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Beari ng Conponents and Processes for Depositing
Addi tives, especially Fluoropolyners, on Cellulose

wdembnyaad Field The present invention rel at esSP¢DGB2008/000499

beari'ng conponents, especially flexible bearing
conponents, having a bearing iurface and conpri sing
cellul ose and a fluoropol yner "and to nethods for

appl ying an additive, for exanple a hydrophobic

f1 uor BegingTEbmpofefi§laht P38 €essEAFIF AN YRHirY A ddRIves] GpBcially
is aTeadlly avallable substance wiich can be used 10
manuf acture a range blumopolghess, olh€eldulasee a nunber of
advant ages to using cellul ose when manufacturing
articles, which include its relatively |ow cost, and

the fact that, it is environmentally friendly.

FIME%?—@;%@S are wel | -known and can be used to

MOGhEY prBRER i chtion r %fets' ?&ll%arfr{% cﬁﬁ{ﬁoﬁﬁﬁtspr&mtallfsﬂemble

of manufactured artlc es. For l'e, it 1s co

appearirig vomppatntsEtisisg arbeasingduy faetraid conpasinglcetlalose and a

(PTFE) to netal articles to obtain | ow surface-energy

coﬂupmlym@araﬂ ndo amiethnds c fote dpphingaderaddified,| don example a
r.to,the urfaceo he article, e.g. these

cogﬁ?‘ﬁ’ OklgrﬂlggOPJ ESoto c!!]é‘if@@ ‘non-stick" cookware

or Iowfrlctlon bearings. However, it is difficult to

apply sone additives, including quoroponnErs to

ceBhvk@oandased articles, because cel |l ul ose degrades

at the tenperatures cormonly required to process them

Be&iellnlpsc as e raadily kvailable vabstames whe:hacamegct used sunfanuéacture a

ded. b fl bl
Pr ?z;/nlgeeo a1¥1cﬁl:s "Fﬁ(lre a?e a number of advantages to using cellulose when

manufacturing articles, which include its relatively low cost, and the fact that it

is environmentally friendly.

Fluoropolymers are well-known and can be used to modify materials, in
particular the surface properties of manufactured articles. For example, it is
.common to apply fluoropolymers such as polytetrafluoroethylene (PTFE) to
metal articles to obtain low surface-energy coatings imparting a lubricated and
water-repellent character to the surface of the article, e.g. these coatings can be
used to produce “non-stick” cookware or low friction bearings. However, it is
difficult to apply some additives, including fluoropolymers, to cellulose-based
articles, because cellulose degrades at the temperatures commonly required to

process them.

Bearings are well known that include a bearing surface provided by a flexible
sheet or tube, which is usually made of materials impregnated with a lubricant,
such as wax, PTFE or oil. The sheet or tube is placed between the moving parts

of the bearing and allows these parts to move relative to each other. This design
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sheet or tube, which is usually nade of materials
i npregnated with a lubricant, such as wax, PTFE or

w®@rd08/0341e3 sheet or tube is placed between t he POWGBZ08/000499

parts of the bearing and allows these parts to nove
relative to each other. This iiesi gnis often used in
bearings that are not subject®“to |large forces, e.g. in

the joints or support arns of car tail gates,

al f5-ofteni WEA"iA be@HALY thathMefotanl]RE td! P&rgé Sorck$, d.H€in the joints or
bearing surface has deteriorated or beCone worn, the

s hagiportr armibef way tdiatesplresdindets ratatynoaives mad deBators. If the
144048 t hat aqueous N-nethyl norpholine N-oxide (NVWD)
ankeasingesuréacel has detepioraind mssbegome wosrothgeshest [af) pbe may be
when. m xed with water and this property is exploited

' epmeé'pi nni ng of cellul ose yarn (see for exanple

US- 4246221). The use of aqueous NVMO in industri al

processes has a nunber of advantages. NVMO has | ow

t oiti 8i kivowndfroheGB11 144048 atlanagaeasl Weniethylnmaipholine N-oxide
possible to recycle it around the process streans. 50%

soINMMQ3 asd ofbrOcy eligvamine axidasovvibdissal ey ceulpseamthen mixed
THENDBRIFLARS hRroBHD) [ RIOKRy T DR RiENFE HoSTIost Yam (sce
di agr | . .

RS 1AL DD a9 ool RS in st roosses
t NigasCOREMBEF 8F h@nt@desWNMIMOMABdUaotoxicit) stid Wheffit is used as a

NVMO di ssol ves cel [ ul ose. Qutside the shaded area, '
ceddlvdnsdeisepassibde tsrexyeksl it aroundithe pradess stieamest 40%asolutions of

DM G Giates ol ompiereiniie Svame dromohe HiHismaa dprporation
oot BV Rk oBhy S MR TR Bk o

certain additives such as fluoropol yners can be
applied to solid cellul ose.
Figure 1 is a phase diagram of water/NMMO/cellulose at standard temperature

and pressure. The shaded region indicates the concentrations at which an
aqueous solution of NMMO dissolves cellulose. Outside the shaded area,
cellulose exists as a solid. Within the shaded area, cellulose can also exist as a

solid if present in excess, €.g. >12wt% cellulose.
The aim of the present invention is to provide bearing components comprising
cellulose and a fluoropolymer and methods by which certain additives such as

fluoropolymers can be applied to solid cellulose.

Disclosure of the Invention

According to the present invention, there is provided a bearing component,
especially a flexible bearing component, having a bearing surface, the bearing

component comprising a mat comprising cellulose fibres and a fluoropolymer,
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Di scl osure of the Invention According to the present
invention, there is provided a bearing conponent,

wespenyaldy a flexi ble bearing conponent, haviPQI/a@B2008/000499

bearing surface, the bearing conmponent conprising a

mat conprising cellulose fibrgs and a

fluoropol ynmer,wherein at |ea sone of the

fluoropolyner is |ocated at the bearing surface and is

ad\bﬁ&%ﬂm %ﬂe&ﬁ%oﬁﬁ:' éf{h@gﬁmnﬂ%ly%‘?'ﬂ Wocalclut éhe bearm%surface and
fl uoropolymer 1's coated on I'ncorporated Into

susfadterad toithei colladlave. fOfti@mllgf théefluabpolihrersisr éeated on, or
fluoropolymer may be in the formof a coat on the
sunterperaied inte thasurfagendfh indinislupbfibres @f $he mate.

Al ternatively, the fluoropolynmer may be incorporated

into the cellulose mat so that sone of the

f1-Hpd Qm%é/enﬁﬁoﬂ ngo rﬁéreﬁlntagar;e inNePRRN S \?Hﬁtlf &?ﬁ%e %rlﬂ'?ace of the

f 1 uor opo ent across t

befki Torngia gf e bedring sﬁﬁﬁac@eAchemNellw ugi¢s fludkupolyfayr may be
be achi eve the met hod of applying a fluoropolyner

t anceﬁplouatcd mtoahe deldwlosd ot be (that.somiecofnthe ﬂmyopqiymdgs present
mat e | s other_th cellul ose fibre for exa
" ditrihg CRHRS SHERER UGFOPOYBFT Pyl RIEseRtAqr anrSo%ls whole of

agh? il{é?ier és%f%&g e n?aa/gbe FBW%% gm? il vy b@satcﬂfelvl:ccli by the

ment's resins, I Spersi ng “agen

ot fiefhod st a&nugwﬁiﬁg HRGropolpaRe to a@ﬁmege akldescritid below

conponent be i ncorpofated into any suitable known
bearing to prow de the bearing surface The beari ng

conponent may be any particul ar shape or . s
depleg dnalg rw tinelude amaterals Qpes dhan o(‘r?llulosqth%bres for example

oo e TR et 7o RGBEATS MR bR, .5
ggﬁﬁ{'d&Ed %‘%llhlﬂs@sﬁs Real ds fﬂf&@neigﬁ%n@@ dd-Fesins, dispersing agents

cation. An advant age of I'ng a bearing
c canbosthat additives used in paper-making art .

The component may be incorporated into any suitable known bearing to

provide the bearing surface

The bearing component may be any particular shape or size, depending on the
~ practical application. . The cellulose mat on which the bearing surface is
formed may be flexible, stiff or rigid, e.g. it could be paper or cellulose board,
depending on its application. An advantage of making a bearing component
using a mat of cellulose fibres, e.g. paper, as a substrate, is that the cost of the
bearing component is relatively low. Also, the bearing component according to
the invention may be used for repairing worn bearing surfaces, either

temporarily or permanently, and can easily be cut to size as required.
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using a mat of cellulose fibres, e.g. paper, as a
substrate, is that the cost of the bearing conponent

WO 200873 vel y | ow. Al so, the bearing conponeneCT/GB2008/000499

according to the invention may be used for repairing
worn bearing surfaces, either,tenporarily or
permanently, and can easily be cut to size as

requi red. The beari ng conponent according to the

| NYRO HOfieS dbnERett 2hcddidifigt BsP@katilv@FionURs t @seable at high
ar ound 221 C. Al'so accocrdi nggto t he |cl)reselnotrl i?lvesnetai oen,a '8
t hiegperstupesoup dedrounded298@. of appl yi ng a f 1 uor opol yner

to a mat conprising cellulose fibres, which nethod
conprises the followi ng steps: (a) applying a

di gpersion,.of the fluoraopol yner .on a surface of ih .
ey s 56 85 PG SRt 3 S5 BithaBda Rigth Ot appiying
ce I . _ . : )
FAHRRGRALARS 20 dhaCorbbidhL CNROAD ik, sAER iRl compriss

s uthefoloning !;teﬁszel | ul ose mat. The fl uoropol ynmer may be
PTFE, fluoroethyl ene-propylene (FEP), perfluoroal koxy
r ekai) nappbEng, a plisparsionoefe they fluprepalymen«m angusface of the mat of

pol yvinyl .dene f] uoride (PVDF), ethylene
te?%iﬁ%l?%oﬁg'@@hmdene (ETFE), ethyl ene

chhgr [: h o
CEUOLRSPLRE AT BORMPRETOR, S by, olengrip fy swh tha the
f1 nasidpRlfmEMs coatedhtdeand ddhstdsrtd, e supfise ofthotdlilose mat.

fl uoropol'ymers. The fluoropol yner may be in an aqueous
di spersion and may be in the formof particles that

10 hen RSroRAlTRe. TR oBF Rl ERnedbRsPARETEPOY BRE (FEP)
; : g(%rz@lot(gﬂf(éﬁfs %gfnﬁsglafg),zo p%ml%%n{e%yqer v‘?ﬂylt hifiRgr (MFA),
polyvinylidene fluoride (PVDF), ethylene tetrafluoroethylene (ETFE), ethylene
chlorotrifluoroethylene (ECTFE), or tetrafluoroethylene-hexafluoropropylene-
vinylidene fluoride (THV) or may be a mixture of these or other

fluoropolymers.

The fluoropolymer may be in an aqueous dispersion and may be in the form of
particles that typically have a particle size in the range of 50nm to 10 pm; the
and the typical thickness of the cellulose fibres in the mat is 5 to 20 um but

larger or thinner fibres can also be used.

Step (a) may be carried out by means of directly applying the suspension to the
cellulose fibre mat at a controlled rate, e.g. by spraying or using an application

roller or doctor blade.

Step (b) is preferably carried out at a temperature of 150 to 250°C at a pressure
of 1,000 to 2,000 Ib/sq in (6.9 — 13.8 MPa)
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Step (a) may be carried out by neans of directly
applying the suspension to the cellulose fibre mat at

wa2mentaiad | ed rate, e.g. by spraying or using BOT/GB2008/000499

application roller or doctor blade. Step (b) is
preferably carried out at a tfnperature of 150 to

2500C at a pressure of 1,000 Yo 2,000 Ib/sqg in (6.9 -

13.8 MPa) Steps (a) and (b) can take place successively

on a continuous production |line. The invention al so
extends to cellul ose products to which a fluoropol ynmer
haStepe ) amd(b) ean ketplaccahmeessimetiyod aazomtindbug)prasuctien line.
i nvention. According-to another aspect of the present
invention, there is provided a further nethod of

appl vin n additive me

col e i@aBOn e kit fo B PRERER HFhich s0uprgpotymer has
brbé&' 11%8'b§0l}18 abbid Hﬁeﬁao@a&%&dﬁﬁg% GRPRARERLISGR.

di ssolving c ul ose and di spersion of the additive

into contact with each other, such that a surface

OK of the solid cellulose is dissolved in the
gearding tecanoshereaspestedf the peesaniinyertion, theneds pronided a further

ci Beoge ot Appfing i aOKHNon e kaf (hGEpolgtr do sallyigee, which
todﬁ?@;&éq é%?ov@ t VVI th the dissolved cellul ose,

er| ng t orrp03| tion, quantity or

eqz?er SAbriin ngfsohhe:eﬂalosena seheht t:ii;&dblé BE dsssblihg iceMulebe and a
cellulose 1n the solvent is reduced and at | east a

pailspezrmoofoftthe adili sl intricodadtuvith eadoather,cuchdhat a surface layer

%@@F 0o BT pR% s MiasORckin B tsoBtenf R SOMNeTE iy b & mixture

of t‘&gl%raﬁ&%{)fhgghgﬁ@’giggsen @gse. In one enbodi ment

I'S aspec hvention, the additive
i S(b)  contacting the dissolved cellulose with the additive, e.g. allowing to

diffuse into contact with the dissolved cellulose, and

(c)  altering the composition, quantity or temperature of the solvent such that
the solubility of cellulose in the solvent is reduced and at least a portion of the
dissolved cellulose comes out of solution, whereby the additive that has
contacted the dissolved cellulose is incorporated into, or adheres to, the

resulting solid cellulose.

In one embodiment of this aspect of the present invention, the additive is
hydrophobic, e.g. a fluoropolymer. However, the invention can be used to add
any additive that is insoluble in the solvent and is especially useful to add
water-insoluble additives to cellulose. For example, the additive may be a
fluoropolymer, including but not limited to PTFE or the other fluoropolymers
mentioned above or a mixture of these or other fluoropolymers. The contact
time, i.e. the duration of method steps (a) and (b), may be of the order of 10

minutes, but may be shorter or longer depending on the particular conditions.
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hydr ophobi c, e.g. a fluoropol yner. However, the
i nvention can be used to add any additive that is

wo psledare in the solvent and is especially useEUGBR@WS/000499

add water-insoluble additives to cellul ose. For

exanpl e, the additive may be é fl uor opol yner,

including but not limted to PTFE or the other

fl uoropol yners nentioned above or a m xture of these

or other fluoropolyners. The contact tine, i.e. the
duration of nethod steps (a) and (b), nay be of the

or e additive maynbe esmbingd with the selvent befooe caryiggrout the step (a)
dependi ng, on .t he particul ar conditions. The additive

ma§t Kdndohe Adder anettherol Rt JoHt CORIAGH with he gelhgosg,Preferably,

thg s .(a). ol J added once the vent s i .
coMeatfivis dhetnb MRt 882 THFRRBMRr D1 URBNER efedl' Pardictes,
' Sdisﬁeﬂs@& ih f Me@iurd SHCRTRPRAESI Phe @U§i@ﬁf‘é5;b29ﬂc&§ %ﬂ&y be round,
particles, dispersed in a nmediumsuch as water. The
adrbd-shapegp ar plate-dikenay theeadditivedmay dd-firapsed or

plate-like, or the additive may be fibrous. The

solvent may be a m xture of two liquids, e.g. water

h Liquid: . ' ) b h he,. .
Sor Py By dt o ite PRI NI st TEETabd Abher liuid: the
t hﬁliiﬁl‘@ﬁ#ageoeagﬂéﬁrlfﬁt @k sBHﬁ)iltity)ofi ée%'l'lgs% ih"thé Rfixture is dependent
m xture, r exanpl e the solveént nay be capable o?

di eschyirefutivel dibwate athithe o Niquids ieshe imixegre, for example the
composi tional range of the solvent m xture. This. .
al $adventt nzayc dlel ghpaldet of hlissolvingheelbwlosofordp| withsm 8 mrestricted

| S e, ol snselkii SN GHEmES v RS sEliigge to be

heat i . . . D
LBBRL LHEPSALHER ISR SIS Pt B e
ot figiiids! MhE edheratisii easifof exampl® beeathiedddo by HeatiAg the mixture
|atter in the solvent. The solvent nay be a m xture of

wawberehydthe liguwti withrthedowgr dejlingiphiriswilhesaporate more rapidly
di gcl d.i - 4404 d US-4246221 .. OF th
N:\,ax%nﬁgee B}ﬁéﬁg@&y]increasamg the concentratzlon of the latter in the solvent.

The solvent may be a mixture of water and a cyclic amine oxide, such as those
disclosed in GB-1144048 and US-4246221. Of these, NMMO is preferred

since it is commercially available.

One embodiment of this aspect of the present invention deserves special
mention, namely the embodiment in which the solvent is a multi-component
system (i.e. containing at least two components) and cellulose is soluble in the
system only when the relative amounts of the components lie within restricted
ranges; this will be described with reference to a water/NMMO solvent system,
which is given by way of example only and it should again be borne in mind
that other solvents can be used instead: In step (a) of the method, a

water/NMMO mixture is brought into contact with cellulose and the amounts
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since it is commercially avail able. One enbodi nent of
this aspect of the present invention deserves speci al

waoreovBioony3 nanel y the enbodi ment in which the spdweBR008S00499

a multi-conmponent system (i.e. containing at |east two
conmponents) and cellulose is 2ol uble in the system
only when the relative anounts of the conponents lie
within restricted ranges; this will be described with

r e LLRRGANMMEG YRS Gl %&iﬁ?ﬁ%@ﬁa@ $6 &t YWY ?ﬁ’ix'tu?g lies in the

gi ven by way of exa and 1t should again b
boshaded rarea bé thd phaset diegrasw by ¢igiwrechrinbehiched surfadechger of the
In step (a) of the nmethod, a water/NVMO m xture is

brerllyiess dissoleeminatie splvant grixfure ol ds halevasdethghthemshaged area of
/' N dj ust i f that th .
RS 1 ogeRpOTidse s i i e AMMGE FagaSdrgie ists. The
f, i : ' f t |
qi 24ifVE Swhict] Faibf hBed b, AECRYNME! BRBES efEor aftr

t heorgiadedthatieacellulbsgusan thepodiffisseofils domtddiewihethe cellulose
wher e NMMO nonohydrate exists. The additive, which may

bescdudent Incstemh éc)ntireeampmarp ofivater and dIMMO gire adjusted to take the
cont ac j the cellulose,, c then_.di ffuse j.nto . _.
NN mhdutcey dBe stifedharen Of fhe BARE digsram ingFigure 1,
a S I )
oA ShE BT R A CELNLEE 4 Bob Byt B slugon and
di AgEPMel dildities wethin thihdetinl6RUTRS ddfetResY oPHRI dmounts of water
di ssol ved cellul ose to cone out of solution and fixes

t handaNOMMQ en thiet dolvent meaycled dcHieossl byThe adj ust nent  of

th mounts of water_ and NVMMO in the sol t b .
ach) Beainghe \(vat)%r/hB\AM(ﬁ dnixgEengLetq Nm%ﬁ%rs@%ef@(fc- Since

to er . i,nce. ' ‘
SRR SN0, PSS BrthFBI evporsed nd
e VRO dnBenteattbrf NEf CRVENIT T & | e Qhi-WMO Will t hiRrease until the
m xture w Il increase until the
water/NMMO mixture falls outside the shaded area of Figure 1.
(i1) driving off both water and NMMO so that the amount of solvent is
insufficient to dissolve the cellulose or
(iii) adding either NMMO or water. Possibility (iii) has the disadvantages of
increasing the amounts of ingredients used, causing difficulties with mixing

and control of the process, and hindering the step of separating the cellulose
from the water/NMMO.

When it is not possible to cause the cellulose to come out of solution by
altering the relative amounts of the components in a multi-component solvent
system, e.g. if a simple one-component solvent is used, option (ii) will
generally be available to cause at least a portion of the dissolved cellulose to

come out of solution.
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wat er/ NMMO m xture falls outside the shaded area of
Figure 1. (ii) driving off both water and NMMO so t hat

WO b@savarht of solvent is insufficient to di sSPCT/6BRIVE/000499

cellulose or (iii) adding either NVMO or water.

Possibility (iii) has the di sgdvant ages of increasing
t he anmobunts of ingredients us causing difficulties
with m xing and control of the process, and hindering

t hW}ﬁletBe %Blv%ﬁp?a* KM ,1the aRiunt 8®aler %HHtNJ'MMO in step (a) will
wat er/ NMMO. When it is not possible to cause

cegéndralbe be abowtnkd il 1 %f watet ahd GA tb>84% MV[M@ m hmder to dissolve
relati ve amounts of the cqonponents in
nucqllul@%wémtngsﬁl&v,eanar%ﬁm gelleloge, ne oghegurn@ueélals are present.
solvent .is us opt

GoFBPEVES "o theyd HEh e o Maleriald Birefitug thdsep Bronosfiogs may be
th&lffjér pl ved cellul ose to cone out of sol ution.Wen
the solvent is NMWO, the anounts of water and NMMO in
step (a) will generally be about 16 to 21% water and

79 to 84% NVMO in order to dissolve cellul ose,
asBui pagsibbato Uépath@ metbad can selidsellulese dn gy form, for example

e ooy CEH%E‘?WMFW E@%@é Bed e sush as paper,
! toﬁ ?&8%%%[ kleeﬁufo%e Ui?ﬁreglhteln ep Ftl ﬁfﬁg Eélﬁieﬁ&? mdlify the

exa

aI §1ﬁﬁﬂ3>é @E@élldl@ﬁd‘fﬁﬁrésnwmcﬂa ﬂfa?dwb%emh dse lﬂﬂi@ﬂpora@&d into new
on | oose cellulose fibres. In this way |t may be

popapenipeoductsrodi fy the surface of cellulose fibres
whi ch nay subsequently be incorporated i nto new paper
products. This nmethod of the present invention may be

PR fReh AP HRE br&%ﬂt FvaGtion may be performed on paper and other

ready-formed cellulose products. An advantage of performing the method on
cellulose already formed into paper is that it is possible to provide the additive
in chosen discrete regions, surfaces and areas of the paper, whereby part of the
paper is treated by the method while others are not. For example, if the additive
is only required on the surface of a non-absorbent paper and not throughout the
thickness of the paper, the selective application of the solvent and additive only
to the surface of the paper means that only the cellulose at the surface
incorporates the additive, which prevents waste of the additive materials used.
At the same time, it allows the bulk properties of the paper, such as strength
and density, to be retained. As a further example, it is possible to provide the
additive to only one side of a piece of paper using the method of the present

invention so that the two sides have different properties.

After the additive has been incorporated into the cellulose, any remaining
solvent may be removed from the solidified cellulose by washing with water; in

the case of NMMO this is readily achieved since it is hygroscopic and is
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ready-forned cellul ose products. An advant age of
performng the nethod on cellul ose already forned into

WQ2ae8099183 t hat it is possible to provide the aRdi/GBA@®S/000499

in chosen discrete regions, surfaces and areas of the
paper, whereby part of the pager is treated by the
met hod while others are not. For exanple, if the
additive is only required on the surface of a

NORaAll§ Aikeed b? apsrer.20endially RC4bSIH twaAteE willl Kk 1&&Sto remove
of the  paper, the selective application of the sol vent

antheartindining solventt mixddk irs wifladke ctllulose.paplee weshing process is

t hat on] ig, the cellul ose at the surface jncorporates
t hpreserably vech Weatctheprencentratign sele they splyenhadithe aurface of the
used., At t.he sane

mat eri;al s . t Lt l.Q he bul k .
or R bBIeCa0 G it eV, 6 6 B TRl Bneirg ot WL ARGl pbstantia
t 0 RBuAESBeMRfose St @odsWol 811y fRe@RRlye, 1t IS possible
toaprgvfdizét esgijdrifa?vse to gnly gﬁfsi de of a piece of

paper using the nethod of the present invention so

that the two sides have different properties. After

t h&he pepeasy sirpam IeaEHNINECHE FOHENEHE-Bn ¢ bg resowered and

any remaining sol.vent be r ed fromthe,.

S ofscaF RAdEr Ehepten 4S8 in i mehadohhe pressibinvetion e
case of NMMO this is readily achieved since it is
hygroscopic and isreadily diluted by water. Generally

expfes washthg\t esmpletdd, the weHdldso meyrbealridietd esmove mater and
solvent mxed in wth the cellul ose. The washi ng

presikrl isolyenf resubiing suchllulese arha asbintasataomtainmgoarticle, e.g.
5050, et SRS 5 BBl Brnb U R TR surtce of
sufist ant u L . I

BT AR L RS 5o €185 56 B8 s e,

e. for Mddiple BN c@l%nﬂ@ﬁ@% 26 &in@dtH 4Rl )t@lh?%sfs Ghe 'pRAt &dby other

use in the method of the present invention. After
wasthindardipapeopiicesséng prdvedursis! ul ose may be dried to
renove water and

The invention also extends to products comprising solid cellulose to which an

additive has been applied by this method according to the invention.

In one embodiment of this method according to the invention, an aqueous
solution of NMMO is contacted with solid cellulose in the form of paper, in the
presence of an aqueous dispersion of fluoropolymer particles. The
concentration of NMMO in the solution is increased by evaporation of water,
to approach the concentration at which cellulose is dissolved (i.e. the shaded
area of Figure 1). The surface layer of the solid cellulose in contact with the
mixture then dissolves and the fluoropolymer diffuses throughout the liquid
phase. Further water is then driven off so that at least some of the dissolved
cellulose comes out of solution; the NMMO is then washed off and the paper is

dried.
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‘additive, e.g. a

resi dual solvent, resulting in cellulose or a
cel lul ose-containing article, e.g. paper, having the

wW@awsoyaues e.g. fluoropol ynmer, incorporated i neQI/GB2008/000499

surface of the solid cellulose. If the product is a

paper, it may then be procesaﬁd further, for exanple

by cal endering to snooth and Conpress the paper, or by

ot her standard paper processing procedures. The

i nvention al so extends to products conprising solid
cellulose to which an additive has been applied by

t hins thee tvagidua caspedisngf tthe tpresentviawtntion wherenen additive, e.g. a
enmbodi nent of this nmethod according to the invention,
anflaerepelanes iupresenioen thavenniacecoht getlalsqisthstraie, e thickness

cellulose.in the formof paper...in the n of an

ot SRt P en oy dpathE ori 4 EF 56 1Bofin, 2 110 50
COREWeAtcr k. Ry cMBEbLdh dlihdddbs &1, 1 S | nereased by
evaporation o ter, to approach the concentration at

whi ch cellulose is dissolved (i.e. the shaded area of
Figqre 1). The surface | ayer of the solid cellulose in

igt Degg¢riptiamef thiexPramangshen di ssol ves and t he

C
fluoropol yner diffuses t.hr oughout. the. i quid se,
Ful be,ulveption rm"?ys{"? Faiedrinpdagae ioovarious ays Adone o

f i g | 1 .

AR GRS WIE RoBive feRBed B bl cClmB, HithARertiR: to the

vagdc@@aagg%ca@mﬁ%g,m@mﬁ@ﬁent i _nventi on where an
fTuoropolynmer, is present on the

sur f aceFigural éeh iphhsssdiagraps of watsr/ NMMOr¢e] klesssatstandaed
additive | ayer rrarébgenerally be of the order of 0.1 to
| O EMPEratFLAHPIEEFUIGhet her the | ayer has been

cal endeﬁ%?lr&rZ D24 3 o E@%np@ﬁ&%&?éﬁ ﬁﬂcr@{g‘r%@ﬁ 3 A .epgéfsore and

The i nvelRUI 6n may~ be” ca nto prac inivari ou
ways angfi&QUiendering (respectively);

Figures 4 and 5 are scanning electron micrographs of PTFE coated on

paper before and after calendering (respectively); and
Figure 6 is a scanning electron micrograph of PTFE coated on paper
using deposition from NMMO; the micrograph is taken after

calendering

Modes of Putting the invention into Operation

Example 1

An initial mixture of water and NMMO was combined with an aqueous
dispersion of fluoropolymer particles, in the following proportions, where all
percentages are expressed by weight:
e 35% of a dispersion of PTFE particles (Dyneon 5035 PTFE dispersion,
particle size 200 nm)
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enbodi nents wi Il now be described by way of exanple,
wth reference to the acconpanyi ng drawi ngs, in which:

WO-R@a0e9113 i s a phase di agram of wat er/ NMMO cel PCIT/6820081000499

standard tenperature and pressure. Figures 2 and 3 are
scanning electron m crographs1 f paper before and
after cal endering (respective (/)); Figures 4 and 5 are
scanni ng el ectron m crographs of PTFE coated on paper

bef oree 854t gf h%fon%kﬁ.‘i‘ﬂﬁ}f h{8i14dH1€ MM OVRIIWion &1 Svater containing
Figure 6 1s a scanning €l ectron m crograph of PTFE

coat ed H5%qEMVIQuUsi ng deposition from NVWMO, the
m crograph is taken after cal endering Mddes of Putting
t he imvéntd dmiamsed wWpigrati on Exanple 1 An initi al

m xture o ter..and .NVMO was conbi ned with an aqueous
o Aufiech 82358 BF 38 bl TpareBIES mAE fho

foll owi ng proportions, where all percentages are
expressed by weight: 35%of a dispersion of PTFE

parhé che&ufePwag 0placédSn PI bty SBeipdtaldr tdakhidveewaietefrom the
200 nm) 55% of a commerci al Iy avail abl e NMMO sol ution
i nmigtuee. dbetpressune i B AvdkOowas dowvared amd a evatembeth, was used to

ok B s LT o5 SPBSE 55 i, T
rejRtsE Wal fembhed glg\%ly to avoid foam generation. 123g of water was
removed. The concentration of NMMO in the resulting mixture was in the
shaded area of Figure 1 and was capable of dissolving solid cellulose, and the

viscosity of the mixture was suitable for easy application to paper.

The concentrated mixture was applied to the surface of dense, brown paper
using an applicator bar. The concentrated mixture may be at room temperature
or at an elevated temperature. The coated paper was then dried in an oven at
100°C for 10 minutes to remove further water, which causes at least some of
the dissolved cellulose to solidify, i.e. come out of solution. Remaining
NMMO was then washed away under a running tap for approximately 5
minutes. The paper was re-dried using a photodryer to avoid the paper
shrinking or creasing, with the photodryer set at 100-120°C for a further 10

minutes. The dried paper was then calendered.

The coated paper produced contains PTFE particles, concentrated near the

paper surface.

Example 2
A 50% solution of NMMO in water was placed in a rotary evaporator and

18.9% of the water was removed, leaving a solution containing 55% NMMO.
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m xture. The pressure in the flask was | owered and a
water bath was used to heat the m xture to 88C. The

wo odoanyispeed was 100 revol utions/ mn. The watBCT/GB2008/000499

renmoved slowy to avoid foam generation. 123g of water
was renoved. The concentrati of NMMO in the
resulting mxture was in the aded area of Figure 1
and was capabl e of dissolving solid cellulose, and the

Vi $eeséuitiRg sbiifiol whi ifen8emBificHaRR d 8fsp€a%h of fluoropolymer
application"to paper. The concentrated m Xture was

apparteetestia théréolbowihggeopdrtidasse, brown paper using an
applicator bar. The concentrated m xture may be at

r oome edp%r HMIVM® splution fepnshining 306t At ure. The
coat ed er hen dried in, an oven at 100C for 10

i nutes 28D SLRBIEE BRRlE Siﬁaéréiqn ik ibE thesBe camméii@p as that
sonme of . di d cellulose to solidify, i.e. cone

out of %{hﬁﬁ%@ﬁﬂéﬁm ning NMMO was then washed away

under a running tap for approximately 5 m nutes. The

paper was re-dried using a photodryer to avoid the

pafhe sbmcenkiatign oof cthea NMMOwisohutidre yefoteodnyeposation of the

at 100-1200C for a _further 10 m nutes. The dried paper
wa Huprapelyaee dispeesdon Trducesafaamipapduring syapeigtion in' the rotary

cont.ai ns PTFE t,cl es, concent kgt t a

Sufd &% ceinapfEic g EneSERTTT bh Msr IR sifigRaR g presence
Pl geaf fiibrpb DL SRR {AlI%a d 118. 9% of the water

was renoved, [eaving a solution containing 55%

NVMMO. The resulting solution was then conbined with a

di spersion of fluoropolyner particles in the follow ngi]

pr $S©rmuxarr9:of thesg cqmppnsatuwas apphehtaihs papes5vsfanam the same -

way as in Example 1, but the concentration of NMMO in the mixture was too
low to dissolve the cellulose since it is about at point X in the phase diagram of .
Figure 1. During a first drying step, which was conducted in an oven at 100°C, .
water was driven off and the concentration of NMMO was increased until
eventually it was sufficient to dissolve the cellulose in the paper, e.g. it had a
concentration of approximately point Y in Figure 1. This was in contrast to the
method of Example 1 where the concentration of NMMO was adjusted to one

capable of dissolving cellulose before application to the paper.

The drying was continued until the amount of water driven off was below the
shaded area in Figure 1, e.g. to point Z, where the dissolved cellulose had come
out of solution. The paper was then washed, re-dried and calendered as

described in Example 1.

As in Example 1, the coated paper produced contains PTFE particles,r
concentrated near the paper surface. A scanning electron micrograph (SEM) of

the PTFE coated paper after calendering is shown in Figure 6.
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23% of a PTFE particle dispersion having the sane
conposition as that used in Exanple 1. The

w@wsevirat i on of the NMMO sol uti on before PCT/GB2008/000499

i ncorporation of the fluoropol yner dispersion reduces
foam ng during evaporationirhghe rotary drier, as
conpared to the concentration of the NVMMO solution in
the presence of the fluoropol yner described in Exanple
1. The m xture of these conponents was applied to the
paper surface in the same way as in Exanple 1, but the
cobzempiald] on of NMWMO in the mixture was too lowto

di ssol ve the cellul ose since it |s gbout at point X in

thé Em@la efi éaﬁme%PWﬁ §apg was leS’Idi ﬂgoagh i& @@leaﬁynag apparatus
step,. which on ed i n,an pven.at 10 .. Wat er

e ERvip VLR 87 T GG B8 KNS PR aBher Rt sg S beoween
| nieC@R@ttiere! follemeah Walibous! disp@sionWtfth€ IPATHE (Vs applied at room
di ssolve the cellulose 'in the paper, e.g. it had a
cotenepdrataire tonthef suafaee @fipaperelising ah appNcator bagter grotide a layer of

This was in contrast to the nethod of Exanple 1 where
t hBTEEnsuspERsion APPspXimalelyWRrmatdicks e pquents dispersion had the

of .di ssol ving cell ul ose before application to the
pagcg)o_wagecog‘?gﬂsﬁbo%s continued until the anount of

wat ery dgkasencof fy. hel . I.N~El

1 oy, 3o A O ailERE O GBoF P e e dfhgon 5035
come OUPTPE diSpétbiodNparlick: 1290200 wad t hen washed,

re-dried and cal endered as described in Exanple 1. As

i n Beanpb® de-idnisedcwatieed paper produced contai ns PTFE

particles, concentrated near the paper surface. A
scanni ng el ectron mcrograph (SEM of the PTFE coated

PaR%er ?ﬁé sépe%avlvaesn((:jo%rtci:(ﬂ St Was f’)lz?sos\éﬁ tlilrr(])ugh%é %al%hgér?rquo Iroelle'“)r’s where
it was subject to a pressure of 1,000 to 2,000 Ib/sq in (6.9 — 13.8 MPa) at a
temperature of 150 to 250°C. During the calendering step, the deposited PFFE
is caused to flow over the surface of the paper and in this way is coated onto,

and adheres to, the surface of the paper.

Figures 2 and 3 are SEMs of the paper before and after calendering
(respectively); Figures 4 and 5 are scanning electron micrographs of the PTFE-
coated paper taken before and after calendering (respectively). As can be seen

the calendered PTFE is flat and uniform.

The paper can be cut into discs using an industrial cutter or cut and rolled into
cylinders to provide flexible bearing component; the PTFE surface provides an
excellent bearing surface. In an emergency, where a bearing surface has failed,
the sheet could be cut to shape, e.g. even using a pair of scissors, and inserted
into the bearing to provide a temporary bearing surface that can be used for a

time, possibly until a replacement spare part is obtained.
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A |l ength of dense, brown paper was fed through a
cal endering apparatus having a pair of flat

w@adoengkars ng rollers. Inmrediately prior to pasBCTIGB2008/000499

bet ween the cal endering rollers, an aqueous di spersion
of the PTFE was applied at rogr1tenperature to the
surface of paper using an apptfcator bar to provide a

| ayer of PTFE suspensi on approximately 6nmthick. The
aqueous di spersion had the follow ng conposition: 35%
of a di spersion containing 60% PTFE particles (Dyneon
50BxamiplE4di spersion, particle size 200 nm 65%
de-ionised water. After the paper was coated, it

padbecalandetaghPTHE coalcdrpaner madedn) teNNRd sprocessael Example 2

RSl R LM g s
t hﬁdﬁ(ﬁjirg‘@le%hfbga%&fbspé n%@pg’ﬁd QdalGhRfifiun? afRYSEEc D that the
t t pape y is

fl ow ov e surface o r-and 1n this’wa

CORMEE factd outwngrdigthe disct curryinhg tieUPTEE@apbr tMas ppessed against a
Figures 2 and 3 are SEMs of the paper before and after )
ca%erm@ralngm(mgs pHey idissi 9nd retpigdrasscontrghlgd Spaeds. During a series
scanpni ng el ectron m crographs of .t he PTFEcoat ed paper

¢ aRbHFBe it SO PaP Oy S BICHABHY (HORIgEE M1 DA ouge Of IMPa
ca I re T. ' a O

Tand SoBRAlal Sfecdl RIS R IG 1b 200 fim Mo ITIPgfitface of the
CUbkdr Wis fottwaidinthedetidsts ah€ jGitldppelsried sligh@y pelisteed.

fl exi bl e bearing conponent; the PTFE surface provides

an excel l ent bearing surface. In an energency, where a

beari ng surface has il ed, e t could be cut to
;hi’bs,p%essg.re @9'@&1%#’5@ lavglavﬁ Hls‘fﬁﬁﬁﬁé@aﬁs wagrgeasured at 200rpm
| n588 Wl found to be 0.29 MPa.m/sec, which is well above the PV limit of many

plastic bearings. The PV Level of typical plastic bearings materials is as

follows:
nylon: 0.13
polycarbonate: 0.11

unfilled PTFE: 0.04
unfilled acetal: 0.11

phenolic resins: 0.18
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into the bearing to provide a tenporary bearing
surface that can be used for a tine, possibly until a

WO 2pBAasEmrEnt spare part i s obtai ned. Exanpl e 4 HEEGB2008/000499

cal endered PTFE coated paper nade by the NMMO process
of Exanple 2 and shown in Fi e 6 was tested by
cutting out a disc-shaped piece and adhering it onto a
correspondi ngly shaped al um nium all oy disc so that

t he PTFE faced outwardly; theigingc carrying the PTFE
paper was pressed against a further alum nium all oy
disc and rotated at controlled speeds. During a series

of tests, the coated paper was, pressed agai nst the )
pl &t e‘\vmaﬁms ePEpene bavingpa hearngsuifage.atvhspda e  bearing

papumPiaet Rl 4 ot 8 Blorisdfy SISy SPESHHL ) Afpropolymer.
s hfliwherdiflat Ma8flsontd 8f BNAROBOKEACH Idicdtédat thE tRhriflk surface

he PTFE paper was neasured at 2 pm and was found

beaﬁ)d ROuadWeecdiostie celtbiosl. i s wel | above the PV Iimt of
many plastic bearings. The PV Level of typical plastic
beari ngs materi aI s i s as follows: nylon: 0.13

b te filled PTFE: .0 afilled
Poat 2 bEGRE Sopmpionst AGstingoto plahc Mgt ah s somg of the
CONBRARIyNEY 1 e300t SHA( AP oe BHRIBIIBAS ot the surfuce of

beari onmponent conprises a nmat conprising cel
fi tHeclscaging o@;ﬁﬂmn@pol ynmer, and wherein at |east sone

of the fluoropolynmer is |ocated at the bearing surface
3. A bearing component according to claim 1, wherein at least some of the
fluoropolymer is incorporated into the cellulose fibres at the surface of the

bearing component.

4. A bearing component according to any preceding claim, wherein the
fluoropolymer is selected from PTFE, FEP, PFA, MFA, PVDF, ETFE, ECTFE,
THV or a mixture thereof.

5. A bearing component according to any preceding claim, wherein the bearing

surface is planar or tubular.

6. Use of a bearing component according to any preceding claim, to provide a

bearing surface in a bearing.

7. A method of applying a fluoropolymer to a mat comprising cellulose fibres,
the method comprising the steps of:
(a) applying a dispersion of the fluoropolymer on a surface of the mat of

cellulose fibres, and
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and is adhered lo the cellulose. 2. A bearing
conponent according to claiml1, wherein at |east sone

W@200B/029173 uor opol ymer is in the formof a coatPCHGBR@S/000499

cellul ose fibres at the surface of the bearing

conponent. 3. A bearing conp nt according to claim

1, wherein at |east sone of tfie fluoropolyner is
incorporated into the cellulose fibres at the surface

of (hhe HR3SihpIhe M OTRIluldkte ﬂ%r@@,%&%ﬂ%f BSIGRAARKY it, such that the
according to any preceding claim erein the

f | floompolymer isi ateel extoednd ndhedes ke, theEid RedacdvbAthe cellulose
PVDF, ETFE, ECTFE, THV or a m xture thereof. 5. A

be®af.ng component according to any preceding claim

wherein the bearing surface is planar or tubular. 6.

Use of a bearing conponent according to any precedi ng

cl ai oy a beard r -' ris NBarri

e o R L o y crei MBI s it e at o
celempepatard inthe sangdef &l foo2b60°@hpri si ng the steps of:

(a) applying a dispersion of the fluoropolyner on a

surface of the mat of cellul ose fibres, and(b)

pressing. the mat.. of cellulose,f.ibges, e.qg. by, .. .

CLf A dBitnAg SeRotite Thiat 7R E1aiy e SPORIREIEBYL) isaigg outat a
on ﬂgehx% , i Ip@eggf t

ce]P ﬁ%ﬁ?‘gggn mat . hgé Oiqf?eqoﬁgdf’g(?zdgg?ﬁ%g to c]l3é$]w)"

wherein step (b) is carried out at a tenperature in

the range of 150 to 2500C. _ ) o
10. A method according to any of claims 7 to 9 wherein the fluoropolymer is in

aqueous dispersion.

11. A method according to any of claims 7 to 10, wherein the fluoropolymer
is chosen from PTFE, FEP, PFA, MFA, PVDF, ETFE, ECTFE, THV or a

mixture thereof.

12. A product comprising cellulose to which a fluoropolymer, has been

applied by the method in any of claims 7 to 11.

13. A method of applying an additive, e.g. a fluoropolymer, to cellulose,
comprising the steps of:

(a)  bringing solid cellulose, a solvent capable of dissolving cellulose and a
dispersion of the additive into contact with each other, such that a surface layer
of the solid cellulose is dissolved in the solvent;

(b)  contacting the dissolved cellulose with the additive; and

(c) altering the composition, quantity or temperature of the solvent such that -

the solubility of cellulose in the solvent is reduced and at least a portion of the
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9. A nethod according to claim?7 or claim@8, wherein
step (b) is carried out at a pressure in the range of

W@ 208094133 2, 000 | b/sq in (6.9 - 13.8 MPa).. 10PCHGB2008/000499

nmet hod according to any of clains 7 to 9 wherein the
fl uoropolynmer is in aqueous '7spersi on. 11. A nethod
according to any of clains 7 to 10, wherein the
fluoropolynmer is chosen from PTFE, FEP, PFA, M-A

PVassoleél el lEIobE EombsNul bf SolitivhUivbetdbsTthefadditAe i incorporated
product conprising cellulose to which a fluoropolyner,

hamntbearadhepds todtheycellnboseet hod in any of clainms 7 to
11. 13. A nmethod of applying an additive, e.g. a
fl uoropol ynmer, to cellul ose, conprising the steps of:

bri pgi [ | | . I :
o 401 1 gRRuRA pésciBing: S “Fricf FE: ditthe” RBLiAY 10 sep of
i né@mﬁﬁﬁﬁ?‘fﬁe ¥difive 3Gth Bk RBIvenBb&ord bidp (§>.$ur face
| ayer of The solid cellulose is dissolved in the

solvent; (b) contacting the dissolved cellulose with

the additive; and (¢) altering the conposition,

qubnt i t { Bethodaseprdi @elralmﬂg, ¥deP@At such that the

sol ubi L it f cellulogse int solvent is reduced and

e IRttt € FstisR X et Gp e b péMe 2o Sl Rt another

of ligt‘}i'dUti on, whereby the additive is incorporated

into, or adheres to, the cellulose. 14. A method

aceahdimixttne @3 @hoseh3sudhuthdresolabitioy i sfl ogllulbse st ethe ofixture is

conbining the additive with the solvent before step

( ajlepergenpontheristptivecsnainiy of thectoampankats intbe anixturctand

\?vglt \é'i%lqg(ﬁ SCgﬁmTﬁé% %[tgrir?é t}?et rella(iet?vset artn\é\)ﬁnt%oo t gecr(])trr?pon%h% such that
the solubility of cellulose in the mixture is reduced as compared to the

solubility in step (a).

16. A method according to claim 15, wherein the mixture of the components
that is initially contacted with the solid cellulose is such that it can dissolve a

surface layer of the solid cellulose.

17. A method according to claim 15, wherein the proportions of components
required to dissolve a surface layer of the solid cellulose are obtained by:
applying a mixture of the components to the solid cellulose and
drying the mixture to selectively remove one component to obtain a

mixture of components capable of dissolving cellulose.

18. A method according to any one of claims 15 to 17, wherein the step of
altering the relative amounts of components so that at least a portion of the

cellulose comes out of solution is carried out by:
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liquid, - the m xture is chosen such that solubility
of cellulose in the mxture is dependent on the

WO 2008099183 anount s of the conponents in the m xeCF/6B2098/000499

- step (c) conprises altering the relative amounts of
t he components such that the IZSOl ubility of cellul ose
in the mxture is reduced as conpared to the
solubility in step (a). 16. A nethod according to

cl ai m 1gpyind ehe hilxtupe tdssledtifel9f drivicoFasnRoasApSndritaind increase
isinitially contacted with the solid cellulose is

such t htie dancenimatibrs e Htheeothersaomipanent aythe mixtofee sol i d
cellulose. 17. A nmethod according to claim15, wherein
t he proportions of conponents required to dissolve a

2blying DeffodiscbR Bk ety SisotuAREn{'sS (R d % yiffeiRine sotvent
cebémbAse whdr dnd ANy clibanih&biid. to sel ectively renove
one conponent to obfain a m xture of conponent s

capabl e of dissolving cellulose. 18. A nethod

according to any one_of clains 15 to 17, wherein the L
st &) of Aamethod geeording taitqlaian 49 vheseins theoayeife dimng @xide is
th | east a portion of the cellul ose cones out of

SO ris carried out by:drying the mxture to

sel ectively drive off one conponent and increase the
concentration of the other conponent in the m xture.

1921 A nAt hadhed cacdidiggt @ @hyimone, ofhati ne Ihixtorel’n step (a)
wherein the solvent conprises water and a cyclic am ne
oxteaing®7 ta &8 MMMOQcording to clai m 19, wherein the
cyclic am ne oxide is NVMO

22. A method according to any of claims 13 to 21, further comprising the

step of removing the solvent from the solid cellulose by washing following step

(©).

23. A method according to any of claims 13 to 22, wherein the additive is in

the form of a dispersion of additive particles in a medium.

24. A method according to any of claims 13 to 23, wherein the additive is

hydrophobic.

25. A method according to claim 20, wherein the hydrophobic additive is a
fluoropolymer, e.g. PTFE, FEP, PFA, MFA, PVDF, ETFE, ECTFE, THV or a

mixture thereof.

26. A method according to any of claims 13 to 25, wherein the solid

cellulose is in the form of paper.



21. A nethod according to claim?20, wherein the

m xture in step (a) contains 67 to 87% NVWMO. 22. A
waoredosogbiaccording to any of clains 13 to 21, feat/o8r008/000499

conprising the step of renoving the solvent fromthe

solid cellulose by washing f owi ng step (©O. 23. A

nmet hod according to any of cl&a ns 13 to 22, wherein

the additive is in the formof a dispersion of

addytiv I tthosls a

o by By PR dogtdin® oy B fimg T T v ek e solid

hy delbylbsdoisan tBS forfn OE celdlose Cibredi dropdrticlel,avptict@lly in an aqueous

wherei n the hydrophobic additive is a fluoropolyner,

e. BUSpeIFiBN. FEP, PFA, MFA, PVDF, ETFE, ECTFE, THV or a

m xture thereof 26. A net hod accordlng to any of

claims 13 to 25, wherein the solid cellulose is in the

fo of Ap 7 og, of., Cl f4;

135,00 Hepuct corfpiBhBPEL/RE IR 1 PRt i R, c.e. o

of flaetdpalyasier, habesn @psplmrﬁy tHeaaethodtih @nflofldimsas to 27.

agueous suspensi on. A product conprising solid

cellulose to which an additive, e.g. a fluoropol yner,

has been applied by the method in any of clainms 13 to

27.



