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FEE: R FREEH & S T E 5K P, 8% 3% XRF ICP — OES ICP - MS (AFS L %48 Z e &
128 42 T XRF 052 20 $ At F&, 5B n 2k B3t AR ¥, ¥ a7 R B 68k, Akt
B FHAT THAL AT XRF 3500 0K 0047 7 i, B B AR AR A E fr i X & & R IE W & Na, 0, MgO,
V ¢34 &g ICP - OES %M = ;Cu Pb.Zn Mn Th 4§ 3 3% &y ICP — MS %0 & ; As Bi 698 3& & AFS ikml &,
HAJE 69 XRF Z im0 v 4 16 4~:Si0, Al 0,,Ca0 TFe,0, . K,0.Ti.P.Sr.Ba.Zr Nb.Y .Rb .Br.Ga,
Cl, i@idi%itey XRF KB AR, FI T X & RE 7k egn 2844 % 5,4 A ICP - OES ICP - MS AFS
FMZHIEAT XRF B RAFERE L EREETHRRE, AFTEHEE(RSD,n=12) 4 0.55% ~
8.22% , /£ # & (AlogC) 24 0.000 ~0. 031, A B FARE 4 i A& 5 FRAR S 3o 4iE 0 25 R it %X B AL 598 & 4F
MK R ECER, AFZERYT XRF AN BLENKE, 5T SHNBWE G RE,
KR : RBHEHACFRAESH; SRR ; X HERR A EX; AR m

hESES: 0657.31; P62 XikFRiRES: B

Z FAR X S ER b2 2 ep, 23 Hr 0 H 2 X
A B 39 TR 5] 54 I01, Hb R TAE & DL IX ek 4k
TRAE S e AT DAC 25 07 28 ity , AR S BRLAR R 2 43
WAoo 10 S S A TR AN AL, #2577 L XRE ICP
— OES \ICP - MS | AFS &5 KL #8/0Hr 7 i 0 1k
MRECE T 7 IE A TR A 25
A E L5045 54 FhoC RFEFRALR B & i SR
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THIATTEIEAR A
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AR AL XRE B SR 1 St 00 HA i o0
RAEATEEMEL TR IEWICR, XM
ICP — OES/MS |AFS S5 HAth 77 32 B i 5 iy et , i ik
BPEXT XRE Bl € (19 70 58 2E A7 2 1R i 2k T 40
iEo M XRE AT DU SE fi DI I0 R, 18 3 e =i
A ol A NI T R] RATR] 25 S 1, LA 2 R
PO ST 2

1 Sy
L1 Y285 TIRAME
L1.1 X GE5O60E D (XRF)

ZSX - 100e X S} 25 615 A ( H AR B2 8
Al i B BB X OGP (4 kW), | R TAEHL R
60 kV, i K TAEH I 150 mA | H.%5 (13 Pa) S, ML
P42 30 mm, 50 ¢ EAL. I S, B E T 4500

# 1 XRF & TIESE

I A, AR 1
1.1.2 HUBER G5 B IR SPE15% (ICP - OES)
Agilent 725 HL RS & 55 B 14 & 55 6 1% AL
(K EAgilent 2AF]) o TAEZRM NV IEMZ LA,
S-T%%, ZJlHEIEEE, HFE 1.2 kW, FE TS
Pt 15 L/min BB R 1.5 L/min, 54648 5 )
200 kPa, Y= EE 10 mm {5 PEHF[R] 15 s, B 43 A [A]
10 s, BRERECH 3 WK
1.1.3 G & 55 B IR Sk (ICP - MS)
Agilent 7700X FiL G & 55 B 1R BT IEAL (S [E
Agilent 25H]) o TAESM R - VAT EE F s, A5
Fa, Sl R, R 13 kW, B H R &
13 I/min, 28X & 0. 85 L/min, f BES i & 0.3
L/min, 55 R 2°C, RAETRBE 7 mm, 32 5KEL
3 BUSRTE] T s,

Table 1 ~ Working parameters of the XRF instrument

: 925 20(° WA E] (s

TE (E%V’m) (Ei;) W | WO | W6 | s PEA o j:i“ﬂ il

Tl Bl WR2 | g A
Cl 50 70 ouT Std Ge PC 140 ~ 300 92.780 94.35 - 60 20
Nb 50 70 F-Cu Fine LiF1 SC 100 ~280 21.374 20.98 21.76 15 5
Zr 50 70 ouT Std LiF1 SC 100 ~ 300 22.502 23.02 - 15 5
Y 50 70 ouT Std LiF1 SC 100 ~280 23.759 23.02  24.44 15 5
Sr 50 70 ouT Std LiF1 SC 100 ~ 300 25.123 24.64 25.64 15 5
Rb 50 70 ouT Std LiF1 SC 100 ~290 26. 600 26.00 - 15 5
Th 50 70 F-Cu Fine LiF1 SC 70 ~270 27.455 27.08 - 20 10
Br 50 70 ouT Std LiF1 SC 100 ~300 29.943 30.92 - 30 15
Bi 50 70 F-Cu Fine LiF1 SC 90 ~270 32.990 32.46 - 20 8
Pb 50 70 ouT Std LiF1 SC 100 ~ 300 28.240 28.94 - 20 10
Ga 50 70 ouT Std LiF1 SC 80 ~290 38.879 38.42  39.56 15 5
Zn 50 70 ouT Std LiF1 SC 90 ~300 41.785 42.38 - 15 5
Cu 50 70 ouT Std LiF1 SC 100 ~300 45.010 45.56 - 20 10
Ni 50 70 ouT Std LiF1 SC 80 ~310 48.639 48.12  49.36 20 10

TFe, O 50 70 F-Ti Fine LiF1 SC 90 ~330 57.471 58.40 - 10
Mn 50 70 ouT Std LiF1 SC 90 ~330 62.957 63.70 - 15

Cr 50 70 ouT Ultra LiF1 SC 70 ~340 69.321 68.50 - 20 10
A% 50 70 ouT Fine LiF1 SC 100 ~270 76.877 76.08 - 20 10
Ti 50 70 ouT Std LiF1 SC 70 ~360 86.110 85.00 - 15 5
Ba 50 70 ouT Fine LiF1 SC 100 ~ 300 87.135 86.72  87.94 15 5
CaO 50 70 ouT Fine LiF1 PC 120 ~280 | 113.125 110.90 - 10 4
K,0 50 70 ouT Std LiF1 PC 120 ~280 | 136.675 133.55 - 10 4
p 50 70 ouT Std Ge PC 150 ~290 | 141.021 143.55 - 10 4
Si0, 50 70 ouT Fine PET PC 100 ~330 | 108.936  110.30 - 10 4
Al O, 50 70 ouT Fine PET PC 100 ~300 | 144.562 147.45 - 10 4
MgO 50 70 ouT Std RX35 PC 100 ~ 330 21.165 23.55 - 15 5
Na, O 50 70 ouT Std RX35 pPC 110 ~350 25.605 27.50 - 15 5
As 50 70 ouT Std LiF1 SC 100 ~300 33.980 33.50 33.56 20 5
Rh 50 70 ouT Std LiF1 SC 100 ~ 300 18.385 - - 20 -

HE TR - VRN R
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1.1.4 R3Otk (AFS)

AFS3000 BUH J5 19606 1 (b B
al) o TAESME R ATHLTE 0 ~ 150 mA, i & &
200 ~500 V, #5357 300 ~ 600 mL/min, 5E S 0
£ 800 mL/min, J& k455 & 0 ~20 mm,

1.2 X BHERFEIEIE e & o Wik g

SEAEN) XRF 20 H7 7, o i o0 2 (45 LR
KAEFIE L TR0 ER ) 20 XREF &, XA fig
HERTH R A T T S Fh S8 ARS8 A
Gl 47 XRE $4fs ab 3AR 7y v, 38 8 82 77 B A
XRF ICP - OES . ICP — MS  AFS 23 =2 St 4k
J& XRF J5 325 (0 00 5 5508l A T AR RIS 4R T I IE
B AT BN AERR I =255
1.2.1  ArifErtamn

T A B R — Jbr Y it GBWO07103 ~
GBW07108 .GBW07120 ~ GBW 07122, 7k & I fl
F— H AR Y i GBW07302a ~ GBW07308a .
GBWO07358 ~ GBW07366, + 3% [# 5 — 2% b i ) Ji
GBW07401 ~ GBW07408 , GBW07423 ~ GBW07430 .
GBWO07446 ~ GBW07457 , e |3 B 43 by v 4 o 4 —
JE LR G IO Y 25 ANARifERE s VR st R 91, Al
K ICER A — 2 ey O YRR
1.2.2 FESHI%

FHFERERAPRECEE 105 CHlREE F 24 2 h (AE
4.5 g, ARE A INRER 7R RAEHL B I Hs 30 t,
PR3F10 s, I B A2 40 mm BRER . N T ERER

2 JEAREOVEOERIG RS LR

M- S ORCE AV E PN = S L I O N
PRAS PVIRAE , 200 B R
1.2.3  JEARGUN AEL ES TR IE

PRI G 2 B AR AR, R R B 2%, SRR AL
IO AR T TS5 R K5 e A i, o T AR 3
YERA I A AT 4 5%, 75 B X SR AR, 5 % 2k & & T4
HEAFRRIE S 70 e 1 ARG A v 2 1)
FES AR AE TAERRZR , T8 IR0 2R RS2
HE TR, AT ENTIEH L2,
1.3 Jiikfiie

FLARAG IE FE LR & IE W I Na, 0 MgO |V
(% d B ICP — OES 74 &:; Cu ,Pb . Zn Mn Th ff)
Hedf th ICP — MS 04 ; As Bi (854 th AFS 1250
o PLAbJE I XRF Jy 3 & o0 Kb o 16 4.
Si0, \AL,0, .CaO TFe, 0, .K,0 Ti . P .Sr.Ba .Zr Nb.
Y .Rb Br Ga Cl, #iX 65045 5 A XRF %5 4f 4b 38
FLRE R, B T XRF . ICP — OES . ICP — MS  AFS %
P dLmE ) R AL B e A T SR IARRON RN 4R T S T4
HEIE , DTS20 oAt 0 00 R 5 2R

2 difk5ie
2.1 X BRSO R GE T

AT VAT T XRF Bia b #AR S, KR4 0 R
I B2 RISl TSGR Y, i XRF(ICP - OES,
ICP — MS \AFS 25 5 B it aof ] 45 T2 3L 55
1R

Table 2 The correction of matrix effect and spectral line overlap interference

JLHR s — Hg o IELES JLHR W — g5 LS
al Ca0,Fe, 0, , AL 0, - TFe, 0, Ca0,K,0,MgO,Na, O -
Nb Fe, 0, ,Al,0; ,Na,0,K,0 - Mn Fe, 0, ,Ca0, Al 0, -
7r $i0, , Fe, 0, ,Ca0, AL, O, Sr Cr Si0, , Fe, 0, ,Ca0, AL, O, v
Y - Rb v Ca0, Al 0, Ti,Ba
Sr Fe,05,Ca0,Al, 0, - Ti Fe,05,Ca0,Al, 05 ,MgO -
Rb Fe, 0, ,Ca0, Al, O, - Ba Fe, 0, ,Ca0 Ti
Th Si0, , Fe, 0, Rb,Bi Ca0 Si0, ,Fe, 05 ,Al, 05 ,MgO -
Br Fe,0,,Ca0, Al 0, As,Pb K,0 Fe,0,,Ca0,Al, 05 ,Na,0 -
Bi Fe,0;,AL 0, - P Ca0 -
Ph Si0, , Al 0, Th Si0, Fe,0,,Ca0, Al 0, ,MgO -
Ga Fe, 0, ,Ca0 - Al O, Fe,0;,Ca0,K,0,MgO,Na,0 -
Zn Si0, , Fe, 05 , Al 05 ,MgO - MgO Si0, , Fe, 0, ,Ca0, Al 0 ,Na, O -
Cu Fe,0,,Ca0,Al, 0, ,Na,0,K,0 - Na, O Si0, , Fe, 0, ,Ca0, AL, 05 ,K, 0 -
Ni Si0, , Fe, 05 , AL, O, Y As - Bi,Pb,Th
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Fig. 1 The schematic flowing chart of data processing

T W/NTCER AR — 3 R asony DA S g 2k S
S5 R 2R X 2 45 R 14 52 T, a0 50X AR A0 3 2k
HETIHATEIE . A T7 1R R A B R AT AL
1E, IZ e H 7 AR 1 A4 ROE R

w, =x,(1 +k+ Xdw,) — Xlw,
BV LR s VIV UL 1 0 I | = RSO i v ]
REEAE sk B d R HARTTR X 7o R )
W R R A L B T IT R § X ot
R ESAIE R w, AR ES THITR 0
i

ARETE g AR, R B R A ] XRF(ICP
- OES ICP — MS | AFS ¥l #% iR ¥es A Xk it
B, it 2K B A1S B E IS TERR 45
2.2 JiiEBiARSR bR
2.2.1 fHR

XRF #ie s R (LOD) TR A0 -

1
LOD:M b
mN T

rem R AL E BIFECR L, SRR T
U I S TR ]

i B FH A 358 L A R PR 5 S B LA
BRIE R, A RE R 7k i LS R H BRY L Ak
PEFTCR & B AR AR S, He R 1O S A5 R D
12 3% 0P 25 SR AT e i AL 3, DL 3 A5 4 v i 2
VERZSI BTG BR RS R R 3,
DZ/T 0258—2014( 2 H 5 X Sl 3K Ak 27 8 A5 5 )
Yot R A H A, A vk A e BR T DA 2 R
2.2.2 WHWESKEE

FI A5 00 12 [ 28— AR i) o GBWO07423
~ GBWO7430 , & {4 b i & 12 K, 49 i T35 B A4~
T tfE ) Joe 1) 00 i P 2408 5 A o (B =2 T) 0T 550 O 22
( AlogC) 1FE R AR J5 1 (R HERA B2 5 3 b TH R AR TEY)
JoT N2 %) A R A Al 25 (RSD) A Sl AR b 4%
o I3 4 BHE AT, B BR dE ) 5T Y AlogC /)N
F0.05, B AL T DZ/T 0258—2014 #I3i Xt i i B
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Table 3  Detection limits of the method

Fath it Fath it
415 415
Ak Ak A
Si0, 0.100 0.10 Zr 1.7 2.0
Al 05 0.039 0.05 Y 1.0 1.0
CaO 0.047 0.05 Sr 4.7 5.0
K,0 0.048 0.05 Ba 7.9 10
Fe, 05 0.049 0.05 Rb 8.3 10
Ti 9.800 10.00 Br 0.9 1.0
p 8.700 10.00 Ga 1.9 2
Nb 1.800 2.00 Cl 19.4 20

T AR B 10 72 A C R B 10 °

4 TR ERRG L

Table 4  Accuracy and precision tests of the method

iV AlogC RSD(%) || 414> AlogC RSD(% )
Si0,  0.000~0.011 0.58~1.14 || Nb  0.001 ~0.019 1.98~3.42
ALO; 0.002~0.017 0.65~1.62| Y 0.002~0.022 0.88~3.75
Ca0  0.000~0.019 0.62~1.25| Sr 0.003~0.019 0.81~1.88
TFe,05 0.000~0.019 0.57~1.33|| Ba 0.000~0.027 2.11~2.96
K,0  0.000~0.015 0.55~1.06| Rb 0.001 ~0.011 0.63 ~1.45
Ti  0.001~0.019 1.05~1.58 | Br 0.002~0.031 2.56~7.92
P 0.006~0.024 2.39~4.53| Ga 0.002~0.019 2.77~5.37
Zr 0.001~0.018 0.86~2.29(| Cl 0.004~0.030 2.57~8.22

2.3 SbRRER DT A AR LE

T BE T vk B AR, I T (VY 2 H AR
DX B BR A2 8 2 - R dh Z2 0 2R M ) e v 4
HRIIAE AR IEAT RS F o AT, )R PG AL T A 52 B2 /Y
XRF Jp M7 i AR T 10 22 A3 5 BB ] 0 -, o 73 A 4
RUATRARGET 08 (T3 2250 07) , WA PRl AN R 7
VA B RS 25 R — B0 AW T A AT A TR

3 &5k

AJ7 P 5E T & XRFICP — OES  ICP - MS,
AFS S8 i mpiAe, Bt T XRF £ 4 4b 21
Y. YAy XREF i/ Tl o il s A
ICP — OES [ ICP — MS | AFS 4§ J5 ik Br Il 4 ) MgO |
Na, O ,Mn ,Cu.Pb .Zn Ni Cr.V Th Bi As 554, X}
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XRF J7 3052 19 Si0, (AL O, ,Ca0 . TFe,0, K, 0 .Ti
P Sr.Ba . Zr Nb.Y Rb Br Ga,Cl ¥4 317 3 A& %L
IS i TR IE , RIEFE D> T XRE ] 5
], S 1 o3BTk AR T XRE 5247 BUAS ; [l i 2k
AT A RIS S TAE RARAS A [R] T v 0 4K
PRIt Sl TR T B 2R U R I
ATk LN T A EZ e R, v L
fif e XREF BEA A GUAS /& BT 7= A2 (1) XRE ] F  E
AT EE Jr SR M VR 1Y ], 003000 o Ak it
FERHR . RIS T2 B AR X Sl 3R A 2 8 A A
G310, A R] R ] T A PR o R A AR AT
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Evaluation in the Application of Multi-instrument Synergy X-ray
Fluorescence Spectrometry in a Regional Geochemical Survey

FU Yong-li, CHENG Wen-cui® , ZHANG Zhao-fa, WEI Li, SUN Meng-hua, PANG Xue-min
(Hebei Province Geological and Mineral Center Laboratory, Baoding 071051, China)

Highlights

By designing the XRF data handler, the measurement data sharing and unified processing is realized.

The interference on XRF data caused by the matrix effects and spectral line overlap is corrected using the data

of analytical results obtained from ICP-OES, ICP-MS and AFS.

The scheme substantially improves the analysis speed of XRF, and achieves the coordinated measurement of

multi-instruments.

The clements of ~ [CP-OES  ICP-MS AFS
matrix correction and

spectral overlap o g[l:
correction Na, A
XRF VEo + m
Vv Mn
The elements to be Th
determinated - -
s

$i0,, ALO;, Ca0, XRF data

TFe 0., K O, Ti, processing
e system

P, Sr, Ba, Zr, Nb,

Y. Rb. Br, Ga. C1  —  \

Abstract; Multi-element analysis of a regional geochemical survey sample usually involves X-ray Fluorescence
Spectrometry (XRF') , Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES) , Inductively Coupled
Plasma-Mass Spectrometry ( ICP-MS), Atomic Fluorescence Spectrometry ( AFS) and other instruments. Because
there are more than 20 elements determined by XRF, the detection speed of XRF is not synchronous with other
instruments , which influences the overall progress of the project. The matching scheme is optimized, and the analysis
method of XRF for part of the elements is adjusted in this study. The data of Na,O, MgO and V involved in matrix
correction and spectral overlap correction are measured by ICP-OES. The data of Cu, Pb, Zn, Mn, and Th were
measured by ICP-MS. As and Bi data were measured by AFS. The optimized XRF method reduces the number of
elements to 16, namely SiO,, Al,O,, CaO, Fe,0,, K,O, Ti, P, Sr, Ba, Zr, Nb, Y, Rb, Br, Ga and Cl. Through the
designed XRF data reduction program, the data sharing of different analysis methods is realized, and the influence of
XRF data caused by matrix effects and spectral line overlap is corrected using the data from XRF, ICP-OES, ICP-MS
and AFS. The precision of this method (RSD, n =12) is 0.55% - 8.22%, and the accuracies ( AlogC) are
0 -0.031. The method is validated by determination of national standard reference materials and actual samples.
The results meet the quality requirements for a regional geochemical survey. This scheme reduces the number of
elements directly measured by XRF, and improves the analysis efficiency of various collaborative instruments.

Key words: regional geochemical survey analysis; multi-instruments coordination; X-ray Fluorescence

Spectrometry ; matrix effect
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