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Fig.1 Relation between the optically measured and the indicated temperatures.
The temperatures of the bead are measured using an optical
pyrometer (CHINO model IR-U) for various indicated temperatures.

T Fig. 128MH) w chid5 | 468,

step? : IREA300°C L, L~y AREE IS5 3080,

stepd I AV R [EEE S0, BELL0°CE T LTS 2 9.

stepd : IEASS0CIeftb, v A EIRS R 5 & RRFC30E I KIEEEI 225 ; 54530
i, 7ok, 0 step BIRSMESS 4 0 HNEER & 217 5, HEHZEROET
Woffdic=7—=2v +r—+y T3 5kg/cntic 4 5,

step5 © IRE#L50°Cifi b, Wik & L {EE 2B T HiEo A X85 | 158,



108 TEHRREE - e - SIS - TR

step6 : BEEHELE L GREAFERC S &3 158/,
PAE, 2fTRENI0sEcKLs il b,
HIAE - NOERICHIchEERZ &

WUTO3IETHD. F 1 ICETER Y o3 Ez g_ ?3*‘¢::5—»m
<, A BELSTFC b —TIe - | 88 5 ¢ , ek
FehB oL, Plransiessmrgs |00 \‘\_\. —a Al
E, vy R, b bOTHT | 5 § 20 : : :

B 7 S HTE L SIOM% & 7B, B2 1 0 W£mm%h) 6
WHiisnC &, JRHDE < OO e HEIC

W BGOSR O ST E Fig.2 X-ray intensities from a repeatedly

&< 7% 8 3 WCERLER CIUR Y 5 v fused glass bead .
ADHRELD 5 I EFEL T &, O GSJ standard rock sample Jsy-1 was

fused four times and the ratio of the
weight loss to the weight and X-ray
intensities were measured after each

BSE L TeoiEoaiEEE
7o LREIRIE, ZOEENZ - EIRE

N5 ERSE T T, HBORSEDTTR S fusing procedure. The percentage of the
HIFEL W5, Fig.2iwmrR3 X 5, [a— difference between the analyzed result
DE—F GEENL Jsy-1) REE I LR and the reported concentration, to the

concentration is shown.

LR, 4 BERERC L EBET 5 E
e — FERE XEHREYHEL, *oBov— FoERREKE, STROENEE & &8
DEE L DEDOEDEEINT 5EEYRCL 5L, Kizow TG MCRENFES L
Tk b NaTHLETOWIBRREBLNSL, Al D X 5 i TEHEEDO TR H - Tix, 1Y
TR Y 7 ADWRAD Lo DMEENEL 5o TWHD Db 0D, H1, 8205 LARRE
BE L, AR EEERT 58, £330 roMoNEERRhEE3 5, TElE
— P2 TubWhHEERPFHE L CHEBER FCTHEFEL 2>, 1o TE 510 ERETY
—VYRERT 2 d0 7 n s 5 a3 U EoboTchsb, TATCHERIRLL E— FOERR
WK 1 %RE, WA o aHGn bEEmO ORI IEEAERD
g, BROEFEROLVWEHOEE (Fe,0,>10%) TE e — Fainy R b HIEE
Lic e, ML) v s 2 ERE—HEERMNL T, ¥k, TEXE— Fcis
% B TV AEAIIL, ERBERSERECENU o\ W ol EEEEERT 5 &,
BBREINRDLZENRD B,
SIEM - Bk

ST EMNARNFEATME R FHEIE 7 4 V) v 7 238 PW24008Y 5 Y X SR 4725
B, Bl P4 P yBIcRhNEBBAY o714 V) v 72HEO€ T 1 v
IRk A — - — TEERE T, BEOEREOHIM L MEHES Y 4 ) vy SR E:
D v 7+ WINX40Jver.1.5a 2 & » € Windows3.1.E ¢y avEBEUCh I b, H
FEFEZERIFHRCT W, & LRODaME TablelitRT LB 0 TH D, AR
ORI R S S HT, BEOBMICHERBEZE S & Lo T HR/IMEEICEE
Lo ZORE, 13EBO2ERASTEOBESITCLELFEL6 S 1 5B Tth s,




Table 1 Operating conditions.

L : gas flow proportional counter, DUP : duplex use of gas flow proportional counter and scintillation counter. The
total time for the whole analysis of one specimen including stand-by time is § minutes 15 seconds.

Element Tube collimeter | crystal | counter angle(26) pulse hight counting time {(sec)
& line kV-mA (um) peak background offset interval (%) peak background
Si | Ka 24-125 700 PET FL 109.157 -4.052 8.652 25-75 10 10
Ti | Ke 40-75 300 LiF 200 FL 86.128 -2.332 2.350 15-75 10 10
Al | Ka 24-125 700 PET FL 144.979 -4.570 18-79 10 10
Fe | Ka 60-50 300 LiF 200 DUP 57.496 -2.014 2.902 36-79 10 10
Mn | K& 60-50 300 LiF 200 DUP 62.947 -1.205 1.249 34-79 10 10
Mg | Ka 24-125 700 TAP FL 45.120 -3.526 3.054 25-75 10 10
Ca | Ka 30-100 300 LiF 200 FL 113.103 -5.207 29-75 10 10
Na | Ka 24-125 700 TAP FL 55.062 -2.408 2.684 25-75 20 10
K | Ke 25-120 300 LiF 200 FL 136.677 -2.872 4.295 28-77 10 10
P Ka 24-125 700 Ge FL 141.039 -3.372 5.464 21-79 20 10
Table 2 & coefficients used for the matrix correction.
F 2RIV Si Ti Al Fe Mn Mg Ca Na K P
{t&"

TiO, 0.076 1 0.023| 0.131 1.413| 1.400 0.154 | -0.295| 0.170 | -0.303 | -0.279

Al,O, 0.425 | -0.057 | -0.015 | -0.057 | -0.057 | -0.032 | -0.057 | -0.031 | -0.058 | -0.060

Fe,0, 0.313 | -0.289 1 0.380 | 0.503| 0.257{ 0.405|-0.265| (.422|-0.241|-0.133

MnO 0.261 | -0.295 | 0.324 | 0.459| 0.458 | 0.347|-0.289 | 0.363 | -0.270 | -0.165

MgO 0.374 [ -0.105| 0.440 | -0.110{-0.108 | -0.051 | -0.102 | -0.063 | -0.100 | -0.094

Ca0 0.025| 1.311| 0.075| 1.419] 1.393| 0.095|-0.051| 0.108 | -0.276 | -0.309

Na,O 0.311 | -0.154 | 0.378 | -0.162 | -0.160 | 0.402|-0.149 | -0.107 | -0.146 | -0.134

K,O -0.022 | 1.277 | 0.024| 1.371| 1.348] 0.042 ] 1.225; 0.053 ] -0.098 | -0.337

P.Os 0.001] 0.052 | 0.022| 0.059| 0.057| 0.021| 0.049| 0.020| 0.047 | -0.284
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Table 3 Analytical errors compared to the concentrations.

A specimen of the shown X-ray intensities and chemical concentration was
used for the test of reproducihility. Three errors are shown as the ratio
of deviation to concentration (9%).

Specific error of count (%)= 100 Ip/tp + Ib/th)V? /(Ip-Ib), where Ip and
Ib : peak and background intensity (cps), respectively ; and tp and
tb . counting time interval of peak and background, respectively.

* o ratio of RMS (see Table 4) to the average concentration of the used
standard samples.

Specific error compared to concentration
NET . error of gt
intensity concentration count (SEC) ﬁ\?énlggfds 26131%61?/22(51 Cahlti)xig son

(kcps) (wt. %) (%) (%) (%) (%)

Si0, 129.55 48.2 0.088 0.11 0.10 0.39
TiO, 7.47 0.6 0.383 0.39 0.37 1.24
Al Os 37.72 12.4 0.164 0.16 0.14 1.50
Fe,0; 625.49 11.3 0.040 0.09 0.08 0.84
MnO 8.89 0.2 0.375 0.31 0.32 2.81
MgO 15.69 11.0 0.256 0.29 0.32 0.80
CaO 119.01 11.0 0.092 0.13 0.13 1.05
Na,O 0.99 2.0 0.762 0.91 0.84 1.04
K,O 19.97 1.6 0.226 0.55 0.18 0.55
P,0Os 4.75 0.7 0.345 0.39 0.42 3.47
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Fig.3 Deviations of analytical results by the repeated analyses.
Each of thirteen GSJ standard rock samples were analyzed five times, and the
proportion of the standard deviation to the average is shown against its concentration.
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Fig.4 Calibration lines.
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Table 4 Factors of calibration lines.

The concentration of the element i (C,) is shown as ;

Ci=D +E R (14 Za,; C) , where, D, is X-axis intercept, E,; is inverse
slope of the calibration line, a;,; is @ coefficient for the effect of element

73”7 on element ”i”, C; is the concentration of the element

RMS (root mean square) = (2 (C,—C»)%  (n—2))" (Cy and C, :
calculated and proposed concentrations, respectively)

»ip
]

RMS from the literatures

available composition calibration line Kimura and Yoshizaki Nakada
Yamada et al. et al.
min. max. D E RMS (1996) (1996) (1985)
Si0, 43 76 2.8373 0.3165 0.231 0.217 0.082 0.229
TiO, 0.01 1.6 0.0026 0.0781 0.010 0.010 0.005 0.032
AlO; 0.7 23 0.0015 0.2899 0.178 0.153 0.060 0.126
Fe,O; 0.8 15 -0.0344 0.0149  0.067 0.077 0.025 0.209
MnO | 0.002 0.21 | -0.0009 0.0187 0.003 0.007 0.001 0.013
MgO 0.04 44 0.0366 0.6578 0.177 0.217 0.029 0.215
Ca0 0.09 11 -0.0146 0.0951 0.058 0.080 0.024 0.183
Na,O 0.6 10 -0.0197 1.9292 0.055 0.048 0.032 0.132
K,O 0.1 12 0.0021 0.0942 0.033 0.021 0.011 0.094
P,0s 0.01 0.29 0.0010 0.1516 0.005 0.004 0.003 0.015
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X-ray fluorescence analysis of major elements in silicate
rocks — preparation of glass bead pellets of a high ratio
of sample to flux and the accuracy of the rapid analysis.
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Abstract

In order to analyze both major and trace elements on a single pellet, it is necessary
to prepare a glass bead of as high ratio of sample to flux as 1 : 2. In our laboratory,
we determined the operating condition of the bead sampler (Philips-Japan NP1234) by
which a glass bead is made under the temperatures less than 1150°C and the duration
of 10 minutes. The weight loss of the bead during the fusion is less than 1%.
Vaporization of elements during the fusion is tested to be negligible except for
potassium, X-ray intensity of which becomes remarkably lower as the weight loss of
the bead increases, so the extent of weight loss must be controlled to be equal among
the glass beads.

We tested the reproducibility of X-ray intensities on many glass beads and by
repeated analyses using the analyzer Philips PW2400 of Shinshu University. A rapid
analysis becomes possible with sufficient accuracy, the total time for the analysis of
one sample being about 6 minutes. With usage of the Geological Survey of Japan
standard rocks as standards, calibration lines are obtained and accuracy of the

analysis is shown in Table4.



