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Chapter 1
HEHBRICB T, v =F 1 F(12Ca0-7A1:0s, C12A7) D 7 — kiGN - B+

EIRFAH(H) A A OFER I I T DACFBS % AW HHLR E E BIE OB 21T 5 72,
S blZ, C12A7 Bk L el Ti 286 LETIME S L TORMER N2 24T LTz,
Chapter 1 TI&, fig & L TAE LR LOMIET mB KOCHBENEDBEAEIT> TN D,
FRSE OB C12AT 1X, T ORI TH 5 IEBMEEBO 7 — D& BT Z R
DO, HAA L REDBRAFLREFEUETDHIENTE D, FTHLHIEHRTHLE
oD C12A7 E1EW(C12AT:e), H A A L al#ED C12A7 KFZ#(C12ATH) % HL Y
B ERAW ST E OB LR OREE &L & OMEE G O R A RlE LT,
FIZAIIED C12AT:e -Ti HEKRDOILHALE A T 720, RWEEREERHRE I TN D
C12AT:e BAE T LD 2.1 eV, KB TN LD 2.4 eV L il ATV 2) DE IRk
&L TR L . LaBs 722 EHER DB B O HBEL & BRI 2 B8 L 7=,

Chapter 2

IEBAHE LIz C12A7 77— USRS ICABE SNV E T O 3 U R EKR E W R E &k %
BA%E U7o, AUEEFIREEREETITI HCLEERIC LY 3 U REHRPIZIB VT C12AT:e ik
RS, r—UEN DR SN aEE IR VBELINE Lo TOREFET S
ZETERIND, BEXULFEMNNE T, ¥ 3 UREEROEN THS 0.62 V. vs NHE
fHETH o723, C12AT: e R WEfRE L 3 U R 50N RITIE T SHLic & EKRFEHAEN
® 0 V.vs NHE fiE £ TR T L7, Z OBAHIERERD S S a8EE 758 L 23850
L C12A7 BT OERIELE L THWD Z LR TEDL Z ERHLNI R T, ANOHEE
R ERIEIZL D 4x10200> 5 2.1x1021 ecm 3 O#iPH CE & U 72 I E 2 BVl Bk 7 Pesk
WHNTWEFIEICE DAL VR L OREIT S & &bz, ERE L BRBE DR
2D C12AT:e OBEIE DG A 1T > 72, FrICABTHE 7 B E VA XA an B2l
T, B I C12A7 BRI A SN2 E FIRE 2L P E&ET 5 RUCEM M
D5,

Chapter 3

RV 2 A M) —%FEKFEA AL DNTLDLFHT XY 78 X OVEESHTE LA
oD ET CI2AT AEOETB L H A 4> Ok BlRRE&EZ BB L7-, C12A7
IFEFE HA AU ZZNETNHMIE T CRFIRHICEET L2 2L TE D, 2k, 20 2
LR 2R LRI ERT 2 FIENEEN TV, B L H A A ok el
% C12A7 (2B Tk, Chapter 2 ITHBWTHIZFE Lca#EEFEERELZHW TS, EF7ET
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TR HAA Y I UESFEETLTLED, 2 (L% ME RFFICEET 2REHCB N T
IIHWD Z ST TERWTEOHBIRERENMLETH T2, RV 2TV A RN —%2FXY
7k, EESHT A DR ARERETIE H A 4 L EF A RRFICEET 2 C12A7 B
Kk BHE DCI-D20 BHIEHEAC LV 7 A VARV E T CIIREND, FT-EAEIRY /&
I T A 28 PO L IRFRIIEZ 1T 2. S OICHB T A Z ) U DI X VEILE
BOWE1T9 2 & T C12A7T 7 —U b SN EF  H A A ORE N ENENE &
B (m/e)l2 LY Do(m/e=4), HD(m/e=3)% 7-& L CilkAll s s, RV av A M) —%7
N U7 ER LOEEST EMAG DR TEATIET, C12AT7 #EEE T L H A A4~ Ofbl[H
R & ATRE & 17 D,

Chapter 4

Cl12AT:e & & Ti LG LAVEFHNINGE 21T 9 & I FERAB AT L7z, 71—
VHEA AT AR EN R FEE L~10 Pa BEZEFRAROT v >/ —FIZBW T, HEE ) 112
MPa ZEIINL 727255 800 °C T 5 43> SPS Wik #4179 Z & THL & g Bh & 720 6
C12AT:e % Ti ¥R & I AL LB 2457, T B = OfIE X 700 °C 725 450 °C
A E CEIBASHEEZIT, VFr— KV - Fyvav r XEHWTEHELZEZA
AEEROMEFREAEIL 21203 eV L oTc, ZOMEIZ I E TITEAVEFHHENEIC & 0 #H
HINTWD C12AT:e RO HERIEIC —B T o R L e o7z, E72. 1000 °C £ THIR
L7z & 2 A C12AT:e tHOSMRIC £ 2 i dE i FEE O R T8l S 7z 2 & b AR AR D
BOND EBREE ORI C12AT:e M5 OEE T IchHk T 52 L 2R L T 5,
C12AT7:e FEdbITHUCYI D H UAFEE L7721 Tl A — 2 v 7 REEZ 7R S 72\ 72 O BV fRAL kB
ELTHWAICIE I —AR e — 2 — L OMICEBELZEL ZERMLETH-T-, BT &
DEAERTHIRRENIE BB EE P TICI—R e —F =L L TREMAT S Z
LB TED,
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Chapter 1
This doctoral thesis focuses on researches of Mayenite (12Ca0-7Als0s, C12A7)

incorporating with electron and H™ ion. In Chapter 1, backgrounds and aims of the
researches in this doctoral thesis are described. The positively-charged cage structure of
C12A7 can incorporate various anions such as H™ and O?2 ion to compensate
charge-neutrality. Unique features of C12A7 are derived from chemical species
incorporated in the cage structure. Thus, determination of incorporated chemical
species is important to discuss properties of C12A7. In this doctoral thesis, Chemical
determination methods of electron and H™ ion are developed. In addition, a composite of
C12A7:e” and metallic titanium was synthesized by using spark plasma sintering. For
comparing with other thermionic cathode, conventional cathodes are generally

introduced in this chapter.

Chapter 2

An iodometric titration was applied to develop a new determination method of
electron incorporated in C12A7 cage. Electrochemical potential of a solution dissolved
C12A7 electride samples was measured for confirming chemical reactions of this system.
Initially, potential of the solution was 0.62 V vs. NHE corresponding to the potential of
1odine solution. However, when the iodine molecules in the solution were reduced by
electrons released from C12A7 cages, the potential dropped to around 0 V vs. NHE
corresponding to the potential of Hz evolution in aqueous solution. This result indicates
that the iodine molecules were reduced by electrons released from C12A7 cages. This
iodometric method was applied to quantify concentrations of electron incorporated in
C12A7 cage. Concentrations determined in a range from ~4x1020 ¢m ™3 to 2.1x1021 ¢cm'3
were compared with results estimated from TGA, reflectance analysis and electrical
conductivity. In addition, electron mobility of C12A7 electride was reevaluated from

determined concentrations of electron and results of conductivity measurements.

Chapter 3

Simultaneous determination method of electron and H™ ion in C12A7 cages was
developed by combining volumetry, deuterium labeling and a mass spectroscopy.
Conventional methods cannot distinguish electron and H™ ion in C12A7 cages. Even an

iodometric method developed in chapter 2, it cannot simultaneously determine
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concentrations of these two species because both chemical species reduce iodine
molecule in the solution. To develop a new method that can distinguish and quantify
these two chemical species, a volumetric method was combined with deuterium-labeling
and a mass spectroscopy. When C12A7 sample incorporating with electron and H™ ion
was dissolved in DCI-D20, most of released chemical species were labeled as D2 and HD,
respectively, molecules by deuterium ion. Deuterium-labeled molecules were detected
and distinguished by mass-to-charge ratio. Concentrations of these two species are
determined from volume of captured gas and ratio of released electron and H™ ion
obtained from the mass spectroscopy. This method enables us to quantify electron and

H™ ion incorporated in C12A7 cages.

Chapter 4
C12A7 electride is a promise thermionic cathode due to its low work function (2.1 eV

or 2.4 eV evaluated from thermionic emission properties and photoelectron spectroscopy,
respectively) and chemical stability in the atmosphere. However, the cut C12A7
electride does not reveal ohmic contact with metals. To overcome this problem, C12A7
electride was combined with metallic titanium by using a Spark plasma sintering (SPS)
technique. Employed pressure condition of SPS chamber was ~10 Pa. While thermal
treatment at 800 °C, a uniaxial pressure of 112 MPa was applied to the composite
sample. Thermionic emission properties of the composite (C12A7 electride/Ti =70 vol.%:
30vol.%) were measured in a vacuum condition of ~1x105 Pa. Electron emission
densities reached to ~1.4 mA cm™2 at 700 °C with an electric field of 4x10 V cm™2. From
the results of thermionic emission measurement, the work function of the composite
was evaluated as 2.1+0.3 eV corresponding to that of C12A7 electride. This result
reveals that most of electron emissions were obtained from C12A7 electride. The

composite cathode does not need enfolding with metal foils.

Chapter 5
Chapter 5 gives general summary of the researches in doctoral course.

Acknowledgments

Acknowledgments were described in this section.

Publication and Presentation List

Publications and conference presentations in doctoral course were listed.



