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Purpose of this study

=  From growing demands for mineral
resources around the world,

= Rapid and accurate elemental analysis is
required at small satellite laboratories on
mining sites and geological resource
survey, etc.

Benchtop ED-XRF is widely used for this field,

But WD-XRF is more suitable for analysis of
rocks and minerals,

= Because of its superior spectral resolution and
light-element sensitivity.

= We have used a benchtop WD-XRF to
measure the feasibility of geological survey
at small satellite laboratories.
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High resolution

Intensity
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Sample : BaTiO3

WD-XRF technique has
enough resolution to
separate Ti-Ka and Ba-La.
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Light element sensitivity

Sample : Opal glass

— WD-XRF

- ED-XRF
F:5.73 mass%

Na: 2.40 mass%

Na-Kqg

F-Ko,

Intensity

\ ED-XRF is unable to

detect F and Na peaks
clearly due to lack of
sensitivity.

0.6 0.8 1.0
keV
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Samples

Geological reference materials, Igneous rocks, from AIST
(National Institute of Advanced Industrial Science and Technology, JAPAN)

Sample name Calibration curve Reproducibility test Type of mineral
1 JA-1 | X | X | Andesite
""" 2 . a2 . x . | Andeste
""" 3 JA3 . x . Andesite
""" 4 ¥B1a | x . pasat
""" s  Jwm2 . x . Basat
""" 6 3 . x . |\  Basalt
""" 7 0 J1la . x . x | Granodiorite |
""" § = J2 . x . i ocrnte
""" o . 3 . x . Granodiorite
10 . J3Gb1 x x Gabbro
1 JGb2 x 11 Gabbro
12 R1 x Rhyolite
13 R2 x Rhyolite
14 R3 x Rhyolite
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Measured Elements
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Certified values of standards

Unit : mass%

| Si0e | To2 | AmOs | TFe0s . cao | mgo [NEGHE ko @ nwo [EGHN

JA-1 63.97 0.85 15.22 7.07 5.70 1.57 0.157 0.77 3.84 0.165
 JA2 | 5642 | 066 | 1541 @ 621 | 629 | 760 | 0108 | 181 | 311 | 0146
~ JA3 | 6227 @ 070 | 1556 = 660 | 624 | 372 | 0104 | 141 | 319 | 0116
 JB-la | 5241 | 128 | 1445 = 905 | 931 | 783 | 0148 | 140 | 273 | 0260
© JB2 | 5325 | 119 | 1464 = 1425 | 98 | 462 | 0218 | 042 | 204 | 0101
© JB3 | 5096 | 144 | 1720 @ 1182 | 979 | 519 | 0177 | 078 | 273 | 0294
 JG-la | 7230 | 025 | 1430 = 200 | 213 | 069 | 0057 . 396 | 339 | 0083
JG-2 | 7683 | 0044 | 1247 . 097 | 070 | 0037 . 0016 | 471 | 354 | 0002
)63 | 6729 = 048 | 1548 = 369 | 369 | 179 | 0071 | 264 | 396 | 0122
JGb-1 | 4366 | 160 | 1749 | 1506 | 11.90 | 7.85 | 0189 | 024 | 120 | 0056
- JGb-2 | 4647 | 056 | 2348 = 669 | 1410 | 618 | 0130 | 0059 = 092 | 0017
JR1 | 7545 | 011 | 128 | 089 | 067 | 012 | 0099 | 441 | 402 | 0021
JR2 | 7569 | 007 | 1272 = 077 | 050 | 004 | 0112 | 445 | 399 | 0012
JR3 | 7276 | 021 | 1190 | 472 | 0093 | 005 | 0083 | 429 | 469 | 0017
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Sample Preparations

Weighing — Fusing —> Bead
Sample 0.7g Pt crucible
- ) C—
s
Flux : Lithium Tetraborate @ 1200 deg C
(Li2B40O7) 3.5¢
Dilution Ratio : 5 Ordinary Dilution
(flux/sample) - Ratio is 10
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Sample Preparations

Why the dilution ratio Is 5?

*To analyze both major and minor elements by a
single fusion bead.

*To avoid making powder pressed pellets for
minor elements.

*To reduce the sample preparation time at
satellite laboratories.

) Rigakw
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Apparatus
Benchtop WD-XRF

*Rigaku/Supermini

Portable & Benchtop
*Air-cooled 200 W X-ray tube
*Single phase AC 100-240V
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Si T - Al @ Fe ¢ Ca ! Mg ¢ Mn K - Na ! P
X-ray line Ka
 Xeaywoe End-window Pd tube
__________ kvemA . sokvand4mA
_____________ Filter . ow
S 30 mm
Analyzing crystal | PET | LiF200 | PET | LiF200 | PET = RX25* | LiF200 PET | RX25* PET
 Detector | FPC | SC | FPC | SC | FPC FPC | SC  FPC | FPC | FPC
o oeHA Differential method
Meas”“"(;”)e”“imeé 40 100 40 20 40 100 100 40 100 100
_______ atmosphere | vawm

* Synthetic multilayer
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Theoretical matrix
correction coefficients

Analyzing oxide components (x10-3)
. si02 | Ti02 | AR03 | T-Fe203 { CaO | MgO | MnO | K20 | Na20 | P205
--------------- ] e e e e e
Si02 | 263067 | 832648 | 224037 | 883817 | 7.66251 | 207262 | 874517 | 7.48860 | 195555 | 6.70749
1 1 1 1 1 1 1 1 1 1
o TiO2 | 332931 | 804665 | 3.27340 | 293818 | 3.63445 | 0.320699 | 28.4337 | 3.40173 | 3.13119 | 3.38402
S frormemmeeees [ I frorrmemeeees oo R oo oo I frorrmeeeeees
133 Al203 | 589495 | 7.38258 | 217161 | 7.73531 | 6.84241 | 1.88899 | 7.67308 ! 6.72149 | 177394 | 6.12329
o T p—— L I p— o — — — p—— pr—— p—
2 T-Fe203 | 508775 | 4165887 | 4.94681 | 14.9180 | 430761 | 477664 | 114384 | 446715 | 457535 | 521112
S : ! : : : : : ! : :
= [ T [ | T o T oo [ |
o CaO | 292832 | 261327 | 288601 | 29.7106 | 6.95320 | 2.83816 | 28.9270 | 3.67402 | 278859 | 2.96961
L e foms s o foms P P s s o frms
3 MgO | 579771 | 6.85846 | 560121 | 7.10738 | 6.47934 | 178125 | 7.07105 | 639179 | 158388 | 5.96095
< | S L | I pommmmmmmmm pommmmm T | | I
9 MNO | 474169 | 397533 | 462285 | 14.2443 | 392944 | 447315 | 141285 | 405343 | 428834 | 4.84366
e L L LT (ST HUVOTTUTRIONe HOTUDTOTITIOIN LN L LTSRN TN
= : : : : : ! : : : :
@ K20 | 265099 | 254027 | 260242 | 294233 | 266280 | 254297 | 285590 | 6.42215 | 246941 | 2.69666
L b e e femnmrmecenenes b bemeoeneneeee o oo e bemmaemeoennes
S Na20 | 514022 | 607817 | 503889 | 6.21994 | 561787 | 491761 | 620548 | 554395 | 121709 | 523442
@ e | S L | S I I L B | S
P205 | 260556 | 892780 | 237759 | 963647 | 840969 | 221184 | 950222 | 820914 | 210235 | 3.14150

Ignition loss is set as the balance component
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Accuracy

Z(ci —Wi)

Nn—m

(mass%)

Accuracy (o, )= \

Ci : certified concentaration of samplei

Wi : calculated concentration

n:number of samples

m :deg ree of freedom

(2 for linear, 3 for quardratic calibration)

) Rigaku
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Calibration curve
=y [OF

na 09
<
% 04 *% 0.3
£ )
accuracy=0.19mass% £ accuracy=0.31mass%
on III.DLI - 3
’ Guncentrgtjinn (mazz¥% 1o Concentration (mazsh
Corrected Calibration curve Uncorrected Calibration curve
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Calibration curve
T10>

0,80 7 040 /
00 / 2 060 »

%‘ ; 3 =

T O @

g O E‘J

040 % 040

: o (T £

= gop & & 020- Amassk ™

accuracy=0.0099mass%
D'DDD,'D 05 10 1E 20 D'DDD_'D 05 10 15 20
Concentaration (mazs¥) Cioncentration (mass%)
Corrected Calibration curve Uncorrected Calibration curve
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Calibration curve
Al2O3

1.0 / 1.0 /
O /
?D.E <:| }E 05
E accuracy=0.071mass% &
accuracy=0.23mass%
0.0 00
on 100 200 0.0 0.0 10.0 200 30.0
Concentration (mazs¥) Cioncentration (mazsk)
Corrected Calibration curve Uncorrected Calibration curve
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Calibration curve

T-Fe20s3

Felative ¥-rav Intensity

Corrected Calibration curve

1.0

/
-

a5

=

accuracy=0.070mass%

0.0

a0 10
Concentration (mass¥

) Rigakw

.0

150

Leading With Innovation
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Results of the regression calculation

Unit : mass%
| Si02 | TiO2 | AI203 | eT' - CaO | MgO | MnO | K20 | Na20 | P205

1 1 1 1 1 1 1 1 1 1
______________________________ | Iy Sy KUy Uy UpE Ly Ry Ly Ly Ly L L R ——
1 1 1 1 1 1 1 1 1 1

Conc. Range
Max. (%)

L. .~ .

7683 | 1600 2348 1506 1410 7.850 | 0.218 4710 4.960 @ 2.294

cone Fzéisge | 43.66 | 0.070 | 11.90 | 0.770 | 0.093 | 0.005 | 0.016 | 0.059 | 0.920 | 0.002

e T

Accuracy i i i i i i i i i i
without 0.31 0.015 0.23 0.18 0.049 0.081 50.00435 0.024 0.033 50.0045
correction (%) ! ' : ' ' ' : : : :

I ———

Accuracy | s s s s s s s s s
with . 0.19 {0.0099! 0.07 | 0.07 | 0.042 | 0.051 |0.0035 0.023 | 0.033 | 0.0042
Correction (%) | ’ i i i i i i i i

) Rigakw
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Reproduc:|b|I|ty measurement result
for sample

Unit : mass%

. sio2 | Tio2 AI203 o003 C30 | MgO | MnO | K20 | Na20  P205

______________________________________________________________________________________________________________________________________________________________________________________________

Standard Value | 63.97 = 0.850 | 1522 | 7.070 5700 | 1570 = 0157 | 0.770 @ 3.840 0.165

o o o o ot o ot o et e e

Average value | 64.18 | 0.850 | 15.19 | 6.960 | 5.690 | 1.530 | 0.160 | 0.770 | 3.880 | 0.160

Standard

N - 0.081 50.00595 0.035 0.011 0.013 0.015 0.010 50.00605 0.045 E0.00lO

e o e o e e o e o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e

RSD. (%) | 013 | 069 | 023 | 016 | 022 | 095 | 069 | 078 | 115 | 0.60

) Rigakw
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Reprodcibility measurement result
for Sample

Uni'; : mass%

- Si02 | Ti02  AI208 _ ... Ca0 | MgO | MnO | K20 | Na20 | P205

______________________________________________________________________________________________________________________________________________________________________________________________

Standard Value  72.30 | 0250 = 14.30 | 2.000 K 2.130 0.690 @ 0.057 | 3.960 3.390 A 0.083

o o o o ot o ot o et e e

Average value | 72.38 | 0.250 | 14.24 | 2.010 | 2.120 | 0.690 | 0.060 | 4.020 | 3.400 | 0.820

Standard
deviation

e o e o e e o e o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e

RSD. (%) | 015 | 138 | 027 | 027 | 052 | 174 | 123 | 029 | 118 | 1.67

) Rigakw
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Reprodumblllty measurement result
for Sample

Uni'; : mass%

- Si02 | Tio2 AI203 o003 C30 | MgO | MnO | K20 | Na20  P205
Standard Value | 43.66 | 1.600 & 17.49 = 15.06 & 11.90 @ 7.850 @ 0.189 = 0.240 1.200 | 0.056
Average value | 43.61 | 1.600 | 17.51 | 15.10 | 11.90 | 7.860 & 0.190 | 0.250 | 1.230 | 0.059

1
e I

Sancard 0,072 1 0.0064  0.047 | 0.032 | 0.026 = 0.029 | 0.0015 0.0031: 0.022 | 0.0011

e o e o e e o e o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e

RSD. (%) | 017 | 040 | 027 | 021 | 037 | 037 | 079 | 126 | 175 | 1.81

) Rigakw
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Productivity of measurement

® F[ast speed measurement is a big
advantage of ED-XRF system.

® High through put is not required for
satellite laboratories from their original
purpose, but reasonable efficiency Is
required.

) Rigakw
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Sample Preparation Time Chart

!rinding _ |

eighing
[

S

Sample 1

min

l
Coolir{g oading

min
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Measurement Time Chart

Loadling
Vac#;um Crystal
<10 sec exchange

<10 sec

Crystal
exchange

I
I
I
I
I
I
I
<10 sec IUnloading
I

Measurement-1 <10 sec

(I-”:(ZOO)) Measurement-2

(PET) I
Sample 1 : Measurement}-3
: (RX-25)
I
!

Sample 2

Measurement-3
Neasurement-1

. B |
-------------------------------------------------- | -----‘EJF(ZOO)) Measurement-Z
! (FET) |

. =

Measurement Time does not impact to the productivity.
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Summary

® The bench top WD-XRF is suitable for geological
survey at small satellite laboratories on mining sites.

® The productivity (measurement speed) Is not
disadvantage for WD-XRF, when we consider the
productivity of sample preparations at small satellite
laboratories.

® The middle dilution ratio fused bead method Is
provided good results for major and minor elements
analysis in Rock samples.
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Thank you for your attention.



