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AbStract 

High pressure and high lelnperature in sltu X-ray dlft'raction experiments f'or lron-silicon, iron-hydrogen, and iron-

waler. and lron-nickel-watc]' systems have been carried out in order to reveal the Identlty and abundance ot' Iight 

elemenl(s) in the Earth's' core. 

Firsl, in silu X-ray diffraclion experiments were pcrformed in order to examine the stabllity and pressure-volume 

equation of stale of iron-silicon alloys. Fe-4 wt.o/(, Si (Fe.=.Si.). Fe-8.7 wt.(':7c, Si (Fe.lSij,,). and Fe-17.8 wt.a/c Si 
(Fe_ Si ). wilh diamond-anvil cell lechniques up lo 181 GPa. 196 GPa. and 124 GPa, respectively. A body-cenlered *' :=" 

cubic (bcc) to a hexagonal close pttcking (hcp) phase lranstormation in Fe-4 wl.o/o Si began at 17 GPa and was 

comp]eted by 23 GPa, and in Fe-8.7 wl.o/c Si at 16 GPa a:nd by 36 GP~i. The high-pressLrre phases of Fe-4 wt.a/('/, Si 

and Fe-8.7 wl.(17~ Si with lhe hcp ~tructure were founcl to be slable up to 181 CPa and 196 GPa. respective]y. No 

ph~ihc lransition of' Fe-17.8 wl.olr, Si wals ob~'erved up to 1~4 GPd. The equation of state parameters for iron-silicon 

a]loys were obtained from f'itting the prc~. sure-volume dala lo a third-order Birch-Murnaghan equation of slate: V = 

22.6(2) A:=. K,, = 185(7) GPa. and K',= = 4.6(2) t'or llcp Fe-4 wt.(lc, Si: Y, = 22.2(8) A:~. K, = 198(9) GPa, and K',, = 
4.7(3) r'or hcp Fe-8.7 wt.cl7c Si: Y, = 179.41(/15) A ;. K,, = 207(15) GPa and K', = 5.1(6) i'or Fe-17.S wl.c:7() Si. The bulk 
moduli of iron-~ilicon alloys' oblalned in this work are higher lhan that of the other iron compounds. 

Secondly. high pressure in situ X-ray diffraction expeT'imenls were pert'ormed on the Fe-H sysle]n up lo 80 GPa 

uh'ing diamond-anvil cells und synchrotron radiation in order to determine the ~,'Ittbilily t'ie]d and eqL]ation of slate oi' 

iron hydride. No phLlse tran~fo]-million of iron hydride wllh double hexagonal close packlng (dhcp) ~tructure wLi~ 

observed up to 80 GPa and al roolll telT]perature. AnolT]alous compression behavior at 30 to 50 GPa wt]~ observed, 

and iron hydrlde might be le~. ~ colllpressible ilbove 50 GPa: thfln iit lower pressure~. . The bulk InodLllLI~ ilbove 50 GPn 

is larger than lhitl ot' pure hcp-iron. The pre~, ent ckua support lhe i,b initio czl]culattion ~ug~~e~ling a magnelic transilion 

 of iron hyd]~ide Llt aroulld 60 GPL~. Hi_･_.･h prch~ure alnd lemperalLirc experilT]enl~ yield a mclling temperLlture of iron 

hydride al 38 GPa and 1400-15()O K. btlhed on lhe disnppeartlncc oi' X-ray dit'fri~clion pealk~ i'rom ~. olid pha~, e tlnd lhe 

lexture chan_',_'e indicalive ot' t'luid flow LlssociLlied wilh melting. Thi~, reh'ull ~hows lhill lhe meltillg temperature of 

pure iron is recluced by 8OO- 100C) K. which is consislent with the previous work~, on lhe Fe-H syslem. 

Thirdly. high prebs ure Llnd lcmpertilure experiment~ on iron-nickcl-waler ~yNtcm hnve bcen studied up to 23 GPa 

ilnd 1220 K by o c()mbined lather-henlecl diamond-iLnvil cell Llnd X-rzry dit~t'rLlction lechniclue in ()rder [o undersfund the 

ei~t~ecl ()r' nickel on lhe iron-waler reaction L[nder high P-T conditi(]ns. Iron-nickel alloy~ rcact watel to i'orm iron-

nickel hydridc al low lelnperLltures below 12~)O K. which ih ~'ilnililr to lhc Fe-FI ,O sy~tem. Thc reaclion ot~ iron-nlckel 

illloys with waler indicale~, that lhe {Imounl oi' mctal hydride produced by 1]1e reaction wilh watcr is smLlller in lhe Fe-

Ni-H O ~. y~tem ~hiln in ihe Fe-H,O sy'~tem. ~u+'..'~e~tin_'_' thil[ i[ mi._,_.,h~ be pos~iblc lhiii [hiH has inl'lucnced ()n thc 

h),dro*'_.'en concenlrlliion ill llle Eilrlll'h c()rc. 

 Fourthly. in ~ilu ~. ynchrolron X-rily clir'l'ritclion experimenl~, werc cilrried out L11 ilround 2･1 GPu amd to 12C)() K with 

 KLlwali-Type nlulli-ilnvil hi+,._,h-prc~~ure LlppilrnTu~, in oi'der To inveh'li_,_.,attc lhe reilction ot' iron wilh wLlter Lll hi_,._･h 

prcs~ure~, ilnd lelllperiltureN. WU~, Iilc (FeO) wil~ i'()nned by lhc rcLlclioll oi' ir()n wi[h willer. but no iron hydri(lc ¥vn~ 

ob~, crved. The prc~, ent re~. ults sL['__'~:e~. 1 Ihiu iron hydride be llot pr(]duced in exct)~, h or iron uncl lhc nmount ol' hydrogen 

di~Nolved inl() 1lcp-Fe mi+,,_,11T be ~muller lhilll 6 ill.c/r . 

The~'e expcrimenlall re~ulls prop()~, e lhal llle ~, ei~, mic ob~, ervLllioll ol' [he E2lrlh'~. inner col~: coLllcl be explilined by lhe 

- 35tl -



 additiono「silicollorhydrogenhltoiron.UponthePreliminaryReferenceEarthModel(PREM)、theca]culaしed

 densityalldbulksoulldvelocityoriro11-9i]lconalloysindicatetllattheinnercorecoエ1tainingthesihcollcolltelltsof4-

 6wt.%(8-!!at.%)couldsatisfytheseismologicalcollstraints.IfolllyasmaH貧mounしofhydrogen(0.18-0.32wし.%

or9-15at.%)wasdissolvedintoiron,thedensityofironwithhydrogencouldbecollsistemwiththeobserveddenslty

oftheinnercorealldtheadditionofhydrogenilltoironwoulddepressthemeltingtemperatu1'eofh'onsigllificamiy.
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 論文審査の結果の要旨

 平尾直久の博士論文は核内にどのような軽元素がどの程度含まれているか明らかにするために,鉄一シ

 リコン系,鉄一水素系,鉄一水系,鉄一ニッケルー水系の高圧実験を行ったものである。

 鉄シリコン系の研究では,3種類の鉄シリコン合金Fe-4wt.%Si,Fe-8.7wt.%SiおよびFe-17.8wt.%Siにつ

 いて,高圧X線その場回折実験を実施した。Fe-4wt.%Siにおいては17GPaから23GPaまでの圧力でbcc相

 とhcp相が共存するが,それ以上の圧力ではhcp相のみになり,この相は少なくとも181GPaまで安定に存

 在する。Fe-8.7wt.%Siについては,16GPaから36GPaまでbcc相とhcp相が共存し,それ以上の圧力では完

 全にhcp相に転移し,196GPaにおいてもhcp相が安定に存在する。Fe-!7.8wt.%Siでは124GPaまでbcc相の

 ままであった。さらに,鉄シリコン合金のBirch-Mumaghan状態方程式のパラメーターを決定し,鉄シリ
 コン合金の体積弾性率は,純鉄やほかの鉄軽元素系合金よりも大きいことを明らかにした。

 鉄一水素系では,最高圧力である80GPaまで高圧X線その場観察実験を行い,鉄水素化物はdouble

 hexagollalclosepackiIlg(dhcp)構造が安定であること,50GPa以上では鉄水素化物が硬くなり,50GPa以上

 における体積弾性率は純鉄のそれよりも大きくなることを示した。この結果は,60GPa付近で鉄水素化物

 が磁気崩壊を起こすとするAbinitio計算の結果に…致する。

 さらに,鉄一ニッケルー水の反応実験を5-23GPa,1070-1220Kで行い,鉄一水系と同様に低い温度で反応す

 るが,水との反応により生成される水素化物の量は,鉄一ニッケルー水系が鉄一水系よりも少ないことを明ら

 かにした。このことは地球核へ運ばれる水素量に影響する。

 これらの実験にもとづいて,地球の内核にシリコンや水素が存在するri∫能性を議論した。以.しの平尾直

 久提出の博士論文は,高圧実験にもとづいて,地球核を構成する物質を解明し,地球核の理解に大きく貢

 献した。以上のように,本博士論文は自立して研究活動を行うために十分な研究能力と学識を有すること

 を示している。従って,平尾直久提山の博士論文は,博士(理学)の学位論文として合格と認める、)
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