WD -98/ 30752 :  ' | PCT/ US98/ 00244
TI TLE. Chi t osan- Coat ed Pul p.. a Paper Using the Pul p.

and a Process for Making them - BACKGROUN
| NVENTI ON\WO 98/0752 Field of the Invention - QC?E‘?S}%M ion

relates to pul p, papers nade from such pulp, and to nethods for
maki ng--such pul p and such papers TogrEapers of this invention
include 10 aramd i QWiatl CGRIHES Bk 1@ chebind i & g

perform especially me

‘ot her extrene

condi ti ons. DBSCFIptIOH{O_ ] e - Japanese

| ai d- open patent application FRASSYUNL Po oids g+Fefuary 8, 1990,

di scl oses usg of chitosan as a coating on sheets made from natura
fibers to ,ncr.ease . the_strength of the sheets.in water. The -

sheets are biodgﬁFiéaﬁiesgﬁdlgggn&ggﬁ in agricul tural applications
for plantings. ThisEinvpe&doRaredntagplkiocpuilpn pP2pe3E2madebl i shed
Cct ober 31, 198 [ S f tian h u tic
pol yam de- flberé ﬁ Fﬁkﬂ Sﬁlﬁd Ehﬁ 8 mBEBSESWEF?am?klP ?gehagﬁa 9%?

curabl e, thermosaehi pgpers. Fé§|ﬁap¢ﬁé PésFHlFslﬁV§§§ﬁPnlhnFﬁédﬁaper at

T&SEN%FC;F 1025ar§Qlﬂebng Rﬁtﬁe&h%tosan as an additive and thelyMARY OF THE .
en an_ar
having a IengthpﬁFfﬁrTSeFBefﬁaﬂﬁwlVﬁg?e?g ﬁ éu&?gggra ﬁegrgggoPngeg to 20

square neters pethgraaxawdma coatiitgons. of chitosan in the amount of 1
~to 10 percent, B . f kght ‘the fiber. The aranid fiber in
the form pu or a 1roc, can be a flber compgonent, of a

conprising 5 to 95 per cdAPangyedadh OPgRaRAG SFth 8PP Gcaﬁﬁont80263ﬁéwcent

by weight, B3 ndﬁﬁbnbﬁéaabanaaéylﬁ t 9980, dlsclBQéﬁeﬁbe b¥ ¢Rigbkan as
inorganic filler, wherei of chitosan

oat i
in the amount of coatlng PB Eéeﬁéﬁc@ﬁéenﬁﬁesdnaﬁ“ i &é gg the fiber.
WO 98/ 30752 increase the strength of the sheet@CInU898£@924zhe

The coat ed aranLHeLLQeérgaﬂigﬁegggaagie and are used in agricultural
applications for plantings.
20 European Patent Application 123,312, published
October 31, 1984, discloses a friction paper which
includes aromatic polyamide fibers, fillers, and other
materials, impregnated with a curable, thermosetting
resin. The resin is present in the paper at from 15 to

25 60 weight percent.

SUMMARY OF THE INVENTION
This invention relates to an aramid fiber
.having a length of 0.15 to 10 millimeters, a surface

30 . area of 0.5 to 20 square meters per gram and_a coating
' of chitosan in the amount of 1 to 10 percent, based on

the weight of the fiber. The aramid fiber, in the form

of pulp or a floc, can be a fiber component of a paper
| compr1s1ng 5 to 95 percent, by welght, aramid fiber, 0

to 20 percent, by weight, blnder ‘material, and 10 to 80

L)
W

percent, by weight, inorganic filler, wherein the
~ aramid fiber has a coating of chitosan in the amount of
1 to 10 percent, based on the weight of the fiber.



dispersihg uncoated fiber in an aqueous sol ution of chi tosan and

adjusting the pH of the solution to precipitate the chitosan onto the
fibers.: Coated pulp 5 can, also, be made by refining.uncoated floc i'n a
sol uti on v ogBeispsan t.o yi el d a di spersion of pulp in ' PCTAS%244 i on;
and, then, adjusting the pH to precipitate the chitosan. Coated floc
can be nade by preci n osan onf op i on of floc.
10 - Paper can b ﬁaﬁggbﬁg ﬁgWﬁg 5 $ﬁ5 ':C‘f?'ilto‘gaﬁ%ageﬂ;}§ oated

aram d pul p of &hspersiegtuncoated Hiber,imsamlagueous ﬁﬂﬂﬁk#mmt%fof an
aram d paper on | 0 oANEhd ts SR idth SQ De nade by
?ﬂlegggﬁ ﬁﬁgcgﬁ% Stln% n@l?@ éﬁ @] S 1

conbi ning all onent a aran1d paper -and addlng t he
15 chitosan, foPresippratasthp apieesab sonieibhe GiPe¥R. Coated il Fraki ng

machi ne. 5 ~can, also, be made bﬁfgéiiﬁihéfﬁﬁiﬁiﬂaﬁmfloc in a It is
general |y observed tha cont ent of

i ncreases, the ??f‘éﬂ%’ﬁ 2 ChlE%%T‘?lE‘?e"ﬁer})‘% ?hé e R %2@8:%‘8 t he
dispersion thef sblbeisn} nande ph@er adposesngonmipldree Use of

shorter aramd bL0ers; Lipsoves LRI{GLIL!Y QlafidCloc can W RRAgE gy DUl

results in a detrease I n paper strengt eading to proce55|ng probl ens
during the papesorikepipitating|ehikosraionp @t SLEREF I IhdE FleF ani d

fiber withjo - '”prOVPQpéﬂpéénsbéeﬁQ&Q deccﬁsiﬁm@dtrﬁéucmieasan-

ff t. - dfib f_thi f
Ce Lot i semred Framid S o b Lnflab i WML ! Sy, from
(- CONH-) | i nkagesmporent $ acfican diranidypapex won a papetr gvting ri ngs.

Addi tives can t%g éﬁfgewéﬂdt:b@ ﬁéfi‘mél‘l o, be ,@g@elg r@&npﬁ@ihgoe\m dfat up

to as nuch as percent wel ght, o other ric terial can be
bl ended 35 mn@hﬁt¢@mﬁﬁ%ﬂﬂﬁsd?ftﬁ%ta dﬁﬁgﬁéﬂﬁﬁeﬁ i ng as
‘much as ‘10 lﬁsercmit@éa@; hﬁcﬁr%ﬁdﬁhﬁ@eSaﬁ)simta.tﬁwﬁbli@rsalutloﬁheatdlﬂfé ne of

the aram d or as_nuc erﬁent of ot her diacid chloride

subst it ut ed forp?ﬁ%rcﬂl%% hachin | 2 WO
98/ 30752 ' _ PCT/ US98/ 00244

chloride of the aram.d. Para-ar g polyners I n

fibers of this invention and poly % ene tere hthalan1 e)
(PPD-T) is the preferredt is gggeaaa}gnegserxg aF%ﬁEuﬁ%b &I &P Ay find

use in the20 fiber content of a paper increases, the friction -

- coefficient of the paper decreases and the dispersion
of fibers in the paper becomes nonuniform. Use of
shorter aramid fibers improves uniformity of fiber

_ dispersion but results in a decreasé in paper strength
25 leading tO'pfocessing problems during the paper making.
Tt is desirable to use a shorter aramid fiber with
- improved paper strength and increased friction
coefficient. ' ' '
The aramid fiber of this invention is made from

30 aromatic polyamide fiber, wherein at least 85% of the
amide (-CONH-) linkages are attached directly to two
~aromatic rings. Additives can be used with the aramid;
and it has been found that up to as much as 10 percent
by weight of other polymeric material can be blended

35 with the aramid or that copolymers can be used having

. as much as 10 percent of other diamine substituted for
the diamine of the aramid or as much as 10 percent of
other diacid chloride substituted for the diacid



5 fibers of this invention and pon(ntphenerne isophthalanide)

(MPD-1) is the preferred neta-aram d. The aram d fiber of this
-|nvent|0n can be floc - or pulp; Aranmid floc is made by cutting I ong
aranid %glagg "such as those prepared by processes despCi/osesno2® in
u. S Patent 3,063,966, 3,133,138, 3,767, 756, and 3, 869, 430.

The aramd pulp is made by refining floc or can " be nade'directly from
i ngredi ents ascpasrtidégiif ithd). &ramid. PeaeataNemiblis282el8he Byrimphp" i-s

meant "particle 15 ara mat er aving- a,_stal d i rils extendlng'
therefrontmher?PﬁMﬂ%?%nﬁﬁigﬁk; #aFPlsc%?u%ﬂgtognan g&ht 10 to 50
mcrons in d|aphhayLanttﬂ&répﬁthakama@e)(PPDhaDrlslkbenpmbéegnady'a
fraction of a Lgkol:nid ! ieta- alnarﬁ{@éts hilsd) 2BYCELAM! fghed 4 Gitde

stal k and abou ‘00 'm crons ga per ” manuf act ur e,
fibrils 5 ofipems @rfeﬁhﬁ;ﬁ)r?tfa‘fﬁn‘titplétc%n@spﬁ Pk®-phepydeagsers to

hol d adj acent Baphehsa dn ddBARED) 08 PREVbEererred EAllihrid | he

paper construcfio aper can al'so be made using a conbination
of 25 aramd floc and1%%nﬁ¥ﬁm%@rfﬁgeﬁh@?thlﬁhénVFBF99§ can he iAot o

hol d together phehher and-piferrpspeis madeCByp@aeatﬁ long aramld Ar ani d
fibrids are sonetlnes %gﬁglas bi.nder g hgls for the Efr 0S this
i nvention. Fi bEilp&rso ot ?9?ﬁﬁsprﬁﬂ%r? " BF 8hEE 5P A8 rs to
non-granul g fihnol.iske Metnuzlmssomammrmm pB| YaARi 138, 3,M&Vi,M$es nelting
poi nt or decongﬁéiéi% i above 320[err]C. The fibrids have an

h .

aver age | engt mmwth a |length-to-w dth aspect ratio of
5:1 to 10:1. 35 The tmha(rmmucﬂmu%pohsma f bWersfdaingr fadq vt iean

of a m cron. Sgghmar mcﬂxféc.hf stﬁr&ﬁ‘fﬂiﬁr@&i@ﬂtgrhgdwas taf@htbs gL vet
and can be dep05|te p y5|cally entw ned about, the aram d

fl oc conponent Pafent No 5 202 184. By "pulp®" 1s mgant partigdesgofn7so
PCT/ US98/ 0p5244aram1d ik tRAfel 1 Hat\entgbdlghsalm gageribfilBi s:mt@witrig)n can

be pr epar ing a flbrld tin ratus of cl osed
in US. Patent® ﬁ&reg G%B gﬁe s generé%ﬁﬁt%%ﬁ“ﬂ?aﬁt i tated
and sheared |naboatnmaaﬁneﬂn mlcfbns 1n diam¢tavpughdt hbel Endpri 1ef qng
particles is a

g&&mggg?qgﬂﬁﬁc engt rti roc
pul p and floc Sgﬁgr%ﬁly have engt & £t é@fo%_aﬁ 2 Ricken %%a £
mllineters. Swifzensarida dl@t@ﬁtewtmed to tbﬁaF'éét'—Br PeE @bgntpdd to

be used img hi i IYONWi¥*rons long. ~ In paper manufacture, the fibrils
on pulp are important to act as hooks or fasteners to
hold adjacent particles in the paper and provide |
integrity to the paper construction.
Paper can also be made using a combination of
25 aramid floc and aramid fibrids wherein the fibrids
' serve to hold together the floc and other paper
components. ) '
Aramid fibrids are sometimes used as binder
materials for the purpose of this invention. Flbrlds
30 are not fibers. The term "aramid fibrids" refers to
non- granular'film4like particles of aromatic polyamide
hav1ng a melting point or decomp051tlon point abkove
3209C. The fibrids have an average length of 0.2 to 21
mm with a 1ength to- w1dth aspect ratio of 5:1 to 10:1.
.35 The thlckness dimension is on the order of a fraction
| of a micron. ‘Such aramld flbrlds, before being dried, .
can be used wet and can be deposited as a binder
physically entwined about the aramid floc component of



10 because the surface area is a neasure of the degree of

fibrillation and influences the porosity of the paper ~ and the
effective area available for interfiber bondi ng.. The surface:area-of

“pul p-usedwioasgiTE2i S 0.5 to 20 square neters per granPCarisosd4surf ace

area for 15 floc is 0.08 to 0.6 square neters per gram Because B
floc. lacks the f ti Of Qﬁg f. ofte

al so, ‘has .a bin eaﬁsgé ) bfrlﬁjg‘ll?isa%%ﬁ a GEDf\tl\llthqsalé-lrve(?otlr?‘pc%lnenn be

The Canadian St m#ﬁm a)ff:tb:elq@mpugwppaz&t%@sﬁuté& F&PETAPP| t est

- T 227 om 92, \Ahldafsdlsos?emaﬁuf% patenth Nd.s Hreaignaga wh@rx%ctaerpeﬁ hnfe
vari es fron1100 t o, . Al'sp, the @6retalned on t 14 mesh

" screen of %916}%?? d%é’:ﬁ%‘%’é?l%e&era“ﬁmﬁﬁeatréét if 2‘33"% Step.
used as a nedsure of Ierﬁg‘t&hdugh fileriengtihadf puigntparsiclds #HH to 15%
for pul p used i t

'y é% S \ﬁ%du%'}xce of the etz)'x?téxdzaft t%’%atsl Or%qfng fILt

am nopol ysaccharl eace

(pol y-bet a(1, 4) gylp and fdm;aernsr@moros}@men@) lepgihned toomtndr.ilFe to

gr gani srr? | 1(o|sm{11rmmé?crea® Ism%ta%res art%(ﬂlg'l@ %nqmbb%tbhlee)t Thef fg
egree of deacetyl ation is gener X gpotted a percent age o e
ani ne groups th Qﬁﬁﬁﬁgiﬂ wlp Lo kg LS8 éeﬁ@r&PFf JP¥ERELOhan 50
percent. Théo bedaﬂsanﬂhu'smmﬂ@hb @&e@hu@osameaSuaefbﬁcthendebrEESOf
source and proc | S f e ul L mel

obt ai ned througﬁﬁ%%ggdgéne %MFAlggﬁig%?F%ng%% ngg%?? 8% gEéth
acidiw th 0.2 Mand thepgiffecidaecasgesr aypidabder fny @néevﬁsbsglty of a one
percent sol uti opoakiiaR.t OSRR ishirkaRRr 6eeh d3¢ebuipaGkdd herein i

4 WO 98/ 307 2 CT/U898/00244

at 25[err]C. THE ¢OsEHRPES BETERS: §63n958Bd PRG: kb SurfacengZagi SR%vari es
from 10 nPaiSec floc22s000 08P&osOc 6asduare metkesi peri gsam. Vi Beeaukyg varies
from4 to 20 dl/ (o] 0 aci ds,
sUch as 5 atapro itks, che, EIbEINIACI8H, BF HAFH, SpaBetihlblon: Y

formof salts mﬁﬂﬁctﬁ§§§nacﬁé§°rsbéﬁ asbapdext such as fihzidse améngltrate

TE@ process ﬁf thbSpap&anbQ@ohaﬁvaeS coatlng : aram d fibers anh
chitosan either in a se art .o maki ng
process. As a sepgg' ?QBFS&SQS 8 %?Sgaﬁregna ?sSFvEBe §u§ﬁt8F in the

f orm of acel%Iemeesuradeperaﬁaa?é tegtr BcRBR@r pue92andhich istaemeakerat a

pH on the acid ggders- dEEQBQ@@bEKagaéterlst1cs4 vaPies! F8Oh! Yobi ghefoat a

concentration of abo & 1g 10 wel ht percent, based on wei ght of the
aranld Also, e reta ned on the' 14 mesh screen of

a Clark-cla551f1er as per TAPPI test T 233 cm-82, is
used as a measure of length for fibers. That amount is
25 to 0 to 15% for pulp used in this invention.

” Chitosan is an aminopolysaccharide usually
prepared by deacetylation of chitin (poly-beta(l,4)-N-
acetyl-D-glucosamine) obtained from marine organisms

-'(shrimp, crabs, lobsters; squid, and the like). The
30 - degree of deacetylation is generally reported as a
percentage of the amine groups that are deacetylated
and is generally greater than 50 percent. . The
molecular weight of chitosan is a function of its
source and processing history. A measure of the
35 molecular weight is obtained through measurement of
-intrinsic viscosity in 0.3 M acetic acid-with 0.2 M
~ sodium acetate or by measuring the viscosity of a one
- percent solution of chitosan in 1 percent acetic acid



fibers, are dispersed therein. The pH of the di spersion is then

I ncreased to 6.5 to 11 by addition of a base. The preferred base is

' sodiun1h but any appropriate base can be used, the pH
20 causes %éggﬁ?tosan to precipitate onto the aram d QCF e?@ﬂﬁ?
coating them If desired, for any reason, the chitosan can be
di ssol ved in water 26cch The v1abbeady s chiie osanmugeld hey £hdissper sed
therein; -- the, d Ki nQ ditf n | re atlon
25 of the coat SAVEPEACH PABAEooacAD hea-add" 2ol ot bashell S U

stated, aram.d pbep1n§ran§#pdvmsc081twowawne§hfwa@ Be&o B@fdﬁd@ t 0 Theoduce

fibrils. The chltB%Qﬁe%QnQBetﬁbéd' %eatbBQu%&Bnﬁh%Qa@&era%hb%?@sby
est abl i shing_a di spersi argg) QC in chitosan sol ytion; and

refining the fl8€e acpu Bclﬁctﬁ CItrlgoPGP o ber GRB bRoPEsS Ag ke pH
renovi ng the watkeim of sadkd withveheBg aciBist osaphcaat edegtar,d pul p

pr oduct . ar f a paper-naki ng process, a _

di spersion, or %355atFu?ﬁﬁsﬁ gFudlng aramd fibers. 35 coated at a
concentration of 1 to 1Ghmepgwwep§r©énthls inglentdoan inyadeawsocoatiigiy  of

dry aramd fibeggamhd flbergouiﬁﬁ 9 EEoéaﬂaQQEhgﬁkhﬂgasﬁéﬁﬁgat@ater of the

furni sh is renoved fromthe ers and bers are dried to
5 wd g/ Bypsess or as a part of a paper maklng procepgt/ UBSSR00244

- yield a paper. sdperpspeprbsessyathytbshn 25 aegeemired in eaesirdihi Bees,

based on the wepght 0 h er apd_ihe e usual ly
aramd pulp alrtgﬁv S%a%ggtggg'_ﬁﬁpﬁaéﬁ(t%g ﬁag Phg ﬁggé?r§?8fe?P d, the
invention 5 the bakerattacepH by tbdi agidhstidean- tprafpapbinarﬁlsh

whi ch includes aramgd El?&ﬁél agg BQ?“aeoétbBHcEHEratlonfbéeéﬁoﬂhtE to
chi tosan by i ncreasing Fy ? furni sh 6. 5

preC|p|taté5the1QhV?b§EE P?ﬁcent Pﬂﬁgdeﬁﬁoﬂ?ﬁﬁhF °€hF¥%séﬁaW§dadded in an
amount which, f{beps, paeei Aitpeised tt\héreiﬁsm‘![‘hénpﬂ 6patheg, on the

aramd flbers based o e flbers
I't has been fou hSP%rﬁéog g%oggﬁ?a%??E%a?% nc?%a%% ?%eg%gﬁg
furnish to 6.5 ¢H albahetheThehBreﬂéraﬁdnde¢|bers0@1@mcbndedxmﬂehbnhltosan

in the furnish apny aQbrbSEPLEebELEE 2dHele tQsthe fﬂéﬂé§ﬂg the pH The
coated aram.d fi bers ‘of h|s I nvention fingd angﬁg other uses in

friction paer .CFFesithe ¢ 1585%? Fe. B%$%+Phﬁ?5ﬁ ?%t%s | AEPBHE
transm ssion ZOELEémECh-fanm@geoamﬁngramam1ssrﬁnd@aﬁﬁsdtof@roanﬁe

smoot her engagexf@a%én beld e2n FO9LAN A& TLE §PE¥oPPLa in water which
already has the aramid fibers dispersed thereln, -- the
order of addition making no difference in preparation
25 of the coated aramid fiber product.

As was previously stated, aramid pulp is aramid
floc which has been refined to produce fibrils. The
process of this invention can also be practiced by

- establishing a dispersion of aramid floc in a chitosan
30 sd}ution; and refining the floc to pulp in that

solution before increasing the pH, removing the water,

and recovering a chitosan-coated aramid pulp product.

As a part of a paper-making process, a
dispersion, or paper furnish, including aramid fibers

35 coated at a concentration of 1 to 10 weight percent
chitosan, based on weight of ‘dry aramid fibers, is
- poured onto a paper-making screen; water of the furnish
is removed from the fibers, and the fibers are dried'to-



overal | inprovement in transm ssion perfor mance. Friction papers of
this invention generally include reinforcing fibers in the formof pulp
or floc, 25 -binders, and fillers. The friction papers -are usually )

i npr egnatW¥@9%%P4M2 r esi ns,” such as phenolic or silicone PETAUSE8/GD244

conbi nati ons thereof to make clutch facings. The friction papers

general |y haveyaboyt 25ph §e95@6TH¥ pape¥ei ghtsuRHl 9rt5|9§ perchfy 85%
filler and O to 10%.3 ?l to SO%ot er nponents The pul p

i nde
or floc |saF"ﬁ‘81€'ogf‘Barﬁr ﬁ?ﬁe ‘B’értB‘F Y&ig ;nqgnﬂx%npaper Fp& Ehelers
can be inorganazambtiefinésssach ﬁuallydam@imcmlp @:aréﬁuyt@bste&ar bon, .
s bere, WPEn chiPbDEL CORPPRSILR SO0 pRCHUMFES! NEle TIREES 1SRN 20 30

gl ass fibers, ceramc ber’s; er of
this inventd oncambedpsathedoby ad@mmgecr&ns,tdagam\etugm papet ofarnidhe

chitosan incregseen incibigelrdrihod £O5LEL Sl oM Ofed Neo2REE Ofethi s

i nvention
PCT/-US98/ 00244fl’Oers BYth SRt pPFaR iy atREFRABING JRrRY of thei i | ar

friction papersuheisngtdos chi t 0§ﬁnto %@béi‘;@lt@iué 051%1 chito&dwhi figantly
he chitosan on the fibers

enhances the st.rengt the p

and in the papter?l%? 'F?f?élme%t Jh'f?%?f‘vv}‘ﬁ carf:]@esé CIhAHA IR WS ¢

pat ent abi 110t y.on prec1p1tatlon, will result iFEST dMERHERS on the Friction
Testing Pr Ocedéi‘ﬁu.&oflbers, of &S S d‘g%é&ngédgq%{/scgd Hd %Hg Jdi it ' on

coefficient usi ng Kayness friction t _ / ness,
Mor ganst own PRE HRrsual testi ng force was i ncreased from 200

grams to 1456 grans byIt has as@&mgf@ﬁmtwrwé ARFEY gradtidLase the

sensitivity of, 15the 1. S ed to re that the
stainl ess st ed" AT vvas nanﬂ%}e ea"ﬁ?ft%ﬁstt?r gsrwgnt% 11 2}%}1}
surface and staamish < ikeans amm aertechatith chidostaariimattde e isinpl es for

testing were Gt Hedd¥e 6l:uelng aﬁid’%&% IUHR ehs-gnll. 4 centineters tenplate
wth a "V' 20 notch ag recommrepded in the Kayness friction testing.

procedure. Each sanpl e¥aL® é’lfad’i‘%ﬂlrfdﬂ’ter@ (% (iths invegtigye £ind

rect angul ar t estsi,nGmomicg it hand usazed isedieityon papelhe Weiightionas
positioned at n I each test. The
force gage vva?ta%%xs%%pt %éfeg}gufékr *Each et%teg %ﬁ’iénggﬁﬁs te TaEH e was

adj usted 20 clytgh frsingspead tFanspdssion. bapdst teepsoyiger ni nute.

For each test smod@hes! ghigatRmetltlsQWtic@rSlcbdeing ef2BBheNCFREELY 14

cent i met er s belorg uhe rEching was

in transmission performance.
Friction papers of this invention generally include
reinforcing fibers in the form of pulp or floc,

25 binders, .and fillers. The friction papers are usuélly
imprégnated with resins, such as phenolic or silicone
resins or combinations thereof to make clutch facings.
The friction papers generally have about 5 to 95%, by
weight, pulp or floc, 15 to 85% filler and 0 to 10%

30 'binders, with 0 to 30% other components. The pulp or

 floc is the coated aramid fiber of this invention.
The fillers can be inorganic materials such as
‘diatomaceous earth, talc, carbon, and the like. The

other components can include other fibers, such as

(v2)
W

glass fibers, or ceramic fibers, and the like..

o The paper of this invention includes 1 to 10
percent, by weight, chitosan. The chitosan ‘increases
‘the friction coefficient of the paper of this invention



stopped and the frictional force on the gage was noted. 30 For each sheet,

four sarrpl es were tested unless ot herwi se noted in the Tabl es. For
each sanple, - five frictional force readi ngs were takenpefrikdaidosdd
coef fici eMOPE% e ratio of the frictional force and r%e nor mal force.

The normal force is equal to the 35 weight. The sliding friction
coefficient wasvy a swahcis e datgyunt vagli ermrareed r(ith ohmita¥ ce by 1456.

The twenty coef qu ST AV A9k he chit®s&h andard
“deviation cal cu etg{%nc#re orte%bil}géjt

7 : VO 98/W1cantly enhances the strength of- the pWUSQ%F‘ 00244
Tabl es. . The | abgy atras kﬁﬁiﬁ)ﬁr@t&tﬁetlwrfﬂ@imcm&itmtme papmsoﬁbtdmis

23 C . P d Det
eI C S RN S TSI o SRl dhinbaeicy

foll ow ng procedure. One gram of a dry paper sanple was weighed to
the nearest 0.0001 g. . The sanpl W pgut into small pieces and
placed in - a 500 m beaker with of 1% acetic acid. The 10

contents of the beaker were heated while stirring to 55-60[err] C for
60 m nut.es. TherbEakEdn arkk ¢ {15q OPFd Eddgre were then cooled in an ice
~bath to lessg than 30[err nt s nfiltered
and the fill ?)r ate was ﬁe"é@%\p‘ﬁ?ﬁ? eﬁefg % €%’és§f+(§l%gt Jécgt}éﬁt ainer in a
vacuum 15 ovefoelif dadmer nidend tkeyness diel saior reskar dnadsl By
placing the congainer, i ng. f Ongetbaldcauered Ofosifs . ndibii#P @sting

130[err] C. al‘ner and 't resi pl aced i n a dessi cator
to cool and waiqmwmeased feomy %ﬂ%rﬂ@-’a%d:%l"(ﬁs PRHLRIE aci d

with no paper SR 3 eSor 4 wtasig‘lﬂ: the THEOeBE a:reé)CB@sﬂ'dftEvitﬁ;snﬁiﬂe

G ity e
1% acetic aci d ddainkless stldwl pmlmimltwmlculmn fers le'ermﬁawwlﬁ)l I ovvs
% Chitosan = (Resd dép%\/&dﬁ%é %@ﬁé@@ﬂ& é@d:ﬂﬁess taple ﬁ(%?t‘%rel gt Was

used to dccount Tor efence t ween chjtosan and chitosan
acetate and i s QAREawkna-ezd. ole'EeheS?ﬂﬂ’Jcﬁ:‘hI%?r WEGHID S (DEar R A e to
chi t osan. 6.3 centimeters by 11.4 centimeters template with a "V

20 notch as recommended in the Kayness friction testing
procedure. Each sample wés wrapped around the bottom
of the rectangular testing weight and taped securely.
The weight was positioned at the same spot on the
stainless table for éaéh test. The force gage was set

25 to zero for each test run and the machine was adjusted
to a linear speed 15.2 + 0.2 centimeters per minute.
For each test, the weight was allowed to slide
approximately 14 centimeters before the machine was
stopped and the frictional force on the gage was noted.

30 For _each sheet, four sampies were tested unless
otherwise noted in the Tables. For each sample, five
frictional force readings were taken. Friction
coefficient is the ratio of the frictiomal force and
the normal force. The normal force is equal to the

35 weight. The sliding friction coefficient was
calculated by dividing the frictional force by 1456.
The twenty coefficients thﬁs obtained were averaged and
the standard deviation calculated_and reported in the



Papers for friction testing were prepared by 35 the foll ow ng procedure,
using a 20 centineter by 20 centineter |aboratory handsheet nold. Each
handsheet was -prepared with 85% by wei ght of para- aranld floc ’
with a |'iwesss®asity of 2.0 dtex and a | ength of about CTIUSHAIB4Y 30752 -
- PCT/ US98/ 00244 6.4 mllimeters and 15% by wei ght of a reflned nmet a-
aranid fibrid bﬂami%rs The,eDalaboradidrd ftetpetdtude duribgl ¥hoseheawkene
t.er epht hal-am de ?g: p&g@ﬁht sol d by E. I. du Pont de Nenours and
Conmpany under t ane KEVLAR[err]49. The nmeta-aranid fibrids
“were made fron1po|y(neta phenylene lsophthalanlde) as descri bed

in US. Patent 20 ., 1erical Average
| ength of 0.49-mMTand ( on, various
amounts of &hitosan vver'@le P@O%d&f tcéllt%a@aﬂérftfﬁpnme%sg"&?éﬁéte t he

papers i deald IdeR@rininkabes thea®d1llowiBapgiscedutabl echewgiam of

roduced using a h nol ecul ar, wej ht chitas e i Table I
aere producedQGEFEQQQQRﬁﬁ RS ¥R welg%@%g%? gﬁ?t8§3535$h§ H°§H
ol ecul ar WE|thecham@danwaSSthwascm&pphtedshplDCplehES|anagpnacbdgnas L.P.
under the s%%ewwﬂ%exwérﬁaﬁt%§2@00&3 welaataesggenscgaltOEQQ in

aqueous sol uti&n-with one weight percent acetic ac aving a one
per cent solﬁtl§@nﬁe§@@%P@yt§F bspker] wergs heated)yhide FParsdng A

intrinsic viscesi-byoef fakogh *dnard@. dithg, baaHe2naRA. TtBeEeaBbndagr ee of
deacetyl ation

l.ecul ar wei g hito su ied
Chitin TechnolHﬁF@stBeﬁ Cﬁﬁggﬁ ‘the 2 4§&n gﬁﬁgv gggs ﬁ gBhFee &é?ght
percent chi t osberakeragoatestsoletreothent fiilterefir eedwehghfiperatat wasetic

acid-and having,g P%%%t%ﬁ RE' ﬁg‘ghe\ébsﬁ.ﬂsbt¥aréa éshEhih&r E?L &%ﬁ'é’&w%ec and
a 78.9 ercen eet,
1000 ml of I gat@VeWagtpéapgﬁ andotae resBﬁP?l?ﬁSPﬁuﬁtkﬁélGﬁ%?@nbﬁpparatus
(BlPEA)tanﬁ 0. I4 &acahgmthe ceﬂtaﬁﬁebgs.hSa %zl‘:rt:Eabaigrmm fgﬂego 0 300
ol ynet aphenyl ene- e i.bri was added as a %
Poubous "3 iRy ab71300hs SHedPoNFaLher BPYabhh: TeRARRGngRS 12
m cron di anet eplapeBypar apiesplieatoretephbhdl aniddeas| then weigbeddded to
this mx alongapi LhphBRkaPBEOPRLabE 200URL: oL ﬁClgcbiéﬂSﬁg papepddi i onal

1000 m of water was a i sper sl on S thoroughly

agitated f#t 5samblgi Wagegun ?ﬁénﬁaﬁﬂghEﬁPcﬁﬁPHeMBEOY?iIeﬁhﬁn¥ﬁ58@99 m of

wat er and 't he gesghReswas waicpdHted &bt bolbewspl d. A vacuum was appl i ed
.to the nold to renove water .and form S -

Residue Weight = Weight of (Container + Residue) -
Weight.of Container - Weight of
25 -~ 1% acetic acid blank '
The percent chitosan was determined as follows:
‘% Chitosan = (Residue Weight/1.37) fSample Weight
The factor.1.37 was used to account for the difference
. between chitosan and chitosan acetate and is the ratio
30-'of'§he molecular weight of chitosan acetate to
chitosan.

 EXAMPLE 1
Papers for friction testing were prepared by
‘35" the following procedure, using a 20 centimeter_byfzo
centimeter laboratory handsheet mold. Each handsheet
was prepared with 85% by weight of para—aramid floc
with a linear density of 2.0 dtex and a length of about



9 WO 98/ 30752 | |
PCT/ US98/ 00244 the sheet. Each sheet was taken out of the m)l d

bl otted WO 9 dried at 190[err]C. The sheets were'tﬁe ,g

flat press at 446[err]C and 285 KNewt ons for one m nute. asi s WEI ght
and thickness neasurements were then made on 5 each she.et and the sheets
were used for féidctmight ireefierg) and 1%s showidiel ovf a refined ‘meta- 0
TABLE | aramid fibrid binder. The ara-aram floc wag R 1 CLIoON
Chitosan Chitosan Basis W. Densit P C?olf(% cl ent ‘Added 0

on Paper (glﬂﬁlé’r(rﬂajf)henyle("gq d@rephth@el@mlde) fihereproduct sqld by
67.5 0.3@ 1. a.Fik de Nehdird and Comphny urfiefl the . 69.2.

8 igg 8 ngadenan}te Q&.%IL]ZSI 29 The met%g'ﬂ:z':\mld fl%;:lé}ﬁ were 91@%;%32

0. 002 6 from mlyl(meta- phenM@e isoplrIElmmide) Gsl Bescribdl 002

TABLE ll 20 %in vU.s. Patent No 3,756,908 and had % Kaj apl ﬂgiiélon

Chitosan Chitosan ., Basis Densi t'y dd

on Paper (9 Hﬂ&ﬁﬂ?ﬁl Aveqﬁgqupngth pgaﬁ 49 mm.ag@ﬁ@vfreeneag‘of

65. 1 0.2621 ml. O0.Ik6=dditidh, OQ%rlouslh;né)unts of é:hgﬂaosan we%@e2§4

0. 260 . 0.002 2 e 13 : :

0 192 1§ gfgded to)the plber” furnish to'gEhiprate thg fapers (173

0. 004 6** identifipdsin Table@gI8and II.Q. P&Pers in0Table I wede003
Only t gpohibiceld %&@a@ agghw%qetca&%} we&e,hkhbm%gsan and  Paper.

** Only flLteen frlc I.on_readi ngs were takenwt this

paper . &nﬁﬁeyefe QraﬁHcEdbéPéﬂgsHO%PWh@OéPFBé?Ibn 35

paper strengt hwelightl phieaked .wi ThevaighumollevaliaroiveightCchhiesaant 0
friction pﬂ?eréagoghﬁbﬂkgg gbe%beBhitin %ggﬂggiogleguhpP under the
tradename VNS-618 as a one weight percent chitosan in
aqueous solution with oneiweight percent acetic acid
and having a one percent solution viscosity at 259C, of
11,400 mPa-sec, an intrinsic viscosity of about 12.5
20 dl/g, and an 85.7 percent degree of deacetylation.
' The low molecular weight chitosan was supplied by DCV
Chitin Technologies L.P. under the tradename VNS-589 as
three weight percent chitosan ip aqueous solution with
three weight percent acetic acid and having a one :
.25 percent viscosity, at 25°C, of 14 mPa-sec and a 78.9
percent degree of deacetylation.

For each sheet, 1000 ml of water was poured into a

British Pulp Evaluation Apparatus (BPEA) and 0.4389 gram
on dry basis, of the aforementioned polymetaphenylene-

30 iséphthalamide (MPDI) fibrids was added as a 0.3% aqueous

slurry. 2.4871 grams on dry basis, of about 6mm long, 12
micron diameter, polyparaphenylene terephthalamide floc

was added to this mix along with the appropriate amount of
chitosan. An additional 1000 ml of water was added to the

'JJ
N

BPEA. The dispersion was thoroughly agitated for 5
minutes. The handsheet mold was filled with 8000 ml of
water and the dispersion was poured into the.mold..A
vacuum'was applied to the mold to remove water and form



For each sheet, PPD-T pul p and 0. 393 gns of cotton linters (purchased
from Al pha Cel I ul ose 40 Corporation) on a dry basis was added to

approxi mat el y 10 - - WD 98/30752°
PCT/ US98/ QR7dkh 1500 m of vvat er and mxed in a Briti ,@%9910024

Eval vat i on &ppar atus (BPEA) for 5 mnutes. The PPD-T had a
Kaj aani ES-200 | ength wei ghted average Iength of . - about 0.61mm an
arithnetic average  |ength of a and _a wei ght wei ght ed

‘aver age | engt (P15t shssikt- ﬁ?l%e?ﬁn W%%r"-?a’ﬁ‘?’bo@\é% 8f EBeaBriléhi kg otired
preferred arﬁi/erc'ag:ﬁed engtied@cr pr'BIGéI skeof st ReBei DHEAL pQEssEHle in a

| engt h wei ght vera d oated pul ps were
prepared by a?& g FY %\ug‘#%% C gd%%'h@ E%ﬂ?tggﬁnoﬁg RiPHEEs| ution in
a one percent Basis a(aeltghj: andl tlmcwahmstrmeameméptsh spees elenn madiee lon

using a B was, Id Q. _The hltosan
used here gg\s%t%g:el saé&ﬁr‘l”ﬂﬂf%ﬂéjl K?%%%?%‘?rvxel g%? fﬂftggéﬁtﬁ?ﬁsé 1¥%d in
Exanple 1. 18s H@WOVM chitosan was cal cul ated based on the

wei ght percent of pulp on a dry basis. The appropriate- anount of
activated carbon and di at omaceous earth based on wei ght percent dry
basi s of paper were added and m xedBBLE & minutes. The pH of the
m xture at thids 20 stage was between 9 and 10 for all pafsesion 0. 098 g of
nitrile | &9 ex ShEesadd&@482 he ni AREEE"hi | Pepeitias - IReefifficsenitr red and
11 gns of a 69648t BB um-AEPl et erlaigsl e adeainio—preociserat e t he
| atex onto the furnish ingredients. The pH of the furnish was between
25 5 and 6 irg al | cases. ApprOX|sqa§ ely 10 9.8 of a Bubond 65 cationic
retention aid (purchased from Buckiman %588 at ori e%)°has add®FC3s 0. 44%
~solution. Theifurnisho.71  was powPel i nto an3egproxi nanesy 20 xo:h(az
centinmetefs , .handgshget nold fidgled with 8900 nl of, wajer. yum 30
was applied to the nold to renmove water and formthe - sheet ach sheet
was taken out4of the fofl, blotted®-2  and %dtched wit-B7& rol | ef-°4Ad dri ed
at. about 120[err]C. 3.0 Basi S weinghd and thi.gkness nmeasyd enent s, wWgs e nade
on ~each sheet and the tensile strength neasured in an 35 Instron
tensile tester at a gage |length of about 5 cm with a strip width of
about 2.5 cm TABLE II
20 % % . ' Friction
Chitosan Chitosan '~ Basis Wt. Density Coefficient
Added on Paper (g/me) {a/ce) . _Mean Stdev,
o+ 0 65.1 0.262 - 0.165 0.002
1 : 1.21 . 66.2 0.260 0.174 0.002
25 2 ' 1.73 66.8 0.254 0.172 0.002
s 1.73. 66.1 - 0.266 0.173 © 0.004
Gr* 2.52 66.8 ' 0.263 0.173 0.003
* _' Only ten friction readings were taken with this
30 . paper. ' '
*k Only fifteen frlctlon readings were taken with
thlS paper.

Examples 2, 3 and 4 below show the effect on
35 paper strength of pulp coated with various levels of
| chitosan to friction papers containing dlfferent
amounts of pulp. ' '
For each sheet, PPD-T pulp and 0.393 gms of
cotton linters (purchased from Alpha Cellulose
40 Corporation) on a dry basis was added to approximately

10



WD 98/ 30752 . _ o _
. PCT/ US98/ 00244 (45% pul p papers)

Amount - w5 ggshfagr edi ent _ - %Dry Basis pcrwsesmozas
g Dry Basis Pul p ' : - 45
4.16. Activated Carbon o ) .35 _
3[err] 435 1500 Mgt aatas 3nf thixed in a British Pulp Evaluation
1.472 10  Cotdgpurdti£r BPEA) for 5 minutes. The #PD-T pulp

: i fril at ex 1
8. ggg ha{é% :\L%a FS- 2Bpa5|lsength welghted dverage length of
Tensil e abhitt dbzflmm \Wsirghrithmetic Biedagsssiength of about
gtere_ntgt h 5T %({(1 ) nﬁer 4 aalé;eér)ilght v&eﬂ(gﬁﬂﬂe@i rJ\)erage( nI‘Qngthlgof about

nsi c _ Sit
0.778 y @m.go> For purpoqeqqpf estab%&§3*pg the preferred 235
0. 882 averdye?Bength for prhctlice of this/dnvention, 4he
i Jebbin weighted avelagl length is ey The L}%‘él' tpar > °
EXAMPLE 3 coateB iR pveﬁzqmn@)pared by adding the required

Amount 25 I 9 | g Dry
Basi s 10 aﬁ%l'ﬁ%cy YH chitosan as a 1% solutﬁé.’oq 535.518%5 che percent Y 3 538

Acti vated Car b@,q:et:l.c acid in water tp the pulp disperseg gy watmy
Di at omaceous Ealibhg a BPEA and was then neutralized to b 4 above

LaC;)tez(on Lint €'3.0. The chltfsan useécl:l here was (th(eggameo 39% Nitrile
Basi s ' molecular weight chitosan (VNS618) u'EadsulneExample G:hi t osan
Véi ght Qi kiR of ch:.tosan was calculate§t H23%W on thed

on Pulp (g;‘ﬁn[err%) Density e:k/ rr[err])
Densi ty weight percent of pulp on a dry bas:.s The appropriate

amount of activated carbon and diatomaceous earth based
on-weight percent dry basis of paper were added and
mixed for 5 minutes. The pH of the mixture at this
20 stage was between 9 and 10 for all papers. 0.098 g of
' nitrile 1atex'was added to the mixture while it was
being stirred and 11 gms of a 6% solution of alum in
water were added to precipitate the latex onto the
furnish ingredients. The pH of the furnish was between
25 5 and 6 in all cases. Apprdximately 10 g of a Bubond
65 cationic retention aid (pﬁrchased from Buckman
Laboratories) was added as 0.44% solution. The furnish
was poured into an approximately 20 x 20 centimeter
handsheet mold filled with 8000 ml of water. A vacuum
30 was applied to the mold to remove water and form the
sheet. Each sheet was taken out of the mold, blotted
and couched with a roller and dried at about 120°cC.
Basis weight and thickness measurements were made on
each sheet and the tensile strength measured in an

|92
th

Instron tensile tester at a gage length of about 5 cm .
with a strip width of about 2.5 cm.

11



0. 218 - 0.746 . 0.292 4.50

15.39 40 2 209 0. 746 0.279
6.75 24.21 -4 219 - 0.755 - . ++ 07290
6. 82 WO 98/36752 6 _ 222 0.819 PCI/US98/00244
0.272 6. 96 25. 60
12 ' WD 98/ 30752 o L -
PCT/ US96/ 00244 (20% Pul p Paper.s
Anount | ngr edi ent . % Dr a Dry Basis 5
Pulp- - . . (45% pulp papeZd) - : 1.963 Activated Carbon
60 _ 5. 888 Di atonaceous Earth - 15
1. 472 Cotton Linters 4 - A¥m893 10
Nitrile Laté&x Ingredient 1 ¥ Dry Basis - (0. 098 g Dry %asis Basi s
Tensil e Chitosan Weight Thickness. Strength T.S./
on Pulp (g/(nferr]) (nm Density (kg/cnferr]) Density 15
0 210 - Pulp (.636 0.330 45 3.52 10.64 ~ 4.16.2 205
0. 645 2061314 carbsh 80 11.93 a5 - 4 188. 3.435 0.596
0. 316 4. 92Di 15. 60 . Earth 6 293 - 0.641 . 0 316
5.41 17.15 Disgmacecus Ear | | EXAMPLE 5 472
For each sh@et coPDLIngpabp, as was used 4n the preV|ou39exaanes and .
0.88 g of cottgnLinters were ~added to approximately 1530 nl of
water, mxed in a 25 -Waring Blendor for 5 mnutes, and transterred to a
BPEA. Chitosansgcoat ed RrRS Were prepared by adding - rehdt8er equired
amount of chit egi@BsaaS ®eiddke SOl Ut rRiExhdasONe percentse@deffchC agisd,in
water to the puotpurd Spassmd®n N m 3 vessebemdnd t hen pewédal i gdgat he
dispersion to a pH 30 of about 10 or above. The chitosan used here was
t he . sanme, hi gh nolecul ar wej,ghit chitosan (¥NS618) usegd in 2396Exarrple
1. The anount of chi tosan was calculated base 3
235 0.882 0.266 B8.72 32.72
4 - 218 _ 0.778 0.280 11.74 41.94
20 s 230 0.896 0.257 8.98 38.92
' EXAMPLE
(33% Pulp Papers)
e o Amount
25  Ingredient % Dry Basis ___g Dry Basis
Pulp - 33 3.238
Activated Carbon 47 4.612
30 _
Diatomaceocus Earth 14 1.472
.Cotton Linters 4 ) . 0.392
Nitf?.le Latex T ~ 0.098
35 % - Basis . ' _ _ - i‘ens;le
Chitosan Weight Thickness o Strength T.8./
on Pulp . (g/(n?) {mm) _ Density =~ (ke/cm2) _ Denpsity
0 218 0.746 S 0.292 4.50 . . 15,39
40 2 209 0.746 : 0.279 . 6.5 24.21
© 4 219 0.755 - - 0.290 6.82 23.50
6

222 " 0.819 - 0.272 6.96 25.60

12



on the weight of pulp on a dry-basis. The appropriate - anount of
activated carbon and di atonmaceous earth, 35 based on dry weight basis of

- paper, "‘%89%8{?-{]‘59 and mixed for 5 minutes. 0.44 g of mdﬁmbﬁﬁex was
added € mixture while it was being stirred and 25 g of 5%
solution of alumin water were added to precipitate the | atex onto the
furni sh ingredients: Approxi mately 40 ‘E‘A&E&Q—&Jbond 65 cationic
retenti.on aid V\agoﬁ(idglgl Beds) - _ 13
WD 98/ 30752 : PCT/ USO8 A4 4
25% sol uti on. Thegtes ' TN MaBrp@dsed | Nt AERsQXi mat el y
30 x 30 centjneter - handsheet mol d. . The - handsheet mol d was fil led
Wi t h -appr oxi matelfl 34 liters of "wat er and t he furnish vvas Qoured into
the nold. ‘A Riacuum was appl i ed to4he nold to remove wat'€f*and form

t he sheet. Eachmhevat:em::bzaken out of: telee nol d, couchesl sgad t hen

pressed and drlg% aQQoQ‘%tEJﬁQ[e”]C 15 - Thickness neasurengpts were
made on each she tensile strength neasured |n ‘an” l-nstron

tensile tester Cdgrongkingegage |ength of &bout 12.7 cmwith a &2PEp wi dth of

about . 2.5 c19 Awfnbeolacw®S run using the same procedur g aggset out
above, but with no chitosan. I ngr edi ent - %Dry Basis
g Dry Basis 15 - Pul ' 33 7.28
Acti vated Car boT‘Li 3“8 10. 14 Dséﬁrteﬁ‘?‘?%geou§ E?rt h
eigh Lck ess
15 gsflf Y tton( rs L D 0.88
20 Ntrile Lat®X m%uﬁm___(mmz
Tensil e 15 o Chi t osan Th| ckness St rengt h T.S./ 25 on
Pul p o o (MM ‘210 (kadesgerr]) = 0.330S. at30% - 10Q%
0.761 3.02 1 0.1 : - 0. §9§ 4.08
1.35 - 0.5 2 205 0. 75d-845 7.3p-318 2%%2 3030
0.716 7445 188 2. 47 0.5965.0. 0.316 8.956 15.60
7. 52_ 25 49 202 . 0.641 0.3@<AI_\/PLE5§41 17.15
20
'EXAMPLE 5

For each sheet, PPD-T pulp, és was used in the
previous examples, and 0.88 g of cotton linters were
added to approximately 1500 ml of water, mixed in a

25 Waring Blendor for 5 minutes, and transferred to a
BPEA. Chitosan coated pulps were prepared by adding
the required amount of chitosan as a 1% solution in one
percent acetic acid in water to the pulp dispersion in
a vessel and then neutralizing the dispersion to a pH

30 of about 10 or above. The chitosan used here was the

.same high molecular weight chitosan (VNS618) used in
' Ekample 1. The amount 6f chitosan was calculated based
on the weight of pulp on a dry basis. The appropriate
_ amount of activated carbon and diatomaceous earth,

35 based on dry weight basis of paper, were added and
mixed for 5 minutes. 0.44 g of nitrile latex was added
to the mixture while it was being stirred and 25 g of a
5% solution of alum in water were added to precipitate
the latex onto the furnish ingredients. Approximately

40 25 g of Bubond 65 cationic retention aid was added as a

13



These papers were made in a fashion simlar to 35
the pul p used here was. | onger,

m, and a

r et ent i onWor?8887%,

_surface area of -4.36 n2/g with a 14 nesh O ark

The pul p had a Kaj aani

FS- 200

that of Exanple 5 but
had a Canadi an Standard Freeness of 629

| el QFﬂmﬁﬂﬁgﬂfed

average length of about 1.03 nm an 40 arithnetic average |ength of about

'0.20 nm and a 25% seighionei ghiedresieltagey |ANgiis0wad urdSIAEB an
WO 98/ 30752

14

Tensi |l e
T.S./

3.52
5. 89
6. 27
5.23

5
(kg/cnferr ]1) 10racuuu¥ wap 1applled2d":p the molcb tpgemove watezo aygk form

PCT/ US98/ 00244 approx1mat?%%o/3 (busf p3 qoacpeenrtn)meter handsheet moldBaSl'Tgue

handsheet m@l@h;yas £fillpd cy\rm:é'g@pnroximately 34 llt&rrsengt h

Densi t

- Chif Qp¥er (SHd s rﬂﬁrnlsh wa(smﬁoured 1n6:o tHEMWILY. - a

0.291

20. 6&he sheet 0. Fach sHekt was takdh @t of the molR, 277

©22.60
19.47F°

uchleod alrié) then .prlegs?’sed ‘and drq."e7dl7at ab%mo%(%tss

These papers wdltel alne ssameaspnpoEntowere magke dm each sheefxamd ¢He nade

with the same pu oy had

paper and,

In two cases,

ﬁtlﬁ%éénﬂ:‘@i
furnish ratlfer athah 9age length &f @patte 13ul7 BeMEtd adHtagD Ma

in B %A%l e

hi t osan was ad

ehl I recE%

to the N
dﬁéﬁ.@fto t he

go t he

furni sh. abbfts@ resilt s A rudsrﬂﬂtoa.htvda% thn; f@%alihgcmtee@aaié the pulp
bef ore the paper.-makj rocess | ch nore. e tive in 20 | pr ovi ng
strengt h. proce ure %% q% m%ove % A W6t e itosan. .
Tensil e Wi ght ,Thlckness Strength
T.S./ - i q
(kg/cn{errh3 Density 25 0 206 0. 648
318 5.76 18. 14 -
Pulp - 33 7.28
Activated Carbon 46 10.14
Diatomaceous Earth 15 - 3.31
Cotton Linters 4 0.88
20 witrile Latex 2 0.44
: Tensile
% Chitosan Thickness Strength T.8./
25 on Pulp {rmm) (kg /cme) T.8. at 0%
0% 0.761 3.02 1
0.1 0.696 4.08 1.358
0.5 0.759 7.31 2.42
30 1.0 0.716 7.45 2.47
5.0 0.756 7.52 2.49
| EXAMPLE 6
These papers were made in a fashion similar to
35 that of Example 5 but the pulp used here was longer,
had a Canadian Standard Fréeness of 629 ml, and a
surface area of 4.36 m?/g with a 14 mesh Clark
retention of 10.0%. The. pulp had a Kajaanl FS 200
length weighted average length of about 1.03 mm, an
arithmetic average length of about 0.20 mm, and a

40

weight weighted average length of about 2.63 mm.

14



2% of pul p added to 30 furnish 229 0.841 0.272

4.88 ,17.93. - 3% of pulp. ~added to furnish 226

0.742 wa oriantis 304 . 8.43 - 27.69 35 1. 5%efrusesnezadul P
(wet ) 205 WO 9850788 0 0,265 . 6,76 25 as Orno0nMEL
98/ 30752 : PCT/ US98/ 00244

These papers wer83% eéhaiePapandlar to Exanple 5, . but with a
conposition as shown below. Al so, the nolecular =~ 5 weights of chitosan
as indicated by the visocesidy of 1% solution in 1% &eetite acid were .
different. The %700 cpgsieisht  cHibigadse was obt ai ned fr ofEB@YEChi tT-R./
“Technol ogi es°L. Mhikgsan  (a/imd} | aett i o i flon-Rehsity
RNS- 049 and had an intrinsic viscosity of 9.5 dl/g. 10

Anmount I ngr edi entzoa ~0.6% Dry Basi s0.291 g DmysBasi s 12.10

Pul p. ' 3 15 i vat rbon
47 0.1 4, 6?}2 _ [g'a?%maceous anr%,?% s?g; 92%%
1.472 - Cottoeh Lintey?4 . = 0.622 _ 0.277 602392 22.60
Nitrile Latgy 1.0 c1e3l 0 0.1y G .98 2@ 23 19.45aS1'S
Tensil e % Vi ght Thi ckness Strength
T.S./ Chitosan (g/(nferr]) - (mMm - Density

(kg/cnmferr]) Density - None 2EXAMPLE 7 0. 752 0.297

g 538 _14- 44 0. 386 Theg)s.]e83%%eczp%§nfe2r8e tﬁé%%_c&wo%on a@AtAhose in

Example 5 made with the same pulp but had an additional
15 0.45% of latex added to the paper; and, in two cases, the
chitosan was added directly to the furnish rather than
coated on the pulp before adding the pulp to the furnish.
These results indicate the chitosan coated on the pulp
‘before the paper-making process is much more effective in

20 improving strength.

Basis Tensile

% " Weight Thickness : Strength T.8./
Chitosan _(g/(m2) ¢mm} Density (kg/cm?)  Density
25 - .
o} 206 0.648 0.318 5.76 18.14
2% of pulp
added to : .
30  furnish 229 0.841 0.272 4.88 17.93
3% of pulp
added to
furnish 226 . 0.742 _ ’ 0.304 8.43 27.69
~ 1,5% on _
pulp (wet) 225 0.845 0.265 6.76 25.45

15



30 5700 cps (83. 2% DEA) ~ RNS-049 240 ~0.863

0.277 6. 05 21. 83 35 5700 cps (83:2%)DEA) _
RNS-049 244 . 0.813 0. 303 6. 47 21. 35 40 T
EXAVPLE 9wo0 9830752 "This exanpl e denonstrates the ben@CT(USSB/00244 ng

fi bers which have been coated with chitosan in accordance with this
invention, rather than nerely mxed with -chitosan. In this exanple,
7.28 g of PPD-T pulp were 45 dlsperseazmmgiaﬂ@.ni of water and the
requi red anount of 0o
98/ 30752 . These papers were prepared sé?fUSgB%%ngZ ple r

chi t osan was addud Mﬁéheﬁ00§§P§5}%}§6lGFISHOWH BR&CHer cBAEO. the mpderular

acid in vates. bAqhRe %%S%hlllﬂ%%ﬁt ad tiﬁﬁ@Wattf_heby the plikpodispensi ar was

neutralized to a qof ahout it t he _chi L.osa nd the
wat er was evapoP&H 1PPo R I‘SaCFﬁéch§ﬁ§r¥ % %%egFBtdr TRE6708"¢
~ chi tosan-coat edchikpsan was obtained EmothCETﬁbntaasﬁstabbmgleﬁeLm@teas

was evapor at ed 2 &ractfart%msgiﬁtgbﬁp%rl%_hog aéseghat%ﬂ Hﬁnﬁﬁéf-@thSHdCBhEioﬁﬁn

“to yield m Xxture o san Paper s
~ were made by thenﬁté@@dﬁrgléFoéiéwppé 8-5 98/9ysi ng these pul p and chi tosan
conponents ypth results set out -in the Tabl e bel ow
Tensil e Chi t osan Thi ckness _ ' Strength T.S./ 15
% on Pulp () &mmty(kWCMeH])‘ S . Boun
Density AR U851 749 21. 35
to pH 8 and t hen drled 20 1% Dried - 0.953 0. 335
5.:80 | 17. 31Pulp_ | ' 33 . ' 3.238
15 Activated Carben 47 " 4.612
Diatomaceous Earth 5 1.472
Cotton Linters 4 0.392 .
Nitrile Latex 1 N " p.o098
20 Basis Tensile -
% Weight Thickness Strength T.S./
) {mm). __Dengity  (kg/cm?) __ Dengity
None 222 0.752 0.297 4.29 14.44
25
11,400 cps
(85.7% : :
DEA) 244 .0.838 . 0.296 6.89 23.28
VNS-618
30
5700 cps
(83.2% DEA) _
RNS-049 240 ' 0.863 0.277 © 6.05 © 21.83
35 5700 cps
(83 2% DEA)
RNS-049 244 0.813 - . 0.303 . 6.47 ] 21.35
40 . EXAMPLE 9

This example demonstrates the benefit of using
fibers which have been coated with chitosan in accordance
with this invention, rather than merely mixed with
chitosan. In this example, 7.28 g of PPD-T pulp were

45 .dispersed in 1500 ml of watér and the required amount of

16



2% Dri ed 0. 940 ' 0. 356 ‘5. 38 15.11 25 3%0Dried
0.97B 0. 347 5. 86 16. 90

17. - CLAIMS: - 1. Aram d fibers having a Iengéyﬁgg%@%%d ;o .

10 mlllrr&%?%m"ﬁzsurface area of 0.5 to 20 square neters p
coating of chitosan in the amount of 1 to 10 percent, based on the weight
- of the fibers. chitofarn wddheaddédrishefetd asnd VhesElucide ofii dos gpebasna

1% sol ution vi Scosééilc 'cht%f‘r?%éi?exac' dIrPfor;é) cagg’%égat?ech&elow, the
pulp dispersion was neutralized .to a pH of about 8 to
precipitate the chitosan, and the water was evaporated from
‘the dispersion to yield dry, chitosan-coated pulp.

In the other cases below, the water was evaporatéd.

W

from the dispersion of pulp and unneutralized chitosan to
yleld a dry mixture of pulp and chitosan.
Papers were made by the procedure of nxample 5
10 using these pulp and chitosan components with results set
out in the Table below:

Tensile
Chitosan Thickness . Strength T.S. /

15 soppulp  (mm Rensity {kg/cm?) _ Density
2% Neutralized 0.927 0.351 7.49 21.35
to pH 8 and
then dried

20 . _

1% Dried 0.953 . 0.335 - . 5.80 17.31
2% Dried 0.940 0.356 5.38 15.11
25 3% pried 0.978 0.347 5.86 16.90

217 -



3. The fibers of Caim1l wherein +d floc. - 4.
The fibers of Caim1 wherein the f|Qg£

ce %een (Bé“ . 5. A |
friction paper conprising 5 to 95 perc Mﬁ arani d fibers, and 10

‘to 80 perwows/3ot82 wei ght, inorganic fi he ar afCH/YS9BRIZ4 have a .
| ength of 0.15 to 10 n1II|neters a su 0 5to 20 square neters

per gram and gﬁﬂ%t' g an in the anDunt of 1 to 10-percent, based
on the weight

6... The fricgtion er wherein
the friction coefficient- of Bﬁé‘“b‘apé?‘b?gs arayead @ SP%&%%n?f%aiag]e than
the friction cogﬁfmgg_gm\e@grg sanguﬁfa@@p@fea\ndmomrScttntmasquare _ A

process for nakln aramd ted MA h r t £ps
of : (85 nge?glg ﬁr%ﬂ%d AR ers H$% sol é%%ﬁ:i? Eﬁﬁt%ﬁ%ﬁ?ln
wat er of pH3.50f014t5 ap peroanembase@nor@ftllet‘e)ellfﬂ'“be‘?%e?ﬁe HR&ER- o

wei ght of the aramd fibers to yield a dispersion of aramd fibers;

(b) changing the pH of the dispersion to EH 6.5to 11.to ﬁausg.%he-
chitosan to precipitat e2andTB8atiPRESIPEpELELE &r ¥RFECHR bEDS, ChhFosan
(c) separatlnghageacmbtQéaatgeatedsécbetﬁ 13 0D% t deewiat eagid of 10 -

REPLACEMENT SHEE 18 : WO 98/ 30752
. PCT/ US98/ 00244 22, 000 mPa-sec. g The process of aim7 wherein the
aramid  10fibers are aram d pul p.- '5 -~ 9. The process of

Claim7 wherein the chlgosa@he f1 ks dEsephyRdit @n8Bkenatk8i £oBa8pssol ution
and the aram d ers_are t en dispersed in the solution.

10. The processavé aramyfi7fhAGrein the aranid 10 fibers are dispersed to
make an aram d fiber dispersion

4.  The fibers of Claim 1 wherein the fibers

1S are aramid pulp.

5. ‘A friction paper comprising 5 to 95
percent, by weight, aramid fiber, and 10 to B0 percent,
by weight, inorganic filler wherein the aramid fiber

20 has a coating of chitosan in the amount of 1 to 10
' percent, based on the weight of the fiber.

6. The friétion-paper'of Claim 5 wherein the
friction coefficient of the paper is at least 5 percent
25 greater than the friction coefficient of a similar

paper without chitosan.

7. A process'fof making aramid pulp coated
‘with chitosan comprising the steps of:

30 . (a) dispersing aramid fibers in a solution of
chitosan in water of pH 2.5 to 4.5 at a concentration
of 1 to 10 percent based on weight of the aramid fibers
to yield a dispersion of aramid fibers;

(b) changing the pH of the dispersion to pH 6.5

35 to 11 to Cause the chitosan to precipitate and coat the
dispersed aramid fibers; and ' -

(c) separating the chitosan-coated fibers from

the water.

— | | 8 , — '
I . C | TS SHEET Has B
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and the chitosan is then dissolved in the dispersion. . 11.

The process of C.aim?7 wherein aramd _ fibers are aranid floc and
wher ei n, p (a) and 15 before step (b) t he aram
refined to h@é@ék& aram d pul p. 12. A progESs g@éﬁﬁking

a paper caontaining . - aramd pulp conprrsrng the steps of:
(a) establishing an aqueous paper furnish 20 including 5 to 95 percent

aram d fibers based on t h t he r e
fibers are - - 0:15nh1t€ 10Thelégégéﬁ gvélgigothRngin ¥FS 6Qmiﬁ
wei ght percent chibesanabasadanidtpelpei ght of 't he fibers; 25.
(b) pouring the furnish of step (a) onto a paper - maki ng screen to

renove water fromthe aramd fibers; f 1(1 dr ng the
aramid fiber? to yield a papgpe process. of C aim 7 wherein the’ch osan

109 . WD 98{30db@solved to make a chitosan solution and PNF/ 458180244
bl | ohonoesSe et A W Cifb Pt bEy in cnd unishigl step (a) is

est abl i shed by persing aramd fibers ina 5
solution of chitosan in water of pH 2.5 to 4.5 at a concentration of

1 to 10 percent based Onlwe'gfﬁeoﬁrégés% of Cﬁéfﬂ1¢ &h@ﬁé§m #Rd aramid

(ii)- changrn% th pH of the water to
1bers are dispersed to make an aramla fiber dispersion’

and the chitosan is then dissolved in the dispersion.

11. The process of Claim 7 wherein aramid
fibers are aramid floc and wherein, after step (a) and

15 before step (b), the aramid floc is refined to make
aramid pulp. ' '

12. A process for making a paper containing
aramid pulp comprising the steps of:
(a) establishing an aqueous paper furnish

20 including 5 to 95 percent aramid fibers based on the

- total weight of the paper, wherein the fibers are
0.15mm to 10mm long and have a coating of 1 to 10
weight percent chitosan based on the weight of the

. fibers; .

25. {b) pouring the furnish of step (a) onto a
paper-making screen to remove water from the aramid
fibers; and o

(c) drying the aramid fibers to yield a paper.

(LT
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10 - 14.. The process of Cléin112 wherein, after : step (a)
and before step (b)- the -pH of the furnish is changed to 6.5 to 11

20 | T R
© . WO 98/30752 ’ ; ~ PCT/US98/00244

13. The process of Claim 12 wherein the

furnlsh of step (a) is established by

Sy dispersing aramid fibers in a

5 solution of chitosan in water of pH 2.5 to 4.5 at a

concentration of 1 to 10 percent based on weight of the
aramid fibers; and’

~ (ii) changing the pH of the water to 6.5
to 11. ’ '

10
14. The process of Claim 12 wherein, after

step (a) and before step (b), the pH of the furnish is
changed to 6.5 to 11.

* c L M L *
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