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Abstract

In the present study, the focus is on the synthesis of titanium carbide/cobalt composite powder by

the spray thermal conversion process using metallic salt solution as the raw materials. Two types of oxide powders

of Ti-Co-O system were prepared by the spray drying of two types of metallic salt solutions : titanium chloride-

cobalt nitrate and TiO, powder-cobalt nitrate solutions. These oxide powders were mixed with carbon black, and

then these mixtures were carbothermal reduced under a flowing argon atmosphere. The changes in the phase

structure and thermal gravity of the mixtures during carbothermal reduction were analysed using XRD and TG-

DTA. In the case of using the titanium chloride-cobalt nitrate solution, it could not be obtained TiC/Co composite
powder due to contamination of the impurities during the spray drying of the solution. However, in the case of
using the TiO, powder-cobalt nitrate soultion, TiC-15 wt.%Co composite powder could be synthesized by the
spray thermal conversion process. The synthesized TiC-15 wt.%Co composite powder at 1200°C for 2 hours has

an average particle size of 150 nm.

Keywords : Spray thermal conversion, Metallic salt, Carbothermal reduction, Titanium oxide, Titanium carbide

LM B
Bl ZgA ol s A|z=aL 9= A EF (hard
metals)2 WC, TiC, TaC, TiCN =2] 7=tz

Co, Ni £9] azlrte] &3tsl Bl7z=2A] 7212 A

AFTe 23 5ol 4R A o)8ET YA
o] 5 AATIF JAAAIRL FAAA 2 FAIAe]
A Bl gt ofel gae) nrEAle® ZA oE
'o‘h:]- = 7:]2113-.1_/] 7:1_‘5 _J,],_,,]o]x-] U}Jj_-/ﬂ ‘gg
A R dzkarle A4 Ak siAke) A
2o 9)&3) = FpEA, guby e g AzARe] §lx}
7t AT o5 AR A} HESE S5
AR Yehlhe A0 akelx P, dely

228

ol ols) wEAS AAGFS
W Tadoe v YAE
Ak} QAU FAPI EFD EGRDE
Zajolo} e} WAl AATES) 248 F
e ez fled AAPAS A
Yoz 77 Az
A HEE 7]7:]];{-19%%_
I e, aeba e °‘HW°1 i_i}—ﬁr‘j =

s¥9 Azl YR 55

Ao gxr 7tzko] £

(AFE) Ak Az ko] 22 9 7|AH &3l &
wiEls Eabwe] sh Aol o8 AlE® Eghiiars
T dAES A=) Ahael E3be] YA

el T} slo} B,



45g-gole] LRl 2% TiC/Co BT A= 229

, AR, TetdA, Ao
EAS 7H AAEFe] AA BAkeR st
A AHEEIL Qo Tice] A2 o2 eleluAlslE
(TiO,)°] ZHd A sk, elelwe] 23 Febd®, =e}
FH3Ee] MY, 322 ARy Sl
AI= AL glom, Alzubde] oe} M2 o eyl
2 B4, & A=) 2E, 34, A5, ek,
sl 7AE TiIC7) AlEEE R HH
Atk TiICE Addez F2 eehailalas vl
o3l ghel/AeA) 7] FA (carbothermal reduction
process)* el 23] A2 glevt, Tic S 4
3 dubde R 1300°C o) 2] ako] 87Fe] I
% TiC $47F Adzzte] EAle] WAste] Yat=r]7)
2= RS 7R Qv e, 3elA
HZE A2A; AT BlebEAlsE dAlel T &
T EdS AMEsle] SIAlRATIE, aLgell
A9l Tic Al FAE TIC b Axzke) $3S
#4313t 4 gloeel S

E AFelME TiC 4z Aszte] -34S #HAsh
F1e A2 A=A AALTY] A AFLE AN
A Qe FEE(Coys AABN, TAREES] 94,
HAF Adellel| A Egte] ZPsst AR 3408 A}
&3ted ElebE(Tih SLE(Co) A4e] ¥ &3
Ti-Co-OA E3hibsls Bbg Az §, of Hihit
312 Habo] 381 /A sk (carbothermal reduction)el] 2|
gt TiC/Co H3HEL] A= 7FsAE A3

gl

)
o (&
=
0
o
K
i

Hidd

2. A3 WY

ot

el FUEAT] 7Y £ E3RsE &
S BrdEHoE Al x| $13 27|82
elelFe] B 2= titanium chloride(TiCl,, Sigma-
Aldrich Co.)¢} TiO, ¥%(Nanotech Co., Ltd)Z,
FHFES] 8 2% cobalt nitrate(Co(NO,),6H,0,
Sigma-Aldrich Co.)& Z}7z} A}-8-3}¢ic)h. Titanium
chloride®} cobalt nitratex Z+7z} z)|e} =842 0
A Ao, TiO= vgAde] Hd dYAk=7] oF
50 nmE 7HAE anatase AR TR Bk Aejolut,
elelge] daea 840 F59) v)egade B
g AR A2 27] AR Aelr RraREy
Aol| n]x= d3ke ool 7] ¢JsAlelt}. Titanium
chloride®} cobalt nitrates 3, et F HF A

o] TiC-15wt.%Co FAde] H=F 1500 m4] F75
of ol F o] £8S AE|QlE A 3HA xZo)
A2 BH2Z7)E o]43le] H7] E2)7] FelA &
FRZEEH. o] W 5 dFe] &5 250°C, =
Z9] 3ALEEE 11,000 p.m., S48 20 cc/
minZ YA o BlE F rdEd A
A g 7] 291719 800°CR 7hdste] A
A el o AEE AAeH, g9AA F &
S o] fste] o] A|AE 2L} carbon black (F
FYUAZZ] 0.5 um)yS 2447 T E3lsle] 23
S AZ3RA. o] W carbon black E3H|E 4
A7 Foll AR Ado] carbonol] o]3) 3, A=lxo]
TiC-15 wt.%CoZE 34 8l=d 23 carlbon F2)
100%2. stgdch. =3} cobalt nitrate’} o} = 4
Salof] B, A=t ¥ FHF FAo| TiC-15 wt.%Co
ZAeo] HEF TiO, £4& =R F, o] ey
< AT BFERA, GAA 271 F £kl
2 2z BEAZ JAlA, £3sle] carbon blacke]
23 AbE BRMEES AlZslgd). o]e}b 2Fo] A
2 O Helmdas: NSt 44 Alzd F &
o] EFELE A7 o2k E97] FelM
1400°C7H4] QA efshaA] Hel upd FAMIE
TGAE o|83le] A3t =3t TGAY ZAZE
vleke® dlo] FFH 2E o] 83le] o237l £9)
7] ZFol|A AAL] &% (800~1200°C)l4 A2 A
ZHEOE~2A1Zh BA|slede). o] W of2v|a9)
L 200 cc/min® DA it dA=] F
XRD, XRF #4] @ SEM #isled dxjgle)] ul&
AH(phase) W 4=le] W3LE 7 Es}ic)
3. 23 9 nE
a9 10} 271952 A titanium chloride(TiCl,)s}
cobalt nitrate(Co(NO,),6H,0)5 A8} E571%%
AFA F2d 27]H82AM Tio, ¥4 cobalt
nitrated AMESle] F5lxE ATA 2dEe] Hd
Well Exsh= FAAEWN, CE AAS] flsked o
7] FelAl AAMEA] Gxig] xe wE ATA
o] FA L] HIE A7 Jehiole. A E-E
2> z7)9] FLFA sk dele) Lmofale] B
o FANIE Vehiel, 271998 2A] titanium chloride

9} cobalt nitrateZ AMEsle] EFAZE A7A B

o M

=

Vol. 10. No. 4. 2003



230 NPE
100
—— TiCI,+Co(NO,),* 61,0
~~~~~~~~ TiO,+Co(NO,)," 6H O
9 |
[ N
O
<
=]
L
g sof
=]
-
=]
=
g 70
60 1 1 N /] J. - L 1 1
100 200 300 400 500 600 700 800 900
Temperature(C)

Fig. 1. Change in the weight fraction of the spray dried
powder with temperature during desalting heat treatment
in the air atmosphere.
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Fig. 2. X-ray diffraction patterns of the desalted powders
for the various raw materials.
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Fig. 3. SEM micrographs of the desalted powders pre-
pared using the (a) TiCL+Co(NO,),:-6H,0 and (b)
Ti0,+Co(NO,), - 6H,0 solutions.
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Fig. 4. Change in the weight fraction of the mixtures of
desalted powder and carbon black with temperature dur-
ing carbothermal reduction.
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Fig. 5. X-ray diffraction patterns of the carbothermal
reduced powder for the various raw materials.
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Fig. 6. SEM mlcrograph of a TiC-15 wt.%Co composite
powder synthesized by the spray thermal conversion pro-
cess.
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