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DESCRI PTI ON  KEYPAD MADE FROM THERMOPLASTI C
POLYURETHANE RESI N AND METHOD FOR FORM NG THERECF 5
TECHNI CAL FI ELD The present invention relates to a
keypad of thernoplastic polyurethane resin and it's

formng nmethod. 10 More particularly, the present

invention relates to a keypad of thernoplastic
pol yur et hane resin excell] ndary
formability, oleic acid r ﬂgtgﬁﬁgigdiscoloration
r esi KEVPAR, MADE aFRON , THERMQRLAS BIEC | POLYURBRHANE RESIN AND
formng nethod. 1% ?ﬁgﬁG?QHNgoﬁﬁENEh%hﬁﬁﬁb§5t'C
or

pol yur et hane resin short hereitnafter) has

~long been used in a variety of applications including

pai nt, adhesive, roll, tube, and binder for nmagnetic
recoding nedium It also finds use as synthetic 20
| eather, film and nol se of its better

| owt emper prekenpr epeehtesn teeatbil tbya keppad of

ﬁlgr ARk %@%t%%ﬁf)‘g}i@fg{%%rgé IuTré]S al{] 11].; r$rﬁs‘ormzlfnoghomethod
Moeerpagt Wbebhslnndtet mneséive lmmmmhtreﬂlam et a keypad
(2113' :{?éﬂﬁé‘%i% 1(::%5 ﬁ%&iﬁf@tl@é}% SV TR éﬁcei‘fﬁi‘?&‘dﬁl fa%condary

ctroni s "and equi pment, trays for
BoeRab-bhi Y papteic agid R Sis (anes . IRCOLORATARY Jirsistance,

PLOELEY | VEnG ASESnt AMDBEL POtari®| etk TR mheetwethod.

nenti oned above are usual Iy used in direct contact
with the human body or in the 30 direct sunlight.
Therefore, TPU for hot - BACKSROINPeRRTI s required to

have QQBQr%Sﬁgﬁg@EX ? g??&khéxeaéeEEL'(@€U0£S£Csh8£td

resi stance a I on resi stance Oelc acid
rex¢buafiter) shas ntengreeed 1eed simnt Vablelhiel stwtigations
iﬁciﬁdlﬁ$ ?aiﬁgu'ééﬁgéfb@aVﬁbﬂPOdtﬁﬁéf|éﬂﬂiﬁihder for

printab y because_35 for rodugt of t en_need Betic
I@%%‘ae’éb‘ﬁeﬁ?‘éﬂ%ng Pa¢&HIM Dot 9 BT 0dRs @° TH(phett

bELEheLXCL 1 NYJah® molding sheet because of its better
low-temperature properties, flexibility, and durability than
other resins.

Among others, hot-molded TPU sheets are used as skin
for automotivé steering wheels and automotive instrument
panels, bust cups for brassieres and swimsuits, keypads for
electronic machines and equipment, trays for electronic parts,
air mats, water beds, and various protective cases.

Those hot-molded TPU sheets mentioned above are

- usually used in direct contact with the human body or in the

direct sunlight. Therefore, TPU for hot—molded sheets is

required to have good secondary formability as well as oleic

-acid resistance and discoloration resistance. (Oleic acid

resistance is a measure of resistance to human sweat.) It is

also required to have good clarity and printability because

formed products often need a good appearance.

Patent Document 1 discloses a TPU sheet excelling in

- dry touch properties and oleic acid resistance. Also, Patent



dry touch properties and oleic acid resistance. Also,

Patent -1 Docunent 2 discloses a TPU powder for slush
nol di ng which is conposed of adi pate pol yester and

pol ycarbonate diol (PCD for short hereinafter). Being
produced from aromatic diisocyanate and organic

saovenientt BedTRPUL dise | ©SERD i};ﬁbhF&&txerﬁorD@antnoldhﬁgkﬁhlch is
di I ti.en S t

e Poneanpl 288r ot MR AR 2888 o 1BEBL AL (g (PoD tor
vEPSFE hPﬁe&HﬂF¥¢%h slush nolding is not suitable for

Er eci Si catemragomba%c:e[gaf@@ﬁ égﬂ?mrﬁ d]nsb%@@ﬁ@ﬁ@ Eﬁ&e@igamc
| n a a

P%togwtg%%é %‘%&%Bgl\gls os d %t CLlé’ﬂ élﬁ:t‘]l H

i WéﬁplléﬁHM§ncéﬁﬁi%t@ﬁC¢ rﬁn.,d aw s5fs taw@roﬂade@gwng It

i smaﬁr@hmeﬁta@f pbhﬁuﬂi@ﬁaﬁﬂtﬂ neetd an @ q Bh@V'sg§v§nt vapor.

of .t her ast i onuret ane re exce
D aReRaAPY T BPRR: T fy i e PheRs ehoaretSion
dﬂ@éduogatlon resistance, clarity, and printability.

DI SCLOSURE- O | HIVENT N Qne aspect of the present

i nvention provides a keypad, of polyurethane resin
obt ai ned fron1%?QQHSSFDBPE§PFcLatEﬁ?Rﬁ%ﬂﬁﬂan@Opésﬂﬁ7811
sheet byateatmbbounemg,2wherein said thernopl astic

pol yurethane s thﬁ:%}és% R0 EQEEES%E"%“HQI 6 rzeosésﬁ3

pellets result romreaction en an or
d||socyéﬁéi@IﬁéﬁﬁéséavﬁﬁFhPW @#s completed in VleW of the
héma&gbhmbeneMtlsgcaﬂn@mfectaoffﬁﬁﬁ1ﬁﬁ&sﬁhﬂzﬂhv@ﬁtgbh to

. .co I carbo i,0l obtalned
PRLXOLEOPR S PLE Vodlep SPLYCR LG e O
w@ixgﬁtlléagbéﬁaﬁécwd%md@ﬁ%ﬁhﬂdﬂ%a@tlﬁ@@ acafd a

Clraishsexhendeni seppeseeh omird 3 Afarare aldiphati¢ dhel

h%%agga% &o 10 car bons.

DISCLOSURE OF TINVENTION

One aspect of the present invention provides a keypad
of polYurethane resin obtained from a thermoplastic
polyurethane resin sheet by thermoforming, wherein said
thermoplastic polyurethane sheet is a melt-formed product of
resin pellets resulting from reaction between an organic
diisocyanate composed mainly of hexamethylenediisocyanate , a
high-molecular weight polyocl composed mainly of
polycarbonate diol obtained from 3-methyl-1, 5-pentanediol and
a low-moclecular weight carbonate by condensation reaction,
and a chain extender composed mainly cf an aliphatic diol

having 2 to 10 carbons.



-2 Enbodi nents of the present invention cover keypads

of thernoplastic polyurethane resin excelling in
secondary formability, oleic acid resistance,

di scol oration resistance, clarity, and printability.

This may be achieved by using a TPU of specific
conposition. The TPU di scl osed in enbodi nents of the
present invention will find use not only as keypad

but al sbmhsdskents fof tHhe crstiend s$hwenthon whesl s keygads of

a‘éﬁ@f‘f%ﬁ)l’%ﬂﬂ@tﬂo‘l@%&%thﬁﬁ@ el-8s 1QU§£C&PP§1§ O secondary
braSS|eres and swnnBU|ts key for electronic

mhCHRAREL ey tifigimenitd Fﬁ&ﬁtﬁ&cem BLBrohPEaCHR teesistance,

actanmatyg, avai grriedsyilang .vamhdus mpyobeckiitetadesy using a
Fig. 1 is a diagram

Bﬁ%MAng t'he reéﬁ?#éﬁ%%?ﬁﬁﬁgﬁfenent of the

vi scoel astic properties of PU-2. -2a Legend of

synbol srhe: T@UOQ@QQlBM'ikS difibdditentddSy medubus seEL)

A Los nDduJ [ St or age dules
o Lot re R, Slde s skin
iﬁQEn@MtﬁW@E&Yﬂr&ﬁﬁ&ﬂinmowaﬁﬁlﬁnendfauhemot£W¢cmw3Exument

%An@li‘em qupEPLEOQbﬁoQ"aQEQeEEQnbﬂdTgMﬁ&?lett.s byi«:e]ﬂ)a s for

ernoformn wherein t sheet Is melt- f orme
p%%HOHJoff Iﬁlaé"shwe&eﬂn@t §qPé§{&PFant¥‘F-‘é?n ?%mqﬁ-ronlc

bet veen @&ir alga)i watdir pedyanahe (A)yicodmesadtdEivkl Yases.
of hexanet hyl enedi i socyanate (Al), a high-nol ecul ar

wei ght pol yol (B) conposed mainly of polycarbonate

diol (Bl), and a Biidihn EHAEIGEIONCPICHRPHIHESIS nai nl y

of an aliphatiyc di ok £Chiabauih %c%altr%jjc@ie(:@EQgT%s of Deasurement

i ch includes

thod for thernpfornm n
‘vggeﬁﬂ?f%%ﬁ??ﬁ}??ﬁ%eﬂﬂ§Qﬂ%;§%e§eP|n@H “fn (1) above.
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(3) A nethod for thernoform ng a keypad whi ch incl udes
stanpi ng the TPU sheet defined in (1) above. 20 A
det ai ned description of the present invention will be
given below. The terns used in the present invention
are defined as follows. "Thernoformable sheet" is

def .8gdnasod shmpbiet 25 synthetic resin which is to
under g thernnforn1n whi ¢ i ncl udes vacuum f or m ng,

st anpi o At es f i M ng, etc. “"Primary

form n@'i | Soslefhoedh & exs) ep of formng a sheet from
pellets. "Secondary formng" is defined as a step of

form ngh a keypatbdulss t (B 53 rgdis tmd@iltd DN pboyen §))
30 "Conposed nmainly of" means that each conponent, for
exanple (A), contains its subsconponent, for exanple
(Al') accourdEST) MOIH FOR |G2RRYING JUT Wi ﬂﬂwm&n
naterl@%s used in th resent i vent escr

d
" the P3 PBRPRE 3A7ORESERoAn ALRPLaR ERarRY( RFouSEthe

Folldeipgesent invention is one which is conposed

0?) nl ¥ E%Y%Q&X e ter@@%ﬁég%&até i‘ﬂﬂsﬁé’@? ﬁ;y' at ed

HDI erei e nej or conponen t he

Bh@%ﬁ?%orlawgoc%%wl (the | EP@nsherheks | & deghhafermednproduct

Bl réf‘iﬂ Lt)éit@eté eséblil 8ond PeROR| +&ISt 1 | b@@wé’@z@raﬁ Norganic
] scol ora

eS|stanc and ecggggr bilit
LErSeritets Al RompaLss iafaty (R g e i nedYspovanate
(:?%ibhbl &i hyglm-fmqnl@mh.‘ls&:o meigiﬁtn pelydhe(Bh et;ecimpcﬁ sé'cPUrlalnly of

AU 010 HEE g BN ) compones
I@#Jé%:hr o?if can ielipkanie 4iel. (Chéhavimg 2ith keycarbons.

6 t hafefnbd £6¥ dtﬁé’:ﬁﬁof@hﬂ‘éﬁ@t@rk Sad SR h COM I ®des
for TV set and videg 10 decbgé t'he present
Yaoeme i torming kg VY ) shegt pietined ik CohtARRN¢ on

(3} h Dtiethed gBs CLIE IB@EYANE & Sa Ge@fgid fwieteh includes
stamping the TPU sheet defined in (1) above.
A detained description of the present invention will

be given below.

The terms used in the present invention are defined as
follows.

"Thermoformable sheet" is defined as a sheet of
synthetic resin which is to undergo thermoforming which
includes vacuum forming, stamping, compressed-air forming,
etc. "Primary forming" is defined as a step of forming a
sheet from pellets. "Secondary forming" is defined as a step
of forming a keypad from the sheet jﬁst mentioned above.
"Composed mainly of" means that each component, for example
(A), contains its subscomponent, for example (Al)} accounting
for no less than 50 wt%.

The raw materials used in the present invention are
described in the following.

The organic diisocyanate (A) used in the present
invention is one which is composed mainly of

hexamethylenediisocyanate (Al) (abbreviated as HDI

-3-
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bel ow. 2, 4-tol yl enedii socyanate,
2,6-tolylenediisocyanate, xylene-I|, 4-diisocyanate,
xyl ene-1, 3-di i socyanate, 15

t et ramet hyl xyl enedi i socyanat e,

4, 4" - di phenyl et hanedi i socyanat e,

erE irdifteeny.netlfanddd insopyranadnggonent of the organic

o2 = (] | Bt [J S {
%J.fﬁ()_%égﬁg{%l(@hg%%q'l%p%eg{]g:s%cyénate than HD?F (Al), the
ggqqk&@phgmﬂ.pﬁLietﬁiwx%ydnaﬂgxnr1n discoloration

Yo A st e M P TRy £ fhnla3A0) Q%@Feincidenta%iy, good
3, 3' - di et hyl di_ phenyl net hane-4, 4' - di i socyanat e, .
SEPNAHIH SR Jeiat i igichpa dihe capability of precision

forptieny. emed isseAAE Py PNt RS aAltthe present

iﬁ'zg F;ehhnitt%ngﬁ%: :a:pé:lgl;c;a}g%angttzx:e cover of small (palm-size)
e e taginiet Havstdivpieerhd -4 .4 - ditheocpaeat @i thakdytshdrtches for
c?ﬂ-—'ﬁ%r’ & @a'l%gl@é%? G t:%&r[oac@eg@é!t%ﬁd 'f'o?coc{b(}a%%tte ’an%l5 video
eca E%ylene I'Tsocyanat e, |ysinediisocyanate, and
drdr- al i phatic diisocyanates; and
i sophorpnall ipgseeEiat thvedWBPIMNR! @I (A1) may be used in
tolyl enedi i sqecyanat e, hydrogenated xyl enedii socyanat e,
ﬁ‘?{ltl? BGerteRe ¥t ?("pﬁé_’ n&ll%"r‘i’gfﬁ dddepsuapatesygxemplified
bleylowo g e 2a e d ol gtlearatiiyyocylaazedi, i aoey&?ay%en@@di@to@%nate,
L.GY.Cli Is 1 s. _The content..of the
e g s R AR B, R e O ApobHBIRF e no
teézamehbylyplenedijyedyandtie, o 4'eddphbanlBothanéfissocyanate,
2t.hatdiﬂﬁeﬁflﬁé'{ﬁéﬁaiirf§$%}?éﬁﬁ:%qd yeat hey 1?1 Bhéitfnediisocyanate,
35 flexibilTity, and hand. Accordin £ X he resent
4rﬁvéﬂ%PBﬁPY%?ﬁﬁ¢ﬁ§ﬁ%ﬁﬂﬁxﬁﬂﬁﬁﬂ: %m@ﬂgﬁppb@n¥6r4(ﬁﬁ—@slsocyanate.
zcamqsggeﬁyuﬁwplaﬁel?@la;(' Bhlh.iswﬁyahﬁittaa_ -|4 us gal l'y
L0Qtai.ned. from.a,l ow nol ecul ar i gh iol and a
3 ARSI e B PR3 e Loy S bAGER ARG
4nééeﬂﬁphenThprbpam&dﬁésobaanw&bghm-phehylenbuFQSpc@anate,
€ ;i 5 co 3 Leng_ gl
e bR D En ¥ b g ReRL TR - 814 S8bvanate,
n@pbtgaﬂaﬁédﬂ@ﬁ:d1}§OEUﬁaﬁé@Lo| (1,4-BD for short

3her ehmﬁi&tﬁbkydipHEhS}ILnl43=B&QE@?§QhQE

1 S-Eﬁntanedlol, 3h6-hexand|ol_ 6- HD f or _short
aﬂgrg gthF?Tatlc lisocyanates; tetramethylenediisocyanate,

decamethylenediisocyanate, lysinediisocyanate,

and other aliphatic diisocyanates; and isophoronediisocyanate,
hydrogenated tolylenediisocyanate,
hydrogenated xylenediisocyanate,
hydrogenated diphenylmethanediisocyanate,
hydrogenated tetramethylxylenediisocyanate,
and other alicyclic diisocyanates.

- The content of the subcomponent (Al) in the'component
(A) should be no less than 70 wt%, preferably no less than 80
wt%, so that the resulting TPU has good weather resistance,
flexibility, and hand.

According to the present invention, the high-molecular

weight polyol (B) is composed mainly of PCD (B1l), which is
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3-nmet hyl -1, 5- pent anedi ol (MPD for short hereinafter),
neopentyl gl ycol, 1, 8-octanediol, 1,9-nonanediol, 10

3, 3-di et hyl ol hept ane, diethyl ene glycol,

1, 4- cycl ohexanedi ol , 1, 4-cycl ohexanedi net hanol ,
2-ethyl -1, 3-propanediol, 2-n-propyl -1, 3-propanedi ol ,

ﬁshaDDyOQMtainédpf@@ﬂnle@hrmplecular weight diol and a
Soppelitudnd; RERBR g hondthoBY b¥hadndaPLOR P60 o

2- nEthTheZleWhyb&bc&lﬂmopaﬂgﬂkobiolSincludes, for example,

-dL8Lhyl 54, 3- Py OB ]

gyt bircot, DioRo B Sene qiypol. 1.2-propylens giycol,
2. 2thytranedipdi yl- 3;Buppropdihedi ol, 4-butanediol (1,4-BD for

3h8£Byhe§e§hB¥ke% 4- QURQEEQHQh 3-propanediol, 1,5-pentanediol,
2- et ut anedi ol -

3.4 B?%?HQFO& £1pénﬁgn§aFthort hereinafter),
2-#Methelhy| 51 pénpantanedi GMPD for short hereinafter),

ent ned I met hyl ol pr opi oni c
a0|%eng¥%%i%§?%rbgt nof a%% ﬁOldlgﬁg %%?%Xﬁgbgi’and
3l kyfionethxlidthagtane ., ofiibtbphenel ghycoIhel, 4-cyclohexanediol,

iox\tap&f{;ﬂégae g@mﬁﬁ&% ol 258P8 itfthﬁr%é&“&?{:‘id

%aaa%z aUcome ul ar
RHPDOP h@cﬁ?%ﬁ%e@bo%haz %ﬁ@w@gmtln@ orepanediol

hag- @@?ﬁlﬁ%a3Lﬁﬂoﬁﬁ?é%ﬂoprl@Rgﬁ?ﬁule fﬁSI panedlol

ow nol.ecul ar i s nost des
%e%%ﬁéebﬂ?@l r]e;%% “ﬂdﬂ"g‘ne@t MeERYHiEs 365‘8& 1ct3aPFP§anedlol
anﬁ—¢methgiH1JSjpmmpdnequLI|Z4dth%ﬂ gedkdgoFEMFl . 3~propanediol,

esul & toC cl udes di al ky

gggggt%q%suc %gfd ﬁ@%§§$§%§+%ghate and di et hyl

%a@thY%w%jetth Hi4rhutanedbedht e (such as di phenyl
ahdengi €3 - e@ﬂﬁlaik¥lﬁﬁ¥hn§@i99naieB‘&i@*hf@ £LEVhERCanediol,

carbonate and ene_car bonat e

?P%F%‘é%ﬂargvmﬁ nedigbi 18§ h%‘é&%{t%elaf’ pentanediol,

mmymmmlmiecwm veLgethef o Bt do be 0881 a,
,000.t0..3,.000. Wt nmber -

ferabl 5 2ver
é)l ecu?%ﬂ’gvé' t @ ‘?‘ra"il}]gf?rh%no% ?é‘#‘ ?Be‘? W%"em’l A.
ThQXKDmemﬁ¢@ﬂimr|W@pgﬁtJpwlYolkmwmnxntutnﬂgemmml¢h¢wld
ey BT G réiiﬁi%{t 168 fBe/ L4 Weé%%é d181s with 2 to
D Earhernts ¢ phak e‘@hw lfcw%tyuw HERU rﬁrgerﬁtrdn@s: geed clarity
aﬁﬁ&ﬁﬁlntablllty Of the low-molecular weight diols, MPD is

most desirable because the resulting TPU sheet exhibits good
clarity and printability with very little bleeding.

The low-molecular weight carbonate includes dialkyl
carbonate (such as dimethyl carbonate and diethyl carbonate},
diaryl carbonate (such as diphenyl carbonate), and alkylene
carbonate (such as ethylene carbonate and propylene
carbonate).

The high-molecular weight polyol (B} should have a
number-average molecular weight of 500 to 5,000, preferably
1,000 to 3,000. With a number-average molecular weight
smaller than‘500 or larger than 5,000, the resulting TPU will

be poor in flexibility or mechanical strength, respectively.
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pol yol than (Bl), such as pol yether polyol or

pol yester polyol, the resulting TPU will be poor in
heat resistance or 5 water resistance, respectively.
Any ot her hi gh-nol ecul ar wei ght pol yol than PCD (Bl)
that can be used in conbination w thout decrease in

durabltEtthbn@h@ﬂemolhehlaxaﬁahghtp9519@&6wBQOhﬁ@I1ts major

St ERrnt pophdreeloviFh Shu Atsr cRudh hefSfutar  yetont
pbEypl etkath (BL¢nNt s500h as pohpesneirnponimlobrabomaﬁtm

Shfof I nhauLng £149 8y GRLPORE oBATBLoRCEL £ll1stance o

ene ene agly
wateprn@yiéhengeyanSPQctlbﬁlmned|o| 1, 3- but anedi ol ,

1 4- BDAn%PG%h@(:] hhigh- ﬁb@@@ﬁggbohelﬁﬁtlpgl%ﬁt agdi QbD (B1)

6- HD negpentyl gl ycol , 8- 0ctanedi o
1111@1: NeARNRR Bﬁedsla awﬁ’e%wtb% et Bheut d@%?ﬁ?f—l%ﬁ ein

@h:y&@ilzl.t% ﬂn@!ghébﬁxﬂﬁﬁﬁéﬁ&nple golyester pol%ol polyether
clo a nmet pano opanedi

B fug o 9T Te ST opahien pplydi. ana poTyBiSBiPofyer.

2- i sopThpykthdild- pxdpadedi ¢C) used in the present invention

%% $¢%§é?& ﬁg?ﬁ gagfdéfi?h§91c diol (C1) having 2 to 10

ane
9§¥Q9Q5but§¥amP 6§r@%ah%H)oinclude ethylene glycol,

2; 30y 16! hyfedi 3 DI 205R6FY Mne glycol, 1,2-butanediol,
é - di etr%;/(%’l rnganedl ol
%’t }opgf 18, p% db%ﬁ@a}o} . 3-propanediol,

P ﬂpﬁa/th’eéh@dbullyl 1le 3H1pr OpPDEth@bpentylglycol, 1,8-octanediol,
-ethyl - 3 -1, 4- .

£ sty b IO oo, asemmyions sy

-'Q:, B-cif et olyexdnedpeht ahedlt @Yclm@{anedimethanol

2 & nr%lvfl Dy4- ﬂrépm@afafdl fln- pl%p%fel adc éai’é‘fd

al1phatic diols havin ons are
?prle?%ﬁ’%wéla%& 1PEQB@?§1%5tZT}E'slP‘F%191 $r5ﬁvp@mdlol

zniﬁuhmm - Df 3tpeopRed@nd Ll 2 steenob it Pl - 1 he-peophhéddol,

T T T MR AT LA

MIarlHZ}gl PropyE- hythk poepemgdigs, the resulting TPU

%Moérﬂn-ﬁli)%r?ﬁ lfprmé#gnec | udi ng secondary

artt ahi cal strength. Those

mwmmkwﬂut@mdwlus@dmat@ﬁd@mt@wm ¢ebptanediol,
AIE d QEHPL L U afe a1 §0] YA nesy 39 Hed 191 85 -pentanediol .
Onfunéohee{ _gl:\)/g\;g %nerirt?:!.oerggc!i aéxa\l\rﬁpl ehst Sarrlel.}_glgtzt_g aé]:LQSls having 2 to
6 carbons are preferable and 1,4-BD is most desirable, from
the standpoint of the mechanical strength of the resulting
TPU. If the chain extender (C) has its major component (Cl)
replaced with a low-molecular weight compound containing
active hydrogen groups, the resulting TPU will be poor in
formability (including secondary formability), clarity, and
mechanical strength. Those chain extenders which can be used
in addition to (Cl) are low-molecular weight polyamines
having a number-average molecular Weight smaller than 500,
such as ethylenediamine, hexamethylenediamine,

xylylenediamine, isophoronediamine, and ethylenetriamine, and
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such as et hyl enedi am ne, hexanet hyl enedi am ne,

xyl yl enedi am ne, i sophoronedi am ne, and

et hyl enetriam ne, and -6 | ow nol ecul ar wei ght

am noal cohol s having a nunber-average nol ecul ar
wei ght smaller than 500, such as nonoet hanol am ne,

- Xiwethabhetaban ewejagr;idt NanDps HPESId BN v iddla Pekhied 8- dvdrage

8o B2 00l AL RLESER! B4 O3y T 5B O e

di@@hammeheamch@MPmﬂammnateri als (A) to
(0. Thgy BB%lQ‘ESDESQUEﬁ? ﬂéygﬁa gpechil %}ESSL?U 2Bl son

process whi ch consists o ecu

WRY i pRefyesd (B) amd wae %h@nw%mmlq o;e%mmecms S0
Tong Ngs tieeyd Ord BS Uit | i rﬁ%*’éﬁné’ﬁﬁibﬂé@ :&iv@%@erlals (A) to
anat e gﬂ ?éﬁ and vigorously m xin
g(tfjo\/e Gﬁ’fl'?) T RT % AN PG R | TP thel °W1n9
pm&&s neh it taomes it cafvaﬁl:f:mg rﬁastmgghid&ﬂ@ﬂalatwelght
60 £.0 ea
poi/ Z| ng ﬁéﬁ%g%/%l et 1o cgecf: r(a‘J'VZjﬁI EI’% PiEipg the |
@G‘H}@érg mB<Eregviid 286C oqgatiar ahl:yso]cathﬂa_txéZS(GO,, metering
A \ﬁ. Il Gy thee s P St d 1 db v ¥ QY aﬁaﬂ& q'li'\ar@él{ials , and
su I ng the above-nmentioned raw nateritals a a ]
Hﬂ%ﬁ’g”{% ‘%l%?-‘e‘-‘a‘ﬂ@r timg mieddiori iRt fomoreasisoc therein
Fir esfeertah| 20020, tpre&ﬁ%bdlﬁh%?rﬂﬁttl(ﬁmd@bt]?i%gﬁ lzIer{HE
f i.n rqce s. made .i.n rand cu S
gy L g, She ahdy e Tien i anad s MR IES gy A5k extruder
iﬁ%dybﬁauihﬂ)dgemnﬁﬁenahmjeiZBrﬁuuﬂﬁumc Brid usttauding the

for T:T!{‘Iﬁml Vellgﬁ%fw giust un t%}lgﬂj g\}glé ‘ﬂj(%eléo%e -mentioned

|“lqttea%1@s1%taér3a§’é oamf tﬁ%r@sé@qaahmrfqmlnd@mrvdmereln

ot oL S B e A yand ftoguot
ure ane orm

YL Y e For et ERP ST BE A An e, sigAmd. cut

piett 1sftgulof [IRef.er difl neloessingd tthe @&mgs%@ﬁdtﬁﬂjéxildl% may be
I si bl.e Q

Py RO e IR R Wachion:: I RAL s
d@ﬁllrﬁ@rlg‘falfoé @@ﬂﬁé@h@@%@rmmp | e qBU tum,peJrl@rl:, form

gives off (1) no dust unlike powder, (2) Ffacilitates storage
and transportation unlike solvent solutions, and (3) permits
easy molding into wvarious shapes.

A urethane-forming catalyst is not essential in the
produdtion of TPU pellets; however it should preferably be

used to reduce reaction time and to ensure complete reaction.

- It is possible to use any common catalyst, such as organic

compounds or inorganic compounds of bismuth, lead, tin, iron,
antimony, uranium, cadmium, cobalt, thorium, aluminum,
mercury, zinec, nickel, cerium, molybdenum, vanadium, copper,
manganese, zirconium, or calcium. Preferred catalysts are
organometal compounds, particularly dialkyltin compounds.
Typical organotin catalysts include, for example, sfannous
octoate, stannous oleate, dibutyltin diacetate, dibutyltin
dilaurate, dibutyltin maleate, dibutyltin mercaptopropionate,
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anti nony, uranium cadm um cobalt, thorium alum num
mercury, zinc, nickel, cerium nolybdenum vanadi um
copper, manganese, zirconium or calcium Preferred
catal ysts are organonetal conpounds, particularly

di al kyltin conmpounds. 35 Typical organotin catal ysts

&n@! 88But{ 2t 18XaFREEy 1RERR octggLe s
ol eate, ud?bu% ltin ?aceta?ggig?bu @ﬁé n éﬁﬁ?gﬁ?at%e catalyst

BRBUYFEY WlﬁHPESt EeSETRGEIPRER %Peaﬁmgr%.mt@roa%tms of
dabuhytérnatlodeeyt neegepiodeconfet 89RUNENQf thdereaction time.

t al yst i t hout t dependi
FREh Bpupi st opdo ) ch i ek F ol BSERRbLecabemt 0700 to 2
ebhdi of obheahdtaheameant i off theereattibs mswahty.

0. 0001 0 feorab
0 5001y ok U5 BLabLs o B OREAR ) Mo ve
8 Bacatmelenaratist 6hHA(BY Opf shoomd0Obe téel, ipamticularly

fﬁﬁﬂflr@6|9 (Cﬁi{ﬁ»a@feﬁééﬁégvélﬁoséalpaéf'fé%ﬁ%ly lue of
L#)?{l to an excessi vel mal | or |arge val ue

s /(E‘?e Fﬁ%uwéﬂsre@t'-r%% WELLup$ | PORE prmeehanical
stecdrgtic abr 1omhalenlt iy of 1ol o@Dy | §¥cédhdaryididiEhability),

rmability), respectively. The raw
éﬁgﬁgﬁiﬁgeéﬁbuld be fed in such a way that the nolar

ratio Ehea€@vaahydi@gensgpumgsbeofEQoiyaaach greapsthat the

; . r )
AL L1 S8 L, Y000 FLLESLIR, grouss 12
LA o oF lawest erbahdh Q)flagaqd rrma%w rehan ¥Atio
pﬁeﬁé\fﬁéﬂ:fj édedn the o Mgéﬁ‘ Mttan thes 5 £6 Wdd rkgqtirﬂ-] to or

ek 188 F08E, 45 TBE D g SRS ERO e ORE 21 Slla LS nan ehe
tdwer thignippethe imdgylting resolwing GPpovt IerGr;)éxﬁxanlcal

t T
s2 s%om PR A0S O d1 SNaSVESu aﬁﬁ,réféhst 0 :f‘é fhe molar

veavve%é; aver age ar V\BI
matgop 19 Hapger odmn piheg airpny J_mnmo the m:mmg I'TPU will

b [godie ﬂQC&ppéhﬁér{&é‘QiJé Qfo foramhidddy if its
nol ec or larger than these

limts, h?5¥§%gp%EF?%%?? T?%c?%%ﬂ%glpﬁvetﬂewelght average
m@ulwmmmﬁcﬂuwo wugmoomwprﬁmamﬁ EI0F000 to

5Q)f0 t(ﬂﬂf OfIP%J}/ﬂ%eneoo%eaisnu setrength or formability i1f its
molecular weight is smaller or larger than these limits,
respectively. Incidentally, the weight-average molecular
weight is expressed in terms of that of polystvrene measured
by gel permeation chromatography (GPC).

The TPU should have a hardness "A" of 70 to 98,
preferably 80 to 95, as prescribed in JIS-K7311. Because of
this hardness, TPU feels hard if it is in solid form but
feels elastic if it is in thin form.

Incidentally, the TPU according to the present
invention is exempt from fire protection -law for its storage
because it is produced without organic solvents. In addition,
it does not cause environmental pollution during its

fabrication.
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by gel perneation chromat ography (GPC). The TPU shoul d
have a hardness "A" of 70 to 98, preferably 80 to 95,
as prescribed in JIS-K7311. Because of 30 this
hardness, TPU feels hard if it is in solid form but
feels elastic if it is in thin form Incidentally, the

TPU acivedTRY tof tthe presentt bnvesttiionn ray eeiplicdrpaBated
r n_la a e because it |s .

G188 B SLESHLSAULAE g, SLERCES, SERIBRLL bjappvsss

E@@geﬁﬁﬁngaagénénvﬁnénﬁﬂnﬁantpoUVUﬂughtdabsngbers UV light

Eabphiceatken. f§lIE§ TBHdOEeEHEOEEQQgnklbg¥gnt%ﬁnngEXFBSry

i ncor por at ed a vari et itives Such as s
agent , TPFd#&WF@ °fpF@@eQMQﬁfnégéﬁﬁenéﬁpmo%ﬁd@ﬁpdugﬂd by
Magh?gabﬁérb$0,péwiétghhenﬁiahéhl§86¥ﬁfhﬁksradﬁﬂgmtor sheet,

e rcin necess s The keypad o
G831 85 AL, b ShE8 Bt PR PLEATSE) shiEe dneo o
pesived ﬁbﬂpeohgdvabuum fnrmlagfotnsaamﬁhﬁgt If. @Bikoway it

§snﬁb§5iﬁ e @Qdeggfﬂ f8ﬁ hggc£§£ Oln3 heg?ﬁh?ﬁggasuch as

desired { or s npln
heyPad f?§ 96§§ EP%lPoléﬁﬁrﬂyenbsaln precision thin

form ngacaumhrasmihg kaypPad E%Eoﬁbﬁﬁghgﬁ'gs ollows. First,
#nstrune ts, . Vacuum formn acconpl | shed as

o | et Frpieh HEReDSHRERaHA| ERORALABERU nagcTeREAPRed above
ihehdPtbasanidntbDtene@boVehei Sohtehed smees0f eﬁﬁgught into

b t | t
6:oL35085, UEE e AP bl Sy BlE BELAE kD, cne
Eﬂﬁmﬁdl%h@%hniﬂe@emwiﬂedlanédttlmeQCESSamq¢es§hnmbtng
SBYm QQ9?p$éSQ§Qoﬁ§liQﬁ%@“§sLf%if&ws eF%%Sabothe sheet

whj ch has been made from as nention Vé

et Pagseed it dt T et Bef TR eas shertiored| abped is heated

axmmrtéﬁml e des@ﬁt@naalﬁﬁeélﬁdfé YPEHYEY YetPben female
%9$|I tgf d sheet 20 is_denol ded ‘and tri nmed

R CRi fFET R as AL o crbing the formed sheet
ienpeanatded aﬁdttmnmmmﬁt(sﬁomécb$m&fﬁ)ablynbelﬁ@ef0case, the

ﬁggkfﬁg temperature of the sheet should preferably be 60 to
250°C '

EXAMPLES
The invention will be described in more detail with
reference to the following examples and comparative examples,
which are not intended to restrict the scope thereof. In

Examples and Comparative Examples, "%" means "wt%".

[Preparation of thermoplastic polyurethane resin]
Synthesis Example 1

A mixing tank (capable of temperature control) was
charged with 932.3 kg of polyol A and 67.7 kg of 1,4-BD.
After thorough mixing, the mixture liquid was heated to 60°C.
The mixture liguid was transferred to a head tank, in which
it was heated to 75°C. The mixture liquid was continuously
fed, together with HDI, to a twin-screw extruder having its



EXAVMPLES 25 The invention will be described in nore
detail with reference to the follow ng exanpl es and
conparative exanples, which are not intended to
restrict the scope thereof. In Exanples and

Conpar ative Exanples, "% means "wt% . 30 [Preparation

eémbBFEEHEEaahhﬁsﬁghyaﬁ ggiﬂgw es'g]v1§¥9&@ o% hopper: 160°C,

ﬁlXIng tan capa tenpera ure
eolﬁf—ii@ily Rast:chaPyed andhaoforgakg endpoRPbl CA afiHe feeding

BZ+é k8 @ﬁelmﬂxgﬁke figﬁﬁdtﬁaéoggﬁfz?ﬁ?gﬂ Eﬂﬁ Eh&;géédlng

I iguid heated to_6
FriRsPEr B EDL a"ABad> P afKMifn \AEP%hmO?-FeWa§eﬁé§t ¥@St o
_ diﬁbhahgenthrUﬂghlaqﬂtﬂananienhhﬂUQH§|ygsﬁﬂﬁlng strand was
e DI n-scre xtruder having_jts
SGOrRHEs Mt ek aloRb L TBT ouke 3 R hng, Ay 15! b o 3
ﬁ@ﬁperth&ﬁecwasaOhtddhedparsammgecpfahﬂeambplaatmcend
e u 4
ﬁgﬁfﬁré@ﬁaﬁé ﬁégﬂndbéife?% gﬂgfﬂ‘ﬁé gﬁfigagtggg@glﬁﬁnz The
#ﬁ%lﬂnf?%ﬂ ?%%FﬁtmE§951§PsEﬁéhge through a strand die
and the resulting strand was cut into pellets after

;Eigeis mhlch IS deS|gnated as PU 1. The resin feed

|
ggg?ﬂégﬁgsﬁéﬁg ggééed&gxségtEﬁsbﬁnﬁﬁ%gEeﬁﬁxémh§e513Q95
Eﬁ@%@ﬁ%@et%sg¢ﬁﬁS@#WP%%$S(E§aﬂpt@ AUwk of epearmoplastic

ﬁblﬁhﬁﬁ%ﬁ%ﬁ@ &R dRcEBk Bingt tRET FORMEPAE foldOwas changed as
urethgng resjn except that the formul ati on was
%@ 2 Tables 1 and 2. Table 1 Synthesis

Exanple 1 2 3 4 5
Table 1

Synthesis Example

1 2 3 4 5

High-molecular weight peolyol (kg)

Polycl A 932.3 1 914.4 932.3
Mixing Poliyol B 857.3
tank : .

Polyol C 857.3

Chain extender (kg)

1,4-BD 67.7 85.6 | 142.7 } 142.7 | 67.7

Feed rate of mixture fluid {(g/min) 2,447 1 2,387 2,139 2,139 2.430

Feed rate of organic diisocyanate {g/min)

HDI 553 613 861 861 570
NCO/OH molar ratio 0.98 0.98 0.98 0.98 1.02
Sample designation of TPU PU-1 PU-2 PU-3 PU-4 PU-5
Result

Weight-average M. W. 87,000192,000{82,000|83,000)150,000

Melt viscosity {Pa‘*s) 1,200 | 2,000¢ 1,000¢}1,100 | 9,000

-10-



Hi gh--nol ecul ar wei ght polyol (kg) Polyol A 932.3 914.4
932.3 Mxing Polyol B 857.3 tank Polyol C 857.3

Chain extender (kg) 1,4-BD 67.7 85.6 142.7 142.7 67.7
Feed rate of m xture fluid (g/mn) 2,447 2,387 2.139
2,139 2,430 Feed rate of organic diisocyanate (g/ mn)
HDI 553 613 861 861 570 NCGagtXkmlar ratio 0.98 0.98
0.98 0.98 1.02 Sanple designation of TPU PU-1 PU- 2

PU-3 PU-4 PU5 Result Weirght-average M _If. 87,000
92, 000 82,000 83,000 150,000 Melt vjiE@L8tHly fqpxagyative Example

1,200 2,000 1,000 1,100 9,000 -10 Table 2 S/nth?SIS 3

Conparative Exanple 1 2 3 Hiqh-nnlecul%r wei gh

pol yol %Q%)S_%ng’%gc)ﬁ%hr B3t g%%érlxk{g%)ﬁ Hol yol C B57.3 tank

Pol yol ain ext 1,4-BD 142.7 142)7
142.7 | Feegoigdiegof mxture fluid (g/mn) 1,877 1,877 g57.3
1,843 | Feed rate of organic diisocyanate (g/in) NI
1,123 [1, 12301441, DI 1,204 NCO OH ngl ags+.atip 0.98
§18'%, 98 Sanpl e designation of TPY PU-6 PU 7 PU-8
Resul t{ Wi ghtyaiverage M W 105, 000 (106, 000 1255000

Chain extender (kg}

1,4-BD 142.7 142.7 142.7

Feed rate of mixture fluid (g/min) 1,877 1,877 1,843

Feed rate of organic diisocyanate (g/min)

MDI 1,123 1,123

H,,MDI 1,204
NCO/OH molar ratio 0.98 0.98 0.98
Sample designation of TPU PU-6 PU-7 PU-8
Result

Weight—average M, W. 105,000 106,000 121,000

Melt wviscosity (Pé's) 2,200 2,500 4,800

Description of components and properties in
5 Application Examples 1 to 5 and Application Comparative
Examples 1 to 3 and Tables 1 and 2.

Polyol A:
Polycarbonate diol obtained from 3-methyl-1,5-pentanediol
10 and diethyl carbonate
Number-average molecular weight = 1,500
Polyol B:
Polycarbonate diol obtained from 3-methyl-1,5-pentanediol
and diethyl carbonate
15 Number-average molecular weight = 1,000

~11-
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Melt viscosity (Pas) 2,200 2,500 4,800 Description of

conponents and properties in 5 Application Exanples 1

to 5 and Application Conparative Exanples 1 to 3 and

Tables 1 and 2. Polyol A: Polycarbonate diol obtained

from 3-nethyl -1, 5-pentanediol 10 and di et hyl

paLpenate Nunber-average nol ecul ar weight = 1,500
gobt ai ned from

Pol B: I te diaol

Py ErberbER Al ob tadngdrzom L - Cape¥RRedipd and
Nuniéethydr agebonlageul ar weight = 1,000 -11 Polyol C
P I I d f di ol d
cHRAPIRO AN ErRed Rt R o ag ot Podan 8 el ghi =

B: Pol yol D. Pol yester diol obtained from
1 4PQ!?€§%@&°El@ﬁd0@%bﬂh§d %%b%Dwg%bgﬁtgﬁgﬁggglaTg adipic

nmol ecul_ar wei ght = 000 1 but an
HDI a8 xamet hyl ene dii socyanate M :

4 4Nudbaheaybm‘abbamedeb&m)faﬂa&ghtl 2Mpl, pobydr ogenat ed
? ng £a$ g anate TPU: ThernDpIastlc

pol yur et hah ® Nunber aver age nol ecul ar wei ght

Hk%@LW&Qk&WEUSthna ﬁfihappamat@s Mbdel HLC- 8020,

MpPm JCEI}&%%%%%&%%I ny solution (1%

Anal¥t|cal %éﬁ% rene d%%? Tal curve 20

Ly A V,ggﬁgx@genated dlp enylmethanedllsocyanate

TPU: Thermoplastic polyurethane resin

Number-average molecular weight

Measured by using a GPC apparatus: Model HLC-8020, from
TOSOH CORPORATION

Solution: DMF solution (1%)

Analytical curve: polystyrene analytical curve

Melt viscosity
Measuring instrument: flow tester, Model CFT 500C (from
SHIMADZU CORPORATION)
Measuring temperature: 180°C
Die: 1 mm in diameter
1 mm long
Preheating: 240 seconds
Load: 98 N
Amount of sample: 2 g

-12-



Measuring instrunment: flow tester, Mdel CFT 500C
(from SH MADZU CORPCRATI ON) Measuring tenperature:
180C 25 Die: 1 mmin dianmeter 1 nmlong Preheating:
240 seconds Load: 98 N Anobunt of sanple: 2 g -12

[ Eval uation of pol yurethane resin] Reference Exanples
LlEvalbagnonRefepengareehpaecae¥enfxanples 1 to 3 Each
fftge sam P,LSJ-' o PU-8

hako Bval uated. The st ck
T-di e I re 70CyThe,re evaluat.i
b on Bt el i 1eElCPulin dC R Rigss HREE ke
5 gheekd(Por Wyndhick)vbycestaysiont pndThber geahlting sheet was
&hg1hastaar erpROWRoLR Eifipetaturl #ak! €88- ReLAECRAE T-die
Exarrgle 12345 ;FPU Pu?l PU-2 PU-3 PU-4 PU-5 Film
Ta?)‘BB Faheeeovss0ld00C - wedbreFerBESt 9fcevalbagignoare shown
tﬁdTﬁb&ébSBTEﬁ&SHﬁanha QaﬂerOPUCbewasatbdtéﬂSESEaﬂﬁﬁamic
\ 0,.JLS-A ness 90_.96,.95 .86, Strength at \
ViBe0e0atkial B sIhBaTERuLls BEoLha: tER taR PuBRaME 1 Fig. 1.
10 (% 770 610 650 630 760 Printability Vacuum form ng O
0000 Stanping 0 0 0 O Oqapie 3

Reference Example
1 2 3 4 5

TPY PU-—i PU-2 PU-3 PU-4 PU-5
Film appearance O O O O O
Weather resistance O O O O O
Hydrolysis resistance O O O O O
Oleic acid resistance O @) O O O
JIS5~A hardness 85 90 96 95 86
Strength at rupture (MPa) 49 57 56 55 51
Elongation at rupture (%) 770 610 650 630 760
Printability

Vacuum forming O O O O O

Stamping O O O O O
Secondary formability

Vacuum forming O O O O O

Stamping O O O O O

-13-




Secondary formability Vacuumformng O 0 0 0 O
Stanmping 0 0 0 0 0O -13 Table 4 Reference Conparative
Exanmple 1 2 .3 TPU PU-6 PU7 PU-8 Filmappearance 0
0O O Wather resistance X X 0 Hydrolysis resistance 0
X 0 deic acid resistance 0 0 X JIS-A hardness 85 86
85 Strength at rupture (MPgxyp48 20 57 El ongation at
rupture ($) 560 680 430 Printability Vacuumforming O

O 0 Stanmping U0 0 0O Sgcondary_tformabli 1Tty Vacuum
forming 0 0 X Stanpind 0 0 X R¥SFEAra feEPamG i Fample

sanpl es were visually cbservef and rtated accordi hg to3
the following criterion. 0: clear wjth no Tish-eyes. -

Apycl ear with sone fish-eyes, X clqudy w,th bleedingg;_
and fish-eyes. 10 Watlher resf))(st ange: I\/\ggsﬂred i

3QeRr FipRAriftel ! S K7350 |l rradigte with Iig froma
Ixenon—|a v ©

np—for 2000 hours Q— Al _4.10 .15 X -14

Weather resistance X X O
Hydrolysis resistance O X @
Oleic acid resistance O O X
JIS-A hardness 85 86 85
Strength at rupture (MPa) 49 50 57
Elongation at rupture (%) | 560 680 430
Printability

Vacuum forming

O
O
O

Stamping

O
O
O

Secondary formability

Vacuum forming O O X
Stamping O O X
Appearance:

Resin samples were visually observed and rated according

to the following criterion.
(O: clear with no fish-eyes.
A: clear with some fish-eyes.

X: cloudy with bleeding and fish-eyes.

Weather resistance:
Measured according to JIS K7350
Irradiate with light from a xenon lamp for 2000 hours.

O: AYI < 10

X: AYI = 10

-14-
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O eic acid resistance: Evaluated in terns of decrease
in the strength at rupture which was neasured after
the sanple sheet had been inmersed in oleic acid at
70C for 24 hours. 5 Rated according to the follow ng
criterion. O0: decrease |less than 50% X: decrease no

bessct RanabP¥x iEyvdnhekysi s resi stance: Evaluated in

“ter f the strength at_ rupture which was 10
moa TR ﬁge%i"@ NESAPTPRSE tdr Whte sEaigpIiha¢ rupture

beewhiaih ewed ntemsﬁir@md dffted tHdTOSMAlE s&iee&5ﬁa@1%e%51
YRH .. 3Q, days.. Hardness, .strength at rupture, an

el onga elrgﬁa%atlr{L?dted‘rce:amﬁ%ur—;é)dqu%& &%5%% S
K7311 Ratsdcardanyingr rmbithiet Fodiswimign tcatiitleirtiyn .
Printing , ;%ré‘r%rans*%d 1L 4 Q3L sisq) of the sheet

sanpl e whi'ch becang concave artér formng. After
coating, tRe dewrelaseanmp destdamantsosacuum form ng
and stanping. The resulting product was visually
§§3n1£ed,for rinting and 20 drawing. Printability:
YAR9-- 4818 FBPFH-BR2PHCprinting X deformation in
pri BiialgaSedonaary river saEbithie! Wtredyth aw tpEl@dePwhich was

edg i thout _sharp edges itions vacuu

For iBastivall BRREAInY RoctIEP kAN Hetsz Phecdample bad been
presdlpwedl t® kRang80iRoam agmpispher20ase86hdsand 95 %RH for
Condpt hays .of stanping: Sheet heating tenperature:

140C Press pressure: 10 MPa

Hardness, strength at rupture, and elongation at rupture:

Measured according to JIS K731l

Secondary formability and printability:
Printing was performed on that side of the sheet sample
which became concaﬁe after forming. After coating, the
sheet sample underwent vacuum forming and stamping. The
resulting product was visually examined for printing and
drawing. _
Printability:
O: no deformation in printing
X: deformation in printing
Secondary formability:
O: with sharp edges
X: without sharp edges
Conditions of vacuum forming:
Sheet heating temperature: 140°C
Vacuum pressure: 1.3 kPa
Forming time: 20 seconds
Conditions of stamping:
Sheet heating temperature: 140°C
Press pressure: 10 MPa

”"Pressing time: 10 seconds

=15~



Pressing tine: 10 seconds -15 Dynami c viscoelasticity
Measuring instrunment: Rheovi bron DDV- OLFP ( A&D
Co.,LTD) Under the following conditions 5 Starting
tenperature: -100C Rate of tenperature rise: 2C/ mn
Specimen Wde: 4 nm Long: 25 mm 10 Thi ck: 200 gm
Dynam oyl il GeiBide1ald LMty equency: 11 Hz
Automatic |oad: 6.1 x 10-2 N15 TPU in_Reference
Exanpl es 1"F858T489e 1§655UPER Gt #reRVikrpnt RBVr84FE. (A&D
In Reference.Camparative Exanpl es, however, the

sanpl e d 7 _prepared. from MDI as an organic
dii soc;s}g{r?%%xg % e%p%loor&ir}ﬁ)v%oéi%ﬁlq%%i stance, the
sanpl e PU- Ptaptépar tembeuvatpokyesti®® gol yol was poor

| n hydr ol YRhee28e! BahBbathredRd skl 5R0RLE PU-8
prepared from HI2MDI Wwas poor in secondary

f or mabiFRYSAMGEyal uati on of pol yur et hane resin keypad]
25 Exanpl egidet 045mfihe pol yurethane resin fil mwas

f or med intg keyp?g by vacuum form ng or stanping
under the ©BRHFt F8nE™nenti oned above, and the

resul ting kgyBRd ves gyal uated. The results of
eval uation are shown in Table 5. -16 Table 5 Exanpl e

1 2 3 Pynankfl dldplladdmdn®d 3 Piyd PU-5
Freguency: 11 Hz
Automatic load: 6.1 x 102 N

TPU in Reference Examples 1 to 5 gave good results in
all the tests. In Reference Comparative Examples, however,
the samples PU-6 and PU-7 prepared from MDI as an organic
diisocyanate were poor in weather resistance, the sample PU-7
prepared from polyester polycl was poor in hydrolysis
resistance, and the sample PU-8 prepared from H,,MDI was poor
in secondary formability. |

[Evaluation of polyurethane resin keypad]
Examples 1 to 5 '

The polyurethane resin film was formed into keypad by
vacuum forming or stamping under the conditions mentioned
above, and the resulting keypad was evaluated. The results
of evaluation are shown in Table 5.
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Vacuum form ng Depressability 0 0 0 0 0O Key

interference 0 0 0 0 O Stanping Depressability 0 0 0

O 0O Key interference 0 0 0 0 O Depressability: 5

Eval uated by visually observing whet her the keypad is

broken or damaged when strongly depressed straight

wth a fingernail
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criterion.

and r at
0: br

LEeg

ed 3¢c rding to the
damage are not

observed— 10— X
i nterference:
depressi ng one key

areaat | v

brg
Eval ug

adj acent key i s noveg

1L+ d N

arll

4 p F

r-"-U

ant

| haoaaryracl
udairiayc arT upbstivTu.

observi ng \ixetpbes

I/ O\ L
KTy~

1 Ak
Ty

15 0O-

Q—”\f-l'g

2
P< W< G

O< O
q)

I
f

+ o il ~
| ) MUJ A
ttle.

om-Tahl
U LA

A\ R A"

b 5-—t-hat

LI A\

kf adj acent key i

the

e
LLAA'A>A"] L.jl cAatrITy.

pREUy ur et hane resin

LY 1

keypad o

[ tdwezpr

17_CLAI

1

bS epf-3i N\
/R.

enpyon

PU-5

exhi-bi-t-s—geod-—perfor
ofacp@hytoraiingne res
pol yur et hane resin g
sai Oephaygapplast i c (
mel t-formed product

thy

Herro G

n obtain
heet by
ol ygseth
of resin
or gani c
|l enediis

ed from
t her nof o
ane (shee
pellets
di icsocy

nryanatp

n t her
m ng,

I spa
resul ti
anat@ co
a

kevnad
JI".

pl astic

erein

g from

osef

ainly—of —hexane
Wtghpo®d ecul ar wei gh
pol ycar bonate di ol (

5- peapAnedboli@gnd a
condensation reacti ¢
mai by QfterfrdldePha

t pol yol
bt ai ned

l o | e
n, and &

1ticcﬂiol

2. _The keypad of pol

conpos
from 3-m
cul we
chain e
hay) ng

yuret ha

pt hyl - 1
ghtycar
Xt ender
P t~10

e resin

f clai

[
[

o d mai nl y of

ponage by
conposed

car bens.
1, o

wherein the

Depressability:

Evaluated by visually observing whether the keypad is
broken or damaged when strongly depressed straight with a
fingernail, and rated according to the following

criterion.

O: break and damage are not observed.

X: break and damage are observed.

Key interference:

Evaluated by observing whether depressing one key affects

its adjacent key.

O: adjacent key is moved very little.

Xz

adjacent key is moved greatly.

It is noted from Table 5 that the polyurethane resin
keypad of the present invention exhibits good performance.
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aliphatic diol is 1,4-butanediol. 3. The keypad of
pol yuret hane resin of claiml1l, wherein the

| ow- nol ecul ar wei ght carbonate is dial kyl carbonate.
4. The method for thernoform ng the keypad which
conprises vacuum form ng the thernopl astic

Cpalyaret hane resin sheet defined in claim1. 5. The
nmet hod for thernoform ng the keypad which conprises
stanpi ng the thernopl astic pol yuret hane resin sheet
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me s ferBeRy PeReErt seEyapate pol)ets uesyHtivigeulomr reaction

betiRleghtin BRLYAL-(B) ;69 ' gy cankonat e

© di ol gl),bandca 16 cﬁg?%§g§?§%§%¥ﬁécf%ggx oggd mai nly

hexgimeghvaenphlat echhoit¢ d )a high-mpl2dud ak0weagbansolThe
PU_used.jn_t [ hventi on cels .in_secqgnda

e 8gﬁgbﬁ ﬁ?g? g?eﬁéfggg%bo¢%%?§%éﬁbéf¥’ﬁ?@o ofgﬁioﬁme£xyl_

1, Sesnsbardéplchadi dy]l owrdo L grudmabidiighy. catBonate by

condensation reaction, and a chain extender composed mainly of

an aliphatic diol having 2 to 10 carbons.

2. The keypad of polyurethane resin of claim 1, wherein the

aliphatic diol is 1,4-butanediol.

3. The keypad of polyurethane resin of c¢laim 1, wherein

the low-molecular weight carbonate is dialkyl carbonate.

4, The method for thermoforming the keypad which
comprises vacuum forming the thermoplastic polyurethane resin

sheet defined in claim 1.
5. The method for thermoforming the keypad which

comprises stamping the thermoplastic polyurethane resin sheet

defined in claim 1.
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