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Recycling Process for Tantalum from Capacitor Scraps and
Chlorination by Utilizing Chloride Wastes
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b. Associate Professor, Institute of Industrial Science, The University of Tokyo, 4-6-1 Komaba,
Meguro-ku, Tokyo 153-8505, Japan (Corresponding author: E-mail okabe@jiis.u-tokyo.ac.jp)

A fundamental study was carried out on the process for recycling tantalum from off-spec capacitor scrai)s that
are generated during manufacturing process in a large mass. By oxidizing the capacitor scraps in air at 1150K,
followed by physical and chemical treatments (e.g., magnetic separation, sieving, and acid leaching), tantalum
oxide (TayOs) powder was recovered from the scrap with a yield of 90% or more. Tantalum powder with 99 mass%
purity was obtained by the magnesiothermic reduction of the obtained tantalum oxide powder, and silicon was
found to be major impurity in the tantalum. A new purification process for tantalum, utilizing chloride wastes
generated from the titanium production process, was also investigated and thermodynamically analyzed from
various aspects. Furthermore, it was experimentally proved that metallic tantalum can be chlorinated by iron
chloride (FeCly), which is a major chloride compound in the chloride wastes from titanium smelting process, and
that iron-free tantalum chloride (TaCls) can be produced. The results obtained in this study demonstrate not only
the effective purification process and recovery of tantalum but also the possibility of recovering chlorine from the
wastes generated during the titanium smelting. The investigated process of recycling chloride wastes may be useful
and applied to other metals, because it has the potential for reducing the chlorine loss caused by chloride waste

generation in chloride metallurgy.

KEYWORDS: Tantalum, Recycling, Capacitor, Chlorination, Refining
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Fig.1 Schematic illustration of a tantalum capacitor. The percentages in the
parenthesis are the relative mass ratio of each component in capacitor.

Initial After oxidation

Fig.2 Observation of components of tantalum capacitor before and after
oxidation at 1273 X for an hour.
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Fig.3 Flowchart of the tantalum recovery process from capacitor scraps using
oxidation treatment.
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Fig.4 (a) Tantalum capacitor scrap. (b) Tantalum capacitor after oxidation
(Temperature: 1150 K, holding time: 30 min.). (c) After magnetic

separation. (d) After removal

of Si0y powder by sieving.

(e) Obtained TayO5 powder after leaching. (f) Obtained Ta powder

after reduction.
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Fig.5 Comparison of capacitors after oxidation
at various temperatures.
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Fig.6 XRD patterns of sample recovered from capacitor scrap.
(a) Recovered oxide from capacitor.
(b) Obtained tantalum after reduction.

Fig.7 A SEM image of tantalum powder recovered
from capacitor scraps.

Table 1 Comparison of the content of metallic components before and after the recovery process.

Concentration of elements i, C; (mass%)

Ta Si Cu Ag Fe Mn
Capacitor scraps (40~50" (10~20° (~5" 5~10° O
Obtained Ta powder 98.6° 0.93° 0.07° 0.16° 0.25° 0.02°

a: Estimated value.

b: Value determined by balancing the concentration of analyzed impurities.

¢: Determined by ICP-AES.
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L7zwnWize, LM IEER & v &V L ek (FeCly) 32N
WCHFTET, —F T, H{gkT TaCls (g) L T 5 2 &b
%, DEY, 900K THEMGEHAVWTEBY v 2 L %ELL,
TaCls (@) BDBHND Z &b b, £z, FCLICE > THUHF
NEEUIZEE, £HI2 & o Tik TaCls DIEMT FeyTa 72 &0
SR LERT AARERDLEZ N ZO” LY 25,
AL, BB~ X 9 ICEBOBEARRICIB T TaCls D
KEPBND, FRNIZFeCly, BEET BRY 7 > i3t
HAE LTHEERESNS ), &BMLAMNERTAL D
Tr LA TaCls RS L CEITT Db DL EZ BB,

6. IRILKEERFAE

LEOBNFENERLEEE X, AR TIEBRMESENMEL
N RY TRBR IR FeCl (s) ZAWTH AR Tay0s 15
B9 2R E T o7, HWILEREROEADFE OB ER
E OB, FEKTOBER ZUKSOBEN 1 ppm Bl FicE
HENERNEETAFRRO I a—T Ry 7 AN TTo 7,

Fig. 13 i3 ERICER L= @R TH 5, Mz UCRER
BAEMERREBER Z b IMBEOBRFELERAL, BN
B (Heater 1) HSE Z 2238 % 900 K IZ/REF LT, A5 (Heater
2) 12 700 K IZHRFF L TEED HEEFE LTz FeCly, BN S W, 4
DESREITHTH T2 TaCls WD BBALRVWE S ICT R L,
BALRISER I RB B D B DI & v F 3 BT TayOs Bk &
FeCh iR & # /A LIBB E AR, 743 FEK T TI0K
ITH#L 3 ~ 6 RFREIRUR S/ 2, TayOs CHALDBEESITILRES
RKeMz, £ ORRIIFEE (1 atm) TIF > 725, —IBD Tay0s
DEAL DB E IR 2 ET B e DICEERN T —& U —K
7T 0.1 atm BLUFICHE LT Uiz, BALRISIZ (6-1), (6-2)
WRIALERIGEREBEL, ¥ NLOEOBEITIEZ
1L0glZ LEDF & VBRI TaCls (ICH LT 5 DI SLER

Ta-Fe-Cl sy
T=800K

Fig.12 Three-dimensional chemical potential
diagram for Ta-Fe-Cl system at 900 K.
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Fig.13 Experimental apparatus for chlorination of tantalum using FeCl, as a chlorine source.
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Fig.14 XRD patterns of the obtained sample.
(a) Residual sample after reaction.
(b) Condensed sample obtained after reaction.

(CEHREORIETHS 5.1 gD FeCly, ZIRAL, Ta0s DIk
DOBAITHIRE U< Tap0s % 1.0 gloxf LEAKIC K E 72 FeCly DFI3.5
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2Ta(s) +5FeCly (s, g) =2TaCls (g) + 5Fe(s) wrorermeeeee (6-D
TayOs (s) + 5 FeCly (5,g) +5 C(s) = 2 TaCls (g) +5Fels)+ 5 CO (s)

.................................... (6-2)
EBRE TR, KENITHHE L=E 3 21ZNICE - 723
B —T Ry ZANTHT b7 o VAREALREE, XRD
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TEELGROEE1T> 7o,

7. BLERRBREER

BEF v F N FeCly & USSR, (RIERICHE TR
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WY, BRBICELNTHESIL TaCls TH Y, BUSHRICITER
NER LT PR TE -, BN L7 TaCls ICE&EH 285751
ICP-AES I7 X 5347 0% S, #% 10 mass ppm DA —F —Th o7z,
AERTEDLNEZY VENVOILGBTETFHRROER L LTD
WL LTIAR+STHER, FriN g0t oRIET
K& BipBD, BEEORBIL L > TS LIZEMED TaCls 23
BohdbDEELLND, £, FUFNVDORIGRITI DK
FERERTTIE 90%, 6 h RIS SBZHBAITIEIN 8% THIZ LR
Lot

—F, Tap0s % FeCly & % & & HIIRA LMEL T HRIEHE
AT ITE ST, BRIGIEET Lied ol £, RHR%
0.1 atm BL TR L& C RS T Lotk
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FHEEINR o, AETa T pbRIRLEY ¥
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26 TaCls ZBES 5 Z L IAEREH TIIRBETH 2 Z L 25D
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NEE(LEE (ID T XV ERICTIEEE 70 h & 5 RBE, £, £OM
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ARFZE-CrIEALEI & LT FeCly 5 L7228, L&k
FThH B FeCly & AVIIE Tay0s DHEL D HHICFRETH D Z &
BN FHRACEREENLBONTH D, LrLREDL, K
FEBR DG TIE Tay0s DGR I FeCly 23 FeCl IZB B E iz
A TIEE->TUE ) 7, ELSTOERE FFLITER LR
5 Tay0s ZH L LT TaCls 2RET 5 70 A OBEIIRETH
eI, 5%, RECKGRE, BESER S ZHE
FTBHIEIED, FeCly ZHAA & LTHWT Tay0s5 DAL
PEITSEH R TEAEMERETIENEETHD LB X
bbb, FO—FT, &@BEZINVERVBERIX, FCh TH
B & LTBE TaCls BAERT DO BHROERY A I E
WL TE5, LEBR-T, FRETCHRF LT 2 ERITEBZ
ENRT S TDVYPA ZVCHLERETHD EEZLND,

8. F & &

ERFETIZZ L ENDY A 7T avRE LT, Fr¥va
UEUYPLESEZ CEAVERRIRT AT uER L, 7 u—gER
EoEArEIE) HEEH S h A RkEEE TS & T A RILIFEEY
R L Z v 2 AVOELREIEIC 20T, EBE JUBIE
EELDEICSAMIRT L, 2V Fr 2 KRG OB
Lienh, SH50WaithlofERFHRIZE-T, 90%L LD
BEEY T mass % BEOMEDI VAL EEINTELZ L E
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FEELT, SHIZ, avFrdhbER LEX v 2 L OEME(L
T TR, FEUBBOERY A 7 2 bEHRTAF L
RERAME Y o & 22DV TRFEN Lz, Tay0s % FeCl iz ko T
EEE T2 2 LI TERPED, @RFZ L FAL FeCl 2K
ISEED LI LV HLEREY T OEFEYRL S EINT S &
FRHCERE S E 2\ TaCls 28ET A 2 LB ABETH B - L %
FEL, HALMBEEMEFETIH LWF A SRRSO TEEM:
LT,

#HE  FAHREZRTTDTHEY, NEC b—F U A%
DORZFEHEL, FERBEKICY F a5 o3l & ONC &5
EROBE LTCWEEE, 2y Ry b R—— 2 & LS
DEMREKIEL RBERNEE W, A5, F2 ot
HUICHEH LTI T ¥ = v ARASHONENTRICZ 2 Z%
RWTEWe, Fie, RPFFRO—EIiZMH A A JFE21

2003 SFEBNEBE O b &I Tbhis, 2 2105 LB RE
DEERT,
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