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High—pressure synthesis of novel compounds in Mg—X binary
systems and their hydrogenation properties (X = Co, Zn and Y)
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Mg (3. % DRKFEPECE L 7.6 mass% H & K& <, BERAKEFEMEI L LCliffh
TWwd, =T, JSHE HiR &) ECKRRRHTRE? K E BETH Y, Mg e L
=AU AV MR ORI IS b Twv 3, KiFFETIE. FillbaomRIcE
FEGBGEICER L7ze Mg it RT3 A4 XOFEMERS IR E <. flxid Mg - X Rick
WTC GPa A — X —DEFEDRNRIC X o THEBUTHR DR R R E 2T 2 2 &3
frEh, BECHELAYBER I N2 HMEIERE v, AL TIE. Mg-X Itk (X=
Co,Zn,Y) ICHEWTEEABIEIC X W LAY ZRE L. Z OfffigE. 2L, Kk#
W R Ic O W TR T 2 2 L2 HINE L 7z,

Mg—Co RiCHB VT, FJ) 5GPalh T, HEHET DIREEXNIC L 72 W HTHILAY) MguCor
BERE NIz, T D MgaCor 134 390 °C T Mg & MgCo I/ L. —77 T, 300 — 350 °C,
8 MPa DI/KFHRFZIS T Tl MgHa. MgeCorHit, MgCoHs ICAEMUIG L. 4.2 mass% H DK
FWE AR L7z, Co LD Mg — Rh HZICH VT, MguRhy I3HEEFCREMHTH 3, &
JEORIRIC X 2T Mg & Co DJFTEEHZZN T, MguCor B3AKIND Loh o7z,

Mg—Zn RiCEWT, FHULEMIBE LN o7z, LA LA S, HIET & KL Mg
~D Zn DERAED. 2.4 at%h> 5 10 at% & BHEF IS 5 2 L AR I Nz, D Mg— 10
at%Zn [EVAMR L, 100°C T Mg—xat%Zn & MgyZns IC5 L, —77 T, 300°C, 5MPa D
KFBEF R T TREBCSIE % Mg — x at% Zn)Hy & MgaiZnps ISR L 72, 2 DIKELY)
(Al MgH, 12 FE -~ 4 390 °C 2> KT L 72,

Mg — Y RICEWT, 2 GPa U LD ARIEIIC X W HHHILEY Mg;Y 233 b iz, D
MgsY 1. #9315 °C T MguYs & MgY I3 f# L. —J5T 200 °C. 8 MPa D/KFEFHL T T



MgHo. YH3 iAo L . MgsY D/KZRBEE 1F 3.51 mass% H TH o7z, Y Zfr< gL
A D TFITRICE T MgGRE BEE T CLEMTH 5, 2 OfEEMBEDOLEMIX, Mg
& RE OJFE 1P, Wi NC RE OfEEIC X - TRIICTE 2 L5 2 e inh o,

B L WKEITFEM R A 152 B CTREIEABIRIC X > T Mg—-X —JtRICE VT, Hllt
EVEBR L 72458, Mg—Co %, Mg—Y RiICEWT, FiltE&EVoEmEGBICKYI L 72,
T2 Mg—ZnRiCBWTIE, BEORIEICX o T Mg Hl~D Zn BEVAE 2K X &, KFEM
HUREE ML S 2 2 & B30 » 72,

ABSTRACT

Mg and Mg-based compounds are promising for using as hydrogen storage materials because
of their high gravimetric hydrogen capacity and hydrogen storage reversibility. Exploration of novel
Mg-based alloys is an approach to overcome the drawbacks of Mg which are sluggish kinetics and
high thermal stability. High-pressure synthesis has attracted attention to synthesize novel Mg-based
materials due to drastic change in atomic volume of Mg. In this thesis, novel Mg-based binary
compounds in Mg — Co, Mg — Zn and Mg — Y systems were explored. The crystal structure, thermal
stability and hydrogenation properties of the novel Mg-based compounds were investigated.

In the Mg — Co system, a novel compound Mg44Co7 was obtained at pressure above 5 GPa.
The Mgs4Co7 decomposed into Mg and MgCo phases at approximately 390 °C with an exothermic
reaction. The Mgs4Co7 disproportionated into MgH», MgsCo2H11 and Mg>CoHs at 300 — 350 °C and 8
MPa of H». The hydrogen desorption temperature was observed at 337 °C. The hydrogen content of
hydrogenated Mgs4Co7 was 4.2 mass%.

In the Mg — Zn system, a novel Mg — Zn compound was not obtained in this study. However,
the solid solubility of Zn in Mg was increased from 2.4 at% Zn (ambient pressure) to 10 at% Zn (6
GPa). The synthesized solid-solution Mg — 10at%Zn decomposed into Mg — x at% Zn and Mg»i1Znas
phases at a temperature in the range of 100 — 150 °C under an Ar flow. The Mg — 10 at% Zn
disproportionated into (Mg — x at% Zn)H»> and Mg»1Zn;s at 300 °C and 5 MPa of H». The substitution
of Zn in MgH> has a beneficial effect on the decrease in thermal stability of MgHo.

In the Mg — Y system, a novel compound Mg3Y was obtained at synthesis pressure above 2
GPa. The Mg3Y decomposed into MgsYs and Mg,Y at approximately 315 °C with an endothermic
reaction. The Mg3Y disproportionated into ambient-pressure and high-pressure phases of both MgH>
and YH3 at 200 °C and 8 MPa of H». The hydrogen desorption temperature was observed at 350 °C.
The hydrogen content of hydrogenated MgsY was 3.51 mass%.

The novel Mg — Co and Mg — Y compounds, and the expansion of solid solubility of Zn in



Mg were obtained by the effect of pressure. These newly found compounds have been synthesized due
to the effect of pressure on the adjusting atomic radius ratios of Mg and those elements, the electron

configurations and electronegativities of the constituent elements.
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AFSCE, BEZKEITHEATH D Mg GEICEH L, BEGBRIEICZ XD Mg-X otk
FEULAEY (X= Co, Zn, Y) OHEF L. /FOLNIHHILAWDOKFEFFEICBET 20581
DNTEEDLNTND, XTEH#E L LT, TRZWHEORZRZEHE L LT, ABLRENSHIRE
TE5EBERLE LT Co & Mg & BEVAEAZ D In & KERFHEIEZ AT 5 1 THE (RD)
LLTYZZENZEIRL, RHMANTERRZ1T-> T D,

Mg—Co RIZEBWTIE, S5 GPa LLET, HEIREXIZIZZ2WMEE Y MgiuCor DFTHLE
W LTz, ZDbEMITAKFE & DARBEULSINIT K > T 4.2 mass%H DKRFEW A =~ LT,
Co & [P Mg—Rh & THAET D MguRh (X E T CREMTH 528, " T T Mg/Co DJFE+
LA Mg/Rh (S-S5 Z & T, HiHULEY MguCor DER SN E 265, A%R4e
BEU LGB LG E LT, BIEOZNRIZ L DMK TTHE OJEMEROE NS FT
PR ZFEMOICTIE T D L0 ) EEEE AW ERBEAE Y O F T iR O Rt
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Mg—7Zn H TIEHHULAMITE bR oTz, LONLARN S, HETF & E# L Mg ~D Zn O
BEIVREED, 2.4 ath) D 10 ath& BEFICHINT 5 Z L MR S, @EE W Mg RZAa4
DEETEROFEVEE & ZL S W2 HIENRE I NI,

B BKFRITHA B E LT MgsRE BHIFF SN TV D, REZY & 52 CTREICRD D
DO, HELEHE LTO MY 138G ST ieho 7z, ABFFETIE Mg-Y RiICBWNT, 2
GPa DA LOEREC K VLB MgsY OFHIGHICHII LT, Z OffdaEEORE FTo
LEMEIL, Mg & RE O£, I ONC RE RO G IC k- TR TE 5 2 LUK
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