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Table 1 Operating conditions and analytical lines
R. F. power 1.4 kW

Carrier gas flow rate 0.50 1/min

Plasma gas flow rate 16.0 1/min

Auxiliary gas flow rate 0.45 1/min

Observation height 15 mm above load coil

Slit widths

Entrance 25 pm

Exit 50 pm
Sample uptake rate 2.0 ml/min

Signal measurement
Analytical line
Al I 39.15nm Mn II 293.30 nm
Ca 1 422.67nm Na I 589.59 nm
Fe 1II 259.94nm Si I 251.6lnm
Mg II 279.55nm Sr II 407.77nm

10 s integration
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Effect of lithium tetraborate on the inten-
sities of silicon analytical line and it’s
background

BaTiOs taken : 0.2 g; Fusing : 1000°C, 15 min;
S : signal (Si 0.8 pg/ml); B : background

Fig.
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Fig. 2 Effect of barium titanate on the intensities
of magnesium analytical line and it’s
background

Li2B4O7 add : 0.7 g; Fusing : 1000°C, 15 min;
S : signal (Mg 0.15pg/ml; B : background
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Fig. 3 Effect of strontium concentration on the
intensities of calcium analytical line and
it’s background
BaTiOs taken: 0.2g; Li2B4Oz added : 0.7g;
Fusing : 1000°C, 15min; S: signal (Ca lpg/
ml): B : background
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Fig. 4 Matrix effect on the calibration curves for
calcium )

Matrix—A : 3.4 w/v% hydrochloric acid; B:
titamium (800 pg/ml); C: barium (2400 pe/
mD;: D: lithium tetraborate(1.4%); E: A+B
+C+D; F:solution obtained by 2-3 procedure
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Tabie 2 Detection limits

In solution/ In BaTiOst/

Element ng ml-1 g g-1

Al 41 10

Ca 6.9 1.7
Fe 18 ) 45
Mg 0.50 0.13
Mn 12 3.0
Na 100 25

Si 88 22

Sr 1.5 0.38

T In solution X250
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Table 3 (& TLHKD BEHD WEH & 4 5 5 @+
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Table 3 Concentration ranges and precisions (n=>5)
for calibration curves

Concentration range/

Element g mil-1 R.S.D., %
Al 0~ 5 0.14~0.64
Ca 0~ 0.3 0.14~0.51
Fe 0~ 0.6 0.96~1.62
Mg 0~ 0.1 0.34~0.87
Mn 0~ 0.1 0.46~1.27
Na 0~ 3 0.24~1.06
Si 0~ 3 0.54~1.49
Sr 0~75 0.06~1.18

R.S.D. : relative standard deviation

35 REROIHT

TROF 5 VB Y ¥ 230k 9 % 2-3 OB it
> T LI 2o\ C 8 &E (Al, Ca, Fe,
Mg, Mn, Na, Si, Sr) ®JE L. Bohi- EEL
Table 4 ©Rd. BLEOTEEIIL 3-4 CR~7-Kh

Table 4 Analytical results of barium titanate sample

Sample AR/ Cab)/ Feb)/ Mgd/  Mnb)/ Nac)/ Si/ Sro),
pg g1t ng g1 pg g! kg g1 kg g1t kg g? g g1t %

BT-100P 122.74+ 5.3 265.3+ 5.0 104.3+ 2.5 42.0+2.5 3.8+0.8 686.04 3.3 204.2410.0 0.982+0.013
(98.0%)2) (125.0+50.0) (275.04 5.0) (102.5+12.5) (42.5£2.5) (2.5+1.3) (705.5+15.0) (NDe)) (0.93840.050)
BT-100PL 127.54+ 3.5 338.7+ 6.8 85.5+ 2.0 30.84+2.0 3.84+0.8 591.5+ 0.3 99.0+ 8.3 0.888+0.011
(98.0%)8) (122.5+50.0) (342.5+ 7.5) (82.5%+12.5) (30.3+2.5) (2.5+£1.3) (610.0+20.0) (NDe)) (0.900+0.075)
BT-100G 115.0+ 6.0 346.0+ 4.5 133.5+ 0.8 37.0+£0.5 3.84+1.0 682.84 9.0 111.0+£10.0 1.067+0.063
(98.0%)2) (125.0+50.0) (350.0+ 7.5) (130.0%+12.5) (37.5+2.5) (2.54:1.3) (700.0+20.0) (NDe)) (1.11340.113)
BT-100M 362.7+ 6.0 363.0+ 5.0 63.04 2.3 37.0+0.5 4.5+1.9 160.3+£12.0 126.5+10.0 0.668+0.001
(98.0%)8) (375.0+62.5) (347.54+10.0) (65.0+12.5) (37.5+2.5) (2.5+1.3) (150.0+60.0) (NDe)) (0.7124+0.004)
BT-100ML 380.54 6.0 368.5+ 1.8 58.3+ 1.3 35.3+0.3 3.8+1.0 108.3+15.5 233.0+ 5.0 0.70940.005
(98.0%)2) (375.0£62.5) (350.0+ 5.0) (67.5+12.5) (37.542.5) (2.54+1.3) (90.0%+15.0) (NDe)) (0.7074+0.037)
BT-101 132.3+ 4.3 315.5+ 5.0 102.3+ 2.8 46.84+0.5 3.8+0.5 162.5+ 7.5 105.0£10.0 0.70040.005
(98.0%)2) (125.0+50.0) (307.5+ 5.0) (107.5+ 2.8) (50.0+£7.5) (2.5+1.3) (165.0+15.0) (ND#®)) (0.708+0.037)
HBT-1 195.0£10.5 358.3+ 2.5 95.8+ 3.6 31.3+0.5 3.84+1.3 382.5+15.0 134.5+12.5 0.347+0.004
(99.5%) %) (175.0+50.0) (347.5+ 2.5) (95.0£25.0) (35.0+2.5) (2.5+£1.3) (420.0+15.0) (NDe)) (0.338+0.063)
HBT-3 32.5+ 5.3 78.8+ 0.7 109.3+ 1.5 6.3+0.0 4.2+1.3 40.5+10.0 105.0% 5.0 BDd)
(99.5%)8) (BDD) (77.5+ 0.6) (120.04:25.0) BDY) (2.5+1.3) (BDD) (ND#®)) (BDd)
HPBT-1 55.84+ 4.3 10.34+ 0.8 BDd 3.4+£0.0 3.2+0.8 32.0% 2.5 46.5+5.0 BDd)
(99.8%)2) (62.5+50.0) (BDd) (BDd) (BDd) 2.54+1.3 (BD®) (NDe)) (BD®)

a) Purity (Certified value). b) Figures in parentheses are those obtained by atomic absorption spectrometry.
¢) Figures in parentheses are those obtained by flame emission spectrometry. d) Below detection limit. e) Not
determined.
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Simultaneous determination of impurities in
barium titanate by ICP-AES. Yoshikazu Yama-
Moro, Takahiro Azuma*, Yoshinori NisHIMURA** and
Kazumasa Uepa* (*Department of Industrial Chemis-
try, Faculty of Technology, Kanazawa University,
2-40-20, Kodatsuno, Kanazawa-shi, Ishikawa 920;
**Department of Chemistry, Industrial Research In-
sititute of Ishikawa Prefecture, ro-20, Tomizu, Kana-
zawa-shi, Ishikawa 920-02)

ICP-AES was used for the determination of im-
purities (Al, Ca, Fe, Mg, Mn, Na, Si and Sr) in
barium titanate. Barium titanate powder sample,
0.2 g, was fused with 0.7 g of lithium tetraborate at
1000°C for 15 min in a platinum crucible. The fused
sample was dissoloved with 8ml of (1+1) hydro-
chloric acid at 150~200°C for about 30 min, and
diluted with deionized-distilled water to 50 ml, followed
by ICP-AES measurement. Lithium tetraborate,
barium and titanium as matrix components reduced
the analytical line intensity of calcium about 30%
and increased the background level about 30% at
Cal 422.67 nm. Such a behavior was also found for
the other elements determined. By ionization inter-

ferences from strontium and barium matrices, the

analytical line intensities of calcium and magnesium
were increased. For the preparation of calibration
curves, matrix of the standard solution was matched
with that of the sample solution, i.e. the contents of
barium titanate, lithium tetraborate and hydrochloric
acid were the same in both solutions. The relative
The analytical
values of 9kinds of commercial barium titanate sam-
ples (purity 98.0~99.8%,) were in good agreement
with those by atomic aborption and flame emission
spectrometry.
(Received December, 2, 1985)
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