PROCESS FORPACKAGQ NG PLASTI C MATERI ALS LI KE HOTMELT
ADHESI VES BACKGROUND OF THE | NVENTI ON [ 0001] The
wonem@ateiz nvention relates to a nethod for packagiusgnos/039002
plastic material having a finite size and shape using
afilmto surround the material, and nore particularly
to a nethod for packagi ng hot nelt adhesives using a
coextrusion process, the resulting package forned

t hereby, and the filmconposition used therein. [0002]
Hot nelt INTEGRATFERANISOTROMICROCKSBHYSIES MODEL
tenperature, but are applied in a nolten or flowable
state. Typically, hot nelt adhesives are supplied in
the formof solid blocks, pillows or pellets. However,
since hot nelt pressure sensitive adhesives (HNP%@% or
ot her pl asCiR,Oﬁgt%EFERgWE TQ RELATED ARRKIC ARG

soft at roomtenperature, there are probl ens
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R dl f | jch it i I ded,
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handl i ng devices and to itself, but it also picks up

dirt and ot her cont apj L1] t he

i ndi vi dual pieces ofEhﬂggiﬁéﬁhﬁ%ﬁﬂaéﬂiﬁ9$om1softening

point plastic materials will tend to flow or bl ock

tQEGOZE" | Ntthig MivBELiGh Sldtds "SSSerbfN IR it fidlaNof geophysical
ngterggls difficult to be hangggd an%{or packaged. %¥;p ysic
a prespedatingcantd, ahareepartidulariygtes rgknehysicsntodeling andgaethods for

S e I IR oS AT el et anc
aghérdférey cam HeOHe80Edd ARINY 'Riginicl @483 landopawsisigsicd! Hréperties.
troubl esone difficulty, those skilled in the art have

t Hpesificadly pthekiayention éx Bningthad ficeonstucting aesekpphysics model

shicppi [ ve.. Siti ' iaid ¢ i per.
S OSRFteBENER) EoiG TRaCAcsoRlfs fob ghlsay AR REgion.
corrugated or particl eboard boxes, or alternatively,
silicone coated BAGKGROGNDIOF PHE INVENTION:
typi cally manufacture roma hig ensity

i call f d f hi gh d [
poléethylene. Wil e these solutions wil]l solve the . | )
piB8893m nothRRrkaBBYSECS imodeling RlAYR 3t ¢ritigal E919i iR seigrRicsinversion
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s efRErb ARl By ArbyRIREEGHERR (PR oL istibinyeical properties
d€ergacperbsity oshaleevolunss fwhtee saturtion egtnpbrd sdismiopmperties
traditional nethods of shippingphot nel t _adhesi v
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cdﬁrgo’siprim %W\@é(?eV%IPSE'IeétT@“P atiey and fregueBsy content). It is,
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SR, SINP SERIOLITLN ol B0 o808 ok physi
s mogelrthats mpeesenis the fcohtiined kffeatddfcthie weycaomidling factors, such

are rel ativel expensi ve to purchase,. a th resence .

o AP SPR N R T ot NS N l SHIEADIREr (0 Srgtor Saturation),
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these trays, or other simlar containers, In ny .

instances, are nerely collected and di sposed of in
| 40004) | si tieis weldknon thad sedinenrtary cdkseldhentypsoof ceck where

of pollution. Furthe t,hese silicone coated . . .
c Ao S48 ofeh by RuptRRT ABlselPBE P aHE: Thalds, their elastic
C§jrbpbfieS ey Witheditettiofl Rewart PUBAShad Gfepafurd 8Abwafthat seismic
physical force nust be applied to the adhesive to

exanisairopyt isf a pimags factentontielling thelamplitude-vemsussoffeet (AVO)

difficult d. i ven| n ] .

- bRt « 3 CERD CRbRnbRIBCRO R el e ampitude of a
myRigraiet teflRcionayemaht pamicerr tintepfaedueariey Mithebffeet or incident
trays which are readily recyclable, or which can,
alternatively, be returned and reused for subsequent

shi pnrents of adfoesives. Recycl abl e contai ners,

al though attractive by their relative sinplicity, have

not been enbraced widely in the industry due to an

obvi ous | ack of conmercial appeal. Mre particularly,

o o e o o o - o




package is a polynmer based filmwhich will nmelt when
exposed to the heat of application machinery. [0009]
woOnoi@&2appl i cati ons WO 02/ 061009 and WO 04/ 03P6TAIS2006/039002
is clainmed that | ow tenperature adhesive application

can be achi eved when using | owgnel ti ng poi nt (bel ow

100C) polyners as packaging filnms, for exanple

et hyl ene vinyl acetate (EVA) copol ynmers, ethyl ene

TSR 25 Kook s SRR SRR e des o i
tlwméﬁt inOfhke @d)ckYeFForaémrhﬁre atpplbahghsls:‘arto@ bueddinfigy Bhale are
the adhesive into a finite size and shape, and then
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proc?sse adhesi ve nass is first punped int
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AR YRplaAl R ieaefcsiol (NEeplsi pmpodance o
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Anot her process using nmolds is taught”in U S
Neapapiities isbighty desifalbds.d et al. The Hatfiel d et aI
pat ent descri bes a nmethod for packagi ng hot nelt

a Ve Co oiti S [ d.in the formof a
SR0605 o i THeTE PP Bt IRt blpdsn St (SRR in clasti
S %@H&ﬁén’dalﬂy Q'@Bksﬁcﬁﬂ ) Ve anigdtidpgeanat (2) atredk-ihdGsed anlsotropy
heat sink. Hatfield et al teaches that when nolten hot

nethale danisetiapy i pemmen iimtcastiserackne §hpla anisedropy is the most
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Yet anot her process utilizing a nold 1s disclosed in

uogentafiomof Nbe Borerspesa befwean dre «lay pariigles.nSiress-induced
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mbhel . thied0 pdihcipal Istreases laee qiterc different ffeaceabkdther due to the

U.S. Patent 4,039,485 and i nvolves the coextrusi on of
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the HWPSA or other plastic material is a high

mwvikk cesuli wmu@fﬁerepmayn’@sureaofmqﬂfpoeel or gtacke] icthiearock. Cracks
a,conbi.nat i.on f hi nol e ular

el fied B Ricu 8F i PG st st VR, & HrBlr dpndency of

WRelHY cfddud en \dragks atighéd ein( Giier &ﬁwioyaﬁer Cd?fseHUGHtly, the

mol ecul ar, wei ght et hyl ene-acryl ate copol yner, or high

meostueasional wave wdl/\%@eei daster potheanajor eracipal sfae$ﬁ direction.

nol ecul ar wei ght netal |l ocene or single-site or

Zi egl er-Natta copol yner of ethylene- Wile these

materi al s appear to be sonewhat effective for their

i nt ended purposes, they al so have readily apparent

shortcom ngs which have detracted fromtheir

usefulness These conp03|t|ons once nelted have a
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[ 0020] Anot her exanple is described in U S. Patents

5,1 12,552, and 5, 292, 468, where hot nelt adhesive
woanpos2dizons are poured into a nold in the forParal2@s/039002

lined pan. The lining is sprayed onto the interior

surface of the nold. Exanples gf the film conposition

used i nclude an EVA copol yner, pol yet hyl ene

copolynmers, a paraffin wax, waxy forns of

ant i oxi dant et hyl ene | ei ¢ _anhydr.id et hyl.ene

2IDOFRL “aci dhaREMHR LG HHRTRORY U8oSirogh uGaS:, than 10%)
di i i Jtfrd r ey t
B e R R A
c Ghivhiclsae défimall af folloywsene- i soprene-styrene bl ock

copol ynmer, an aromatic hydrocarbon resin, mneral oil

a wax, and an antioxidant/stabilizer. [0022] U S

Pat ent s &,é@ﬁrﬁ@@ and 4, 755, 245 disclose fornmng a
protect?Vb C é?lng for an adhesive by

electrostatitaPiy coating a nold or cavity with a

powder screen and then pouring nolten hot nelt

adhesive ipfo t nol d. Powder materials are described

as made, of ~@6 wax# or as nade of a polyner, or as nade

of a hdt nelpformulation, with no further specific

fornmul ati ons dé%cribed.[OOZS] O her approaches dea

with pellet coating, Ilike in U S. Patent 6,120,899,

where a hot | t ~conpos} i on 2be used to coat the

pel l etsg Jégzgﬁlf Ccr‘f#?? (‘dﬁ%iﬂﬂ@?&n is described as
contai ni ng -a pol ((agaqgkiying resin, and a snal

anmount of wax. In'U S™ Patent 6,238,732, apelletizing

aid containing less than 10 wt % wax is used to coat

adwel @, nel thet eladtic gsitbiori oh the exsisatropiodegokat eThe quantity ¢
pel | eti zing processes which formpellets of soft or

t @ppyoximadely cmaasyirs dhe| Preaven apisotrapy; e Hrepseladiye change

e ! . Lt h o
CHBJHBh PARRIL TN 36 s B0 ) BT o arection.
C @AY g iR uddd EhbhioRkve Gn%@ﬂﬁﬂ/. F c@itpls @it PowhiAe and SV-
surface of the extruded pellets arter the pellets are

dwase yelosdyi profides iad| istermeskatanangles obgiwegnadiemtfasts and slow

co |y a-mneral powder. or mcronized, wax. pawder. o
elPBPYed TRIGHE, Sotder's Pegbap AvaBlve SiRbgrhigOiopy. A
PrpapstfizatidtPsf db@saniebtrép\etHua ieghs gt tAeeeesr Sfwave velocity
tacky or soft plastic material to be packaged, the

main éhe fast girgctien isvalveut 20% fastaxthasrthat imtheslowslirectioar
wei ght et hyl ene based polyner. In U S. Patents

PG e Keru s e R S S, R, 40t Brtect than
VastRisk ah §u stk Ginlisotfapymod AVEl imgtalingerStidwsiduced anisotropy is
condi ti ons, however ypi cal |y cannot be forned int

c®eNMmanlysseen i sa@lky; ancensalidated pandiwhere e é’ﬁt’tiq%égffeCﬁVe
he. ' . Ls i al.
o 35 ot S IRERYY o e, Ml ol Bt gesses. i

beagbst whare thereds [ittl@neuinity movement, stress-induced anisotropy
| ower - nol ecul ar-wei ght filmconmpositjon or usin%_a

f igamnehbermeasurgh; Usnecmse-dipeledegs singg.the dwahorigzpatal stresses
al 58 rﬁB@P?Wéssc'ﬂfH ,%8191@. 9S00 GhehdYhe q@%tbﬁ&:t ﬁfé)vfefr@?i‘t is large,
ther'r usefulness.” Frrst, waXx or wax-based materials
arazimathall [anisetoogy iekiste and ¢en ber medisungd usiny crassedipole logs.

filnms and/or to be used as packaging filnos as the n .
ndiike Shais anisatim, Sesevndited SUPdeoPbR Blave libut 16 predict
W t hout creating cracks and/ or breaks therein which

woul d | ead to the adhesive or soft or tacky product's

| eakage frominside the package. This cracking and/or

br eaki ng behavi or can al so happen due to the intrinsic

cold fl ow and subsequent deformation of the adhesive

or plastic material during storage or shipnent.[0026]
Further, none of the fornulations containing a wax or

| ower nol ecul ar- wei ght conpounds descri bed as a
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process, but is readily adaptable to any process where

a filmis used to surround or package a plastic
worbwroczd1z particularly a hot nelt pressure SeRETHIS®S/039002
adhesi ve conposition. [0029] In accordance with the
present invention, there is prgvided a nethod for
packaging a plastic nass of material conprising the

steps of providing a plastlc nass of finite size and

\Agbae%%ggggﬁggl rnhgtﬂ{éi’ slf'ig?sts@gl dre, ¢ tog‘lfrgggisb)a r%]ﬁng factors including

previegisuredn er&whlﬁelobalfstrudtdnesmatuht@stgms hadpoels praperties.
invention, there is provided a nethod for packaglng a

pl astic mass  of naterlal greferably a hot ne|

adf@98le, cofaiqusi fparies seallgss efeciva mueding ahwrée& hgve been
r oﬁ&thed"?é Sirhiat %hsfe%ﬁg r¥s§‘u{b‘r?}ucgﬁeaﬁls@l¢ *ﬁ’ ?ocks Some of

adie oritice coex I'ng a p
f |tha$e aareu briefiy ddistues sgida below. mas Mospr eff ¢nesd )thedmed"lognore the

T%%%?al%&rﬁgﬁq?m?%wgééi "Bl chhewH Segie medium

rlrgr&se;m@é aré”tr%gégﬁépyalflf 'f%Pecflfutétcélfc%?ﬁra%Bﬁubf pores. This

J/'g neasure an ongation va
brlimitetloh aakesdbe fabbotdeldb%mstﬁrllﬁte byaciical use. The problem

ARP b esuives UsPodRat e E P erbetimiRER et or the
fcere'lﬂ-&cﬁis'léiéntC@CPQCMEaQBEI\P'is disclsssi ey Nighiza%va in Journal of
pol ymeric fil the specific enthalpy of fusion

dehyrséahl dfaﬂleOeIBBfI@ﬁzﬂ (P82 arel by Horebk, eétei.riedGeaphysics 59,

b?&'ﬁﬂ*@éfgzﬁ? bR Burilh BB laBl P BegRafics and
oiwsbnda1t3h9ﬁMzﬁﬁges)edr%ﬁwwmiscmbﬂ%ch P]hys Solids

rrer and/ or an ethyl ene based €l astoner.
Tr% p‘tﬁ@fﬁﬁm ¢1977)m towssirt edhemsekﬂerpeedmsabaljy slows down the

h&f@g gcfc’ Iat l e ag% :3 3P ! i‘LF{quS%% i OLepeﬁV\crfaHp the calculations
p%ﬁlleaHéin&rMﬁé ahll Bécdﬁ‘aby '(ﬁnﬂfeb?ﬁeﬁﬁo@m FiRhermore, there is no
onprising a honmopol yner, " acopol ymer, a terpolymer or

annodnelehhpb Icarrénarrcue ibregh ashra& anisotrapy rafsk stresgriralgedoanisotropy
in. 800q/ Q [t
T baeSS0H et s RRbaf SR e B8

wei ght of a thernoplastic elastoneric bl ock copol yner
haed0g) a St rEwpitcal fodk pRySicdmdddiB-aenwidelyo UsédviB)the ¥ndustry
wherein A conprises a polyvinyl aromatic bl ock having
a drg e dheir simplicpCThese owppirical raodelspypicaliy dissere a linear

h t 0

IR BB, P S A" G850 B lr shal
t qyohlrae! D&dpiteysowmedimited saccesshofl suutr haslett, ahdreoare increasing
propyl ene- based el astoner conprising.a copolyner or

t GANSEYIe rakeal H@lra applicaliy toapeismic; mm@gcg] r{l.eresolving for
agq%"@é)h%lcﬁﬁrﬁrbg{a |Cg'¥e als Ig,@cr;leéa%:) co 09 are data-driven.

anditeoya enge kms@mmfcﬂata tqD catﬂybwmelsemmebalsmodels they often
conprjses about 30% or nore of [he total fi lT
cHPYERtINBATEEtn §OMIRIINASH SRR Mis|eRdiNthIESHES o AN HA8NWK FXPloration
eng
o ieRe e Rlop P B Al SanbESin it dOBB HeB nE ¥ data needed
O(fnbthe aglibrhtomadnodh e inajoralrdwpack wthl tjneoempim;lal moelels is that
et hyl ene bas pol ymer together with an anount of

C iy ool Blte BbySRal it dior sxdriiRr Sandnasl fird a simple
eI ed?d% B geitdabiify & H%ﬁdit Qhd SorlRye Hat bilit
dergﬁtlggg?lgve ? véés?com t';@ ﬁl exi b P’I ty, tenperat uibeermea "
resi stance, mgration resistance, and conpatibility
with the adhesive fornulation and still provide
desired application characteristics and bondi ng
performances. [0031] The present invention also

provi des a plastic product package, preferably a hot
nelt adheS|ve package The package |ncludes a plaetlc



for a packaging filmin accordance with the present

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0037]
woheospeteizeri ¢ wax- based fil m conposition of tReET/US2005/039002

present invention may be utilized to package virtually

any type of plastic material (gl so oftentimes referred

toin this description a s a "plastic nass"),

especi ally conpositions and conpounds, particul arly

bR parlly 3t spveRghE g B At NG, Spiphl change is
f Ihrgehpneasdd By deekbpedt hgsed Ncomdlatién UBEfvdeh porosity and
package thernnglastlc co ositions, and is especially

| rResmeadilityrmp e&mrﬁ@abdtty feok lkehascontrolling factod for velocity.

f HS)%PPE 4%&1@ Hﬁatt%r%ggHy @%B%I,y Iﬁ% goéée'q'gﬁg?gangﬁgct on velocity. Finally,

pczirvefrfpfmcrsﬂ m@&él)déh%ﬁl?lh%ﬁdlesé YeBNBmitaé minissr, of\iabiors, typically
acetates, and polyvin al cohol or conbi nati ons

trfewebfthawdh@%d’e@r Wrepr@mﬁﬂvesrqqlfcpnmcmmodﬁém, one needs to
St r 1 S

DT SBREed (SR or bR, Atrt R il ftume, fuid

argbntent (wateedatliraties), fuid.conshunigatiobuppstisane stepfiPrature and

styr ene- but adi ene- styrene (SBS),

st%§QHﬁ99Vsoprene-styrene (SI'S),

styrene et hyl ene- but yl ene-styrene (SEBS) and

Eb?ﬁﬁ et hyfgdie- a%oéJb%ﬁQ Gl tﬁ Rfkal ok Iphysu:a models in

e-vinyl acetate po YIer's, yl'ene este

cdbel MHEa’tare e. lgor ekhgﬂpwel\/m&t (310118 y”l'l'daleery off propagation of elastic

n- but acryl a ene acr aci d

DOV A NS RS BoruRe Sl plouiial o ikeustie a§ociety of
PY::o p

Bg&@ﬁgg% lzaaf‘egé@ﬁg) aQ@SBZm deskﬂ?%ﬂ%ﬁ ;‘yel ﬁ:‘\;@@o (%Iomty and

pcatgenuajubn alof okeismiandavegolry nevesphase enfedid, 9)Part1 Theoretical

DSRS0 e 255! ST SR bt o RS hodets can

p‘Hé’ Bs&Y kG RIp R Hfe B %ME“E(eﬁ @P%b&%@%ﬁ?hgﬁgﬂﬁoratow. However,

contalning resins suc Renol-a
uritis-cftethedhiffobeilt tosd pety timled”ebgielle tamdal deseki(kay., Wek logs). Xu and

R s 5k B ms TeRlomogT it S BB LirbiedLrect of a
hqiurneért ofA eSSV 6 - P-28Rd tslﬁ/awswenoai.ésst I(<;L\ nefv V@F{)@W%del for
to e much broader in scope. A nore conplete listing

ofclzw aamd cminures|"alGeophybigdl Rjobpectingl #3adHes1§e(1995); and “A

conposi ound h reji nafter. in

 FIRRTEAl infotiel T30 sBSar VS e efidtion e GBaBhysien! Ruspecting

le4Jt6é7 767 (ngérzv'l‘a‘dt%b' PhodBY dBas kAl dPé Qﬁ@%l%?dpg effect.
Imis surrounding a plastic materl , especl a

sdﬂmrnpy; adfl al.ampdopose aakyeffedtivei ahediuoh naedel ot snmajlate shale

¥ %@'rc%rivg{beeoﬁwﬁcps?ﬁ%fL@F%éﬁﬂé’éeﬂf%@ﬁrﬂnéﬁeus imited to

r@rs‘f'r%‘fég \Mc%hfgvﬁﬂf éﬁgac k¥ EHW SESRsWridhal 88hHS. This greatly

terials h are y ‘extrusion,
c diexits thel applicabiifys of thelimpdaksined Iseelrmémiam rdakis|greanade of not

ity SRS Gl AisetomBRraRk 883 & seiosdate sihue, imestone,
Prdter ANd. - Hbrlfbyfsa@afppréétﬁ] RONANEfof Hibh rﬁmé oMy and it is,

descri bed herei'n could even be utilized wt
hdheraferspi ayays ocessmanniinesy)sistast. poG;aﬁema@nfa theory has been

n forped sSi n I i _—
B S5k B o 86y 0L T B SRBhalghfy Ssunng
Proste FRiid  rddergsin rduksf fedrieshesEparat fothess 60 & fronf water to oil).
roll formand later utilized to package t he plastlc
material, as for exanple in trays, nolds or form fil
and seal technologies. In the latter situation, the
filmmterial can be forned into a film(e.g. by
extrusion), rolled, stored, shipped and then unwound
to package t he plastlc naterlal [0039] As used
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rigid when heated or cured. A thernosetting conpound

is any material that becones permanently hard and
wanowldzk e when heated or cured. Typical ther ROSEIS2I08/G39002

conmpounds include, but are not limted to, alkyds,

all'ylics, epoxies, nelamnes, greas, phenolics,

pol yesters, silicones, and urethanes. The term "hot

melt conposition” is used to refer to any aggregate,

m r . o

ey, AesimpioBn Gy RN dal i HedRity of the
es@grhie! Wavehier ipleastyl wlthfaTEpGrem/preiésute/ma%abhtple time to be
exi st _as solid masses at ambjent tenperature and can

beeasdipratede d Therefore, Amybmede| whidh giyes ae d@wé&qwcy response
i ndi I acééﬁﬁ
cgbgp(@%!'zw? é:EFés%ﬂn"é) c‘%ﬁ@gl% a t MEOHF | c pol yner

bl ended together with various conventi onal i ngredi ents
sJo01tkpl astkeyzand Xu@amhyfs’vdsl 67,5140641414 (2002)) propose a dry
stabjlizers/ antl OXI tBnt S. rreJ t . conmpound"

tdoglﬁyapﬁrom@a iadimeaad: WM@F éﬁ'ﬁmﬂ@a@f Paess Hel E?‘e numerical
éﬁdrﬁ%f tﬁé‘rotlfféﬂéhﬂéll ¥§fé&ﬁ/gpﬁ\|e)ﬂ[ﬁﬁ s%ﬂ@ﬂ%'%ﬁle maintaining its

eof . hot e hesi ve conposit

r efogusadyo blnlfmtumﬂely cihiep psoposed whiethod sdcfesrtl’mir work for the

f or nul ated with tackifying resins in order to inprove

afURGtEPIG RAS® nt r oduce tack into the composition. Such

tackifying resins are well known in the art and wil |

bﬁ[ob*l‘ﬂ her dagRf stsstittivsreisnah igbottBnt Wpic ql@l%élbﬁﬁé ﬂﬂentlflcatlon
hot™ nelt adhesi ve conpound” refers to any of

i miueselwair flmgr @mchwmalhff diffeient fit tphastiess eve: gas and brine, are

c BRI e idse SyBlonhi Tl Be B Lt Blfinto the rock using

t f@ééﬁ?ﬁ@ﬁﬁ éﬂ%ﬂoéqmﬁiohbomﬁbs apProaeh pueLidiEShixt@R@S unFdfmly into
hot nelt adhesive congssml ons are useful in the

melltherarecspsicea regardiess ofithg pose sizee wedtahility @ndmsermeability of

it By H4ERrfo G, RGeSOty o8ty approach s

b%db@@lgcépmlubble’@t reké svithf td?atlve%ﬁﬁ@ﬁpdrméaml’ty%d at relatively
di sposa | e di apers, hospital pads, sanitary napkin

ly eRfestive, stasepTaW er%pe&crarﬁraaw are n@l@ﬁﬁdneht is  highly
b
rCLL% ﬁ9n£r%|€§ié ‘(r%! é(@%r%gg@ géjvé\fbouh' i Fy Qé“rgdnéd f?:?( g{;ﬁ@ HﬁcﬁSfpores tend

thesbe watdrwatdmtheprhmy gffett. adhesive is heated to
its nolten state and then applied to a substrate. If a

b0 i 1t oTSEn et B ureRT TarHEwRIGRINS aDUanselaPis gock physics
f h
agﬁ&iél Swhidh! Hg&e?ag{gﬁgﬁ?éarﬂﬂ gﬂy@%%ﬂas@‘ TRE MRkl should be

esives 1s t d carrier, as would
t Heassmsanmconaistant ands corvestly ﬂnesteﬁeamﬂmﬂaryesffetchenedhﬁerent fluid

BB BB S B b Bt o e
W%W‘ht 'té’nbé’faﬁﬂ%dortés\%ﬁ lo§V &RANSIR %ﬁ@/d}esékmlbzﬂdersmn In

I rtually ‘any packagi ng~process,

pagrarticulagrthe m@dpt ehotﬂldr be abiee o thagidien dycffeweetskmds rofaanisotropy
coexfrusion ess he plastjc terial to be . , .
dBihg She Roall AR gk Bkl T hrdsn? Tnvention fils this
sergged or extruded through an appropriately sized

orifice in a die while still at a tenperature above or
very close to the softening point of the nmaterial. The
orifice and die may be of any conventiona

configuration and generally is such as to provide

either a slot like or cylindrical |ike configuration
for the plastic material as it is punped through
theorifice. The tenperature of the die nust be

mai nt ai ned wel |l above the nelting point of the plastic
material, and is typically in the range of 100C to

215C. In coextrusion, the polyneric wax-based film

naterlal of the above |dent|f|ed |nvent|on |s then

a o . o o - o o



conposition of any desired size, shape, weight and/or

portion to provide a packaged unit. Thus, the packaged
wanbde/oemizbe in the formof bricks, blocks, piPCOWS2005/039002

cartridges, pellets, cylinders, ribbons, or the like.

I'n addition, although it is preferable that the

polynmeric filmof the present Invention be conpatible

with the plastic naterial which it surrounds, it is

not absol utely nec . i r, the

polymeric film con‘%@ﬁwﬁﬁfﬁoﬁﬁg %’a\(éﬁtml cal
characteristics which are conpatible with and do not
syoet4nt i al |y cxdvef isebbhbabirmenhtst e preldehemMvention is a method for
characteristics of a nolten mxture of the plastic

nEeNeRtNG h@npoPPisetiopia i resknphvsicsal computaiignaiermpdel of a

. ey ; : j -
oA GTIFEL Sl IS KB S5 RELRSBy M8 nauoea
s Wi atrdpyaldayd eooghelt hdlieg & pbre beluamsr atsheite @olume and a sand
application equi pnment. \Wien the plastic mass is a hot )
Ofuragin 83ick ediph COMRISNG: 1 @ dhddipgetinecmadens fiasa| wplume into
n nt| f t e ' . :
CE&@?E&%&?S##@E#Yg%ﬂé%@%ﬁgﬁn%ggr,aﬁhﬁadgﬂﬁ§§?¥§%sfb}tsebchng
magathenrddeat ablationships nwhgrebywsaid divisigradfathed ppreastlume into
S prior to yse, i ,n which case th ol ymeric film
Wil RETEoERT o TARAE RtatNeqBesed. A eslimatey, of overburden
h ¢ i ' it L d-b i
A8 ot SETIIRE Frdi ot OATTRR A MG g sanc
| igrpias ketieslay particles irmsaidohgaer usingid finshmixipy dswj () adding wet

TR Paresomin pre/ehearotanaist Aty Bl Bibiiglated part of
eqneé PEREtvolithe! BRLaRP Afoded! (Aing! ompiyl §4id tsdbg?s ﬂ?g aligned

i nherent (especially adhesive) characteristic
maigracaacky o4t shBad pang nvicrecrack nparts drespectieclgkiofi the pore

b Gl E Ry RebiaBPh i N BT iR o secons
oimikihgdaie tiddreb§ €sHmAY ROMAd WhisduraWitHis 8hid miode; QQ%ing the

therein which is conpatible therewith. The Hot M .
Adivissingixtyreoidp thee seadhparesnangonyeneeracksi pfnsaid model using

RIS ety RS S5 Bt BB e moce

maistg measeasyekdatal |y a thernopl astic conposition,
t hernosetting conposition., hot nmelt conposition
and/ or hot nelt adhesive conposition. It is especial

. . ly
aciQ?ﬂﬂd to t'H@“Sa%'WQ@FjH@e'HfOfﬁB‘P inyantion gthes afpsesaid meathematical
S bE YoA0 . j L dhesi )

o EPtbhHby Yerd helElcd B H0RHAE BT DOriANT P S fnodef's pore
weolunka guthathistclaprélatadhpsiceds ghmmby i, a=t endtid portion ¢,
various conpatible ingredients and typically includes

a thateig bapid-Rldtetsotes a0 hen BPROL VAR V) BEkithyiptation 4, that
resin, plasticizer, filler, wax and an anti oxi dant.
Examteerdtkstiy Rjive b¥ gor @L#,ater@n;SaW%é’ p@rtfdwg\;‘;" | that is sand-
U S. Patent 5, 149, 741 an %, Reissue Patent (5

3Geclhict [SHI46] Witk ofardorar i eiontafiome! disttibitionang given by
readi |y avail able thernosetting materials can be used
agLhe dan) ywer. . wbpee Yies the shalebveluoe nérmpalizgdersgrain matrix,
and/ or copolyners in the adhesive conpositions.

Exarpd s+ ot studdy. red,er isainitial wcackdporwsity atr sdrat@srburden stress
pol yesters, polyurethanes, pol yepoxides, graft

capQlamies & pessue gradiantén tHengubterranean segion.

pol yal kyl ene oxi de pol yners, al dehyde cont ai ni ng

resins such as phenol - al dehyde, urea-al dehyde,

nmel am ne- al dehyde and the Iike, as well as pol yam des.
[0047] Any of a variety of well known and readily

avai |l abl e thernoplastic materials can al so be used as

the pol yner, copolyner o r in blends of polyners

and/ or copolyners in the adhesive conpositions.

Exanples o f such materials include ethyl ene based

o, oy a o o



At ofi na El astomers and Dexco. Miltiblock or tapered

bl ock copolyners (the A-(BA) n-B type) are avail able
wonrawok2aiest one. [ 0050] O her pol yners that corC@d/US2005/039002

used are syndiotactic pol ypropyl ene (SPP) pol yners or

i sotactic pol ypropyl ene randomgcopol ynmers (RCP) and/ or

bl ends of SPP or RCP wi th anorphous atactic

pol y-a-ol efins (APAO 3 all of which are well known in

trrgi :cﬁlr;.r &?gﬁﬁ%?é%ﬁgﬁgﬁ jﬁ{ﬁ‘l @W%m ymers

or copol yners of propyl ene Mﬁth other a- olefn -

MJ00n6] s sucThéspriskyit eimeention eardliter adexeres. WFPBe better
conprise a random copol ymer of propylene and an

a-Waersieod Ly frietring todihefplowingrdetailed dreeription and the attached
to G o al kyl group, preferably

etcﬂ%ﬁ@% %ecﬁeful RCP pol yners for the present

invention are preferably netall ocene catal yzed (nRCP)

or si ndfig- Sli ti® aajraplyziddsteaithgrithé effedtaoh ratk |adsdtropy on the

1.5?bb t of the said a-olefin conononer, and

hd® ﬁﬂx’ ¢ Ff%0i nt of about 145C or |ower, as

nmeasur ed by DSC nethod, a nelt flowrate of 1 to 500

9/ 10 mpyg. P a AWM Qﬁé‘w'ﬁgﬁ%é Bhsic8dpa of Dnke®rABOGihieht of the

of O. 880 to 0.905 g/cc per Met hod™ D- 1505. APAO

pairgaentsneertive matiddy of essential |y amor phous | ow

nol ecul ar wei ght honopol yners of propyl ene or

e of T e SpORKAC Yot EAe TS BRe Be bR ot Fio 2

used in the adhesives of the present invention are
t hose Wigch lsxaeﬂ‘cd/vtdhartadﬁasUiff@r@mtv‘ai%ffécﬂweamédimrstheme as
sg&glflc adhesi on of the # ynmer. As used here
Beh ing Hleklﬂ‘r?? irwephien, erI HM“"P@WZP"?'&‘? dlfferent pore

n exanmpl e, gum

" Apte BRmBEI Qi b AN CHE & e mdlalE 0P oai

hydr ogenated rosin, dinerized rosin and polynerlzed

rosin; I{igﬂSﬁaﬂ\-5ﬂJijlug1raytedheIefmuobshnemimiubedtamliscﬂmwrm S-wave
of n éura naE£Ddei%g rosins, such as, for exanple,

t?é‘dg ACRHBPS:ANDal e wood rosin, the glycerol
ester of hydr ogenated rosin, the glycerol ester of

pol ymerfigedepnosc NilluéthtePeid ekt blflérné@tﬁw oAl aP@kR-to-seismic-
wood rosrn, the pentaerythritol ester of 'hydrogenated

rcgatherﬂméclge%aamdmoilcaie fdti@r6A% tall oil rosin and

the phenolic nodified pentaerythritol ester of rosin;

L9 () 0 RSB, AL PSP eSO By g prefrea

a@ﬂbo&ﬁ@ﬂi@ HeWeverhe td é%npﬂhaﬂtﬁéﬁ@ﬂmrn@sdé@lled description
general ly resultin fromthe ynerization of terpene

h)’%ilsgéﬁliﬂﬁéﬂ@ pajtien aﬁ@%b@"ﬁ*@ﬁgpéaﬂ@mwﬁwﬁe &% the fwgstion, this
| R ﬁﬁépegé%ﬁ%ee iRl trgflbf%‘ﬁé/sqrg{ s n8fa{ bgg@gﬁgephes limiting the

noder a era

h;szbbpgeﬁah@dmwwhe@et‘rm testrary, |t [sOmﬁéide(daltb c0fed byl Etematives,
and tﬁ@golyners of , natural terpene

st)pd eqawmrheémséh%mvév%ﬂwamh@. $wjiit and scope
t QJf!fﬁé‘ﬁNe‘ﬁEBﬁ,”&s defifabby 4 aphenaLd erlfnd! {1 cd ter pene
resins such as, ftor exanple, e resin product
resulting fromthe condensation, in an acidic nedi um
of a terpene and a phenol; [0057] (f) aliphatic
petrol eum hydrocarbon resins having R ng and Bal
softening points of from about roomtenperature to
140C5the latter resins resulting fromthe

pol ynmeri zati on of nononers consisting primrily of

ol efins and diolefins; also included are the

hydr ogenat ed al i phati c petrol eum hydrocarbon resins;
exanpl es of such commercially avail abl e resins based
on a Co-olefin fraction of this type are "W ngtack 95"
and "W ngtack 115" tackifying resins sold by Goodyear
Tlre and Rubber Cbnpany, [0058] (g) aronatlc petrol eum

o - o o, o T Y



[0062] Waxes can al so be used in the adhesive
conposition, and are used to reduce the nelt viscosity

woRodshe2diot nelt constructi on adhesi ves w t houPCT/US2005/039002

appreci ably decreasing their adhesive bondi ng
characteristics. These waxes agso are used to reduce
the open tine of the conposition wthout affecting the
tenperature performance. Anong the useful waxes

Tooo- R pERPESRFSTRY OF HER R G ERRF A EMeQpIMENTS

as determ ned by ASTM nethod D-1321, of from about 0.1
tgooi and Afffdpresémninventisi Provieés faromtagrised Hriddropic rock
250F: [0064] (2) petrol eum waxes such as paraffin wax
hahysiesa medeli fiptpsinulates bofim Sadrit anisotrepy 19 Fsteasg-induced

i % . . ) ¢
s iFEtoRY B o e g Gy albb s W oplftifba effect of
dejorosity)eshdly VsiiMeevdter Satidation, pré¥ding, (ehpeatatetl and pore
pal ypr opyl ene having _a Ring and Bal | softening point

offlli4 SRIMEBBRICatoD qnoPm@dcfg:qu@o%Pc'(ﬂg? 8\ coRsisient manner. In

e SnRel 2o a0 SR, SRENOR (TR IRE K] B yolyme s divided

pahipothede pavexexsordiag s ¢k betimated $inale tvelumé Eridyeffedtive stress:
" refers to those polyneric.or long-¢chain entities , |

QbR Rt IarPe i) AT RIA St Rores. HHbLY TRErerAgKS (mainly in

ar ARHRIOH vai | abl e from East man Chem cal Co.

ugﬁg% theoﬁwgggﬁﬁgne "Epol ene."” The materials which

are preferred to use in the conpositions of the

present inveptgp haw a King and Ball softening point ¢))

of 200F to 350F. [0068] (6) netall ocene catal yzed

propyl ene-based wax |ike those conmmercialized by

Cl'he amdelrsimuldatbe shate ahlsotropygnad .the Qrédrréd orientation of clay-

nmet al | ocene cat al yzed wax or single-site catal yzed wax
| iﬁ%@@ r P@%p{@la;shc?é‘@ o%%s'r'ﬁ%g‘?qew enisotrppy e ¥jas the preferred

O R

SQticdsas. rosivrafrpaneasirementd oF wilkfodgs Slebrésdueto establish a
i ncl ude hydrogenated animal, fish and vegetable fats

arfglagipnshipeatwgenisjaclodensityeand e effectiversiressoya oi |,
cottonseed oil, castor oil, nmenhadin oil, cod |iver

oi c., [ re solid. e r at

R0 S, 70 S ALE ROadidhed ThooRe LETPELAL LR releto
f qords Usingethessthemenptdposed bycXu tind Whitéi oni ng as a

wax diluent equival ent. These hydrogenated material s

are often referred to in the adhesives industry as

"ani mal or végetdhi® waxes."[0070] The adhesive al so (2)
typically includes a stabilizer o r antioxidant. The
stabilizers which are useful in the hot nelt adhesive
conposi ti ons?wef T%e—fPegsent invention are incorporated  (3)
to help protect the polyners noted above, and thereby

the total ~aghesjve system fromthe effects of _t hernal )
LNSIS: Bt 1 BBRICATG POUATARCH AT, TGy 3 AR RGiropY in
t j [ e by e ;

ol PG PRSHHE (80 BAHLLE By & ProfoplelaRiEBhY Bidibution of the
t clayreclatedl potessnwhichnoamtbe Slesbribed riadafor oexample, a Gaussian

usyal.|y,.manifested by a deteripration jn.the .

S SSHbYiRE, i sadiPesPe e diuBeR Al gk fuub e ypes: (1) primary
c LSt . hesi icul a .
BT e (Y 08, RSy PuftddoRt! dinbution, and (2
at ] hyl enaf: Sl 1t erd t Yzt st
hyﬁ%&%hé@g%?ﬁh’am% ?r?rae\%hgng%nfgﬁgg a%ﬂtlﬁﬁ’(ggogydlstrlbutlon. The
Ci ba- Geigy. Anong the applicable stabilizers are high

nol ecul ar wei ght hi ndered phenols and nul tifunctiona
phenol s, such as sul fur and phosphorus-contai ni ng

phenol s. Hi ndered phenols are well known to those

skilled in the art and nay be characterized as

phenol i ¢ conpounds which also contain sterically bul ky

o s o e



woul d depend on the nelting point of the particul ar

i ngredients. The resulting adhesive conposition is
wagbtembzdzunt i | the pol ynmers conpl etely di ssol veT/UA2005/039002

vacuumis then applied to renpbve any entrapped air.

[0084] Optional additives nmay fy¢ incorporated into the

adhesi ve conposition in order to nodify particul ar

physi cal properties. These additives may include

C t . g ni i i il ch
COPR s gt 4 AP %o SR & i o e
agmigntatiore adisirioationmo utiis , midroeraties aand@nthei srack! perosity are

organi c, agents, as wel] a s ultraviolet |ight (U\/? ) i
apiierningd Ryethesthige PHpcinal sHessesh g Imbentelaxeghgeological setting,
P ' a j [ 08R}).: j L .
caoh Siahfolo B deieal Bss Ok Blpickt§ ABLEETAR the! flo horizontal
[ ratretr.;s\sesl.f nacﬂ@bagidulérmfésm Lmid:ecgcréd&s &nd tm?t—:‘ élﬁéhtbglbvertically.
we| ght o wax materijal ; about 5%t o abqut 65%. .
WA RireBult P AEE TG Indsalp o Aste .y bRagalsirection than in
PGh¥HRb HoREBhia} bitecflofonopol yer, a copol yner, a

terpolymer or an interpolyner having anmelt flow index

of 0.059/10 mn. to 800g/10 mn. at 190C and a DSC
md0020} poi rtabsralwdr measigements Yentonmstradthat erackiporosity can

4Q% i ght of ,a thernoplastic elastoneric.blo

i tots Sl bER eas askiciar RBIACH xe Budny For gxample,

or (AB) n-Y wherein A conprises a polyvinyl aromatic

bl ock havi ngza Tg hi gher than 80C, B conprises a

rubbery m dth?Cd’ff‘k ﬁﬂ?ﬁg a Tg lower than -10C, Y “)

conprises a nultivalent conmpound, and n is an integer

ofwidrel £S5 tRe inidhl BRRUIpAIYaIlP 2PN ovErbuRIEHEIrgsY (&) and Bis

an el astomer conprising a copolyner or terpolymer

hdhe myessurg gremiiantt hkinally,oibenwpimannsane perasityomith namgom pore

be an.ethyl eng-based el astoner, a propyl ene-based

el UGG n EGW %‘ ¥ et hyl ene-based and

propyl ene-based el astoners; (e) wherein the anmount of

partially crystal}ine ethyl ene-based pol yner,

t her nopl asti%g""él §‘l’”6nébf:'l“‘6 bl ock copol yner, and )

el astomer conprises about 30% or nore of the total

f ilh SheRMERS hddeh simditds Shaeeirdditrdpyevia itheépeefepesl drictiation of

has an ent hal py of fusion of at [east about 100J/g ) )
relatedyparsE, anshstress-widyagd mnietiopyda dhe prefgkredrorientation

at_ t % C i QN i l.m

Lo FgbaARRL, WRBLAL RN Y, OGN Shells aboratry
maheasrenepPonevdll hstray packsall figesiabiisls enmlatiashi between
| east about 25% by wei ght of the packaging film
csipestensgty. anghihe gifestdieiigss. t he wax materi al

conprises at |east about 40% by weight of the film

wdDBRT | o “2uilres 2, /' Al e BpBALIE HRRP the ddetiporks. The
warodeitie rmares geaphicdllyoidagirdtéd dyothenstresrnaiie dwgraimt of Fig. 3. In

that is, 100-6000, g/ nol, polyethylene having a .
ha%t%mzisthmm g%?én%afeemw%wﬂ%ﬂwwlﬁl@ﬁwgﬁ miing law (e.g.,

f . d T. t an| '
£ e VAR e il aBrke). PRCHER 44 oL Bl o8 e ated to the
sumbtrixsuging athei differentizveffegtiae aktiung (D&EMY soherfeoor using the
about 130 to 170 F and .m cr oc&%jst al | i ne wax _havi

. g a .
mEANSHPRHIARY reek areXpRiion1EPA), soeme, Whieh IV‘ﬂUth@r described
. : d " .
T4 08 OfapSige 2 b MASIBL Ryt pore. The
Riatgledndapatlated frozes reye passumed td radwapb det wadér-wet 866 to the

C, [ 0091 4) tal |l ocene catal yzed propyl epe-based wax

QR BAL SHEEb RS GISAR900 B0 i SAED ki NS AT AR ARG pores
"Li cocene". [0092] (5) netallocene catal yzed wax or
single-site catalyzed wax |i ke for exanple those

described in U S. Patents 4,914,253, 6,319,979 o r WO

97/ 33921 or WD 98/03603. [0093] (6) synthetic waxes

made by pol yneri zi ng carbon nonoxi de and hydrogen such

o — o o NN A S Y




LDPE, VLDPE, LLDPESMDPE obtai ned by ziegler natta

catal yst pol ynerization, or LDPE, EVASEAASEMA, EBA,
waBaidAg2qabt ai ned by gas phase random pol yneri z2CTmis2006/039002

ECG3EP, EB, EH, ESI copol yners, obtained by ziegler

natta catal yst polynerization . pf single-site catalyst

pol ymeri zation or netal | ocene catalyst pol ymerization.

[0098] One of the preferred polynmers is EMA which is

WEBF 0% RARTEEKE ot Bl ST ashf b Pferondh. except that

Arméulaaers "o Efuid it thdxd porss b cridkglte Isé taeldedtfal theesystem at this
net al | ocene catal yzed pol ynmer which is readily

c il cimstsp 2dahydrcarkans gre exixag vath nbﬂﬁefwaiebcewng a mixing

CUBE i SRORRN MR SubbEndbRdfader ] A0RUES Mpdiif pocel

Cc aligmuzeet, for éthmQ,CMQage 126! o¥ithe des%@clﬁbbyé/cﬁ%a\h@book by
about 40% ght of the pac ggglbng‘@l | m conpositio
[ I

Vevish et Ao IyaToR neritet ViigteYsratiil Average is
geﬂrr?%%dsS% 8 Bﬁsﬁa}é 27a?>?ltftet %ﬁté{%é@?%?ﬁié&g*) i,f tdManisotropic

c padsmann picfetisihlen sedl o patlthe filRhmixtdexin sanelrpdresfincluding
159/10 m n under 2.16 kg at 190C. [001 Ol] Anpng the
udBiciacracks)igiedhpSysiesBk (\g%cﬁr 9W§r%[‘daK@rrm@s eoﬂgb‘? dgpendence
st

gﬁ%@%i@@%ﬁ%ﬁ% é‘fb%gé%sna tﬂé lg@ﬁtﬁé@&ﬁlh@@f #ld"pbre fluid,
hi@bephitsicen 4806088 160 (978 ks ﬁ’- rartanrwa\re drblcmbtiewawd Mthomsen
a Tg lower than -10C 5Y conprises a nultival ent
cm@m&ersamynthe@ Be ¢aledgiad gstent 26 ofsligs 3)ekampthes effective

r

o )I/z%%tﬁ:z '{‘%éf‘%nteh%? %%;‘r G@%?}ééﬁé&éﬁu%ltene é;% mode| created by the
(%%Ne deseribod- prsoqmiumes sEyntlearefeafirSs, repre’wmeed smErgerﬂeare the

t({}\{lélﬁ@ trtﬁgﬁge %‘rgﬁg)ltjl@élg%]t%sqsi}%rgfﬁgf @q(:rpstﬂr@%g;ﬂurd (brine) filled

D BRI SAEES 2 CoRERA PGSBS Bh&RBted pores 34, anc
C:]mpanlt:’aﬁt)éoritbmrnég) eypty mlﬁmrénﬁ(sa% rrMahroals féétuvés &6 tife inventive
t he polyner, an srnc t he po s can |liave nore
tﬁﬁﬁfohﬂﬁzpf,f‘%o?eﬁ@d@o‘r" J&Xthgrd'%%ﬁeﬁrt%w the total A

bl ock shoul d be | ess than or equal to about 45 w- %
OTEADS o W ¥FB=bSroshP Bn MRS bnBSE bR o A HERISS AR,

% Of the polynmer. In an -
(styrene-but adi ence-styrene) copol yner, the preferred
mc[oezz] e wei e preseﬂtowtveﬁﬂv@ﬂﬂethodlﬂeateomlcmnonob&y and fluid

d styrene conte out

bsfethufion St Y& (adie, shale; SBTent Jfigh et Apptaaches do.

1*"!‘?'a8ftl%f1§f G%@sﬁ?é'nﬁoﬁdrérsu%trtgrhbn'rﬁo@@@@ss@r% Qﬁ@oﬁtﬂy mixed fluid
000 and the preferred styrene content is about

14attasemamd pH the flaidamidyre do Hoe mrem@a@dbgatdtess of the pore
pr oducei rubbert m dbl ocks tﬂat an | cal I% ti i h
c SRR t LS BIIIRRIE RUCHPTIOSHY e PTEBET" yfntion, on the
SitRebhAsk SRRMBES nfER-Fores! @rbb@refsré%!é?b@a@éd)ﬁnth clays, tend to
Pol ymers, Eni chem Atofina El astonmers and Dexco.

Mt:ta brodtied byt Hiseweteropliase begausenef §h€{lt realle( Bizs) porgpared to

9%?*@ Pafpst Rlis ARafabbo Phea B bR Srphe, syl clay pores is

\sighifiddrelyf looer ihan e Bapylapr predsdey int $end pers. That concept is
SI nation Kraton G [001 06] The el astoner conmpone

i+ eaieragy nadding nﬁtl@rnr@lat o e, Bystam yih Pgne/water

3t 221, 0 he o RBRA 88 S ML ETRP RshoPe for he

wei ght or | ess of the packaglng film conposition, and
conprises a copolyner or terpolynmer having a Tg | ower
than -10C. The el astoner may be an et hyl ene- based

el astonmer, a propyl ene-based el astoner, or bl ends of
ethylene based and/ or propyl ene-based el astoners. The
ternt ethylene based" refers to an elastoner mhere

o o . T . r o o




Conpany, "RexFl ex" from Huntsman Cor poration, "AdPl ex"
fromBasell Plastics, and "Keltan" from DSM Conpany,
woneefessi®9] The packagi ng fil m conposition al BOT/US2005/039002
typically includes a stabilizer or antioxidant. The
stabilizers which are useful iqpthe hot nelt

conpositions of the present invention are incorporated

to help protect t he pol yners noted above, and thereby

t t : f o r
b Ao PRRSLF I B MR 10 BebGAhiSnth <hGE AT e DEM
tttheommtaasmmeeseiatbdaqm‘empabeon of the film

conposition as well as in the ordinary exposure of the

fi ﬁ%aﬁroduct to the, anbi eqs enviro ng Such

adiP23k: { on HeWEKER| 1E N3N cBPES bUNGUGBEerTBRk; GHe treated
[ [ f
CRSnAPP 7R SRAEY oBiOYE, ity REORRIS RN S MEIEAG then the
staxlisatropic Q@smann daumtionsrarei usesl tp pladhid extubes mtothe empty
for u

s Bt | Sied PastEnT JHaTIeS RRTNG saAReAdRpre pressure
AEMREn@ PRl GaRbe poiap] ih'lsz%ra‘h b% RApetEd 36! ¥iver af Riw-Fdquency

antioxidant is Irganox 10
t despaIsy fessapdgares, 5- di -terl but yl - 4- hydr oxyhydr oci r
|nanat e) ) met hane manufactured by G ba-Geigy. [001 10]

T kagi n -' . £ .qf the present

! IBOREE G b R TR T R e o ftesning, gmpliance
krtemsbn of theesolititmaifix fxiapnt pasanistees drbetrhdivish¥eSassmann fluid
placing the wax material and all other ingredients in

a SuRstileitien, this is stpigeifemard pinthe prasgnt mvsnptae rathed, however,
h d
et Hotficled WneHgls SbABo Dl PRICIBE, fy e sanc

t p@rés opdyr aSsumlngJ th?atﬂ&ﬁg@o@és far@WV@tbﬂWetZHQ this 4984, the clay-
and nore gr ef er abl 300F. The precise

t AFeS Ae leated g8 ?\Rh'ft I'sQlidhmaérie n apd tha=gampliance tensor of
PRh& lecfelf \héléﬁb%ﬁ&t'lﬁ frit \}VH%ﬁelfB %lhg alv\ﬂ@cfagepdrgét is¥alculated

m xture een nretebl an t'ur €
bILarrlgettIee;I diffe@@RiahteffectiV@wmédiom rtheeryand thbeahxbotrkplc dry rock

o APPETRBO0 stk 2 i FBRGIShREIaIk: ofnpSiA@Rateggompliance
t@éﬁ’éﬁr%’ﬁﬁen G%ét?fod'eé?ﬁéﬂt i GOJSQ fﬁg E?sﬁ’tﬁtl&ﬁ.

ext rusi on-conpoundi ng w th sing € SCrews.
[001 11]. These film conpositions can be easily
c Rifevenée g Me WEM) ftheorynt convent i onal

anal yti cal met hods or after solubilization and/or

IR Ly N et shofisl TR IERCHichBre Sl Sectve eastic

chh@lfa(ﬁﬁlte@éor%ﬁ%ns&m &ribetitagtvith pBRfllel pbRdd. a(“8mic velocity
(bul k or surface)spectroscopy steric exclu5|on

c RNEeosYr Kpidy nastion  cpRrigining eOFI%mtﬁdt arackat iraasvarsely lsotroplc

45O ML MRSEERE 0o S0l henin

t RRtepideSeiBhiZaneetHedly tethebeuse WRSR the Jﬂi?@e”méy RE QPeferred
nmPa.s at about 300F to about 375F, as ermned b

e@ﬂeatatng Sisiribylion eard ﬁ@émtﬂies the dilff@fef‘dlﬁbrwa’féné in the
[ he testing techni ques

?@Eﬁzﬁﬁg&&‘{éﬁ@d Pfa”dfﬁ thod D8236-73 . Once

m xed and equili brated, the nol t en packagi ng fil m of

t he present d@venjlonﬂ e coextruded along with the

t her nopl astl eg?ﬁ? 31 71 ;éy«p a‘ﬂ descri bed (6)

herein, ormea into a filmby casting or

extruding the nolten conposition onto a rel ease coated

surface. Conmercially avail able machinery for

perform ng these manufacturing techni qgues may be

purchased from The Nordson Conpany. As earlier

di scussed, the packaging filmenclosing the hot nelt

adhesi ve conposition my be charged directly to the

nelt tank of a connerC|aI hot nelt appllcatlon nachlne

L, . . o - Y a1




on siliconed rel ease paper. Tenperature was from 250

to 375F 3 depending on the viscosity level of the film
worbwroczd1z and rolling speed was about 2 | i neaPCH@ISEI0S/039002

per mnute. Any test performed on film sanples was

made at | east 24 hours after t filmwas nmade. The

term"ml|" represents a thickness val ue of one

t housandth of an inch corresponding to 25.4 X 10-6

TRt 5 e BSBRTIGPRPn A4 BalnenroRabl SR oG Gpegion for the

\V; i . te L 5 i - t

! et BAGLSTE or piRichitaole ARd" AR %4218, pdler, angle and
f idzmuthn despaotivélyodhemsfere,cur ved shape with no sharp

cut on the edges to initiate no tear effect during
measurenment. Elongation value at break is reported as
average on 3%ito 5 sanples. This test is ained to

sinulate the rﬁ’eﬁ@m)ééd(ﬁg’dness that may endure the (7)
packi aged mat€rial, and the skin material itself. [001

19] Blocking tests were perforned in the foll ow ng

ner : square surfaces of 2 _.inch .2 inch of fil .
neitiss: Aie S SoRfiangs deisoriat s Siative HediyRito be Sotermined
pra%;fs @apout 2 psi, and put in the oven at 50, 60
or C%%jjlﬁ‘?laﬂ "4 hours 24 hours, or 7 days. After
all owi ng the sanples to cool down, visual observafion
was nade if Hg(a);ozj,.}k,iilykhg,pqg)(amger ate or strong fofce
was needed by hand to separate surfaces from each

0
other. This test is made to sinul ate possible vvea
condi ti ons where the adhesive package can be stor ¢4

n

shipped. [001 20] Mgration tests were perforned4j
Sﬁrﬂdfs of 6-mls filnms at 40, at 50 or at 60C. A
S q@lyr e put in contact with sone adhesive
material. Two different adhesive conpositions \Xgre
sel ected forrtheit gcantenk in mgrant species and (9)
their specifi®®4bi1i"ty"t® 41 ow nigrant species to go
through a filmmterial over tinme. A square surface of

2 inch by 2 inch of filmwas put in contact of a

adhesi ve pi ece. The piece of adhesive was a

paral | el epi pedic formwhich | arger base was 1 inch by

1 inch, and hei (@f combpit —airdwar tsér( Ooicos(wp finch. The

| arger base pf_|[1] | ve. piece d gg%ginthe

center of thgf {A%?gggjgf& Acr?g{(ﬁér %”?ﬁ%ss uarle i s put (10)
on the top of the adééive pidte, andcahfs tdp square

is made of a |low tenperature heat seal able material.

Wth light heat provided by a hot air gun, this

material is sealed to the edges of the bottom square

film in order tp contain an Ieal]age of the adhesive

pi ece due t oQlomh fGorsE' (@dﬁegﬁ@eqol ow with tinme or (11)
i ncreased tenperature. Such "pillows" are put in the

oven ring few days, typjcally, 3 to 1 days. Wen .
" dBBa8H 1 ot aior & i cabblatSa it botal sepibiiate sVatEy, where it
0 vat | i I !
py? P8 a ROSer DEARA PR sl ARRHYRIREDRIY RISy Hisfe Ty and C
widrd the efastisaonstaritaeksdrs dfitimgsolicband flaid ploasdss eéspectively. S is
This test is aiped to sinulate the abili of the film
reherFehelby (1857 tensqyr 4eh 18 %0 rt%t'sncaf e oo shape (aspect
C I m S . 7 - »

2 IOBR TR o B pIriBAC oMo R AIERA G bliSaidal filusion, and
i related itableensyi Frotesdings tofi o &b 180 dieiB4df London,hSeries A 241,
sweeping rat of _20C per minutes o.,n abDSC.i nstrunent

rosi- 396 (485 Bm T8 7T Doy ARG BING AANEUPTSHED, By Eshelby
Del aware. Three tenperature sweeps are perforned
consecutively on a 5 to 10 ng sanpl e under a nitrogen

at nosphere from-100C till 200C, then from 200C to

-100C, then again from-100C till 200C. This | ast

sweep shows a reproduci bl e neasurenent of the enthal py

of fusion of the film conposition expressed in Joule

Y 3 . n - " - o r



57% Escorez 5600, 20% Vector 4213, 1%l rganox 1010 in

wei ght. Anot her conposition was called "rosin-ester
woanmicieriing adhesi ve" and was nmade of 18% Nypl 26T/UR20R/039002

59% Syl vatac RE 100, 22% Vector 4215, 1% Irganox 1010

in weight. [001 26] Ageing tesfg of adhesive

formul ati ons were perforned a t 350F on 200g sanpl es

put in a | oosely covered 400g-glass jar, in a

v 4 d .

S HeSaRifBung LBl BESHKHILIRRerBY Eirfbhd fndta when

s¢dé r‘wdkgtoumt solid daetrbaswergewcsutroptd (lest S. wAdEeMura, T., Phys.
rmed on ank adhesi ve_sanples in the sane time
a§t6§’3c'8ﬂ’tcﬂtﬁ%a5 e’%ﬁa‘dﬁ@@d% 73l es produced in the
dlssolutlon test described above. [001 27] Lam nated
\ p Mel tex CT225

>0 Ly OO 2 Vie! spr ay
techni que was used, the coater was fitted with a 0.018
i §002Zbi ral Em dtffeeemtlalsaftactmememuavmdomIdesbrlbed above gives

Nor dson ora ot coat, tech ue was
\SE8SSHaNY o Thsuls Bt & efiPRuiaEtRaly EXGenglve In order to
e%b?@dé’fhé"'@ﬁléieﬁc?\b?'tlltéﬂéb&ef ﬂ%r@@éﬁﬁﬂ@e%rﬁ’@&@dd@rthe dry rock
Adhesi ves were spiral sprayed at various coatl ng
weipghexdmadiepenethag develnpedpmt Keys iaod Xe@002) fo dhe lanisotropic

£ seske Bhp ek ook e B Wite ValsSity ieddls B8physics 67,
t qupeL ff 14 FZO@) FIr RPrY8ET2/ b dndit 48 rasieRAng: Q%eflned by

on the application reqU|renents Lam nati on proces

wespiation (hbdcambé waittlenaahesi ve sanples in the sane

time as on contaninated adhesi ve sanpl es produced in

t he di ssol uti prlbed above. [001 28]

St andard pol¥ &Bodéi based spun- bond non-woven web  (12)
is avail abl e frontBBA Corporation at 15.7 gram per

ht dard hyl :
OHEtBY ot ee NAHRE BRe e TR BPaniisar Foif eifoSefensor is
| SppYGimakIe | ndern@dﬂ HElt)Dh"r 31&yfﬂo@méﬁd3ﬂﬁérefore remains
Cor poration. [001 29] Peel strength was neasured

t lgena@ehi Hethds case.itba differepbakpauationy(Shcan be wettet ae,
tester (Instron Nbdel 55RI 122) in the controlled
atnosphericp9 nment (20C and 50%rel ative
hum di ty) -L+&r Pdhe test, the specinmens were
condi ti oned @ t4m¢control|ed envi ronnent for
approximately 12 hours to ensure the reproducibility
and accuracy of the dat The test was done at a

val e over THE %.smiciniﬁwm e os. 7

normal i zed to g/ln uni £, % was reported as the pee

strength. Tests were perforned on bl ank adhesi ve

s Julirg the diffeeestiinequiatien gieldn cont anmi nat ed adhesi ve
sanpl es produced in the dissolution test described

above. [001 30] Creep Resistance test was carried out

wWith the Ianinated speci nens containing elastic

strands. To pre the speci men, three elastic

strands (LycAa=15— d@ 262 at 740 dtex basis wei ght (13)
avai |l abl e from Dupont), which were stretched to 300%

el ongation, were either | am nated between a | ayer of
1\Amate|Aot isi tdale eathpliange fanisar &d tbelqu;dhyatme Hi lrsnﬂwambrapllance

R o R Rt ol R 2R RYBR, ordR IcugPither han

fllns or webs and stretched el astic strands have been
gl ued together by the hot nelt adhesive with th e
spiral spray technique, and the creep test is intended
to be a neasurenent of the quality of the bond
effectively done by the hot nelt conposition. The
speci men, cot to about 350 mmin length, was stretched
out conpletely and its ends were securely attached to
a piece of rlgld board A Iength of 300 mm was narked

. e . o,



VLDPE - very | ow density pol yet hyl eneLLDPE - | i near

| ow density pol yethyl ene MDPE - nedi um density
woabosbinik ene EVA - et hyl ene vinyl acetate EAAPET/US2005/039002

et hyl ene acrylic acid EVMA - ethyl nethacrylate EBA -

ethyl ene butyl acrylate EE2HA 45

et hyl ene- 2- et hyl - hexyl -acryl ate EO - et hyl ene-octene

EP - ethyl ene-propyl ene EB - ethyl ene-but adi ene EH -

Et ny lcaelgfh éﬁagn%ﬁg ecﬁtghryﬁ@ %%P?%%Sni 4 r%%ﬁ%la}fﬁrqcreases the

etd@yétﬂ@[%,pgp@w ene- di ene- nononer SB -
styrene-but adi ene SBS - styrene-butadi ene-styrene SIS

- styrene-isoprene-styrene SEBS
s tilermentationcofihe diffarential aftackive macdiem.theory in a porous

S ASE D AP AORN BrEs sk ene SBBS -

styrene-i soprene-butlyl ene-styrene SEP -

St[pOR8E- et hylneansysteapwithre siNgROgrowat efpores, the implementation of
a-olefins SPP - syndiotactic pal %{%gpall ene

ng-dﬁ{fg'@né'@i ﬁ&feﬁtw%/mezphweﬁ@ef@ IS strgighd . See Homby et

N5 BRI SRR, YRS ST/ & egum contaning
c arjerded icoacksof 'Itr!aasﬁerhélwwtgn;ﬂx aapé £ s/oarmal g Fehyisivad Earth, 30,

TP, i SO o ko

s Eoaval| Eed PO me s S uId the EMRERPRe (o0 xu

W@nd Yidte,af 395)e EBué’OsiarpalzaﬂnenﬂFlngTmaal use the OEM scheme

Sal ﬂgé%%Lm%gghznﬁ%Flﬁ%@E%%&WmM\é " abl 8 élfl e’ way to

Syrﬂé tthe Q%gﬁl{&llt SsRXnRRIid Rl titdtRm 5@5@? However, this
etr ite, Inc 0140 KAYDOL USP 35 M NERAL 'S

avnakes e flnaheiﬁedrv@t @Iasﬁbcpmpd;anw temmjasy]mﬁstmREé the final

S B STl R R REREE o FSbldRsT iSeh B pores
S AIelRE @Hbﬁo%eathép%hﬁ l@aﬁé Qrbltrﬁéhélf Misfﬁbu‘%l%ﬁ' of compliant and
avai l abl e from Ari zona Chem cal s, [0 43]

WIBTR@IRSEXTRS fasul @btamealt by adplmgaém l@omnltaakupbyesngrst will be
CxiBioot o RSB S SRRR RS, Eh R ¥ problem

t qRKi presBat ifEntioAvaistiebes o HﬁfErEﬁﬁbﬁﬁéYn@"wﬂrﬁRebment the DEM

[ 00145] EVATANE 18- 150 and EVATANE 28-06, LOT
3tbenrys, InGhieischemessal nooTRYPep Ve added arrpertiopalip at each

| petors (g Bovfenapt Ayioes e s ROty fefldroups. o can

a\b’t | faplekafiphe) 50 @i 100 §o5en dlﬁ%?on thec ratioPbf b@ﬂﬁlt%gb&he aspect
[001 461 EPOLENE C- 13 and EPOLENE C-17 are L

grraﬂ@s REM than adds greurssohaareshientheasystemozequentially (one after

SR pastiEiofs Bkrdiip RE YbRR of pEERNI e B svstem.

ARRENKdSUIERB1E6ffedtive hediua sint ¢he opiviots stade eishylksedeas the
aval | abl e from Dow Chem cals, [00149] ELVALOY 1609 AC
Pagkgraynd: Bissliymelor viginexpstader oka siage @15%3881140 above as

5 kIR e R el ar R e pdaiqegat each

1GteRatidtRA T h Eel &t P moeediEBSs lenuul &y ed) e Mm;fhra;ted in the flow chart

available from Krat on Pol msrs 001 52] | RGA

| rfdiigx4102bstep 4. the géfee %ﬁ@ﬁBL VWZ‘ %Pe é‘?ﬂ%%f‘i’fdtg'ﬁtso"d with
Tak I,

o RBgtes] P RAecPRipohl [IEIRERIY, (A slert g2, the efective

way of the exanples which are set forth bel ow [00154]

Exanple 1: Tables | a and Ib illustrate 19 different

conpositions suitable for use as the polyneric outer

film Each forrmulation in Tables la and Ib had an

el ongati on val ue at break of greater than 100% and a
rreltl ng capamty greater than 1OOJ/g Each forrrul atl on

o o o R o o oy




Tabl es 2a and 2b have one or nore characteristic

resulting in the conposition having an el ongation
woabwswezti2zbreak of | ess than 100% a nelting capamiSLops/039002

of | ess than 100J/g3or poor mgration resistance as

evi denced by excessive tack engor stai ning. [00156]

Exanple 3: Tables 3a and 3b illustrate a conparison of

the ingredients of various fornulatlons and the test

oo B9ty PPBTRRR e F R ne Boil iR ol b8 EiteBduali beCror ciay

ansbres Sh@raihy 9o 'sPidS paRse ad ePheksN BOcalcutie@s Mt step 43,
and 2 illustrate the C curves for two acceptable

c orperirenie Alvidwibsditeliguisqsrdraned using theselastie cpmohm tensors

cu r unaccept abl e conpositions. Figure 1

i I#%@ﬁ?%t%e%gcf%at fl ow versus tenperature for

formul ation 1601-1 10F fromwhich its enthal py o f

f Usipglementateasoefithd moddlavithlanidoinbsie/dgy avek abroxination
illTustrates heat flow versus tenperature for

formul ati on 1601- 155E from which its enthal 5) of

fL@ 881 i s nebeicemnlignge teneorid@ ksEgration & émlsethg heart of the

r oS REGHE Al s Sy SrdrSaith g BRRSLHERAT B Egpation (1) can be

l ddtRRaWethel fovisr Sefiekostdamsion:am Finally, Figure 4
illustrates heat flow versus tenperature for

formul ati on 1601- 156B from which its enthal py of

fusion is ne t Q. 0B 7% (éskpgi*anx. Ref erence
shoul d al so @Zn‘égd og(TaE c‘gn'parl son of (14)
t hese neasured ent hal pi es df’ fu5| on Table 3 al so
provi des the correspondi ng ent hal pi es of fusion
cal eutemised Pfindbqudtion @w) isisemiorpisictalauex. 9 h¥idx.5That is, there is
Exanpl e 4: Tables 4a and 4b illustrate the dissol ution
ofa PPerPBRpiiansfiosmatian dror ghe sipace @©f - tenrosopiERNKdfoup onto the
a Ll -4¢hi A whele e i ght IS "
ab%)ua{& 3% hllséE?(l Ilﬁrrétlhgé%omrér gy‘%%?@égavgﬁjlltgﬂl él?o%nna addition.
ArComsejuesitly cihedensey P Gh Eguation (mm e rejsladed Hy a 9 x 9 matrix
H2543, a typical SIS based adhesive comercially
av%lqoa‘lbﬁéﬂfer BAVEDLSeeS I 4 @yde el b)éﬁailwmgtg]lxaqperatlons
tenperature ar ound 300F . This kind of EVA-based film
c used £ Y
2 P036] {TTT AR SRUBKHS Tod e 857 ook IBUMARK GaPEoddined by
artdm@aimga&epsesemt(ﬂdp dfterna sufficidhesiuvebeat abiteimhy., Namerical
ot he ed _forpul are nore conpatiple with the
adfgl Q/§ %‘9’§t éﬂ‘i ESH%Pu'b?f”r)eg'}ﬁ%%%@?%fe?r%ﬁ' 1 PAWEF Series Is
o the skin material conposition.

ME%&EXQQP?GI%%'I%T%I e 5 illustrates the aclLhesive
properties of H2543, and denonstrates that the peel
f dexamplest or rances are not affected by up to 2% of the
outer filmmaterial. Sprayability is also not affected
by, presence of t e _ski.n

CaphAfLe T on. Noptesintaniiive Betiednascapmiedia Rtk gtalysis and
”L%léﬂ?ﬁi&eﬁio‘d%llﬁ{]oﬁﬁﬂt sighifiehnt #APrbveRithtd SIBRSbbS&IS8d in S-wave
that the elastic creep perfornmances are not affecte
byorediction 2e0d well-torsaismia qather. tieooFigures HBsEcgompare the

SIS b | abl, e, f
=i miaray o0, (e dyaE Srvege 22 i S AR Her P I iongC) logs
pf\ﬁiﬁ?ﬂfeecélf:uﬁalt‘@j r557ﬂ§s€hﬁg Pde trﬁdhbﬁaﬂ%ﬁé ié&ock physics model.
f . o

or nul at i on. 60] Exanple 7: ustrat es

t H& cansistsing @lepar omnba we@veﬁememntheaﬁeaaeﬁedmd theeealculated

t hat t e var ous a erforrmn are no

S er P8, HErEHS APl SRRl (S Vllgs (gf 7o the shale
material. H2548-01 is a typical SIS-based adhesive
commercially available fromBostik Findley, Inc.- el

SI1 i 1Tm/. o/ oo sn/x 80 0 0/900 O VI NTEGRATED

ANl SOTROPI C ROCK PHYSI CS MODEL CROSS REFERENCE TO

RELATED APPLI CATI ONS [ 0001] This application clains

t he benefit of U S. Provisional Application No.

AN AN O SNTE— " ~ o~ 1 NN A P = PN N g




the far offset. The present inventors have found that
the ani sotropy effect is particularly inportant for
waigls/oerpedance sands (the acoustic inpedance 8ETHISE005/039002
sands is higher than the acoustic inpedance of their
surroundi ng shale). Figure 1 sfyows P-wave reflectivity
over a single interface as a function of incident
angl e using both isotropic 11 and ani sotropic 12 earth

e [
Inqn%ﬁ e ffé%t‘él& g\?l'h ho?seg%f‘/ %é F\Sfuh@ﬁﬁl%%? dﬁgﬂf FP¥id. SR M This was

pant@rpﬂelt@d | as tthgeeffect ioficsitesy- malugé@SahxaoUepy tihandbnsolidated
degrees. The results al so dempnstrate that a

t FEBE8t i caligMERSOBh{RivaVeoaRl At m%ﬁitgbtsmw dhat the present
Canathvit | héc? dp ﬁﬁ'&ltl}‘,algﬁ bek?/'eg a¢ &@ B eﬁrfﬁet Blculated

I npor ant pes O ant s y I'n I ment a

r aekults §7) 595 laabl ¢hemeasurep latnd2,(5) irsthecssmd interoald 51
ani sotropy. Shale anisotropy is common in clastic

108320 mont n%b%ﬂe%ﬁ.éh%s&%%ébd%&m it dogs 850 predicted
of
AP R A TEE St 1y o 5o

e pore sp
beatsivee nam hmversagn parathad epropﬁtsueds Dy Klucawod aliVhite r(zﬁ@ophysmal

orR08PeFnd a7 1o IOBRD B afailiR pelRstd pickesEpla density of
ofthenpdd ffﬂ,ﬁ@s?tarfer YR&afyufeherwries tant be Eﬁﬁ:hi%ﬂé& usmg the

movenment of the earth crust and overburden effect
a aoyreilatidnsy @lubkmectew rBantler pnda¥Vang d&mophygics 57, 1396 1408

oA 0bEhnCR B8 SrellitERe ChaAHE PSR SR mdeuEBiclers for the
t h&oth®ie ok bﬁ%l@éllm&dél €¥Refafe d QQpeéth@th%r $&nd-related and
conpressed nore in comparison with the conpression at

t laytelated: pregi resneactively. Fior éhejuanfS@.tr@mq edckciimysaes medlel, one

orads % Agteaf pRlAMEIE, [Rey BLRIE BsBhef o, R phicgftracks, 2

t heamdardr deviaiohpfdr 3hé esfiearen adiztrifigiont éndenmyrelated pores
bei ng cl osed than cracks aligned in other directions.

cdaseiduine: IGaussien distipelion)omalstanddasd feviatiom fer the orientation
f Qﬁét@%g{rléﬁ tf&?ﬁ;[ﬁ%g%ﬁ% (S?&(\)lﬁ?#ﬁé%ﬁ? g?-négﬂs(sﬁo%t {j}gﬂltﬂﬁgﬂ?]and crack

1Qﬂén3|t§3elT$m crauk slehsityycdrs bteynalbauldtad nesingr eguatiomg3). Those
Thonmsen paraneters, ’cepguand , Which are defined as

f arametere Qa“c?ez@@fe singjahargtpremeasusaments andiar well logs
I nsor of the anisotropic rock.

}_ﬁéegql?géﬁss?ﬁjaﬁe gp@%@x@ﬁaﬁel y neasures the P-wave

ani sotropy, i.e. the relative change between P-wave

vgDo88ty in Elgerefsa&A\ -Glshewtthe effect of baﬂsotropys (lmoth stress-induced

a rnglg{s#%lsyanlgg 993& ént msasuras She& %Iq,]tgg@&rﬁ; the well is
slﬁoﬁfv(\)/wé\er ectq 'GKGKF{”P‘SCB@ ‘?s %Pehﬁﬁcal?@tdﬁﬁgeglﬁ\?.o P@hré‘@@ shows a

: ica is u quanti f
sesysnthetlcagmthet gepgzrated d:tyaa dditianed isadropid eadhomodel. Flgure 6C
anl sotrop us mnme P-,.0or _S-wave. ve

i Andirtletc. At odCrmlat bt adeBRoBiRarihanddsl of the

fﬁe§émn%hﬁ@ﬁ I QwabQQlWﬂmB&ﬁ%ﬁ@pléréﬁrﬂl %o@tlﬁfb‘?dvésswell-to-
strong, It has a |arger effect than stress-induced

ammmhehtlawammetr@an&ﬂpe&)s immare dlesai, stouudgﬁ/ if a well-

¢ He PR AR I vt of Bol R LR PR RBRIIRR gather

hivifite diamid §athBpat atall. eCom ?tarmg thé rsyﬁm|c deﬂher generated
cases where there is little tectoni ¢ novenent

stress-induced ani sotropy cannot be neasured u5|ng
cross-dipole | ogs since the two horizontal stresses
are nore or |less the sane. In areas where the tectonic
noverment is |arge, azinuthal anisotropy exists and can
be neasured using cross-dipole logs. Unlike shale
anisotropy stress- |nduced anlsotropy |s nor e

o oy S o



for the calibration. Another major drawback with the

enpirical nodels is that they provide little physica
wonsiegaze12 For exanpl e, one may find a sinple PCT/US2005/039002

rel ati onshi p between perneability and velocity and

concl ude that perneabilityis ggmjor controlling

factor for velocity when, in fact, the velocity change

is largely caused by porosity. A good correlation

" StatR e RGPSt RS IERTe B AT B SASHRE Bhlrehat the wel

PeFredicA) wnaaddsendes §obd agreﬂrhenmtsth@ mfwtxthe first 10-20
effect on velocity. Finally, an enpirical

ofrageghn@viethe seipinic regRANGCR AHUar 08‘168? Qa%ﬂ@-ZO traceS) look very
t y h { r

G TR e MRS o6 UEPTIBBEOSLNE, ey e for tre
efi$atrdpiofeapitr nridey aspovar. tanpam’(galFeg V@IDUtO’EFIgf BA, dhere is good
content (water s turatlﬁ " fluid connunlcatlon

pragieement &k b oxpalse fogqu e yellitocsaigmien gatheg tie for the
B A LR B8 B oty
p ooinzayytfactor d’xbr sdismmid modelmgin thisscddeui d sat ur at ed

porous solid," Journal of Acoustic Society of Anerica

“Ie03AY: S e Tarkaiahi anpliion I Bireclg BopamcUlar embodiments

t"éﬁ‘tﬁéap?éséﬁldin@ent'?&ﬁ ﬁ‘cbr theT bgé'&%ugtﬁé&%' @t 'IP\W/III be apparent,
Geophysics 39, 587-6 I n general

miwsvavetato bee L&l@&dt km ’ébepara; that rma@y amdlftcai@tmavamﬂ variations to
n the | ab However of t en

erve [

aithe ek pedifgnl geBCi@L Belin e Resiulgy ALsdEh Flbdfications and
WRiakriatie8s Jare HHteHddd\Wo be wWithvig! taBestobePbRthe Gréséttlention, as
that sinmulates the conbi ned effect of a nunber of
f slefioed intherappaades] gl@diesvel ocities. ("A new velocity
nodel for clay-sand m xtures,” Geophysical Prospecting
43, 91-1 18 (1995); and "A physical nodel for
shear-wave velocity prediction,” Geophysica
Prospecting 44, 687-717 (1996)) But the nodel does not
handl e the ani sotropy effect. Hornby, et al. propose
an effective nmedi um nodel to sinulate shal e anisotropy
(Geophysi cs 59, 1570-1583 (1994)). But, their nodel is
limted to pure shales only, not applicable to sandy
shal es or shaly sands. This greatly limts the
applicability of their nodel since sedinentary rocks
are made of not only shales but also other rock types,
such as sandstone, siltstone, |inmestone, etc. Al so,

Hor nby' s approach is valid for high frequencies only
and it is, therefore, always Gassmann-inconsi stent.
Gassmann's theory has been wdely used in the oi
i ndustry for fluid substitution (hypothetical”
substituting pore fluid in reservoir rocks from one
type to another, e.g., fromwater to oil).One key
assunption in Gassmann's theory is that the frequency
of the seismc wave is | ow enough so that pore
pressure has anple tinme to be equilibrated. Therefore,
any nodel which gives the | ow frequency response or
equal i zed pore pressure is called Gassmann-consi stent.
[0011] Keys and Xu (Geophysics 67, 1406-1414 (2002))
propose a dry rock approxi mati on nmet hod, which
dramatically speeds up the nunerical calcul ation of
the differential effective nmedium schene while
mai ntaining its accuracy. Unfortunately, the proposed
met hod does not work for the anisotropic case. [0012]
Fluid substitution is an inportant topic for seismc
identification of reservoir fluid. Traditionally,
different fluid phases, e.g. gas and brine, are m xed
usi ng the Wod Suspension | aw before they are put into
the rock u3|ng Gassnann (1951) equatlons This

o o o "



ani sotropi c Gassmann theory; and (h) calibrating

paraneters in the nodel using neasured data. [0015] In
woneemataei nent of the invention, the aforesai 8CT/US2005/039002

mat hemati cal relationships are selected as foll ows:

the portion faay of the nodel'fgpore volune ft that is

clay-related pores is given by fclay = Vshyt ; the

portion fSnmd that is sand-rel ated pores is given by

f _/(\ - Vsh )ft , the portion fCrack that is

mc o(glr"a 5 is given by fCrack = flnte~bs ; and the

portion f nd that is sandrel ated pores with random

ori ent at.i on Ai streitted | dfor | Yepievatingoy aRs adnisoliopid rock-physics

~FCrack ' where Vsh js the shale vol unme normalized by

greampyiationgl model ¢fc pagublegragean Hagign fhatsimylates both shale

"t . i; r t 0

ot GBS RS bR BRBBEE! S48 YR80 iAo Sbore volume,

r eaysloaie Bl ERe BESICRS B Ohlubie, Hdid DRANGINCSNBEE]: The

present invention and its advantages will be better

under stood by.referrjing,to the,follow detail ed

descr i ption @ha (RS the medars forg oG noreiargfated pores,

| SsadeditBdigddrestard iiierobRRksS f ect of rock ani sotropy

on the reflectivity of the rock; Fig. 2 is a flow

chart showi ng the basic steps of one enbodi nent of the )

pr esent inve@»iveseie@tmm; nrthematical arelatienaiips whereby said

di h i ' a f Fj :

F SR ot Bl Loldfe o Bhabrifanis i H°MadR qpqitative based
mesH usstiheaiese of asveriirfie® dstresd ehdor sirget vowednt fr@dtion in the
for proportionally adding different pore types to the
noWeTERNe YUt ruct i on of the nodel ; Figs. 5A-5E
illustrate the effect of stress-induced ani sotropy on
S-wave and Si ty; Leh i : ' A : ;
illustrate ?(Eg ef (Ie){ﬁfg?ﬁg??és@? M@%Sdg%%?mé& tsaid model using
wed first mixiagdanvcgat her tie (Fig. 6Al is a duplicate of

Fig. 6A). [0017] The invention will be described in

connection wiith its,.preferred enmbodi nents. However, to .
the oxtent tHkr HEIRS WGl AGYBORS clitBecrTEIaI Y | Gentation
SRfistibuiort € thePalalirlehad pﬁﬂ'@?@!\é‘FBFe PlumePGH $di§ vhatel;

use of the invention, this is intended to be

illustrative only, and is not to be construed as
limting thdedcoprdding ehepty ppadtpasas aod aligneglomigraeracks to the

itds ] ] er . e [ , . )
P 0] RS Ak 1B Tafonlel Ral R FRvolume pf egid modet
wWthin the spirit and scope of the invention, as

defined by t(fe apmpixiisdhydauanboris=Withl WatddEGEIRY R IsaoMfF mixing
THE PREFERRED ENMBODI MENTS &001,5% The present invention

priawi thegely, forningraflalg Mt wilin saldyordghysi cs nodel

that sinulates both shal e ani sotropy and

stress-indu anhsetno 0 I hiral S.thd h d

al so handl eg(g?ihen%%%lbng%e ep?@c?ﬁﬁﬁgo%i tﬂ;/,g gﬁﬁ?esbms and
vahicnacracks ef saidtrmod¢li using pnisetapie, Gassmanathecry; amd

pore fluid communication on P- and S-wave velocities

i n equatton Q) . CHENGporRBRITSIN IhE el BiERerRtsd data
three parts according to the estimted shal e vol une

and effzcti VEns hicthéd of tlaitl RYwhéle g6 Blaygsore$ 2dand pores and
sand-rel ated pores, and (3) mcrocracks (mainly in the

sdnigresapigh e )addad o fhe apodek using+a pdiffgrential “effgstive medium
l..simul ates shal e anisotropy via the preferred

g?%@ﬁpg%ion of clayrel ated pores (fciay) and

stress-induced ani sotropy via the preferred

orientation of mcrocracks (fcrack), which is

controlled by the differential stresses. Laboratory

nmeasurenents or well | ogs are needed to establish a

rel ati onshi p between crack density and the effective

stress. [0019] The pore space is partitioned into the

cl ay- and sand rel ated pores using the schene proposed

“Alz * 1+ —



[0021] Figure 2 is a flow chart show ng how t he nodel

wor ks. The nodel is nore graphically illustrated by
woheoseteat i ¢ di agramof Fig. 3. In step 21, Poe/usa08039002

grains are mxed with clay particles using a m xing

law (e.g., the Voigt-Reuss-Hildg average). In step 22,

the clay pores are added to the matrix using the

di fferenti al effective medi um ( DEM schene or using

t he ani otr ' r C :

which v heGriod 8RR Wf{len?&hrt et AL e medium

t @hm@mmpliﬁemuang@n anmisbiedpie einy tduk aepregimatioh scheme.
added cIay-reIated pores are assuned to al ways be

\Q@f g&,ﬂ wet nd:ﬁ'@p Ofi ﬁ%‘ 5‘31 %&%}r eg}ﬂ%&?g ﬁégrleo\r}olume is
MVided %Eérdﬂtgetcﬁ&q ttee:aeétflage %Elﬁé“ahd‘ eﬁeé iVB 5féss.

manner, except in t 0se pores
or cracks to be added to the systemat this point. In
step 24. hydrrrm:metblmoﬁckarmrkememetrhsajdrmathamatrcaheelatgonshrps

s seletisd Hs RfiGs el PSiioh Hoe ol HBATOHELS e Solume, gy that is

f b b -
o S i S, By ppr S

Vi ey Hi; r cyss p of i

 ReRRedTHERSL S ﬁfﬁtéﬁﬁ Ao Ty ?tf}s. ndre hat e
dy.{ 0, put h -fo) .U gt n,sa

"gﬁg:sod ?%%: Sgdpﬁ%ﬁmbi %@f"ac 5 i nt%ﬁ? sr}H FFOIH ¢S("$Wﬂat 's sand-

Brr@léfﬂed’”%d?@ rle\y réﬁddrﬁe gﬁ&ﬁﬁ%ﬁ‘cedﬁtntﬁlt@ﬁ“ ¢ given by

propert|es of a porous rock e conpressibility o

t‘ﬁanperqjgm,df ¥l d., Wesrehygiis shel@halkOdolGie §di9TazZed B geain matrix,
S-wave vel ocities and Thonsen paraneters may then be

Cca cupat g dSrt&Cka,Gqﬁ, ig-initial radk porddity & z@rot dvstburden stress
el'ast1C constants that can be obtained usi ng the rock

nmogel arfd g SibsBrd Qed?aﬂ\rﬁtw@s@meheﬂeah PEGIOH! es.
Furt'her features represent ed in Fig. 3 are the
division of the nodel's pore volune into a part 31
cont ai @§.ng fThd enéthodne) cfdiml ¢d whHeaginr eHeatoatibratioasdatad, include
a part 33 containin sand-rel ated pores 34, and

a lahoratayy "@%ﬁ‘ﬁbﬁ?meﬂgs @E:Blﬁﬁ ®8%rocracks 36. Various
features of the inventive nethod of Figs. 2 and 3 wll
next bey dis f | § -
it d phiase Hrercthed fSlam . ofrefL e FsPrpAashiis b Voio
THeysseldillraverageant i ve method treats m cro-porosity and
fluid distribution at the pore scale differently than
tradi tigpnal r oaghes i tianal ssmann  fl ui.
subst i tt i on' "HodBF 03589&!3 afjo}NfPF{/e% ﬁed SFeand mififly faw s
Phaeed saibpBHEiohAodéNi d m xture into the pore space
regardl ess of the pore sizes. The anisotropic

m cro-porosity nodel of the present invention, t he
ot her tand, HissmaiBod mitclaim d ofusthascongprisieg salt dlssolved in the

to be occupied by the
m§@§§f§%§25¥ﬁﬁﬁhﬁ%€m§?'ﬁﬁgﬁf smal l er size conpared to
sand pores. This is mainly because the capillary
pressuri.i n THeasngiooe sf tlaimigmhareiarthe differeatiak dffectiveanedium
capillar ressure in sand res. Tha nee
 pherm Satiats Raes hgvinas PP Eed oTROISON GSE UG st em
with brine/water (Step 22.). This can be expected to

give a 4 gh-fHeane rcffs ermemorwﬁaem aher %'ifﬁiréﬁtlal effective
pores in'terns of the fluid flow nmechani sms since al

t eediim stheame és farsrlatediis d¢rmseadf therdifferential equats]
However, the sand pores (including cracks) are treated
differently. As stated above, they are added to the
systemfirst and then the ani sotropic Gassmann
equations are used to put fluid m xtures into the
enpty pores/cracks. Since Gassmann theories assune
equal i zed pore pressure anong the sand pores, this can
be expected to glve a Iomrfrequency _response for sand

o o ~Nns oA - - ~ 1. a2 " a4 a4 =



are the elastic constant tensors of the solid and
fluid phases, respectively. Sis the Eshel by (1957)
woemsme261nhi ch is a function of the pore shapePCagsews/039002
rati o). ("The determ nation of the elastic field of an
el i psoidal inclusion, and relogted problens, "
Proceedi ngs of Royal Society of London, Series A 241,
376-396 ( 1957)). S can be calculated using equations
gi ven by Eshg%bymhen t he background solid is isotropic
and those gi%€n b backgr ound
solid is tra‘m@ve]r.s E): Is@fi‘&%{) (@%A&QB@ and Mur a,
T., Phys. Status Solldl (a) 15, 281 285 (1973)).
Ani sotropic Dry Rock Approxrnatlon (ADA) Met hod [ 0027]

Thehette f hes erpeat refid,eetige) rethaimprobaility dessity B@ktion for the
above gives r easonabl y accurate results, but it is

c onipotaticinodistribution pafredres. andrcw&erartdoeramﬁr p\@ée thedar angle and

CREB G T sRecthisT R e e ColPRa T o ipét ﬂ@%ﬁg%\?e medium
angithihoreSdhd ?@, sd18s@pi sot ropi ¢ case.

apprOX|nat|on or the Xu-Wite veIOC|ty nnde
Geophysics 67, 1406-1414 (2002)) For dry rock Cl = 0,
and t he 4th.Hg@bwl,eﬁgghmgxmhgbned by equation ( 1 1)
can be witten as, Here, / is the identity tensor. The
key idea is that the S tensor is approxi mately

i @@&pendent of porosity in a dry rock and, therefore,
remains constant. In this case, the differentia
equation (5),-can Eg #§6$n as, =1 df 1- fPL p/ 22p
wher e P= \ Falgy#) Hat"q,” a o 0 Solving the
differential equation yields A =(1 - f)PAO (13) where
A0 is the conpliance tensor of the solid matrix. Ais
the conpliance tensor of the effective nedium Note
that Pis a fourth order tensor rather thana scal ar.

The ani sot rop| C (jlj;rgygjm&gppprqw(goryatsu;q@)dbg@tl cal :cy ]

i ncreases the clal cul at spee ntat.ijon of the
differenti al e’f %’8%’& t%)eorng&?fymg’( cg ous
conposite with rrul-tsmg@bups of0 pores §B3028] Iin a
systemw th a single group of pores, the

i mpl ementation of the differential effective nmedium
schene is strai ghtforward. See Hornby et al., or O

Ni shi zawa, "Seisnjc velocity |sotroy in a nmedium
cont ai ni ng (et rT -ccé)st(@)‘ afe[aité¥e;r ely isotropic
case, " Jour nal hysi'cal Earth, 30, 331-347 (1982).

In a system vvlth multiple pore types, different types _
ofwhmredensore (Ot iysmedcallagedaiddhd lbcalt ¢mordipate system, Cy is the elastic

@ggemn'fﬁgggog?érg the thqg gﬁa@"‘hég Elg %tﬁ:’ constant

fﬁ%ﬁ%@e frc])? %g%fiﬁu@fmh&t‘?reAQﬁd%@Eetﬁ% ?}Eggg&a@ Qt¥ich % a function

n this way torraket uent
Gaf aispeot fdtiol d substitution easi er. However, this
makes the final effective elastic con‘pl i ance tensor

asymet e. he f| ef fecti el astic

conplia @?ﬁsome&%‘ﬂfena gﬂnt’hzclo & CQRIPLi§ NG, gmaking  an
p Siendpas a bi - nodal
d%ﬁtﬁ@e%ﬁﬂ@%&%ﬁﬁé?@iﬁﬁ?ﬂg stiff pores. The result

obt ai ned by addin he conpliant pores first will be

di fferent froﬁr#(Jatgﬁ))béoai ned by adding stiff pores

first. To solve this problem the present invention

(Bl s e b Blfhe RTRBFB ik M ERREDuf g ho

proportionally at each iteration. (The DEM schene

di vides the total porosity into N groups. N can be,
for exanple, 50 or 100 depending on the ratio of
porosity to the aspect ratio. DEMthen adds groups of
pores to the system sequentially (one after another).
At a particular stage when a group of pores is added
to the systent the resultant effectlve nedluntrn t he

o o, - " o



Exanpl es [0031] The present inventive nethod was

applied to log anal ysis and sei sm c nodel i ng, and
weigusiheaant i nprovenents were observed in S- WREE/US2005/039002

prediction and well-to-seismc gather tie. Figures

5B-E conpare the measured (darger curve) S-wave 52

(Fig. 5B) and density 54 (Fig. 5C) logs with the

cal cul ated (53, 55) using the traditional isotropic

rock physics nodel. A consistent bias can be observed

bet ween the neasured and the cal cul ated over the sand

intervals 51, corregpanding to | ow values of Vsh , the

shal evol une fpac function of

depth in Fi gPS Tfiwwé@?ﬁ??zﬂ%@%@ the effect

of stress- mduced’ ahi & otropy i n unconsol i dated sands.

Fi gures 5D (S-wave) and 5E (density) show that the

present inventive nethod dramatically inproves

agr eenerg, betNEeRethbe sRt@haE edhersinthe médePBadNfultiple pore
t he neasured data 52, 54 in the sand intervals 51

[ oo, and e olitieeat Ipore Hupes ey @dded teths moded gropertionately

b he P-wave | og (not shown) and the
ﬁﬁﬁsggcﬂ? %g %éﬁ%] in Fig. 5A) using an inversion

nmet hod proposed by Xu and Wi te (Geophysi cal

Prospect4.ng PHe ni&hodldf ¢laiB963,) whereindtet proportidras taddition of
properties and density of the pore fluids are al so
réﬂUﬁ'P@deWEﬁséﬁaﬁmFH@”@QF%p&t ed using the

correl ations published by Baztle and Wang (Geophysics

57, 1396-1408,(19 h d

al so needs &/\2) no‘?agé%gtgl?ﬁeter sN%orglatE g ?és‘fh %hp?égqgg%?{ for the
phyedelswithodialy.poregy are the aspect ratios for

sand-rel ated and cl ay-rel ated pores respectively. For

the ani sotropic ro Si ne nee@s 4

addi ¢ 1onal 18 ameal B0 5TPetET plesHE el faRge, tprsor for the
M AHEE @tk sall ? r&afi%‘dr@é 2Pl 819 st peFdsLBhatmRPocracks);
di stribution tor clay-related pores (assum ng Gaussi on

diand i bution), a standard deviation for the

orientation di stri bution for mcrocracks (again

assum ng Ga 0 r

crack densit %*&H' @l{hgt%}s%&r{g fg”g%a gﬁ“ﬁ'}éf‘ (U&‘?tlng the

Thhee mﬂét@m:‘lirﬁbsméirsahd patesbraatlemlcmlcrm:klsahsmgt tivey anisotropic
measur enents and/ or wel f&sc%gée. ...cross-dip

s-Gassnaydnodelgssing Fﬂ‘@lﬁ §%w0m@'aef3¢eteﬂserﬁ from the
th stress-induced and shal e ani sotropy)

oﬁir%gé@ﬂg%:été deling. A seismic gather at the well is
shown in Fig. 6A (Fig. 6Al is a duplicate of Fig. 6A).
Fi gure BB shihe method heft claimat Berfugdker camytising @xpanding the
traditional isotropic earth nodel. Figure 6C shows a
S)iﬁt‘ﬁ‘ertﬂc%dﬂt?epo\g@he‘?rﬁsed by the anisotropic earth
nodel of the present invention. Cbviously the
ani sotr | fi S t | AR CsSRdsh -
tie at ﬁgr of se%%ﬂgﬁaotfidg@rrf\{g Wﬁ%h%petﬂggé%fsto Expansion
judge if @ wellto- seismc gather tie is good or poor,
one has to conpare the synthetic gather with a seisnc
gather at the well. Conparing the _SY t heti c gat her
generatedfro sad roplLoyedis h—adepr (Fi gure 6B)
Wth a seis cgther at t vveIIk/(Flgure 6A), one
observes good agreenent at the near-offset (the first
10-20 traces). But the seismc responses at far offset
(1 ast 10£.20 ﬂh@deethdo@t@lalm Y6 diurther samprising ptaaing the tensor
on he I [ c gather tie for the
sﬁp é’&d @ﬁ?’h HW% 53 ggiﬁr&ﬂ%hpari ng Fig. 6Cto
FI g. 6A there is good agreenent at all offsets.
Therefore, the well-to-seismc gather tie for the
ani sotropic earth nodel is very good. The result
i ndicates that anisotropy is a primary factor for
seismc nodeling in this case. [0034] The foregoing
appl | cation | s d| rect ed to part| cuI ar enbodl rrents of

oy o o o,



4. The method of claim1l, wherein the nodel's pore

volume is divided according to estinmated shal e vol une
wandedbiaeti ve stress. 5. The net hod of cl ai m RCT/US2005/039002

wherei n said mat hemati cal rel ati onships are sel ected

as follows: the portion faay gf3 the nodel's pore

volunme ft that is clay-related pores is given by yclay

= Vshft ; the portion fSand that is sandrel ated pores

it f] a?i Yg%mb)c/ r'ﬁfe‘?ﬁ%%ﬁo Ldfgﬁ;léigh)@;tf?@éﬁl:s%rp\?)k}%{ngngﬁ&&ﬁ#ating the
angstilhBy Benching tHe pbakr ssricatisich adipts, Waiere Vg &t least 30.

random orientation distribution is given by Fs d =
Fsw,d ~ Fcrack ' where Vsh is the shale vol une
normal i zed by grain matrix, FT = Fciay +Fs d + Fcntk "
Fimt is initia' crac porosity at zero overburden
stress sO, and b is pressure gradient in the

subt erranean region. 6. The nethod of claim1, wherein
the calibration data include |aboratory neasurenents
or well logs. 7. The nethod of claim1l, wherein the
first mxing lawis the Voigt- Reuss-H ||l average. 8.
The nmethod of claim11, wherein the second m xing | aw
is Wod's suspension nodel. 9. The nethod of claim1,
further conprising salt dissolved in the water used to
formthe fluid m xture. 10. The nethod of claim 2,
wherein the differential effective nedi um schene
contains pores having a preferred orientation

di stribution. 11. The method of claim 10, wherein the
differential effective nedium schene is forrmulated in
terms of the differential equation2p where is aspect
ratio, Fa(q,f) is the probability density function for
the orientation distribution of pores and cracks and g
and f are polar angle and azinuth, respectively; Ais
the compliance tensor of the effective medium (with
pores) and f is porosity; Ha {qL hj kkil and,

ijkltmyg ~ -imjn p I q cos(qg)cos( f) -sin( f)
sin(qg)cos( f) K= cos(qg)sin( f) cos(f) sin(qg)sin( f)
-sin( q) 0 cos(g) Qa)=[(C0- Cl)s(a)-C0] [c 1- Q0]
where tensor Qis calculated in the | ocal coordinate
system QO is the elastic constant tensor for the
nodel w thout pores and Cl is the elastic constant
tensor for said fluid mxture, and S is the Eshel by
tensor, which is a function of aspect ratio. 12. The
met hod of claim 11, further conprising nmaking an

ani sotropic dry rock approximtion by setting A= (I -
f )PAO where AO is the conpliance tensor of the node
wi t hout pores, andl13. The nethod of claim2 , wherein
the nodel has nmultiple pore types, and the different
pore types are added to the nodel proportionately

i nstead of sequentially. 14. The nmet hod of claim 13,
wherein the proportional addition of nultiple pore
types is inplenented by: (a) calculating effective

el astic conpliance tensor for the nodel with clay
pores; (b) calculating effective elastic conpliance
tensor for the nodel with all pores (wet clay pores
and dry sand pores and m crocracks); and (c)
perform ng the anisotropic fluid substitution (putting
the fluid mxture into the sand pores and m crocracks
usi ng the anisotropi c Gassmann nodel ) using the
effective elastic conpliance tensors fromthe
precedi ng steps. 15. The nethod of claim 12, further
conprising expanding the tensor (I- y) p in a power
series. 16. The nmethod of claim15, wherein the power
series expansion is (i- Ff . 17. The method of claim
16, further conprising replacing the tensor P by a 9x9
matrix to which P is isonorphic.18. The net hod of
claim 16, further conprising approxi mating the result
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