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The preparation conditions and formation process of
HfC fine powders from HfO; by Mg-thermite method
were examined under a CH, flow. HfC fine powders of
single phase were successfully prepared by heating
powder mixtures of Mg and HfO» with molar ratio of 4
and 5 at 800°-950°C for 1 h in a 25-100 vol% CH, flow.
The formation process of HfC powders was as follows:
(O HfQ,+2Mg—e-Hf+2Mg0, @ 3CH,+2Mg—MgCs
+ GHz, @ Mg2C3—’2Mg+ 30, @ a-Hf +xC +y/2H2—>Hfo
H, and ® HfC.H,+ (1—x) C—HfC +y/2H,. Where, the
above reactions took place above 650°C in parallel. It
was found that hydrogen and carbon for HfC,H, were
supplied by the reaction of CH,; with Mg and by thermal
decomposition of Mg.C;, and carbon of HfC was also
supplied by the thermal decomposition of MgsC;. The
supply of hydrogen and carbon continued according to
arecycle of Mg (Mg—Mg,C;—Mg) which exists in the
reaction system.
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1. # =

Rl (3928°C) THEBEE (2700 kg/mm?) HH TS
RALNT Z7 A (HEC) W EE 8D TaC O REHEE &
LT INTWALY., ThETRBEIN W5 HIC
DEREICE, (DEERIEEDO, (2) CVDEN~10,
(3) HEBRBEA BBV DR U W) REBTLED 2 E18d 5
B, WTFNDOHESHL000°CLL LOIMBEE # LE L4 5.
FF BT BEIC, 1000°CELF @ n e & ¢ Mg & 5T 7
N3y PR TZINW~E | ZrB,ID | ZrCle)19) T f
HIN2O OEBE—HEMRPER CTEAL L 2WMELTEL
Z TAHRTE, MgRBILT VI v MEIC L 53RERM LY
R EROWFERO— & LT, HfO>-Mg-CHy HAD
HMAaEEERAWCHIC B ROEHRARA, TOEHS

R U BRI W TR .
2. ERAFZE
2.1 HfC ¥XKNDEEK

HFEFRHC IO HIO, iR (R EE (L2t JERTHL,
98%HIO,, 1.8%Zr0;, IR THE : 2 um) KU Mg ¥R
(R AT e T8, MIRE © 99.9%, RITHE : —1504 »
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Va)w, FRFEICE CHy A (BARBEREL, s
99.9%) #ErnEnHW-. BEREKEFEELE Mg/
HiO;=2~6) IZFAEL, OS> AHTHIIKREE L.

COERAHE 2 g wEHBR— MCEE L, AESRIGE
WA L/, Ar TACRIEENE THICBR L. B
S LOPFTERE (600°~950°C) 1Zin&k L T\ 7o
BRPPA~GEBRKIEE 2 AN, CHy F A& (200 cm3/
min) FT1h{REE LK, BRERKEELZKTEAELT
AR B BOoNERBRIOREIERY % IM
HCl TR %2 0 R U CBRE LIctg, Kk, =4/ —
IVBEE R AT, w0 B & VOB R 2 B L 7-.

2.2 AE HIC RO

A B AR O S AH O R BRI LY, Al (20 wt% Esin)
ZPIEREE & L7oM R X fREH (XRD) RERTHON/-
B/ 37—/ AlLQ00)EOEFT V' — /7 EE A R & L
<, HfC(111), Hf0,(111), HfCH,(101), Mg(101) B0}
MgO QOO EDOEZEITY — 7 HREE AW TER L. %
7z, & L7 HEC OFER KX TFHR R FROBIEI
i (111), (200), (220), (311) KU (222) WO EHTHE %
Y/l

HIC B ROBER SR FROBEICITAEETE FHEK
g (SEM) %, /-HEEEOWEIZIE BET &% 2h
ZHHAW.

FRELALER % O HIC ¥R iR O R R BT 2K A C10°C/
min O TR 51000°CE THER X ¥ 7= HIC ¥
KOBEE» S D)XEHCTEHB L. &k, X
DFHEOBIZIT HIC 32K CEed 5 Z £IZ & D HIO,
ICEALT %20 Z & RUBEHBRFR I ZZH TOMET CO,
it CORENTHIEHEELTNS.

Wiree c=100— W(0.848 +0.057X) (1
Z T, Wheec RO WIiEHIRFRE (wt%) KUMEW]
w100 wt9% & L7-8BE&OmBE OB ROERE (wt¥%) T
5. (1)KXHD0.848% 110.0571% %72 h HI/HIO, I -
C/HfO kO fETH v, (0.8484+0.057X) (T HnZEET O
HICx & n#EHH O HIO, DEEDOLEEREL CW5. XX
HIC#HDO C/HI R TITH D, BTFERBEOKERRT
Sara? O TEH & C/HE FTFHOBGRL D RDIHDT
BhH. i, BEABKICERET S Mg £130.9 wt% 2
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D T 572 & h 5, Mg 28U bFEBAMROE
BN RETHEIEE L7 BiZ, Z&FT
1000°CE ThE L -ARFORKREZ RERSTERE (0
BHEFTE, EMIA-511) TEELZETH, WIFho
KRB CHBETARERIT0L WwtBBE Th - 72720, &
EROBTFRERICOVWTLER Lo .

3. BRRUEZE

3.1 HfC ¥rRDEmMEH

HFEERIO HIO, 11 (2) R THEI L Mg BTV I v
FRIGT a-Hf 272 5.

H{0,+2Mg—>a-Hf+2MgO )
(2) RO BT nEEE 1 h © Mg/HfO, L th=4, fnZk
B =800°CO &M TREMT 5 2 &% HIN DM KA D
BEloms L7220, 22, Mg/HfO, £V fh=4 & LT
CHy T AWE® T, 600°~950°CT 1h nzk L ¢ HIC KD
R BT - 7.

B 1 i hnBGRE & A B O BE OB RERT. Ik
¥, FEINofEMIEE HEO,, HEC, HECH, % U MgO T
B - 72. 600°COBEICIE HEO, & Mg ARIE S 1, HfO,
DO Mg 12 kB BTRIGR O HC O &K IGIEET Lk
Boloh, THHORIGE Mg OiE (648.8°C22) [k
OMBNEE CEABUCHEST L7, HIO i3mBYEEO LA &
EBIEHEA L, 800°CULECREDONEZML -7z, HICIE
650°CLL ECTAER L, MBWRED A & & bIcHmL 7.
HICH, DA IZ650°~750°COFFE TRD SN, 700°CT
HRBREEIIR A & ln o 72 T SOERMOBINEAME
M1 Mg/HfOp £V =5 & L7=B& LABETH - 7228,
Mg/H{O; £V =2 KU 3 TRRERFEADO I T
R IC B W CRKIGD HEO, OBRAENTED BT,

HIC & MgO O ADAB# RiL Mg/HIO; T =4 &
85,800°CLIE, ThomBuc X vEbh, ThHOHE
EBEME TS LI LD E—HO HICH R EZ AR T 5

XRD relative intensity / 1/1a

L 1 1
600 700 800 900

Temperature / °C

o

Fig. 1. Change in relative XRD intensity of products as a func-
tion of treatment temperature at the holding time of 1 h under a
CH, flow and Mg/HfO, molar ratio =4.

O HfC, A HICH,, [] HfO,, V MgO, @ Mg.

CEBTEM. Eio, Mg/HIO; B =4 & L T25~
100 vol% CH,/ (CHy+Ar) # A¥iM (200 cm3/min) T T,
800°C, 1 h Om&THBE—HD HIC KRB ER TE /.
HfO,-Mg-CHy F ADM A AR T H W/ HICHERD
BT, B1ICE Lk S IcPrEERY O HICH, D4
BRAFTD S, 0 HICH, OERIRERMEAL 5, ZrC
BROERDOHE LAKIC, CHy # 2RI Mg il k0o
BEINTRER L AKREEZRPNCHERE L T B EE 2 BN
5.
3.2 CHy HHAM Mg IZk B 53R
—iEiC CHy (358E 7 C-H &5 HF 572012, ZTDE
GREITI000°CEL FTiHIZ LA FEfT L. L L
TR B, Mg ET Tk CHy A B)RicHt-> T Mg &
RIEL, 760CTHRLET LTV I ERFHEINTW
58 . Elz, B)ROKIETHER L7z MgaCs 13 B R
TR TH D700°~800°C T4 RICH »> TMg & CILH##
F 523,
3CH4+2Mg—>MgyCs+6H; (3)
Mg2C3—>2Mg+ 3C (4)
Mg ¥y K % CHy H AU 3E T C700°C, 1 h i B L /-
BEDOERWHFIC Mg:Cs BEETAO b, DR
TRINDH MgeCs DEGBRURPET L TRB A LR T
B L RMERT A1, CHy HAFE (200 cm3/min)
TIZBWT Mg AR %#800°CT 1hinZ L TH SN
W XRD i X VRN ZORKE, BEAEROBRIC
1T Mg ORABEZED BN, FEMITIMg 20 Tho
7o, BRTEALERARICEIR U2 R i AT Hh
7in otz Mg-CHy RICEWTEER A L VB L LD
RELSIMZE 2 5N nC Eh b, BENBRITESH
RETHEHZ EDBGPole. D EOKRENPS, CHy TA
%, Mgtk D QROGMBRIGTKER, E/ER L
Mg:Cs & (D) ROBG RIS CRE T TN T hERT 5
EP D, RIITKRR &ERBREAHHE L T 5 2 & PHER
T&ET-.
3.3 HfCH, D4R
3.1EICHER L 72 HEC.H, 13:650°~750°C O i B T 4 1%,
L, ZOHERKGIE3.2HTh~7- CHy #F A L Mg DI
ERETHE, GORTRINS.
a-Hf +xC+y/2H,—~HfC,H, (5)
%z 2T, CHy #AW®BT, HICH, OARBRKA S5
700°C, 1 h @ gk < Mg/HfO, €L % 2~6 12281k
IR THICOEREETTH /. TOREREZE2ICRT.
HIC,H, KU HfC OAExI 3 E(EIT Mg/HIO, £V D1
LEBITWAL, (2RO HIO, OBTRIGICES Lk
BREED Mg OFFEIC & 0 HICH, K U HIC D4 iR
HEINTWS. BT, oLz Mg/HIO, €L >4
THRECEML Tz, ZOHICH, i (6)RIcHt > THE
RIS T HIC #4KT 5.
HfC,H,+ (1—x)C—HiC+ y/2H, (6)
%7z, HIO-Mg-CHy H# ADH A ED R ERAWIEE
W2 IR LS ERHEOE B ER LS, (2)~
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Fig. 2. Relationship between relative XRD intensity of products and the Mg/HfO, molar ratio. Treatment conditions: 700°C, 1 h.

O HIC, A HICH,, (] HfO,, VV MgO.

Fig. 3. Change in lattice constant and the amount of free carbon of HfC powders as a function of heating temperature at the holding time

of 1 h under a CH, flow.
Mg/HfO, molar ratio: O /A 4, @ A 5.

Fig. 4. Relationship between average crystallite size of HfC and heating temperature at the holding time of 1 h under a CH, flow.

Mg/HfO, molar ratio: O 4, @ 5.

(6) XD K inid Mg/HEO, F )V K BA R 7x < L FHAVICE
CoTWAIERGMA. LichoT, QRKRTBR
THE L5 Mg B3R THMERT S Mg D(2)R
BRUGARANDUY A 7 THHINTED, TDUYA
7 VIERRICHERET 5 Mg 25 (2) RDRIED MgO DR
BHHVERBIC LD FACHEBEIN S ETHET S DL
HHIEN 5.

3.4 HfC OERKIBE

AECH, 31ENICERR L7z HIC B RO A& E&EH % HW
THB L/c HICH RO TFEHR, FHEATERTHR
PILERAETHBRBERREYRANS Z LickD, HIC D4
BB % (2) ~ (6) RO RIL T & o CThad Lis.

B 3 [T InBWERE & &5 L7 HIC RO TERR OB
KT 5 ERFREORBGR LY R T. HIC O TE
¥id a=0.4635~0.4642 nm TH VY, MBBEEOLR L &
DI T BEA AR L. HIC ORFER & C/HE K
FHOBE®RY » B, & L7z HCHROC/HIE T i
0.77~0.93¢ 720, MBBED LR & & HIT/NHE<7x-T
We. Fie, BRPOEBKEROMBEREO LA L LD
KA Lz, C/HE RFp OHH LA RER &
WBHEREET, MBEBEEOLR & L LICKRHAICHEET S
Mg 0% (Mg DZFESKEIL00°CT11.9 kPazd) 5
TRRORIEAIHING Z 2T k- TCRNDREED
BT B0, WTFhdBEATHI LIRS O E
2, A—OmBEEICK T AEERIZE S ERREEY
Mg/HfO; V=4 R U5 OBETHK L ET A, #
EOHPOTNOKEREL > T/l b HEHT
HbHEELZIDLNS.

B 4 i hnBGRE & HIC B RO &R TFROBGRE
9. HIC ¥R OFH5%s & T2 Mg/HIO, ©L k=4 BT
5 DBE L AMBEED LF & & SIS BTN

HM%ZmrL, 950°CT4H16 nm §itd CTH - 7. F7z, HICH
KOFHREMTEE CHy HAGE SRR B E O
A ZF T\ - 7o, HIN Ofs & F 13 N/HE B+
B U D EEFBOMKZHES - DI ZBIC M
HEHEINTWASD, HIC & HIN & FkEiC C/HE R+
HOHEME & SICERBOEXERAREIN TN 520,
L Lanhs, AFERTE C/HE RFRIIR3 IR L X
SETMBRED FR & & HITPE L Zo TNl &h b,
W U7 PR RIS AR B 1Tk L CRE R e BT
EREEZRLIzEEZBNS.

Wiz, Mg/HfO, BV h=4 & L CCHy H A% Ar i A
THMLTB0C, 1h DL M CHICH KD AR %
fT- 72D HIC RO FER LM RPOERRREL
NI, ZTOBBER S IRT. HICH RO TER
BERPOERRFZEL, 50~100 vol%CHy A AT F T

046517 T T

0464— _~ -

0463

Lattice constant / nm

| 1 ] }
25 50 75 100

CH, /(CH,+Ar) | vol%.

Fig. 5. Change in the lattice constant and the amount of free car-
bon of HfC powders as a function of CH,/ (CH,+Ar).
Mg/HfO, molar ratio: 4. Treatment conditions: 800°C, 1 h.
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T FN 721 a=0.4641~0.4642 nm, 16~18 wt% & iTIE—
ETH- 728, 25vol%CHy H AR T Cldvwdhn s
LCW/e. & L7 HIC B ROBFER R OB RPDE
BERFEICR UC CHy HAGKESRICASHT Lo L&w
BRESNADIE, HHTCHy A E Mg ORIG((3))
LA U7z MgoCs DG (R 2RI D, Mg
YUY A 7 VRO—HEFEDIRANCR D, BRELTR
WICHFEET S Mg BRBEBRREYREL TWH72DT
BHEWR L7, Lo T, CHy T ARG R & Bl
NS T ARG CREBEREREOD T\ WEIT LT B
O HIC i REERTAH LIIRBETHSEE2 5.

Fiz, Mg/HIO, £V H=4 L LTCCH, #AWBF T
950°C, 0.5 h N, Ar H AW TICE 0 # 2 T0~5
h B L CHR L7 BE—HO HICHROBTFER & FN
7. FOREER, WTFThoHICH RLETER ITe=
0.4637~0.4638 nm & JnERRNCBIfRZ: FIE—EE A=
Lz, 2T b, 6)RORISIGIX0.5h BE THE
BLTWAZ LGz,

Ll EO#EM S, HIO,-Mg-CHy HADHAE LR %
R\We84 O HIC O4BRRIE, 650°CLL EDOIMERE T
BRO LS BRIETERINhTEY, ThOOWRKIEE
IzoT\W5Ah.

O HfO; ® Mg IZ L A& TG

HfO,+2Mg—a-Hf+2MgO

® CHy 5 AD Mg IZ & 553 1R

3CH +2Mg—MgoCs+6H,

® MgeCs DG RIS

Mg2C3—>2Mg-l- 3C
® o-Hf DRAFRIIG
a-Hf +xC+y/2H,—~HfC,H,
® HICH, DRI
HfC,H,;+ (1—x)C—HI{C+y/2H;

3.5 ARUL7= HIC $33k Mt

B 6 (2) RUN(b)I2800°C, 1 h & 1F900°C, 1 h THR L=
B—iHo HICHEKD SEM EE % 75Rd. &K LA HICH
KO—UPLFREIT0.02~0.05 yum TH Y, EEHFEPITIT
Mg/HfO, £V, CHy T ARBE, iR E R O EURER
OFBEII LA ERDOOLNE o7z, —HKBTFORE LB
=X, BERFRIZ0.2~05um ThH- 7. E7-,

800°C, 1 h OIRB G CTHRL L7z HIC RO EREREIT
21~25m?/g, 900°C, 1h DHAITI37.5~12m?/gTH -

Al L 1 il i

Fig. 6. SEM photographs of HfC powders prepared under a CH,
flow and Mg/HfO, molar ratio=4.

Treatment conditions: (a) 800°C, 1 h, (b) 900°C, 1 h.

i

7. TnHOfER CHy ¥ ABBsRICITFEINT, ©
L 5 InBdRE OB E L1 Tz,

4. #
HfO,-Mg-CH, # AD A& H % AW/ Mg R T
V3 y MEIZ XD HICEB ROEGREIT, ZOHEKSE
HRUOEBRBZAN, RO LS MR ERB.

(1) B—#H o HIC K 1325~100 vol% CH, 7 A #
T, Mg/HfO; BVl =4 K U5, 800°~950°C, 1 h & jn#
TERTE. £/, RTFEERBAR O HiCog MR
50~100 vol% CH, /7 Ayt T ¢800°~950°C, 1 h & /&
WKEDERTEL.

(2)HfCH, % U HfC DKFR|R KR T RHE I, CHy A
D Mg IZ & 55 RS & MgeCs OB MRRIEIC &0 Bk
Sh, LASRARCEETAMgO U A 7LDk
T ARy /N el

BHIC DA AEL, OHIO; D Mgz k 5 EITK
&, @ CHy 7 AD Mg 2 & A5 RIE, @ Mg,Cs DS
RRIE, @ o-Hf ORAKFARIER T ® HICH, DRI
IHTERINTEY, 650CUL EOMBEETIIZhED
WHRRIG & 7n - Tz,

L) &R L7-E—H O HIC MR IZ—0B T8 : 0.02~
0.05 um C, BERFE :0.2~05um ThH 1, EEaHH
PCld Mg/HfO, €Lk, CHy 4 AJEEE, HnEWE K 00
BB OFERIT LA ERT Tk 7.
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