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CONTAI NI NG AN | NTERPENETRANT ' ? OF THE

I NVENTI ON Field of the Invention This invention is
directed to optically clear xerogel polyner conposi tions cont aini ng
an interpenetrant. These conpositions are 5 characterized by the
presence of hydroxyl functionalities which are blocked with a

renmovabl e bl ocki n§OgE&NE QRERATIQH { GONTROE\REVIGE (FQR REFRIGERAFOBUps and
hydration of the conposition, will have a water content of at |east 10

wei ght percent and preferably from about 35 to about 70 wei ght
percent and a ”P‘i'H:,iHSi vention Pé1&ted €83 ﬁ%?i‘?g% WSSt do1 de}nj:ge
This invention is turther directed to nethods r ‘the preparation o
optical ly clear aydefigiyepatyreinchiding t twonsecapboatorg bydresyling an

functionality and an interpenetrant. State of the Art
Hydr ogel Sol 3tBespheresini anfreagingcconpastunentsandoapostnpsphere insa
opht hal m ¢ devi.ces &8 eci al IQ/ contact | enses, gre well known in the art.
Such rREGIgGER g’bﬁ’y‘ﬁ%‘? VoY (HesRe Pi cal |y manufactured as
copol yneri ¢ In Y at8RE 88akhy =4 | Gher g
t he xerogel state nvvher_el t hey iellr eg 66)1?% %ﬁ%ﬁ.%@s%%ﬁ%&ggpbi n

t he presenceegvhporhedbroand erreftiferating ecapdoratorndasel voRhechydr dnes
and undergoes a change so that it attains the 20 hydrogel state. Upon

hydration, tiseriesulta repgivrother cimpasirefsigerangi gdrcuit. Andthgrotaie
accordingly, becqnes softer and.nore pliable as conpared (o the

ol yrer EOnpRERIT B G, 5oRy APRERLID TRESROERERE ofF Gt B dhat a
Pol yrier  complReRRre ORI Hack|GePIPHIL oVaplhtor IR Bigflek el ©
derived fromgekepperatibe of eheOStéeHiNsg eapbFattarye R mpleratlirecd&isor

provi de greater wearer confort and
is provided in either freezing or refrigerating compartment for
sensing an atmospheric temperature therein. A compressor is
15 controlled on the basis of the temperature sensed by the
temperature sensor.

In the above-described refrigerator, however, only a small"
temperature difference is set between tﬁe refrigerating and
freezing evaporators. Accordingly, the temperature of the

20 refrigerating evaporator is extremely low. In this case, the
atmosphere in the refrigerating compartment in which the
temperature is relatively high is cooled by the refrigerant
supplied from the refrigerating evaporator whose temperature is
low. This results in a wasteful cooling operation such as

25 over-cooling or cooling too much, reducing a cooling efficiency

of a refrigerating cycle. Further, the temperature of the

refrigerating evaporator becomes low while the atmosphere in the

freezing compartment is being cooled. Since a humidity in the
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hi gher oxygen perneability. Accordingly, the art has generally been
directed to the incorporation of |arge anounts of water into such
pol ymer conpositions. Hovkver, notwithstanding the
desirability of incorporating |arge anounts of water into hydrogel
pol ymer conpositions, one problemtypically 5 encountered is that as

the water conefnigerakingsonparkmesty LI%'[W altl §h§$t'§/‘-‘“e' frostyfepgg to
pol ymer conposition,

asured by its nDd
reach a poi nfahhe %rg‘ff;bg?ﬁ?ﬁ?‘xﬁh‘ﬁ’a@w °§ I e‘g 8? ha oes}e??rgggﬁgon on
Accordingly, .t.he si 1 bab@did O
bal ance the ﬁ{elgd %%Pi gﬁ‘?%@\ﬂ% nggﬁ?en%tgnmdé?%ré&?ﬁdté/aﬁfg&%duI gsl%and
the 10 valreaacaahard ethé opower hoqrasumpiiens iiss inttreasedrpr oni sed from

| deal val ues. In regard to the above, it is known in the

art that @n int erberidteranthe compressenrigo comdgolied 'anp’é‘ll?rhﬁs%ﬁﬁo'éh?l on
i ncreases the structural ositio

providing a r?@&\??rtaﬁub'ﬁt%\‘?’Fﬁg%fgba!s?l?"ea:efnc?\%?t&?e “sensor T PRIV e‘écﬁﬂ §ﬁ¥hﬁlﬁi'l e
t t bl
o encount or Gt LR, bLTEUEB 9t gk £1q deompaktment . | AccorafYIYSlnch BGRD! oM

amount of an gt fieRadnptatures foddl eat®s idaacaebmmbdated in thé w&:hglnt
percent (based on the dry weight of the polyner conposition),

i ncor por at ed coﬂparztnte}ttrnguhlpbljghﬂatemmmlﬁ gﬁnégm:;isl mﬁgrﬁyaﬁes%wthls -
groups. SpeC|f|caI ly, it has been-found, that the us i‘ P}_ha | ar e am)unt
30" o0 nieaRARAIOR CRARCLAIF ROARDALPoRAY At SEAHI: £t he

resul ting con,agg;“ | Olqtg}wl CRk! %3 g@g%tgl?wo@&ﬁdb&w&h o@gtheghéofﬁ%lng

theory, it is at the conprising polynmeér conpositions

have poor sol é'&h[%éft‘:inétﬁf ifenbit pepgoehbanicompd etalgoritideplendenpt iofalthe
opacity or the resulting conposition arises from phase separation

of the 25 cihteubation aft coldmabinethodygierthe refinigeratingopemearigent
opaque materials cannot be, used in ophtég.?al m % devr%éi:h ause.
optical clari®¥ Yiceyersa. AceRedinghyywhepn 3 499y PL ane gegf%%gmg

15 and refrigerating compartments is half-opened so slightly that

an open state cannot be detected by a door switch, the interior

of the other compartment is not almost cooled as well as the
interior of the one compartment.

Therefore, an object of the present invention is to provide

20 a refrigerator in which the cooling efficiency of the

refrigerating cycle can be improved and both freezing and

refrigerating compartments can reliably be maintained at
respective proper temperatures.

The present invention provides a refrigerator comprising

25 a compressor, a condenser, refrigerating throttling means, a

refrigerating evaporator, a refrigerating blower supplying a

cold air produced by the refrigerating evaporator into a

refrigerating compartment, a freezing evaporator, a freezing
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I n one enbodi nent, the art has circunvented this problem by.

including |large quantities of an organic solvent (e.g., about 80-95 weight
percent or nore), such as dinethyl sulfoxide (DVBO, with an interpene-
trant chemcally nodified to include a reactive vinyl group. See, for 5
exanpl e, European Patent Application Publ3cation No. 0 456, 611. The

organi ¢ solvent acts to solubilize the interpenetrant as well as the

nmonomner / pol ynmer conposition and the reactive vibgyl roup gcts to
coval ent|y | REBWBErERRPIHAY At et RdL BFRAYGRE hEh%Ofl DG BYMRMAYRE i ng

s Lotvat od (hg, & fpeeping colbhfbpffty R HEERNBRa Tt ERL SErRRLITC

of solvent i gohARcR2hY™hE ¥YoRpressor, ﬁHéthB&EQQér?O’ﬁHéi gakesgéPfting
manuf acturing process of ophthal m c devices rom hydrogel materials

because such timoétling meansd ypheatefir igpsiatingf evaparator and the fheezinggel
state, and once sol vated, becone_soft and pliable which 15 , nakes
machi ni ng3t h@vaporatey seauepkiallysf AckPELrigeranti hyppch: pépe diverged

shape and ot her, physical characterisiics qf .the_ pol r Lticle are

or ol or ably 1 AFRPSEE soRABRBEE Hild th e r1isdEaB2hy Tiltotedih el Sna
significant asEHfdcted alW dRmittean Hetwdbn theOPe bt ijerdeingevaperator
solvent in the prior art nethods for formng an optically clear polymer 20
conposi ti on -cd &hei fiperingevapenatonifreeklingchwotdrl ing eeans erokrdded
formation of such a xerogel conposition. .. In view of the
above, the aren the refeigerant branchdripew angd pagfage switchiggdaueans fon

optically cl ear. xer.ogel nol r_c ositjon_cQuprisin = hydr oxyl
oFoups. ot % he BT HEY 8 Ao FERGEPIRE RrLF6F s5 EREPEPRE Srom sl cobteRiey,
1.5 vei ght pepeGded it rb?f&:‘ib@?ﬁ%iﬁ&r@vql%qrator side and the refrigerant
SUMVARY OF THE | NVENTI ON Is invention is directed, in
part, to optibeihgh s siiengelCoptrplemeans is providsd tfonswhidahing g a

pol ynmer and at | east about 1.5 weight percent of
cooling operation between a refrigerating compartment cooling
mode in which the passage switching means is switched to the
15 refrigerating evaporator side and the refrigerating blower is
driven with the freezing blower being stopped and a freezing
compartment cooling mode in which the passage switching means
is switched to the refrigerant branch pipe side and the freezing
blower is driven with the refrigerating blower being stopped.
20 The control means switches the cooling operation from the
refrigerating compartment cooling mode to the freezing
compartment cooling mode when a temperature in the freezing
compartment has reached a predetermined freezing compartment
upper limit temperature. The control means switches the cooling
25 operation from the freezing compartment cooling mode to the
refrigerating compartment cooling mode when a temperature in the
refrigerating compartment has reached a predetermined

refrigerating compartment upper limit temperature.
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an interpenetrant (based on the weight of the xerogel) wherein the pol yner
conprises bl ocked hydroxyl functional groups wherein the bl ocking groups
are renovabl e. The xerogel polynmer conpositions are further

characterized as form ng, upon debl ocking and hydration, a hydrogel 5

pol ymer conposition having a water contefit of at |east 10 wei ght percent
and preferably fromabout 35 to about 70 wei ght percent and a nodul us of
at | east about 2 Mlynes/cnierr]. .. Accordingly, in one of
its conposition &S %EgttﬁQ;i?ﬂ&nﬂ??ﬂY%199ﬁ§r1beﬂiré@?E&gFEagﬂropthﬁlly

cl ear xerog | ener it X l.Si00. r
conpri sing .%@%%@%ydgg@ﬁaf ur%}l%%aii Elgl§1"r o%!‘g‘s‘}°han8ipe and thé Bgl&ég‘é?east
about 1.5 weiwitchitig aeansl aBlows e YeFirigeirakangdePipéFdtor to be katal
wei ght of the xerogel polynmer conposition . wherein said
conposi ti on atasa areldtiivelynthigheirc femperaturet o Sioxas ithis prewveatpashege of

at least 80%of visible |i ght through a 0.1 mllineter ](Em*r) .thick
sanpl e of t HeetoHgRFating, compartment from being gvgrrrepled, dhivogording t he

hee
pol ymer conposiilo s¢l.l hed . ab Is.cross-linked. In_a further
preferred en%%%#nléén}}&ét%d E‘?ﬁ y:r.Tmégroved. %\ﬁ%orﬁ? % °|§'oﬂl,eagft glpmggﬁﬁﬁc%ﬁ‘ﬁg and
hydration, heémperidffes PRithR! f1deAiing £A¢ retPigerat InyRonBhreRbaeHidRd
even nore preferably from about 35 to about 70 wei ght percent water
based on t hethetrdspesitjve uppehd imidtr hempehytuves) thereby spitghing the
conposition and a nodul us of at |east about 2 Mlynes/cnierr]

In a further FpfEigeFakPohebyeaR fthe retrigerating agupagrenorgading mode

i t4 t h I I d i b b 5
modul us 1t RBATERE Cends i SrarRrne LI eFin g RRrd | oy GuSentily  dhe
Miyne/ cnf er r temperaturéfdnSthé er@ez8ng &{Eraklq8F881kY cbﬂ%grﬁﬁgﬁ{zs Yan
Mlyne/cnferr], a percent el ongation of Qreater”than about 100% and

nor e pref er abeymgintained heln respectivebpubpd¥S¥atuds an oxygen perneability

of greater than about 10 Dk units and nore preferably greater than
about 18 Dk unit < @ preferred form, the control means switches the cooling

operation from the refrigerating compartment cooling mode to the
15 freezing compartment cooling mode when the temperature in the
refrigerating compartment has reached a predetermined
refrigerating compartment lower limit temperature. On theother
hand, the control means switches the cooling operation from the
freezing compartment cooling mode to the refrigerating
20 compartment cooling mode when the temperature in the freezing
compartment has reached a predetermined freezing compartment
lower limit temperature. Further, the control means preferably
adjusts a compressing performance of the compressor based on a
difference between the temperature of either the freezing or the
25 refrigerating compartment and a predetermined reference
temperature. The control means may adjust the compressing

performance of the compressor when switching the passage

switching means.
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In a still further preferred enbodi nent, the hydrated hydrogel

pol ymer conposition has a water content of from about 45 to 70% and

nore preferably about 50% This invention is al so
directed, in part, to the unexpected discovery 5 that the preparation
of such optically clear hydrogel polyner3conpositions can be
obt ai ned by placing a renovabl e bl ock group on the hydroxyl groups
of the nmonomer conponent(s) prior to polynerization

and
i ncor poration of Iananﬂt‘wpeﬂé?f%eq h ’é!‘n the ; epnhEPy BERDS; Adiushy 2

i nt er penetrant incorporati p 10
xerogel pol YR "c‘tﬂﬁ?g's %‘ﬂ°ﬁﬁi’rr§l é&%ow g‘?ogégﬁ&gg?%{gg?‘?giof’ggf
hydr ogel po'%’ﬁ GOHRY, { LRB- contro] means stopsAﬁﬁéréd:ﬂ@ié’ssdznvMéh ¢hei ts
nmet hod aspec rf R s nvention is directed to a nethod for the
preparati on eémpiresytr cdld y itl eopexattognl withnea minimum ccqqmqussgng
conprising a pol ymer conE@|S|ng hydr oxyl functionalities 15

functiond i tpesf@rmarmebc dawicai$ea whers, the BPBEW%gmﬁﬁBﬁp,re&HGeﬁt the

| east about 1.5 vvel per ent of an_interpenetrant b t

wei ght °°‘“BFe§ 3 Begt tg'(ﬁﬁggpffﬁﬁoﬁhl %E&%%’t%%ddg corrprl Ses:
(a) sel ecting, g@ Q&?rha% Qﬁ'éﬂog:ﬁ;e‘aneﬁﬁ’é ROMRTD 1CRRRS Aitermines wHitt eof
conprises a reattive vinyl functionality and at | east one of the 20
conponent s opft hgheonpegpératursypriseshd |freezinge apdr oxgErigematingl

group; (b) blocking the hydroxyl functionalities on each of
t he hydroxyl compartmenbattmmrﬁgcmmr%wm@m ypperdeimid tampayatibes e

h a- bl
rononer SBnpadetesn 4 EheLE e sRt b Iogang fe-starts tie ol HY BhakaERb
i nter penet rarg, ngiﬁﬂei) Q:Jn% Qrtiedl YF tcé\O{:hé NeerffiPAtired RAs reached tRed

(d) polyrrerlzmg e conposition produced in (c) above to provide
for an opti Cali()ﬂpéxc|1‘i§1ritxe.éﬂ§éfcaﬂ@i'¥nﬁsﬁ§l‘m08I tion. WO 96/ 115471

PCTI US9511269 .
In further another preferred form, the control means obtains
a difference between the temperature in the freezing compartment
15 and the freezing compartment upper limit temperature and a
difference between the temperature in the refrigerating
compartment and the refrigerating compartment upper limit
temperature when the temperatures in the freezing and
refrigerating compartments have exceeded the respective upper
20 limit temperatures, so that the control means performs the
cooling operation first for either one of the compartments in
which the difference is larger than in the other.
In further another preferred form, the control means drives
the refrigerating blower with delay after having switched the
25 passage switching means to finish the cooling operation in the
refrigerating compartment cooling mode. In this case, the
control means preferably obtains an accumulated time of the

freezing compartment cooling mode and starts a defrosting



-6 - In a preferred enbodi nent, the nethod described above
further conpri ses: (e) renoving the bl ocking groups
fromsaid hydroxyl groups; and (f) hydrating the
conposition produced in (e) above. 5 I n anot her preferred
enbodi nent, an effective anount of a cross- | i nker is incorporated
I nto the nononmer conposition prior to pol yneri zati on procedure (d).
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 6 As noted above, this
invention is directed, in part, to optically clear 10 xer ogel pol yner
conpositions containing an interpenetrant and nethods for reparing

such conposi tperatidivwdthe fréesing evaporssprgwhen £henaegunplated time j
further detail, the following ternms will first be defined:

The t erm " hyBR®gexceededH miged FeFeFi™ey the pol ymer

conposi tions desgrib, [ i ch, I ly. fo [

hydr at abl e when t eaf‘gﬁa%fhgﬁﬁ?ggpaﬁget%gggradi ngl'y, ggﬁﬁi %@gr S%%étzgj'nvgvater
into the pol yBRphEtHBAE ior WelkRegbrat $RY fochipatindntgcodl g alodelias Asddry,
wat er incorporation is effected by soaking the polynmer conposition in a
wat er sol it i carkdedaostfdontintousdyl §drsa respective predeterainedstimegy
wei ght ercent_water and preferably from about to about 70

wei ght per ceﬁﬂleF2)9°“t’_f°M%1lfn,s SHALRBPE Themassaop ﬁﬁbﬁ?hggg AT sﬁepé%‘h;
g

rm" xeroge
conposi tion" df18hy medkNeo CONPGRfiriYerating compaftflent ddulinksmode 6f

| arge quantities of added sol vent wherei n any solvent in the
pol ymer conpafxidn theisefnigexmting esspaitanentb coblinganade tosthe fpeegdng of
the total conposition and nore preferably |ess than about 2 wei ght

percent &0 t IROMRAIMeNtGoglingnmode. W 96/ 15471

PETAESSSALZ636 In further another preferred form, the control means drives

the compressor with a maximum compressing performance when the
temperature in either freezing or refrigerating compartment has
reached a respective freezing or refrigerating compartment
15 forced cooling temperature. Inthis case, the cooling operation
is executed with the maximum compressing performance being
maintained until the temperature in the freezing or
refrigerating compartment reaches the respective upper limit
temperature. Further, the control means carries out an alarming
20 operation and returns the compressor to a normal compressing
performance when the temperature in the freezing or
refrigerating compartment does not reach the respective upper
limit temperature upon lapse of a predetermined time from start
of drive of the compressor with the maximum compressing

25 performance.
other objects, features and advantages of the present
invention will become clear upon understanding of the following

description of one embodiment, made with reference to the



-7 - The term "renovabl e bl ocki ng group” refers to any
group which when bound to one or nore hydroxyl groups prevents
reactions from occurring at these hydroxyl groups and which
protecting groups can be sel ectively renoved by conventi onal

chem cal and/or enzymatic procedures 5 to reestablish the hydroxyl
group. The particul ar renovabl e bl ocki ng group , enpl oyed is not
critical and preferred renovabl e hydroxyly bl ocki ng groups i ncl ude
conventional substituents such as benzyl, benzoyl, acetyl,

chl oroacetyl, trichloroacetyl, fluoroacetyl, trifluoroacetyl,

t - butyl bi phegytompanying ditaiingsldianwheéher group that can be introduced

onto-a hydroxyl 10 functionality and |ater selectively renpved by
conventional net Fd&s Lnisi &dfront view efditheoAnteviput ¢bHla ngfivigexatoat ure
of the product. In a particularl referred enbodi.nent, the

removabl e bl BEkPRY ?WQRR}W%Pﬁa¥§O%FGP§QQBF§pwgth the | prrsgnty Qvention;
| th f di 1he. bl qcki s, 15,
sel ected suoh t nESipan iy & 1ohgitdEif Ll BAR o ke nB0 eeiBerdedty

group, ligtle or pig.d3 ANGEeRates FaNGLrANgetient B Eldifhiplanttéondittuting
preferably, the extent of dinensional change, as neasured by change in

percent expamskefirigerabimg atyale taf Ithes reffxngebatior25% and even nore
preferably to | ess than about 10% 20 ) The term "sol vol yzabl e"
or "sol vol yzabl e Bi%ckihg HHgidrates & tpefrigeranty, giqoudty it dthe

cleavagg-intgegriggggﬁx#.containing—conpound and an al cohol, in the
presence of a nucPeophiT &, for exanple, a hydroxyl ion in wat er or

a weak base such @G AN & $1oWBhafEaEhéw i € WUntdkdl h8hhkr! fePformed
C4 al cohol. Preferably, the solvolyzabl e groups are capabl e of being 25

sol vol yz#dd uigera contiredl seCyiom; conditi ons such as in aqueous sol utions of
a pHof fromgreater than 7 to |l ess than about 12 and a tenperature of |ess
than about 60[ er rTES+ SchissorvELPYSBREL| SRPVHGIgrAIher ccMETOk NBARRER t he

o o oo R YRR B IRE 0P, S, ss 0™ Y
WO 96/ 15471 FIG. 7 is a time chart for explaining the control manner
PCT/ US95/ 12696
of the control section;
15 FIG. 8 is also a time chart for explaining the control manner
of the control section;
FIG. 9 is further a time chart for explaining the control
manner of the control section; and
FIG. 10 is a schematic block diagram showing an electrical
20 arrangement of the refrigerator.
One embodiment of the present invention will be described
with reference to the accompanying drawings. Referring to FIG.
1, the interior of a refrigerator 10 of one embodiment in
accordance with the present invention is shown. The
25 refrigerator 10 comprises a main body or cabinet 12 in which a
refrigerating compartment 14, a vegetable compartment 16, a
temperature-changeable compartment 18 and a freezing

compartment 22 are defined in this order from the top. An



-8 - Patent No. 4,638,040 and allowed U.S. Patent Application

“Serial No. 08/ 107,023 all of which are incorporated herein by
reference in their entirety. The term
"interpenetrant” refers to structurally rigid, high nolecular 5 wei ght

materials which are soluble, at the |levels enployed, in at |east one

of the conponents utilized in preparing the polynmer conpositions described
herein. Such interpenetrants are well kn®wn in the art and include, by way
of exanpl e, siloxane, polyurethane, cellul ose acetate butyrate, cellul ose,
hydroxy ethyl cellulose, hydroxy propyl cellul ose, hydroxyethyl hydroxy- 10
propyl cel | iA¢zanakiing (¢empartuenter pendsr pravidesl v | the ilefdr pefiethant s

chemcally npdified to include pol yneri zabl e group ,such as vinyl groups,
epoxi de groupa P§ &TS&P@@F&B?E. c?é%%’ft?%‘?t éggﬁ"ﬁl g”EU?SpéﬁnF Matdnt A

Appl i cation 1%1' ; 611) aq{% t L k [ rpenetrants
are either clgénli#er Cl all y lg@aiéégbﬁgzlgrk cpan e %?ekﬁ%r §5°§¥8§?‘t Brggvcwggﬁi i’& 15
techni ques fvegetabiierconddntnisti 190 £hds teHd | empadtfhird-thahlgRaBik! indl ar

i nt erpenetrant enployed is not critical. Preferably, the intérpenetrant has
a 5 noleermaking qgmpagftmensm 3Boand 12000 to about 50, 000, 000 and nore
preferably from about. 5, 000 to about 500, 000. . . .

I nterpenetrants &rg€tt g Sompartment 26 dsafpfinediin the loweninteripy

i nt t ' ' | ition by.at least 1
Miynel onfer r TE oS ieorarrigepae fid Llipliofoht YHTT £OTRABGEARUERY 15 cuels
of the intergRIeIidg!t compartment 26 is EQEnESiHb&CgP%?&E@ godyl eqycal ly

unsat urat ed nononers free of hydr oxyl group ers to nonomers
whi ch do not vegetable ctompartmetitoxdd id6 of a ghrawesr dryp® Golce dinwididesyla

gr oups; ich ca rticipate in_polyner . formati on with a nononer
cont ai .ni]r\qg hyﬁgﬁgﬁgfﬁrﬁﬂb ab“%’&k%& RFPYided to be dxawpalime apdoditng d oup;
provi de for SeRstable CRrthEts Bh8r it ppayn) £ mipREeAh 31EroRE of
PCT/ US95/ 1268fie . vegetable compartment 26. The temperature-changeable
compartment 18 is also of the drawer type and includes a
temperature-changeable compartment container 30 provided to be
15 drawn in and out. A temperature-changeable compartment door {not
shown) is mounted on a front of the container 30. Further, the
freezing compartment 22 is also of the drawer type and includes
a freezing container 32 provided to be drawn in and out. A
freezing compartment door (not shown) is mounted on a front of
20 the freezing container 32. An ice maker 34 is provided near a
ceiling of the ice-making compartment 20. An ice réservoir 36
is provided below the ice maker 34 to be drawn in and out. An
ice-making compartment door (not shown) is mounted on a front
of the ice reservoir 36. A water tank 44 from which water is
25 supplied to the ice maker 34 is provided on the left of the
chilling compartment 26 in the refrigerating compartment 14 as

viewed in FIG. 1.

The structure and arrangement of a refrigerating cycle of



-9 - sol volysis and hydration, is suitable for use in ophthalmc
" devices, i.e., the hydr ogel polynmer is clear so as to transmt
visible light. Suitable conpati bl e et hyl enically unsaturated
nononers free of hydroxyl groups i ncl ude, by way of exanple, nethyl
acrylate, nethyl nethacrylate, 5 trifluoronethyl nmethacrylate,
trifluoronethyl acrylate, 2',2",2" - trifluoroethyl nethacryl ate,
2',2",2" -trifluoroethyl acrylate, ethyl o nmet hacryl ate, et hyl
acrylate, styrene, and the like. Such nmaterials are well known in
the art and are either commercially available or can be prepared by

met hods knovhepsifrigyeratbpel Bwill nolbe described willitetefébence tOFIGS.
conpati bl e ethyl enically unsaturated nononmer free of hydr oxyl
groups sol ubito 3es, AicompressosriG ispravidedonrthe bottongf the cabinet

enpl oyed. A_particul arl ef erred,conbi nat,i on of a conpatibl .

ot hyl oni cal iif O SRS SPESLHIT PR SAUPREEE, SRR 48 Jpfined

i nt er penetrant J ci¥l a L |1l r at 15
Anot her pr e?g'r r{.él?ie gg?r’p@%t&i g?éeﬂgt E}%I %ﬁa#?gggégt S:r?gn e nnn%rreb%ﬁ %lr ee'fh(ﬁc

hydr oxyl s gr ¢eFy iger@ien0xy ei$ proEidiar it ewohieapakatoss| Ubhat zas, a

cel lul ose acetate butyrate, although |ess efficiently than nethyl

met hacryl at géefrigerating evaporatiire50ecand "x freezingkevapexatar 5S2ef €fet o a
nononer cont ai ni,ng at .20 | east two _reactjve groups capable of formng

coval ent |i Meifdgefptingegvapgrator 50 isydigpesed dd Jlieirsaatt ohe of

t he pononer { ol T |1 ribed
herei n. Sui t% able rb é%c%&%%ﬁ)él}%gllgﬁc u ee,asf gpe fre%@é‘féﬁgﬁ?%?’%ﬁg
groups Wwhi ChifGepbsed tinC tRal @ppér LR P Ity bl £kl ingCeshpatment 22. AThe
reactive groups are typically substituents on a suitabl e backbone such 25
as a pollpoxyeefisdgeratiagk bdiowefi b utk ngrovidednaved tbei wefrigerahingof ),
a pol yal kyl ene backbone, a _glycol backbqgne, a glycerol backhone, a goly-

ester backbdPERPOEYATL A MHBEERLB F& CSFANG P LN YR OB b #TOX 18H Rt e
llgacfl:'}( nggl 122&&&1{14 59aporator g\? 9(‘}( &éfzg‘sting heater 96 is provided below

the refrigerating evaporator 50, whereas another defrosting
heater 98 is provided below the freezing evaporator 52.

15 A flow of a refrigerant will be described with reference
to FIG. 4. The refrigerant from the compressor 46 flows through
a muffler 58, a radiating pipe 60, a condenser 62, a moisture
condensation proof pipe 64 and a drier 66 into a three-way
electromagnetic valve 68 serving as passage switching means. A

20 refrigerant passage is diverged at the three-way valve 68. One
passage leads to a refrigerating capillary tube 70 serving as
refrigerating throttling means, whereas the other leads to a
freezing capillary tube 72 connected to a refrigerant branch pipe
103 and serving as freezing throttling means. The former

25 refrigerant passage leads from the refrigerating capillary tube
70 to the refrigerating evaporator 50 and further to the freezing
evaporator 52. The refrigerant branch pipe 103 joins at its

outlet side the refrigerant passage between the refrigerating



10- Cross-linking agents for use in the preferred

conposi tions descri bed herein are well known in the art and the
particul ar cross-1inking agent enpl oyed is not critical
Preferably, however, the reactive vinyl group is attached to the
backbone of the cross-linking agent via an ester bond such 5 as that
found in acrylate and nethacryl ate derivatives such as urethane
diacrylate, urethane dinmethacrylate, ethyjene glycol diacrylate, ethylene
gl ycol di nmethacryl ate, ‘pol yoxyet hyl ene di acryl ate, pol yoxyet hyl ene

di nret hacryl ate, and the |ike. However, other suitable vinyl conpounds

i nclude, by Y Hee@ingPetapdiatérsl Hbokgd-5¥] nyﬂné&rén%géeantdpasaaeelo
hi gher-vi nyl am des (e. g., EHZ:CH- C( O NHCH2CH2NHC( O CH=CH2) , and
the like. further leads thFoedkrarecacoumdaltionk 74gand entsuaticnugdépebyeway
of exanpl e, ethylene glycol di et hacryl ate, ethyl ene glycol

di acryl ate, % dthe/IcomPresses| 6. di met hacryl ate, diethyl ene gl ycol

hacryiater { ot ERYEBRASREREo RN on pe OV IR SN P !
tetradecaet hydwdiy Ol ¥ CFredzangy cnpartment Enptratude® séldof 101 for

acrylate, trinethylol-propane”trinethacrylate, “trinethyl ol propane

triacryl at e, sénsinmtaanetperaturet tRciy | tte freeZingt eongaptmentn @2y lanidea 1, 4-
but anedi ol di nethacryl ate, 1, 4-butanediol diacrylate, 1,6-hexanediol 20

di met hacry| a¥efrigexratcinsh comprrment hemperaturensanseyildl2 frreaensing at e,

1, 9- nonanedi gl di acr‘}ll at - decapegi ol _dj met hacr

1 | 1
10- decanedi o turg; g%rﬁ‘at '€ hES Em?/’fatg’r%ofmﬂ?%%%%gr yt4t e, Each

neopentyl gl yepbefdifrfed sdhBor delivers a temperature signal indicative of
2,2'bis[p-([err -nethacryloxy-,TerrT-%ydrox propoxy)dﬁ%ny propane, penta-
erythritld tthacrespectivietieapeyhbaréeoty toy nRLhakrgdmtirml pestaenyldw isisol 25 °
tetaacryl ate, pentaerythritol tetranethacrylate, 1,4-cyclohexanediol

di acryl ate, Previgedohfeunecapntrelhinhacay| eeerathoxgpenatdan sqfhertdie A-

di | , | d bj s-ph | - A~ di h | , bis- | - A-
e e PR RPRBLE: o A Rl SRR O W elbBrBlcPorefom
vel | as di f upghis0RA-vRRC HEMRlch L1l Q&%M&P%ﬁt{kﬁ%ﬁiﬂﬁq g&ﬁ;&gﬁ@g&@ 30

1,000 to about 1,000,000. Such materials are we
WO 96/ 15471 refrigerating cycle. The control section 121 comprises a
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15 microcomputer-based control circuit 123 and a drive circuit 125
as shown in FIG. 10. The temperature signals delivered by the
respective temperature sensors 101 and 102 are supplied to the
control circuit 123. The control circuit 123 controls via the
drive circuit 125 the compressor 46, the three-way valve 68, the

20 refrigerating compartment blower 54, the freezing compartment
blower 56 and the defrosting heaters 96 and 98 individually.
More specifically, the control circuit 123 controls the
compressor 46 so that a running rotational speed of an electric
motor thereof is varied. The control circuit 123 further

25 controls the refrigerating and freezing compartment blowers 54
and 56 so that running rotational speeds of respective fan motors
thereof are varied. For accomplishment of the variable speed

control, the control circuit 123 incorporates an inverter



are either commercially available or can be prepared by nethods known per

'se in the art. The cross-1linking agent preferably has at

| east 2 and nore preferably from2 to about 6 vinyl functionalities
and preferably has a 5 nunber average nol ecul ar wei ght of from about
100 to about 2,500 (except for the macroners described above). Mre
preferably, the vinyl functionalities are acrylate or nethacryl ate
groups attached to a pol yoxyal kylene backbone (i ncl udi ng

hal ogenat ed derivatives thereof), a pol yal kyl ene backbone, a gl ycol
backbone, a glycerol backbone, a polyester 10 backbone, or a

pol ycar bonatedixgadith@te. A comprefEsomutanienser blower (not shpwnpoigner

Ul Labl e { orRRSiash LN Ehen| SR AEHE e (EPEP AL RA oA R 9T PO TS | Ehepe,
pol yrmer i zi “%éigr{s%ro@kégna%hégméhgg{ g%, thfe fcambi\tai%u&%qgn §98015
a nononer conp 1 T1I ON an an | nterpene rant. e nononer

conposi ti oN EHMEFJIFE thel cofgtds sBYe-dBidiider blower VRIBRBEHN i v FRcaigg a
reactive vinyl functionality and at | east one hydr oxyl functi onal

group whér ei 125 heo bhertoay rugning sretat innedk epesd pfaa fan motar uhexieof
bl ocki ng group. Sujtable hydroxyl nononer conponents (prior 20 to
bl ocki ng) i n&® URXIHr oxyet hyl nethacryl ate (HEMA), hydroxyet hyl

o o ale) Sl fhe ARy bk a1 € 145 Al AL X! s DXACANY M ac1on,

hydr oxXypr opyl ~acrylate, anedr ol nonomet hac

m xtures of §uUebrEPGPPAEIRG colpfhritiRnitl kBolPHyt ABHE PhOGKidW e Whree-
i nclude, by way of exanple only, benzyl, benzoyl, acetyl, chloroacetyl, 25

t ri chl or oacetsy, vdlweo 668 ai=e sylitched flaibhe amsfinilgeratingyévapqredion §0|sdde
groups, : and the |ike. Wien the nmononer conponent contains nore than

one 10 ppditheretriggratdng bleysr b s deivarythitbe trreziagRimer
EJC?.;: lfJISgg / g%rz(é&gsbeing s\é(gp%%/d]ﬁq&e control circuit 123 further _caI:Eigs out,

enpl oyed thepgwhd 8831 Dk diserstiiBQ" adEl b6z £AG EinPeitnititic. cbolifgSRodd

in which the three-way valve 68 is switched to the refrigerant

branch pipe 103 side and the freezing blower 56 is driven with

15 the refrigerating blower 54 being stopped. Switching the

cooling operation between these cooling modes is executed by the

control circuit 123 of the control section 121 on the basis of

the temperatures tF and tR sensed by the respective freezing and
refrigerating compartment temperature sensors 101 and 102..

20 A control manner for switching the cooling operation between

the cooling modes will be described with reference to FIGS. 5

and 6. Assume now that the cooling operation is currently being

carried out in the freezing compartment cooling mode. At step

S1 in FIG. 5, the control circuit 123 compares, with a

25 predetermined refrigerating compartment upper limit temperature

tRu, the temperature tR in the refrigerating compartment 14 for

which the cooling operation is not performed. When the

refrigerating compartment temperature tR is lower than the upper



synthesis, are preferably the sane. The nononer

‘conposition can optionally contain one or nore conpati bl e
et hyl enical ly unsaturated nononers free of hydroxyl groups. 5 When t he
nononer conposition does contains such ethylenicaly unsat ur at ed

nononers free of hydroxyl groups, the conposition preferably
conprises sufficient hydroxyl containing nononers such that the resulting

hydr ogel pol ynmer conposition will absorbpat | east 10 wei ght percent and
nore preferably from35 to about 70 wei ght percent water. In a 10
particularly preferred enbodi nent, the nononer conposition conprises at

| east about Eﬁnineitginpe:p&tﬁ:ﬁélttmf HRE WL roINPLASEL € 9)23C 8PS LA tep
reactive vin functionality having at |east one hydroxyl functional group
wherein the %d}%mmpgrrmﬁbeatgegzmqwmmmmemammmh:ec kFngighoap
and nore prefer f.r 0 bout 50 to about 100 wei ght, percent based on 15
the total Eﬁffl #W TN GAPBRF HReRE HEfe§t]r’|-“}1%?’§P?)¥%?‘bﬁ%tféF§‘ «from

about 80 to wih %bgﬂe&i% énRartment temg(?ratur-gh&‘ fQr gﬁh@& r%ﬂe ﬁl e

cont ai ns an I nterpenetrant °8Frat

| east abaut mwveu@{yemuwumaseﬂeoeoﬁeﬁoi 4 Bcwil th3 continue8f thBe
formulation (in the absence of any water) and preferably from about 20 5

to about 60 ﬁmwnq)erpmrmmm@lpm ancale yarid oadwdnmees S5té ostépus330
wei ght perce use ﬁ{x er oncentrations of interpenetrant may
Y e

decrease the ﬁ§° eSS ni4 aFéHrﬁSFyrﬁé?t cdmfesrcedon.

Th f | t ed t hat
ar oper péfyﬁ%?&(?% rﬁi%r*’e&gé et”&éﬁ 2 A tord pRR RS HihRer Sheeen) , 2
preferably 2s4o SOndtigorerer| eifrdupd1p®r euPtRbLr 8Rk¥idst Bu80a runnin

Mlynes/cnjerr]. The conpositions of this invention are

pr ef er abtQ Crgggtj.q;:m(]egpggd adjusting process nﬁglryt;he)nempi:esher AGn@poO BReps of
a preferred %E{’ IS & Cross- l'i nki ng agent. Wen enpl oyed,
the cross-1i "f%s"e‘ﬁ‘a BYegesH atnstep Shjp Hhenxeturning to step

PCT/ US95/ 1268 - 13 -
anount suffic?éntT ese 500 ssesc‘r%%% %esocrlfbe&@tatﬁft preferably is

Oon the other hand, when the refrigerating compartment
temperature tR is equal to or above the upper limit temperature

15 tRu, the control circuit 123 advances from step S1 to step S5.
The control circuit 123 determines at step S5 whether the freezing
compartment temperature tF is equal to or above a predetermined
freezing compartment upper limit temperature tFu. When the
freezing compartment temperature tF is below the upper limit

20 temperature tFu, the control circuit 123 advances to step S7 to
switch the cooling operation to the refrigerating compartment
coolingmode. The control circuit 123 then advances to step S11.
When the freezing compartment temperature tF is equal to

or above the upper limit temperature tFu at step S5, the control

25 circuit 123 advances to step S6 to compare a difference (a
refrigerating compartment side difference) between the
refrigerating compartment temperature tR and the upper limit

temperature tRu with a difference (a freezing compartment side



enpl oyed in an anmount of from about 0. 1 to about 30 wei ght percent, nore
‘preferably fromabout 0.1 to about 5 weight percent and still nore
preferably fromabout 0.2 to about 3 weight percent based on the total 5
wei ght of the fornulation. The use of higher anobunts of cross-1inker
appears to correlate to polynmer conpositions having a higher nodul us but

| oner water content and a | ower percent el ongation. The
formul ati on can optionally contain one or3nore additional

conponents such as initiators, colorants, etc. which are conventionally 1

enployed in the art. These fornul ations as well as the
reagent s enpdibfbsrénre)r bptween the freddiarecompantiaént tenperapneéatrmahy
stored and fornulated in containers which prevent premature

pol yrrer i zat i BRe oMPPRE okinhirtr etemperatyreygbFus. fhen the refyigeratipge use

of amber bottles for or| nt s |nh|b|t hot o-
pol yneri zat i GATP3 remert Bgtﬁiggf Tafger t?ﬁg fEﬁ?nfgiﬁQEﬁgg
descri bed abeaﬁpéfﬁnéﬁ@ ilde BYe Qﬁéhééd e control 62P¥&E! Pib’ﬂ"ad‘v%‘h ggques

such as therm irra |at|on or electron beam i nduced

pol ynmeri zzat i €6 éttepsevidavitich tRe pﬁiqmmrg o6pepation o therréfrigeratdmg e,
thermal induced pol ynerization can be achieved by conbining a

sui t abl e pol geEpartReRt ¢anling sodent Othrrwiisg,utdeoronbrokee tramiderl 23n

i nert atnosph e and nmai nt ai_ni the m xture at an el evated
enper at ur o GRYARGRE %Soﬁ?e%%? Fentinipdine $aecrSpd campatsient SO ng om
about 1 to aHBHE 4 ter, ige controlléféﬁ?/ﬂﬂ 1913 QHVLnbE?uffﬁh step
pol ymeri zati on can e achi eved e

Ining a suita
pol ymeri zati @8 b&lBD&tOFst@@QSIh@ m xture of nononers under an

I nert atnosphere (e.g., argon) and maintaining the m xture under WO

06/ 1547110 The above-described control is applied to a case where the

PCT/U895/12696 ooling operation is being carried out in the éreezlng
compartment cooling mode upon start of the control. On the other
hand, when the cooling operation is being carried out in the
refrigerating compartment cooling mode upon start of control,

15 the control circuit 123 compares the freezing compartment
temperature tF with the upper limit temperature tFu at step S1
and further compares the refrigerating compartment temperature
tR with a predetermined refrigerating compartment lower limit
temperature tR1 at step S2.

20 In the forced switching process carried out at step S3, an
elapsed time from the start of the freezing compartment cooling
operation is counted. When the elapsed time becomes equal to
a predetermined time (60 minutes, for example), the control
circuit 123 forcedly switches the cooling operation from the

25 freezing compartment cooling mode to the refrigerating
compartment cooling mode. Further, in a case where the cooling
operation is being carried out in the refrigerating compartment

cooling mode, the cooling operation is switched to the freezing



a suitable UV source. Preferably, UV induced pol ynerization is conducted
at anbient conditions for a period of fromabout 5 mnutes to 24 hours.
Sui tabl e polymnerization initiators are well known in the art including
thermal initiators such as t-butyl peroxy pivalate (TBPP), t-butyl peroxy
5 neodecanoate (TBPN), benzoyl peroxide, nmethyl ethyl ketone peroxide,
di i sopropyl peroxycarbonate and the like and UV initiators such as
benzophenone, Darocur 1173 (available frdk G ba Geigy, Ardsley, New

York, USA), bis-azoisobutyronitrile and the like. The
partlcul ar thermal or UV initiator enployed is not critical and 10
sufficient i|npmpartment cogllingedode sdeal yhe shmporqudsztatqmm& oetti on.

Pref erably, thelnlt ator IS errpl ed at u to aho ht percent based
on the total vveig‘ﬁ’( et ’X‘floﬁmce s ‘Gatied ot afP%I ;

achi eved by %h‘ehf i E8ﬁg?§@ﬂ§ng t-t%]uge;tlo atre? ik Ald ?.ﬂc%éased cl:%eﬁ ﬂ'ﬂ?ge

require the use o an Thitl rmul at1 on

pol ymeri zed iqegiteecuregOshd Egeéhsznel 86MpPtIGREN &dol Hid Imdde A ald an
usi ng conventi onal nethods Pol ynmeri zation is

t ypi cal | y5copidedetermined rﬁm&zn:g) campamtinentl foxged cooling nampémtunre of
the finished contact |ens. For exanple, polynerization can 20
conduct ed i n (m323S WEPEN ee@rnpégpon& ‘qantral, mm@tofluwec%wm “the

:Og l”; -merA' ﬁ o \%:imé?e‘éso&o '4>ém°sf fﬁuﬁ% ﬁ?@ﬂ “i‘cEdmﬁShﬁﬁmt eo{ngwgém

can be nac |ne 0 provide contact nsSes o

sui tabl e di Myerfdiankce.t Npige Iﬁizt&rd @624 hgEBheraLivieid LHntdnuedNuRe€il
conducted in a silylated glass test tube and after polynerization, the test

25 t ube i sthe fkeazing wompadtmeot tdmpequabnrer tF dm@s ﬁ'dne:hlea(ppemlmetf orm

of t he xerogel, can be machi ned, for exa | at hed, cut, m | ed,
and 10 c‘iﬁ%ﬁgﬁm% tFne IR CaPs ¥hexgethet e’BBﬂ’E%lfc‘Er‘F & 99es: BPti ng

Sl | o a5 ISR S hORT . LaRbLPSeRE ARE SHAP S 1abBLbRI | N
PCT/ US95/ 12698redetermined time from the start of the forced cooling operation,
the control circuit 123 actuates an alarm to inform a user of
an abnormal condition and returns the compressor 46 from the
15 maximum compressing performance to a normal compressing
performance. Further, in a case where the cooling operation is
being carried out in the refrigerating compartment cooling mode,
the control circuit 123 compares the refrigerating compartment
temperature tR with a refrigerating compartment forced cooling
20 temperature (10°C, for example) and carries out the similar
process.
The running rotational speed adjusting process carried out
at step S10 will be described in conjunction with step S29 later.
The defrosting process carried out at step S11 will now be
25 described. With respect to the defrosting process for the
freezing evaporator 52, the control section 121 obtains an
accumulated time of the freezing compartment cooling operation.

When the obtained accumulated time exceeds a predetermined set



- 15 - alternative enbodi ment, polynerization can be conducted in
-a base curve nold to provide a button suitable for formng a
contact |ens. In any event, after polynerization, a
post-curing procedure is optionally enployed to conplete the

pol ymeri zati on process which post- 5 curing step typically increases

t he hardness of the polyner. The post- curing procedure can
conprise heating the polyner to a tenperdbure of f rom about
60[err]C to 120[err]C for a period of fromabout 2 to about 24 hours.
Alternatively, the post-curing step can enploy [err] irradiation of from

about tmel(l@lmsmst, sorrexampleini hb‘?lmr@fl eheeit d23peters s can
al so be 10

above, pref eF&B‘gg °Eo"fﬁ apd energizes ghg %Sf,rpﬁgtég Clpelaagter%oﬁgﬁt'eooﬁﬁgget%cr | bed
subj ect ed to g@\i oéﬁn’ %rpv_,;;\pl abl&@fo@ﬂlﬂﬁolb%&'&@mn is

hydr ol ysi s. condi t1 reana o bl e bl ocki ng

group are depriidoiimeddf ¢hEr &entﬁaltberbhﬂekmg giniphés theedpEoystimnd it
is well within the skill of the art to select the appropriate
condi ti on§ r elpematdono when (@ otemprrajune %ﬁmtb?eﬂreEHMreW¢¥@tQﬁ 2ter

renoval of the renovabl e hl ocki ng 8rou the co I,on mt hen subJ ected
to conventlor%ﬁa%é‘t%ﬁdﬁﬁeﬂ‘ pdedetrogthing, iog, eratu

conposi tion. 20 a rt I me
renovabl e bl ocki ngJ'th resl':"J'xglt'ou‘%’al sﬂgéjsgéé%% t%b (E’S?E?'%ghgr géf) ange
sol vol ysi s of réf¥ei gdraldinydevaporator w&uﬁﬁemﬁw elireaief12henpelyiaes

conposition occurs sinultaneously. Sol vol ysis is preferably
conduct ed by ShspaﬁrmrtaN&nqohlmr ISdneveny dpime swmtchlaqu'@mé‘—hmeumam in
t he presence of_a nucl eophi | for exa

e, hyd | . ' te
or a weakd%bas¥alyRn6fs Y H-P&sBr the onggﬁwgﬁ ’rhr%gX\F/mQ f‘fﬁ‘?‘?‘]‘t " cod1ing”y to

a o al cohol . JPLELEIAPR] Y rn! 801806400 Y 200G WHUIRR 21 GefaRRSL Nt L10y
yzed un Sol'volySTs conditrons such as rn aqueous sol utions of

WO 96/ 15471 through the refrigerating evaporator 50; l@ir in the

refrigerating compartment 14, the temperature of which air is

higher than 0°C, is blown against the refrigerating evaporator

15 50 so that the defrosting operation is carried out therefor. 1In

this case, air circulated into the refrigerating compartment 14

has a proper amount of dampness, the interior of the compartment

14 is rendered suitable as a refrigerating space. The

above-described defrosting operation is carried out for a

20 predetermined time (5 minutes, for example) from the time of

switch of the three-way valve 68. After the above-described

defrosting operation is carried out at a predetermined number

of times, the defrosting heater 96 is energized in a subsequent

defrosting operation to heat the refrigerating evaporator 50 so

25 that thedefrosting is carried out therefdr. The control circuit

123 finishes the defrosting operation when a temperature of the

refrigerating evaporator 50 reaches a predetermined defrosting

completion temperature.



a pH of fromgreater than 7 to |l ess than about 12 and a tenperature of

‘from about 10[err]C to about 60[err]C. Under these
conditions, hydration of the polymer material also occurs. However,
if desired, a separate hydration step can be enployed. 5 Hydration is
continued until the polynmer conposition is fully hydrated whi ch, in
the present case, neans that the water content of the hydrogel is

from about 35 to about 70 wei ght percentlé - In still another
enbodi ment, water can be included in the pol ymeri zati on step
resulting in direct inclusion of water into the polyner 10 conposi tion.
Uility The contpid gdreydt A3 pdvancespus steprn$2HdscFIGed Wwbesi n

o o S e ng oyl B SRt T ey BP B ST 2"
A Ler vater LRCOI0 Sklcrhbi: Yeor POLITREGERRERLS RIS SRGE 800 BT

contact | enssesepr 82idi nthe eqohttér epkrcGat al2d i d¥termines wHBtRér CRRkeNt,
hi gh strength, no deterioration over tinme, relatively slow rel ease

of hydratSed opmp¥essn €kpdsuin opexationnwibod tepmickmun cpmpriessing
I ncl udi ng transparenc When forned into contact |enses,

) 2 . !
the | enses aP®r ?/’BP?:I?;#/? Vel “hetner o FIggeEotatena} Sneedotihereed isaabhout
0.15 mlli ' j ck . f t, 0. 05
Rt T — IR vy

SSes ne

the xerogel ghét®inimum, the control Hifcui¥enbBOoAdvahtes O¥b Dtdy |98t @y ed
by way of exanples which are 25 . provi ded for the purpose of

i | | ustrati onrefngeahlle arenming ispeedded tbebeompressor|46uting in the
E,E%S agg 5 \Z/(gggl Orzla'n e:—campi\L/é\Dogﬁa/ %gégér for determining an amount of reduction
in the running speed of the compressor 46 will be described with
reference to FIG. 9. First, consider a case where a freezing
compartment cooling operation cF is in progress. At time TO when
the cooling operation is switched to the refrigerating
15 compartment cooling operation, the control circuit 123 obtains
by computation a difference eRu between the refrigerating
compartment upper limit temperature tRu and the refrigerating
compartment temperature tR and a difference eFl between the
freezing compartment lower 1limit temperature tFl1 and the
20 freezing compartment femperature tF. Using the obtained
differences eRu and eFl, constants o, f andy, and a running speed
Fr’ in a previously performed refrigerating compartment cooling
operation, the control circuit 123 obtains the running speed Fr
of a subsequent refrigerating compartment cooling operation from

25 the following equation:

Fr=(a-eRut+f-eFl) ‘y+Fr’. (1)
Consider then another case where a refrigerating compartment

cooling operation cR is started at time TO and is currently in



- 17 - In the foll ow ng exanples, the foll ow ng

.abbrevi ati ons represent the fol | ow ng: BPAGVA =
bi s- phenol - A 2- hydr oxypropyl di nethacryl ate CAB =
cel lul ose acetate butyrate 5 cm = centineter
ECDVA = et hyl ene gl ycol dinethacrylate EWC
= equi | i brium water content EX33 = Esper ox
33[err] (t-butyl peroxyneodecanoat e) 17 GVA =
gl ycidyl nethacrylate 10 HCEGVA = di -trichl oroacetate
ester of glyceryl nmet hacryl ate
LE progress neat tiparkl when the cooling opklyaeion is switched to
megadynes ' m_nute 15

= m | linethe freezing r<T:1021parr,w,1n\m: cooling gode,@gﬁo%eiw%@ln

ppm =, . ts per mllion .. .
EXAMPLES obtaind“by “GRmpYLAticn ) A LLsrepSe RFBePERI=EB| [ freezing
conposi ti Ohaboﬁéhi‘éﬁeﬁﬁe uper 15Rit f QefBelatut8e tFli Ahd' ith® V&2 it ent
("EWC'), |inear expansion and tensile properties (i.e., tensile

strengt h, 5peicompartinengatenpesnatur®df uand a diffebiehesseRl heetwesn the
i ndi cated, these val ues were deternm ned as foll ows: Measur enent of

Equi | i bri um wefsigesating compartment lowegyiimiEi tempexalursiRdndndeths s
det erm ned by_soaking,the 25 ol [ sanples | sph b
sal i ne sol ut?/ rﬁ&er%\;é-pﬁi ﬁﬂ'f‘pa‘iﬂgene/ q:'eempe§ o sjtgl’ gqfsel%tgg’? #%%ﬁ%d

bl dd 4 ' ' : :
campl o5 a6 HEF e} End Saer diglate oy 0 Ay SRS NIBINTEESEL

h a vacuUm oven a
next day, therSanpheal preeioughedpekforhedr free¥dhgr compartméont enbliing

cal cul ated using the foll ow ng equati on: WO 96/ 15471 .

PCT/ US95/1P2s9@peration, the control circuit 123 obtains the running speed Ff
of a subsequent freezing compartment cooling operation from the
following equation:

Ff=(a-'eRl+p-eFu) ‘y+Ff’. (2)

The control circuit 123 then compares the obtained running

15 speeds Fr and Ff with several stages (seven stages, for example)
of running speed values which are set so as to avoid resonance
points of vibration or oscillation and noise of the overall
refrigerator, determining as the running speeds Fr and Ff the
running speed values most approximate to them respectively. The

20 running speeds Fr and Ff of the compressor 46 are thus varied
stepwise. The aforesaid running speeds avoiding the resonance
points are set on the basis of experimentally obtained data.
When reducing the running speed of the compressor 46 at step

S29, the control circuit 123 also reduces the rotational speed

25 of the refrigerating blower 54 accordingly (step S30). In this
case, too, the running speed of the refrigerating blower 54 is
varied in several stages (2 or 3 stages, for example) which are

set so as to avoid the resonance points of vibration or



- 18- [err] wher e

X = mass of hydrated pol yner Y = mass of
dehydr at ed pol yrer The EWC is sonetines referred to as the % water.
Measur enent of Linear Expansion 5 Li near Expansion factor is
determ ned by nmeasuring the dianeter of t he xerogel polymer sanple
using the Nikon Profile Projector V-12 (avai l abl e from Ni ppon Kogaku
K. K., Tokyo, Japan). The sanple is then 18 soaked overnight in
phosphate buffered saline solution. The dianeter is subsequent |y

remeasured i n phosphate buffered saline. Linear Expansion is_ 10

cal cul at ed PAHG-YAtdonornd modgecedi dhiepverall refrigerator. Thereafter,
[err]

where. . =_hydrat ed pol di, aneLer.
VL it R PRSP e Gritaed it BBl 948 fo GRS n Frc.
Properties s, additionall{QMmRed e Q{ocﬁﬂn%négei‘a%ﬂliﬂbi??‘édifcﬂéﬁp%gom
specinen is cut. The 15 sanple iIs inspected under a m croscope for

ni cks and cutlse réftrhgeratimy compartiaet Vecblivey smogé etos thes rededngThe
t hi ckness of the specinen is then measur ed. The

sanpl e i $ t heompazienthtopdaing mods arflie gunpinghapesd ©fhdihe freezing
qui val ent | ACTPERR LerRPdaRi 3 ShepoeBpapaphen, SR APA e APOTRe |
sanpl e is placedpgaipin®fld 3pedurddsudBin) peBBELs (A ie¥eaht AtYsbdp Flo
will now be described. TIn the running speed adjusting process,
the three-way valve 68 is switched, and the running speed of the
10 compressor 46 is obtained in the same manner as described above,
upon lapse of a predetermined time (10 minutes, for example) from
the start of the cooling operation, so that the compressing
performance of the compressor 46 is adjusted. In this case, the
control circuit 123 carries out the computation using equation
15 (1) during the refrigerating compartment cooling mode, while
carrying out the computation using equation (2) during the
freezing compartment cooling mode.

When the compressor 46 is being driven at a minimum speed
at step S21, the control circuit 123 advances to step S22 to
20 compare the refrigerating compartment temperature tR with the
refrigerating compartment upper limit temperature tRu. This
case is on the premise that the cooling operation is being carried
out in the freezing compartment cooling mode. On the other hand,
when the cooling operation is being carried out in the
25 refrigerating compartment cooling mode, the control circuit 123
compares the freezing compartment temperature tF with the

freezing compartment upper limit temperature tFu at step S22.

The control circuit 123 returns to step S5 when the
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The experinent is then started with the cross-head speed set to 5 mimn.
The Instron records the force required to pull on the sanple as a function
of cross-head di splacenent. This information is then converted into a
stress-strain plot. The experinent continues until the sanple breaks. 5
Fromthe stress strain plot are calcul atead the foll ow ng:

Tensil e strength: The maxi mum stress the sanple can w thstand

bef ore breaki ng. El ongati on: The anpunt of extension
(expressed agefrpgecatingfcompartmentr tgmparatengtitk gis pquedatat oo rgbavee
sanpl e undergoes before breaking. 10 Modul us: |s the slope_ of

p
the initial Ithﬁe\wp%r]{lméﬁ tempeRatiinesBuat §tAp S22. Oncthe ether hand,
The experinent is, usual ated wth.,5 s Iesfromth S
batch of pol W ’:ﬁfé‘{g\? QE a‘??c}‘pﬁrmé‘% TR g?‘els?g% EFEcghan
Conpar ati ve '@@%ge 136 kS hrBURY Lhé UBhERDE aﬂml&zs adbskédg of
t he hydroxyl gro on the hydrophi |c nononer is essenti al
preparingsan wpktepl$23 toegtop argebmpoéyser 460andsitie mOwersr.’gmlaaul 5. an
I nterpenetrant. Exanples 2-3 exenplify that dinmensional chaggi occurring

during hydr atWhen ¢he bompuasseor |44l isy sioppedi em Bhisg eannany ec@ﬁﬂﬁli?ll on
relative to the rem)v%)b;le bl ockln

20 exanpl BFBH D nﬁdv@l}ﬁﬁﬁs roggﬁﬂ(%r Rt 2 Illléitgrﬁ‘gt gt Eﬂ”her
ustrares o :Tpdree(fs”dlhﬂﬁcsﬁﬁfﬁ]g?ehae FHPHEG ﬁme%%?sesweti@ pup¥se

Gevices from pol ymer conmpositions
made via the f@f Rads QBhJ.bJ.t:Lon iits unifotm Pressure between the suction
COVPARATI VE EXAMPLE A and EXAMPLE 1 25 _ Two xerogel polyner

conposi tiléns side andkhedischarger pddat pfigthe compresgen ber penetrant into
the pol ymer Conposhtelrggfmlrghtﬁgl&/ mpressnvgoibtisor}:se-started upon lapse of
the re-start prohibition time. The control circuit 123
determines which of the cooling modes to be re-started in the
following manner. The control circuit 123 compares the
15 refrigerating compartment temperature tR with the upper limit
temperature tRu at step S25. When the refrigerating compartment
temperature tR is equal to or above the upper limit temperature
tRu, the control circuit 123 advances to step S27 to re-start
the cooling operation in the refrigerating compartment cooling
20 mode. On the other hand, when the refrigerating compartment
temperature tR is below the upper limit temperature tRu, the
control circuit 123 advances to step S26 to compare the freezing
compartment temperature tF with the freezing compartment upper
limit temperature tFu. When the freezing compartment
25 temperature tF is equal to or above the upper limit temperature
tFu, the control circuit 123 advances to step S28 to re-start
the cooling operation in the freezing compartment cooling mode.

Oon the other hand, when the freezing compartment temperature tF
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‘in the hydrogel form contained hydroxyl functionality. Specifically, the
first conposition, Conparative Exanple A, was prepared such that the _
hydroxyl functionalities on the glycidyl nmethacrylate were not blocked with
a renmovabl e bl ocki ng group during polyner formation. Contrarily, in 5
Exanpl e 1, the hydroxyl groups were blocked with a renovabl e bl ocki ng

group (i.e., as the trichloroacetate estZ®}). Speci fically,
the formul ati ons for Conparative Exanple A and Exanple 1 are as set
forth in TabJ e | _bel ow TABLE |

Monomer A  ¥vReARY Ehe) uppepdimig demperakwys) £Fu; tke controgy gisruit

HCEGVIAA /4 0 / 17202 .
Conpar at i ve 123 ﬁ&l&x\g to stﬁé)é.g Pn othgflgﬁ%dg, thﬁ.‘(l%ng o%larat:.gzanpl e
A (12. 58)s performed forhithéﬁ@éﬂ@.geiatinéog/t“ﬁré\ézﬁﬁ]|c‘6kn§§§tﬁ‘éﬁ§:at e

butyrate in 15 met hyl nmet’hacryl ate

2 BPAGVA in which bhe- pémpertatAirz hadr ingpeagsd to the respective upper
di et hacrsyl ate (1:2 wt:wt BPAGVA in

DVSO) limit temperatpgges;tRu or tEu fagg?,?rfg;@rglj[tb,t,h]e okper.
HCEGVA = di,- ? rogcetate ester o er .
nmet hacryl ate (st %Féékg 11?ea§§ a?ﬁ?S[%$?Y%&e&yﬁ°e&/ re.fr:Lgerator, the
and pref er abt ¥mpératalr¥ R @k tF in the refridéedt iy 8¥/flele@ Mg Entpattarated by
conbi ni ng nononer A with

for which the cooling opération is not performed is compared with

the respective upper limit temperature tRu or tFu. The cooling

10 operation is switched so as to be performed for the compartment
in which the temperature tR or tF is equal to or above the

respective upper limit temperature tRu or tFu. FIG. 7 shows

changes in the temperatures in the refrigerating and freezing

compartments.

15 Before the invention of the refrigerator 10, the inventors

developed a refrigerator controlled so that the cooling
operation was performed for the freezing compartment prior to
the other compartments. Inthe developed refrigerator, what the
refrigerating c_ompartment temperature tR’ was during the
20 freezing compartment cooling operation was not taken into
consideration. Accordingly, even when the refrigerating
compartment temperature tR‘’ had exceeded the refrigerating
compartment upper limit temperature tRu at time T1, the freezing
compartment cooling operation was continued until the freezing
25 compartment temperature reached the freezing compartment lower
limit temperature tFl at time T2, as shown by broken line in FIG.

7. Accordingly, since the refrigerating compartment

temperature tR’ exceeded the refrigerating compartment upper



‘both the nmethyl nmethacrylate/cellul ose acetate butyrate conposition and the
25 cross-linker (BPAGW). The conposition was then m xed for 1 hour and,
af terwards, degassed for 6 mnutes. At this point, the initiator (EX33) was

added to the conposition and the fornul ati on was agai n degassed, this tine
WD 96/ 15471

PCT/ US95/ 12696 - 21 - for
30 seconds. Degassing was conducted in ofder to avoid contanination

of the reaction vessel with oxygen which may have an adverse effect on the
degree of polyneri.zation. The resylting f.ornul ati on was, pol yneri zed and
cured in a p?‘%’ﬁ?‘érﬁ%‘fﬁe&a&}‘gﬁ T’é’fﬂoé‘& ‘é?sqf@'[%gﬂ'f:}’g“rﬁ%HP&“FElPI?ePFBPFBVJi% 5
manner to preuhferhehrd X6 OHe! rde gL nbhPfpent .
1) 40[err] ﬁourg réth atﬁﬁ@%éﬁbh?&f@h]dz hour s

3) 70[ err] C 2 1wdhe above-described refrigérator!DPBf ERBCEMbA Aehthour s
10 Afterwards, the xerogel polyners of Conparative Exanple A and
Exanmpl e 1 weh@welUBrecthe eeohing opestatien g swivchbedufrom the afmees img

hydr oxi de.which, in the case.,of Exapple 1, resulted both in renoval of the
bl ocki ng Broﬁ’}?g‘bﬁﬁﬁeggl VEERG) %ﬂé?h‘y‘ﬁra?t‘ﬁeonr%#r%ﬁ%‘f%ewwwlﬁ on.

I?,e cl ?Li t%{) @gﬁﬁgﬁ@f dth & ke Ubf | e OLKIE Let2TBRAE L RS clSaSthedO LD

TABLE | | temperatulfel KdERek¥eeddP KA lriRIRfeiFRting EBMpafEMERR \Eﬁ?@yr |
AS THE XEROGEL AS THE HYDROGEL Conparative optically
opague Limgis: ii@gnpgrmdmu, as showhxdyplso¥i®0Oline in FI&anple 1
optically cl E(\:%rnsequently, 1? élfr?tl.é io%:!se%rf the refrigerating and freezing
10 compartments 14 and 22 can be maintained at the respective proper
low temperatures.

Further, in the refrigerator 10, in a case where the
temperature tRor tF in the refrigerating or freezing compartment
for which the cooling operation is currently being carried out

15 has reached the respective lower limit temperature tR1l or tFl,
the cooling operation is switched even though the temperature
tF or tR in the compartment for which the cooling operation is
not performed has not exceeded the respective upper limit
temperature tFu or tRu. FIG. 8 shows the changes in the

20 temperatures in the refrigérating and freezing compartments in
this control manner.

Now consider a refrigerator in which the cooling operation
is switched on the basis of the determination only as to whether
the refrigerating compartment temperature tR’ has exceeded the

25 refrigerating compartment upper limit temperature tRu’ during
the freezing compartment cooling operation, for example. In this
refrigerator, as shown by broken line in FIG. 8, the freezing

compartment cooling operation is continued to time T1‘ although



O her physical properties for the polyner of Exanple 1 were

.determned to be as follows: tensile strength = 13.8 5.8 Mlynes/cnierr];
percent elongation = 211 [err] 89; nodulus = 22.1 12.3; and an EWC =
52.3 [err] 2.5. 25 The results of this conparison establish

t hat hydrogel polyner conpositions containing an interpenetrant
require the bl ocking of the WO 96/ 15471
PCT/ US95/ 12696 22 - 22 -

hydr oxyl groups on the nononers prior to polynerization in order to
achieve optical clarity in either the xerogel or hydrogel conp05|t|on

The physi cal tipe dhevezing cOmpartpeity tempeiratraspt®’ Lsesufficient s belows
pol ymer possesses tensile strength, percent elongatlon nodul an

val Ues suitabhe FEReZLRY | GOBPAYEMENE CLQHRR cLWmit “temperature SRl
EXAMPLES 2 and

sel ection of rFﬁtélF%nbr\\/a%lvéastefu-E. %bopgé_bg%gg rSEagp! es illustrate that

I"’ng~group can be nmade to control of

di mensi onal changg %Hé'f&rfi&ﬂ?ator 10 fsretid nembodbinRemt, MHowsnErqsitheon.
Specifically, the formulations for 10 Exanples 2 and 3 are as set forth

in Table 511 cbelLang operation is switched to the refr:.geratlngmgm;amment
HCEGVAS M/ CAB6 BPAGVA7 EX338 mple 2 94,24 w %
5.236 wt % coodipg3m@desmat timeThy Consequenéaéarnp@e wastefl, Geoling
9.345 wt % 45 w

di -trichlor ogé’&rigé“’gs?%ﬁeﬁFrdege?gqvﬁg's not performed. F ; in the

met hacr yl at € deyhQlyedabr! €851 tRE cobPLNd opération is re-switched to the
and preferably atlb% &or d P MW/ CAB = 30% wt : wt

cel | ul ose acefixade ilmdst tydsmgmrtment coollng mode at time T2 and thereafter, the

10 cooling operation is switched to the refrigerating compartment

cooling mode. at time T3 when the freezing compartment temperature

tF has reached the freezing compartment lower limit temperature

tFl, as shown in FIG. 8. On the other hand, a wasteful cooling

operation is carried out at about time T2’ in a refrigerator

15 wherein the cooling operation is not controlled in the
above-described manner.

The compressing performance of the compressor 46 is adjusted
at step S29 in FIG. 6. The compressing performance of the
compressor is considered too high when the temperature tR or tF

20 in the refrigerating or freezing compartment for which the
cooling operation is being carried out reaches the respective
lower limit temperature tRl or tFl before the temperature tF or
tR in the compartment for which the cooling operation is not being
performed reaches the respective upper limit temperature tFu or

25 tRu. Inthiscase, the compressing performance of the compressor
46 is reduced. This is the reason for the aforesaid adjustment
of the compressing performance. As theresultof this adjustment,

a further improved cooling efficiency can be achieved. An amount



met hyl nethacryl ate 7 BPAGVA = bi s- phenol - A

2- hydr oxypropyl 20 di net hacryl ate
(1:2 wvt:w BPAGWA in DVSO)

8 EX33 = Esperox 33[err] These fornmnul ati ons
were polynerized and cured in the manner descri bed above for
Conparative Exanple A and Exanple 1 to provide for 25 optically clear
xer ogel pol yner conpositions. WD 96235471

PCT/ US95/ 12696 - 23 -

Afterwards, the xerogel polyners of Exanples 2 and 3 were . subj ect ed
to hydrol ysi ggl}”ﬁwﬂ‘%%b/gg FORPLRS SRt RPE AP FIRRSK il§cIGf#1amined on the

lted b L8 f ' i | v S| and
nyrat i on of Pphas SE MR deddiealeOlih s Rl iieutch His LtbERdefis ox ¢
both opti cal lorabqartneiémg@hatng%zczkeaﬁmeradmgar%ateni;%ﬁwhﬂcﬂﬁh{& Y
bel ow: TABLE |V Ex.

Modul us[ er r] cPedinfapdritilonnis not edfig performedd arndithe respectiNe.upper
Expansi on_10_ it t 2 4. 4[ertr: 1.1 . 4. 1[err£1.6 .1f‘L7[eerr]28 L
64. 4[ err]®. 9dimit tempgyatyre tRu or tBu, ang {‘%r‘?}%.‘?r NCE SR (916, eR
L0451 el phe Soffizatuce cr ox < 1n'kpg, shesphol RENHD,
li near expanyhe cosBinGbpbrhfesh 8 BT perfordfind THetNd SRR e Powlsg" €€

of control of expansion arising from
limit temperature tFl or tRl. Consequently, the compressor 46

can be set at a more proper compressing performance.

10 The resonance points of vibration and noise produced by the
overall refrigerator are avoided when the running speeds of the
compressor 46 and theblowers 54 and 56 are varied. Consequently,
a high level of noise reduction can be achieved in the
refrigerator. Further, the compressing performance sometimes

15

becomes excessive even when the compressor is driven with the
minimum compressing performance under a low load condition where
an atmospheric temperature is at or below 15°C and the doors are
not opened and closed. In the foregoing embodiment, however,
the compressor 46 is controlled to be stopped under such a low
20 load condition as mentioned above. Consequently, a wasteful
cooling operation can reliably be prevented. Further, the
re-start of the compressor is prohibited for the predetermined
time when the operation of the compressor is stopped.
Accordingly, the compressor is re-started after the refrigerant
25 pressure is uniformed between the suction side and the discharge
side of the compressor 46. This results in a further noiée

reduction.

When the compressor 46 is re-started after the stop, the



hyd_rat ion. Exanple 3, in particular, exenplifies a polymer conposition
-havi ng approxi mately 50% wat er whi ch undergoes m ni mal expansi on

~during hydration. _ Accordi ngly, by selecting the renovabl e
bl ocki ng groups relative to 20 t he ambunt of water to be absorbed, it is

possible to provide for a polyner
di mensi onal change during hydrati on.

EXAMPLES 4-21 The foll ow 24 exanpl es are exanpl es of

optically clear polyner conpositions, both as the xerogel and the
hydrogel, within the scope of this WD 96/ 15471

PCT/ US95/ 126860l1ing operation is first performed for either coppartment in

i nvention. These osi tions were

I : h
desor bed a?tshéca%%y%sggggvﬁeﬂweﬁnﬁ KA BARDE Gt SAPERE ES SIRRRE
above. The I, t,i | | >,
are descri begl}'ﬁ‘lﬂ.‘r ‘?’atltﬁ%gse\’/%or%rgfgnao o‘]{/\%@g%/e 1%%?%% PERAH® 1.6 OFRES! SLIfYE.
PCT/ US95/ 126%@nsequent1y, the temperatures tR and tF can relidbly be set at

TABLE V HCEGVA[ err] MWW CAB[ err] BPAGVA[ err]
EX33[err]5 the respdoddive praper low températures. Further, in a cagegwhere

conposition having little

0.4 w % Exanple 5 97 ] 8 0, 5,

0.4 Wt % a high-@ggyp@r@tgre load (fpod etc.) 1s a%commodateﬂ gin the
0 .

82 x 02 > refrige@é%q.?llgeoz freezing 9zZouq:»art:ment 14 o% 22 such thit the

temperatures tR and tF in both cempartments exceed the respective ~

upper limit temperatures tRu and tFu, the cooling operation is
10 performed first for either compartment in which the temperature

tR or tF has exceeded the upper limit temperature tRu or tFu to

a larger degree than in the other compartment. Consequently,

the temperatures tR and tF in the refrigerating and freezing

compartments can more reliably be maintained at the respective
15 proper low temperatures.

In the foregoing embodiment, the defrosting operation is
carried out for each of the refrigerating and freezing
evaporators 50 and 52. Consequently, the cooling efficiency can
be prevented from being reduced by frost formation.

20 Particularly with respect to the refrigerating evaporator 50,
the defrosting operation is carried out during the freezing
compartment cooling operation. Consequently, the defrosting
operation does not interrupt the cooling operation. Since heat
exchange with air in the refrigerating compartment 14 is utilized

25 in this defrosting operation and the defrosting heater 96 is not
used, energy loss can be restrained.

There is a case where an excessively high temperature load

(food etc.) is accommodated into one compartment for which the



Exanpl e 8 94 12

0.5 0.4 wt %
"Exanple 9 97 12 0.5 0.4 wm %
Exanpl e 10 94 12 1.0 0.4 wm %
Exampl e 11 97 12 1.0 0.4 w %10
Exanpl e 12 96 11 0.4 0.4 wm %
Exanpl e 13 98 11 0.4 0.4 wm %
Exanpl e 14 96 13 25 0.4 0.4 W %
Exanmpl e 15 98 13 0.4 0. 4 W %
Exanpl e 16 0.4 4 W % 15

Exanpl e 17 cool:Lng ggeratlon is in prfgress . Fty:tzper, there 15 g capedghere

Exanpl e 18 the dootPis half- d
Exanbl 6 10 5 opene dlzg‘one or boghjaf the tempegraﬁu% %énsors

Exanpl e 20 arewrodg. Ineachof théé’e cases, tﬂ\e‘lcontrol secfidnW21%annot
Exanpl e 21 96 11 0.4 w % 20
HCEGVA = sometimegj dqﬁe@mmeoa@eléxblmter Oéf the ceoplling operatlon

met hacryl ate ed at -Hlerr 6 MVA/ CAB
30% Wt : y ? Ceﬁf"ﬁi‘—gééngg lBB‘ryr%H the foregoing embodiment, however, the

et hyl rret haEB}ﬂ:ﬁBf circuit 123 switches the ¥s&T¥ng operata.o %sjy#)henol

2-hydroxypropy

(1:2 wt:w BBAGHA predetermined time (one hour, for exam f71e) '.@l\ﬁo)can
8 _ EX33 = Esperox 33[err] WO 96/ 15
PCT/ US95/ 126g@11ab1y prevent the interior of each compartment from r@aining

I n Exanpl es 4-21 WMB nd BPAGVA anount s are all
r eportreTB in blgFP?lng %%h? o taime. Further, the temperature in a

EXAMPLE )%q%? f

enhancerrgﬁt icr? mpartmentssl? r }a-:g'gl egl% Flgt yi%%ée S?ggg{: hhet'i‘hé'f)e3 ‘Segéﬂ'%
(contact | endaxjersdeedi Boad is accdmiRddaRedoss @lfletéﬁng)dﬂ%ﬁrﬂ O{h&f the
conpared to conventional prior art met hods ecificall y, when

pol yrreri zat i G037 18 Halforepesy, of when the three-way valve 68 or one or both

of the capillary tubes 70 and 72 have failed. 1In the foregoing
embodiment, when the temperature tR or tF in the refrigerating

15 or freezing compartment exceeds the respective predetermined
forced cooling temperature, the compressor 46 is controlled so
as to be driven with the maximum compressing performance so that
the temperature tR or tF drops to the respective upper limit
temperature tRu or tFu. Consequently, the temperatures tR and

20 tF can rapidly be reduced to the respective proper low
temperatures in the above-described conditions.

The control circuit 123 actuates the alarm and returns the
compressing performance to the normal one in a case where the
temperature tRor tF in the refrigerating or freezing compartment

25 does not rise to the respective upper limit temperature tRu or
tFu even when the compressor 46 has been continuously driven with
the maximum compressing performance for the predetermined time.

Consequently, the compressor 46 can be prevented from being

e the



coﬁducted in a polypropyl ene nold, the hydrophobic nature of the nold
-tends to orient the nolecul es during polynerization such that the resulting

10 pol ymer surface contains a nore hydrophobic nature than the interior
of the pol yner. This difference can be quantified
by conparing the contact angle of the surface of the polyner to
that of a surface fornmed by lathing the pol ynmer such that the
interior of the polyner is exposed. Typi @&lly, when 15 t he hydroxyl
groups of the nonomer are not bl ocked prior to pol ynmeri zation, the
resul ting polyner conposition will have a significant i ncrease in

the contact exgéssifelyhelesadédicandomredrdingdy, pthenmeliabidity of theys
opposed to the contact angle of a surface forned after gglgémeriza i,on by

| at hi ng. TheCPHBF@SSQX |GATEha AWPraNghe THE ig, PReAghEERRTd | time
surface 20 . il . . . I , mer
conposition %g\rl\grr%{c:ia‘gh ét(i]éun%lrtf'r?gr in the re%ﬁi%%éﬁggggégaﬁgéﬁgsﬁ%d% its

contact angl gpbeatRehhridats3o idefitee’ iRctthe freeziflyrdonparaments ¢cdalimn as
opposed to the contact angle of a surface forned after

pol ymeri zat i operationhifioy exampisth ddtbonghihecaarm is ackuatedLaiinfeorm
[err] 2 evidencing that there was no redu¢tion in surface wettabilit

bet ween the uger Qf thecahnpmal garAagigs Yhihe LoTesPiid Bd?"ﬁ?éﬁ or
f th | . e ys . Wt j Em.ted t AN S j d
0 € pol yney Hpdicat pagow mﬁc%ﬁ;@? bEMehe t*ﬁé‘cﬁ:&%rloxy ditilon 'l‘g'}ipte héeve

that the bl o oyed on groups 'S

i nvention al t@lggilagedy dnoRhbisplay sediS®/ IS4 panel.
PCT/ US95/ 12696 - 27 -

nature of the nondPher foregoime hesapipbion nangd e dudstisigg pexei t mexgly
orientation of these groups on the syrface of the polyoer. After polynmer
For mat | o0t el FuRRARIL NS OF ot PERBEAPAGS (o ihe BROIRRt SysRsish Hroze
on the surface of the polyoer. .ln_apy t h r
wettability i oY tboe_R’e ic&nétrgfeflr Fﬁugelﬁf‘%neg poq‘yser\?gr ‘;‘Gg{-‘ﬂ? %Jsél n eenstSiagﬁl.
By follow ng f5@; P{OOSHBHL w9t bbEbhE PPN fen®idiethoRll 68| byd Dy skill
pol ymer conpositions containing an interpenetrant and hydroxyl groups can
in the art. All such changes and modifications are seen to fall

within the scope of the invention as defined by the appended

15 claims.



be prepared nerely by substitution of an appropriate reagent for the

I eagent recited in the exanpl es above. For exanple, a pol yner
conposition 10 enpl oyi ng EGDMA can be prepared as above nerely by
substituting the BPAGNA cross-linker with the EGDVA-cross-linker.

such a case, 0. 0355 grans of the EGVA can replace 0.2 of
t he BPAGWY DMSO cross-linker. Qther substi tu“m“ﬂ““t““ ﬂgwlsl y
done whi ch substitutions are well 2fithin the *l .

5 oos - VHA

In

WD 96/ 15471 T
IS CLAIMED | S: 1. An optically clear xerogel polyner
conposi ti on ¥BnEEAIMpGg: a pol ymer conprising bl ocked

hydr oxyl functional groups, and at | east about 1.5 wei ght
percent of an interpenetrant based on the 5 total weight of the
xerogel polyner comosidédyerator comprisiferein said conposition has a
sufficient optical clarity to permt t he passage of at |east 80% of
visible light thraugmprdssbny | |ineter (nm thick sanple of the
conposi tion. 2. The pol ynmer conposition according to Caim
1 whereindsai d 102 CORAPRFRKion i s cross-Iinked. 3. The

Conbosi 1 on, af ¢ GBS SO BRARAS o water contont
from about 35 to gbpuf -ékrg% RRloTalopat er based on the total
wei ght of the hydrat edr% rog%flat pol yme C

| east about 2 Mlyaeséfatligiralting blower supplying.a Eoad i gebdpoesByf the

of

coffposition and a nodul us of at 15

conposition according to Claim1 wherein sai d conposition conprises

from at | eastrefoigermtigigyevaperatar intebaurefrigeratgmgysopparsmestnt of

an Interpgenetrant y freezing evaporator;

a freezing blower supplying a cold air produced by the
freezing evaporator into a freezing compartment;
a refrigerant circuit serially connecting the compressor,
the condenser, the refrigerating throttling means, the
15 refrigerating evaporator and the freezing evaporator
sequentially;
a refrigerant branch pipe diverged between the condenser
and the refrigerating throttling means and connected at a
downstream between the refrigerating evaporator and the freezing
20 evaporator;
freezing throttling means provided on the refrigerant
branch pipe;
passage switching méans for switching a flow direction of
the refrigerant from the condenser between the refrigerating
25 evaporator side and the refrigerant branch pipe side; and
control means for switching a cooling operation between a
refrigerating compartment cooling mode in which the passage

switching means is switched to the refrigerating evaporator side



5. The xer ogel polymer conposition according to Claim4 wherein 20 said
interpenetrant has a nol ecul ar wei ght of from about 1,000 to about

50, 000, 000. 6. The xerogel polynmer conposition accordfng to
Claimb5 wherein said interpenetrant has a nol ecyl m
about 5, 000 £0 abou so0.000. v s/ 15471 | N A1R I il
PCT/ US95/ 12696

7. The xerogel polymer conposition accor@Bng to d ai m 1 vvherel n

said interpenetrant is selected fromthe group consisting of siloxane,
pol yur et hane, cellul ose acetate butyrate, cellul ose, hydroxy ethyl

cel i ul ose, and the W%F&ﬁ?rBbe?Iblt%ﬂqruF-ﬁﬁlvﬁrmer}‘hr%5Fﬁ9plﬁ9ot?3cﬁ(‘iﬁfﬁ opy!

cel | ul ose.

d]
Claim1 wher Beﬁng StOPPed %5 %%%I“‘Eggk?“ggé.‘g‘g#ﬁ%ﬁ Ically Jrée?g? Eg
permt the p%ﬁ%%éﬁgé‘éwa.tchlng mésﬁ‘étlsgé}ﬂ{ﬂ&fhé& £b inR féfﬂ"!i.tgéﬂ&rr&qgfhﬁctp 1
nm t hi ck sanpl e of conposi tion.

optically cl @a.pe(sn@ahd thed reerzdgeg binwembs da:civpnswmmthéﬁefnqenqntimg ng:
fromabout 70 to about 95 weight percent of di-trichloroacetate ester

of glyceryl MRLOWEET 9?&!‘6 ‘F\WRSQM theneppbral Bedwp Swidching, threcoal bng
wei ght of the corrg:osm

1.5 boyt .30 h
hor dont of | cORETPRIEn b the nefrigerating daibatFignt ¢oo] hapodl e g O
the conpositifQpeARY compartment cool LAY ﬁQ@Htwﬁeﬁ Eotéﬁl?h‘i'aégré“’eiﬂhﬁhe

percent of a cross-Ii nking agent based on the total weight of the
conposi tion. freezing compartmerl RKasopleakhked a dpredetennixiedi figedzhnlyner-
conposition according to Caiml.

compartment upper limit temperature, the control means switching
10 the cooling operation from the freezing compartment cooling mode
to the refrigerating compartment cooling mode when a temperature
in the refrigerating compartment has reached a predetermined

refrigerating compartment upper limit temperature.

15 2. A refrigerator according to claim 1, wherein the control
means switches the cooling operation from the refrigerating
compartment cooling mode to the freezing compartment cooling
mode when the temperature in the refrigerating compartment has
reached a predetermined refrigerating compartment lower limit

20 temperature and the control means switches the cooling operation
from the freezing compartment cooling mode to the refrigerating
compartment cooling mode when the temperature in the freezing

compartment has reached a predetermined freezing compartment
lower limit temperature.

25

3. A refrigerator according to claim 1, wherein the control
means adjusts a compressing performance of the compressor based

on a difference between the temperature of either the freezing



20 11. The ophthal m ¢ device according to Caim.10_wherein said

device is a contact |ens. : 12. A nethod for the preparation
of an optically clear xerogel pol ymer conposi t”"l'ﬁm e

pol ymer conpri si ng hydroxyl functionalities wh mmm’m"es
are bl ocked with renovabl e bl ocking 25 groups, and at fedst abeut»1.5
wei ght percent of an interpenetrant based on the total weight of
t he xerogel polyner conposition wherein t# pol ymer WO 96/ 15471

PCT/ US95/ 12696 - 30-
conposition has sufficient optical clarity to permt the passage of at

| east OB FhEoF ey LI mggﬁpmeﬁrsmsﬁtaa L f RYPRP “?‘ﬂ%}efﬁﬁﬁeﬁe
sanple of th empe],_,‘_;“l__‘mc(‘eorrposi tion which nmethod conpri ses:

(a) selecting a mononer conposition wherein each conponent 5 t her eof

conprises a reactive vinyl functionality and at | east one of the
conponents of the conposition conprises at |east one hydroxyl functional
group; 4. A féfr igemmitiongacherdyng oty lcXaime 8i, ohhei eontrain meanls of
t he hydr oxyl . cont ai ni ng npnonmer conponents _selected in %a) above
with a rer%va%‘l"le“*ﬁﬁ the| GERPEESiRg pperformance of the:\ComprEsiPyy wheng

"t or penct r antvbeSH e pasEAde RRsHELAE pRassnpotition: © o and

(d) polymerizing the conposition produced in (c) above to provide 15 for
an optically clear polyner conposition. 13. A method for

t he preparation of5.an mgfinigehiayor| aaroddihgpgelclaim 3, wiertedirethearpusidl on
conprising a polymer conprising hydroxyl functionalities and at

| east about 1M™Sa{e| §ATUBES c@8nELOSA &ﬁnﬁxt §PgeAefafither the frearing 9%

t ot al \A/elg@t gLfE:ESFég{gﬂ Ibﬁ?léllner conposition wherein the 20 pol ymer

conposition has sufrrircre op WA clari ty to permt the passage of

at |east 80% of visible light through a 0.1 mllineter (nm thick sanple of
t he conposition which nethod conpri ses: (a) selecting a
mononmer conposi ti ch. dhesfy iyeaztocacpondéihg to claim 4, wherein the control

means stops the compressor when the compressor is in operation
with a minimum compressing performance in a case where the control

15 means reduces the compressing performance of the compressor.

7. A refrigerator according to claim 6, wherein after the
compressor has been stopped, the control means determines which
of the temperatures in the freezing and refrigerating

20 compartments has reached the respective upper limit temperature
faster, so that the control means re-starts the cooling operation
for either compartment in which the temperature has reached the

upper limit temperature faster.

25 8. A refrigerator according to claim 1, wherein the control
" means obtains a difference between the temperature in the
freezing compartment and the freezing compartment upper limit

temperature and a difference between the temperature in the



t hereof conprises a reactive vinyl functionality and at | east one of the 25
conponents of the conposition conprises at |east one hydroxyl-functional _.

group; (b) blocking the hydroxyl functionalities on each of
o anre Bl perong e aon: ™o ger ssas MM ARRA A
PCT/ US95/ 12696 81 Mo

(c) conbining said nononmer conposition with at least 1.5 wei ght
percent of an interpenetrant based on the total weight of the conposition;

d I I Zi .th Lt d ' h i d
for hn opt oty iBPERFRE, SoupREEREEE: ARty el Fer15ktating) Bhbriment (1
bl ocki ng grozbgﬁ,efrr Thidl ée&ay‘%f&eﬁ%e WU the@Bemperatures in thel E):eam!gati ng

t he conposit produced in (e) above. 14. The met ho

accordi ng t o dddirefiigeratdng champhrtmnkntg bavepexceeded the sespgecbiivger
conponents are sol vol yzabl e bl ocki ng groups. 15. The

met hod accor ¢RRen biwibhitemperatures n Shthab|the genbrel means pepfaumigtheoups
are selected fromthe gro copsi sti of, .acyl and _ha] pacyl ,

bl ocki ng gro % o8 2%381‘8 E’é?'boﬂgét%@& oRaloRthE gomparfﬁ‘.enfﬁem

nmet hod accor qj G i PeL reLn I | F'Rther. s a

hal oacyl bl ogﬂ’%gﬁ grhguglz)ﬁtf ?ﬁgggo?ﬁufépiTgr r i @:{ O&JV\her girn each X is

i ndependently selected fromthe group consisting of fluoro and chl oro. 15
17. The nmethod according to Claim 13 wherein the bl ocking groups

are sel ected to r&dkaetndgeshatinr agrongdinante idaia § mwheraipothe icomtrol

during hydration.e driues she retrigifacll YRR AGEORALDY SRS R0

10 switched the passage switching means to finish the cooling

operation in the refrigerating compartment cooling mode.

10. A refrigerator according to claim 9, wherein the control
means obtains an accumulated time of the freezing compartment
15 cooling mode and starts a defrosting operation of the freezing

evaporator when the accumulated time has exceeded a

predetermined set time.

11. A refrigerator according to claim 1, wherein when the

20 freezing compartment or refrigerating compartment cooling mode
has been carried out continuously for a respective predetermined
time, the control means switches the passage switching means so
that the cooling operation is switched from the freezing
compartment cooling mode to the refrigerating compartment

25 cooling mode or from the refrigerating compé.rtment cooling mode

to the freezing compartment cooling mode.

12. A refrigerator according to claim 1, wherein the control



procedure (d) is conducted in the presence of water or a water containing
20 sol vent. 19. The nethod according to " Chaim 13- -

wherein said interpenetrants conpri se one or l.zabl e

gr oups. WO 96/ 15471 nﬂm"rmﬂmn m””"l
PCT/ US95/ 12696 * e W g

20. A nethod for increasing the wettabiljty of a polyner surface

nol ded agai nst hydrophobic nold material Wwherein said polynmer is derived
from nmonomers havi ng hydroxyl functionality which nethod conprises:

(a) blockinguddi N¥dgk! HECaMAdddAS QALRACH Gfadiifant’y YoibrlesBing
cont ai ni ng nononer conmponents enployed to prepare the polymer;

(b) pol yrer igdrprna@cednqiens Phedugaspdratiie alaveeither ovirkeiog or a

pol ymer conposition; and (c) renoving the bl ocking groups
from sai d hycefxidenntdmgs compartment has reached a respective freezing or

refrigerating compartment forced cooling temperature.

13. A refrigerator according to claim 12, wherein the
cooling operation is executed with the maximum compressing
performance being maintained until the temperature in the

freezing or refrigerating compartment reaches the respective

10 upper limit temperature.

14. A refrigerator according to claim 13, wherein the
control means carries out an alarming operation and returns the

compressor to a normal compressing performance when the

15 temperature in the freezing or refrigerating compartment does
not reach the respective upper limit temperature upon lapse of
a predetermined time from start of drive of the compressor with
the maximum compressing performance.

20

15. A refrigerator substantially as herein described with

reference to the accompanying drawings.



