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Abstract

　　　Surface　areas　and　outgassing　behaviors　of　various　isotropic　graphkes　were　investigated

by　using　the　physisorption　of　xenoR　at　77　K　and　a　thermal　desorption　spectroscopy　（TDS），

respectively．　The　specific　surface　areas　ranged　from　O．4　to　1．34　m2／g　and　hand　a　tendency

to　increase　with　the　apparent　density．　The　main　gases　desorbed　from　graphites　were　H2，　H2

0，　CH4，　CO，　CO2，　and　hydrocarbons．　The　total　amount　of　desorbed　gases　increased　with　the

specific　surface　area．　The　purification　after　graphitization　was　effective　for　the　reductioR

of　the　outgassing．

IntroductioR

　　　Graphite　is　regarded　as　one　of　the　candidate　materials　for　the・　first　wall　eleri｝ents　of

nuclear　fusion　devices　because　of　the　adequate　properties一　such　as　low　atomic　number，　high

melting　point，　thermal　shock　resistance　and　thermal　conductivity．i）一2）　On　the　other　hand，

graphite　is　kBown　as　a　highly　porous　material．3｝rm”）　Therefore，　there　is　the　question　con－

cerning　the　outgassings　due　to　heat　load　from　plasma　and　the　gas　uptake　during　the

maintenance　of　a　vacuum　chamber，　iR　a　case　where　the　bull〈　graphite　tiles　are　installed　in　the

interior　of　the　vacuurn　chamber．　The　purpose　of　this　work　is　to　investigate　the　outgassing

levels　and　surface　areas　of　various　isotropic　graphites　and　find　a　correlation　between　them．

Exper量menta董

　　　Iso£ropic　graphite　samples　with　the　apparent　denslties　（d）　ranging　from　1．6　to　2．0　g／cm3

were　supplied　by　seven　Japanese　manufactures．　Table　1　presents　the　physica｝　properties　of

the　samples．　Most　of　them　were　manufactured　by　the　isotropic　rubber　press　method　（lsos－

tatic　pressing）　and　seme　of　them　by　mold　pressing．

　　　Their　surface　areas　were　measured　by　the　BET　method．5）rm6｝　ln　order　to　obtain　adsorp－

tion　isotherms，　physical　adsorption　of　xenon　at　liquid　nitrogen　temperature　was　utilized．

The　details　of　the　apparatus　was　already　reported．7）一S）　The　procedure　of　the　measurement

is　as　follows．　A　graphite　sheet　with　a　thickness　of　O．5　mm　was　cut　into　the　size　of　5×5×O．

5　mm．　All　samples　kave　roughly　a　constant　geometrical　surface　area．　Their　weights　vary

from　24　to　28　mg．　They　were　degassed　at　300℃　for　20　hr　under　a　pressure　of　about　1　×　IO－S

Pa　prior　to　the　measurement．　After　the　baking　of　ehe　system　and　outgassing　of　the　samples，

the　sample　cell　made　of　quartz　glass　was　immersed　in　liquid　nitrogen．　Because　a　specimen
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Table．　1　Physical　constants　of　graphite　materials
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placed　in　ultra　high　vacuum　was　not　easily　cooled　down　to　77　K，9＞　helium　gas　with　a　pressure

of　10　Pa　was　lntroduced　into　the　cell　as　a　coolant．　After　the　temperature　of　the　sarr｝ple

became　77　K，　the　helium　gas　was　pumped　out　aRd　then　adsorbate　gas，　i．　e．　xenoR　was

introduced．　Since　the　adsorption　reaction　is　limlted　by　the　diffusion　of　xeRoR　molecules

through　pores，　it　took　from　O．5　to　a　2　hrs　to　obtain　one　adsorption　point．　The　BET　equation

derived　from　a　adsorption　isotherm　give　the　surface　area　（S）．　Specific　surface　area　（S／W　；

m2^g）　and　surface　roughness　factor　（S／SG）　are　defined　as　a　ratio　of　measured　surface　area　to

sainple　weight　and　to　geometrical　surface　area，　respectively．　The　cross　sectional　area　of　a

xenon　molecule　was　takeR　as　O．25　nm2．ie｝

　　　The　outgassing　behavior　of　the　various　lsotroplc　graphltes　was　s加died　by　uslng　a

thermal　desorption　spectroscopy　（TDS）　device，　whose　schematic　diagram　is　shown　in　Fig．　1．”）

The　TDS　apparatus　consists　of　a　maiR　vacuum　chamber　and　a　sample　preparatioR　chamber．

The　ultimate　pressure　of　the　main　chamber　evacuated　by　a　turbomolecular　pump　is　routinely

maintained　about　2×　IO－6　Pa．
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The　sample　preparation　chamber　sealed　with　a　gate　valve

　　　　　against　the　main　chamber　is　evacuated　by　a　diffusion

　　　　　pump　and　enables　us　to　exchange　samples　without

　　　　　exposing　the　main　chamber　to　the　atmosphere．　Two　or

　　　　　three　pieces　of　a　graphite　samples　of　size　of　5　×　5×O．

　　　　　5mm　aRd　with　a　total　weight　between　70　and　90　mg

　　　　　were　placed　in　a　container　made　of　Ta．　After　the

R－R　pressure　of　the　preparation　cha；nber　reached　about　l　x

　vs）　10－4　Pa，　the　gate　valve　was　opened　and　the　container

　　　　　was　introduced　into　the　main　chamber．　An　infrared

llght

Fig．1　The　Schematic　diagram　of

　　　　　　thermal　desorption　spectr－

　　　　　　oscopy　（TDS）

light　furnace　with　a　power　of　1．2　KW　heated　up　the

container　from　room　temperature　to　1300　K　with　a

heating　rate　of　10　K／miR．　The　temperature　was　moni－

tored　with　an　alomerl－crorr｝el　thermocouple　spot

－welded　to　the　container．　Thermally　desorbed　gases
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were　analyzed　by　a　quadrupole　mass　spectrometer　（QMS），　which　scans　the　mass　raRge　from

m／e＝2　to　m／e＝　45　with　a　2　minute　period　TDS　spectra　were　obtained　by　subseracting　the

background　of　Ta　container　from　a　obtaiRed　desorption　curve．　The　amounts　of　desorbed

gases　were　estimated，　using　the　sensitivity　factor　（RD　of　QMS　and　the　pumping　speed　（Si）

which　were　already　measured　for　H2，　D2，　He，　CH4，　N2　and　Ar．　Ri　and　Si　of　other　gas　species，

such　as　CO　and　hydrocarbons　were　calculated　from　the　ionization　cross　section　and　mass

number　of　each　gases．　Reprodttcibility　of　the　amount　of　the　desorbed　gases　were　within　200／o

or　thereabQuts．

Results　aitd　Discussion

　　　Typical　adsorption　isotherms　for　graphite　with　different　densities　are　shown　in　fig．　2．

Kere，　Pe，　Ps　and　V　are　the　equilibrium　pressure，　the　saturatioR　vapor　pressure　of　Xe，　and　the

amouRt　adsorbed　at　Pe，　respectively　to　be　saturated．　The　adsorption　curves　of　each　sample

show　a　tendency　to　saturate　around　the　relative　pressure　of　O．2．i2）一i”）　Specific　surface　areas

of　ehese　samples　（A－1，　2，　3）　with　densities　of　1．9，　1．82　anc1

1．77g／cm3　were　estlrnated　as　1．34，　O．8　and　O，7　m2／g．

Reproducibility　of　the　surface　areas　were　within　about

100／o．　Figure　3　shows　the　relation　between　the　apparent

densities　and　measured　specific　surface　areas．　The　spe－

cific　surface　areas　ranged　frorr｝　O．4　to　1．34　m2／g．　These

values　are　much　lower　than　those　of　graphite　powders　and

activated　carbons　with　the　pore　distribution　and　grain　size

greatly　different　from　those　of　the　lsotropic　graphite．i5）一20）

In　addition，　the　obtained　y．　alues　are　stlll　larger　than　the

surface　area　calculated　based　on　the　average　pore

diameter　and　the　open　pore　volume　wi£h　the　assumption

that　the　shape　of　pore　is　cylindrical．　The　solid　line，　the

dotted　line　and　the　dashed　line　in　fig．　3　correspond　to　the

values　of　samples　supplied　by　manufacturer　A，　B　and　C，

respectively．　At　for　the　samples　by　the　same　manufac－

tures，　the　specific　surface　area　becomes　higher　as　the

apparent　density　increases．　Thls　relation　may　be　due　to

that　a　graphite　with　higher　apparent　density　is　made　by

filling　the　pores　of　a　iower　density　graphite　with　pitches，

and　then　has　larger　number　of　pores　with　a　smaller

diameter　which　contribute　to　the　increase　of　the　surface

area．　Another　possible　reason　for　the　above　relationship

is　that　the　process　to　make　a　high　deRsity　isotropic

graphite　inevitably　includes　the　extremely　fine　pulverizing

of　raw　inaterial．2i）　This　powdering　a｝so　seems　to　increase

the　surface　area，　even　after　graphitization．　The　relation
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of　the　surface　roughRess　factor　with　the　apparent　density　was　similar　to　that　of　the　specific

surface　area．　The　scatteriRg　in　values　in　fig．　3　is　probably　due　to　the　difference　in　pore　size

distributions　and　pore　volumes，　which　depend　not　only　on　the　fnanufacturing　process　but

also　on　the　raw　materials　such　as　pitches　and　cokes．2’｝

　　　The　effects　of　the　thlckness　of　the　samples　on　the　specific　surface　area　is　shown　in　fig．

4．　Samples　with　different　thickResses’from　O．1　mm　te　1．0　rnm　were　used　fer　the　experimeRts．

Specific　surface　areas　decreased　with　the　increase　of　the　thickness　ttp　to　O．5　mm．　Above　e．

5　mm，　the　specific　surface　areas　were　almost　constant．　This　tendency　can　be　interpreted　as

areflection　of　the　internal　pore　struc加re．　The　pores　can　be　classified　in宅。　two　gro“ps，　i。　e．

opeR　pores　and　closed　pores．i6）　The　total　length　of　all　open　pores　becomes　longer　in

preportion　to　the　volume　or　the　weight　of　a　sarnple　and　contributes　to　the　in＃erAal　surface

area．　Here，　we　define　A　（m2／cm3）　as　the　ratio　of　the　internal　surface　area　to　volume．　On

the　other　hand，　closed　pores　which　are　epened　near　the　surface　region　contribute　to　the

increase　of　external　surface　area，　which　should　be　proportioRal　to　the　geometrjcal　surface

area．　Here，　we　defiRe　B　（m2／cm2）　as　the　ratlo　of　the　external　surface　area　to　the　geometrical

surface　area．　The　measured　surface　area　should　be　the　sum　of　both　contributions．　Theref－

ore，　for　the　case　where　a　sample　has　the　size　of　e．5xO．5xt　crn，　the　surface　area　（S）　and

specific　surface　area　（S／W）　are　expressed　by　the　following　equations　；

S　：O．25　At十2B　（O．25十t）　（1）

S／W＝＝（2B／d）　（1／O十（A十8B）／d　（2）

where　d　and　t　are　the　density　aRd　thickRess，

respectively．

　　　　A　and　B　can　be　determined　experimentally

by　plottiRg　S／W　versus　the　reciprocal　of　thick－

ness，　according　to　Eq．（2）．　So｝id　lines　in　fig．4

calculated　from　Eq．（2）　agree　well　with　the　experi－

mental　values．　As　the　thickRess　increases，　the

surface　area　depends　mainly　oR　A，　while　B　is　the
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domiRant　factor　when　a　sample　thiclmess　is　less　than　O．2　mm．　The　iRtroductioR　of　two

factors，　A　and　B，　makes　it　possible　to　explain　the　results　in　fig．　4，　satisfactorily．

　　　Flgtire　5　shows　the　mass　spectra　of　gases　released　at　500　“C　from　two　different　species

of　isotropic　graphi£e．　The　sample，　C－2，　had　no　further　treatment　after　graphitization，　and

the　other　one，　A－3，　had　been　purified　by　high　temperature　halogeR　gas　to　reduce　the　ash

content　down　to　2　ppm　and　subsequently　outgassed　in　vacuum　at　high　temperature．　De－

sorbed　gases　were　mainly　H2，　H20，　CH4，　CO，　CO2　and　higher　hydrocarbons．22）一23｝　CrackiRg

patterns　of　hydrocarbons　also　appeared　in　the　mass　range　from　26　to　30　and　from　37　to　44．

Signal　intensities，　proportioRal　to　the　outgassing　rate　of　each　gas　from　C－2　were　obviously

than　from　A－3．　Thls　means　that
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（a）　（b｝
the　purification　by　halogen　gas

and　the　followiRg　annealing　in

vacuum　were　very　effective　to

reduce　the　subsequent　outgassing．

It　should　be　noted　that　the　relative

intensities　of　C2　aRd　C3　hydrocar－

bons　in　the　mass　spectrum　of　A－3

（ra／e＝＝　27，　29，　39，　41，　43）　are　higher

than　that　of　C－2．　Therma｝　de－

sorption　spectra　of　m／e＝　28　and　44

from　B一一1　and　C－2　with　specific

surface　areas　of　O．84　and　e．74　m2／g

are　compared　in　fig．　6．　B－1　was

purified　in　halogen　gas　but　not

outgassed　in　vacuum　after　graphi－

tization．　Peak　temperatures　of

m／e＝28　（CO“，　C2H4’）　and　44

（CO2’，　C3Hs“）　from　both　samples

coinclde　aR（i　do　not　depeRd　on　the

treatments．　lf　it　is　assumed　that

only　CO　and　CO2　is　estimated　2．8×

IOi7　molec．／g，　which　is　three　times

larger　than　B－1，　and　CO2　is　3．2×

lei7　molec．／g，　which　ls　one　order

larger　than　B－1．

　　　　Thermal　desorption　spectra

of　H2　and　H20　from　B－1，　一2，　一3　are

skown　in　fig．　7．　As　the　apparent

deRsities　increases，　sigrial　intensity

of　QMA　increases．　The　peak　te－

rnperatures　in　the　H2　deserption
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spectra　are　in　a　good　agreement．　Thls　indicates　that　the　mechanism　of　H2　desorption　is

identical　in　each　case．　But　the　peak　at　low　temperature　of　H20　desorption　spectra　curve

s｝ightly　shifted　from　each　other．　This　shift　migkt　be　due　to　the　differeRce　in　the　surface

morphology　and　the　pore　structure　of　the　samples，　siRce　at　low　temperature　H20　is　known

to　have　a　very　long　iRean　adsorp＃ion　t｛me，　which　greatly　affects　the　desorption　behavior

especially　in　the　case　where　the　re－adsorption　can　not　be　neglectecl．　The　increase　of　the

total　pressure　which　is　the　sum　of　the　partial　pressures　of　each　gas　species　was　observed　at

400℃，　600“C　and　800℃　in　the　range　up　£o　IOOO℃．
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Fig．8　The　relatien　between　the　amount　of　desorbed
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　　　　　　　　　　　　sample　weight

　　　　　　〈b）　The　amount　of　desorbed　gases　versus　the
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IS

between　the　amount　of　desorbed

gases　and　specific　surface　area．

Since　all　samples　analyzed　here　were

exposed　to　the　atmosphere　for　a　long

period　of　more　than　several　months

time，　the　sorption　of　gases　into　the

sample　presumably　reached　a　satur－

ation．　lt　was　found　thatthe　amount

of　H2，　H20，　CH4　and　CO　increased

with’the　specific　surface　area．　This

result　suggests　that　the　amount　of

gas　uptake　directly　corresponds　to

the　specific　surface　area．　Figure　9

shows　the　relation　between　amount

of　desorbed　gases　and　the　sample

thickness．　The　same　relation　as

seen　for　specific　surface　area　agaiRst

sample　thickness　was　obtained．

Therefore　the　amountt　of　desorbed

gases　normalized　with　the　measured

surface　area　becomes　a｝most　const－

ant　within　the　error　shown　fig．　9－b．

In　case　of　A－3，　the　amounts　of　adsor－

bed　H2　and　CO　are　estimated　to　be

about　10i7　molec．／m2，　and　H20　and

CH4　are　about　10i6　molec．／m2．

These　values　correspoRd　to　the　sur－

face　coverage　ratie　from　O．Oel　to　O．

Ol．

Conc韮usio】臣

Surface　areas　and　outgassing　behaviors　of　various　isotropic　graphites　were　iRvestigated．
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The　specific　area　ranged　from　O．4　to　1．3　m2／g　and　increased　with　the　apparent　density．　But

a　strict　linearity　was　not　found　probably　because　of　the　difference　in　the　manufacturing

processes　and　raw　materials．

　　　　H2，　H20，　CH4，　CO　and　higher　hydrocarbons　were　the　maiB　desorbed　gases．　The　amount

of　desorbed　gases　increased　with　the　speciflc　surface　area．　The　purification　by　high　temper－

ature　halogen　gas　treatment　and　the　subsequent　vacuum　annealing　were　effective　to　reduce

the　outgassings　even　after　exposttre　to　the　air　for　a　lengthy　period　of　tlme．

　　　　These　results　lead　us　to　the　conciusion　that　isotropic　graphite　with　low　specific　surface

areas，　which　is　purified　by　halogen　gas　at　high　temperature　and　aBnealed　in　vacuum，　is　most

suitable　to　apply　for　fusion　devices　in　order　to　reduce　the　gas　release．
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