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The influence of the hydrothermal condition on the production of gallium oxide compounds using hydrothermal method was
investigated. The sintered B-Ga,O; polycrystals were used in the aqua solution of LiOH, KOH, and mixed solvents of LiOH +
KOH at 395 °C in the pressure of around 1170 atm under hydrothermal condition. Characterization of the products after
hydrothermal treatment was performed by means of X-ray powder diffraction and transmission electron diffraction. GaOOH
was synthesized in the sintered p-Ga,Oj; poly crystals by using aqua KOH solution. The single crystalline y-Ga,O3 was prepared
on the upper wall of the autoclave using aqua LiOH solution as well as the phase transition of $-Ga,0O; single crystals in the
mixed aqua solution of LiOH + KOH. It was found that gallium oxide compounds such as GaOOH, y-Ga,0;, LiGa0O,, LiGasOg
can be derived from the starting material of 3-Ga,O; crystals by optimizing the hydrothermal conditions such as concentration,

ingredient of mineralizer, and holding time.
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1. [ZC&HIC

fefbKER{E Y 7 & (GaOOH) 1E, Ga,03 X° GaN Z & hkd
HHETBRMR L L CEERYWE TH H[1,2], #lxiE, GaOOH %
420 °C TMET % & a-Ga,03 73[3,4], £7= 300 °C, &5\
900 °C THM#EAT 2 & B-Ga,O3 NG HLND Z ERMBLNTVND
[5,6]. Ga-O-H & OEIJFHIFENTIZ L 5 &, GaOOH I 300 °C
ETHLETHD I ERRESINTVA[7], Z® GaOOH &
DYHDEAEKT DI, HEALT Y 7 AR E X— AT VA
UM 2 D 5 IE[8]0 & I & FRAT 92 J71K[9], mHEg
H VT LIEIR ORI FRIE[10-12], V7 Li5[13,14], Ga
AANDL—WT T L—3 g L1572 SIS X B TFENRE
ERTW5D, Lo, B-Ga0y ZEUEHE L7 KBV E 2 F T
L T GaOOH % {Efd L 7= @EHNL E 72700,

% 1ZB-Gay05 MR A HFFEHI AW T, HESMAE B L,
FIF T AFEM[16], H DT IFE IS 5058 % i
HTWAH[T], ZOHERERO 2L LT, KEAGKIEIC
X AW 1T CEN, TOEBRIBE T LiGa0, y-Ga,0,
REOHY T AR ERM E LTS Z & E A
L7z, T7ebb, HFEFEE LT Floating Zone (FZ) 512 L 5
B-Ga,0; HLfE AL LY B-Ga,05 BERE R A VY, KEWEIZR T
H8AkAIE LT LIOH & KOH OIRAREAZFHW- & %, &
L LIOH 28 Ga,05 & OALZFRIZEI S L T LiGaO, Hif b
NEREND Z E[18], Fiz R EICHERESE L TE Y
N U72B-Ga,05 Bt LAY v-Ga,05 IR L HAFH 0Dy-Ga,05 i
BRSNS Z L BWE LZ[19], 512, #{EFIIC LiOH

Z VY 9 AREREE L7 & &, LiOH IR O B-Ga,0, BEft (A3
2L 7 7 7 —IRD LiGaO, fi 3 alE T2 Z & 78 L72[20],

Z D X 9 72B-Gay,05 Z_X— R & L7= LiGaO, Bkt DA pk 5
EX, 8RO LiGaO, Hifkfh B 7L Th HKEE, 7T
7 Ak, Czochralski {E23WF 40 3R & LT LiGaO, %
WL LI=DIH L, LiGaO, & W2, B-Ga,0; BEREA &
Z OBV LIOH & KOH & OKESISIC LW B
T2 LIRS B, £12, B-Gay0s 11 Hy-Gay05 Flih DAY
1%, EREIEOKBEETFICBWTHERZFIA LEZL 0T,
LET B-Ga0;5 & HIEFEE LT ML E 22y-Ga,05 2 {FI L
TR OFEF T, 3k & 13 o FIEIZ X Ay-Ga,0; DF LW
RETEIC72 D, T ORERIL, KEVEDHT LB AR
FEOY—NVE L TEYTHD Z E2RET 5,

LML 5, B-Ga,0; Z RS L7 /KERISIZEB W T,
FEALH D FA R, BEEE, OGS EEE Ae & O KBS SR 1 A
LiGaO, Ry-Ga,0;3 72 ED AV T LR FRCI) O ERKIZ RIET 5
BIZOWTIEEAHT, RHEARERIC K DRG0 THE -
VSN QAY =N

T, ABIFETIE, B-Ga0; B JUEHE L2 KBS S
DA L OHARICT S B TEREIT- 12, TOME, 4
[AIH7 7212 GaOOH DARL, 35 X UY-Ga,0; B s o d =
LVHIBA L7200 T, ZOREEICHOVWTIET D,

2. EBAE
AKREAVEBRIE, [18-201FE T &R, HEOA— K L—TH
WZHEA L7221 mm, & & 165 mm O [HE&RIAERNTIT-
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oo AARURIRNENL, FEAY B-GayOs BERE A 2 Ml L 7= 5
BHAMRK, Y B-Ga0; HifEdh A Bl iE L /o s B RUIK & 72
v, ZOREMHELBICAERDO Ny 7 AR ZHE L, R
B B-Ga,05 BEREIRIEL, TRUF T 1500 °C, 10h, K5 CThE
FEL, AR BEEREREHSO ARt > b LTz, F£7z,
Hawa FEICIE FZ IECRUR S ¥ 72 B-Ga,05 Hiftidm &2
[16], FEdLE IO AGRISEICAGR TM S Lz, Skl
L LT, 4% T LIOHB M; mol-1") & KOH(1.5 M) D/KIKHR
OIAM, LIOH (1 M) KEEK, 3 LT Hy0 (Wigk) &2 T &
723, A B2 KOH KB DR X D FEREIT-72, =
DLxED KOH OEEE, 3MBIO 1M &L, £,
LiOH EE D B DEGEIZ DN T, RFEFFRFR OE W L 5 4E
A DR DN TRRET E T o 72,

FREOREK 50 ml & HERIHIEA LTIZth, Rasa
L, A= hZ L—7ZHHE LTINEAL, JEN%E 1170 KL
L7z, BE&EHRO LT ETHZMsL L TN cxse—4%
FAWT, FTEOEEN~395 °C, FidbBEpIkicHYS 45 B
DIRFEN~380 °C 127225 £ 9128 15 °C DIRJEEE DI TE
ENIHEE Uz, PRFEFIFRTIX, KOH 1 7 HRE, LiOH i 32
A& 9HME LT,

IRENGA: R CTIREFE O B-Gay0; Hiffnds KO B-Ga,05 BEfs
RIZOWT, R XA (XRD, XAMEIE CuKo) (2 & 0 %
EEREIE A AN T, E2, MEEEE 200 kV O E T HSE
(FEI #:4¢ Technai G2 F20 S-TWIN) % i\ 7=+ a4 (TED) (2
LM GIT o7, 20L& xoabr RN, Ekr
E—AFIBICL O ERE LY T vE vz,

3. fERLEER

FALANC KOH DI % FVWTKRES S 21T - 72555, KOH
BEEN 3 M O, fdhpk Rkl ;‘IZ/ NL7z B- Ga,0; B i
%3 HREORFFCIHK Lz, Zhic , WIRREZ 1M &
L CHER LER, 7 ElF"ﬂ@}im%széﬁeu‘m@tO Fig.1
1%, 1 M KOH & % 7= & & DRSS HE O R XRD #
WEIRT, OIS - T, kTl Tk L
oo FEMBRILICE v b L7 B-Ga0; B2 51T,
Fig.1(a) 129 X 912, B-Ga0; B DIl — 27 s S h,
ZOMOHOTF TR ST, Bkl ongrolz, —
5, OB R kT Jz v~ L7z B-Ga,05 BERE K2 & 1%
Fig.1 () IZ7”RT & 912, B-Ga,03 LIAMZEIL TR L7z GaOOH
@Tf%ra“lﬁm%t—a DR ENT, 7277 L, B-Ga0; 2%
ETHY, GaOOH [ZHA TIX72W,

D& EBONZ GaOOH DA E LT, UTFD Q)
KOBIENECT-EBEZHND[11],
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Fig.1 XRD patterns of (a) sintered p-Ga,Os;, and (b) single
crystalline B-Ga,O; after hydrothermal treatment using 1 M
KOH solvent for 7 days.
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Ga" + 2H,0 — GaOOH + 3H' (1)

J 72 h, KOH IR T B-Ga,0; IAfiEL, WH L7z Ga
EVEBERP DK BRIE LT GaOOH 24K LIZE WS L DT
b5, B-Ga,0; HfE AL A W2 M 3R S0 M O FEA IS BV T
KOH &+ T B-Gay05 | i{/ﬁ‘-ﬁ%bfib\’ LERLEE21), L
L, ZAUEHEIRFELE FICB T A5 THY, RERO LI IC
395 °C, 1170 KJE & & EED KRS F Ik W TiE, KOH
KIBE ORI NE L, B-Ga0y Zofi L LHEHI SN D,

Laubengayer & Engle IZ 25 &, GaOOH % 300 °C LA LT
My pHL, LTFOQAXDKISIZEY B-Ga0; L SN D
ZERRESINTVD[S],

2GaOOH — Ga,0; + H,0 (2)

ZDHEDFIEIZDNTHIHRTN DD, B-Ga,0; & LiCl &
KCl FZPH&H T 380 °C~1100 °C OIEET 2 HEINEN L 724
BIZBWT, BB R -T2 EHE L TWA[5], ZHicx
L, ARIOEEIZQ R EFTWOMEHRIY 252 L &5
B2, AL, miRETETO KOH T8 WT, B-
Ga,O; WNRfR « R LTZfER L EZ 6D,

Fig.2 1%, LiOH iR TIC 32 AMfRFFL- L &, A&lils
DIEDF EEOEZITAE LW EE XRD o#r L7-fER %
RY, BT E— 7 IR LR R, y-Ga,0; @ JCPDS fi
[22]1& —% L, A#iLy-Ga05 & [FIE Sz, v-Ga,05 LU
ORI Sl - 7=, LIOH < 9 AR LI=5A,
I D B-Ga,05 BERE R 1 HI2IZ7 7 7 —IkD LiGaO, i
MARET D2 L 2R LER, A&l F0 R BioiEsE
WM EDIT R DN o=, — 07, R EZ 32 A LR
KF5E, BETDTZU—IR LiGaO, fififh O iR T8 &
nT, AEWL OF O B0 EZEICITy-Ga0; 2 LT,

Z DX 91T, LIOH Wik % v iz & & KSR IS U Cy-
Ga,O; WA S 7= Z 1%, LiOH 2y Ga,O; DARIERIZ B 54

HEHEA SN D, £7-, KOH 1T Ga,0; DR, I L OV i
L7z Ga & Li & ORMEEIZEART 2 B2 01250, Th
i% LiOH + KOH IB&VEIRZ AV iz & %, y-Ga,03 DER S 1L
PN LiGaO, WA L= Z &b bbind, 728, LiOH A
Rz & OREAEROFEBITOWTIE, SCHR[19] TREIZ #

H L E DT, B-Ga05 D —HiAy-Ga05 ICEERE L7278, v
Ga,0; Hiff iﬁ%%ﬂiﬁb)o 7.
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Fig.2 XRD pattern of the products deposited on the upper
part of autoclave after hydrothermal treatment using 1 M LiOH
solvent for 32 days.

Fig.3(a) 1L, Fig.2 T 5N 77y-Ga,0; % SEM 52 L 7=t 5

a9, £72, Fig3®) L Fig3@ DEED RN T~Y—27 L
7E@fi% FIB TH> 7V 7L, Zhzailkld LTETRT
L7t EDBard, ARy MROEBWTAZ — 2R3 2 &
No, HHITy-GaO; ITHEFEMTH L L RO, ZOH
fEm OV A 1%, TEM HlIRGEE G2 10 48 pm 22545 10
um BELEEZ LND, £2, QTEEWOLARNL AR
Toh Tz, y-Ga0; B OB IZBE T 2 MG TR o720
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Fig.3
which correspond to Fig.2, and (b) transmission electron
diffraction pattern of y-Ga,O; crystals. Sampling was made in
the area indicated by the arrow of Fig.3(a).

(a) SEM image of the synthesized y-Ga,O; crystals

T, RFEITL VYD Ty-Ga05 BifERA G 722 L 1T7
%o

[AERIZ, LiOH + KOH OIRGTAEEH T B-Ga,0; Hikah DOFH
HER 7 B AERL & N 72 y-Ga,05 (22 W T b B [EHT L 7= fb 5,
ARy MROETARZ —2 B35 51, 7-Ga,0; BffmTH 5
ZEWRBENT,

PLEDOARIOFRERIZ 2 E TIT o T E 72 FEBRAER[18-20] %
Mz CEHES 5L, Table | DX 5245, HW=HEAID
FEEEICKXE LT, KBS I FERARFIR D B-Ga,05 BEf A &
BRI D Ga,0; BAE S ORI SN HA R LTS,
Rk % VT84, BEICHE Lz & 5 I HRIERHT A
W2 B-Ga,Os filifh 3 5284k 72 < [19], B-Ga,O5 LIS D HiT= 72
MOBHAIELZ I, LiOH =° KOH ® 7 /L7 VIO AFAEIT R AT K
Th b, Pkl LT LIOH + KOH DR S %2 V-84,
JE D 7RE LR ITIT LiGaO, Bk dh S L= 23[18], 1AM
23 LiOH B DA, v-Ga,0 NGk T 5 2 & 240
IR L2, £72, LiOH + KOH OIRGVEIEZ IV 7=3
A, B-GayO5 HfE IF A E T T12y-Ga 05 IR 925 Z & 1T
BEICHA L7203[19], 20 & & ERL S 172y-Ga 05 [T HLE 5 T
HDHEEHICHR LIZ, 51T, KOH HMES 054
&, BT O B-GaO; ICHHIE I Z 577, GaOOH A3 ARk
SNHZEBRM LT,

Z DL KRG TIZEB T 5 Ga REM LG RRIC BT
BT VH V) IRBED R8BI O\ TIE, Table 1 IR L7
EFAERNOHER T H Z LN TE A,

Table 1 ® 1)LiOH + KOH & 3)LiOH % Lt#g 42 & bbb &
512, LiOH HAoOFE, HIEEEO B-Ga,0; MFEE L T
HERTWDDIZK L, LIOHIZ KOH 234252 & T, M
FIFRID B-Gay05 2358 41Ty-Gar03 [IAHEEE L TV A DA HH

Bo TDOT LMD, B-Gay03 DKEAEIZIV T, LiOH I B-
Ga,0; DAHIERICE D, KOH 1% B-Ga,03 DIAMRIC X 5 i
MEEEIEA I EEER-TLOLEZLRD, WIHT
LiOH 2SI BIR<BEEG L, RERFARTHDLZ &,
—77 KOH I B-Ga,0; DIEfif A w0 5 Z L ITIXH 5T 508, B-
Gay05 & U L THEEM AR TERL T 5 Z L1372 <, y-Ga,05 Hiffl
DR EESELERZT D LV HEE L=, KER
FERIIINEFT 200 EBE2HN5,

F72, Table 1 ® 2) & 3) T LiOH {AEA A W= L&D B-
Ga,O3 BERE IR DRI SN &2 D &, (R 28
W EARIE LiGa0,, £< 725 & LiGasOg AR L TH D,
PREFRERET O RELIZ L0 BUSAERITE N B D DD,
i, BIFoQR)HXUTRT L 912 LIOH & Ga,03 & DRI
TR L 72 LiGaO, 78, RIGKFH N E < 7 D12V IZ
Ga,0; & (4) IR T &L 9 RIS HEIT S, LiGasOg & JEAK
LizbDEEZILND,

2LiOH + Ga,0; — 2LiGaO, + H,0 (3)
LiGaO,+ 2Ga,0; — LiGasOg (4)

TNV IERZ - & & GaOOH DARKICEI LT, Sato
DITHAL A U w7 DEHER~D T VT U RINF O &2~ T
WD R, TOREEIZL D E, NaOH, KOH, NH,OH,
NaHCO;, Na,CO; 72 DTV H VIEEA ML= & &, N
FIOFAIZ L 57 GaOOH Mkt L, Zd & & DfFHlb=
FVF—E 24~33 kI'mol! TH 5 Z ENWMESHTHS[8],
L L7 D, KEARIGIZEIT S GaOOH ORI, T /v
BV MBI OMBRICRIRERN DD 2 E BN RBEIND,
GaOOH LISt D LiGaO, =° LiGasOg, & 5V MIZEZ B-Gay05
W B WL TE 72y-Ga 05 il fh~ O FHERE, HifSib7e & ZhE
THx OFERCTHERINTZHGIZHONTEL, &iREEOKER
FETIZBWT, NS T A0 VIEEIZEY B 7 L%
AL D AE R BT DIEMEL = R VX — DK 78 & DB
L TWDHZELEZLNDDT, SHICHNALEELR
bhb,

4. F£&&H
B-Ga,05 DKEASE (395 °C, 1170 KJE) #FA LT, HV

7 LREEAEA) O R BAF T IAEAI O, R, SUGRERH

7 KBGO E Ui, T ORR, SRIEFICUT

DR F T,

() #AEFI & L C KOH ¥ & B TR 72358, TR S
3 mol-I" DL, B-Ga,05 BEREIARITIAME L THRHAIRIZ T
o723, 1 mol- I ICHHHLY % &, GaOOH A3 4k L
72

Table 1 Results for the production of gallium oxide compounds under various hydrothermal conditions.

Hydrothermal conditions

Extracted portion* and detected phase

T .
Kinds of solvent Holding time *Sintered B-GayO3 *Single crystalline B-Ga,0; Upper part of
(days) autoclave
1) LIOH+KOH 30 Y, LiGaO,, LiGasOyg Y19 LiGaO, 19
2) LiOH 9 8,7, LiGaO,, **LiGa0, 2" B,y -
3) LiOH 32 v, B, LiGasOg B,y ¥
4) KOH 7 B, GaOOH 8 -
5)H,0 30 8 i -

B and y mean B-Ga,03; and y-Ga,O3, respectively.

**LiGaO, crystals had a flower-like form.
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(2) b & LC LiOH iR & BAR T HW T 32 HEfRFF L7

L, ENRL LR EEICITy-Ga,0; HAE S o 4 ks
XRD & TED 4477 B iR S iz,

(3)LiOH & KOH DA KEHRIEE 2 -z & &, B-Ga,05
FEROFIEREIC L 0 BB S N 72y-Ga,05 KT, HAEHT
HD I EDER ST,

U EDORERMNS, B-Gay0; D/KBLISIZ I T 2 i bH DA
BDO&E LT, LiOH X B-Ga,0; DA IR Y, KOH
1% B-Ga,05 DIEMRIZ L D Li BEL O H0 & OUSHEOfEHEC
BG4 2 EHERI SN D,

i

IRERTEBRIZ X 72 o T AL R S4B BRI SE BT 0 /NE R K
B O W 1524572, 32 7O 0T B AR A R kK
At N—THifre v 4 —OoHr 7 Vv —712 L0 Eii &
7o ML TEHMHOBZELET,
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