}anﬂ18, characterised in that said netals are
tin and/or bi sHEHEAP aredinandir BIRMYG according to one of clains 2 to 9

if;arl iCtﬂiose? EI n t’r(g,t Csman%mommmir@?bme dmlammﬂb, EI@eErlml;lb?sddla 3h 00
' J-- n. a 0] ere
R, n' and n" B ﬁaf%pmr%@t@‘%éﬂym@rg‘?@%ﬁ% has a mol ecul ar wei ght
rangi ng from5,000 to 25, 000.
O 0]

I3 “

H-O 4+CH,) -C-O }—R"-0O 4-C- (CH,)s - 04— H
(lla)
10 where R", n' and n" have the meaning given hereinbefore, has a molecular
weight ranging from 5,000 to 25,000.



