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DESCRI PTI ON VI BRATI ON DAMPI NG RUBBER AND MOTOR FI XI NG MOUNT Techni ca
Field 5 [0001] The present invention relates to vibration- danping rubbers
and notor-fixing mounts, and nore particularly to a vibration-danping
rubber and a notor- fixing nmount which exhibit good processability, and
exhibit inproved heat dissipation properties (thermal conductivity) 10
whil e maintaining a | ow conpression set even at high tenperatures.
Background Art [0002] Mdtor-fixing nounts which typically conprise, 15

between a notor and a support ne pporting the notor, a
vi br ati on-danpi ng rubber interpo@ggé%iﬁgggﬁ pl ates, are used in order to

reduce vibrati o} S } I ﬁfation equi pnent
and the liKke. fg%%é?gqﬁebﬁﬁgfﬁﬁ %@%g¥$a$§63#$%6§0€%i¥ﬁ€rﬁgﬁ 20 conductivity
for vibration-danmpi ng rubber has previously been proposed, in order to

di ssi pate heat generated when driving a notor (patent docunents 1 and 2).

[ 0004] R - u 1 and 2 use silicon rubber, other synthetic
rubbers,@%?ﬁéhgg?iggggé rubber materials. 25 [0005] However, silicon rubber

s d%sadr@@éﬁpeousifhéf1 %#é??ﬁéih n%H%%ng&ngEgscaEEOtV§H99ﬁ£5nﬂntOrs

stably or a long perio her synthetic rubbers such as 1

pol ymer sy g 24 ni ngy il i ngnar tRSLEKE; PRYqal SR RASE thSnd  more

particularly to a vibration-damping rubber and a motor-

fixing mount which exhibit good processability, and exhibit
improved heat dissipation properties (thermal conductivity)
10 while maintaining a low compression set even at high

temperatures.

Background Art

[0002] Motor-fixing mounts which typically comprise,
15 Dbetween a motor and a support member for supporting the
motor, a vibration-damping rubber interposed between plates,
are used in order to reduce vibrations and noise caused by
motors in office automation equipment and the like.
[0003] The use of materials with good thermal
20 conductivity for vibration-damping rubber has previously
been proposed, in order to dissipate heat generated when
driving a motor (patent documents 1 and 2).
[0004] Patent documents 1 and 2 use silicon rubber,
other synthetic rubbers, or the like as rubber materials.
25 [0005] However, silicon rubber is disadvantageous in
that it has low strength and cannot support motors stably

for a long period of time. Other synthetic rubbers such as



i

probl em of outgassing. [0006] For this reason, the use of NBR rubber, which
i's inexpensive and has relatively superior strength 5 stability, as a
rubber material that do not have above- described problens, is contenplated.
[ Patent docunent 1] JP H6-143485 A [Patent docunment 2] JP H5-168193 A 10
Di scl osure of the Invention Problens to be Solved by the Invention [0007]
However, when a generally known thermally conductive filler such as, for
exanpl e, graphite acetylene black or the Iike is blended into NBRin an

at t enpt inprove thermal . conductivit Qbl ens arjse such a
deterioréﬁ% ONern Fﬁggéoﬂﬁpgsgpgﬁr§8F Sf t e odfpdsi PP 3R gaﬁsed by an
i ncrease L Qg use, and hence the tendency for the rubber
to flattgkgbﬁggpﬁf éH£8%§§%p €, when graphite or acetylene black is 20 used
al one as rmal |y n ivye filler,, th exanpl cetyl ene
bl ack aI ﬁgbggsults ?ﬁPpgggg 6§%§§§§abl ?tgs%c§ |ve %aneifﬁ and the
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described problems, is contemplated.

[Patent document 1] JP H6-143485 A

[Patent document 2] JP H5-168193 A

10 Disclosure of the Invention

Problems to be Solved by the Invention

[0007] However, when a generally known thermally
conductive filler such as, for example, graphite, acetylene
black or the like is blended into NBR in an attempt to

15 improve thermal conductivity, problems arise such as a
deterioration 1in the compression set of the rubber
composition caused by an increase in temperature during use,
and hence the tendency for the rubber to flatten.
[0008] For example, when graphite or acetylene black is

20 used alone as a thermally conductive filler, the use of,
for example, acetylene black alone results 1in poor
processability (Comparative Example 1), and the use of
graphite alone results in poor heat dissipation properties
(Comparative Examples 2 and 3).

25 [0009] When graphite and acetylene black are wused
together, the use of, for example, graphite in a range of

10 to 120 parts by weight and acetylene black in a range of



| ess than 10 parts by wei ght does not result in sufficient heat dissipation
properties (Conparative Exanple 7); and the use of nore than 80 parts by
wei ght of acetylene black causes the hardness of the nolded article to be
excessively 5 high, or causes the noldability to deteriorate. Furthernore,

t he use of acetylene black in a range of 10 to 80 parts by weight and
graphite in a range of less than 10 parts by weight does not result in
sufficient heat dissipation properties (Conparative Exanple 8), and the use

10 of 10154 Naflad290PBaLs shY Weicallly 10l U ARMY & &l o0y Casese 1 beclar dness of

the nol ded article to be excessively hi causes the conpression set

to deterﬁ@éét%isEQ%%Qho%Q§9r8§QE€§é§bHU alr3 t3hve0 ﬂQ%@aggd-ﬂq Ms§- produce

t he vi bration-danping rubber and notor-fiXxing nount the present

inventiopne[Q9d1be! hokd 2Rafbig® bé¥E§rH§id@%ﬁHﬂ(%Etébéﬁi?%g§1g?¥ckblending
f R rubber,

C
speci fic anounts of acetylene black and graphite 1nto a

vi brati of; ds8pi fige r 4HPERe 88do 2 FRE Ofc1 LT BBt PRUBT + ¥hjghe 2XBEBE Lo g90d
processability, and exhibit 20 inproved heat dissipation properties (thernal

conductiwigy) Worle smhséainipgea | QY 49PPIEESI ONtget guearabriigh
tenperatures. [0012] Other objects of the invention will becone apparent

from t herhpt hovhoge fesks | R oBf 28e Mpodse fO1aSRI Yhng LALgET 8Bl €95+ H0013] The
above-descri bed object can be sol ved by the
80 parts by weight and graphite in a range of less than 10
parts by weight does not result in sufficient heat
dissipation properties (Comparative Example 8), and the use
10 of more than 120 parts by weight of graphite also causes
the hardness of the molded article to be excessively high,
and causes the compression set to deteriorate.
[0010] Good processability is also demanded to mass-
produce the vibration-damping rubber and motor-fixing mount
15 of the present invention.
[0011] It is an object of the invention to provide, by
blending specific amounts of acetylene black and graphite
into NBR rubber, a vibration-damping rubber and a motor-
fixing mount which exhibit good processability, and exhibit
20 improved heat dissipation properties (thermal conductivity)
while maintaining a low compression set even at high
temperatures.
[0012] Other objects of the invention will become
apparent from the following description.
25

Means for Solving the Problems

[0013] The above-described object can be solved by the



f
3 inventions set forth below. [0014] (Cdaim1l) A vibration-danping rubber
conprising a NBR 5 conposition containing 10 to 120 parts by wei ght of
graphite and 10 to 80 parts by wei ght of acetylene black per 100 parts by
wei ght of NRB rubber. [0015] (Cdaim2) 10 The vibration-danpi ng rubber
according to claim1l1, wherein the NBR conposition has a hardness of 75 or
| ess as neasured according to JI'S K6253 (using a duroneter A), has a
conpression set of 36% or |ess as neasured after an aging and heat
resi stance test at 100C for 70 hours according to 15 JI'S K6262 (using a
| ar ge testhvpheténs H88 8otan SeldP.Hz) of 0.3 or nore, and has heat
di ssi pation properties such that the neasured value of a thermal
conducti ydoy4test is 60C or nore. [0016] 20 (Claim3) A notor-fixing nount
conprising the vibration- danping rubber as defined in claim1 or 2
i nt er posédlabet Ween plates. 25 Effects of the Invention [0017] The present
i nvention provides a vibration- danping rubber and a notor-fixing nount
whi ch exhibit goodd vibration-damping rubber comprising a NBR
5 composition containing 10 to 120 parts by weight of

graphite and 10 to 80 parts by weight of acetylene black

per 100 parts by weight of NRB rubber.

[0015]

(Claim 2)

10 The vibration-damping rubber according to claim 1,
wherein the NBR composition has a hardness of 75 or less as
measured according to JIS K6253 (using a durometer A), has
a compression set of 36% or less as measured after an aging
and heat resistance test at 100°C for 70 hours according to

15 JIS K6262 (using a large test piece), has a tan & (10 Hz)
of 0.3 or more, and has heat dissipation properties such
that the measured value of a thermal conductivity test is
60°C or more.

[0016]

20 {Claim 3)

A motor-fixing mount comprising the vibration-

damping rubber as defined in <claim 1 or 2 interposed

between plates.

25 Effects of the Invention

[0017] The present invention provides a vibration-

damping rubber and a motor-fixing mount which exhibit good



4 processability (roll-processability and kneadability), and exhibit
i nproved heat dissipation properties (thermal conductivity) while
mai ntai ning a | ow conpression set even at high tenperatures, by bl ending
graphite and acetylene 5 black, which are thermally conductive fillers, into
NBR, according to a unique blending nmethod. [0018] The present invention
also allows the heat dissipation properties (the thermal conductivity) to
i nprove while maintaining a | ow conpression set, and also 10 allows the
material strength and vibration-danping performance to inprove
si mul t anpeuskysabi L et yDesenilppiroiesisablie iDrawnpskn¢HAB3] 1165y F) Gandl i s a
diagramillustrating the state in which a nount according to one enbodi nent
of the iaxkhbivon imprbiveed theast nodissippuk porbr askeper®l&s 2 (theamaloss
section of the mount of FIG 1; and 20 FIG 3 is a diagramillustrating a
nmet hod foendnetsuitpny twhelehewmaltadoddgeta Vidw . cdixpt asst omnset BeEerence
Nunmerals [0084] 25 1: Mdtor 2: Mdtor-fixing nount 3: Bracket 5

at high temperatures, by blending graphite and acetylene

5 Dblack, which are thermally conductive fillers, into NBR,
according to a unique blending method.
[0018] The present invention also allows the heat
dissipation ©properties (the thermal conductivity) to
improve while maintaining a low compression set, and also
10 allows the material strength and vibration-damping

performance to improve simultaneously.

Brief Description of the Drawings

[0083]

15 FIG. 1 is a diagram illustrating the state 1in
which a mount according to one embodiment of the invention
is fixed to a motor and a bracket;

FIG. 2 is a cross section of the mount of FIG. 1;
and

20 FIG. 3 is a diagram illustrating a method for

measuring the thermal conductivity.

Explanation of Reference Numerals

[0084]
25 1: Motor
2: Motor-fixing mount

3: Bracket
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4: Vibration-danping rubber 5: Plates 5a: Screw holes 6: Actuating shaft 5
7: Through-hole 20: Hot plate 21: Hot plate apparatus 22: Large test piece
23: Thernocoupl e 10 Best Mdde for Carrying Qut the Invention [0019]
Enbodi nents of the present invention will be described below [0020] The
NBR conposition for use in the invention 15 contains 10 to 120 parts by
wei ght of graphite and 10 to 80 parts by weight of acetyl ene bl ack as
thermally conductive fillers per 100 parts by wei ght of NBR rubber. [0021]
To provide gopdafphdalihhbt¥g Egbbeprocessablllty, and the |ike, the NBR
rubber preferably has a mninum 20 Money viscosity of 60 Mor |ess as
measur edsgi. npagMegney scorch test (at 125C, a preheating tine of 1 mnute, an
L rotor) in accordance with JI'S K6300. [0022] The NBR rubber for use in the
i nventi opaksscebiyahpabke as a comercially avail abl e product, and Ni pol 25
DN3350 manuf actured by Zeon Corporation can be nentioned as such a
comer ci gkl xcavatlbabl ehpreduct. [0023] The graphite preferably has an
average particle

5 7: Through-hole

20: Hot plate
21: Hot plate apparatus
22: Large test piece
23: Thermocouple

10

Best Mode for Carrying Out the Invention

[0019] Embodiments of the present invention will be

described below.

[0020] The NBR composition for use in the invention
15 contains 10 to 120 parts by weight of graphite and 10 to 80

parts by weight of acetylene black as thermally conductive

fillers per 100 parts by weight of NBR rubber.

[0021] To provide good moldability, roll-processability,

and the 1like, the NBR rubber preferably has a minimum
20 Mooney viscosity of 60 M or less as measured in a Mooney

scorch test (at 125°C, a preheating time of 1 minute, an L

rotor) in accordance with JIS K6300.

[0022] The NBR rubber for use 1in the invention is

obtainable as a commercially available product, and Nipol
25 DN3350 manufactured by Zeon Corporation can be mentioned as

such a commercially available product.

[0023] The graphite preferably has an average particle



6 size of 20 mor |ess. The average particle size herein is neasured
according to the centrifugal sedinentation nethod. An average particle size
of 20 pmor less is preferable because the graphite can be charged into
rubber in a high 5 proportion. Mre preferably, the graphite has an average
particle size of 5 to 15 pm [0024] In the invention, two or nore graphites
with different average particle dianeters may al so be used. [0025] The
graphite for use in the invention is 10 obtai nable as a conmercially

avai | abl gipeoddcbpy amndorexanpl.esTré suebagenprieialbysayai habkenpreducts
include "Gaphite A-0", "Graphite G6S", and "G aphite CPS-3S",

manuf act needubygdChvebsdiGyapbi taeVWoeks r&dugalt dediare thbiie onl iMkehot [ 0026]
The amount of graphite blended into 100 parts by weight of NBR rubber is
from 10 Ra BEG:mayd spbytiweightsizepref epablpym f oomlad s 0i 4 0@ rpdetrabhy wei ght ,
and nore preferably from50 to 80 parts by weight. If the amount of

gr aphi t ebesaliess thieargrEplpdrd scdoy bei ghtrgedf findicemtuldieat 20 di sdigpat i on
properties will not be obtained, whereas if the anount exceeds 120 parts by
wei ghi, phepbakdress Mifre hprefiekdedyar tihel egnaphibe dvasessn velvgraiggh, and
the conpression set wll also deteriorate. [0027] Acetylene black with an
aver age particlle siize of 5250505npmer | ess is preferably used. The average

particle size is neasured according to the dynamc |ight scattering
[0024] In the invention, two or more graphites with

different average particle diameters may also be used.
[0025] The graphite for wuse in the invention 1is

10 obtainable as a commercially available product, and
examples of such commercially available products include
"Graphite A-0", "Graphite G-6S", and "Graphite CPS-3S",
manufactured by Chuetsu Graphite Works Co., Ltd., and the
like.

15 [0026] The amount of graphite blended into 100 parts by
weight of NBR rubber is from 10 to 120 parts by weight,
preferably from 30 to 100 parts by weight, and more
preferably from 50 to 80 parts by weight. If the amount of
graphite is less than 10 parts by weight, sufficient heat

20 dissipation properties will not be obtained, whereas if the
amount exceeds 120 parts by weight, the hardness of the
molded article will be excessively high, and the
compression set will also deteriorate.

[0027] Acetylene black with an average particle size of

25 50 nm or less is preferably used. The average particle
size is measured according to the dynamic light scattering

method. An average particle size of 50 nm or less 1is



met hod. An average particle size of 50 nmor less is 7 11 preferable
because the acetyl ene black can be charged into rubber in a high
proportion. [0028] The acetylene black for use in the invention is

obtai nable as a commercially avail able product, and for 5 exanple, "Denka
Bl ack” manufactured by Denki Kagaku Kogyo can be nentioned as such a
commercially avail abl e product. [0029] The anount of acetyl ene bl ack

bl ended into 100 parts by weight of NBR rubber is from10 to 80 parts by

wei ght, preferably beesuz6 tae5Qdeakiienky BRI icaranse nBherqgd@ pheberably
from30 to 40 parts by weight. [0030] If the amount of acetylene black is

| ess t hanuBBerparits bhyghepgbborthenheat di ssipation properties will be
poor, whereas if the anmobunt exceeds 80 parts by weight, the hardness wl|
be exces§0028Yy hi gihe andepybbhenblwictkh ffat | udd phoagssabhvértityi snuchsas
floating of the rubber froma roll mll during manufacturing wll occur,
and probdensimabhe rasghber domesiabidily wiviklilabde opcroducfP03id | fiorhe
invention, the use of acetylene black, in particular, anong carbon bl acks
enabloes @xghpheat "D20kdi Hligzt'l onapudpettred by BeErdchi kagaku akdggnabl es t he
conpression set to be inproved. [0032] The conposition of the invention may
conpri sesamsbe neededoned hag soapoacposmenchahsyvarablsbtei pfodurhg agents,

antioxidants, fillers, cross-linking agents, cross-Ilinking
[0029] The amount of acetylene black blended into 100

parts by weight of NBR rubber is from 10 to 80 parts by
weight, preferably from 20 to 50 parts by weight, and more
10 preferably from 30 to 40 parts by weight.
[0030] If the amount of acetylene black is less than 10
parts by weight, the heat dissipation properties will be
poor, whereas if the amount exceeds 80 parts by weight, the
hardness will be excessively high, and problems with roll-
15 processability such as floating of the rubber from a roll
mill during manufacturing will occur, and problems with
rubber kneadability will also occur.
[0031] In the invention, the use of acetylene black, in
particular, among carbon Dblacks enables high heat
20 dissipation properties to be achieved, and enables the
compression set to be improved.
[0032] The composition of the invention may comprise, as
needed, other components such as various reinforcing agents,
antioxidants, fillers, cross-linking agents, cross-linking
25 accelerators, and the 1like within a range such that the
effects of the invention are not impaired.

[0033] Examples of cross-linking agents include sulfur,



25 accelerators, and the like within a range such that the effects of the
i nvention are not inpaired. [0033] Exanples of cross-linking agents include
sul fur, 8 organic sul fur-containing conpounds, oxinmes and |like organic
cross-1linking agents (for exanple, quinone dioxide conpound), organic

per oxi des, netal oxides, organic nmultivalent am ne conpounds, nodified
phenolic resins, and 5 the |ike. [0034] These cross-linking agents are
preferably used in a range of about 0.2 to about 10 parts by wei ght, and

nore prefeyahly a@@PfuP~§oﬁ@a§@PH& 8 ek, wei ghime Per 2400 pard s by
wei ght of rubber. 10 [0035] Exanpleés of sul fur include powder sulfur,

preci pi t dfrefhrsi faos£Oldt O sedihvs, (apd bhambilke. d@ﬁﬁﬂ@fﬁidﬂldgganlc
sul f ur - cont’ai ni ng conpounds i ncl ude tetranethy thluran1 di sul fide, sel enium

di met hyl didrfpasanhanabegaand t heetdkededs [ @361 Exappes, of or@anic
per oxi des include dicunmyl peroxide, di-tert-butyl peroxide,
2, 5- di nrettwlt-i2,8-edit- drigtd - boydbpedoxynbaxdned baraoyhcpereaxinds, andyl
peroxide, 1,3-di(tert-butyl peroxy)isopropyl benzene, 2,5-dinmethyl-2,5- di
(tert5butthd Adrkexy) hexane, mtol uoyl peroxi de, dipropionyl 20 peroxide, and
the Iike. [0037] Exanples of netal oxides include zinc white, nmagnesium
oxi de, anda3d | i k&hes@03]]oslsn 1timek iiny exstendrs, awaer ipoesf eackdi ity wesse s uich as, for
a range of about 0.2 to about 10 parts by weight, and more
preferably about 0.5 to about 8 parts by weight, per 100
parts by weight of rubber.

10 [0035] Examples of sulfur include powder sulfur,
precipitated sulfur, colloidal sulfur, and the like.

Examples of organic sulfur-containing compounds include
tetramethylthiuram, disulfide, selenium
dimethyldithiocarbamate, and the like.

15 [0036] Examples of organic peroxides include dicumyl
peroxide, di-tert-butyl peroxide, 2,5-dimethyl-2, 5-di-~
(tert-butylperoxy)hexane, benzoyl peroxide, cumyl peroxide,
1,3-di(tert-butylperoxy) isopropylbenzene, 2,5-dimethyl-2, 5-

di (tert-butylperoxy)hexane, m-toluoylperoxide, dipropionyl

20 peroxide, and the like.

[0037] Examples of metal oxides include =zinc white,
magnesium oxide, and the like.

[0038] In the invention, various additives such as, for
example, stabilizers, tackifiers, release agents, pigments,

25 flame retardants, lubricants, and the 1like can also be

added. A small amount of a thermoplastic resin or a rubber

can also be added to improve the wear resistance,



exanpl e, stabilizers, tackifiers, rel ease agents, pignents, 25 flane
retardants, lubricants, and the |like can al so be added. A small anount of a
thernoplastic resin or a rubber can also be added to inprove the wear
resistance, 9 noldability, and the |ike. Mreover, short fibers and the
| i ke can al so be added in a range such that the effects of the invention
are not inpaired, to inprove the strength and stiffness. 5 [0039] The NBR
conposition for use in the invention can be nmanufactured by nelt-kneadi ng,
for examploddaidid ialygvesndretité ohekle conponentsy, ushagt afhibatisngnkinedder such
as, for exanple, a single screw extruder, a twin screw extruder, a rol
mll, a Baksuropamialerq ke bxcdemden, aarkneadenchathiaghthe sifdacts xef, or the
l'ike, and then by adding a cross- linking agent, a cross-linking aid, and
the |ike tthe ninventhese axec esdariynpegmsshenttcs igipndvearidsusitrengt meind kneadi ng
them [0040] Mol ding (vulcanization) is perforned according to 15 a known
met hod by tHddtias§-at about 150 to about 200C for about 3 to about 60
m nutes, using, for exanple, an injection nolding nmachine, a conpression
nol di g MdOFiHe, aTheuNEEni AR, Pirldd &R tBee| iRethand nvienticgessdy y,
secondar%ffross-linking is alsqg perforned by heating at 20 about 150 to
about 256€ fANERRRUECY oPRLBGL LZANREEE 9, [T 1$XAHP &Rambhe FOQIRs
vi brati on- danpi ng. rubber of the resent invention and an exanple of a
nDtor-fiQQHfﬂaﬂﬁa components, usf%g a heatyng kneager such Jg3 for
example, a single screw extruder, a twin screw extruder, a
roll mill, a Banbury mixer, a brabender, a kneader, a high-
10 shear mixer, or the 1like, and then by adding a cross-
linking agent, a cross-linking aid, and the 1like to mix
these necessary components simultaneously and melt-kneading
them.
[0040] Molding {(vulcanization) is performed according to
15 a known method by heating at about 150 to about 200°C for
about 3 to about 60 minutes, wusing, for example, an
injection molding machine, a compression molding machine, a
vulcanizing ©press, or the 1like, and, if necessary,
secondary cross-linking 1is also performed by heating at
20 about 150 to about 250°C for about 1 to about 24 hours.
[0041] An example of the vibration-damping rubber of the
present invention and an example of a motor-fixing mount
using the rubber are explained with reference to the
drawings.
25 [0042] FIG. 1 is a cross section illustrating the state

in which a motor-fixing mount according to the invention is

fixed to a motor and a bracket; and FIG. 2 is a cross

10



using the rubber are explained with reference to the draw ngs. 25 [0042]

FIG 1 is a cross section illustrating the state in which a notor-fixing
nount according to the inventionis fixed to a notor and a bracket; and
FIG 2 is a cross 10 section illustrating the notor-fixing mount 2 of FIG

1. [0043] As illustrated in FIG 1, the notor 1 is supported by the
bracket 3, which is a support nenber, via the nmotor-fixing nount 2. 5

[ 0044] Reference nuneral 4 denotes a vibration-danping rubber, which is
made fr ormedie cab dMd-ubersert ied HHRR madmrpdSiiinan . mothid € tdfe Ridor at. on- danpi ng
rubber 4 may al so contain other conponents, it is preferably obtained using
t he above-Uesdri be@sNBR ldorgiosittdcdon ias iFIG6s. The tubbemoi@rmayl beisonposed
of a single layer or a plurality of |ayers. [0045] Reference nuneral 5
denot es plusres taturhyr dihSdraeket es, sehtahhokes, smppordl rembenot esian
actuating shaft, and nuneral 7 denotes a through-hole. [0046] The NBR
conposi t i st Qs i nchéquikerty on has 15 a hardness of 75 or less as
measured according to JIS K6253 (using a duroneter A), and therefore can
easi |y pridiifdd a Reiferanceci eureralisd fdenetrdr at i o g panmbised or for
use in a mptor-fixing nmount. [0047] Mreover, the NBR conpgsition for use in

the 20 if Lron WAkCR cofpr 88SiFon SA™ of tBB% GPOVEsSess TARESur MBR after an

agi ng and heat .resista test at ,100C.for 70 .
ging comp051€30n. %%?le t%e vibration-damping rubber 4 may also

contain other components, it is preferably obtained using
the above-described NBR composition as it is. The rubber
10 may be composed of a single layer or a plurality of layers.
[0045] Reference numeral 5 denotes plates, numeral 5a
denotes screw holes, numeral 6 denotes an actuating shaft,
and numeral 7 denotes a through-hole.
[0046] The NBR composition for use in the invention has
15 a hardness of 75 or less as measured according to JIS K6253
(using a durometer A), and therefore can easily produce a
thin article for use as a vibration-damping rubber or for
use in a motor-fixing mount.
[0047] Moreover, the NBR composition for wuse 1in the
20 invention has a compression set of 36% or less as measured
after an aging and heat resistance test at 100°C for 70
hours according to JIS K6262 (using a large test piece),
and therefore is unlikely to flatten.
[(0048] In addition, the NRB composition for use in the
25 invention has a tan & (10 Hz) of 0.3 or more, and therefore
exhibits excellent vibration-damping performance.

Furthermore, the NBR composition has a measured value of a

11



hours according to JI'S K6262 (using a large test piece), and therefore is
unlikely to flatten. [0048] In addition, the NRB conposition for use in the
25 invention has a tan S (10 Hz) of 0.3 or nore, and therefore exhibits
excel l ent vi bration-danpi ng perfornmance. Furthernore, the NBR conposition
has a nmeasured value of a 11 thermal conductivity test of 60C or nore, and
therefore also exhibits excellent heat dissipation properties. [0049] The
NBR conposition with these properties contains 10 to 120 parts by wei ght of
graphi t e tardmbQ tOo8@ucbipatys thytwaighboed agetpndene Bhackrasdigramal |y
conductive fillers per 100 parts by weight of NBR rubber, and accordingly,
even thouglsd texhs Hiltendsdatilidntt hedtherimilpat icongueidete ifdd .l ers, it

exhi bits good processability (roll- processability and kneadability),

exhi bi t s [i0f@rdved Meet 19BRI ssigatdsit jpropentit@ds whihé e maipdadartigsaa | ow
conpression set w thout causing the rubber to flatten even during use at
hi gh t enuerdtaimes,10ard 2 lpars s myr oweddyhiatodT igdaplsittreeregtch lahdto 80

vi br ati on- danpi ng performance sinultaneously. [0050] The notor-fixing nount
of the i peerits dry iveidlslo A6 saphbplenef bérhkbiatsi degoed heatordiwdiipa i on
properties while supporting a notor stably for a long period of tine, even
when usediildexrspogian od tlo Weirdts héat iweishyt i ofl aNBR appiibest. 2MdEXAMPLES

[0051] The present invention will be described bel ow
accordingly, even though it 1is blended with the thermally

conductive fillers, it exhibits good processability (roll-
processability and kneadability), exhibits improved heat
10 dissipation properties while maintaining a low compression
set without causing the rubber to flatten even during use
at high temperatures, and exhibits improved material
strength and vibration-damping performance simultaneously.
[0050] The motor-fixing mount of the invention is also
15 capable of exhibiting good heat dissipation properties
while supporting a motor stably for a long period of time,
even when used in a position to which heat is particularly

applied.

20 EXAMPLES
[0051] The present invention will be described below
with reference to Examples; however, the invention is not
limited by these Examples.
[0052]

25 Example 1
<Blending Components and Amounts Thereof>

Polymer:

12
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with reference to Exanpl es; however, the invention is not |imted by these
Exanpl es. [0052] 25 Exanple 1 <Bl ending Conponents and Anounts Ther eof >
Pol ynmer: 12 NBR rubber (N pol DN3350, manufactured by N ppon Zeon; anount
of bonded AN: 33% M. central value: 50) 100 parts by wei ght Reinforcing
agents: 5 Precipitated silica (N psil VN3, manufactured by Tosoh Silica
Corporation) 14 parts by weight Gaphite (particle size: 5 m (Gaphite
A-0, nmanufactured by Ni chiden Carbon Co.) . 35 parts by weight Gaphite
(particle size: 10 m (Gaphite G 65, 10 manufactured by Chuetsu G aphite
Works Co., Ltd.) BBR pawiberhy(Niedaght D229l emenbfackuf®dnka Bliggon
particles, manufactured by Denki Kagaku Kogyo) 35 parts by weight

Cross-| i BlEORg 28Iy a®br banded 41:7i Hied mhilbe cenitratl cTakxe Zi hé) oxi-de,
manuf actured by Sakai Chemi cal Industry) 5 parts by weight Stearic acid
(Stearic 188 ®2FSE, byameidbitured by Myoshi G| & Fat) 1 part by wei ght

AntlOX|d%gﬁifor%gngwgge%%é%,4-tr|nethyl-l,z-dlhydrqu|noI|ne

5 Precipitated silica (Nipsil VN3, manufactured by
Tosoh Silica Corporation) -+ 14 parts by weight
Graphite (particle size: 5 pm) (Graphite A-0,
manufactured by Nichiden Carbon Co.) -+ 35 parts by weight
Graphite (particle size: 10 pm) (Graphite G-65,
10 manufactured by Chuetsu Graphite Works Co., Ltd.) - 35
parts by weight
Acetylene black (Denka Black particles,
manufactured by Denki Kagaku Kogyo) -+ 35 parts by weight
Cross-1linking accelerator aids:
15 Zinc white (first-class zinc oxide, manufactured
by Sakai Chemical Industry) -+ 5 parts by weight

Stearic acid (Stearic acid TST, manufactured by

Miyoshi 0il & Fat) - 1 part by weight
Antioxidants:

20 TMDQ (2,2,4-trimethyl-1,2-dihydroquinoline
polymer) (NONFLEX RD, manufactured by Seiko Chemical) - 2

parts by weight
IPPD (N-isopropyl-N'-phenyl-p-phenylenediamine)
(Antage 3C, manufactured by Kawaguchi Chemical Industry)
25 2 parts by weight
Processing aid:

A wax (Suntight R, manufactured by Seiko

13



pol ymer) (NONFLEX RD, manufactured by Sei ko Chemcal) 2 parts by weight

| PPD (N-isopropyl -N -phenyl - p- phenyl enedi am ne) (Antage 3C, manufactured by
Kawaguchi Cheni cal | ndustry) 25 2 parts by weight Processing aid: A wax
(Suntight R, manufactured by Seiko 13 Chemical) 1.5 parts by wei ght

Pl asticizers: A kylsulfonic acid phenylester (Mesanoll, manufactured by
LANXESS) 15 parts by weight 5 Liquid nitrile rubber (NBR) (N pol 1312,
manuf actured by N ppon Zeon) ... 30 parts by weight Cross-linking agent:
Sul fur (eBEMéfdal sullf-or pagisubactweiettby Tsurumi  Chemical Industry) 1
part by weight 10 Cross-linking accelerators: TMIM (tetramet hylthi uram
nonosul f PUBFCEAEERFSTS, manufactured by Kawaguchi Chemical Industry) 1.65
parts by wei ght MBTS (di benzothiazyl disulfide) (Nocceler DM 15
manuf act ured by OuehkYSRrhkenEheni 14 ndudherylester  pdMesappliei ght

[0053] Al of the ahove-|ist aw material s except for the cross-1inking
agent anHaBngggPFﬁaiﬁﬁ ﬁégéﬁgﬁgt6TgEMéP§tskP§a&@ngﬁ a kneader to prepare a

nastqg batch at a Liquid nitrile rubber (NBR) (Nipol 1312,
manufactured by Nippon Zeon) .- 30 parts by weight
Cross-linking agent:

Sulfur (colloidal sulfur, manufactured by Tsurumi
Chemical Industry) -« 1 part by weight
10 Cross-linking accelerators:

TMTM (tetramethylthiuram monosulfide) (Accel TS,

manufactured by Kawaguchi Chemical Industry) - 1.65 parts

by weight
MBTS (dibenzothiazyl disulfide) (Nocceler DM,
15 manufactured by Ouchi Shinko Chemical industrial) -« 2.2

parts by weight
[0053] All of the above-listed raw materials except for
the cross-linking agent and cross-linking accelerators were
kneaded in a kneader to prepare a master batch at a
20 discharge temperature of 100°C, and then the cross-linking
agent and cross-linking accelerators were added to the
master batch during kneading in a roll mill, thereby
preparing a target rubber composition. The resulting
rubber composition was press-~cured at a curing temperature
25 of 180°C for 6 minutes, thereby yielding a test sample.
[0054]

<Evaluation Method>

14



20 di scharge tenperature of 100C, and then the cross-linking agent and
cross-linking accelerators were added to the master batch during kneadi ng
inaroll mll, thereby preparing a target rubber conposition. The
resulting rubber conposition was press-cured at a curing tenperature 25 of
180C for 6 mnutes, thereby yielding a test sanple. [0054] <Eval uation

Met hod> 14 1. Processability Kneadability in a kneader and

rol | -processability were evaluated. [0055] Good kneadability in a kneader
was eval dat éFogessmbidityand poor kneadability in a kneader was eval uated as
"B". Very good roll-processability was evaluated as "A", appropriate
(practical Iy not pKOBPERRLILA)Ypracéskalsiadery anghs Svialaaf P IEtyY and very
poor roll-processability, which caused significant floating, tack, and the
li ke, wa¥Sr§ &ValHat&d-as "C'. The notation "(Floating)" indicates that

[hoating glogule (ubber, fhomatallo Ll s elanflsant . ond, Lhe notat fon
significant. [0056 o 15 2.ea églyt§corch Test s T%§ts were perfornmed in _
accor%anc i t3 Ié RE306 %b 4 tddt 1inPerdtandE oqu_%SavaEél? §% 95 eheat i ng
time of "%"mrwggya%%o%né@ffE5¥0c§g§56{TH{9n%g%méﬁ%ﬁﬁakégSggshﬁyﬁ
appropriate (practically not problematic) processability
was evaluated as "B", and very poor roll-processability,
which caused significant floating, tack, and the like, was
10 evaluated as "C". The notation " (Floating)" indicates that
flcating of the rubber from a recll mill was significant,
and the notation " (tack)" indicates that the adhesion of
the rubber to the roll mill was significant.
[0056]
15 2. Mooney Scorch Tests
Tests were performed in accordance with JIS K6300
at a test temperature of 125°C, using a preheating time of
1 minute and an L rotor, and the minimum Mooney viscosity
Vm and the scorch times t5, t35 were determined.
20 [0057]
3. Tensile Test and Hardness Test
Tensile tests were performed in accordance with
JIS K6251, and hardness test were performed in accordance
with JIS K6253.
25 [0058]
4. Compression Set Test

Compression set was measured after an aging and

15
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Vm and the scorch tinmes t5, t35 were determ ned. 20 [0057] 3. Tensile Test
and Hardness Test Tensile tests were performed in accordance with JI'S
K6251, and hardness test were performed in accordance wth JI'S K6253. 25
[ 0058] 4. Conpression Set Test Conpression set was neasured after an aging
and 15 heat resistance test at 100C for 70 hours in accordance wth JIS
K6262, using a |arge test piece. [0059] 5. Dynam c Viscoelasticity
Measurenent 5 Dynam ¢ viscoelasticity was neasured using a viscoelasticity
spect r ongtet ateanstantealtestr aath 000I0%oa 7o eqoensy iof ddc-dizdarecelynam ¢
strain of 7% and a tenperature of 25C. [0060] 10 6. Heat Di ssipation Test
The net hod frord ke HGA P hermting ssilgatdeortegir gpierdd .es i s expl ained with
reference to FIG 3. [0061] A large test piece 22 was allowed to stand on a
hot platelCdPHt 80C (a hot plate apparatus 21: a rotorless 15 Money
vi sconeter RLM 1, manufactured by Toyo Sei ki Seisaku-sho, LTD.), and the
t enper at ut-e RMAHE ofsicalsst 1 pdly Mepunemadited after 1 hour was measured
using_a
g5 Dynamic viscoelasticity was measured using a
viscoelasticity spectrometer at an initial strain of 10%, a
frequency of 10 Hz, a dynamic strain of 7%, and a
temperature of 25°C.
[0060]
10 6. Heat Dissipation Test
The method for testing heat dissipation
properties is explained with reference to FIG. 3.
[0061] A large test piece 22 was allowed to stand on a
hot plate 20 at 80°C (a hot plate apparatus 21: a rotorless
15 Mooney viscometer RLM-1, manufactured by Toyo Seiki
Seisaku-sho, LTD.), and the temperature of the compressed
ball that reached after 1 hour was measured using a
thermocouple 23 (a multi-input data collection system,
manufactured by KEYENCE) installed above the compressed
20 ball. In actual measurement, the temperature of the rubber
becomes constant after about 30 minutes, so the average of
the temperatures of the rubber from 30 minutes to 1 hour
after the beginning of the measurement was determined as
the temperature of the rubber after 1 hour. The ambient
25 temperature and the temperature of the hot plate were also

measured simultaneously to correct the rubber temperature.

[0062] Assuming that A is the rubber temperature, B is

16
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t hernocouple 23 (a nulti-input data collection system nmanufactured by
KEYENCE) install ed above the conpressed 20 ball. In actual neasurenent, the
tenperature of the rubber becones constant after about 30 m nutes, so the
average of the tenperatures of the rubber from30 mnutes to 1 hour after
t he begi nning of the neasurenent was determned as the tenperature of the
rubber after 1 hour. The anbient 25 tenperature and the tenperature of the
hot plate were also nmeasured simultaneously to correct the rubber
tenperature. [0062] Assuming that Ais the rubber tenperature, Bis 16 the
measur edthet mglatgedernper apliree GAUpEraturte Apds\W eds ahbi ewesueeger at ure,
the corrected rubber tenperature was determ ned according to the equation:
correcteémpaﬁﬁértqmﬂﬂﬁﬁﬁﬂﬁﬁwaEh@wGQGIBFIFQ Frdfge bemPeRtteeRpEREt ure of

5 all the measurenents). [0063] Exanple 2 A rubber sanple was prepared in
the sanedRERABLNEYS Eiﬁﬁﬁ@éni @RcéBFB U2 10t 'e a F OB E5iSely Eég Re&f the 10

graphites A-0 and G 6S, arts ht of onl raphite G 6S re added,
i ?s@aﬁfﬁﬁarsam B s LedFRe conbhat

and the orf TRGALYF62F Exanpl e
3 15 |l e was prepared in the same manner as Exanple 1, except
Chat 5 | nd00adnBr TEQFHACEERRor ¢ he

f0063]

Example 2

A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
10 graphites A-0 and G-6S, 70 parts by weight of only graphite
G-6S were added, and the resulting sample was subjected to
evaluation tests.
[0064]
Example 3
15 A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
graphites A-0 and G-6S, 70 parts by weight of only graphite
G-6S were added, and 65 parts by weight of acetylene black
were added, and the resulting sample was subjected to
20 evaluation tests.
[0065]
Example 4
A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
25 graphites A-0 and G-6S, 105 parts by weight of only

graphite G-6S were added, and the resulting sample was

17



graphites A-0 and G 6S, 70 parts by weight of only graphite G 6S were
added, and 65 parts by weight of acetylene black were added, and the
resulting sanple was subjected to 20 evaluation tests. [0065] Exanple 4 A
rubber sanple was prepared in the sane manner as Exanple 1, except that,

i nstead of using both of the 25 graphites A-0 and G 6S, 105 parts by wei ght
of only graphite G 6S were added, and the resulting sanple was 17 subjected
to evaluation tests. [0066] Conparative Exanple 1 A rubber sanple was
prepar ed SWpldrdeshie earmierati®ragedtawl e 1, except that graphite was not
used, and 105 parts by weight of acetylene bl ack were added, and the

resul ti nd ®4fJl e was subjected to eval uation tests. [0067] Conparative
Exanple 2 10 A rubber_sanple was prepared in the sanme manner as Exanple 1,
except t PGS E] BBrRMRiShd both of the graphites A-0 and G 6S, 105 parts

by wei ght of only _gr a‘ﬁgoite A-0 i:gre added, and, acet H}ene bl ack was not
used, and the resdl tiHPFanprEL is YEGhPFEREF 9% BV aFi&t iSGRS fder 15

[0068% C%@mﬁ§%$gféEféngf%é%t that graphite was not used, and 105
parts by weight of acetylene black were added, and the
resulting sample was subjected to evaluation tests.

[0067]
Comparative Example 2
10 A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
graphites A-0 and G-6S, 105 parts by weight of only
graphite A-0 were added, and acetylene black was not used,
and the resulting sample was subjected to evaluation tests.
15 [0068]
Comparative Example 3
A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
graphites A-0 and G-6S, 105 parts by weight of only
20 graphite G-6S were added, and acetylene black was not used,
and the resulting sample was subjected to evaluation tests.
[0069]
Comparative Example 4
A rubber sample was prepared in the same manner
25 as Example 1, except that graphite and acetylene black were
not used, and 105 parts by weight of carbon black (ShoBlack

N330, manufactured by Cabot Japan) were added, and the

18
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A rubber sanple was prepared in the same manner as Exanple 1, except that,
i nstead of using both of the graphites A-0 and G 6S, 105 parts by wei ght of
only 20 graphite G 6S were added, and acetyl ene bl ack was not used, and the
resulting sanple was subjected to evaluation tests. [0069] Conparative
Exanpl e 4 A rubber sanple was prepared in the sane manner 25 as Exanple 1,
except that graphite and acetyl ene black were not used, and 105 parts by
wei ght of carbon bl ack (ShoBlack N330, manufactured by Cabot Japan) were
added, and the 18 resulting sanmple was subjected to evaluation tests.
[0070] CERSHALNGe SEXRAS @as ﬁulbal?%ﬁdsél?pleé’a\ﬂoa@tﬂpé]pééﬁéﬁﬁ ‘-n the same nanner
5 as ExarSI% O\J,IE,‘ except that graphite and acetyl ene bl ack were not used, and
105 part 19§ ight of magnesi um oxi de (PYROKI SUVA 5301, nanufactured by
Ky wa Chﬁm cal ndusLEerf%}l were added, and the resulting sanple was subjected
eval U6 At édfs PL607P1] Conparative Exanple 6 A rubber sanple was

d th I t. that hi t d
BiZE?L?t ated 9111l Rﬁ%”ﬂo%erﬁoﬁamﬁ%a%ﬁp§§@%§%ﬁpsﬂby%@gra Softafdtifesi um

oxi deg 15 J(PYRAKLTIMA 530 e ranylactyred sy Kyoma e edl Jhndystione
not wused, and 105 parts by weight of magnesium oxide
(PYROKISUMA 5301, manufactured by Kyowa Chemical Industry)
were added, and the resulting sample was subjected to
evaluation tests.
10 [0071]
Comparative Example 6
A rubber sample was prepared in the same manner
as Example 1, except that graphite and precipitated silica
were not used, and 350 parts by weight of magnesium oxide
15 (PYROKISUMA 5301, manufactured by Kyowa Chemical Industry)
were added, and the resulting sample was subjected to
evaluation tests.
[0072]
Comparative Example 7
20 A rubber sample was prepared in the same manner
as Example 1, except that, instead of using both of the
graphites A-0 and G-6S, 70 parts by weight of only graphite
G-6S were added, and 5 parts by weight of acetylene black
were added, and the resulting sample was subjected to
25 evaluation tests.
[0073]

Comparative Example 8
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wer e added, and the resulting sanple was subjected to evaluation tests.
[0072] Conparative Exanple 7 20 A rubber sanple was prepared in the sane
manner as Exanple 1, except that, instead of using both of the graphites
A-0 and G 6S, 70 parts by weight of only graphite G 6S were added, and 5
parts by weight of acetylene black were added, and the resulting sanple was
subjected to 25 evaluation tests. [0073] Conparative Exanple 8 19 11 A
rubber sanple was prepared in the same manner as Exanple 1, except that,

i nstead of using bat hrubbetrhesamgrlaphvéesphePaard GroS;hé pames maynnwad ght  of
only graphite G 6S were added, and 35 parts by weight of acetylene black 5
wer e added, Exminpile teswxkdapy stnpte wastsalbj ect edstiog énciluadforthieest s.
[0074] Table 1 shows the formul ati on and evaluation results of each of the
rubber sawplPbistes #hé Brah«S amd POohpapht veegEkanpl eslyl@repbisle [ Tabl e

1] 20 Wvi nr a _ MM-~o r
G-6S were added, and 35 parts by weight of acetylene black

5 were added, and the resulting sample was subjected to
evaluation tests.
[0074] Table 1 shows the formulation and evaluation
results of each of the rubber samples of the Examples and
Comparative Examples.

10 [0075]

[Table 1]
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<Evaluation>

A preferable value for each evaluation test is as
follows.

2. Mooney viscosity: 60 M or less

3. Hardness: 75 or less

4. Compression set: 36% or less

5. Dynamic viscoelasticity tan 8: 0.3 or more

6. Heat dissipation properties: 60°C or more
[0077] It is seen from Table 1 that the rubber samples
of Examples 1, 2, 3, and 4 had preferable values in terms
of heat dissipation properties, as well as other physical
properties and processability.
[0078] The rubber sample of Comparative Example 1 showed
increases in rubber hardness and Mooney viscosity, and also
showed a deterioration in processability.
[0079] The rubber samples of Comparative Examples 2, 3,
7, and 8 had heat dissipation properties slightly below the
expected value.
[0080] The rubber sample of Comparative Example 4 had
heat dissipation properties considerably below the expected
value.
[0081] The rubber sample of Comparative Example 5 had a
significant deterioration in compression set, and did not
also show an improvement in heat dissipation properties.
[0082] The rubber sample of Comparative Example 6

exhibited very good heat dissipation properties, but had

22
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[0076] <Evaluation> A preferable value for each evaluation test is as
follows. 5 2. Mooney viscosity: 60 Mor less 3. Hardness: 75 or |ess 4.
Conpression set: 36%or less 5. Dynam c viscoelasticity tan 6: 0.3 or nore
6. Heat dissipation properties: 60C or nore 10 [0077] It is seen from Tabl e
1 that the rubber sanples of Exanples 1, 2, 3, and 4 had preferable val ues
I n termgy; of; Agaty dirsSiPatd L gggerﬂd@%on@&éfﬂﬂo@ss@é,hegmpwva@é_
properties and processability. [0078] The rubber sanple of Conparative
Exanpl e detsdvomtht iknd NGl easesyd iddiephayidnes o Mgy viscosity, and
al so showed a deterioration in processability. [0079] The rubber sanples of
Conparative Exanples 2, 3, 7, and 8 had heat dissipation properties
slightly below the expected value. 20 [0080] The rubber sanple of
Conparative Exanple 4 had heat dissipation properties considerably bel ow

t he expected val ue.
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[ 0081] The rubber sanple of Conparative Exanple 5 had a significant
deterioration in conpression set, and did not 25 also show an i nprovenent
in heat dissipation properties. [0082] The rubber sanple of Conparative
Exanple 6 exhibited very good heat dissipation properties, but had 22
difficulty in maintaining a | ow conpression set, and showed deteriorations
in the values of physical properties. 23 CLAIMS 1. A vibration-danping
rubber conprising a NBR conposition containing 10 to 120 parts by wei ght of
5 graphite and 10 to 80 parts by wecghtMef acetyl ene black per 100 parts by
wei ght of NRB rubber. 2. The vibration-danpi ng rubber according to claima1,
wherein the NBR conposition has a hardness of 75 or less as 10 neasured
according to JI'S K6253 (using a duroneter A), has a conpression set of 36%
or |less ds neasured aftidrrai ayidanpiamgl heabbersi spapcéstiegt @ INBKC for 70
hours according to JIS K6262 (using a large test piece), has a tan 8 (10
Hz) of GIpasitoie amhtes it 1 sdipatidh papertiss stedghts tdfat t he
measured val ue of a thermal conductivity test is 60C or nore. 3. A

mot or Of i XJBRPHgt 2RBPPi icngB heaytbr & oreldhpPhg acshivdenss kief¢hed in

claim1 or 2 interposed 20,betmeentflates. 24
per 100 parts by weight of NRB rubber.

2. The vibration-damping rubber according to claim 1,
wherein the NBR composition has a hardness of 75 or less as
10 measured according to JIS K6253 (using a durometer A), has
a compression set of 36% or less as measured after an aging
and heat resistance test at 100°C for 70 hours according to
JIS K6262 (using a large test piece), has a tan & (10 Hz)
of 0.3 or more, and has heat dissipation properties such
15 that the measured value of a thermal conductivity test is

60°C or more.

3. A motor-fixing mount comprising the vibration-

damping rubber as defined in claim 1 or 2 interposed

20 Dbetween plates.
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