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A process for preparing a mixed- s_olvent_adhesive solution involving mixing
an alcohol and an adhesive t'oi' form an adhesi\ke solution; rhixing a charge
transporting mdlecule and a solvent \other thah al_c'ohol-to form a charge t'ransport
solution; mixing the charge tr,ansport, solution with the adh-esive sdlutio-n to form a
mixed solvent soIUtion; mixing an -electrically conductive ﬁller_a-nd a solvent to form
a filled solvent solution; and mixing the filled solvent soIUtion to _the mixed solvent

solution so as to form a mixed solvent adhesive solution.
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PROCESS FOR FORMING A MIXED

SOLVENT ADHESIVE SOLUTION

BACKGROUND OF THE INVENTION

The present invention is directed to processes for preparing mixed
solvent adhesives useful in bonding belts used in electrostatographic,
including digital printing apparatuses. In specific embodiments, the present
invention i1s directed to processes for preparing mixed solvent adhesives
useful in seaming belts, and more specifically, to endless flexible seamed
belts wherein an image can be transferred at the seam of the belt with little or
no print defects caused by the seam. In embodiments, the present invention
relates to processes for preparing adhesives useful in xerographic component
imageable seamed belts comprising mutually mating elements of a seam,
wherein the adhesive is present between mutually mating members. The
process for preparing mixed solvent adhesives comprises mixing alcohol and
acetates to the adhesive components. More specifically, the process
comprises mixing an alcohol and a polymer to form an adhesive solution;
miXing a charge transporting molecule and a solvent other than alcohol (such
as, for example, an acetate) so as to form a charge transport solution; adding

the charge transport solution to the adhesive solution to form a mixed solvent
solution; mixing an electrically conductive filler and a solvent to form a filled
solvent solution; and mixing the filled solvent solution with the mixed solvent

solution so as to form a mixed solvent adhesive solution. In optional
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embodiments, a crosslinking agent can be added in order to crosslink the
adhesive Iin solution upon curing. In optional embodiments, a nonionic

surfactant can be added to enable coatability of the adhesive.

In a typical electrostatographic reproducing apparatus such as an
electrophotographic imaging system using a photosensitive member, a light
Image of an original to be copied is recorded in the form of an electrostatic
latent Image upon a photosensitive member and the latent image is
subsequently rendered visible by the application of a developer mixture. One
type of developer used in such printing machines is a liquid developer
comprising a liquid carrier having toner particles dispersed therein. Generally,
the toner iIs made up of resin and a suitable colorant such as a dye or
pigment. Conventional charge director compounds may also be present. The
liquid developer material is brought into contact with the electrostatic latent
Image and the colored toner particles are deposited thereon in image

configuration.

In a more typical electrostatic reproducing apparatus, the developer
consists of polymeric coated magnetic carrier beads and thermoplastic toner
particles of opposite triboelectric polarity with respect to the carrier beads.

This is the dry xerographic process.

The developed toner image recorded on the imaging member is
transferred to an image receiving substrate such as paper via a transfer

member. The toner particles may be transferred by heat and/or pressure to a
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transfer member, or more commonly, the toner image particles may be
electrostatically transferred to the transfer member by means of an electrical
potential between the imaging member and the transfer member. After the
toner has been transferred to the transfer member, it is then transferred to the
image receiving substrate, for example by contacting the substrate with the

toner image on the transfer member electrostatically or under heat and/or

pressure.

Transfer members enable high throughput at modest process speeds.
In four-color photocopier or printer systems, the transfer member also
improves registration of the final color toner image. [n such systems, the four
component colors of cyan, yellow, magenta and black may be synchronously
developed onto one or more imaging members and transferred in registration

onto a transfer member at a transfer station.

In electrostatographic printing and photocopy machines in which the
toner image is transferred from the transfer member to the image receiving
substrate, it is desired that the transfer of the toner particles from the transfer
member to the image receiving substrate be substantially 100 percent. Less

than complete transfer to the image receiving substrate results in image

degradation and low resolution. Complete transfer is particularly desirable
when the imaging process invoives generating full color images since
undesirable color deterioration in the final colors can occur when the color

images are not completely transferred from the transfer member.
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Thus, it is desirable that the transfer member surface has excellent
release characteristics with respect to the toner particles. Conventional
materials known in the art for use as transfer members often possess the
strength, conformability and electrical conductivity necessary for use as
transfer members, but can suffer from poor toner release characteristics,

especially with respect to higher gloss image receiving substrates.

Polyimide substrate transfer imaging members are suitable for high
performance applications because of their outstanding mechanical strength
and thermal stability, in addition to their good resistance to a wide range of
chemicals. However, the high cost of manufacturing unseamed polyimide
belts has led to the introduction of a seamed belt. Even polyimides with the
best mechanical and chemical properties often exhibit poor adhesion at the

seam even when commercially available primers and adhesives are used.

In the electrostatic transfer applications, use of a seamed transfer
polyimide member results in insufficient transfer in that the developed image
occurring on the seam is not adequately transferred. This incomplete transfer
is partially the result of the difference in seam height to the rest of the belt. A
“bump” Is formed at the seam, thereby hindering transfer and mechanical
performance. The development of puzzle cut seams has increased the
quality of transfer somewhat, by decreasing the seam height, thereby allowing

smooth cycling. However, even with the improvements made with puzzle cut

seams, quality imaging in the
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seamed area has not been obtamable at present due in part, to contrast in
transfer caused by differences in electrlcal and release propertles of known
seammg adhesives. Further,- cur;rent. adhesrves do not provide sufficient bonding

strength at the seam, resulting |n Shortbe'tt_life. In addition, the seam must have

- the appropriate surface properties in order to allow for sufficient toner release at

the seam.

Currently, puzzle cut and overlap seam adhesives consist of uv-curable
epoxies and hot-melt adheswes While these adhesives exhibit acceptable
strengths at room temperature under tensﬂe load, most undergo premature failure
at elevated temperatures. Addltlcnally, the-exrstmg_ adhesnves have been found to
perform poorly under some imco‘rtant dynamic testconditions.,' Because the
adhesive seam is not imageable, most machines do not develop images on the

seam area, or non-seamed belts are used.

. Improved seam adhesives such as polyamic acid adhesives have prcven to
be strong. However, adhesives such as poliyami_c.acid adhesives require long cure
times at elevatedtemperatures ~(fcr example 1 hour at 200°C) with loss of water
as the polylmlde seam is formed The: resultmg differential shrmkage causes
ripples as the adhesive cures and the cured seams are not completely filled with
adhesive. [f one side of the puzzle cut seam is glued, tenting occurs. If both sides
of the puzzle cut seam are treated with ;‘pcl'yamrc acid adhesive, ripples form.
Such ripples in the seam cause uheven deue,lopm.ent- and ultimately resuit in print
defects, and a reduced belt Iife.i Thus,- adhesive alt_e.rnatives to polyamic acid

must be considered.

Polyamideadhesives.haveésolved many of the above problems. However,
many polyamide adhesives are alcohol so-l_uble.. This creates a significant problem
from a coating standpoint, because it is difficult to generate uniform coatings of
polyamide alcohol formulatlons usrng commercral equipment, even when a

number of dlfferent release Irners are used In addition, the th-lckness of the

‘known adhesrvesmust be built upE with successive coatings,instead of having the

ability to be coated with one pass.
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Therefore, it is desirable toprovide@ an adhesive systernt-hat solves many of
the above problems, but with the ability to provide uniform adhesive coatings to be
used with a number of different 'i;elease liners and that can be coated to a desired

thickness in one pass.

us. Patent 5,549,193 3r’elates to an endless flexible seamed belt
comprising puzzle cut members, wherem at least one receptacle has a substantial

depth in a portlon of the belt matenal at the belt ends.

U.S. Patent 5,721,032 ollscloses 2 puzzle cut seamed belt having a

strength-enhancing strip.

U.S. Patent 5,487,707 disc|0ses a puzzle cut seamed belt having a bond
between adjacent surfaces, wherein an ultraviolet cured adhesive is used to bond

the adjacent surfaces.

U.S. Patent 5,514,436 relates to a puzzle cut seamed belt having a
mechanically invisible seam, whioh is substantially equivalent in performance to a

seamless belt.

SUMMARY OF THE INVENTION

. . Embodiments of the present 'invention include: a process for :prep"aring a
mixed soivent adhesuve solution compnsung a) mixing an alcohol and a polymer to
form an adhesive solution; b) mlxmg a charge transportmg molecule and an
acetate to form a charge transport solutlon C) adding the charge transport solution
of (b) to the adhesive solution of (a) to form a mixed solvent solution; d) mixing an
electnoally conductive filler and a solvent to form a filled solvent solution; and e)
mixing the filled solvent solutlon of (d) to the mixed solvent solutlon of (c) so as to
form a mixed solvent adhesive solutlon .

In addntlon embodlments of the present mventuon mclude a process for

preparing a mixed solvent adheswe solutlon compnsmg a) mixing an alcohol and
a polymer to form an adheswe solution; b) mlxmg a charge transoortmg molecule

and a solvent other_ than an al-cohol., so as to form a charge transport solution; c)



10

15

CA 02391752 2002-06-26

adding the charge transport sOIutipn of'(b) to the adhesive solution of (a) to form a
mixed solvent solution; d) mixingg an electrically conductive filler and a solvent to
form a filledsolvent soluti'on;‘ andfi e) mixing the filled splvent solution of (d) to the
mixed soI\rent solution of (c) so as to form a. mixed solvent adhesive solution.
Embodiments further incldde:' a process for preparing a mixed solvent
adhesive solution comprising a) rnixing an alcohol a-nd a polyamide adhesive to
form an adhesive SOIution; b) nnixinga charge transporting molecule andan
acetate so as to form a charge transport solution' C) adding the charge transport
solution of (b) to the adhesive solutlon of (a) to form a mixed solvent solutlon d)
mixing an electrically conductlve frller and a solvent to form a filled solvent
solution; and e) ;mrxmg the fi Iled_s.olvent__ solution of (d) to the mixed solvent

solution of () so as to form a mixed solvent adhesive solution.

' BRIEF DESCRIPTION OF THE DRAWINGS

For a better understandmg of the present invention, reference may be had
to the accompanying figures. '
Figure 1 is a deplctlon of an electrostatographlc apparatus
‘Figure 2 is an enlargement of a transfer system according to an
embodiment of the present inventton. . '
Figure 3 is an enhanced view of an embodiment of a belt configuration and

seam according to the present lnventlon

Figure 4 is an enlarged versnon of a belt according to one embodiment of :

- the present invention and demonstrates ‘a crevice between the puzzle cut

members, the crevice containing an adhesive.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention relates to processes for preparing mixed solvent
adhesive solutions for use in seams and in between interlocking seaming

members. In embodiments, the adhesive,is prepared using a mixture of alcohol
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and acetate as *solvents in optlonal embodrments the adhesive compnses a
polyamrde material. The mventron provudes In embodlments an adhesive system

useful to seam puzzle cut seamed belts wherein the herght dlﬂ‘erentlal between

the seam and the rest of the belt is vrrtually nil, and wherern the occurrence of

ripples and tentrng In the-seam ls reduced or ellmrn-ated. The present iInvention

further provides, in embodiments, an adhesive that has a low temperature rapid

cure in order to increase produ'ction of the belts at a reduced production cost.
Further, the present invention provides, in embodiments, an adhesive that is
resistant to alcohol and organicsolvents The adhesive system in embodiments,
also allows the seam fo have thermal and mechanrcal charactenstlcs closely
matching those of the robust substrate The present invention, in embodrments

allows for a belt flexible enough to wrthstand 180° bend or crease without

cracking, yet strong enough to-vvithstand ‘m-ultiple cycling. The adhesive has

electrical and mechanical properties which, in embodiments, can withstand
transients in temperatures between 25 and 130°C, and is resistant to changes in

humidity. In addition, theinventiOn,'}in embodiments, provides an adhesive having

- electrical, mechanical and toner rele-_ase characteristics that closely match those of

- the substrates Moreover the invention in e‘mbodiments provides a'seam which

is imageable, thereby reducmg or elrmmatmg the presence of pnnt or copy

defects ‘Also, the seam in embodiments allows for extended life of the belt. In

addltlon the processes herein enable an adhesrve solutron whrch is easily and
evenly coatable onto a variety of low surface energyreleaslng liners. ~ The
process, in embodiments, allows for coating_ of .re_latively thick l-_ayers of adhesive In
one pass, instead of requiring th‘at the thickness be built up through successive

coatings.

In embod-iments, the belt is an'intermedia-te transfer belt, sheet, roller, or

film useful in xerographic, includ-in'g,; digital, a-pparatuses. _H:owever', the belts

herein having a seam comprising a polyamide and optional filler can be useful as
belts, rollers, dreits (a hybrid of a drumf; and a be.lt)',*and the like, for many different

processes and components such as photoreceptors, fusing members, transfix
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members, bias transfer members, --bias charging members, developer members,
image bearing members conveyor members cleaning members and other
members for contact electrostatrc prmtmg applications, xerographlc applications,
including digital, and the like. Further the belts, herein, can be used for both

liquid and dry powder xerographlc archrtectures although dry is preferred

Refernng to Figure 1, in a typlcal \-electrostatographlc reproducing
apparatus, a lrght rmage of an: orlginal to be copied is recorded in the form of an
electrostatrc Iatent rmage upon a photosensrtlve member and the latent |mage IS

subsequently rendered visible by the appllcatlon of electroscoprc thennoplastuc

' resin particles which are commonly referred to as toner. Specrf cally,

photoreceptor 10 is charged on rts surface by means of an electncal charger 12 to
which a voltage has been supplred from power supply 11. The photoreceptor IS
then imagewise exposed to light from an optrcal system or an image input '
apparatus- 13, such as a laser and light emltllng diode, to form an electrostatic
latent image thereon. Generally, the electrostatlc latent image Is developed by
bringing a developer mixture from deveIOper station 14 into contact therewrth
Development can be effected by use of a magnetic brush, powder cloud, or other
known development process.

After the toner part|cles have been deposrted on the photoconductlve
surface, in image confrguratron they are transferred to a copy sheet 16 by transfer
means 15, which can be pressure. transfer or electrostatlc transfer Preferably, the
developed lmage can be transferred to an intermediate transfer member and
subsequently transferred to a copy sheet

After the transfer of the developed image is completed copy sheet 16
advances to fusing statlon 19, deplcted in Figure 1 as fusing and pressure rolls,
wherein the developed image is fused to copy sheet 16 by passing copy sheet 16
between the fusing member 20 and pressure member 21, thereby formmg a
permanent image. Fusmg may be accomplrshed by other fusing members such
as a fusing belt in pressure contact with a pressure roller fusing roller in contact

with a pressure belt, or other lrke systems. Photoreceptor 10, subsequent to
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transfer, advances to cleaning S'tation 17, 'vv-herei-‘n any toner left on photoreceptor

10 is cleanedtherefrom by use of a blad.e 22 (as sho_wn in Figure 1), brush, or

- other cleaning apparatus.

Figure 2 is a schematic view of “an";imag.e development system containing

an intermediate transfer member. Figure 2 demonstrates another embodiment of

the present invention and depicts a transfer apparatus 15 comprising a transfer
member 1\ positioned between an imaging rnember 10 and a transfer roller 6. The
imaging member-lo IS exempliﬁed by a photoreceptor drum. However, other
appropriate lmaglng members may mclude other electrostatographlc |mag|ng
receptors such as ionographic belts and drums electrophotographlc belts, and the
like. \

In the multi imaging system of Figure 2, each image being tranSferred s
formed on the |mag|ng drum by lmage formlng station 12. Each of these |mages
is then developed at developlng statron 13 and transferred to transfer member 2.
Each of the images may be formed on the photoreceptor drum 10 and developed
sequentrally and then transferred to the transfer member 2. In an alternative
method, each image may be formed on the photoreceptor drum 10, developed -
and transferred in registration to the transfer member 2. In a preferred
embodiment of the invention, the multi_-imae system is a color copying system. In
this color copying' system, ‘each color'-'of an‘ image being copied'is formed on the

photoreceptor drum. Each color |mage is developed and transferred to the

- transfer member 2. As above, each of the colored |mages may be formed on the

drum 10 and devel0ped sequentlally and then transferred to the transfer member
2. In the alternatlve method, each color of an |mage may be formed on the
photoreceptor drum 10, developed and transferred In registration to the transfer\
member 2. ' '

After latent image forming statlon 12 has formed the latent |mage on the

‘photoreceptor drum 10 and the latent |mage of the photoreceptor have been

developed at developing statlonf. 13, the charged ‘toner particles 4 from the
developing station 13 are attradtefd' and held by the photoreceptor drum 10
because thephotoreceptor drum 1 0 .\posses._ses a charge 5 opposite to that of the

10 |
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toner particles 4 In Flgure 2, the toner partrcles are shown as negatively charged
and the photoreceptor drum 10 |s shown as posﬂwely charged. These charges '
can be reverseq, “depending on the nature of the toner and the machlnery being
used. In a preferred embodrment the toner s present in a liquid developer.
However, the present invention, in .embodlments is useful for dry development
systems also. : ‘ o

A biased transfer roller 6 posutloned opposite the photoreceptor drum 10
has a higher voltage than the surface of the photoreceptor drum 10. As shown in
Figure 2, biaséd t‘ransfer roller 6 ohargesthe backside 7 of transfe_r member 2 with
a positive ‘charge; In an alternatiyeembodimentof the invention, a corona or any
othercharg.,ing mechanism may be used tocharge the backside 7 of the transfer
member 2. | ' '

The negatiyely'charged toner particles 4 areattractedto the front side 8 of
the transfer member 2 by the positive charge 9 on the backside 14 of the transfer
member 2. ‘ ' “

Flgure 3 demonstrates an example of an embodlment of a belt, Wthh could
be used with adhesives formed by_ the prooesses in acoordance with the present
invention Belt 30 is demonstrated with sea'm 31. Seam' 31 is pictured as an
example of one embodlment of a puzzle cut seam. The beltis held in posutlon and
turned by use of rollers 32. Note that the meohanloal mterlockmg relationship of
the seam 31 is present in a two-dlmenslonalplane when the belt 30 is on a fiat
surface, whether it be horizontal or vertical;f While the seam is illustrated in Figure
3 as being perpendicular to the two parallel sides of the belt, it should 'be
understood that it might be angled or sl_anted with respect to the parallel sides.
This enables any noise generated in the system to be distributed more uniformly
and the forces placed on each mating element or node to be _reduoed. Figure 4
demonstrates an 'example of a puzzle*out-' seam embodiment. The adhesive IS
placed between the puzzie cut members at crewce 57 of the belt 31.

The seam formed usmg adheswes prepared by processes of the present

invention, I1s one havmg a thin and smooth profile, of enhanced strength, improved

flex1b|l|ty, and extended mechanlcal life. In an embodlment the belt ends are held

1n
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together by the geometric relat'ionShip' between the ends of the belt material,

which are fastened together by an mterlockmg arrangement. In an embodiment

the seam members overlap In another embodlment the seam members are in
the form of a puzzle cut relatlonshlp '

The puzzle cut seam can be of many different configurations, but is one in
which the two ends of the sear}fninterlockwith one another ‘i'n'_'a manner of a
puzzle. Speciﬁcally, the mut‘ually mating elements comprise a first projection and
a second receptacle geometrlcally orlented so that the second receptacle on the
first end receives the first pro;ectlon on the second end and whereln the first
projectron on the first end is recelved by the second receptacle on the second
end. The seam has a kerf, void or crevrce between the mutually matrng elements
at the two joining ends of the belt, andythat crevice can be filled with an adheswe
according to the present mventton The opposite surfaces of the \puzzle cut

pattern are bound or joined together to enable the seamed flexible beit to

- essentially function as an endless belt. In the present invention, the seam

including the puzzle cut members Is held together by a polyamide adhesuve
which is compatlble with the rest -of -the belt. The belt, in embodiments, provrdes
improved seam qualtty and smoothness with substantrally no thickness dlfferentlal

between the seam and the adjacent portlons of the belt.

Preferably, the mixed solvent adhesrve solution IS prepared using a mixed

solvent solution. The mrxedsolvent.-solutlon comprises two different types of

solvents. In other words, two d_itfeirentclass(es of solvents are used. For example,

- methanol and propanol are both alcohols, and therefore, are not different types of

solvents. The use of methanol% andpropanOI would not be a mixed ‘solvent
solution. In embodiments, an alc.oholsolvent and an acetate sol_vent are used to
make up the mixed solvent solutioﬁn. *\lnembodiments, the alcohol is selected from
the group consisting of methanol, ethandl, p\ropanol, butanol, and the like, and
isomers thereof. In embodiments the §acetate is selected from the 'group
consustrng of methyl acetate, ethyl acetate propyl acetate butyl acetate and the

like, and lsomers thereof. The SpeleIC alcohols and acetates are then selected for

12
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the purpose of adjusting the vrscosrty or dryrng charactenstrcs of the adhesrve

- solution. These would be adjusted dependent upon the coatlng method selected.

In embodiments, a polymer is mrxed with an alcohol to form an adhesive
solution. A charge-transportingf- mole'cule IS mixed with an acetate to form a
charge transporting solution. The charge transportrng solution is added to and
mixed with the adhesrve solutlon so as to form a mixed solvent solutlon The
mixture may need to be warmed to about 50°C in order to redissolve any
precrprtate that may initially form when the two solutrons are combined. These two
steps can occur in any order, by fonnmg the adheslve solution f rst the charge
transportlng solution second and mlxrng the two by formlng the charge
transporting solution fi rst the adhesrve solutron second and mrxmg the two; or by
preparing both the adhesive solutron and_. charg.e tran.Sportlng ,solutron;- separately,
and subsequently mixing them tooether Since the polymer has poor sol-ubility in
acetate solvents, it is desired to add the charge transportrng solution to the

adhesrve solution to avoid or mrnrmrze precrprtatron of polymer from solution. Any

precipitate that may form, will qurckly redlssolveupon gentle heatrng and stirring of

the mixture, for example in an approxrmate 50°C water bath.
n embodrments an amount of from about 40 to about 99 9 or from about

50 to about 80 percent by werght of alcohol is mixed with an amount of from about

0.1 to about 60 or from about 20 to about 50 percent by werght polymer. In

embodiments, an amount of from about 40 to about 99.9 percent or from about 60
to about 80 percent by weight of- acetate rs ‘mixed W|th an amount of from about
0.1 to about 60 percent or from about 20 to about 40 percent by werght charge
transporting molecule. In embodrments the amount of alcohol and amount of
acetate may be the same and in a 1:1 werght ratio. In embodiments, the ratio of
acetate to alcohol may be less than 1.1.;_ In embodiments, a lesser amount of
acetate solvent is used in the rrnixture- -Acetates are 'poor solve’nts for.some
polymers, such as polyamides, and therefore the more acetate that is used in the
mixture, the more volume of solvent mixture |s required to dissolve an equrvalent
amount of the polymer adhesive. Therefore, it is usually desired to use a smaller
amount of acetate in the solventﬁ: mixture to -make the solvent coatable on the

3
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chosen substrate. In this manner the dilution factor can be kept to a minimum
and the percentage of SO||dS of the coatmg can be kept hlgher

\ Examples of charge transportlng ‘molecules mclude brs(drhydroxy _
diethylamino- )tnphenyl methane (DHTPM) bls(drethylamlno) trlphenyl methane '
(TPM), drhydroxy tetrapheny! blphenylene dramlne (Dl—lTBD) and the like, and

mixtures thereof. An example of charge transportlng molecules rncludes DHTPM
and DHTBD

Next, an electrlcally conductlve flller is added to a solvent. The filler may
be dispersed in the soivent by any surtable means, which results in a unrform

drspersron The solvent can be an alcohol as listed above for use with the

~ polymer, or can be an acetate as l|sted above for use wrth the charge-transportrng

molecule.  The solution formed is a t' Iled solvent solutron The filled solvent
solution is then mrxed with the mlxed solvent solution, thereby formmg a mlxed
solvent adhesive solution. ' '

The filled solvent drspersion may beiprepared in advance as a masterbatch
concentrate dlspersron in alcohol. Thrs dlsperS|on would include the fi Iler and an
equrvalent amount of polymer resm to stabrllze the drspersron dunng extended |
storage. . '

Therefore, in general the process comprrses

a) polymer + alcohol = adhesrve solutron -

b) charge transport molecules + acetate charge transport solution

¢) adhesive solution + charge transport solution = mrxed solvent solutron |

d) electrically conductrve filler + solvent = filled solved solution

e) filled solvem‘ solution -r—‘ mixed solvent solution = mixed solvent adhesive

solution R .

In embodiments, an amount of frorn-about 60 to about 99.9 percent or from
about 75 to about -\90¥ percent by.vveightof _solvent is ‘mixedwith_an arnount_ of from
about 0.01 to about 40 percent or 'from abOUt 10 to about 25 percent by weight
electrrcally conductlve filler. In thrs process step, it is desired to use a minimal
quantity of solvent necessary to adequately drsperse and transfer the frller rnto the
adhesive mlxture '

14
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A surtable fine powder conductlvrty-enhancmg filler that is unlformly '

drspersed without large agglomerates in the above polymer resrns can be used

with the present adhesrve as the electrlcally conductrve filler. In embodrments the

filler is a carbon ﬂller metal oxrde fi I!er polymer frller charge transportrng '

molecule or mlxtures thereof. Other suutable conductrve fi Ilers mclude pyrolyzed

polyacrylonitrile, silicon powder quaternary salts such as quaternary ammonrum'

salts (for examples ADOGEN® 464 sold by Aldrich Chemrcal as methyltnalkyl (Ce-
10) ammonium chlonde) and pyrolyzed polyacrylomtnle partlcles and fibers.

In embodlments the fi ller is a carbon filler, such as carbon black, graphite,

fluorinated carbon or mixtures thereof :Preferre.d ﬂuonnated carbons include

those havrng the formula CF, wrth X representing the number of fluorine atoms

‘and generally belng up to about 1 5 preferably from about 0.01 to about 1.5, and

. particularly preferred from about. 0 04 to about 1.4. Other preferred ﬂuonnated

carbons are poly(dicarbon monoﬂuonde) whrch IS usually written in the shorthand

manner (C,F),. Preferred ﬂuonnated carbons selected include those descrrbed in

U.S. Patent 4,524, 119 to Luly et al., the subject matter of Wthh s hereby'
rncorporated by reference In |ts entlrety, and those having the trade name
ACCUFLUOR® (ﬂuonnated carbons from Advanced Research Chemrcals Inc
Catoosa, Oklahoma) Examples mclude ACCUFLUOR® 2028, ACCUFLUOR®
2065, ACCUFLUOR@’ 1000, and ACCUFLUOF-'(® 2010. ACCUFLUOR® 2028 and

ACCUFLUOR® 2010 have 28 and 11 percent by welght quorlne respectrvely,

based on the werght of ﬂuorlnated carbon ACCUFLUOR® 1 000 and

ACCUFLUOR® 2065 have 62 and 65 percent by werght fluorine, respectlvely,
based on the-welght of ﬂu-orlnat_ed carbon. Also, ACCUFLUOF{® 1000 comprlses
carbon coke, whereas ACCUFLUOR® 2065, 2028 and 2010 all comprise
conductive carbon-black These tluorinated carbons are of the formula ‘CFX_ and ,
are formed by the reactron of C + F2 CF o '

Preferred metal ox;de fi llers mclude titanium d|ox|de trn (i) oxrde

alumlnum oxide, indium-tin OXIde magnesrum oxide, copper oxnde rron omde and

‘the like, and mixtures thereof.
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- Preferred polymer fillers _include_polypyrrole, volyaniline, polythiophenes,
and mixtures thereof. S - \

In embodrments the electncally conductlve filler is present in the adhesrve
in an amount of from about 1 to about-80,.:and, preferably from about 20to about
50 percent by weight of total solids. \Total solids, as used herein, refers to the
amount of polymer resin, filler, crosslinkings agen_t,rother additives, and other solids
present in the adhesive. , - \ '

A polymer |s used in the adhesrve solutlon ln embodlments the polymer IS
a polyamlde resin. In embodrments the polyamrde resin is alcohol-soluble By
“alcohol-soluble,” Applicants refer to materials, which dissolve in alcohols such as
butanol ethanol, propanol, methanol and the llke In embodiments the
polyamrde resin in the adhesive has functlonal pendant groups selected from the
group consrstrng of methoxy, ethoxy and hydroxy pendant groups. In
embodiments, the pendant functronal group is a methoxy methylene group. In

embodlments the polyamlde has the followmg formula:

c___CHz_(CHz)_CHz_._NT

- wherein n is a number of from about 50 to about 1 000 Or-from about 150

“to about 500, or about 2170, and whereln R |s selected from the group consisting of '

hydrogen; alkyl having from about 1to about 20 carbons or from about 1 to about
10 carbons such as methyl ethyl propyl and the like; alkoxy havrng from about 1
to about 20 carbons or from about 1 to about 10 carbons such as methoxy,
ethoxy, propoxy and the llke alkyl alkoxy havmg from about 1 to about 20

carbons, or from about 1 to about 10 carbons such as methyl methoxy, methyl

' ethoxy, ethyi methoxy, methyl dlmethoxy, methyl ‘trimethoxy, and the Irke and

alkylene alkoxy having from about 1to about 20 carbons or from about 1 to about
10 carbons such as methylene methoxy, ethylene ethoxy, and the like. In

embodiments, monomers of the above formula can be |ncluded in an- adhesrve
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composition, wherein R in the monomers can be hydrogen methylene methoxy, ~

and methylene dlmethoxy, orRi |n the adheswe composmon can be from about 40

to about 80 mole percent hydrogen or from about 50 to about 65 mole percent

hydrogen, or about 64 mole percent hydrogen and from about 20 to about 45

mole percent methylene methoxy, or from about 30 to about 35 mole percent

- methylene methoxy, or about 32 mole percent methylene methoxy, and from

about 1 to about 10 mole percent methylene drmethoxy,or from about 1 to about
5 mole percent methylene- dimethoxy, or about 4 mole percent methylene
dimethoxy. . ' . '

Typical commercially avai-lable-alCoh'oI-solubIe pOlyamide polymers sUitable

for use herein include those sold under the trade names LUCKAMIDE® 5003 from

Dai Nippon Ink, NYLON® 8, CM4000® and CM8000® both from Toray Industries,

Ltd., and other N-methylene methoxy pendant polyamldes such as those prepared
according to the method descnbed in Sorenson and Campbell, “Preparatlve
Methods of Polymer Chemistry,” second edltron pg 76, John Wlley & Sons, Inc.,
1968, and the like, and mrxtures thereof :

Crosslrnkrng agents can be used rn comblnatron with the polyamrde to
promote crosslrnklng of the polymer,thereby providing a strong bond. Examples of
suitable crosslinking agents _inicludfe oxalic acid, p-toluene sulfonic acid,
phosphoric acid, sulfuric acid, and the ,li,,ke, and mixtures thereof. In embodiments,
the crosslinking agent is oxalic apid ln embOdiments the 'crosslinking agent is
added to the mlxed solvent adheswe solutlon so as to form a thermally
crosslrnkable adhesrve in solutlon The crosslmkmg agent can be added in an
amount of from about 1 to about 30 percent or from about 7.5 1o about 15 percent
by weight of polymer resin. *

In embodrments a nonronrc surfactant or smcone surface addrtrve can be |
added along with the electncally conductwe fi ller to fonn a fi lled solvent solution.
Examples of surtable nomomc surfactants |nclude ﬂuorosurfactants such as
FLUORADS® FC430, FC‘l7OC,_ _\:.FC171 and the like, avallable from 3M;

ethoxylated nonyl 'eplenol from Aldrich; and-ﬁthe_ like. Examples of suitable silicone
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- additives are BYK-301, BYK-34,_.1 BYK—-33, and the like from BYK Chemie. The

nonionic surfactant can be added In an:amo.unt.of from about 0.001 to about 5
grams or from about 0. O‘lto about 5'grams per 100 grams of sol\rent '

The surfactant may be rntroduced |nto the formulatlon at any pornt of the
mixing process It IS preferred that the surfactant IS drssolved in the solvent first,

before mixing wrth other components of the formulatron

The mlxed solvent adhesrve solutron may be applied at the seam and

between mterlockrng seamlng members by any surtable means such as usmg a

cotton-t|pped applrcator llqwd drspenser glue gun and other known means. An

amount In sllght excess of the amount requrred to completely flll the seam kerf

~ when dry of adhesrve is added between mterlocklngseamrng members.

The adhesive may be applied at--* the seam and between interlocking
seamrng members by usrng a SO|ld film tape of the adhesrve The adhesrve IS
melted into the seam kerf under applled temperature and pressure. Continued
heating allows the resin to crosslrnk. . _ ‘

"~ In general, the process for_ seaming using the adhesive herein involves
forming the mixed solvent adhesive solution as above. Crosslinking agents such
as oxalic acid can be used. The adhesive film composite, with or without a
removable release backing, rsthen “applied to align with only the puzzle-
interlocked seamed region"'of the belt or inlm member The seam can then be
cured by varzous methods. Curlng procedures useful in curing the seam include
thermal curlng and mfrared currng Examples of heat curing |nclude use of

moderate heat once the adhesrve IS placed in the seam crevice. This moderate

heatmg also mcreases the crosslmklng/solrdrt" catlon reactlon and increases the

seam processrng and belt fabrlcatlon speed

The adhesrve allows for low-temperature rapid curing, enabling faster
production of belts. In embodrments the adhesive may be cured between the
seamrng members at a time of from about 1 mlnute to about 1 hour preferably

from about 20 to about 30 mlnutes at a temperature of from about 80 to about

180°C, and preferably from about 100 to about 120°C Heat may be applied by,
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for example, a heat gun, oven, Vertrod oriSenco‘r-seam welder, or other suitable
means. | | | '_ | | ‘

The .adheswe formed by @the "present process has improved coatability.
Coatings 'prepared with the aIeOheil- formulation exhibit severe defeets and
nonuniformity due to dewetting 'of@ the eoated'laye'r on the majority of l-iners tested.
The acetate cosolvent appears to lmprove wettabllrlty of the adhesive formulatlon
on the low surface energy Irners and thereby enables uniform thick coatrngs The
mixed solvent formulatron enables unrform coatings of this adhesive on a variety "
of low surface energy releasmg- _Ilners suitable for use in hot melt seamlng
operations. - . - \

N addition the adhesive may 'be cOated to the 'desired th-ickness In one
coating application, or through successwe coatrng appllcatrons if desired.

All the patents and appllcatlons referred to herein are hereby specrfrcally
and totally mcorporated herern by reference rn thelr entlrety in the instant
specification. ‘ .

The followrng Examples further deﬁne and describe embodlments of the

present mventlon Unless otherwrse mdrcated all parts and percentages are by

welg ht.
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Examp_lel ' N '
Preparation of Stock Dis ersion of Carbon ,Black

A stock dlsper3|on of carbon black was prepared by attntrng 10 grams of |
carbon black (Black Pearls® 2000) along wrth 10 grams polyamlde (LUCKAMIDE®)

dlspersed in 150 grams 1 propanol for about 3 hours using a bench top attritor

'charged wrth 3/16” stainless steel shot media. The slurry was filtered through a

course screen to separate out the media and the carbon dlspersmn was collected

in an 8-ounce polyethylene bottle

Example 2
Pre 'aratlon of Pol amide and DHTBD Adhesrve

About 100 grams of polyam|de (LUCKAMIDE®) was added to a mlxture of

280 grams methanol and 90 grams 1-propanol in a 1000-ml bottle The bottle was

warmed to about 60°C until the resrn had completely dlssolved In a separate
bottle, about 100 grams DHTBD was dlssolved in 909 ethyl acetate with gentle
mixing. The DHTBD/acetate solutlon was added to the warm polyamide solution

with good mrxrng.i The resultantmlxture may need to be warmed to redissolve any

polymer precipitate that may resu._lt. ,To-this- solution‘was then ?added 7.5 grams of
‘oxalic acid dissolved in a ._minirn,al.amouht of methanol and also 14 grams of
carbon black (‘BI%;_ACK PEARL® 200;0)‘ dispersion prepared in accordance with

EXampl.-e 1. The mixture wasplaced on a roll mill for 1 hour to ensure complete
mixing. ' ' _ ' '
The resulting drspersmn was drawcoated onto Slltech® coated Kraft paper
lrner and Tedlar® film. A surtable srzed coatlng bar was used The coatlngs were
allowed to dry in:a drying oven set at about 40°C for about 3 hours. Once the

flms were dry, they were kept on the release liner ana were ready for use as

seam adhesrves The electncal and mechanrcal propertles of the adhesrve layers

- were measured and found to be comparable to those prepared from the

methanol/propanol non—mrxed solvent system The prepared adhesrve tapes must

be stored at below 0°C to malntarn shelf life.

 ~_20;
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'The mixed-solvent formulatron is an |mprovement in that it demonstrated
surprisingly supenor coatabrlrty of the polyamlde adhesrve by |mproved wettablhty
on a broader variety of releasrng substrates or Ilners The standard non-mixed

solvent formulatron (e.g., methanotlpropanol) IS very constramed in that it limits

the coating condrtlons and substrates that may yretd useable coatings. In '

. addltron the above adheswe can be coated to the desired thrckness in one pass.

While the invention has been descnbed In detail with reference to specific
and preferred em_bodlments,-_ it erI- be apprecratedthat-Va_nous modrfrcatlons and
variati.ons will be apparent to the artisan. All such modiﬁCations and '-embodiments
as may readily ocCur to one-skilled"intheart are intended to be within the scope of

the appended claims.
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We claim:

.1. A process for preparing\ ‘a mixed solvent adhesive solution
comprising: ' " ' -
- a) mixing an alcohol and a p0lymer to forrn an adhesive solution;
b)  mixing a charge*transporting. molecule and an acetate to form
a charge transport solution; '
c). adding the charge transport solutlon of (b) to the adhesuve
solution of (a) to form a mixed solvent solution;
d)  mixing an electrically conductive filler and a solvent to form a
filled solvent solution; and - \ '
e) mlxmg said fllled solvent solutlon of (d) to said mixed solvent

solution of (c) so as to form a mlxed solvent adhesrve solution.

2. A process for preparmg a mlxed solvent adhesive  solution in

accordance with claim 1 wherem sald polymer Is a polyamide.

3. A process for prepanng a mlxed solvent adhesive solution in

accordance with claim 2, wherein said polyamlde IS an alcohol-soluble polyamlde

4. A process for preparin'g -a mixed solvent adhesive solution in
accordance with claim 3, wherein said alcohol-soluble polyamide comprises
pendant groups selected from the'g_-roop. consisting of methoxy, ethoxy ‘and

hydroxy pendant groups.
5. A process for prepa-ring a mixed solvent adhesive solution in

accordance with claim 4, wherein said ‘pendant groups are methylene methoxy

pendant groups.

22



CA 02391752 2005-06-21

G. A process for preparing a mixed solvent adhesive solution in

accordance with claim 2, wherein said polyamide has the following formula:

3
R N

O

wherein R is selected from the group consisting of hydrogen, alkyl having
from about 1 to about 20 carbons, alkoxy having from about 1 to about 20
carbons, alkyl alkoxy having from about 1 to about 20 carbons, and alkylene
alkoxy having from about 1 to about 20 carbons, and wherein n is a number
of from about 50 to about 1,000.

7. A process for preparing a mixed solvent adhesive solution in

accordance with claim 6, wherein R is a methylene methoxy group.

8. A process for preparing a mixed solvent adhesive solution in
accordance with claim 1, wherein said alcohol is selected from the group

consisting of methanol, ethanol, propanol, and butanol.

9. A process for preparing a mixed solvent adhesive solution in
accordance with claim 1, wherein said acetate is selected from the group

consisting of methyl acetate, ethyl acetate, propyl acetate, and butyl acetate.

10. A process for preparing a mixed solvent adhesive solution in
accordance with claim 1, wherein said solvent is selected from the group

consisting of alcohols and acetates.
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11. A process for -preparing a mixed solvent adhesive solution in
accOrda_nce with claim 1, Wherein | said- charge transporting molecule is selected
from the group consisting of bis(dihydroxy diethylaminO) triphenyl methane,'
. bis(diethylamino) f'triphenyl methane, d.ihydr.oxy.-tetraphenyl biphenylene diamine,

and mixtures thereof.

12. A process for preparmg ‘a mlxed solvent adhesive solution
accordance with claim 1, wherem sald eleotncally ‘conductive filler is pyrolyzed

polyacrylonitrile.

13. A process for preparmg a mlxed soivent adhesive solution
accordance with claim 1, whereln sald electrlcally conductlve flller IS selected from
the group consisting of carbon fi Il_ers,' metal oxide fi llers, polymer fillers, quaternary

~ammonium salts, and mixtures thereof.

. 14. A pfocess for prep’aring a mixed solvent adhesive solution in
~ accordance with claim 12, wherein said electrically conduc_tive filler is a carbon
filler selected from the group oonsisting- of carbon black, graphite, fluorinated

carbon, and mixtures thereof.

15. A process for preparing a mixed solvent adhesive solution in
accordance with claim 13, whe;reinfsaid,z electrically conductive filler is a metal
oxide filler selected from the group consisting of titanium dioxide, tin oxide, indium

tin oxide, iron oxide, aluminum oxide, and mixtures thereof.

16. A process for preparing a mixed solvent adhesive solution in
accordance with claim 13, whereln sald electncally conductive flller IS a polymer

filler selected from the group conSIstlng of polypyrrole polythlophene polyamlme
and mixtures thereof.
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17. A process for preparing a mixed solvent adhesive solution In

accordance with claim 1, wherein said process further comprises adding a

nonionic surfactant along with the electrically conductive filler and the solvent
in d).

18. A process in accordance with claim 17, wherein said nonionic

surfactant is a fluorosurfactant.

19. A process for preparing a mixed solvent adhesive solution In
accordance with claim 1, wherein said process further comprises subsequent
to (c):

) mixing a crosslinking agent to the mixed solvent adhesive

solution formed in (c) so as to form a crosslinked adhesive in solution.

20. A process for preparing a mixed solvent adhesive solution In
accordance with claim 19, wherein said crosslinking agent is selected from
the group consisting of oxalic acid, p-toluene sulfonic acid, phosphoric acid,

sulfuric acid, and mixtures thereof.

21. A process for preparing a mixed solvent adhesive solution

comprising:

a) mixing an alcohol and a polymer to form an adhesive
solution;

b) mixing a charge transporting molecule and a solvent
other than alcohol so as to form a charge transport solution;

C) adding the charge transport solution of (b) to the
adhesive solution of (a) to form a mixed solvent solution;

d) mixing an electrically conductive filler and a solvent to
form a filled solvent solution; and

e) mixing said filled solvent solution of (d) to said mixed

solvent solution of (¢) so as to form a mixed solvent adhesive solution.
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22. . A process for '- pr;‘epa-ring a mixed solvent adhesive solution
comprising: ' ' ' .
a) mixing an alcohol and a polyamide adhesive to form an
adhesive solution; ‘ . ' '
b)  mixing a chalse transporting molecule and an acetate so as
to form a charge t,ransport.solutioh‘; ._ o ' '
c) adding the ch;arg_e-:tra'ns‘por.‘t solution of (b) to the adhesive
solution of (a) to form a mixed 'soIVent solution; .
d) mixihg an eléﬁctricallyconductiveﬁller and a solvent to form a
filled solvent solution; and " o '
e)  mixing said filled solvent solution of (d) to said mixed solvent

solution of (c) so as to form a mixed solvent adhesive solution.
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