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FOR RAPI DLY POLYMERI ZI NG MATERI ALS by Joel W Barl ow Background The field
of the invention relates generally to encapsul ation pf 14 @ledtdn/® Sepf 20021 | €
devi ces such as el ectronic conponents and, nore particularly, to a system

process, and avpRAiG ANDIISPENSING DETEEMFOR RAFHID] S PORYMERIAIRG | On

nol ding. The systemhas no slurry valves, a novel m x head wth inproved
slurry handling, a high intensity nMAFERIM® novel chenical handling and

di spensi ng nechani sns. The system descrti) bed herein is designed to neter,
nmx, and initiate chenical and chenical®%l urry streans for reaction
injection nolding of small parts. Whéhe Bagapsul ation of el ectronics
circuits and discrete conmponents is the primary intended use of this 15
technol dgy, it could also be used in other applications. Qher applications
I ncl ude tﬁe!maki Eg of small parts to replace transfer conpression nol dings
made of | ed or fiber reinforced thernosetting materials such as
epoxy, phenol i The fiéld ofitHeiflfentiol RIafes igomhllyelotptiiiatios 6fRMIRBLy fragile
encapsul ati on net hods use epoxy transfer nolding that require relatively
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oven curi ' 4 [ Th J -1 i .ct at ed
byt ho 1 cabd ieBy e béhic ARMESs of D Tnie QR hoting TheRurkndl Hith 5L °C
i's set 16 OvalvdsPivny@dl ix headow il irfifroved Slaf9haidimes B lgh ihichsityfitket,andnbosy f or
m xing time by the conpounder and handling tinme by the end user. The need

for the |dwmien)ldandlingiangd disparsing meehanisisur e conpl et e pol yneri zati on. Danmage

to fragile el jc i . ' ts.25 f
convent onal oliepemdREREORRARL dRteR I el aph Rt i eerodl nd o
excessi vechdtficdl SluryiRire@fs foitredcigt iredtidntrhéldihg oftsmiall patts. OVhRE fcapdilation

renove residual corrosive materials fromthe epoxy, which greatly increases
the cost affelgotionies giseuitstand discrse eerapencaisdd tstpriseary intendedivse obibisent i al

robl e ] ' ' ' L el I nent
Cncapsit Artibofigy K ool i Yest ol Itk s PeREMERUEIGRIRET S, )
t enper at unekihfaf smalhpdresad répladeheangfer comprssias moldihgemeadwefighor dilled@r package.
For the foregaipng reasons, there is a need, therefqgre for an encapsul ating
systemt aherﬁﬁlef;nr%féstﬁm@tmg mﬁwwgaﬁ eraxywphenoles andalk¥dsd oven curi ng,

rovi des m xi : | | | t.Qr bl | material s
"o a ol d peomeniGRf HelEollRLahbAcht bitahaltih midodd B Shitiirkfer 0
speci al gsholdagethathraqudic relytivelly sfow imodd dpcld timenefb0 to 120 seconds followed by

20 relatively long oven curing times of 2 to 4 hours. These long time intervals are dictated by

the rate of polymerization of the premixed materials, the rate of which is set to a low value
to provide a reasonable shelf life and to allow for mixing time by the compounder and
handling time by the end user. The need for the long oven curing times is to ensure
complete polymerization. Damage to fragile electronic interconnections sometimes results
25 from conventional encapsulation methods when the material viscosity becomes excessive
due to improper storage conditions. It is also necessary to remove residual corrosive
materials from the epoxy, which greatly increases the cost of its manufacture. Moisture
absorption is another potential problem with epoxy materials used in conventional
electronic component encapsulation methods. These methods also require a relatively high
30 mold temperature that can lead to thermal stresses in the encapsulating package.
For the foregoing reasons, there is a need, therefore for an encapsulating system
that provides a short mold cycle time with no required oven curing, provides mixing of
reactive materials just prior to injecting the materials into a mold, provides chemical

material handling capability that requires no special storage, handling, or mixing by trained
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2 PF 14 filed on OS Sep 2002 personnel, elimnates danage to fragile

el ectronic interconnections caused by excessive material viscosity,

el imnates the need for renoving corrodive byproductpg it 4 fildASCIESSCZI02
conponents, reduces noisture absorption in the encapsul ated product, and
reduces 41 i aRstd 3 m%,y aweur rent
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RI M process that is, the subject of, the present disclosure  uses highl
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st or age E@#Eé’éiﬁ%ée&ﬁgstﬂgté@ odi§t prior to entering a nold cavity where
they raprdly polynerize to Torma solid material. This invention is
designed particularly for small parts and small shot sizes. Wereas typical
nol d cyc! e tinmes for conventional epoxy transfer nolding technol ogy are
bet ween 120 seconds, the present invention is capable of achieving

conpl ete pol yiTRe bdrdért Mvehfion AddrEses S prébled SR Pnovel Res@ o jeklish
pol yneri zation rate by a factor of ten relative to conventional technol ogy
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This conpronise is Iartgngl y responsible for the slow nold cycle tines and
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nol di ng techni'ques. 15 Sone conponents encapsul ated by this process are
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convent o R, Tn PARELELIHIF oitle RAGBURRR A R Bty less
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ot her techniques is a liquid crystal display (LCD) conponent. Because of

its tenperature




20 sensitivity and fragile nature, it is not possible to encapsulate a LCD
conponent using conventional techni que; wher eas the present technique
enabl es encapsul ation w thout deterioration due to epgesS$ildtcor GBE 2602r € or
breakage due to high pressures. Conventional transfer nolding uses epoxy
mat er i al grdsk<dibked polymetié anterfatifotmedfrom thé polynieyidiation ianke mbkisf cheni cal s.
Resi dual epi chl orqhydrin rIust be careful ly renpved 25 fromthe epoxy

mat eri al anigpicallyiigatedyiny! dpmatic ieplicalant possi bl e corrosi on of microchips
by the hydrol f e sed in
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conpound tain rel ease ives to prevent adhesi on t o
nmol ds.10 Uafidviscosity sThe RIMichemibdl conyponents havs a viscesityrof lesdﬂupnéqumseohtnecessar y
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invention provides a systemthat is capable of nold cycle tlnes of 6 to 12
seconds in order to achieve conplete polynerization, thus elimnating the
need for an oven curing cycle of 2 to 4 hours. This is achi eved because the
materials are not prem xed, but are conbined in 5 the novel m x head just
prlor to f||||ng a nDId caV|ty A systen1haV|ng features of t he present
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25 polynerizing slurry form ng neans, the rapidly polynmerizing slurry
delivering means, the polymerising quencher delivering neans, the quenched

pol ymeri zing slurry forning means, and 4 he quenched POLY PR F GRS& 2002y
delivering neans. In an alternate enbodi nent of the invention, the neans

for del i ¥embhhdsEudll LNBlin flétsé YdBQURIth PRVeAt AR MbfI fdkisng cont ai ni ng
the nmononer " slurry having a free end and 30 an outlet end, a feed spool
cont ai ni Ripfortmatedy,|this additize mayialsy persint adeguate land vegelssary adhision te therleat ed to
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squeezed out of the collapsibl’e tubing at the outlet end through the rotary
uni on 6 oprdmotprpriorde endapsulation. Rgometamperatinel REIM resgtanis arfeitypidalyh 05 Sep 2002

take-up sppoal for containing the collapsed collapsihle bi ng such that the
free ondPhgMerrALatiala Jemuiuted deir oo REmA e Surs? B5s fhad S e BxFonded:
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t ubi ngo c AlleLlorimpepvieitechaniy alRrbiertics. The RN resct Ay hreGilsd digrificailg 168 dostly
outlet end, a feed spool contalning the collapsible tubing such that the
out | et eHwnielectronigs gxadel epexies. The aregent R Ivhsystermis basgdontertehylisbaenes pool , a

pi nch rol| : i £ I hil.e tubi.ng f.romthe feed
spool t oh‘v(\’ﬂg%%fﬂg &pﬁy%&{}beﬁ%lﬁ%ﬁgﬁ% %@&#:ol}%%?il@l@ﬁ’ 3*'/‘?‘&@?‘?@ ed, causing
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silica ptetflowcofigsilicshnonomer pastesthielsgstemihian beencdesizned eliminate cintroCealpast e
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of the take-up spool. The neans for delivering thesilica paste may
conpr 2% emixep isanagneticallyadtiven i eliminatechighl spesd sotatingsdabsn and hasssevéreht ed

i . Th ' ||y, dri . .and. & h
b essur e o e sy, "Bk ¥ndthlok e dn i SRR Hor, iR esiBRON EC 1 o
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the nmononer conprises a collapsible tubing containing the nononmer having a
free endniging isprovidedhy amekternal metgr mthesithandnt feed lingpressure &irlcegating| e t ubi ng

Foed spanoutéhe itk T helrle RRRIRETY e iel B) Rect it b p@pflbded;
f'r om $ohebyf the ehaterfaly mukiffactiree that Aeindudited Grbthe Aidpynditg équigthem)@ld équied | vat ed,

causi ng the nononmer to be squeezed out_ of the collapsible tubing at PF 14
filed ormocpesialstorags hapdling, o mixing by traingd gersennel. Theampty gprtaingrs cahdenononer

col | apsitEne TR BacR i RO Rine Bl O TR, N Mol BBET, |

t ake- up copgoller sittPas@petsonabEomiplteMsrovides Editrolrueheprotdes. TP bpéittich §F essure
feed tank connected to a rotationally activated netering punp. The punp is

5 nor malthg/digpensing eqyipmest, épineh rolars drivendbyt spmmtersontrelledsteppingmotasys be a
bl adder, a container with a rigid diaphragm or a container pressurized
with nitrogen or argon. The neans for delivering the polynerizing quencher
conprises a collapsible tubing containing the polynerizing quencher having
a free end and an outlet end, a feed spool containing the collapsible
tubi ng such that the outlet end is connected to a rotary union at an axis
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PF 14 filed on 05 Sep 2002 body by a spindle bearing, the m xing body
havi ng a cylindrical -shaped inner wall,_an upper annular spacing in the
m Xi ng cavity between an upper section df the mixi NOPYS pA AHd&nAITSepR0oRPer
section of the m xing body, formng a nonomer slurry mxing annulus, a
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ronomer 56 B4Sercbhele Bal AteioRRal thitRfubdrk e e o) ok oBits
slurry migxbathoafy) Thisss achidvedibesausa stieemhtesisls aey ot premived, it hre cohdirsedlin ca
paste delivering, nmeans and posjtioned in the m xing body wall at the
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t he m xi npahofdy delivdringal polymérezipphyanehérzo tige milymenyzing riixigg aveand, neahor use
of a radi,ati on source.in ipitiatin ol ymerjzation of a .photo-cyrabl

rononer i dpeginE fiuetiied polmerRips Sy by ShbBig BEpR e GBRaDER e 8 ¢ he

m xi ng bagyayialy polnerii §slﬂ&5')lﬂﬁ{eip7dlﬁﬂeriiﬁﬁé indtiRE nfé8hd, WRA hidandRANS 1S
elimnated. Thé ‘electric notor nmay be a high, variable speed electric

not or . THeliveoing thegpenehedimolymerizing slurry ¢me waste dankp I adglitiorh ¢hesystemanay

spi ndl earing may be seal ed. The stem may further. conpri se a neans for
neat ) DREeLBPHE DTy 101 GrirglngEY RORORE AL e IBETPEARL IR oi || oo past e
feed por polyméribing isiEhiE 86liveYing nfdafi§)lthe FBRINBS1yflcHEMY shifftfoRfins memsect ed to

the nmonomer slurry delivering neans and positioned I'n the mxing body wall
above t handybe yanidly pohygnerizing slurry delingringmeans, Fhersystemngnay also eomprasei xed

5002 Lav e t3FEonpHngine 52 BRt: Beriviife iat i fPnomblgrtGerbe Ahadl 1S an
i nput  comaRehetkliy fditintinpats, fhe'dolyheriZigg iitidterdletitaring/medns| theFhpialyt put

connected to the npld, and a second output connected to the waste tank. The
syst ed$ neglymerizing slusryfprming mesandhe mpidly pelymerizing shurredglivesing meang, thehe

i dl i 7 ) ol ST & t
oy fur tROVHEREE oot Siehlle skt o RRELIB UG, Suflf MiRind U7 SL0 O
slurry i megispaskiic qatnvhed polymeremashirty delRetiigfieags. t he nonomer slurry and

t he polynerizing m xing neans, and neans _for controlling a tenperature of
the pol yneri Zinh altemategmbodiment of the invpeiions the means ferdedivering theimansmesg t he

pol yneri i L 0l 1 . YA L X1 . may
Fortnor SBebibiitd = XouibiE RbREtotPRhing REmBh S BCEL Bivnd PR LRI B ™DV
I Nt er pesarbutiet vwek; a feddespoekboomtdining died ¢ollapsible tibing sudh that thasitlet 2ndlist he

nmononmer slurry m Xxi ng nmeans, and, rrzghns for controlling at erature of the
mononer GORRERELOLAIOHRY HRIOR & Al aKiE 2 effs«?da@pl,@éwqbgollﬁésemﬁb r and the

nonomner . Je ol 3 s ol tﬂl;@];- | s for
control Iﬁ%lrlllglssgﬂ% Q%gp%slﬁﬁga%%n% ﬁ@%ﬁgﬁ%@ﬁ% at 1%1 efmn{a%ggnggﬁgdel I vering
t he nonavotatiosdllynartivated, dabising $resmbnomeahirrylol bersqueezed opeofiaheicellapbiblehe

pol yneri zjng initiagtor t he means faor delivering. the pal ynerizin

"ni 11 at drbingabthe puflelanddro Eﬁl#ﬁép%wppé%tmhemgr&mwmm meptsg and a
tenperature of the silica paste at the neans for delivering the silica
paste, and neans for controlling a tenperature of the nononer at the neans
for delivering the nononer. 20 |In another enbodinent, a m xing and

di spensing system for rapidly polynerizing materials conprises a m x head
having a variable speed electric notor coupled to a m xing spindle
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In the present invention, a m xing and di spensing process for rapidly

pol ynmeri zing materials conprises the steps of delivering a nononmer slurry
to a polymerizing mixing 1 o nmeans, del$vering a pol yreaifdédeh 098ép 200 to
t he polynerizing m xing neans, formng a rapidly polynmerizing slurry by
combi ni n N I : i 2} ATl Ifre :

pol yneri gﬁéﬁm@gg&ﬁggﬁgﬁﬁ%ﬂﬁﬁgl&é&\%r@gﬁs t héeﬁlpg%isg%mgg%rgeéf ??P% slurry
t o a nol cdoniévtedsitap asis afdhd take-up gpeol bireomreans $oudelivering theongnonss shingy st eps

of delivering the silica pasie o a mer_sj.ur l.Xi. ng _nmeans, delivering
Che" nonorfefy Ghanntie S asessiirinet ok BpReS AGoKSHALY sPy AT OERBE uan:
slurry bysteppBitinbioP Sofnhily RNRE Bie fikth AtPthe phdstite BRditnk May B a BRAAAEER Sl Urry
m xi ng nmeans, and delivering the nononer slurry to the polynerizing m xing
neans. STiseniainse with amigid diaphragm, oo mepntainer pressurized with nifcogenor arggna The

pol yneri zin uepcher to th ol ynerizing mxin ans.. far.mng.a guenched
bol yrrer | TGS St Ry Siine e ReSmRE G BBl yrbfise s SRRk Pk SRR e il y
20 pol ymend gélpgiefititp initiatdr h&vn@ 8 fnsaend ahdsh Sitlek BAK, AFedBspodnébnBhing@lid Ng t he
guenched polynerizing slurry to a waste tank. The process may further

clorrpr i se cpH@sﬂzlelplbmg sehthasthe mleehem@iﬁpgnmﬁtndéo @frouaneunialp?mwmf;xher i zi ng
the st epdetstebofn PRl Mbelitly, B PR he e RS REEp BB oy e 80T he

step Ofo GfHeh\tRe pifich fd1PastBINBIFES rothtibnally betivabdd, BAlsIERRE BolgsheRARingliitiaGr EEaNS,
and controlling a tenperature of the folyner|2|ng Initiator during the step
a

of del i vdeisaucezeboy@f yireallapsibleitubing at the oudetiend thyengintheirotapgunipk thdeneans.

The proc . ] ' contr ' t ature of
the 5111 SaopiRtinedhinif mERE RS et 3pPOTbr by iRl (bR FRRFSSE
nmononer  shihg Yuchithatbe fre@asd is @0onettadt at ah bkis f thel takaap sjool.THfméane fopononer
during the step of delivering the nononer, to the nmononmer 30 slurry m xing
nmeans. THeliyaringdhe polytneriging iaitialop mayicomprisea prespe fed denk apnegtedytoa

t enper gt . . ; | . ME 4l ry,
and cot Foiictay 26 ERAPARIcrng Wi, Phé Blimb B it uhileh bY S BB TR0l 3

del i veri gigs preddarepfebd tinkingdy te d bladderf Déontainér WitlDS Eighi disphragih | drer contiiiri se
the steps of controlling a tenperature of the silica paste prior . to

del i ver i REpssyyized Withnitragen ¢r argony The maans for dgliveringtherapidly polymerigingrononer

' t f . ' HaleR Th
br ocess. ASPTRRRSd g fliied i, Bl b bk R SHOOIRE: S0y
de: iveri n_gmptiﬁ{s a mﬂa;;q@bibymtﬁng %dmginingi thét sitica pabed linawdﬂg' zlnﬁesembgndtdme?uthpi dly
nNert zin rr or e e I apl olynerizing sl urr
el | vedi FRLGtigs w@cw@gﬂ%ﬁ%@@@@fm@m ghth %ﬁéhg outesad fhePapded i i se
the st ePr&E?ﬁ.glE&fﬁlah'aﬁﬁ dtfife el 556012 piReH Pomﬁkém&'fﬁ&ahﬁéya%me, monomer

del i vering the nononer slurry formng step, “the po rizing
i ni ti at ocoliapsiblectubing feam the fiebd spromb witery theqdinehenollzissegntdy isrmotatiooally ng st ep,

ol 1 ver | Al S ing hE Bin e bR oCorifs o BrRk i PReaf nednéC e

quenched eRPihYéiphi thé Rfars uniditodRé m6REMBOSISE hikg Fadahs) dnd ARG o6l for! | er .
10 In the m xing and dispensing process for raprdly polynerizing naterials,

t he prégrentainbigghe collapstd enllapsibledubipg isuch thattherfrge end jsroognentedcasmprakisiodg t he
steps of ,checking for.system.faults,. execyting.a pour cvycle: repositioning
Che. ol dUBEAREE R Shyof THRS fordeivEing B8 Stie P’ ity thrBlie R Sitp Reblopo.
The st epifk comtetdds alrbfatisnalyeitivated hietdfy puBipd The Puipss ﬁétﬁfhﬂy‘lfgiven by

determining if the delivering subsystens are ready, setting a1

pur ge/ quésEppesinzaten, andl therpresstre faed tank maydyeqdadder,aeontaingr withea dgidi ver i ng
subsyste re not ready, deter.m ni i.f a nmx hea ressuge .i s zZero,
send! ng. HeRaEs S fitiben R pitosfn B ra0S: ThERERSY HE chifveRien

Pr eSS yp etheSndtdine? @b@priséta dollapdible tEMIBE bEnERR tht AoRvmeshdvihd i Bk Bed AP

purge/ quench cycle if nore than three contiguous back up comuands are sent
to the danputlet prdy adeessspoobeentainingibecallapsiblegnbingsuchithat the qutlgtreaddsir e,
determning i.f.20 an el apsed tine siNC | ast poyr_ ks e han a

pr edet er‘f‘ﬁ'ﬁgﬁ%g‘m rthFanﬁqtanﬂls i&%@?@?ﬂ?&i@lﬁ@%ﬁ%ﬁﬁﬁx °fal ar m and

i nitiati@dlapSifg Riér@HapEIIB Glbify fofh the fédﬂ%{),@él&ﬂ%ﬁdh& piieh $6IN&ReibE tsast pour
is not less than the predeterm ned pour time limt Tl, determining if a
pol ynmer fotatiopally sgjivatedacavsingieemonemer torfhg squgnsed aetrafzheepllapsible tubidgahabl i ng
an operator to override the polynerizing alarmand restart the step of
checking for systemfaults by repeating the 25 previous steps if the
polymer is not forming in the mx head, setting the pwye/ quench al arm and
initiating the purge/ quench cycle if an operator does not override the
pol ynerizing alarm determning if the nold is positioned correctly, and




20 setting an injection tunnel retract alarmif the injection tunnel does
not retract fromthe nold after three contiguous retract tunnel conmands,
and determining if the el apsed tinme si née the | ast PRI 4 fikdloasss SdpapvoRhe
predeterm ned pour tinme limt T1 and setting the pwge/ quench al arm and

it at] nfe blitera AbGAPE ool o i eoABAEASIGHy 4R e tRkans O A0kkd P

injection tunnel retract alarmwthin e predeterm ned pour time linmt TI1.
The st ep spbobfor cenpaining the coltpps¢rbcatiapsibledybing sunhithat thefree engis connestadditng a
reposition nol 0 nd to a | d posi t.i.oni.ng neans, determning if the

o d 1 s v o G EReP sptef THE nERt Br oRBrEE A RCMmE TR MR | 5 ot
reposi ti GigdtureSfetd tal caniBRted th ARSGLbNAR Aflvaédmetering phtp Thelpaiasss not
reposition after three contiguous repoSition nold comuands, and determ ni ng

if an & awsmdlly drivensby\a steppdr anatorp end thepressurs feeshianlamay dgartdaddenad pour tine
limt T 1 apd set.hin 0;. 8. purge/ quench alarmand i.nitiating a purge/ quench
eyal 6 11 cofeinsd Shin 4 g disbnBiend 5 A SRR pRAETERRL wilh it Seeis aBaody TG, (i

the predehamgifpiedtiivetiig theP8lymd¥izinglqubnched @ombafes af collapsible Bebihd ortaihiigd par t
may conprise the steps of sending an eject nol ded c{)art command to a nol ded

part ej edh¢ pelymerping quenchenhaiinga free angrgndiavoyslet end, ¢ fegdspoghicontaipiagtheng t he

previ ous Ny d . I Lt pect part
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after fohrfesd §ool,iagiisuhsrolljaesinblipftedilgning the soltapeible wbBihgRedia the foedigpool an

el apsed tine since a | ast Eour is. less than a predeterm ned pour tine limt

T 1 and Sdhanithgpinch elhassgmblyds rotationally astivateds causingghe pplymesizgavercheycl e i f
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encapsul gobanelirimgmixing meanss and)a takdaipi spoolfostdntainidg thé Edllapsal soblapsibled
encl osed within an epcapsul ating material, the encapsul ating naterj al
pr epar ed ¥N§ S'}B‘?botgé'stge ggﬁﬁ'ﬂ‘f@icﬁ‘anqc%l %PB}%‘S&? thedpke,up spRPLaliegReANE fOrs| ur 1y

to a pal A j j ] r,to the
pol ymer SRR rkig e Bolyibiz R AencrF iay Sbinpiisci BISRURE Focl bk it @la | 0
conbi ni ngotatienailyrectieated metaringpuchpt The pomp ienormiatly drivedt bpaatepper rhéter,

pol yrmeri zi m Xin ns, and deliyering the rapidly, pal ynerizing slurry
Do & ol dnd the Rrpistits feesippliimaihe 4lpddss ashoigiass vatharigiddteRhreg s si ng a
devi ce pQsiiai 1,04 B cl L B 'é‘él'il@tﬁ { ng
mat eri al f&éiﬁ%gﬁ@ﬁ%;%?g&@gﬂ?@%gﬁ?g@gi gglg‘rﬁge g&gg]ﬁroc sgggéﬂgfllé%ed above,
wher ei n pbiynsrigngslumigta the wasig tanknmay cempridela vajvec Thp meaas faridelisérimgshef 15
delivering the silica paste to nononer. sl urry, m xi ng means, delivering
e oo RBeIChEd PRITIFABRSITS! e Warta PR rdil bR PoITRGPEIS SHEORS ol ety
by combi Rdld nfayRofprReR thedldayRalvel | i ca paste in the mononmer slurry mxing
nmeans, and delTvering the nonomer slurry to the polymerizing m xing neans.
| n anot her entindnothertembodinerd af thel invendiodcthe ceeans forforinsing gapadlevi ce
positioned, wi thin nol d, and, encl osed. wi t hin an 2a encapsul ating_material,
bhe encaBelPsTing i e PR EISE78 Thising rahs SowpHas A mikbeady Bhemens,
further ¢aBirhmg théRohbMBSsIgy HEthk Wiinbfifér tikiah Yivahs #dGedRRSRRr to the

pol ynmerizing m xing nmeans, form ng a quenched polynerizing slurry by

conbi 178 ndelivesingdhgmenomengumy, tortbe polymesizingamixing meansgompiise e mingead.urry in
the polyperizin Pyd mean and del.iverin he quenched pol yneri zi ng
slurry 1 ong e8P ormife Ai8itRed BUSmERink Slurtidy WiSodiiRERARE ol Sk Midend

devi ce, eoMprisesiatfixched@\FiitheiiAsre] the Afedny\or HoriAg Aeldhoaltd sRRSliRgRd W thin

an encapsul ating material, the encapsulating material prepared by a process
descri befhoapmgemixigg Mmeans esnpsises d AyX hpad, theapeans ferdalivering thy monemesnoner

| Seliver e i e H Con rE
api iy Sy WholbBizih Sifil HTRA dliticel ' Hend Shi Sab e Biffng & 1€
sl ur r o dedpidle polymnesizitg shyrpincthepolyfieripingghix ing medns ico@ptiSesthS ipheyl; anmabl e

controller; Another enbodi nent nay be an encapsu] at ed device, conprising a
devi ce p#rd thegngags friasming agyerchsd golymarignes iy i the palyaesizingumixingng

mat eri al PR l.af rL-gl I . ibed above,
further %%%%ﬁ?%.nggfﬂﬁqé?ggé'o %gQ%§$O§ﬁ?ﬁggﬁﬁgﬁgﬁ}P§§ﬁ§§§¥§9§§Pi ering
step, t hdriveshaftesonnetédteranrigms esd of i beuplingpamixifg spindlefconngcedl tetagp, t he
polymeri zing initiator delivering step, .the 14 pF 14 filed on OS Sep 2002
rapi dl y p¥pYtaadicfithrcowpling gnd pasiiongd sritin a sepded mining Gaviby| Within B MIXIES| ung
delivering step, the polynerizing quencher delivering step, the quenched
polynmeri zing slurry form ng step, and the quenched polynerizing slurry
delivering step by a conputer programresiding in a progranmabl e
controller. An encapsul ated device, conprising a device positioned within a
5 nold and encl osed within an encapsul ating material, the encapsul ating
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FIG7 shows the control sequence for checking for systemfaults. 25 FI G 8A
and FI G 8B show the control sequence for executing the pour cycle. F1,G9
shows the control sequence for repositi%ning the nolRE 14filsdlon GShReps2(0Re
control sequence for ejecting the nolded part fromthe nold. Detailed

Descri pt ibady 89 a pindletizariay the niikites bodph#Visg & cylatirkabsdpeditneowall, @ syst em
10, is shown 1 n accordance with the present inventive concepts. FIG 1l shows
a syst emugpenaniapspaging indhe Bwdng eaityrhebwesm ap upgerseatien efibp ixgegspidien 10.
The m xi ' i . [ ' Lvery
subsyst e AR EpEirRRattE dEing HKRE bidly I0HHhE 8 RRorbllcf Buft) i il P

pol yner i 16w¢ apnelac fpacimgaihithemyxing tetytbetwén(, lowarseatimobf/itie mixinggpindlds PF 14
filed on Cﬁ ;?ep 2002 injtiator %el i very subsystem 39?. In,r,esponsle to
nononer’ SR AIQWEISSEHQS oldng AUKRE QW’ffPW&a@P§@?W WY BRI UE30, t he
nmonomner [ t | . &Fse& ' of
nonomner ﬁﬁoﬁergﬁég I?[b gg%nﬁngﬁgd@rtﬁ%?rg?gﬁ%ﬁgﬁ%ﬂﬁu us d?@’(%mg? El(?iintmﬂ!l § head
100. Wt miRinigtb@dpiwalllet gk thofomersturnpmining aiulus for Bpdting atmarmoseointedhd r om

the 5 nononer m xing annul us, 180 to a polymerizing slurry i xing annul us
190. In MANSHIE “M%P}E?é\nﬁ‘k‘ﬁsn@s‘il?ﬁ 948&%?@%99151%0@% esilicapagteom t he

rogra : [ 74 { B ' bsystem
560 dol | ol feri@hédal ofd plitonddf (RARKTHRE bodyNall e BoRbmEF YT Rl
pol yneiwi anmgus forimjgctingd silicapastd in® the hondbmehsuny mikingdnilds, aljodymening r

slurry 830.within the m x head 10Q and .t he ol rizing initiator, 880 are
mi xed 10 SRARAF PF@H W@’tﬁSPVr?é‘?qE ith"gp V@F??nmﬁﬁ@‘}/g“ﬁWGPﬂ%gTW ‘Eﬂda ROSEIOREE head
100, creati Qs ] I WA 2l : ' | fromthe
i %’ hoad T gAY WalPAL IR Aeng By i ks StCGRER [0 "0,
Under nopg’fylmanizhigeiniltilato,r ugg the?q!iymtsa'zing shnwahixiing}mmu}(;xs,lapdlgmaitiﬁiﬁgo f_rglm t he
progr anmabl e, copt ol | er : e three;way val ve causes rapidly

Do yrror | SPFhEE POt Somesiadth e RolHEIA N Ehcr e VerthBeR Mt o

"nj ectar _ o o e Lo
tunnellggggﬂggﬁdvlﬂel?ggﬁ%éﬂ gr g?)%‘lﬂgﬁl %ﬁlﬁsggl | ZI %?g%t eri gzlc}é?gmy“%ofpghgﬁ%ﬁgme
posi t i ong polymédrizingqusochar intorthepolg@erizing sluiry mixing @aolus anddatostprit ped by

I'd and i nj.ect trol signals 74Q fromt bl traller 600.
The- pr ogPaHdan tfitsPh of tddg e Sy pePlsk & RpERERIB By Fe ROBinstizing
Mot or i N sk dixing@adub F6r ecti!d poliméraniSsiang ORI the Phiking VRS THeGn&ENSOr

and a light port 20 in the mx heag 100 by way of mx head control signals
750. The hgasl may furthgr cmmmaepmwmnwmpsmpn@cﬁm e mixing bpdy wellfomg and

cool i t.he chem cal tenial Thi.s,may . achi eved coptral ling the

t enpe :}gt ﬂ%}gngwlqgh\gﬁqnetggpgm ’ss@eéia‘ﬂ’g} thg .‘%ﬂigfy' pgbﬂﬁ?rgﬂﬂ 5@%@8%@8 over a
tenper at pia¢ fudigeompribeh RRIPIHpaitibned in theaiikinglbody wallbelewiier at ure of the
reactant streans may be achi eved by providing a 25 tenperature controlling

j acket apelymigsaingslurremixing aamdusfoousent adighhsanging pr r determining the x

head, 100 mer ature of the nononer slurry 810, the
pol yneri g@%&eé&@ﬁ%ﬁ%&%tégﬁ@fhe polynmerizing initiator 880 may be
control | ed byhIsah dltdhate bmbbdienent) alaixshdal ek boinpeisss a light gott ipvsitipned
subsyst eps 350, . 3%0, 31%? fnd the m x,  head 100., Alternately, the
t enperat Uy e gxing body, wiall befow;thegrolvmesizing slwey miripgapnuypsforiseief 3 very 30
subsyste £1,7] L) SINES and the
pol ymer i ggldlahgﬂlnﬁ{)\é}lﬁg%#Ytﬁx*?g%n%%@%ﬁaﬁ%\Sﬁnléylegg Sul %&Eq@étﬁ‘eenper ature
cont r ol | pelymgrizihg inidaterféed poetris Heleied ronhithe deikingcbody swalis sosd thes i n a
tenperature caqntrol | ed agivi ronment ., Tg stop,the normal operation of the

I

mi xi ng aPRIYAEEEBg ditigtor gelivering meangjis efigapated; The glectin mator may s 4 highsi at or

880 is s : i i t1 [ . 16 PF 14
Filed on SEPESREAUSRERNER The cOhinohdy Y sld b UARBETRe 17

si gnaBe miking spindlt bearprgxpapberadiiel. The systdrh araydithericomprides nicanefopel t he

pol ymeri zin terial . fromthe _mx head 100, in spqQnse to _pol yneri zi ng
quenche_rﬁfc'*aﬁs polymgFriging $gYf W?P@n?ﬂ%&? mﬁrﬁ'&{[ Beeiie parte &edgo maxe

pol ymerigd 2 laGétﬁ?}éﬂ?hgﬁ%be&ﬁ% 5 g&g&%egéh'su?(ﬂfe%n@no?ﬁ&%l quantity of

5 pol yneri zi ng r 820 to t meri zi ng urry mxing annulus 190
of the ndelivesngimeas andrpesitiongd i the arixihg Bodpivatimbowe thg pelymerizirtg sitrry s
delivered.to the igjel.of. the three-way valve 510 yi.a the m x head outl et
840, | n RS Jor njsrling & prsmiced slid ol moRgmRF e 1fies BRetsnifE BIsine
controller 600 the three-way val ve 510 causes the quenched pol ynmeri zi ng
slurry to be sent to a waste tank 960 via a waste tank inlet 860. 10
Turning nowto FIG 2, a preferred enbodi nent of the system 20, is shown in
accordance wi th=the present inventive concepts. FIG2 shows a system

di agram of a four chem cal feed m xing and di spensing system 20. The m xi ng
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val ve 510 by a m x head outlet 840. Under normal operation, in response to
a valve control signal 730 fromthe programuable controller 600, the

t hree-way val ve 510 causes the rapidly polymerizing PRigfiled en 65 Sep 2002 mi x
head outl et 840 to be sent to an injector tunnel 920 via an injector tunnel
i nl et 85%\/%&!%&?&6&1%@ fninet c&ﬁﬂis@e«i thieRWay Viftyed Wh%néﬁ inpyt conhéetddtof 1 1 ed

on OS Sep 2002 polyneriZing material to a nold 940. e positions of the

i nj ect or theiowtpht @rOofthe nixing wavity, a40stautpw somnested dol theymeld] ahdensecomd ect or

trol sjgnals 740 .f th troller 600. Th bl

cont r ol | SPHBGonREd i vle BRRTRCTREy mah Ml FhRaRgRaH e 97 e mi x head

100 as “’Q:bhtr@lﬁn%@.&élﬁp&ﬂt@r&@ﬂ'&é Papidle polyRscHLiny §ﬁﬂ§9{thélgélyﬂ1e|rizﬁigtmﬁi}{gt 5in
g

the m x head 100 by way of m x head control signals 750. The pol ynerization
rate neby meang.ckhersybtemomay fusther eempriseameans Jorgontrellingiartemperetushefithe a|

eact ant Tagroblek iRy ol B Rih B ir e gt FRRSHRE Myt U g
of bet wegolyferitk BdGng feis, @hd Meaiidfor tentadling altethpefatiire ®f HRilphérifihg eans

may be achjieved by providing a 1 o tenperature controlling jacket attached
to the miikitin@aintamposeddetwesearihegicans o8 delivaring thepolymeriziag inttigor and ther nat el vy,

the tenper . | Z:l t he
Si'1 ca pRopEtdeEf mbify SEARTEhe Bfitem i MRhTBLLEA AeRISRE Bsluchiibs | 07 1
sui t abioe térrpdratarcdiihesilisa paste iterpeseddetwdech ehambansdoydeivering thersilicagpaste 370,
380, 390, aﬂgrthe m x_head_ 100. Alternately, the tenperature of the

cheni cal 2pathemanemerslurpemizing means, apd meansfor pomrolling ptompegatirg pf the e
nononer j liekd.z i r i
subsyst engoighes gt cRbeitie ricdf Rolaiking MomOHGRE SO MEOKERKL ) oy e
sui t abl y sheryprixaigmearsoThe Systenl ntay, fuftier compripd measifor coritrodliigwe del i very
subsystens in a tepperature controlled enyironnent. To stop the nornal

oper at i ofeTBReratHEs ofi the monamer sluay ahtiemeany tardelivering the mopemer guryandp o

POl ymeysi Zidade %d?icbﬁﬁ"%l ggganﬁ&atﬁ}@mﬁgpp%ﬁeﬁﬁi hiKBRF htthQQA}e'aHé fdrator
delivery subsystem I'n response to polynmerffzing 1nitrator control

si gnal s déliveringrth¢ palymeriging imitibloe. Tiersystem may fidBer comnprige@heankhéorpol yneri zi ng
material from.the m x head 100, .in response to polyper.izing,quencher
control SPYFRRE g semperaiieof dhesilic the meRns for ﬁwem}lwm#@awﬁtyn@di zi ng
guencher ' B epitte [ ' | . | ymeri zi ng
25 quencher %%Ey%ﬁéiﬁgg%g ner | ze?(ﬁigth()élﬁ&?‘?@eﬁétgﬁ énlzlg%%ﬁgésﬁ%gggg%ot he m x
head 100monoset.i ng a quenched pol ynerizing slurry that is delivered to the

inlet of the three-way vglve S 10 via the m x head oqutlet, 840 |In yesponse
to va@e cont IHMKEIE HAOdTLE %lpaan‘i){”mm&éwsncf%@mﬂly BolyBsHZinghe

t hr ee- WayhaYéalkeeopiptise R4 A% héddEhalk Uﬁﬁbl&%pﬁé@élb@&i,@ﬁw%ﬂ%du?leﬁ% Renigmgt to a
waste tank 960 via a waste tank inlet 860. 30 Turning nowto FIG 3, an

al t er nat epindlopositioned withinlasesled miningsayity withima mixing bedyckaving 4 t he present

i nventive concepts. Fl G 3 t he. el nt.s of .a chem cal deljyery
subsyst e f“ﬁ'lgﬁ{; xcglﬁ%lagfcgwgm ‘gglg}%? ﬁllegt.ng ﬁ%ﬁ?@?‘%@?ﬁ‘%&ﬂg ag]‘b §5§5 §P‘_§ﬂf§’§y be used
in all dﬁiixmg b¥d Wafidifdn@dFTeed piit tutinetted Pea HOROMEY delivefify sl édt¥fand
subsystem the silica paste delivery subsystem the nononer_ delivery

subsy €6 enpsitienedgn thataixing bagyqgualh @sélicagastefead port copnerted to 4 siliespaste OS Sep

2002 sub e nal yoerizi inLd r . delivery subsyst. e

el ement s Suverih s bR oy T ek It n il s PO 8L v AT FARE XA 845,
cont ai ni pext oraRert fid ng@hﬁﬁzﬁ@ infitdIdeBVering sub§@teiPaf poitibned i theni ng t he
col I apsi bl e tubing 330, a rotary union_ 320 positioned at a hub of the feed
spool 3| mixipg pedy:Wakl. A palymerizingHpenchanteed poig spnnsptied ey 2 pRbymesizingpsi bl e
tubing 5 i bl i : d t - | 315
For cont & he UefiRtatrRBRsieh P bt IR HEnifeene Ve, SBER PRPE o

nat er sal positiched ép teahiking HuAgkagbtdr detethimingohixaiad preesirddnetBBporby t he
materi al s manufacturer, and the filled coll apsible tubing 330 1.s supplied
to the cResitinhed ahdserandand pfthe saiyinghody oppesite theelectria motermanshbein® at t he

hub of t , l.C ] rgal i apsi bl e

t ubi ng 3‘%’8‘"%(%@%%05%0% é‘éﬁ?q]f%etﬁllg 3% ‘H!ge’ %qﬁg%(ei@dn gﬁ@ d&?érwd%o%%s&gﬁt h feed
spool 3lébnhected ® dnoinket yf arninfeetidn Gundel) ané b \sedvnd dstphg o fthe tladee waypalve t t he
chem cal, nmateri al éo flow. The free end of, the coll apsible tubing 330 is

pl aced thfRgeAnnested i HWastsank, a seanhioy pesitioning asemd dtredkationdo thigmixake- up
spool 315 which is held under constant tension. \Wen the pinch rol

assenbly is rotated, the chem cal material is squeezed out of the

col | apsi bl e tubing 330, through piping is to the mx head. As the materi al

i s squeezed out of the collapsible tubing 330, the collapsed coll apsible
tubing 334 is wound onto the take-up spool 315. The pinch roll assenbly may

. —_— o e o o




19 PF 14 filed on 05 Sep 2002 to a mxing spindle 170 by a seal ed magnetic
coupling 120 to ensure that contam nation of the materials by atnospheric
gases is prevented. Contanination of tH& seal ed spi nelf ¢4 figsiromessSeRIORY
silica paste and nononmer feed materials can be prevented by filling the
head Spadead iieinsBF ptioriitd the FHEGH dinnel'sd Bt AR FEHiY tulindliofflbits in

I nconpressible, 1t w 5 prevent Intrusion o eéd materials into the
beari ng reegtaohwithanwdet ofithe majd, d nivans forgjecting almyldedspart frem themold, fed d

material . Typical rotational speed of the eleciri.c tor 110 and the m xing
Spi ndl e PF B SEnFSe (0dhe ploRamer doityerige SRy Htena SWicaRPsie a

seal ed caiuh;tymn¥ it ' 511?,“}3 ' > ' i -@g?&@ﬂn'nner
wal |, thgd%lggr(‘:fég %@tb %é‘eg‘rlf%ﬁg nngrgﬂl\%/a}tﬁ?a%ﬁgél?%éﬁ ﬁ%?(ﬂlgs!ﬁgqélb?%l(ﬁ e tor m%g a
annul ar5 spancheydelivering sebsystent, thervanihblelspecticel sntmiciinator sthe prassure sersos tthe 0 t he
magnetic coupling,12Q for a nononmer slurry mxing,annul ys 180 for  m xi ng
ST 1T ca pASIEIH RO R aRRg mens, theinjoctor TyaHH BOSEoDng Fisat 804 1 o

t he MDNORRE mdldékphrtGecting nd@Ad!l us 180 throdgh a silica paste feed port 140
connected to a neans” for "delivering the silica paste 890. Mononer is

i ntroduced i ntlo thepresemt inventicy, amnixing and dispensing procdss dort tapidiyypolymerizinger

feed port 142 .connecte tsgenrjl‘zog s..for 15 deIivelii ng, t he nmononer 870. If a

or eni xed MRS Forapises v eli.yleqqgea PPYTRLS T apolymenzing B8 Borts is
Pl uggefh Ghshnk,dR1VEMEYS a b&yﬂr’%ﬁﬂin?%iti%f RAME PoBmRI BRI HOLINEXAEIIR] fobtiigy | Nt O
the mononer. slurry mxing annufus. The flow of the chemcal through this
and subsaapidiytpodymenizing slhgy &y compining thgimenomer sheryasd dhe polymerizingnt s t hat

are forned. hy thg r i ng n xi.ng._spi ndl 70.. hel ping, to,ensur.e efficient
o i g onniar i epaerihdhiisiea s endadit ng Fas Tt RS i
section @b alnhsld.arhestey ofdelivériy @ﬁ@ﬁ&h&xeslwxlrgg%g}?ﬁge he Wik BPddIRRrihgat

forms a polynerizing slurry m Xing, annul us e annul ar cl earance in

thi s | owdhe siliea paste tof raergmass shury mixingimeansodelivering the meromesdathes| urry

vel oci t.y ' L X] n b1 Ut | e |nto the
pol yrreh, Zidlortef Shitprmial Bel ritng b Bibubiipe ARGTYE Bohlhd AU SR 2

ports. Pahyted dilidatasierin theahOiiomér shurty mikieetheany, and8elivefing HefiBoniérng sl urry
m xi ng annul us 190 thrqugh a polynerizing initiator feed port 146 cgnnected

to a meaSHrRdP thrpolymerizige mHEng sSARR Theipiecshmay Suther suprisadhy steps of ng

quencher gi.8.d-08" .1.0f I ANl d XL | us 190
t hr ough é’kg‘é r&#ea?@ﬁﬁgnq ﬁﬁ%ﬁgieﬁggﬁ%%k%ﬂé lglg%%é ﬂ?gﬁ g;’ Mggmri Zi ng
i n: ti at oiquémched polyﬁleﬁég:ég satrcyhlmfm?lﬁihin@ thopalymerizing qoénctiert andethé raq:idgye

pol ymeri zi ng quencher . The polymerizing initiator initiates

pol ynedi PAIYSAIZEE SIHEY Hohe Relymerigingymixfng @C%énﬂcﬁaei»m&mﬁgumﬁg her

provi des YAz s@\,rpy% ﬁ?ﬂﬁlh K% ' ith a

pol ymer i gl I on Ed a(l:t | o{n W ﬁpﬁk?&fﬁfﬁgw ne o r%%g{p\&}e’s’ggfeggbg %ﬁ]d five
seconds, contrallinga sempsratutenfshampidly polymnefizing shantyt in ghepolphddzinBealiningt he

m xing spindle 170 is a m.x,.m xing.anpul us outl et nort 148 for ppl yi ng
the. r api 1ot G PERGCS] gy AILNSF POmBrisedhe Fiaps pheontsgliing atemperainge ebRect cd t o
a three- déBin | syay val ve
510 pr ovi“giggmt%hgﬁ%yxed glﬁlueggrﬂe ?ﬂo&givt&ﬁlegfﬁ? ﬁgﬂioﬁ?p%g‘tﬁ%r% %héﬁﬁé*ﬁfrﬁzﬁrg’a%o or
t he west enixinghndans,eind 860xrollingle temapenatnrel ofdhe polpmerjzingwetibter dunmg thelstep. A

. 150 ig installed in t || .of the, m Xxi dy 160 t
Gl Gnal ¢ RESHIaERE M anEies biaer ol lbmeritig mEEpRmeand THABFOES® A || ght
port 152 pjay A& cBRYisEBR stps b Sorfotfinifa élnﬁiéfﬁt'ﬁrﬁ%lf Helsilfda %ﬁg&tdu}xﬂé thdr ough

which radiation can"be transmtted toa flowing slurry. I's may be used to
ei t her gatepeof déliveping thesilicagfastedo the mondmer shurty minipgmealss, fud candrodling a

h t ' | hot o: bl heni cal terials,
he’ |1 ghlensr e B ok e A s o DR SR R PO i ng
now t g Fhliarr§ mikirg e B OTHe progeso A %ﬁﬂlé‘t‘éﬂh’blﬁke RGPS 6LcofroMing S M xing 10

and di spensing system operation. The control sequence 50 resides in nmenory
in a protpmperaibiedf thermerotherslumrprartp dekiessingdhe menpwer feenaind spnwellisgar t i ng

t he conputer pr.oqgr 60 the first, step . .0 _check for system.faults 610.
I th s SIpeUtY e potymédfint Wifiof b 3t feridifn Phefink oY
carried Phé procédsimayeRirtByr conipRize the st€ps oTohthsllin® b teniePatarebfake sijieLpastdre

nol ded part 680. If all of the steps are carried out without error, the
control Rmordegabivrringthe siljaa pasts, and eentedling atemperaiurs ofithegnenamer prior &2 7 shows
the control sequence for checking for systemfaults 60 (610 in FIG6).
After starting the check for systemfaults 611, the delivering subsystens
are checked to determne if they are ready and capabl e of delivering

anot her shot 612. If they are not, a purge/quench alarmis set and a

purge/ quench cycle is initiated 20 620, after which the systemis stopped

P~ N o . o o oA~ o




nol d position is checked 621. If the nold position is not correct, the step
of checking for systemfaults is restarted 611. If the nold is positioned
correctly 621, the step of checking forlkystem faul tef 14 fileddad0BRP, 200Ad t he
conput er program continues to the step of executing the pour cycle, 630 in
FIG6. 5 dalrveting tHeanbhdindt! Chéproeerd nidlyFuitRer &h@rﬁé\t&%fé&oﬂ%nm \thd he _
control sequence for executing the pour cycle 70, (630 in FIG6). FIG8B is
a cont i nusmohemexslury dglivering gtephihy pe ingtinigieton delivaring s63y therrapiglys55.

f i .t.h | d 2\ ' .
ot bR RE B oGRS i BB T SO e ook e
contact bgyfo i€ contiotet.i The ;irmsseina)aamobbﬁﬁﬂm tHe stdp O e6trélingBdailica 10

determine it the injection tunnel contacts the nold 835. | f contact has not
been nailepastarcliyeningste.thh:menomendalivariessiep, she mpaemerslusy formingstemitee ti nes

634. If t L nj-ect i . . ee
conti guoLqu%\%‘%lgé hﬁﬁﬁhg&aggﬁrﬂgﬁg&qﬁéﬁ ?ﬂﬁﬁﬁﬁﬁggﬁ }ng% l“ﬁﬁﬁ’?‘l“%ﬁf@é’n?@ al arm

i s set 63g@phitypolymetikingskaryt delivesngistep, thepdlnntrizing quérthendstivedng stepleher m ne
if it is Less than a preset.pour tine limt T1 636, If it is not |ess than
15 the podnenchedpolymenzing slugy Sormyjag stgerand the quenched polymeriging sy ge/ quench
cycle is jniti: . i systemis stopped 651. If the

el apsed t#%ggﬁéggpﬁﬁgpf% pg]ﬁ@cﬁ@&%l@iﬁs than the pour time limt Tl 636, a
check 16 agai nintheimiting ded dispensing frocese formapdlyi polyrheriving materiabcthe t he nol d
635. If the injection trnnel does .make contact with the nmold 635, the

del i veri rHONBé?%’ﬁ%?ﬁP“& lgr LY, COMBTISEACMPRINGT PP STRMROMATISING steps ofer i s

reset 637 : ' LA | : ' = e is less
than a pr"é‘S@%‘ﬁg?‘g‘@ﬁ‘?@?‘g‘éﬁ%g’%@?ggg I%‘} fehléépgﬁlggﬂﬁk)s{h{ﬁ?%%u £ anot her
check i s makied part,dmtleepuating tife préndouscfour stepsd Thénstep ofitheckingfossyatem faalts t han

preset volunme |lim ttg VN 63 I f . the fgﬁl I, vered val unes are | ess than the

preset vdPBHECPHSethe geps ok determining ifghe delvering syhsystems ateiepdy, Gebing &

repeat ed. j i ”&‘ﬂ?gda i t

pr essuﬁi %dééﬂgﬁ%bﬁwggg%ng‘rﬁﬁe deﬁrgg/ragééﬁ }215c§%lﬁgfnt1h é gﬁﬁ‘\,/ég{}%%élgagtreg{ Sﬁ%? | ess

t han pr egmsit readlypdateriniming $f AAND6BEd préssurdas zeresending bbek/sp emmmands tettlpped and
back up copmands are seni. to t el iveri,ng subsyst.e 640. A check is nade
o et or HAERIE SREATERIE e mi el Breshire iRt e, Hdos e ke Qb Sliahe ot
correct infiafifd 4 | : \ ' ' ] Ife t he
ot on. al g iniiali e puieRUSLIoIR i bfe Bl el BRI bAKp onifhiiRlae

i ndi cat i regntta the/delivedng bbsystems pesanseoof a ndn-zene min heasbprassurendetergimingoif

st opped wi t hin e preset ratias.ti lim¢t T2.641, a.purge/quench alarmis
set arh dnsiared f7eReRe &yest BopS dsp Manalfedesedminrion? e R 1 58 e | <

st opped Ghd purgb/qaéichlari ¥hddfitiatifg £ nfeath Eytlé FIheslapsedtinfCdin@de OF
the ratios alarmis stopped within the ratios tinme |limt T2 641, a check is
made to dast@pwsisaot kess than thel prodetesmingdaoue timeimit Tbsdetermining if apglymeeis

ranges 6 L f. . | VL8 L.cal . val =Aale) Lt hin_ br ranges
22 PF 14 F’I‘l}a‘g ‘%Eﬁﬂgﬁ@é‘égzu ﬁggﬁg),“feg‘z%la&#g}a Hd% ﬁ%’lﬂé %“2@‘;"‘2@? 8@?@#‘*% he

vol unme althe polymefiging Qlhfim add réstart the stbplof¢hRéckehgCfoe Bystéth fauMsbyaspeatifig Wet hi n
preset ranges 645, a retract commmand is sent, to the injection tunnel 646. A
check 35s predieus stengdf the pplyaner s potdorming ircthe six hapth setting thepurge/awanchol d 648.
If conta i . ’ I S repeated
for up t%iafn%?ag’gr]@ﬁl? ﬁﬁrégleg)&%?%n{ﬂﬂgyc?ﬁfggﬁ P%I%{b? gﬁélsel?&con ag?@@t he nol d 648
after thpetymaizingulaus dattvminisg if s wbldae positisiedaérrectly) and réstdrtingthe stepel
retract alarmis set 650 and the el apsed tinme since the |last pour is
checked ©f cé“&k&}g@h@sﬁn faults by repeatingthe previousstaps plthe maldys nat ppsitinedsso | 1

it is no Lol L g rm.is set and
2 pur gor SOLEEafy. THEReb BE Rlfing {H¥holy, cte iy cBHiciRe HIPE Rt * B0
651. 130 tateanet apmelcommandstorameinjebdonlfinhel posifionibg inteahe for pobitioninganpour ti e
limt T1 652, a check is again made to determne if the ipjectign

t unnel ~edHeH Optlgt dn gomact with andinjet, pgw md . detarening lﬁn BrGEEtKk es
contact w : I ' rﬁﬂgﬂﬁ ' ut er
program ‘({:ﬂoﬂrilltg ll é\ét}g%%gPﬁ’g&gﬁe%ﬁggmré&g@si%sﬁggfsﬁ%g?ﬁﬁe{e@Fﬁl 6 %i‘r?]io 6.

Tur ni ng pontadtahdinGld) setfhg-a irgévdion hirinel advahceodlarme ifikengection tureebdodsinoti ng
the 15 nold 80, él660 in FIG6), Wen, the ste;i) of repositioning the nold is
started 6eMactihe wmgldafier e erntignaus advangertupns! coramapy dgtspmining @Bk i s made
to determine if the nold is repositioned 665. If the nold is not
repositioned, the reposition nold conmand 662 is repeated for up to three
times 664. If the nold is not repositioned 665 after three contiguous
reposition commands 664, a nold positioning alarmis set 663 and the

el apsed 20 time since the last pour is checked to determine if it is less
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15 trai ned personnel. The systemis especially suitable to small shot sizes
such as is required when encapsul ating delicate el ectronic conponents
because of the unique mix head configuldtion. The depF téfitedadnedS $ep2GH2
conponents such as m crochips that are encapsul ated by this systemare

di sti ngui . ' r o vi.el ﬁﬂ? se of
| ow vi scoga;]?etd gﬁgélggéu??#{a}%m{r% cgék)ilha 5%“%%%85{ %ﬁﬁ gﬁt@%i@lggga%&;ﬂse guch as

wre SV\Bﬁﬁrgeﬂ}heﬁcﬂﬂalhxm\aid Hitiading @ puegaiqucnthl bﬁtﬂe ifah opeRedridags hetarmetiahenl
stress than conventional techniques. The chemical mterial conponents are
al so i nh@mwumeéel mmwﬂetmw%twﬂmmﬁée@m

pr esent Gl ; ference

to certal n ;ﬁ)%[*g??lg%%ng%&% ah?ﬁ%?%@ﬁ%%%hgﬁeg%%gg%% lsfaaren.f)¢(%1§5| bl e.

25 Thesebprussyre isiesssthar a praﬂaténamen prasburt thienif) dprendinthgcilf deliveradhehehsicalot be
preferred enbodi nents herein. 24 PF 14

I ted to the d | pti f th
f: Imedeon %sngé.arei@%ﬁé’m%&%@ Velymedimifs, repeating the prryionsdhige stsen i ng
SyStemfﬁ{exﬁm'éAh#‘?r RelesthRd e'téi-}n%ae Qggﬁlleﬁhﬂﬁ’an&@edz?%}é gfor

delivering a nono urr to a yrrerl Zi m Xi ng neans means for
del i ver i nhemicalotojurpes are egs ﬂmntthapmdetbmmbévqﬂumyﬂmn’tsz buogpingxher;g)mmgrbg (c)
means for formng rapi dly |Z|n slurry byc nbi ni t he nononer
slurry aﬂtBPP’HE%‘F%E‘Fﬁ? y§t P‘% “BS?‘?H’@P n‘B Hg‘k‘feﬁﬁgneans and

(d) rrqanmswteﬂe iff RS 1hE lﬂxﬂ‘ﬁe?@@‘e@lﬁ‘e B%YIEEfﬂx%h'ﬂ{b Zﬁkwtéaeuhéa &egya}@mnﬁ A

m xi ng and di spensi ng system rapi dl'y polynmeriZing materials, according
to clai nvnthe\dhhvcfcmchdzmcaiwhanéscare det lcssethamtjpearmbtmnuredsﬁnhmqhmdsgpn ses: 15

f d ' I te t
(5) meandetpgriniigrf SEivers hemit iRt camsehanbRes rEios A HE ARG e: (o)
neans f oghdnficslirAGiost 436 nSIUdLIEBY, séttikg medm‘gea@mabmuaﬂnfaﬂ&mmmg&he and the
silica paste in the nmonomer slurry m Xi hg nmeans; d (d) ~ neans for

del i veri p@rgmgemhmyqlsnf &Iewpmyntqroiocmotpgeteyﬂmrrauos@arm afterg prgintmmtml 3. A

m Xxi n n5| tem.for mar|2| mat er i accordi ng
to cl gf eq%ﬂﬁ’p tgpoﬁm Cé‘;gﬂglé%g meal V9 AV, 'Inyrrerl zi ng
quenc he(rjpxteaetbﬂﬂme@ YONBleirdhges, d”éttlﬂg@vdrﬁﬁ@ 2lard 3f the He FPRBS chéicAVolim& 2
quenched pol yneri zi ng slurry by conbi ning the polynerizi ng quencher and the

rapi dl y greinphwithin thepedetermined vphmmngesesqndmga mtrmtmgmbenmmmw the) neans
for deli ffleercltxgg i hel &uetﬂ)%rl}legdmg ans; H%Ex'mzihlrx]l if lérugjgctlon tunn\'\é?%gr?tacts Ble mold,

repeating the previous two steps if the injection tunnel continues to contact the mold,

20 setting an injection tunnel retract alarm if the injection tunnel does not retract from the
mold after three contiguous retract tunnel commands, and determining if the elapsed time
since the last pour is less than the predetermined pour time limit T1 and setting the
purge/quench alarm and initiating the purge/quench cycle if the operator does not correct
the injection tunnel retract alarm within the predetermined pour time limit T1. The step of

25 repositioning the mold may comprise the steps of sending a reposition mold command to a
mold positioning means, determining if the mold is repositioned, repeating the previous
two steps if the mold is not repositioned, setting a mold repositioning alarm if the mold
does not reposition after three contiguous reposition mold commands, and determining if
an elapsed time since a last pour is less than a predetermined pour time limit T1 and setting

30 a purge/quench alarm and initiating a purge/quench cycle if an operator does not correct
the mold repositioning alarm within the predetermined pour time limit T1. The step of
ejecting the molded part may comprise the steps of sending an eject molded part command
to a molded part ejecting means, determining if a molded part is ejected, repeating the

previous two steps if the molded part is not ejected, setting an eject part alarm if the



30 4. A mxing and di spensing systemfor rapidly polynerizing materials,
according to claiml1, further conprising neans for controlling the nononer
slurry delivering means, the polynerizildg initiator geli Fﬁdi&mmmt he
rapidly polynerizing slurry form ng neans, and the rapidly polynerizing
slurry del| | . 4 fi 0) ) Xi ng and
di spensi %Msi%# %qu%?ﬂ?g&:tcﬁ%}r Bgfe;?%{rd z?‘%ge?%é eorl(?eglppsa?t cg%gﬁo%n [ hag[gﬂdi(o claim 3,
further cli@miminhgf afeidpsed fineshict adhst pog it 8s thahiapredebeiininedglouy tifellnieans,
t he nononer delivering neans, the monomer slurry form ng1 neans, the

pol yner i Zilapd; Sﬁtttniga@tmvgqmqwb plarg and anitating-rpyrap/anenchsele ean oremos| ur ry
form ng MRANg. c%n%ﬁethé gi@{:tcya)‘t £8&r¥mh&h99ﬁﬁkﬂé%%eﬁ§bﬁr"tﬁﬁé fghifEans. the

pol yneri zing quencher deli‘vering means, e quenched polynerizing slurry

f or mi ng neans,Indrdpredent mvemidied fimvhereatbodintgt & ai engapbalatedadevivg, neans. 6. A
m xi ng and di spensjng systemjfor. rapidly polynerjizing materials, 10
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monomer and the silica paste in the monomer slurry mixing means, and delivering the

monomer slurry to the polymerizing mixing means. In another embodiment, an
encapsulated device, comprising a device positioned within a mold and enclosed within an

20 encapsulating material, the encapsulating material prepared by a process described above,
may further comprise the steps of delivering a polymerizing quencher to the polymerizing
mixing means, forming a quenched polymerizing slurry by combining the polymerizing
quencher and the rapidly polymerizing slurry in the polymerizing mixing means, and
delivering the quenched polymerizing slurry to a waste tank. Another embodiment may be

25 an encapsulated device, comprising a device positioned within a mold and enclosed within
an encapsulating material, the encapsulating material prepared by a process described
above, further comprising the step of controlling the monomer slurry delivering step, the
polymerizing initiator delivering step, the rapidly polymerizing slurry forming step, and
the rapidly polymerizing slurry delivering step by a computer program residing in a

30 programmable controller. Another embodiment may be an encapsulated device,
comprising a device positioned within a mold and enclosed within an encapsulating
material, the encapsulating material prepared by a process described above, further
comprising the steps of controlling the silica paste delivering step, the monomer delivering

step, the monomer slurry forming step, the polymerizing initiator delivering step, the
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FIG-3,shows the elements of a chemical delivery subsystem.

FIG-4 shows the elements of an alternative embodiment of a chemical delivery
20 subsystem.
FIG-5 shows the elements of a mix head assembly.
FIG-6 shows the overall control sequence of the mixing and dispensing system
operation.
FIG-7 shows the control sequence for checking for system faults.
25 FIG-8A and FIG-8B show the control sequence for executing the pour cycle.
FIG-9 shows the control sequence for repositioning the mold.

FIG-10 shows the control sequence for ejecting the molded part from the mold.

Detailed Description
30 Turning now to FIG-1, a preferred embodiment of the system 10, is shown in

accordance with the present inventive concepts. FIG-1 shows a system diagram of a three
chemical feed mixing and dispensing system 10. The mixing and dispensing system 10
comprises three chemical delivery subsystems including a monomer slurry delivery

subsystem 350, a polymerizing quencher delivery subsystem 360, and a polymerizing
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feed confaRidlzpobymesizingdnaterals frog: the imix dead outlat 840 tabe sent tor anqigiestostunnel
15 920 via an injector tunnel inlet 850. The injector tunnel 920 delivers the rapidly

polymerizing material to a mold 940. The positions of the injector tunnel 920 and the mold

940 are determined by mold and injector control signals 740 from the programmable

controller 600. The programmable controller 600 also controls the speed of an electric

motor in the mix head 100 as well as reads and controls a pressure sensor and a light port
20 in the mix head 100 by way of mix head control signals 750.

The polymerization rate may be controlled by suitably heating and cooling the
chemical materials. This may be achieved by controlling the temperature of the reactant
streams, either separately or together, over a temperature range of between 0°C and 60°C.
Control of the temperature of the reactant streams may be achieved by providing a

25 temperature controlling jacket attached to the mix head 100 for exchanging heat with the
mix head,100. Alternately, the temperature of the monomer slurry 810, the polymerizing
quencher 820, and the polymerizing initiator 880 may be controlled by suitable heat
exchangers placed between the delivery subsystems 350, 360, 390, and the mix head 100.
Alternately, the temperature of the chemical materials in the monomer slurry delivery

30 subsystem 350, the polymerizing quencher delivery subsystem 360, and the polymerizing
initiator delivery subsystem 390 may be suitably temperature controlled by, for example,
enclosing the delivery subsystems in a temperature controlled environment.

To stop the normal operation of the mixing and dispensing system, the delivery of

the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem
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compri's e§70 a polymerizing quencher delivery subsystem 360, a monomer delivery subsystem

15 380, and a polymerizing initiator delivery subsystem 390. In response to silica paste
control signals 780 from a programmable controller 600, the silica paste delivery
subsystem 370 de/livers a precise quantity of silica paste 890 to a monomer slurry mixing
annulus 180 of a mix head 100. In response to monomer control signals 760 from the
programmable controller 600, the monomer delivery subsystem 380 delivers a precise

20 quantity of monomer 870 to the monomer slurry mixing annulus 180 of the mix head 100,
The silica paste 890 and the monomer 870 are mixed within the monomer slurry mixing
annulus 180 of the mix head 100, creating a monomer slurry 830 within the mix head 100.
Within the mix head 100, the monomer slurry 830 is transported from the monomer mixing
annulus 180 to a polymerizing slurry mixing annulus 190. In response to polymerizing

25 initiator control signals 770 from the programmable controller 600, the polymerizing
initiator delivery subsystem 390 delivers a precise quantity of polymerizing initiator 880 to
the polymerizing slurry mixing annulus 190 of the mix head 100. The monomer slurry 830
within the mix head 100 and the polymerizing initiator 880 are mixed within the
polymerizing shurry mixing annulus 190 of the mix head 100, creating a rapidly

30 polymerizing material that is delivered from the mix head 100 to an inlet of a three-way
valve 510 by a mix head outlet 840. Under normal operation, in response to a valve control
signal 730 from the programmable controller 600, the three-way valve 510 causes the
rapidly polymerizing materials from the mix head outlet 840 to be sent to an injector tunnel
920 via an injector tunnel inlet 850. The injector tunnel 920 delivers the rapidly
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delivery subsystem 360, and the polymerizing initiator delivery subsystem 390 may be

suitably temperature controlled by, for example, enclosing the delivery subsystems in a
temperature controlled environment.
To stop the normal operation of the mixing and dispensing system, the delivery of

20 the polymerizing initiator 880 is stopped by the polymerizing initiator delivery subsystem
390 in response to polymerizing initiator control signals 770 from the programmable
controller 600. To expel the polymerizing material from the mix head 100, in response to
polymerizing quencher control signals 720 from the programmable controller 600, the
polymerizing quencher delivery subsystem 360 delivers a precise quantity of polymerizing

25 quencher 820 to the polymerizing slurry mixing annulus 190 of the mix head 100, creating
a quenched polymerizing slurry that is delivered to the inlet of the three-way valve 510 via
the mix head outlet 840. In response to valve control signals 730 from the programmable
controller 600, the three-way valve 510 causes the quenched polymerizing slurry to be sent
to a waste tank 960 via a waste tank inlet 860.

30 Tuming now to FIG-3, an alternate embodiment of the system is shown in
accordance with the present inventive concepts. FIG-3 shows the elements of a chemical
delivery subsystem 30. The elements of this chemical delivery subsystem may be used in
all delivery subsystems, including the monomer slurry delivery subsystem, the silica paste

delivery subsystem, the monomer delivery subsystem, the polymerizing quencher delivery
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collapsed collapsible tubing 334 is wound onto the take-up spool 315. The pinch roll

assembly may be driven by stepper motors controlled by a programmable controller.
Turning now to FIG-4, FIG-4 shows the elements of an alternative embodiment of
a chemical delivery subsystem 35. This embodiment can provide a larger volume of
20 chemical material to an encapsulating process, which may be required, for example, where
either longer production runs are desired or larger volumes of chemical material are
required for larger mold volumes. A chemical material 802 is contained within a
pressurized feed container 338 and is fed to a stepper motor driven metering or peristaltic
pump 322 via chemical material conduit 804. The metering or peristaltic pump 322
25 performs a metering function by controlling the amount of chemical material 802 that is
provided to a mix head via chemical handling conduit 806. The chemical material 802 may
be contained within a flexible container 336, such as a bladder, to provide a suitable barrier
to the external environment. Pressure is maintained on the chemical material by providing
a force F on a diaphragm element 332 positioned within the pressurized container 338. The
30 force F on the diaphragm 332 may be provided by mechanical means, pneumatic means, or
by pressurized nitrogen or argon gas.
Turning now to FIG-5, an embodiment of the system 40 is shown in accordance
with the present inventive concepts. FIG-5 shows the elements of a mix head assembly

100. The mix head 100 comprises a high, variable speed electric motor 110 that is coupled
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slurry mixing annulus 180 through a monomer feed port 142 connected to means for

15 delivering the monomer 870. If a premixed monomer slurry is used in the process, one of
these feed ports is plugged and the other is used to introduce a premixed monomer slurry
into the monomer slurry mixing annulus. The flow of the chemical through this and
subsequent sections is at right angles to the velocity gradients that are formed by the
rotating mixing spindle 170, helping to ensure efficient mixing of the chemicals. The

20 monomer slurry flows down to a lower section of the annular spacing opposite the
magnetic coupling 120 that forms a polymerizing slurry mixing annulus 190. The annular
clearance in this lower section is decreased in order to increase the local slurry velocity for
rapidly mixing and diluting the chemicals introduced into the polymerizing slurry mixing
annulus 190 and to prevent plugging of feed ports. Polymerizing initiator is introduced into

25 the polymerizing slurry mixing annulus 190 through a polymerizing initiator feed port 146
connected to a means for delivering the polymerizing initiator 880. Polymerizing quencher
is introduced into the polymerizing slurry mixing annulus 190 through a polymerizing
quencher feed port 144 opposite the polymerizing initiator feed port 146, and connected to
a means for delivering the polymerizing quencher 820. The polymerizing initiator initiates

30 polymerization of the monomer slurry while the polymerizing quencher provides a reaction
poison to stop the polymerizing reaction. With a polymerization reaction with an induction
time of between one and five seconds, it is possible to sequentially fill multiple molds.
Below the mixing spindle 170 is a mix mixing annulus outlet port 148 for supplying the

rapidly polymerizing materials to the mix head outlet 840 connected to a three-way valve




delivering the silica paste; and (b) neans for controlling a tenperature of
t he nononer at the neans for delivering . the nononer. 5 38. A m xing and
di spensi ng system for rapidly pol yneri 0ng mat er i al SPFaafidéd i 09 Se 20022 mi X
head having a vari abl e speed electric nmotor coupled to a m xing spindle
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port connected to a polyneri zi agml nitiator delivering subsystem and
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body wal lputguses]et ahen tHeysteinxis heabwith phctoscarablddhetticad widtial) e light pbiti oned
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connect edefves ininitiata polymerzationof thppatgeialye; (h) a first output of the
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(i) a mweand dispenshgsdysieanopegationTThel corntrol 8éqiiched50 esidbeinthembgada (j) a nmeans
for positioning ai)he I njector, tunnel so that an injector tunnel outlet is in
cont act \Festammaple;controler;and campaisesFour \Rion steps After startinedhe Fomgputerol ded

o O 9 e o SR TB SGRB 10 5 PSR b
pol yner i 26 execute the powrrcydie! 630ds targied vins fslloswed byherepositioresf the neldie6naker
del Tverl r;g ejsech:P ax%irtxoﬁcq]ed Iagarxl‘teGBVO(’.i rli' azlillbéte thcsa Etggg arg lcgr(;}eiiio%t &?t%agﬁt’er;o?,ethe control

15 sequence is again started 601.

Turning now to FIG-7, FIG-7 shows the control sequence for checking for system
faults 60 (610 in FIG-6). After starting the check for system faults 611, the delivering
subsystems are checked to determine if they are ready and capable of delivering another
shot 612. If they are not, a purge/quench alarm is set and a purge/quench cycle is initiated

20 620, after which the system is stopped 622. If the delivering subsystems are ready 612, the
mix head pressure is checked to determine if it is near zero 615. If the mix head pressure is
not near zero, a back up command is sent to the delivering subsystems 614 in order to
reverse the stepper motors to stop material flow. If the pressure is not reduced to near zero
after three back up commands 613, a purge/quench alarm is set and a purge/quench cycle

25 is initiated 620, after which the system is stopped 622. If the mix head pressure is near zero
615, the elapsed time since the last pour is checked to determine if it is less than a preset
pour time limit T1 616. If it is not less than the pour time limit T1, a purge/quench alarm is
set and a purge/quench cycle is initiated 620, after which the system is stopped 622. If the
elapsed time since the last pour is less than the pour time limit T1 616, it is determined if a

30 polymer is forming in the mix head 619. If a polymer is not forming in the mix head 619, a
polymerizing alarm is set 618. If the operator overrides the polymerizing alarm 617, the
step of checking for system faults is restarted 611. If the operator does not override the
polymerizing alarm 617, a purge/quench alarm is set and a purge/quench cycle is initiated
620, after which the system is stopped 622. If a polymer is forming in the mix head, the



33 PF 14 filed on OS Sep 2002 pressure sensor, the three-way val ve, the
nol d positioning neans, the injector tunnel positioning neans, and the

nol ded part ejecting means. 39. A nixirXd and di spenspmg4 fledcasd $qy2002pi dl y
polymerizing materials, 5 conprising the steps of (a) delivering a nononer
S urry 't GnBidRRLiXR1{ eoded G BAHERRNG poditidn A Glot Ut nstBPbY kg ok
initiator to the polynerizing mXxing ans; (c) formng a rapidly
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initiat inth | A4 1,XJ : d 10..(d) .deli [ th
Irgt:oi :JlﬁyorchI{ %ﬁﬁ%\@?@kébﬂ?ﬁg n?@?@%?prg&%%ﬁg%&o@%%&éﬁgg p?ocess

fdr rapi dxkcRRIMAEpnEi Y6l B3PI FIGS6, according to claim 39, wherein the step
of delivering a nononef slurry conprises the steps of 15 (a) delivering the

silica Saste tTurningswounteFIGHEA ayd FIGi8Bg Fie-@dAsand(HIG-8B show thegpntok nononer
to the mononer gl urry m xi ng NMeans ;- .( f.or.m e noner. slurr

combi i ngeREeRE e e R ghd REORE 70" (08 FIG AT HaCER B Foreplieip 95
nmeans; argh (add ksl dorféct BepetHee aRHIARNd B 655! KilePsthARghid YotRCyéle®31dnxi NY
means. 20 41. A m xing and dispensing process for rapidly polynerizing

mat er i al sdvansespmimandiipsent i an miectipy funinek 6320nadvarica ghe injectior pianek in( q)
delivering,a . polymerizi uencher. to the pol rizi m xi.n ns; (b)
form ng S80dR ks iAo hapPefe Berhiy bl SR medd PRPeshiiShelF BTy Bs
quenchgy defimiresif thihidttiorPhiéTRohtati Shéibld 635! IT dofificipds\HBE béehl mgde]thel Ng
nmeans; and (a) delivering the quenched polynerizing slurry to a waste tank.
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Fenper ar ok AptRecife plofd kPELAGRE oBhikhobl B ahEPrhol A 30 B

M Xi ng negjestiordtdnned advatico dladmds it P8 ARd fiie dMpRédtithelsitice tialastipoupiR! yneri zi ng
materials, according to claim39, further conprisi nf] the steps of 34 PF
14 fil ed checked tedeterpuine iffibis lessthar preses paur émp limit TF 636fIf ithenotdessitean s| urry

duri ng, t . .deldver| r rr [ 7] m Xin
means ;gl sa Z% € (?)"?Ql@g nlfrﬂg IT:IF %8 h%%{(@%ﬁ)ceﬂr@% SS&;'{L(ljhaely lffgﬁ%%%r%lh % ?"lﬁlé %;'ﬁ'iuﬁtéa}? or )
during t lea9sifesp whichdkhe systém igstbpysedBsil yifatié @lapsed tifiel sileQhe 128t PAIR is less

pol ymeri zi ng. m xi ng neans. 44. A m xing and di spensi ng_process for rapidly
pol yrer i 2hanghgnewrtime EmitaEL 636 jatheekois agein madg to determpia ildbajpiedtionduaned st eps
of (a) c | / o L] | S of

el 1 ver | naniegs tidiiom ds3TREIniéchioR nrldfacks ikl cBARLE Mol 435 HEP 0T )
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20 made to determine if tlsle mix ¥1eam press%re is less than a preset pressure value P1 639. If

the check is affirmative, another check is made to determine if the delivered chemical
volumes are less than preset volume limits Vy 638. If the delivered volumes are less than
the preset volume limits 638, the check of the mix head pressure 639 is repeated. If either
the mix head pressure is not less than the preset pressure value P1 639, or the delivered

25 chemical volumes are not less than preset volume limits Vy 638, the delivering subsystems
are stopped and back up commands are sent to the delivering subsystems 640. A check is
made to determine if the chemical ratios are correct 643. If the ratios are not correct 643, a
ratios alarm is set 642 and a determination is made if the ratios alarm is stopped within a
preset ratios time limit T2 641, indicating an override by the operator. If the ratios alarm is

30 not stopped within the preset ratios time limit T2 641, a purge/quench alarm is set and a
purge/quench cycle is initiated 649, after which the system is stopped 651. If either the
delivered chemical ratios are correct 643, or the ratios alarm is stopped within the ratios
time limit T2 641, a check is made to determine if the delivered chemical volumes are

within preset ranges 645. If the delivered chemical volumes are not within preset ranges
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39, further conprising the step of controlling the nonomer slurry
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41, further conprising the step of controlling the silica paste delivering
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ne ry
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Phe. pr oot moRRes, ety PRI & e BIL b3 copih ShelBah Boltliia e S0
st eps of of egposikieninigitke mold, 6§6 ircFIG-6ul ts; 10 (b) executing a pour cycle; (c)
repositignrergg t he §D| d; i;i(,jé‘ ejecting a nolded part; and (e) .repeating steps
(a) through (dumingngy to Kl &h@-%ﬁh@w thecoptipligapense dacrepeyitipning they
pol ymeri zi [ _ j kgl ¥ of checking
for gs/lsst @#?3%@?@% ng)gﬂ{rﬂfg@gtteg%g? kl?gfﬁgge er%ﬂn’?rs\{gapﬁi%{sﬁgd delivering
subsyst em@position comikyand (iH3ens &3 the fgpld 662114y elegk émbdedoadeteranink ifthd mald isg a

/ h if_ th del i ' bsyst t ;
Gt or i nFRGSIONG 6% IHbaaal <A repopiioneh e reposiion moid command 667 s! *
repeated for up to three times 664. If the mold is not repositioned 665 after three

contiguous reposition commands 664, a mold positioning alarm is set 663 and the elapsed

20 time since the last pour is checked to determine if it is less than a preset pour time limit T1
666. If it is not less than the pour time limit T1, a purge/quench alarm is set and a
purge/quench cycle is initiated 667, after which the system is stopped 668. If the elapsed
time since the last pour is less than the pour time limit T1 666, a check is again made to
determine if the mold is repositioned 665. If the mold is repositioned 665, the step of

25 repositioning the mold is ended 669, and the computer program continues to the step of
ejecting the molded part, 680 in FIG-6.

Turning now to FIG-10, FIG-10 shows the control sequence for ejecting the
molded part from the mold 90, (680 in FIG-6). When the step of ejecting the molded part is
started 681, an eject part command is sent to the mold 682. A check is made to determine

30 ifthe part is ejected 685, If the part is not ejected, the eject part command 682 is repeated
for up to three times 684. If the part is not ejected 685 after three contiguous eject part
commands 684, an eject part alarm is set 683 and the elapsed time since the last pour is
checked to determine if it is less than a preset pour time limit T1 686. If it is not less than

the pour time limit T1, a purge/quench alarm is set and a purge/quench cycle is initiated
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del i vered chenjcal .ratios are nqt correct, . ., , -
.mthough —tﬁe present mvenaon as been described in considerable detail with

reference to certain preferred embodiments thereof, other embodiments are possible.
25 Therefore, the spirit and scope of the appended claims should not be limited to the

description of the preferred embodiments herein.



37 PF 14 filed on OS Sep 2002 (m setting the purge/quench al arm and
initiating the purge/quench cycle if the operator does not reset the ratios
alarmafter a predetermned ratios alahtine |imt;pgnkm&t& 03 8epgodX the
delivered chem cal volunes are within predeterm ned vol une ranges; (0)
setting I I | §c.t he delivered chem cal volunmes are not within the
predeterwi\%?gﬁemgngsés; (p) sending a retract tunnel conmand to the

i njection tunnel positioning neans; (q) determining if the injection tunnel
contacts the nold; (r) repeating steps (p% and (q).if the injection tunnel
continues to dont ach mixegepd gispensinggystem for xsapidly nohyracriziegymatenals; r et r act
alarmif c‘bﬁ@n% L,ection tunnel does not retract fromthe nold after three
contiguous retrdct tunnel commands; and (t) deternmining if the el apsed tine
si nce tshe | ast(apourmeams farsdelivérng 4 henpmerlsiugy o apolyprerizing mixilg mednsand

setting the purge/ quench aJarmand initiating the 15 purge/ quench cycle if
t he operat or débs g’B?”&Q‘?‘r‘%@WWP‘h‘P@@FF@E'WHW&FO PPERETEIMETRHXIE hi n t he
predeter%ﬁgﬁgl pour tinme limt. 52. A m xing and di spensing process for

rapi dly pol'ynerizing materials, according to claima49, wherein the step of
reposi ti oni ng (the mdans fmrfpmings rapidlyspad pmenting Slutry)bysenthimiag ther eposi ti on
mol d command to m@bgéﬁosni oni.ng.means; b) fjeterm' ni r;‘gnif t he rH)I dis
reposit i GHEPMY éﬁw § PRjyRERZaE inyfiatgp i the polymerizing fpixing weaps; an
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reposition after three contiguous reposition nol nds; and 25 (e)
determning if an elapsed tinme since a last pour is less than a
predeterm ned pour tine limt. and.setting urge/ guench al arm and
"hi tiating a gar geryTuHeR oy disbtimesy ool el gol e Emenfentes he ol d
reposi ti QRédRginghSERIN1 L WhéreinBe ReaREHRdR1i M thgROMbndh &R Ihryedmpris:53. A
m xi ng and di spensing process for rapidly polynerizing naterials,

(@)  means for delivering a silica paste to a monomer slurry mixing means;

15 (b)  means for delivering a monomer to the monomer slurry mixing means;
© means for forming the monomer slurry by combining the monomer and the
silica paste in the monomer slurry mixing means; and

(d) ,means for delivering the monomer slurry to the polymerizing mixing

means.
20
3. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, further comprising:
(a) means for delivering a polymerizing quencher to the polymerizing mixing
means;

25 (b)  means for forming a quenched polymerizing slurry by combining the
polymerizing quencher and the rapidly polymerizing slurry in the polymerizing mixing
means; and

(c)  means for delivering the quenched polymerizing slurry to a waste tank.

30 4. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 1, further comprising means for controlling the monomer slurry
delivering means, the polymerizing initiator delivering means, the rapidly polymerizing

slurry forming means, and the rapidly polymerizing slurry delivering means.



according to claim49, wherein the step of ejecting the nol ded part
conprises the steps of (a) sending an eject nolded part command to a nol ded
part ejecting neans; (b) determining if 2 nol ded parPF 14 fitddasii @Sep 2002
r~eating steps (a) and (b) if the nolded part is not ejected; 3g PF 14
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pol yner i zilwigy 8élierigg #Rans; (c) forming a rapidly polymerizing slu~"ry by
conbi ning the nmononer slurry and the polynerizing initiator in the

pol yneri zing m xing neans; and (d) delivering the rapidly polynerizing

slurry to a d 1 . A VLG C .Si Vi ce

posi ti oned vvi”?éii n aéﬁn%x?@ggﬁ%%%ﬁ%ﬁ%@%%‘sgﬁ% ﬁo?rll%l péﬁlyé)ﬁiﬁgéﬁlﬂ%&ﬁ%n%t erial, the
encapsiy alkctdigingabeldiml 1, Mhewai 8@ nvans fotfdeliesringhthe aidhoffer ERn§lcdiprides: Wher ein
the step of deljveri ngf a nononmer slurry conprises the steps of 20 (a)

del i vering thdaki|izeollnsible taing captaiving the manppersiumydianing fdireeepyd and an
del i veri ngsthg,grononer to the nononer slurry nmxing neans; (c) formng the
nmonomer slurry Dy conbining the nonomer and the silica paste in the nononer
slurry m xi ng (bpanss feedispoptigortainingethe belldpsiblembingsucs that the dutlet dnd is

pol ymeri zing mxi ng neans. 25 56., AP erc}capsul ated device, conprising a

devi ce p&epRY afotagy Wnign ahanjaxis af the deeds®aolai t hi n an encapsul ati ng

materigl, the Capaéblh&“oﬂ%s@{n]t%if cofl ?ﬁéﬁm@cﬁﬁa&iﬁiéﬁﬁﬁﬁ?fr@ﬁ%ﬂé@eﬂg to

claimb5, further conprising the’steps
spool when the pinch roll assembly is rotationally activated, causing the monomer slurry to

be squeezed out of the collapsible tubing at the outlet end through the rotary union to the
polymerizing mixing means; and
(d)  atake-up spool for containing the collapsed collapsible tubing such that the

20 free end is connected at an axis of the take-up spool.

7. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering the monomer slurry comprises a
pressurized feed container connected to a rotationally activated metering pump.
25
8. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, wherein the means for delivering the polymerizing initiator
comprises:
(a) a collapsible tubing containing the polymerizing initiator having a free end
30 and an outlet end;
(b)  afeed spool containing the collapsible tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool;
(©) a pinch roll assembly for collapsing the collapsible tubing from the feed

spool when the pinch roll assembly is rotationally activated, causing the polymerizing



(a) delivering a polynerizing quencher to the polynerizing mxing nmeans; 30
(b) form ng a quenched pol ynerizing slurry by conbining the polynerizi ng
quencher and the rapidly polynerizing sl2firy in the pBFyééilédomed Hemx2¥
nmeans; and (c) delivering the quenched polynerizing slurry to a waste tank.
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faults; (b) executing a pour cycle; (c) repositioning the nold; (d)
ejecting a nolded part; and 2s (e) repeating steps (a) through (d).
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K N spool when the pinch roll assembly is rotationally activated, causing the silica paste to be
squeezed out of the collapsible tubing at the outlet end through the rotary union to the
monomer slurry mixing means; and
25 (d)  atake-up spool for containing the collapsed collapsible tubing such that the

free end is connected at an axis of the take-up spool.

12. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 2, wherein the means for delivering the silica paste comprises a

30 pressurized feed container connected to a rotationally activated metering pump.

13. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 2, wherein the means for delivering the monomer comprises:
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20 and an outlet end;

(b)  afeed spool containing the collapsible tubing such that the outlet end is
connected to a rotary union at an axis of the feed spool;
(c) a pinch roll assembly for collapsing the collapsible tubing from the feed
spool when the pinch roll assembly is rotationally activated, causing the polymerizing
25 quencher to be squeezed out of the collapsible tubing at the outlet end through the rotary
union to the polymerizing mixing means; and
(d)  atake-up spool for containing the collapsed collapsible tubing such that the

free end is connected at an axis of the take-up spool.

30 16. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein the means for delivering the polymerizing quencher

comprises a pressurized feed container connected to a rotationally activated metering

pump.
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21. , A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein the means for forming a quenched polymerizing slurry in the

20 polymerizing mixing means comprises a mix head.

22. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 3, wherein:
(2  the means for forming a monomer slurry in the monomer mixing means
25 comprises a mix head,;
(b)  the means for delivering the monomer slurry to the polymerizing mixing
means comprises the mix head;
(c)  the means for forming a rapidly polymerizing slurry in the polymerizing
mixing means comprises the mix head; and
30 (d)  the means for forming a quenched polymerizing slurry in the polymerizing

mixing means comprises the mix head.

23. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 22, wherein the mix head comprises:
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(d)  alower annular spacing in the mixing cavity between a lower section of the
mixing spindle and a lower section of the mixing body, forming a polymerizing slurry
mixing annulus;-

(e) a monomer feed port connected to the monomer delivering means and
positioned in the mixing body wall at the monomer slurry mixing annulus for injecting a
monomer into the monomer slurry mixing annulus;

® a silica paste feed port connected to the silica paste delivering means and
positioned in the mixing body wall at the monomer slurry mixing annulus for injecting a
silica paste into the monomer slurry mixing annulus;

(g) . apolymerizing initiator feed port connected to the polymerizing initiator
delivering means and positioned in the mixing body wall at the polymerizing slurry mixing
annulus for injecting a polymerizing initiator into the polymerizing slurry mixing annulus;

(h)  apolymerizing quencher feed port connected to the polymerizing quencher
delivering means and positioned in the mixing body wall at the polymerizing slurry mixing
annulus for injecting a polymerizing quencher into the polymerizing slurry mixing
annulus; and

(i) an output port positioned in the bottom of the mixing body opposite the
coupling below the polymerizing slurry mixing annulus for ejecting a polymerizing slurry

from the mixing cavity.

24. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the mix head further comprises a pressure sensor

positioned in the mixing body wall for determining when the mold is filled with the rapidly
polymerizing slurry.
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() the polymerizing initiator delivering means is eliminated.

15 27. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 23, wherein the electric motor is a high, variable speed electric motor.

28. . A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the coupling is a sealed magnetic coupling.
20
29. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 23, wherein the mixing spindle bearing is sealed.

30. A mixing and dispensing system for rapidly polymerizing materials,
25 according to claim 23, further comprising a means for heating the polymerizing slurry at

the output port of the mixing cavity.

31. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 23, wherein the monomer feed port and the silica paste feed port are
30 replaced by a single monomer slurry feed port connected to the monomer slurry delivering
means and positioned in the mixing body wall above the polymerizing slurry mixing

annulus for injecting a premixed slurry of monomer and silica paste into the mixing cavity.
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10 34. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, further comprising:

(a) means for controlling a temperaturé of the monomer slurry interposed
between the means for delivering the monomer slurry and the polymerizing mixing means;
and

15 (b)  means for controlling a temperature of the polymerizing initiator interposed
between the means for delivering the polymerizing initiator and the polymerizing mixing
means.

35. A mixing and dispensing system for rapidly polymerizing materials,
20 according to claim 2, further comprising:
(@)  means for controlling a temperature of the silica paste interposed between
the means for delivering the silica paste and the monomer slurry mixing means; and
(b)  means for controlling a temperature of the monomer interposed between the
means for delivering the monomer and the monomer slurry mixing means.
25
36. A mixing and dispensing system for rapidly polymerizing materials,
according to claim 1, further comprising;
(@)  means for controlling a temperature of the monomer slurry at the means for
delivering the monomer slurry; and
30 (b)  means for controlling a temperature of the polymerizing initiator at the

means for delivering the polymerizing initiator.

37. A mixing and dispensing system for rapidly polymerizing materials,

according to claim 2, further comprising:
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L110%38 () - &&@a)l 0%@8hix)head having a variable speed electric motor coupled to a mixing

spindle positioned within a sealed mixing cavity within a mixing body having a
10 cylindrical-shaped inner wall, the electric motor being positioned at a first end of the
mixing body; \
() a monomer feed port connected to @ monomer delivering subsystem and
positioned in the mixing body wall;
(c)  asilica paste feed port connected to a silica paste delivering subsystem and
15 positioned in the mixing body wall;
(d)  apolymerizing initiator feed port connected to a polymerizing initiator
delivering subsysfem and positioned in the mixing body wall;
(e) . apolymerizing quencher feed port connected to a polymerizing quencher
delivering subsystem and positioned in the mixing body wall;
20 ® a pressure sensor positioned in the mixing body wall for determining mix
head pressure;
(g)  an outlet port positioned at a second end of the mixing body opposite the
electric motor, and being connected to an input of a three-way valve;
(h)  afirst output of the three-way valve being connected to an inlet of an
25 injection tunnel, and a second output of the three-way valve being connected to a waste
tank;
@) a means for positioning a mold in relation to the mix head;
() a means for positioning the injector tunnel so that an injector tunnel outlet is )
in contact with an inlet of the mold;
30 (k)  ameans for ejecting a molded part from the mold; and
] a programmable controller connected to the monomer delivering subsystem,
the silica paste delivering subsystem, the polymerizing initiator delivering subsystem, the

polymerizing quencher delivering subsystem, the variable speed electric motor, the
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elivering a monomer slurry to a polymerizing mixing mears;

(b) delivering a polymerizing initiator to the polymerizing mixing means;
(¢)  forming a rapidly polymerizing slurry by combining the monomer slurry
and the polymerizing initiator in the polymerizing mixing means; and

10 (d)  delivering the rapidly polymerizing slurry to a mold.

40. A mixing and dispensing process f0r rapidly polymerizing materials,
according to claim 39, wherein the step of delivering a monomer slurry comprises the steps
of:

15 (@)  delivering the silica paste to a monomer slurry mixing means;

(b)  delivering the monomer to the monomer slurry mixing means;

(c) fofming the monomer slurry by combining the monomer and the silica paste
in the monomer slurry mixing means; and

(d)  delivering the monomer slurry to the polymerizing mixing means.

20
41. A mixing and dispensing process for rapidly polymerizing materials,

according to claim 40, further comprising the steps of:
(a)  delivering a polymerizing quencher to the polymerizing mixing means;
(b)  forming a quenched polymerizing slurry by combining the polymerizing
25 quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and
(o)  delivering the quenched polymerizing slurry to a waste tank.

42. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the step of controlling a temperature of the
30 rapidly polymerizing slurry in the polymerizing mixing means.

43. A mixing and dispensing process for rapidly polymerizing materials,

according to claim 39, further comprising the steps of:
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44, A mixing and dispensing process for rapidly polymerizing materials,

.

according to claim 40, further comprising the steps of:
(a) controlling a temperature of the silica paste during the step of delivering the
silica paste to the monomer slurry mixing means; and
10 (b)  controlling a temperature of the monomer during the step of delivering the
monomer to the monomer slurry mixing means.
45. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the steps of:
15 (a) controlling a temperature of the monomer slurry prior to delivering the
monomer slurry; and
(b)  controlling a temperature of the polymerizing initiator prior to delivering

the polymerizing initiator.

20 46. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 40, further comprising the steps of:
(a)  controlling a temperature of the silica paste prior to delivering the silica
paste; and
(b)  controlling a temperature of the monomer prior to delivering the monomer.
25
47. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 39, further comprising the step of controlling the monomer slurry
delivering step, the polymerizing initiator delivering step, the rapidly polymerizing slurry
forming step, and the rapidly polymerizing slurry delivering step by a programmable

30 controller.

48. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 41, further comprising the step of controlling the silica paste delivering

step, the monomer delivering step, the monomer slurry forming step, the polymerizing
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according to claim 48, wherein the programmable controller comprises a computer
program comprising the steps of:
(a) checking for system faults;
10 (b)  executing a pour cycle;
(©) repositioning the mold;
@) ejecting a molded part; and

()  repeating steps (a) through (d).

15 50. A mixing and dispensing process for rapidly polymerizing materials,
according to claim 49, wherein the step of checking for system faults comprises the steps
of:

(@  determining if the delivering subsystems are ready;
(b)  setting a purge/quench alarm and initiating a purge/quench cycle if the

20 delivering subsystems are not ready;

(c)  determining if a mix head pressure is zero;

(d)  sending back up commands to the delivering subsystems if the mix head
pressure is not zero;

(e) setting the purge/quench alarm and initiating the purge/quench cycle if

25 more than three contiguous back up commands are sent to the delivering subsystems
because of a non-zero mix head pressure;

® determining if an elapsed time since a last pour is less than a predetermined
pour time limit and setting the purge/quench alarm and initiating the purge/quench cycle if
the elapsed time since the last pour is not less than the predetermined pour time limit;

30 (8)  determining if a polymer is forming in a mix head;

(h)  setting a polymerizing alarm and enabling an operator to override the
polymerizing alarm and restart the step of checking for system faults by repeating steps (a)
through (h) if the polymer is not forming in the mix head;
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according to claim 49, wherein the step of executing the pour cycle comprises the steps of:
(a) sending an advance tunnel command to an injection tunnel positioning
10 means for positioning an injection tunnel outlet in contact with an inlet of the mold;
(b)  determining if an injection tunnel contacts the mold,;
(©) repeating steps (a) and (b) if the injéction tunnel does not contact the mold;
(d)  setting an injection tunnel advance alarm if the injection tunnel does not
contact the mold after three contiguous advance tunnel commands;

15 (¢)  determining if an elapsed time since a last pour is less than a predetermined
pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an
operator does not correct the injection tunnel alarm within the predetermined pour time
limit; /

® beginning pouring by starting the delivering subsystems and resetting a

20 pour timer;

(g)  determining if a mix head pressure is less than a predetermined pressure
limit;

(h)  determining if delivered chemical volumes are less than predetermined
volume limits;

25 i) repeating steps (f) through (h) if the mix head pressure is less than the
predetermined pressure limit and the delivered chemical volumes are less than the
predetermined volume limits;

G) stopping the pouring by stopping the delivering subsystems and sending
back up commands to the delivering subsystems if either the mix head pressure is not less

30 than the predetermined pressure limit or the delivered chemical volumes are not less than
the predetermined volume limits;

(k)  determining if delivered chemical ratios are correct;

()] setting a ratios alarm if the delivered chemical ratios are not correct;
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determining if the injection tunnel contacts the mold;

(r) repeating steps (p) and (q) if the injection tunnel continues to contact the

(s) setting an injection tunnel retract alarm if the injection tunnel does not

retract from the mold after three contiguous retract tunnel commands; and

® determining if the elapsed time since the last pour is less than the

predetermined pour time limit and setting the purge/quench alarm and initiating the

15 purge/quench cycle if the operator does not correct the injection tunnel retract alarm within

the predetermined pour time limit.

/s

52. A mixing and dispensing process for rapidly polymerizing materials,

according to claim 49, wherein the step of repositioning the mold comprises the steps of:

20

(a)  sending a reposition mold command to a mold positioning means;
(b)  determining if the mold is repositioned,
(c) repeating steps (a) and (b) if the mold is not repositioned;

(d)  setting a mold repositioning alarm if the mold does not reposition after three

contiguous reposition mold commands; and

25

(e)  determining if an elapsed time since a last pour is less than a predetermined

pour time limit and setting a purge/quench alarm and initiating a purge/quench cycle if an

operator does not correct the mold repositioning alarm within the predetermined pour time

limit.

30

53. A mixing and dispensing process for rapidly polymerizing materials,

according to claim 49, wherein the step of ejecting the molded part comprises the steps of:

(a) sending an eject molded part command to a molded part ejecting means;
(b)  determining if a molded part is ejected;
(c)  repeating steps (a) and (b) if the molded part is not ejected;
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enclosed within an encapsulating material, the encapsulating matenal prepared bya
process comprising the steps of:
10 (@)  delivering a monomer slurry to a polymerizing mixing means;
(b)  delivering a polymerizing initiator to the polymerizing mixing means;
(c)  forming a rapidly polymerizing slutry by combining the monomer slurry
and the polymerizing initiator in the polymerizing mixing means; and

(d)  delivering the rapidly polymerizing slurry to a mold.

15
55.  Anencapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
process according to claim 54, wherein the step of delivering a monomer slurry comprises
the steps of:
20 (a) delivering the silica paste to a monomer slurry mixing means;
(b)  delivering the monomer to the monomer slurry mixing means;
(c) forming the monomer slurry by combining the monomer and the silica paste
in the monomer slurry mixing means; and
(d)  delivering the monomer slurry to the polymerizing mixing means.
25
56.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
process according to claim 55, further comprising the steps of:
(@)  delivering a polymerizing quencher to the polymerizing mixing means;
30 (b)  forming a quenched polymerizing slurry by combining the polymerizing

quencher and the rapidly polymerizing slurry in the polymerizing mixing means; and
(c)  delivering the quenched polymerizing slurry to a waste tank.
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process according to claim 54, further comprising the step of controlling the monomer
slurry delivering step, the polymerizing initiator delivering step, the rapidly polymerizing
5 slurry forming step, and the rapidly polymerizing slurry delivering step by a computer

program residing in a programmable controller.

58.  Anencapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
10 process according to claim 56, further comprising the step of controlling the silica paste
delivering step, the monomer delivering step, the monomer slurry forming step, the
polymerizing initiator delivering step, the rapidly polymerizing slurry forming step, the
rapidly polymerizing slurry delivering step, the polymerizing quencher delivering step, the
quenched polymerizing slurry forming step, and the quenched polymerizing slurry

15 delivering step by a computer program residing in a programmable controller.

59.  An encapsulated device, comprising a device positioned within a mold and
enclosed within an encapsulating material, the encapsulating material prepared by a
process according to claim 58, wherein the computer program residing in the
20 programmable controller comprises the steps of:
(@) checking for system faults;
(b)  executing a pour cycle;
©) repositioning the mold;
(d) ejecting a molded part; and
25 (¢)  repeating steps (a) through (d).



