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mH ek BRX-SHHRE ZHN *
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TIITVHEET (150~200 ml/min), 300°~1100°C ORE&HE LY BRI KLY L=
A (N), REFRELTEERZ, BTEBELTAIREKROI Mg ks BT, EREF~.
Zn T ZiIC # 4T & 5hp o 12, ZiCli-Al-C T 13 500°~1000°C T ALZr O &4 04 UL
13 800°C Ll kTR, 1100°C TZIC A &> iR k< e, -1, F17, 1100°C, 1h
KRitT®d ZrCl, DR FEIBK 12 65.5% 1I5ZEL 2. ZhicwLT, ZrCl,-Mg-C %3 500°C Dl k¢
ZiC AR Uz, ZDBE, 500°~700°C T Zr 45, 400°~1000°C © MgClL Bl antz. F 17
FERHoBOBFEIC LD, 400°C DI MgO #5800°C Ll kT ZrO, 4R L1, # 2T Mg d
BAHZLFEBHRLD L5FEBICULIZETA, Z10, 3B 5, iz, ZrC Ko MgO £2588n
Utz RISERSRP % 1 NGB TS Lz & 25, MgO R o MgCl, i3k 3 h, 800°C M F¢
ZiC B & s o 12, 1100°C, 1h KIS TE oMtz ZrC i3 FH B2 0.1~0.3 um) <, B TEHK
0=4.686 A, EETFRIEIOA ChHot. Fi22DE &0 ZCl, DREREFE L 0.2% TH - 1.
DEwZ&ns, BREBELT Mg 5ERTH S 2 &E0550 7. (1984 4 2 A 23 A%H)

Effect of Reducing Metal on Preparation of Zirconium Carbide
Powder from Zirconium Chloride (IV)

Tsutomu IKEDA, Tadaaki MORI, Takeaki IIDA and Takashi MITAMURA

(Department of Applied Chemistry, Faculty of Engineering, Saitama University)
255, Shimo-ohkubo, Urawa-shi 338

The preparation of ZrC powder from ZrCl, and C with a stoichiometric amount of reducing
metal has been investigated from 300° to 1100°C under an argon flow (150-200 ml/min).
Activated carbon was used as the carbon source and the influences of Al and Mg metals were
examined. Zinc, as a reducing metal, was entirely ineffective in this reaction. In the
ZrCl,-Al-C system, the formation of Al;Zr alloy was observed from 500° to 1000°C, and the
carburization proceeded above 800°C, but the evaporation loss of ZrCl, was about 65% after
1100°C-1 h heating. On the other hand, in the ZrCl,-Mg-C system, ZrC was formed above
500°. In this reaction, the formation of Zr metal from 500° to 700°C and of MgCl, from 400° to
1000°C was observed. Due to some amount of oxygen contained in the raw material, MgO and
Zr0, were obtained above 400°C and 800°C, respectively. At the Mg/ZrCl, molar ratio of 3
(1.5 times the stoichiometric ratio), ZrO, was not observed and an increase in ZrC and MgO
was observed, MgO and MgCl, were removed by washing the product in 1 N HCI solution, and
the product obtained from the carburization of ZrCl, above 800°C was the single phase of ZrC.
ZrC powder whose particle size ranged from 0.1 to 0.3 gm with the lattice constant of a=4. 686
A and the crystallite size of 159 A, was obtained by 1100°C-1 h heating, and the evaporation
loss of ZrCl, was 0.2%. The results showed that Mg is effective as a reducing agent.
[Received February 23, 1984]
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1. #% B

Rty nva=on (LUTFZiIC &9 %) 12, SRA
(3420°C), =B (fU/NEEE ; 2600 kg/mm?) %4 L,
FIALERICHRE T, C/Zr TG U e Bn 8 R O
BEME O, ZFEOUHIMBOEY», SBET
MEESEADIGHPEI NS, HERMICEE Y va =
wa (V) (MFZICL &3 53) aAOVESE» S D
ZiC ot & Uik, ZrCl,-H,-CH, %2, Hollabaugh
51245 ThO, LADOHE?Y, FRHICLE LT +E
ErcoRRESEORENDHSH. 1, Burgers 513
ZiCl, OB K O RFE T 4 T A ¥ b EIT ZiC DO
Bz By,

EE51E, ChETELSBEHFE RN uyr vtk
&, BroBEBB2EBRILY (TiCY, NbC?) k%K
DEBIZONTEHRELTE . KR TEZCL 50
ZICHRKDERZRY, FOEREHRORIGBE
BMEtL., BX@BELUTRTNIZYA, T 4T
L (LIFAIBRUO Mg &95) KE2ROWCHERE L
7z,

E112400~1400 K 0B E#HBH TEITERE (Al RU
Mg) BEFTCOE{EI V= an 50 Z1C DAEBK
DV TOEREER T ANV F -2 (AG)" %27,
ZHIZE B EVWTIhORH BRI RKISDHET I FET
HV, BILHITALICHEA~A Mg DA KE W, T, ¥
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Fig.1. Standard free energy change of formation for

ZtC from zirconium chloride in presence of metals.
(a) ZrCl,+2/3 Al+C=ZrC+2/3 AICl,,

(b) ZrCl,+Al+C=ZrC+AICI,,

(c) Z1Cl,+4/3 Al+C=ZrC+4/3 AICl,,

(d) ZrCl,+Mg+C=ZrC+MgCl,,

(e) ZrCl;+3/2 Mg+ C=ZrC+3/2 MgCl,,

(f) ZrCli+2 Mg+C=ZrC+2 MgCl,
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JLa = stk ZiICl, 5ERITH 5 2 & 54
5. # AR T ZIClL, RERCETH (Al K
U'Mg) ORIGIZE Y ZICKHRDEBERIGIT DOV T
U7,

2. EBBE

BB E U TR ZiClL (B E L F 5 s,
99.99%) LBITEEMAK (BHSEBEMHTER, Al
A8 v TH99.9%, Mg I Wik 99% Ll E) RORE
PEUTHEMER (ROEMESR99.9%) 2FHWV, WIh
HRE200 A v Y2l FIZEA X, TRIKT VTV H A
BH®UL70—T7 Ry 7 ARTRAE UV THRERAB & L
fo. ERHBRAH R 1ISRUZCO)RBET )RR,
ElT, ZiCl, : Al : C=3:4:3, ZiCl,: Mg : C=
1:2:1&U%. - Mgz2zHWIRTEMgiing%
BLIETFOEBEH 1.

su—7xKy 7 AR THHEHREHY 0.5 g 2 RIGAK—
(E$ABY, 10X13X65mm, EX 1mm) IZW5LET
AUT.. Mg ZHWVWABARRIEHKELWIS, AAY
DREBLUENEDIZRE DT 251 (B, 10X65X
1mm, RO 3mmg, 207) 2@ B 3w, &
BRAVREZHETHHEE, A—rOEBZH01UD
o, K=t T8 AERKO L > LTHERE L., 2
hEFEHAGEMKICE (RHZE30mmg, £ X 450 mm)
PIZETAL, SREREYICELRL . RISEROHR
BORBHT VT HABELRZEERR VKL 2%, B4R
VMOBREDIZDIZTINT Y HAEZEETCHFBEI S, T
VT HAOKE, BREFZHOEEHRE (160°C i
mEy), ERAOHEILAN Y I LABROEXAT L MEE
Hu, TAFREIL150~200 ml/min & U 72, Z OIREE
THIEDHRBIZHEBELTHBVLIEBERE (7 v 7 Vi
IIERIERIF, A 35 mmg, A 300 mm) % FE) X
RIGZBtE L 7. FERREREBE, BREFEZEL YL
KICEAZERFCKTRLGULTIRIGEKT L. RibE
DOHMERBIEIAR - N IEEBMEO OB LTKD .
BEHTHEONEEBRYIC VT XA (B2
BHRE, DSBIXEIrERE) < L5RE, €8, BT
EHROERTEOANE, EARETHEMEE (BHREE
g, EMX-SM) 2 k2 EXmBER ATV, FIRIRESR
BEON (BEERS, Thermoflex) 1L & W EKIED
it & 17 - 12, X#REETIC & % B1E © 13 ZrCl,-Mg-C
FOEBYDOERE, Al (MEE99.9% )%, ZrCl,-Al-C
FRTE, St (FiEE99.9%) ZHV, TR/ LTH, &
T ROAIEIZIE SI #HWT, WIhd NREEDIC
L 0FTFo71. HERRLU T ZrC O T 13 Sherrer OR;
FHOWTHELLY. ZICl, 0 R#EBLOERIZHHEX
Mot (HFEERS, DS MEEXBRONEE) K&
o1, HBEHBRORISESRYZ ZhZh0 s H 8
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U, Bohtz4AE20mg BV Ld) 2A&£501F

AN, ThE2egd 1000°C, 1hinBEbsgr. %
Hig, CHICBERBIml RO 7 vB3ml 2i0%, B
H, FAN—F-CTHRABRIE, ThrEHEHEKTS0
ml ([CFHERRE, SAEXBRAOM T Zr oA EEB LY. B
AR D Zr TRBIFFHEIC L OKRO 2. Zr OEHER
BEUTIEBE YV a = 28K (REEEES, 99.9%)
ZHO .

3. EBRBRRUEE

3.1 ZICKHEDERICRIZTETESENEE

#il 5D ZrCl, 5 D ZiIN KD Sk 12 B4 5 g
TIETEEE UTAL MgRUZn SHVLSH, 0D
A5 Al BIUHPRLEDTHY, £ ZInil k58T
WX ZIN ZEMTERV I EPBEINT. 22 CAW
BT, COIBOBRERERAVT ZIC 0 &K% H
Bz, LALIITSH Zn (BHESEBEN L¥EH, HE
5:99.8%) DBITCICL>TZIC 25T AL d T

Bipotz. Licis->TUT AL RO Mg Bitic >V T#
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Fig.2. TG-DTA curves for ZrCl,-Al-C  and

ZrCl,-Mg-C systems heated at 10 K/min in Ar.
(1), (2):ZrCl,-Mg-C system,
(3), (4) :ZrCl,-Al-C system
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Fig.3. Variation in relative amounts of products from
ZrCl,, Al and C (3 : 4 : 3, molar ratio) with tempera-
ture for reaction for 1 h.
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t9 5.

X 2 iz ZrCl,-Mg-C R R U ZrCl,-Al-C & DR 2 3
47 (TG-DTA) OERZRY. TVI VA AFET
EHAE (10 K/min) 12 XD ERH» 5 1000°C & THIE
Ute. Mg BRRUALFZ & 1T 200°~300°C iz i T
BEfolKEnEEBRVERLI. Z20%, MgRT
1 350°C fhife s & FIF—E I 5D LT, AlLRT
3 500°C L & e icERBRAD 2R LI, £/, Mg
Fi3800°C Ll EcH HEERMD AR,

ZtCl,-Al-C & K 0 Z1Cl,-Mg-C %, 1h KIED 45K
MEXBEFRRTEBULERZE 3 LUK 4 IIR
¥, RIS X 300°~1100°C o#&iETH 5. Al BT
13 300°C i< ZiCly P E 5 25 5 R & M1z 03,
ZiCl, ISR s s h o 12, 400°C RIGTIRBITLRIGIC
K OER U 1z ZrCl, 53, ZiCl, & ZrCl, in Rt % 75,
ZiCly s R# L, ZrCl, 3REBELITIC S 5 1212042,
Inaz= Ty AREMIIRER IS EEX NS,
50°C IS & 0 Al-Zr &4 M (ALZr) AR L,
00°CRIGTEBRMIZELBEOH E 2o 12, Z1C 1%
800°C LI EDRIGTHERK L, 1100°C RISTHB L -
fz. Mg #Eiucid Al BITRER, 300°C kit ZiCly

ZrC
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Fig.4. Variation in relative amounts of products from

ZrCl,, Mg and C (1 : 2 : 1, molar ratio) with tempera-
ture for reaction for 1 h.
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Fig.5. X-ray diffraction patterns of reaction products
(a) ZtCl,, Mg and C (1 :2:1, molar ratio) and (b)
ZrCl,, Al and C (3 :4 :3, molar ratio) at 1100°C for
1h.

NI | -El ectronic Library Service



The Ceramic Society of Japan

10 Yogyo-Kyokai-Shi 93 [1] 1985

meERERs . BIERO MgCl, 13 400°C UG & 0
Honht, £8 Zr i3 500°C KIS & 04 L, 700°C X
JSE TaBIsEmL 2h5, 800°C LLEDORIGTIEA 5N
rihpotz, ZrC 1, &)@ Zr K 500°C Dl E DO K THRK
L7z, 1100°C ISk, MgCl, 388w shd, ZrC o
EA MgO B U Zr0, BB U 7.

ZrCl,-Mg-C Z K * Z1Cl,-Al-C %21 1100°C, 1h X
JIGOERP O X R RO—#F 2B 5 I2/8d. Mg Bt
TRAMHE LT MgO RU ZrO, WHEET HHDD,
ZrC BIEF IR UE PR - 2. —FF ALBIT T,
ZiC 3B TH 505, »2 ORI EL» > 12,

WIS, BRI BN T ZiCl, ORFENSRD HNI 120,
HERBFRICETNS Zr nREBRFHEICED, KISE
AR ICEENS Zr REBZENEXBEOMICL VK
W, £ b ZIClL, ORFEREELZEH U2, BRZ2E
6 12T, RsiE 500°~1100°C, 1h KIG&E Lz, Mg,
AlEILE B ICRIGEENS LR 4 516> T, ZiICL 0
RIEBERIED UL, ChERISEEDO LFIZfES,
IEGEEOIMICERT 2 MR TP TES. £
2T, RIGEEREOEMH T TRENZ KIGAR— RO
BRTANBICEM ST, REEEAPEL 2. BE
BENH4400°CET, ThENTEEECERL, 20
BirLICAREE XK EL, PIEREICEL 2. 400°C
¥ T ORE®EE13500°C, 700°C, 900°C & ¥ 1100°C
Kic©, #h #n3.1°C/s, 7.3°C/s, 14.8°C/s,
30.8°C/s T& - 1z. 1100°C KI D ZiCl, D F#EEL
I Mg BETlE2.5%, ALEITTIE65.5% &5~ 1z.
FRALBRRICBOWTRIER - MZSTERAWGE P - 12
M, TOZEIEBREBREANOFEIRDOHNE
Mmotz, ZOZENHETLEBELTCTAL LY Mg
FBENTHBEBD>12. Lizh-7T, LT
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Fig.6. Relationship between evaporation loss of ZrCl,
and reaction temperature in the reaction of the systems.
(1) Z:Cl,-Mg-C (1:2:1, molar ratio) and (2)
ZrCl,-Al-C (3 :4:3, molar ratio).

Holding time : 1h
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ZrCl,-Mg-C ROV TEERT 5.

3.2 ZICHEKRICRIZT Mg FIMBOZE

ZrCl,-Mg-C RIZ 2 W T RIGEE 800°C, 5~480 min
OB % XRNFRBTERB U ERAR 7 ITRT.
Z10, HSIRIEBMEH 5 min TELICAERK U, 60 min TR
T5IENERINID, TN ZiCLORFEIZ LT
B ULRRIG Mg B ZI0, 2Bt Uiz EEaA N
5. 2 TMgOBREHDEEZFTF . 4 &0
1100°C, 1h © ZrO, WER L TVWB Z En 5, Z10, D
ERENEZ L, LrbRIGEREEZ 515 1000°C,
30min T Mg ORAH Z{L¥EHRHLD 0.8~1.5F& L
TRIGEIT-> . Bo AR O XFRFK2E 8 1,
FhzEBULLERAR9IT/RT. ZiC, MgCl, RU
MgO & Mg HOBEMICHE > T U 12, ZrO, (i Bk
SLTHE, Mg 1.5 EBICBVW TR W h -1z,

F 1z, Mg 1.5/ 8 cD1100°C, 1hRIHIZHB T 5
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Fig.7. Variation in relative amounts of products from

ZrCl,, Mg and C (1 :2:1, molar ratio) with heating
time for reaction at 800°C.

mylar film

30 40
26 (deg) CuKa
Fig.8. X-ray diffraction patterns of the products at
1000°C for 30 min in Ar,
(a) 0.8, (b) 1.0, (¢) 1.2, and (d) 1.5 times Mg
content of stoichiometric ratio
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Fig.9. Effect of Mg content on products from ZrCl,,
Mg and C at 1000°C for 30 min.

Z:Cl, DR ERERIL0.2% ThHo 12,
IhHDEms, MgORAREKRELTHILT,
710, 4R X3, Lhrs ZiICl, 0FHERKEZMZ
TZIC R EWTHIEMTEXHIEWT- 1.
3.3 ZrCl,-Al-C R R U* ZrCl,-Mg-C RO UG EFE
X@EIR B RO TG-DTA BIFED 7 — ¥ % I K
B|EAZLITICRY.
(a) ZrCl,-AI-C %
Z:Cl, &7t iE, 200°~250°C o cie = v, ZiCl
WERT 5.
200°~250°C : ZrCl,{s)+1/3 Al(s)— ZrCly(s)
+1/3 AlCl4(g) (1)
ALtz ZiICL kAR b & U, ZiClL & ZiCL Iz
5.
300°C R © 2 Z1Cly(s)— ZrCl(g) +ZtCl,(s)
(2)
ZiClL 3 —# A 2R I Lo d, ALtk TE
sgah, EwEe Zr (TR Zr* &%) PERT 5.
300°~500°C : ZrCl,(s)+2/3 Al(s)— Zr*(s)
+2/3 AlCly(g) (3)
2D TG-DTA % (FE#E 10K/min) 1IZ2BWVT,
300°~500°C W B X0 BB PBRNIZP, N
(2) R, (3) ROKBICEBLBHERDbNS., B
nE&ETRE#EE2 AKX < LT (80K/min), TG-DTA
BIERT- 120, BEAERLE -T2, DED,
Al k5Bl FREFECHGIVEEBI L.
14£9, Alick-T ZiICl, 28T ¥ 5854, Zi1Cl,,
ZiCl, #8825 O BNZEMNIC L AFNIZ 2 5 (1100 K B
T). AlBUTICBVWTHERRENKENODE, ZOET
HoggxiIcmx CRIGBIECERTAEELAONS.
800°C Ll bk & ZiC ERT 5 15, RILSEEL LV
S1xALZr &5 5.
500°~1000°C : Zr*(s)+3 Al(s, 1)— Al,Zr(s) (4)
800°C~ 1 Zr*(s)+C(s)— Z1C(s) (5)
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(b) ZrCl-Mg-C %

ZrCl, @& ITix Al B ITENRE 200°~250°C O T
v ZrCl, AR 5.

200°~250°C : ZrCl,(s)+1/2 Mg(s)— ZrCl,(s)

+1/2 MgCl,(s) (6)

K2 » TG-DTA filEIZH LT, 300°C i cEHEBER
PIEBNGEELI. Jhik ZiICL WAREkEEI L,
ZiCl, & ZiCluzzn, #® ZiCL WRELUIZIZHEE
2505, ZORICONT H 80 K/min © TG-DTA #I
ERToNW, BEREELZM -, $a05REEE
HAREVEE, (6) RTERLU K ZICLIZE S5 IC Zr*
~NBILANDZOT, AOERGERT 57, ZiCly 34
UKL, F7230K/s EHICRBHEESKEVEAIZ
i, FEEESEEAERWI LS ZiICL o EE
Zr* #ART L EBbhad. ChIREHEZKELT
B EICE VR OBNFERIC L AN S RICHEREZ S0
HBIEETRETH.

300°C fi3i : ZrCly(s) +3/2 Mg(s)— Zr*(s)

+3/2 MgCl,(s) (7)

AR LU Z B ORETIHESICKRBEERIGTES
s, MgCl, SHHET 5128, —HBZr DL TH L.
500°C~ : Zr*(s)+C(s)— ZrC(s) (8)

L L MgCl, R (714°C) #8BA 2tz 05 (8)
RdERIznY, Zr 3HEHAEL B L 55, MgCl, 3
900°C i R4 It RIL LA ®, 1100°C TEREED H
nrzin.

900°C~ : MgCl,(1)—MgCl,(g) (9)
3.4 ZrCl,-Mg-C RERUCERMDOIFMH

101 Mg #{t¥ 8RO L5 ERICU 2 ZiCl,-
Mg-C %? 1100°C, 1h RIS TH s hiz 4%z 1N
HCl cieip Lok, HEKTHIBL, =F /- T
BxgnbOOERNETHMBEEELZRYT. HEO.1
~0.3um ORFRY, ZNHERELIZ1~2mNTO
GESPERasN. ZOERYO ZIC HOR T ER
a=4.686A T - 2. Kieffer O I L hid v

Fig.10. Scanning electron micrograph of product
obtained by heating ZrCl,, Mg and C (1:3:1, molar
ratio) at 1100°C for 1 h and treated with 1 N HCL
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C/Zr H0.85 ITHIM T 5. FrAEmTPEIE159A ¢85 -
1.

OOCLL EDRISHEBMH ICEECRERY D
MgCl,, RRED Mg RORHH E LT MgO »fFEfEL
tz. THHIINHCI THBRT A &2k, FIF5%
PUIBRETER. O ENH, WHFLEIZL > TXR
E# 38 F800°C Ll ¢ ZtC s B o B 2 &M
ot

4, & =
KPR T, BIUAIE LT AL RO Mg R ZEW,
FNT Y HRAFRET ZClL, » 5 ZiIC R DS % &
Hi1z. £9 ZiCl-Al-C ZTIEXRD &5 S BETRIGH

T B &M o1
200°~250°C : ZrCl,(s)+1/3 Al(s)— ZiCly(s)

+1/3 AlCl,(g)

300°C {35 : 2 ZrCly(s)— ZrCl,(g) t +ZrCl,(s)

300°~500°C . ZrCl,(s) +2/3 Al(s)— Zr*(s)
+2/3 AlCly(g)

500°~1000°C : Zr*(s)+3 Al(s, 1)— Al,Z1(s)

800°C~ L Zr*(s)+C(s)— ZrC(s)

AL I3 ZDBETHN Mg it lhRg5 <, EHRIBELHOR
it efE-> T ZIClL, 2Bt LTWw L. ZrC 13 800°C &
VAT 505, RIEDHEE L WIEE ALZ WERT 5 2
ENBL P E 1.

% 7z, 1100°C, 1h KI5 ® ZCl, © F#HEiB 5 1L
65.5% TH 1.

iz ZrCl,-Mg-C Zcid, LITO &5 1K RIS LT

5 ENGHT.
200°~250°C : ZrCl,(s)+1/2 Mg(s)— ZrCl,(s)
+1/2MgCl,(s)
300°C 53t : ZrCly(s) +3/2 Mg(s)— Zr*
+3/2 MgCl,(s)
500°C~ CZr*(s)+C(s)— ZrC(s)

T. IKEDA etal. 22

900°C ~ : MgCl,(1)— MgCl,(g)

Mg EBT RO 120, KL AE M2 5 R05 5 5.
ZrC 13 500°C LI L TR T 5 15, MgCl, »ip{t % =
957z MgClL, DRUE LI T Cld Zr* EEST 5. & 12
Mg BAH A LERBHRED 1.5 & K& < $hig, Zr0,
WBER LW EBN-1. 1, % 1 NHCL
THHRTAHEITLY, 800°CLl ET ZiIC B LD
nEsH N1z, 1100°C, 1h KISTH 5 n AR 3y
% (0.1~0.3 um) T ZrC AHOARFEE a i3 4. 6864,
ERTREISA THot F1, COEED LCL DR
HEIBKI20.2% THo 12,

DEXYIBEORBTEBIIHB VT, Zn TH ZIC &
ARTETS, Mg b FEHTHD, AlICE~NKERT,
ZiCl, DR #EBE L EM2 T, ZICHHEE SR T S &
WTEI.
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