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Abstract

The niobium capacitor showed somewhat more unstable characteristics than the commercial tantalum capac-
itors, but is nonetheless considered applicable as a future substitute for tantalum capacitors. In this study,
niobium powder was fabricated by metallothermic reduction process using K,NbF; as the raw materials, KCl
and KF as the diluents and Na as the reducing agent. The niobium particle size greatly decreased from 0.7 um
to 0.2 um as the amount of diluent increased. However if a higher surface area of powder is required, more
diluents need to be used in the said method in order to produce niobium powder. The niobium powder mor-
phology and particle size are very sensitive to a amount of sodium excess. The particle size of niobium
powder increased with a increasing amount of sodium excess. When more diluent and sodium are used,
the niobium powder will be contaminated with more impurities such as Fe, Cr, Ni so on.
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Fig. 1. Schematic diagram of the niobium reduction
apparatus used in the study.
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Fig. 2. Filling procedure of raw materials, reductant and
diluents into a vessel.
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FH WEELS AYst A2 s & FAT F 71714 Ao}, S| He ANk Al WEgE e A
ot THTE FHAA IS AANLH muk T Aofstar, 2] YA FES AAAA HA
FAE B3 HFHOE &5 Yol BES 3 g B Ads 4 ) wEbd F 204 & S
Foto] A ARA A 35E FHe EeE Al Aol 71 2ANA FYPA Fo] & No. 1, L
AE fl8k 80°C, 2 0%(3HC1+HN03) SR A 4F 2L A Fo] B2 No. 394 TFHe] &5
AA st AZAIZ 3 o) g 54 B4 & = 9 e EeE o] gadgs & 5 U
AAIEEA T WA FAPIAFE 1) 7 (Hitachi, -4800) o™, No. 39 A% B9 o] vl$- F&st
< olg3ty EHe FH F Ha YRAVE 4 Atk ESE No. 39 A9 tst XRD &4 A3}
sRom, £ | ELEY v ¥ —‘?—A&%% 5 29 39 YeEpliler, 2HdA BEo] wjg-
ICP(Optima 5300DV)§ £ }925}. Tk g Y53 HeH JAE 48 & AT
L8 EZF Yol &4 NbHEFH 3|4H NbEZ Fe AdutH oz FFE& BB FYAzRE 22 A
H] 3 5o %7‘36}215}. A AMgEE W8], wntrle] dHet o A
AZHE FUET. 2 A3oA HZEE Fe, Cr, Ni
3. &4zt ¥ nF 5o $3E BEESL ALSE 2H 2 AFe
H-S-8-717F 312 -840 FAIF =EHoZA &
® 12 A5 dist W8S Ags] 7] HslA 719] 2o oJa %7} BlwA 2 No. 29k No.
¥o} o] APl om, ¥ 2& 35E BHel ICp 4oM ErEe FHE FUFIGT £ Aol &
A A3E yERdth FolA BEuket 7H0] Fe, T U0 NG EE ASA7e Yoz A
Cr, Ni 52 $3% E¢E58 394 2 449 7t Yoz HE o S 5 AdEE 2
ol et FFS TS & 5 Jor IS = dFo] F7ksle] WEES AT Yo
ZoNA AR 2] Fo] FATTE, FHUA Fo] F 83, o]} tEo] s|MAe] Fo] AFOFT WS-
715 Skt KoNbF,3 Sl = 229 d& AofstA Kate A9 whgEol FUlste] AL
S5l AE WS o T4 HEF ol Qs v oA whggit}, wekA] whgEE Alojstr] f3l
&3t 2 DellA Heuiel zho] Qg ERES Me A 4 zﬂ“ﬂle s8] st FAd
< Y o2 Wkg THSLE Haislete] 493 =
ToA Bk G ol 3 3 i bke
K,NbF; + 5Na—Nb + 5NaF +2KF+Q (1) %;] Lﬂ_ﬂéa%g_ﬂ Hﬂ; o ;l%lﬂ; u]i:% %
o714 Qe WHEEEA 713 cal/gel gHlAI9 € &g WA 27 4ol Henpel Utk
S5, 28132 XA ol wet G = U
°‘HWOE FHA] W wAg BEs A7) T
flsiM e sMHe® ARSE= KCL KFY] 4= &

Table 1. The condition of samples in the reduction

Intensity (Arbit. unit)

process .
Sample number Ratio of K-salt : Diluent Excess of Na N . b
No. 1 1:1 3% L A A A =
NO, 2 1 . 1 5% -30 -1|0 _‘Il} 6IU .'-Il] - .slo 9|U léﬂ - 110
No. 3 L3 19 Fig. 3. The XRD patterns of niobium powder obtained
o ) ¢ at the ratio of amount(raw material and diluent =
No. 4 1:3 5% 1:3) and 3 wt% of sodium excess.
Table 2. Chemical compositions of hiobium powder unit : ppm
Impurity g Cr Ni Ca Na Zr K Al 0
Sample No.
No. 1 164 52 67 21 30 24 170 45 5,200
No. 2 324 102 78 13 87 12 23 12 4,230
No. 3 64 32 40 16 40 17 21 13 5,000
No. 4 142 43 52 20 55 13 30 24 6,200




230 A2 2]/ HF8E] 42 (2009) 227-231

Fig. 4. SEM photographs of the niobium powders
obtained at the ratio of amount(raw materials :
diluent) and sodium excess(wt%), (a) 1:1, 3 wt%,
(b) 1:1, 5wt%, (c) 1:3, 3 wit%, (d) 1:3, 5 wit%.
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Fig. 5. The dependence of niobium particle size on the
different conditions. (ratio of raw materials and
diluent, sodium excess = (a) 1:1, 3wt%, (b) 1:
1, 5wt%, (c) 1:3, 3wt%, (d) 1:3, 5 wt%).
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Fig. 6. The influence of the powder yield on the different
conditions. (ratio of raw materials and diluent,
sodium excess = (a) 1:1, 3 wt%, (b) 1:1, 5 wt%,
(c) 1:3, 3wt%, (d) 1:3, 5wt%).
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= oA w3 w9 Fesith B 3aee 9 Hhg ol dgnkgol o whgFe] FAs 2%
BEEA 2, K,NbF, 33E] EojdE 53 Nb e Aofstal wEe] YA JAEt HlA
S A ANk F AojW Nb B Y2 v slol fEletth. AEEFS s|AAe] "7t 1:3
At 34 AT 13" 694 Hi bl o|aL Aol FAA Nl 3 wit%ed o el ¢
o} Zro] FLg A FPAL] YA Ol AL Z717F 0.1 um ©|3}, o)Al g FdE o
ZS71stol wet 3go] SIS & ¢ UeH, S T U URbH o R g AWy 2 ¥
S|MA| HI o] SRR I Ee AAES & oA & ztolE vERd 5 UARE A "7t
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