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X-ray fluorescence analysis of trace elements in
silicate rocks using fused disk samples

Setsuya NAKADA

Abstract

Analytical techniques for X-ray fluorescence analysis for 9 trace elements (Zr,
Y, Sr, Rb, Zn, Cu, Ni, V and Ba) in silicate rocks were investigated by using fused
rock samples. The method to make glass disks was the same as that developed for
major element analysis (NAKADA ef a/., 1985). The disks were made from 1 g of a pow-
dered rock sample, 5 g of flux (Li,B,O;) and about 30 mg of lithium bromide. To make
standard samples for the calibration, pure chemical reagents of trace elements were
diluted by flux, and, then, mixed with synthetic rock sample which was also made from
chemical reagents.

X-ray intensity of a trace element is proportional to its concentration and in-
versely proportional to the mass absorption coefficient of the glass disk, Background
intensities at 26=17° and 33° of glass disks were found to be a function of the mass
absorption coefficients. This relation was used for the estimation of the mass absorption
at a wavelength of X-ray radiated from a trace element. This method is effective for
the elements with the absorption edges shorter than Fe-Ka. Glass disks of various
compositions, but without any interference of spectral lines, were prepared to estimate
interference effects of spectral lines (Sr-K@ on Zr-Ka, Rb-KB on Y-Ka, Br-K@ on
Rb-Ka, Ti-KgB on V-Ke, and Ti-Ka on Ba-La).

Although the intensity of Y-Ka was corrected twice for spectral interference of
Br-K@ and Rb-Kg, the correlation between the intensity and the concentration is good,
as well as for the other trace elements. The detection limits are about 10 ppm for most
trace elements. The analytical results of inter-laboratory geochemical standards are in
good agree with their recommended values.
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Table 1 Instrumental operating conditions, and the calibration errors
Element Count ‘ 24 . Standard Deviation
Spectral line Time Target B.G.1 Peak B.G.2 Correction ppm (for content)
Zr-Ka 20s \ 22.10 22.50 23.30 Sr-Kg,B(A) 2. 9(<400)
Y-Ka 20 \ 23.30 23.80 24.50 Rb-K@,B(A) 4.3(<400)
Sr-Ka 20 w 24.50 25.13 26.00 B(A) 1. 57 (<300)
Rb-Ka 20 W 26.00 26.60 27.12 Br-Kg,B(A) 7. 0(<250)
Br-Ka* 20 W 29.20 30.00 30.40 - -
Zn-Ka 20 Cr/W  41.28 41.78 42.28 B(B) 2. 6(<150)
Cu-Ke 20 W 44.85 45.10 45.35 B(B) 5. 8(<250)
Ni-Ka 40 Cr 48.15 48.65 49.15 B(B) 6. 1(<200)
V-Ka 40 W 75.95 76.95 77.95 Ti-Kg 5. 3(<1000)
Ba-La 40 Cr 86.90 87.20 87.90 TiKea 9. 2(<800)

50kV-50mA, Crystal=LiF, Detector=SC, Linking ON, Gain=6, Fine gain=MAX.,
Mode diff. =x], Sample spin ON, Slit=3S, Base line=50, Window width=300 (200
for V-Ka), Al-sample mask (¢=25mm), Vaccum,
B (A) and B (B) : Background intensities at 20=17° (for W-tube) and 33° (for
Cr-tube), respectively, relative to standard, Br-Ka is measured only for Rb-Ka

correction. B.G.1 and 2 are backgrounds in the both sides of peak.
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Fig. 1 Method of making synthetic standard samples for calibration of
trace elements,
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Fig. 2 Intensities of background (diffusely scattered radiation) at 20=17°
and 33° and the mass absorption coefficients of glass disks of

0.6A and 1.0A, respectively,



# 5 AR - FERIEE A P HRE TR O T O X R 121

EEEROTHEAL, F2RTl, SRR ONy
775978 OREREEDCEERE (ZoB&E
JB-1) ol (Ree, $12bB, Isa/l§FP) THRDL
7e. Th 3 2 o ORBROHEBEGREKIZ 0.997 L LTH 3.
DEQR, BXY, E2ROBFD» RN EES.

_Ci e K« (REED)® s
Rl _CslTD'K" (RBG)“ (5)

75l o K 358 2@, R 131 THB0DT,
Ci1=CY™D « Ry + (RBE)X ++eerererrsurnorensaniessunes (5)

&5, Ri-(Ree)* % Ry EBUERAEES.

7 x103
Rb-Ka Zr-Ka cps
Br-Kg Sr-Ks
412
Y-l(a ]
Sr-Ka RDKe
48
Th-La
44
SY-2
— 1 1 -1 1 N i o
28° 26° 24° 22°

20

IR SY-2 (BIESH) ¥ 7 AAHOHKET
Fkzx~R7 b, WEK,
50kV-50mA,

Fig. 3 Spectra of trace elements in
SY-2 (syenite) glass disk, W-
tube, 50kV-50maA.
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Fig. 4 Spectra of trace elements in
glass disks without Zr and Rb
(left) and without Y and Br
(right). Operating condition is
same in Fig. 3.
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Fig. 5 Relationship of Br-Ka intensi-
ty and Br-Kg intensity at the
position of Rb-Ke in the disks
without Rb. Each intensity is
normalized by that of SY-2.
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Fig. 6 Calibration lines for Zr, Y, Sr, Rb and Ni.
All points represent the intensities corrected

0 160 ?00 by spectral-interference effect and by mass
Ni ppm absorption effect.
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Fig. 7 Calibration lines of V and Ba (upper diagrams) and their back-
ground correction (elimination of interference effects). The back-
ground intensities of the samples without V and Ba, which are
normalized by the V-Ka and Ba-Ko intensities of the standard
used in upper diagrams, are proportional to the TiO, contents. .
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F X OEEALRABOMTRERE, T0 5 OHERME .
BREEL DO TR UL, DFEIZ, ERDIDHEIC

I I

ER LA 5 AAIRD 2 (ORERR TS 5. HRE
(JB-1, SY-2, JG-1 ic2W\TD D) ESEORE
WHRETR, 28EBO DV TR0V SHh (JB-1
@ Rb, JG-1 @ Ni) BT, 10%LIHOBET—
BHLTW3,

AE, Zn & Cu ROWTREREZRA L -7
2, HRECXIREROERGTHETHS. Cr
SV, EBEEAGRBERCTREROERER A7
2, BIEMEEHERME - BEME L OMIKZRVWIEERS
shisdpotz. Cr k20T, FRECIDBRER
ZER LRSI 2 HENH S, CDiFh, 4H0r S
AEREACCHE RS HETRE LT, Th $
Pb &, EEOEAIK 10ppm PEE&Fh 3 TR
bFehz, 727U, Th-La £ Pb-La i3 Br-Ka

B2k BEAAEHEOFORXBINEE ZH S OHRE « BREME
Table 2 X-ray fluorescence analyses of geochemical standard samples
and their recommended or proposed values

Analysed Values by XRF

JB-1 SY-2 JG-1 JP-1 JGb-1 JB-2 JB-3 JA-1 JR-1 JR-2
Zr 148 314 128 9.9 34.5 57. 6 103 90.0 103 98.1
Y 22.4 133 26.2 — 6.1) 21.5 26.2 31.4 41.9 38.9
Sr 465 250 183 (2.9) 357 192 434 268 29.1 (6.6)
Rb 49.7 241 197 1.8) (3.5) (6. 4) 9.9 (7.2) 269 328
Ni 142 12. 2 11.2 2530 28.7 17.8 41.8 6.1 G.1 (6.3)
v 223 52.9 28.5 29.9 695 626 408 117 9.8 4.1)
Ba 533 467 527 73.6 137 285 310 387 110 85.6
Znt 87.5 252 38.6 49.0 111 106 105 88.3 29.9 26.8
Cu® 59. 2 .2) (10.4) (7.0) 90.1 221 201 4.6  — —

Recommended or Proposed Values

JB-1*  SY-2¢  JG-1b JP-1 JGb-1® JB-2* JB-3» JA-1b JR-1® JR-2P
Zr 153 280 111 50 90 101
Y 25.5 130 30.8 25 31 31
Sr 435 275 184 321 177 404 268 29 8
Rb 41.2 220 181 4 7.1 13 12 254 297
Ni 139 12 6.0 25. 4 14.2 38.8 1.8 0. 66 0.84
v 211 52 24 640 571 383 105
Ba 490 460 462 208 307 40
Zn 84 250 41 111 110 106 90.6 30.1 27.2
Cu 56 5 1.5 85.3 230 197 41.7 1.9 1.5

a: analysed with the calibration lines determined among the geochemical stand-

ards.

b: ANpo(per. comm., 1984).

c: ABBEY(1980).

Descriptions of geochemical

standards from GSJ; JB-1: basalt (slit 7), JG-1: granodiorite(s 9), JP-1: peri-
dotite (s 10, position 78),

JR-2:rhyolite (s 7, p 79).

JGb-1: gabbro(s 9, p 79),
JB-3: basalt (s 5, p 94), JA-1: andesite(s 2, p 36), JR-1:

From CCRMP ; SY-2: syenite,

JB-2: basalt (s 4, p 40),
rhyolite (s 5, p 54),
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OFCEARICMABLTED, BNSh3RLY Fv
LADBIE-T, ENODNy 27759 Y FRES L
VDHERBB LLEILT 2. 2Dk®d, Th © Pb F
BlHi->TH, BrKa BELZNOD Ny 5
v Y FEEEOBBRER LR L hidasisn,
E il 3

AFFEED S LT, ¥ BEIERICEBERIIEEY
SERSHEBEFATRE N, U0 BERCIER
FdD - THW: EXLTRICEEEA I TAIE
L BABRRBDONL Dh %8> THEV ., AL
KRWIBARE A F S HEREROEEE GRE,
WHEREFREE ESLimZfARETRTEEE (4
BERAE) h o> THEN, PEDF & ic&Ed
3. 5%, AEICER LAEER JOHEM I,
XEERETEE (EisaEE—RA, REFLDO
B ; BEES442015) L AMRZHEEHIRE (BRI
554EfF, REBAKERE) o—BEMEM L,
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