1 BELT FOR FRI CTI ONALLY CONVEYI NG ARTI CLES Background of the Invention
Field of the Invention This invention relates to belts and,23Wra&cu 2005
particularly, to a belt having a surface against which flat articles such
“as cards, bills, tickets, and the like can be placed tobe frictionally
hel d and thereby conveyed as the belt is advanced 'n operation. Backg round
Art It is known to convey flat articles such as bills, tlcﬂmwNMMImmmmmmand
the like 1in systens using endl ess, toothed belts. In one tem
one belt is trained around spaced, upper, drive and driven pukkaws. A
second belt is trained around |ower, jspaced, drive and driven pulleys. The

pul l eys 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 o L, SEEAS HEEmERALE LUty Ay by contet

—Ottar Ty el et y and Conveyed as
the belts are advanced in operation. A pr ess roII Is normally provided to
urge the upper belt surfaceBagkgnound ¢ anwentionl t surface in the -
conveying zone with a vari abl e for ce. Typ| cally, these belts have a toothed
drive si dgjelPo@englah§onM th conpl enentary surfaces on the pulleys so that
positive advancenent of the belts is effected. lIdeally, belts used in this
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N 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 er-"
in 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 is effected. “

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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23 MARCH 2005 2 range. Further, the belts should resist abrasion and
shoul d not transfer any foreign material/dirt to the articheMAetinaoos
~conveyed. Still further, it is desirable that the belts advance at a
constant rate and that they maintain their alignment wth each other to
precisely and consistently convey articles interposed therebetween. It is
known to construct such belts using chloroprene rubber. In a typical i
construction, the belt has a body with a plurality of teeth spaced
regularly along the length thereof and | oad carrying cords enbedded in the
body. A cloth layer is placed over the teeth. A suitable cloth has an
uncrinped thread to define warp yans along the Iength of the belt nade of
nylon 6 or nylon 6,6 subjected to a crinping process, and weft yarns al ong

the w dt Bafle. ¢ PeriBel | tndobOlh gk BsiSt Qbrasitl fld QhBuld  BbS uahf 4y

subj ecte éS|on_process using a resorcino ormal1n
sol uti on fofefdn S@tdHalEbt tb thOkARled beiagusaveydd. SHRFRARENGEIsAestdaBle ¢l Oth to

the teeth on the belt. The cloth is. then coated with rubber by a soaking
or a spr ébatithg belts adyance/itt hcomsant nats and Hhet theyonsintant thensalignheand wat er
applied to . the article | engaging ,surfaces of the belt tend to decrease
the coef Mith fAchoptheri £ RSRCISHeAd ; FRNYEFRLlY sconygy agigles rniseBesadavi ng a
hi gh resitﬁérgg&gveteﬁsoi |, the oil adheres to the article contact surface but
is not absorbéd.”"As a result, the coefficient of friction is decreased,

thereby adver $ekYndinasidoRsiridiQuadbbitd ¥sinb chhﬁogf‘énte IhB.b{:f.! ff 5?%@%51{ L oonvey

articles. In the event a rubber that does not resist oil is us

rubber  @bsgnbtionfthe bielt land twwsl With affiukality e tedthngacedrdgudartpaldrgei ent  of
friction is less in_this case than wth an oil resistant rubber, the
per f or natelepgthitherepband load carrying cords embedded in the body. A cloth layer

is 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
cnimping process, and weft yarns along the width of the belt made of nylon 6 or
nylon 6,6. This cloth is subjected to an adhesion process using a resorcing;ll
formalin-latex solution (RFL solution) in order to cause a firm adhererice of the |
cloth to the teeth on the belt. The cloth is then coated with rubber by a soaking’
or a spreading 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
1s 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,t-ar
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.



adversely changes because of a change in its dinensions resulting fromthe
oi |+ absorption. 23 MARCH 2005 3 A further problemw th chh®dVxan2005
rubbers used in this environnent 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 nornal
range of operating tenperatures. In cold conditions, the decrease in the
coefficient of friction is commonly conpensated for by increasing the
force produced on the upper belt by of the press roll. However, increasing
the press roll force causes other proBlens. By increasing the press rol
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_enmbedded inge¢h Bep iR chibrBSFERGublrs (RERENHAL @nlbnidthtis - 0N00I NG
tensi on adj ustnents n%y have to be e to the press roll to mantain a
rel ati veklyatahpsoefficienebf fiddtivit forfthé ribbéranay Algaificdntly decasmseaatdosupporti ng
structure for the pulleys nust be nade durabl e enough to sustain the forces
appl i ed temphetbedst . ItTisi therefgrendidBsultitot mamdaintd opmsdisterpenelidient of
constructing the  pulley supporting system Sunmmary of .the.lnvention The
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like in Gndksiee drEMRAIEON R GFRGDell by bE Rl resdplbbj ective to maintain a
predeterm ned coefficient of friction and good flexibility in this

tenperature rdigeeveremcnmingtie aratswalleforce causes 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 the

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 maintain 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 ﬂictionzﬁly )

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



are applied to the article engaging surface of the belt in use. Further, it
Is an objective of the present invention to allow articl es23 MAxciepgesed
and frictionally conveyed without transferring any foreign naterial to the
articles. It is also an 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*

i nvention, a belt is provided for conveying articles, which belt has a
body having a surface against which articles are placed to be frictionally
hel d and thereby conveyed as the belt4is advanced in operation. The belt
body surface is defined by rubber and a porous filler in the rubber. The
porous filler is present in the rubber in an anount of at |least 5 parts by
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of this co s ructron 'S r con

surface cgpnifRanbesifesh ﬁpsﬂe*éétortdﬂr%cﬁ@ﬁfafs'tﬁé eetts afe 6ﬁ¢x§tdd0n of the belt _
body surface is not appreciably altered. In one form the porous filler is

present in thelor abddormofahe ameamionph bedt isrosnddtforStbmeying biticles, ght  of
porous filler 100 parts by weight of rubber. 1In a nore preferred form
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powder ave ' particles wt n aver age ter of to’30°'m The
bel t bodyp cbraﬁs AllbeR @irdseanth e mw&rdeaﬂ@ﬁxmtmﬂfasldi@tfﬁ%ﬁsw%%t ofigai nst

whi ch the articles are placed is on one of the inside and outside of the
bel t porous filler per 100 parts by weight of rubber. o

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 1s 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 lone

) of diatomaceous earth, zeolite, activated carbon, and silica gel. T h e
powder may have particles with an average diameter of 10 um 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 can‘red
out by stretching the belt body, advancing the belt body, and grinding the l?elt

body with the belt body stretched and advancing.



body. In one form there are teeth spaced regularly in a | engthw se
direction on the other of the inside and outside of the beb3 Vooeyu 2009
belt body surface nay be formed by grinding which may be carried out by
stretching the belt body, advancing the belt body, and grinding the belt
body with the belt body stretched and advancing. 23 MARCH 2005 5 A cloth
| ayer nay be provided on the teeth. In one form the cloth layer is a
canvas treated only with a resorcinol-formalin-latex solution. In one form
the canvas treated with the resorcinol-formalin-latex solution has a solid
content of RFL of 30 to 50% by wei ght, determined by the follow ng
formula: % solid content of RFL = (weight of canvas after treatnent -

wei ght of untreated canvas)/(weight of untreated canvas) x 100(% . The

o1 G o S e g e ki,

pol yester, and aram ayer may east one of a plain

weave falyh canva fe¥ittd ohipiith a révdeciaob-fbrntulimabitéx solByiohl Badhd Gorinle Cl ot h
| ayer, the rubber in the underlying teeth is not directly -exposed t hr ough
t he openitmsanvas trhated avithathe résoreinpbfarmalimpbdeaselutdn haskselidpeadent t hr ough

t he canvas _i s avoi ded. Rubber powder coul d otherw.se _ pass freely. through
the openich&Li of 3Gio &%MSW%EQGW@ Yathe léé"lﬁéifﬂ’anulébn{;//g;ﬁé’éld The

ubter SeChli Re1Pel by Uy UGS 70 Bey R ORI SERREA
same  chl.ghoRhRWRigH IS ntreated canvas) x 100(%).
3 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 otherwiéé
pass freely through the openings in the canvas and adhere to articles beihg
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,



Thi s chloroprene rubber resists crystallization even if it is left at a | ow
tenperature for a long period of tinme. As a result, hardeni pgMARCI 2005
crystallization is avoided. As a consequence, the coefficient of friction
of the belt is not |owered 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,

23 MARCH 2005 6 ethyl ene- propylene terpol ymer (EPT), styrene but adi ene
rubber, butyl rubber, and chlorosul fonated pol yet hyl ene rubber. The rubber
may include a conpoundlng agent that is at |east one of carbon bl ack,
flowers of zinc, stearic acid, a plasticizer, and an anti oxi dant.- The

r ubber Wléﬂétﬁfb%&léﬂ&{éiﬁely%éﬂ{'mf) gw&@maléd&%bbér aduryleﬁ?dbeene of

sul fur and”an ‘organi c peroxide. Thée bélt body nmay have 'a | 0ad carrying
cord extemdich@rbmlgmﬂmépomcehylenheuldmrl re length of the belt body. The
cord in one formis defined 5to 9 m filanents of at |east one of
E-gl ass and hilla rsbb férxgtl&ﬁlrgqlwiesa epmpewling agend that énatileassvae of carborr
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conbi nat bf)cﬂuﬁ\é broatidé east two spaced pulleys, wth the belt being trained
ror \advancerrer’}'helbnelta b(():((i); ir:ar;ul?;\;se a F aaliihcazirry?llljgr] go;dhéaxttexgm%ullellgeglivme 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 leesf
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 1n 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



1 The invention further contenplates the conbination of a belt and pulleys,
J as previously described, with a second belt having a secopdMORyH200H 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 1is present in the rubber in the second belt an
anount of at least 5 parts by weight of porous filler per 100 parts by
wei ght of rubber. Third and fourth pulleys are provided around which the
second belt is trained for advancenenf in a continuous path. The two
spaced pulleys and third and fourth pulleys are 23 MARCH 2005 7 arranged
so that the belt body surfaces define a zone therebetween to accept flat

articles | @95%!1—&% r the el ' to be
fricti onaﬁ@ke‘ﬁggﬁg% t?:g@?oe y con%sege' gg {Oﬁg‘i@%‘ﬁ’% arélbg) vcé:lfe\@feigg?n t he
cont | NUOUglgy Kt cAbEpRLAPhediihofurkives bfuRIteltiudias kebe histianal ded for
conveying articles, ich belt has a body with a length, an inside and an
out si de. hald aad tiaebyicogveyrarab thetbettd srd edyproad se the eontimeowspdathe | engt h of

t he body. The body has a gurface on one of the ipnside and outside of the
bel t body agailnsmother form pt the|ipkentivnea el seprovadadetar Gonveywg arficks) d and

t her eby copnveye s. the, bel.t, i $ advanced.in eration. ,Teeth are provided
on the ot‘ﬁgﬂpﬁﬁ?e?ttlﬁaes ?Hg%@”ghﬁ?%}ﬁqg’i ad‘emg’fdet%lecp %‘68‘3}%51‘2%58*&8398&3#/&} y al ong
the | engt f LAY over ShObRtieANRLH 8f BiOBLESd PRe bR HRSf h. The

bel t body(n)srgre aéc}gdsib%hﬁefi ggc? by rubber. Arggiorous fi I?er i's prgviaged in the
rubber t hatrfadefonn@se dhehehakidemdyoutsidé afehahbelt bedpragamnt whichartiolesint of at

| east 5 parts by weight of porous filler per 100 parts by wei ght of rubber.
Bri ef Desueippacedito be fretiorsliheldyand thereby conveyed as the belt is advanced in

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 1s provided on
the teeth. The belt body surface is defined by rubber. A porous filler 1s 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. )

Lt

Brief Description of the Drawings
Fig. 1 is a fragmentary, perspective view of a belt for conveying articles
) according to the present invention; o
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,;



Fig. 1 is a fragnentary, perspective view of a belt for conveying articles
according to the present invention; Fig. 2 is a graph show 2gMAwcH 2005

rel ati onshi p between the nunber of applications of an oil and water

m xture and the frictional force devel oped by an article engagi ng surface
on various inventive and conparative sanple belts; Fig. 3 is a side

el evation view of a systemfor conveying flat articles incorporating two
cooperating belts, made according to the present invention;. Fig. 4 is a
graph showing the relationship between the hardness of various inventive
and conparative sanple belts, and the8length of tinme for which the belts
are maintained at 0C.; 23 MARCH 2005 8 Fig. 5is a schematic
representation of a systemfor neasuring the coefficient of friction of a

belt surface; 0. LS ' : tatd f for testing
t he resi stancePE g'of5 gs Ee?cfheftgﬂ %rﬁﬂégﬁn&%%?ﬁﬁg%gﬂﬁ?s&g @%ﬁ%‘%ﬁ% ghe

r epr esentcabffidie® offrYiohesh 4 Bélt keghédg t he anount of devel opnent and
adhesion of dirt to articles conveyed by a belt; Fig. 8 is a schematic
repr esent at i orFigf6 B sycheamaticaeprasastationgpfabsyassmifor tessingttho eesisthnee bel t;
and Fig. 9 is a fragnentary perspective view of another formof belt for
conveyi n@farbaletocell 2apd ¥Htei;ng to the present invention. Detail ed

Description of..t he. Draw n In Fig. acbelt, accordj.ng to the pr 'éent
invention, is Féﬁ'g-&ﬁ aaic\ﬂfﬁ‘%%?ﬁgpreﬁ&tﬁé% (ﬁéssyét%g?f terBHEF}FP %r“PBﬁgPﬁ in the
di recti oneQtidpiterl AR AhBERHH At t8%rticles conveyed by a belt; o
) Fig. 8 is a schematic representation of a system for measuring abrasion
resistance of a belt; and

Fig. 9 is 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 beit 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 theré
is 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 rubl;ér,

hydrogenated nitrile rubber, natural rubber, ethylene-propylene terpolyxﬁer



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 | engt hwi 22MNRE@LC20050 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

|l ength of the belt 10. The pitch between the teeth 18 is preferably not
nore than 3 mMmas a result of which there is mnimal variation tn
conveyi ng speed and precise belt alignnment in operation. The belt 10 has
an outside surface 22 that can be used to engage and frictionally advance
articles, as hereinafter described. Phe teeth 18 and an outside body
portion 24 are defined by a rubber. conposition that is at |east one of
chl oroprene rubber, nitrile rubber, hydrogenated nitrile rubber, natural

rubber, @Hp) eRAeReMRYIEBRe rebte] BoBl rdBbédABRIdrdfdfonaded BBHethylene
st yrene- but adi ene. rubber, butyl rubber, chlorosulfonated pol yethyl ene
rubber, nrbbet,lmd thedikeCar bon bl ack, flowers of zinc, stearic acid, a

pl astici zer, an antjoxjdant, d the like, can be added as.a conpoundi ng
agent to the &BEhaR bhﬁke&@‘.’veﬁ Ok ZINE. 1PN ACIdgR MLASEGHST & aRfiexidankr an

organi c pe i de, can,be d, ver. 1.t h ndi.ng. and vul cani zi ng
agent s ag%& %‘? ?&FI ﬁﬂlé)& z}%dge?hqssmﬁﬁxpﬁgng% ggfg]l?gg Sﬁ%fdibf)ﬁ% rgglmrsi' ) have a
dest ati ci g 8% i IsuSe- : ' hYeGH t he belt
is adj uste'cci to %%%girlr{oéagﬁtdﬁgn 6I\’/I06:£H?i)é%§{nl§' E{:}d)&%{%%t%ﬁe quant ;/I?g%gfve{iar bon

bl ack, othetdignpésaling hat vudcaningntentSrenopliaitedrtohst is a preferred

conponent of the rubber defining the belt surface 22 and the teeth 18
because of it ¥ igdesirabds thatahe belt d Odraystandestatiniziog capapillisy sptsse Thabber s

having ageaual gshned St SRt SRURLAYE Bt Rt MR ELAL Yepending
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;j
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 rubber
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



avai |l abl.e. However, it is desirable to use rubber whose hardness (JIS) is
rai sed by not nore than 10 when |eft at a tenperature of 03 MARADD0GDOUrS.
Ideally, this change in hardness is zero. It is preferred that the anount
of chloroprene rubber with good crystallization resistance be not nore

t han 40% by wei ght of the rubber conposition in the belt teeth 18 and belt
portion 24. However, this rubber can nmake up the entire rubber conposition
in the teeth 18 and the belt portion 24. Chloroprene rubber havi ng good
resistance to crystallization resists hardening, even when |left at |ow
tenperatures for prolonged periods. Wth this rubber in the belt portion
24 and the teeth 18, no significant hardness increase results from
crystallization at |ow tenperatures. At the sane tine the coefficient of

friction TR ; at§ae reg. This is
a 23 NAR‘(’:%H%S? énilg@\slglﬁ%;ﬁlglggﬁéﬁ%m%wf ﬁlseortl%g&?itsﬁ%%en i? I’Olﬂks/él)lngl or por at ed

into an gystém| s sleowa it 80 inBig! Brandidesshibed iriordied dethil herdlnafigrd descri bed
in greater detail hereinafter. Porous filler is added to the rubber
conposi tion i Rortwes fdler iscafidedxo theaubbebkompobidiopoimothe belk lbedyi 52.an

m S0 ¢ aBrEFR RS ToROM U < 1a B RE AL PRlIPOwsl 1VBRE S AVGEERd car bon,
and o 4 Rt RGBSR s AR
vei ght  ofaknIBRELte, MR &frBsRRINA silfd 88, PEHel fnbntWFpBRiusHilldd ddRE are
present per 100 parts by wei ght of rubBer. It has been found that when the
amoynt ofo thielrhbber 5 prefesablyain the pangesofy-8Ovpmrtshity wiehghtalf<diqrtpen106f oi |l and
vater | spzru?c.l, %griv:r/eeingt ﬁtr'nralllblb'er.01 Mgrzepr%%qulr)ly?%g?% 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. ”
) 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



when the filler is present in nore than 80 parts by weight, the viscosity
of the rubber conposition is increased, as a result of whi 2RMArRCEQR005tY
of the teeth 18 is 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 form the belt is stretched after

vul cani zation between two pulleys add advanced whil e being operated upon
by a grinder. In a preferred form the |l oad carrying cords 20 are fornmed by
twisting filaments of 5-9 mof E-glass or high strength glass foll owed by
treat mentusi n tj.0 r 1€§%h5 i t, or an
adhesive&ﬂgﬁe ?Pg%?gBE#h§gg$E%oﬁ%ggffpggg tegﬁgéﬁgg gpﬁgbégﬁ?b I ber can

be used EVEAR® whé TRPEHNORA®| resistosdetchthdanidwhate ng hipth tdegileer to 2.5
denier filaments of para-aramd 23 MARCH 2005 11 fiber. These fibers, such
as t hose ssrehgthc offirerfcheat laye traated using am adbesivk shatiiE\ADARE L) sodittor EOHNORA( 1 ) ,
resist stretching and have a high tensile strength. The fibers are treated
usi ng an cRERESPMBORRFAn isogyAnaty selyfon, BKl a spbberfampasiion Hewereran

i socyanatge sol utio nd r ubber fLion r., i tion

shout d note eetatar g fpted BERRG RIS L RS HRe S YRR, *Cora
20. A cl %pdbgyer 32 is applied on the inside 14 of the belt body 12. The
cloth layer 32 is a canvas, which nmay be forned fromone or a conbination

of pylon 6, nAkhvthGayer 3pad yssiiedron thadhsadeibd df fhiedlselt bidhe 12efiheyadotts 34 and
e v nlasxye?'%2 is a canvas, which may be formed from one or a combination of nylon

6, nylon 6,6, polyester, and aramid fiber. The weft yams 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)c

used in the warp yarns 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 forrnz_i_;lm

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

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



are preferably a filanent thread or a textile thread made fromthe above
fibers. It is preferred that urethane elastic thread havi ng30aQfcH 2005
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 |latex. The
solid content percentage is determned by the follow ng formula: (weight of
the canvas after treatnment - weight 18f untreated canvas)/(the wei ght of
the untreated canvas) x 100 (%9 . The RFL solution is obtained by m xing an
initial condensation product .of resorcinol and formalin with |latex. The

| ti inol tg f NS 1 . vei ght

por cent agerathe ReEnBon el o EhaBneadt orehbniditic Vel 27,
for mal | ] i 9eds - t |east
or mal i n%e;rﬁoelﬁﬁthﬂci%&xa%ﬁ %leg?ruwﬁgéhg&%?lféﬁatwﬁ)yd&%&yld@y g at |eas

one of s e-vinyl pyridine terpolyner, rogenated nitrile

rubber, epicAlc?shydgnat ed pol yet hyl ene, and epichl orohydrine. To treat the
cloth layer 32, the canvas is dipped in an RFL solution. The canvas is

t hen squeezedTodtastthre dOﬁa]iab’ebﬁ,r'ngIC@n&%S 15 dippediy &n REdusplupesdiite) of
approximately . 0.3 to 0.8 f/cmand. drd ed. The cloth . is re-di ddn the
sane naﬁﬁéﬁasﬂ%ﬂ‘ﬁajsﬂg?ezteﬂg’%%ﬁrﬂa QBHt‘ng{PﬂBiat ﬁﬂeséw%ggaélﬁeﬁr?ﬁ%ﬁg)t#e desired
30.50% WSh@MmbARg®:3 b4 ofPRgHERMCMIE  EE RN KRS & dRhgR! of the

i ) > umanner 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 yarns 36 and weft yamns
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 18
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.



t han 30% by wei ght, the contact area between the warp yarns 3 6 and weft
yarns 34 can shift relative to the tooth rubber, as a res@3tMaRcw2005 t he
openi ngs 38, defined cooperatively thereby, enlarge. This may expose
rubber in the teeth 18. Wen the amount of solid content RFL solution is
greater than 50% the teeth 18 are |ess 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 belts were constructed in accordance
with Table 1, below. 23 MARCH 2005 13 TABLE 1 Inventive Belts Conparative

Sanples 1 2 31 .2 3 4 Chloroprene rubber S 100 100 100 -- -- -- -- 40*
Chl or oprene rubber -- -- -- 100 100 -- 100 M 40** Natural rubber - -- --
- -- 30 -- SBR-- -- oo oo - 40?@@1" -~ == -~ -- 30 -- ZnO55 555
55 MO44444-- 4 Stearic 11111 Carbon black 40 40 40
40 40 44740 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 --
Zn0 5 5 b 5 5 5 -5
MgO 4 4 4 4 4 - 4
Stearic acid 1 1 1 1 1 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 I 1 1 1 1 1
) Vulcanization 0.25 0.25 0.25 0.25 0.25 -- 0.25
accelerator 22
Vulcanization -- -- -- -- -- 1 -
accelerator DM
Vulcanization - - - -- - 0.25 -
accelerator TT
Sulfur 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.K. that is crystallizable.



D at omaceous earth 20 40 60 -- 40 -- 4 DDP 10 10 10 10 10 -- 10 ---

Napht hane oil -- -- -- -- -- 10 -- Antioxidant 1 1 1 1 1 1 78 MMplcEE2005ti on
0.25 0.25 0.25 0.25 0.25 -- 0.25 accelerator 22 Wul cani zation -- -- -- --
-- 1 -- accelerator DM \Wul cani zation -- -- -- -- -- 0.25 -- accelerator TT

Sulfur 1 111121 *Chloroprene rubber "S-40" is manufactured by Denki
Kagaku Kogyo K K., and has good resistance to «crystallization.
**Chl or oprene rubber "A 1-40" is general, mddle grade chl oroprene rubber
manuf actured by Denki Kagaku Kogyo K. K. that is crystallizable. 23 MARCH
2005 14 The cloth layer on the teeth4was obtai ned by weaving weft yarns of
140- denier nylon 6,6 and warp yarns of 280-denier nylon 6,6 and a
140-deni er wurethane elastic thread at a weft density of 180/5 cmand a
warp density of 160/5 cminto a twill canvas. The canvas was vibrated in
water to shrink the wwdth of the canvas to approxinmately 1/2 of its size
at tinme of weaHkwibth Theroanhascetasvastdiraindd pyedeavingmdfiiasslaftiaga as shown
in Table 2, squeezed at a gauge pressure of 0.5 kgf/cm between a pair of
roll's, adenidr inytion The andnwarp wamsr ef 280pleader nyloped Sanrd RFL4G6lenidron,
squeezed at, the_ sane pr

urethane elastic thiead at a weft gerrlxcsiit}g rolf‘igO)%nérh Iand a warp density of 160/5
cm into a twill canvas. The canvas was vibrated in water to shnnk 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 dried UI'IItﬂ. "
the amount of solid content RFL solution was approxamately 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? ’

RFL compound
) resorcinol 10.0
formalin (37%) 15.0
caustic soda 1.0
VP latex 400
CF latex 400
Water 1000




t he amount of solid content RFL sol ution was approxi mately 40% by wei ght.
Thi-s percentage was determ ned by the follow ng formul a: (vE3 MIXrRcH 200%
canvas after treatnent - weight of the untreated canvas)/(wei ght of the
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 23 MARCH 2005 1.5 The |oad carrying cords were

ECG 150- 3/ 0, obtained by bundling filaments of glass fiber with a dianeter
of approximately 9 .tmto forma strand. The strand was di pped in an RFL
solution and dried at a tenperature & 250C for two ninutes. Three strands
were then gathered and twi sted four tinmes per 10 cmto define the |oad
carrying cord. The cloth was forned into a cylindrical, endless shape and

placed on a 1gka]oaA0kEryhgPrbidOiwddkased-1Ber3/boabtsiacd by baiiy S and
Z, were alternatingly wound around the nold at a pitch of" 0.5 mMmwhile

app! yi ngfilaniegitsoDglas fiberowitly a didmetelr loddipphedmatelyde iy wnfarhea strabhér
conposition shown in Table 1, was wound around the glass fiber cords and
vul cani z&He awamd was dipped i gn Bidssolphpnmngdsirg &t 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

v' wound around the mold at a 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 artiéie-
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 predeterm ned w dths, after which the
article- engagi ng outside surface thereof was ground to pr@3uMarenc2003l et ed
belt. The tooth type was STPD, with 140 teeth at a pitch of 1.5 nm The
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 tolbenperature, the resistance to oil and
water, and the nunber of tinmes an article such as a card were drawn were
then determned, with the results being shown in Table 3 bel ow. The

resistan -dj ion, and the card drawing test are shown by

i ndexes o h?mg BfFﬁgﬁg he conparative sanple 1 as 100. 23 MARCH 2005 16
Coef ficient offher b6dffRient 6f feidn Glasnthedurdd uginigon dasicenarbuiEehatsi ng a
devi ce such as that shown at 40 in Fig. 5. An article, in this case a

t el ephonghwen dt 42 in Rigs Splfax ediclein thas bass @ tplepheneldard 2, Iwasplacednnt i c
surface of the card 42 facing upwardly. A_ toothed %rt,i cle corlveyi ng belt
43 was cetbase platgi 4t hwish the magnesia susfare Afthe eard blapne yRwardly; e

i f ] he bel f dd | Y. iy ght,, - f
of °( dentsathedagicle gonvepBeneltal ¥y BEEF s BE i matend B IR et ed 1o
spring bahange 'ége %{Sc‘f%%@%giﬁgguﬁaé@é ﬁbe:fbé%g@ Réasaceotawaedfnal the

t el ephone "card at "a spee O mmper mnute Iin’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 SO 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 friction.
(calculated as F/' M was neasured at 25'C, 0C, and -35 C. FE3MARCH 200t 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 wWwnd XEROX(r) paper 62 around the outer
periphery of a roll 64 having a 65 mm di 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

\é\lieirggtl\cl)\iﬁ%f‘)lfﬂ% a{’PFBéIt%nR% 90“2388 (ﬂﬁei%rrgp 6?3? ; ‘gt&?tﬁ rﬂi&f@[]gnce to

D| rt Res% ﬂgce to dirt was neasured using a systemas shown at 70 in Fig.
. A telephone card 72 inpregnated with ethanol was nounted on a novabl e
stand 74. The belt 43 was cut to a wdth of 6.4 mmand a | ength of 20 mMm
and nmounted on the bottomof a pressing plate 76 which was | oaded with a
500- gf Resigtancg&o Ditte t oot hed i nsi de of the belt 43 was faced downwardly.

The pressing_plate 76 s fixed to,a stationar se 80. _The novabl e stand
74w, advaoBBHERT & SACKe AR U SUMM SOTNHASE 2640 BB 20

reci pr chttjeféghone card 72 unpregnated 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 reciprocatiné
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 O1l 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



novenents. The card 72 was observed to determ ne whether dirt adhered
thereto. A simlar test was conducted using a 1000 yen bil 23 MaR¢ii 008 t 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 nylon canvas bei ng rubbé&d agai nst
the toothed surface of the belt 43 thgrty 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

E‘f’aﬁ’i‘él iﬁugw“%ﬁamméﬁm?é Lo el 3} e BB TSk P affl“ngl”d
b pl ot OF o RBHGE, FRAERERp L g o AR, I PEDRG, CUlold BT

mm and aﬂs%ﬁ%ﬁk:t?@ s@dadBlirkered Ripseedlyowas edfor ke tjthedideR 4Rrd 96 with
the article engaging surface of 'the belt 43 directed dowmwardly. A weight

98 (500 gevmsnl ipt3, eohitao atviltupfér2 beh and 3 lengthgfalfemeh, was pildcedmr wat er

combi nati on were m xed with 180 c f et anol . The tU{: WES agi tat ed
and its depiaf fbérf?@lﬁ’hoﬂﬁ§a§%|8§r‘é{ rrglgﬁgmgewrg%ﬁep thergelt syl t i ng
i quid soj.ut [ ne card.
A spring tﬁﬁﬂ‘é : dgé‘ém Wg f‘gzrlsi n%f%lgk%% pﬁ%‘%ﬁeﬂgﬁPg t he

) 5 grams of an oil and water combmatlon were mixed wuh 180 cc of ethanol. The
mixture was agitated and its solid content was separated by using filter paper.
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 betvyeén
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 novable stand 92 to
advance at a speed of 300 mmper mnute. This force (F) wa23 MxartHE2005
frictional force. The solution was continuously re-applied and the 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'trai ned
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 pifleys 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 e 3 2 f to each
of the p?'l\éﬁher @,‘?‘?’g} ngﬁ%fmﬁ’% b&dﬁ‘wﬂg’ %%%g?‘gﬁ“?‘?%ﬁhb‘?‘iw Z’g 43 MARCH
2005 19.apd hﬂgzégy@26dr|V|ng belt 43 were brought into contact with each
other in a Z eyl ng zone 126. A prepaid card 128 was interposed between
the belts 43 Arprepaidaand 1226vas ifteepeseddet@8emtise belved3 i thazonemyP@t i ¢ head
110 to read a magnetic signal, after which the card 128 was directed to
out si de Bhe ciaed égﬁawa% moved. tothe magngticdiead ltlﬁ)etq/léﬁa.domglagsév@ sig@ad,s are

ihgmg |4nai;j('abl le'uc% thte):eI O&IIZS-I;@aBsL('izirectedYg% si F{he appar ratO' ve Sanples 1 2 3

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

)
TABLE 3
Inventive Belts _ Comparative Samples
1 2 3 I 3 4
coefficient of fn'ctioh _
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 | 0.4MQ | 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 bilt) | 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 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. 5
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 25°C 1.10 1.23 1.20 0.85 1.22 1.30 1.10 O0C -- 1.20
-- 0.90 1.20 1.05 -- -35'C-- 1.07 -- 0.75 1.05 0.95 - 0 23 ™fAmrH 3605 hr.
-- 1.10 -- -- 0.60 - electrical resistance 0.3Ms2 0.3My 0.4MQ 0. 2MQ 0. 3MQ
0.4MQ 0.2MQ val ue abrasion resistance 0.02nmm 0. 02mm 0. 02mm 0. 02mMm 0. 02nm
0.02mm 0. 02mm resistance 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 nylon canvas) 100 100 100 100 100 50 100
adhesi on resistance 100 100 100 100 100 10 100 brittleness tenperature --

-40C -- -34C -38C -54C -- (rubber) r28istance 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 tines of -- 600
-- 100 600 -- -- drawing of card 23 MARCH 2005 20 As shown in Table 3,

w!th the inventive belt No. 2, the coefficient of_ frictio_n decr eased
little at | oWALCSRAVALHBDle AS wiethePRivehavé deltyNbN2CeHIesdMigient of

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 F1g 2, with the inventive belt No. 2, even if the
number of applications of the oil and water solution is 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, 146,
respectively, defined by rubber layers 148, 150. Longitudinally extending, load
) carrying cords 152 are embedded i 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 one;.or.
both of the rubber layers 148, 150. Essentially, the belt 140 1s 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.



inventive belt No. 2 and the conparative sanple No. 2, even if the
inventive belt No. 2 is left at |ow tenperatures for a | ong FEXRCHI2@05
time, the coefficient of friction decreases little. This is believed to
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 apphjcations of the oil and water
solution is increased, the frictional force is only mninmally 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 b&dyAIMS with 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. | @ppgrs 148, 150 are made fromthe sanme rubber conposition as
descri bed 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 one or both of the rubber |ayers 148,
150. Essenti al ly, t HAebélefor datyveymgatic]esasaid Helthearmprisingl i ke the belt 10

wi t hout the need for driving/driven teeth. The foregoing disclosure of
specific enboda??@ﬁy%lév@giarﬁ‘léfa*a@ag%sta@nCH|arte£@sf %rﬁﬁ%ceéftomﬁe‘cswwaalluoncept s
Corn\Jrehengéal(a a?%itt}xgxeeb'ync\:/o%q;e'ygg as %I:f’e %ﬁ%a \pa%%ed%:{ O%Iééllt%%, VE CLAIM

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.

g 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. A belt for conveying articles, said belt conprising: 2 a body having a
surface agai nst which articles are placed to be fictionally23 NEARCHRRO0OS

t hereby conveyed as the belt is advanced in operation, 4 said belt body
surface conprising rubber and a porous filler in the rubber, said porous
filler being present in the rubber defining the belt body surface 6 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 2 porous filler is presepy in the rubber defining the belt
body surface in an anbunt of no nore than 80 parts by wei ght of porous
filler per 100 parts by weight of 4 rubber. 3. The belt for conveying
articles according tqQ cJaim1 wherein th 2 belt body has a | ength, and an
i nsi de and an dut si d@'&e 'éﬂé?%ruqqfé?’@éf%é’itw s %?PE‘H“géPtCE{%lFrbé vEheet Bged is on

chaced roBatdR SR ouilies L Holic PolonS RS diales a1 E orh T and
out si de_ofidibgbebis Bty ze3fABEVLRAGL2 4fd STt gal t Tor conveying

articles according to claim1 wherein the "2 porous™filler conprises 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 according tkhebelt foricanveysgartivdes Zcoedingodjaisud fwlereirstieor med by
articles according to claim3 wherein

grinding. 6, . The belt f.or conyveyin
tBere 2 ib§1t§°g0'oi‘-ﬁchﬁ>}%f°16‘?‘?4§%gpg‘g%- said cloth | ayer conprising canvas

treated only with

)

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

[X8)

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.
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 comprises 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

1

2 rubber comprises at least one of chloroprene rubber, nitrile rubber, hydrogenated



a resorcinol-formalin-latex (RFL) solution. 7. The belt for conveying
articles according to claim1 wherein the 2 rubber conpri SZSMARCH 200%Ene
rubber havi ng good resistance to crystallization. 8. The belt for
conveying articles according to claim3 wherein the 2 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 2 belt body
conprises a |oad carrying cord extendggg | engt hwi se over the entire length
of the belt body. 10. The belt for cormiveying articles according to claiml
wherein the 2 rubber conprises at | east one of chloroprene rubber, nitrile
rubber, hydrogenated 23 MARCH 2005 23 nitrile rubber, natural rubber,

et hyl ene-mitilsy rebhers apfotlyrbber, minylenstpropylene tarpelymaar ERRT),ugigeane- but y|

rubber, and c¢hl orosul f onat.ed, pol yet.hyl ene rubber. 11. The belt for
c‘gnveyi ngb‘gﬁa’ieélpé'é‘ggﬁreﬁpgﬂﬁgbgﬁr’%ﬁi#%@s\%&r‘aﬁip?ﬂi@th};e?ﬁB‘Et?et?ercorrpri ses at

| east one of a) a compoundi ng agent that is at |east one of- carbon bl ack,
flowers of zinc, stearic acid, a plasticizer, and an antioxidant, and. 4 b)

a vul cani zi ng agent ThBaeltifsr SdnveSass aitfesCiccordihp fo RIEMATD WHRRETngheer oxi de.
12. The belt for conveying articles according to claim1l wherein the 2

por ous fihibber comprisseat laast gaiof ap arcouspouaditey ademy itheg ipat {éast ene wif't h an

average dianeter of 10m3 Q m 13, The belt for. conveying articles

accor di ngearbor blacky Howresrafizing rsdearic gradouplastipizer, and sy anfiomidant, ahé r ubber
et ween .20- 80

defi ni ng e belt.body surface i.n an anmouynt,. of .qarts by
i gh or bhg viffahiztn seth i ot e SR Phalfghpng in BFERiE peronite
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 10pm-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 = (weight*



4 rubber. 14. The belt for conveying articles according to claim5 wherein
the 2 grinding is perfornmed by stretching the belt body, a3veA®ROHRINSE
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 determ ned by the following fornula: % solid content
of RFL = (weight 23 MARCH 2005 24 4 of canvas after treatnent -.weight of
untreated canvas)/ (wei ght of untreatﬁ? canvas) x 100 (% . 16. The belt for
conveying articles according to clai @ wherein the 2 |load 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 rubber )
cénposi ti oficanvas Fer bsatmin- wemhdyoingnteated icesvaniyiadghigof unmeaﬁed\ 9
wherein the 2 Io%g(ggirylng cord conprises .5-2.5 denier filaments of

par a- ar anfavashrl ‘ed with at |east one of an RFL sol ution, an epoxy
solution, and an isocyanate 4 solution and a rubber conposition. 18. The
belt for conveying articles according to claim6 wherein the 2 cloth |ayer
conprises at |ggst qne Qdit Pt QveyindyAraRIR, a@coftﬁh%@éfcﬁ{un anghakamd fiber.
19. The belt for conveyil ng artlcles according to claim®6 wherein the 2

cbot h | ay&ndeanyingesdabmperes 5-Open Glansens af at leestwnef ebE+glasseartdihiigh f abri c,
and a satin fabrijc.
strength glass treated with at least one of an RFL solution and a rubber

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 whereiﬁ the
2 cloth layer comprises at least one of a plain weave fabric, a twill fabric, and a

satin fabric.

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 claim1l in conbination 2
wi tth at | east two spaced pulleys, wherein the belt is trai msiVMarcH 2005
advacenent in a continuous path around the two pulleys. 23 MARCH 2005 25
21. The belt for conveying articles according to claim20 in 2 cenbination
with a second belt conprising a second body having a second surface

agai nst which articles are placed to be frictionally held and thereby 4
conveyed as the second belt is advanced in operation, said second belt body
surface conprising rubber and a por oug filler in the rubber, said porous
filler 6 being present in the rubber %efining t he second belt body surface
in an anount of at least 5 parts by weight of porous filler per 100 parts
by wei ght of rubber, 8 and third and fourth pulleys around which the
second belt is2drai dd¢ fosit fagveonvewng articlgs caegarfngudopalatm 24 dnt wo

d N d third d f th 10 .pul | bej nged that th
b81 T bodly SQEPPREIAN i AcHO9S R RUTBESERE fEoRt DARABVIRE 4 5Pticl s

t hat can e 3 : ' e
fricti onartgerorgraga it ahdes dbe PR hETHCMbhal HEREd o |
c@Nt i NUOUSoRARY athe fcBAHILAIOLS SAMMARYA A oPetitidit Said sédbndehdlt ®EPr i Si ng:
2 a body having a length, an inside and an outside, { there being a | oad

carryi ng sorfdcexompdisigy herbgr land seporoas filker iarthe mabbet, sawdgpdrons fillee body,
sai d body having a surface on _one of the inside and outside of the body 6

aGai nst wheies paesent Ietheubbpr defeaingdhe seqandchelbhady yurase) 1man Ay
con\veyed OF at Ie@.lgt 9 %lahsib%' v%gi/g%rt] %%%oil'gusoﬁﬁéxa;gérofbo parts by weight of rubber,
8 ) and third and fourth pulleys around which the second belt is 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 compnising:

[x8)

a body having a length, an inside and an outside,
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 Sody
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, ..



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 wher23 MARGH 2005 a
cloth layer on the teeth, said belt body conprising rubber that defines the
belt body surface, 23 MARCH 2005 26 12 there being a porous filler in the
rubber that defines the belt body surface that is present in an amount of
at least 5 parts by weight of porous filler per 100 14 parts by wei ght of
rubber. 23. The belt for conveying articles according to claim 22.-wherein
the 2 porous filler is present in thgrubber defining the belt body
surface in an anbunt of no nore than 80 parts by weight of porous filler
per 100 parts by weight of 4 rubber. 24. The belt for conveying articles
according to %Lai 22 wherein_the 2 p rous fi]ler co es an jnorganic

Kor ous powder W DSIRE gipof &R thg rubbpept @m% Oéééllffiaée

activate r d s r ny [t

2ccor di ng™ sg?%eﬁf%zaw#gpﬁﬁm@fme@% s Bourie: goﬁ%ﬁﬂ%g CAlihe
|fticl es S ?\t'@fﬁﬁbﬁed by grinding. 26. The beIt for conveying

artl cles accordl ng"to claim 22 wherein the 2 porous filler conprises

i norgani c porous powder having particles with an average dianeter of

10m 30 m 27. The belt for conveying articles according to claim22

wher ei ni the 2Z3or olibe beltifer conveymesamicldsracchading b elainie22 wihegeinithe bel t

body surface ip, an anount f betfwe 0- 80 s.b i ght of porous
£3 | ?/er peporg ea"r"tsé’r%%?%"r trugé)er 2 gélpe gglt Evody%m acg Pn anam%unt

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

)
a4 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
L
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 mnorganic porous powder having particles with an average

diameter of 10pm-30 pm.

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.



23 MARCH 2005 27 28. The belt for conveying articles according to claim22
wherein the 2 rubber conprises chloroprene rubber havi ng @3oMAREH 200Hnce
to crystallization.. 29. The belt for conveying articles according to
claim 22 wherein the 2 rubber conprises at | east one of chl oroprene rubber,
nitrile rubber, hydrogenated nitrile rubber, natural rubber,

et hyl ene- propyl ene terpol yner (EPT), styrene- 4 butadi ene rubber, butyl
rubber and chl orosul fonat ed 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, hydrogenated
nitrile rubber, natural rubber, ethylene-propylene terpolymer (EPT), styrene-

4 . butadiene rubber, butyl rubber and chlorosulfonated polyethylene rubber.



