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2 T ARG N . PR OG- U S A B T R B ik (LA-TICP-MS) S 1 40 4 & 7% J5i 0 & it
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J& B B ORE A3 BT DN A0 ) s B R (MOS 45 & R
(MOS 405 KB FIK,

1.2 (3%

7700CE B H S & 55 85 F B AL (R E L HER B A
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0.85 L « min ', RAEWE 7.5 mm, R B[ 43 B #E X
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JLE[FMZE R AL ©Se, *Ti, ®Fe, “Ni, %Cu, *Mo, '7
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Fig. 1 Influence of He flow rate on signal intensity
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Fig. 2 Influence of He flow rate on signal stability
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Fig. 3 Influence of laser energy on signal intensity
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Fig. 4 Influence of laser energy on stability
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Influence of spot size on signal intensity
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Fig. 6 Influence of spot size on signal stability
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Fig. 7 Influence of scan rate on signal intensity
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Fig. 8 Influence of scan rate on signal stability
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Fig. 9 Influence of pulse repetition on signal intensity
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Fig. 10 Influence of pulse repetition on signal stability
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TEIUBE iR 4 P o X = 5 B R o 1 0 TR 4T 7 Y Table 1 Calib‘r?tion line equat‘ion,‘lir.lear correlation
WA T R A B T % 3 (ICP-MS) % i = A coefficient and detection limit of each element
AR 0 2 AT« PR B R 4 R LR 2, Calibration Lincar Detection
2.4 AEREWMEMBEE Flement eqtlxl:leion Cczzrf?}ilt:r): /(;l:;nilglgl )

T TR Ty AR B XE =R G LACGICP-MS 3% Al y=0.000 05240.003 5  0.997 7 0.01
FICP-MS Bl 45 R AT ¢ W36, « R Bk it s A Se y=0.004 20—0.000 4  0.994 2 0. 05
T Ti y=0. 000 42-+0.018 0.993 6 0.05

,— T — 23 Fe y=0.001x—0.181 5 0.998 2 0.03
(ny, — st 4+ (ny — sk g + ny Ni y=0.004 20—0.021 5 0.996 5 0.08
\/ nm +n, —2 ( nny ) Cu  y=0.000 062—0.001 6  0.999 7 0.001
Hr, z 1 2, 45483 LA-ICP-MS 3 1 ICP-MS il 5 45 Mo  y=0.000 03x+0.043 4  0.998 8 0. 05
WINSEYME; 8 0 s3 40 B4t 3 LA-ICP-MS 3 fil ICP-MS #: Ag y=0.007 7x—0.007 2 0.999 8 0. 08
WL B T 2 m B o 4R BIAG % LACICP-MS 1 1CP- Sn y=0.0012—0. 075 1 0.996 8 0.003
MS /£E’J{N%(ﬁ(§5[° W y=0.000 3x+0. 389 0. 998 6 0. 04
R2 ZANBaBERPERHNSTER
Table 2 Results of impurities in 3 high purified hafnium samples
Sample 1 Sample 2 Sample 3
Element Result of Result of Result of Result of Result of Result of
MA-ICP-MS ICP-MS LA-ICP-MS ICP-MS LA-ICP-MS ICP-MS
w/(pg g ") w/(pg g ") w/(pg g ") w/(pg g " w/(pg g ") w/(pg g ")
Al 0.21 0.32 2.02 2.64 0.17 <0. 22

Sc 0. 80 0.59 1. 00 0. 83 0.95 0.71

Ti 1. 80 1.47 2.15 2.03 1. 74 1. 54

Fe 13.43 14. 17 36. 76 38. 26 18. 34 20. 08

Ni 1.12 1. 30 2.05 2.37 3.28 3. 50

Cu 0. 20 0.12 0. 31 0. 39 0.79 0. 68

Mo 0. 89 0. 95 1. 06 1. 22 0.91 1. 07

Ag 1.62 1. 55 1. 66 1. 54 1. 15 1. 03

Sn 0. 64 0. 34 0. 66 0.32 1. 14 0. 86

w 0. 88 0.76 1. 29 1. 18 0. 86 0. 75

PEW Rt e (6, 3R 3 frs, =AFEa 0y ¢ {535
2,14, 1.64 Fl 2. 11, H/NTF BEMEKE R 0. 05 I #ilfE 7
18 Zo.05, 12 = 2. 18, BiH] LA-ICP-MS 3: 1 ICP-MS 3 4 Il 5 45
RAETAFE R 95 Vot %A 2R, BIEWE RIF.

Ty ¥ WOKG 85 BE 3 i LA-TICP-MS 36 7 W 2 A it 1Y) RSD

Fon . M4 PR MELERE RSD g 1,420 ~200% . BRAE
S 1O RIEESL 3 A9 ALFI Cu BN JCE RSD KT 15 % 40 (H o 3%
PIFhJER & R0 . HALICHR A RSD 76 150 LK, By
[EQIOE R SR
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Table 3 Student’s ¢ values of W determined by two methods Table 4 Relative standard deviation in 3 high purified hafnium
LA-ICP-MS(n; =17) ICP-MS(n; =17) RSD/ %
Element
T Sy 1 S, ! Sample 1 Sample 2 Sample 3
w/(pgeg ") w/lpg g ") w/pgr g ") w/(pgrg Al 18 6.9 20
Sample 1 0. 88 0.12 0.76 0.088 2.14 Sc 14 13 15
Sample 2 1.29 0.15 1.18 0.093 1. 64 Ti 6.6 4.6 5.0
Sample 3 0. 86 0.11 0.75 0. 087 2.11 Fe 6.6 1.4 5.0
Ni 8.0 6.7 11
Cu 18 17 15
3 élﬂ:': .L/I:\J Mo 7.5 13 10
Ag 8.7 10 10
- L o Sn 14 13 8.0
VL B5R N FERR AR D A B s S T OB 3 -y 8 A w " 12 13
S5 TR BRI 2 (LA-ICP-MS) W 5 5 4l 3 v 2% ot % AL

Sc, Ti, Fe, Ni, Cu, Mo, Ag, Sn, W 43 #7 7 . & 4G

TP UE Y R 1 LA O R B 0. 993 6~0. 999 8, ity BRE
0.001~0.08 pg + g ', Y525 R M AR X AR AR 25 0 1. 400 ~
207 . HICP-MS¥: e 25 R KR F M2 7 % IT ik AA

B B4 IE W8 J5 FIORS 5 . T T T e SR P R BT R 1R
WMo FF B 2K T7 3 HA SR PR, FAL B R AR S
Fe s Kt BRARSF RS . AR T w4l i K 3 Be, Jf
Hy LA-ICP-MS i@ Hofh g g m AR T A =% .
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Determination of 10 Impurities in High Purified Hafnium by Laser
Ablation Inductively Coupled Plasma Mass Spectrometry

YANG Xue-ru, LIU Ying”* , LI Na, ZANG Mu-wen

Guobiao Test and Certification Co. , Ltd. , General Research Institute for Nonferrous Metals, Beijing 100088, China

Abstract High purified hafnium has important applications in nuclear reactor, plasma cutting machine, optical element and so
on, because of its unique physical and chemical properties. The type and content of impurities in high purity hafnium affect the
physical and chemical properties of high purity hafnium, and the purity requirement of high-purity hafnium is also higher and
higher. This requires higher requirements for the analysis and detection technology of high-purity hafnium. Laser ablation induc-
tively coupled plasma mass spectrometry (LA-ICP-MS) is a combination of laser ablation sampling technique and inductively cou-
pled plasma mass spectrometry. The advantage of this method is that impurities can be avoided in the preprocessing, and the sol-
id sample can be analyzed directly. So, this method is an efficient, fast and precise analytical technology, widely applied in the
fields of environment, geology. metallurgy, fuel energy, materials, biomedicine, archaeology and so on. However, the applica-
tion of testing high purity hafnium by LA-ICP-MS has not been reported while LA-ICP-MS is one of the best methods for the de-
tection of high purity metallic impurities. Ten kinds of impurities (Al, Sc, Ti, Fe, Ni, Cu, Mo, Ag, Sn, W) in high purified
hafnium were quantitatively analyzed by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). In order to
reduce the fractionation effect of elements in the laser ablation process and improve the signal sensitivity and stability, the laser
denudation parameters were optimized. Experiments showed that the optimal laser ablation parameters were that He flow rate

', energy 90% , spot size 150 pm, scan rate 60 ym * s 'and pulse repetition 20 Hz. The working parameters

was 600 mL ¢ min
of ICP-MS instrument after experimental optimization were that RF power was 1 450 W, RF matching voltage 1. 8 V., carrier gas
flow rate 0. 85 L » min ', cooling gas flow rate 0. 85 L « min" ', sample depth 7. 5 mm. Under the best experimental conditions,
internal control standard samples were used to establish working curves; the linear correlation coefficients of impurities were be-
tween 0. 993 6 and 0. 999 8. The signal intensity of the blank carrier gas was collected and measured for 11 times. The content of
the standard deviation of the 3 times blank signal was taken as the detection limit of the elements. The detection limits of each el-

ement were from 0. 001 to 0. 08 pg+ g™ '.

High purified hafnium was made into a suitable sample of size. The oxide on the sur-
face of the sample was washed with nitric acid. The sample was loaded into ablation pool, and laser ablated by line scanning.
Under the best experimental conditions, ten kinds of impurities in three high purified hafnium samples were determined by LA-
ICP-MS. The content of impurity elements was 0. 17~36. 76 ug + g '. Relative standard deviations were from 1. 4% to 20%.,
which showed that the method has good precision. In the case of W, Student’s ¢ test was made between the determination of
LA-ICP-MS and ICP-MS. Student’s ¢ test shows that the 7 values of the three samples were 2. 14, 1. 64 and 2. 11, which were
lower than the critical value of the significant level of 0. 05 (£ 45,12 =2.18), so there was no significant difference between the

results of LA-ICP-MS method and ICP-MS method. The trueness and precision were favorable, which showed that this method

can be used for quantitative analysis of impurities in high pure hafnium.
Keywords High purified hafnium; LA-ICP-MS; Laser ablation parameter
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