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Specification Expanded-Graphite Sheet 5 Technical Field This invention
relates to a thermally anisotropic expanded-graphite sheet whose thermal
conductivity in its surfacewise directions is higher than that in its
thicknesswise directions. 10 Background Art Thermally anisotropic sheets
whose thermal conductivity in their surfacewise directions (hereinafter
referred to as "thermal conductivityeiti paradiel direction”) is higher than
that in their thicknesswise directions (hereinafter referred to as "thermal
conductivity. i rpendicular direction") have been used to conduct heat

Ex r%nrﬁgeﬁcé@/ %ﬁgl%ggts to other places. The higher the thermal conductivity
in parallel direction of a sheet is, the quicker the thermal conduction

Tel Bq&gfﬂ%ﬁ; accordingly, sheets of high th_ermal conductivity in pargllel

irection have been developed. Disclosed in the Japanese Unexamined

PatehtiP ubticatiion tete3(0 1» 1867 4l ya agisaphitécshaeindt dighphegmaket whose

Ity iD: lel direction, This graphite sheet is 20 made. by . :
oA e R T SR TR R I Bl s
dirggEemal conductivity in parallel direction is as high as 500-800 W/(m.K).

However, such polymer films are costly. Besides, heat-treating of such
polymer films takes a long time; therefore, the production efficiency of the

Ba@?&ﬁﬁi’t@ dréet is low. Accordingly._the graphite sheet is very costly and,
henag,he.apRlicaiirnet tesianhie Ma@cggﬁeﬁg{@t%ﬁ%ﬁr%glafacewise

) eq[uipment is limited. Although the thermal conductivity in paralle direction’
dirggtips ghsptinalinseiesethe Hodbergupaneductiexanined @ iesntion”) is higher
thaR wRlicatiaeNiaALkRR alris /ey Hghiilsriernal. genductiviiy,l

parallel direction is not uniform if its thickness or density is not uniform.

coRgrtiy iidn Reas i i e O v tResn a5 edde fomsther siciemshests
sogtdeve thernpla3esconruativity iecrseanealdsralswhichaliertneatby of 2

components or devices. However, . . .
sheet 1s,pt 1e quicker the thermal conduction through it is; accordingly, sheets of high

thermal conductivity in parallel direction have been developed.

Disclosed in the Japanese Unexamined Patent Publication No. 2001-79977 is a
graphite sheet of high thermal conductivity in parallel direction. This graphite sheet is
made by heat-treating a film of a polymer such as polyimide over 2,400°C, and its
thermal conductivity in parallel direction is as high as 500-800 W/(m-K). However, such
polymer films are costly. Besides, heat-treating of such polymer films takes a long time;
therefore, the production efficiency of the graphite sheet is low. Accordingly, the
graphite sheet is very costly and, hence, the application of the graphite sheet to
apparatuses and equipment is limited.

Although the thermal conductivity in parallel direction of the graphite sheet of the
above Japanese Unexamined Patent Publication No. 2001-79977 is very high, its thermal
conductivity in parallel direction is not uniform if its thickness or density is not uniform.
When it is used to conduct heat from a heat source to other places, spots of low thermal

conductivity becomes heat spots which affect nearby components or devices. However,
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1 no method of preventing such heat spots from being made is disclosed
in the Japanese Unexamined Patent Publication No. 2001-79977.
Problems that the Invention is to solve 5 Accordingly, the object of the
present invention is to provide an expanded- graphite sheet whose
thermal conductivity in parallel direction is uniform and higher than its
thermal conductivity in perpendicular direction and which can be produced

pifigiemiy af piativalydew e asht epMeatmmb SRR Pieiesdsn the Japanese
According to the first feature of the present invention, there is provided an

Eiasxpadied Raienid Shuetipndde AT €6hductivity in parallel direction

is 350 W/(m K) or more. The arithmetic mean surface roughness of the
expanded-graphite sheet is less than 5m. 15 According to the second
gaﬁ%gfre of th{aiﬁ)erisent invention, there is provided the expanded-graphite

e rzlafllcszct%)laridl,ng %Vt%rglﬂlrls]tsfé)a%lr\é? The difference between the highest

and low¥SOUHRRIY- P RRRIPH SR BEERICHRIRRYCS 540 StVifo A GrRpRsed-

gi@?ﬁﬁl@%ﬂ&f&ﬂkﬂb@dﬂk&ﬁhﬂsﬁlbﬁi’aﬁf}mﬁrpﬁﬁﬁlﬁlm&mﬁﬁ e arr]xd higher
conductjvity. According to the third feature of the present invention, there
oagydsithsarrboon B Hidn écgf?éée%?e%m*ma A fRgbpproduced

sERaba e atwetat B elecigesnagnetic- wave-shielding effect of the
expanded-graphite sheet in the frequency range of 100-800 MHz is
60dBItV/m or more. According to the fourth feature of the present
invention, there is provided the expanded-graphite sheet according to the
Msansedmotliog thirdPfebliems. The total 25 impurity content of the

expandestai@nbite shemikisddhipPor Hel@sssencasreingdotReftpieatisean

of the present invention, there is provided the . expanded-graphite sheet

sRUMr iR hLeree st tffrer sorsthet Yk dhaarpte istire tem S0k
e @Ky e ach e aphiter Bhertis nieaMaiB dcao Mdifss of the expanded-graphite

sheet is less than Sum.

According to the second feature of the present invention, there is provided the
expanded-graphite sheet according to the first feature. The difference between the
highest and lowest values of local thermal conductivities at various spots on the
expanded-graphite sheet is 10% or less of its overall mean thermal conductivity.

According to the third feature of the present invention, there is provided the
expanded-graphite sheet according to the first, or second feature. The electromagnetic-
wave-shielding effect of the expanded-graphite sheet in the frequency range of 100-800
MHz is 60dBpV/m or more.

According to the fourth feature of the present invention, there is provided the
expanded-graphite sheet according to the first, second, or third feature. The total
impurity content of the expanded-graphite sheet is 10 ppm or less.

According to the fifth feature of the present invention, there is provided the
expanded-graphite sheet according to the first, second, third, or fourth feature. The bulk
density of the expanded-graphite sheet is 1.6 Mg/m’ or more.
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2 According to the sixth feature of the present invention, there is provided
an expanded-graphite sheet according to the first, second, third, fourth, or
fifth feature obtained by a method comprising: fabricating a crude sheet
by compressing expanded graphite down to a thickness 5 of 0.1-3.0mm
and up to a bulk density of 0.8-1.0 Mg/m3, and compressing said crude
sheet with a rolling mill at a rolling speed less than 3m/min to a thickness

0.05-IazByRRd Pk demsithidbe f -t MedBid i-RR6bAT thednyriaaeiin

The advanta e offered by the first feature of the resent invention is as

[esistAsirRdingdSdhie Vit ResRiid G Eush: of figh feature

Sﬁmg{ﬁmﬂﬂ@dﬁkﬁﬁﬁﬂﬁn@O WI/(mK) or more, surfacewise thermal
conduction through the sheet |s quick; therefore, the expanded-graphite

sheet .@Q&?&B{e1%F%@é&ﬁ%ﬂkx.swwsa}ﬁaﬁwaﬁeﬂ&apégﬁéawﬂ gfickness
erpandede aphite sheshik datdepbeasandadgiabhitg alone, its 15

thermal conductivity in paralle] direction c n be made much higher than its

thermaf BYNAAGIRY T PSS AL aL }B&%Péf%@ lipgsprsibless than

suitabietéos thieloandomion e diffUsion @ihegtofileeenandéd-graphite
sheet is made by compressing with a rolling mill or the like expanded

graphite which is made by heating and forming graphite soaking up liquid
Bifithtas safurieadis, no heat treatment in particular is 20 required and,

hence, Fﬁe eg anded %g e tc n be p%%%) uced easl in g short foll
time. 1 XA 8 TG R 0 LB R SN, T fllows.
B)&bammﬂogf&mme cshéwdtpaty be pradetadeoiinfatslyxphedetbeaphete sheet is
gi g%l raphite sheef can be rod c%@jﬂmen f h%’ﬁ ‘s quick:

i S Ruel Bt is quiek
thevefoadetinl eqsindeth grepdpaa’lgieetgsanhablsffeeths ¢ehativekynlandatittusion of

nce, 25 the e nded hite an. be ced at reatively lo .
B Eeme et SR T LR e S MhasE R Ohase s . s
expantedadrephite shpathlklalisedtion @mbatmﬁhemﬂlcbrgﬂatﬁvaiyﬂs thermal
(r:%!n& %leyn&()&:nrpggg%qur]%Xéa?ople&l gf%re it is more suitable for the conduction
and diffusion of heat. If the expanded-graphite sheet is made by compressing with a
rolling mill or the like expanded graphite which is made by heating and forming
graphite soaking up liquid such as sulfuric acid, no heat treatment in particular is
required and, hence, the expanded-graphite sheet can be produced easily in a short time.
If the expanded-graphite sheet is produced with a rolling mill, the expanded-graphite
sheet can be produced continuously; therefore, the expanded-graphite sheet can be
produced efficiently. If the expanded-graphite sheet is made of expanded graphite
alone, the raw-material cost of the expanded-graphite sheet is relatively low and, hence,
the expanded-graphite sheet can be produced at relatively low cost. Furthermore,
because the arithmetic mean surface roughness of the expanded-graphite sheet is less
than 5 pm, its thermal conductivity is relatively uniform; accordingly, no heat spot is
made on it while heat is conducted and diffused through it.

'The advantage offered by the second feature of the present invention is as

follows. Because the thermal conductivity of the expanded-graphite sheet is relatively

uniform, no heat spot is made on it while heat is conducted and diffused through it.
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made on it while heat is conducted and diffused through it. The advantage
offered by the second feature of the present invention is as 30 follows.

- Because the thermal conductivity of the expanded-graphite sheet is
relatively uniform, no heat spot is made on it while heat is conducted and

diffysed, t(RroneeibRle adianipaeatredrmn e third foaiusof eorows.

present invention is as follows. The expanded-graphite sheet is suitable
Theryrgpfiedographiechagf Heutifble Miandp fipesonduginahspideanbheaiisouses to

othéfﬂﬂgé@%M%?Jf%ﬁie?&@&é@ﬁﬁ@;@@%ﬁ%@é’&ﬁaﬁgﬁn@9&’%@&? offered by

the fourth feature of the present invention is as follows. 5 Because the

total ihpaY e iteist e i farde dearstiidhnpestiatsniay [opppHows.
Bec@lisleg ©RANRRPEMS anfldeyicgs Q&%&\émg&%ﬁwaw%aéqewf@s S0ESim or

are prevented from _deterioraggﬁ\'due to impurities. The advantage offered
lesspogomaanentreadrdesicgielivieck it themansie dreranbilpshess ase gectisated from

det@Vanalemrnbahgrapiée fibers of the expanded-graphite sheet is firm
and, 10 hence, theéﬁra hite fibers are firrggsbonded together, the

exphhtiadvaRsass e Eed Py the ity feabitsaRistho PEsseny Mysptipds as follows.
Becatyeiiaearaitecathyotha sikik fepbu e phthexpyaniiog ipthatiids: a0 @R and,

produce a sheet having a thermal conductivity in direction parallel to the_
henee, the8aphtie Thgsante Bty shingetrts IR RIeratpi teathecirs

strogpiiin e measasuifaeg. 15 roughness of less than 5m. Brief Description
of Drawings Fig. | is.a flowchart of the process of making the

ng t .
expaftiadvarasn R et Py thne g MO&HfoRveBtiphAithet this able to
pro@lec MR Agticvave-shigidingweiiont of ieexpandediaraphitenshretfhe

the present.invention is comg)ared with that of an expanded-graphite sheet

expRRfFergrmiifehaei R0 AR For Sumate epfanightpetic mean surface
rou@iRBNJet-Gr aphits sheets made at various

Brief Description of Drawings

Fig. 1 is a flowchart of the process of making the expanded-graphite sheet of the
present invention.

In Fig. 2, the electromagnetic-wave-shielding effect of the expanded-graphite
sheet of the present invention is compared with that of an expanded-graphite sheet
currently in use.

Fig. 3 is a table of surface conditions of expanded-graphite sheets made at various

rolling speeds.

Best Mode for carrying out the Invention

The present invention provides an expanded-graphite sheet which is made
substantially of expanded graphite alone by compressing it.

The expanded graphite may contain a certain amount (for example, 5% or so) of
binder such as phenol resin or rubber. It is preferable, however, for the expanded

graphite to contain no binder, because expanded graphite containing no binder is more
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rolling speeds. 25 Best Mode for carrying out the Invention The present

invention provides an expanded-graphite sheet which is made

substantially of expanded graphite alone by compressing it. The expanded

graphite may contain a certain amount (for example, 5% or so) of 30
suitIIES: SHEB BRI Fesi bRtk ishReleTeRie: BRWAYE RN ity and

_ expanded graphite to contain no binder, because expanded graphite

high-BrabiRfiaR6binder is more 4 suitable for the production of

expaRdedaraphite,sheatsalbhiedr themalcenductiitn apsihishdgat of

resistance. The word of "expanded graphite" used hereinafter means both

conpjaipgad gptSontaining Bidsiot containing binder. 5 The
expaRslecharapiite Hheetabihe MRSt IAY ARHOR &% R3ERIB Y £ ODIRPRSHInG
cotton wool-like expanded graphite consisting of entangled fibrous
cotta?avesﬁ%l.ﬂ%%%%ﬂt%rm@?g DtHE B R Rang e HIREOUA eEaRfitep kA
graphBeSubtacewise airelieaseiihiee sheehtingheisneciionscpRIREORILHaRIOS the
the directions of compression) an%&piled up from the bottom surface to
She%é%%e FRSLISTSY RAE ERUEK o (RURHIRS hSPRORASRRARPPEtd up from
the battaliekgiresdiontbé tbpdﬁﬁmmdﬁdd H@rsliic ';hﬂ{beefbi&ﬁtl%mfem?n &ﬁ;]thwtm‘ aly in
nductivity in. perpendicular direction. The expanded-graphite sheetis . .
P TS TSSO P S el 1 BB Suctvity i
perfxdanidadigerpbiic Sheekphtdedpgesgdiite Mhéaniionighéendde $Q thatbitg
thermal conductivity in parallel direction will be 350 W/(m K) or more.
Because the thermal conductivity in parallel direction of the
expanded-graphite sheet is much higher than its thermal conductivity in
perpendicular direction, it is suitable for the conduction and diffusion of

heat. If its thermal conductivity in parallel direction is less than 350 W/(m
K), the difference between its



thermal conductivities in parallel direction and in perpendicular direction is
small and i surfacewise thermal diffusion is insufficient; therefore, the
thermal conductivity in parallel direction of the expanded-graphite sheet
of the present invention needs to be 3' W/(m K) or more. It is desirable if
the thermal conductivity in parallel direction of the expanded-graphite
coisheelvisy38ppémikhiar maraiand THs erpia debiFaRIRIE UM dNerma present

._conductivity,in allel djrection of the expanded-graphite sheet is 400

) B R R B AT B AT s

WimpkbaltehdikecBernantitie therpendiaidaciiiectiopasirigredioivif the
eé%agded-g{taeps ite, sheet }tltlu é;rtlﬁadlfference Eletvvgen.lts thermal

X N aU IO i A S G REOH AN SRR BRAR NP Hir BB RIsPRigis Iar
dirertoug it ansliitablrctyrttie expdundaa-gndphiit: sbeetfinesiill Hlikabledon the

r wise th . diffusion., Beside Ik density of the .
e S T D S b i
themgyhegndsttordiergly. pivel b dinggis mentdofngpantiteibensddittonansinall and i
surlRG8,JRALE diply APnded feartheiherelors, e cxpande graphile

sheet is strong and does not easily téar. Moreover, because the bu

pargBplsitiyastithecd tyaerferdpdiehiighshebeof afighpresetninveativmisdudhtade 3

It oye, i fic-wave-shielding e is excellent.
e e R Ll SRR S

expdpe-denialsaech s theO kM sl ee wonicand ifstrynDesvédsipabénif Certierrma

coflfR@ty *ﬁ@mﬁlé_lvaim&ke&m@@%ﬁe%\mw%@@&@H@&W@C’m or mo
dBpV/m or more in the frequency rang of 100-800 MHz. Thus, th ,
becarsa titediifisprrddnesn dtsthemrekeondagtniing is parellsiedinestionlpridin

perpendiclinaineatdrambeat sevicas tR-UherRlacssBHkalsR.eshiglding

. Objects from electromagnetic waves. If the thickness and bulk density of
diffprencerigeendrapismaandyrdi yidre s @arajlel direction and in perpendicular

direlaciiemagaelicwvaversieldingRitegineeasephife sheet is stil] suitable for the
lectromagnetic-wave-shielding 6 effect of 60 dBV/m or more in the
oG

SUT NS PR 90800 MHZ is required, the

Besides, the bulk density of the expanded-graphite sheet of the present inventio;
is as high as 1.6-2.1 Mg/m’. Accordingly, the entanglement of graphite fibers is firm
and, hence, they are firmly bonded together; therefore, the expanded-graphite sheet is
strong and does not easily tear.

Moreover, because the bulk density of the expanded-graphite sheet of the preser
invention is high as mentioned above, its electromagnetic-wave-shielding effect is
excellent. The electromagnetic-wave-shielding effect was measured by the KEC methc
developed by the Kansai Electronic Industry Development Center (KEC). The result w
the electromagnetic-wave-shielding effect of 60 dBuV/m or more in the frequency rang
of 100-800 MHz. Thus, the expanded-graphite sheet of the present invention is suitabls
not only for conducting heat from heat sources to other places but also for shielding
objects from electromagnetic waves.

If the thickness and bulk density of the expanded-graphite sheet are increased, it

electromagnetic-wave-shielding effect increases. If electromagnetic-wave-shielding



thickness of 0.1-3.0 mm and the bulk density of 1.0-2.1 Mg/m3 will do. If
electromagnetic-wave-shielding effect of 40 dBV/m or more in the
frequency range o 100-800 MHz is required, the thickness of 0.1-3.0 mm
and the bulk density of 0.5-2.1 Mg/m3 will do. Furthermore, the arithmetic
mean of surface roughness of the expanded-graphic sheet of the present

effieventoniBLacsosdance withd (e BR6032001 'g? lﬁiﬁﬁgb@ﬁr\]@msﬁ&qmed, the
.surface royghness is relatively uniform. Accordingly, its therma

O S hd e R M o BRI e TS O el s

elerelativehetiniferne -SHheaforeffat hﬁ&t)iilﬁl"i&ﬂ‘@ﬁ'&%fé thehe freﬁlpeﬁlcy ran%e 0

-graphite sheet, It will do if the difference between t highest an

Lo B L e lshabd s BEab U SO b 0321

Mgéxﬁazvidietdxgraphite sheet is 10% or less of the mean conductivity of .the
expanded- graphite sheet. A method_of making the expanded-graphite ‘
shegglé‘?}%reggrrg’ggﬁtaﬁ%nﬁ%%r\I/lvffﬁq Oéégc{,%ﬁg& SER). teig st regpphit

shesf tHeherpresst ohveakinyitheceopanded-grapRirsbetob dis pres@ah 5 um, an

ol I ite 11 is sheet-like material of cqotton wool-like
R S, e S A
relajraghitatifonnligudd g, Qmﬁfdifﬁlsipmeflheeadkjrahﬁvh@mh'ﬁ"atrﬂeaﬂ?@me, nc

[ . raphite, 11 the thickness o
P e e A o e TR ey
highestiengJasveaprabising e ehibarmdddondptiteitias dovanitosthpothickiiess of

> g b | - m3, li.expande

O e ok osar § e IR P S era
graphiig flisidssed into a crude sheet 12 of the thickness of 0.2 mm and the

bulkadgsitn of LAWY ma3 Rybhies 8rg-RAL farmedAHLing g iny ntign will |

compression and, hence, a homogeneous crude sheet12 is made.
des&ﬁ@)@ﬁ?fﬁ%d-graphite sheet i of uniform thermal conductivity can be

madg drams he dommegeTery$oudse Shastilg the expanded-graphite sheet 1 of
present invention.

Expanded graphite 11 is sheet-like material of cotton wool-like graphite
(expanded graphite) which is made by soaking natural or kish graphite in a liquid such
sulfuric or metric acid and then heat-treating the graphite over 400°C.

The expanded graphite 11 has the thickness of 1.0-30.0 mm and the bulk densit
of 0.1-0.5 Mg/m®. A crude sheet 12 is made by compressing the expanded graphite 11
down to the thickness of 0.1-3.0 mm and up to the bulk density of 0.8-1.0 Mg/m®.

If expanded graphite 11 of the thickness of 2.0 mm and the bulk density of 0.1
Mg/m’ is compressed into a crude sheet 12 of the thickness of 0.2 mm and the bulk
density of 1.0 Mg/m’, bubbles are not formed during the compression and, hence, a
homogeneous crude sheet 12 is made. Then, an expanded-graphite sheet 1 of uniform
thermal conductivity can be made from the homogeneous crude sheet 12.

Expanded graphite 11 may be compressed into a crude sheet 12 with a press or

rolling mill. If a rolling mill is used, the crude sheet 12 can be produced efficiently



Expanded graphite 11 may be compressed into a crude sheet 12 with a
press or rolling mill. If a rolling mill is used, the crude sheet 12 can be
produced efficiently 7 Next, impurities such as sulfur and iron are removed
from the crude sheet 12 b, using a halogen gas or the like to make a
refined sheet 13 whose total impurity content 10 ppm or less and,

espe%adtlyxm\ﬁmﬁ&wﬂw LORIEGE id PR Q€ IRSSolka TRfiNELSHEEE IRet 12 by
.who & total im urlt tent Is 5 ppm_or less is compresses into an

USIER danéioe?f 9 ﬁ’fe ? L5 1P MR RESTORsie o kb dAta! dmayéyiceatent
10 fittedomliths thel caqymo el @vaptutﬁlﬁm@ebhtsrﬁrgweﬂggdh cwg@@u; fail. 1| ;stead
ft thaod of removi ities from the crude sheet at
gptrnl?uarﬁem fT% mtg1 ?beﬁ%% t@% g&l’f&%rﬁ‘gﬁﬁﬁt\)\ﬁtﬁ RRB P dRT e CamaTesse
intdy Iikﬁuhpasdydegrabhlterlsﬂ&s heit H2teFheatadined (ﬁlﬁ%ﬁiﬂbﬁ@e@ﬂrglmted
n expan I eet 1 Wh and bulk density are
Wl@?‘fa rﬁ(f%dg %%lé% ‘Ez)hkeﬁs M3 The re recf\nwé%l ?13 may be
co mmsaédﬁﬂuhaévwewdratbblfhgmwmg|tﬂga@®ﬂﬂ&pﬂ@6ﬁ:ﬁﬁ¢/\dthc& KR 2& ar
r te sheet | can be UCs d efﬁmen ande
Op%%iﬂr}tgee?%go gﬁ%%ﬁlc g(si 0 ?LC‘EJO&% AN tr?é nl%%ﬂ&@‘%f g3t
thepmydazheaiddally compressed into a crude sheet 12 of 0.1-30.0 mm and
the \. 5 e crud heet 1
cheat 13) T the e 3 b e A B e TR Grose
thiglagss3ms beliarynsdin pre §<6d Mithma il hﬁHZat Mgitting speed less than
3 mApR i AN RxRaRAGdarapbjis %%g?@& ?réq%cé(pro?ls of Q853 ¢

mm and the bulk density of 1.6-2.1 Mg/m3. | Ing spee I8 n/min or
corppppesedadteg %%r’f@é}d BA QHE@GM@P@%@QR@@@#@U@W@C&MH
effic@mtihe precision of the surfaces of the expanded-graphite sheet | is

reduced. The thermal conductlwt}q/( of the creased parts is reduced and the

heatrdiiatisharephitnd Safddbisknsserddsec par s arditheonlk density of
0.1-0.5 Mg/m’ is usually compressed into a crude sheet 12 of 0.1-30.0 mm and the bull

density of 0.1-0.5 Mg/m®. Then, the crude sheet 12 (or refined sheet 13) of the thickne
of 0.1-3.0 mm and the bulk density of 0.8-1.0 Mg/m® is usually compressed with a rolli
mill at a rolling speed less than 3 m/min into an expanded-graphite sheet 1 of the
thickness of 0.05-1.5 mm and the bulk density of 1.6-2.1 Mg/m’. If the rolling speed is
m/min or more, creases are formed on the surfaces of the expanded-graphite sheet 1 an
the precision of the surfaces of the expanded-graphite sheet 1 is reduced. The thermal
conductivity of the creased parts is reduced and the heat radiation from the surfaces of 1
creased parts is reduced.

The inventors of the present invention found that the expanded-graphite sheet 1
free of creases and the smoothness of the surfaces of the expanded-graphite sheet 1
improves if a refined sheet 13 of the thickness of 0.1-3.0 mm and the bulk density of 0.
1.0 Mg/m” is compressed with a rolling mill at a rolling speed less than 3 m/min into ar
expanded-graphite sheet 1 of the thickness of 0.05-1.5 mm and the bulk density of 1.6~
Mg/m’. |



The inventors of the present invention found that the expanded-graphite

- sheet 1 free of creases and the smoothness of the surfaces of the
expanded-graphite sheet 1 improves if a refined sheet 13 of the thickness
of 0.1-3.0 mm and the bulk density of 0. 1.0 Mg/m3 is compressed with a
rolling mill at a rolling speed less than 3 m/min into au expanded-graphite

sheeﬁ&r@flyheytb&kpessi@eﬁ Q.08tde8 gﬁ%ﬂrwamerbmhcdqsb@@w@‘s%n 3 m/min

/m 0 ing a r d sheet 13 at a rolling speed
on RO R S P AP G e oG of 1 6-
Mgzrﬁ)sdv&mmmlamuﬂudemﬁya@ﬂhﬁ»sum@ém&oemm@ﬂﬂ@llﬁmdbmélty,

dt e urface mool"ot] of 5m or less.is rod C t is more
Sira
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gragtap:hqte@heetéthoﬁuw@bmletﬂuahﬁyeqandneqdr Gdthbed Mﬂh@ﬂg nedyeiictivit
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r \V/ celle telectrom -wave- shielding. effect
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ex %ﬁéﬁ%ﬂh&?&&%’t“l%@ﬂ%&éﬁ% %ﬁ%ﬁ@%ﬁ%&ﬁ%‘?&“tﬁ sheet izl Y %1e if the

/m37or more, becaus elr and electric conductivities an

bul ééﬂféﬁﬁé?é m@xmﬁkigr@mﬁg gifsttldf thas dpamtednyrap Hneeasisemelthen
an@LE BATDES IMRIRN AL AR dNA Q@c%%gﬁgﬁh%ﬁgeﬁgi Oét%?fect of the

expanded-graphite sheet 1 is improve the other It Is most

eXpieipd IR sBErt demsifyrdiahenexprstier theapisiteasf datiths pi8ngth of the
expdSdBRERRE_hBACALSEHRS TheWRahal,BleqiHcConuRibdigs At iNBhe bul

electromagnetic-wave-shielding effect of the expanded- graphlte sheet | is

dengifhet hagrrmedsharetithaperiddsit 1§1p1}@éfaméré§ffe aRieahefimal a
eleSﬁﬁﬁé&iﬂ@fﬁhﬁéBmﬁii}se%c@rgrﬁﬁgh@{ﬁ@\ﬂQv@wﬁéiﬁﬁﬁﬂyf@(&& Me/m aﬁied

compressed. into an expanded- graphlte sheet 1 of the thickness of

HHGhE B ASHERDTBY L Mm i getidse (i) the thermal and

It is preferable especially if a refined sheet 13 of the thickness of 0.2 mm and th
bulk density of 1.0 Mg/m’ is compressed into an expanded-graphite sheet 1 of the
thickness of 0.1 mm and the bulk density of 1.9 Mg/m’, because (i) the thermal and
electric conductivities and the electromagnetic-wave-shielding effect of the expanded-
graphite sheet 1 are high, (ii) the expanded-graphite sheet 1 occupies a relatively small
space, and (iii) the expanded-graphite sheet 1 can easily be produced at a relatively low
cost.

Because the expended-graphite sheet 1 can be produced through only the steps ¢
compression and refinement, it can be produced efficiently at a low cost. The productic
efficiency of the expanded-graphite sheet 1 can be further improved especially if the
refined sheet 13 is compressed into an expanded-graphite sheet 1 with a rolling mill.

The crude sheet 12 may be compressed directly into an expanded-graphite sheet

1, skipping over the step of refinement.



electric conductivities and the electromagnetic-wave-shielding effect of the
expanded- graphite sheet 1 are high, (ii) the expanded-graphite sheet 1
occupies a relatively small space, and (iii) the expanded-graphite sheet 1
can easily be produced at a relatively low cost. Because the
expended-graphite sheet 1 can be produced through only the steps
FircoRpreasesmand refinement, it can be produced efficiently at a low cost.
The production efficiency of the expand,ed-graphite sheet | can be further
imprSUG A EUBAL AR RGPS IRt EHEb e ool SBEEnAS aFpve-shicldin
effempanded-Grapbiigsieett w&ﬁmadegu %ﬂ%ﬂ]ﬂéﬁﬁ'@@tﬁﬂfﬁ@ﬁ%r&%ﬁ@ﬁ@ﬁl were
compressed. directly into an expanded-graphite sheet 1, skipping over the
cog aﬁgo e m%’ﬁ%n#%@ﬁ%&é{ﬁ% HreHictHe st R diiauddrtaganded-
graphiad ditirecfidre, pleetiomegniticwéay ersiialdivo e frekiAncS@GRecets at a

oughness nded-graphite sheets of the present invention were
o i 0L ki e DB indoed SURGhy M GSgoriie-
graphpfanteds graphile sheetsvefdheapedseatrinventiap Wﬁf@d@@@t@ﬁft ré)lléng
ssing refined.sheets at a rolling speed of 1-2 m/min and had the
Spe%%glﬁggegﬁg%gé?‘f}ét ﬁ%l : %3%)?%5%1 8%2T§W@sheets currently in use
werd heattiermalcdififprassing tefinephstedis aittiodistgespeedsnfd® i Asing the

IR 3 sity of 1.0.Mg/m3. The thermal diffusivity of
Iasfgﬁémeg}p%%g -g raﬁﬁ%lé;’ﬁ?e%tc\?\/%%u%ﬂ/ﬁ% %V)? %J%?I%uiﬁ%gléréé? ﬂl‘fsﬁ?ﬂg od
diffisevits secimad cofidestivinavesCatculdtedFnom therdherrof fdiffusivityGoy-2

' 0l . were cut off fro e 200-by-2.
e ora e e L B A ces
wapdciatedieces was calculated. The electromagnetic-wave-shielding

| effeqt}géfé%tﬁ%ﬁ@@%féﬂf%%éﬁ%&ﬁ%t meRswed %E]a%&]sit?os%gt was

electromagnetic waves of 0-1,000 MHz and the KEC methdd.
measpred oY shibidecinAensiis areied-of AphBCshEdE, ané thedi&idinethod.

As to the surface roughness of the expanded-graphite sheet, the center line

average height (arithmetical mean deviation of profile in accordance with JIS B0601-
2001) was measured by using a surface-roughness measuring apparatus (SURFCOM
473 A made by Tokyo Seimitsu Co., Ltd.) and a probe with a 5-pum, 90° conical diamon
tip of 0.8-mm cutoff. The measuring force was 4 mN (400 gf) or less.

The mean thermal conductivity of the nine test pieces of the expanded-graphite
sheet of the present invention was as high as 400 W/(m-K), whereas that of the expandc
graphite sheet currently in use was 200 W/(m-K).

The difference between the highest and lowest thermal conductivities of the nin
test pieces of the expanded-graphite sheet of the present invention was 30 W/(m-K),
whereas that of the expanded-graphite sheet currently in use was 50 W/(m-K). Thus, tt
expanded-graphite sheet of the present invention proved itself to have relatively uniforr
thermal conductivity.

The mean and dispersion of the center line average heights of the nine test piece
of the expanded-graphite sheet of the present invention were 2 pum and = 1 um, whereas

those of the expanded-graphite sheet currently in use were 6pm and + 2 um. Thus, the
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average height (arithmetical mean deviation of profile in accordance wit_h
JIS 80601- 2001) was measured by using a surface-roughness measuring
apparatus (SURFCOM 473A made by Tokyo Seimitsu Co., Ltd.) and a
probe with a 5-m, 90 conical diamon tip of 0.8-min cutoff. The measuring
force was 4 mN (400 gf) or less. The mean thermal conductivity of the

expinadeseoesRidher exdaraad-BraRhits sRReHQLLOE RRsanhiRveNtion
s high as 400 W/(m K), whereas that of the expand( graphite sheet

rd\é%ia?ff%sw ALd TRRE st WeRR). T mrene s hetbernalepietiitsieg the
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ite sheet of the present invention was 30 W/(m .K),

d-graph inve .
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shadti(ot Kje Pesentinexpandact-gigpiie whaehef deneragantientiBite sheets

royved itself tqg have relatjvely uniform thermal conductivity. The mean
e L BFSiof\ o R AL e 5P R R FRE i R of
invhgiengandetbgraphitecshestof thecptegeatinyenEoNIBEER & @@9&% e
hereas thos t nded-graphite sheet currently in use were 6m
e D e e S AR ol
hayy elestrits semtsicevavatityitddiey eflativelys gl snd fﬁlati‘i/ietmlmfﬁéf&eﬁbﬁcy
, a | conductivity of the expanded-graphite sheet of the
o AR S D RS i Rigroscaigemocives
havgeelpbivedy higlcalvavershgaidingeffechidlthegexfianded-graphite sheets of
the present invention is compared with that of the expanded-graphite
sheets currently in use. As shown in Fig. 2, the expanded-graphite sheets
Se%ﬁ‘lﬁ@@#@?}ﬁﬁt@mﬁvention have electromagnetic-wave-shielding effect of 60

dB RN QIIrOe ke fHeQURREY T ‘?%19& éh\%) f}?aOQuM'H%hs‘ﬁ’t@eJF ™ tIOI‘:"g/n'IL3 Wi

expanded-graphite sheets currently in u: ha
COBRIEHGHHY P SHPARGE BRARNER T estfe of 1S thR1ew 0 6rsmin 4hd Sarhelk

derfE@gUENCY NRnge i Sl LxRaRdadQrap Ii'lﬁ]ﬁ)?]ﬂﬁﬁﬁ? B IO RIESEM e frects c

invention proved themselves have relatively hig '
theerfél(]:\g}g%ﬁé%%tmfgméwgbn@%é@eases, and thermal conductivity of the

expanded-graphite sheets.

As to the dispersion of thermal conductivity, nine test pieces were cut off from -
expanded-graphite sheet of each of the rolling speeds of 1, 2, 4, 6, 8, and 10 m/min and
the difference between the highest and lowest conductivities of the nine test pieces was
divided by the mean conductivity of the nine test pieces.

As shown in Fig.3, as the rolling speed increased, the center line average height
and the dispersion of thermal conductivity increased. When the rolling speed increasec
from 2 m/min to 4 m/min, the center line average height and the dispersion of thermal
conductivity almost doubled. This indicates that the surface roughness affects the
dispersion of thermal conductivity. On the other hand, no creases were formed on the
surfaces of the expanded-graphite sheets at the speeds of 4 m/min and more. This
suggests that creases affect the dispersion of thermal conductivity significantly.

When the rolling sped increased from 6 m/min to 8 m/min and to 10 m/min, the

center line average height remained unchanged at the level of 6m on the one hand and
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Second Embodiment Refined sheets of the thickness of 1.0 mm and the
bulk density of 1.0 Mg/m3 w compressed into expanded-graphite sheets
of the thickness of 0.5 mm and the bulk density of 1.9 Mg/m3 in the
rolling-speed range of 1-10 m/min to ascertain the effects ¢ the rolling
speed on the surface roughness, creases, and thermal conductivity of the

the@bﬁﬁﬁiﬂd@ﬁ-@ﬂﬂﬁﬂiﬁ@ﬁ&ﬁﬁﬁctﬂ&iﬁﬁb&&ﬁ@@Qf@iﬁrl sthermal GANALSHYitYn the

leces were cut off from anded-graphite sheet of each of t h
o iy BB O Krie GBS L HARF S e e S S et
dudhe, highastknchlowe sy chindusliviliespebdhe nine test pieces was divided
by the mean conductivity of the nine test pieces. As shown in Fig.3, as the
rolling speed increased, the center line average height and the dispersion
Indoﬁtﬂhﬂrmmnmlﬂlm{ivity increased. When the rolling speed increasec from

2 m/min to 4 in the C nterl avera ehe ht and the dispersion of
therlr% [? rtﬁcgsag '?l AP ﬁa é%ntf’?astut‘ﬁaeg%lﬁ?&?@nducung
anddl@trﬂmgé;xaﬁémmthmtdrspeesmnedxfdhenmaimmimmwas @ﬁdb& @athhones,

ocr forme .on the surfaces
s D e R T R R S R o

affect the dlsperS|on of thermal conductivity significantly. When the rolling
sped increased from 6 m/min to 8 m/min and to 10 m/min, the center line
average height remained unchanged at the level of 61m on the one hand
and 11 the dispersion of thermal conductivity increased from 14% to 22%
and to 30% on the other hand. The reason for the increase of the
dispersion would be inadequate deaerative due to, and cracks caused by,
high rolling speed. Industrial Applicability The expanded-graphite sheet of
the present invention is suitable for conducting and diffusing heat from
heat sources in electronic devices such as portable telephones, shielding
objects from electromagnetic waves, diffusing heat from heat spots, and
SO or
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12 LLOYD IWISE Claims 1. An expanded-graphite sheet whose thermal

conductivity in their surfacewise directions is 350 W/(m K) or more, and

whose arithmetic mean surface 5 roughness is less than 5 m. 2. The LOYD WISE
expanded-graphite sheet according to claim 1, the difference between the

highest and lowest values of the local thermal conductivities at various

spots on which is 10% or less of its overall mean thermal conductivity. 3.

- The expanded-graphite sheet accordigtp,claim 1, or 2 whose 10

electromagnetic-wave-shielding effect in the frequency range of 100-800
MHz is 60 dBILV/m or more. 4. The expanded-graphite sheet according

to clajm 1, 2, gp,3 Whasg-leiah IMRUTN-cONIeREJS LARRM OLigRRicBvitPein  their
expanded-graphite sheet according to claim 1, 2, 3, or 4 whose bulk 15

Hefsryvise1dbraagans br :8rdY oAk exp aIsd Bidpriess Rekhnetisrapapsurtace

RYiRREsqf Haias4 to,mn obtained by a method comprising: fabricating a
crude sheet tr)q\élcompressing expanded graphite down to a thickness of

0.1-3%Bmm and'peeranstifk Genkity chess-rervigngs angiam 1. the difference
FAResaing isaid Chadeshest wilkea H2iRg kiR FOANBsABEAVRRS at various

than 3m/minto a 'E)hickness 0.05-1.5mm and bulk densi'g/ of 1.6-2.IMg/m3.
sppts on which is 10% or less of its overall mean thermal conductivity.

3. The expanded-graphite sheet according to claim 1, or 2 whose
electromagnetic-wave-shielding effect in the frequency range of 100-800 MHz is 60
dBuV/m or more.

4. The expanded-graphite sheet according to claim 1, 2, or 3 whose total
impurity content is 10 ppm or less.

5. The expanded-graphite sheet according to claim 1, 2, 3, or 4 whose bulk
density is 1.6 Mg/m® or more.

6. An expanded-graphite sheet according to any one of claims 1 to 5
obtained by a method comprising:

fabricating a crude sheet by compressing expanded graphite down to a thickness
of 0.1-3.0mm and up to a bulk density of 0.8-1.0 Mg/m’, and

compressing said crude sheet with a rolling mill at a rolling speed less than

3m/min to a thickness 0.05-1.5mm and bulk density of 1.6-2.1Mg/m’.
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