2 ¢ heating solid elastonmeric gel to a fluid state; and

Lnj ect | ng the heated solid elastoneric gel through the inlet passageway
(38) into the chanmber (42) to thermally deformthe sheet (40) into

i ntimat e engagenent agai nst the cavity surface (32) and to form when

tthe gel has c e pad (44) 5 I ncluding a piece (28) m%ﬂshis
el astoneric ggﬁh i ng a surface corresponding in shapﬁro t eggavi ty

surface (32) between the deforned thernopl astic sheet (40) and t he
base portion (35). METHOD FOR MANUFACTERINGISOEBELASTOMERIE\GELS 28) of
solid elastoneric gel having top 10 side and bottom surfaces, arigid
base portion (35) having a periphery along said bottom surface, and a
flexible oil inpervious thernoplastic sheet (40) having a peri phery
attached to the periphery of said base portion (35) to forma chanber

bet ween sai d base portion (35) and sheet (40), said sheet (40) having an

I nner surgacg!ﬁ%ggﬁgigj%%&Wth the top and side surfaces of said
Iayer (28) of gel el ng free of wrinkles.
The present invention relates to the manufacture of solid elastomeric gels
and to the formation of pads including layers of such gels.

Background |

10 Pads including layers of solid elastomeric gels such as those described in
U.S. Patent No. 3,676,387 have been proven to be highly effective in reducing the
affect of pressure points on portions of a person supported on the pads, thereby
reducing tissue inflammation (e.g., "bed sores™) and loss of circulation to
extremities due to restriction of blood flow.

15 U.S. Patent Applications Nos. 08/253,510 filed June 3, 1994, and
08/324,734 filed October 18, 1994, describe wrist rests adapted to be used by a
computer operator which include covered layers of solid elastomeric gel on which
the wrists of the computer operator may be supported. The layers of solid
elastomeric gel in those pads retain their shape and provide a conformable contour

20 that distributes the weight of a users hands and/or forearms across a broad surface
area.

Heretofore, the solid elastomeric gels used in such pads have been made in
batch processes and subsequently molded to a desired shape. U.S. Patent No.
3,676,387 describes batch processes for making several gel constructions, each of

25  which processes includes placing a polymer and a plasticizer such a mineral oil in a
heated vessel, mixing the polymer and plasticizer under medium to high shear for a
determined time, and then emptying the vessel. Such batch-processes typically
require long mixing times and can cause mechanical degradation due to agitation
and or can thermal degradation of the polymers due to oxidation. Stabilizers may

30  be added to reduce thermal degradation, but they are limited in their effectiveness

and add cost to the process.
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PCT/ US96/ 06855 passageway into the chanber to thermally deformthe
Sheet into intimte * engagenent against the cavity surface and to
form when the gel has cool ed, a pad ~ including a piece of solid

el astoneri c gel ' a surface covered by the polyneric : f hat
corresponds invsvﬁg)pl)'gﬂ 0 the cavity surface. Bri ef De&?f‘%sof

t he Draw ng The present invention will be further described
with reference to tDiclosure of thed@@flignyi ng drawi ng wherein |ike reference

nunerals refer to |ike p_a}rts in veral views, and wherein: 10

the, ., Se 2
Figure 1 is a schematic VIeRIPSSPt BYPntQn proyides g @efiod for makingsolid elasternesicielsy t o
the present inventi f@ie quickly and with less nfelcBanical ahd itifermal &Mﬁ%@h&di@?&%m]%
ed I n

view of portions of the screws fromthe extruder.illustra
Figure 1: the batch process described above; together with improved methods for forming
5 pads that include layers of solid elastomeric gel.
Generally, the method according to the present invention is for making solid
elastomeric gel from copolymer and plasticizer and includes the steps of (1)
providing an extruder having multiple infeed sections each followed by a mixing
section along a barrel of the extruder; (2) introducing the copolymer into one of the

10  infeed sections of the operating extruder, (3) heating and shearing the copolymer'in
a subsequent mixing section, (4) introducing the plasticizér to the copolymer
through at least one of the feeding sections in a pattern and at a rate that producés
solid elastomeric gel at room temperature that will retain its shape after repeated
compression and decompression of the gel, and (5) ejecting the gel from the

15  extruder. _

The ejecting step may include ejecting the gel through a die to form a iength
of the gel having a predetermined cross section, and the method may further include
(6) cutting the extruded gel into lengths to form pieces of the gel with uniform cross
sections that can be used in pads.

20 Alternatively, the method can further include the steps of (6) providing a die
having a cavity defined by a cavity surface with a predetermined shape and a
support surface around the periphery of the cavity; (7) forming a preliminary
structure including (a) a rigid base portion adapted to engage the support surface of
the die, that has inner and outer surfaces and an inlet passageway communicating

25  between those surfaces; and (b) a thermoplastic sheet having a periphery attached to

~ the periphery of the base portion with the sheet extending over its inner surface to
define a chamber between the thermoplastic sheet and the inner surface of the base
portion, which chamber has a volume less than the volume of the cavity; and (8)
positioning the base portion against the support surface of the die with the

30  thermoplastic sheet positioned in the cavity at a position spaced from the cavity
surface. The ejecting step may then include ejecting the gel through the inlet



Figure 3 is a sectional view taken approxi mately along line 3-3 of Figure

2; 15 Figure 4 is a sectional view taken approximately al ong
'ine 4-4 of Figure 2; Figure 5 is a.schematic view
illustrating a first nodification of the method illustrated in
Figure 1, Figure 6 is an enl arged sectional vie |
used in the net %%‘7/00163 nodi fication illustrated in Figure SWCP,EW%”M
Figure 7 is an enl arged perspective view of a piece of solid elastoneric
gel made usi Nghsdahéwaydiith ekt ¢hambér t6 alicnmally deford ithedheek ihtd ihtigate e 5;

Figures 8 and 9 are sectional, vi&ws ill‘g_atrgfhii ng a second nodification_ of
t he met hod i | §ngRaemsRtagamst the eayyty suftace ang to form, when the gel has gooled, apad s o

per spective view ofinau&gia ﬁg&goﬂssﬁmas&&ﬁeg%gﬁdmgﬁ&m cOvered Pk bbigRkAO"

illustrated in Figures an tai |l ed”Description

Ref ersi ng now to Fishestshat gorraspendslin shapétorthe cayity surfase.r at ed a net hod
accordi ng o the present invention for nmaking solid elastoneric gel
fromcopolymer and 30 plasticizer. Generally, that method includes the

steps®of (1) provi diBiiefDefciptiomof theDrawing extruder 10 (e.g., a Werner
Pilel derer Nodel ZSK 30 b N S inevention will ba Furthér described with refierence to the
accompanying drawing wherein like reference numerals refer to like parts in the
several views, and wherein:
10 Figure 1 is a schematic view of an extruder used in the method according to
the present invention;
Figure 2 is an enlarged fragmentary view of portions of the screws from the
extruder illustrated in Figure 1;
Figure 3 is a sectional view taken approximately along line 3-3 of Figure 2;
15 Figure 4 is a sectional view taken approximately along line 4-4 of Figure 2;
Figure 5 is a schematic view illustrating a first modification of the method
illustrated in Figure 1;
Figure 6 is an enlarged sectional view of a die used in the method
modification illustrated in Figure 5;
20 Figure 7 is an enlarged perspective view of a piece of solid elastomeric gel
made using the method modification illustrated in Figure 5;
Figures 8 and 9 are sectional views illustrating a second modification of the
method illustrated in Figure 1; and |
. Figure 10 is a perspective view of a pad made using the second method
25  modification illustrated in Figures 8 and 9.

Detailed Description
Referring now to Figures 1 through 4 there is illustrated a method according

to the present invention for making solid elastomeric gel from copolymer and
30 plasticizer. Generally, that method includes the steps of (1) providing a twin screw
extruder 10 (e.g., a Werner Pfleiderer Model ZSK 30 twin screw co-rotating

3-
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PCT/ US96/ 06855 extruder) that has multiple infeed sections 1lla,
11b, 11c and 11d into which material may be fed through hoppers 16,
each of which infeed sections 1la, 11b, 11c and 11d is followed by a

m Xi ng section a barrel 13 of the extruder; ( ' cing
WG aeiey 11a) oftﬁéﬁug@"m

the copolyner into one of the infeed sections (e.g.,
extruder 10, (3) heating and shearing the copolynmer in a subsequent m Xing
section 12; é:&)udiel)tthwhmmdg'plaﬁrd'eqdlseatohsnzaeﬂlu, d1¢ émd Idintoywihich t hr ough

at | east oneofthe |ons b, ,11c.and 11d ip a attern
and at a rate to prgﬁf?gg%l ea.e aet?"o“ ‘éﬁiﬁéﬁhﬁ&'&cg s&?’“%éﬁ%

tenperature that w lic ﬁﬂtlauisfon&wﬁf@%ﬁi‘n Qéctiof 12 @lofigla barrel 13 o?%%cﬁ-ﬁééron
and deconpression Céﬂ es ofthe gel; and (4) ejecting the solid

el astoneric gel frofR)dmeodusing thg&ppolymer into one of the in muns(eg,llllhhefﬁmt es

portions of tw ng Scé’ﬁ%ﬂlﬁ%ﬂhwﬁ*%é“‘?‘qﬁ#e&’?c@ﬁdmmiwmgg th.eglsgé‘negd

and m xi ng sections WI'n °scT ew
Figures 3 and 4 ill uz;t(Bhnwodegchmsnsmrttodmdopelymmhrough i ieast vheofthi¢ ews 14

at the m Xin Cti respecti Wil e the specific
pitch and type of nﬁ%eaém §hgle 32@ "s"e@?tle'a‘r@x %@tﬁ'g%@cem cal ,
those sections shoudlgstbiericalePhbtd rédin tviﬂwa@lﬁe that will retain(ifs! e/ bifref Feﬁbﬂaﬂc e

time in the various sections to acconpl i sh honobgeneous mn xi ng
pl astici zi ng of thecomsessippand decompression cycles of the gel; and (4) ejectmg the sohd

10 elastomeric gel from the extruder 10.
Figure 2 illustrates portions of twin screws 14 in the extruder 10 at two of

the infeed and mixing sections 11a, 11b, and 12 of the twin screw extruder 10.
Figures 3 and 4 illustrate the cross sectional shapes of the twin screws 14 at the
mixing and infeed sections respectively. While the specific pitch and type of mixing

15 and infeed sections used is not critical, those sections should be selected to provide
sufficient residence time in the various sections to accomplish homogeneous mixing
and plasticizing of the copolymer. '

The polymer is introduced into the first infeed section 11a of the barrel 13,

and is then heated to between 200 and 350 degrees Fahrenheit in the following

20  short mixing section 12. Plasticizer is introduced at the second infeed section 11b
and is then heated to a temperature in the range of 200 to 350 degrees Fahrenheit in
the next mixing section 12. The mixture then passes through another mixing
section 11c heated to a temperature in the range of 250 to 350 degrees Fahrenheit.
The barrel 13 and the screws 14 may include any number of infeed and mixing

25  sections 11 and 12 needed to achieve the desired sofiness for the solid elastomeric
gel. After the final mixing section 11, the mixed gel is passed through a cooling
feed section 15 to reduce the temperature, and thereby increase the viscosity of the
molten gel so that it can be fed either (1) into a storage container (not shown) for
later processing, or (2) thrbugh a profile extrusion die 21 as will be explained below

30  with reference to Figures 5 through 7, or (3) into an injection mold or die 30 as will

-,



The polyner is introduced into the first infeed section 1la of the barrel
13, and is then heated to between 200 and 350 degrees Fahrenheit in
tthe following 20 short mixing section 12. Plasticizer is introduced at
t he second infeed section 11b and is then heated to a tenperature in

the range of 200 to 350 degrees Fahrenheit in t he next WWUOH
12. The ni xt ur YAHMPasses t hrough anot her m xi ng sect’1 on Cc heated
to a tenperature in the range of 250 to 350 degrees Fahrenheit. The

barrel 13 and the %W&nwwmwnmdefeﬁmwms sahrougheeobrqmmiwfbng, 25
sections 11 and 12 needed to achi eve the desired %ness for %&E‘E Iid
el ast oneric dlrsealghevice tq filba flexible slegve with t m p pad gfa

passed through a cool i nq=%ulmssthi&,gﬂﬁmfgﬁheaﬂ}é.ﬁdanﬁc%mm@ﬁe&mﬁwlﬁ

and thereby increase th scosi t so that it can
be fed either (1) |Figmesalﬁtrwgﬂahncmnhemdﬂ(mekewmﬂ9 the solid elastomerie gel

Dol ow 30" wi th's ereHLiIBAR Grits ot Goerigiit ot cin Bopast i huds. 18 kP bl C1

nol d or die 30 as Wides 20 of solid elastomeric gel, the molten gel from the extruder 10 is pushed - 4-
through a profile extrusion die 21 onto a conveyor 25 where the at least partially
cooled and solidified gel extruded through the die 21 is cut into lengths by a cutting
device 22 to form the pieces 20 of the gel with uniform cross sections that can be

10  used in pads. ' '

Figure 6 illustrates details of the profile extrusion die 21 which has an inlet
port 23 into which molten gel is fed from the extruder 10 at a temperature and rate
that allows the periphery of the gel to conform to the shape of an outlet orifice 24
of the die 21 and, upon being exposed to room temperature air, to solidify to an

15  extent that its peripheral shape in cross section is retained upon further cooling.

| The profile extrusion die 21 includes a central temperature control section having
openings 27 through which heated or cooled liquids or air may circulated or electric
heaters may be positioned to help provide temperature control for the gel passing
through the die 21.

20 - 'While Figure $ illustrates feeding molten gel directly from the extruder 10
into the profile extrusion die 21, solid elastomeric gel made using the extruder 10 or
by a batch process at an earlier time may be made molten and fed through the
profile extrusion die 21 using means other than the extruder 10, such as a melt
pump (not shown).

25 Figures 8 through 10 illustrate a second modification of the method
illustrated in Figures 1 through 4 that can be used to make pads including pieces 28
of the solid elastomeric gel with precise predetermined peripheral shapes. That
method further includes the steps of providing the die 30 (Figures 8 and ) having a
cavity defined by a cavity surface 32 with a predetermined shape, and a support

30  surface 34 around the periphery of the cavity. A preliminary structure is formed
that includes a rigid base portion 35 (e.g.. of polystyrene plastic) gdapted to engage
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PCT/ US96/ 06855 al so be expl ained below wth reference to
Figures 8 through 10, or (4) into a form . fill-seal device to
fill a flexible sleeve with the gel to forma pad of a desired shape.
Figures 5 thro ustrate a first nodification of the ne

i1 lustrated mlWBJMdIH Figures 1 through 4 that can be use to! Imailge
pi eces 20 of the solid elastoneric gel 5 wth uniformcross

sections (see Fi gur ¢gheBuppdrasurtaae3bef thesdie 30, haping innefandronkes sarfhcls 36 and 37, and

pi eces 20 of solid elastoneric gel, the |ten gel fro th extruder 10 is
pushed sﬂ "{f Mtof a@ﬁnrg sé‘ft%‘[ W) SOMMPRIEANDE o5
where the at |east Batweh@ité h‘lner and outer surfacésqelaaalwnﬁms%whemﬁdth&%opﬁsﬁé uded
through the die 21 is cut into |len ths by a cutting device 22

to formthe pieces B3lieetd0 hivingpeperiphandLiattachedtodhepsiphery of the baseipertians}s with
10 used in pads ) ta of t
profile extrusi of ditlbesﬁetmieéﬁn%o%ﬂ‘eﬁ%{ r?aoegéyo&eﬂ%egghafn% J’#ﬁ &'8h
rrﬁl tenI ?el ishf ed fltﬁuﬂmbﬂestﬁ&héheUWﬁTthﬁe mher&uﬁmimroi‘tl;]&bisﬁﬁbindrﬂ}ﬂe which |
that allows the per| ery t he ge to copformto_ the sha out | et
orifice 24 45;7 B‘?‘“‘B%Pﬂb é'g 38 ﬁgﬁm'm
tenperature air, t Oﬂfeqhﬁéi'lsﬁ&a&@saﬁu thecav?sa&cegzt e bssb%rﬁoﬁas ile;{dsﬁi%ﬁé:ﬁ'

shape i n cross SECtIOﬂ I's retai ned upon Turther cooling.

profile extrusion diaed may beielrmpreif secessary against thesuppart susfaessit of she die 30 W!ﬂil
havi ng %etﬂ%rﬂ%ﬂalgtzc dnB& A0 PBsinthHel h (hE Ui 2P pS&finSifladels BdnPhe "

air may circulat By &
cavity surface 32 (Figure 8). The molten gel is then injected by the extruder 10

through the inlet passageway 38 into the chamber 42 to thermally deform the sheet '
40 into intimate engagement against the cavity surface 32 (Figure 9). When the gel
has cooled there is formed a pad 44 including the 28 piece of solid elastomeric gel
15 having a surface very precisely corresponding in shape to the cavity surface 32 and
overlaid by the sheet 40. The sheet 40 also corresponds very precisely to the cavity
surface 32, has an inner surface coextensive with the top and side surfaces of said
layer of gel, and is smooth and free of wrinkles. .
The sheet 40 can be a laminate of an inner oil impervious thermoplastic
20  polymeric film and an outer conformable layer that provides a pleasing surface
texture for contact by a persons hands and arms. As an example, a polyurethane
blown microfiber web laminated to a polyurethane film has been found quite
suitable. Such a laminate is described in U.S. Patent Application No. 08/490,464,
filed June 14, 1995, Attorney Docket No. 51823USA9A.
25 The sheet 40 can be attached to the base portion 35 by heat sealing or other
means, such as are described in U.S. Patent Applications Nos. 08/253,510 filed June
3, 1994, and 08/324,734 filed October 18, 1994.
While, as described above, molten gel can be fed directly from the extruder
10 into the chamber 42, solid elastomeric gel made using the extruder 10 orby a
30  batch process at an earlier time may be made molten and fed into the chamber 42

using means other than the extruder 10, such as by a melt pump (not shown).



heaters may be positioned to help provide tenperature control for the gel
passi ng t hrough the die 21. 20 While Figure 5
ifTlustrates feeding nolten gel directly fromthe extruder 10

into the profile extrusion die 21, solid elastoneric gel nade using the

extruder 10 or by a batch process at an earlier }i e
made nol ten anWXH®B ough t he profile extrusi o%é@%g 85gsi ng
nmeans ot her than the extruder 10, such as a nelt punmp ( not
shown) . 25 Figures 8 through 10 illustrate a second

nmodi fication of the nethod illustrated in Figures 1 through 4
that can be used tcﬁﬁﬂmﬂﬂéads I ncl udi ng pi eces 28 of the solid

el astoneric gel wth pregk ' ' finad
met hod further incl udes%{b ‘zaéﬁg‘ggﬁto@gars%?'?ghﬁ?g‘ff%ﬂﬁ%“m esu58 and 9)

having a extrusiarvpriogesslef i ned by a cavity surface 32 with a

b edet o1 120, 120 21, SR MR ity gl KRR i i b

that tncludes a ri gfsn BASEPERINTonRany Wagintrodiced ity & filst ifeed géctiohil¢a of the

adapted to engage co-rotating twin screw extruder 10. The screw design of the extruder 10 was such
that multiple mixing sections 12 each followed different multiple infeed sections 11
along the barrel 13 of the extruder 10. The copolymer introduced in the extruder

10  was heated and sheared in the first mixing section 12 immediately following its
introduction into the first infeed section 11a. Mineral oil plasticizer similar to that
described in U.S. Patent No. 3,676,387 was introduced at approximately a 1:1 ratio
by weight with the copolymer at the second infeed section 11b of the extruder 10.
Additional plasticizer was introduced at the third infeed section 1lc at a ratio of

15 about 3:1 by weight with the copolymer, and still additional plasticizer introduced at
the fourth infeed section at a ratio of about 4:1 by weight with the copolymer. The
extruder 10 was fed with copolymer and plasticizer at a rate that produced 50
pounds per hour of the gel. .

For purposes of comparison, solid elastomeric gel was also produced by the

20 following batch process.

A 75 gallon heated kettle was filled with the same ratio of the copolymer
"Kraton {t.m.) 1107" and the mineral oil plasticizer described above to which was
added a small amount of "Irgonox (t.m.) 1076 stabilizer. The mixture was agitated
at medium shear for 8 hours.

25 The solid elastomeric gels produced by the above two processes were
analyzed using gel permeatation chromatography analysis ("gpc") to compare the
percentages of tri-block and di-block copolymers in the gels, and thereby compare
the amount of thermal and/or mechanical degradation the gels had undergone in
their manufacturing processes (i.e., tri-block copolymers degrade to di-block

30  copolymers, so that the level of di-block copolymers in the gel is an indication of

* the amount of degradation that has occurred in the manufacturing process). The gel
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PCT/ US96/ 06855 the support surface 34 of the die 30, having inner
‘and outer surfaces 36 and 37, and - having an inlet passageway 38 and
small air vents (not shown) comrunicating ' between its inner and

outer surfaces 36 and 37. Also provided is a thernoplastic 40
havi ng a peri p%??ml?iﬁattached to the periphery of the base pgq/%%ng@gw'th
5 t he sheet 40 extending over the inner surface 36 to define a chanmber 42

get ween the 5 m&ﬁhﬁéﬁ?&b%ﬁﬁﬁf\oﬁ%@ﬁmﬂﬁm&hﬁeﬂﬁﬂﬁ-ﬁwﬂdﬁp&yﬁﬁm@ﬁdithe
ase portion 35, i C . anber 4 as a yol une ss, than the vol une
of the cavity in thé3dipsrcee %@fqﬁggﬂpolymers, W'W@S%"ﬁﬁﬁlr"‘%‘ifﬁ‘ﬂ’é “S‘Q’HEWE?S‘% he

it f 32. : b -8Rk letd ;
cavity surface Bt ). P Brbhf i-Block SopRflels il 393 percent dirblsbk Bopotifiers |

cl anped i f necessary agal nst e support surtface 34 of
the thernopl astic siwhich intiicapedsthati signifistantly l¢sk theomal degradation hadeécurredinsheced

fromthe cavity surface 32 (Fjgure 8). The nolten gel is then
injected by the éxt Fﬁ%‘é’?‘mﬁ"ms‘m&‘tth?g’ﬁéﬁ’ ‘i nl et passageway 38 into the
chanber 42 to thermally ¢gé fiRerftion Bhs now been ddieribet withi referéiiet o aegagement
agai nst the cavity surface 32 (Figure 9). Wen the gel has cool ed

there is formed a p&mbadimegttpgathesyvithiseveps modifications thepsof. oIt ayill be apperenttoge|

15 having a surfac r-ecl i i ity
surface 59 and - OKEUHIGYR NGt o airk SRR B idd AR ehfbduhe it
corresponds very pr emidifichtjons deschibedcaboie without departing fiome the 3Ggpelufitheqpmesestner
surface coextensive . wth t t and si.de surfaces of id . . | ayer of
gel, and is snooth é’ﬁ’&“"f‘?“eg%Bf a%l’sf’?ﬁ?loige present invention Sh°§l$ﬁ'8t befimiedspthe ) e
a lam nate of an i nRmdthods hnd stRRkésUeScribbEinthip kgititdtion, Bifl only®ly Yhexrhéthodsiahdn and

an outer conformable | ayer that provides a pleasi.ng surface texture
for contact by a persEBfdresdesgubed by the lﬂ%“aﬁ'sgfjé# é@!‘agrﬁﬁ“gt,hegq‘ﬂ}ﬁ‘?ﬁ? ofithosfie

methods and structures.



bl own mi crofiber web | aninated to a polyurethane filmhas been faqund qui
suitable. Such a lamnate is described in U S Patent PSR HEET RS BEEN

'(I)'ﬁ/e4gg’eg?4’40 can bef :’:1![ tegcﬂggeltmmummluelﬂmﬂmlg% ggclge/thNo i 2'5

ot her MR, ch as art descriPedsin*U S. Patent Appl] ' Nos.
08/ 253,5 10 filed ﬁ“ﬂﬁ‘g 3, 1994, and 08/324,734 filed &é@#@%g"gs
1994. Wi l.e, as described above, nolten gel can be fed _
directly fromthe eGhimsder 10 into the chanber 42, solid elastomeric
gel made using the extruder 10 or by a 30 batch process at an earlier
time nmay be made nolten and fed into the chanber 42 usi ng neans
other than the extruder 1108 meM6dfoR tnakihpRoRPLlkst R gt ¥Rm SN er and
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5 providing an extruder having multiple infeed sections each followed bya

niixing sections along a barrel of the extruder;

operating the extruder while introducing the copolymer into one of the
infeed sections of the extruder to heat and shear the copolymer in 2 subsequent
mixing section; _ .

10 introducing the plasticizer to the copolymer through at least one of the
feeding sections in a pattern and at a rate to produce solid elastomeric gel that at
room temperature that will retain its shape after repeated compression and
decompression cycles of the gel; and

gjecting the gel from the extruder.
15
2. A method according to claim 1 further comprising the steps of:
passing the gel through a die havinga predetermined peripheral shape; and
cutting the extruded gel into lengths to form pieces of the gel with uniform
cross sections that can be used in pads.

20

3. A method according to claim 1 further comprising the step of passing the
gel through a die having a predetermined peripheral shape.

4. A method according to claim 1 further comprising the steps of*
25 providing a die having a cavity defined by a cavity surface with a
predetermined shape and a support surface around the periphery of the cavity;
forming a preliminary structure including a rigid base portion adapted to
engage the support surface of the die, having inner and outer surfaces, and having
an inlet passageway communicating between said inner and outer surfaces: and a
30 thermoplastic sheet having a periphery attached to the periphery of the base portion
with the sheet extending over said inner surface to define a chamber between the

-9- This Sheet Has Been

0w i



Exanpl e 1: ic gel has been-jroduced hy fhe
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t he CO- ' twin screw extruder : e screw desi
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sheared in the first _,mXxi section 12 . di.ately following its

I ntroduction into th Iu??:!e[sl?tqaﬁg‘éeeVT ec?ﬁsgﬁec‘lvitya._ M neral oil plasticizer
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i ntroduced at approximately a 1:1 ratio by .wei ght with the copol yner
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pl asticizer was ignt at the third infeed section 11c at a ratio of

15 about 3:1 by weight wth the copolyner, and still addi tional _
pl asticizer introduced aextruding the bdatedfsolict élistonserie el thrsuigh etit inlet gassagévay iftb

: ight with th I . Th . . extruder 10 was fed with
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gel was al so produced [ 20 follow ng batch process.
A 75 gal | on heated Riastemericgel having asurface gorresnonding in shaps to thé die serfacepol yer

10

5. A method for forming a pad comprising the steps of® .
providing a die having a cavity defined by a cavity surface with a
predetermined shape and a support surface around the periphery of the cavity;
forming a preliminary structure including a rigid base portion adapted to
15 engage the support surface of the die, having inner and outer surfaces, and havixig
an inlet passageway communicating between said inner and outer surfaces; and a
thermoplastic sheet having a periphery attached to the periphery of the base portion
with the sheet extending over the inner surface to define a chamber between the
thermoplastic sheet and the inner surface of the base portion, which chamber has a
20 volume less than the volume of said cavity; '
positioning the base portion against the support surface of the die with the
thermoplastic sheet positioned in the cavity at a position spaced from the cavity
surface;
heating solid elastomeric gel to a fluid state; and
5 injecting the heated sofid elastomeric gel through the inlet passageway into
the chamber to thermally deform the sheet into intimate engagement against the
cavity surface and to form, when the gel has cooled, a pad including a piece of solid
elastomeric gel having a surface corresponding in shape to the die surface between
the deformed thermoplastic sheet and the base portion.
30
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"Kraton (t.m) 1107" and the m neral | asticizer desgrihed agbove to

e i xture vas agiiated. S"ﬁlll“fmﬂmluj |!|122P°?05t8mgfoﬂ’?‘§7ﬂﬁ£§§ BEER

The solid elastoneric gels préduted by' the above two pr

the 2o S BB C"01 *Lr ol ock and i bl ock copol yiror & RCRTBRUHES ©

and t hereby conpare t he amount of "t hermal and/ or mechani cal
degradation the gels hae. wpi&mﬁmmghlayerofsohdte!aetomeﬁagélfhaﬁhglidpiwe%acesSeS
(i.e., tri-block c Iyrrers degrade to di-block copol yners, so_that
the | evel of di- 0‘86 figid; leavmgaamnpméa@swhﬁttomsmﬁm t he

gg})unt of degradat afi'a BBAble B g Al tdmbblatid ShdBR RNERSL perpdly BRABES S the T

97/ 00163 periphery of said base portion to form a chamber between said base portion and

PCT/US96/ 06855 sheet, said sheet having an inner surface coextensive with the top and side surfaces

of said layer of gel and being free of wrinkles.
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made by the extrusion process contained 66.7 percent tri-block copolyners
and 33.1 percent di-block copolyners, whereas the gel made by the
_.batch process contained 52.7 percent tri-block copolynmers and 47.3
“‘percent di-block copolyners - whi ch indicated that significantly |ess
t hermal degradation had occurred in the 5 extrusion procegynsheawssssn t he
. bat ch pr ocesswo 97/00163 The present invention has now been descri bed
with reference to one enbodi ment ttf8et her with several nodifications
thereof. It will be apparent to those skilled in the art that nmany
changes can be made in the enbodi nrent and nmodi fi cations descri bed
above wi thout departing fromthe scope of_.the prgsent 10 invention. Thus
t he scope of the present inJengign shou

not b imted to the
met hods and structures descrjibed fn thi pplicdthon, but only by the
met hods and structur HesErib aNgWage of the clains and
t he s«equi val ents of those nptl any/st\fict\f ee11d
* * rd
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PCT/'US96/ 06855 C ai ns: 1. A nethod for making
solid elastoneric gel from copolyner and pl astici zer -includi ng the
steps of. 5 provi di ng an extruder having nultiple infeed
sections each I by a m xi ng sections along a barrel of the
ext ruder; &891"83&9 operating the extruder while int roduMﬂ’sPﬁ'é“ss
copolymer into one of the infeegyﬁections of the extruder to heat
and shear the copolymer in a subsequen m xi ng section; 10

i ntroducing the plasticizer to the copolyner through at |east one of the

feedi ng sections a pattern and at a rate to produce solid elastoneric
gel that at r tenperature that will retain its shape after
repeat ed conpresqi nd deconpressi on cycles of the gel; and

ej ecti ng the gel |frpmfthe §x : 22\ methed according
to claim1 furthdgr_fonpri si :

throqph a di e havi pr ¢ T pel aha v .

23
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cutting the extruded gel into lengths to form pieces of the gel with

.uni form cross sections that can be used in pads. 20 3.
A nmethod according to claim 1 further conprising the step of passing the
gel through a die having a predeterm ned peripheral shape.

4. A nethod a odbdigs t© claiml further conprising the step

providing a dﬁgshaV|gE a cavity defined by a cavity surface afﬁﬁmgééaﬁs
predeterm ned shape and a support surfacgyqround the periphery of the

cavity; formng a prelimnary structure including a rigid base
portion adapted to engage the support surface of the die, Saving
i nner and outer surfaces, ap# having an inlet pa 3

comuni cati ng between said I pner and odgQer .3 ‘ _
t her nopl astic sheet havBdg apfer | peri ghery ofthe base
porti‘on with the sNeet i ' : ' 2 ?

chanber between the 44 - "" SRR S N A ‘ -9-




Ty{§6;96/06855

WO
PCT. §FP§6@5§INING AND NANHFAGEYRING he@t andAtibesknaer sesfiace VOSSP pARTNER
bas€¥fofEitor, A APTRFer havi nga votume—tess than the vol waeg Aﬁﬁj\;fxﬁ:‘:

said cavity; POSi t j un ortion agai nst eUd®EaN PaTENT s7ren
support surface of the die with tﬂm"nﬂll ﬂ“ WI astic sheet positieBedro—s .
in the cavitYlsimsa position spacedsT @My i 5 surface; gighs MU\‘\

extruding the heated solid elastoneric gel through the inlet passageway

into the chankeethed fob Griiing paddf Qolid elagomese keli frond copulymertand
engagenent against the cavi t%%surface and to form when the gel has
cool ed, a padlastieRerFgrisiscetie SR el astonmeric gel having a

surface cgrrespondi g 4 ' 5. A
met hod for form n}r gsié‘g ‘%@%ﬁ‘?‘.‘é’ﬂ%%“g‘b??@g@tg’ﬁ&d seél@ons(l!a, 1B, 1plrcbvi ding a
di e having a 1qayedch fRdwersy Diixng sectibl (1) afoaga batrelofahe extruder pYO3det er ni ned
shape and a support surface around :the periphery of the cavity;

forming a prelini repesatingtheexdruder (&) whilnintepduring therapelyper intapneekibeed t o
and havi ng e Sftons (da. 355 1A ot mele: PGS BER ABER R Srer "ana
attached to CRECSer By sbscquelt Aiipleatil Q281" "2 Wtk fhe Sheet
ext endi n§0over t hdnfrodusingsthe plasticizay tal tie copolymeh thrbugh 43 deasieene afithe
infeed sections (114, 11b, 11¢, 11d) in a pattern and at a rate to produce solid
elastomeric gel that at room temperature will retain its shape after repeated
compression énd decompression cycles of the gel; and
ejecting the gel from the extruder (10) through a die (21) having a .
15 predetemﬁned-peﬁpheral shape; and
cutting the extruded gel into lengthé to form pieces of the gel with uniform

cross sections that can be used in the pads.

2. A method for forming a pad (44) comprising the steps of:
20 providing a die (30) having a cavity defined by a cavity surface with a
" predetermined shape and a support surface (34) around the periphery of the cavity;,
| forming a preliminary structure including a rigid base portion (35) adapted
to engage the support surface (34) of the die (30), having inner and cuter surfaces
(36, 37), and having an inlet passageway (38) communicating between said inner
25  and outer surfaces (36, 37); and a thermoplastic sheet (40) having a periphery (41)
attached to the periphery of the base portion (35) with the sheet (40) extending
over the inner surface (36) to define a chamber (42) between tﬁe thermoplastic
sheet (40) and the inner surface (36) of the base portion, which chamber (42) has a
volume less than the volume of said cavity, .
30 - positioning the base portion (35) against the supporz surface (34) of the die
© (30) with the thermoplastic sheet (40) positioned in the cavity at a position spaced

from the cavity surfuce (32); {REPLACEMENT SHEET

12 AUG 1997




fher mopl astic sheet and the inner surface of t | whi ch
chamber has a 20 vol une | ess than the volu Eﬁ‘lﬂﬂﬁggmm :
positioning the base portion against the supp L die with

t he t her nopl astic sheet positioned2 n the cavity at a position
spaced fromthe cavity surface; _ ., heating solid

el astomeric gel heatingsolid glagtpmesc séﬁe aflyid state;and hj ecting the heated
solid el astoneric.gel roughs t ' . chanber
o thermai |y der ioHPRIPE AR ol slaftofert 3 BREMRthd Rk pumgenel (1)

cavity surf 868 iR \Chahbet @2t {HaRally RIS the disect (10) 2o intimatslerigagémetitng a

pi ece of solid el astoneric gel ‘having a surface corresponding in
shape to thegainst theicavity sudfase(82)and to form, ivehed diegelhes coelednthelpad{#4) sheet and

}32% ng% 88%@%&1@ a3 giece (28) of soli\t/i\gla%t?c.{n?e%%%%l having a surface corresponding in

shape to the cavity surface (32) between the deformed thermoplastic sheet (40) and

the base portion (35).

3. A pad (44) comprising a layer (28) of solid elastomeric gel having top
10  side and bottom surfaces, a rigid base portion (35) having a periphery along said
bottom surface, and a flexible oil impervious thermoplastic sheet (40) having a
periphery attached to the periphery of said base portion (35) to form a chamber
between said base portion (35) and sheet (40), said sheet (40) having an inner
surface coextensive with the top and side surfaces of said layer (28) of gel and being
15  free of wrinkles.
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5G Q403|55-0
6. A.pad conprising a |ayer of solid elastoneric gel haV| ng top side an

bottom surfaces, a rigid base portion having a periphery along said bR TRIR

sur f ace, and a flexible oil inpervious thernoplastic sheet havi 6gPY
peri phery attached to the peri phery of said base portiondes form a
chanber between said base portion and 5 sheet, said sheet .‘v- W an

i nner surface coele ve W t RydpibaneQg mkmmm s ai d

| ayer of gel and ng free of wri nkI emations! Surcen
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(57) Abstract

Solid elastomeric gel is produced in a continuous process using a
twin screw extruder (10). Gel from the extruder (10) can be fed through
a die (21) to form a length of the gel (20) with a uniform cross section
and then cut to length to provide pieces of the gel (20) for use in a
pad. Alternatively, gel from the extruder (10) may be injected into a
chamber between a rigid base portion and a thermoplastic sheet to form
that sheet and a surface of the layer of gel in the cavity against a surface
in a cavity, thereby producing a pad including the layer of gel that has
4 precise predetermined peripheral shape corresponding to the surface
in the cavity and is covered by the sheet which also has that peripheral
shape and i3 wrinkle free.




