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　　　　　　　　　　　　　　　　　　　　　　　　　Abstract

　　　Various　kinds　of　sugar　charcoals　and　pitcli　cokes，　obtalned　bY　the　carbonization

or　annealing　at　vari・us舳peratures　and　for　vari・us　durati・職s・f　time，　were　exa星nilled

by　ipeastu’ing　their　net　densities　and　by　means　of　X－rays．

　　　　”1”he　question　whether　amorphous　carbon　represent＄　a　third　modi－

fication　of　carbon　or　whether　it　is　only　finGly　dlvided　graphite　was

first　examined　by　P．　Debye　and　P．　Scherreri　by　means　of　X－ray　dif－

fraction．・　All　specimens　were　found　to　give　diffraction　patterns　con－

sisting　bf　’dlffti＄e　lines　or　bands．　As　the　positi．ons　of　the　bands　on

the　photograph　were　roughly　indentical　xvith　those　of　certaiB　line，s　of

the　graphite　pattern，　they　concluclecl　that　the　so－called　amorphous

carbon・was　nothing　but　graphite　consistin．cr　of　verY　fine　cr｝rsta！lites．

The　next　investigation　on　the　same．　field　was　made　by　G．　Asahara：L

who　examined　3　s　di．fferent　．specimens　of　graphite　and　a．morphous　carbon

by　using　tungsten　radlation，　anct　cic　me　to　the　same　conclusion，　viz．，

that　amorphous　carbon　hatil　the　same　lattice　form　as　graphite　and　was

not　the　third　modification　of　carbon：　IRecently　T．　XVatanabo3　examinecl

the　carbon　obtained　from　carbon　monoxide　；　and　Y．　Oshima　’and　．　Y．

IFukuda4　examined　col〈e　and　charcoal　by　X－ray　diffraction，　coming

to　a　similar　conclusion．　1）“lore　recently　M．　Miwa5　investigatecl　various

forms　of　carbon　by　means　o£　cathode　ray　diffraction　and　agreed

“iith　the　view　that　amorphous　carbon　was　．simply　nRicyocrystalline

graphite．

　　　　Another　．　group　’o£　investigators　O．　IRLuff，　Schmlde’　ancl　Olbrichtff

inclined　to　the　view　that　amorphous　carboti　was　．x　“para－crystalline

state”・of　matter　brid．cring　the　ainorphous　alid　crystalline　states　more

effectually　than　what　is　known　as　the　“　inesomorphic　”　or　liquid　crystal

state．　G．　1．．　Clark7　by　iReans　of　the　X一一ray　di’ffractioB　method　aficl

chemical　considerations　cleduced　the　concluslon　tliat　the　“　para－cyystal－

line　．state’．’　actually　existeCl．　Nr　1〈．　Chaney　and　・．his　co－worl〈ersE，．　from

their　investi．crations　of　the　absorbing　power　of　active　carbon　’ モ撃奄魔奄р?ｃ?

amorphous　carbon　into　Alpha　and　Beta　mbdifications．　Recently　P．

Rishnamurt19　and’　P．　C．　iFX，lukherjeeiG　examined　sug’ar．　charcoal，　an　active
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carbon　and　Ascheson　．crraphite，　by　means　o£　X－rays，　ancl　obtained　the

result　that　the　lateice　constant　of　the　amorphou＄　carbon　was　larger

tlian　that　of　ordinary　graphlte．

　　　　．ln　the　present　investigation　tlie　writer　measurecl　the　net　densities

of　various　carbons　subjectecl　一to　varied　hexc　t　treatment，　in　parallel　with

the　X－ray　examination．r　I　t　is　most　important　that　the　material　usecl

in　the　experiments　should　be　absolutely　pure．　1〈ahlbaum　sugar　whlch

was　first　caramelled　at　i　g　sOC．　was　put　in　a　platinum　crucible　aRd　was

then　charred　in　inuMe　electric　furnace　at　varlous　temperatures　for　3

hours．　The　net　densities　of　the　fine　powders　of　the　specimens　thus

charred　at　various　temperatures　were　measured　by　the　methocl　devised

by　U’．　Yoshida　and　B．　Takei”，　which　ls　especially　suitable　for　obtain－

in．rr　net　densities　ef　porous　and　powClery　substaRce＄．　ll］o　get　a　general

idea　of　the　relation　bectveen　the　carbonizing　temperature　and　the　net

densitie＄，　the　results　were　plotted　（Fig．　i），　ehe　net　densities　of　carbon

as　ordinates，　and　the　carbopizln．ff　temperatures　as　abscissae．
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　　　　．，4s　ls　evident　from　the　curve　thus　plottecl，　the　net　clensity　of　carbon

increases　as　the　carbonizing　teinperature　is　raisecl．　NVith　2　soeC．　char－

coal　（by　which　ls　meant　charcoal　carbonized　at　2　soOC，　a　sinkilar　nota－

tioR　being　employeci　for　the　higher　carbonizing　temperatures）　and　300CC

charcoal　the　presence　of　the　sugar　composition　was　testecl　by　Fehling“’s

solution，　but　no　traces　were　i－ouncl．　On　comparing　the　net　densities

of　these　two　charcoals　with　that　of　4000C．　charcoal，　a　stidden　increase

with　the　carboRizing　temperature　was　observed．　This　change，　being

very　important，　will　be　fully　discussed　later　in　conjunceion　with　the

results　obtainecl　from　X－ray　photo｛．xraphs．

　　　　In　the　same　way　the　sugar　charcoal　（xvhose　net　density　was　i．，s　37）

and　pitch　col〈es　（whose　net　density　was　i．s6i）　were　aimealed　at

various　temperatures　for　3　or　6　hours．　The　net　ctensities　of　these

specimens　were　also　measurecl，　and　the　relation　between　the　annealing

temperature　and　the　net　densities　is　also　represented　in　Fig一．　i．

　　　　It　seems　to　be　ev2dent，　from　the　curves　thus　clrawn，　that　the　net

density　of　carbon　annealed　at　a　given　temperature　is　only　increased
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v・ery　sliglitly　with　increase　of　the　aniieaiing　tiine　；　and　the　net　density’

of　carbon　annealed　at　a　given　temperature　tal〈・　es　nearly　a　value　which

is　characteristics　of　the　annealing　temperature．　This　fact　means　that

the　so－called．　“　Ciraphitierun．ffsgrad”　is　nearly　a　coristant　for　a　．criven

annealing　tem．perature．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Fig．　i
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　　　　　As　is’　evident　from　the　curves　in　Fig．　1，　the　net　density　of　the

carbon　prepared・by　carbonization　increases　very　rapidly　wlth　the　car－

bonizingny　temperature　when　the　latter　exceeds　3　soOC．　capproximately，

ancl　that　o£　the．　specimen　annealed　also　increases　veryr　rapidly　when

the　armealing　temperature　is　higher　than　about　6000C．

　　　　　On　the　otheT　hand，　some　o£　the　specimens　of　1〈nown　net　densities

xvere　exainined　by　means　．　of　X一‘rays　generated　from　a　Shearer　tLtbe

havi　ng一　，a　copper　target．　The　results　obtained　xvith　various　specimeRs

are　tabulated　in　Table　1．　ln　order　to　compare　the　quality　o£　the

electrode　carbon　two　different　specimens　No．　i　（whose　net　Clensity

was　2．2ii）　and　N’o．　3　（whose　net　denslty　was　2．　．06g）　which　were　alt－

nealed　at　about　2　sooOC．　and　i　400“C．　respectively　were　also　examined．

The　glancing　angles　0　measured　on　the　photographs　for　varlous　dif－

fyaction　lines　or　bands　are　given　in　Table　1．　lt　is　seen　clearly，　fi－oin

the　diffrclction　phQtographs，　that　the　interference　line　become　sharper

as　the　net　densities　inctrease，　and　the　smE　ller　the　net　densities　the

more　diffuse　the　lines．　NVith　the　2　soOC　charcoal　there　could　not　be

found　any　ordinary　lines　observed　with　the　specimens’　carbonized　at

temperat“res　higher　than　4000C．，　but　only　a　ctiffusie　band　appeayed　at

O　：io’．　O£　couyse　this　small　angle　scattering　also　occured　in　the　case

of　880eC．　ancl　4000C．　ch．arcoal．

’
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　　　　if？ig．　2　shows　mi．crophotometer　recoi’cls　of　some　of　the　specimen＄．

rl“he　diflference　i．　n　the　X－ray　phot’o．．o．g’raplis　between　2　soOC．　and　400”’C．

cliarcoal　corresponds　clearis／　to　the　clifference　ln　the　net　densities　be－

tween　the　tw・o．　As　already　mentionecl　the　2　soOC　charcoal　was’　con－

firmed　to　conttain　no　suLo．’ar　composition　by　means　of　thc　IIJ’ehliRg’s

soltition．

　　　　Tlius　it　may　be　conclucled　that　the　net　density　of　the　so－called

，”狽高盾窒垂?ｏｕｓ　carbon　（wliether　amorphous　or　fine　crystalline　stac　te　other
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than　．cr．　raphite　3’s　z｛ridecidecl）　is　equal　to　i．47．s　and　that　t．lie　o．　rclinary

carbon　is　a　mikture　of　this　ac　mol’phous　cLatrbon　aiid　．o．．taph｛te　w－hose

n’?．t　clen’唐奄狽凵@．is　equal　eo　・2，268．　’　The　weight　percentages　of　the　gr，aphlte

content　in　the　mixtures　are　shoxvn　i．n　IFi．g．　3．　lt　will　be　clearly　seen

that　these　curves　in　Fig．　i　are　si，milar　to　those　of　IE？i．．o．’．　3．　This　resRlt

agrees　weli　with　that　obtainecl　by　tlie　X－ray　examination．
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Prof．　U．　”EL’oshida　for，　his　1〈incl　gLiidance　av，d　invaluable　sug．cr．estions・
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　　　　　　　　　　　　（．Nl．）ril　i　i，　i　935）

References

王
．
2
3
4
5
6
7
8
9
0
1

　
　
　
　
　
　
　
　
　
　
1
　
τ

1’．　Debye　ancl　S．　1’．　S　clierrer：　1’hys．　Zeit’．，　（ig17）　30r．

T．　Asah：tra：　Jgp．　Jour．．　Chem・，　1　（ig22）　3S・

T．　XV’atanabe：　Sci．　Pap．　．lnst．　i？hyR．．　and　Chem．　IR．es．，　8　（lg2g，〉　288・

’Y．　Oshima　and　Y一．　1？ulcnda：　Jour．　Soc．　Chem．1nd．，　Jap．，　52　（zg2g）　？S8，

：iYr．　］N’｛iwa：　iSci．　Rep．　Tohol｛u　lnip．　Univ．，　25　（｛934）　242．

O．　R．u’ff　etc．：　Zeit．　Anorg．　AIIg．：　Chem・，　14S　（i925）　3i3・　・

G．　J一，．　Clark’：　Applied　X－ray，　（i927）　i77・，

N．．　1〈．　Chaney：　［lrrans．　Amer．　Jir．lectrochem．　g“oc．，　56　（xgrg＞　gT．

P．　Kご　RishnanユUrti：　】：ndian．　Jour．　工）11ys．，　61　（疋930）　斗73．

1）．　C．　iMulcherjee：　Zeit．　Z’hys・，　88　（ig34）　2・47一・

U．　Yoshida　aud　？｝．　lralcei；　’1’hese　A・lemoivs．，　15　（ig．32…）　i，


