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so this case, the crosslinking is effected by electron bombardment of the polycaprolactone. Splinting and

casting material manufactured in accordance with U.S. 4240415 is commercially available under the trade

name Aquaplast. it has been suggested that this material has a number of disadvantages, including some
elastic membry, too much stretch when molten, and too short a setting time.

An alternative approach to rendering polycaprolactones more suitable for use as a splinting and casting

65 material is disclosed in British Patent Specification No. 2015004 A. This specification teaches thermoplastic

compositions comprising from substantially 70 to substantially 80 parts by weight of a poly(epsilon)-

caprolactone, from substantially 5 to substantially 20 parts by weight of a predominantly cis-1,4 polydiolefin

and from 0 to substantially 10 parts by weight of an ionomer, the total of such polymetic materiais being
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45 When an organic peroxide such as benzoylperoxide is used, it is preferably used in an amount from 0.1%
by weight to 1% by weight of the polymeric component, and more preferably from 0.1% to 0.6% by weight.
if fess than 0.1% by weight is used, very little crosslinking effect is observed, whereas if more than 0.6% by
weight is used there is a tendency for the polycaprolactone/thermoplastic rubber mixture to become too
rubbery, leading to elastic memory effects, and poor moldability.

50 When benzoylperoxide is used as the crosslinking agent, the crosslinking reaction is preferably carried
out at elevated temperature for a period between 1 minute and an hour. Particularly preferred conditions are
a temperature of from 110 fo 120" C for a period of from & to 15 minutes, e.g. 10 minutes.

The filler is used in the composition of the present invention mainly to reduce the tackiness of the melt
during processing. It also serves to retain some heat, thereby extending the setting time. Talc is a

55 particularly good filler which controls the tackiness of the polycaprolactone melt, but it does tend to reduce
adhesion in the finished splinting and casting material. In order to avoid this, the filler preferably consists of
or includes a silica or calcium silicate, which improves the adhesion of the finished splinting material. Some
improvement in the flexural modulus and flexural strength is also observed, since silica has some
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pol ymeric conponent to filler is from3:1 to 2:1, for exanple 2.5: 1.

Cr ossl P#hk % he pol ycaprol actone and the therrmpl astic rubber can be
achi eved by a variety of nethods, such as by nmeans of ionising radiations
or by neans ’\)‘F“"i‘:‘f?e‘?ht‘teafP“Wl“%é‘QFe&'ﬁi“ﬁ ¥ps @)%TPP@F’}S‘P‘E) fogethetyugiam e & ralpmillgB MR HRRes 2% e
the pref ef$8&ef AR adi cal generators, and benzoyl peroxide is particularly
preferred The_organi c peroxide nay be added to the conposition as
mxtur&with 3 pl asticiser such as pht haI ate pl-asticiser} Hanstiyneight

conposi tions La RECA?JA T bor cgalrgi , s —generar Ty dgsTTgggee 10
crosslink thefpq gfg Enci05hr Qety,te 5D g‘?bwngrrub er tgya | oyer
degree than t 1%,,3%(,5 @e{a;co proposed for polycaprol actone gl onegged5 Wien an
org@ Go Per ox| Agrosil3by AmePGRE0Y| peroxide is used, it is prefepggbly psed in
an amount fr onmianki® ddkideabgaht to 1% by wei ght of the poI mer i gggconpenent ,
and nore pref Lﬂrﬂbb%ﬁffﬂ@ﬂb@nz%%ér&rd@(fﬁ%hw wmemmate dra‘st.d.segs than 7@ 1% by
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ol yeans okl SRR L Ry T e g o0 0
and casting material.
The composition of the above Example was compared with a similar composition containing no
benzoylperoxide, and with commercially available casting compositions, by means of standard methods for
~ determining hardness, ﬂexural modulus, flexural strength and overlap cohesion. The results are shown in
the Table.
A significant increase in setting time is seen to be obtained by means of the crosslinking reaction. The
flexural strength of the composition according to the invention is also seen o be considerably greater than
any of the other materials tested.
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% EXAMPLE 2

Example 1 was repeated with the following mixture of components:-
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of ap anti oxi dant such as a hi ndered phenol antioxidant, may al so be
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jincofporated in the conmposition of the invention. A suitable antioxidant is
[ICl'p CP antioxidant. The antioxidant is preferably added after the
5

crosklinking stage to avoid inhibition of the peroxide free radical
reaciion. the various conponents of the conposition according to the

i nvephtion may be blended in any order, 20 but the antioxidant is preferably
addeg | ast after crosslinking has taken place. For exanple, the filler may
be blended with the polymeric conponent either before or after the
polynerrc conponent has been crosslin- ked. For ease of mxing, however, it
IS preferred that the filler be blended with the polyneric conmponent pri or
to osslinking the latter. A particularly advantageous procedure is to

bl endl the pol ycaprol act one and

45

50

55




tﬁe t her nopl asti ¢ rabber at about errl. approxi mately half of t he
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55 Claims

1. A thermoplastic composition having a polymeric component comprising a crosslinked mixture of a
polycaprolactone and a thermoplastic rubber, together with a filler, the polycaprolactone and thermo-
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7 " EP 0 169 037 Bl [err] EP 01687 8369837 Bllastic rubber being present
i n-tthe conposition prior to crosslinking in aratio of from4:1 to 1.5:1 by
wei dht. 2. ‘A conposition accordi ng to claim1 wherein the ratio of

pol ycaprol act one to-thernoplastic rubher prior to crosslinking js from o
2.5{1 to 1:5:1 by} weifght. 3. |A cohposit on gccorfling tp cla or claim2 -
whetei n the pol ygaprdl act one i s aj pol'y(gpsiljon)-}{capro} acto 04. A '
conposi tion accorfdi ng to any |precpdi ng gl ai h whef ein, the‘:p ycaprol act one
has. a nol ecul ar igk of at {l easf 10, 0p0. §{. &__f om:gosuflan accprding to
claim4 wherein tjhe rLDIg wei ght of}the poliyuaqogol actgne i sf at | east
25,000. 15 6. A qorrpcshﬂgg%ccordl ng _tp any %r_@cedl_gng 3I5§1| rein the-
t her mopl asti ¢ ruldber scftgn ng:gﬁo ntg kel QA_LeEr] d.o A conposition
accordingeto any {pr quﬂggﬁ ai m wher @i p the :Itlzerrmm gst i~e ris
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1. A thermoplastic composition having a pol._ymeric component comprising a crosslinked mixture of a
. polycaprolactone and a thermoplastic rubber, together with a filler, the polycaprolactone and thermo--
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13 A corrp05| tion accordi ng to any precedl n&gséal m further conpri si ng a
.h| ndered phenol antioxidant in an arfsuhi®y Yhan 1% by wei ght of the
mgr/m tion. 40 14. An ort hopaedi ¢ cast or splint conprising a conposition
}aCC di ng to ad%tloo&%?gélﬁwprgéeﬁt' |mt)ielc%mp§éltﬂ3#§)m% g't)ss\mlﬁb r}ga ?atlg '3 n%dm Qll %S é?by
conposi tion acgpkding to any of , conprising conblning a

pol ycaprol actone and a thernoplastic rubber in a ratio of from4:1 to 1.5:1
by weight, 45 a compbﬁlﬂﬁtaa%i‘dig t Baith § ekl th@ Rflo 8t SolyBfprdidcioke BAneRBSIMstic dibber fior
met hod acgor digrodsinkinh @ 1 Aparsei gy eyt Cr osslinking agent is an organic
peroxide. 17. A nethod according to claim 16 wherein the organic peroxide

I s benzoyl perroxom@sitichoact8rding) trefatrod @ceim A wheréin tigd palytegralactdne ri€ ianpahy@dpsiion)-
benzoyl per oxicdmolagonased in an anount fromO0.1%to 1% by:\/_vei ght of the

Jpol ycaprol act one and t hernopl astic rubber. 19. A nethod according to claim
118 wher eirn 4aiAdcoyepsitiop [acqeeting X ary receding elaiinrwhanain Aeorpycapialasiene hasos mejecylgr weight
0. 6% by wei ghtof #least18.0pB| yeapr ol act one and t hernopl astic rubber.

Revendi cati ons 8 EP 0 169 037 Bl 1. Conposition thernoplastig -
conportant %n ’\:‘Eﬂ‘gﬁ&%@ﬁta"‘ﬁ?&?"?ﬁ%r"@'"ﬁﬂl|Wh?!8Fr1§‘?°e‘HQi°CHH' WP R the PG‘V‘P%‘GP&“’R 5 qpleast

_polycaprolact et d' un caoutchouc thernDpIasthue ensenbl e avec une

char ge, oI t chouc
prdsents daﬁs mgosq'o" &7 B3 di g Véﬁfec? é'lgl ganl‘ ‘5?9'%?1&8! E‘ﬁgmglﬁ&t% é“;%’%%’?‘ s af)(s)on 9RO e
4:1 a 1,5:1. * Oorrp05|t|on selon | a revendication 1, dans laquelle le

rapport de ya mwaﬁs&%%&% G &y %@%ché‘aw‘ivh&:@ﬁ rtﬁ@ﬂbﬁébuhsﬁll:‘@uuﬁé{;ﬂ@tseleaed from
reticul atj on PenQBMén@s@BFJ SndZsty‘g -|s% bre s@réne%bld%?'c&b%}ym@rs SHEYBREBlobHENE-diene
sel on la reven bG@Ehthths]—WFlol sopféad)s | aquel I'e | a-pol ycaprol act'one est une
polq{epy | on) 10 caprol actone. 4. Conposition selon |I'une quel conque
des Tevendi gatA @RpodiioR Gccdinh &S any(PRetSdingAélare [whéreih dheiatiol GRPUIeRE EariRndit BSMEE
une masse nol eewlsaits e1dy asigitpi Ns 10. 000. 15 6. Conposition selon |a
revendi cati on 4, dans laquelle | a masse nol 6cul aire de | a pol ycaprol act one
est 'd' au ND9-NA @EpGPOn aeordiBy el Biwbereis ¢eaatio|of palanetjc edrappnanti® fitl@ds from 3:1 to 2:1
revendi cati ondypeigedent es, dans |aquelle | e caoutchouc thernoplastique .
presente un point de ranol I I ssenment inf~rieur a 100" C. 20 7. Conposition
sal on |' unel%etorperiige agrariing o,z drasedinggipim HF%%@H’érWeé§ talgy g fifica 9[(114@1’-‘1"@"'13%9 or

caout chodt a mixture of talc and silica or calcium smcate

11. A composition accordmg to claim 10 wherein the filler is a mixture of talc and fumed silica having a
particle size less than 50 nm.

35 12. A composition according to any preceding claim further comprising one or more pigments in an amount
from 0.1 to 10% by weight of the composition.
13. A composition according to any preceding claim further comprising a hmdered phenol antioxidant in an
amount less than 1% by weight of the composition.
\ 7 40 . .
W 14. An orthopaedic cast or splint comprising a composition according to any preceding claim.
15. A method of making a thermoplastic composition according to any of claims 1 to 13, comprising
combining a polycaprolactone and a thermopiastic rubber in a ratio of from 4:1 to 1.5:1 by weight,
45 . together with a filler and a crosslmkmg agent.
16. A method according to claim 15 wherein the crossiinking agent is an organic peroxide.
17. A method according to claim 16 wherein the organic peroxide is benzoy! peroxide.
50 :
18. A method according to claim 17 wherein said benzoy! peroxide is used in an amount from 0.1% to 1%
by weight of the polycaprolactone and thermoplastic rubber. .
¥ .
19. A method according to claim 18 wherein said benzoyl petoxide is used in an amount from 0.1% to-
55 0.8% by weight of the polycaprolactone and thermoplastic rubber.
Revendications
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thefinppl astique est choisi parm |es copol ynbres triséquenc6s
st yriene/ but adi ene/ styrene at st yroneﬁ?@dﬁplgﬁ'épét yrone, |es caoutchoucs
et hyl ene/ propyl ene/ di ene et |le trans-1, 4- poI yi soprbne. 26 8. Conposit i on

salsen | " une qUEL,ﬁ&)Qﬂ%ethf thst Vendrlngoart Itor,rrrlrsco s%rgd%r];ng% gl?.u E}J 9‘ H ele| ge r%trcule

rapport du co e guogl rﬁ, g PLd
poi ds. 9. Cormaabre m, aié rﬂerrﬂém 1 éEe iy n§ el Eran ret.crnars% grs
conposant pol YFE‘BE&tp%n eaa,g grgqsgs rrprr s entre 2:1 en poid

10. Conpogition salon |"une quelconque des revendrcatrons precedentes dans
llaquel | e | a 2Chgs@mhsB&T selbi 14 AlvéndichtiB® 15dant Geduells! > RbpdrtCRLIL pélRcasBlhdidnd i RbouttRouc
mel ange de t al geiopQiqsd dvirf AstilibtislEesbidmpAabro @®:1GRk 641 WApoidsl. Conposi ti on
salon |l a revendi cation 10, dans |aquelle |la charge ast un.nelange de talc
et de silica. 3Bompositidru s |aye3:artdieum 1gowasdans lajesiipaa polyrapraigctana festr ire Loty (epsilbd) |
nm 12. -Genposcdpratastosml on | " une quel conque des revendi cations precedentes,
~qui conprend en outre un (ou plusieurs) pigment a raison de 0,1 a 10 %en
poi ds de | a 4cofigroesititnogglon Hene pelcompieyies fevengiqatisns Wéﬂe’%ﬂﬁedaq%r'é‘ﬂt@ﬂﬁﬂq gelyqgerglactons
revendi cat i onsPgseiediRmpee moenpie daameineP- W0t re un phenol ant i -oxydant
enconbre sterr uenent an une quantit6 inferieurea 1 % en poids:
conposi t i '§n 8 19ompgsifigncselen g PH??ﬂ'&?fP’dﬁedaB%@F‘be"%ﬂf BT Wﬁc%ﬁﬂ? ?n%ﬂ‘ﬁ"a’hﬂ@t"“e est
conposition saFB%m?'“siﬁ?epoﬁuel conque des revendi- cations pr606dent es. 45 15.
Procedd de gr uct n d u l%ncong?cog

es

e t é)es reveﬁ lgg ns féce& ?es S&ng a Ue Qr'e .caoutcnouc
quel conque des,? rﬁré&@h&ﬁésgmg b & am i RO ILE U o

0
pol ycaproJaactone aout chouc t erm)p asti que aans un rapport de 4:1 a .

1,501 en Poizds cofaRSGidLdiont ﬁ& qhu?&n&@acregefe@hd.&aoregﬁé&dmsr&ans Gad i 119 RaouRRouc
16." Proced6 salygmob@stb&Y SHi | Bdimil Je Q‘aﬁb‘iyn{e?égu?rlséduerﬂﬂg NdtyrEHRmliBkidraltyrhd OH
ast\n per oxydayr@re@aﬁreqér@yrenwres Bmara@k@ e&@iéﬁﬁ?pnlgs@ieﬁ@df&@@t 6 & sONs-pbisoidas

| equel |e peroxyde organi que est |e peroxyde de benzoyle. 18. Proc6de salon
| a revendiscatl i Osgbéitiondadi haé] ydicondue Udeis | roisRditaltist preusteney d and BadDele 216 Yrappor® ldu
une proporti oncdmposdnt potfenifa, dlla ehaige stenmprBi etide Sleet 121 @adoige.aprol act one et du
caout chouc thernopl astique. 19. Procede salon lta revendication 18, dans

| equel on utdi | Caepokitiah selop érrevepdicatiahes. Yensiamydle ierprataduccampdsarnt @olyheerd 2 la chaiQe Bst %)
en poi ds de | acqowriyennSdlehet emeoidst du caout chouc t hernopl astique. |-..

9 .. L s111111111111111. EP 0 169 037 Bl Patentanspriche 1.

Ther mopl ast |1§cﬁ@“@6'§<ﬂ‘n??@ﬁééftezﬁjﬁﬁ°wﬁt desi rRepdieaipnPsscédentesnisath Batele lajrbaroe B e
aus ei nem ver nisczunesiice. picate He galgmsouny) Tﬁlﬁﬂﬁ‘??ﬁ 'élﬁteb‘??ss"'ﬁ?lﬁf‘ ‘?—ﬁﬁ'i'é%e de calcium.

‘th | ast h Kaut wob
Pol yoabr o] actof T eer L R T8, oo SIS R, e ot R B UGS

i vor umeée ayant une grosse es inféfieure

12. Composition selon I'une quelcorique des revendications precedentes, qui comprend en outre un (ou
plusieurs) pigment 2 raison de 0,1 & 10 % en poids de la composition.

. , 40 13 Compos:tron selon I'une quelconque des revendications precedentes, comprenant en outrs un phénol

.....

14. Article orthopédique coulé ou attelle comprenant une composition selon I'une qusiconque des revendi-
cations précédentes.

15. Procédé de production d'une composition thermopiastique selon I'une quelconque des revendications 1
2 13, qui consiste & combiner une polycaprolactone et un caoutchouc thermoplastique dans un rapport
de 4:1 & 1,5:1 en poids, ensemble avec une charge st un agent de réticulation.

50 16. Procédé selon la revendication 15, dans lequel I'agent de réticulation est un peroxyde organique.
17. Procédé selon la revendication 16, dans lequel le peroxyde organique est le peroxyde de benzoyle.
18. Procédé selon la revendication 17, dans lequel on utilise ledit peroxyde de benzoyle en une proportion

55 de 0,1 & 1 % en poids de la polycaprolactone et du caoutchouc thermoplastique.

19. Procédé selon la revendication 18, dans lequel on utilise ledit peroxyde de benzoyle en une quantité de
0,1 & 0,6 % en poids de la polycaprolactone et du caoutchouc thermoplastique.

A
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dem Vernetzen in einem Verhiltnjs " Ls 1,5:1, bezogen auf das

Gewi cht, vorhanden sind. 2. Zusam%ﬁ&é?%ﬁﬁach Anspruch 1, in der das
Ver hal tni s von Pol ycaprol acton zu thernopl asti schem Kaut schuk vor dem
Ver'wét zen pugitaspiidne?i S 1,5: 1, bezogen auf das Gewicht, betrigt. 10 3.
Zusammenset zung nach Anspruch 1 oder 2, in der das Pol ycaprol acton ein

Pol y ( epsi l4pnyksaRephisiehe0tlsinirhonsétzund Wi BREEFHriered GmPaRite, Hestedhdlfls einem vernetz-
“vor st ehendenteAremistlc BiRes Polycd@bladi@s ukd loyieape@lopastisthere Kautshinlke kushd@imen Mt sinem
gew cht svon Riliselie swobsi fasl®biydaioliichdn. und der Aesraspiastssies Kaunchuk aclar 2usgpmerctizukg vorn
der das Ml edas Vergeash Gleinethe\orBiis/@a B disalcd 10 hezoganradiedst Gmeicit yo0@Wemsitd: agt . 20
6. Zusammenset zung nach ei nem der vorstehenden AnsprUche, in der der »
t her nopl ast | Zwhemesetewgimadh Arisproeh Eriner g VRIRAlGIH KN RevceprolaEp 2Cthgemoplagtischem
Zusanmenset z@wpchisepr demremeten vop /54 thisHieitl bprogenayt das GRwcht; qq“%?ér der

t hernoptast i sche Kautschuk unter Styrol -Butadien-Styrol -

Styrol - | sSpr €FaNeIseirung 2 6’E§R'"€bb(9f"§7 rfeffedfr dst PRpycan(® 'W%pﬁ/l EﬂY(ﬁswlca‘Zgad""
Kaut schuken ®nd trans-1, 4- PoI y| sopron ausgewahlt ist. 8 Zusamensetzung
nach ei nem d T vor st ehend der. das Verha Lyer er
Konpon e1 nt g‘ 241 ?Fnﬁs?té;fggsten etqi bvogte?ab@en 6n8£61créenm éjﬁll; da olyc%g:%lactﬁr{ eif? fo Bl l¥k ar.
30 9. Zusa nse nach nspruch 8, iIn der das Verhaltnis von polynerer
Korponent g, ZthsErernLr%BtanE nx&%gpr&chm B oér des MARKALGVicRidos B caﬁ%%t&t}tmmc}%&%ﬁs“ﬂt

- 10. Zusamreng@ipg nach ei nem der vorstehenden Ansprtche, in der der

FU | stoff Tal kum ein Silicium dioxid oder Calciunsilikat oder ein Genisch
von Taljgugg umiarﬁhédsahuﬁa%walﬁbnod@rvo@&h&hmmsbaukw; inl &k der&ﬁiar&:&plasﬂsche Kautschuk
Zusarmenset Z&ig Encediuresktuater 100; chit. der der FU I stoff ein Gemisch von
Tal'’kum und pyrogenem Siliciundioxid mt einer Teilchengrofe unter 50 nm

i St\/12. Zusarwenesbtzung gathacitione deremstiendeno Assbiitien theder Aprshavidloriastischl Kautschuk
~aul er dem nocimtee i Styrgdhotadione Syl and (Btyrol-isoptieny ftgrot Biblogk-@dpalgmertvk ridhyloadrop@ertDibi-s
10% bes ogenkatsthuersunGiransciif PaligsoprBnigusgavéitiet zung, enthal't. 13.

- Zusammenset zung nach ei nem der vorstehenden AnsprCche, di e auBerdem ein

~ Ant.i oxi dai oftsammensetzyng Sagh fiesm Slee varehendsn rﬁ"FRﬂ'éﬁh? ot d9h gafoYeriialinia iver PolyRRiRf e
unter 1% bebespareniar FRUstor cep-t iE 17929888 At daTGewicht belrdat: ent halt 48 14.

- Ot hopddi scher Verband oder orth lene ent

zusamhs i e ) ﬁ#&h@aﬁ% KR P%me'ef?e SRR BhEURC P

. Herstel | ung F ttf‘?é?gﬁ'bﬁ‘f ggi %"é t‘?ﬂ%arrrrensetzung nach ei nem der

| Anspr Uche M R 9 So1SlotdAcn AU, ST S o6 Fifstor Rli6 3 SlidRd-Ons
; und €l nes éh %iis ins d;E ﬁ‘éﬁm ¥ % ﬁ voh Ir:‘fal &?‘I@Suh %&\?OJIJ we%cé(égﬂns‘;ikajnstj
+1,5:1, :Qezogen au : mt el nem | st of ei nem

i Ver net zZung$ Ny dsbfthensdibung Ya&H ﬂrﬁf)ﬁ‘:&n Wwde‘?\%pf&&ll@tbﬁ 42, Gelrisckl 960 THk&m und pyrogenem

+ Ver net zungs niidialdioR PhitRinBaTHiiSHeRRSae Ao réh 6t

H

12. Zusammensetzung nach einem der vorstehenden Anspriiche, die auBerdem noch ein oder mehrere

\ 40 Pigrente in einer Menge von 0,1 bis 10%, bezogen auf das Gewicht der Zusammensetzung, enthélt.
- 13. Zusammensetzung nach einem der vorstehenden Anspriiche, die auBerdem ein Antioxidationsmittel aus
: einem sterisch behinderten Phenol in siner Menge unter 1%, bezogen auf das Gewicht der Zusammen-
setzung, enthilt.
4

14. Orthopidischer Verband oder orthopddische Schiens, enthaltend eine Zusammensetzung nach einem
der vorstehendsn Anspriiche.

15. Verfahren zur Herstellung einer thermoplastischen Zusammensetzung nach einem der Anspriiche t bis .. -

50 13, umfassend das Kombinieren eines Polycaprolactons und eines thermoplastischen Kautschuks in
_einem Verhdltnis von 41 bis 1,5:1, bezogen auf das Gewicht, mit einem Filistoff und einem
Vernetzungsmitiel.

v

16. Verfahren nach Anspruch 15, in dem das Vernetzungsmittel ein organisches Peroxid ist.
55

17. Verfahren nach Anspruch 16, in dem das organische Peroxid Benzoylperoxid ist.

18. Verfahren nach Anspruch 17, in dem das Benzoylperoxid in einer Menge von 0,1 bis 1%, bezogen auf
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55 17. Verfahren nach Anspruch.16,.rn‘giqug§7gqganische Per oxi d
Benzoyl peroxid ist. 18& Verfahren nac% nspruch 17, in dem das
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: 110 1111111101 3as GewitROod BRRRFGIRctshand Bemiopiattischem K@gsopekantindel st und
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