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-1-- PRI NTI NG SHEET Printing
sheets, conprising mcroporous material or conpressed m croporous

mat eri al having an i nk-receptive |ayer 5 joined to at |east ' of
t he ni croporoug"‘?ﬁfzé'f“?al or conpr essed i cropor ous mterﬁ%ﬁ?@l&
particularly suited for I nk jet printing. One

enbodi ment of the invention is an article conprising: (a) a sheet of
m croporous material having 10 generally-opposing sides, the m croporous
material on a coating-free, printing ink-free, and inpregnant-free
basi s conprising: (1) a matrix cepmshtngumssentially of
substantially water-insol uble thernoplastic organic pol yner, (2)

finely divided substantially water-insoluble filler 15 particles, the
filler particles being di stintitgehddtsOdahOtiising midRpBRsUd XablElial or

constituting from40 to 90 percent by wei ght of, the m croporous
material, and (3°"R*HASKLPR B?quﬁf’ér%&ﬁl’fég{]i}?‘?dmg an ;J‘G‘Fé‘ée‘i:e(?ﬁﬁgﬁi]caé'tefng
subst anti al | ys t iyoanghots athBeddtC bAPOSKHES of the HRAbLSpaHonst heef@a®Sor
constituting from35 to 95 percent brX 20, vol unme of. t‘_{le gicrogogogs
material; and (B°"RRASTHAE PAEERRITPEs material Aq BRREFY G FY458P e side
of the m croporausk pet ediaking. the ink receptive |ayer conprising

hydr at ed al um num oxi de. . M cr.oporous nmaterial s conprising
t her mopl asti ¢ or gani c °pBI SHREPLmeR: §& b’?%d‘é‘?’??%’r%’ of ?}éﬁritéfi%, and

| arge 25 voi d compi®ingr e (KN@Vahassl dfawecrasvrousl needereapriepengi es.
Exanpl es of beCh m_croporous materi.als HRrogesses for _na such

i of opor ous Nt GPRFRL L SUBRUR S3PBpertRCE. SREORLE TRRRAL o8 Ry Ui fed
St at es Pat ent s MNmat2pg-i2e82 2prihtidg, #956 frée 6 SmdA) bdpregnant 3f rEe5bs21 )y
3,862, 030; 3, 903::0%1 %isxsrlg%67’(?l78d- métgiz)él’c%%:sgisting essentially of
substantially water-insoluble thermoplastic organic polymer,
(2) finely divided substantially water-insoluble fillexr
15 particles, the filler particles being distributed throughout
the matrix and constituting from 40 to 80 percent by weight of
the microporous material, and (3) a network of interconnecting
pores communicating substantially throughout the microporous
material, the pores constituting from 35 to 95 percent by
20 volume of the microporous material; and (b) an ink-receptive
layer joined to at least one side of the microporous material,
the ink receptive layer comprising hydrated aluminum oxide.
Microporous materials comprising thermoplastic
organic polymer, large proportions of particles, and large
25 void volumes are known and have many valuable properties.
Examples of such microporous materials, processes for making
such microporous materials, and their prope.rties are described
_in United States Patents No. 2,772,322; 3,351,495; 3,696,06_;

3,725,520; 3,862,030; 3,903,234; 3,967,978; 4,024,323;
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-2-- 4,102, 746; 4,169, 014; 4,210,709; 4,226,926; 4,237,083;

4, 335,-193; 4, 350, 655; 4,472,328; 4,585,604; 4,613, 643; 4, 681, 750;
4,791, 144; 4,833,172; 4,861, 644; 4,892,779; 4,927,802; 4,872,779,
4,927,802, 4,99P12a®7 4,957,787; 5 4,959, 208; 5,032,450; RAIABISBEH]
5,071, 645; 5,047, 283; and 5,114, 438 5,196, 262, 5,236,391, and in

| nt er nati onal Publ i cati on No. WD 92/ 06577. The matri x
of the mcroporous material consists essentially of substantially

wat er -i nsol ubl e thernoplastic 10 organtc2zpolyner. The nunbers and ki nds
of such pol yners suitable for use of the matrix are enornous. In

general , suhgvant4el kylem\oigubst 2an,i7abl 4 \BREeP26 nAoRAB) e8X:her nopl asti ¢

or gani ¢ pol ymer, \yggcp%cag ng e%.‘tsr u‘ge‘g72 ggheng_eﬂr?gd %Qr eqs§g?re5g roll ed

into film sheet st may be a
si ngl e pol yner 40|68M75my4b%933.3m4xt@r&3330ﬂ-72 4, qsél.yﬁersﬂ: BSIh'é79poI ymers my

be homopol ynerg, Sggppdzyngrg.{z 779 " 2Ngomg g?pq 35, 115 blogk,cappl yners, graft

copol yners, atact iSot’a yimer's, synd| ot'actic
pol yners, |ised 959, 2oqyol5ym.st500r5tﬂ%5n@héd Ep@W)‘Lméi%. SN\aen, 283¢t anés of

pol yners are %01154'5@:93 ghfg i&urg h%g)g_fin%g ibdamy conprise
rrp es

two or more€ “pol ymer i ¢ phasés. asses o 2 abl e
substanti al | y \Rubdicatisnl Nbl WO 1987 9€FH7ast i ¢ or gam c pol ymers i ncl ude

the thernopl astic polyol Q‘L% q&trg | Yé I}_@Je m %s q‘gatena Oéﬂs

pol yesters, polyam des, yuret anes, y Vi nyF hal i des),
pol y(vi nyl i den@slﬁantwsl)v Op(ﬁ‘-}t@ttyné*@ély Water'ﬂ@lsyl-vblrmthesmtaﬂ@)smc

POl ycarbonaies.oriehy & eiilRer POIASUIMIES: ana 1iPBLYLAIHRS: pofiksk! anes,
pol ysi | oxanes, polycaprolactones, pol yacryl ates, and polynethacrylates.
Hybrid cl asses suitable for use of the matrlx are enormous. In general,

substantially any substantially water-insoluble thermoplastic
organic polymer which can be extruded, calendered, pressed, or
rolled into f£ilm, sheet, strip, or web may be used. The

15 polymer may be a single polymer or it may be a mixture of
polymers. The polymers may be homopolymers, copolymers,
random copolymers, block copolymers, graft copolymers, atactic
polymers, igsotactic polymers, syndiotactic polymers, linear
polymers, or branched polymers. When mixtures of polymers are

20 used, the mixture may be homogeneous or it may comprise two or
more polymeric phases. Examples of classes of suitable
substantially water-insoluble thermoplastic organic polymers
include the thermoplastic polyolefins, poly(halo-substituted
olefins), polyesters, polyamides, polyurethanes, polyureas,

25 poly(vinyl halides), poly{vinylidene halides), polystyrenes,
poly(vinyl esters), polycarbonates, polyethers, polysulfides,
polyimides, polysilanes, polysiloxanes, polycaprolactones,
polyacrylates, and polymethacrylates. Hybrid classes
exemplified by the thermoplastic poly(urethane-ureas),

30 poly(ester-amides), poly(silane-siloxanes), and
polylether-esters) are within contemplation. Examples of

suitable substantially water-inscluble thermoplastic organic



exenplified by the thernoplastic poly(urethane-ureas), 30
poFy(ester-am des), poly(silane-siloxanes), and pol y(ether-esters) are
wi thin contenplation. Exanples of sui tabl e substantially

wat er - i nsol ubl e t hernopl astic organic WO 97/ 22467
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I ncl ude thernoplastic high density pol yethyl ene, |ow density

pol yet hyl ene, ul trahi gh nol ecul ar wei ght pol yet hyl ene, pol ypr opyl ene
(atactic, isotactic, or syndiotatic as the case may be), poly(vinyl

chl oride), polytetrafluoroethylene, 5 copofynhers of ethylene and acrylic

aci d, copol yners of et hyl ene and nethacrylic acjd, | y(vinyl i dene
chl ori de), RedyBeysenslife FheFmPRARE1ICn PR densty Vgﬁ%ﬂa’& gt etV

copol ymers of Vidapkh 8¢ns15atRyidR , itk 2High widllediilde weight molyekypbese,of
et hyl ene and propyl ene, copolyners of  ethylene 10 nd but ene

> Of, e . Jo] i nyl
acetate), pol ys®pl¥REcPYlene (aantifeqle ></:ﬁf)‘fmd’é'cgﬁ‘i?)':ﬁ'rl:’"‘55?‘‘Ej)"""’ enBcdde’! Y

pol y(hexanet hyl efa§ be), FH1RALEA) chiperidedpSpdbDiretapt Dicrobenyglenand
pol y( net hyl met hacryl ate). These |isti ?gs ar.e %ﬂ neans _.exhausti ve,
but are iht SRedYReFS G p ng; and | aT¥ AT 359 °8V‘é?‘é~°f PEd 15

substantial |y wadt@kabhé Wrddnecidtanapp! &sild, CpoTgaihgl idngneliBoride) , CONPri se
pol y(vi nyl chlorideﬁg?gggolyners,of viqu cPIor%@e 0 gixtures
thereof: or theFWEHHFEER OEs¥inpiiseps FHipEipe and Vipyh éﬁﬁéﬁm Stol ecul ar

wei ght pol yol ef idbpshiiedrd Dreeseyitiidehk yehloritié nasr vithyy ahilghideml ecul ar

wei ght pol yet hyl ene_havi ng _an 2Q intrinsic viscosit f at lea
deciliters/gr am°°P°IYE§’§%rgﬁfi 8“‘?’8@5%3% Plﬁ°PYia Il‘eghcﬁ%?locﬁfgro%ﬁ:%ﬁ% éne

pol ypropyl eneo and bavéems, olyMtinylsSacetdtetospdlysofrate.l east 6 _
A e
least 25 18 deciddipamsder amolls (esyidonatdpropactamin ednd poly (methyl
R ol et TR ) St 90he faddUe by nB%helsChthilst 08! Bae
are intended for purposes of illustration. The preferred
15 substantially watér-insoluble thermoplastic organic polymers
comprise poly(vinyl chloride), copolymers of vinyl chloride,'
or mixtures thereof; or they comprise essentially linear
ultrahigh molecular weight polyolefin which is essentially
linear ultrahigh molecular weight polyethylene having an
20 intrinsic viscosity of at least 10 deciliters/gram,
essentially linear ultrahigh molecular weight polypropylene
having an intrinsic viscosity of at least 6 deciliters/gram,
or a mixture thereof. Essentially linear ultrahigh molecular
weight polyethylene having an intrinsic viscosity of at least
25 18 deciliters/gram is especially preferred.
Inasmuch as ultrahigh molecular weight (UHMW)
polyolefin is not a thermoset polymer having an infinite
molecular weight, it is technically classified as a
thermoplastic. However, because the molecules are essentially
30 very long chains, UHMW polyolefin, and especially UHMW
polyethylene, softens when heated but does not flow as a

molten liquid in a normal thermoplastic manner. The very long



mol ecul ar weight, it is technically classified as a t her nopl asti c.
However, because the nol ecul es are essentially 30 very long chains, UHWV

pol yol-efin, and especially UHW/ pol yet hyl ene, softens when heated but
does not flow as a nmolten liquid in a normal thernoplastic manner. The
very | ong WO 97/22467 WO 97/ 22467 _ PCT/US96/19361

PCT/ US96/ 19361 - 4- chains and the
pecul i ar properties they provide to UHWV pol yol efin are believed to
contribute in |arge nmeasure to the desirabl e properties of m croporous
materials made using this polymer. - & - As indicated
earlier, the intrinsic viscosity of the UHMW pol yet hyl ene is at | east

10 deciliters/ ghaims d@udathy devhliar priopeftizs Chey goesiitly te UMW east 14
deciliters/gram. Ot t he . dntrinsic viscosity. is at |east 1
deciliters/gr aﬁ1°1’(?lfe%ﬁyare belig¥ad (4% cf’ﬁf"r"ibr‘\ls%ech\l/ils?c §i TS UECate I8t§’aest 19
deci liters/gradesiddble prédpextrtdlest b mecrepommusamatexiads madd nsdhg arhien t he
upper i n%’%l% he intrinsic viscosity, the intrinsic viscosity is
frequently in range of from 10 to 39 deciliters/gram The

intrinsic visscosity is ohs$eimdirnatéd eaxder ofther imtriisistio B@cosity of the

deciliters/gra [51% s .the intrinsi cy Vi It LS | range
of from18 to %M‘gg‘%:l [ %tel)?g‘?ngr al%h gﬁnﬂ‘lar#r?dnsdle\éﬁgeé%/sl/ég%‘gi ty%sfx%ﬁ%g:%reange
of from 18 to 32tdbuiild vissegitanissat leasprif decélliters/gram. Often theso as

I ndi cated earl | | LasiC VLS i f . polLyp. l ene is
at least 6 dec???’f%lpsgi g?%%oﬁlﬁynﬁ%ygggeéégglss t‘jﬁgljl'{n ?ﬂsz Ic Vi Isﬂéo'éall y is at
| east 7 decil i caseg gitenintrinsiict Mbsgpgeitifei® dts 1paspartt dect terségranst i on on

the upper ligm ta) cnouiin ERERd N hBShdrticplad 36031 Edior BE (Y WpPSi C
viscosity is often 11 the range of ?rom%to 18 é‘emhterﬁgram An
intrinsic viscddmiy ofythpeintrinsic viscosity, the intrinsic viscosity is
frequently in the range of from 10 to 39 deciliters/gram. The
intrinsic viscosity is often in the range of from i4 to 39
deciliters/gram. In most cases the intrinsic viscosity is in
15 the range of from 18 to 39 deciliters/gram. An intrimsic
viscosity in the range of from 18 to 32 deciliters/gram is
preferred.

Also as indicated earlier the intrinsic viscosity of
the UHMW polypropylene is at least 6 deciliters/gram. In many

20 cases the intrinsic viscosity is at least 7 deciliters/gram.
Although there is no particular restriction on the upper limit
of the intrineic
viscosity, the intrinsic viscosity is often in the range of
from 6 to 18 deciliters/gram. An intrinsic viscosity in the

25 range of from 7 to 16 deciliters/gram is preferred.

As used herein, intrinsic viscosity is determined by
extrapolating tc zero concentration the reduced viscosities or
the inherent viscosities of several dilute solutions of the
UHMW polyolefin where the solvent is freshly distilled

30 decahydronaphthalene to which 0.2 percent by weight,
3,5-di-tert- butyl-4-hydroxyhydrocinnamic acid,
neopentanetetrayl ester [CAS Registry No. 6683-19-8] has been



25 range of from7 to 16 deciliters/gramis preferred. As

uséd herein, intrinsic viscosity is deternined by extrapol ating to
zero concentration the reduced viscosities or ‘the inherent viscosities
of several dilute solutions of the UHWV pol yol ef i n wher ent

i s freshly di SYPPT#46? 30 decahydronapht hal ene to which 0.2 pgrcrg)gﬁ?égélﬁ

wei ght , 3,5-di-tert- butyl-4-hydroxyhydroci nnam ¢ aci d,

neopent anetetrayl ester [CAS Registry No. 6683-19-8] has been WO
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- 5- added. The reduced viscosities of THe inherent viscosities of

t he UHMW pol yol efin _are ascertained framrelatiye vi scosLt | £S osi ieé)bc'gtai ned
at 135[err]C. usidAgdan THSHEPHES NBSCOPIFAER SetlBF THPSTeRt WESEFAEHZR Wit h

t he general progadutmer @olHSTddiR 402 Qastbrtimed Epom thwiatdes eridicodi t ike
solutions of differing concentratio ér]g Pan'plqcc’)yeld.vi meter in The
noni nal nol ecul QPtﬁk‘i‘egimatof‘:’Uﬁ\N\?’ﬁbﬁ/&nngf’ FePHds Nos 1 yagcometer SR ol at ed
to the intrinsi Goebsdidet wich dhaegpiésaleprocediaesontiASTM D 4d2®-8QLat i on:

10

t he noni nal mbl &GPRY Wﬁtg%A?;%ﬁ%aBFlfg?éﬁo%%ﬁé‘l‘jf%e%]Htﬁ?ﬁ?gﬁsi c \\I/\?g(r:gs:vlt;/sof

t he UHWV pol yet lntneage ratiorsaas employed.deci liters/gram Simlarly, the

o the intrinsic 15 viocode PBnehd BSRyLer WRaonr v il beayslhlledd 2 o

M= 8.88 x 10[ erdmpilieallly] ke€ldged to tidemerdsiz vhscomivynaf thel polimer

expressed in - 2cegEding o Shy et i VSO0 Y B e enti e Ty T near

ul trahi gh noiecul ar wei ght pol ymropyBene 104 idt*’ frequently essentially
linear ul trahlgﬂ%here M is the nominal molecular weight and {n] is the
intrinsic viscosity of the UHMW polyethylene expressed in
deciliters/gram. Similarly, the nominal molecular weight of
UHMW polypropylene is empirically related to the intrinsic
15 viscosity of the polymer according to the equation:
'M = 8.88 x 10° [n1**
where M is the nominal molecular weight and [n] is the
intrinsic viscosity of the UHMW polypropylene expressed in
deciliters/gram.

20 The essentially linear ultrahigh molecular weight
polypropylene is most frequently essentially linear ultrahigh
molecular weight isotactic polypropylene. Often the degree of
isotacicity of such polymer is at least 95 percent, while
preferably it is at least 98 percent.

25 When useqd, sufficient UHMW polyolefin should be
present in the matrix to provide its properties to the
microporous material. Other thermoplastic organic polymer may
also be present in the matrix so long as its presence does not
materially affect the properties of the microporous material

30 in.an adverse manner. The amount of the other thermoplastic
polymer which may be present depends upon the nature of such

polymer. 1In general, a greater amount of other thermoplastic



nol ecul ar wei ght isotactic pol ypropylene. Oten the degree of

I sotacicity of such polyner is at |east 95 percent, while preferably
it is.at |east 98 percent. 25 When used, sufficient UHWV

pol yol efin should be present in the matrix to prowde |ts erties
to the mMWe8HRMGs material . O her thernoplastic organi ®CE6S W’g $6)ay

~also be present in the matrix so long as its presence does not

materially affect the properties of the m croporous material 30 in an
adverse manner. The anount of the other thernoplastic pol ymer which
may be present depends upon the nature of &uch polymer. In general, a
greater anount of other_ thernoplastic WO 97/ 22467

PCT/ US96/ 19361°xganic polywayaaycPpdispielt tdip BelerEar PLyufEuRs| ecul ar

structure oS 1 ttld SrRhantly,Ndew VMgl 8@ dHadas Nalms ce@hikgw bul ky
side groups, than when there is a Iarge anount of branchin many | ong

si dechai ns, or 5H&h\PIPUPRy HaFevBPRUPETFHY & Hp¥ge Wés%%rf‘ﬂ%hﬁﬂgef erred

t her nopl astic @sﬂ;amoelgpsidé@faanwl&mﬁay bulky 8pdd Qraupy. beopresant are | ow
density pol%ethylene hi gh denS|ty9f yet hyl ene,
|

pol y(t et r af PuoFERENWy| Ehe)preferrpd) thaagh S eEFHHFBPLYSEScvhighe MeYand

propyl ene, oSN NHI Be cgreebhylﬂae1aﬁohea@ﬁxy|§ol%tdy1é{aj aogwl yners of
10 ethylene and nmethacrylic _acid. _If desired, all _.or a portion of the

carboxyl gr oupSeRA* tYaPRLYSHYASRE ni BRAYY CRFARLYAEPEERAE ), be neutral i zed

with sodi um ZpBIarpx%yl&@e,' |d@§olﬁeﬂ§oeuéthylen6xaﬁﬁi' peBPrdregt usual ly at
| east about one%‘g?rcent ol efin, based on the wei ght of the

matrix, wll pF °¥g o% t?é:hﬁég?g@dydpﬁﬁﬂé]ﬁﬁ 8810 AR TRLYBH

materi al . 1At éemsltene ana mwzﬁeﬁyli&-iwpol wE aésivddy wEl gﬁt aoﬁof&iemrrat rix
I's commonly fL{% n _at |eas 3€er ent by. wei ght the matrix is
UHMW pol yol ef i RF & r‘f’ﬁﬁ9° EEOUPS | W SPTIYFY I FRRTHI BT E? ers WY t he
matrix is UHNV%eoie;uﬂraﬂ.iﬂed ieguesdium, akidcast Gtk AQkepermeds dyr wei ght of
the matrix is UHMV,p st ances at t 60 percent

o=a
by gt of t R THERCE pER s g 1Y b Dt it S pERedte, ML b

percent by wei gblydaifeftihg based on the weight of the matrix, will provide

15 the desired properties to the microporous material. At least
1 percent UHMW polyolefin by weight of the matrix is commonly
used. Often at least 3 percent by weight of the matrix is
UHMW polyolefin. In many cases at least 10 percent by weight
of the matrix is UHMW polyolefin. Freguently at least 50

20 percent by weight of the matrix is UHMW polyclefin. In many
instances at least 60 percent by weight of the matrix is UHMW
polyolefin. Sometimes at least 70 percent by weight of the
matrix is UHMW polyolefin. In some cases the otherx
thermoplastic organic polymer is substantially absent. 1In

25 many instances the UHMW polyolefin constitutes from 1 to 920
percent by weight of the matrix. Often the UHMW polyolefin
constitutes from 35 to 85 percent by weight of the matrix.
Preferably the UHMW polyolefin constitutes from 40 to 80
bercent by weight of the matrix. In some instances the UHMW

30 polyclefin preferably constitutes from 40 to 60 percent by

weight of the matrix.



matrix is UHWVpolyolefin. In sone cases the other t her nopl astic
organi c polyner is substantially absent. In 25 nmany instances the UHMV

pol yol efin constitutes from1 to 90 percent by weight of the matrix.
Ot en the UHMW pol yol efin constitutes from35 to 85 perce L ght
of the matri x. ‘909¥’2?5F'{9ferabl y the UHW pol yol efin constitut e?#nﬁ%é)ato
80 percent by weight of the matrix. In sonme instances the UHMWV 30

pol yol efin preferably constitutes from40 to 60 percent by wei ght of
the matrix. WO 97/ 22467
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preferred enbodi nent the matrix ¢ rises.a.. | xture of substantially
|i near ul trahi gh ol ecul ar TRe? é’r’fF%e re‘%m?ﬁ’ﬂﬁnérqgﬁm%ﬁéxa?lonfpﬁ?‘??%sﬁ c
viscosity of at miashrd ®f substiaiikllyrisingannelarahighemoleohbrt vaighei ght
pol yet hyl ene havin 5.an ASTM D 1238-86 _Condi.tion. E nelt index | ess
t han 50 gral?t?gﬁ)t}m]'ﬁﬂfééaw ah Blizggfzg%l%ﬁi %“l-‘oneaftrrg%t I ndex

of at |east 0.1 geailifens/gniesandlhevanmolatulad eeidlsr padigtitylene dvimige

| ower nol ecul wei ol h e (LMAPE) is |.ower than tphat of the

UHMW pol yet hylas'cranég‘.n %& ilégéh%;r %%BF&%H“CE Tﬁﬂangggrr’én%/f &F??g%eaﬁ‘t t°]§lypes are

known. One net hodgraihs/10 minhessidnidcahi A9TM b iRssdedsCingitempresedd imiex

grans/ cubi c ent et er dro ed to the nearest thousandth, i.n

accordance with Rgﬁ% [3{0%2898 g(rﬂg‘zggr"g\?é’gei% = h&tind) "RUPERTRY wedbne

Table 1 15 of thd\jpwer molecular weight polyekbpleng ALMEPE) isDéresr y,

g/cnferr] L Ity P I . .

0.910- - 0. 925 Qﬁg@fﬁ%ﬁéﬁsﬁ% yﬁ‘tokfiyé%%ﬁée”e‘ e ss thermoplastic

0.926--0. 940 ¥0 aFdghare ddfEgrds] yybes |anecknown. One HpfHod of

0.941--0. 965 . ot-all. t ol l.ege d as the
clasé@/lc%.tlg’h JtSObe B&f_ﬁg&, %%\1?&838 isn %Xxé\?/ecﬂﬁ

LMAPE i n the present 1 nventio ver, I1s preferred because it
25 ordinarily temsgbtimetyer apderdundedrta Fae MBRESS th@R@Endth, in

accordance with ASTM D 1248-84 (Reapproved 1989):

Table 1
15
TyRe Abbreviation  Density. g/cmd
Low Density Polyethylene LDPE 0.910--0.925
Medium Density Polyethylene MDPE 0.926--0.940

20 High Density Polyethylene HDPE 0.941--0.965

Any or all of these polyethylenes may be used as the LMWPE in
the present invention. HDPE, however, is preferred because it
25 ordinarily tends to be more linear than MDPE or LDPE.
The ASTM D 1238-86 Condition E {that is, 190°C and
2.16 kilogram load) melt index of the LMWPE is less than 50
grams/10 minutes. Often the Condition E melt index is less
than 25 grams/10 minutes. Preferably the Condition E melt
30 index is less than 15 grams/10 minutes.
The ASTM D 1238-86 Condition F (that is, 190°C and
21.6 kilogram load) melt index of the LMWPE is at least 0.1

gram/10 minutes. In many cases the Condition F melt index is



The ASTM D 1238-86 Condition E (that is, 190[err]C and 2.16 kil ogram

| 04d) nelt index of the LMAPE is |ess than 50 grans/ 10 m nutes. Oten
the Condition E nelt index is |ess than 25 granms/ 10 m nutes. Preferably
t-he Condition E nelt 30 index is less than 15 grans/ 10 mnutes

The ASTM D MWQ87/8B6Tondition F (that is, 190[err]C and “@%ﬂ’?ﬂgram

| oad) nelt index of the LMAPE is at Ieast 0.1 gram 10 m nutes. In many
cases the Condition F nelt index is WO 97/ 22467

PCT/ US96/ 19361 - 8- at least 0.5
grani 10 m nutes. Preferably the Conditibri3 F nelt dindex is at least 1.0
gram 10 m nutes. I s especi all preferredthat t he UHMWV
pol yet hyl ene 8bnkaastyfeS eﬁralmé&gtm’dh’éeﬁer c‘%ﬁ'tf Jédetﬁﬁtc‘?ﬁd"f‘hgn Ewedhtri x
and that the LAY Q! yetiudsene. er%amohkméegoget her constitute
substantially 100 percent by wei ght of the pol of the matri x.

The finely divided substaris 8FP?°-'\ﬁét1¥rP¥qf§6Fﬁﬁl'3‘at the YHMYr particl es

constitute frgmAQ e{%@ A EBhedatWBE4HY oab PércenBepyivaigRoretiTnaat eri al .
Frequently such fil articles constitute from40 to 85 percent by
wei ght of Fhe“‘ﬁ‘?’é‘r’bﬁ&f‘io t the UENW polyethoflens 3t the WP F W‘g'@?f

substanti al | Yconsthkce! sititanhubhEly ilobepedtithti B GfeighADSsE tthbepdIyai@50 to 90
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di vi ded subst 8htFhe MatHé¥er-insoluble filler particles constitute from

50 to 85 percent by wei-gid ﬁheiiae.nvmedraznfseaﬂiﬁnynaaeéﬁ-ahsoﬁm 50
percent to 80 percent by we Breferred | n_man nstarg:es from 60
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e
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at | east 65 papatérially vetghithe finglfy Biveidednsllystdingidbly subst anti al | y

water - nSO|Ub|etL£|Jnsoluble filler particles constitute from 50 to 90
percent by weight of the microporous material. In many cases

15 the finely divided substantially water-insoluble filler
particles constitute from 50 to 85 percent by weight of the
microporous material. From 50 percent to 80 percent by weight
is preferred. In many instances from 60 percent to 80 percent
by weight is preferred.

20 Preferably at least 50 percent by weight of the
finely divided substantially water-insoluble filler particles
are finely divided substantially water-insoluble siliceous
filler particles. In many cases at least 65 percent by weight
of the finely divided substantially water-insoluble filler

25 particles are siliceous. Often at least 75 percent by weight
of the finely divided substantially water-insoluble filler
particles are siliceous. Frequently at least 85 percent by
weight of the finely divided substantially water-insoluble
filler particles are siliceous. In many instances all of the

30 finely divided substantially water-insoluble filler particles

are siliceous.



25 _particles are siliceous. Often at |east 75 percent by wei ght of the

finely divided substantially water-insoluble filler particles are
siliceous. Frequent I y at | east 85 percent by wei ght of the finely

di vi ded subst wat er -i nsol ubl e filler particles g&fy ous.

I n many |nstan(r:Bes af‘ of the 30 finely divided substantially Slohbk?

wat er-insoluble filler particles are siliceous. WO 97/ 22467
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present in the mcroporous material, the jispe_l y di vi ded substantially
wat er -i nsol ubl e siliceous particles may be in the formof ultimte

particles, aggregates of H% LSt in t e%lté %%gﬁ?uso?“a?ﬁﬁparibl gﬂélﬁ%ee; bot h.

I n nost cases, at |east percen € Si’'l I'céous
particles used davided spbemrumglymuareimmg siltigepas Haavéclpogey
particle sizes o 1t g 0 i 0 r rm ned
by use of abﬁ/uﬁ ittsﬁlezg%‘ﬁli ?’!}Cglﬁnéirtre %ﬁ% ec(ra'e %ﬁ? sgé:'?r g?n grgattgl nc.)
accordi ng to ASParGE%E- 8er mtcombmaqm by kathyr i By moge cas@sandt pleasgt

preci pital ed 581 b Gl @USI %ot tnkS 81 fikebhs pa megg Stiahyle (Curtin

Mat heson Sci ent 1 fi'c, our centi neter dianeter
propel ler sti rrerepﬂ@gethmlny-cmpomua saterig) peveeaqrpssypamiigm sifzeshe

i1 ceous part i ghesmd'ahse or $E8A%s N hbChfrthtSrd Ul BEcd:A0ES Uy LEO™ 10

to 30 15 microneters. I S expecte t the sizes of
aggl omer at es magtR %aewmam Fguifeac eguatey dFoulter Electmgiesii dmcs) to

prepare the m CLEPOFAWkS FBLATMAL. 6 GRT Qh@gxldéaf:.ed Hyhgtﬁfﬁtnb' ion of
gross particle sizes in the m croporous material may be smaller than in

the raw sil i'®eo8Bo¥phqugr Preripisared silica for 10 minutpgaip|iseter Kt abl e

siliceous parti Ghéétfdi‘}EHd&‘.‘urtlnpﬂéﬂﬂe“sbﬁsséﬁen%hki&a,Inm fausil n‘.; N&Yy! | ONi te,
kaolinite, asbestos, talc, diatonmaceous earth, verm culi nat ural and
blade, 4.5 centimeter diameter propeller stirrer. Preferably

at least 90 percent by weight of the siliceous particles have
gross particle sizes in the range of from 10 to 30

15 micrometers. It is expected that the sizes of filler
agglomerates may be reduced during processing of the
ingredients to prepare the microporous material. Accordingly,
the distribution of gross particle sizes in the microporous
material may be smaller than in the raw siliceocus filler

20 itself.

Examples of suitable siliceous particles include

‘particles of silica, mica, montmorillonite, kaolinite,
asbestos, tale, diatomaceous earth, vermiculite, natural and
synthetic zeolites, cement, calcium silicate, aluminum

25 silicate, sodium aluminum silicate, aluminum polysilicate,
alumina silica gels, and glass particles. Silica and the
clays are the preferred siliceous particles. Of the silicas,
precipitated silica, silica gel, or fumed silica is most often
used. Preferably precipitated silica is used.

30 In lieu of or in addition to the siliceous
particles, finely divided substantially water-insoluble

non-siliceous filler particles may be employed. Examples of



synthetic zeolites, cement, calciumsilicate, alumnum25 silicate, sodium

alum num silicate, alum num polysilicate, alumna silica gels, and

gl ass-particles. Silica and the clays are the preferred siliceous
pacticles. X _the silicas, precipitated silica, silica gel, or funed
silicais moYP%f¥eh used. Preferably precipitated sil iG99y, 30
In lieu of or in addition to the siliceous particles, finely divided
substantially water-insoluble non-siliceous filler particles nmay be
enpl oyed. Exanpl es of WO 97/ 22467

PCT/ US96/ 19361 - 10 - 10 - such

optional non-siljceous filler particles.,|pclude tigle of titanium
oxide, iron off‘ﬂ%f%t&r?ﬁéh %?ﬂ'&é?iﬁ?% %&#geer part?glgﬁﬁ ilﬁﬁf‘&d%?PHE%dﬁsT coni a,
magnesi a, al usiEnaitcaaihpbdeids) iron dhdildef | Ssppezi 6ridd)l Rife, odidel, um sul f at e,
strontiumsulfate 5 cal ci ym car bonat e, ymgnesi um carbagnate, nmagnesi um
hydr oxi de,  SREHORY RIS, FRFERBLA~ THIPAFAA 2 PLYIRR o POLYRISANM o 11 ame

retardant fil desupsidd,Ckefic SinlEias, pairtingGl A8 fate, strontium sulfate,
et hyl enebi ss(tet %5 br ormght hal i m de),. oct ahr onodi phenIPéIFi.oxi de

decabr onodi-ph&Ry Tk FELORNE o PAFT i ho ipm hygiroxide,

di car boxi m deand finely divided Asbgtrarmdally rwdtee- m=ylapbe ofiameat eri al, the

finely divide uhstanti al ter-jnsoluble non-siliceous filler
particles may*B a’f'ga %:hzligﬁnp@fr%?if/?\ﬂﬁf‘gi’p%ﬁ PFEL’e%]:esaﬁgr egat es of
ul ti mate part ecthpkenedisdteardrbranoshthal ibidd)., betdmmodipheiyiecsxidd, | east
75 percent by articles used in

preparing thed\én\?%:l?%‘;;)mt?%gaégﬁé]{]%ﬁélj i Oﬁghv‘g'eﬁf%lééé%iffgf’é?’gmﬁ?’é% in the
range of fioomd@cdrbaxiflde. m croneters as determ ned by use of a
accor dance v th the 20 *SCUSESAR, 1 s Hech L LGS A kL Ebe Bl "
ranges vary fddmided substamtialldyfwatear-infohubdrangi-silitedws Fidlerred t hat
at least  FRrPEULR halVod'§hIbhe Yord bl DInQXL (5REELLS! G3oPEd LSt NE
of ultimate particles, or a combination of both. In most
15 cases, at least 75 percent by weight of the non-siliceous
filler particles used in preparing the microporous material
have gross particle sizee in the range of from 0.1 to 40
micrometers as determined by use of a Micromeretics Sedigraph
5000-D (Micromeretics Instrument Corp.) in accordance with the
20 accompanying operating manual. The preferred ranges vary from
filler to filler. For example, it is preferred that at least
75 percent by weight of antimony oxide particles be in the
range of from 0.1 to 3 micrometers, whereas it is preferred
that at least 75 percent by weight of barium sulfate particiles
25 be in the range of from 1 to 25 micrometers. It is expected
that the sizes of filler agglomerates may be reduced during
processing of the ingredients to prepare the microporous
material. Therefore, the distribution of gross particle sizes
in the microporous material may be smaller than in the raw
30 non-siliceous filler itself.
The particularly preferred finely divided

substantially water-insoluble siliceous filler particles are



range of fromO0.1 to 3 microneters, whereas it is preferred t hat at
| east 75 percent by weight of bariumsulfate particles 25 be in the range

of froml to 25 mcroneters. It is expected that the sizes of filler
aggl onerates may be reduced during processing of the i ngigais8bisisit O
prépare the mY)F/’o'BG? 45t1s material. Therefore, the distribut ﬁ}on of gross
particle sizes in the mcroporous material may be snmaller than in the
raw 30 non-siliceous filler itself. The particularly
preferred finely divided substantially \A@ter-l nsol uble siliceous filler
particles are WO 97/ 22467
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different material havedffer S regard
is made to R K 9f ermas"%m %ﬁgﬁ %’tﬁ'@ t%%%ai%&ﬁ@@%%ée@gﬁgons
York (1979), propéteies.of R&a&gnees;rcahabogedhd LD nbge. 861%4-4K Notes,
especially ng I'a‘] 15—% v Z%‘?é; | %10%2@:& @43&655 N ?ZYOALQS,(%;% ,564,
and 578- 570 oduce comer'cial l'y at Tow pH
by aci di fyi ng an Idhjuepy oS Congiess catml@NubIQD M8La$61420 Note especially
typlcallysodlumsch K ] i d y | e 1y
pageh “2S-Ge, L BE! 016 TG, A dlaes, %s%"ukg afbal8cg0NGlA

a strong m neral as’''su drochl’ori ¢ aci
al t hough carbon di7exbde. i siibuetgemsts usuauhacbrddnagmmascxaidyeat slow

essential 1y n0 L] grenChichsog an UGSkl BEIVESNOENF el fhaggaind (e

surroundi ng |i qui ase ENe"Vi Scosi e ge phase does
not settle outq s111caha.t tiypical lyapodium G@éscm pidtiasitat CheSprid¢a gel

then, may Dede85id B8 488 AN R SGIRL! Ahrfidal CAN §0Ln dd Suifuric
acid or hydrochloric acid although carbon dioxide is sometimes
used. Inasmuch as there is essentially no difference in
density between the gel phase and the surrounding liquid phase

15 while the viscosity is low, the gel phase does not settle out,
that is to say, it does not precipitate. Silica gel, then,
may be described as a nonprecipitated, coherent, rigid,
three-dimensional network of contiguous particles of colloidal
amorphous silica. The state of subdivision ranges from large,

20 solid masses to submicroscopic particles, and the degree of
hydration from almost anhydrous silica to soft gelatinous
masses containing on the order of 100 parts of water per part
of silica by weight, although'the highly hydrated forms are
only rarely used in the present invention.

25 Precipitated silica is usually produced commercially
by combining an aqueous solution of a soluble metal silicate,
ordinarily alkali metal silicate such as sodium siiicate, and
an acid so that colloidal particles will grow in weakly
alkaline solution and be coagulated by the alkali metal ions

30 of the resulting soluble alkali metal salt. Various acids may
be used, including the mineral acids and carbon dioxide. 1In

the absence of a coagulant, silica is not precipitated from



t hr ee- di nensi onal network of contiguous particles of coll oidal
anor phous silica. The state of subdivision ranges fromlarge, 20 solid

masses. t o subni croscopic particles, and the degree of hydration from
almpst anhydrous silica to soft gel ati nous masses contai ning on the
order of 100 WEP#72246F water per part of silica by wei ght"CT&lngc?ﬂﬂh t he
hlghly hydrated forns are only rarely used in the present invention.
Precipitated silica is usually produced comrercially by
conblnlng an aqueous solution of a soluble nmetal silicate, ordinarily
al kali metal silicate such as sodiumsiltcd® e, and an acid so that
colloidal particles will growin weakly al kal i ne solution and be

coagul at ed by tsfdusififa|dt prypH. offbe Gepgudant (usedetelafifggtsol ubl e al kal i

metal salt. Va;;fe@saﬁl@al%a H%V ve thebgoﬂﬁﬁg aliahiugdina kher iRRkakgaci ds
and carbon dioxide. In e absence of a coaqul ant, silica is not

preci pi tated frdping formatigy af7theqeglloidal silica particles, it may be

PCT/ US96/ 19361 z44eq electrol¥ce such as a soluble inorganik?or organi®ObiHd on at
any pH. The coagul ant used precipitation may be the sol uble

al kal i net al 5 s@r ipradeda COM%FF% gfobatRi on of the colloi daI silica

particles, it nmay be pradfid eL8Ci{0lo4! etﬁé!ﬁhméi Bk 3@LePiKaq BT ganic or
organic salt 5 or it my be a conbination of

Preci pi tated siREeCAPitaHES aggrpanregelt Misénatr rartielrs gift eed@®i88Yr egat es

of ultimte pardrozpBSudisi®9bh ARl nave FORENGHS psiht Gxikbad frave not at
any point existed as macroscopi ¢ gel during the reparatlon The si zes

of the 10 aggré§XPESoRiTd 9ehcirigoe EPSPReparatiasn n’ﬁ"}‘ﬁ Fargs \Ridshe.
Preci pi t at ego SiddgsagReewiand ehd fRgrbé ¥R IyhireGiBChdy vary widely.

Precipitated silica powders differ from silica gels
that have been pulverized in ordinarily having a more open
structure, that is, a higher specific pore volume. However,
the specific surface area of precipitated silica as measured

15 by the Brunauer, Emmet, Teller (BET) method using nitrogen as
the adsorbate, is often lower than that of silica gel.

Many different precipitated silicas may be employed
in the present invention, but the preferred precipitated
silicas are those obtained by precipitatioﬁ from an aqueous

20 solution of sodium silicate using a suitable acid such as
sulfuric acid, hydrochloric acid, or carbon dioxide. Such
precipitated silicas are themselves known and exemplary
processes for producing them are described in detail in United
States Patents No. 2,657,149; 2,940,830; 4,681,750 and

25 5,094,829,

In the case of the preferred filler, precipitated
silica, the average ultimate particle size (irrespective of
whether or not the ultimate particles are agglomerated) is
less than 0.1 micrometer as determined by transmission

30 electron microscopy. Often the average ultimate particle size

is less than 0.05 micrometer. Preferably the average ultimate



t hat have been pul verized in ordinarily having a nore open structure,
that is, a higher specific pore volune. However, the specific surface
area of precipitated silica as nmeasured 15 by the Brunauer, Emet, Teller
(BET) nethod “%897/5943‘[ ogen as the adsorbate, is often IoFyé ,jsp@&,lg,hat
of silica gel. Many different precipitated silicas my be
enpl oyed in the present invention, but the preferred precipitated
silicas are those obtained by precipitation froman aqueous 20 solution of
sodiumsilicate using a suitable acid such agg _ sul furic acid,
hydrochl ori c acid, or carbon dioxide. Such precipitated silicas are

t hensel ves known . eXe r | g}%[g
described in det gl ?‘%&U%%%d‘yf thes?%%)ée\ﬁgﬁgg?%%%ll%g% 1%% 14 840 830;
4,681, 750 and 2%iSromereg29. In the case of t he pr eferred
filler, precipitated S % r s.ze
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aggl onerated) is Weight.l @fsothemn materinlsy agedcin prodessing mech e

transm ssion 30 LESQSEIRY - | |l e
si ze S ess tﬁ Em(}'ggfén cr gﬁ%t%ﬁ*@?&%ﬁfag’% eg\%ég‘g%&uﬁ? %ﬁrriacfe
WO 97/ 22467 water, and the like, may optionally also kfacpxgm 193gg

- 13 - par tigther sf&azc%r%ﬁ NQLPLEGERY ffe&eﬂafellchs r%:Séés 0.03

m cronet er. nor anmounts, usual y han 5 percent by
wei ght, of ot her omf-erpal%}'sbaswsslentp*@@@@smhgr%ﬁuas“avsrﬁ%rirwnﬁll

processing pl ast 'aﬁulo&ﬁés QAR 108ET Acdd Q8 {aé%@ by weighf! €lExs ﬁ?@eé hsx
l'i ke, may optlonallé al so be present. Yet other matérials introduced

for particul af® pfusBseateragls mcéﬁii?o?fﬁilipfiwtpﬁ'e%ﬁ?ﬁa‘ﬁlﬁlﬁﬁel%ﬂhér opor ous

material in snal lapsorbeADYELShorkEHG! #dber@SsudAB dRoRRICEM s i WBE N .
Exanpl es of 10 such materials include antioxidants, ultraviolet |ight

absorbers, reinf&tErRGy YBEr PiGMERtas FRoBRdlifieassThe patance afi thed, dyes,
pignents, and theikkégorotBended:38e¢ Sfclud@ve of filler and any coating,

printing ink, or impregnant applied for one or more special

15 purposes is essentially the thermoplastic organic polymer.

On a coating-free, printing ink free, and
impregnant-free basis, pores constitute from 35 to 80 percent
by volume of the microporous material when wmade by the
above-described process. In many cases the pores constitute

20 from 60 to 75 percent by volume of the microporous material.
As used herein and in the c¢laims, the porosity (also known as
void volume) of the microporous material, expressed as percent
by volume, is determined according to the eqguation:

Porosity = 100([1-4,/4,]

25 where d, is the density of the sample which is determined from
the sample weight and the sample volume as ascertained from
measurements of the sample dimensions and d, is the density of
the solid portion of the sample which is determined from the
sample weight and the volume of the solid portion of the

30 sample. The volume of the solid portion of the same is
determined using a Quantachrome stereopycnometer (Quantachrome

Corp.) in accordance with the accompanying operating manual.



m croporous material, exclusive of filler and any coati ng, printing
I nk, or inpregnant applied for one or nore special 15 purposes |s
essentially the thernoplastic organic polymer.

coating-free, printing ink free, and I npregnant -free baS|s _
constitute fwomwm@set o 80 percent by vol une of the m crdﬁflbsagpgﬁﬁ’t erial
when made by the above-descri bed process. In nany cases the pores
constitute 20 from60 to 75 percent by volunme of the mcroporous naterial.
As used herein and in the clainms, the porosity (also known as voi d

vol une) of the microporous material, expr¥sed as percent by vol une, is
determ ned according to the equatlon Porosity =

100 [1-d[err]/d[err]] 25‘hshaptuns aveyage dipmetrin oft e PorRg Lpfe which is

det erm ned f1 Ol croporbhf AERLEL W AbLeAMGheaNBy SRTRLEy WRuBEmaEr,asCer tai ned
from measurenents of the sanple dinensions and d2 is the density of

the solid port¥ReingdRnt Aetoseap BeXMIFhPPEOHERERHi (RANFRIHOPReCOrP-) d8npl e

wei ght and theawéfa;ﬁcgfwmetﬁgla& Bﬁﬁyﬁ{]&; Sbet4tndOmari@iIR! eThe Waaumel ume
of the solid portion of the sane is eterm ned usi n%\ﬁa ant achr one

st er eopycnofet 8vexageaReER HsiEs for acgipgle SRABCIHAULTARRALEY t he

acconpanyi Ng ORgL alys 3da e Ydle- por051meterVV)f%76§é¥H£1ng the porosimeter,
PCT/ US96/ 19361 The

vol une aver age2déearetsr made tinetho fighopresire ra’f‘ﬂecr(f)ﬁ‘ﬂ? &ehet¥ial is

determ ned by FB{&INebaROr HHITREE Yo abolifi 2y ABgApHsRatarayRlabéy. PAEOSI Met er

(Quantachronme Corp.) in accordance with the, acc anying o eratl ng
manual . The voP’aﬂ‘é‘: LPeERtagE pRte FalPus-atal %f"s‘i"ﬁ‘@ %185‘% rs at

automati cally tne &l @bl (OGDYLENE 1361 661 ABREr 25d mlmapasaiauagazbétauce)

por osi neter, a scan is nade in the hl% ogressure ran&ﬂe (fdromtabout 138
ki | opascal s ab®8| the HighaBERRSUSS 77 FATa p BRT A1 VR DISTRET P 12W5Stt 2

percent or | esgsOofakdie abOtwicd Bhé UeRRméOhvdEagecptliess ratlius determined by
the porosimeter. Otherwise, an additional scan is made in the
low pressure'range {from about 7 to about 165 kilopascals
15 absolute) and the volume average pore diameter is calculated

according to the equation:

t ] e

25
where d is the volume average pore diameter, v, is the total

volume of mercury intruded in the high pressure range, v» is
the total volume of mercury intruded in the low pressure
range, r, is the volume average pore radius determined from the
30 high pressure scan, ¥, is the volume average pore radius
determined from the low pressure scan, W, is the weight of the
sample subjected to the high pressure scan, and w, is the
weight of the sample subjected to the low pressure scan.
Generally on a coating-free, printing ink-free,
35 impregnant-free, and pre-bonding basis the volume average
diameter of the pores is in the range of from 0.02 to 0.5

micrometer. Very often the volume average diameter of the



10 the low end (from about 138 to about 250 kil opascal s absol ute) of
the high pressure range, the volune average pore di aneter I s taken as
tw ce .the volunme average pore radi us determ ned by t he porosineter.

QG herwi se, an additional scan is nmade in the | ow pressur e raRGS1g6F OM
about 7 to aboWP918¥6%i| opascal s 15 absolute) and the vol une average pore
di aneter is cal cul ated according to the equation: [err] 20 25
where d is the volunme average pore dianeter, v[err] is the total vol une
~of nercury intruded in the high pressure range, v[err] is t he total

vol une of nmercury intruded in the | ow pressure range, r[err] is the

volune average pgre radi us determ ned. f 3% N9k &ﬁ&gguren%an
rferr] is the voPBRE® avera t'é p(’):Fuen':’?acgE 5%8@5.%%,[ erm nedrf romthe | ow
pressure scan, Wpeos|td ®. zhenmbghte:oflst heeferredsanpl e subjected to the

hi gh pressure scan, and W[f”:]he' goﬁgeﬁ of de%gmn& theNGoRAP LeeSad eoted

to the | ow pressure scan. a coating-free, printing
ink-free, 35 i dpaegreandbyftieec abavel nr@ebgmtl m@ebwlsﬂmhm%lrﬁ#bu%ver age

di ameter of the pores | n_th fa fr 0502 1100 £20m the Tbgronmeter.
Very often thg’ v%ﬁ%rr;teéi\s/é?a%%me ﬁé‘%g?rgort% * " V\DO%W 2eZ467

PCT/ US96/ 19361 pressure range scan if run, otherw1se it fim taken fxemethg s jn

the range of fro@;Sn%esque Srﬁr;qﬁgr% ThE " q,é}@ Padbred grgq{ﬁ@gter

is preferred. ecourseo etermnlngthe vol une
average pore tie ommptisumppotengadbese procedure, the naxi mum pore radius 5

detected is sonetines not eﬂ‘ﬂﬁ‘“&%ﬁé‘% Ssénékﬁgaéih%%@eés%’, prinkifgsure range

scan if run; otherwise it TS rom-t ]
10 processes, impregnation processes and bonding processes result

in filling at least some of the pores of the microporous
material and since some of these processes irreversibly
compress the microporous material, the parameters in respect
of porosity, volume average diameter of the pores, and maximum

15 pore diameter are determined for the microporous material
prior to application of one or more of these proéesses.

Many processes are known for producing the
microporous materials which may be employed in the present
invention. Such processes are exemplified by those described

20 in the patents and international patent publication earlier
referenced.

Preferably filler particles, thermoplastic organic
polymer powder, processing plasticizer and minor amounts of
lubricant and antioxidant are mixed until a substantially

25 uniform mixture is obtained. The weight ratio of filler to
polymer powder employed in forming the mixture is essentially
the same as that of the microporous material to be produced.
The mixture, together with additional processing plasticizer,
is introduced to the heated barrel of a screw extruder.

30 Attached to the extruder is a sheeting die. A continuous
sheet formed by the die is forwarded without drawing to a pair

of heated calender rolls acting cooperatively to form



hi gh pressure range scan. The maxi num pore di ameter is tw ce t he
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di aneter of the pores, and nmaxi mrum 15 pore diameter are determ ned for the
m croporous mnateri al prior to application of one or nore of these
processes. Many processes ¥re known for producing the

m croporous nmaterials which my be enployed in the present I nventi on.
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produced. PigsBi&iddre, at Q%ivé!ﬂé Fordehhd i288hi PHREGRSE NGnB! ASEd Ci zer,

is introduced to the heated barrel of a screw extruder. 30 Attached to the
extruder is a JPddtilry e the eaﬁsﬁmplasu%ét fUFUAREY byPUENROH e |

forwarded withoiedsaiigg botR thRi processihgERistdcead LR8N thOldGafd | NG
cooperatively to form WO 97/ 22467
Pcﬂ7|J896/19361_extractlon liquid are substantially 1mm1sc1§ﬁ§ with wat@xnt i nuous

sheet of | esserrHehtéktiRfidulhatiedth@ne® PastEs Uso Sheetond exB¥hddidg £6x¥n t he
die. The continuous sheet fromthe cal ender t hen. passes to a first

extracti on zon&JRA8r &R ﬁ@sb?'b%]egﬁﬁﬁlc extraption liguid is ewmtanhialdy v

renoved by ext naebired by ishe@ and/or water. The continuous sheet is then

passed through a forced air dryer for substantial removal of
residual water and remaining residual organic extraction

15 liquid; From the dryer the éontinuous sheet, which is
microporous material, is passed to a take-up roll.

The processing plasticizer has little solvating

effect on the thermoplastic organic polymer at 60°C., only a
moderate solvating effect at elevated temperatures on the

20 ordexr of 100°C, and a significant solvating effect at elevated
temperatures on the order of 200°C. It is a liquid at room
temperature and usually it is processing oil such as
paraffinic oil, naphthenic cil, or aromatic oil. Suitable
processing oils include those meeting the requirements of ASTM

25 D 2226-82, Types 103 and 104. Preferred are oils which have a
pour point of less than 22°C. accoxrding to ASTM D 97-66
(Reapproved 1978). Particularly preferred are oils having a
pour pdint of less than 10°C. Examples of suitable oils
include Shellflex® 412 and Shellflex® 371 oil (Shell 0il Co.)

30 which are solvent refined and hydrotreated oils derived from
naphthenic crude. Further examples of suitable oils include

ARCOprime® 400 oil (Atlantic Richfield Co.) and Kaydol® oil



5 organic liquid which is a good solvent for the processing

pl dsticizer, a poor solvent for the organic polymer, and nore vol atile
than the processing plasticizer. Usually, but not necessarily, both the
praocessing plasticizer and the organic extraction liqu

substantial |y MaA78246fl e with water. 10 The continuous shecei’ta{ e”%"’ﬁ?sses
to a second extraction zone where the residual organic extraction
liquid is substantially renoved by steam and/or water. The conti nuous
sheet is then passed through a forced ait dryer for substantial renoval
of resi dual water and remai ning residual organic extraction 15

liquid. Fromthe dryer the cantin h Chy 4isS B CLARAI LS
material, is pasg(gﬁéiy% cgz?akevghlﬁhr %?%%ﬁt&g%me%h . Thét plr ocggsi ng

pl astici zer has Ithat|ether materigls, imfluddng drhet hbthalataopAt®Iti c organic
polynmer at 60[err]C. ..only a no ' ffeeC ted

t enperat ures on 5St]2?}z%Fd%lfChoFslgﬁ ebr | éﬂéﬁéﬁ' Hzg(':]sklsaigsr%i f%%rgﬁtt@scg}/eat I ng
ef fect at el evat elithalate,edpisaierydspirhalhbe ordicycbshexgd| phttiadate; hubyd

liquid at roo t at ur e Siialde ¥y ton &3 %1 NEhkhosuch as
paraffinic oi IrE rkl’aeﬁﬁ{’ﬁgri\‘?éaﬁd%?‘ %?’gaélorraﬂe)éyioitqgtﬁgﬁ%gbl e processi ng
oi I s include thosetiefddtoyilheas proressing plagtiadFeros D 2226-82, Types

103 and 104. Preferred ar ' ljn&g, Enfe extra®iQdh POhilasOfnd€sant han
22[err] C. according to AST%‘%‘JQ%-%/Q bﬁ'Eeréapf)arxoy:‘ed 1978) . Pgrt I cul arnl y

preferred are oi k@ haedngExamples pfusuisibie oFgandssextraftion diapeds Exanpl es
of suitable oils iéxglué\%ﬁg‘ig?—étl 1BL-8ét[tEf1%ef%€ex%ﬂﬂoz%&h ilgxlerr] 371 oil

(Shell Gl Co.) h are solvent refined and hydrofreated oils
derived from10 1,8aphtHeroethanediel, Futhrdchioxaeshareof suitable oils

i ncl ude ARCQORI BB & ch o400 ik , (AL d1RAkhE dRieRise] Entordecnd
Kaydol [err] oil WO 97/ 22467 _
PCT/ US96/ 19361 1,1,2-trichloro-1,2,2-trifluoroethane,_ iscopropyl alqpap}co Cor p. )

whi ch are white ra'i@eh?i &ires, ddetiohe®XRBENR] heptank|aindotbRpier®t eri al s,
i ncl udi ng the phthal ate ester . -
In the above described process for producing

15 microporous material, extrusion and calendering are
facilitated when the substantially water-insoluble filler
particles carry much of the processing plasticizer. The
capacity of the filler particles to absorb and hold the
processing plasticizer is a function of the surface area of

20 the filler. It is therefore preferred that the filler have a
high surface area. High surface area fillers are materials of
very small particle size,.materials having a high degree of
porosity or materials exhibiting both characteristics.
Usually the surface area of at least the siliceous filler

25 particles is in the range of from 20 to 400 square meters per
gram as determined by the Brunauer, Emmett, Teller (BET)
method according to ASTM C 819-77 using nitrogen as the
adsorbate but modified by outgéssing the system and the sample
for one hour at 130°C. Preferably the surface area is in the

30 range of from 25 to 350 square meters per gram. Preferably,
but not necessarily, the surface area of any non-siliceous

filler particles used is also in at least one of these ranges.



plasticizers such as di butyl phthalate, bis(2-ethylhexyl) pht hal at e,
di i'sodecyl phthal ate, dicyclohexyl phthalate, butyl 5 benzyl phthal ate,

and di.tridecyl phthalate will function - satisfactorily as processing
pkasticizers. There are many organi c extraction |iquids that
can be WoSI224%anpl es of suitable organic extraction |Ffysie/tosel

I nclude 1,1, 2-trichloroethyl ene, perchloroethylene, 10 1, 2-dichl oroethane,
1,1, 1-trichl oroet hane, 1,1,2-trichloroethane, nethylene chloride,

chl orof orm 1,1,2-trichloro-1,2,2-trifluoroethane, isopropyl alcohol,
di et hyl ether, acetone, hexane, heptane; Bhd tol uene. In

the above described process for producing 15 microporous naterial,
extrusi on and cal enderi rfgagmech as fifcis idegicablfhér eReenfigdturtatatpy

wal er -1 S0l bl g idsh 8Ly sn HBTMGIBSGR MbciEdy Ol g Pickeessd o

pl asti ci zer. capacity o e filler particles to absorb and hold

the  procests mybprartiadily cvater-anseluileofibien RaTSHi 8 cB®area of 20
the filler. | tﬂ&bssﬁ:%g@i?fﬁ SnBo RIS 8 ¢Xbrbbesdind plad@dedza8r and hi gh
surface area. Hgh surtface area fillers are materials of very snal |

particle siSe, swhatantazklhdinsatuklehighthpe grganty extraggionsliguig erials
exhi bi ting Dot LhRacheatbitdy 1o prodlididl by L abevbanbclega Of at | east
| r

the siliceous particles’is in the range of from 20 to 400
square neters per grEe assHadr RYeeRFSIPIt REASAGAZEE ConERRBLYS Tel | er

(BET) et hach1aGC 96464 NGhah01 6BV CERS ISy “éiyght N RhbIRRdpdsoide
adsorbate but nodified by outgassing the systemand the sg for one

nl e
hour at 130[ er phest pRdf GrigpmpYihR zegpread eVanefurther by pddisgopahge of from

25 to 350 sguagReiRitSbis ARYing 8Ha Al 6F ablai £ferent Rithaiid eRee&SSiN |y, the
surface area of any non-siliceous filler particles used is alsq in at
| east one of tht@wid.angfken the residuap prgogsagng plasticizer content is

PCT/ US96/ 193611ess than 5 percent by weight of the micropbfous sheet and
| nasnmuch as it is desi rabﬁ)

: ; S ela St a‘l:.éé/ Iiaet aégitionag. heextfriach éns! .n the
ni cropor ous matBis 2Y Pe FeduGerar @Y fUuriRET oY
On a coating-free, printing ink free,
15 impregnant-free, and pre-bonding basis, pores constitute from
35 to 80 percent by volume of the microporous material when
made by the above-described process. In many cases the pores
constitute froﬁ 60 to 75 percent by volume of the microporous
material.
20 The volume average diameter of the pores of the
microporous material when made by the above-described process,
is'usually in the range of from 0.02 to 0.5 micrometer on a
coating-free, printing ink-free, impregnant-free, and
pre-bonding basis. Frequently the average diameter of the
25 pores is in the range of from 0.04 to 0.3 micrometer. From
0.05 to 0.25 micrometer is preferred.
Microporous material may also be produced according
to the géneral principles and procedures of United States
Patents No. 2,772,322; 3,696,061; and/or 3,862,030 These
30 principles and procedures are particularly applicable where

the polymer of the matrix is or is predominately poly(vinyl



the substantially water-insoluble filler particles be substantial ly
insoluble in the processing plasticizer and 5 substantially insoluble in
the organic extraction |liquid when m croporous material is produced by
tshe above process The residual processing plaﬁkhﬁi

content is WOMZ46Y | ess than 10 percent by wei ght of the n1cF%§g?ghs
sheet and this may be reduced even further by additional 10 extractions
using the sane or a different organic extraction liquid. Oten the
residual processing plasticizer content is ,4 _less than 5 percent by

wei ght of the m croporous sheet and thi's may be reduced even further

by additional extd S, atl L. Kbt NG i nk
free, 15 i npregna%%%geg or acf:oﬁrozew%%ﬂ(font aisj[}ggg %o%%sh%%ﬁnﬁfut e from
35 to 80 percent pb}ym@tu%l vinylhehdpridspor ous materi al when made by the

above-described process. |, many. 9@&%1%619%:‘9%01ned tgog§tiéalg§;eoﬁé Og{ldQO to

75 percent by volune of the m cropor
vol unme aver age dicdnthe migiropbxoysomatexial; femprises; bYWéu%lqmpéﬂl%?Fldﬁhen

made by t he ab_pveTﬂgSﬂdxg@_gdpgﬂﬁﬂﬁﬁm ox1%e| ﬁayw lanf:ﬂbutshSr @cnglgyoﬂf:e from

0.02 to 0.5 mcroneter on a coating-free, printing ink-f
i npregnant -free, m&talllneprelbmhglba@hslt My e s anhmil&y%e

di ameter of the 28.0ALES | Slfbyedof AMBOInd /0 Bolifhitd, §-SuhaiOML e

From 0.05 to m cr one IS preferre Cr opor ous
materi al may al salbsigx,ocndcd-doodnai n@Pf thessy bhehwjidrecial pymfiemcedl es and

procedures of United Stat eﬁfe%reseggtﬁptt% %egggtg\f%,lagfpgﬂglgapp g/ or

3,862,030 These 30 princip rocedures are cabl e
wher e t 0 pdlepserors stiie qfatthexmics:qppro@ masdoialnathe yhysirlayped i nyI

WD 97/ 22467 alymj num ox:.de rticles are c01101da1 flrl:t)ac-lp-é@cq/ 15931(.31
- 19 - chl ofi g& ppa} yimer contarning a |arge proportion of

aggregates of colloidal fine particles.
The ink receptive layer is usually joined to the
microporous material surface by coating the surface of the

15 microporous material with a coating composition comprising a
sol of colloidal hydrated aluminum oxide, and substantially
removing the liquid dispersion medium from the wet coating.
The liquid dispersion medium is usually removed by drying.

Sols of colleidal hydrated aluminum oxide are

20 dispersions of colloidal hydrated aluminum oxide (the
dispersed phase) in liquid (the dispersion medium). The
liguid dispersion medium usually, but not necessarily,
comprises watexr as the chief constituent. Such sols and
methods for their preparation are themselves well known.

25 Their preparation and properties are described by B. E. Yoldas
in The American Ceramic Society Bulletin, Vol. 54, No. 3,
(March 1975), pages 289-290, in Journal of Applied Chemigal
Biotechnology, Vol. 23 {1973), pages 803-809, and in Journsgl
of Materials Science, Vol. 10 (1975), pages 1856-1860, and in

30 United States Patents No. 3,944,658; 4,B873,166; 5,104,730,
5,264,279, and 5,354,634. Briefly, aluminum isopropoxide or

aluminum secondary-butoxide are hydrolyzed in an excess of



pol yrmeri zed vinyl chloride. The ink receptive | ayer joined

to at | east one side of the m croporous material conprises hydrated
al um num oxi de. 5 The hydrated al um num oxi de may be anor phous or it
my be crystalline. If crystalline, it may be of any crystalli

structure. BYXQRHPYE of these include boehnite, [err]-al um TSt o
alum na, and [err]-alum na. O these, boehmte is preferred.
As present in the ink receptive layer joined to at 10 |east one side of

the microporous material, the hydrated _ .al um num oxi de particles are
col |l oidal fine particles or aggregate of colloidal fine particles.
The i nk receptlve I{a% 1.3 gg‘géal hg{g{dgtt grénrllgs ¢ to 'HoSEOPOrQUS gaterl al
surface by coa |ng e surrace g 1 Croporous materral- W th a

coat i ng conpossXumy oﬁnq:munﬂhug wonohydredideof T Iad\udmumyldnehmi-oalideri num
oxi de, and substantia novi ng t.h 3 on,medi um rom
the wet coati ngé hen ‘f‘?%tﬁzedu?t e"'c? e%élréa% ﬁ%ga%u%elggéﬁg Iy B &S

dryi ng. to form a cJ&alrshpdrat@Idl slueinunydxiztecdoll urmheuarioki de are 20
di spersions_0 d u ( ed phase)
in Iiquid (?he E’e?s?%ﬁ‘%ﬂ%%q‘ﬁ#umﬂ‘ %Qﬁi’q‘?“'d 8slperhgf‘on HSLeeh:

usual Iy, but mnremeclasmrpdasluce thecuﬂwxz@elscms@r efifecthatchowef constituent.

Such sols and s f r r Il known.
25 Their pr epar Rtioh an‘%‘ prgfoté% h:lel‘é‘énz?fr E"R@;ergéﬂrlp%eg cf‘g EES&%?% £ in
The Anerican Gecnairn ec8uid ecydButhlorpacetis! actd, aNd. fermc acid rv@mh 1975)
pages 289-290,, pl.ded ) i

(1973), pages 80 g&u 5@1 ﬁé\gojrh %a?g}?@oﬁg%n ratterg#a){fse%gglgie \/R{a
(1975), pades 11% 2§68romQd03 nte 301 mpie of Jrid PerAvelens abzmz@um44 658,
4,879, 166, 5, @ﬂqoﬁge The §mg\§14b %Eghy@era §]5u4n1§1§ﬁ]i oﬂ’deeiaﬂs H‘ num

| sopropoxi de or al um num secondar y- but oxi de are ydI’O yzed in an
excess of the sol can vary widely, but usually it constitutes from 1 to

20 percent by weight of the sol. Often the hydrated aluminum
oxide constitutes from 3 to 18 percent by weight of the sol.

15 Preferably the hydrated aluminum oxide constitutes from 8 to
12 percent by weight of the sol.

The coating composition may consist only of hydrated
aluminum oxide sol, but most often water-soluble binder is
also present.

20 The coating composition may comprise the sol of
hydrated aluminum oxide as formed, or the sol may be diluted
with further liquid or the sol may be concentrated by removing
some of the liquid. In most instances the coating composition
comprises from 0 to 20 percent by weight hydrated aluminum

25 oxide. Often the coating composition comprises from 1 to 20
percent by weight hydrated aluminum oxide. Frequently the
coating composition comprises from 3 to 18 percent by weight
hydrated aluminum oxide. From 8 to 12 percent by weight is
preferred.

30 The coating composition may consist only of water-
soluble binder and agueous solvent therefor, but most often

hydrated aluminum oxide is also present.
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- 20- - water with vigorous agitation at from75 Cto 80[err]Cto forma
Slurry of al um num nonohydr oxi de. The al um num nonohydr oxi de i's then
‘pepti zed at t res of at least 80[err]Cwith an acid Pcm}s‘aslfsﬁélm a
cl ear hydrated al"uninum oxi de sol. The acid 5 enployed is nonconpl exi ng
with alumnum and it has sufficient strength to produce the required
charge effect at | ow concentration. Nitric acid, hydrochloric acid,
perchloric acid, acetic acid, chlorgaggetic acid, and formc acid neet

these requirements. The acid concentration is usually in the 10 range of
from0.03 to 0.1 mol e of QAai d,PEL JI9LE1 OlpsBbl IR water AokA¥i d&rglhse
anount of hydrated al um num oxi de present I n the sol can vary "w dely,
but usually it pohgwx gres mixbnre afowater-spdubbe (EI9ANLG REYPRTS of the sol .
Gften the hydraped, AldMhAUMce, sO%idE SOTVHekULSoLdeOM kL QodRer cont by
wei ght of the sol. ™15 Preferagly the hydrated al um num oxi de constitutes
from8 to ¢olhdiosenethny, weatan-selublre pody (vinyl alcohol),  The coati ng
composi ti0n gayuEansicshuBil ot (WHHALERYL ethed] ITLREM AithilgeSRly DUt DS
of ten water-sol ‘Jb[e bi nder ?bs? b al sgﬂf)rgseﬁti. 20 o es&L?,he coating
conposi ti on may (ebmpr PyErelaonel . sfater-solwpdeapely @chrienimisgl de as forned,
or the sol my {ecdiJyhtthe vinyV b iadRI/vihgli dbeRbrd Rpe@imdRy be
concentrated by renoving sone of the liquid. In nost instances the
coati ng conposi YRERKr-soluble) gyaternizedoviayl syyoehicicre/diadfyhaniprethydr at ed
al um num 25 oxi geendhrtaRed %FBQﬁﬁéﬂgaﬁéfm&h&EQM‘efi@BEl ses from1l to 20

percent by weight hydrated alum num oxide. Frequently the coating
conposi ti ononpri ses fr AT ePHPIFeFREMI Neghis 2 PrefighFetd ed al umi num
oxide. From 8 tQadeRRAGEIE HiNa¥Linditerisl. Manpréf eheephtreilsoluble The
coating conposition _may consist only of water- sol ubl e bi nder and

aqueous sol vent “EHBHOPEr ethare AFR12l5Pt e¥Fellent Waked SaESR RPN Ri-de i s

al so present. water-soluble cellulose éther may be used alone or in

admixture with one or more other water-soluble organic

15 polymers. Examples of the water-soluble cellulose ethers
include water-soluble methylcellulose [CAS 9004-67-5],
water-soluble carboxymethylcellulose, water-soluble sodium
carboxymethylcellulose [CAS 9004-32-4)}, water-soluble
ethylmethylcellulose, water-soluble

20 hydroxyethylmethylcellulose [CAS 9032~-42-2], water-soluble
hydroxypropylmethylcellulose [CAS 9004-65-3], water-soluble

hydroxyethylcellulose [CAS 9004-62-0}, water-soluble
ethylhydroxyethylcellulose, water-soluble sodium

carboxymethylhydroxyethylcellulose, water-soluble
25 hydroxypropylcellulose [CAS 9004-64-2], water-soluble
hydroxybutylcellulose [CAS 37208-08-5], and water-soluble
hydroxybutylmethylcellulose [CAS 9041-56-9]. Water-soluble
hydroxypropylcellulose is preferred.
Water-soluble hydroxypropyl cellulose is a known
30 material and is available commercially in several different
average molecular weights. The weight average molecular

weight of the water-soluble h&droxypropyl cellulose used in
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- 21 - The wat er-sol ubl e binder is a water-soluble organic
pol ymer or a mxture of water-soluble organic polyners. Exanpl es of
wat.er - sol ubl e pol yners i nclude water-sol ubl e cel l ul ose et her,

wat er - sol ubl V@81324étyl al cohol ), 5 wat er - sol ubl e pol y(vi RFIUSPEeAPR6!
ether), water-soluble poly (vinyl pyrrolidone), water-soluble

pol y(et hyl eni m ne), wat er - sol ubl e vinyl pyrrolidone/vinyl acetate
copol yner, wat er - sol ubl e quat erni zed vi nyl

pyrrol i done/ di al kyl am noet hyl met hatr3A ate copol yner, and mi xtures

t hereof. 10 Wat er -sol ubl e cellul ose ether is a preferred

wat er - sol ubl e BhgdBFesRRte Ap¥Yentioay ganfvanyewihdg bt - §BF uptuelly it ds §rose

ethers are al sqnexeghdeWr VRLRL00SHEH LA, BOE Y. ortSMAERE-wlguk! e
cellul ose ether may be used alone or in adm xture with one or nore

ot her wat er - solAYSFage pdgicular wedehkels inpkhepaege Pt Gremnafer099okabl e
cel l ul ose et hersyo,000. | Hebi0LodV00 £& AU dihbeo B pybesktdd. 0Sewd EASmore

9004- 67- 5], wat er - sql ubl e car boxynet h%{l cel l'ul ose, water-sol uble sodium
car boxynet hy? cdatgFoselybdashydinryeyoryl qRAfR}eass| hayirg different

et hyl met hyl cel la{le@88e wiileRh18L |wdilkie 2 Gndly Bk OxraixM| B tdeker! 4 Ul ose [ CAS
9032-42-2], water-soluble

hydr oxypr opy! net hyl cel | ul ase [ CAS
9004- 65- 3], wat¥ateEppehde hydrqivaramyﬁt%gie’e?%?{‘s‘éhnq eadifrping2- 0] ,
wat er - sol ubl e aver8§dhd1edhoXy aldiyheel | ul ose, water-sol ubl e sodi um
- car boxynet hyl hydroxyet hyl cel | ul ose, water-soluble 2

5
hydr oxypr opyl cel | ul ose | ¥R IS chhS | amaRgE S 33FeRTgP1Uble cellulose

.Eygr oxygut y%rEeHrt]:lhieQSiﬁ:lré]ﬁﬁS &[Zéﬁ% an&}r éxagdvaﬂz %nﬁﬂllélﬁ&g)l&y. In most
ydr oxybut yl nmet, cel | ul ose 41-56-9] . ter-sol ubl e
~hydr oxypr opy! ceftSiRrBERS i“?tﬁfé?%]r"lbga.cenumLe ethe?! whegs 18P 50l ubl e

hydr oxypropyl csinsulested $ramknasni8o pardcent aby aikights ofvahe ahirder.
commer ol a1y Lk uerely atle Sl ceRiSHEI%ARLECUY LghONt s The
constitutes from 25 to 85 percent by weight of the binder.
15 Preferably water-soluble cellulose ether, when used,
constitutes from 45 to 75 percent by weight of the binder.

Another preferred water-soluble binder material is
water-soluble poly(vinyl alcohol) [CAS 9002-83-5]. It may be
used alone or in admixture with one or more: other

20 water-soluble organic polymers.

Water-soluble poly(vinyl alcohol) may be broadly
classified as one of two types. The first type is fully
hydrolyzed poly(vinyl alcohol} in which less than 1.5 mole
percent acetate groups are left on the molecule. The second

25 type is partially hydrolyzed poly(vinyl alcohol) in which from
1.5 to as much as 20 mole percent acetate groups are left on
the molecule. The binder may comprise either type or a
mixture of both. The partially hydrolyzed poly(vinyl alcohol}
is preferred. '

30 When used, the amount of water-soluble poly(vinyl
alcohol) present in the binder may vary considerably. In wmost

instances water-soluble poly(vinyl alcchol), when used,



wei ght of the water-sol ubl e hydroxypropyl cellul ose used in WO
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- 22 - the present invention can vary widely, but usually it is in

t hes range of f 000 to 1,000,000. Oten the weight

nol ecul ar wei ghﬁg}égl the range of from 100,000 to 500, 05%?’8%%‘“
200,000 to 400,000 is preferred. Two or nore 5 water-soluble hydroxypropyl

cel l ul oses having different average nol ecul ar wei ghts may be adm xed
to obtain a wat er - sol ubl e hydroxypropyl,;cellul ose having a differing
aver age nol ecul ar wei ght. V\ﬁen used, the amount of

wat er - sol ubl e cel 10 re y ¢
considerably. In OHL?S&tesl ns‘?ancgs fﬁlé’elyg?ﬁt'@ ;P’w@ tullggsgy%tkﬁeder

used, const |Fr§qwﬂwowaﬂen-@olab1@m@mv1w nécgml)of where usedder .
CLeduent!y vat o aRLULRReHL| 93° LB xR PGB e °&2?‘2€fﬂ;%|*§5 rem
cel | ul ose et her, Pwhmakéefdwater~806ghb¢ mq}-ufésin}flonﬂ-ﬂ@mld 78here usedt by

bi nger mater' &1 Forecousgs, grom 25, ko SE G BFUER o TS ES 5o 51

It may be used al one oPr¢ﬁexabﬂthuheebm@¢r cerpoiser bethtwater2goluble
wat er - sol ubl e or Q@Ei%&%' LPREP and water-soluble p‘g!?&%uﬁﬂ' H?L&a&&ﬂ' y (¥l

al cohol) may be bro classitied as one two 't e first type
is fully hyduamp’ylz@l oforh¢ss marepixishdn) the binden maersyamafndzlz mol e

percent acetate gbplps 1"§;r %h{e Qﬁ%te‘i}ﬂ sBﬂﬁTl@ 'c‘éfﬂh%seTQ@ne%e QQHQti?&tE)é PErdu 1

partially hydrolyzed poly(vin al coh from .5 to as nuch
as 20 nol e pe¥kefkP &%en%lcénerhmp@lah% 9 ﬂiheohmder alt-‘hé:hﬁm'é%%ﬂ'éf’lqhﬂee bi nder

mey conprise eithghy W:Hﬁzl%l@ohol) Bl el B £ W3 BaELdrit! bY weight
hydr ol yzed pol y(V| nyI al"cohol )
of the binder. Often the water-soluble cellulose ether
constitutes from 25 to 85 percent by weight of the binder and
.the water-soluble poly(vinyl alcohcl) constitutes £from 15 to

15 75 percent by weight of the binder. Preferably the
water-soluble cellulose ether constitutes. from 45 to 75
percent by weight of the binder and the water-soluble
pqu(vinyl alcohol) constitutes from 25 to 55 percent by
weight of the binder.

20 The coating composition usually comprises from 0 to
20 percent by weight binder. Often the coating composition
coﬁprises from 0.5 to 20 percent by weight binder. In many
instances the coating composition comprises from 1 to 12
percent by weight binder. From 2 to B8 percent by weight is

25 preferred.

When the coating composition comprises water-soluble
binder, it also comprises aqueous solvent for the
water-soluble binder.

In most instances the agqueous solvent for the

30 water-soluble binder is water. Organic cosolvents miscible

with water may optionally be present when desired.



Is preferred. 30 When used, the anount of water-soluble

pofy(vinyl al cohol) present in the binder may vary considerably. In
nost . i nst ances wat er-sol ubl e pol y(vinyl al cohol), when used, WO
97/ 22467 ' PCT/ US96/ 19361

- 23 - womRRelt es from 1 to 100 percent by wei ght of RGTAUSIPIAFEY
Frequently water-sol ubl e pol y(vinyl alcohol), when used, constitutes
from15 to 75 percent by wei ght of the binder. Preferably

wat er - sol ubl e pol y(vinyl al cohol), when used, 5 constitutes from25 to 55
percent by weight of the binder. - 24 - Preferably, the binder
conpri ses both water-sol uble cel l ul ose ether and water-sol ubl e

pol y(vi nyl al cohol). TheWhen aqueenmsolBent HEsBSedt &PPaFRRYIMIt he bi nder may
vary widely. . t |8 omChd WO58 wdleeh stitutes
58™ %o%ri':q. té’ec%\%ﬁtﬁ? ﬂ@%é@ 8o ¢l $d t Gy

froml 10 to ercen he bi nder and the water-soluble

pol y(vi nyl al cwbdyht agueous lﬁOéyeM‘—omOFtFE Uy cerediR CRYPIRItIRE of the
bi nder. Often RqC8% | dtrRaRe % ht B&hd tslétl%nti! om 25 to
85 percent by %ﬁ%ﬁ?g ﬁﬁjﬂqﬁ #g %yh Ao

der and he wat er-sol ubl e po%(?/ (vinyl
al cohol ) corst |Pur§twﬁlryotrhq&MIHEWWOEEF%F%WW&SQFaFo'bf“t Fe 7 nder.

Preferably the vaq%, RGeSl |ddhoss et her constitutes from45 to 75
percent by vvel rcerf %ﬁﬁ{ lqg'rald t he wat er-sol ubl e pal y(vi.nyl

al cohol ) constitutes fr omwosgmm éénfuwantlal%ﬁ‘ﬁﬁ?moffr?ﬂeﬂtﬁ nder. 20

The coating corg%gaité&ﬁ guahﬂﬁér‘é%‘ml 288 dUTng ééherally&ﬂm@@ﬁ.ﬁ@élt by
wei ght bi nder ten t oating conposition nprises fromO0.5 to 20

percent by wei gaembe 200 penaghy by weigh Hindert hepf(FGHt Fiy e8RbB2i ti on
conprises fypmcbobPides from PSS 98t pdiketi B twelightl afinde 0M Erelgiefit per cent

by weight 1s the coating comprises from 5 to 80 percent by weight binder.
From 14 to 50 percent by weight binder is preferred.
The coating comprises from 0 to 100 percent by
weight hydrated aluminum oxide. Often the coating comprises
15 from 5 to 98 percent by weight hydrated aluminum oxide.
Frequently the coating comprises from 20 to 95 percent by
weight hydrated aluminum oxide. From 50 to 86 percent by
weight is preferred.
Dyes, tints, coloring pigments, ultraviolet light
20 absorbers, and antioxidants are further examples of other
materials which may optionally be present. This listing of
optional ingredients discussed above is by no means
exhaustive. Other ingredients may be employed in their
customary amounts for their customary purposes so long as they
25 do not materially interfere with good coatings practice.
Coating compositions containing water-soluble binder
are usually prepared by simply admixing the various
ingredients. Although the mixing is usually accomplished at
room temperatiure, elevated temperatures are sometimes used.
30 The maximum temperature which is usable depends upon the heat

stability of the ingredients.



25 preferred. When the coating conposition conprises

wat er - sol ubl e bi nder, it also conprises aqueous solvent for the

wat er - sol ubl e bi nder. I n nmost instances the aqueous sol vent
for. the 30 watgr-s9lull e binder is water. Organic cosol vents (. .SCi

w th water may c?p i |1y be present when desired. \%@%9%%8‘7
PCT/ US96/ 19361 - 24 -

When aqueous sol vent is used, the coating conposition frequently
conprises from80 to 99 percent by wei _aqueous solvent. Oten the
coating conposition conprises from80 to 95 percent by wei ght aqueous

solvent. 5 Preferably t coat.ing conpositi | fr Q.to 90
percent by wei ght aqueousq‘sg’gl V&h l.n% Soupobt1ond élCng %Aeeosr%zlgo elﬁfdi go
substanti al | y absexopbrom tMagerial usinglsubssanvipll¥hameftechnidguse koowti ng

general ly conprise ro Q. e y | i . n_the
coating 10 corr%'r ?ggsa’ftir'omqlfgf% ‘é‘éqgggc%%tg Qﬁ)’ﬁmﬁ%h’?{]‘b% g%%' lg%éﬁré%t |y
t he coating conpradsesatingn Hlade Sdapéngenolber varpdhcationdesize preskrom 14
to 50 percent. by Wela) ' c 1S Jr re . oating
conprises f rom & %&g‘lt;g[ﬁ%' gdé‘lr& %g‘%? ’by&ag;'%'v\egggh?x%rygrl At ed Té’F' u‘r:nJ;r};ﬁ'r% oglgde.
O'ten the coati nthegofiprnet byl Semdvimg Ghe agugope rspdnend Enom g dppdied ed

al um num oxi de. Fre V. fhe [ ' . 0] 95 percent
by et gt FAPAGE R bC, AR Y BO RGBT L ed OO PO e gt
is preferred. conventional drpims technigue.cofeattimg piuprsition mayr ke ol et
light 20 absor 3k I OX] 1 S BENEREE . exaim 0 -her
mat eri-al s whi ch %ié’%t | or?glg%yg)édéﬂ%?gg%%& Tﬁi%ﬂﬁssti ng o?ﬁe c]:c>al({l'1(;')Lt@p1§i
i ngredi ents P sceempedibbavdsi sppliadoanmeitdplicity of times, the applied

coating is usually but not necesgarily dried, either partially

onal

or totally, between coating applications.

After the coating composition has been applied to
the microporous sheet but before the coating composition has

15 been dried to form the coating, the coated microporous sheet
may be compressed tb permanently reduce the thickness thereof
so that the thickness ratio is in the range of from 0.5:1 to
0.8:1. Preferably the thickness ratio is in ﬁhe range of from
0.7:1 to 0.8:1.

20 Alternatively, After the coating composition has
been applied to the microporous sheet and dried to form the
coating, the coated microporous sheet may be compressed to
pPermanently reduce the thickness thereof so that the thickness
ratio is in the range of from 0.5:1 to 0.9:1. Preferably the

25 thickness ratio is in the range of from 0.7:1 to 0.8:1.

As yet another alternative, the microporous sheet
may be compressed to permanently reduce the thickness thereof
before application of the coating composition. The coating
composition is thereafter applied to the permanently deformed

30 microporous sheet and dried to form the coating. In such
cases the microporous material sheet is compressed such that

the thickness ratio is in the range of from 0.5:1 to 0.9:1.



exhaustive. Qther ingredients my be enployed in their customary
anmdbunts for their customary purposes so long as they 25 do not materially
interfere with good coatings practice. Coati ng conpositions
cont ai ni ng wat er - sol ubl e bi nder are usual ly prepared by sinpl

admi xi ng t he wWo9722468 i ngredi ents. Although the m xing i%c’iﬁ%?ﬁ'l‘%?'
acconpl i shed at roomtenperature, elevated tenperatures are sonetines
used. 30 The maxi numtenperature which is usabl e depends upon the heat
stability of the ingredients. WO 97/ 22467
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The coating conpositions are generally applied to m cr oporous nateri al
usi ng subst ant Prgfierabhy thecShigkreseng@hico is ip he,gangs .°fTﬁg?;‘E 3-détude
spraying, curtain gQating, dipping, rod coating, blade coating, roller
application, size press, 5 printing, brushing, draw ,nq_,ggﬁnd extrusion.

The coating is t herPS GERBJEIRPUSBABY ithd St FREHTIEREACH 5PG STHIFPEHT t he

appl i ed CPatiddsCORPASItib0Ss tHa EnidRhelS SF AMEPhicfgdrbis any
conventional drying technique. Coating conpgsition

n nmay be a i ed once
or a mul tipBi cPateERlt pheat afiker ReTIAPERL | °nﬁ)t’c°6’nﬁ%§irt°i 88‘“??%

I
Plied a
nultiplicity OfididESpy! i dBREieEks of tiedHikPEpdroudSkiatdnialUushar
necessarily dried, ei t?[ler partially or totally, between coating
appl i cati ons. before compressionafter the coating conposition has been

applied to the m cr opsHessShetlaybbé deebapridtHea bpairyngonesmashaion has
15 been dried to formthe coating, the coated Jl"ri‘%ro or Qus .she%t1 may be
conpressed to FEPRERATSAPPESRPIERE ¢ hEPIPIEH SRS Y BPT o552 s that the

thi ckness nati pracerd Prebe dmngempredsiom By Tink 60 more Bets bf Pakdraleabl y t he
t hi ckness ratigisintheran?e of fro L to

0.7: 0.8:1.. 20
“ Alternatively, T2H2r thes R§ '&‘bﬁ?ﬂog}’ﬁ SRifagering enptbyea Bofore

extraction of the processing plasticizer during manufacture of
the microporous sheet is not compression of a microporous
material sheet as is contemplated here.

15 The temperature at which compression may be
accomplished may vary widély. Usually compression is
accomplished at temperatures in the range of from 15°C to
155°c. In many instances compression is accomplished at
temperatures in the range of from 20°C to 120°C. Preferably

20 compression is accomplished at temperatures in the range of
from 40°C to 115°C. Usually calendering at higher
temperatures favors surfaces of higher gloss.

The surfaces of the platens or rolls may be varied
to achieve the desired finish on the finished product.

25 Usually the surfaces of the platens or rolls are polished
steel or chrome plated steel when a glossy finish is desired.

Platens or rolls with rougher surfaces may be used when a
matte finish or other non-glossy finish is desired.
The finish is also affected by the temperature at

30 which compression is accomplished. The effect of temperature
on the surface finish in any particular instance may be

quickly ascertained by a few routine tests.



been applied to the m croporous sheet and dried to formthe coat i ng,
the coated m croporous sheet may be conpressed to permanently reduce

t he thickness thereof so that the thickness ratio is in the range of
from0.5:1 to 0.9:1. Preferably the 25 thickness ratio is inpthRséciesg Of
fromoO0.7: 1 t o YO87/32467 As yet another alternative, the

m cr opor ous sheet may be conpressed to pernmanently reduce the thickness
t her eof - before application of the coating conposition. The coating
conposition is thereafter applied to the pernanently deformed 30

m croporous sheet and dried to formthe coating. In such cases the

m croporous nmaterial sheet._iS cQ e SLLC . d et Beckness ratio
is in the range of from O.E‘g?'i W%Sggﬁags:s%%gn sl m%"&fﬁ 46'}
PCT/ US96/ 19361 compressing the microporous material sheet,?2@ither befPpxd qrabl y

the thickness ratio is in the ra r s L9 fhfiebst -
As used through(?d“ttgfhcl’c’sats:%gbiﬁvcea??oﬁiﬁ gg%n%c?%ﬁé?gs . rat |fosf's the ratio
of the thickness of the nisrapdfdasab paperrhainghgenerafly ronpeshed critdes

et ot 00 g BRIS Soleagsp L Ul 9 skl il ARtk g
Conpr essi on nmay deseaslhynpbpebiow Isjdes \tacpayeananshy| reduce thayshickness

techni que. EXanRhgyebl UdURal U EAPLALEE rS 10l 9e B ARN RIS SABLn
conpression by one or nore sets of cal ender roll's. Tt "shoul d be noted
t hat cal enderi n@-8npl byed sbef cmether embediment ¢f bife tinvepvirzedsi vee

plasticlzer durlsng BHMACLHLAA cne mididBorbd AROLANS BRGEL |5 NOl

conpr ession of a f croporous ﬁg?erla sheet as is contenpl ated here.
15 10 Teatingpinest UPEintinghimir fsenprideIperrtafree basisapeinm| i shed
may vary widely..UsuallyeSOAPEGR3100: S (1) a aiR! doHigdr Mg lBEBRE Al1URES i N
the range of from15[err]C to

of substantially water-insoluble thermoplastic organic

polymer, (2) finely divided substantially water-insoluble

filler particles, the filler particles being distributed

15 throughout the matrix and constituting from 40 to 90 percent
by weight of the microporous material, and (3) a network of
interconnecting pores communicating substantially throughout
the microporous material, the pores constituting from 35 to 95
percent by volume of the microporous material.

20 Yet another embodiment of the invention is an
article comprising: (a) a sheet of artificial paper having
generally opposing sides, the artificial paper having been
produced by compressing a sheet of microporous material having
generally opposing sides to permanently reduce the thickness

25 thereof so that the thickness ratio is in the range of from
0.5:1 to 0.9:1, wherein the microporous material on a
coating-free, printing ink-free, impregnant-free basis prior
to compression comprises: (1) a matrix consisting essentially
of substantially water-insoluble thermoplastic organic

30 polymer, (2) finely divided substantially water-insoluble
filler particles, the filler particles being distributed

throughout the matrix and constituting from 40 to 90 percent



125C. In nmany instances conpression is acconplished at tenperatures in
the range of from20[err]C to 120[err]C. Preferably 20 conpression is

acconpl i shed at tenperatures in the range of fromd40[err]Cto
115fLerr]C. Usually cal endering at higher tenperatures favors surfaces
of hi gher gl oW©.97/22467 The surfaces of the pl at enP@IUSSHIRE! nay
be varied to achieve the desired finish on the finished product. 25
Usual ly the surfaces of the platens or rolls are polished steel or
chronme plated steel when a glossy finish is desired. Platens or rolls
with rougher surfaces may be used when a 28 - matte finish or other

non-gl ossy finish is desired. The finish is also affected

by the tenperabireeight 96 Wit ehcreppionsshtetislacruhB) shaetwprk @f fect of
temperature  ;neD-{fetbihRGREL %&%@@cﬂ%faugaﬂt%lgg%gggghw be

qui ckly ascertained by a fewroutine tests.
PCT/ US96/ 19361 the microporous material, the pores constitmping from 35 to 95

From what has BggRe@iny 280¥%R lOE Eﬁ%?ﬁ%&oﬁérous ma SRR S SSAd Yph Ngn

m croporous material sheet, either before or after coating, several
further enbddi AektEeqantinaniavest joined to at least onesideidf dhel shegter
havi ng general by QPPOSIAg: Spfies. S5 produced by conpressing a sheet of

m croporous material having general | y opposing sides to pernmanently
reduce the thickness The dinyentxon tigafurthen; ApeRyidsd imiqosimaction he

range of from yien ¢herbiiduihgdetampient BRLcIEHRAMLIRY cBh=idtgehnvention is

t he i nprovenent wherein the mcroporous material on a 10
coating-free, pPrIREFHRFIVAKEITheE, thamprldgabiRd{ree basis prior to
conpressi ongconprises: (1) a matrix consisting essentially of

substantially water-insoluble thernoplastic organi c pol ymer, (2)
finely divided substantially wa i
The preparation of microporous materials is
illustrated by the following seven descriptive formulations.
Processing oil was used as the processing plasticizer. The
15 material identified as SAA is an organic surface active agent.
Silica, polymer, lubricant, titanium dioxide, antioxidant,
and, when used, organic surface active agent, in the amounts
specified in Table 2 were placed in a high intensity mixer and
mixed at high speed for 6 minutes. The processing oil needed

20 to formulate the batch was pumped into the mixer over a period
of from 3 to 5 minutes with high speed agitation. After
completion of the processing oil addition, a 6 minute high
speed mix period was used to complete the distribution of the
processing oil uniformly throughout the mixture.

25 The mixture was conveyed to a feeder hopper and feed
to a twin screw extruder by a variable rate screw feeder.
Additional processing oil was added via metering pump which
injected the o0il downstream of the feed port in a "low
pressure"” region of the gcrew. The extruder mixed and melted

30 the formulation and extruded it through a slot die having a
slot width of 196 centimeters and a slot thickness adjustable

in the range of from 0.15 centimeter to 0.30 centimeter. The



filler particles, the filler particles being distributed 15 throughout the
mafrix and constituting from40 to 90 percent by wei ght of the

m croporous material, and (3) a network of i nterconnecting pores
comuni cati ng substantlally t hr oughout the m croporous t he
pores constit uVPAF23bm 35 to 95 percent by vol une of tﬁgﬁﬁﬁg?gggrous
material. 20 Yet anot her enbodi ment of the invention is an
article conprising: (a) a sheet of artificial paper having general ly
opposi ng sides, the artificial paper havinggeen produced by
conpressing a sheet of mcroporous material having general |y opposi ng

sides to per nanenttlr%dégdqégtt@aes ttﬁ%ﬁk@%se%dgg‘e& henegbsSaihal dhenkhigdness

ratio is in the Tange of° 9:1, wherein the mcroporous
material on a  of cebetdewythavenaypbenused) markbd foand; iptognamiters SRS s

prior to CHmL, é%on C9gguz§esiné£aa}1% MR | 2t rGOANER! baguféaemé&zl)y

of substantially Wa SPEr sl ub € therm)p AStIC organic 30 pol yner
finely divided sadstheis aiddps\eff eperatidnub| ether cafepdens girdiffegent he

filler partickes,abpondl Shilbiadery nd UsRHINGID LHEAREE! dndtheix

COﬂStItUtlng rom percen
PCT/ US96/ 19361 modes of operation are well known in the agB. The hoboy wei ght of

the m croporous ﬁﬁé@é sﬁh@g (s %hgﬁ‘tﬁl!&réédoiround al &lANCeHNEGJ BEoPOr €S
conmuni cating substantia ﬁroug hout the mcroporous material, the

pores constitut it ﬁheﬁtBST[ﬂa osgh edgerrafe fbe (FPAISAUFREL SBAST PR -"ﬁ‘ieEFoporous

material; and ( 2Ny eg%,vgni@égertoj Qhélqgsg_ge@tmhegst one side of
t he sheet h?e art | l?m"(‘:l al The invention is

further desci&Pbed in conj G‘lhét? fllledvﬁ‘ﬁ?“tﬂ%sf‘iﬂnl"ﬁlf\i’qﬂd"°e§lé‘?rrﬁ"é'§aﬁh‘?rch are
to be consideredyit where it was contacted by both liquid and vaporized

1,1,2-trichloroethylene {TCE). The sheet was transported over
a series of rollers in a serpentine fashion to provide
multiple, sequential vapor/liquid/vapor contacts. The

15 extraction liquid in the sump was maintained at a temperature
of from 65 to 88°C. Overflow from the sump of the TCE
extractor was returned to a still which recovered the TCE and
the processing oil for reuse in the process. The bulk of the
TCE was extracted from the sheet by steam as the sheet was

20 passed through a second extractor unit. A description of
these types of extractors may be found in United States Patent
No. 4,648,417, including especially the structures of the
devices and their modes of operation. The sheet was dried by
radiant heat and convective air flow in a drying oven. The

25 dried sheet.was wound on cores to provide roll stock for
further processing. The formulations and nominal thicknesses

of the microporous sheets are shown in Table 2.



illustrative rather than limting. 10 Preparation
of "Rol | Stock The preparation of m croporous materials is
illustrated by the foll ow ng seven descriptive formul ati ons.

Processing oil was used as the processing plasticizer. The 15 materi al
identified adV&GHRH6 an organi c surface active agent. PRTAUSUL9361

pol ymer, lubricant, titanium dioxide, antioxidant, and, when used,
organi c surface active agent, in the anounts specified in Table 2
were placed in a high intensity mxer and m xed at high speed for 6
m nutes. The processing oil needed 20 to ¥ornulate the batch was punped
into the m xer over a period of fro to 5 mnutes with high speed
agitation. After conpl etion of the %@ssi ng oil addition, a 6 mnute
hi gh speed m x period was used to conplete the distribution of the
processi ng oi | pafigh oih ot hr oughout they m xtuge. 26 5 6 The 7

m xture was conveyed to a feeder hopper and feed to a twin screw
extruder by a variable rate screw feeder. Addi ti onal processing oil
was added vin YEMEE g gd¥np whi cPP-0  PhiPect &%58t he*bi?l d&%wistrehm of Phe
feed port in avidme (2), kgpressured region of ¢he scoeew. The exbsuder smaxed

and nelted 30 ,be fprpulation agn.gsext gyided b ot hroygh a3§loot dig ha\é!3 rgg a

slot width of 196 centineters and a sl ot thickness adjustable

range of from FiHsacEiridfeter t65%130 1E%r’m Aet-dr. thd 3553 19@)197/1554‘67

PCT/ US96/ 19361 Tio, (5)., kg 6.18 6.18 6.18 6.120 -6.18 e&ilpude€-18heet

was t hen cai&n@ggﬁﬂldﬁtdgscrlggpti o) of ofe typesz 00f&z cabender phat nmay be

used nmay be fo%nglonudan e(7SJm ted §:[4%t eSO.45 [} 0 0 0.45 0.45
SAA (B), kg 0.68 0.68 0.68 0.68  0.68 0.68 0
Lubricant (9), kg 1.59 1.59 1.59 1.59  1.5%  1.59 1.59

Process 0il (10}, kg
15 Added to Mixer 249.5 249.5 249.5 249.5 249.5 249.5 249.5
Added at Extruder 123.8 158.4 178.4 174.8 150.7 186.3 186.3
NT (11), o 0.254 0.254 D0.254 D.254 0.254 0.356 0.356

Notes:
20 (1) UHMWPE = GUR 4132 Ultra High Molecular Weight Polyethylene,
Hoechst-Celanese Corp.
(2) UHMW?E = GUR 4122 Ultra High Molecular Weight Polyethylene,
Hoechst-Celanese Corp.
(3) HDPE = Fina 1288 High Density Polyethylene, Fina, Inc.
25 (4) Hi-Sil® SBG Precipitated Silica, PPG Industxies, Inc.
(5) Tio, = Ti-Pure® R-960 Titanium Dioxide, DuPont.
{(6) Cyanox® 1750 Antioxidant, Cytec Corp.
(7) Ronotec®201 Antioxidant, Hoffmann-La Roche, Inc.
(8) SAA = Larostat® HTS-5055 60 wt% Octyl-dimethyl-2-hydroxyethyl
30 quaternary ammonium methane sulfonate on 40 wt%¥ Hi-Sil® ABS
Precipitated Silica, PPG Industries, Inc.
(9) Petrac® Cz-81 Lubricant, Synpro Corp.
(10) Tufflo® 6056 Oil, Lyondell Petroleum Corp.
{(11) NT = Nominal Thickness (10 mils = 0.254 wm; 14 mils = 00,3556 mm).



Pat ent No. 4,734,229, including the structures of the devices and their
nodes of operation. Qther calenders of different 5 design may alternatively
be used; such cal enders and their nodes of operation are well known in
the art. The hot calendered sheet was then passed around |
to cool t heV Q 7 The rough edges of the cool ed calenderggﬁhﬁkhgkﬂ
were trimed by rotary knives to the desired wdth. 10 . The oi
filled sheet was conveyed to the extractor unit where it was contacted
by both liquid and vaporized 1,1,2-tr|§QIoroetherne (TCE). The sheet
was transported over a series of roller37in a serpentine fashion to

provi de mul tiple, sequgntial va r/I

extraction liquid in the sgthﬁl\ﬁagxﬂﬁ’ NEaj nedqi/aotﬁgt8 nei%%%%%lr grlggd"o&% 5t rom
65 to 88[err] C. aueérddrmiitiomsnuelre shrmrveli:t he TCE extractor was
returned to a still which recovered the TCE and t he processing oil for
reuse in the process. The bul k of the TCE was extracted fromthe sheet
by steam as the sheet was 20 paGsieal poperungdShe unit. A
description of t hese t t u States
Pat ent No 4,648, 417, pré‘lolgl ng eé‘%%e@‘ir)% me?ﬁglls?t%r E‘g?éu%ggg%

devi ces and t hei equiptes erﬁ.tbpsmeam mﬂ.lsTstssdrmt tpacalenided 2.6 centmaaheant
heat and convect v in ' i h was wound
on cores to pr ov%‘dg8 radolﬁe;lts;?%%c i %?géég %%u§¥%ebtp°%?§%§%§?#gsp'ﬁ%e§?%r mul at i ons
and nom nal thickhdessgons pexf lihearrimetepor ous sheets are shown in Table 2.
WO 97/ 22467
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Table 2 10For mul ati on No. 4 5
6 7 5 UHMWAPE (1), 8 44. 4
52.8 0 0 UHWA g 0 0

0 0 54.4 54.4 HDPE (3), kg 42.8 38.9
?g-gol 52'961 %901 159@!:1 stg;.srzﬁzf 24§‘9<}11a‘ﬂ@ é:f')alulﬁlgﬁ.}tit trg se%gg 1
6.18  6.18  butgride dCag 22696231 wag adfed tg, aalifersmé M3ReEA (6),
;gt q Ot s 79°C in a %3@35 conQat:t7 r. Qostjh:.s mn.%:ure 6 greQns of 600 45
0n4%0X| ant ) percent concentrated n1tr1c ac1d was added. The reaction

mixture was stirred for 15 minutes on a hot plate. The glass
container containing the reaction mixture was then sealed with
a 1id and placed in an oven at 95°C for 2 days. During the

20 two-day period in the oven the precipitate in the reaction
mixture was peptized. The resulting colloidal dispersion was
concentrated in an unsealed container to 506 grams by boiling
to produce a colloidal dispersion (scl) containing 10 percent
by weight colloidal hydrated aluminum oxide.

25

_ i £ . c cos
One gram of poly(vinyl alcohol) (Airvol® 2058,

Air Products and Chemicals, Inc.) and 2 grams of
hydroxypropylcellulose (average molecular weight 370,000;

30 Aldrich Chemical Company, Inc.) were added to 100 grams of the
10 percent hydrated aluminum oxide colloidal dispersion

described above. The mixture was stirred until it had the



SAA (8), kg 0. 68 0. 68 0. 68 0. 68 0. 68 0. 68

0 Lubricant (9), kg 1.59 1.59 1.59 1.59 1.59 1.59
1.59 . Process O 1 (10), kg 15 Added to M xer 249.5 249.5
249,5 249.5 249.5 249.5 249.5 Added at Extruder 123. 8

158. 4 178. 4 WO 72p4¢] 150. 7 186. 3 186. 3 NT (11), PERUSI6/19361
0.254 0.254 0.254 0.254 0.254 0.356 0.356 Not es: 20

(1) UHWAPE = GUR 4132 Utra H gh Ml ecul ar Wi ght Pol yet hyl ene,

Hoechst - Cel anese Cor p. (2) UHWWPE = GUR 4122 Utra H gh Ml ecul ar

Wi ght Pol yet hyl ene, Hoechst - Cel &Rese Cor p. (3) HDPE = Fina

1288 Hi gh Density Pol yethyl ene, Fina, Inc. 25 (4) H-Sil[err] SBG

Preci pi t at ed Si pPeearamee ¢hHicdusideprssolugdon and they iy Eperfiitersqi- Pureferr]
R-960 Titani um bhodidfa PEWUsh screed Gho YRRRELES %@Z@&ﬁr&ewlﬂﬁnt,

Cyt ec Corp. (7)” Ronotec[err] 201 Antioxidant, ff mann-La Roche, Inc.
(8) SAA = Lar ostrashes PRrHFID0SS BOPAMCS: SceSAtLiag netRPsi iR dr oxyet hyl 30
guat er nary anmoni um et hane sul fonate on 40 % Hi -Sil[err] ABS

Precipitated Silica, PPG Industries, Inc. 9) Petrac[err] Cz-81
Lubricant, Sgnpro Corp. (10) TLﬁﬁlﬁW&é@_ G 1, Lyondell Petroleum
Cor p. (11) MI = Nonpfalnalbigkiiests(df mikkSpordiendediialldeM | s =

0. 3556 M) . WO 97/ 22467

PCT/ US96/ 19361 coated by distributing the above coating cowposition across

In the Exanpl esengh@od @lel @Wnid c088 e AlenBE PEE H1E8Sporousdit &ARH1 LhPRneper €
observed: Cal endering M croporous Sheets

A Bel 0it Wheel eA*RBIRY theocembisg deweBire fidile MeyelyWippoiPuRtt Fodt eel

roll's was us@d trfeCedRRACErLIOwe8OtdHER Br driedX Zhe0r-e8Midingt 8barShget s of
m croporous material at 175 ki | onewt ons per |inear neter. 10

Preparation of &8 PHivesr Piaypbrs| gfpms per square meter, dry coating weight
The preferred coating weight is 12 grams per sgquare meter,

dry coating weight. Uncalendered microporous material was
‘coated in like manner as a control.
15
EXAMPLE 1
A sheet of microporous material having a nominal
thickness of 0.356 millimeter was calendered for 5 passes at a
roll temperature of €6°C to produce calendered sheet having a
20 nominal thickness of 0.254 millimeter. The calendered sheet
was coated and the coating was air dried. The dry sheet was

then calendered once.

EXAMPLE. 2
25 A sheet of microporous material having a nominal
thickness of 0.356 millimeter was calendered for 5 passes at a
roll temperature of 66°C to produce calendered sheet having a
nominal thickness of 0.254 millimeter. The calendered sheet
was coated and the coating was air dried. The dry sheet was

30 not thereafter calendered.



Wth stirring, 248 grans of alum numtri-sec- but oxi de [ CAS 2269-22- 9]
was added to 2 liters of water at 15 70[err]C in a glass container. To this

m xtur.e 6 grans of 60 percent concentrated nitric acid was added. The
reaction m xture was stirred for 15 m nutes on a hot pl }ass
cont ai ner cont YN?¥HF4’he reaction nmixture was then seal ed wi fﬁ&mg&ﬂgﬁ

and placed in an oven at 95[err]C for 2 days. During the 20 two-day period
in the oven the precipitate in the reaction m xture was peptized. The
resulting colloidal dispersion was concentrated in an unseal ed
container to 600 granms by boiling to ﬁ?&&uée a col |l oi dal dispersion
(sol) containing 10 percent by wei ght coll qi dal hydrated al um num

oxi de. 25 PreparationEéﬁxgﬁﬁﬂ% ng Conposition

One gram of poly(vinyl al cahgkée(:Abfwmc{zepb}o@EnS;enal Abvidy @duehinand
Chem cals, Inc.) and 2 grans_of #/droxy %{ﬁl o?_e (aver age
mol ecul ar wei ght S838%RRAF °f3p-3R6gPiL "Gﬁ"é'rﬁl A% RREPES &fded to

100 grans of the us:.ng 1£b1aer a€ HmbARdE afcReh ahupamur@mdi@reah&wlcdaéndered

S\bsgs; 25227 gsglrzll?aevq.ngbgvneomlna trgn.cScness\ABfSOS}!é Igc%l.untl | llgg had the
- 32 - appezaasfferdd ahéétcaassobatddananthet bemtixig was did deiedl
t hrough a 100 masrgl ‘gﬁfen 39 37 nes%hesreggr cen ter, 100 nmeshes per

i nch) to produce R BPE e ‘Calendered. Coat i ng
Procedure Cal ender ed sheets of mcroporous material were
coated by distributing the above coati ngg%ti on across the top of
a sheet of cal endered m croporous nateri hen drawi ng t he
coating down i8si ng a #18 Mpysheeti of-wicogoradt matérille of cBdmmchlshib@mt S wer e
then air dried. ngiﬂgsmnto{nggalc%gtilcpgess of 0.254 millimeter was calendered

for 5 passes at a roll temperature of 66°C to produce

calendered sheet having a nominal thickness of 0.203

millimeter. The calendered sheet was coated and the coating

15 was air dried. The dry sheet was not thereafter calendered.

EXAMPLE 5
An uncalendered sheet of microporous material having
a nominal thickness of 0.356 millimeter was coated and the '
20 coating was air dried. The dry sheet was not thereafter

.calendered.

The sheets of the above Examples were tested for 75° Gloss
according to the method of TAPPI Standard T480 om 85. The

25 sheets were printed on a Hewlett-Packard 310 Ink Jet Printer
and the print density was measured using The Answer II
Reflection Densitometer RD-922, Macbeth Division of Kollnorgan
Instruments Corporation, New Windsor New York, in accordance
with the accompanying operating manual. The results are shown

30 in Table 3:



is between 9 and 15 grams per square neter, dry coating weight The

preic erred coating weight is 12 grams per square neter, dry coating

wei ght.. Uncal endered mi croporous material was coated in Ilke manner as
a*cpntrol. 15 EXAMPLE 1 A
sheet of m cMPBVBHT nateri al having a nom nal t hi cknes BCHUSH/13%8
mllimeter was cal endered for 5 passes at a roll tenperature of
66[err] C to produce cal endered sheet having a 20 nom nal thickness of
0.254 mllimeter. The cal endered sheet was coated and the coating was
air dried. The dry sheet was t hen cal3gndered once. 25

A sheet of m croporous nmaterial having a nom nal t hi ckness of 0. 356
mllimeter was cal endered for 5 passes 3abke 3 rol | tenperature of
66[err] C to produce cal endered sheet having a nom nal thickness of
0.254 mllinmeter. The cal endered sheet was coated and the coating was
air dried. TheEipl&heet—nwas—3a30inot—thereafter—tatenderdd 5 VO
97/ 22467 Visual PCT/ US96/ 19361

- 33 - 5 Appearance Very High HEYWMVPLE S&tin High Matfe sheet of
m croporous material having a ®dmeshal Glosg hi ckiinish of @o8%H6 niRikbisket er was
cal ender ed for 75o gasses at Ygi Ng rokbs at agbient rgepmtenpggature to
produce cal ender%gt sheet havi ng a nom nal thickness of 0.254
mllinmeter. Th&F ;"'és Ender ed Sheet qu goated and thg goati ng yas air

dri ed. 1ol he drygﬁﬁgt was ngt’ her eq,f r calépflered.; of 0.90

EXAMPLE 4 Cyan 2.07 2.13 1.68 2.15 1.74
Magenta 1.20 1.25 1.14 1.27 1.08

Although the present invention has been described
15 with reference to specific details of certain embodiments
thereof, it is not intended that such details should be
regarded as limitations upon the scope of the invention except

insofar as they are included in the accompanying claims.



10 A sheet of mcroporous matecial of Fornulation 5 havi ng

a nom nal thickness of 0.254 mllinmeter was cal endered for 5 passes at
aroll tenperature of 66[err]C to produce cal endered sheet having a
nooi nal thickness of 0.203 mllinmeter. The cal endered sheqhs¥gfsaoat ed
and the coatinyOPE2248%s air dried. The dry sheet was not thereafter

cal ender ed. EXAMPLE 5 An
uncal endered sheet of m croporous material having a nom nal _thi

of 0.356 mllineter was coated and the 20_c9§t_i ng was air dried. The dry

sheet was not thereafter cal ender ed. The shee _ Wﬁ“‘
Exanpl es were tested for 75 err] 4 oss accordi ng tom“ m
TAPPl Standard T#BB®™ih 85. The 25 sheets were printed on*a Hew et - PacRard

310 I nk Jet Printer and the print density was neasured using The
Answer |1 Ref | ecti on Densitoneter, R 2% Macbet h Di vi si on of
Kol | nor gan | nst runent % Cor}B’of‘ﬁ{;’r%lrﬁ cﬂéé/ %éor New York, in

accor dance with the atgonparheay apedatopmromanuatierighehavwdodl ts are
shown 30 in Table 3:
PCT/ US96/ 1936F -
Table 3 Exanpl e material on a c@ating-free,3printing ink-free, 5

Visual 5 Appear ance Ver%dl—iiig%er#gjsaﬁg_free?g g'rrlér ]r}_.oaprfg%: Matte

\gQE%Zéggﬁgiposing sides,_t§§4m%croporous

d oss d oss Fi ni sh d oss 0SS 90
80 55 80 24(1) aPmapripeeppisting essentiaply

1. 62 1.58 1.36 1.58 191y waterY®hl Wbl 0. 96
0.97 0.97 0. 96 R %/ana X 207 2. 13
1. 68 2. 1% 1. 74 thermoplastic organic polymer,

{2) finely divided substantially
' water-insoluble filler particles, the
filler particles being distributed
throughout the matrix and constituting
15 from 40 to 90 percent by weight of the
microporous material, and
(3) a network of interconnecting pores
communicating substantially throughout
the microporous material, the pores
20 constituting from 35 to 95 percent by
volume of the microporous material; and
{b) an ink-receptive layer joined to at least one
side of the microporous material, the ink
receptive layer comprising hydrated aluminum

25 oxide.

2. The article of claim 1 wherein the
substantially water-insoluble thermoplastic organic polymer
comprises ultrahigh molecular weight polyethylene.

30



Magent a 1.20 1.25 1.14 1.27 1.08

Al though the present invention Eg_s__t_)g/enckas,c_rjﬁﬂd, 15 with reference to
speci f.ic details of certain enbodi nents thereof, it is not intended
that such details shoul d.be [ lnm‘t ations upon the scope of
t he i nventi onweweaps? i nsof arﬂ“ﬂi‘t“ﬂg“mmu 'uded i n tRETAISSGIPPEINYI NQ
cl ai ms. WD 97/ 22467 * n *

PCT/ US96/ 19361 - 35- CLAI I\/IS 1. An
article conprising: ' (a) a sheet of mcroporous material
having 5 general |y oppostmf si des, the m croporous

material on a coating-free, printing ink-free, and

i npregnant -free basis codpri siThg:article of claim 1 wheredy thenfifnely

consi sting esSeﬁﬂﬁfaghysﬁgstantlally water-insoluble fl§ﬂ§§§é§9¥i Ady
wat er -i nsol ubl e 10 t her mopl astic ani ¢ pol yner,

(2) finely divits®rigpRrasipitaged silica particles. wat er -i nsol ubl e
filler particles, the filler particles being

di stri buted t hroughout the matrix and constituting
15 5 fr-om Fbet}rtHFlperk clpinyl wheghin dthet he

M cropor ous matgid-2kceffidre layer also comprises watkrsdRIMR KifHer
i nt erconnecti ng pores conmuni cat i ng subst anti al | y

t hr oughout : the m croporous material, the pores 20

constituting from35 to @5 pergeNirdd¥ie of claim 4 wherein the VOl Uunme of the
m croporous nmaterial; and (b) an ink- recegtl ve | ayer joined

to at |east ongidter-soluble binder compHisest VRHRF fPeFRYR CshsuiRteerERPT - t he
i nk 10 receptive layer conprising hydrated al um num 25

oxi de. 2. The article of claim1l wherein the
substantial |y water-insolfubl e TPReAHISEEsPH Claiyahivdepsty fée conpri ses

ul trahi gh nol ecidcai--vei@dlle pelueldywl efiar 30 water-soluble hydroxypropyl

cellulose.

15 7. The article of claim 6 wherein the
water-soluble binder alsoc comprises water-soluble poly(vinyl

alcohol) .

8. The article of claim 1 wherein:

20 (a) the substantially water-insoluble
thermoplastic organic polymer comprises
ultrahigh meclecular weight polyethylene;

(b} the finely divided substantially
water-insoluble filler particles comprise

25 precipitated silica particles; and

- (¢) the ink-receptive layer also comprises
water-soluble binder which comprises
water-soluble hydroxypropyl cellulose and
water-soluble poly(vinyl alcohol).

30



WD 97/ 22467 ' PCT/ US96/ 19361

- 36 - 3. The article of claim1 wherein the finely

di vi ded substantially water-insoluble filler particles conpri se
pregipitated silica particles. 5 mu “uml“n][he articl im1
wherein the  WP#AK23Eteptive | ayer a” I ulupl l I er - sol u%Fi’Ug;ﬁﬁl%% .

5. The article of claim4 wherein the ¢ ‘waf'erZsolf ubl e binder conprises
wat er - sol ubl e cel | ul ose ether. 10 6. The article of claim
5 wherein the wat er-sol ubl e cellul ose etfier is water-soluble

hydr oxypr opyl cel I ul ose. 15 7 The article of claim®é6
wherein the wat er - sol ubJ e bﬂdgt@]‘%occor@r .ses water-sol uble

pol y(vi nyl al cohol). ) PEXSHR article of claim1
wherei n: 20 (a){a}t he shést aft mhdrtoporate matasidlubaeing

t her nopl astic organi c polynmer cq

g’;‘ﬂél-&e@ opposingbfi?%s A llu?] g ifrgﬁlx\g/zl[o I}i gh

nol ecul ar wei ght pol yet hyl ene; ed
substantial ly matepliadr onns gloablingfireeerpypating | sk-doapr i se
25 precipitated _gilic il es, d e (c)
t he i nk-recept?ve | ayer al so corar‘ﬁrai %’?sr%gggﬁé £re€ padld COmPEITATET - sol ubl e
bi nder which conpri ses (1) a matrixwedmyissdhg ldHssehyialdyypfopyl
cel I ul ose and wat ey - Vi cohol ). 30
VO 97/ 22467 bEbaRk LR £ ALY teii 19361
thermoplastic organic polymer,
{(2) finely divided substantially
10 water-insoluble filler particles, the

filler particles being distributed
throughout the matrix and constituting
from 40 to 90 percent by weight of the
microporous material, and

15 {3) a network of interconnecting pores
communicating substantially throughout
the microporous material, the pores
constituting from 35 to 95 percent by
volume of the microporous material; and

20 {b}) an ink-receptive layer joined to at least one

side of the microporous material, the ink

receptive layer comprising water soluble

binder.

25 10. The article of claim 9 wherein the
substantially water-insoluble thermoplastic organic polymer

comprises ultrahigh molecular weight polyethylene.

11. The article of claim 9 wherein the finely
30 divided substantially water-insoluble filler particles

comprise precipitated silica particles.



- 37 - 9. An arti;% (a) a

sheet of mcroporous material havin general |y opposi ng
si des,. the m croporous ~a coating-free,
printing ink-free, 5 “!“mnﬂm free basis
conprising: WO 97/22467 (1) KOmsi Sting ePSHAISHHINBE of
substantially water-insoluble t hernopl astic

or gani ¢ pol yner, ' (2) finely divided substantially 10
wat er-insoluble filler particles, the filler
particles being distributed - 38 - t hroughout the matri x
and constituting from40 to 90 percent by wei ght
of the 12. The antdcdpordgdaimtiss whkerefmndthes

(3) a network n

conmmuni cat i ng <G S% %ftﬁfilg B%‘?‘nr Ougﬁﬂ%fsses water-soluble cellulose et{xﬁr

m croporous nmaterial, the pores constituting from
35 to 95 percent by M Cr opor ous
material; and 20 13- B? artr?cllﬁ ?fr ec%gﬁ{loivéej%a er rl%?ened to at |east
one 5 water-solublsj del bflosheetiarr dpovaiey - ﬁﬁ%‘éﬂﬂahydl'mrnkyl
receptive |ayer, gpg,%él ng wat er sol uble bi nder. 25
10. The artlcle 0 aim9 wherein the substantially water-insoluble

t her nopl asti ¢ organi c pol yner conpri ses ul trahigh nol ecul ar wei ght

pol yet hyl ene. 14, hdlarclBge 3d icGhn Ofs Ghakal:d cperein the
finely 30 divided substantially water-insol ub iller particles

conpri se preci platgregelihiliechingan Pé?%scmrlses Watmmilﬁ&bly (vinyl

PCT/ US96/ 19861 a1conol) . - 38 -

12. The article of claim1l wherein the wat er - sol ubl e bi nder conpri ses
wat er - sol ubl e cel [ ul ose et her. 13. The article of claim12
wherein the 5 water-sol uhkke cghl 48 ctdi@ribEng\at er - sol ubl e hydroxypropyl
cel | ul ose. 14. The article of claim13 wherein the

(a) a sheet of artificial paper having generally

opposing sides, the artificial paper having

15 ' been produced by compressing a sheet of
microporous waterial having generally opposing
sides to permanently reduce the thickness
thereof so that the thickness ratio is in the
range of from 0.5:1 to 0.9:1, wherein the

20 microporous material on a coating-free,
printing ink-free, impregnant-free basis prior
to compression comprises:

{1) a matrix consisting essentially of
substantially water-insoluble

25 thermoplastic organic polymer,

{2) finely divided substantially
water-insoluble filler particles, the
filler particles being distributed
throughout the matrix and constituting

30 from 40 to 90 percent by weight of the

microporous material, and



wat er - sol ubl e bi nder al so conprises water-sol uble poly(vinyl 10 al cohol).

15.7 An article conprising: T ——f(ay—a——sheet _of artificial paper
havi ng- general |l y S|des t he art|f|C|aI paper
havi ng 15 been produ g a she

ni cr opor ous mat¥P ¥4 avi ng general |y ml mﬁ, * BEnl 7US964RL s ¢ o
permanently reduce the thickness thereof so that the
thickness ratio is in the ‘range of fromO0.5:1 to 0.9:1
wherein the 20 m croporous_rmnaterial on a coating-free,
printing ink-free, inpregnant-free basis pridt - to
conpr essi on conpri ses: &1% a matrix consistin
essential ly of (3)  a networfhof ANEIFPRPSREERT -HIFES| ubl e 25
t her nopl asti ¢ organi ¢ pol yner, ' communlcating substéﬁbla&nﬁE&ntdﬁgmmmed
substantial ly i nsoluble filler particles,
t he fill th‘f)d?’ﬁr(?P%’émﬁef“ﬁ@eﬁ’la&f r PR (.Pp

t hroughout the matrix and constituti Bgns€ituting from 35 to 95 percenErBﬁ140 to
90 percent by ¥eight of the
material, and

(3) a network of interconngeli ngnpiileSeceptive layer joined to at least one

conmuni cating substantially througho st t he
ni croporous material, the po-ress"ge of the sheet of artificial BAPEF{uting from

0 u
volume of the mlcroporous mg) Qai; and

35 to 95 percent by 5 vol une of the m cr opor ous
gﬁ‘teerl al; and (ter tlciie f:ecqtalu\t/telg % g;:e ?:edntﬂg at | east

- 10 receptive layer comprises hydrated aluminum oxide.

17. The article of claim 15 wherein the
substantially water-insoluble thermoplastic organic polymer
comprises ultrahigh molecular weight polyethylene.

i85

18. The article of claim 15 wherein the finely

divided substantially water-insoluble filler particles

comprise precipitated silica particles.

20 19. The article of claim 15 wherein the

ink-receptive layer also comprises water-soluble binder.

20. The article of claim 19 wherein the
water-soluble binder comprises water-soluble cellulose ether.
25
21. The article of claim 20 wherein the
water-soluble cellulose ether is water-soluble hydroxypropyl

cellulose.

30 22. The article of claim 21 wherein the
water-soluble binder also comprises water-soluble poly(vinyl

alcohol) .



side of the sheet of artificial paper. 16. The article of
claim15 wherein the ink 10 receptive—layer conprises hydrated al um num

oxide.

17. The article of claim15 wherein the

substantially water-insoluble ther m)p”m,l”ﬂllﬂmﬂ | ymer conpri ses
ul trahi gh nolwoetzmémei ght pol yet hyl e k mn”m PCT/YSI611261
article of claim15 wherein the finely di vi*dedl substanti al | y

wat er-insoluble filler particles conprise precipitated silica
particles. 20 19. The article of claim 15 wherein the

i nk-receptive layer also conprises water=s# ubl e bi nder.

20. The article of claim 19 wherein the wat er - sol ubl e bi nder conpri ses
wat er - sol ubl e cel l ul ose ether. 25 21. The article of claim
20 wherein the  waler 50l ubhg £AlJcikose Glalfr 14 SBbek: ol ubl e

hydr oxypr opyl cel | ul ose. . The article of claim?21
wherein the wat er - soladbl éhbl Wﬁa&FS@%HﬂF‘FW%’?@Q sol ubl e

pol y(vi nyl al cohol). 28Afhic i

PCT/ US96] 19361 thermoﬂ@QSQZé A po}?mza ?omprxses

23. The artiBle of claim 15 widEsalpigh molecular weight pglyqthylep®stantially

5

10

15

20

25

30

wat er - i nsol ubl e (b) the flnélt}eaﬂpme@sghssg,ggalpy pol ymer conpri ses

ul t rahi gh nol ecul ar _wei ght, g yet hyl ene;
water-insoluble fillerxr partlcles comprise

precipitated silica particles; and

(c} the ink-receptive layer also comprises
water-soluble binder which comprises
water-soluble hydroxypropyl cellulose and
water-soluble poly{vinyl alcochol}.

24. The article of c¢laim 23 wherein the thickness

ratio is in the range of from 0.7:1 to 0.8:1

25. In artificial paper having generally opposing
sides produced by compressing a sheet of microporous material
having generally opposing sides to permanently reduce the
thickness thereof so that the thickness ratio is in the range
of from 0.5:1 to 0.9:1, the improvement wherein the
microporous material on a coating-free, printing ink-free,
impregnant-free basis prior to compression comprises:

(1) a matrix consisting essentially of
substantially water-inscluble thermoplastic
organic polymer,

(2) finely divided substantially water-insoluble
filler particles, the filler particles being
distributed throughout the matrix and
constituting from 40 to 90 percent by weight

of the microporous material, and



(b) the finely divided substantially wat er -i nsol ubl e
fitler particles conprise precipitated silica

pafticles; and (c) theTnk=Teceptive tayer al so conprises

10, wat er - sol ubl e bj | i ses
wat er - sol ubl e WQ8FE4r opyl cel | ul omﬂﬂmm&wmmﬂ PCTRFSI1 ubl e
* -L s

pol y(vi nyl al cohol). e of claim 23 wherein
the thickness 15 ratio is in the range of fromO0.7:1 to 0.8:1

25. In artificial paper having generally opposing si des produced by
conpressing a sheet of m croporous material havi ng general | y opposi ng
sides to permanently redu the 20 _thi.cknes . t he thickness
ratio is in the range ?:g)f fraoﬁeb‘f’%?klo?ol%t.egg%g%feﬁpn%%enent wherein
t he m croporous material orcamomixtdtiggfsustapriailynghiqughpueecthe

i npregnant-free basis prior to_conpressio I S&S, ; soe (1)
a matri x consisting essentiall 3}“18”812%90%5 HatEHIR, Stk por%%bcsotngﬁﬁ%ﬁng

wat er -i nsol ubl e thernopl asti ¢ from 35 to 95 percent byyvgiwre qfokheer

(2) finely divided substanti altr{igrgﬁ&eg < iselubhe

filler particles, the filler particltes belng

di stributed throughout the matrix and 30 constituting

from40 to 90 percent by %i.gh'i‘hmr&fsécéifé?paper of claidl 25NEhdBeSLOPRL OUS

material, and
PCT/ US96/ 19361 substantially water-insoluble thermoplastic/prganic polymer

(3) a network %fog-hg%gésc%?ﬁggﬁidﬁgmgﬁﬁﬁar weight polyethyleme. CONMUNI cating

substantially thr out m cfoporous material,
the pores co¥stituting _ from35 to 95 percent by
volunme of the 5 27. The artifiORAl PHSerRreEiMm 25 wherein the
26. The artificial paper of clalm25 wherein the substantially

wat er - i nsol ubl e fimelvobividetcsuhsgantialdy yager-insoluyesfillar BREY HHiSsh
nol ecul ar wei ghteRgkysd teeiBitatea silica particles.

15 28. The article of claim 25 wherein the thickness

ratio is in the range of from 0.7:1 to 0.8:1.

29. The article of claim 25 wherein:
(a) the substantially water-insoluble
20 thermoplastic organic polymer comprises
ultrahigh molecular weight polyethylene;

{(b) the finely divided substantially
water-insolible filler particles comprise
precipitated silica particles; and

25 {(c) the thickness ratio is in the range of from

0.7:1 to 0.8:1.



10 .. i 27 The art|f|C|aI paper of claim 25 v Bf?_f)hég_'g“

finel i d| vi‘ded substantlal ly water-insoluble filler particles nprise -
preciprtated silica particles. 15 28. The article of (ﬁpa?rﬁ"‘aﬁ
25 wherein the thickness ratio is in the range of from 0. 7: e
29. The article of_clajm25 wherein: 6& the sulggMEE
wat er-i nsol ubl e 2BCT WORLD T L A R s LT Lo i C pol yYeis
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(54) Title: PRINTING SHEET
(57) Abstract

Printing sheets comprising microporous material or compressed microporous material having an ink-receptive layer joined to at
least one side of the microporous material or compressed microporous material are particularly suited for ink jet printing. Preferably the
ink-receptive layer comprises hydrated aluminum oxide, and binder comprising water-soluble hydroxypropyl cellulose and water-soluble
poly(vinyl alcohol).




