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Table 1 =~ Measurement conditions of elements by HE — P —
EDXRF

. BIE ER s . il

VixiivieS (KV) (mA) Vg S (o)
Na,Mg,K,Si,Al,P,Se,V,Cr,S,C1 75 8 Ko (ROI) Fe 250
Ca,Ti 75 8 Ka Fe 250
Mn, Co,Ni,Cu,Zn 75 8  Ka(ROI)  Ge 250
Fe 75 8 Ka Ge 250
Ga 100 6 Ka KBr 250
Ge,As 100 6 Ka (ROI) KBr 250
Se,Br 100 6 Ka(ROI) Mo 250
Rb,Sr,Y 100 6 Ka Mo 250
Zr,Nb,Ba,La,Ce,Pr,Nd 100 6 Ka ALO; 250
HE,Ta,W He,TLBI,U,Th 100 6 La(ROI) Mo 250

Mo, Pd,Ag,Cd,In,Sn,Sh,Te, 1,
Cs,Sm,Eu,Gd,Th,Dy,Ho,Er, 100
Tm,Yb, Lu

(=)}

Pb 100 LB, Mo 250

6
1:: ROI(region of interest) JjJG 2% BOAHK X

1.2 kil

A b JBAAE t P)AR  ,  FHS HCA B  Jo Ak
A AR R RS HERE S, ST b il
2k AT RE R AT BE RN A 0 350N B AN B PE R o
N AR F EDXRE 2047 753 T B R e ook =
S R G bR e W) R, A A bR E ) 12 A
GBWO07103 . GBWO7109 ~ GBWO07114, GBWO7120 ~
GBWO07122 .GBWO07124 .GBWO7125 ; -+ 3e b vl ik 11
A~. GBW07401 , GBW07404 . GBW07407 . GBW07408 .
GBW07423 ~ GBW07428 .GBW07430 ; 7k Z T AWt

— 817 —



556 101 HoO

et

2020 4

http; // www. ykes. ac. cn

Y B 22 4~ GBW07303, GBW07308 ~ GBWO7312,
GBWO07317, GBW07318, GBWO07358, GBWO07360,
GBW07362 ~ GBW07366 . GBW07301a ~ GBW07305a
GBW07307a ,GBW07308a,
1.3 FEhbikle

IR R HERR R I 6. 000g A% 5, & T HAE N
36mm LR, ISR CAR B 72 30t IR/ T,
PRIE 20s, f BEBRTEFE o B85 Si0, & i AR
it , XELALE A BSCRY L A 0. 6000g Gl ft £ 4 R A &
S5 TINRAERR R IR A 2 BURFEEK, R E &
IR GRS TR AL (Retsch GmbH , 5 MM400) 18
SRS, TE IR T 403 Oy 30Hz, Ik T TR A I [E] S
1min,

HHEF AR IER B EARZE, 2R AR AR %
B, AT P ORI

2 HER5iHE
2.1 wRefm PR X S e S e il A e i oy B i ik
{S}E9VA

7 XRF 5@ B, B8 KR o 414
(R BERE m i i AR 20 6 Ik B 119 2R A5 A
SYMTT IRV S 5 T TAE

EDXRF 4347, 70 2 8] (3% 48 T P4 0 & Il
AAFEA TR W RS0 G o B, J2 v I L
AiHE. %40 Na Ka 1 Zn LB, \Fe Ka fi1 Mn KB, 5.
Cu Ko FI Ni KB, 532k m B H &, (HXT T AFREN,
LT Pon R F AR, I AR BT AR
NIRRT TR dNBR . SChs TAEH, T ZEAR % AR
MRE AT A0 R 2 T A T PR s 2 b4 T 4Bk o )
TR0 ER, H L RLMEER X 4. 65 ~
8.708keV , AHF T, BT XT R FEE L A A
K R DU 5 T 28 8E 5, UK R DURUY) [ 5 o
Yyt GBW07302 5] (&l 1a) , 7 M fE 1 X [H] 7 [l
W AN 485 - o K (8] T 9™ &, 3 H 1 Ba Hf
LILEM LTI~ Zn 1 K RITEAE T30 Gl M
JAE e Ti Mn Fe S50 &t 8m ) o B, X
T FERE S ARG 00K L REM AR E
U AH i TR T T, M LR AT v A i 0 4 i
B, Mk K REAE ik (B 1b) , BRI
RAPEAR G AL AEETEL T, R IEGER X
% (ROD) BEARAGF AT SE M 3T 4 0 . W TEAE TR
Pb,Pb Lo, 2R3 R R 5, {H Pb Loy, (10. 551keV)
1 As Koy, (10. 543keV) JLT-58 4255, UL Pb 4%
LB, (12.614keV) VE K434k, As BE$F Ka 1E N0 M7
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Table 2 Correction of overlap lines and matrix effects

TTE  ESKIE  MARIE || TR EEKRIE SEERIE
Na,O  Zn,Zr,Cu o KEIE Cd Sn,Sb, Cu o BEIE
MgO Al, 04 o R IE In  Sn,As,Cd,Nb o ®IE
ALO,  SiO, o KZE || Sn Sb,Cd,Zr,As o KGIE
Si0,  ALO, o BiE || sb - o KEIE
p Si0, Q BGIE || Te - o REIE
S Mo,Si0,,Cu,Zn o #1E I Sn,Sb,Ba,Cr o fRIE
Cl - a K IE Cs Te a BEIE
K,0 Zr,Ca0 o K IE Ba - o KIE
Ca - o K IE La - a KIE
Se Ca0 o KEOE Ce Cs a K IE
Ti Ba,Sr o KEIE Pr Ba,Ce,Zr,Nb o fIF
\% Ti o KIE Nd Ba,Ce,Pr,Zn o fXIE
Cr V,Ba,Ce o KEIE Sm Ti,Nd,Ce,As o &IE
Mn Cr,W o IR IE Eu Ti,Zr,Pr,Nd o #IE
Fe, 0, Mn o KEIE Gd Th,Sm,Ba,Nd o« fXIE
ALO; , As,
Co o KEIE Th Nb,Sm,Ce,Y -
Zr,Sn
Ni Co ZﬁIAE(S Dy Sm,Y,Sn,Ce o fKIE
Cu - o KEIE Ho Y,Zr,Nb,Dy o &IE
7Zn Cu Zﬁj{;é Er  Y,Ce,Ti,Gd o fRIE
Ga 7Zn,Bi o KRIE Tm Y,Nb,Sn,Pr o fXIE
Ge W,Zn,Ga o KEIE Yb Y,Th,Ni,Nb o &IE
As Pb,Bi o R IE Lu Ce,Y,Nb o fIE
Se Pb,As,Bi,Mo « #ZIF Hf Ba,Nb,Zn,Zr o f%IE
Br Pb, As o KEIE Ta Ni,Cu,Nb,Sn o KIE
Rb Nb,Sn,Ti o KEIE W  Cu,Ni,Zn,Yb o #IF
Sr - o KEIE Hg Cr,As,Zn,S o« ®IE
Y Rb,Sr, As o KR IE TI Pb,W,Ga,As o FIF
Zr Sr o K IE Pb Zn ;[;Bz]&(’:
Nb Y,Th o IR IE Bi  Pb,As,W,Sn «a #KIF
Mo  Zr,U «fiE || Th  Rb,PbBiZr ;[:&ng
Ag Cd,Pd,Sb o R IE U Rb,Th,Zr,Br o #&IE

{i: Mo KAC Jy Mo Ko fYREERHUTEL , Ge KAC Oy Ge Ka YRR 151
HUNE

oy A R il B g R, e P i A P BR T A b
SN AIAFHEE T, AN 22X RE il ™ AR Fi BEAE T, A5 R
FOUE AT e ) SR A IR At PR A8
PR AR BRAE LR o] A BRI 3 L[] i ok
TR BESSON RN YOV S AN E SRR, PRI, AR
BRI ik L T2, 78 Epsilon 5 EDXRF S
S0 I T 3 MAIERE : o OB A SR
FRIERE HEE 0 AR B R R v o I 1Y BT A A e
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(a)
i Mn-Kbl
100 T I C T S Fe-Kal ------------------------------------------------------- SR S R
Budbl kbl
Dy- e- 5
é Lo-Lo2 i oL ?Y\I\Lal Co-Kal ;
_ 10 [i-Cs-Lal-Lo-Lal~Lo-Lp1 o 0hal Tb-Lbl ;
= - Sc- Kbl\ Ti-Kbl ~ V-Kbl ~ Cr-Kbl | ~ |  Erlal \ - | Ni-Kbl
=2 Ti-Kal _ V-Kal  Cr-Kal Mn-Kal /| /\\ || Tm-Lal , Cu-Kal
£ Ba_pL%li Ba-Lgll 4 Ce- LbPI J‘L"B'l"E”'Lé‘]' ;ZSm;Lbl \ / ",.,.‘.Ni-|1<a1 Tm-Lb1! Lo
g A ; yALT 5d-Lbl/ 7 Dy-Lbl Hf-Lal | Yb-Lbl L[| ™"
L ¢ fCs-Lhls IPr [La\]d Lal”SintIdnglt’) P L Hosal \\Yle(j;]fbér-Lbll P 1La\}v Ilal’
= _’M\ iy YT oA 1 7
‘,N’l T : APV RN I e PV : s,
00T e S —
0.001 : :
4 5 8
E(keV)
b Id Sample Username kV' mA Secondar.. Real Tim.. Live Tim..
1.3 GSD02 SystemUser 75 8 Ge 312.240  250.000
a 1.4 GSD02 SystemUser 75 8 Fe 295.210  250.000
1.8 GSD02 SystemUser 100 6 Mo 462.380  250.000
1.13 GSD02 SystemUser 100 6 ALO, 421.170  250.000
10 Sm-Kb1
(b)
Dy-Ka2
%\ Ba—Kal Ce-Kal
<
£ bl La-Kal
j=5
% Bk Ba- KblNd Kal = CeKbl pripr Nd-Kbl
= Pr-Kal i aKbl Skall EuKal| SCRE o
La-Ka2 Cs-Kbl Nd Ka2 : ; “"Tb-Kal
m% R Pt
1 i i
35 40 45
E(keV)
Id  Sample Username kV. mA Secondary.. Real Time.. Live Time..
1.13 GSD02 SystemUser 100 6 ALO, 421.170 250.000
BT (a) badERERY GBWO7302 fi foC# L REREMIXIHNIELE; (b) batERER GBWO7302 {50 Fii 1oL # K RZkikLkixl
Fig. 1 (a)Spectra of GBW07302 excited by different polarized targets in the energy range of rare earth elements L series lines;

(b) Spectra of GBW07302 of some rare earth elements K series lines

28t BRI E B (T RS 3 o R R T 2
SR FRE— 2D AR o B R A AR TR
3 e/ N AR AT bR v 4 i RER AR, R R
£ % Bl RMS (K R {1 FlAH 5 22 5Ok fiif i
R R BT 1, K 7 RMS /N L&
g SO N R (R R ST

FELIE RTS8 388 (o P A AR A, #b
2 Bl TR v R B AR AR AN ER A8 A T iy SR i
2o BN WFFEE I - 58 b Pb Th STERET,

PEFE Mo $E4E —WRHE, I Mo — C £ AR T4 R
AR . Luo 2 ] EDXRF 5 % 75 4t 11
Hi Ph As Cd %502, 2813 BF 98 & TR A A 240
VAR MBI 2 45 S T A5 7 i B
TR . ASHIFFE R, B %) 451N T 2 0 R R IE 7
PEATANE RS , LA Ph F1 Zn SEZE R, 43 3326 46
HRHE Mo (19 Koo HERT T 2% MURARE Ge 1 Ko 19
e B A S bR, PEANS T35 2, I S0
RN, R P oo A% 1A 2 R i A
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IERL O BRiE 28 07 FEAULS A — 5 I, TR
PR TE D7 AR SS G 1 07 1 EAT AR RO, 4005
ROREIE S o Zn JCR K IE I bR M 2R i 2k &R
¥ 0.9950 #5551 0.9989 K KM (H0. 5277F4% K
0.2440 ,RMS [ 18. 8152 [}y 8.7782, Pb JLEMKIE
JEARMEMI 2R A LM AR Bl 0. 9949 #2753 0. 9997 ,K
K 0.3907 f&-4 0. 1112, RMS Hy 14. 8487 B%
h3.8169,
2.2 il EDXRF JEVEAL K 35 WDXRF ik
B REELER

ABETEN T EDXRF J5 2R 15 ) PERETR A1 5
A5 % WDXRF SEEAYL (Axios Y, fif 22 MAANFL 25
")) HE 208 B FH | J7 2% (DZG20. 03—2011 )
X5 e, WDXRF g KE AR 4. OkW, di KUK HL N
60kV , F KL 125mA . PP J5 %2 ShnifEh £
BRI S — 2
2.2.1 KPR ECAL

for R 2 PFH EDXRF 5, WDXRF J7 2 1) 8 %
FEbRZ— o MG FRA TR A TR YRR R
(LOD) ¥t EDXRF J5 %2 5 [l 9 Y iy A br A A
TR Hroc = K R Y 3 5 Axios #Y
WDXRF £ i FR AP (A7 X0 F, A 2 B .
3 R,

LOD = 5 "

S HRBOE [eps/(pg - g7') 15 R AL
R, N R (s)

HIE 2 W], LA EREJCR YK H R WDXRF
it T EDXRF |, X 32 52 fhy T 76 Il € 2 o0 R i,

#:3 rBrotE EDXRF I WDXRE I ELRHTAE fEf Lo

oo
L 2000 4F
20
LLD-WD
16 5 LLD-ED
0
5
Znt
=
=
@ 8r
4 L
0 a. N A G A

TEATIS DS O =G C 0T 4= O =
CESCZEJ4Rs"NaSSZEERER

P12 EDXRF Al WDXRF sh A% B L
Fig.2 Detection limits of EDXRF and WDXRF

WDXRE A LAS 0 & 350, 20 3 0% 0
Kt WDXRF B A FRITR A0, X —45 R 5L
W H PAF IS5 B2 . Epsilon 5 % XRF 5
WA B REFRERE S R B U R W K R LK RE
HEES TP, KT 30keV i} EDXRF 43 HF 2 7t i1t
I F WDXRF, X[ fdiE7C & 1 Ba La,Ce S5 fH4E TR
1 K REIIRESTT, H R L 8K Ko, Fll Ko, 43 FF (41
1b), fH N JC & M ke 3 R EDXRF B & it F
WDXRF, Xf FH& THE A E K ICE (41 Pb) 1
WDXRF £ H R 5 AIG, HAth 2 & 7T 2 ) EDXRF FI
WDXRF 5 H FRAHZE A K o
2.2.2  YfEREETEAL AL

PRI o AT & S yu Fl 5 A L BIERUK R UL
FRYIBRAEEAE Ry o JFIRE fi , X5 O 15 ME 0 B IR A7 1A
3 By E R MM EITHR EDXRF fil WDXRF 1)
I AR A E FRL X L

Table 3 Comparison of analytical data of EDXRF and WDXRF between certified values for major and trace elements

Po=R

E b — e P

GBWO07302 GBWO07304 GBWO07305 GBWO07306 GBWO7104 GBWO7105 GBWO7107 GBWO7402 GBWO7403 GBWO7405 W% (%)

EDXRF 2.86 0.54 0.44 2.63 3.72 3.03 0.44 1.64 2.59 0.086 18.7

Na,0  WDXRF 3.00 0.31 0.36 2.35 4.72 3.98 0.29 1.93 3.03 0.14 11.9
IEMH 3.03 0.30 0.39 2.30 3.86 3.38 0.35 1.62 2.72 0.12 -

EDXRF 0.20 1.23 1.18 3.13 1.31 6.33 2.40 0.91 0.45 0.80 17.7

MgO0  WDXRF 0.24 1.06 0.98 2.89 1.40 5.78 1.90 1.04 0.63 0.70 9.63
IEH 0.21 1.02 0.98 3.00 1.72 7.77 2.01 1.04 0.58 0.61 -

EDXRF 16.5 18.0 16.5 13.5 14.6 13.0 18.7 10.5 12.2 22.0 5.22

Al,O;  WDXRF 16.4 16.2 16.0 13.6 14.0 12.4 17.7 10.4 12.0 2.1 5.11
IE M 15.7 15.7 15.4 14.2 16.2 13.8 18.8 10.3 12.2 21.6 -

EDXRF 70.5 56.4 57.9 60.6 59.3 4.2 61.3 71.9 75.3 49.6 2.68

Si0,  WDXRF 68.4 55.9 57.4 59.9 53.1 4.4 60.6 69.9 70.7 49.9 4.29
IEMH 69.9 52.6 56.4 61.2 60.6 4.6 59.2 73.4 74.7 52.6 -

EDXRF 1.95 6.61 6.45 5.93 4.87 12.0 7.75 3.39 2.06 12.6 4.52

Fe,0;  WDXRF 1.75 6.34 6.15 5.73 4.43 12.8 7.15 3.33 1.89 11.7 6.14
PEH 1.90 5.91 5.84 5.88 4.90 13.4 7.60 3.52 2.00 12.6 -
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TE M : 1 (pe/e) FI
GBW07302 GBWO07304 GBW07305 GBW07306 GBWO07104 GBWO07105 GBWO07107 GBWO07402 GBWO07403 GBW07405 13:%:(%)

EDXRF 5.16 2.28 2.12 2.44 1.65 2.11 4.27 2.42 2.99 1.47 3.67

K,0  WDXRF 4.82 2.19 2.05 2.29 1.56 2.08 3.87 2.35 2.82 1.44 7.08
EM 5.20 2.23 2.11 2.43 1.89 2.32 4.16 2.54 3.04 1.50 -

EDXRF 0.32 7.84 5.65 3.80 4.88 8.28 0.71 2.28 1.31 0.17 14.6

Ca0  WDXRF 0.21 7.59 5.51 3.67 4.54 8.21 0.61 2.16 1.17 0.074 9.13
IEM 0.25 7.54 5.34 3.87 5.20 8.81 0.60 2.36 1.27 0.10 -
EDXRF 236 850 1234 966 624 1237 203 495 303 1371 4.17

Mn  WDXRF 264 858 1213 959 587 1265 142 498 308 1267 5.42
EE 240 825 1160 970 604 1310 173 510 304 1360 -

EDXRF 564 408 470 950 1014 4037 583 442 450 384 29.0

P WDXRF 161 427 604 993 913 4239 604 432 344 370 7.8
EM 200 470 630 1020 1030 4130 690 446 320 390 -
EDXRF 7.50 41.8 34.5 74.4 16.8 139 37.9 18.4 12.1 43.5 6.62

Ni WDXRF 8.20 41.2 37.2 82.5 12.2 132 41.8 18.7 12.3 4.2 13.1
E M 5.5 40.0 34 78 17 140 37 19.4 12 40 -
EDXRF 8.6 38.3 143 393 57.6 44.5 43.7 19.5 11.0 137 13.1

Cu  WDXRF 2.5 41.7 150 400 49.0 53.0 47.6 17.7 10.0 143 12.9
EM 4.9 37.0 137 383 55.0 49.0 42.0 16.3 11.4 144 -
EDXRF 4.2 106 259 155 66.9 140 57.1 40.4 31.8 505 4.49

Zn  WDXRF 43.2 98.7 243 153 65.0 132 65.6 45.3 36.1 532 8.23
NE 44 101 243 144 71.0 150 55.0 42.0 31.0 494 -
EDXRF 5.62 21.1 82.3 11.6 1.58 0.51 1.76 14.9 4.46 412 12.8

As  WDXRF 4.40 19.4 80.7 11.8 3.30 0.50 0 10.4 5.40 458 29.5
e 6.20 19.7 75.0 13.6 2.10 0.70 1.40 13.7 4.40 412 -
EDXRF 430 129 118 110 39.7 37.2 212 86.6 89.9 115 2.40

Rb  WDXRF 456 134 124 114 35.6 39.7 211 89.7 91.8 119 4.52
IEE 470 130 118 107 38.0 37.0 205 88.0 85.0 117 -
EDXRF 32.4 140 199 264 782 1100 94.0 183 378 45.1 3.60

St WDXRF 30.9 145 205 273 715 1163 97.7 181 377 48.9 5.98
IE(E 28.0 142 204 266 790 1100 90.0 187 380 42.0 -

EDXRF 443 193 223 173 89.5 282 108 228 244 271 3.94

Zr WDXRF 421 201 233 180 91.4 297 109 209 261 269 6.70
INE(E 460 188 220 170 99 277 9% 219 246 27 -
EDXRF 189 474 463 323 1061 502 436 912 1238 279 3.22

Ba  WDXRF 180 452 433 311 942 477 431 870 1183 298 4.47
IWEME 185 470 440 330 1020 527 450 930 1210 296 -
EDXRF 94.2 38.1 42.4 37.0 19.6 54.9 60.4 163 17.9 32.9 6.20

La  WDXRF 73.3 52.3 34.3 16.5 23.6 51.0 59.2 131 24.4 51.9 23.4
EM 90 40 46 39 22 56 62 164 21 36 -
EDXRF 196 79.9 90.5 67.7 40.2 9.8 106 398 39.5 81.9 3.02

Ce  WDXRF 170 7.7 87.7 82.6 57.7 76.9 9.1 399 56. 1 100 17.6
IE M 192 78 89 68 40 105 109 402 39 91 -
EDXRF 63.7 33.3 38.2 31.8 20.1 50.8 48.5 209 19.1 21.2 4.75

Nd  WDXRF 48.1 34.1 41.8 29.3 23.1 54.5 41.2 177 23.4 27.0 15.2
WE(E 62 32 35 33 19 54 48 210 18.4 24 -
EDXRF 9.67 4.84 5.90 5.81 4.43 8.18 5.68 19.0 4.05 4.21 16.3

Sm  WDXRF 7.70 6.10 5.80 5.00 5.00 7.50 6.80 18.5 4.60 6.40 24.8
IEMH 10.8 6.2 6.6 5.6 3.4 10.2 8.4 18 3.3 4 -
EDXRF 9.63 2.88 2.92 2.18 0.84 2.24 3.00 2.33 1.58 2.30 12.9

Yb  WDXRF 7.40 2.90 3.00 2.20 0.80 2.00 3.20 2.20 1.60 2.70 12.7
E M 11 2.9 2.9 2.1 0.89 1.50 2.6 2 1.7 2.8 -
EDXRF 18.2 5.1 6.32 5.11 2.57 7.67 3.04 7.03 6.81 7.43 9.39

Hf  WDXRF 13.7 4.8 6.10 5.00 4.90 6.00 2.90 6.20 8.30 6.10 18.4
IE M 20 5.8 6.5 4.9 2.96 6.5 2.9 5.8 6.8 8.1 -
EDXRF 39.8 30.2 117 31.4 9.95 4.35 8.9 20.3 25.9 550 10.0

Pb  WDXRF 41.3 38.9 123 28.8 10.1 1.50 7.6 21.1 22.6 527 21.9
WEME 32 30 112 27 11.3 7.00 8.7 20 26 552 -
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Fig.3  Average relative error by EDXRF and WDXRF
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Table 4 ~ Comparison of the absolute differences between mean measured values and certified values (Am) and the expanded

uncertainty of differences between results and certified values (U, )

WEw T as S5 Na, 0 MgO Al, 04 510, p K,0 Ca0 Ti Mn Fe, 0, \
CBWO07301 m 0.22 0.52 2.62 0.31 25.3 0.13 0.32 563 61.3 0.53 12.8
Uy 1.45 0.62 0.41 0.57 379 0.12 0.15 419 80.8 0.19 16.8
Am 0.08 0.27 2.35 2.24 79.4 0.086 0.28 355 62.1 0.55 26.6
GBW07305
Uy 0.42 0.31 0.38 0.64 218 0.14 0.21 321 89.0 0.20 12.7
Am 0.45 0.15 0.78 2.29 168 0.029 0.0030 46.5 4.79 0.39 5.25
GBWO07307
Uy 3.77 1.99 1.07 1.03 524 0.17 0.10 331 71.4 0.20 12.1
CBWO7105 Am 0.21 2.42 1.54 0.84 131 0.10 0.61 1158 66.3 0.20 42.5
Uy 1.45 1.76 1.19 0.58 445 0.12 0.18 926 129 0.45 22.2
Am 4.98 0.015 3.52 2.20 156 0.020 0.88 88.4 29.7 0.47 15.5
GBWO07108
Uy 1.74 0.613 0.27 0.71 401 0.080 0.53 181 54.1 0.15 15.9
CBWO7403 Am 0.47 0.21 0.32 2.03 251 0.010 0.014 115 8.84 0.038 37.1
N Uy 3.33 1.19 1.39 1.00 302 0.11 0.10 179 48.0 0.10 9.73
Am 0.17 0.26 0.58 0.71 27.0 0.016 0.15 108 56.3 1.26 84.8
GBWO07405
Uy 1.56 0.68 1.84 0.35 70.5 0.080 0.0029 475 143 0.39 22.5
GBWO7406 Am 0.90 0.26 0.58 1.84 86.8 0.11 0.050 137 207 0.57 44.9
Uy 2.78 1.63 1.35 1.42 70.1 0.12 0.061 337 169 0.37 17.2
WEY RS S B8 Cr Ni Cu Zn Ga As Rb Sr Y Zr Nb
CBNOT0! Am 0.25  7.02 2.8 8.39  0.14 1.84  5.45 16.3  0.48 13.3 1.39
Uy 20.1 17.7 4.00 14.0 2.30 1.48 12.1 82.2 6.03 47.8 7.46
CBWO7305 Am 12.3 4.38 7.66 19.89 1.40 1.29 7.82 8.36 1.95 7.23 0.70
N Uy 12.2 6.39 14.8 30.5 2.56 16.0 12.2 24.2 6.01 23.3 6.62
Am 0.019 4.25 0.50 8.92 0.35 2.60 1.40 0.09 1.09 7.60 0.69
GBWO07307
Uy 15.6 8.17 4.94 24.8 3.78 12.2 16.3 30.0 4.36 18.4 4.20
CBWO7105 Am 22.5 1.84 6.31 18.00 1.62 0.27 1.98 0.61 2.59 23.5 3.41
Uy 22.9 16.0 6.94 23.0 5.98 0.41 8.91 128 8.06 40.0 16.3
Am 26.7 101 8.76 2.93 6.13 0.27 0.44 22.70 0.64 5.78 0.30
GBWO07108
Uy 12.0 6.78 5.78 8.40 3.66 1.39 8.06 108 3.30 27.6 4.36
CBWO7403 Am 1.96 1.41 1.16 2.12 3.06 0.23 4.65 2.79 0.13 9.94 0.85
N Uy 9.69 4.04 2.49 6.19 2.03 1.98 8.05 32.3 4.00 28.2 3.03
GBWO07405 Am 11.4 18.3 6.21 16.7 2.25 22.2 0. 66 1.74 1.38 5.44 0.21
Uy 15.7 8.12 14.6 50.1 10.9 32.2 12.7 8.03 6.08 32.0 6.79
GBWO7406 Am 9.70 1.12 21.2 4.93 1.54 8.42 4.18 0.68 1.35 6.07 0.28
Uy 12.6 8.30 30. 1 12.1 6.23 28.4 16.8 8.03 4.17 28.5 7.35
WHEY RS S8 Cd Sn Ba La Ce Pr Nd Sm Eu Gd Th
Am 0. 064 0.75 2.17 2.98 2.13 1.04 0.25 0.30 0.095 0.0030 0.12
GBWO07301
Uy 0.93 2.63 132 15.9 17.1 3.24 11.3 1.07 0.41 4.30 0.27
Am 0.19 1.80 18.04 1.50 4.99 0.56 0.40 0.0077 0.041 1.07 0.024
GBW07305
Uy 1.34 1.86 60.9 12.0 14.6 2.62 10.2 1.64 0.68 4.05 0.48
Am 0.056 4.14 9.20 0.85 2.75 0. 064 1.24 0.83 0.26 0.091 0.078
GBWO07307
Uy 1.32 4.11 90.1 10.4 12.8 3.03 12.8 1.28 0.54 3.06 0.33
CBWOT105 Am 0.23 1.72 2.63 1.87 2.59 2.02 4.96 0.89 0.30 0.34 0.31
Uy 3.14 2.98 52.5 11.5 17.3 3.16 8.01 1.18 0.62 1.20 0.41
Am 0.72 0.14 405 2.41 3.41 0.23 1.44 0.054 0.11 0.080 0.020
GBWO07108
Uy 0.24 1.58 52.1 10.1 6.19 0.81 3.80 0.72 0.25 1.57 0.21
CBWO7403 Am 0.37 2.15 18.9 3.78 3.98 0.091 3.94 0.29 0.015 0.72 0.0047
N Uy 0.69 2.14 130 6.83 8.63 0.88 4.73 0.57 0.28 1.24 0.29
CBWO7405 Am 0.063 0.32 3.08 3.97 7.28 1.54 2.85 0.49 0.88 0.64 0.12
Uy 1.15 6.92 52.2 9.46 21.0 2.82 6.94 1.62 0.96 3.24 0.29
GBWO7406 Am 0.48 8.72 7.86 1.16 2.44 1.44 0.13 0.25 0.31 0.28 0.085
Uy 1.71 14.6 28.3 4.31 13.5 1.92 8.31 1.60 0.43 1.23 0.22

— 823 —



" a0 Wk
61} 2020
wom http; // www. ykes. ac. cn F
(B 4)
EY RS B8 Dy Ho Er Tm Yb Lu Hf Pb Th
. Am 0.36 0.064 0.093 0.032 0.13 0.012 1.92 0.60 3.26
GBWO7301 Uy 1.30 0.15 0.61 0.160 0.60 0.240 6.02 6.22 4.47
B Am 0.13 0.036 0.031 0.016 0.10 0.016 0.092 9.45 3.90
CBWO7305 Uy 1.54 0.30 1.00 0.140 0.62 0.120 3.82 18.5 2.73
) Am 0.28 0.095 0.15 0.053 0.10 0.027 0.54 0.12 4.99
CBWO7307 Uy 1.34 0.40 0.63 0.240 0.63 0.160 2.80 34.1 2.84
CB | Am 0.71 0.037 0.12 0.037 0.34 0.25 0.95 3.03 4.58
SBWO7103 Uy 0.70 0.097 0.43 0.082 0.80 0.12 1.60 1.38 2.31
G Am 0.10 0.0043 0.097 0.041 0.097 0.0023 0.19 2.66 7.74
BW07108 Uy 0.52 0.10 0.40 0.080 0.23 0.084 0.65 7.79 1.18
CBWO7403 Am 0.16 0.046 0.084 0.011 0.050 0.039 0.088 1.77 0.43
BW Uy 0.82 0.12 0.61 0.110 0.41 0.046 1.60 6.19 1.59
B " Am 0.97 0.18 0.30 0.058 0.37 0.018 0.54 17.1 33.2
W07405 Uy 1.31 0.16 0.65 0.081 0.81 0.100 3.41 61.0 4.08
Am 0.72 0.13 0.13 0.050 0.33 0.027 0.15 4.63 9.44
GBWO7406 Uy 0.98 0.12 0.61 0.130 0.82 0.100 1.64 26.8 5.58
A ST I BB R EDXRF 434 J7 i, 76 3 wavelength and energy dispersive X - ray fluorescence
FPRERE om0 FORE S TP o s o 24y spectrometer [ J ]. Chinese Journal of Analytical
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Studies on Characteristics of High — energy Polarized Energy — dispersive

X - ray Fluorescence Spectrometer and Determination of Major and Trace

Elements in Geological Samples

YUAN Jing, LIU Jian - kun, ZHENG Rong — hua, SHEN Jia — lin®
(Nanjing Center of Geological Survey, China Geological Survey, East China Center for Geoscience Innovation,

Nanjing 210016, China)

HIGHLIGHTS

(1) XRF with pressed — powder pellets is simple and fast, which avoids the dependence of quantitative analysis of
rare earth and trace elements in geological samples on the need for complex chemical pretreatment.

(2) The Ko line is selected as the analysis line for trace and rare earth elements with a larger atomic number,
resulting in less interference from the spectral line overlaps, which is beneficial to obtaining the net peak
intensity.

(3) No significant difference exists between the trace elements results (except V and Th) and the recommended

value of certified reference materials according to the EU’ s uncertainty assessment method.
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ABSTRACT

BACKGROUND: The quantification of trace elements in geological samples depends largely on the analytical
methods that require complex chemical pretreatment. High — energy polarized energy — dispersive X — ray
fluorescence spectrometry ( HE — P — EDXRF) has a considerable advantage for the determination of trace elements
with large atomic numbers, due to its high — energy properties, which can effectively excite the Ka line of heavy
elements.

OBJECTIVES: To establish a HE — P — EDXRF method for quantitative analysis of major and trace elements in
geological samples.

METHODS ; HE - P - EDXRF was used to establish an analysis method for major and trace elements in soil, rock
and water system sediments. The selection of analysis lines, line overlap interference correction and matrix
correction modes were discussed. Uncertainty was used to evaluate the method.

RESULTS: The Ka line was selected as the analysis line for trace elements with a larger atomic number due to less
interference from the spectral line overlap, which is beneficial to obtaining the net peak intensity. Rare earth
elements such as La, Ce and Nd can be accurately measured. Detection limits of the trace element Ba and rare
earth elements such as La, Ce determined by EDXRF were greater than those determined by WDXRF, but lesser
for light elements. For all the major and trace elements, the average of relative error of test training data was less
than 15% except for Na,0, MgO, P and Sm. The average relative error of trace elements was between 2. 40% and
16.3% . The accuracy of trace elements ( except Cu and Yb) was significantly better than that of WDXRF.
According to the evaluation method of the Europe Union, no significant difference existed between the trace
elements results (except V and Th) and the recommended value of certified reference materials.
CONCLUSIONS: HE - P — EDXRF is a simple, fast and environmentally — friendly method that can
simultaneously analyze multiple elements in geological samples. This method is suitable for quantification of the
trace and rare earth elements in rock, soil and sediment, which overcomes the dependence of quantitative analysis
of rare earth and trace elements in geological samples on the need for methods requiring complex chemical

pretreatment.

KEY WORDS: high — energy polarized energy — dispersive X — ray fluorescence spectrometry ; geological samples;

pressed — powder pellets; major and trace elements
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