1 Bearing Components and Processes for Depositing Additives, especially Fluoropolymers, on
Cellulose Technical Field 5The present invention relates to bearing components, especially flexible
bearing components, having a bearing surface and comprising cellulose and a fluoropolymer and to
methods for applying an additive, for example a hydrophobic fluoropolymer, to cellulose.
10Background Art Cellulose is a readily available supstance which can be used to manufacture a
range of articles. There are a number of advantages to using cellulose when manufacturing articles,
which include its reIatlver low cost and the fact that |t is envwonmentally frlendly 15 Fluoropolymers
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lubricated and 20 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, inclu ers, to cellulose-based articles, because cellulose degrades at the
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10 Background Art

Cellulose is a readily available substance which can be used to manufacture a
range of articles. There are a number of advantages to using cellulose when
manufacturing articles, which include its relatively low cost, and the fact that it
1s environmentally friendly.

15
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

20 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.

25
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



It is known from GB-1144048 that agueous N-methylmorpholine N-oxide (NMMO) and other cyclic
amine oxides will dissolve cellulose when mixed with water and this property is exploited in the
spinning of cellulose yarn (see for example US-4246221). The use of aqueous NMMO in industrial
processes 10 has a number of advantages. NMMO has low toxicity and when it is used as a solvent it
is possible to recycle it around the process streams. §0% solutions of NMMO in water are
commercially available from the Huntsman Corporation of 10003 Woodloch Drive, The Woodlands,
TX77380, USA. 15Figure 1 is a phase diagram of water/NMMO/cellulose at standard temperature and
pressure. The shaeldenragrshimbraiagsHbaicneamt sidnecatwegeavugsedds Bblliga@BINMMO
dissolves cellulose, Qisite he shpdad aree. selpreeRx sl ARa Sald. Within ine shadsp grea.
cellulose can alS0Texist as a so i(f?frpreén?lh exce\és, e.g.> Wi% cellulose. 20 The aim o% Re
present inventiosets-iogpkavtdeddaking: camopaednts dssupriging @eljuibseshoet ol uatapehaneasand
methods by which certain additives such as fluoropolymers can be applied to solid cellulose.
25Disclosure of #AAREntion According to the present invention, there is provided a bearing
componest, especially a flexible bearing component, having a bearing surface, the bearing component
comprising a mat comprising cellulose fibres and a fluoropolymer, 3 wherein at least some of the
fluoropolymer isltocatsdaw thdrosarind sl el 8nthil astheedstdNhoabilinsepOptien iy xhde

fluoropolymer is n, or incorporated into the surface gf, individual fihres of the mat..5The
surface floropdRLTCy A AR famord Eas o aFe SIS oS TR e g
surface. Alternajinelywidte:Tluedapelyprepenayibexptorparaethinipihe eeltiiesgimaisgihai same of the
fluoropolymer is present at the bearing surface. The fluoropolymer maé be present across the whole of
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fibres, for examp
solvent it is possible to recycle it around the process streams. 50% solutions of

NMMO in water are commercially available from the Huntsman Corporation

of 10003 Woodloch Drive, The Woodlands, TX77380, USA.

15 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, e.g. >12wt% cellulose.

20
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.

25 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,



reinforcing fibres made of other material, cellulose in a non-fibre form, e.g. powdered cellulose, as well
as fillers, pigments, co-resins, dispersing agents 15and other additives used in paper-making art. The
component may be incorporated into any suitable known bearing to provide the bearing surface 20The
bearing component may be any particular shape or size, depending on the practical application. . The
cellulose mat on which the bearing surface is formedymay 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 25 bearing component

is relatively low.WAisecithatdeastripssnedshentewsmelinges whéoeniedtisrilpde vengseer faegapairing

worn bearing surfaces, either temporarily or parmanently, and can easily be cut to sjze as. required. 4
Tie bearing oo SuE e o NG (o TR eI HETISE e A Phng: . EuTed el
220C. Also aceristipgriecihénpsehenuirfuestidhitdéevalismp fividedfaimeatiad of applying 5a
fluoropolymer to a mat comprising cellulose fibres, which method comprises the following steps: (a)
applying a dispersion of the fluoropolymer on a surface of the mat of cellulose fibres, and (b)

pressing e mappi callplesafiieHtyinlY sAlG MY fi6h dia) %QQH%@EQHE'&?&? fpated

onto, and adheres to, the surface of the cellulose mat. The fluoropolymer may be PTI-E,
fluoroethylene-propyfenmiippRhe bearing surface. Alternatively, the fluoropolymer may be

incorporated into the cellulose mat so that some of the fluoropolymer is present
at the bearing surface. The fluoropolymer may be present across the whole of
the bearing surface or it may be discontinuous. This may be achieved by the

10 method of applying a fluoropolymer to cellulose, as described below.

The mat may include materials other than cellulose fibres, for example
reinforcing fibres made of other material, cellulose in a non-fibre form, e.g.
powdered cellulose, as well as fillers, pigments, co-resins, dispersing agents

15 and other additives used in paper-making art .

The component may be incorporated into any suitable known bearing to

provide the bearing surface

20 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

25 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.



perfluoroalkoxy resin (PFA), perfluoromethyl vinyl ether (MFA), polyvinylidene fluoride (PVDF),
ethylene tetrafluoroethylene (ET1-1,), ethylene 15 chlorotrifluoroethylene (ECT1-1,), or
tetrafluoroethylene-hexafluoropropylenevinylidene 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 20
particles that typically have a particle size in the rangg of 50nm to 10 tim; the and the typical thickness
of the cellulose fibres in the mat is 5 to 20 tim but larger or thinner fibres can also be used.  Step (a)
may be carried out by means of directly applying the suspension to the 25cellulose fibre mat at a
controlled rate, &l¢ bhassragingeonp@isgarhegpiibiagoriooliBe odistboBlatte. Uscgips ¢h) high (b) can

take place succ§snsliveggton a contt(i)nzlljr%us r ion line. The invention also extends to cellulose

products to which apﬁuor%rgglyu erhas bbeén applied by the above method according to the invention.
According to another aspect of the present invention, there is provided a further method of applying an
additive, e.g. a fluoropolymer, to cellulose, which comprises the following steps: 10(a)bringing solid

cellulose, a solveHCAFEYIYBE AR SHMESEBAADSRUAR: ANFEHE SN Biah @ Auchod SRR A with
each othey, such fiahR sYT{AGE: 1y %rlﬁm%ﬁ%ﬁs‘i"&glﬂeﬁﬁll?s@'?ﬁ%’s@%ﬂi@?ﬁ@ﬂﬂ%ﬁtbﬁlﬁ;ﬁ%@_m may
be a mixture of water and another liquid, e.g. NMMO, (b) contacting the dissolved cellulose with the
additive, e.g. alldwihgllowing steps:

(a) applying a dispersion of the fluoropolymer on a surface of the mat of

cellulose fibres, and

(b) pressing the mat of cellulose fibres, e.g. by calendering it, such that the

10 fluoropolymer is coated onto, and adheres to, the surface of the cellulose mat.

The fluoropolymer may be PTFE, fluoroethylene-propylene (FEP),
perfluoroalkoxy resin (PFA), perfluoromethyl vinyl ether (MFA),
polyvinylidene fluoride (PVDF), ethylene tetrafluoroethylene (ETFE), ethylene
15 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
20 particles that typically have a particle size in the range of 50nm to 10 pum; 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
25 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)



15diffuse 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 20resulting solid cellulose. In one
embodiment of this aspect of the present invention, tge 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 25 water-insoluble additives to cellulose. For example, the additive may be a
fluoropolymer, including but not limited to PTI-E or the other fluoropolymers mentioned above or a

mixture of these.0r otlée fluoropolymers. The contact time. i.e. the duration of method steps (a) and
(6), may be of (S BeLD GF Eo T A s A B e e o g e AU OIS
conditions. 6 The additive may be combined with the solvent before carrying out the step (a) or it may

be added once the solvent is in contact with the cellulose. Preferably, the additive is in the form of a

micropowder or HhSpBIEsaIgRaMehaMiENds BurIBHQSS iRrgdretitom Ehigh ssthaepraansg diase
particles may be taundiadiaprdpoRlaIRIked DG AddiyeHRRYRG fBROUS. The solvent may be a

mixture of two liquids, e.g. wafer and another liquid; the mixture may be such that the solubility of
cellulose in the mixture is dependent 10 on the relative amounts of the two liquids in the mixture, for

example the solyent may be capable of dissolving cellulose only.within a restricted composijtional
Tange ofthe SO G, DL HAd RS e ATEIBLE bR R 51 RGN A T by
altering the relafivalasaountaepiyia dvenliqiddi vid)ecalterationorapdpfmsamplecbRaobisvathizh heating
the mixture comprises the following steps:

10 (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; the solvent may be a mixture
of water and another liquid, e.g. NMMO,

(b)  contacting the dissolved cellulose with the additive, e.g. allowing to

15 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

20 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
25 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.



15whereby the liquid with the lower boiling point will evaporate more rapidly than the other, thereby
increasing the concentration 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 20since it is commercially available. One embodiment of this aspect of the present invention
deserves special mention, namely the embodiment iy which the solvent is a multi-component system
(i.e. containing at least two components) and cellulose is soluble in the 25 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 sglvents can be used instead:,In ste a% f th hod, a water/N O mixture is
rought it com e A 00 B e R T R B MRS
that the mixturedies imilyebshaiird aeee ahthsophase diagramaet ol eht, ¢olnisk. aPseféageligyer of
the cellulose dissolves in the solvent mixture. It is believed that the shaded area of Figure 1

corresponds to the Additiseie MV TABRCAT dr 1 SRRV 4¢fe 05 JIRRGTHOWHERIH BAHE Kdded to
the waterdNMM@; mixture heforg, Qiiaftersaentast with thepellulags; canhgBidffss, IR canfact with

the cellulose solution. In step (c), the amounts of water and NMMO are adjusted to take the
water/NMMO miridishapeddiie afeddee ardghohddetpirasrylibgfapmansFigure 1, which causes the
previously dissolved cellulose to come out of solution and 10fixes the additive within the cellulose. The
adjustment of the amounts of water and NMMO in the solvent may be achieved by: (i) heating the

water/NMMO mixidres & €httend yesBperaidiere i QfguRince. wakeltés mrrevolpsieihad NMMO,
water will be preferentially evaporated and the concentration of NMMO in the mixture will increase until

the 15water/NMIIOUIRRY A eehsitiel the Srbdedareh ol 1. i) BHRAAE Off BRRRWAR and
NMMO $g that g aRopL AT SolYOLRINSHTRIEREE ARV AN EEIHIASEO for example the

solvent may be capable of dissolving cellulose only within a restricted
compositional range of the solvent mixture. This allows the cellulose to be
brought out of solution in step (c) by altering the relative amounts of the two
liquids. The alteration can for example be achieved by heating the mixture
15 whereby the liquid with the lower boiling point will evaporate more rapidly

than the other, thereby increasing the concentration 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

20 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
25 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



(i) adding either NMMO or water. Possibility (iii) has the disadvantages of increasing the amounts of
ingredients used, causing difficulties with mixing 20and 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
25 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. 8 When the solvent is
NMMO, the amounts of water and NMMO in step (a) will generally be about 16 to 21% water and 79 to
84% NMMO in efderaisdNdMEcanelaseyedummingegrssaaparsdrahacéhalonextiecolinsr Matbeials are

present. Howeveg, [here arg qilie materipls AigseninGee Prapaions maxhe Spiferegy s
possible to use the method on solia cellulose’in any form, for éxample either on celluiose which has

already been fougidgal istodpuddectisunb sslpapemictne.|dose ndikNedetilrese kKhthisdvaydt sfiay be
possible to modify the 10surface of cellulose fibres which may subsequently be incorporated into new

paper products. FBE tndtHEY SR e 2 iRV R0V ARES Y nRePeA YR Sdsbindrhe
ready-formed celifase-Proaiais iy asvaniags /5 ReEQIRIBINAGIIeNAkATte before or after

contact with the cellulose, can then diffuse into contact with the cellulose

solution. In step (c), the amounts of water and NMMO are adjusted to take the

water/NMMO mixture out of the shaded area of the phase diagram in Figure 1,

which causes the previously dissolved cellulose to come out of solution and
10 fixes the additive within the cellulose. The adjustment of the amounts of water

and NMMO in the solvent may be achieved by:

(1) heating the water/NMMO mixture, e.g. to a temperature of 80-100°C. Since

water is more volatile than NMMO, water will be preferentially evaporated and

the concentration of NMMO in the mixture will increase until the
15 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

(i11) adding either NMMO or water. Possibility (iii) has the disadvantages of

increasing the amounts of ingredients used, causing difficulties with mixing
20 and control of the process, and hindering the step of separating the cellulose

from the water/NMMUO.

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
25 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.



15 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
20 to the surface of the paper means that only the cejlulose 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 oWheméhsidelseat preleVByiapdie inepires aietier st SNDBYEN i siapeationibo that

the two sides have different properti % the additi S nRGRrpQrated jntq the cellulose, any
romaining sovent Ml Re e L Bt AL e ey I LR B e o

NMMO this is readili eehiaveshsingetlitais hygroseomiccaldlisse) rradilliedilbied vyl waterpteseerally
excess cold water will be used to remove the remaining solvent mixed in with the cellulose. The

washing procesSIR5¥&FEratllythEth 5t PO YorRairAd nsFtRatsotllest AREPROSHARBRhP ellulose

does not give riggria,a5olvent mixture that will dissolve a substantial Samount of cellulose, or does so
only fleetingly. The process stream containing the solvent, e.g. NMMO, can be recovered and recycled
for repeated use in the method of the present invention. 10After washing is completed, the cellulose

be dried t ter and residual splvent, resulting.in cellul llujose-containi
ricie. .0, papkt MR BIE KR dne STENDS0yRLH HASratr it (e B T Wt sond
cellulose. If the prORHGHTE RAOE VHTAYHACAIRA PasesSecHTHEN SRl SXRIBleIYCaAlgngRiing to

smooth and compress the paper, or by other 15standard paper processing procedures. The invention

also extends to ProdfucREESHERNSRRreeliukisés whlkhi bAmaddiR P AEY DIgely apoRstybPthis
maooud oo G e e e e e of
aqueous disperpapeopilodnopolymer 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
This method of the present invention may be performed on paper and other
ready-formed cellulose products. An advantage of performing the method on
15 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
1s 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
20 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

25 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



25 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. 10 In the various aspects of the present invention where an additive, e.g. a
fluoropolymer, is present on the surface of a cellulosg substrate, the thickness of the additive layer
may generally be of the order of 0.1 to 100tim, e.g. 1 to 50 5tim, whether the layer has been
calendered or not. Brief Description of the Drawings  The invention may be carried into practice in
various ways arigasbhiedehmtsddiyienesanilrrawiol Yiesenbe ¢ oy weatast exdrhplasadtiaraRiraee to the
10accompany|n§1drawm%lsm:gs\gqlchnf igure |s aE) ase dia [am of m;flﬁer/NM Q/cellulose at

1XE € CCTIUIOSE. 11 OCESS
standard temperature an Ure. Figures 2 and 3 are scanning électron micrographs ot paper

before and afterpeafenddsinguiespectivaly olkbkiguwidasd afidihearelseannangietesitiadcaiesbgtaphs of
PTI-1, coated on paper before and after calendering (respectlve%) and Fﬁ%ure 6 is a scanni aielectron
micrograph of PRI e HRFd A YaBlicULNt Ao Wik, Wit diesebiasribeiratidhtter

calendering 20 WadgsQfRUuinReIPYRRIQD oy IRRIATOR .

The process stream containing the solvent, e.g. NMMO, can be recovered and

recycled for repeated use in the method of the present invention.

10 After washing is completed, the cellulose may be dried to remove water and
residual solvent, resulting in cellulose or a cellulose-containing article, e.g.
paper, having the additive, e.g. fluoropolymer, incorporated into the surface of
the solid cellulose. If the product is a paper, it may then be processed further,
for example by calendering to smooth and compress the paper, or by other

15 standard paper processing procedures.

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

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

20 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

25 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.



Example 1  An initial mixture of water and NMMO was combined with an aqueous 25dispersion of
fluoropolymer particles, in the following proportions, where all percentages are expressed by weight:
35% of a dispersion of PTI-b, particles (Dyneon 5035 PTI-b, dispersion, particle size 200 nm) 11 55%
of a commercially available NMMO solution in water containing 55% NMMO 10% de-ionised water. A
batch of 223g of this mixture composition was madeygp. 5 The mixture was placed in a rotary
evaporator to remove water from the mixture. The pressure in the flask was lowered and a water bath
was used to heat the mixture to 88C. The rotary speed was 100 revolutions/min. The water was
removed slowly to avoid foam generation. 123g of water was 10 removed. The concentration of

NMMO in the refnulgﬁlg mixture was in.the fsh[ﬁged area o{nF\j ure % anl%j was cag&lﬂﬁ of dissolving solid

cellulose, and the wsco‘s]ﬁ{/l% %hgs%?%ﬁré) was stitable tfor easy apchaet{Sn% paper.V'Fheeé%ngentrated

mixture was appligsttpdhemserfaceaisdanss, thownrfiapesfla vslng@e applioater bas. thivkness
concentrated mixture may be at room temperature or at an elevated temeE)erature. The coated paper

was then dried it dROIEAEY S disioPan $rRHL 18T Ghive AR Dateto Whttttaii8ed & st some
of the diswlved&gl}l%gﬁg §H‘l§qg¥ef,ﬁa§%%§&{(ﬁg{%igpnlggmaining NMMO was then washed

away under a running tap for approximately 5 20 minutes. The paper was re-dried using a photodryer
to avoid the paper shrinking or creasing, with the photodryer set at 100-120C for a further 10 minutes.

The dried paperyvas then calendered. The coated paper produced contains PTbh particles,
concentrated n%ﬁf@%ﬁ%@%ﬁ%@—&r : _Drawm 5
The invention may be carried into practice in various ways and some
embodiments will now be described by way of example, with reference to the
10 accompanying drawings, in which:
Figure 1 is a phase diagram of water/NMMO/cellulose at standard
temperature and pressure.
Figures 2 and 3 are scanning electron micrographs of paper before and
after calendering (respectively);
15 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
20

Modes of Putting the invention into Operation

Example 1

An initial mixture of water and NMMO was combined with an aqueous

25 dispersion of fluoropolymer particles, in the following proportions, where all
percentages are expressed by weight:

® 35% of a dispersion of PTFE particles (Dyneon 5035 PTFE dispersion,

particle size 200 nm)



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. 12 The resulting solution was then
combined with a dispersion of fluoropolymer particles in the following proportions: 77% NMMO
solution (containing 55% NMMO) 23% of a PT1-1, particle dispersion having the same
composition as that 5used in Example 1. The concegifation of the NMMO solution before incorporation
of the fluoropolymer dispersion reduces foaming during evaporation in the rotary drier, as compared to
the concentration of the NMMO solution in the presence 100f the fluoropolymer described in Example
1. The mixture of these sompbresnswrscapkbliceltoltide MO fsakirothensamiemegnsa nmnExample
1, but the concentratiogd,’c% in the mixture was too low to dissolve the cellulose since it is about
at point X in the phase diagram of ~15 Figure 1. During a first drying step, which was conducted in an
oven at 100C, wates waggiriyenoaikagatiigrconcentration 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. THisbiiah ipf cbhteaet thithmxatfoersrpoatlevEsvmads th- concentration of NMMO was
adjusted fo one 20capable of dissolving cellulose before application to the paper.

The mixture was placed in a rotary evaporator to remove water from the
mixture. The pressure in the flask was lowered and a water bath was used to
heat the mixture to 88°C. The rotary speed was 100 revolutions/min. The
water was removed slowly to avoid foam generation. 123g of water was
10 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
15 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
20 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

25 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.



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 25described in Example 1. As in Example 1, the coated paper produced
contains PT1-1, particles, concentrated near the paper surface. A scanning electron micrograph (SEM)
of the PT1-1, coated paper after calendering is showyin Figure 6. 13 Example 31 A length of dense,
brown paper was fed through a calendering apparatus having a pair of flat calendering rollers.
Immediately prior to passing between 5 the calendering rollers, an aqueous dispersion of the PTI-1,

was applied at rbbenmeswsratseiutiotavasribes eppapeedisivithan dvpresion arflo geredemaciayer of

PTI-1, suspensionragproxiwet%lgaetim thick. Th . agueous dispersion had the following composition:

35% of a dispergl%n cgﬁtgllnmg %Wﬂ’nﬁ-gfoﬁ)aor ices (Dyneon 5035 10PTI-1, dispersion, particle size

200 nm) 65% detippiseRIWEES o NIt eopadainsasscradMas passed through the
calendering rollers where it was subject to a pressure of 1,000 to 2,000 Ib/sq in (6.9 - 13.8 MPa) at a

15 temperature of #5048 250(Ca BilfikyRaeicttcdidpeisiosndiaving dedsams PIpEsidahasdiao flow
over the gurface of thelﬁga%%'{%mslway is coated onto, and adheres to, the surface of the paper.

The concentration of the NMMO solution before incorporation of the
fluoropolymer dispersion reduces foaming during evaporation in the rotary
drier, as compared to the concentration of the NMMO solution in the presence

10 of the fluoropolymer described in Example 1.

The mixture of these components was applied to the paper surface in 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
15 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

20 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

25 described in Example 1.

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

the PTFE coated paper after calendering is shown in Figure 6.



Figures 2 and 3 are SEMs of the paper before and after calendering 20 (respectively); Figures 4 and 5
are scanning electron micrographs of the FITEcoated 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 25 cylinders to provide flexible bearing
component; the PTI-1, surface provides an excellenyRearing 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. 14 Example 4 The calendered PTbh, coated paper made
by the NMMO GESS gf xample 2 and shown in Figure 6 was tested by cutting out a disc-shaped
piece and 5 ad%nmeﬁ—oﬁo a correspondingly shaped aluminium alloy disc so that the PT1-1, faced

outwardly; the discleapyingfthiefsel - brpapepiyrs presséddaghrosh furthdeadsniniuappleyteisc and
rotated at contrglled speeds. During a series of tests, the coated paper was pressed against the plate

with a pressure dViREa Bt Altdleocal elerie s Asrnsd i I PFfh (o R8PS PetWigsRe of the
10paper was noweyidpdiiese tesis-anhiy h@@&@@i@&?&@ﬂlxﬂoﬂa@sﬁ?@ﬁ%ﬂ@ﬁw& Melgsity (PV)

level of the PTbh, paper was measured at 200rpm and was found to be 0.29 MPa.m/sec, which is well
above the PV lirsimplenadume plathic hedaiwgel PhpeP vsieyanoipppicaioplbsticcoprrinds mbitgeiadd is as
follows:  nylon: PTFE suspension approximately 6um thick. The aqueous dispersion had the
following composition:

e 35% of a dispersion containing 60% PTFE particles (Dyneon 5035
10 PTFE dispersion, particle size 200 nm)

®  65% de-ionised water.

After the paper was coated, it was passed through the calendering rollers where
it was subject to a pressure of 1,000 to 2,000 1b/sq in (6.9 — 13.8 MPa) at a
15 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
20 (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
25 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.



0.13 polycarbonate: 0.11 unfilled PThh: 0.04 unfilled acetal: 0.11 phenolic resins: 0.18 15 Claims 1. A
bearing component having a bearing surface, wherein the bearing component comprises a mat
comprising cellulose fibres and a fluoropolymer, 5 and wherein at least some of the fluoropolymer is
located at the bearing surface and is adhered to the cellulose and wherein the fluoropolymer is coated
on, or is incorporated into the surface of, individual fipjes of the mat. 2. A bearing component
according to claim 1, wherein at least some of the 10fluoropolymer is in the form of a coat on the
cellulose fibres at the surface of the bearing component.

Example 4
The calendered PTFE coated paper made by the NMMO process of Example 2

and shown in Figure 6 was tested by cutting out a disc-shaped piece and
5 adhering it onto a correspondingly shaped aluminium alloy disc so that the
PTFE faced outwardly; the disc carrying the PTFE paper was pressed against a
further aluminium alloy disc and rotated at controlled speeds. During a series
of tests, the coated paper was pressed against the plate with a pressure of 1MPa
and rotated at speeds varying from 20 to 200 rpm. The PTFE surface of the

10 paper was not worn in these tests and just appeared slightly polished.

The pressure velocity (PV) level of the PTFE paper was measured at 200rpm
and was 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

15 follows:
nylon: 0.13
polycarbonate: 0.11

unfilled PTFE: 0.04
unfilled acetal: 0.11
20 phenolic resins: 0.18



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 15bearing component. 4. A bearing
component according to any preceding claim, wherein the fluoropolymer is selected from PTI-E,1-EP,
PFA, MFA, PVDF, ETbh, ECTI-E, THV or a mixture jaereof. 20 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 25bearing surface in a bearing. 7. A
method of applying a fluoropolymer to a mat compriéiﬁ% llulose fibres, the method comprising the
steps of: (a)applying a dispersion of the fluoropolymeron a surface of the mat of 30cellulose fibres,
and 16 (b)pressing the mat of cellulose fibres, e.g. by calendering it, such that the fluoropolymer is
coated onto, ani adheres to, the said surface af the cellulpse mat and wherein th?guoropojymer IS

coated on individuaMibFEL B RBEEE ARG RaCEBF RSy T8 ERSM # hstereiniep RE¥ W arried

out at a tempergaigiebhiit @EpraelSd g Wmphi ?%@]‘ﬂﬂ@é@gﬁlf@g A& MubRIFIRM&E, wherein
step (b) is carried out at a pressure in the range of 1,000 to 2,000 Ib/sq in (6.9 - 13.8 MPa).. 10
5 and wherein at least some of the fluoropolymer is located at the bearing surface
and 1s adhered to the cellulose and wherein the fluoropolymer is coated on, or

is incorporated into the surface of, individual fibres of the mat.

2. A bearing component according to claim 1, wherein at least some of the
10 fluoropolymer is in the form of a coat on the cellulose fibres at the surface of

the bearing component.

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

15 bearing component.

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

THYV or a mixture thereof.

20
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
25 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

30 cellulose fibres, and



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 15is chosen from PTI-E,
bhP, PFA, MFA, PVDF, ETFE, ECTbh, THV or a mixture thereof. 12. A product comprising cellulose
to which a fluoropolymer, has been applied by the mgghod in any of claims 7 to 11. 20 13. A method of
applying an additive, e.g. a fluoropolymer, to cellulose, comprising the steps of: (@) bringing solid
cellulose, a solvent capable of dissolving cellulose and a dispersion of the additive into contact with

o S S R Y TS SO S

contacting the dissolv se wit ering the composition, quantity or
temperature of fiasolelynsercistbahtéd sotubiityl cidtetialose iththeasdIverthie reflticeddhd@icleast a

portion of the 17 dissolved cellulgse comes out of solution, wherehy the itive is jncorporated into
the surface of tHB%Hﬂﬁldﬁ’gFﬁ‘B‘Fé BrHETSBRIBE IroRaAbABA x&uﬂfdgl it 8 HiHher

comprising the step of 5combining the additive with the solvent before step (a). 15. A method

according to claim 13, wherein the solvent is a mixture of at least two components, e.g. water and
another Iuid, 8. A method according to claim 7, wherein step (b) is carried out at a

temperature in the range of 150 to 250°C.

9. A method according to claim 7 or claim 8, wherein step (b) is carried out at a
pressure in the range of 1,000 to 2,000 1b/sq in (6.9 — 13.8 MPa)..

10
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
15 1s 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.

20
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
25 of the solid cellulose 1s 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



10- the mixture is chosen such that solubility of cellulose in the mixture is dependent on the relative
amounts of the components in the mixture and step (c) comprises altering the relative amounts of the
components such that the solubility of cellulose in the mixture is reduced as compared to the solubility
in step (a). 15 16.A method according to claim 15, wijrgrein 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. 2017.A method according to claim 15, wherein the proportions of components required to

dissolve a 5“rfa&?sé%l’(féc?fcé'fﬁlﬁéé'édc%‘?ﬂ&oéﬁt olig s?i‘i’ﬁ?i{?ﬁd\{?%'e%ﬂ@ RBHUR %&%%%%‘%9188 nents to

the solid cellulose an drying the mixture to selectively rem one component to obtain a mixture
of components cayoethie ofrtissabfitg: dalliladealhbi8s/ofiththoel adoseding 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: 18 drying the mixture to selectively drive off one

component and jacreage the GACERBHEM Of the Athar CoMPANeRLIn dhempixine- (1. Adpetiod
according to any one of claims 15 to 17, wherein the solvent
5 combining the additive with the solvent before step (a).

15. A method according to claim 13, wherein
- the solvent is a mixture of at least two components, e.g. water and another
liquid,

10 - the mixture is chosen such that solubility of cellulose in the mixture is
dependent on the relative amounts of the components in the mixture and
- step (c) comprises altering the relative amounts of the components such that
the solubility of cellulose in the mixture is reduced as compared to the
solubility in step (a).

15
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.

20 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.
25
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:



5comprises water and a cyclic amine oxide. 20. A method according to claim 19, wherein the cyclic
amine oxide is NMMO. 1021.A method according to claim 20, wherein the mixture in step (a) contains
67 to 87% NMMO. 22. A method according to any of claims 13 to 21, further comprising the step of
removing the solvent from the solid cellulose by wasjgnhg following step 15(c). 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. 2024.A method according to any of claims 13 to 23, wherein the additive is hydrophobic. 25.A

method according to clai i ' itived ronal r, .PTFE,
1-12, PFA, MFA, PVD@@ﬁ%ﬁ%@?\%%@%ﬁ%ﬁﬁ%&tézﬁe??ﬁe 58%%%%%%% fritita ing to
any of claims 13 to 25 tihesairethensolicodehicl osecisdortipe frenn iof thellnlbsarktbres or particles,

optionally in an aqueous suspension. 528.A product comprising solid cellulose to which an additive,
e.g.a

19. A method according to any one of claims 15 to 17, wherein the solvent

5 comprises water and a cyclic amine oxide.

20. A method according to claim 19, wherein the cyclic amine oxide is

NMMO.

10 21. A method according to claim 20, wherein the mixture in step (a)

contains 67 to 87% NMMO.

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

15 (c).

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.

20 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

25 mixture thereof.

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

cellulose is in the form of paper.



fluoropolymer, has been applied by the method in any of claims 13 to 27.

19

27. A method according to any of claims 13 to 25, wherein the solid
cellulose is in the form of cellulose fibres or particles, optionally in an aqueous

suspension.

5 28. A product comprising solid cellulose to which an additive, e.g. a

fluoropolymer, has been applied by the method in any of claims 13 to 27.



