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Preparation conditions and formation process of HfB,
fine powders from HfO,, amorphous B and Mg under
an argon flow were examined. Fine powders of single
phase HfB, were prepared by heating powder mixtures
of HfO;: amorphous B: and Mg in molar ratios of 1: 2 :
7-10 at 800°C for 1 h. The HfB; powders had particle
sizes of 0.03-0.3 um. The formation process of HfB,
was composed of the following reactions: (D 650°C~:
Hf0,+2Mg—e-Hf +2Mg0, @ 550-750°C: Mg-+2B—
MgB;, ®750°C~: MgB,—~>Mg+2B, @ 800°C~ :a-
Hf+2B—HfB; and & 850°C~ :2MgB,—~MgB+Mg.
MgB; did not interfere the formation of HfB; because
it decomposed above 750°C, whereas MgB, interfered
the boridation of o-Hf above 850°C because it is ther-
mally stable. For the preparation of single phase HiB.
powders, it is most important to suppress the forma-
tion of MgB, by controlling the reaction temperature
below 850°C.
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1. #

BT = A (HEBy) SRk (3250°C), A
(2900 kg/mm?) K U EAEEM: (FLHEH : 10.6 uQ -cm)
B LTCWA LIS, Er0BBRRIFERIMITHNTEN
T ER L B ML e i 2 TR D, REICSHRS
NABtYELBRET LA bEE TEEl T FET AV L
WO BBREWETH 5.

HIB; D&RE L LT ) EER7EEDS, 2)5M
EREDY, RUG)BILRMEED DAHFESI N TN 5.
KB TR HF > Mg BIETF VI v FER Q) DEREEIC
ST 58, BrdBic Mg &AW/ HiB, BEROER
BE STz,

BLEBIC Mg #H W TiB.® B U ZrBo? ¥ K & B
TiE, Bl L TR ML 7Ry AOERPEE S
nNTw55B, Ti RO Zr ORI RO E BRI RIET#
Wiz SOWCEHBESAICIR TR, Fe, EELIXB
BICEREB #HW-Mg BT VI v MEIC K5 ZiBy
BREBICBWT, BE—H ZrBy ¥k O& R E#iE 25 R
EXINDHT EEWE LR, TOBRICOWTLZORER
IS T E nd - 7.
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ZEHIFINETICMgBELT VI vy MEZHAWTHE
SEER b & L C HINIOJ Of HECID 8 ok O & Bt K O
AFARYAELCE. TORKE, HINBROEHT
ENETH B Ny HAEBILERED Mg ORUET MgsNe
BERL, MgiZBTLE&RB & LTORNERD -DIT,
100 vol% N, H AWE T Tt HfO; #E&ICETLT A &
BTEEDPo/. T, HICHEROERITE W TH CIE
T 5 CHy H AL Mg ORJET MgeCs BNER L7, C
D MgeCs BEHICEGESH T &b, HIO; O Mg i
F ABLERIGIHEINT, LI b Mgl DERKRUS
B IEIRHIC CEAEB T 5D BTAERY TH S
a-Hf ORI REI R THB T ETHLPIT L.

FCC, ZEOIIMg@ETT VI v MEIC X HIERIL
Y R O BB & B ITCE B ORIRIG OBt % HFEIC § %
CET, BT AE—HBROEREHTIETE S L
# 27 AR TEIMgBELT VI v MEC K HBE—H
o HiBy B ROER SN, SBGRR KR ITERD Mg
BB T ARIKIGIC O WTHRE L.

2. EEBAHE

2.1 HfB RDEM

HFECRHT 13 AT HEO, ¥k (Bl LB supT e,
fiEE : 98%HIO,, 1.8%Zr0s), FEMEBBHERK (VT A X
Uy 78, M $996%) RO MgBER (EMELFET
JePTEL, HHEE 0 99.9% Dk, KIEE : —15074 v v 1) &
Wiz, CTh OB KR EZFIEDORE TV (HIO, : FF
BEB:Mg=1:2~4:4~10) IZHEHEL, DDOIHAHT
F+HICRE L7z, CORAWEK 2 g BN — MIFIE
L, A?/f MRBEEFICTEA L7k, Ar T ATCRILEN
T HICEBE L. FO% Ar HAWE (100 cmé/min)
F, 20°C/min OFEE CHERE (800~1000C) % TH
B, TheELEis L.

BONAERBFRIL, £40.05MHCLERIC L A
LR A B AR VOB L7ctk, Kk, T/ —IVEEEETY
HiB, R AR L, WISELSEER % A\ B B
PRI X 0 HiB R & i U7z,

2.2 AR

A BB K A O RS R O A BB S1(20 wt%HRIn) = P
e b 7o X mEdTaE (XRD) iITkY, Sio

NI | -El ectronic Library Service



The Ceramic Society of Japan

IRFE fil

Journal of the Ceramic Society of Japan 101 [ 47 1993

457

(11D EO BT — 7 EREEIC 3 5 HfB; @ (101), HIO,
D (A11), a-Hf ©(101), Mg ©(101) F ¢ MgO @ (200) H&
D BT — 7 FREO MR R 2 OB H L.

L L 72 HBy K O F BB UF#985 f F- AR O Bl
1Z1%(001), (100), (101), (002), (110), (200), (201) BL*
CIEoEFY —7 # B Wi, 7-, HiB Bk OWEE
RUORTEOBERICIEENETHEMSE (SEM) %, K
EEREOWEICIE BET 2 2 h e h v

3. EEER
8.1 HfB, BRDEMEMF
Mg #IL7 VI v MEIC K5 HIB BROAERICK T 5
BIESISE (DR TERS N, 2)KD HIO, O Mg IZ X 558
TG (FVy FRIG) RUG)ROD a-HEf ORI LRK
RIZ K> THREh T35,

HfO,+2Mg -+ 2B—HfB,+2Mg0 @
HfO,+2Mg—a-Hf +2MgO )
a-Hf+2B—HfB, (3)

2) RO RIT InEERR] 1 h < Mg/HfO, BV =4, ik
B =800°CT5MET A0 2 b, HIO,: ESEB:
MgEJVH=1:2:4~10 & L T800°CC1lhim#z L
HiB; B RO BB %17 - 7z,

B 112 Mg/HfO; BV & FAERMOEKRE OBH %
AT, FE S N/oRE R HIB,, o-Hf, MgO ' Mg ¢
» Y, HiB, DA EITZ Mg/HIO, EVHOBEmM & & & ic
BAL, THICHE LT ae-HE i34 L. %72, Mgl
Mg/HIO; BN ZT7T CRETAZ 2B, T EICH
FED Mg i3 HiB; DERICESE L TWin\\W 2 &850 -
7=, Jx¥, MgBILTIVI v MEIK X% TiBS KU ZrBy»

DRRER CHREIN TV BRI IR AICDWT
1%, MgB; OEIFTHRE S HiBy &, MgBy O X RBIH 2 a-
Hf b ZNZNEE T 5720, BEOEEBZHER TR -
7z,
Mg/H{O; BV =7 CTAR LR 2 B4 5 =
LICE > THE—HDO HIB, KA T 5T &N TET-.
H—# HiB; B ROEBICHE23EE B i HB, D1t
2 BEHRMERO, JEHE B/HIO, T =2, Mg &3 Mg/
HfO; BN H27 720 QRICH - 72 HIO, ORTR)E%
SERE SR B DIZHE R Mg/HO; €V th=4 TIIAR+4T
BB EBGP oIz, Mg/HIO, BV =T OEREMT
R b~ 7%y A, HIB, 0L EHER TH 5IE
s B/HIO; V=2 % i\ CB—H O HiB, B R34
T &/ Z & RO HIBy iC# 4 % B OFE B 2 HiB g5
~HfBg03'? & IR N C L 2 E T 5 5, 1TEA YA
BLTWEWEELZLNRS.

Wi, HiOp: M BB : Mg BN H=1:2:7+ L <C
800~1000°CC 1 h Jp& L TREGRAHZ Tz, ZTOREE
B 212779 . HiBs U MgO i3 W F R OmBGEE - 5\
THERL TR, B & SERBIIMBEED LR &
EDICHABERIZR L. £/, Mgid800°CTHEELT
Wios, 850°CLELETiIAE S NS, o-Hf 13850~900°C
T, HWRERO HIO; 11950°CLL L CHnANnFEI N,
723, 950°CLLECRIE S 7z HIO; 1z Mg DFERIZ L 5
BRILEBOTRIGER L TWADINLDTHS. FEIh
7o ARGt & MBMR E OBSGR B, B—i HiB, BFROE
BICIZ800°CARBTH D, Fh LoOEER Ttk
D o-HEf 5 WITHFBERO HIO; BAET 5 Z L 55—
7z Ez, ZrO-3E R E B-Mg R 5D ZrBy R DA RS
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Fig. 1. Relationship between relative XRD intensity of products and Mg/HfQ, molar ratio.

Starting powder composition; HfO, : amorphous B : Mg molar ratio=1: 2 : 4-10.

Treatment condition; 800°C, 1 h in Ar.

QO HIB,, A\ «Hf, [] Mg0, VV Mg

Change in relative XRD intensity of products as a function of treatment temperature at the holding time of 1 h in Ar.
Starting powder composition; HfO, : amorphous B : Mg molar ratio=1:2:7.

O HIB,, A «-Hf, []1MgO, V Mg, @ HfO,

Change in formation rate of MgB; and MgB, as a function of treatment temperature at the holding time of 1 h in Ar.
Starting powder composition; amorphous B/Mg molar ratio=2. O MgB,, @ MgB,

Fig. 2.

Fig. 3.
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ICB\W T B—H ZrBy R DA IR E D _EIRIT, AR
DOBA & AREIZ800°CTH - 7o

PEDZ Enb, B—0 HiBy XU ZrB: K DA R
EEO EREIAZONGRICHELZIEGEB & Mg DK
IGICEELENTWS LHEE L.

3.2 RIETITRIILDER

318 Cal 7z Mg L IEEE B ORIBIC>WT, FEE
B/Mg €V =2 {5 L - BAWERE VT Ar F X
BT (100 cm3/min), 550~900°CT 1 h & L TN/,
Z OB RE X Nk AR I Mg, MgB; XU MgB, T
B o 7oz, MgBy R U MgBy D4R a MgBs) BT
a (MgBy) #ZxhZha (MgBy)=I(MgBy)/[I(Mg)+
I(MgB;) +I(MgBy) ] B Uf a«(MgBy) =I(MgB,) /[I(Mg) +
I(MgB,) +I(MgBy] * LCEH L. 2T, IMg),
I(MgB;) K O*I(MgBs) i % h % t1 Mg(200), MgB;
(101) X U* MgB,(121) 1> XRD OEHE— 7 EREE L
TW5.

B 3 iIc &R E » MgB; & U MgBy DAEREDOBth %
A3 . MgBe O4RIIH0CTHRICERD N, TOERE
IR E O LR & &SN 55, 850°CEL LTI
CEABEmEZR L. Shics LT, MgBy D4R
850°C» LR LNMEGRE D L7 & & SITEREITIE N
$ LA E R L. MBJREICH 3 5 MgB, XU MgB,
OEREBOEMBAERE» S, Mg LI FREB ORIET
i3, %9 MgBy OAERR DRI > TR D, RITERK
L 7= MgB; & & (5) KD Kt T MgBy B3 p ¢ 51919 &
Ezbhb.

Mg+2B—MgB; 4)
2MgB;—~>MgBys+Mg (5)

L7-8» T, HfO,-3EfE B-Mg 52 Cit Mg 13 (2) R
Bt - 72 HEO, OBITTRIGLIAC (@) R U (B) A THE LRk
BB LORIBIZHEE L TWB I R,

3.3 ARU7 HiB: =X

B L7z BE—H O HiB, R OB FEHIL ¢=0.3142~
0.3146 nm, ¢=0.3468~0.3472 nm, ¢/a=1.103~1.104 &
%0, RROMEMETH S a=0.3137~0.3211nm, c=
0.3469~0.3482 nm, ¢/a=1.084~1.1152~9.15 X T 1T
LT

K 4 = JE5E B/HIO, &)L =2 & L T800°C,1h ©fn
BT AR L7z HEBy MR OFEE & T8 & Mg/HfO, £V
R UHREERGO HIO, EBESROBKRETRT. Py
BRTFER, —EomBEEICL 225, Mg/HO,
VoML & SICBAER R Lich, HIEFERRHO
HIOQ, BB EHSERICK LTI HIO, EEEH S ROMEME &
DPICWA L. 2FD, FELESEGHTEIQRD
HfO, ©® Mg IC X AR TERIG (FVIy FRIG) ICHESHE
WEEY-VORBEBICHELTED, BRERFO
HIO, OEIE K 2\ T ¥ EEOMBWEE LB ORE
BEIVLERICR s TSI EhGh -7z,

Bl 5 ic &8 L7-8—E HiB, ¥ K © SEM EE %7~ 7.
&R L 7= BBy ¥ K OB F8130.03~03um TH O, #l

HfO, content / wt%
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Fig. 4. Effect of Mg/HfO, molar ratio and HfO, content on
average crystallite size of HfB,.

Starting powder composition; HfO, : amorphous B : Mg molar
ratio=1:2:6-10.

Treatment condition; 800°C, 1 h in Ar.

Fig. 5. SEM micrograph of HfB, powder synthesized at 800°C
for 1hin Ar.

Starting powder composition; HfO, : amorphous B : Mg molar
ratio=1:2:7.

AN K X F130.03~0.05 um ORI FOBEED 5\
BEELLLDOTH 7. AR LI HiB, B RORN FER
BB HEO, : JRWE B : Mg BV HOBE S Z I Ok
Modo. Ei, HEEEIT HO,: JEHE B: Mg £V
=1:2:7,800°C, 1 h InBDO S CTHB L7z HiBs BERD
¥g, 13.6m?%/g ThHo 7z,

4, & =
4.1 MgB, BT MgBs DR & HIB, DR ERERH
DA%

B2HICEER L/-FEMEB & MgDORIETERT 5
MgB, % U MgB, & HfBy, Oy ERE B E&M: & OBEE &
L7z,

JESE B & Mg ORIBICBEL T, (DHRORIG TR
3 % MgB; 13 #9750°CTO) RiC L7z - THBLIHD
518 2 B (B) RITHE - 7= MgBy DERKR L Mg 2K
OFFEICE > TIMHEINAWZ L BRHFEIN TS,

MgB,—~>Mg+2B (6)

% ZC, MgB; R U MgB, 04 IE&E B/Mg £V
HRUMBEECEEIN TS EE 2, JFEHEB/Mg
TU=1 KU 4 % AW T700~1000°CC 1 h jngk L <&
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Fig. 6. Change in formation rate of MgB, and MgB, as a func-

tion of treatment temperature at the holding time of 1 h in Ar.
(O, @ amorphous B/Mg molar ratio=1.

/\, A amorphous B/Mg molar ratio=4.

Open symbols: MgB,, Solid symbols: MgB,

DN/ ROERMEZF 2225, 6 ICRTHRSE
bhiz. K3 RUM6 DM S, MgB, DEREROBA
BARAIR 13 IR E B/ Mg BV O8N & & & iR A~
BT S EMARD G, MgBy ODAEBREROBAITHIG L
T MgBy ODAREITHEN Lz, iz, JE&E B/Mg €1
H=1D%BEITITRAIC MgB, DAEBICHEREL ki
Mg BT 572010, MgBy OB IGITIE X h, il
DIEEE B/Mg BVHICHARTEFO 4 B EE T ERM A~
BT LT/, —77, MgBy DARRE O FRIZELE
B/Mg EVHIZEAR7 < 850°CRETH 5 LIS h 5 =
LB, EMEBEBEIICLAEHEB/Mg K
=5~10% I\ "C800°CC 1 h inZh L 7= 4 Bi¥ sk D 4 B
BRI ETH, WTNOHEIC AR MgB; O A&
THY, MgBys DERIZED ONEhr o7z, LB T,
MBEEFEI 1L & L7841 MgBy MR T 5 7= 10133k
SE B % AGBEIC L TA850°CLL EDInEEE 2 L 5E & 4
LT BT oTe. Trks, EBE L7k MgBy OS5 BIRER
#11800°C1O) CEMICRETH 5.

HfOz-3F f B B-Mg SRIZE\W T MgBy BAER L7854
TR eHEICH T 5 BEARRTSI STk, B—HD
HiB; MR OERITHEE S 75, FlziE, HIO: JEHE B
Mg e/ H=1:2~4:7 » LT90CT1h a7k
R OERAM & IERE B/HIO, TV LOBEREFH NI & 2
5, A7 OEBESN. JESE B/HIO, TV O
m, o2& DI HEEB/Mg TIVHOEME & BITER L
aHf RIS NFTICBRETHEDPEL TS5, COBEMHA
& LT, InBRE900°CTilIERE B/Mg BV oBEin
IZEVRGICR Lz S MgB DAERPRES N, o
Hf O bicdt4% BEATRET57-0EE 26N 5.

BEDZ &6, B—HO HB BRETEET 5701
%, MBGRE R UIESE B/Mg VOB 0 BINIC &
D MgB, DEFRRIEEHTHT 5 2 ERBEETH Y, i
BRI MgBs DAR L72\W800°C L 7t - 7-.

4.2 HfB, RO ERARE

B/HfO, molar ratio

Fig. 7. Relationship between relative XRD intensity of products
and amorphous B/HfO, molar ratio. Starting powder composi-
tion; HfO, : amorphous B : Mg molar ratio=1:2-4:7.
Treatment condition; 900°C, 1 h in Ar.

QO HfB;, A «-Hf, [] MgO

HfO,-JFfE B-Mg %% Fi\C HfBy RO &K% 1T S
&, @QRITHE 5 72 HEO, O Mg 12 k ABTRIG & (4) Rz
B> 7o Mg OB ARG LT L TR 55, M1ioxR
L7z KD ICRRIGD HIO, BB LY, Q)KROKIGIE
TR LTWA. TOZEhD, R THER L MgB; it
GYRITHE > THIEL, ZOBRICART S B RU Mg ii%
NZN o-Hf OFRTLKIGR T (2) ROBTTRIGIC 53
HEEZDNS.

INLDORINEHER T 5701, FfE B/Mg ©vit
=2 T700°C, 1h OINBLE THBL L7 MgB: K % B
FICHWTHB B RO AR %A & 7. HO;: MgBs; :
Mg €l l=1:1:4 % L CAr # AW FT800°C, 1h
OMBAEIT - 72 & &5, LR LML HiBy, o-Hf
KO MgO THY, ThbdOFTCHIB, OEIFTREHES R
bREDPSTENG, Bl LREEREIZ S THS &
Wz b,

HfO,-9E i B-Mg 7 5D HiBy ¥R O BERIT %K
DESICEEDOLN, BERGIE QDR TEINS.

@® Hf0; D Mg i X 5BERE (FIVI v FRIG)

650°C~ : HfO;+2Mg—a-Hf +2MgO

@ Mg OEMEEIG

550~750°C : Mg+2B—MgB
® MgB; DRI
750°C~ : MgB,—~Mg+2B
@ o-Hf O I{LRIG
800°C~ : o-Hf +2B—HfB,
7272 L, @ D Mg OFIMERIGIZE T G)KD MgB,
RGP 5 &, AR L7z MgBy O 5B 2 B\
72D @ O o-Hf OFRIERIGITE L HEINS.

5. &% §
Mg#EIL 7V v MEIC & % HIB, O RE RS, 4
BOBE K R ITEE D Mg B854 % B EIC 2\ CH
N, RO & D Ies R w1
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(1) BE—Ho HB MK iT Ar # AWAT T, HfOs:
JESE B: Mg £ H=1:2:7~10, 800°C, 1 h mEAD %
HTERTE 7. 185 hi- HBy ¥ K3 T-£80.03~0.3
um OB RTH - 7=.

(2) HIBy BROABBBEIKRD & 2 5 I THE S
N,

@D 650°C~ : HfO;+2Mg—a-Hf +2MgO

® 550~750°C : Mg+2B—>MgB;

® 750°C~ : MgB;—~Mg-+2B

@ 800°C~ : a-Hf+2B—HIfB;

(3) Mg rIEHE B OFILTIE MgB, & U MgBy 24
BT AR, RiFEIZ750°CLU LT T 571 HiBy D4
B ATHE Ulrh o7z, —H, #E13850°CLL R CARL L&
B2 D3\ N T2 OIC a-HE DR ILRIB R IHE L.

(4) HfO,-JEFHE B-Mg RiCHB T, #AEED Mg 1T
HfO, ® Mg IZ X 5BTKIG (FIVI v FRIE) DREUC
S RE ER AR LTz,

X |
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