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X-ray fluorescence analysis of major elements in silicate rocks

Setsuya NAKADA, Takeru YANAGI, Shun-ichi MAEDA,
Dahe FANG and Masaru YAMAGUCHI

Abstract

This paper describes sample processing and the results on X-ray fluorescence
analysis of 10 major elements in silicate rocks by mounting sample glass-disks on the
spectrometer, The sample disk was made by fusing and molding in a Au-Pt crucible
of a mixture of 1 g of rock powder, 5 g of flux (Li,B;0,), and about 30 mg of lithium
bromide (LiBr-H,0). Synthetic glasses prepared from pure chemical reagents yielded
reliable and useful calibration curves for wide optimal ranges of composition. The use
of the synthetic glasses for calibration eliminates errors which are usually associated
with the geochemical standards. As a result, it is possible to estimate the matrix effects
correctly,

Detailed investigation of matrix effects on each spectrum was made possible to
classify the measured elements into the following three groups, 1) elements with their
Ka lines longer than the absorption edge of Si, whose Ko lines are absorbed mostly by
oxygen, 2) elements with the absorption edges lying between Si-Ka and Cr-Ka, some of
which are excited secondary by Si-Ka and the others are suppressed their Ka radiation
by the absorption of Si, and 3) elements with the absorption edges shorter than Cr-Ka,
whose Ka lines are absorbed by Fe. For the correction of the the matrix effects to the
intensity of X-ray radiated from the measure element, it was found sufficient to consider
only the element with the next largest mass absorption coefficient to get reliable analyti-

cal results. The effects of other elements are mostly negligible. It should be noticed
that the Si-Ka line excites the associated Al to give additional Al-Ke« radiation.

Analytical results of geochemical inter-laboratory standards, which are very close
to their recommended values, were listed in Table 4.
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Table 1 Instrumental operating conditions

Counting 20 Base Window

Element Detector Crystal time(s) Peak  Background line width
Si PC EDDT 20 108.10  106.10-110. 10 50 250
Ti sC LiF 10 86. 18 85. 00— 86. 80 50 300
Al PC EDDT 20 142.78  141.28-144.28 50 300
Fe SC LiF 10 57. 52 56. 02— 59. 02 50 300
~ Mn sC LiF 40 62. 98 61. 98— 63.98 50 300
Mg PC ADP 40 136.67  135.67-138. 67 100 160
Ca SC LiF 10 113.07  111.07-115.07 50 250
Na PC TAP 100 55. 17 54. 05— 56. 30 50 250
K PC EDDT 10 50. 32 48. 32- 54.32 50 250
P PC EDDT 40 88. 72 87. 72~ 89.72 150 120

Cr-tube, 50kV-40mA, Vacuum, Slit=3S, Sample spin ON, Linking .ON,
Gain 6, Fine gain=max, Mode diff. =x1, PR gas flow rate=100cc/min.
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Fig. 1 Variation diagrams of standard synthetic samples used to get calibration
curves., Solid circle represents the reference sample which has the same

composition as JB-1.
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Table 2 Chemical reagents of standard
synthetic samples, and their

heating temperature-duration
and the weight loss

Reagents Heating  p, atjon, Weight

Temp. Loss
Si0, 1 1000°C 10min. 0.11%
TiO, 2 600 30 0.07
Al,04 1 1000 10 0.20
Fe,0; 3 600 30 0.12
MnO 4 110 30 0.00
MgO 5 600 60 2. 46
CaCOs, 5 400 60 0.03
Na,CO, 1 400 60 0.57
K,CO;1.5H,0 3 400 90 16. 42
(KPO3),, 1 400 90 0.93
Li,B,O;, 3 110 120 0.25

: FEki%E (Wako Pure Chemical Ind. Ltd.)
s £ v 44k%¥ (Kishida Chemical Co. Ltd.)

I Ay (Merck Co. Ltd.)

it ZEMEE (Mitsuwa Chemical Co. Ltd.)
: Biifk®: (Katayama Chemical Ltd.)
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REHEASITVES, OIS IKREN S (MULLER,
1972).

MpA(x) T,(A)da
r()/sing + p(a)/sinv
Ra=1a_Ca ., 2o

Iar Car A

AﬂA(?\,) I, (A)da
pr(N)/sin® + pr () /siny

Ao

Fr L

p(AN)==Cipi(n)
p(a)=32Cipi(a)
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i 0EBBRNEE, C BrkioBE (V) i

FEMOREXEBHRE, » RBEXRORNEA. vid
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FBTHEDLTC EHNTEL (MULLER, 1972%2R).
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Fig. 2 Mass absorption coefficients of ele-
ments in the reference sample (JB-
1 composition). It contains 60mg of
lithium bromide.
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Table 3 Regression functions for major elements and the analytical errors

Oxides Calibration Curve Error (in wt%)
Si0, R=0.01669 * Csio;+4.325 « 1075 « Cdio, 0. 333
R=(0.01655+1. 853 « 1075 « Cca0) * Csio,+4.325 » 1075 «» Cdio, 0.229
TiO, R=0.7353 + Crio; 0. 032
Al,O; R=(1.866 + 107* + Csi0,+0. 05785) + Ca1,0; 0. 126
Fe,0s R=0.04731+0. 1099 * Cre,0s —5. 926 + 107* + Cfq,0, 0. 209
MnO R=0.3225-+4. 843 + Cuno 0.013
MgO R=0.1274 « Cugo 0.215
Ca0 R=0.1067 » Ccso0 0.183
Na,O R=0.3564 + Cna,0 0.132
K,O R=(0.7520—1.357 + 1072 « Csi0,) * Cx.0 0. 094
P,0s R=0.1147+ (3. 839—0. 01025 * Csi0,) * Cp,05 0.015

Error: 1/ 2_((:_1;_@55

(C, and C, are calculated and original values)
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Fig. 3 Calibration lines for MgO and Na,O.
Rug and Rn. mean intensities of
Mg-Ka and Na-Ka in a sample,
normalized by those in the reference
sample, respectively. Solid circle
represents the reference sample.
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%4&7} a) Al-Ke gﬁﬁ& Alzoa %0355%
ERIEEEBESEBELTH .
KhoEFiz Si0, B%#RY.
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Fig. 4 a) Normalized Al-Ka intensity and
Al,0; content. A straight line is
drawn to pass through the refer-
ence point and the origin (0, 0).
Numbers in the figure represent
Si0O, content.

b) SiO, content and residual inten-
sity which is observed between the
straight line in a) and analytical
points.
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Fig. 5 a) Normalized K-Ka intensity and
K,O content. A straight line is
drawn to pass through the refer-
ence point and the origin.

b) SiO, content and residual inten-
sity which is observed between the
straight line in a) and analytical
points,
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Fig. 6 a) Normalized P-Ka intensity and
P,O; content. A straight line is
drawn to pass through the refer-
ence point and the intercept.

b) SiO, content and residual inten-
sity which is observed between the
straight line in a) and analytical
points.
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Fig. 7 Calibration lines for CaO and TiO,.
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Fig. 8 a) Normalized Si-Ke intensity and
Si0, content. A straight line is
drawn to pass through the refer-
ence point and the origin.

b) SiO, content and residual inten-
sity which is observed between the
straight line in a) and analytical
points.

c) CaO content and secondary re-
sidual intensity which is observed
between the straight line in a) and
the values corrected by SiO, con-
tent.
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Fig. 9 Calibration line for MnO.
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Fig.10 a) Normalized Fe-Ka intensity and
Fe,O; content. A straight line is
drawn to pass through the refer-
ence point and the origin.

b) Fe,O; content and residual in-
tensity which is observed between
the straight line in a) and analyt-
ical points.
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EBZT-> TOREBMERETZY, —F, WEK
ZRAVNE Mo oW T ES: 88T 2REHREE
BLEBH Cr aFEOSVRKIELTR, Cr &
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VI. SRR ESITHE
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KO ON7-EERBDEDEEREMELE I RICRLL:,
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Table 4 X-ray fluorescence analyses of inter-laboratory 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
Si0, 52.98 61.23 72.91 42.05 43.90 53.04 50.38 64.22 76.84 76.99
TiO, .36 013 0.27 <0.00 1.63 1.19 1.45 0.89 0.10 0.06
Al,0; 14.60 12.11 14,08 0.66 17.81 14.52 17.18 15.09 12.74 12.63
Fe,0,« 9.02 6.27 214 9.98 1523 14.72 1210 7.3¢ 0.91 0.78
MnO 0.15 0.32 006 0.13 0.19 021 0.18 0.15 0.10 0.12
MgO 7.85 2.66 0.73 46.05 7.57 4,41 5.08 1.46 0.11  0.04
Ca0 9.32 7.71 209 0.54 11.95 9.71 9.77 568 0.68  0.49
Na,O 2.79 436 3.40 0.03 1.19 1.89 270 3.80 412  4.27
K.O 1.51  4.58 3.96 <0.01 0.24 0.42 0.81 0.78 4.33  4.38
P,0; 0.27 0.45 006 <0.01 0.05 0.08 0.30 0.15 0.01 <0.01
Total 99.85 99.82 99.70 99.44 99.77 100.19 99.95 99.56 99.94 99.76

Recommended or Proposed Values (Recalculated to 100% without H,O)

JB-12 SY-2b JG-12 JP-1 JGb-1¢ JB-2¢ JB-3¢ JA-1¢ JR-l1c¢ JR-2¢
Si0, 52.91 60.78 72.75 43.75 52.88 50.89 64.64 76.38 76.77
TiO, .36 0.14  0.27 .63 118 1.45 0.88 0.10  0.09
Al,0; 14.73 12,26 14.33 17.79 14.58 16.84 15.12 13.06 13.01
Fe,052 9.06 6.3¢4 2.20 15.16 14.14 11.75 6.97 0.96  0.87
MnO 0.15 0.32  0.06 0.17 0.20 0.16 0.15 0.10 0.11
MgO 7.85 2.73  0.73 7.89 463 518 1.62- 009 0.05
Ca0 9.37 807 218 12.07 9.83 9.83 5.73  0.64  0.46
Na,O 2.84 439 3.40 .24 2,02 281 3.90 415  4.09
K.O .46 4.53  3.98 0.26 0.43 0.80 0.8  4.50  4.55
P,O; 0.26 0.43  0.10 0.056 0.10 0.29 0.16 0.02 0.01

a : total iron as Fe,0;. a:
1984).

TiBa (1970). b: ABBEY (1980). c: ANpo (per. comm.,
Descriptions of geochemical standards from GSJ; JB-1: basalt (slit 7),

JG-1: granodiorite (s 9), JP-1: peridotite (s 10 position 78), JGb-1: gabbro (s 9,
p 79), JB-2: basalt (s 4, p 40), JB-3: basalt (s 5, p 94), JA-1: andesite (s 2,

p 36), JR-1:
SY-2 : syenite,

rhyolite (s 5, p 54), JR-2: rhyolite (s 7, p 79). - From CCRMP ;
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Fig.11 X-ray intensity and position of an-
alyzed surface of sample. Intensi-
ties are normalized by the intensity
at the normal position (0.0mm).
Solid and open circles are for Fe-
Ka and Si-Kea, respectively, from
glass sample, Open triangle is for
Ti-Ka from titanium metal.
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