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Background of the Invention Field of the Invention This invessvpircéieh

to belts and, nore particularly, to a belt having a surface agal nst |ch
Al at articles such as cards, bills, tickets, and the Iike can be placed to
/be frictionally held and thereby conveyed as the belt i1s advanced in
operation. Background Art It is known to convey flat art

bills, tickets, cards, and the like in systenms using enmmgﬂm”\wm Imgd
belts. In one exenplary system one belt is trained ar s&%

drive and driven pulleys. A second beltjis trained around | OVt spaced
drive and driven pulleys. The pulleys are arranged so that surfaces on the
belts contact each other in a conveying zone. An article to be conveyed is
i nt er posed bet wee the . article
si mul t aneously co 4 1 tionally held
thereby and conveyed as the belts are advanced I n operatlon A press rol

is nornmally provided to urgBackeranmdeof thelltventidmace agai nst the |-ower belt
surface in the conveying zone with a variable force. Typically, these
belts have; kf@PﬂE?%wenﬂBhve side to cooperate w th conplenentary surfaces
on the pulTeys SO 03|t|ve advancenment of the belts is effected.

| deal Iy, belts ed in thls f system have a predetern1ned coefficient
of friction thafﬁ-‘do‘é‘é’eﬂﬁf’n\f g?eétcsl g, ynorg parieHady atqe bektdiaymen - 20 C

to 600 surface against wiich flat articles such as cards, bills, tickets, and the like can be

placed to be frictionally held and thereby conveyed as the belt is advanced in

operation.

Background Art )
It is known to convey flat articles such as bills, tickets, cards, and the like

n systems using endless, toothed belts. In one exemplary system, one belt is
trained around spaced, upper, drive and driven pulleys. A second belt is trained
around lower, spaced, drive and driven pulleys. The pulleys are arranged so that
surfaces on the belts contact each other in a conveying zone. An article to be
conveyed is interposed between the surfaces in the conveying zone so that the
article simultaneously contacts both of the belt surfaces and is frictionally held
‘thereby and conveyed as the belts are advanced in operation. A press roll is
normally provided to urge the upper belt surface against the lower belt surface
in the conveying zone with a variable force. Typically, these belts have a toothed
drive side to cooperate with complementary surfaces on the pulleys so that
positive advancement of the belts 1s effected. a
Ideally, belts used in this type of system have a predetermined coefficient _

of friction that does not vary appreciably in a temperature range of -20° C to 60°
C. Itis also desirable that the belts have the same flexibility in this temperature
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G It*is also desirable that the belts have the same fl| REBIACEMENTSHBES
t enper at ure REPLACEMENT SHEET 23 MARCH 2005 2 range. FurthegnhRenRebss
shoul d resi st abrasion and should not transfer any foreign naterial/dirt
/to the articles being conveyed. Still further, it is desirable that the
belts advance at a constant rate and that they maintain their alignnment
with each other to precisely and consistently convey articles interposed
t herebetween. It is known to construct such belts using chloroprene rubber.
In a typical construction, the belt has a body with a plurality of teeth
spaced regularly along the length thepeof and | oad carryi ng cords enbedded
in the body. A cloth layer is placed over the teeth. A suitable cloth has
an uncrinped thread to define warp yarns along the length of the belt nade

of nylon n , B, .SubL.e t process, .and weft yarns
al ong theq\?a\# %et hﬁggﬂ\ege&gev&sng%%ﬂgfl%ﬁg 3??”@?3(# gﬂ%yﬁhg’h&g ngt ?Iﬁﬁs St h s
subj ect ed A ey I ' i -fubB |

sol ution (tBR%Il_ggol uti ond)%ﬁitﬁ tgfggt?d?%bggl secmgé??(?msgghereﬁfdrg{ %)s?détsalte&%%l oth to
the teet h that thedebislddvafiteeath abhstast ratdand desttthely widihtain i alignmenpaki ng
or a spreadjng process. Wth these prior belt constructions, ol and water
appl i ed t ovitheeanh jother terpragisply sods senystently heomeyt artaglds tintefposgdhse t he
coefficiegﬂ OL friction. When the belt is nade using rubber having a high
resi st ancéM¢EO8e™ he oi|l adheres to the article contact surface but is

'?ﬁfar Zgiogg\?g.r ng@g@f ectoitcr?élgft}ﬁ%&glgflfoib?%/%o. gﬁ}héé%o@f%ﬂe?@bpkfcﬁfg:iﬁ%gp convey
articles. coRsthitgiony gRtbelt Haghbesdyt Wth ﬁpﬁﬁalﬁtﬁtoﬂﬁéﬂﬁipa@éd régulid9Glonge
rubber absorbs the oil and swells. Wi le the changé in the coefficient of
friction itse lepgth thereof and load carrying cords embedded in the body. A cloth layer

1s placed over the teeth. A suitable cloth has an uncrimped thread to define warp

yamns along the length of the belt made of nylon 6 or nylon 6,6 subjected to a

crimping process, and weft yams along the width of the belt made of nylon 6 or

nylon 6,6. This cloth is subjected to an adhesion process using a resorcin_c‘SIL

formalin-latex solution (RFL solution) in order to cause a firm adhererce of the

cloth to the teeth on the belt. The cloth is then coated with rubber by a soaking’

ora épreading Process.

With these prior belt constructions, oil and water applied to the article

engaging surfaces of the belt tend to decrease the coefficient of friction. When

the belt is made using rubber having a high resistance to oil, the oil adheres to the

article contact surface but is not absorbed. As a result, the coefficient of friction

is decreased, thereby adversely affecting the ability of the belt to frictionally

convey articles. In the event a rubber that does not resist oil is used, the rubb;:r

absorbs the oil and swells. While the change in the coefficient of friction is less

in this case than with an oil resistant rubber, the performance of the belt

adversely changes because of a change in its dimensions resulting from the oil

absorption.



In thts case than with an oil resistant rubber, the perfRtPEAEGEMEGTSHEEPE! t
adversely changes because of a change in its dinensions resubgmﬁgkﬁﬁggbghe
oil absorption. REPLACEMENT SHEET 23 MARCH 2005 3 A further problemwth
chl oroprene rubbers used in this environment is that the coefficient of
friction for the rubber may significantly decrease at |ow tenperatures. It
Is therefore difficult to maintain a. consistent coefficient of friction
in the normal range of operating tenperatures. In cold conditions, the
decrease in the coefficient of friction is commonly conpensated for by

i ncreasing the force produced on the gpper belt by of the press roll.
However, increasing the press roll force causes other problens. By
increasing the press roll force, a large. tension nmay be applied to the

bel t, It of which th il i face js. t .
Further . the | oadurtsr Pifigmodf et Rt RR ol e afa o
conpensat g, 50t et dYeFficicAl B BSOS RS @R ﬁﬁb%&ﬁ?gﬁ?&ﬂ@ﬁt’[&aﬁécﬁ&s@% ]%6?&’9 to

the press ro to maintain a relatively constant coefficient o | ction.
Al so, the ttmpreatanek. s ippotherefore difficuitutendanitainhe conblseys cvesficiest bade
durabl e enough to sustain the forces applied to the belt. This may
necessi t atfeicaddiinitbaalormapsangs ofropasaing tempergturee Ipooldegondifpoms, theg
system Su ry of the lpoventi The. present inventiond zbeg ossi:pl-e t he

real i zi ng $eredRe IbherRgeEncpnt afdricon fsRmgopky; comnepsared CEIRE i s to
provi de atﬁgffﬁﬁé’mﬁﬁu@d gﬂ?ﬁghﬁPﬁbﬁlﬁgg%\lﬁ%B’tésyrgﬁ)'nveyl ng articles such as

cards, bil ets-an . tenperature range. It”is also
an obj ective t oHERdVed] thcredNiRe ehe pitdieebIl @6icki caluséy other problems. By

increasing the press roll force, a large tension may be applied to the belt, as a

result of which the article engaging surface is prone to wear. Further, the load
carrying cords embedded in the body tend to extend. To compensate for this,
ongoing tension adjustments may have to be made to the press roll to maintain
a relatively constant coefficient of friction. Also, the frame and supporting
structure for the pulleys must be made durable enough to sustain the forces
applied to the belt. This may necessitate additional expense in constructing ‘{h‘e. .
pulley supporting system.

Summary of the Invention

The present invention makes possible the realizing of one or more of the
following objectives. One objective is to provide a belt which is capable of
consistently conveying articles such as cards, bills, tickets and the like in a wide
temperature range. It is also an objective to maintam a predetermined coefficient
of friction and good flexibility in this temperature range, even when oil and water
are applied to the article engaging surface of the belt in use. Further, it is-an
objective of the present invention to allow articles to be engaged and ﬁictionélily ;

conveyed without transferring any foreign matenal to the articles. It 1s also.an



of friction and good flexibility in this tenperature rarLARYRENSEPer |

and water . are applied to the article engaging surface of % '
use. Further, it is an objective of the present invention toﬁgf@gév&més

articles to be engaged and frictionally conveyed wi thout transferring any
foreign material to the articles. It is also -an. REPLACEMENT SHEET- 23
MARCH 2005 4 objective of the invention to cause conveyance of articles
precisely without any significant variation in speed or direction as the
belts are operated. In one formof the invention, a belt is provided for
conveying articles, which belt has a Rody having a surface agai nst”"which
articles are placed to be frictionally held and thereby conveyed as the
belt is advanced in operation. The belt body surface is defined by rubber

o o e P8l e BRE S e 5Bl by
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100 ot e Ry P RSoR aaf sl Begfaly v on T (het

coefficient of Mrbsd fexin Of thbenaitiondadbelt BUpforeded for'tUnveRIE S sy
altered. In one form the porous filler is present in the fubber in an

amount of wbichnelehaharbly lpaing aburfaee giainst whocloartidiéd derplpeed I0Be part s
rred form the paorous filler is
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an insi de pordusfilletipst 460 pitte byuwéighe of rubber.
One advantage of this construction is that oil and water contacting the belt
body surface can be absorbed so that the coefficient of friction of the belt body
surface is not appreciably altered.
In one form, the porous filler is present in the rubber in an amount of no
more than 80 parts by weight of porous filler per 100 parts by weight of rubber.
In a more preferred form, the porous filler is present in the rubber in an amount
between 20-80 parts by weight of porous filler per 100 parts by weight of rubber.
The porous filler may be an inorganic porous powder that is at least bn&;
of diatomaceous earth, zeolite, activated carbon, and silica gel. T h e |
powder may have particles with an average diameter of 10 pm to 30 pm.
The belt body has a length and an inside and an outside. The surface
against which the articles are placed is on one of the inside and outside of the belt
body. In one form, there are teeth spaced regularly in a lengthwise direction on
the other of the inside and outside of the belt body. _.
The belt body surface may be formed by grinding which may be canieq
out by stretching the belt body, advancing the belt body, and grinding the t?_elt

body with the belt body stretched and advancing.



agai nst which the articles are placed is on one of the iRghEMENPSEEET®
of the belt body. In one form there are teeth spaced regul 3 A%SH%O 5

| engt hwi se direction on the other of the inside and outside o . e?
body. The belt body surface may be forned by grinding which nay be carried
out by stretching the belt body, advancing the belt body, and grinding the
belt body with the belt body stretched and advanci ng. REPLACEMENT SHEET
23 MARCH 2005 5 A cloth layer nmay be provided on the teeth. In one form
the cloth layer is a canvas treated only with a resorcinol-fornmalin-I|atex
solution. In one form the canvas trefated with the '
resorcinol-formalin-latex solution has a solid content= of RFL of- 30 to
50% by wei ght, determ ned by the following forrmula: %solid content of RFL

of unt reat od cangaly PiyeS nsph € biRAted o thEtsap 1t B¢ Bt dhe SEM IR Hed by
| east one; sga cﬁﬂv@rﬁeaﬁedM}mmﬁa%w&h&sﬁ%&ﬁalu@meﬁ@amnf iP6he fdfg cloth

| ayer e at ast one of a plain weave fabric, a twll fabric, " and a

satin fabmeCc;aans tregrat iwith thearesdroinbl-foealin-1dtex solubion lias a doidunsiaehtyi ng
teeth is not di rectI%h%xposed t hrough the openings in the canvas. As a
result, pefREgeofoio ta rdetesmanaghby He dlovasgiformulai d&d. solidbber

wd | d ot herw th h th t h d
porder <o 4, 8{hg g PoEk e L A A L SPEPLIGS o Lig caryes o
surface cggﬁﬁﬁ%ﬁé&%&% eraklélp }DJEloo ,good resistance to

crystalli can a fromthis sane
The cloth layer may further be defined by at least one of nylon 6, nylon

6,6, polyester, and aramid fiber. |

The cloth layer may be at least one of a plain weave fabric, a twill fabric,
and a satin fabric.

By treating the cloth layer, the rubber in the underlying teeth is no;
directly exposed through the openings in the canvas. As a result, passage of
rubber powder through the canvas is avoided. Rubber powder could otherw15e
pass freely through the openings in the canvas and adhere to articles bemg
conveyed.

The rubber defining the belt body surface can be chloroprene rubber with.
a good resistance to crystallization. The teeth can also be made from this same
chloroprene rubber. .

This chloroprene rubber resists crystallization even if it is left at a low
temperature for a long period of time. As a result, hardening due -to
crystallization is avoided. As a consequence, the coefficient of friction of the
belt is not lowered appreciably at low temperatures so that the conveying
characteristics of the belt are not detrimentally altered.

The rubber defining the belt body surface and/or the teeth can further be

at least one of nitrile rubber, hydrogenated nitrile rubber, natural rubber,



chl oroprene rubber. This chloroprene rubber resists crygiepld@MiersRrer | f

it is left at a low tenperature for a |ong period of tine.
hardening due to crystallization is avoided. As a consequen?g,m?ﬁgﬁ%bs

coefficient of friction of the belt is not |owred appreciably at |ow
tenperatures so that the conveying characteristics of the belt are not
detrinentally altered. The rubber defining the belt body surface and/or the
teeth can further be at |east one of nitrile rubber, hydrogenated nitrile
rubber, natural rubber, REPLACEMENT SHEET 23 MARCH 2005 6

et hyl ene- propyl ene terpol ynmer (EPT), s§yrene-butadi ene rubber, butyl

rubber, and chl orosul fonat ed pol yet hyl ene rubber. The rubber may include a
conmpoundi ng agent that is at | east one of carbon black, flowers of zinc,

stearic agj |.Cl %?9? Ntd QXI q:.1he .frg}/lfurther

I ncl ude agt\?g’}%%ﬁﬁfi)%&gégée%bo a @@t E':ygé% '8{3%31%{% ?W’? g?‘;“é}%d ar?_er’c')r_ gani c
per oxi de. aﬂ@@hﬂﬁbéul?&?a\tedf?blf&h%eﬁe @stkrcarrying cord extending | engthw se
over the entire length of t'he belt body. The cord in one formis defined

by 5 to 9 m fThamebbea may aichhdesss compeurading-agdrd slsatanat leaglonstof eaghidn gl ass
treated with at | east _one of, an  RFL solution. and a rubber conposition.
The | oad blackyflowyersofrinasteans agi ardastisyzersand ap agtigaitaat. Theanbhers of

para-aram d fiber treated with at. | east e of .an RFL sg!siﬂt'on, an epoxy
|

sol uti on, M T JBCIAAFaR N ANENE RESRY ﬂgar} I8 A HEFSt Y8 ahdiall pe t

descri bwo%ﬁ'f el[@Cyl %)e provided in conbination with at |least tw spaced
pul | eys, W He efl " being trained for advancenent in a continuous

The belt body may have a load carrying cord extending lengthwise over
the entire length of the belt body. The cord in one form is defined by 5 to 9 um
filaments of at least one of E-glass and high strength glass treated with at least
one of an RFL solution and a rubber composition. The load carrying cord may
be defined by .5 to 2.5 denier filaments of para-aramid fiber treated with at le:;lsf
one of an RFL solution, an epoxy solution, and an isocyanate solution and a
rubber composition. o

The belt, described above, may be provided in combination with at least
two spaced pulleys, with the belt being trained for advancement in a continuous
path around the two pulleys.

The invention further contemplates the combination of a belt and pulleys,
as previously described, with a second belt having a second body with a second
surface against which articles are placed to be frictionally held and thereby
conveyed as the second belt is advanced in operation. The second belt body
surface is defined by rubber with a porous filler in the rubber. The porous filler
is present in the rubber in the second belt an amount of at least 5 parts by weight
of porous filler per 100 parts by weight of rubber. Third and fourth pulleys are

provided around which the second belt is trained for advancement in a

continuous path. The two spaced pulleys and third and fourth pulleys are



path around the two pulleys. The invention further cont mg@_mélﬁesﬂmrr

conbi nation of a belt and pulleys, as previously described, cond
belt having a second body with a second surface agai nst Mi%Mﬁf&%?@?are

placed to be frictionally held and thereby conveyed as the second belt is
advanced in operation. The second belt body surface is defined by rubber
with a porous filler in the rubber. The porous filler 1is present in the
rubber in the second belt an anpunt of at least 5 parts by weight of
porous filler per 100 parts by weight of rubber. Third and fourth pulleys
are provided around which the second pelt is trained for advancenent in a
conti nuous path. The two spaced pulleys and third and fourth pulleys are
REPLACEMENT SHEET 23 MARCH 2005 7 arranged so that the belt body>surfaces

agai not 1 AEAGERY DAt BF CEbogyRErtatt fefhea gant FriEbeieny® hegraf el
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anot her formo I'S provi for conveying articl es,

whi ch bel henﬁ&@ﬁ&?&? vbiveyRdlagnbe beltdard ddiagiee @ tincontimfiods pathd; 0ad
carrying cord extends |engthw se over the entire length of the body. The

body has a suidfianethenfarmeoftthe tidnentinsj albeltisrovtdeddier cbnvéangealrticlesdy
agai nst which articles are_ pl alcfed to be frictionally held and thereby

conveyed ¥duehdelidias 3 Rodygvia ngth, a5 Bside; aé‘ﬁ‘.'a“r‘é‘étts’rilear/éqﬁﬁ‘%?%@gon t he
ot her of the,insi n Si e g r ng the
| engt h of CPFI%?B%"%%}%%%&%%CC ngrhﬁ{eaé@-rﬁeﬁgﬂ%@ o;g/fglgedg%& ) ﬁ]}% b%@?%‘gs%he bel t
body surf aagraks ofl e $thE IndidP BRE oufsi@ObPUEe bilt bedy agaiRkPWhidHarticlest he
rubber that defines the belt body surface and is preSent in an anmount of at
| east 5 pard plabed webefiictiohalppheldsandithéreby penvey@d asatht beltyis\adivaitcedin r ubber .

operation. Teeth are provided on the other of the inside and outside of the body

spaced regularly along the length of the belt body. A cloth layer is provided on

the teeth. The belt body surface is defined by rubber. A porous filler is provided

in the rubber that defines the belt body surface and is present in an amount of at

least 5 parts by weight of porous filler per 100 parts by weight of rubber.

A

Brief Description of the Drawings
Fig. 1 is a fragmentary, perspective view of a belt for conveying articles
according to the present invention; T
Fig. 2 is a graph showing the relationship between the number of
applications of an oil and water mixture and the frictional force developed by an
article engaging surface on various inventive and comparative sample belts;
Fig. 3 is a side elevation view of a system for conveying flat artic:.__les
incorporating two cooperating belts, made according to the present mvention;
Fig. 4 is a graph showing the relationship between the hardness of various
inventive and comparative sample belts, and the length of time for which.the

belts are maintained at 0°C.;



Brief Description of the Drawings Fig. 1 is a fragnentammpuyyﬁﬁgxﬁgﬂfbﬂlew
of a belt for conveying articles according to the present ig8ygpig 0639

2 is a graph showi ng the rel ati onship between the nunber of —app |ca I ONns
of an oil and water m xture and the frictional force devel oped by an
article engaging surface on various inventive and conparative sanple belts;
Fig. 3 i1s a side elevation view of a systemfor conveying flat articles

i ncorporating two cooperating belts, nmade according to the present~
invention;. Fig. 4is a graph showng the relationship between the
hardness of various inventive and conpgrative sanple belts, and the |ength
of time for which -.the belts are maintained at 0C. ; REPLACEMENT SHEET 23
MARCH 2005 8 Fig. 5 is a schematic representation of a systen1for
measuring the oeffIC|e(%$pf friction of a helt surface; Fig..6 is a

schematic repr gntsaisl BnSPEmAtS, IERIASITRtORL Of %gsytSFFénr §i HEIERE Hie a bel t
to oil an o%c%ntdrf' icti n'o?z@bé‘l?@?ﬂ%éc representation of a system for

testing the anount evel opnent "and adhesion of dirt to articles

conveyed by a Img}te 1sFa sbhefhat® r%pﬁ&@ﬁﬁﬁbhcoff@ s@éﬁ%ﬁtesﬁﬂ Fhe fesidtgh&m for
nmeasuring abrasion resistance of a belt; Fi g. fragrrent ary

per spect i vof aiedtntoodil andtvater;f or m of bel t for conveyl ng articles, according
to the present _invention. Detail ed Descri ptlon of the Drawings In Fig. 1, a
bel t, accordi ndigol ISHScheBatsTeprosenaton of assysteambontesting thmmount of

development and adhesion of dirt to articles conveyed by a belt;

Fig. 8 is a schematic representation of a system for measuring abrasion
resistance of a belt; and

Fig. 9 i1s a fragmentary perspective view of another form of belt for

conveying articles, according to the present invention.

Detailed Description of the Drawings

In Fig. 1, a belt, according to the present invention, is shown at 10. The
belt 10 has a body 12 with a length in the direction of the double-headed arrow
L, an inside 14 and an outside 16. A plurality of teeth 18 extend laterally of the
belt body 12 and are spaced regularly in a lengthwise direction on the inside of
the belt body 12. Laterally spaced, load carrying cords 20 are embedded in the
belt body and extend continuously over the entire length of the belt 10. The pitch
between the teeth 18 is preferably not more than 3 mm as a result of which there
1s minimal variation in conveying speed and precise belt alignment in operation.
The belt 10 has an outside surface 22 that can be used to engage and frictionally
advance articles, as hereinafter described.

The teeth 18 and an outside body portion 24 are defined by a rubber.
composition that is at least one of chloroprene rubber, nitrile rubb'er,

hydrogenated nitrile rubber, natural rubber, ethylene-propylene terpolyﬁier



belt 10 has a body 12 with a length in the direction of R sAdenina Seaced
arrow L, an inside 14 and an outside 16. A plurality of teeﬁ?h&ﬁhﬁ??@@?

| aterally of the belt body 12 and are spaced regularly in a [ engthw se
direction on the inside of the belt body 12. Laterally spaced, |oad
carrying cords 20 are enbedded in the belt body and extend continuously
over the entire length of the belt 10. The pitch between the teeth 18 is
preferably not nore than 3 nmas a result of which there is mninal
variation in conveying speed and precise belt alignnment in operation. The
belt 10 has an outside surface 22 that9 can be used to engage and
frictionally advance articles, as hereinafter described. The teeth 18 and
an outside body portion 24 are defined by a rubber. conposition that is at

| east one r T Nint k! ool pdrile

r ubber, ngﬁj?fi:}%gge@g%lf ﬂgll}g?\%?rblrbgw Ilglr}?gwt?g?lg)%rlo;s/rrer %%g@§%€%§HEET 23
MARCH ZOOﬁbb%r,(gﬁT&,,e Isite/r ene- but adi ene rubber, butyl rubber,

chl orosul fonated pol yet hyl ene rubber, and the |ike. Carbon black, flowers
of zinc, stear Cartaa lack, floasrs of zwc, stgarianaridpriplasiicizeraad anhiexidang, can be

added as a conpoundi ng .agent to the above.rubbers. ul canj zi ng agent
such as sand dhe like, gandiggadded pep sompounding B%efﬁstéd.ﬁe}%\%§é]ubgeﬁsheg‘

conpoundi ng, and. vul cani zi,n nt r Lated. i i S _desirable
Char the Boennanssat st gie JH0EIG R el ner Phe! i 66, Honlef 7
resistancg, v i ehilcarfiziRg] d¢ehfdark Qo Pimibtdd ® thixan 6M Q  dependi ng
on the qug‘%ﬁ‘?‘%‘gﬁ%‘?&%‘%@%@? bl ?ack,z g’régt he |ike, that is present. Chloroprene
rubber is a prgfiedesidatsdetharthebelif1 & lever aibestaticleingniapgbilitg inhskt Ther f ace 22

and the ¢ ileet:giclrgsigtiggg f/glu?afofitlges be 1(:) i%dadgues%ei:ds %oaﬂqo%?ncgrg tﬁz;r%/ glgx?lﬂl,idze%teingi%g
on the quantity of carbon black, or the like, that is present.

Chloroprene rubber is a preferred component of the rubber defining the
belt surface 22 and the teeth 18 because of its good resistance to crystallization.
Chloroprene rubbers having adequate crystallization resistance are commercially
available. However, it is desirable to use rubber whose hardness (JIS) is raised
by not more than 10 when left at a temperature of 0°C for 100 hours. Ideally,
this change in hardness is zero.

It is preferred that the amount of chloroprene rubber with good
crystallization resistance be not more than 40% by weight of the mb};er
composition in the belt teeth 18 and belt portion 24. However, this rubber can
make up the entire rubber composition in the teeth 18 and the belt portion 24.

Chloroprene rubber having good resistance to crystallization resists
hardening, even when left at low temperatures for prolonged periods. With this
rubber in the belt portion 24 and the teeth 18, no significant hardness increase
results from crystallization at low temperatures. At the same time the coefficient

of friction does not decrease significantly at these low temperatures. This is a



Chl or-oprene rubbers having adequate crystallization resSigt@ACEMENT SHEET
comercially available. However, it is desirable to use rUbQ?BdM@€ﬁ 005
hardness (JIS) is raised by not nore than 10 when left at a tenperature of
OC for 100 hours. ldeally, this change in hardness is zero. It is
preferred that the anount of chloroprene rubber with good" «crystal’lization
resi stance be not nore than 40% by wei ght of the rubber conposition in the
belt teeth 18 and belt portion 24. However, this rubber can make up the
entire rubber conposition in the teeth 18 and the belt portion 24.

Chl or oprene rubber having good resistggce to crystallization resists

har deni ng, even when |left at | ow tenperatures for prol onged periods. Wth
this rubber in the belt portion 24 and the teeth 18, no significant

nar nese LSRG SFEMEL TS BoBbAR e SSRGS, "
these | ou | giReratiises a0 Fig. 8, HEPHACRYENT: SEERT: 2l YBRGH, A0S 10

val uabl e 18 0 e bel't 16 when it I's Incorporated into an article

conveying syspgpusFilkdiodraddedd the fubber Jompaditias i thetelt badieater
detail hereinafter. Porous filler is added to the rubber conposition in

the belt Boefgrdifly, Breeperomisifyllertis@npoorganid pbtars pewder havonganiayepageous
powder having an average . particle diageter, of 10 m.t O .m Suitable
powder s i Battifde digraetsied dduwm toa1d Hm-zg'gutaftls,p%fqrmfgeg%é%@w,acw silica

Pange o 8eb safics SESYAIEY hbofrar TG abl, TSHRORERESRg R AIE AN | Cover.
by vier gt Cop e D R B o S0 Ry o Rt R Rer Pe
| ess t hanpartpdytweight of rubber. More preferably, 20-80 parts by weight of filler are
present per 100 parts by weight of rubber. “
It has been found that when the amount of filler is less than 5 parts by
weight, the absorption of oil and water is relatively small. On the other hand,
when the filler is present in more than 80 parts by weight, the viscosity of the
rubber composition is increased, as a result of which the quality of the teeth 18
is compromised during the formation process. If a softening agent is used to
address this problem, abrasion resistance is decreased, as a result of which
adhesive wear is liable to occur. b
To expose the porous filler at the surface 22, so that the porous filler can
effectively absorb oil and water applied thereto, the outside surface 22 is formed
by grinding. In a preferred form, the belt is stretched after vulcanization betwqén
two pulleys and advanced while being operated upon by a grinder.
In a preferred form, the load carrying cords 20 are formed by twisting
filaments of 5-9 um of E-glass or high strength glass followed by treatment using
an RFL solution, or the like, as a protective agent, or an adhesive made from a

rubber composition. Alternatively, organic fiber can be used to define the load

carrying cords 20 by twisting 0.5 denier to 2.5 denier filaments of para-aramid



wei ght, the absorption of oil and water is relatively srtpLACBMENESBERES

hand, when the filler is present in nore than 80 parts by B Gp
viscosity of the rubber conmposition is increased, as a res\llj\?% o’%R?A’%ag%Sthe

quality of the teeth 18 1is conprom sed during the formation process. If a
softening agent is used to address this problem abrasion resistance is
decreased, as a result of which adhesive wear is liable to occur. To
expose the porous filler at the surface 22, so that the porous filler can
effectively absorb oil and water applied thereto, the outside surface 22 is
formed by grinding. In a preferred fqqm the belt is stretched after

vul cani zati on between two pul |l eys and advanced whil e bei ng operated upon

by a grinder. In a preferred form the load carrying cords 20 are forned by
‘twisting _filanepts 5-9 mof E-glass,ar high.strength gl ass followed by
t r eat nent f%?-ngcfﬂ%tsr? Erssépg??iaén&‘ogF Ry CPM‘%C@}% ﬁs&&%%&@%&&‘fﬁ or an
adhesi ve ARQEN r RUROS irkdioN stré} aliqv g,g@.pl qder can
be used t0o define t edl%ug I)‘1!1\(I:grry| hé éclgtpas ZCO tvc\l/l gl%l?l%gao : &grrllgll:leef to 2.5

deni er filkgeRppihs Thefieds aratesteRRRLACKVaWhe SiEat 18 AnMARCH o2, bl fi ber.
These fibers, such as those sold comrercially under the trademarks

KEVLAR(r) epoxly SEOHNORA(an) isocysiase selutiencanidg rabbereompesitivnh Hosvever e
strength. The fibers are treated using.an,adhesive.that is anp RFL, sol ution,
an epoxy themyenien SW‘SHOW%W 3 Beinglinyfed i fhis Sineuidea GRTFBHIE i on.
However, th hnventi on should not be viewed as being limted to this type
of |oad céEPF‘§r2 g cord 20. Acloth layer 32 is applied on the inside 14 of

322 gre' ; Eg%i ﬁtc%oggﬁgg} g% Fso??ﬁié%rorﬁt%eih%i@e ¢28Y 85 baihbsdy My The diemmed from
layer 32 is a canvas, which may be formed from one or a combination of nylon
6, nylon 6,6, polyester, and aramid fiber. The weft yarns 34 and warp yarns 36
are preferably a filament thread or a textile thread made from the above fibers.
It is preferred that urethane elastic thread having good stretching properties.i)e
used in the warp yams 36. The cloth layer 32 may be a plain weave fabric, twill
fabric, or a satin fabric.

The cloth layer 32 is treated only with an RFL solution so that the solid
content of the RFL solution after drying is between 30-50 weight percent. The
solid content of the RFL solution includes an RF resin and a solid latex. The
solid content percentage is determined by the following formula: (weight of the
canvas after treatment - weight of untreated canvas)/(the weight of the untreated
canvas) x 100 (%).

The RFL solution is obtained by mixing an initial condensation product
of resorcinol and formalin with latex. The molar ratio of resorcinol to formz_l_,l_in

is 1:1 to 3. Further, the weight percentage ratio of the initial condensation

product of resorcinol and formalin to latex is 1:1 to 10.



6, nylon 6,6, polyester, and aram d fiber. The weft yar Remd%GMENBSREFRANS
36 are preferably a filanment thread or a textile thread md%ﬁl\flﬂﬁ%ﬁ%o

above fibers. It is preferred that urethane elastic thread having good5
stretching properties be wused in the warp yarns 36. The cloth |layer 32 may
be a plain weave fabric, twill fabric, or a satin fabric. The cloth | ayer
32 is treated only with an RFL solution so that the solid content of the
RFL solution after drying is between 30-50 wei ght percent. The solid
content of the RFL solution includes an RF resin and a solid |atex. The
solid content percentage is determ negpby the followng fornmula: (weight of
the canvas after treatnent - weight of untreated canvas)/(the wei-ght of
the untreated canvas) x 100 (% . The RFL solution is obtained by m xing an

initial condengation produc .of resorcinol ,and fornplin with lL.atex. The
nol ar ratio of Tﬁés@’r‘%’l‘ nBeYt §¢f 8t r’ﬁ"l’sﬁnonﬁ’ s° :STLYIFBC%.‘M}%B?’??TWYI?WégW& ght

percentage ratio of the initial tJ i and
For mal i n-Coposrisy fy 156eenphed Slerp RRRTaRas PIRRHEY VEAS R, 20, " The
| at ex mayeéghﬁ,tmh eoOne of styrene-butadiene-vinylpyridine terpolyner,
hydr ogenat nitrile rubber, chlorosulfonated polyethyl ene, and

epi chl or ohydr i me.trékother clath Iairer 32,chh chayas is3ippedin amR¥dssalstidhpdde i n an
RFL sol ution. The canvas i s then squee eﬂ between a pair of rolls at a
pressure (aagds ﬁbﬁ@:@g\ﬁ@?d&em’%b?@%frfﬁ‘tzf@ § 2D a PTESSUEE LaAuge PEFISHF Ur i ed.

e ot AP L AT THIOET TR AL Hilpdekl e Sahkent o
manner to adjust the solid content of RFL solution within the desired 30-50%
weight range.

It has been found that when the solid content of the RFL solution is less
than 30% by weight, the contact area between the warp yamns 36 and weft yarns
34 can shift relative to the tooth rubber, as a result of which the openings 38;
defined cooperatively thereby, enlarge. This may expose rubber in the teeth 18.
When the amount of solid content RFL solution is greater than 50%, the teeth ‘1"8
are less precisely shaped.

The inventive belt was tested together with comparative sample belts, as
described below, to compare various performance characteristics. Three

inventive belts and four comparative sample belts were constructed in accordance

with Table 1, below.



It has been found that when the solid content of the RFRppPAUEMERTISHEEGSS
than 30% by wei ght, the contact area between the warp yans 3f3 5
yarns 34 can shift relative to the tooth rubber, as a result of which the
openi ngs 38, defined cooperatively thereby, enlarge. This may expose
rubber in the teeth 18. When the anobunt of solid content RFL solution is
greater than 50% the teeth 18 are |less precisely shaped. The inventive
belt was tested together with conparative sanple belts, as described

bel ow, to conpare various performance characteristics. Three inventive
belts and four conparative sanple bel j$ were constructed in accordance
with Table 1, bel ow. REPLACEMENT SHEET 23 MARCH 2005 13 TABLE 1 Inventive
Belts Conparative Sanples 1 2 3 1 2 3 4 Chloroprene rubber S- 100 100 100
-- -- -- -- 40* Chl oroprene rubber 100 100 -- 100 M 40** Natura

rubber -- -- -- -- -- 30 -- SBR--TABLEL 40 . EPT -- .- .- . _. 30
-- ZINOS5S 555555 W44 444 —--4 SMearic acid L I T T I T 1
Inventive Belts Comparative Samples
1 2 3 1 2 3 4
Chloroprene rubber S- | 100 100 100 -- -- - -
40%*
Chloroprene rubber -- -- - 100 100 - 100
M-40**
Natural rubber .- - - .- - 30 -
SBR -- - - -- -- 40 -
EPT -- - - -- - 30 .
ZnO 5 5 5 5 5 5 )
MgO 4 4 4 4 4 - 4
Stearic acid 1 1 1 1 3 1 1
Carbon black 40 40 40 40 40 40 40
Diatomaceous earth 20 40 60 - 40 -- 4
DDP 10 10 10 10 10 - 10
Naphthane oil - - - - - 10 -
Antioxidant 1 1 1 1 1 1 1
Vulcanization 0.25 0.25 0.25 0.25 025 - 0.25
accelerator 22
Vulcanization - -- -- -- - 1 -
accelerator DM
Vulcanization -- - - - - 0.25 .
accelerator TT
Sulfur 1 1 1 1 1 2 1

*Chloroprene rubber "S-40" is manufactured by Denki Kagaku Kogyo K.K., and has good resistance to
crystallization.

**Chloroprene rubber "M-40" is general, middle grade chloroprene rubber manufactured by Denki
Kagaku Kogyo K.X. that is crystallizable.



Car bon bl ack 40 40 40 40 40 40 40 Diatonmaceous earth 2@ReppAseEMENTSHEET 4

DDP 10 10 10 10 10 -- 10 -"- Naphthane oil -- -- -- -- 10 --ngﬂ _ 2’@5‘ 1
111111 WVulcanization 0.25 0.25 0.25 0.25 0.25 -- 0.25 accelerator 22
wWwul cani zation - -- -- -- -- 1 -- accelerator DM Wul cani zation -- -- -- --

-- 0.25 accelerator TT Sulfur 111112 1 *Chloroprene rubber "S-40" is
manuf act ured by Denki Kagaku Kogyo K K., and has good resistance to -
crystallization. **Chl oroprene rubber "M 40" is general, mddle grade

chl oroprene rubber manufactured by Denki Kagaku Kogyo K K. that is
crystallizable. REPLACEMENT SHEET 231)ARCH 2005 14 The cloth layei” on the
teeth was obtai ned by weaving weft yans of 140- denier nylon 6,6 and warp
yans of 280-denier nylon 6,6 and a 140-denier wurethane elastic thread at a
weft density of 180/5 cmand a warp density of 160/5 cminto a twll
canvas. The canvas was vibrated in water to shrink the width of he canvas
to approxi mat efrye Licth Mydrlon thé Z8etRlwds dBaiRledWRAWERGing WA asf wes  then
di pped in an RFL sol uti‘on as shown in Table 2, squeezed af a gauge
pressur e @&¢nier myked /6condnet waem yanpabf 280-dalies nybmd 6gr apd.a THe-deamras was

re- dipped in the sane RFL sol ution, s%ueezed at the same pressure, and
dri ed unt idethane elastic thread at a weft density of 180/5 cm and a warp density of 160/5

cm into a twill canvas. The canvas was vibrated in water to shrink the width of
the canvas to approximately 1/2 of its size at time of weaving. The canvas was .
then dipped in an RFL solution as shown in Table 2, squeezed at a gauge-
pressure of 0.5 kgf/cm between a pair of rolls, and dried. The canvas was re-
dipped in the same RFL solution, squeezed at the same pressure, and dned unt11
the amount of solid content RFL solution was approximately 40% by weight.
This percentage was determined by the following formula: (weight of the canvas

after treatment - weight of the untreated canvas)/(weight of the untreated canvas)

x 100(%).
TABLE 2 "
RFL compound

resorcinol 10.0

formalin (37%) 15.0
caustic soda 1.0 =

VP latex 400

CF latex 400

Water 1000 |




the amount of solid content RFL sol ution was appr oxi mat REPLACKMERNTVSHICHA :

Thi s percentage was determ ned by the foll ow ng fornmul a: (vvez'yll;%l(g' Qmﬁ
canvas after treatnent - weight of the untreated canvas)/(wel ght o}¥ t he

untreated canvas) x 100(% . TABLE 2 RFL conmpound resorcinol 10.0

formalin (37% 15.0 caustic soda 1.0 VP latex 400 CF latex 400 Water
1000 Total 1826.0 REPLACEMENT SHEET 23 MARCH 2005 15 The | oad carrying
cords were ECG 150-3/0, obtained by bundling filanments of glass fiber with
a dianeter of approximately 9 mto forma strand. The strand was di pped in
an RFL solution and dried at a tenperdbure of 250C for two mnutes. Three
strands were then gathered and twi sted four tines per 10 cmto define the
| oad carrying cord. The cloth was forned into a cylindrical, endl ess shape

and o aces o1 Bye TR By ScBel Bk St SDLAN! e mopuaR 05, S
appl yi ng flahfngd Nglass fb& With a dlametdrad appedtim [0 £ 4 yhaRd.
conposition shown Tn Table 1, was wound around the glass fiber cords and
vul cani ze@hestragd svasalippedity ap RIds sélutioprandettuedat a temperature of 250°C
for two minutes. Three strands were then gathered and twisted four times per
10 cm to define the load carrying cord. |
The cloth was formed into a cylindrical, endless shape and placed on a
metal mold. A pair of glass fiber load carrying cords, S and Z, were alternatingly
wound around the mold ata pitch of 0.5 mm while applying a tension of 0.9 kg.
A rolled sheet, made from the rubber composition shown in Table 1, was wound
around the glass fiber cords and vulcanized using an ordinary press fit procedure.
The vulcanized sleeve was cut to predetermined widths, after which the axtié;le-
engaging outside surface thereof was ground to produce a completed belt.
The tooth type was STPD, with 140 teeth at a pitch of 1.5 mm. The belt
width was 6.4 mm. The shape of the teeth after molding was good. The rubber

in the teeth was not exposed through the cloth layer. No rubber was present on

the exposed surface of the cloth.

Testing
To evaluate the characteristics of the belts, the coefficient of friction, the

electrical resistance value, the abrasion loss, the resistance to dirt development
and adhesion, the brittleness due to temperature, the resistance to oil and water,
and the number of times an article such as a card were drawn were then
determined, with the results being shown in Table 3 below. The resistance to dirt
adhesion, and the card drawing test are shown by indexes taking those in the

comparative sample 1 as 100.



The vul cani zed sl eeve was cut to predetermned w dths, REbehchieRt SHIST
article- engaging outside surface thereof was ground to pro Ig[qu set ed
belt. The tooth type was STPD, with 140 teeth at a pitch of

belt wdth was 6.4 mm The shape of the teeth after nolding was good. The
rubber in the teeth was not exposed through the cloth [ayer. No rubber was
present on the exposed surface of the cloth. Testing To evaluate the
characteristics of the belts, the coefficient of friction, the electrical
resi stance value, the abrasion |oss, the resistance to dirt devel opnent

and adhesion, the brittleness due to ygnperature, the resistance to oil and
water, and the nunber of tinmes an artlcle such as a card were drawn were
then determned, with the results being shown in Table 3 bel ow. The
resistance to dirt _adhesion, and the card drawi ng test are shown by

i ndexes t @eefficient@blnigtiome conpar ati ve sanple 1 as 100. REPLACEMENT SHEET

23 MARCH 2005 .16 Coef.f f F f f f
measur ed usi ng CaEY ]é:iegte# ggcut%; rﬁgav%mﬁp% ?13181 5%&%6 ﬁIChAélé glﬁ#?g I \g/asi
this caseg @o»%]g EFW?}PF%@ G Zrtict@$n BligeRd a%‘lepﬁoﬂ@é@rdﬂ?t»@aéﬁlacé‘ﬂ bR the

nmagnetic surface o card 42 facing upward toot’hed article

conveyi ngahflkt paewes with the ntagiedt huﬁhc@oﬂmmmmﬂmgupmdlyzamn The
article engagi ng surface on the belt 43 was faced downwardly. A weight 46
of 100 gf tc(otuedmrtiale@oageymg)be\l@@ wascat toa widgh of 6vhmmpand adsnﬁhcp
connected to a s aI ance 50 ich etgtleg a forcedF on th ht 46
so that ¢gRame| @Fgﬁg&@“ AGRH0R e pelh + 2 yEasage é@Wﬁ’éfr M nute in

the weight 46 of 100 gf (identified as "M") was placed on top of the belt 43 and
connected to a spring balance 50 which exerted a force F on the weight 46 so that
the telephone card 42 was moved at a speed of 300 mm per minute in the
direction indicated by the arrow 52. The coefficient of friction. (calculated as -
F/M) was measured at 25°C, 0°C, and -35°C. For the inventive sample No.
2 and the comparative sample No. 2, the belts were left at a temperature of O° C
for 100 hours. ,

Electrical Resistance Value
The electrical resistance value of the article engaging surface of the belt
43 was measured at an applied voltage of 500 volts by taking the distance

between terminals as 50 mm on the article engaging surface of the belt 43.

Abrasion Loss

Abrasion loss was measured by a system as shown at 60 in Fig. 8, wher_éin
the belt 43 was used to wind XEROX® paper 62 around the outer periphery of
aroll 64 having a 65 mm diameter. The upper end of the belt 43 was fixed. A
weight 66 was mounted on the lower end of the belt 43. The weight was 0.4-kgf.



direction indicated by the arrow 52. The coefficient of RIFPLACEMENT SHEET
(calculated as F/ M was neasured at 250C, 0C, and -35'C. Foz \Mi&cdYSUE | ve
sanple No. 2 and the conparative sanple No. 2, the belts were left at a
tenperature of 0OC for 100 hours. Electrical Resistance Val ue The

el ectrical resistance value of the article engaging surface of the belt 43
was neasured at an applied voltage of 500 volts by taking the distance
between termnals as 50 mmon the article engaging surface of the belt 43.
Abr asi on Loss Abrasion | oss was neasured by a systemas shown at 60 in Fig.
8, wherein the belt 43 was used to wifnd XEROX(r) paper 62 around the outer
periphery of a roll 64 having a 65 mmdi aneter. The upper end of the belt
43 was fixed. A weight 66 was mounted on the |l ower end of the belt 43. The
wei ght was, 0. 4- kgf. REPLACEMENT,.SHEET MARCH 2005 17 .The _roll .64 was
rotated i A€ Fél @‘?P"@étfp@FF @%C%W@Zéﬁﬁwg%ﬁé@a aspeed OES%IPH? for) hours.
Resi stancz to Dirt Resistance to dirt was nmeasured using a system as shown
at 70 in ihﬁ?lr% A tel ephone card 72 inpregnated with ethanol was nounted
on a novable stand 74. The belt 43 was cut to a wdth of 6.4 nmand a

|l ength of 20 nmand nounted on the bottom of a pressing plate 76 which was
| oaded wi RBsigtan@d0+tgDirtwei ght 78. The toothed inside of the belt 43 was
faced downwardly. The pressing plate 76 was fixed to a stationary base 80.

The novabl e st Resistances dirbwes mesguiedgrsiagacysiem anshewa a g8dn fig- 300

i secondAl tgle%gorrlee gér%rﬁcﬂﬂrg&ated with ethanol was mounted on a movable stand

74. The belt 43 was cut to a width of 6.4 mm and a length of 20 mm and

mounted on the bottom of a pressing plate 76 which was loaded with a 500-gf
weight 78. The toothed inside of the belt 43 was faced downwardly. The
pressing plate 76 was fixed to a stationary base 80. The movable stand 74 was
advanced a distance 40 mm at a speed of 300 mm/second in 30 reciprocatiﬂé
movements. The card 72 was observed to -determine whether dirt adhered
thereto.

A similar test was conducted using a 1000 yen bill.

A further test was conducted to determine the resistance to dirt adhesion,
using a wet nylon canvas. The nylon canvas was impregnated with ethanol and
the back surface thereof rubbed using the above-identified equipment 30 times.
The presence or absence of dirt adhesion was determined after the belt test. -‘

Dried nylon canvas was also tested for resistance to dirt adhesion. The
above type of equipment was used with the nylon canvas being rubbed against

the toothed surface of the belt 43 thirty times.

Resistance to Oil and Water

Resistance to oil and water was measured using a system as shown at 90

in Fig. 6. A movable stand 92 was placed on a base plate 94. The belt 43 was



movenents. The card 72 was observed to determ ne whet heRegi A EERFRSISSEET
thereto. A simlar test was conducted using a 1000 yen bill .ZMA%CIMOSt est
was conducted to determine the resistance to dirt adhesion, “using a Wet
nyl on canvas. The nylon canvas was inpregnated with ethanol and the back
surface thereof rubbed using the above-identified equipnment 30 tinmes. The
presence or absence of dirt adhesion was determ ned after the belt test.
Dried nylon canvas was al so tested for resistance to dirt adhesion. The
above type of equi pnent was used with the nyl on canvas bei ng rubbed& agai nst
the toothed surface of the belt 43 thiygty tinmes. Resistance to Gl and

Wat er Resistance to oil. and water was neasured using a system as shown at
90 in Fig. 6. A novable stand 92 was placed on a base plate 94. The belt
43 was REPLACEMENT SHEET 23 MARCH 2005 18 cut .to a width of 4.4 nm and

| engt h of co® awidthdfl4owa apd lenggh abledmen snd placegromthenmonmeblgstand e

engagi ng surface facihg upwardl At el ephone.card 9 ith i magneti c
sur f ace di92&ﬁé§1%gcﬁnﬁa% sb\\pi@egéagﬂgtupgvatrg thgaelgg\ﬁnpnﬁggrth§6 %ﬁbnd bel t
43, cut to,_a w dth of V&S, Al op of
the tel epﬁ‘iﬁ?n@aggé%c gwfé\f%ﬁ[ﬂghga}rﬁ%@ggy% 5?%‘31 ST %%@foﬁg LE%I & 43
di rected dousesdt ¥3, AutwBiadRidiASEESH GudfahdvipengPbi 2§l naf, Was plapdrobel t 43.
5 grans of an oil and water conbination were mxed with 180 cc of ethanol.
1-‘r"h|et M Xt yop oﬁa?ﬁatgldphbiﬂs_mdl%t w_ltgoﬂhiefhr?_o}ct SNPGRS slsr_efp@fr ?f élfbh beltuds ntg_
ilter paper. e resulting liquid s i.0n was ied to netic
surface ofditested dowpnardly. cArweight 3%(8%@%@5&”%8@@%8%&& YERer g‘?ﬂggpl y a
force in the dir ti(}f
5 grams ofano

ar(l)cI wtape? combination were mixed with 180 cc of ethanol. The
mixture was agitated and its solid content was separated by using filter papef.
The resulting liquid solution was applied to the magnetic surface of the telephone
card. A spring balance 100 was used to apply a force in the direction of the
arrow 102 on the weight 98 sufficient to cause the movable stand 92 to advance
at a speed of 300 mm per minute. This force (F) was used as a frictional force.
The solution was continuously re-applied and the system tested after each

application. The changes in the frictional force relative to the number of

. applications of the solution are shown in Fig. 2.

Card Drawing Test .
In the system 30 in Fig. 3, one belt 43 was trained continuously around a

lower drive pulley 104 and a driven pulley 106 to move in a continuous path
therearound. An idler pulley 108 and a magnetic head 110 were located betv_veéﬁ
the pulleys 104, 106.

An upper driven belt 43 was trained around and tensioned between spaced
press rolls 116, 118 to move in a continuous path therearound. A tensioning
pulley 120 and a press roll 124 were located therebetween. A load of 500 gf was
applied to each of the press rolls 116, 118, 124 so that the upper driven belt 43



arrow 102 on the weight 98 sufficient to cause the novalRmlcaMENESHEET
advance at a speed of 300 mm per mnute. This force (F) maszygf &5 260
frictional force. The solution was continuously re-applied an e system
tested after each application. The changes in the frictional force
relative to the nunber of applications of the solution are shown in Fig.

2. Card Drawing Test In the system30 in Fig. 3, one belt 43 was trained
continuously around a |ower drive pulley 104 and a driven pulley 106 to
nove in a continuous path therearound. An idler pulley 108 and a nagnetic
head 110 were |ocated between the puhbeys 104, 106. An upper driven belt
43 was trai ned around and tensioned between spaced press rolls 116, 118 to
nove in a continuous path therearound. A tensioning pulley 120 and a press
roll 124 were |ocated therebetween. A |oad of 500 gf was applied to each
of the prandthelewen fgiving delt by were Drarghtiate poRiaCHMIthegrdhepthenan a
REPLACEMENT SHEET 23 RCH 2005 19 and the |ower driving belt 43 were
brought i fiYC¥HHR 48%° with each other in a conveying zone 126. A prepaid
card 128 was iRt REDrPTHLRRER | t j Theccard 128
was noved to tﬁgﬁﬁggnetlgq%ead f%g§?§&¥g§: aeﬁgging%QE?%na.?0“%.?%r whi ch
the card TR8 ca4ed 12i8rweas atbvied touths indegrefict adapliatatess] Bthaghbtic sggidlt s of

t he various above tests are shown in Table 3, below TABLE 3 Inventive

Bel t s Conplerawhich $engardd 28 wagdiregted tq outside of the apparatus 30.

The results of the various above tests are shown in Table 3, below.

TABLE3
Inventive Belts Comparative Samples
1 2 3 1 2 3 4
coefficient of friction
25°C | 1.10 1.23 1.20 0.85 1.22 1.30 1.10
0°C | -- 1.20 - 0.90 1.20 1.05 -
-35°C | -- 1.07 - 0.75 1.05 0.95 -
0°C after 100 hr. - 1.10 -- -- 0.60 - --
electrical resistance 0.3MQ | 03MQ |04MQ | 02MQ | 03MQ | 04MQ | 0.2MQ
value
abrasion resistance 0.02mm | 0.02mm | 0.02mm | 0.02mm | 0.02mm | 0.02mm | 0.02mm
resistance to dirt L
{to 1,000 bill) | 100 100 100 100 1 100 30 100
(to prepaid card) | 100 100 100 100 100 20 100
(wet nylon canvas) | 100 100 100 100 100} 120 100
(dried nylon canvas) | 100 100 100 100 100 50 100 -
adhesion resistance 100 100 100 100 100 10 100
brittleness temperature | -~ -40°C - -34°C -38°C | -54°C -
(rubber)
resistance to oil and see graph of Fig. §
water (good) inventive belts>comparative sample 3>comparative sample
2>comparative sample 4>comparative sample 1 (bad)
number of times of -~ 600 -- 100 600 - -
drawing of card




coefficient of friction 25C 1.10 1.23 1.20 0.85 1.22 1. RgpiAt®mMERS SHEET 20
-- 0.90 1.20 1.05 - -35C -- 1.07 -- 0.75 1.050.95 - 0 Caf%ja 0% o5 - -
1.10 -- -- 0.60 - electrical resistance 0.3Merr] 0.3Merr] .merr

0.2Merr] 0.3Merr] 0.4Merr] 0.2Merr] value abrasion resistance 0.02nm
0. 02mm 0. 02mm 0. 02mMm 0. 02nm 0. 02mm 0. 02mm resi stance to dirt (to 1,000
bill) 100 100 100 100 100 30 100 (to prepaid card) 100 100 100 100 100 20
100 (wet nylon canvas) 100 100 100 100 100 120 100 (dried nyl on canvas)
100 100 100 100 100 50 100 adhesion resistance 100 100 100 100 100 10 100
brittleness tenperature -- -40C -- -34§ -38C -54C -- (rubber) resistance to
oil and see graph of Fig. 5 water (good) inventive belts>conparative sanple
3>conparative sanple 2>conparative sanple 4>conparative sanple | (bad)
nunber of tinmes of - 600 -- 100 600 -- -- draw ng of card REPLACEMENT SHEET
23 MARCH 2005 20 As shown in Table 3, with the inventive belt No. 2, the

coetticient Of astldby o YRR 3296 bl idvende 'R NEBRHAY LSGTcidR GHo°"

friction decreased little at low temperatures. As seen particularly in comparing
inventive belt No. 2 and the comparative sample No. 2, even if the inventive belt
No. 2 is left at low temperatures for a long period of time, the coefficient of
friction decreases little. This is believed to demonstrate the affect of the
chloroprene rubber having the resistance to crystallization.

Further, the inventive belts Nos. 1-3 were superior in resistance to dirt
adhesion, an effect believed attributable to the diatomaceous earth.

Furthermore, as shown in Fig. 2, with the inventive belt No. 2, even if the
number of applications of the oil and water solution 1s increased, the frictional
force is only minimally decreased, which is again believed to be attributable to
the diatomaceous earth.

In Fig. 9, a modified form of belt, according to the present invention, 1s
shown at 140. The belt 140 has a body 142 with an inside and outside 144, 1'46,
respectively, defined by rubber layers 148, 150. Longitudinally extending, load
carrying cords 152 are embedded in and between the layers 148, 150. The layers |
148, 150 are made from the same rubber composition as described for the belt 10.
The layers 148, 150 have exposed, flat surfaces 154, 156, each of which can
function as an article engaging surface. Filler is used as in the belt 10 in on;or‘
both of the rubber layers 148, 150. Essentially, the belt 140 is made, and
functions, like the belt 10 without the need for driving/driven teeth.

The foregoing disclosure of specific embodiments is intended to be

illustrative of the broad concepts comprehended by the invention.



i.nventive belt No. 2 and the conparative sanple No. 2, @4$RAlcEMENG SHEET
inventive belt No. 2 is left at |ow tenperatures for a Iongzgﬁ?hﬂqig 5
time, the coefficient of friction decreases little. This is belleve QO
denonstrate the affect of the chloroprene rubber having the resistance to
crystallization. Further, the inventive belts Nos. 1-3 were superior in
resistance to dirt adhesion, an effect believed attributable to the

di at onaceous earth. Furthernore, as shown in Fig. 2, with the inventive
belt. No. 2, even if the nunber of applications of the oil and water
solution is increased, the frictional 2orce is only mnimally decreased,
which is again believed to be attributable to the diatomaceous earth. In
Fig. 9, a nodified formof belt, according to the present invention, is
shown at 140. The belt 140 has a bodyLAFISM th an inside and outside 144,
146, respectively, defined by rubber |ayers 148, 150. Longitudinally
extending, load carrying cords 152 are enbedded in and between the | ayers
148, 150. %gfcia rs 148, 150 are nmade fromthe same rubber conposition as
descri bed elt 10. The layers 148, 150 have exposed, flat surfaces
154, 156, each of which can function as an article engaging surface.
Filler is used as in the belt 10 in one or both of the rubber |ayers 148,
150. Essentially, the pak Eorlé&n}e_syiﬁ?%clépQaidfweé&xﬂgﬁsmlgi ke the belt 10

wi t hout the need for driving/driven teeth. The foregoing disclosure of
speci fic enbodi aboty havingrat sunfhed aganbewhich lantsdlesbreypdacdd tolte fictmaatipncept s
conprehended by the invention. REPLACEMENT SHEET 23 MARCH 2005 21 CLAIMS
WE CLAI M held and thereby conveyed as the belt is advanced in operation,

4 said belt body surface comprising rubber and a porous filler in the rubber,

said porous filler being present in the rubber defining the belt body surface -

6 in an amount of at least 5 parts by weight of porous filler per 100 parts by weight
of rubber.

2. The belt for conveying articles according to claim 1 wherein the

2 porous filler is present in the rubber defining the belt body surface in an amount

of no more than 80 parts by weight of porous filler per 100 parts by weight of

4 rubber.

3. The belt for conveying articles according to claim 1 wherein the

2 belt body has a length, and an inside and an outside, the surface against which
articles are’ placed is on one of the inside and outside of the belt body and there

4 are teeth spaced regularly in a lengthwise direction on the other of the inside and

outside of the belt body.



1. Abelt for conveying articles, said belt conprising: i
surface against which articles are placed to be fricti o%#&%kﬁlég%ﬂ%@.
t hereby conveyed as the belt is advanced in operation, said %)e ody
surface conprising rubber and a porous filler in the rubber, said porous
filler being present in the rubber defining the belt body surface in an
anopunt of at least 5 parts by weight of porous filler per 100 parts by

wei ght of rubber. 2. The belt for conveying articles according to claim1l
wherein the porous filler is present in the rubber defining the belt body
surface in an anount of no nore than 88 parts by weight of porous filler
per 100 parts by weight of rubber. 3. The belt for conveying articles
according to claiml1 wherein the belt body has a length, and an inside and
an outside, the4surf &he wdaforsdionveiy iy amicldscdoesrding telciind] ivhepsinothe of the
inside and outside of the belt body and there are teeth spaced regularly in
a 2 engt hwi peradisr BHer eampaiseh anotiEgarc poroup riwiderativit iswatsiedss ofie tdfe bel t
body. REPLACEMENT SHEET, 23 .\ .200 2 4. The.belt for conveying
articles a@@&@?ﬁﬁ"?&%?wlﬁgmﬁ%h@tﬁgf Onpﬁ?gégl"@igqﬁer conpri ses an

i norgani ¢ porous powder that is at |east one of diatonmaceous earth,
zeolite, activated carbon, and silica gel. 5. The belt for conveying

articles accordsng t qhel gélTor diRk§idy érli‘i%llesb&%r&lﬂg)fo %Hiﬁ?f%vﬂe?eﬁloﬂ\}&n@‘ad by

grinding. 6. The belt for conveying articles according to claim3 erein

there is Bbeleboti susfpee inforhied Wegtihdirgai d cl oth | ayer conprising canvas
treated only with '

6. The belt for conveying articles according to claim 3 wherein there

o

is a cloth layer on the teeth, said cloth layer comprising canvas treated only with

a resorcinol-formalin-latex (RFL) solution.

7. The belt for conveying articles according to claim 1 wherein the

2 rubber comprises chloroprene rubber having good resistance to crystallization;
y

8. The belt for conveying articles according to claim 3 wherein the

2 teeth comprise rubber and the rubber defining the teeth and the belt body surface

comprises chloroprene rubber having good resistance to crystallization.

9. The belt for conveying articles according to claim 3 wherein the
2 belt body comprses a load carrying cord extending lengthwise over the entire
length of the belt body.

10.  The belt for conveying articles according to claim 1 wherein the
o ‘

2 rubber comprises at least one of chloroprene rubber, nitrile rubber, hydro genated



a resorcinol-formalin-latex (RFL) solution. 7. The belt Rig@iAceMERN SHEET
articles according to claim1l wherein the rubber conprises ?¥ LR S0
rubber havi ng good resistance to crystallization. 8. The be or
conveying articles according to claim3 wherein the teeth conprise rubber
and the rubber defining the teeth and the belt body surface conprises

chl or oprene rubber having good resistance to crystallization. 9. The belt
for conveying articles according to claim3 wherein the belt body
conprises a |load carrying cord extending | engthwi se over the entire |ength
of the belt body. 10. The belt for con@gying articles according to claim1l
wherein the rubber conprises at | east one of chloroprene rubber, nitrile
rubber, hydrogenat ed REPLACEMENT SHEET 23 MARCH 2005 23 nitrile rubber,

natural ruppgle nettey! saRm AN whgnah?&hecﬁmpyrené EBDolymky (EPE), fytaiene

rubber, butyl rubber, and chl orosul fonated pol yet hyl’'ene rubber. "11. The
bedt for coutadieneguhben, bugd mbber, dndghiarostlfomated paheetieylane mebberubber
conprises at |east one of a) a compounding agent that is at |east one of
carbon bl ack, flowers of zinc, stearic acid, a plasticizer, and an

anti oxi dant, andg,b vyl i zing agent. that is,.at |east e,of sulfur and
an organi c per ogidza. ‘h‘ﬁ%e%?fér B%‘F‘?eyfl% a‘é’c?:lu e%ﬁclq d’ﬁgtt?(‘ffaégl g@c‘fvcprecﬁ? o claim
1 erein i I I i i : i

ot ol eo TiHgr SaRGiEeL ot eyt GREBTLS Eoop A oftfl iy ARt BB o
conveyi ng @irbbk bhgkafle@ett dfrihe, stéaionacidywhelstivizehandoat ausodidhh€and s

present in the rubber defining the belt body surface in an anmount of
bet ween 20b38 vplranszihg agentythat fatdeass waefdaflshifr pad anGogpactperoyideei ght of

12.  The belt for conveying articles-according to claim 1 wherein the
2 porous filler comprises inorganic porous powder having particles with an average

diameter of 10um-30 pm.

13.  The belt for conveying articles according to claim 1 wherein the
2 porous filler is present in the rubber defining the belt body surface in an amount
of between 20-80 parts by weight of porous filler per 100 parts by weight of

4 rubber.

14.  The belt for conveying articles according to claim 5 wherein the
2 grinding is performed by stretching the belt body, advancing the belt body, and
grinding the belt body with the belt body stretched and advancing.

15.  The belt for conveying articles according to claim 6 wherein the
2 canvas treated with the RFL solution has a solid content of RFL of 30 to 50% by
weight determined by the following formula: % solid content of RFL = (we';ghf"



the grinding is perfornmed by stretching the belt body, %gghgg
body, and grinding the belt body with the belt body stretch §
advancing. 15. The belt for conveying articles according to claim®6 wherein
the canvas treated with the RFL solution has a solid content of RFL of 30
to 50% by weight determ ned by the followng formula: % solid caontent of
RFL = (wei ght REPLACEMENT SHEET 23 MARCH 2005 24 of canvas after
treatment - weight of untreated canvas%/(melght of untreated canvas) x 100
(% . 16. The belt. for conveying articl®s according to claim9 wherein the
| oad carrying cord conprises 5-9mfilanments of at | east one of E-glass and
high strength glass treated with at | east one of an RFL solution and a
rypber CW@ﬁ&dﬁaﬁerlﬁeaaik@lthewt:lgmroﬂ:@m@m@@aﬁvag)/(mglﬁc&cpﬁﬂtreaeao claim
9 wherein the |oad carrying cord conprises .5-2.5 denier filanents of
par a- ar anmi ¢hnfvabex 10068)ed with at |east one of an RFL sol ution, an epoxy
solution, and an isocyanate solution and a rubber conposition. 18. The
belt: for conveying articles according to claim6 wherein the cloth |ayer

‘iS”prTLZeEeF‘E t ofScond s it e coer bk e s A PRIE R FlantarErafde | croth

er Ol §85rrding A3 boRBFis! 598 AldAROYLal BRY dhe dF YA Jr@mgﬁ and a

sa in fabri
strength glass treated with at least one of an RFL solution and a rubber

Frubber. 14. The belt for conveying articles according tREglﬁéfﬂdﬁN’ﬁ'ﬁ EE
elt

4 composition.

17.  The belt for conveying articles according to claim 9 wherein the
2 load carrying cord comprises .5-2.5 denier filaments of para-aramid fiber treated
with at least one of an RFL solution, an epoxy solution, and an isocyanate

4 solution and a rubber composition.

18.  The belt for conveying articles according to claim 6 wherein the
2 cloth layer comprises at least one of nylon 6, nylon 6,6, polyester, and aramid

fiber.

19.  The belt for conveying articles according to claim 6 wherein the
2 cloth layer comprises at least one of a plain weave fabric, a twill fabric, and a

satin fabrnic.

20.  The belt for conveying articles according to claim 1 in combination
2 with at least two spaced pulleys, wherein the belt is trained for advacement in a

continuous path around the two pulleys.



20. The belt for conveying articles according to clai m RgppaeRMRNTRHRT
with at | east two spaced pulleys, wherein the belt is traln r
advacenent in a continuous path around the two pull eys. REPCA %%EET
23 MARCH 2005 25 21. The belt for conveying articles according to,.claim20
in conbination with a second belt conprising a second body having a second
surface against which articles are placed to be frictionally held and

t hereby conveyed as the second belt is advanced in operation, said second
belt body surface conprising rubber and a porous filler in the rubber,
said porous filler being present in tRé rubber defining the second belt
body surface in an anount of at l|least 5 parts by weight of porous filler
per 100 parts by weight of rubber, and third and fourth. pulleys around

whi ch the secongdjbel tTHes Helaifie dedieyimsd atisRIEAEcIrding GBNtidiwowd [at h,
said two spaced pulleys and third and fourth pulleys being arranged so that

the belt beshibinuticcedtidafsavend trdneomipeisiatges weeond thodyduaypng fal secoadt i cl es
t hat can be placed against the surfaces of the belt bodies to

b
frictional byrfacs againgt whiekeiayticlenaes dlpced tonbe E@Pﬂen%llkhshi/a%éheeﬁehxt he
2 Body navFaRy e st SRV hﬁﬁaf‘ofate'ajif'}ﬁiiﬁ@fcﬁ's%%q%ﬁgﬁg?%%:' o
Ca Y body Rita G LM AIEHR % BYffus' it thkaunbBO b PlrobB TIRATY .

sai d body havinhg a e on one o i nsi de and out sl t he
agai nst WhigRgdhtdent G5t @ibbeadefining the st¢drd belbably shehee dndntdiesahy

conveyed as he belt is advanced in operation,
of at least 5 parts by weight of porous filler per 100 parts by weight of rubber,
8 and third and fourth pulleys around which the second belt 1s trained for
advancement in a continuous path, said two spaced pulleys and third and fourth
10 pulleys being arranged so that the belt body surfaces define a zone therebetween
to.accept flat articles that can be placed against the surfaces of the belt bodies to
12 be frictionally held and thereby conveyed as the belts are advanced in the

continuous paths.

22. A belt for conveying articles, said belt comprising:
2 a body having a length, an inside and an outside, B
there being a load carrying cord extending lengthwise over the entire
4 length of the body,
said body having a surface on one of the inside and outside of the ﬁody
6 against which articles are placed to be frictionally held and thereby conveyed as
the belt is advanced in operation,
8 there being teeth on the other of the inside and outside of the belt body
spaced regularly along the length of the belt body,

10 wherein there is a cloth layer on the teeth,

said belt body comprising rubber that defines the belt body surface, ..



there being teeth on the other of the inside and outsi dggf sbRfERG Suqdy

spaced regularly along the length of the belt body, wherein Aﬁg‘#‘f b
cloth layer on the teeth, said belt body conprising rubber tfia %1es5 t he

belt body surface, REPLACEMENT SHEET 23 MARCH 2005 26 there being a
porous filler in the rubber that defines the belt body surface that is
present in an anmount of at least 5 parts by weight of porous filler per 100
parts by wei ght of rubber. 23. The belt for conveying articles according to
claim22 wherein the porous filler is present .in the rubber defining the
belt body surface in an anmpbunt of no re than 80 parts by weight of
porous filler per 100 parts by weight of rubber. 24. The belt for
conveying articles according to claim?22 wherein the porous filler

GoNpri ses an i nAk@a @gbm‘s m&wiﬁlthéhx_‘:tibe't$ha&tdek’1@1@§1th@6@1t%d%/@hﬁﬁa@émceous
earth, zeolite, activated carbon, and silica gel. 25. The belt for

conveyi ng thattis pressntincar athogntt of atlleash52partshley wienghthd pdrets filedpes 106 ace
agai nst which articles are placed is fornmed by grinding. 26. The belt for
dédnveyi ng Ractsi &y ‘é’§1§1§&frr§bh@r-t o claim?22 wherein the porous filler
conprises inorganic porous powder having particles with an average

di aneter of 10m 30 m 27. The belt for conveying articles according to

claim 22 wherei4pth i | Seti 0o ]@pﬁ 4-ni.pg the
belt body surf ache' [ mﬁ%ﬁgﬁ%‘%d‘{‘}gs h@e@mlg[eeﬁsa%%%{%g?? 1sar y vvgfﬂgéﬁ%lhghgpor ous
fid I er perpckO@s filértis paysenelrothi robber ddflieihg the belt body surface in an amount

of no more than 80 parts by weight of porous filler per 100 parts by weight of

4 rubber.

24.  The belt for conveying articles according to claim 22 wherein the
2 porous filler comprises an inorganic porous powder that is at least one of

7
diatomaceous earth, zeolite, activated carbon, and silica gel.

25.  The belt for conveying articles according to claim 22 wherein the

2 belt body surface against which articles are placed is formed by grinding.

26.  The belt for conveying articles according to claim 22 wherein the
2 porous filler comprises inorgantc porous powder having particles with an average

diameter of 10pm-30 pum.

27.  The belt for conveying articles according to claim 22 wherein'the
2 porous filler is present in the rubber defining the belt body surface in an amount
of between 20-80 parts by weight of porous filler per 100 parts by weight of

4 rubber.



REPLACEMENT SHEET 23 MARCH 2005 27 28. The belt for cmic%giﬂf ﬂﬁs
according to claim 22 wherein the rubber conprises chloropr M@%ﬁ&f

havi ng good resistance to crystallization.. 29. The belt fo
articles according to claim22 wherein the rubber conprises at |east one of
chl oroprene rubber, nitrile rubber, hydrogenated nitrile rubber, natural
rubber, ethyl ene-propyl ene terpolynmer (EPT), styrene- butadi ene rubber,
butyl rubber and chl orosul fonated pol yet hyl ene rubber.

27

28.  The belt for conveying articles according to claim 22 wherein the

2 rubber comprises chloroprene rubber having good resistance to crystallization.

29.  The belt for conveying articles according to claim 22 wherein the
2 rubber comprises at least one of chloroprene rubber, nitrile rubber, hydrogenatgd
nitrile rubber, natural rubber, ethylene-propylenc terpolymer (EPT), styrene-

4 butadiene rubber, butyl rubber and chlorosulfonated polyethylene rubber.



