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*159159* Specification Expanded-G aphite Sheet 5
This invention relates to a thermally

' ' xpanded- graphite sheet whose. thernmal
aﬂmwm@mﬂ inits surfacewi se directions is higher
t its thicknesswi se directions. 10
Backdr®atid Art Thermal |y ani sotropi c sheets whose
thermal conductivity in their surfacewi se directions
(hereinafter referred to as "thermal conductivity in
paral l el direction") is h$géficatibdhan that in their
t hi cknesswi se directions (hereinafter referred to as

"the candyctivity in perpendi cul ar direction")
Eﬁg@sfgq%' °®b conduct heat from heat 15 sources
to ot her places. The higher the thermal conductivity

in parallel direction of a sheet is, the quicker the
TeHwromhFiedbnduct i on through it is; accordingly, sheets

of hip uct i vi araIIeI irection

have feg éﬁ@%%\(l)gﬁ%lsfégqg b mbagl&oaqlsr? IORIS SKB =graphite sheet whose
tltdrmadaqundmmvﬂauem@ sBtfidevaad diedetibes isAHer 2R/ that B it thicknesswise

?phlte sheet of high thermal conductivity in _
dftel direction. This graphite sheet is 20 made by

heat-treating a filmof a polynmer such as polyi mde

over 2,400C, and its thermal conductivity in paralle
Bagkgsundadti s as high as 500- 800 VV(n1- K). However,

such I ostly. heat-treatin
of Sushran ‘r“s‘;th#pn%h%e'tsa‘ﬁ% %‘Bﬁ g‘ﬂfélvﬂyt"ht%}egfsefféce“%se
dirdstiopy (d)ldwmalftenreéa‘rfddab @ Cthe@hal chﬁdl@:ﬁaﬁf‘ i SarA Blredton™) is higher
ﬂ$€ﬁht ﬁl 91W&@¥ $ ?raphlte sheet is very cost Pf
gt thigknessyisy directipri(heteinafier mfersdto @s Sthemmalt o
corbuappgriabapesdians: BRulioTs ‘ﬂ%vé I§sieh éﬁ%& ﬁ‘)q:onélllctt?xgé{ rom Heat

thermal conductivity in paral ection o
SOYFeED I QtBergianss- bhe higher tab @V@@zﬂ@aﬁ%e’ltwmemmﬂﬂwecnon ofa

shE’éttlﬁ rt‘ltle Ber @Rt thOh aNRon 2 2Adn é’l?%?l dlS accPYdéthgl? sShFl(Hf of high

thermal = conductivity in par I't ec
thermad eenductivint is patillckdiestion havcbehmsentdyvelspdalot uni f orm

ot e =Pl i BRSO DR et Wb e 00{ 79977 i a
griphite ISh&t bE&high SIIEHBinSl ouidadrivadyfig phralCRdiRYi 60 PR %p}pﬁltg Eheet is-
macf%\gy%eat trelg%no a tI Im 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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*@00002* no nethod of preventing such heat spots from

bei ng nmade is disclosed in the Japanese Unexam ned

Patent Publication No. 2001-79977. Problens 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 uniformand higher than its thermal conductivity

i n perpendicul ar direction and which can be produced

ne fifethoideafiprgventing swhdteatspos framvbeiagtmadkGs MeaBSdGh the Japa%nese
0

IR BRI o

expanded- graphi te sheet whose thermal conductivity in

”P&%Eallggagirection_is 350 W(nK) or nore. According

BiRyenden isteselvet he present invention, there
IS pPaeNMIrds! -graphi te sheet. .accordi ng
to the fi rg%); P%ﬁbﬁésmﬁggegrg?tt ARioR oo o pgpanded-

- gephigthshestswindse thremekamdderilriaphiallel GReEbn issunk B85S abd Bf¥her than -
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. Agcording.to the third feature of the present
‘tsuls{r}%‘é’ﬁr??q i°8‘r‘1‘,9“°1“%§¥ & PLPFRdiSpag Sirestion andkybinkiean by prpticed efficiently
atgtleivelabsoeshtng to the first or second feature. The

di fference between. the highest and | owest val ues of '

| ocal thermal conductivities at various spots on the
MébhseRENEEI MY PARIN sheet is 10%or less of its

overal | nean tﬂgfﬂg conductivity. According to the

f our{mords?g ty the é'frsttfhEurpd : roé'sl&{]@r{:'idﬁvﬁﬂb%tﬁﬁh, tHeFESi_fs %r('bvtﬁdedta#

L OV .he, expan -graphite sheet according to the
o S e RSP0 PP GBp v R e paraliel diretion i 350 W/(m-K)
orgheet r omagneti c- wave-shi el ding effect of the _

expapnded-graphite sheet in the frequency range of

100-/8056™ W 19 18e sesand (ramre of thsrnsesepbinpentondihag it prdvitzd the
exparfdel-gkglitd sRec® hcdofBnP FRHE Hrstl U9 ikhene 1 s

pr OVi geﬁﬂ’% he ex andg%)- gr agﬁ?ttfée]a\fg{%ég?lgaag%%’?eéﬁcﬁ@eafléuffﬁ@
royghness. of dhe-eypandedmgraphitemhedtgsiteshttandunr e. The t ot al .

| MPUdb; t .of -~ 1 he anded-graphite sheet is 10

ppm or %ﬁés@a ti%%:hcl)r:a F%tblretc_’géﬁen%reﬁn}t(?'ﬁ egfé%ﬂa {hege wrprovided the
expandségtaphite shrtet artordigtoetht SiropYdcdRE fdadiGe. The difference between

ccording to the first,

- nded- gr aphi t e sheet
thegﬁ(e‘g%‘eﬁg?ncl PVFE‘,V#‘E&P ,Ca'oﬁﬁeqm%lfﬂn ussiilice at veious §@then the
| expntg.ﬂsd-gmpafte Siet BXI0ONGEEs U ARV RiIISAER thfaal c SndBETR, O

re. . _ o :
According to the fourth feature of the present invention, there is provided the

' "'expanded-graphite sheet acbording to the first, second, or third feature. The

' electromagnetic-ane-shiel'ding effect of the expanded-graphite sheet in the frequency

range of 100-800 MHz is 60dBuV/m or more,
| According to the fifth feature of the present invention, there is provided the
expanded-graphite sheet ac’édrding to the first, second, third, or fc;urth feature. The total
impurity content of the expandéd-graphite sheet is.l'O ppm or less.
| According to the sixth feature of the pfesent invention, there is provided the
expanded-graphite sheet according to the first, s'econd, third, fourth, or fifth feature.- The
bulk density of the expanded-graphite sheet is 1.6 Mg/m’ or more.
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. conl?helﬁtéw Jfllpﬁgllle%lfa Hen sapbmmade prehhi

2 Effect of the Invention The advantage offered by the
first feature of the present invention is as follows.
Because the thermal conductivity in parallel direction
of the expanded-graphite sheet is 350 W(nK) or nore,
surfacew se thermal conduction through the sheet is
qguick; 5 therefore, the expanded-graphite sheet is
suitable for the conduction and diffusion of heat.
Especially if the expanded-graphite sheet is nmade of

Eéfeptaofdealinyenifii t e al one, its thermal conductivity. in
de much higher than its

di t
et TLF SRR O o 5L gBEPL e dreoghyietamon s as ollows

Bebaise fhertRermial cofdub®Vify if\Hat i |
st o RUORS, 5l 0B 81l AR AP eer

3nade @%)damrés%lrﬂqgewq themalebhdusgionithrbugir the lakeet & duidie
tHRXIGRIed eg gﬁa@m glnee{ sﬁﬁ%‘jﬁ Iﬁ%& eat | nigtlx%naglglfcﬁ{ﬁlsrﬁ%n of heat.

graphite s

Eppeatally ifthe nepandmgmhm sha:leaifs e roeeidparnaed 2Bhitd ABKE its thermal -

hite sheet can be produced eaS|Iy in
gﬁ@r thpre s thegnal conductivity

inpepstndRdlanidirbetidnt Mekdfold, ifid thoret st&ﬁatﬂé PaHE rﬁ%@t’?&l {Tn% diffusion
heet_ can be produced conti nuousl y; theretore
0@3&9 - P t@aptiéshee anmbde by crupresirgs Witk ediihhg mill or the

. t h
mg(p egl gr apﬁlq}le a%glﬁag{e at? s 5‘?’[“§Igr?:pg’ét(3 sggkingyup liquid

sushpa aldédwdagrcia phihes t&la&ﬁtr?t Iusz[r&buﬂ%rl ¥ eéqnéﬂe@w%@ Meéncd) @tC&panded-
_ e, expande get can be produce
grta@l“ chb iR %‘6%‘% Saib N2ihost g | h%%@nwi gmphite sheet i

plﬁémﬂdwfl%\idmli@ ®fll &ﬁ@ex@ﬁﬁ&%@rabﬂ?&%ﬂ%t%ﬁn 'b§ ﬁﬁiur:{& d Ataously;
ause the arjthnetic mean surface rough né e ’
thgﬁ?ﬁ’éﬁdéﬂe‘g}aaé?ﬂ -giaphifreshieet can be psodroed bifigichtly Ifithsexpanded-

rhtefeMBbet GORANE b ééd Edee'd 3 | f
g alf:}gor dingly  ho p Sgr ;ﬁ{lt@talo\ﬁ% %elﬂm rx?d’t%al costl% g{e eixganded-‘
SraRiiigshes ds @I‘?dwﬁi}’flf’wg@d Itehc@ mlgﬁlexpande'ﬂqgapldteasm*eagﬁn be produced

e third feature of the present invention
aﬂ%ﬁééﬁfgﬁﬁgﬁg Because the thermal conductivity of

- t he Brepalnataageysféped betheReqindifSatiRl Flthe/sreYent vER IR i 1s A9 follows.
made on it while heat is conducted and

B e BE 0 Biran Furtiss o tengy oA egropiisysnoeids less
thdro8I[uknh ith &ﬁhﬂﬁl%oﬁﬁuétﬁﬁy%x%ﬁ%@klg" BYORE] ofd?r%gqg rﬂoqle]ap spotis .-

The expanded- graphite” sheet sui tabl'e no
mads paut hHe hers at canduetedhant digfosedctbsough it. ot her pl aces but

-al's me ctrona neti.c wave |
S S S MR AR TS e
Bepauss ¢t themvad ebhduetivisy aBthE @kp£dBd-graphite sheet is relatively uniform, no

‘heat spot is made on it while heat is conducted and diffused through it.

The advantage offered by the fourth feature of the present invention is as follows. -
The expanded-graphite sheet is suitable not only for conducting heat from heat sources to -
other places but also for shielding objects from electromagnetic waves.

The advantage offered by the fifth feature of the present invention is as follows.
Because the total impurity content of the expanded-graphite sheet is as low as 10 ppm or
less, components and devices fitted with the expanded-graphite sheet are prevented from -

deteriorating due to impurities.
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Because the total inpurity content of the
expanded-graphite sheet is as low as 10 ppmor 30

| ess, conmponents and devices fitted with the

expanded- graphite sheet are prevented from

deteriorating due to inpurities. 3 The advantage

of fered by the sixth feature of the present invention

is as follows. Because the entanglenent of graphite

fi bers of the expanded-graphite sheet is firm and,

hencEhe 4dvengpapifered bl itﬂmemhafmuxfeiolfmeyprb@ﬁdﬁdeﬁtaﬁﬁt Refollows.

h t d does not
Bchlrq E PRl el GLaranius APFISOl g SHPARYeAnaAlS erhest M1l and,

~ hencé |tﬂé’\§ﬂ3§ﬁﬁe Bbers B S&ﬂe@ftoém{%'r e ﬂ?anded-ﬁraptme sheet is

expanded- gr aphi te sheet of the present Inve

- Styong ang dogswt epsglytteasmagnet i c- wave- shi el di ng ef fect of

the expanded-graphite to sheet of.the present
invention is conpared with that of an

Broff2asdeptigr effidatvéngsheet currently in use. Fig. 3is a
nd|t| ons of expanded graphite

t abl e

s,hee“te 18 ﬂ’é&eﬁ%‘t’&\?& SRFsProgess of mgk is decpandedegraphitotstiect of the
préRht BREAYNNY out the Invention The present invention

provi des an expanded- graphite sheet which is nmade

subdndiig- |2athe>ﬁ1®tromasa¢tc¢emwmdmg effecirod theyexpanded-graphite

.. hi .t t
SRR UPERE: ey ilts ERRRRPE By e e RMaB e

CU&Snt[bjhElﬂBb re3| n or rubber It is preferabl e, however,

raphite to contai n no bi nder,

becaﬁi%? ‘é{i‘ﬁ%\ 5‘5?3&5%?’9 tions Afgx pAndlgdsErnbita degets madept garious
roBingtspédde. f or the production of expanded-graphite

sheets of high thernal conductivity and high heat
resi stance. The word of "expanded graphite" used

BGB?M%HE‘?cfrtcﬁfryﬂg%ﬂﬁhg%%n%gﬁ cases of containing and

not contai ni ng The expanded-graphite
she él"hecweStehtenpfnm@e (providesemteixpanded- grgphite lsteet oviinheis iadg

sul?s?%nttﬁﬁ e’fpaB k‘ﬁ%reﬁlﬁlgepaﬂ?‘l Lf ra hlrtc:se anQnSI sting of.

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

suitable for the production of expanded-graphite sheets of high thermal conductivity and

- high heat resistance.

The word of “expanded graphite” used hereinafter means both the cases of
containing and not containing binder.

. The expanded-graphite sheet of the present invention is made by compressing
cotton wool-like expanded graphite consisting of entangled fibrous graphite. The
graphjte. fibers of the expanded-graphite sheet are put in the surfacewise directions of the
sheet (in the directions perpendicular to the directions of compression) and piled up from
the bottom surface to the top surface of the sheet; therefore, the thermal conductivity in
parallel direction of the expanded-graphic sheet is higher than its thermal conductivity in

perpendicular direction. The expanded-graphite sheet is higher than its thermal
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graphite fibers of the expanded-graphite sheet are put
in the surfacewi se directions of the sheet (in the

di rections perpendicular to the directions of
conpression) and piled up from the bottomsurface to
the top surface of the sheet; therefore, the thernal
conductivity in 30 parallel direction of the

expanded- graphi c sheet is higher than its thernal
conductivity in perpendicular direction. The
candpetndiydn gpemahdxtzelasdmwﬁhon S The Ehﬁi’ndéd‘lgﬁphﬁé sﬂe@%fr\fﬁé pfesent

d I d t1on.
mg%&gﬁééhlvaa% o e B eEeal onesavsttpimaatel dioiam T 59

WIgE & )90 nidrat Bbéa%sé ﬁ%&ﬁ@na?%ﬂ%\h ihYpataltePRFRLb he
¥ el fite

direction wll ecause
e’ipﬁ@wa@ém@tl ls/mtuyh htghplallhalh it& thednalamhdm‘uvu‘& ith perpendicular

R RORAPR SSARE R In ot SR ntahr e oo 1 ¢
cqnducsnylmyah) beraflelrditebgor 3r1ebs Ghdro3s 0w nél IKP f tl”lvlé gﬁfer&{cle lgﬁﬁxlt/egn its
toprngl oSS RS irpiom ope ah Boreendieslarsbreciion s Smalland it
suffaedwisd theBnslWefthslbd IsSsufflci PR Eﬂ *e%re dink ‘ﬁ‘fetr}ngpcoﬁlagcﬁ\ﬂg/ in

endi cular direction is sm and surfacew
paﬁ%@fm:ctl@nfof thei expandedigrapkitei she@mxf;hetprmaf inventidnheeds to be 350

l el .direction
WGP KTRL 00 05 desielnfe s PR paufS i funli direunnar te
expanded- @Epﬂuﬁz Ghath (913 §0) Wiim - KD log lrridrf aﬂacBlt @sert%bfe&iéki?aﬁtlé iftth€thermal
irection o he
B B b St oy bl e
betdust thelmffereHEShdtR M Eitd thetn cbMRIKBties ﬁpﬂﬂﬂ?él Yk %’onI dhd in

paral l el direction of the expanded-graphite s
Pemodwleﬁdmct@n iglgraer. Eb@té@sﬁe@?{maddﬂrgrhmlaﬂheetbetmehe

d1ﬂfér§nc.tehﬁ5\0@n 1%QH&H§J bc\ﬂ&'c:ﬁ'ﬁhle&n%‘iﬁie Sirecgfoé%%& :u? {)]?@Qndlcular

in perpendicular directiron s
dirggtinamig é&tggeraplghtaed dieeed, thesextpanded- grhﬁnfb&hdd:tﬁf stilenigble for the

Sugf qh&%l Qﬁ[nal conduct|V|t|e§ in para!le

rec ion an ﬁérpendlcular direction is large

enoBgkidas)dhe lSlﬂId d€m51ﬁyhﬁ texRpaaed: GhpiRi sheet D aRt rbént invention

sti.ll s a or the surfacew se thernal d| f usi on.
is gchighyas] 6tzh€}"&ﬂ“k desrsdinglys thernianglepentieteraphijstiiees is firm
ang, hﬁﬁ&e ‘éﬁeytaP@ﬁHﬁ@%HHed YL, %Irefbl%hﬁé (_g:?b%eé&r%ph@te Shékt is

. Accordingly, the~entanglene
Str?@&)@dsdqesnoiiqamlﬂ@aand hence, they are f| rmy bonded

St 1 S Caver RGPtk 05 G BB ann b of Shrpsesen

m\&enildm dénigh 4symerdtidnbé al@o&&aﬂﬂelect%rﬂ@ﬁbﬁ@“%b@-@fueﬁfmé ect is -
as nenti oned above, 1ts

nvention is hi
ex gy nfg\f‘ré é‘Pf“@gK}\%\‘r‘eW%‘f?rS%Ff‘dﬁhﬁg effpgtaras mepsured by the KEC method
developed by the Kansai Electronic Industry Development Center (KEC). The result was

the electromagnetic-wave-shielding effect of 60 dBuV/m or more in the frequency range
of 100-800 MHz. Thus; the expanded-graphite sheet of the present invention is suitable
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, its

electromagnetic-wave-shielding effect increases. If electromagnetic-wave-shielding
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excel l ent. The el ectromagneti c-wave-shi el ding effect

was neasured by the KEC nethod 25 devel oped by the

Kansai El ectronic Industry Devel opment Center (KEC).

The result was the el ectronmagnetic-wave-shi el di ng

effect of 60 dBp.V/mor nore in the frequency range

of 100-800 MHz. Thus, the expanded-graphite sheet of

the present invention is suitable not only for

conducting heat from heat sources to other places but
effi¢cs of 6@ dBgNimlodimoge inothi @efsenty enige lo@ COU-8OMYIIEL iCrequired, the

ves. 30 Lf the thi ckness and bul k densiity of the

RS Ry s dhro ik BruT e duda e m sl do. I
cledtesHhdPBRGNAYE ShidRlvEr SRIcEbh0\@B 8 hf 6f mbiG '
eIectronagnet[c-madgashfelding %&efge?t o?qgﬁﬁﬁﬁﬁ XﬁmgeOf
100-80RMd7 i§ reqvired the thiekngsy efify b3 mpOMd3HO bidkibehsity of 0.5-2.1
MG ~the thickness of 0.1-3.0 nmand the bulk
&ensﬂ@@%f 1.0-2.1 My/n8 will do. If

el ecFuteagnee ite-avizhretithhedndifigriadd 0aghieks dthe Bdmied-graphite
SHIDI tbn t he freﬂuency range of = 100-800 MHz is

R PR, R Sk s ot Rncs Witls 15 BPARA0T irdessubta 5 pm, and
itoemnticé bbllfgfméis 55‘1%1a11'v51y W(fﬂﬁn."‘%%orqglglgf g% H%Erélgpc{oﬁduétﬂ?ty is

arithnmetic mean of surface roughne

- refafivalyqwiforn aphiheace, gtecdiffusipn phleap issktively muifotm.ofhérafore, no

helﬁfg;%g 35?1?9& M B e 3§dg&)'ggaﬁl§$ gl%elei/. :ﬁt l}v/v?l@l ﬁ? %tgtﬁg]dﬁfe?gncg I:t])(e::ItV\feerl the .

ace roughness

higlzasbardi logleyt, vaittes of healnthbrned doktictivitiey at arioh€bpvkd Melh¥
euni%rm nd, henCﬁqo thgﬁdi fusion of heat is

XPSET afg}telfh?efté% 7oPh&SE Phibe Me3p cppdysaiyity ehthe expandgde
graphifel@etxpanded- graphite sheet. It will do if the

difference between the. highest and | owest val ues of

| ocat Meadafimakipgite expindedgraphite shded othe potsentdnventien will be
deSorRAdRRHWIr aphite sheet is 10%or |ess of the nean

conductivity of the expanded- graphite sheet. A nethod

of & Inig atfi;@/(élnp@rﬁ thedbroeeapbf mekinp det exphndddegrppieeahtet 1 of the

' Nt | wll be 15 described below. Fig. 1 is a
I”%%éﬁ@%%ﬁ %f the process of naking the

ex pdixpandagr gpptiited 1S58 eiedet-lik©Mmatdial ofdotoh %o:umef@ Blaphile

Expanded gr i.te 11 is sheet-like material of cotton
(ewggqu $f1%81%§ﬁ3 Gh i madg by speldpe patasshpt kish arspbite ina hquwid such as

sulfiri® Ok a0Rt éﬂlHQherﬁqeaMrézﬁir%irtgp E%Bﬁittigveq dobsui d such

as 20 sulfuric or netric a en heat-treating
t he Tge#pninded gvaphitg 90 &as the thickness of 1.0-30.0 mm and the bulk density

0of 0.1-0.5 Mg/m®. A crude sheet 12 is made by compressing the expanded graphite 11
down to the thicknesé 0f0.1-3.0 mm and up to the bulk density of 0.8-1 .0 Mg/m?,

w 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
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The expanded graphite 11 has the thickness of 1.0-30.0

mm and the bulk density of 0.1-0.5 Mg/ nB. A crude

sheet 12 is nade by conpressing the expanded graphite

11 down to the thickness of 0.1-3.0 nmand .up to the
bul k density of 0.8-1.0 My/nB. |f expanded graphite |

1 of the thickness of 2.0 mmand the bul k density of

0.1 25 My/nB is conpressed into a crude sheet 12 of

the thickness of 0.2 mmand the bulk density of 1.0

My/ nBiexth irbidrésges aneh mstulﬂmarrﬁdordare irergovdiefr6in MY @6&d sheet 12 by

i R s B RIS e e ShEeIoD o o ol imveBeantentis
1@pprd o ldsy hitd] espatidly, WROR sulfai diigi ROTPERREQMs crude
shee panded graphite 11 nay be conpressed into -
a cr {f&éeg?f’é'é’(he&tzl 3\/W€ 9pe dotpk igpyrigy corgent isof ppmepr ieisk ks, cobfpressed
eet 12 c
mgor %Igtﬂggg@eﬁljla lln'te%isthl‘éételd ﬂﬁe&?erﬁné{ﬂﬁlrc?f?l g@ogﬂg%ar&&&ﬁq fipted
Wﬁh thei eronn@ﬂ%ra}dmn\shdetﬂns mdvlam‘e«t witheusfaget 12 by using.

oSBT o sty F5tont o e bR the caaa et 12, any

mpen:naltﬂ mhsesaj kil fac CRMHRE tyithSthd AR arddSRk d £
oi reflgeddﬂsnﬁeet 13®mhtnlsgctot al inmpurity cgntaent %’Sltyo

thf:‘)f:‘)'ﬂﬂ Behgesdd s conpressed 5 into an expanded graphlte
Sheefhelreﬁﬁéheslfé@tt £ QbR 1‘ gl?dolflto Iﬂ'é[))ﬁ%a e:t Sgrap dsﬁeet(i whose
Hsdrerapht

fitted wth the expande graph S

' th{ﬁkmﬁéﬁn@bumctehsmaréalas ISnMeﬁxﬁlﬁleMg/ﬁuBove met hod of

f th de sheet 12, any
opt 1 R R e O ReE et SR s dalling il Bt i
cotripresketewizh anollig inkl10®B sk panded-grdphife Ghdddle cﬁhﬁcef)rogigcedlo

he refined sheet 13 is conpressed into an
ﬂg Bﬂed graphite sheet | whose thickness and bul k

densaan@rdegrﬁ)ptﬂé 14 JF IR lesh o120 Y g Tﬂ%eqlﬁl?ﬁén%%j of

sheet 13 may be conpressed wth a press or
0- 1P P Mg/ ip psyadly cem@mse@snew agringie sheeolz of@y 143010 mmtahﬁ the bulk

d
deﬁ:?f o :é):lﬁ? 3"1\%@%’1 g(h% rude gene? ? % ?ﬁrﬁreﬁ?ec{j sheet §) of e dhickness
of @ﬂ -3.0 1B @n@ therbudia dertshgs ob 0J8k1 olangin ¥s ﬁfuall@idzmgres:’semﬁﬁa rolling
mlgsaig gcgfl %Qﬁc a:i%r m%?mpfanéér%g@ed&%pf@teghm Ared the
thidless oft 185G rude a&ﬁ&ﬁé bdiR d(eﬁinyf cﬁf 1l cﬂ@q 1€1 I??I‘)e gﬁmg NSeed is 3

th| ckness of O. .0 mm and ul k

- m/gigor morey greasEs aresfoagqépm ghecsgrfpmsgetm empatndeai gremﬂnemgeet 1 and

- 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 the
creased parts is reduced.
The inventors of the present invention found that the expanded-graphite sheet 1 is

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 0.8-

1.0 Mg/m® is compressed with a rolling 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’.
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mll at a rolling speed less than 3 mMmn into an
expanded- graphite sheet 1 of the 20 thickness of

0.05-1.5 mmand the bulk density of 1.6-2.1 Mg/ nB. If

the rolling speed is 3 mmn or nore, creases are

formed on the surfaces of the expanded-graphite sheet

1 and 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 Nlamdlyaby oasmﬁn’e@smlg hesfigd fsl@&€$3 @n‘a fdmeng §lee@RREHAAR Y/ min,

|1 S reg | entors of resent invention
a0 B oS D6 R S 250- G By, fhe bul det of 1,621
My/88%96n meenslf&%némmt? rh?ﬁ%h@iurh@@ b6 &%%f greleﬁs is

expanded- gr aphi t e shegt nproves a re eet
preduesd. dhis mdse desinabls 16fhe0011mg speeldm; mtait ﬂﬂﬁnbmhlkbfd:aﬂﬁkl eixpanded-

gﬁf)hl% ﬁl eety lg)f g@(f[ﬁ% §u§lﬁg§{u§ esfr%fiw ChHYl@lOrélglredUCl%g nl]le proguctmty
ex pahahepfe@rszpbhlﬂtl@e Slhﬁﬂ‘ésshn@fbuﬂcr&nﬁlw &KRE %§pd¥1ﬁe@-g%h&e sheet 1

RS i and d Ay T8 orheres bithRedhe pRedsbenphis stopt | e ich

theReR Goh®R fivity) MishelBdtAL @ondu@ﬁw%@ﬁ‘&] gf&ggﬁt%?%&])glaég&c swave-

of the thickness of 0.05-
shielging eftfectlvg/th@on@h@d anH éhenpriodeatiod wosti anidttlye fraﬂﬂbntd&&ctlve of the

I oduce
U ATRILANTSR, Rlo P ok 538 HEBTHEE e s
buik densjty bé teuspareict igitite Shept aphi 178 MEBELS ndor®fbebhlRe the thermal -
qualltY cannae produced wi.t hout reducing the
‘@ IR G §QpdpgHvitigs;and theselegteqmagneti-pray grahieldi sotthel R
exlpulhdedogeﬁlﬂmtexh@a‘t lté?@f&?fﬁ?ﬂﬁ’ﬁ'gv&f &Pﬁ&b tofe ﬁ&?@irhdlme Hréhgth of the

1-0.5 mmand 1.6 My/n8 or nore, because
exeﬁwﬁﬁéﬁﬂ)gtﬁabﬁttles isherevedloths ofieghand. hig ismmbst desirable if the bulk

C i
deBOM e YiialidedLABNTC Siebef £ 0NN 6! hre, Bllduse the ghermal and
elediric epmduttivitdessand thmdegmnhgntn@ww@shwmmg déffeet 6f 6 ek Samded-
he. 10 ex hjte sheet 1 are held
V\tg%ééne\{t?he ‘{ Eelml?{aﬁ &‘%ﬁg ‘desirable if the
bul Kt depmahtawem‘spemmwma sBEARBIoE fhesthféﬁhestk ofg 2lnirhind the
and el ectri

| / 8. or r Recause the thermal
b“ll\:%%“dﬁ& P@FB I‘Z@ my AYicQressed dntp grsyprded-craphite shice | of thy

i n ca (08l a
th @f(xﬁe@ﬁbf of rhe d%ﬂﬁgﬂgﬁg%ﬁ 9tﬁg/§1¥w8£ glﬁea{)fthteh ermal and

i mproved on the one h nd the r engt
elesitiraonductiyitigstaing shestleatoniagnetid- wpvsewlﬁdldmg dffeet off the Expanded-

gr Ee}g(sel)l(égg}] It dﬂgﬁ ﬂ Selerxgﬁrbdgfi Diaqthé Wé?‘fﬁgggg }eﬁ%‘,vgysmall

: spm;:amis(m)tthe eiﬁhﬁﬂmﬁgra@ﬂl@e stebertdn é?asﬁja Béi Pfdduved dt %Srel@ﬁ‘sjely low

the el ectromagneti c-wave-shiel ding effect of the
xpanded-
. Because the expended-graphite sheet 1 can be produced through only the steps of

compression and refinement, it can be produced efficiently at a low cost. The production

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.
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graphite sheet 1 is further inproved on the other
hand. It is preferable especially if a refined sheet
13 of the thickness of 0.2 nmand the bulk density of
.1.0 Mg/ B is conpressed into an expanded-graphite
sheet 1 of the 20 thickness of 0.1 mm and the bul k
density of 1.9 My/ nB, because (i) the thermal and

el ectric conductivities and the

el ectromagneti c-wave-shiel ding effect of the expanded-
Fgstdphbddimsineet 1 are high (i) the expanded-graphite
shee cC ple a relatively small space, and (ii

1
t he i%éh%&a _GQPdystiivitiesdp gapallel de%?ﬁtl@a§Iepgromegrmnsmw{neldmg
efct,and8lAhdVBLyhdeVbf §1t1ded2% lg‘g@%ﬁé f'tg Present uﬁventlf)n were

expended- graphite sh 1 ca produc rou
cqmppared with thyse of Gmﬁnés@gmmhaﬂ shelesfcurrembnm uset Tham;heded-

gﬁé@?éj%%gtﬁ ?fftl{e ﬂr?%é xé)\(/g ttlogl ev&era rrréagﬁ tby 8093@:’0 S3ing r%lglﬁg gheets at a

rofllirg 4peed of Irprnm’nﬁd afé n@ccthaltiuuc ddnsicyef 1.9MVged. The eipa%aed-

ressed nto an expanded-graphite sheet 1 with a
grPBlF‘fq SR’EC%CPF entlynpdise Metfamadralt COP?fﬁSéylgUéﬁ@QﬁﬁbF@S serglling

t 1 1,
S"iﬁ‘.‘ﬁﬁiﬁ;g‘@%‘? PR SR FLIB D AT oy

Enbo rmat gefysieg the expinded-giaphiesshieet \pasrffa}lhdaby usmgd the
t way e i eldin ef f ect n
lagls 064 hhod St LIRS B S b b o b i

-dlffnsgﬂylbo fdmanmmtewleces Qe mﬁlﬁfb@QSVm&hNetr@ @&%fpfrom the 200-by-200

r e shee ) current in use. The
A B st okt D6 e an hormal Gandud ety R drminetest picces
wmﬁkﬁmw@&ﬁ by conpressing refined sheets at a rolling
speed of 1-2 mim n and had the bul k density of 1.9
My/ mBhe ehférogs@ﬁaﬁﬁewavegslaplﬁm@f@nwthe expandeit-ryphire dset was

) B e 8 S PRI B b GGy

My/ rdBs toTthe surfase meughdedsfafshevé xpanded-griwshite sheet, the center line

o RPN AR R HR e oo

2004) wad mtemrefdrmsﬁrrgea mﬁrcmabugheleg‘sfm@lswlﬁg/ap%@raft&tt@deFCOM
N ne eces 25 mm by 25 mmwere cut off fromthe
47%6(1“6‘%? Yﬁ‘rﬁeé‘%%h@%dL - oA & rokthwith 2 5autm ?0feconisahdiamond

tipt ST §0im @%ﬁu CItHe\fﬁéaXm% éﬁm&?@bo% q(i‘ggss nas

cal cul ated. The el ectromagneti c-wav i'ng effect
- of tihe resapdheio! gersduktivity efitbe nineasst pieces of the expanded-graphite

- sheet of the present invention was as high as 400 W/(m-K), whereas that of the expanded-

graphite sheet currently in use was 200 W/(mK).

The difference between the highest and lowest thermal conductivities of the nine
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, the
expanded-graphite sheet of the present invention proved itself to have relatively uniform
thermal conductivity.

The mean and dispersion of the center line average heights of the nine test pieces
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 6um and + 2 um. Thus, the
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. Sheet curr in _use was. 50 W
.1n¥§<r§

15 neasured by using el ectromagneti c waves of 0-1, 000
WMHz and the KEC nethod. As to the surface roughness of
t he expanded-graphite sheet, the center line- average
hei ght (arithmetical nmean deviation of profile in
accordance with JI'S B0O601- 2001) was neasured by using
a surface-roughness neasuring apparatus (SURFCOM 473A
made by Tokyo Seimtsu Co., Ltd.) and a probe with a
5-m 90 conical dianond 20 tip of 0.8-nmcutoff. The

- expeaded-grnghitosheet ofake ﬁreﬁé\it (rRatied proved ltessrfacd ifal @@be

t { th t est f
i aeronSgRa irvely Sl oftit mgansr BAL temveraoRdvetivis of the
exRnfe DrapBitdHecWrtRR prekont inVRBH SR r&ﬁﬁ@elg tlnltf&%l %relatlvely high.

expanded- graphite sheet currently 1nu
W ( nkf)FlgTZhéhfd?thmetl%mamehekdhlg dtfeghefsme amphnue&»gmphue

sﬂeﬁgroggﬂe a&g&g?&%?ﬁ 1?%01%&3%5‘ g\fltrl]]::tﬁ%t Oﬁfféest eSt gr%Pe S'y;mc,fheets
cumtlSﬁh UVe( mch)hpwnwh Figastheaparakd gﬁ‘%bﬂé @m@se@haé priddte

hus, the

ondaye 5 i‘%’e&ﬁ @eveshielding pffecs 6F60 Ry ¥fmiopmore in the
frefueMO&Orahb S 6f fO(ﬁgOdm (VﬁEI%Elg Heley é‘H?l'efi %E#Bhlt% Qﬁge@l%urrently in use

conductivity. The nmean and disp e sion

- have glecaompgrptictisdvgtshielding effect of ﬁ@ dBe3¥mpir 8¢ ésthe 38me firequency

ra v\%e atrﬁg%gpeg{f@@ féjra let(? g}gegs (iiﬁlaésgr%a ! erﬁvgplttiorll Sr\é)(\e/gé Ith%rr;lselves to
hay pelatifeedly bighpleictremagieeic-vaversbildiMg effedise were 6m and.

2 m Thus, the 9 expanded- graphlte sheet of the

present invention proved its surface quality to be
SdcehdEmbedimegpod and rel atively uniform This nmeans

that_the thernmal conductivit& of the
ex paHdugd ghegsnetithe gnelmessodf It.Gmnp prd thatbullndemsity ofil.DMg/m® were
@bl YR aIe [ Fi g. t
cofex@é % rd(;i?fllltad/ e)l'eﬁﬁhcfiéﬂ' mg%gﬁl@#h@% Itog gl%e %E‘ of b ?ﬁ%mgand%he S8
degs@bg}fdeﬁl\/&/mpm the rolbingfspestisamde dﬂiel(pmﬁﬂ&ﬂb as¢erRit theBffects of
théC ﬁ)}l?%%éc? |9 e surtta%zrtoggl%%tﬁp,lecﬁeea saglgtggle CghélleCtI%P§ g% tshe

use

expapladgedphiie s3pduity. € sheets of the present invention
have electronagnetlc wave-shi el ding effect of 60 dBV/ m
or Y8 NdisprESion pf HgeRelFopdyiivitys ning trserieceypyere cut off from the

- exphiRie@asaphite seepansRd og'ﬂﬁz%ll&ﬁ ?Q&ﬁto?lc 4 8ng la\flgdré dﬁ/\sr/r}lﬁ]and

ave el ectromagneti c-wave-s ding effedt’ of
thﬁlf%f?nF%thWéefS ighestcandrioyest ©0n1d1t¢gta1tle§'bﬂ81,e niifeetest pieces was -

SR ARG BB BT e

eI ea%srsrhnwgmmﬂgc?:,wavl&r ®lingl sPeetin€leh Rl the center line average height
and the dispersion of thermal conductivity increased. When the rolling speed increased
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 6um on the one hand and

10
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Second Enbodi nent Refined sheets of the thickness of
1.0 mmand the bulk density of 1.0 My/nB were 15
conpressed i nto expanded-graphite sheets of the

t hi ckness of 0.5 nmand the bulk density of 1.9 My/rn
3in the rolling-speed range of 1-10 mimn to
ascertain the effects of the rolling speed on the
surface roughness, creases, and thermal conductivity
of the expanded-graphite sheets. As to the dispersion

thefdidplessionpdf therfrehli coridattivity intiResedRIm PEBAE D2YRAR 16 BOYPS the
20 exggnded-graphite sheet of each of the

fromth : _ .
oty ﬁ“ﬂg efé’ﬁ &eAfen Hir the ingrease ofghe disperpian Yo uld be inadgnyatetdeacration
dell fof MMPRsEsRELMRLY. KiBR rdlii and | ovest

conductivi?ies o?ﬁiﬁg H?ﬁ%ggggg'pieces was divided by

the nmean conductivity of the nine test pieces. As

' i.g43, as the rolling speed increased, the
h@@%ﬁg¥AﬂﬂE§g%€%rage hei ght and the di spersion of

t her Thd expandidsgraphiteyshetoTeRsHdsenyiBntidifis sQkdbldfbr eBERMting -
Ig@gﬁeaseﬂ 35 from2 mmn to 4 mmn, the center |ine

a H3JBE Aeat Jiom head sQuieesdn slsetramip devipes ek pmportable telephones,

sHAAIE Gbjekist TRt st 2 h
bl o B Pite e Bl Rk R s ipoley
conductivity. On the other. hand, no creases were
formed on the surfaces of the expanded-graphite
sheets at the speeds of 4 mMmmn and nore. This
suggests that creases affect the dispersion of thernal
conductivity significantly. 30 Wien the rolling sped
increased from6 mmn to 8 mMmn and to 10 mMmin, the
center line average hei ght remai ned unchanged at the

| evel of 6mon the one hand and 10 the dispersion of
thermal conductivity increased from14%to 22% and to
30% on the other hand. The reason for the increase of
t he di spersion woul d be inadequate deaeration due to,
and cracks caused by, high rolling speed. 5 Industria
Applicability The expanded-graphite sheet of the
present invention is suitable for conducting and

di ffusing heat from heat sources in electronic devices
such as portable tel ephones, shielding objects from
el ectromagneti c waves, diffusing heat from heat spots,
and so on. 10 15

d so on.
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20 25 30 11 dains 1. An expanded-graphite sheet
whose thermal conductivity in their surfacew se
directions is 350 W(m K) or nore. 5 2. The
expanded- graphi te sheet according to claim21 whose
arithnetic mean surface roughness is less than 5 m
3. The expanded- gr@phite sheet accordigng to claim1l or
2, the difference between the highest and | owest

val ues of the local thermal conductivities at various
spots on which is 10% or |@ainof its overall nean
thermal conductivity. to 4. The expanded-graphite
sheet according to claiml1, 2, or 3 whose

el 1eCAk QRBaNRHLGapHIRY hetivlodl NHerRld Sohndbivili®in their surfacewi
{1 equency anGe R T80 M ook o i in, their surfacewise
Bﬂﬁ@ﬁb@%@hm'e sheet according to claim1,

2 Fhe Repchdd [ 1t ont.en i%?ﬁ m or
| 655.° g P a?nhg@g?(a ghgtég%eé ' apqt%lélilf1 %X% ﬁgaélp L 55‘8?‘e @C mean surface
rougbness &,le? thah 5 dm. or 5 whose bul k density 15 is 1.6

Ng/ or anF. 2g. 5 30 (%2 . )

- I'he €xpanded-graphite sheet according to claim 1 or 2, 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.

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

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

6. The expanded-graphite sheet according to claim 1, 2, 3, 4, ér 5 whose bulk density

is 1.6 Mg/m* or more.

12



