; e3et FRO6f Ts~C6 May 2003 WO 001 31752 TI TLE PCT/ US99/ 27558 FI BER COATED W TH
WATER BLOCKI NG MATERI AL 5 BACKGROUND OF THE I NVENTION 10 15 1. Field of the
"Invention The present invention relates to the use of a mater bl ek Ro03

mat eri al mp gpﬁ jormof a surface coating on a fiber. The g %99{7 gmay be
used in a er optic cable to prevent water ingression |ntot e cable. 2.
Description of the Related Art Many processes for the treatnent of
substrates with water blocking 20 25 3Q naterials are known. In particular
fibers, fibrous materials or yans are i ulggnated wi th water bl ocking
materials in certain applications V\/nere wat er i s undesirable. For exanple,
wat er bl ocking materials are used in fiber optic cables to prevent
i ngression and pr JIBFR (MAJERIVETH WAHEBMJ@CKIM@(MT%&L@QI es are
normal |y Erade by surroundi ng wave guides with reinforcing fibers that
prevent elongation of the cable, and those reinforcing fibers are then
encased in plastic. If , OYINIhOH ThHr INNENTEINI e, it nigrates
inside the cable, usually Iongltudlnally by capillary action, until the

wat er contacts the sensitive wave guides and ultimtely opti cal network
connecti on bdxekieldibfthedwecrgitindes are nade of gl ass, and when contacted by
wat er becone dull. The efficiency of the signal transm ssion through the
wave gui de drops until the wave guides can no |longer transmt a signal.
When t hatlOhappens Tﬁd]ﬁestmtru'ugmhtipnrrtiam toftht lwse ofiblveatsrblockind masdrdd and

t hen repl aced. Sipce these fiber tic buri ed under ground or
may be pl aced™ 5W%Ff5xw]t2a Blbrlﬂfcﬁrﬁo(ﬂm ﬁg%eige 6‘?"%?&6%%% U§C5d8t4 on and
repl acenent dfbetrfwud@ﬁul@ed p@@i&nltmmhgfésemaht@tmmbw ti me consunm ng and
expensive. its *r:nnnn, S May 2003 WD 00l 31752 PCT/ El S99127558 As a
result of these problens there have been devel oped numerous methods to
protect the fj t]gésdpg,q,bﬁ JFahd Refdt@dawet er i ngression. One net hod has been to
coat the surrounding reinforcing fibers with a water blocking material so
that if Water should | eak through the plastic casing, that water 5 will be
absorbed by the V‘@M@x’i aﬂ Es!e@g‘oﬁﬁxfe%éa%{neﬂf‘of Ssbstatdd With Wile mﬁ}bl‘&%kﬁlﬁto
prevent danage to here are processes in e

treat ment of matggab qrgkngwm é@ pgmcular fibers, fibrous materials or yarns are

impregnated with water blocking materials in certain applications where

water is undesirable.

20 For example, water blocking materials are used in fiber optic cables
to prevent ingression and propagation of water in the cable. Fiber optic
cables are normally made by surrounding wave guides with reinforcing
fibers that prevent elongation of the cable, and those reinforcing fibers are
then encased in plastic. If water enters the fiber optic cable, it migrates

25 inside the cable, usually longitudinally by capillary action, until the water
contacts the sensitive wave guides and ultimately optical network
connection boxes. The wave guides are made of glass, and when contacted
by water become dull. The efficiency of the signal transmission through the
wave guide drops until the wave guides can no longer transmit a signal.

30 When that happens, the damaged portion of the cable must be located and
then replaced. Since these fiber optic cables may be buried underground or
may be placed along the bottom of large bodies of water, the location and
replacement of the damaged sections of the cable can be time consuming
and expensive.
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with water blocking material as an aqueous dispersion such as in EP—A 0 351
100. One disadvantage of this process is that the viscosity of

agueous Qb%gg{.g?ons is very high. In EP- A-0 666 243, a ngth ;\}%5 scl osed

in which glass tiber bundles are treated with a dispersion of a water

absorbing mat eri &s & fesallt @Ftlhcsé'\bﬁﬂﬂerﬂs}lﬂbbé(mlbéﬁh@@W’lhﬁé@huhﬁ:réﬁke vat er
absorbing nedium In the s derivatjves of polyacrylic acid are

di scl osed i Meppdy Wﬁe‘ééﬁg‘g.@ﬁ OPt‘SC%@ FON Apleraingresalos: Pre psthodases,
the water b 9§Bbé\916r@62ﬁrthels§n%{lﬁd 1ﬂfﬂré§§$ fibedsivith lar\'lﬁ'd;lfFll BloeRig Or the

treatnment of substrates, with per a

I ng nate
in the aquemﬂicrph’a%bthaﬂfe‘é’éteéﬁhﬂ%ﬁddﬁ%k Hﬂéug}hﬂ\maé!?tlc easing. ithattwater o
manuf actgre f [ al,
Convent i nal IALRRSrEE) by In AR bIFEE il RORE cEin i £ HEERTL
pol yacryl i cprevemt damagede the mead gmd@sacr yl ates, such as water-in-oil
enul si ons. These I L : J ter and
oil, and when th fﬂ&?éﬁ(}éﬁd@g&rs 1H|vﬂgl§h?lge g%ﬁ%gfbggﬁéﬁgrlggégﬁég%oﬁat he wat er
and oi | rrustwntiewa&rdwledkm‘g‘haateembasahnaqumlseiisms:iomsuchssimEBde-lt| onal 25
pr ocessi ng t ne intensive, |im roducti.vity.and i s an
B ronment 315 08 OrPd hhydab GRS Fropes b b RO YREOM, BB g Bgent
that isieff aqueyes dng;jenssorﬁ;aswerphﬁg@pl y to fi bers. None of the known water
bl ocki ng rraterlal dto strate,. C | et nmeet the
Fol Lovi g Tour ol &8RP A4d astefodis FRTRRFY Lolhaes gty ol at oq
manuf ag tur lb'b@nﬂmlﬂré mtﬁdsthgl | @"tspeﬂshﬁl éﬂﬁﬂﬁ/hfe@'fgbsﬁaﬁgeﬂat@riam in &€ oil,
man act ur i AEerPByPAY IR BByl LuEVEE: S6mHemedEGNhah {NSAE: nf or ci ng
super absor bepdy &é}ﬁzﬁﬁ'e%lﬂﬁidlﬁé&yﬁb'%bnmwhs%ﬁ)s%w Woognlsqaalas@hg&ert ies and
a |l ow tendency to generate deposits when 2 |1 WO 001 3

PCT/ US9922735s0rbing materials. dn &péibaaseﬁo&bﬁdvaaercwéklastmeanaha@@ psed in

Convent i onaly,feRG-80 @!@iﬁns%kme?{réatﬂﬁe%@of‘%bswaﬁe C%h'tﬂgfﬂ;ﬁ erSubstrates are
known to be prone to deposits due nostl |g stifrness of the film
formed or tlbdperbirg matvrealy hem@eorpiameddnéh%awusp age. |Blesgt§@udsmo.°»m crons.

S Secondl vy, eSERLF esalhgsﬁe W th

convent i o%al 1-ré;‘l’tejhr)der @(%mﬁ’?&ﬁe 3{)113rs c%ét}gres é?%??l}ﬂg for exanple, during
t he extrusi @nmdSIfymgagmes | ayer jacket of an optical cable. Therefore,

such coaped S“bStIBa%c%eFﬂ'lsEoﬁ)\?en"ﬁ%nﬁf‘}efxﬁu?ﬁ? h?(?&?ﬁ%*xﬁtérf’al? 'tﬂxs% c% stering

probl em™"For exa wat er 1 n ol sl ons super absor po yrrers 10
contain a sdhﬂcledrpalmcrpho:pand/ioonrcmb linﬂdedrpo(ymrylateajﬁl)ch\ﬂmmemodause

blistering u hav. bent
pol yners are"e‘atq‘ L’J’g g[‘hggg\%pcgeéii\g?t%}ggon%ﬂ% e a?sa%l Qf‘ﬁggﬂﬁéégéﬁ imental to
t he overal | dljahdtwhaf thehmateatal és applieditioys, ﬁbér@rs&ahssqsmeefdwwwtr\mdh t he
super absor ben‘tS %ﬁ{ygrrer nmus V\nthsta d te Lur es cou tered during
t her mal pr odBsEMRLDC STRRVES: reé&wzﬂ BWUH lsrf"é‘rﬂ above It is
known i st h raéésstdpstepmit iS ¢ReFggLinesREN, hnﬁts»ﬁred@ctﬁdtyrmtd fsainer at e '
tenperature ¢ C|In gg gerefore lose their ability to absorb water. The
detri ment al flsmis generally associated with the formation
of inter- chal n anMﬁt iFhesedeal ﬁ{ereﬁréiqea W‘eﬁér BletRink lagkRt thaBRAITRAVEaPPI NY
network for the "ingressing" water. Fourthly, nost aerial or |iaison cables
(soneti nes rasidds easly ffbaBBl)’rtios@?Cféabl es) which connect aerial/underground
cables to buildi & infgGnhte Bkl Wheh appliéd /g | n nost
regi ons where thggogrgfﬁgéegm‘%her e?gﬁgﬁlﬁt IS tggisentlg Pﬁa‘tt thé cable in
gener al 3nd Whetrasacemplelply mgetthefollowing faus griteriadefinediastideal 1o freezing
condi tions. ture does not only
affect the dﬁﬁg%@g{rﬁpbg}aﬁ{dlk?ﬁc ﬂﬂa&a@?é?ﬂoﬁﬁeﬁ{a Eg(c) may cause i nternal
damage rel at ed t oFirstethessiihstratd d:@tcd)wltmheagpuebmrbmtmqumar must bbendi ng
CIUSTI P9 o1 Yy pIRBLERR Synd Gt ERShBh be RBhAIS AL 1 1e
This means that the reinforcing superabsorbent coated substrate must have

35 good frictional properties and a low tendency to generate deposits when

el nd cont ai ned



30 is absolutely essential. Unfortunately a |arge nunber of known

super absor bent polyners not only contain water but also are not resistant
" to freezing conditions. In view of the above, an object of the5Mays2003

i nvent i o beirer provi de a substrate coated with a water bicaakéongrszat eri al
whi ch neets the four 35 criteria discussed above. Such substrate is highly
pr ocessabl esprslsdniribadidgd arduridey c@@Qptical Bberf Convamdonad spperabssrdehn! er ant ,

that is resistant to freezin nd t.e rature,cycling. SUVWARY OF THE

| NWENTT O 5 PO a8eh 161 s daftBl of STERTaES e kb RpuPtiecOBh Mo t 1 a vt er

bl ocki ng maideposits dlreahb oit;)myatmdelshign sﬁﬁhgﬁtdfahéﬁlﬁﬁﬁoﬁmeﬂroﬁ?Qh%ﬂSperfS: onwn _
conpri sing a supergbsorbent, po r and, a ti.ng agent and an oil, erein
t he superab§@@ﬂ§#§al6’iﬂwc‘|es”ﬁ%g§@ﬁis’ PW%%@%E‘%{“_SM from0.5 to 10 wei ght
percent on the Wegbhdl9f tHehesidigaPwhRe pidself in sBSIr&ics chbix@dsviger absor bent
polymer is in the formof particles having a particle size bel ow 100 10

. |
i crons, wh&PBY§AtigNal Mqr?b@rgﬁ'&d{"?}’@e%? cabisrs Rigsteringy fapexampléyi ng a surface

tension bel @@ tHE Ekirﬂﬁ%%%@@ﬁwmﬁf jacRBOo Lo SYichl CABleO I Theéforé, kmemati c
viscosity of 507to 350mmR/s at 20C. The fibers made according to this

i nventi on n&yclbeoated gubsteate mustpr as dasas pessible &0 Aveiddhisglisteang al in t he

manuf act ur e | G b dha ' l.cal cabl es
That tse. opt o s S Sy s e e o ert B il LED

DESCRI PT0 ONcohtain pesybstaniizhprapoionraf wates(upctoal /) phichcmayedusd t h wat er

bl ocki ng matgs.] ' 3 ' L.spersion

conpri si ng tz?%sstegiél lgta‘gg‘%)nr %Jel%'ltt Hg%ﬁlyar%}}éa g%ﬁ qgé@bé%?gg%?%ulp %‘fﬁﬁ%ﬁ*’ﬁﬁq The wat er

bl ocki ng nmatpelymaérsaire exeugedsleone ¢amapntemperawresamid thuabeldetiimental be sur f ace

of fibers, Eﬁeng%‘%ﬂoqq?WSFggcg’%E ng action, and does not inpair the
a (S '

mechani cal ter e'fiber. The fibers are usually used in the
formof multifil drhdrdlyythe sabstraté icbated svithatt ersupksabsoidienagolyntoranest or ot her
As used herei

5 SR G B RerGRESR R, YR bl oo
bound form telxatusiongitosessanheritidried above He iskiparabs tieanthapehoseer or _
an’ amount _oPPEELSOTER PSR g PO EalR SEPeraire S AGRETedpict ne © |
di sper si on. |Sspgeitbitifyeotabsortyweres. Tisedettimentd! kbemivArhéchanizan iPe a
crosslinked, partially.neytralized pol.yacrylic acid (see U S, Pat. No.
4, 654, 039) , 8snerallysassogiaig: \wglp{bea% ation of Ynter-cﬁam anglygrldes wﬁlch

20  does not constitute a good entrapping network for the “ingressing” water.

Fourthly, most aerial or liaison cables (sometiines referred to as riser
cables) which connect aerial/underground cables to building networks, are
exposed to freezing conditions in most regions where they are used.

Therefore it is essential that the cable in general and the coated substrate in

25  particular be resistant to freezing conditions. The formation of ice within the
cable structure does not only affect the dimensional stability of the system
but also may cause internal damage related to the reduced flexibility
associated with a microbending crushing effect. Therefore, the strength of
the coated substrate in the cable is very important and therefore its dryness

30 is absolutely essential. Unfortunately a large number of known
superabsorbent polymers not only contain water but also are not resistant to
freezing conditions.

In view of the above, an object of the present invention is to provide
a substrate coated with a water blocking material which meets the four

35 criteria discussed above. Such substrate is highly processable, essentially



30 neutralized starch acrylic acid graft polynmer (U S. Pat. No.
4,076,663), a crosslinked, partially neutralized copol yner of isobutylene
and mal efic anhydride (U. S. Pat. No. 4,389, 513), a superab3dtaA®3 pol yner
saponification product of 4 WO 0013175? 5 May 2003 PCT/ US99/ 27558 vi nyl
acetate-acrylic acid copolymer (U S. Pat. No. 4,324,748), a hydrol yzate of
acryl am de polyner or acrylam de copolyner (U S. Pat. No. 3,959,569), a
hydr ol yzat ewaiér fiza agCieyaitiniertdle@ntChpal yesetant(tdfr&ezingahd tehperalr38if399) ,

m xtures thereof, or copolyners thereof. The 5 teachings of the above
patents are hereby incorporated by reference. Mdre specifically, exanples
of a superabsorbent pol yner SSiMMaRIYeOF THEUNEENTIONe di spersion of the
invention include a partially or totally neutralized, partially or totally

crosslinked pol y(acrylic acid) ive rtlaII totaIIy
OO e O e T S PR B BRSOl el

su: f?nﬁlt e) 1dﬂﬁdeva;:] eslmnélBMoﬁ?S)ﬁeeaxspambn adnhg(?smg als@ietdbkorbenie ﬂsgarmrrak@d .

pol y(chl orotr | nmet am ng cryl ate) .derivative artially or
Potai Ly or CLetimineeN Al b P F A TG P B BRI VA ErIBT { hor cof

?r COIF—)|8| th&r,IA\D Beg HD®e1|g<}ik$elEé§ﬂBﬁ)HﬁtS)ve€gfht m%/&icﬂﬁtdlﬁiﬁr %SWBithd: M 3200 aVFli |b|ab| e
rom Hoechst ua Kee m_At ochem. an ech avail abl e
from Dow CHUR§TERsProehEpalymgs myf %bﬂ"ﬂé’ pa F%‘Pgéﬁ%ﬂas’ﬁ%%g%l%t on the
coat ed 10i behictods, Whe@iheettihg dgeTy Qs@'émtemng@g&t wm@htsuﬂwecaﬁion based upon

t he wei ght ég’f hhe 20 uncoat ed fi ber gg to ng wei ght percent

i s preferretf BUPSYoDs pEMslEH@nd ﬁBPd ‘”Q@F WP“WH@"W%TQF’ ? Bcking ef f ect
may be ins La‘sbhﬁf@ntzam wm&rsrmme&oadaﬁg ta ey @véntion way Bhilise@ dorcexmhplehe
processabil i % . L. he yarn Gan beco tgqgllffl ult because of deposit
formation, PFEPTIRAIRET m‘v\?ﬁ“‘lé“f‘?mﬁ‘é FoLs PiPdet g ‘§‘é’a‘ﬁ‘i° fieP Y# B3R ngs of the
super absor bt oftiohlycalles that wedoptibal Magh gridds dardbm@mniaston m@hsnfissamt.i cal . | f the
fiber 1gcludes a sizing agent that is added prior to treatnent of the fiber
wi th the superabsorbent pol yner dispersion, then the values for the
percentage by wei ght refer to DERAIED DESGRIPTION t he untreated fiber w thout
the sizing agent. The superabsorbent polyner has a particle size | ess than
100 30 mcrons, preferably less than 20 m crons, and nore preferably |ess
than 5 mcrons. ﬁu@eersahaﬁemﬂtremed 1y AETber doated Wih Patet blodkehgshatersal bt 100

m crons or gﬂ @}er ﬁg use but have probl ens %f %ungln or ~aggregate
formation. HHEES hFsSHTANEYAERo dISBYEPR BPTSYE A SURSEAPFIPOhROIYHS @M E e si ze of
Ei he \40 OCH@EI%E@ nE:dey ﬂ@%temlélh@%t?ﬂaﬁ5&36ph’@&hﬁ:bﬁ@hbleigfeasﬂglaypgﬁﬂ and |

i spersing t or bent ney, in a dis i ng mediu The typica
particle si9 ec?f“ gﬁ%é $ 074 goggk%,er B@‘r‘f‘%t“ﬁqg‘ﬁ‘f@&‘gﬂwﬂlt i s provided
bel ow. 5 r onecheni&DEhardcerigits of thetibert tb'hmﬁrmamﬂa/aﬁecﬁﬁ%ermm biUU to ~L5
mcrons:i U-4U' LoBelow i uu m cronsp- i his table.sho t hat
Comor e ol PR e s T phar b oot e B SR E IR oo much
great er than thaAsyeche¢inaht ol “disatidlly vidie fio¢ asans thithodree water isNor mal |y,
such superabsorbent ,pol yners ar.e u ed to c i ene rod cts whi ch
i o ara R SRR Sr e I 4 S5 Bl s PReioGaGr D ST

superabsorbent polymer or dispersing medium. Practically speaking, such water is present

usually in an amount of less than two weight percent of the total weight of the dispersion.
Superabsorbent polymers useful in the invention can be a crosslinked, partially
neutralized polyacrylic acid (see U. S. Pat. No. 4,654,039), a crosslinked, partially
30  neutralized starch acrylic acid graft polymer (U. S. Pat. No. 4,076,663), a crosslinked,
partially neutralized copolymer of isobutylene and maleic anhydride (U. S. Pat. No.
4,389,513), a superabsorbent polymer saponification product of



Therefore, another aspect of the present invention is to nodify

super absor bent polyners so that such polyners have a particle size bel ow
100 microns, preferably below 20 microns and nore preferably b&Maw260315
m cr ons Wby igs2are four general nethods for obtaining a FPTASWLRBISBent

pol ymer having a particle size Less than 00 mcrons. First, one can take
super absor b&‘i‘g'l pestgtgmacsylicacid %§°¥merc@ﬁ§epéi-é‘ﬂ¢')ﬂvé%i7ﬂ§lalae pol yners

Cer eeni . e P a2 very

screeni ng. ack using this techniqu It has a very |ow
and vari abl BayNs. 4,950+ ahgdralyzateofien acrivlesitrite ceptdymee (Hr®ferred to

. . . tiol .
prepare or pht N&3$§wgﬁﬁ§ﬁg§ﬁbﬁ &yganéor}{)bgzh%gs AR QR I particle size

bel ow 100 m cr ons, : and nore preferably bel ow 5
25 mi cr ohs. teachings pf diccabase patents arechereby intaperated by refeeergper absor bent
pol ymer is equal . { i e filLher to be coated.
One nethod is dryog? ?hﬁ%lﬁéﬁ&,@?{ﬁg}ﬂggspgfr%g@eﬁégﬁméﬁ(}] %/Jr%&.gl%pr)ri or to

di sper si ng swieabdel fernsbdn thedispasiomef thernvériah apduds apariadiyum Particl e

size as |low_a m cr.ons gan r i ha.the ndux. CGS air jet 30
grinder frofl B BB BT R PR Stk OB&Z}C 43 Wo 00131752
PCTJUS99/ 27a&d) dedvdtbre (PADAY 4 partwallygrritondilyarosslinkedsuper asor bent  pol yner
per f or at _high.i nt ensit that .is i ndi,ng which takes, place at greater
Phan’ 157800 PRRbLUBI TP s ust ARty i R B SR R S8 s MirBt o er f r om
Kinematica A&ivaiveqP AMPSIUppartiaiigrdrastallydrysstinkedpobARhlstospersed 5 into

t he di spersing gle I um ?twl | 1 nogﬁer. met @)&ﬁ%‘)to m}éﬁut he super absor bent
pol ymer havfrh'ﬁe yirpinogthyl-aerylated derivatiye "(:?Bf\"s“ rng the

pol yneri zat 't(StHlI?Erdsbﬁhlﬁélpﬁﬂmeﬁﬂﬂe)@dﬂrwmi'&/ef(m?ﬁnmﬂ%er' c

ingredients. In this process, the superabsorbent polyner is prepared by
provi di ng atheseRfier C@i’Olb’H@rsl@eﬁ‘mferabsorbent pol ymers descri bed above,

partially or tot E&h&y‘f&%ﬂ%@\i PR NdRESARQERIM Fbd NhiRbfA8hySt and a
crosslinki ng agent, a|5|3$ﬁ§t e tenperature of the nononer to initiate the

h
pol yner i zat Hogchst AGeAgyadrrep® vailable foAyAtechanemne Brvideck®r i ng t he

pol yneri zat L9 foRY PR ehbiscdihe water to produce a pol ymer powder, all
the while p'I?OJé/‘IiaI ngoa shearlhng rate 15 of at |east 10,000 revol utions per

m nute during thdhesuperabperbenispolymepisbouldeeapissenyirsr theanpateg fiberdnt i cl e
Step, the mianouns P Fom D3NS 105 WA eEE R baEd bt WEweR KW 2t 07
crossl i 2Ri nyneopded fibad A saregeyadt Odao HO vecighperoent is paefeareddweanseni ng a
v ocer bom g BBt PP Sl PRI SRR L 2L o The
of the nonorertainarsos ahd akovig5 dgecightipercent thieymdeesEakility of dwaydrarcanol vent
e e % s o Al B BRSPS 82 ot
wat er shoul ds pessitile te@usy Righet loadinysadfahe edpanabssibernpolymesuprshwet t i ng agent
(SWA) ©35 b%ighcr loadings are not practical. If the fiber includes a sizing agent that is
added prior to treatment of the fiber with the superabsorbent polymer
dispersion, then the values for the percentage by weight refer to the dry
weight of the untreated fiber without the sizing agent.
The superabsorbent polymer has a particle size less than 100
30  microns, preferably less than 20 microns, and more preferably less
than 5 microns.
Superabsorbent polymers having particle sizes of 100 microns or
greater may be used, but have problems of lumping or aggregate formation.
These problems may be overcome by reducing the particle size of the



added during the polynerization step by blending the SWA in the solvent in
an anount fromO0.05 to;10% preferably 0.5% based on the wei ght of the

sol vent _and S¥\A only. The SWA and sol vent are added to the WZO%
sol uti oﬁ‘,’o?ﬂ’;’é ¥r abl y in a weight ratio of SWA and sol vent (ﬂrﬁ@ ‘ %’ ueous
nononeric s ' s B erki Ig,%a%gq r are
renoved by .Ip‘é%flhﬁpggné;?bg){%gxhgen%ﬁgﬁgﬁsaq%ﬂﬁp@%f@??rﬁ? Pgéﬁl eIl %i stillation

t enper at ur edisperaigumedingependi ng on the sol vent used, dependi ng whet her .
vacuumis avail Q%QG (3 IAGPA Coy .St ion can be 35
performed. Typi gﬁ‘? aga] er?%ysg% oﬁgggﬁghﬁﬁﬁ?é@é’ns g%%e%%d at 80 to 7
WO 00/ 31752Kee®I31P1 Q715 pssvidad ®elavunder vacuum It is al so possible to
add the SWA wit hout solvent directly in the nononeric solution since the
surfactant effect of the SWA is al so observed i n aqueous nmedi um As used

her ei n, t hEFf@ER U0 WWO0MRRReNA Super WelltIMGIBgENt having 5 surface lensi on
bel ow 30 m|Llinewtons per neter (nN/m | Preferably, the SWA has a surface

tensi on be| BIWMZZAP ROVSHIRORIAAB ar e dilscr92@d, for exanple, in Pol yneric
Materi al s EprirtTOORE 25 X rgRE 10— SriTjcygugpdiptymers,—CREPress—1996. This
surface tepsion is lower than usual surlffactants based on organic oi|s which
are in the| Bglye 160 nmgrans 35 nlW m 10 BdadpVes of SWAs include: 1.
t ri met hyl sH-are—2—a—potyethytene—oxide—{(PEQ—moti-f+ed—trrethytsi | ane,
that is, a trinmethylsilane branched with a pol yet her contai ni ng sequences
of et hyl eneTbisitdbleshomsl thatcamimteciaEPARD) indudds pdymegy partistes3aying uppl i ed
by Th. I S ] r 3. LS . A xi de (PEO) -
nodi fied t r%%ﬂgcigg?ez,gE?ﬁéjl gIl:)é @ tetre{h?lj} #@$g§gﬁgdg?ﬁ%(?ﬁ@é“%?%%gppol yet her

cont ai ni ng ssgoaocaNomhakdy hspichrseperabserbenbpelyeress avei whed((&CORO) , such as
Tegoprenb878 avail able. from,20 Th. | dschm dt AG 5. pol ydi met hyl si | oxane
(P s Bufat piruiss BTIERabie PotaaR e s ComPa R B ane. ¢ hat

i's, a pol ydpamichydizt¢! oxane branched wi th a pol yether containing sequences
of ethyl ene oxid r | ene,oxi de (EQLPO), suych as. Tegopren,. 7008 25

avai |l abl e from Tﬁhg &%séﬂﬂﬁh&f aﬁﬁcg ?g}k?ci%ffé‘?'ﬁé?"‘f?g’d’i“f‘gg‘g"&q‘é'xane such as

t he Tegppremﬁé&m@tlmﬂymewmﬁhw&pﬂmgm Bive'arliete sidydblosge to using
an SWA in pibémarl zati or} |a§ tFalt a Sggera sor.bent ‘ﬁ_oi.eyrr@r h?w g a
relatively $MaPHeronsapreterablsbolaw 20 gieransagd mereqtigterakly belatiger absor bent
pol ymer jhavidigronsparticle size below 5 mcrons, with a high percentage of

particles bel owi,n‘icror} The snmaller the parti.cle size of the
super absor bent pahgrasare foHe gengrakmet fepphtainga superabeebenht er . and t he

| over the !g@lj@n'i&l‘leviﬁé‘Epﬁﬂhéiér%fzeqessttlﬁﬁnflbb%icﬂﬂ%d_s to be because of the
i nproved di st |b%t|on of "the smaller particles inside the fiber. 8

irst, one can take superabsorbent polymers, such as the

commercially available polymers mentioned above, and separate out the
20 undesirable large particles by screening. The main drawback using this
technique is that it has a very low and variable yield.

Therefore, the other three methods are preferred to prepare or obtain
a superabsorbent polymer having an optimum particle size below 100
microns, preferably below 20 microns and more preferably below 5

25 microns. It is preferred that the particle size of the superabsorbent polymer
is equal to or less than the diameter of the fiber to be coated.

One method is dry grinding of the superabsorbent polymer prior to
dispersing the superabsorbent polymer in the dispersing medium. Particle
size as low as 5 microns can be produced using the Condux® CGS air jet '

30 grinder from Condux® Maschinenbau GmbH & Co..



S May 2003 WD 00/ 31752 PCT/ US99/ 27558 The di spersing nedium may be an oil,
a superwetting agent, a blend of an oil and a superwetting agent, a finish
oi | conposition, glycol, or mxtures thereof. The oils which rdyap&08sed in
a super MOOV/BEAE pol yner - oil 5 dispersion include m nerB¢T/H89987558eget abl e

oils, and fully synthetic oils. Such oils should have a | ow viscosity, that
is a kinematic vildBeer {nethods wet %@ﬁﬁﬁ@féheaﬁupfmésoﬁ?e@ﬁépb}ﬁm}f 80 to 200

miP/'s at 20Gerfothidded ,hig}gmeﬂiiihﬁ tHARqs)! giirhﬁm%é W&ﬁdakxsd pra%bzai Lagert hat is,

t
|l osing eithér less than wei ght per cent en exposed to heating at 150C

for 2 hour s than 12499 RRNK sush ap bjaisirg thedylegairon@h MT SRpBgaigrenizereat i ng at
230C for 2 : eso | ' Lgclosed in
Us 5, 130, 873 BAgERARSZE0I408! (F SUBLaBsTUn RIUASE KR FellARPe bl 0%
finish oBl dotpdei disparsingamedinm.udes 30-70 % by wei ght of an esteroil
| ubri cant conposeg: . ' | - 5Q9 I ght of
an 1 S emul sirrFyi ﬁ%’@%&@%ﬁgﬁﬁgiéﬁgﬁ%ﬁg{egtg é%lllgp g(g%g#ﬁ%(g?ﬁ?? glé%%% gci ds .
or al cohol s partielehsizey/leas dtinal 00/imacrions dprifsg thePolgmeanization oftheet | ¢ agent ,
0.2-2%of a corrqsign inhihito X .onal.l ther ;additives, ln order
for th(:a oi | %"8"*??3\?88%“1%Pﬂbpa{{‘é’r%‘%ﬁ“@?ﬂ’ﬁ‘@@%‘%&‘?#ﬁ‘%’&g’e gsoé’é, 1§tpr9%es§,rtbg erred
that the estsaperdbsosbemn patyomat is prejared &y ipreviding 4 wnanier sifalié ¢ agent
i ncl udes, .a derivative of 20 sul fonat e and/ or. a phosphate. These oils may
'S0 | nafuasunstitspriint bolf aitserdbat fhuEctiafly Be SRENE e ERE o
'([jihs'?l osefl !][th@&&a&ﬁt&, Qaﬂing:&géataiysfaﬁdlgtrdsﬁﬁhldgg\ggan@gﬁkﬁﬂgftgé39 Eyst emI

at emul sifying system may be replace a as descri bed above. In
that case, ttﬁ@P%VﬁPern@W %B’é%mﬁb o 1%%% _%‘HQ’"?&‘I@EW!O _Fhev\!&‘PEPr,ne_F,s_ present
i n an amuntmgintfinithy e tefpefatiy m% i pitEblizRfonl hRd @vhp&atRgehd | on.

These oils advant ageously contribute to the waier bl gcki ng action of the
super absor beNatepsp prrduceya polyBer REWAsE.cll the vdiier prodidipg @ sBsanng r#et ween and

anong t heg suiesiabsedao RLKITRINSARE MifhRurfABE cAdKANREESOT these oils
are that they enhance the processability of the coated fiber and 30 they

p_rlovi ﬂe agtimpépp@amowéét_@)\ring@naﬁ@clpisw@rbekpw lpﬁéniﬁ_rlgrpﬁe_rsi ng medi umd@ s an
oty i nel ude:an o dREYcRBEARSG Befoi the pofint faftn h IRERBLARE TEA, UM
typic gfglb?/ u33@fdhb_rto@drhymrtmrballjg newtralizzd m@nmert rassbnkibgyageot amihgo,s V&o;tn .
o1 onty. o ChlSEOi BERGERA rp e ABRE oRibRE S Wl Buca bR R &2
g}/\gcﬁf)gtmngltm;gf)dresm?nmelr@ mgéﬁmmpbb@mrmﬂbm i) hagwdmaﬁbm salvehte wat er
hydr oph?l ic- Oﬁié)klglﬁr%&ﬂgirﬁ%gmgbw %éggﬁ@%gwﬁgﬁfgg&mwmﬁ’sper si ng
medi um and fdérosslinlonghpgentram catalysh ohinglkydrocarbandolvast mrayhedy€6nCaE, wet ti ng
of the nmultif |¢g nt fiber surface whi gg restél ts in_a .hongv%e eous coating

that allows & aqcocgoqxhﬁro&atgcdb\&e JEh “ﬁ Iasfﬂ’é‘rat'fgo aln a desired
wat er bl ocki todueid. datthe evapdrationtstéps the solvent as well as the water should be

‘ 25 removed.

In a preferred embodiment, a superwetting agent (SWA) can be
added during the polymerization step by blending the SWA in the solvent in
an amount from 0.05 to 10%, preferably 0.5% based on the weight of the
solvent and SWA only. The SWA and solvent are added to the monomer

30 solution, preferably in a weight ratio of SWA and solvent to the aqueous
monomeric solution of from 1:1 to 3:1. The solvent and the water are
removed by distillation at the end of the polymerization. The distillation
temperature is adjusted depending on the solvent used, depending whether
vacuum is available and depending whether azeotropic distillation can be

35 performed. Typically a water-cyclohexane mixture can be removed at 80 to



honogeneity and faster ,dynamic wetting allow the on-line application of the
wat er bl ocking materialf to a fiber. 10 Alternatively, the dispersing nedium

may al s ter-free SWA alone. |If the dispersing negj i 3
glg;col a’ﬂ@“&gﬂ may be et hyl ene glycol or pPopyI e%e g%@@sb%% ot her
deri vative Mc%uemacu'ﬁu{ _mﬁralscgf?@s]s%w%’hdme SPFA Yttt soidediene propyl ene

oxi de enul sifyi ng agent may advant ageously contrl bute to
the prot ectdltmtlwfmtﬂnmmppmwc scb,mcm et thetsuffagtant ngfecfrchﬁttm SYek & ng nedi um

may al so i Orﬁﬁgd;g%e%ré@& @Eb‘ggﬁgaﬁ?ﬁomom tions such as dinmethyl sulfoxide,

pot assi um ures thereof. The anmount of antifreeze
conposi tion may mseu.midldrmnzﬂledvahd‘SNéﬂ kmnnsmsu;i&amze(lu@ agemtthaoinggl ycol are

required tao,_l oin After the.
super abgor bsgﬁf%c%gqrvﬂg}bed ?g@iﬂ@ YV& [ﬂ)elrl %fen{f"&ﬁ%&‘ ?B%f:eral?lﬁe?ﬁl spersi ng
medi um r eme8B WA has 4 btﬁféoehenswmbehivaﬂédﬂdbﬂVSuch ISWiAR\aee discdos, €5r bl ocki ng

material is essent.i fr e Wmch Kk t he tial 25 sinpler to
appl y and sel"ﬁ'ﬂ}pz? ip dij S’%’a‘%ﬁtlgagf}?“cﬂfﬁ ng materials

t hat | requi {my\ﬁe@g kacJ P@édts l@%?@ﬁﬁﬁﬁ?}fﬁ% t@ﬁsxgges degér théin wabwl ngt the
acry ic water oC materi a i ber use erm
“Tiber” | nolGEEns b oed}*fg%rye@llafwalm,am @ t&ﬁdﬁ@%?@i@ 2 Sioimal s s
organi qof i @iaﬁnﬂggoﬁgwy§m@@d&ral and synthetic 30 fibers. Exanples for

natural organic fihers are cellulose fibers, wool fibers, silk fibers.
Exanpl es for synltﬁ@m%h)d baéﬁbc fibers are rayon fibers, fibers of

regener ated cel | @p6iyelyiaRabide tPEON BRI Fihe gmsﬂsﬁe g} ¥egters,

pol yol efi nes, pol itri yvi ny poI¥V|n alcohols
and the Li ktelmeéhx\lﬁrﬂmesbrfaaﬁhqmwrtb@rmiwthgre@@tammggsmnwm ethy,

fibers, net d\ébéﬁﬁ éaqléﬁ%g ; ceram'c

fi bers, m ndglrlg%BPpB'Zr @OW@%PSQ&%%%%FE I e$§%$§’§)g re??f;rgérs i ncl ude
gl ass flﬁber@pl(hclamd!/’f(i}bers nylon fibers, polyester fibers, such as fibers
of pol yet hyl ene e{@@g?@ At e) and pol ynet hacr yl ates, and cellul ose fibers

i ncludi ng ones o ated cellulose. 5 Prior to being coated wth the
di spersion, it i& amcdyethybuetomdtr(\PE:Ch)emmdiﬁledslisitmainei that ss,lmone dry to

protect ag t blisteri e extr.usion of the er_jacket of the
Cobl o and cEEppsghs PRttt ooy CHRANHERaBen e o MhElskl rS | ow
t enper at ur e@udEpro;iybm&@nﬂc (EOAD), suth as Tpgepren®S@ 78 3tailable Komer absor bent

pol yner, be to being dispersed in the 10 di spersing medi um
For us&Yin ﬂ’b ?I%SM@ ies, the fibers should have a specific breaking

gt arggngt h2(2)1;72 ﬁl/SSt 0 ,@t;zgxle(pms B8 g/ den) ang a spem?g rmdu:c us of
to cN dt ex to en i ber re fibers o
pol ymers that ar ly;éy]eye %&%@%d&?ﬁﬁﬁﬁ?oﬁ‘l‘ ﬁ§‘i Q¥ane, atnosed of

aromatic rijggsp olé’ﬂhxﬁ@th@ls@lo&ﬁﬁ@ﬁﬁah@ﬂed Mmtwbol9eﬂka%ﬂﬁnmhg%Q§emes
optionally, | n dition also thrg)qggh ot her” bri dging structures. The

struct ure” o?f ethyleng oxideropplgne exide(EQYROIasugh %Sh3m¢mmggener al
f or mul g50f 5\?51??%@3{“% t@oldg&ngudwﬁd\ 1-NH CO A2-CO n wherein Al and A2 are
I

t he sane or erent and si aromati c and/ or pol yaromatic and/ or

het er oar omat i ¢ r7.mpdyetheramo gﬁdaﬂlbﬁamsmmmﬁafeseprﬂs@ﬁ@éﬁl y A1l and A2
may i ndepen&{gﬁfa%}%ﬁéﬁnﬂrﬁ@&dg&@ﬁrﬁ gb &sel ected from 25 1, 4-phenyl ene,

, 3- phenyl ene, | ene I’‘phenyl ene, 2, 6naphthy|ene
1 5- napht hyl ene, The advmmgdiylwsmg axpSMxypbbnmmzmwmﬂyat@

A

hal ogers0 C thaCit; a Iskyd:rab@rba)tlpolmebhahhgmpa,mﬂeJsu@éb&ibwlivcﬁ(mlcransyI OXYy,

oy ol so beW Rt e pefipriabedipateies PR Y mERRcthe Gier ket OO

azoxygr oup. sizelbf ther superdbsbrbeat @lmnt@,smarfestdr ﬁﬂt psishérwill &sorbt .  No.

4,670,343 wherein e.aram.d i s m de i ch ny at |east |
8056 by 35 nRETcAnd the 1WERine dopding gt ie BoRmET prdhe Mhee nBeds b B
phenoxyphenydcadséof thk improved distribution of the smaller particles inside the fiber.




WO 00/ 3f 752 5 May 2003 PCT/ US99/ 27558 di yl ene which may or may not be
subsituted and the content of phenoxyphenyl-3,4"-diylene is 10%to 40% by
nmol e. Fibers derived fromwhol |y aromatic pol yan des are pref eY}¥ay2003

Exanpl esy@bo/ay7aim ds are pol y- m phenyl ene-i sopht hal am de agirénis99/27558
pol y- p- phenyl ene-t er epht hal am de. Additional suitable aromatic pol yam des

are of the foll otheglisgersiagunediimNilapibe hnXoi DaZupbbwBing agent; Ablerfld>- ) n 10 in

whi ch X t S, S02 nts H_ C - C4-al kyl
And Ar L andonis ol e HRSTBE e arvrd hpompotloReEbed from

1, 2- phenyl eﬁﬁxmlegsmakaﬁyl ene and 1 4 phenyl ene and in which at |east one

hydr ogen at om ma be. Ubfl tute hal o ezﬂ) atﬁ"nd/ r Cl- C4 al kyl .
Addi tives may be W RGN R ?Hﬁ‘? i $HPEF3Psp tpp YWels Yben found t hat

up to as nugfy éﬁsndr@%dhydé’\ﬁhﬂé}hl ofy, vegaeblenﬁlsym dlly®Rhédd silgrey be bl ended
with the aramd or that copollyrrers may be useg havi'ng .as much, as 10% of

ot her di ani fEchgHs shewlddpviesy Iop,gisgesity, Hat &g a H@"WW@FQ?FW&!{ 58en 20 as
10% of - ot hen sgingnRe; ;ﬁ%@e g?cﬁ%w sow%adoh%%m@zdbecmnﬁm %bﬁelef the

aramd. It 1s also ROSSI to use fibers co r|S|ng1mg1xtures of the above
material s .ﬁl@wduhch mahlﬂrasu%mtsthatmtln@nm er lesp thoorfpwright fibers nay

of 25 a di £ Peieanf WhEhEAERedYa kaliff o TS Y2 pbiks O R A 13UC FPON Ty
be rount) f Ma:uglurpemegnth’alm exmeised to heasg-at 307G rfar 2 dloapse or t hey may be
?19: : g\r,rve];]!t l;))er an S nﬁfles %Eg;&%%ﬁhu%%\g%% usé&'gfce;‘(gﬁ%giggllog%& riry:gte -filanents.
Further, t hé, B%TBSMWS)E,Zﬁﬁdé& oo examplke, &S §230;11 13alifalosesiasfisishuct ur es,-
i eh 2 BT AT SBT BR BT 00 o
i ncl udi ng f cempesed vhdnakghohand ﬁehtbox?he aéldbéﬁé%@ayevb1gl11tdﬂf zixhe wat er
D oekl I oLt 0L s RO R AR RS b R Sl < 9 e
contact ed waldohohi & etBoslylatudsalRylaneings; 5185% of alventiéRB3 agent, 0.2-2%
of a corrosion inhibitor, and optionally other additives. In order for the oil
to have the heat resistance described above, it is preferred that the esteroil is
an aromatic derivative and the antistatic agent includes a derivative of a
20  sulfonate and/or a phosphate. These oils may also include hydrophobic
active ingredients such as ketene dimers as disclosed in US 5,275,625.
For oils that include an emulsifying system, that emulsifying system
may be replaced by an SWA as described above. In that case, the SWA,
which does not include any solvent or water, is present in an amount of 0.05
25  to 50 percent by weight of the oil composition.
These oils advantageously contribute to the water blocking action of
the superabsorbent polymer by allowing water to diffuse more easily -
between and among the superabsorbent polymer particles. Other advantages
of these oils are that they enhance the processability of the coated fiber and
30 they provide antistatic protection to the fiber.
If the dispersing medium is an oil that does not already include an
SWA, then the oil dispersing medium may include an SWA. The SWA
may be any of those described above, and is typically used in amounts of
from 0.05 to 95, preferably 10 to 50, most preferably 30 weight percent
35 based on the total weight of the SWA and oil only.



WO 00l 31752 PCTI US99I 27558 further penetration of the water aI ong the
fibers. The mechani calfcharacterl stics of the fiber are not red by t he
super absor bent pol ymer deposited on it. Since a good water bI ) ﬁg{@ ction
is al re‘gﬂf"/égﬁ? eved with small quantities of super absor bEﬁTmﬁ?ﬁ’V on the
surface of the t

substantially |fry(l:1?§;\¥eA is}lga’f%at t ?‘@@g‘ﬁe‘ﬁgmé‘ %%?"Eggﬁgeggn
appl i cat i ondvandagasdodhewatdriddoekingtrhaterial d>féth1qamenﬁen,b’ﬂhetSWA

for Ziéﬁéi ahbdiiees TSy drBFhis G TRE BaPER of e Urmrb RO IRARYro o

cabl es, rsimg nmdiumlahdrﬁtmfr tH iobedin apnomaiom@gﬁmus laatl faster opti cal i ght

wave gu de or.o cal t|o ransm ssi n,fi.ober optic cabl es,
it £ o1 anenrmiopelfito IR HEN A0E TP N rS i ey o used as
tensil e | OMn’fc%lehé‘cﬁusfddaﬁhg tﬂzﬁt AbwEa Mv@éﬂbﬁkﬁné@f@hpcrdﬂ@@ﬂ)@l, the fibers of
the invention are n a&%s to these uses._and %be used in any

appl i cati orPOi]bHB?retolq ti“é‘ ired gvater blockingstecta FuFthen thisder t o hi nder the
propagat i oog{ogdeli€ity'ahé Ifast&hmﬁhﬁe%%ﬁg aRbwithe ofLiREE APFIREARIM oty mer i n

t he di spersing nediumcontairis fromO0.1 to ?0 % by wei'ght of superabsorbent
pol ymer, pr"éﬁt@frlélﬁplylﬂgﬂ@#ﬁgelftooaﬁb% based upon the total weight of

di sper gpng nedi gvf\tp\ﬁ'ﬂﬁlv%i?ethétﬁﬁfeﬁ’ﬁﬂéﬂgémﬂﬂ%afﬁisb be § Watg-FbeRAI ng medi um

20 includes an then"relative wer anounts of the superabsorbent
pol yner ar @élengeded to obtain a de5| red water bl ocking effect Hi gher

| oadi ngs of thej MERI ractl cal
because the stabfvﬁ%gﬁﬁg?g%%?lg@erm gﬁ%&rzggggyﬁiﬂ%a antl &/‘bﬁ?

super absor @yﬂolpopywlemnswcohonw dihepderivasiveraf glyaol. Fruethiertbe i s 25
selected fr T o y of the

di spersi ng %&H%Js@gg@t 0 thg@ggé’?gﬁ% gg?dgco fgn‘?raﬁ‘? %perm on on

t he sunfaceglydol iy dd\tmtageﬂibsly aoslt@lmlemm thd protequmtaﬁﬂme\dpemat d:Eblél ber is in
the formof_ a. mufti-filament or fibrous material, because when the
wat er bl oclf’igﬁﬁ%ﬁé?%f% is applied to these materials it is desired to
obtain the best mmqﬁ&rkimgtmahunﬂmytaﬂm ehnlewthdruadifesezef yarn in order to

t f'b ly b
i ng. t o mpRTisgsHERA Bps i SRS A Sa b o si ng. medi um

while stir rmn@kbm@e@mema moﬁﬁﬁomw&eeae icetnobititn mmag Weasasityuni f or m
dlstrlb |on 35, su sorben olymer into,the dis si ng nmedi um
't “an Phor caBleredinomingdh, il wragsapised tedowst s bath | s used
to coat thefrédzn%rp(lgmams%y@g dfbeat&{bemob@r ough the bath, then the

di spersion is conél nuous in notion, for exanple by t?\t |f{:r| ng. The

size of the fibehHerthe SHBW"%FHBFM:&QWB\% dispgrsion s apphiedto Beger optl c

t he sane

cables, is th@dfsE@rsﬁn?gﬂﬁdﬂfmfré Hinkrf melffbem ws%aed%@v& "'(ﬁ%%%rﬁnﬁé”'e
superabsorbent articles should have a particle size bel ow | 00

mi crons, pridter lﬂc;mgemmr@bste:cmly waker figeew Sp@r sakes they@iatsriad ni cr ons.
The di sRer t ating
proces?g fosérlﬁ xanplag ﬁ&l%rgg)ldr%%tﬁmﬁﬁoe?xe\n%? Oﬁ&ﬂ\égﬁegg ké , 10 spray
coating, i nneuesabrthawqung waje to he rempevashgs ome ateprig applyingsh

applicati Orihéﬁcgfhcggz%tﬁfbgﬁkﬁ‘}gﬁlg@nal ?(;alt-ﬁ)lepg any ot her known coati ng

devi ces. ston may be dpplied in a nufti step process
in which the fibksused hnranedxestevmr‘&ibcr’l’ imedudestfibers conipoped of organit t r asoni ¢

systens nay. i.n ofder t h e uni f.orm [ benetration -
1o the. ARyBiEAGic Tl S teaft AR IRE el utt wAS{ bl SSURERS] o
coati ng;Orretﬁb:ﬂ‘SI Exuinplds ﬁohﬁamrhl mganﬁrfmemmatwcqﬂmhmrﬁbers wool fibesgnat i ng
bath and the bers_to b eate throu h t ver,
ngher coat S iBTEeBEAmAles GF Siheff orBie ibptaire Syh FBeRe BB 1 br ous
nat e[) ials gfegématgdr&nalosaaélqilﬁhmarﬂtdir@maﬁb 20 ae§q561y6§tex$pr ay coating 20
may be use ition to jnuersion coati ec

adj ust ed beR¥ ?‘Besi’ 1 ?ﬁ’ﬂob’é’b@ﬂdi?’?fﬁ“tﬁ% Pﬂ g’é?@?ﬁﬁr*ﬁ’%s
process in BIlKe. tHaeniﬁléeﬁerhagaﬁ&dﬁyéﬁs awgtas@ﬁb&becewon ﬁt&er@%efa«trmved

has the additional advantage of significantly increasing the coat i ng speed,
and thus the productivity, since 25 ~ one can coat the fiber at high speeds
wi thout being limted by the residence tinme required to evaporate the

di spersing nmedi um Typical speeds are 60 mMmn for the fiber treatnent

ot her than during the spinning process, and 800 mMmn for the coating speed
during the manufacturing of the fiber.jgPolymeric fibers are known to absorb
noi sture. Therefore it is 30 preferredl to precondition the fiber in order

to feed a bone dry fiber to the coating process. This nmay easily be
achleved by conventlobal fiber drylng technlques or advant ageously during

B Y b1 —— M o, o Y "

(@]




14 WD 00/31752 5 May 2003 PCTI US99l 27558 range of 10 to 100C is
preferred, with a range of from 35 to 75C being nore preferredﬁMThg
invention will be explained in nore detail with reference to the?¥ 1% owi ng
exanpl eswo f3AVPLES EXAMPLE | 10 This Exanpl e is direct edrigsosy27s8s hod for
produci ng a superabsorbent pol yner which has a particle size of bel ow 100
m crons fr ofibersnosramic fibérslvagatmab ibsfES o Sbasandwhs liket tPedferseidn a devi ce

to introducg,sol.ids,as,weld as |iquj sai,d rgactor ;having a hi

otens! Ly oRpSind o8 3ia% bt arardit BarsomuOriiett Hy L Hods i g wi t 1
inert gas, as fibéns@s poly(kthSlérnpaphtalar) pnadpesyrasthaarylars, 4gl esllilesol i ng
devi ce cons'gsti ng of,. a 'aclfﬁ i n Wnti h ﬁ Geat transfer fluid is ci rpul at ed
at a target 88550 E'Pg’é’gt‘JETFﬁ JERAIETARHCEINO3Et or was used to pol ynerize a
nononer i el di NgPHosWPsdiAR 20ktRE Withh tHeydieperbivn, s Paé fereldaodry ¢he bel ow 100

m crons. Th? m croni zer was ,set at a rotation speed of 11?000 RPM and a 20
gi ven anmounflbgk scthabilis beng dry Grprotet againsigblisieting duumngyihGexHsioBs

hydr oqui nongf geakitdd jééﬁkti‘ﬁ‘_rtb{é t&blaahd t&@?ot@éﬂ?diﬁﬁ?ﬁéﬁ%ﬁﬂg WaehiRd i zed with a
sodi um or pot assi um hydroxi de solution at 20% This was done in a way that

t he tenper atahle is expased e tovs temperatires. nber digsame Baeon,dhiseprefsrakenper at ur e
il ! ! . j ! d
B o B o

of an aqueou | i m persu at 2% was to the reactor.
The sodi@m gispswsirigamedBwi.ut i on acted as a catalyst in the pol ynerization.

This solution Capgpﬁsesiﬂbﬁﬁértdﬁt&ﬂ:a Yesaﬂ‘}é fibdls SRRl Rl ipek in the art
for use in related reactions. ITe the tenperature was ‘carefully

mai nt ai ned hteaB0g stength bf/2:08itg133. DENAthy (2 e 3 §1g/dert) @ alspgcyfac dyl et her,
relative to RN i [ YRS to the reactor. The

et hyl ene gl ?%:ogllﬁh%i gl y(g:‘?’ %F‘Qﬂﬁg{&ggg%gt%s a gﬂ%@ 1inking agent in the

pol ymeri zati on ofArarmel fibergslare fibersdof fnlymeanthiae asupatiallys ed by any sim | ar

crossli §<in agent _kpown inlthe art _that,is at least a hi.functional

coval ent> or BebeRigieRfly 5 e sV rompesek T #rRmats inemIShEE as al uni num
sodi um 35 subiidceed thheugdlecabamidy eridgss drajptoaially, #O&ddition asortheoupdd for a
15 i WO 00/31 T.%Z. 5 NMay . 2003, PCT/ US99I 558 stabijliza ioriu @ ri 8d of 15
m nut es whi PHERPFASHES rﬁé-raﬁ*é“dsmllﬁ%{?g‘ﬁ]%“ﬁ ar’%%‘iso‘?‘?y ¢ elucidate

by the following general formula of repeating units:
20 (-NH-A1-NH-CO-A2-CO)n

wherein A1 and A2 are the same or different and signify aromatic and/or
polyaromatic and/or heteroaromatic rings, that may also be substituted.
Typically Al and A2 may independently from each other be selected from
25  1,4-phenylene, 1,3-phenylene, 1,2-phenylene, 4,4’-biphenylene, 2,6-
naphthylene, 1,5-naphthylene, 1,4-naphthylene, phenoxyphenyl-4,4’-diylen,
phenoxyphenyl-3,4’-diylen, 2,5-pyridylene and 2,6-quinolylene which may
or may not be substituted by one or more substituents which may comprise
halogen, C1-C4-alkyl, phenyl, carboalkoxyl, C1-C4-alkoxyl, acyloxy, nitro,
30 dialkylamino, thioalkyl, carboxyl and sulfonyl. The -CONH- group may
also be replaced by a carbonyl-hydrazide (-CONHNH-) group, azo-or
azoxygroup.
Further useful polyamides are disclosed in U.S. Pat. No. 4,670,343
wherein the aramid is a copolyamide in which preferably at least 80% by
35 mole of the total A1 and A2 are 1,4-phenylene and phenoxyphenyl-3,4°-
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After this 15 mnute period the tenperature of the liquid in the reactor
was raised to 70C to aliowthe pol yneri zation to start. The contents 5 of
the reactor was maintained carefully at this tenperature for aMay208H

m nut es WAh#OER752s sufficient to obtain quantitative pol ynfGTANPEIFSET t he

neutralized,acrylic. acid. The rotational, mcronizer speed of 16000 RPM was
mai nt ai ned Q‘eré%g‘ﬁ]g’ﬁ ”i‘méOﬁmVn’é?qa%stq%éﬁmeﬁ?éTdt%ﬁﬁ@?‘&BhP was then raised
to 125C to pimexgphéieylvRied;yiBas & PY%.avajoos dlyiRsle. Thi s separation can 10 |
al so be done byeErTiZ)%hanl cal , neans songh as uyltrafiltration or centrifugation.

After conplete B derived Bom whollyagematis pebraatides Hemrelsstegner was

obtained in the EQibRls finimhdd frelityiifilphedlkae tSohatizhid ied bel ow 20

m crons. After suit purificatic superag bent pol yner powder can
be 1 S Usedpely-pphpeylenetiercphtadamiden of the invention. The process

descri bed here Cﬂpdﬁﬁm%?%]fdt%{%l@%@ﬂc?gp%%%@?ﬁﬂ&&@@%@?%ﬁ%&f ot her

super absor bent polyners o e 1 nvent to sizes o 0 mcrons. The
typi cal parstrudteresi ze distribution was as follows: 50% of the particles
were below 8 microns; 20 10% of the particles were below 3 microns; 90% of
the particles were below 12 microns. The particle size was neasured using a
Mast er si zer M cr @iNH-Aarh-NeAvANHIOOt AuleRAs24E@-)nU. K. suitable for the

anal ysis, of particle size ranging fromO0.3 to 300 mcrons either in dry or
wet nedia. 25 EXAMPLE 2 A finish free yarn of para-aram d fibers (Kevlar

type 49, 1580wHichXX represprtis<) g $OLyNRaN, @RhY(I®ne di am ne terepht hal am de
was 30 treated w,th a dispersion, o 5%, ( wej suyper absor bent pol yner
as prepar ed acc\(l)\k(fFHEFSFBtSB;a 1(34-|a§lfyﬁ aﬁ%f’tgﬁl@"ﬁf‘gﬁ %"Qéclf‘d?"g}f:?’ﬁsséﬂwl‘?f us ;
5,270, 113 whiffRentnet YeRAIOREAM VR yhensicatel | Stplasnyisieaina 1,4]gHeny et

conposed of ap. al cohol and a carpoxylic acid, 20-50% by wei ght of an '

enul si fyi nga@{/]g’c\é( C@oﬁfﬂﬁ%@c?”&f%ﬁlgggéi gom aRydenybyittediwithhaloges ds or 35
al cohol g5 or yed/BPEylesadk@l Kyl am nes, 5-15%of an antistatic agent, and 0.2
16 WD 00/31752 5 May 2003 PCTI US99/ 27558 2% of .a corrosion inhibjtor. The
mai n conponent ofdditivesnay bewaed avithetheaaramd paghrin dagis it dapbres found f r om an

al cohol andyay G8MHAX ¥hinh &16% l%n%gg'}ﬁ', mmepgagmewcqa et rHéfBE”' es to
al l ow rapi d spreading of water dnong superabsorbent polyner particles

t her eby enhbl¢aied withethgearamigop that egpsglyansrs grayobe used hayipeg abawicbast

pol ymer. Th ; i | I | i ating on
Phe yarn whi o SEoiter dRamhe subtddiid fir IRENEEARe AN Gl 0Pds Buih® 00's:
based o0t has 0% efeothon disicid plelovide substitutest for ththdiasid diboradeefithear a- ar ani d
yam coat ed_ i the nentioned 10 di spersion, was tested for its water

bl ocki ng property in the columm test described bel ow. THE COLUWN TEST
PROCEDURE: The whtiealsol padsibig tavsé fibersfcaniyerising misfureshoSthExabopt e was 15

det et 13 bRt Bt Yo b PO 2oE1 0o
of the yam alsudie usedtin tabeotdange with thelinwenitioroin twhéchythe robeiostséstyvas
T wi, o ne SERPL M BT BRSB The t ube 1111 ed with the yarn was cut
The fibers of the invention may be round, flat or may have another
cross-sectional shape or they may be hollow fibers. Further, the term “fiber”
includes endless fibers (filaments) and short fibrous structures, microfibers
and multi-filaments. Further, the fibers may be made into yarns of short
30 fibrous structures, which are spun, as well as yarns of endless fibers. The
fibers may be used to make fibrous materials in woven, knitted or
nonwoven form such as including fleeces, wadding, and felt.
The fibers coated with the water blocking material of this invention
have an excellent water blocking effect because the superabsorbent polymer
35 applied to the fiber swells when contacted with water and thus prevents
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20 through in a direction perpendicular to its |ongitudinal axis in two
places, such that a cylinder-shaped test tube of a Iength of gg% Pas
formed such that the ends of the yarn bundle present in the thus tai ned
test t WROAHMoxi mately coincided with the test tube end§TWE¥E5SHne of the

ends of th est tupe.was onne tg}? ﬁtﬁ’él tent af vessel of wat er
and 25 sub eéd)epgr?“%nsf SOPET §rone Rg Hac[)sr etg)rec fnig@harti cul ar hei ght .

The time relgpracreeistics vethet filerent lnbexmpmredowﬂieesuperdbbsrﬁeﬂspoltyhm s
referred t astgetheg ghfl tine Tﬁ}lstlmalsw ure "gge wat er
bl ocki ng afenasitedron i IDGE 3 2OPRWRLST BlAgking aation; isalrgady achieved Withe t he ti ne
whi ch paSS%aﬂfc{u@huhéﬁoﬁ@cﬁ)ﬁérﬁ@édrﬁéhtqfoly&ﬂéﬁén ﬂfeeﬁﬁfhrcé ofehOfiBegike Of the test

tube and prior he 30 t”St earing he ot her gfree) end. The
t hr ough® f | Wgightandplumgofithe fibet dgﬁv@éﬁum@tﬁavum«%ﬁ@e st theons 17_ WO
001 31752 5chk¥d Hyer E@Mé’ﬁ?g‘%’d%ﬁiﬁ@sarﬁw ﬁca&i%ﬁts ab aﬂébegé&ﬂsﬁstw | nner

di aneter 5 mm Test outer dianeter mm Lengt test tube 50 mm

Nunmber of mli}ajDrﬁccségbﬂ@@h@@ﬁtﬁrmﬂﬁber of rreasurenents 1 per test tube

Hei ght of 1iqui qhgﬁﬁ% %%&rﬁc %{Hl W [)%’ln%’{e(ad yater The nunber

of yans in the tes e was c suc orrredfromthem
will full yekample, e ﬂbnnemnﬁ;rbmgdnamnal Bwsi:le thé¢ manafactare afidabless For a yarn

e %" Bl S G o ) B 9 20
accor di ng bptlt&i!(x)nﬁnanmauppamemnmmsc dnuiber pptt caEfeﬁ,enultvﬁlammas bl ocki ng
2cti o 1L, BBl HalBAT LS008 5o BB Bl O A bR 200, 10
air jet gribéderorfasarirfordng ﬂﬂessg hH]pwtebenJ tl@wﬁbbr&oﬁmhe mvdgnbxe afiedngol )r/ gﬁ; ' higo/
! o i R B B b ol e 28l 107 1
m crongs 2 dbdosb Graneini mle;/tmhm\dasmos}ﬁd agmﬂml@ftﬁe Sedrsi ons as in Exanple
éx\é\n t Ih varying aflmu(ﬁ%%%g@ ggpﬁ%absorgFt Ee‘ﬁ marr an t he finish oil of
nple 2 Yarns 5 FRPY8 ‘H?n’é‘ 6SPSHING 2 with the
| oadi ngs  amedplimf @ntdin® Gloav0.1 570 %6 Wigk 63uperabsorbent polymer,
preferably from 20 to 40%, based upon the total weight of dispersing
medium and superabsorbent polymer only. If the dispersing medium
20  includes an SWA, then relatively lower amounts of the superabsorbent
polymer are needed to obtain a desired water blocking effect. Higher
loadings of the superabsorbent polymer may be used, but become
impractical because the stability of the dispersion decreases. The quantity of
the superabsorbent polymer used in the dispersion to coat the fiber is
25 selected from the indicated range above based upon the viscosity of the
dispersing medium so as to provide a uniform coating of the dispersion on
the surface of the fiber. This is especially important when the fiber is in the
form of a yarn, multi-filament or fibrous material, because when the water
blocking material is applied to these materials it is desired to obtain the best
30  penetration into the yarn or bundles of yarn in order to coat as many fibers
as possible.
The dispersion may be made simply by adding the superabsorbent
polymer in powder form into the dispersing medium while stirring the
dispersing medium at a rate that insures a uniform distribution of the
35 superabsorbent polymer into the dispersing medium. If an impregnating
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5101~ 20 25 W. % oi | . % SAP* Exanple 3 2.3 1.2 Exanple 4 2.6 1.4
Exanple 5 4.5 2.5 ' = st?’:)erabsorbent polymer S May 2003 PCT/ U %?%&%%8
colum t @sdoddis® > 3 weeks > 3 weeks > 3 weeks As indicat g Y87 e
yarns from each of Exanples 3, 4 and 5 passed the colum test and effective
wat er bl ocki bathds tised toycoatithesfibdr bynpassirgy the dibet timough deebathyvhdentthe t est

was ended. EéAI\/PLES 6 -8.A di pﬁrﬁi.on V\fis ﬁade as ]1 Exanpl e 2 usi ng Aqua
Keep SHP10 p ’ISP‘Ffé’ron(‘ﬁ(WnB?B%B SENTRRUPT {PE FXUNPIC BY §IHEANEEx anpl e.  The
di spersion was weThgkiosof thofib&@ 1ot fiangapplicdtZoRSudiAd fox 3@ ih Tibdyegat r on
MI' 5000 m croni zer, from Kinematica AG T béerrperature in the mcronizer

was mai nt ai n@PtiGeablews mHgesan from W}E’e gperassotnd digrefose thi | owi ng

particle ssizg, 9 ggﬁ&t' - sid gl e i ' f the

parti cl es§we§g)eg%§g\?\§%ﬁ ?1’61 r ons}%a?{,lagaéoﬁof t hg \gﬁlg}eg{s&mﬁlg&gfe@%w 19.5

m crons. Yar macrpes.cpresaatdy betow d0misrpnse apd mara grefesaddy Setmw Shavi ng varyi ng
anounts of spperabsorbent polymer and finish oil as set forth bel ow. W.%

oi | W. % SAP*columm test tinmeExanple 62.31.2> 3 weeksExanple 72.61.4> 3
weeksExanpl e 84. 5Thedisperseerkgiay besappbicd be thchBber yoanpneondmtianal ndi cat ed

above, the y : 3 m t est
and effecti vgé%aﬁ}éeérgg}sgb |§§Bg@?§?%§ﬁ\?\/§asmgw %&‘W}‘?@ﬁgﬁﬁgﬁ‘ @bg’s weeks
when t hel( essprapsoeting dnMnEIRCARATLINE, £3¢kpeNIneOsy3teni,Sor usi adird#thS2 PCTI US 9
ary558 ~3 A Kewul ar. 49 finish.fr 0. dt s treated as in
Example 2 w ?Wwécﬁglﬁ{’%i‘gm@e%nmsg’%&%ﬁ{’%ﬁu%géﬁn i‘ﬁﬁ% I%A'f?c‘)’ﬂrt‘ PR n%uperabsorbent
Ef)l yEpr. The?é\i’iod:Smf@liefirmﬁmctdiqnasinmm&yheepblie‘d nxanulte step ?’ﬁweyﬁhﬁr g

ocki ng perfornmance.,of .t he rn S. nmeasu i,n a water..colum test device
as in 5 Exarﬁ?‘écq'gt,he henis ?%g‘ﬁﬁeﬁ@r Hﬂﬂﬁstwbtﬁeisﬁfjﬁpe%@'amgﬁs%’ﬂi nut es the
yarn di d not systérak nidyealy@beusdilin drder io erthancé theomdforidiey 60penmairatigaVPARATI VE
EXAMPLE 10 10 vl ar.0 4 {ﬂnﬁf sh free %@rn was treated as in Conparative

Exanpl e '@ ex egﬁleliﬁ%“?ﬂe yuh fibess 1S DrEETIRA (H USh B8R IMBTRIOpHROABBE: ent
finish oil. eehotbinewhiehakk bﬂgii%?éi@ﬁ iepesentiintanempréghatiz bRRGNdEd in a
wat er columm test devjce as .in ample 2,. usi t same anpunt of yarn,
and after 2 Fhen@?eé% 19 hetrgated ag¢ Haﬁga t@ﬂ%gkﬁﬁgg%ﬂg?wﬂﬁr 5 nglghﬁrr un" t hr ough
coating speeds a metering applicator may be preferred. With fibrous
materials of two-dimensional form, other processes such as spray coating
20  may be used in addition to immersion coating.
The coating speed may be adjusted between 0.1 and 1200 m/min
depending on the selected process. A process in which the dispersing
medium, such as the oil, is not removed, has the additional advantage of
significantly increasing the coating speed, and thus the productivity, since
25 - one can coat the fiber at high speeds without being limited by the residence
time required to evaporate the dispersing medium. Typical speeds are 60
m/min for the fiber treatment other than during the spinning process, and
800 m/min for the coating speed during the manufacturing of the fiber.
Polymeric fibers are known to absorb moisture. Therefore it is
30 preferred to precondition the fiber in order to feed a bone dry fiber to the
coating process. This may easily be achieved by conventional fiber drying
techniques, or advantageously during the spinning of the fiber.
The temperature of the dispersion may be selected in order to
enhance the fiber penetration and coverage uniformity and is only limited

35 by the temperature resistance of the dispersion components. Nonetheless a
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15 the colum. EXAMPLE 11 A superabsorbent polyner was nade as in Exanple

1, except that a 20 superwetting agent (SWA)-solvent solution vvas added to
the aqueous nononeric solution prior to initiating the polyner IMay 24 while
mai nt ai rﬂ"ﬂéo@ﬁé m ncroni zer cell rot at i ng speed at 16000 ‘N}:/TMJS"’R’ZW sol vent

sol ution mas ddln er, ren 5845
silicone vvefq é’qjgetrcftftqb&a&?rg H\fmﬁ‘pegfaégﬁt 0"25 fﬁzﬁ

di ssol ved opygferrediad been renoved fromthe cycl ohexane usi ng nltrogen
pur gi ng before being added t WA, The pol n of nononer
was per for med as‘ﬂ’q Wﬁl {’%FM’ H\?dd%’i"%ﬁé%éadt ‘ﬁ’o‘ FB?e\iﬁa t hen
renoved fro@ﬂd\em@camnﬁﬂe&y vacuum di stillation at 80-90C. The particle
size distribution of the polynmer 30 was as follows: 10%of the particles
were beldw 0.3 microns; ; 50% of the particles were below 0.8 mcrons; and
90% of the particles were bel ow 3 pixAmP.ES 20 WO 001 31752 5 May 2003
PCT/ US99/ 27558 The particle size was neasured using a Mastersizer Mcron
from Malvern Instrunents Ltd. U K suitable for the analysis of particle
size ranging fromO0.3 to 300 m cropgspher;in dry or wet media. 5 EXAMPLE

12 Afinish free yarn of bone dry para- aramd fibers (Kevlar type 49, |580
dtex) was treated as in Exanple 2 except that the superabsorbent polyner

d t hat di
?2et h;"";‘?gxaf‘rp | grgiggsfs g arﬁﬁfé% 1&:&&%%?@@ o rd%u%ﬁggaﬁgﬁér% sorefCcoOr di ng

um test ect Ing activity
was still mpohtmé¢mehichiltasn Rrtielelsizewidrelowed 00anicrons fromia dnorOMMPLES | 3- 1 4

1 S Yarns were t reﬂﬁegqtr%m 00T 5‘889{8}3% 'fitttea%ﬁ’lggrde@?ce t%éhg‘%% 5 ground

super absor bent po was prepar eqacc i ng t
super absor beolidpad wel s awnidsldaid reactar Hmspgrashlglmmtemltymnéromzmtoeh free

finish oil ndasu rwettin ent of Teqo 5845 in
varyi ng_amodngdne i ERGRPM S s G PaE JaRIRE o) AR Eorponent s vas
?0 vvelh ghlsI peempm’atmepemladswd@ehéatmglf anmrT oolin@ dagg%ﬁmgmtmgmf Dfackext erdf ree

I NS ol an . O e pre atrns were coate

Lotor i mg. + o Behidios BEbtinsnS! f5is Qe Ak Sateticl precis tgMPstaity 6 of |

W . % SAP CO|’I[lﬁ§1reIa8ﬁir wdsisedd pdlyin &@ze?a(ﬁ{mbmel?ylelldﬁlgoaﬁl rabyBem Exanpl e

14 2.4 1.2 > ks .As indicated 0 the yarns from Exanpl es 13 and 14
passed the PO HA4RE RIS %@E&Pé W00 migOBE ng activity was still

mai nt ai ned after The mMictGsiker WaeSettdi @ roffon¥pec@B8H€6000 RPM, and a
20 given amount of aqueous solution containing about 80% by weight of
hydroquinone stabilized acrylic acid was quantitatively neutralized with a
sodium or potassium hydroxide solution at 20%. This was done ina way
that the temperature in the micronizer did not exceed 35C.
Once the temperature was stabilized, 2.8% by weight relative to the
25 amount of acrylic acid, of an aqueous solution of sodium persulfate at 2%
was added to the reactor. The sodium persulfate solution acted as a catalyst
in the polymerization. This solution can be substituted by any similar
catalyst known in the art for use in related reactions. While the temperature
was carefully maintained at 30°C, 0.5% by weight of ethylene glycol
30 diglycidyl ether, relative to the amount of acrylic acid, was added to the
reactor. The ethylene glycol diglycidyl ether acted as a crosslinking agent in
the polymerization of the acrylic acid, but can be substituted by any similar
crosslinking agent known in the art that is at least a bifunctional covalent
crosslinking agent or ionic crosslinking agents such as aluminum sodium
35 sulfate. The temperature was raised at 40°C and maintained for a
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21 5 May 2003 CLAIMS::¢ 1 _ A fiber coated wth a water bl ocking materi al
that includes amessentially water free dispersion conprising.a

super abgpg hgyhsPol yner and a wetting agent and an oil, V\hpéﬁhéggfﬁégm
super absor bent polyner is present in an anount of firmO_5 to 10 wei ght

percent on &fapilivationpefibdiord unenatethilcfitrogén WRIpirged theodsiPieabsor bent
polymer is in the formof particies having a particle size bel ow 100

m crons, WhEREIN-the wetting agent is a superwetting agent barring a .
surface tension BgHLWHIZA SidtiEP&4i8AThe & ol He he oil has a
ki nematic vi scosﬁy of.l 50 to°35g r#mZ/s atmg%%ﬁrfo‘ 2&6 #ﬁ@dﬁrg}éér of claiml
wher ei n t heredictperas wiseddat 74 Rstol allnyw theapolymerigatightto starc dhe opateats 3, The -

toral 1y 15 SLeTehet S AR AP CaRRALP S i PR & BLL 380131 Tc aci )
deri vat i ve; minpts Whith y sufficomate pbtinguhntitatisie polyierzitiom afrthpot assi um
sty am S R By SRR Ao R Aol
t hereof 20 fnaifftametitheoughiout ted polymerizatien "Thé ecrsperanad swas ket raisddyner i s
present 1 A0 3RRUEL Glol G 0u0h oy ML SRS FATLCRTRS, HBET, "
super abs@r balko iadonEey ingchaissivheanms suthasnulniafidtratiorosn éendrifugationei ght
per cent oased, e Lhe ML O ol e OB EL et 20 e, Dot of
having a pabbiain& i the fogh @F vipP fille paticle size well distributed below 20
microns.
After suitable purification the superabsorbent polymer powder can be
15  used to prepare the dispersion of the invention. The process described here
can be easily adapted to polymerize particles of other superabsorbent
polymers of the invention to sizes of below 100 microns. The typical
particle size distribution was as follows:
50% of the particles were below 8 microns;
20 10% of the particles were below 3 microns;
90% of the particles were below 12 microns.
The particle size was measured using a Mastersizer® Micron from
Malvemn Instruments Ltd. U.K. suitable for the analysis of particle size
ranging from 0.3 to 300 microns either in dry or wet media.
25
EXAMPLE 2

A finish free yarn of para-aramid fibers (Kevlar® type 49,
1580 dtex), comprising poly-para-phenylene diamine terephthalamide was
30 treated with a dispersion of 35% (by weight) superabsorbent polymer as
prepared according to Example 1 in a finish oil as disclosed in US
5,270,113 which included 30-70 % by weight of an esteroil lubricant
composed of an alcohol and a carboxylic acid, 20-50% by weight of an
emulsifying system composed of unstaturated ethoxylated fatty acids or
35 alcohols or ethoxylated alkylamines, 5-15% of an antistatic agent, and 0.2-
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7. The fiber of claim1, wherein the superabsorbent polynmer is in the form
of 3 0 particles having a particle weight sire below 20 mcrons. 8. The

- fiber of claim1, wherein the superabsorbent polyner is in the>MwyRP&X

parti clwwmvsag a particle size below 5 mcrons. 22 5 PREUS20@B5®. The f
ber of Clali} wher. ei n tge di ersi.un medi um'fs zt.oil, a
superw-etti % d’e‘?ﬂ"osao%l"gﬁ “BIF 68?21‘“8 H‘I’&“%&gj s PHQ’V%ﬁﬁht a $ni sh
oi | conposidst&Bil 1GbNEM, syﬂfhe@]ﬂe&t%rﬂsantd]@élﬁﬂfanﬁ al@rboXyIReadid,opid of clains
9, wherein the su rvvettlnq agent has a surface tension ~er Xaw 30

1

m | 1 newt oriadoutitai Rydrophilic prapegiss;tgalloyt rapidsnicadingiof veater amens
superwetti ﬁllgé%’d%rﬂe?lt ?6]3% @ﬁh&.&w@thé}%bp reﬁﬂal&ﬁgmes\lvhﬂeg bﬁfckmg

trimethyls ene oxlde-nodified tTi nmet ane
trisil odan-effectof the me;@bswb@rﬂ@cﬁxme Twar@dvztsmogtqdowah@ dispersion

ol ydi net hy I |neth | si | oxane,
Bnd pol yet hePICHOHERE o ettt 3 R A8 AR AU BEOREI 27 W s %6 A &
. AaL. A(l. AQSUNHrabQDA{e@t pudywer and 9.5% o, hagedamythe dry weight of the
SNuzupkf a\ Vg ca] ca] ca] ca] ca]ca]ca] ca]ca]c(a]ca] ca]ca]ca] ca]ca]ca]ca
] ca] ca] caj ca lfc a c)gl ca] ca] c™a] cal] ca] cal =he+<d k n
I 2" " {vpkf a\ W cihe sd ohjain¢d phracahoad yain aps@fowlic tiecmpotiadaih] ca] ca] ca] ca] ¢
-1

a] cal ca]] cal & erslon, 1)\? ltjl:s&gll (fc%] ft lv%?ér%ql)ﬁang p?#;ft %t %%ﬁ&m/&/%é}t K Ve . /1]

1112E2

3(4i 441 5zupddserivtd dkloay.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
cal] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca!l 595| 555679: <" <_<=>>>7?? QAONABBr
CC _DDDDEFF~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] cal] ca
U ca] ca] ta] TRIE@DIAINEY THSPPROCBDUREca] Ca] cal FFGSGEHHL

MWN CkOr PWPPPPP6SeYKYVYYZ\ 2] EN M+a7a

] caU] ca] ca] ca] cafg‘a]"@;?‘cé ﬂ:‘é’ﬁ?&f@&]@gﬁ%é{ 9t ]Lé]c%}%aﬁe ?LQ?LS?L?&] g:} g:
I b* Pg?bﬁ@nﬁé%é@ﬁﬁé@@cshﬁ SeNUPRGIgH-flbwi tbktpmhls test the inner cylindrical | ca] cal
SSS u| wr mhc”? cacac caJcalca]ca]c U] ca] cal ca] ca] ca] ca].ca] ca] ca]ca
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25  subjected to the pressure of a head of water of a particular height. The time
required to wet the entire yarn bundle in the test tube is referred to as the
through-flow time. This time is a measure of the water blocking action of
the yarn. The through-flow time was taken to be the time which passes after
the application of water pressure to one end of the test tube and prior to the

30 first drop appearing at the other (free) end.

The through-flow test was carried out under the following

conditions:
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Number of measurements 1 per test tube

Height of liquid head 100 cm

Testing liquid Demineralized
water

The number of yarns in the test tube was chosen such that the bundle

formed from them will fully fill the inner cylindrical space of the test tube.
5  For a yarn linear density of dtex 1580 this number was found to be 100,
giving an overall linear density for the yarn bundle of dtex 158 000. A yarn
coated according to this Example passed the column test. Effective water
blocking activity was still maintained after 3 weeks when the test was
ended.
10
EXAMPLES 3-5

Aqua Keep® SHP10 polymer was dry ground twice in a Condux®
CGS air jet grinder from Condux® Maschinenbau GmbH & Co, and the
15 polymer had the following particle size:
50% of the particles were below 9 microns;
10% of the particles were below 4 microns;
90% of the particles were below 15 microns.

20 This ground polymer was used to make dispersions as in Example 2 with
varying amounts of superabsorbent polymer and the finish oil of Example 2.
Yarns of dtex 1580 were coated according to Example 2 with the loadings
as set forth below.
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10 EXAMPLES 6 -8

A dispersion was made as in Example 2 using Aqua Keep® SHP10
polymer (not ground) and the finish oil in that Example. The dispersion was
wet ground for 30 minutes at 12,000 RPM using the Megatron® MT 5000
15  micronizer from Kinematica AG. The temperature in the micronizer was
maintained at 15°C.
The polymer in the dispersion had the following particle size:
50% of the particles were below 12 microns;
10% of the particles were below 5 microns;
20 90% of the particles were below 19.5 microns.

Yarns were coated as in Example 2 using dispersions having varying
amounts of superabsorbent polymer and finish oil as set forth below.

25 Wt.% oil Wt.% SAP* column test time
Example 6 23 1.2 >3 weeks
Example 7 2.6 1.4 >3 weeks
Example 8 4.5 2.5 > 3 weeks

* = superabsorbent polymer

30 As indicated above, the yarns from each of Examples 6, 7 and 8
passed the column test and effective water blocking activity was still
maintained after 3 weeks when the test was ended.

COMPARATIVE EXAMPLE 9
35
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finish oil. The water blocking performance of the yarn was measured in a
water column test device as in Example 2, using the same amount of yarn,
and after 2 minutes the yarn did not block the water but let it run through
the column.

EXAMPLE 11

A superabsorbent polymer was made as in Example 1, except that a
superwetting agent (SWA)-solvent solution was added to the aqueous
monomeric solution prior to initiating the polymerization while maintaining
the mincronizer cell rotating speed at 16000 RPM.

A SWA-solvent solution was prepared by adding 0.5 weight percent
of Tegopren® 5845 silicone wetting agent to 99.5 weight percent of
cyclohexane. The dissolved oxygen had been removed from the
cyclohexane using nitrogen purging before being added to the SWA.

The polymerization of the monomer was performed as in Example 1,
and the cyclohexane and water were then removed from the polymer by
vacuum distillation at 80-90C. The particle size distribution of the polymer
was as follows:

10% of the particles were below 0.3 microns;
50% of the particles were below 0.8 microns; and
~ 90% of the particles were below 3 microns.

20
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EXAMPLES 13-14

15 Yarns were treated with a superabsorbent polymer as follows. A
superabsorbent polymer was prepared according to Examples 3-5. The
ground superabsorbent polymer was added to a dispersion medium of a
water-free finish oil as in Example 2 and a superwetting agent of
Tegopren® 5845 in varying amounts. In Examples 13 and 14, the

20  proportion of components was 30 weight percent superabsorbent polymer,
50 weight percent of water-free finish oil, and 20 weight percent of
Tegopren® 5845.

Yarns were coated according to Example 2 with the loadings as set forth

25  below.
Wt.% oil Wt.% SAP  column test time
and SWA
30 Example 13 1.2 0.6 > 3 weeks
Example 14 24 1.2 >3 weeks

As indicated above, the yarns from Examples 13 and 14 passed the
column test and effective water blocking activity was still maintained after
35 3 weeks when the test was ended.
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20 4. The fiber of claim 1, wherein the superabsorbent polymer is present in an amount
of from 0.05 to 10 weight percent based upon the weight of the uncoated fiber.

5. The fiber of claim 1, wherein the superabsorbent polymer is present in an amount
of from 0.1 to 5 weight percent based upon the weight of the uncoated fiber.
25
6, The fiber of claim 1, wherein the superabsorbent polymer is in the form of
particles having a particle size below 100 microns.

7. The fiber of claim 1, wherein the superabsorbent polymer is in the form of
30 particles having a particle weight size below 20 microns.

8. The fiber of claim 1, wherein the superabsorbent polymer is in the form of
particles having a patticle size below 5 microns.
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5 10. The fiber of claim 9, wherein the superwetting agent has a surface tension below 30

millinewtons per meter.

11. The fiber of claim 1, wherein the superwetting agent is selected from the group
consisting of trimethylsilane, a polyethylene oxide-modified trimethylsilane, trisiloxané, a
10 - polyethylene oxide-modified trisiloxane, polydimethylsiloxane, a polyethylene oxide-mmodified
polydimethylsiloxane, and polyether modified siloxane.
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