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Analysis of Ultra-trace Impurities in Zirconium Oxide by

Inductively Coupled Plasma Mass Spectrometry

Masanao TOHNAN
Tomokazu TABATA
Tadashi OKADA

In order to analyze ultra-trace impurities in zirconium oxide quantitatively by inductively coupled plasma

mass spectrometry (IPC-MS), the scopes of the internal standard method and the zirconium matrix removal

method have been investigated in detail. When zirconium matrix concentration in a given sample solution is

below 400 ppm, the matrix effect can be corrected for most of the ICP-MS measurement data by the indium

internal standard method. Through the anion-exchange in a dilute sulfuric acid solution, 97% of zirconium

can be removed from the ultra-trace impurity elements. The combined use of the zirconium matrix removal

method and the indium internal standard method enables the quantitative determination by ICP-MS of

ultra-trace rare-earth elements as well as nickel, cobalt and copper in zirconium oxide.
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ICP-MS Ty a=7bOBHRERGSTEITO%
&, oY)y 7 ATFELKE BB E D, ZOM
MEBRT 510 DICAE DT 7 =y 7 REEFO~
Y w7 ZARBEOBRINBBLETH D,
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Zr = Y vy REWKE LTHER Lic, BA A o3l
Bixsgor 3Ihns v =—45 Dowex50W X8(50—
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PlE 4T Table 1, 2 1233,
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Table 1 Operating conditions for ICP-MS

ICP operating conditions

Measurement conditions

1.3kW
<5W
14 8 /min. (Ar)

RF power

Reflected power
Coolant gas flow-rate
Auxiliary gas flow-rate 0.80 0 /min. (Ar)
Nebuliser gas flow-rate 0.78 £ /min. (Ar)

ICP-MS interface

Sampling cone
Skimmer cone

Ni with 1.00 mm orifice i. d.
Ni with 0. 75 mm orifice i. d.

Scan range (m/z) 6.0—247.0

Skipped mass regions 11.5— 22.0
27.5— 42.5
79.5— 80.5
89.5— 95.0

Number of channels 2048

Number of sweeps 100

Dwell time (us) 320

Internal standard In(115)

(28)
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Table 2 Operating conditions for ICP-AES

I

ICP-AES operating conditions

1.3kW
<5 W
168 /min (Ar)
0.800 /min (Ar)
0.302 /min (Ar)
Zr: 343.818

RF power

Reflected power
Coolant gas flow-rate
Auxiliary gas flow-rate
Nebuliser gas flow-rate
Analytical line (nm)

Int. Slit.: 20 ym
Exit. Slit.: 40 ym
313.182 nm Hg : Hw=0.008nm

Resolution

FrEE RO MERSEESE (MEFG 25ml) &My,
(14 1) HpS04 H230°CI6BRITIT » 7o = OEFL R
WOMERS BERI SOHREY Croba=v— 10
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Y (LT PP LET) HoAB~RBKELCALE
EONT LD 2R A L TIBRIS 2T, AL 70
um¢ O PP ®WT 7R bw— F#RGTHIEL A A4 L5
B EDNHEET 10, RO F v a =L RO
BEBRBRICIT - 10, BERVNEBRAER L —H — T
ARG Ue b OICIRTEEE 2 m0 % hnz (AR % PP
B 25ml ART7FRARCTH -1,
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ICP-MS TR Zr = NV v 7 ROHET 2GRS
WEF 5L Fig. 1 I3 In BECH-T Y+
DAALBEE~ MY vy 7 ZAFBICE v iHIEhs, >
EVRULREDBUELRE CH->Thb= kI v 7 AKHD
BHECRICL DA 4 LT D B b ERAENTX
e,

NEEREE < MY v 7 ATBIC X 24 4 L REDT
kb 600 Urifin Ui WEESEE TR O A 7 2 300 T
E?éﬁ&f%éoK%%lerﬁﬂ¢ﬁ&thfﬁ
Bl s i@ rss LT In EBEELD
ERIEE I >\ T L,

ETAEBRCTHRAL TV 35754 ¥ o & 5 HKRKE
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(29)

S 1004 O
AN
: U o
.% ] D O
E
5}
;:' 50 - A
2
=
3 2
T T T ] T )
0 0 10° 10 10t 100 e

Matrix concentration (%)
Fig. 1 Relative In (115) signal intensity vs. matrix
concentration.
Relative values against 40 ng/m# In (115)in-
tensity in 3% HNO; solution without matrix;
Matrix: Zr((), HySO4(A), HNO5(O); Each
In (115) concentration is 40 ng/mé .

Table 3 Reproducibility of In (115) Internal stan-
dard method for ICP-MS

Analyte (m/z)2’  Ratio to In (115) intensity®’ R.S.D.(%)¢’
Be ( 9) 0.16 8
Mg ( 24) 0.53 10
Co (59 1.06 8
La (139) 1.08 1
Pb (208) 0.39 2
Bi (209) 0.62 2

a)Concentration of measured elements: 100 ng/md ;
b)Ratio of signal intensity to 100 ng/m¢ In (115)
signal intensity: average of ten times measuerments;
c)Relative standard deviation.

Riz= b Y v 7 2FIc - 2 AEEREEO FRE S I
DUCTHRAHEREY Table 4, 5 ~%R4, Zhig~ by
v 7 ARG EYSIN LR RER I & In EREEHESE Rl
LEGEDOEBHEEEMED L EFESETCELE (O
THY, ORX»bEELICHETH 3,

In WEREEREIC X D B L

Yy ARG IO RN R
3 % HNO; {REER R

B> THEMREETTRIC X 54 A L BBEORBIEAE L 4T
HBUTCATEEIX100 & 72 5,
EOBRBARC LD 0 R UIEE~THENEEX10%
BERAAT In PEEERIC L 2 EBHEO AR
T20%ELTELD L, Bsv MY v 7 D4 Table 4
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Table 4 Effect of acid matrix for ICP-MS

HNO;3;(%)2> 3.0 50 80 3.0 30 3.0

e

H,S04(%) 0.0 0.0 0.0 0.2 0.4 0.2
Analyte (m/z)b’ Relative Values(%) ¢’

Li (7 100 99 105 97 116 110
Na ( 23) 100 101 103 95 103 102
Mg ( 24) 100 106 105 94 104 100
Al (27) 100 102 105 97 101 99
Cr (52) 100 104 100 93 96 95
Mn ( 55) 100 103 103 90 100 98
Ni ( 58) 100 99 99 94 100 109
Co (59) 100 100 100 90 97 94
Cu (65 100 100 96 100 110 149
Zn ( 68) 100 99 96 93 100 102
La (139) 100 103 100 101 100 102
Ce (140) 100 105 101 104 103 106
Pr (141) 100 103 97 102 101 103
Nd (146) 100 102 99 101 101 103
Sm (152) 100 103 103 103 102 110
Eu (153) 100 106 100 106 102 109
Gd (158) 100 108 100 108 102 105
Tb (159) 100 105 99 109 108 109
Dy (162) 100 103 99 107 105 106
Ho (165) 100 104 102 108 106 112
Er (166) 100 109 101 108 111 112
Tm (169) 100 107 101 110 111 112
Yb (172) 100 105 98 105 104 109
Lu (175) 100 107 101 110 108 113
Pb (208) 100 107 102 116 109 119
Bi (209) 100 107 98 113 112 115
Th (232) 100 107 100 114 115 118
U (238) 100 107 101 115 114 120

a)Cocentration of added acid; b)Concentration of
measured elements: rare-earths(40 ng/mf), U(40
ng/me), Th(35ng/m@), others(100ng/me); c)
Relative values against 3%HNOQ; standard solution.

» HRHEETIE 8 %, FEETiX Cu 2B\T2 % £ THEF
BB TH - 120 % D HERFOMBRE » HERIT 8 %,
WEEE 2 %LU TICH 2 20 EHDH B,

—5 Zr O~ ~Y v 7 AOEE Table 5 ZxRT XD
o Zr RS 400 ppm LUTF THILE Mn DT oBETTH
B KRB OXHEN LU OERBHEFHHETH S, L
2L Zr EEH 1000 ppm (274 B & WL S hicEEME
EEEATEDIE, SEEACEKDICHTAHENHLANE
THhTL D, TORMEDTHIEL Zr =+ Y v 7 AT
2 In LERTGHEOH TR ~ledIitE Lie DT
B, Blb~ by vy 2ABRENGS 2L, EKEEMO
TFiIT In Ly EEHECINER V2L, SEER
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Table 5 Effect of Zr matrix for ICP-MS

——

Zr (ug/mp )2}

——

0 20 200 400 1000
Analyte (m/z)®) Relative Values(%) ¢’

Li (7 100 120 122 129 172
Na ( 23) 100 106 108 132 180
Mg ( 24) 100 100 104 144 136
Al (27) 100 104 107 129 132
Cr (52 100 105 104 122 132
Mn ( 55) 100 101 103 127 116
Ni (58) 100 101 99 118 128
Co (59 100 101 100 117 127
Cu (65 100 103 101 114 125
Zn ( 68) 100 103 104 99 118
La (139) 100 101 99 97 86
Ce (140) 100 101 97 96 86
Pr (141) 100 103 99 99 86
Nd (146) 100 104 103 102 86
Sm (152) 100 102 101 102 82
Eu (153) 100 102 98 97 80
Gd (158) 100 104 99 90 78
Tb (159) 100 103 98 93 75
Dy (162) 100 103 101 97 76
Ho (165) 100 105 101 89 74
Er (166) 100 105 98 88 72
Tm (169) 100 105 100 93 75
Yb (172) 100 103 99 96 75
Lu @175) 100 104 97 86 65
Pb (208) 100 102 101 99 73
Bi (209) 100 103 100 97 72
Th (232) 100 107 102 97 72
U (238) 100 105 103 102 73

a)Zr matrix solution: 1000 ug/m@ Zr standard solu-
tion for atomic absorption analysis; b) Concentration
of measured elements: rare-earths(40 ng/m¢ ), U(40
ng/me), Th(35ng/me), others(100ng/me); c)
Relative values against standard solution (3%HNO;
solution without Zr).

Tt In X oA A HREOHHBE,IKESHATHS
Z e B, o TR Z BT B oI L lE
BNCATREAR XD Zr = b Y v 7 R & DHET HLEND
2o bz ene In AEEEELXFERT 255, <
NY w2 20 Zr BEH 400 ppm BT TRARF O
FEOEENAEETH S 1000 ppm E iz 25 & LN
FTRENKELCAR VI EALOTROERIIRELR
%, AL In WEMHARA UEERTILEHR L 5 LTHIE
FORHO 1 OEATEETE L LTMOTHROERS
FHEL 72 B, Bl%iF Table 5 i3\ ~T 1000 ppm DZr
#IETCY Bi, Pb, Th, U oIF(tisti3ER LIEET

..‘.l_
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LCWBNDT, ZhoD 1 SOnHeNEREETRE L

THED 3 ERDTEENTRETH 5,

() 1F>FRUED Zr T MYy 2 20D BERET
TRERER RO Zr(IV) 13 Table 6 R4k 5 icpaAt

A BRI LT R EEA A4 o iisisic ot LT b 5

VWABLRE (LT Kd L3 oL BE xR

%78, Table 6 @ Kd i3 TRn@QAX 1 6h 3,

 (Ru/Ry)
Kd=s,75.)

R,=(Add,—S,,)

Sy BWHED Ir B

Sy A FUEREE (mh)
Ry #if5do Zr &

R, #HAMKEEE (8)
Add,, #RIn Zr &

Table 6 Kd values in H,SO, solution”.®

Anion exchange resin?’ | Cation exchange resin®’
Element 0.05M< 0.25M 0.5M | 0.05M 0.25M 0.5M

Cr (VD) 12,000 4,400 2,100 198 126 55
Hi (IV) 4,700 57 12 (2,690 160 12
Mo (VD) 2,560 451 197 d) 3 1
Zr (IV) 1,350 211 47| 546 98 5
U (VD 521 91 27| 596 29 10
Th (IV) 35 8 4| >100 263 52

Fe (1) 16 4 1| >104 255 58
La (I) 1 e) e)| >10¢ 1,860 329
Ce (1) 1 e) e)| >10 1,800 318
Sm (1) 1 e) e)| >10¢ 1,460 269
Yb (m) 1 e) e)| >10¢ 1,330 249
Bi (Im) 18 2 1| >10* 6,800 235
Li (1) <0.5 <0.5 48 12 6
Na (1) <0.5 <0.5 81 20 9

a)The Kd values are calculated from the distribution
of 1-mmol element between 250 m¢ of solution and
2.5g Bio-Rad AG1-X8 resin; b)2.5 g Bio-Rad
AG50W-X8 resin; c)concentration of H,S0,: mol/t ;
d) precipitation; e)not published.

Table 7 Kd values of Zr in H,SOQ, solution

A A s istigiost LT Zr 235550 Kd 2> &
BBA & o ZRBRE O AL T CIIBIE A I b O T4 5t
FE It PIICBA AL & LCHEL, MERA A EE
WOBET 52 RS 2 L BRWT 5, £7- Table 6
o Kd i Zr #E» 364 ppm (Zr 1 mmol/250 mo ) -Cifl
ELIBETHY~ MY vy RS & LCRAEREER
BTROONLE D TH B, Los LA 2 =7 oty
R AT B\ TR RO Zr v~ b Y v 7 2
EREMICRBEARE Ly,

—H Ir BRERA A REEE LTEEThE KA i
HUT Zr ORERTHEZRZGCEEZ BRB, UL,
RIRED Zr A & 3B KRR TES Lok B 5
DERBFEINTEYA 4 L OREMIITHTH 2.8,

2T Zr Y=Y 2500 ppm &\ 5 A SR CHIES
BRPICBTSD Zr © Kd #F~<3% & Table 7 o5
BRE LT,

Table 7 #:6 Zr ORBA & L c#aligic s+ 2 Kd i1
123L Table 6 26D FRMEICHY T 2E1AE LN, B
AF BB OFERET T Zr A A LB ICkESE T
RKELICBAA VRIBIZH B2 LRI hts, L L
Table 7 {2737 & 5 (W RIRE B CORA 4 L35kt ig
X2 Zr o Kd 3B & L ac Bl & Ay £ kS R
CREEBIRETHENI8E L »T0, S AUTEA A 78
BBROFIETIC BT Zr ORBBRTOA 4+ 2k
NELT B EEL RS,

SITZr BEL Kd oBBR&F2 & Fig. 2 o X
ST Zr REOHEME & iz Kd dEd+5, Ll
AU Zr RECTHBIEEN 25ich 2T 1#H Kd
DEINT D, DX 51 Kd it Zr BEL 0 A 4 L5506
B0 Zr BETHBIRROEIGICKECEBINB D &
AYEIE LA,

KIZ Zr & (mmol) LA LTV 34 4 38 E o
WA A oA T (meq) DLFAREKRE LTI DA
RL Kd oBifR&Rk® % & Fig. 3 0k 5 ic AR EIVE
WIRE Zr o Kd K EL 2B, FiCHBEE S Kd o

— _

Anion

exchange resina) Cation exchange resinb’

Kd
Concentration of H,SO, (mol/¢ )
Concentration of Zr (ppm)¢’

Volume of resin (me )

Volume of solution (mg)

__Ei_o_ﬂf_Zr to total resin capacity (mmol/meq)

18 123
0.1 0.1
2,500 2,500
5 5

100 100
0.4 0.4

a) Amberlite IRA4dO; b)DowexSO\TV- X8; ¢)Zr matrix solution: soluted ZrOCl, ¢ 8H,0 by H,0.

*
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Fig. 2 Anion exchange distribution coefficients in
H,S0, solution vs. Zr concentration.
Weight of resin: Amberlite TRA400 1.9
g(©), 3.8g(A), Baio-Rad AG1-X8 2.5

g((J: reference 8); Concentration of H;SOy:
0.1 mol/¢ ; The Zr matrix used ZrOCl, « 8

H,0.
4.0
3.04
2
80
= 20+
1.0
T T T T
0 0.1 0.2 0.3 0.4
Ratio of Zr to total resin capacity  (mmol/meq)

Fig. 3 Anion exchange distribution coefficients in
H,SO, solution vs. ratio of Zr to total resin
capacity.

Used resin: Amberlite IRA400; Concentra-
tion of H;SO4: 0. 1 mol/@ ; The Zr matrix us-
ed ZrOCl,  8H,0(Q), ZrOy(A).

BRI A T~5 & Fig. 4 ORRICBRTOE SO REAN
0.23mol/t TRAD Kd &7e 1, DF D SOy RE
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o
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o
0]
O
1 Ll T Ll T
0 0.1 0.2 0.3 0.4 0.5

Concentration of total SO4 (mol/)
Fig. 4 Anion exchange distribution coefficients in
H,S0, solution vs. H,SO, concentration.

Used resin: Amberlite IRA400; The ratio of
7Zr to total resin capacity was 0.05
mmol/meq.

2% 0.2molle {3Tic Zr oA A L AEBRCH T2
Kd olAENEETSEELOND, ShHDRER
Zr WEBGRE CES LoKBich B2 L LRGRYD
BLEZ LNAVBRED L ZAFHMIC OV TETRHTH
%o

SO S CHBER T CEME R ER R T Zr 321
o BRBIIE R ER L CAMBEENILL, 1R
SO, HEEA 0.2molt £25X 5 THIEFHRICR
ENBTED LT,

(3) AALTHMPBED Zr USADOTROEE
WO EME Zr0, 3tk (SPEX ##) # (1+1)
H,S0, THEMS MHEREK (=RRhRE/RER
thiEe) 500T< kY v 2 A0 Zr ¥ % 2000 ppm Lk
FehntoiwaEsLiont ICP-MS TERT 5 LM
BMimTES LT Ni, Co, Cu, #1¥t#, Bi, Th,
U »HELI, CHODTREERS —F vy hELT
A A VAR BT B B TTHEDOTINEIER &7~ 1o
FOFER Table 8 »X 94z Th, U &< 2L ALEDOT
Fiz 8\ T8T% Y OB BIRE B 6, BRI
S BEAARELEL NS, Th, U jgouTik Table
6 D Kd 2b Zr & REECEEA 4 ATl ~%aE L7
FobEIEED F 6 et st b D EEX b, UED
CLan Zr FESOTRAEER TR N, Co, Cu, R
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Table 8 Recovery of each element after ion ex- UHREBITCHRE R -1 “
change?’ in H,SO, solution (4) DiEE TS5 7@ i
" Element® Recovery (%) Zr O BEHI LU ICP-MS O~ b ) v 7 R4E &
o Ni 103 ML T Fig. 5 IWFTERBSTOL D 0BRIFEHE |
Co 108 L7, ZOEFTAREK=0.05mmol/meq, £ SO, i
g‘l 132 E=0.23molll T Fig. 3 DRAD Kd(=822) &7 5
La 87 EHTHB, Z0 Kd 2k0@KcfRAL, 0.580Y
Ce 91 nvaz=7 (0.37gZr YY) OFEEYBET D ERKR
Pr 90 RHE®HE O Zr BEE 160 ppm & 72 v ICP-MS #HIE Iz
Nd 88 BT In WIEATEEZRZ~ b Y v 2 REEE A B,
S 87 B . - .
e 5 FHBO ST - DHFRIFIC BT 575 27
Gd 90 BOREL 201 4 L3RI SV T - 12,
Tb 88
D 88
Hz 88 Table 9 Total blank of analytical procedure2’
Er 93 , (ng/g) ) -
Tm 87 Used resin
Yb 93 Element .
MuromacSBR  Amberlite IRA400
Lu 92
Th 34 Li 20 18
U ) Na 505 44
- - B T Mg 23 53
a)10 m¢ Amberlite IRA400 resin in 0.1 M H,SO, solu- Al 317 10ppm >
tion; b) Added elements: rare-earths (4 ug), U (4 ug), Cr 38 29
Th (3.5 ug), others (10 ug). Mn 175 105
Ni 32 <
Co <b <
Cu 180 <
710, 05g Zn 141 156
. La < <
(1+1)H.S0, 5ml Ce < <
5 ——
prossure vessel (zaret)-" Pr < <
230°C, 16hr Nd < <
| Polypropylene hottle | Sm < <
Eu < <
F—Ani h i
601::31’1(%)3(;) ange resin Gd < <
Constant volume Tb < <
(200ml) Dy < <
Ho < <
Ion exchange
2hr Er < <
Tm < <
= — Lu < <
LV ration
tlr)?npés nee Pb 13 17
(quartz beaker) Bi < <
—— HNO; 2ml Th < < 1
—— In 10ppm std. 100x1 U < <
l Constant volume (25mb) I a)Corrected valu;es by sample weight (dilution ratio:
50); b)Not detected by ICP-MS: “<”’ means “<10
ng/g”’ (dilution ratio times detection limits of ICP-M
Fig. 5 Analytical procedure. S9).
(33)
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Table 10 Analytical result of ZrO; (ng/g)

Element

Avea) +stdb) R.S.D.(%) ¢’

Ni 4001t21 5
Co 2141 3
Cu 1, 300190 7
La 400+74 19
Ce 27+5 17
Pr <d)

Nd 4, 3001300 7
Sm <

Eu <

Gd <

Tb <

Dy <

Ho <

Er <

Tm <

Yb <

Lu <

a)Average of three sample determinations (dilution
ratio: 50); b)Standard deviation; c)Relative standard
deviation; d)Not detected by ICP-MS: “<”’ means
“«<10 ng/g” (dilution ratio times detection limits of
ICP-MS*9)).

RRESOTHM LLBEORBBRE T 7 v/ EE
Table 9 iZ/RT, & DR, LATEILHE & LA
SOTGHKZ 10 ppb K&V BUERS DT T v
7{EE LR T REENE LI,

DTS5 vy FEN S Amberlite #FEHT 5L Al D
75 vy HKIBICIENT B LA L, Z o Al i3k
By F4 o a =V S TRID ED T ENATERIRE
KEICEA LT 5 »ERARDH Tk MuromacSBR
AR L,

(5) RAHS

ERBE LTHEOSMES V=7 (SPEX ##)
#H\ Fig. 5 7w —2ft-> ColrLickiR % Table
10 ~5T, 3EOEVELEE THSHAMEERZE
(R.S.D.) X La, Ce TH20% & KXAR(EL R >
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