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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 J,mmmmhtrezlaamet% a keypad
(2113' :{?éﬂﬁé‘%i% 1(::%5 ﬁ%&iﬁf@tl@é}% SV TR éﬁcei‘fﬁi‘?&‘dﬁl fedcondary

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 9989r%8§gﬁg%5¥ ? gﬁpé{hgﬁea§e§§£|(@ U0£§£Csh§£td

resi stance a I on resistance AOeic acid
hexeinafiter) shas nbengreeen weed st Vbl et siRtigations
iﬁciﬁdlﬁ$sﬁaiﬁ9u'ééﬁﬁéfb@aVﬁbﬂPPdtﬁﬁéf|éﬂﬂiﬁihder for

print abi because . .
magnetic recodlng medium. It also finds use as synthetic
leather, film, and 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 automotive 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



35 forned products often need a good appearance.

Pat ent Docunent 1 discloses a TPU sheet excelling in

dry touch properties and oleic acid resistance. Al so,

Patent -1 Docunent 2 discloses a TPU powder for slush
nol di ng which is conposed of adi pate pol yester and
paloycakhanat aidcdbs¢PCD TPU pahydt frer eilnaht @bl dibBei Wgich is

f t
PLaOgESief VTR . A SR DU PALS gy e o
dﬁ@@éﬁohﬁ??bﬁaf%%¥é{ance and poses a problemwith
envi ronmyirgl ppelildbd ofrywn tdrestie: |didWod vandtsobN@Nbrganic

I d 0 ush.nmo ot SUIt bl.e -f or

prBEr e R G o Bat AT Dot U S e BaFe

ﬁﬁ@ﬂeé@ﬁaNEOHZGQQl&BWQQQ am@unnﬂeaD@C@w@Wﬂem wiapanese
P@h@ﬁ&ohﬁbﬁt@@eﬁob@utfﬁﬁ ﬁ&éﬂxﬁﬁgie-ﬂﬁéuﬁﬁeﬁﬁﬁtsolvent vapor.

t
| SRR RBE" of PPRR o L Stk bt e Sprag) Heegi Sion
key@ddngf thernDpIastlc pol yur et hane resin excelling

i n seconglaryn £ ops@RBddd Y1, ol eic acid resistance,
di scol orati on resistance clarlt% Oand print abi
EeT

DI SCLOSURE OF JaGEPEORZERBE akpedToRt™ e plddent 78¥1
i nvent i aatenavDdesmankeypad of pol yurethane resin

bt ai ned f I t
Sheet ”E%ZT%%#%S‘F T R R S P

pol yur eti4n@r&rest F§VSHH%P$ W%ﬁrﬁﬁﬁ&ﬁ%ﬁﬁﬂleﬁVlQWe§ﬁnthe
pélolret_:jsihgsul ttngsfmnwja@@ﬁ | Of ted et drg@itdon to

hg %ggﬁﬁy?tﬁegggﬁogfd n%gias¥%ch?nﬁure hane re51

anet ene | SOCyana ecul ar wel h
p@ﬁyéﬂléagpégegeﬁgm gy(ﬁormablllty, oleic acid

resistance, discoloration resistance, clarity, and
printability.

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.



pol ycar bonat e di ol obtained from

3-net hyl -1, 5-pentanedi ol and a | ow nol ecul ar wei ght
carbonat e by condensation reaction, and a chain

ext ender conposed mainly of an aliphatic diol having

2 to 10 carbons. -2 Enbodi nents of the present

i nvention cover keypads of thernoplastic pol yurethane
resin excelling in secondary fornability, oleic acid

r esi st ahtbodidingeds ovfattilgn presiesttanoewent tdmr¢aver &edgpads of

PEhEEARL T ddthc Baﬂ%,uﬁf@xhgﬁeages§Megx@aly§ﬂgngl@ setBHdAfry
?e0|f|c conposi tion. TPU di scl osed in enbodi nent s

Iﬁ%bbJrJe%%'ntOleilrF\/é‘rﬂlldoﬁe\ﬁAllsltaPicﬁd BLECRLPT AN} YR asesistance,
keypadt but arad gorias-8Kiln tyf.or Thdtsomatyi ve stbBeevad by using a
whegl s¢ aut o (ﬁ@g@gl%gg ument panel s, bust cups
for brassieres an W NBUui keypads for electronic
machi nes and equi pnent, trays for electronic parts,

ai r mat shewaber dbggﬁos@@dlrvaémmrwrmsﬁ@ﬂ WeCaseSent
BRI EF DESCRI |

dj
R RO I A R bt punas kpipabie Mo as skin
- visroehbendtl pr operdiiey @heEwSZandZautegeth©flnstrument
syahel s; 19;s§th{;ﬁ-9%o‘f0%'f géleﬁe)s and Losgsapdul qéejp%d)s for

A Loss npduies (E")/Storage nodules (E) (tan S))

WEDIE: R ARV ﬁedo@ﬂumﬁen&wem@m e ?)]reé“stéﬁﬂnlc
| pyens | ol Snais, ecize@d rt bedBy 0ne Ghrihes gld@MiR@. cases.
(1) A keypad of TPU obtained froma TPU sheet by 10
t her nof or m ng, wherein the TPU sheet is a nelt-forned
product of resi B AESGRIANTIOM @I DBAWLEEEt | on

bet ween an Qﬁ%@nhcis a diagram showing the results of measurement

- of the viscoelastic properties of PU-2.
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di i socyanate (A) conposed mainly of
hexanet hyl enedi i socyanate (Al), a high-nol ecul ar

wei ght polyol (B) conposed mainly of polycarbonate
diol (Bl), and a chain extender (C) conposed 15 mainly
of an aliphatic diol (C) having 2 to 10 carbons. (2)

A ngéggﬁdfaf shmapeREOr m ng a keypad which includes
vacuumformng the TPU sheet defined in (1) above. (3)

A met h&¢° 1950 ?ﬁﬁrﬁﬁQH%H%g'%.keypad whi ch i ncl udes
st anpi pg; thesd Rkbslaed defjned in (1) above. 20 A

det ai ned description of the present invention wll be

gi ven kel avesThrod€les UBEY/ S totdie piEREs | (wentj€dn §))
are defined as follows. "Thernoformble sheet” is
defined as a sheet of 25 synthetic resin which is to
under go t hespEyf Q{UDm_gomiGﬂRRﬂrm’i QRS THRC UWVENTIONG,

t d "P
Lo e SORUCRESH BNELR Dot poBlen o bR ke p e
@@llewsng"Secondary formng" is defined as a step of

ngﬁ1ﬁ9k§y5 hes é@g§$@§1§g§e£ éHSéafﬁ@téﬁE@@ ﬁ?ove

ose nmeans at e conmpone for
%%ﬁ%qﬁ%orlvms CoheEP R The ERipselpponbhta Mokt ckefped product

¢A reaLhOpOL188s FOSUDOLAGSEréh e 2P I8 bdFReE@Van °F, anic
Ierlals describ

+FT?EY?%ﬁ aﬁ%bn th%*%afsent o hé%%?g%é?%;?Qﬁ %%ﬁgpyanate
{21} hea m:EQIEHHolea:whm i voari grist Qﬁmlyml c{B) Sccﬂﬁpfgp@é@dnalraly of
BB PgfeBong L RIBL ST d LOVGIELT SARanddl (GY' GhiPosea
e Haky cof dan s@'bymwec (3yo3 s(Ghy lmmg | 2 doy abit eaxthems .
) (A nethde® réLsSthdimeediRs! 4 atsyhd lwibecPOciddes

di scol orati on resistance and_secondary formability.
Y?ﬁﬁ%ﬁwﬁ%ﬁ?&ng g TPU sheet defined in (1) above.

(3) A method for thermoforming a keypad which 1ncludes
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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5 secondary formability inplies the capability of
precision formng. The sheet of TPU pellets according
to the present invention is applicable to the cover
of small (pal msize) electronic instrunents (e.g.,
the cover with key switches for card-type cal cul ator
ek imenfiitesr Je.ontIrb | tHeo rmaors etongruchentded tHe dasygnid n

RS RUEARNG (A Uy (e D A I B8 458 a), the

h "ot herr or gani ¢ socyana
J@@Hﬁurfg &FU meldwet wiillbihg @osd |1$10@,1@m1@rat10n

x%sﬁstt%eeerzﬁa | SRROIANANE, floxmarﬁmdy 4- G SYNAWANS, good

| ene- d||socyanate
% w%)ﬁ 52}” Sgdlé%ﬂﬁse the capability of precision

fbr&in:mﬁj Pphamnd meideaned iTworpateéts according to the present

é%ﬁ% 1t %Ph§ﬁ§%%%gﬁg%g;Isgﬁﬁagﬁht over of small (palm-size)

eﬂ,&ﬁtﬂmrphien.yimredltssd@@at et,he cover with key switches for

I 9,
2 L;& é% %eangyﬂ]cgé‘gﬁéﬁg dlﬁﬁ%g[&, $ goélri]:é:‘toé. for TV set and video

Q? -di met hyl di phenyl et hane- 4, 4' di i socyanate, 20

4, 4" - @xphﬂfé”[ﬁre@&ﬂ?diﬂmﬁ}?t &he HDI (Al) may be used in

henyl enedi i socyanat e,
c%%%hen hg%:%ﬁl 8% nagggﬁggé% di&socyanatesyexempllfled

bmaphthyQQMetbl§léneﬁﬂﬁ¥ﬂm@h®ate 2,6- tolylenedllsﬁcyanate,
di,mgt [ 4.4 dii so ynmte and ot her

e A R o e TS ARk B e abient o 25

t@§Eéﬁ@thylﬁthm¢@mm§QﬂEﬂK§tdqmﬂ Adddidipbeyphaéthanaediisocyanate,

20hheal9héﬂﬁﬁétﬂaﬁgdf4§aeygﬁé¥a and, 2'-diphenylmethanediisocyanate,
ophor onedi i socyanate, ~ hy dr ogenat ed

4t’6l yﬁéﬁ’éaw%%%ly%lfﬁa%lesoqw}a&@e r8dtxorhaBYlr 4ot | afthivocyanate,
zhydpaggnahgdp&bpaﬁeyumt'hariq@bbyaﬁmaat e, 30

|cy gd§§b§g§398§£_¥ﬁg g agggggg%ﬁ@ and ot her

4sébedwphaamﬂp@Abﬁnedluh@cwanamﬁenm Pbéhysbneﬂdlhec@anate,

LEﬁ@n?E@Heaglpggkaﬁ%g% ﬁgbﬁtﬂglgﬁg tEaal§goF§%géF%9

e resu rest s
ngghthaleBerie §- aaagoRaRGALe.

3,3'-dimethoxydiphenyl-4,4'-diisocyanate,
and other aromatic diisocyanates; 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'(Bl), which is
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According to the present invention, the high-nol ecul ar
wei ght polyol (B) is conposed mainly of PCD (Bl),
which is -4 usually obtained froma | ow nol ecul ar

wei ght diol and a | ow nol ecul ar wei ght carbonate by
condensation reaction. The | ow nol ecul ar wei ght di ol

hﬁﬁhm?iys‘abtanneaambm a Ebhlyinaﬂlec%h.%ﬁoh?iéhgjE{L@!' ghe a
CcO , 2= RUL an | Ol , .
“Shrarnfadl vBYoBErclttRee Py 4ondFhanElhg) Feaction.
hereln&hbeﬂbw ﬁmﬂemhybilmﬁighapdﬂedidhpludes, for example,
- i , 1.6- i -
FehgPEAL0ROLEN, 1.5 PpREYRIRLOMYael TP 2 hESPitag olvcol,
hePebntpped)ol, néopehuyhpediol, 1,8-butanediol, (1,4-BD for

&h@rﬁoﬂéﬁéﬁhakteég 323mgtH?§hX|@LBfebﬁﬂédlgietEybeﬂgntanedlol
I exane

g Q?EPBﬁ%éingafﬁﬁﬁﬂaﬁﬁF sbogthpereinafiephnedi ol ,
2-mePhebyl ; ﬂlﬁeﬁtaﬁeﬂﬁdlotMPD for short hereinafter),
- -1, 3- ane
BobBRREyRILvdor, PLoRERERReg101 01 b Sraanangtiobnedi of
2, 3edimbthylolh8ppanpanéilebhylene glycol, 1,4-cyclohexanediol,
Z; QE%QMi%E?QQH%hlﬁeéhQﬂQPanfdéeﬂyl1§ 3-propanediol,

ropanedi 0
"%TEV?PEXhlp?anPpﬁn%dh?bpa%eH$@PrOPYl 1,3-propanediol,

2- zell!‘)ll’t 2-1; @Llllﬁﬁ‘bpém%d.tﬂéppaﬁeﬂs@butyl 1,3-propanediol,
u

% %)}P "'éYeJet Qr@%ﬁ}ﬁgd (?l methyl-2-ethyl-1, 3-propanediol,

2, B-dii et Hogyl ~ ﬂ.E%pnnp&nEﬂﬂdﬂ 2- ethyl 2-n-propyl-1, 3-~propanediol,

% %FQ§?rlé% %?é%feft§2§9%§%?o?loﬁo di met hyl ol pr opi oni c

%t¢tthThe¢ﬁWYb+buiah@t@n%@l@l di mer acid diol, and
Alkyt f—PxégﬁyﬁdﬂUQIbﬁ%aﬁﬁéﬂgfnoi Agid tﬁ;I) entanediol,
shod?dn

| ow npl ecul ar wei g constitutin

Praveiebryl ne- %rP%%%ﬁ?%d+%%fn%t%cﬁr%ﬁl Hhtl df opentanediol,
d\zl_rhdﬂtliyl@lpﬁ@pi:@m:b@ NSc 5@, t@ﬁﬁetﬂﬂflcbﬂswﬂ:émcﬁtgc T&h gheet

85008t B4, 85 “UPsrlamt SR A Vsaflob o5 pmnonon .

’He&:alme—mmbwtekad:tweggmﬂp@lml eoahs i t st Qoo dPCR | shiowyd
é%gké%éﬁ&f*ﬂé'éﬂiﬂﬁétid o lihd 1d & #%des &$6ls with 2 to

w ol ecul ar wel { car onate I nc
10 carbons so that the resulting TPU sheet has good clarity

and printability. 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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carbonate (such as dinethyl carbonate and di et hyl
carbonate), 30 diaryl carbonate (such as di phenyl
carbonate), and al kyl ene carbonate (such as ethyl ene
carbonate and propyl ene carbonate). The

hi gh- nol ecul ar wei ght polyol (B) should have a
nurrberﬂveh@gm@al eolkat1ve gotigat pevbd ¥BJ0Bas its major

f 35 1,000.to -av
RS ELPaP Y bor GRLSCRHaT Eh TS BOBT ohLPBr GoL SPhA welght
Po P61 th&nreBthlschPhbmpblyebnepopolyalfbeprl?éﬁyer
h h td z h .
P LPBL (P EhE b BRLE TRb T REEELhY phdor IR hoat"Besistance or
eaher i reehe taBpPaceesechivayy ot her hi gh- nol ecul ar

wei ght anob¥plert B&@h(-ﬁi&ecﬁiﬁﬁ %élgﬂltyﬁbﬁ_%lp‘%)%' PEH (BL)

ol yester. polyol, the resul be poor
E%% ?%%lE?aﬁ%@do%HSCREPéPaF%§¥thﬁEQUtr@%ﬁ@%@ﬁ@e%?

Aiya ol Dety hiﬂbi{mégg ukaf t\ﬂﬁbﬂble pojbapjreé’a@ﬁ P&By6Bl)polyether

b nbi h
el T ety AERtneesERE balk oPLep SEETR! Bt o1
pol yet Bbe cpelipokxtpoleet HED- eséérlpothelprasént 1nvention

fggy%@gségd PRLYRY 4P Jffpﬁgﬂa &f&fnﬁé;{ (ﬁ:%vflﬁ 218 10

sent rnvention TS nposed
erpponsy ) Fsampies eH ﬁ@l)ch@%kwéﬁ @&@ﬁ%@@% 91?@@1)
1rﬁﬂpﬁ5yféﬂalg chyCP|2 pﬂ@ﬁ&f@&y|§ﬂ§cgiy09| -butanediol,

o | ene 1,2 butanedlo but apedi o
ﬁ %rt%bt %?h% 43% opaRethBt - L 13- BRrePaREELALi of |
1, 5-grh t AREIioeppENs yiiy| yiapb, deBpestabgliyobl, 1,8- octanediol,
L O-ANANEsl o). 3 3 SLAELIV Ol MSPLars. 8L LY 808 17001,
11., M—@&y@l@h@&me@mbt hhndt cycohedgnedigeprapehedi ol ,

élékﬂ§fmwl3 BoPaRe@L&Hl 0 .n-propyl-1,3-propanediol,
2-1sopropyl % 3~ pr opanedi ol ,
%T%FQRﬁﬁﬂYﬁf ‘%TBE%R%@?%401202 n-butyl-1, 3-propanediol,

2L1§d&uMyi i S-prepanedi®l, 2-tert-butyl-1,3-propanediol,

teﬁﬁ@fq% Y%%f ﬁ %panedlol 2,2-diethyl-1,3-propanediol,
2~ eXhgr ety ~ ﬂ:é@y&opa&emkmpanedlol,
2-ethyl-2-n-butyl-1, 3-propanediol,

2-ethyl-3-ethyl-1,4-butanediol, 2-methyl-3-ethyl-1,4-butanediol,

2,3-diethyl-1,5-pentanediol, and 2,4-diethyl-1,5-pentanediol.
Of the above-mentioned examples, aliphatic diols 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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2- et hyl -2-n-propyl -1, 3- propanedi ol ,
2-et hyl -2-n-butyl -1, 3- propanedi ol ,
2-ethyl -3-ethyl -1, 4- but anedi ol ,
2-met hyl - 3-et hyl -1, 4- but anedi ol , 25
2,3-diethyl -1, 5-pentanediol, and

: IbWFmbE&tmlaﬁ ﬁeﬂ@ﬁtamﬁﬂm@&lcoﬁﬁléfﬁhﬁiﬁgﬁaﬂ@@ﬁﬁéﬁfﬁberage

b
&‘E%%L PRI il B4 Rl Sa ek o ot papoLanine
lﬂmxﬂetrnn¢mmﬂmwmrm¢anmlam@nm of the resulting
TPU '-fnphhseihlégg GEHEO %Fﬁaé "cﬁenﬁkﬁ%eﬁm‘?@%}‘&ghon

(d). 30 replace ecu ar-we

HhtRe FRAueRd i iR Wylar%@iémig’%wb‘% Snerfélfﬂefswrwtﬂglqmns S0

Vg &e Pesy i‘é[tyf&{rft"ﬁ{é%ﬁé‘véixﬁ@ﬂﬁ‘ﬁéﬂhgi SESPNEHdrials (A) to
ma ity q)arlt and _ nechanical strength. Those

@;1 nh@}&%dﬁ@f URTHINCHE Y (R o1, ofdiite cFelkPiay

Eracd sm-wiol e ucbcatsm:ghtf poﬁ:bbai‘ﬁglelﬁléﬁliﬁﬂ-l!ﬁtglébular weight

%mée%f[]y eniggél :?C;] Ge, %&}éﬁﬂ n&’e* ‘ianil‘lé}heén mixing the

Eaﬁﬁmﬁinﬂﬂmﬁﬁﬁniei%iﬁhuﬁhﬂuﬂﬂgﬁnxnadxmﬂbcyanate (A); metering
W Y M B 1l | AR RGH An 100 materials, and

am noa cohols havi ng a nunper-average nolecu

RS Srhe ’%ﬁs‘%liﬁﬁl%@@-x% It g o th diest d?ﬁﬁrféflon therein
o fomat ol | e i aaont | oy Lo & e e O

t resent .invention e
SR i) RO TR bRl e e iy s extruder
athép rte;i y25:m . herafEmbiantlizndd 250° 0t endlaxctirding the
e TRy B BN A Ahd Md AR Nntionea

process whi ch consists Iecu
L8 fteridiolaiiBptamdashd raaulwe@éemm?@rr (I©aca-'ndf’rt rtémreln

at songd s k@ ré};&@ﬂér@ﬂ;:@ togy a'cd/\ﬂzt:a!b td“eI %f@%zﬁadutcﬁc
RIEAE T Gt PR BHCEeSdS HRH g tones Lrand out
peddeitts mf MPX.Ur €8 miewed s\aty ,f ahe @&@ddfﬁddﬁﬁagjdrlaﬂts may be
f I QC., .kneadi an
poP@ﬁé%?gﬁaa%%% %%%bfénﬁg' %b#% Gt EFTSAUS 9D AF
degipgdpdee for continuous production. TPU in pellet 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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15 at 80 to 250C, preferably 120 to 250C, and
extruding the resulting TPU through a die; or

suppl ying the above-nmentioned raw materials all at
once to a kneader for reaction therein at 80 to 250C,
preferably 120 to 230C. The product obtained by the

£ﬂ&e§§bﬁ9 PE9Reasabsy IREe tr c oek|
TPU. ? necessary Y th c%?gggésegﬁﬂ%tgxb?aﬁt 6t ﬁ@,é catalyst

‘P%%y‘é?&ﬂ Bithges ?%%‘C%Jo%vé{l% r@ﬁEFP@ﬁngE‘S@r’E{%@oW?Eertles of
ﬁ&@lmabéflﬁmé Cﬁﬁélﬁ@@@ﬁl@ﬁoéﬁﬁ&i@ﬂenTpﬁhdntﬂ@'f@éctlon time.

FEcP BRI B At "B o® TV ERO BT PEPRORLEAIREE o8 OB o 2

wbt ut obnthe andt{a:B) apeumnt t £ 26he apgaabion ngixtitioe .

h Arure n or n
Vo Uy LSO LLIR BB g ve
fedsheurdnplarerably (@) /(Bedof ofrew u@ eSreacki omartmularly

BRent © £HsYre ﬁi?ﬂiﬁ'&ﬁ eei@é‘&éi@@ly bhalf OPSEARLE ¥&iue of
common cata such_as’ organi c_ 30 conpounds

s ﬁ%i/gamlﬁ E%%Eﬂ-%% TRUbyshdit he Peen, irimechanical

Fintengtly , onr a1 TRy (hcTodahd, séd&l@mam oAbl ty),

f@é é'é%’ivéiﬂc ni‘ckel, cerium nmolybdenum vanadi um
p% anese, zirconium or calcium Preferred

cat al y@hg aaw mgtgamh&t shouddpbended parsichl arvgy that the

n%féi‘Yfétibcm ﬂfﬁgé/ I?aéjr&'i%énl%' s a%'c’fﬂé’tsé groups is

i ncl ude for_ exanp annous ~ oct \

o LEN QR o%u%fm% "o‘%aébeq ALl wyuegarilier thamuksl e,
pitdfsydiy sphentes o blaﬂdjéi NEIEK CAE ©P1 %@ nﬁ@al sl or

d de. e amount of
DLk L B Va0 S T FETOR LRI AT Gihan the
Jtd?ee::prbpext; eﬁl@fresmm €PPWIwi11 Mee rpast i 00 mechanical
P ; sual |y
SO eS8 T LA § ool ATl 3 g moar
Jﬁfelq G Lagm( than (e rmﬁlr obimi ki ueke Reuloing|TPU will
HeB)p izheaﬁb@afhree@ enfered @i &be fedin a

nmol ar atl /‘% of fromO0.5 to particul arly
from1 fv PRt hn%‘;c%%gl%fwlgn%ﬂ’eo? V%%@Tétv%Y%age
mﬁlecular welght of 5,000 to 1,000,000, preferably 10,000 to

500,000. It will be poor in strength or formability if 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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(©Q/(B), the resulting TPU will be poor in mechanica

10 strength or formability (including secondary
formability), respectively. The raw materials should

be fed in such a way that the nolar ratio of active
hydrogen groups to i socyanate groups is equal to or

| ar ger Thiea TP &/F] thred perealdrar ifnvam thi/oh, m]aﬁr e figicitiporated

al 5/ nd .
gﬂﬂﬁle Qaﬁiekgrgg/Thaﬁglgﬁé sﬁ aFZ%E%p gggﬁ%rlgydroly51s
PﬁﬁﬁeﬂﬁénglGﬂ@ﬂth|ﬁﬂtloﬂhéan§quV|hggﬁﬁuahﬁbrbbe pU¥r Light
bBaBRehaBLcaki13bEoNghl PRIAYSEON 'Eibggallﬁﬁohseagesry

weight, If the nolar ratio is

limt, e Kegdad odg ’Ci‘lpuﬂmfien;_to W%om PrSaW@QﬂléW@e by
dakihg thehTeyepelTBest ﬁiéﬁt@bhaanaﬂo%Ulﬁheuhdmeeoﬁ sheet,

{EhED L2 RAEp s B SR Ihinh 488 B, e et 2ato o

pesired shapagbn Uacﬁumnﬁbrhmhg bf btampimgecular this way it

ﬂ@'ﬁggsiﬁlﬁnﬁblgés F?SEntﬁégcigf khn]t%grmlngs such as

respecti ve e Wwel -ave
lﬁma‘aﬁ?r %e@hr-on@,r:e;epséggr@gnta terms of that of

pol yst Y&@ﬁﬁm@@iﬁ&ﬁ?dmﬁg\/ g%'a aESFHfggggﬂQdc hgo %B%&gmphy First,

éﬁ % Fe TPU shou
PepFyWBECR hag Pegn jrade  Frem Fhe JPE kgs mentionsa above
fﬁdﬂ@&ée@fan&Osbﬁténh@rdnTBé safibﬁ@§|§h8§fd1$fbrbug§t into

| { f it
T ITRT RN T NURCNE NENT LY P
le%ﬁhﬂWS b efproided andetpinvtedt ( DA ma@esﬁmry)s
Sit Shabieg ﬁ@faﬂéeaééomﬁlféﬂg&c o f%if?#§ orﬂfPéf the sheet

solvents I'n addi tion, oes no
R Reen perde #Ja?f“ dﬁli‘? nEEVtas memk 1@@@@ omboge The heated

RV mﬁftémecpr eSPIé & OFEShe@NsHEYt bes i aﬁ.&ﬁﬁ@a ah Eedh tBemale
2 arl y q{ additives such as_s]i ent’, hydrol¥5|s

molds under vacuum. Afte ollng, the formed sheet
is demolded and trimmed (if necessary). In either case, the
heating 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
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15

preventing agent, antioxidant, UV |ight absorber, UV
light stabilizer, filler, and reinforcing fibers, if
necessary. s The keypad of the present invention is
produced by rmaking the TPU pellets nmentioned above
into a filmor sheet, 0.03 to 5 mmthick, and then
ﬁgﬁﬂbngﬁPQ Ehﬁﬂbeédsggekoiﬂnga ﬂe§HE§H%§9aB% B%pper 160°C,
vacuum formn tanpi n

possfgie P@réasl99 thanﬁ eréerya@ﬂ @hﬁn 28bhtrngsThacheeding

ﬂételgfkﬁuéaﬁlﬁﬁﬁr§|EE&EQE'ﬁaanEEV”E?&§n Vaﬁéuﬂhe feedlng
£n1n§hnﬁﬁ he accongllshed as follo First, th
§ﬁ &t ohnFefh FUI Been ﬁﬁdg/WFBn1tﬁEeTmQﬂ5§nn€ﬁFF8n¥85

~ absukargs hnabeghaadssﬁ&hanade ahe snéteeedlshagt stBand was

Bkl B bR RF R LAt P HEEGTOAREEL. 2 sox
@éﬁ@tdéﬂeaﬂdWaS|nhhd1Qeﬂ accespdeypf thempopyashycbe
%gf?ﬂPétﬁQﬁg f§s£ﬂ|#8f§etg'%ﬁ&chtmg &%Ef na@@ chsh8§-1. The

en made_tromt as nmentione eated
ediRofeede@mounk Wast bBBokghBet is clanped bet ween
femal e and mal e nolds under vacuum After cooling,
20 |§.d mol ded and trlnged

;i_gh@ sheet shoul d preferably be 60 to 250 C.
EXAVPLERe 28 grbexaakkgggwh' sPRsAERs, Beanble D fas

det ai | erence OW Ng~eXa
%ﬁﬂ&ﬁﬁ%@l@@ Ske@pramplesh( BY- ar ko nby - $ht@ﬁdé@erm091astlc

PEBFEFEEhANE SESDE éf@%ﬁ@fthéﬂ tﬁgaﬁﬁﬁﬁéléF n was changed as
% means "wt % Preparation

npar at i anpl es ,
%ﬁbv%e+$ﬁ%?3£y?gPp%W?u?ethane resin] Synthesis
Exanple 1 A m xing tank (capable of tenperature

control) was charged with 932.3 kg of polyol A and
67.7 kg of 1 4- BD After tﬁ%ﬁ%%gg m xi ng, the mxture

oy dA o awhao

Al aYal 20 3
||L|U| U waS IICCll CU lU \VAVAwR TI Th L t oot S

E'__

e
transferred to a head tank, in ahich hesis Example
1 2 3 4 5
High-molecular weight peolyol (kg)
Polyecl A 932.3 | 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 | 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-




10

15

it was heated to 75C. The m xture |

continuously fed, together with HD
extruder having its
follows. A vicinity of hopper: 160C,
190C, and a forward end: 225C. The f
the m xture |liquid was 2447pghnd Nz
rate of the HDI

qui d was

, to a twi n-screw

-9 tenperature adjusted as

a mddle part:

eedi ng

rate of
and the feeding
was 553 g/mn. The nolten resin was 5

~H

di scharge through a strand die and
strand was cut into pellets after c
ageing at 25C for 3 days, there was
of thernpplastic polyurethane resin

ne resul i1 ng
cﬁﬂnFPﬁﬁisAqu@Frative Example

obt ai ne
peltets

0 a sanpl
whi €h i g

e
3

desi _ whb in feed
Ko/ b hER S chde Loy BER, LR
to 3 The sa

Conparpt i vesExanpl es |

Synt hesis Exanple 1 was repeated ta
PU-2 to PlgoByo1of thernoplastic 15 p

%g%ﬁﬁt that the fornulation was chan

Tabl es] 1 amdigl Fable 1 Synthesis EX

agd Synt h

anount W

proced
gi ve sa
ol ysi.gt h
ged as
anple 1

A Q

s 180
PS| S
ire as i
pl es
hne resin
shown in
P 354.D

857.3

H gh- nptecutar—wet-ght—potyot—(kg)—F6
932. 3 | MairnextRotisn| (k@) 857. 3 tank Pd
Chai n |extender (kg) 1,4-BD 67.7 85.6
Feed rlate &f4MiPture fluid (g/nmin) 2

IyGI A
lyol C 8
142. 7 1
, 44427 3

3239141
57. 3
12.7 67.7

B7 1224139

I~

142.7

aﬁ%§9 2,430 Feed rate of organi c di
585° Sf3mBe 86T 490 9/min)

i socyana
1,877

“ilenn |

1,843

Feed rate of organic diisocyanate (g/min)
MDT

H,,MDI

1,123

1,123

1,204

NCO/OH molar ratio

0.98

Sample designation of TPU

PU-6

PU-8

Result

Weight-average M. W.

105,000

Melt wviscosity (Pa‘*s}

106,000

2,200

2,500

121,000

4,800

Description of components and properties in

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

and diethyl carbonate
Number-average molecular weight =
Polyol B:

1,500

Polycarbonate diol obtained from 3-methyl-1,5-pentanediol

and diethyl carbonate

Number-average molecular weight =

~11-

1,000
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NCO CH nolar ratio 0.98 0.98 0.98 0.98 1.02 Sanple
designation of TPU PU-1 PU-2 PU-3 PU-4 PU-5 Result
Wi ght -average M 1 f. 87,000 92,000 82,000 83, 000
150,000 Melt viscosity (Pas) 1,200 2,000 1,000 1,100
9,000 -10 Table 2 Synthesis Conparative Exanple 1 2

Boivbuhepol ecul ar wei ght pol yol (kg) Pol yol B 857.3
t ank Poly D 857.3 Chain

M xi Pm
exi( n Efég)na%%%e@ 18P pings fri’ﬂ'z 17 6-pgsgnesiolopnd
nixﬁue@h&ﬂucdxb@mmm@) 1,877 1,877 1,843 Feed rate of

o SRS AL AR B AL MRt 123 Bob23 . VD
H@%Y@ha@;on of TPU PU-6 PU-7 PU-8 Result

0 6,0Q0 i 5
e OLyBIer IR YEridie 0y 000uA i ot

nﬁﬁﬁgnts and properties in 5 Application Exanples 1
to EumbdrAapbragblmalgﬁﬁma&abbightExaﬁpbgg 1 to 3 and

apl A: Pol ycarbonate di ol obtained
T%nw nefhngﬁt é%ﬂ anedi ol 10 and di et hyl

Y boridgxamethylene diisocyanate

MDI: 4,4'-diphenylmethanediisocyanate

H,,MDI: Hydrogenated diphenylmethanediisocyanate
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-



Nunmber - aver age nol ecul ar wei ght = 1,500 Polyol B:

Pol ycar bonat e di ol obtained from

3-met hyl -1, 5- pent anedi ol and di et hyl carbonate 15
Nunber - aver age nol ecul ar weight = 1,000 -11 Polyol C
Pol ycar bonat e di ol obtained from 1, 6- hexanedi ol and

gEeamuhtmaﬁbemapelyuﬁe@haaéetag@nqoIecular wei ght =
O 5PI D: d Iobtalndfro

g&lve Examples

m_e,_c_al ar \NEI ght = 1 OOO 1, 4- BD 1, 4- but andl ol 10
HDI yI a |
s ane ||§L%o@/d gﬁjtat%e% flgDI I‘-V(?r glﬁlgr?atlél ca

- di enlrre
ahﬁﬁénypnﬁtmmnﬁbnpkdcpﬁnaxéru$mmn Fher tbpl aeshdting sheet was

80hyuhaebianerheskRodR 'E'HﬁB%Ea%M%EaQSs”@bﬁeé| ﬁﬁg"‘%hghi' die

Measur ed by usi ngﬁg g par at us:
FPORTPTIERER VeRP TFO\l g PuF?SHltBNPfSGVthPéﬁlP?EO/&re shown
ﬂnaTabLéalBCthe4.pOTM§t¥Eﬂp$eaPaL2twaQ|t@ﬂtéa £89 dynamic

Vookod IS eEhb Ly TR ShrhmbEL BORPeRAT PO S Ro SRR P D Fig- 1.

tenperature: 180C 25 Die: 1 mmin diameter 1 mmlong
Table 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
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-




Preheating: 240 seconds Load: 98 N Amobunt of sanple:
2 g -12 [Eval uation of pol yurethane resin] Reference
Exanples 1 to 5 and Reference Conparative Exanples 1
to 3 Each of the sanples, PU-i to PU-8, was nmade into
a 5 sheet (0.2 mmthick) by extrusion and the
resulting sheet was eval uagggieThe stock tenperature
was 180C and the T-die tenperature was 170C. The

Fesults of evaluation gre shown _in Tables 3 and 4.
The sanple PU-2 was tested forRthfTafTe Comparative Example

vi scoel asticity. The rgsults of theltest are shojwn 1n

Fig. 1. 10 Table 3 Refler ence’ Exanplle 1 2 45 |TPU -3

Ryl PU-2 PU-3 PU-4 PU—5 Fidlu— appegrance, 0.0 0 D 0 ., ¢

Weat her _resistance 0 0 drollysis reS| st ance_ 0

Q@:10m bdeatdhfiec acid regi st angg 0 0 Q 0 0 JISA '®)
lhardness -85 90 96 95 84 Strength atl rupture (MPA) 49

éabiberbRebistakboOngat i on at rupture (% 773610 6p0 6300

760 Dr-nfalmlii-u \/nr\nnmfnrrn'nnﬂf N0 0 St.a hi.nag .0
T ] LELER A LELEL IIU \~4 A~ 7 ~7 ~7 A —a" r T IIU ~7

LI %14l

Olyﬂr@ly@lsS&csaBdamp forrmabil ity Vacuymformng O P 0 0 O

O—Stamptng—6—6—6-—10-06

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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-13 Table 4 Reference Conparative Exanple 1 2 .3 TPU
PU-6 PU-7 PU-8 Filmappearance 0 0 0 Weat her
resistance X X 0 Hydrolysis resistance 0 X0 deic
acid resistance 0 0 X JIS-A hardness 85 86 85
Strength at rupture (MPa) 49 50 57 Elongation at

ouptdr acid) ra8@s688c430 Printability Vacuum forming O
St.ampi n Secondary formability Vacuum

: 00O
19 o?r‘ﬁ"ﬁgl“@tt?fﬁ ingitaish §T0 APOX CagFHddy dide Staemediy at rupture

sanpindshiveress iesisidad @ﬂ@ﬂ&ﬁx@%ﬂ_pﬁ?%l@%@r Fm%eeﬁ-p
t he . |, owi criterion.. 0. clear t o.fish-eyes.

A: éng[lgrr%%({]%r%c%\sew arig &t 7)99: Cc#cﬂfdfrb\mhﬂfrﬁl'eedi ng
and fi fatedeaccok@iVgattee rthee Hcdltlanderg Ihha&m:ad:f n.
accordi ng #p 2300 4l rradiate w.th light froma
xenon Iarrpbfo'o;rHe d%(?%w%oulressﬂrs qj&%nAI%Mi 10 15 X . -14

O ei c aci dXredesiraaz® no less than 50%

Hydrolysis resistance:
Evaluated in terms of the strength at rupture which was
measured according to JIS K7311 after the sample had been
allowed to stand in an atmosphere at 85°C and 95 %RH for
30 days.

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-



Evaluated in ternms of decrease in the strength at
rupture which was neasured after the sanple sheet had
been inmrersed in oleic acid at 70C for 24 hours. 5
Rated according to the following criterion. O:
decrease | ess than 50% X: decrease no | ess than 50%

Hydr ol ysjrtanias i widdbiafvatal ed in terns of the
strength at rupture which was 10 neasured accordin

A > g
to JI'S K73¥eagprdng; RBSSERPEBthade¥APTaP BREGOLEP (ASD
stand in agoat nwpphere at 85C and 95 %H for 30 days.
Har dne r t t rupture nd el ongati on at
rupturztﬁid%éa%%ge%%cog ncgor{%l ¥'%k7311 15 Secondary
formabi |l it $taniipgi bembekkatyurelr i-A0OAG was per f or med
on that siggeal okNechPEeh 52APLd bR Rgfame concave
after formng. After Coating, the sheet Sanple
under weTReSAd&Tum f or mi ng and stanping. The resulting
product wawigksual hyy exam ned for printing and 20
dr aw ng. P['-i nt gbhgit : 0: no deformation in printing
X: def or mat'PBA*i A°pF™nting Secondary formability: 25
0: with shehpcRd9e8o gfm W thout sharp edges Conditions
of vacuum form ng: Sheet heating tenperature: 140C
VacuumDymessidy etishbladeR@eniQ A® minng tinme: 20 seconds
i:zgdcl t |E%résqu%fncsyt:arir1| g Sheet heating tenperature:

Automatic load: 6.1 x 10? 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.

-16-



Press pressure: 10 MPa Pressing tinme: 10 seconds -15
Dynam ¢ vi scoel asticity Measuring instrunent:

Rheovi bron DDV- OLFP (A&D Co.,LTD) Under the follow ng
conditions 5 Starting tenperature: -100C Rate of
tenperature rise: 2C/ mn Specimen Wde: 4 mm Long:

25 mm 10 Thi ck: 200 gm Dyna i gpl acenent: 16 pm
Frequency 11 Hz Automatic &ggég—é.l x 10-2 N 15 TPU

T Referemnce EXdeICb I—toS5 gave guuu resut-ts—+—a

the tests. In Refergnce Conparative BEExagpbbs, however,

t he sanpl es PU-6 and—PU-—+prepared—tromMbl—as—an

organi ¢ dii socyanatie e pbor zn weat her resistsance, 5
the—sarptePYU—+—prepar-ed—F+pmpolyrest-er—polytol—was

perar i n hydrol ysis 40 pesistpanaa-2anfl twessanpl egPJ- 8  pu-s
pr-epared—ftrom-HI2MDH-was poo -h--setondary

fvuunahlfdﬂm¢ng[Evaruétion of pol yuret hane resiin keypad]
25 Exanples 1 to 5 The pol yurethane fesin fillm was

f or pegrégia@ikeypad Qy ymcuum fqnmi ng orgst agpi ng) 0O
under the conditiong nentioned above, and the
|resub¥ingekeypatenay eva) uatied. dhe fesubts jof 0O
eval-uation—-are shown—in Tahlle 5 -16l Tahle 5
Stamping
Depressability O O O O O
Key interference O O O O O
Depressability:
5 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.

10 X: break and damage are observed.

Key interference:

Evaluated by observing whether depressing one key affects
its adjacent key.

15 O: adjacent key is moved very little.

X: 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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Example 1 2 345 TPUPU1PU2 PU3 PU4 PUS5
Vacuum form ng Depressability 0 0 0 0 0O Key
interference 0 0 0 0 O Stanping Depressability 0 0 O
O 0O Key interference 0 0 0 0 O Depressability: 5
Eval uated by visually observing whether the keypad is
CbRokeén or damaged when strongly depressed straight
with a fingernail, and rated according to the
following criterion. 0: break and danage are not
1. obser kegpadlOfXpobyeakt: hatk des@ge Ate iokserved. a Key
|nterference Eval uat ed by observi ng whet her )
Eheggiordssitng BHéYRE§t]a?’F%c¥%SlI?-t%heoﬁﬁ ertiegEpLorsing,

wheadiacent dkeYekfopPY 86 ¥ey1 fitddifane XnRd acent key is
noved greatly. It is noted ¥ron1TabIe 5 that the

me lgsitparecharedresi at R%Sg‘/-”plécp%ﬂﬁttﬁe nssadding Avent reaction
beﬂ%@@nbbhs09?9g19e8£958@gﬁ atenéy alﬁ&y Agkeypad
n t rom a e

ol yurethane resi al ne nDpIastlc
hexemeyzéwétehaﬁelsesyﬁneheet @yhxﬁem:dfamummwelmer pbhyol

co %F%dﬁﬁﬁ&ﬁ%?'éftES%PQ%X £§§Q§Q§ %ﬁ&alne from 3—methyl-

for rod resin pe ets resulting fro
1, 5H@@©taoadlbét&BénaahOWﬁ@ﬁ&eﬁthnSnﬂlgmmaterBOﬁﬁﬁseﬁy
nethylenedllsogyanat

coﬁ?%nﬁa¥lpecue%F§h%pgh? %oey%ﬁa 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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1o

conposed mai nly of pol ycarbonate diol obtained from
3-nethyl- 1, 5-pentanediol and a | ow nol ecul ar wei ght
carbonate by condensation reaction, and a chain

ext ender conmposed mainly of an aliphatic diol having
2 to 10 carbons. 2. The keypad of pol yurethane resin
of claiml1l, wherein the aliphatic diol is

1, 4-butanediol. 3. The keypad of pol yurethane resin of
claim1, wherein the Iom#n%ﬁ%%%@gﬁ wei ght car bonat e
is dialkyl carbonate. 4. The nethod for thernoform ng

:R:r rrgﬁpas% po yu hogngasjlnvgf r%ﬂ%é%ﬁﬁﬁﬁ% o

éharﬁpiorﬂlngheWherhgu Baddt FEnsheeti g thamekeéypadmed
ﬁﬁbaﬁctcgﬁp£b§§ﬁ ﬁkiggkggrggﬁlkggﬁnggb SkegftloESbetween an

urethane resin s inc
gB%%ﬁ%EleASRGYBRGth($PU°QEPQBﬁédmﬁLD&Ya0fPU sheet by
Eekhﬁéﬁﬁf@éﬁbaglsbﬁg&ﬁb@esQh@)TPQ ﬁﬂﬁﬁtmbie@ular we1 ht
i LEE YOSUﬁtmOf ie3|g Bellets resul ting
%? BRSEH MBrga¥i €fd Pé&ﬁ%ﬁﬁ{l@teAsheénﬁ%%bd and a
qhﬁnnyemten?exaneohybmpedeas?ayﬂ?ﬁtaf(ﬂh)alﬂphatlc diol (C1)
e po osed mai n
BapingPr oy 26 PEr8Phs, POrkE TPE e Rar IR it de
%%W%%E%@nn%?ﬁﬂ%soinaﬁeabnéharlﬁoxmamlliiy bawiagadido
ﬁ@sﬁ@f&%’é &bscaﬂa!raﬁﬁgnlﬂ H‘@té’ﬂf enélafg%!f[“ar?&
exc és E secondary f or mabi |ty, el c acl
t¥di scol oration resistance, clarity, and

prlntablllty -19
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