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mA , i L #, SST ALK i M e o 7 (75 um)
FEEE X Y45, De Ll optipex GX270 {5 #1, SuperQ
5. 0B BfF,68 M E ( EHAE 32 mm) IHF i S e |
PLX3 mfiiis AL

o FH 224 A A iy, 8 R 20 A o0 2% 1
AT PR (R G i 2 HE LR XL I
U8Rk by B2 B R AR 25 ) L 45 00 B AT R AR DL
%é 10
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Table 1 Measurement condition of elements by XRF
[ » o 20(° FE] (s PHA
RE ML B T g U U ) M)

(pm) (kV) (mA) I FLE=y (Y e LL UL
Br Ka LiF200 150 SC 60 60 29.9382 31.0000 10 4 25 75
Ir Ka LikF200 150 SC 60 60 22.5162 24.5160 20 10 34 63
Zr, La Gelll 300 F-PC 30 120 136.8074 139.1386 30 10 26 78
Cr Ko LiF200 300 F-PC 60 60 69.3696  70.9738 30 10 12 73
Hf Lg LiF200 300 F-PC 60 60 39.9064 39.9064 24 10 22 68
Mn Ko LiF200 300 F-PC 60 60 62.9852  64.6068 20 10 13 72
Al Ka PE002 300 F -PC 30 120 145.0788 147.6044 24 10 22 78
Fe Ka LiF200 150 F-PC 60 60 57.5006 55.5006 20 10 15 72
Ca Ko LiF200 150 F-PC 30 120 113.1490 112.1480 24 10 30 73
K Ka LiF200 300 F-PC 30 120 136.7600 134.0000 30 14 31 74
P Ko Gelll 300 F-PC 30 120 141.0076 142.9758 30 16 35 65
Ti Ka LiF200 300 F - Pc 40 90 86.1766 85.0466 30 10 28 69
Si Ka PE002 300 F - Pc 30 120 109.1236 111.4796 20 10 20 75
Zn Ka LiF200 150 SC 60 60 41.7644  42.7858 20 10 20 7

30.0268
Na Ka PX1 700 F-PC 30 120 27.7390 40 20 35 65

26.2994

24. 4462
Mg Ko PX1 700 F-PC 30 120 22.9710 40 10 35 65

21.0692

T JTF Zn F1 Br 73501 TR Na #0 AL B2 & T-40; Na Mg Dy WG 415 55 SC M IR THEAs , F - PC O I I, Duplex Dy 3 ¢
F — PCANEFPAIE LUl s PHA Db BE 20 , LL D B30 Y , UL Oy b 30550 B

1.2 brfERERR PR R

F AR ERE b B (A LA H SRS S A AR e
FEdh) , 0 EL R Mo R 19 & B DLSE, 6w A
PR — € HUOTR & A AT AR TERE A —E i
(1) Zr0, J& HEO, Y3 £l ( HSE1E 1000°C v it 4
Ke 2 h) il N TARHE, AR ERE fh T2 1025 4 0 BR
A —RE B R L O — E MR E RS X
ERMERE i A AL I S LR 2

%2 bRERERP A ALY & G

Table 2 Concentration range of elements in calibration samples

TTHE FTEEI(% ) JCH A (% )
20, 0.187 ~65.90 Fe, 0, 0.049 ~5.88
TiO, 0.07 ~3.806 Cr, 04 0.01 ~2.92
MgO 0.01 ~0.3.42 HfO, 0.62 ~2.09
Al, 0, 0.08 ~82.36 K,0 0.016 ~3.37
$i0, 0.20 ~88.89 Na, O 0.02~3.83
Ca0 0.037 ~7.54 P,0; 0.002 ~0. 167
1.3 kel

PRECEAE 105 CHEL BRI EE/NT 75 wm BYAE AL

(0.3500 £0.0002) g, FHL(7.000 +0.002) g PUH
FRER — fm B R BEIR 5 %) (it b 22+ 12) T4
H4:(95% Pt +5% Au) SIS, 15T, AR BRI
FIFEWL S % M 40% JALER Y 1 10 7, B T PLX3 ¥4
FEMLH, 7E 700°C Fiil 52 Ak 3 min, FHL 2 1200°C 457 5
min, H ZFE3) 10 min, B, IR AT, # 1k 1 min,
H 2l 1080 A 4 3 S 0 Y e A BN I A &=
1150°C {1 H A A F 8N ¥4 20 2 min, [ 3h#0 8, il
FEHE G B AR BT TR NI
L4 JEOME

o R T R TR R AT 5k
IO, Ul IN T ARSI (H TG 2 ] S AP SR AT AE o A
ALK RIS o RECNEE RBHHSS G
J7 15 SR 2R AR IR A I FEAR SN o TAANBRA F
5. OB BT I 28 B B AR IE A SN -

C., =D, -3 7 +ER(l +J§Iaij < Z) (1)

A CORMERE S T e R« & i (TER
HIEE S AT, AR IE G TG R @ B E )
D NICE i AR IR EE ; L, W THEICER m Xf 41
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Procs @ IR EE TIAIEREGZ, 8 THOCR
m (RSO RCR £ O 7 T G ER o M il 2R YRk
FGRNHTICR @ TR (805 AR 38 L
{ED) 5 00 AL IEFEMSL LI N 15 Z W A7 LR 1 5
N AR A 50 Bt o b
JLHK o

2 gil5ihe
2.1 FEFIGER:

FATF XRF 5 filt 32 7 iy 3 25 0 70 2 DY o9 7%
(Li,B,0,) Fif B fR£2 (LiBO, ) LA K Wi 5 TR &40 o
S 0 DO R R 114 5 e e (930°C ) B ) s i L B2
TR, A PR AT A5 Aot Aok , el 1) g Ak 8 XA ) s R b
Ko (R THEE R otk 2s st e ds
Rl S R i FE AR A, LA R DR SR T (s
A SE 4 (A BN T [ IR B BE 1 A — 26 Bk R
PRS00y A R 5 TR RN R R T T D
FRAE N SBRE , B A S e 1K (845°C) , MR AR /DN,
VA G RAT o VOB IR A0 i R R AR 1) 45 ) R AR A
T VYRR B — kR A O S s R T e s A
B 1E T AT AT 2L, DUBIER AR — i B R B IR 5 4 )
(T LU ZE A 2o, D BT 18 L {51788 55 , s o AR
TR LM SR AT RE /N, Herp DL DU B BRAE — fm
IR (BT b oA 66 ¢ 34 5% 12 ¢ 22) N A .

BRSO AR S RS ER M, 2 FH DO IR AR — ) T R
BRAEF (R EE 12 1 22)  FE s e S5 1AM T
(IR JE B R A o 22356, 06 FH DU B RR AR -
i B R BV A 0 (B G 12 1 22) g 55 45 1)
VARIRE 3857, REs .

2.2 IEFELERIR N R

43 S FF DU B AR B0 — i B R 0 TS e ) (B o
Fb 122 22) 5FE Bt b 10 1,15 1 Ff120: 1
(RKEFE FE ) &% 1100°C \1150°C F1 1200°C i B , 78 H:
fh 258 AR A A 2500 R o il ) 45 3 RE -, S22
SR, B 20 ¢ 1 FRERE EL AR 1200°C il %
AR Rl A R A A o
2.3 BEREAMAE R

i Pl R RE XRE i 5 85 9 41 Hh A 4, 3
WS Zr Ko R Ze KB O R A TR H T T
BhorE R, M BT IR IC, e FH AT 300 wm X OB i gk
F o A SC A R0 A s v B o o il 8 308 R 1 ] —
EINEE b, A IRE R Zr Koo Fil Zr Lo D33 SR 1ERE
ST HE LR AR SR 3.

H12¢ 3 AT, 15 FH A [A] 60 A o A & s il
Zr Lo SRACH Zr Koo SR ASE R E I R e vk, 1 HLAS
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Table 3  Parameters of calibration curve

ik il CAES FrifEdRZZ (RMS)
Zr Ka -0.01878  0.99331 1.02881
Zr La -0.01450  2.20147 0.38932

X IR 25 175 1Y) dpe R IR JBE R by it SRR I ( RIVFE:
S R B JRRE Ze Koo G021 BEAS FREE I i) )5
) M2 4E Beer — Lamber A .

1/1, =exp( —pupt) (1)

1 AT X SR AR TR B, 1, X
LREEE VR RS R, 4 1/1, =0.01 RIAE
mn TP AR X SR 2 G AR B 3k A 2R TR P R B Y
99% Bl AL ( SLFK 99% Al LIRS ) o AT -

In(0.01) = —ppt

t=4.6052/up (2)

HI T IAZAF Axios Y X SR HEGIG A H 5
1ok 40°, A M FEE (1)

1 = (4.6052 xsind0°)/ (up) =2.9602/ (up)

(3)

e w WEART X SO BT R I R
(= Spe; ,p AIFE R TR X TTR 3 B2 iy i
HEIRICREL, ¢ HIRFE j TR TR0 5p ik
FERETE

TRE A H DU R — i 0 R s ) (o
Bt 120 22) 7.000 g %5 9a A1 A% 5 0. 3500 g 4 il il
#, FER AR 38 mm, JERE 2.5 mm, iR 7Y BN
2.5924 g/em’, EEBEARERAS A FH G RILE 4,

B EREIRAK(3), X Zr Ka \Zr KB\ Zr Lo,
HfLo FTHILE 2 3+ 545 W A A0S B2 (o7 ) 4390 Ky

£ 4 BEEOREMTP AL TSR
Table 4 The average concentrations of different elements in the

zircon sample

- A .- T4
s (%) e (%)
Al, Oy 10.10 Cr, 04 1.011
Si0, 28.47 MgO 0.477
P, 05 0.027 Fe, 0, 2.01
K,0 0.024 7x0, 48.11
Ca0O 2.075 HfO, 0.85
TiO, 4.965 Na, O 1.847
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6638 wm 8786 um .20 pm 971 pum 1444 pm, 4%
il LB Ry 2500 pum, AT IR B Ze Koo 26 1R NS
JE (6638 wm) , fHE KT Zr Lo 21040 F11 B (20
pum) A HE L Z& i1 A (1444 pum) | B0 i 4%
YA IE R R ) Ze0, B 6 Zr Lo AR 5304k, 18
MR R BT Zr Ko 25, XIS |
BE T m R ) DO 22 485 A A i v Ze0, AT 4
B Zr La k0JEH . T HI Lo, %485 Zr Ka
TGS E S, I H— MBS Zr0, £ R HIO, 11
JUHEZE LA RS AU kb B o B 2 AR METH BR Ze
JGE TR, DI A 55 5 6 ] HE LB 2R AR M 4%
Wrdk HAF0RR Zr Kp,f HE L, i ES T .
2.4 JiEBiARbs
2.4.1 JrikRrthBR

B roc = Be A BR (LOD) 4% K i 17t
BT 95% M EER)

/1
LOD:% b
m 13

Aem AL S R A THECR 1 0 1 R
A0 JUE{E AT 5 BRI E] (s) o

THE ok i B A ) R 5 5P th 45 R
BORZEN o 2P0 1, m SRl i SRR G,
BRIV i O BN [) , R G 28 R A BR L AN TRD i L
m X BIERE S TR . By FEeA
FRAIHIA AT R, 5075 18 LR, W35
0 2R K Y BR 15 52 B RE AR HH I 4R S UK
E5Ho

N T SE R AR R T R
JUANRHER L, 451 3 — R R 538 1T I R 1F
SrAIE 12 ¢, TS AR HER 5 5 R e R TR
JIEXE I8 12 PRI A AR X AR R 2 o, 15 30
R AT LR R (R S) o SRATMIE TR AL
PRS2 PRBEAR P A R A— 2L

5 JikRHIm

Table 5 Detection limits of the method

% K B E ioga] 3
(pg/g) (pg/g)
AL 0, 597.5 Cr, 05 29.2
Sio, 147.5 MnO 20.7
P, 0; 67.6 Fe, 05 30.9
K,0 41.9 7:0, Y 200. 1
Ca0 53.6 7:0,? 388.6
Ti0, 60. 1 HfO, 45.4

T 700,V g Zr Ko SRR IR, 200, P Sy Zr Lo R AR HBR

2.4.2 JriENGEE

RO — 1 A A, ] AT Ao o — 2y 12 A4
KRR, P2 T4 SuperQ I e 4TI 4, 48
WHRII TR 6, LA HE(RSD) 4 0. 1% ~
10.9%

%6 JrikhEE
Table 6 Precision tests of the method

B FUNEEE (n=12) || JrNE R (n=12)
JCHE JCHE

GH(%) RSD(%) T (%) RSD(%)
710, 37.88 0.1 Fe,0,  0.051 2.3
Ti0, 0.25 1.3 Cr, 05 1.45 0.1
MgO 3.45 0.2 HIO, 1.44 0.1
ALO,  0.017 8.4 K,0 0. 009 10.9
Si0, 0.15 4.4 Na, O 0.087 8.0
Ca0 1.3283 0.2 P,0; 0.41 1.6

2.4.3  JiEUERE

A E #5709 5 RERCHERR 7, IR R 2 [e] )3
(4 B N AR ERE 5 (JRRM701 (SARM - 13) , 3 7
(Bt R 2 W], 00 {5 R A 2k (R vk e
AT L) MEEAMAT

7 IR

Table 7 Accuracy tests of the method

JRRM701 £E & SARM - 13 B¢/
S TLEGR(%) TR G (%)
ik D5 A Az 2 fE
Na, O 1.421 1.390 - 0.014
MgO 0.477 0.512 (0.044) 0.056
AL O, 0.61 0.68 10.10 9.98
$i0, 28.47 28.10 32.56 32.80
P, 05 0.027 0.035 0.23 0.236
K,0 0.024 0.025 0.021 0.023
Ca0 2.075 2.086 0.14 0.135
TiO, 4.96 4.99 0.295 0.284
Cr, 0, 1.011 1.064 - -
Fe, 0, 2.01 2.08 0.19 0.21
710, 48.11 47.80 64.01 64. 44
HfO, 0.85 0.84 1.29 1.32
3 il

ARICR R il R A RE XS 2R DO vk I
e FE 5 P Na, O MgO Al O, . SiO, P, 0, .K,0,
Ca0.TiO, ,Cr, 0, . Fe, O, . ZrO, Fll HfO, 4§ 12 Fifk &
Yy, 7 BT PR A o T8 A X B T A A R
HRE I BR T0 2R T 4 0 PSR B8 35, B TS 1ot
B BRG] I R R AR X BRSO
TEII T BS ST R il R B B B T Ze Loc 2RI 8
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Zr Ko R, e il 0 A o A i e ] Ze La
e it 7B, ATk TR Zr Koo 35 ZRAG TN 11
Y ESURITIN s v AUl LD CIPo e BN ClN S Ra
B, Zr Lo A HERN 2 AR UE D 22 (RMS) 2 0. 39, 171
Zr Koo 211 RMS 2y 1. 03, ZrO, 73K 45 4 v Afly B2 7
WA T RFR IR ORI R] W H]
B R b HoAth & B TR MIIE
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Line Saturation Thickness Calculation for Zirconium and Hafnium in
Zircon Sand Samples and Its Application

LI Xiao-Li' , AN Shu-Qing', YU Zhao-Shui’ , ZHANG Qin®
(1. Tianjin Geological Survey Center, Tianjin 300171, China;
2. Institute of Geophysical & Geochemical Exploration, Chinese Academy of Geological Sciences,
Langfang 065000, China)

Abstract; For the determination of Zr in Zircon sand, the spectral line of Zr Ka is mainly used. However, the
spectral line of Zr Ka does not reach the saturation thickness for the fused bead, which leads to poor linearity and
large errors in the results. The determination of ZrO,, HfO,, SiO,, Al,0O,, CaO, TiO,, Fe,0,, MgO, Na,O,
Cr,0,, P,0,, and MnO in Zircon sand samples has been developed with fused bead by Wavelength Dispersive
X-ray Fluorescence Spectrometer. In this article, a detailed description of the study for the selection of the Zr
spectrum line is given. Through theoretical arithmetic, the saturation thickness of the Zr Ka is 6638 pm, which is
far beyond the thickness of the fused bead of 2500 pwm while the saturation thickness of the Zr La is only 20 pm,
which is within the range of the bead. Therefore, the Zr La is much more suitable than Zr Ko, as mentioned in
published articles. The RMS of Zr Ko is 1. 03 while the RMS of Zr La is 0. 39. The accuracy and the precision of
the ZrO, are greatly improved. The respective saturation thickness for Hf La and Hf LB is 971 pwm and 1444 pm.
The Hf La, line is overlapped by the second line of Zr Ka, hence, the Hf L line is selected as the analysing line.
The mixed flux of Li, B, 0, and LiBO,, the proportion of the flux and sample and the temperature of the fused
sample are all optimized. The matrix effect was corrected by the theoretical o coefficient and empirical coefficient.
The calculated detection limits of the respective elements coincide with the measured results. The precision of the
method (RSD) is 0.1% —10.9% . The resulis are in agreement with the certified values obtained by chemical
methods, which showing that the measured spectral line determined through calculation of saturated thickness of Zr
and Hf has certain feasibility.

Key words: ziron sand; Zr; Hf; X-ray Fluorescence Spectrometry; fused bead; saturation thickness of spectral

line
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