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Determination of Impurities in High Purity Tantalum by Inductively Coupled Plasma

Atomic Emission Spectrometry with Ion Exchange Method
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HBICEV B HEEZ~ N v 7 AL %, 2% 5ml &L, v TRBIUT—
v WVARLICP 2EE 2 IEIC Y, REHERMEZRET 5 2 LIC R0 SRE, &R
RHGEERNATRE L e o 70, FEREHE LTl Ta b3 L O Ta iR ICEA L,
HIZ, @l Ta 205 ~bI0H L RAFRFERNBE DI, A F 2 ZRHHEIZ X 25 e DO RIER
1% 97~100% T ¥, A¥EIZ LD Fe, Ni, Cu, Cr, Mn, Nb, Ai, Ti DE& TFREB o XH)Ii%, <
nZh 30, 70, 10, 30, 10, 130, 50, 10Wt. ppb TH -7z,

Synopsis :

Simultaneous determination of Fe, Ni, Cu, Mn, Nb, Al, and Ti in high purity tantalum
has been investigated by inductively coupled plasma atomic emission spectrometry
(ICP-AES) with ion exchange method. The sample was dissolved in a nitric acid and
hydrofluoric acid mixture and measured by both sequential and multiple type ICP-AES
after matrix was removed by anion exchange resin. Recovery of each element was 97 to
100% for the ion exchange method. It was possible to determine trace elements in
tantalum accurately with high reproducibility in consequence of optimization of
operating conditions. This method was applied to the determination of two commercial
high purity tantalums and high purity tantalum oxide, and all results were satisfactory.
The determination limits (30%5) in the present method were 30, 70, 10, 30, 10, 130, 50,
and 10wt. ppb for Fe, Ni, Cu, Cr, Mn, Nb, Al, and Ti, respectively.
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Determination of Impurities in High Purity Tantalum
by Inductively Coupled Plasma Atomic Emission
Spectrometry with Ion Exchange Method
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Ta ik, ghbClbem LBl bEBs BNt &0
BTy EELTHR IR TR, mteil, B
RAOLHETETEMEALER IR, ThC & & BB
SO ERE eSS E L o T ET LB,

REE, BHMIE Ta P REEMIE, BTH L BB 55 it
A A v RRTEEY B U, BOEREESRT RS L b E R
A (JIS HI680~1698, 1976) pHG bR T\ 24, STEs
EBTHORFMEZEL, EETEL$H 10 wt.ppm LHROMS
FEME I S A, A, BRENHEY, AS— 2 BESREY,
L $ED 5 Ao B 55, RESEEOTRE, WY
PRERBEERM S e, B = A A D, SRR E T2
ZOME EL DRI ~OMHMIBEETH D, FE, Fogs
S P A=RISHE (ICP-AESER) »UE, B wEh, £14-
Ly VY OBRGI EOFEr BB BT ESFEE LCES
B CERCEC SR TS, LsL, & Ta b Riditho
DI EATRE, <Y, 22 THD Ta OETRCRBETE
WL TR, BEAETT2409, BBNS0EE T RETH
B39, FrC, BASd vBRAEE YT Ta vk L, %
TRERAFERSFIEAL~ A8 ICP-AES B 5 LU BRSO HE
MEETES Y- v i AT ICPAES 5B % HEL, <= o
y ADBEEEFT, BERETHED LVINENTE SRk E
BEYHEIL L0 CRETS,

* PRI 1 HI0A R T

2B

A& B - BSA 7 5 X e KW L B Fe, Ni,
Cu, Cr, M, Nb, AL, Ti D& TR B 21T 2 v CBE Lo 3t
FH2 7 o Ok FERE WM TAME L, &4 4 Laoiivkic ko Hisos
EXbYy P AL LS 2L Sml L, v FEIEL
o= 22 VB ICP S ELRBEICHEY, Buile & e me
T LWL D R, REEACTGEE IAATRE L Fr o foe SR
& LCEMIE Ta ## s Lo Te RMIEERI L, = bic, &M
BE TaoOs ~ 4 5 A L BEF/d B i 4 4 Lalfiic 1 o
FILHED MUY 97~100% Th 0, X k5 Fe, Ni, Cyu, Cr,
Mn, Nb, Al, Ti sz FR (30x5) i3, £ Fh 30, 70, 10, 30,
10, 130, 50, 10 wt. ppb T 72,

Synopsis:

Simultaneous determination of Fe, Ni, Cu, Cr, Mn, Nb, Al, and
Ti in high purity tantalum has been investigated hy inductively cou-
pled plasma atomic emission spectrometry (ICP-AES) with ion ex-
change method. The sample was dissolved in a nitric acid and hy-
drofluoric acid mixture and measured by both sequential and multi-
ple type ICP-AES after matrix was removed by anion exchange
resin, Recovery of each element was 97 to 100 9% for the ion ex-
change method. It was possible to determine trace elements in
tantalum accurately with high reproducibility in consequence of op-
timization of operating conditions. ‘This method was applied to the
determination of two commercial high purity tantalums and high
purity tantalum oxide, and all resulls were satisfactory. The deter-
mination limits {3 ¢x5) in the present method were 30, 70, 10, 30,
10, 130, 50, and 10 wt. ppb for Fe, Ni, Cu, Cr, Mn, Nb, Al, and Ti,
respectively.

2 RBH®

2.1 REHIUEE

ICP-AES 1, EiSEis ICPV-1012W ~ 4 #8 % 1 ¥
ICPS100V o — 7 v o o A B By 7, M E 0% Table 1
2T,

A YZBAT AN, FV=FLv v B L, F (HESmmx
£& 600mm) (2§ A v 2R T DOWEX 1-X8 (KR 74~149
p, RS 1dmeq/ml) 10ml A S Y —RIZ LT L AL
LA, W Lo~ mifmin X Lis, T 5 RSk
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Table 1 Operating conditions of ICP.AES

Table 2 Analytical elements and wavelengths

! ICS\l}l-I{lglzg W Ié’lgér?.%%uv Apparatus Element Wavelength DL (304
o ' multi type scanning type®) i (bm) (ng/mi)

Mounting ! Paschen-Runge Czerny-Turner Al | 396.15 2
Focal length (m) 1m 1m Cr i 425.44 1
Grating  (grooves/min} 2160 3600 Cu 324.75 0.4
Regiifggf;’iigrllinea(;m/mm) 0.47, first order | 0.22, first order Multi type ;Ie —i?:g: ; .
Slit-widths {pem) Nin ;31:48 3l

» Entrance 80 30 Ti 334,94 0.5

- Exit a0 45 - - - :
RF power (kW) 1.0 ! 1.2 Scanning type N_b 295.09 5
Plasma gas flow (J/min) 1.2 f 1.5 Ti 336.12 4
Coolant gas flow ({/min) 15 15 )
Carrier gas flow (/min) 1.0 1.0
R R L 18 | 18 60°C ChnsH+ 5o T OB Al Cr, Cu, Fe, Mn, Ni,
Tntegration time (s 20 30 Ti > & BRY A 50 pg 0k 0° Nb JRAEREHE 100 g 203

*) A micro-injection methiod was used for measurement with
Shimazu ICPS 100V scanning type

B AD-70 B (AT 70 md, THZAELEE 200°C) o F 7 v v
R FRE R A AT,

Cu, Fe, Mr, Nigidt@s (0 mg/ml) 1, £28 (99.9%L L)
0.5g % HNOy (1+1) 15ml T4 ML, KT 500m mHERL
B U7z, Ta, Nb Mg (Logimd) &, %68 (99.9% L 1)
0.5g % HF (14+1) 20m! & HNOy (1+1) 5mi T OMHL, &
TH00mi W BB LARE L foo Al Cr, Ti EHEEM (0.1 mg/md)
i, G (99.9% LLE) 0.1g% HF (14+1) 10/ & HNO, (1+
D3m/ TMEZBEC IV SMBL, AT 100m i fRLERL
toe BT, AV v v RBCERELCRE L,

bV, 2R ELTEBCHL - Tagx, @Eplis Ta@id (0.5
mme) FRE Wnmice? o, 7.8 2 T, HCL (1+3),
XK =& -0 (995%) CBEKESRL, Fv 5 — % —fhC12h
LLEBE Uid 0% vt

B A, HF X0t HNOy 2T E o Bhoiea 5N
BLIFINKERD X5 FBBE LA, BHER B, HF & 1
HNO: # Rl T 2 h FnolBEA 02N S LU SN kAL L5
B 7, HF i3, FHEHZAV, £OoMRAE R T~ TEESH
FaRA L,

2.3 EBAF*

231 ICP L RAIEREGDRET
Rk REMIGE Ry OIS (M5S0, 1004+ HC 495) w8l L4 &
TR 4 pgfml FEEACTEREE DY 1L.0~14kW, $ 077
APLE 0.8~1.2min, MPEE 24 9~21 mm E L2 TIEL,
WELELZHE Y b, WELATERIVEE LLEE S
Tahle 2 {554,
2.3.2 4% TRIC L B0 HEEORE
JIS ¢ (JIS HIG80~1698, 1976) % &EIT1 7, Lo IMis
LA FvRBIT Lo ridifais, SEokRNYA.
(1) =EHEHmomi
AR (To) lgwFver B —-»— (100mD) 1212200
b, HF (141) 8m! 320" HNOs (141 2ml 2 g3, 40~

Il

2.2
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Do
(2) Ad4vasiaing

BRI HGT ERHE A 15 ml e g CHSERIE, o b v asin 3
ST, CORMEE2EL IEL, KRR ESW TFor
7w yHEIRE (B0m) ik, HCIO 1ol & HS50, (141)
Imldfiz, WAL THCIO Bt 2~3 S R4E X223, &
g, HCL (1+8) THML, 5ml &8 7 52 a8 LER L
%, ICP-ALS @&+ H T, NMEHE & Ta 2EHL, o
F B L AMERE, B A s, wn, BE
BLOOmi % 7 2L, Nb 23S eiligsy & 10m/ F
DF 7 e VEER 0w gD, DTRECLCOEERR,
UL ELFE,

3 EBERBIUEER

3.1 ICP-AES I & 3 /mAE S H$OEE

BREMNEREXEETS L1, FBETR, S¥iBLoRtor
MOBRBERBERTH S, i, 73 AEBRECkEnBEY 52
REBET, ) THAERL, XSS L, FREREE
LERLEXDHERAL2 b AR O WEH 5 BEC (background
equivalent concentration) % ¥, BEC i, <, 2 # 35 v v
FREECELVCEBIREDZ L TES D,

BEC=1I,/S
THRIND, ST, Lid-Ay 2275 9w FElE, Siausdve
HHLRERORETHS, i, HHRR (DL) 3,

DL=3 &p/S
THRINE, Z2C, il 7 I v BB OMEBEECA D,
Lichio T, BHIERA L BEC fflici,

DL="%2 , BEC
I

DHEFELEDL, T, BBBERT A BEC iR L ks
SR BT & & L

Fig. 112 Fe B oOWTHAEL Y, #+ ¥ 7 A5E, %
M XA IR CRE Lo ld R T @RISR ORI L & ey
Fe A7 v A3 RERINIT 55, Sy 7 7 790 FRIELE

RIS iosh, BEC N L, ¥4, 4V 7 2R
th 1.0 min -¢ BEC 23S 525 S iz 4 U 7y 2,
BA T 5 AR T X2 500 EEPR B, (RS2, @
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Fe

RF power 1.2 kW

2.0
Fe
Lo RF power LOKW
g 0 J L 1
o 20
E3]
o
Fe
10r RF power 1.4 kW
ol— . .

Carrier gas
flow
O 0.8 {/min

@ 1.01I/min
® 1.2//min

Observation height above coil (inm)

Fig. 1 Effect of RE power, observation height above coil, and carriergas flow rate
on Fe BEC (background equivalent concentration) value

Ltz Fe 1 25994 nm 23 o R TR = 5 A% — 480 7o,
FIAEEOH 21 A 15~18 mm T BEC PMEEE R Lo
CORE, Fe TlidmBAEHM A 1.0kW, &4, 07 #H AW 1.0 /{min,
&= 18 mm ¢ BEC {li#5 0.15 pg/ml &8N E fr o tog

AR D IEF 2T MR U, &R OB S S i f 305
Lize =78 ICP-AES 5B 70k, BRE L o TEREGE R
Riphizd, FHEC BEC fliavh X  fon &by, REiEat
&L, RELAMEEORHEINE &S Table 1 inRm4,

Trds, BEMIE TadficgH S hT\v2 & Bbh’ Fe, Ni, Cuy,
Cr, Mn, Nb, Al, Ti, Ca, Co, Mg, Mo, Pb, Si# 1pug/mi %
BERGT, Table 2 iR LIS R T o T RAEM O LT
EEAIAER, Nb o Fe, Cu ~OGEFHLIMIT BB -
foo £ T, NbidiloMETHEL LML, v — v 4 A8 ICP.
AES it v, SR TR BBHERECNET Ao Lo k
bR, RBELERENTRELE L,

3.2 AFLTEMAMCLEDT MY 9 VADREE

EHIEE Ta % ICP-AES it b b=t Y, 7 2ARED I T TR
B, v —r vy e VM ICP-AES 35 & 5 Bk TENET
i, =FYy 7 ADBRIL LR - BEYRETARRY S5
0, MIETRI AN BOMA LB v TS S, *
fo, wAFHICP-AES EBIZEILGRETL < My F AT L B4
RFHPHATEOLSTEHERESLE TS, HERIOEE
TRTEREC BRI B DERENER Sh MRz T
b, BHERRET M) o AL BT EY ST - LN
LEL I,

Ta i3, HE-HNOs T 7 4o » SR L, B4+ 4
BRI CBREINRLCLEFALT, 14 VBRI~ -
By 2 AREITOGTHRA L.

Nb 3, Ta L7 v o @A BKL, 7 =4 vk LCilg
CEF SRS, F- o Ta, Nb ~oRfEaIoEs X HF ©
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20+

10

Amount of metal ion eluted (pg)

Volume of eluent A (HFSN-IINOs1N)
(mi)

Fig. 2 Column elution behavior of Cu, Ti (DOWEX 1-X8,

10 m/; flow rate, 1.0~1.5 mi/min; total amount of ele-
ment, 5¢ g for Cu, Ti and 100 pg for Nb)

BREDE:, ThbboBEREARYELs2Linky Ta k
Nb &M+ 2 - LA TH L,

2.5.2 DBIFC L8, EEE A TOBE LY #H N E
Cu, TieflizFig. 273, 1752 v o vtz w 55
FOIb, TiUHOTROREORT LAY ASml »EL
Tz 8l 2 B2, 22 CHMTA OVERY 5wl 233
& NbAEAL, Cu®Fe ~O3ETHO - SETEREE T
MEELA D, 20T, SHK A ORERE B0 &L, RERO
TimowTILEEEE B ol 75 7 v 2 vITiih s, H125

Py v EOREEY TIOERME L.
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122 1A VARG TERRAE Y 5 X T BAB IS WHIC & 50 £ 2 At O TRt

¥, BEEE Bt rs Nb oBE: 100ml 2 E L, cnd
& Ta B 0~02% BEBMTLH, > —4 v vy A% ICP B
LV ERTFEOI IR Nb 1129509 nm CET 22 Lick b
TRV TH -7 (ZOXPHIC L5 Ta 03 5 AT 2 mg/
ml, 1% CEB), #2757 4 vo Ti o Ch R, Ta,
No D4 F 2k o w40 Ti Il 536,12 nm CHE L1, e ds,
W2777 %2 vOWETHEL, Nb, TikERTHA D BREEE
TSR TS fob— D & i,

3.3 MULLSHAEK

FREEERIC X 0B Uk Ta 0475 o854 Fig. 3 wfid, 04
BRFTERRDEEDTHS. R lg %772 vBIE— 3 — (100
mb) i b koo, HF (14+1) 8md 35 X t8 HNO, (1+1) 2m! %
mx, BEMRSELLCE, B vERY S B, Ko, &
Mt A (HF SN-HNOGy IN) 35 mil e b 5 A e, WiliER 5 7 o
vELE - — (100m) @i, BivCREER B (HF 0.2 N-HNO,
SN)100ml Ah 5 2L, WBHEY 7T 7 v w8y —n— (200
m) WEF D, &2 F RO B HCIO, 1 m! 3 X ¢ HeSO, (14
Uiml bz, BEREEEALEE LU A HC 149 2®R@L, 5ml
ER7IAACHLERL TS, £175 7. vD Al Cr, Cy,
Fe, Mn, Ni, Tiic oW Tk <+ 8 ICP-AES #B ¢, #2755
7 ¥ av® Nb, TikowTit v~ v p a8 ICP-AES S
ERFNET S,

feds, FTEERGRE 8 B¢ = foy

3.4 [ 4y =
DB U o Loy, Ta & B8 L 2#, Fe, Ni, Cu, Cr,

Sample 1.0 g

k—— FF
HNO:(1+1)2 m!

Digsolution

Anion-ion exchange

[

Table 3 Recovery of analytical elements (%)

|Fe\Ni]Cu§Cr

anleI

3

AllTi

7 ’ 97.2| 97.1) 9811 98.3 100.7 | 98.3| 97.2! 97.6
! - ! |
050 137 0.5 0.7] 28| 02| 1.2' 2.1
Note (1) Solution is added 50 #g of Fe, Ni, Cu, Cr, Mn, Al,
“T'i, and 100 g of Nb,
(2) n=3.

Mn, Al Tiiz 50 g, Nbix 100 g #3601, % ko h OB
Bz, RIEAR OB Table 3 174, SHETE L &
97% U EOBIREA T L, +AMETE BIECH o1,

3.5 BHRR

ICP-AES Bici§ bh o MUB AL, BRESIE & 0k /e & ko
Tnle b ®ied, £o¢, FRC BT ZRBRAAH e, MR
Ax, SBEY 10 @T, Fovs5y 7 R O NEE DI ReE
EOIECHL T 2 ATERIE & L, HHETEORHRE 2
Table 2 wftat 35, —gic ICP-AES # THEED L Cu, Mn,
Tiiz 0.4~05ng/ml TH b, LMWEDE - AL Cr, Ni Tt
b~3ngimi Thote, 1, v—p v AT ICP-AES 448 a1
SELF Nb, Tizoutig, ST BT B f i R o
VTR IR Ldc o 4~5 ng/ml T @ - o

3.6 RERHOMR

3.6.1 EHUE Ta O
REC LY, THEOBME Te #5210 Ta ykn VAR iy~

(1+1)8mi

Solution A
(HF 5N-IINOsIN) 35 m/{

Effluent

K— HCIO: 1 m/
HeSO 1 +1) 1 m?

Evaporation

— HCL(1+9}

5 mi constant volume

Al Cr,Cu, Fe, Mn, Ni, Ti

Absorption

Solution B
(HIF0.2N-HNO35N) 100 m/

Elution

HCH I m/
H:50:{1+1) I m!

Lvaparation

K—— HCI(i+9)

the first fraction

5 m/ constant volume

NB, Ti

JIES EREE Vol. 21 No. 2 1989

the second fraction

Flow diagram for the determination of tantalums
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Table 4 Analytical results of impurity in high-purity tanta-

Table 5  Analytical results of impurity in high-purity tantalum

lums oxide
Sample Fe Niicu‘.erMn!Nb‘Al Ti Sample 'Fe[ micu Cr MniNb Al ‘Ti
7 (wt.ppm) 10. e,ND ND|ND'ND! 74 |2.1| ND Tontalum | ® (wt.ppm) o, 190.34 ND 0,13 ND‘[o 820.41 ND
Tantalum | (o pomy f0.1] | 1]0.1 oxide | o (wt.ppm) 0. 010 o 004 0. 010 0z
R.SD (%) | 17 1] s (99.99%) | RS.D (% E I
Tantalem & (Wt.ppm) 2691 37 |5.3] 75 {4.3] 41 | ND{ND Note (1) a=5.
powder ¢ {wt.ppm) 21 1{0.2) 170.2! 1
/.
(9.96%) | Rsp oy | 1| alaf 1|5 2

Note (1) ND: Not detected.
(2) n=7.

% TFable 4 o3, Ta f4f ¢, Ni, Cu, Cr, Mn, Ti(Z#H
EhT, N % { §Fhtuvi, chid, Ta b Nb o5
LT8R, BN COERNRT S o bol bl
%o MIAHEAEMREE Fe, Nb, Al it LCHh%h 17, 1, 5% ©
Bt Ta ke cik, AL Tia#ahd, Fe, Ni, Cr i
I FEN 269, 37, 5wt ppm DEFETH-T0e = hid, TaOs
26 Ta BT HRTRIGEESH B ik Ta & BFEL, Bkt
LMETOIYERME SRS, ARG Fe, Ni, Cu, Cr,
Mo, NbzLtxnEhl, 3, 4, 1, 5, 2% Choi,
3.6.2 EuiE Ta.0; D434

AT AN TusOs h o FRdGEE~EN Lics TaaOs 12,
HE-HNO; 1o & BEHE I 2 Col s AR T Ao foob, LSS AR 4
Rviz, 3K L2g v 5 7 r VBURHER (WEE70m) Kith
bEL e, HF Q+1) 8ml & HNOs (1+1) 2md %%, BEAF v
VASHRICAY, B 150°C T LI h A LA L LT
3.3DEMFEL D, Ta v ER LI

Tl DR TaeOs RAiA 80 Lok % Table5 1234, Cu,

Mo, Tizgihahd, MOWETEL wt.ppm LFOEERTH
2o ¥, HIMEEERZE Fe, Ni, C, Nb, Aliw@ LCEhE
Ho6, 3, 3L, 1, 5% Thot,

4 & B

EHE Ta chd gt (Fe, Ni, Cu, Cr, Mn, Nb, Al, Ti) o%

BEYHTI L. TORBRRLUTOLR Y TH B,

(1) =aAd8kitty—r vy B ICP-AES B4 FHy, I
BIESRSEY BETD - L b b SR, PSR Rl Bt
A& fr oo,

(2) A vlaETAGEILRLD, <P, 2 ATHS
Ta OAKTHLHE T4 BT 2 - E e,

(3) FEOEHETMUL Fe, Ni, Cu, Cr, Mn, Nb, Al, Ti =3t L
TEhFh 30, 70, 10, 30, 10, 130, 50, 10 wt. ppb Tk -
foo

(4) SERFEE U URE Ta @85, Ta Bk 3 L O TayO;
BWRCEA L, sub-ppm DTFCOREATR TS 210

AL, MERE A E LRSI ERTETh S,

- -
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