(103) 39

Electron Probe Microanalyser iz %
Wi b3 O E R ic B3 5 S IRTsE (1)

HA ®E*-B O Mot dJiE E*

Fundamental Study on the Quantitative Analysis of Sulfide
Minerals by Electron Probe Microanalyser (] )

Asahiko SuGaki1, Hiromi-SHIMA and Arashi KITAKAZE

Abstract

Some comparative examinations on the accuracy of quantitative analysis of sulfide minerals have
been carried out by means of the electron probe microanalyser. Detailed discussion on the method
using the calibration curve which is adoppted by us in general has been reported as the first
report of this series. This report is the second one of the series and contains mainly discussions
on the comparison of the analytical errors between two methods of using pure metal and sulfide
minerals as standard samples. Several synthetic and natural sulfide minerals of the Cu-Fe-S, the
Bi-Sb-S, and Cu-Bi-S systems were analysed and the results are corrected on effects of absorption,
fluorescence and average atomic number by using a common equations, The results of analyses
are shown in Tables 5, 6, 7, and 8 with relative errors to the theoretical values. As clearly
shown in the tables, the analyses using a calibration curve method and/or using sulfide most

minerals which have a similar composition to analysed specimens as standard sample could give

the most accurate analytical data in the case of sulfide mineral analysis.
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Table 1 The conditions of analysis
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EH5THh5.

by EPMA (HITACHI XMA-5)

Accelerating voltage
Absorption current

Electron beam size

X-ray radiations Cu-Ka Fe-Ka

Crystals LiF LiF

Rowlands circles 200 125
radius (mm) -

X-ray detector Fpc+Spc  Fpc+Spe

20KV
0.020 #A on CuFeSg
3 # on CdS crystal

As-Ka Sb-La Bi-La S-Ka
LiF ADP LiF ADP
125 125 125 125
Fpc+Spc Fpc+Spc Fpe+Spe  Fpe+ Spc

Fpc : Flow type proportional counter

Spc : Sealed type proport

Table 2 Composition of analytical and

ional counter

standard samples used by analysis of EPMA

[

Specimens Concentration of elements (wt %)
7 - Cu Fe As Sb Bi S
Bornite ss- 1 CussFerS3s 68.00 8.00 — — — 24.00
Bornite ss-2 Cus FejS3g 64.00 11.00 — — 25.00
Chalcopyrite ss-1 CuggFexsSsr 37.50 30.50 — — — 32.00
Chalcopyrite ss-2 = CugFezsSso 35.00 30.50 — — — 34.50
Cubanite ss CusFeq3Sas 23.50 41.50 — — — 35.00
Wittichenite ss CuzsBia7S77 36.38 — — — 44.26 19.36
Stibiobismuthinite 56.8Bi2S3+43.25Sb2Ss — — — 23.97 54.11 21.92
_ Famatinite ss Cui15As2Sb3S20 45.18 - 7.11 17.31 — 30.40
Bornite CusFeSy 63.31 11.13 — — — 25.56
Chalcopyrite¥ CuFeSg 34.62  30.43 — — — 34.94
Chalcocite CugS 79.85 — — — — 20.15
Covellite CuS 66.46 — — — — 33.54
Stibnite SbaSs — — — 71.69 — 28.31
Bismuthinite Bi2Ss — — — — 81.29 18.71
Stibiobismuthinite BisSbSe — — — 12.94 66.62 20.44
Enargite CusgAsSy 48.41 — 19.02 — — 32.57
_Famatinite CusSbSs 43.26  — — 2763 — _ 29.11

*

Natural sample no rhark

: Synthetic samplesw

Upper group minerals are analytical samples
Lower group minerals are standard samples
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L C Ei=(Eo+Ezx)/2, Eo: H5EBE, Eo: i
itk X S ORREEIE, Zit i 0HED BHFRE, Ai:i
TEFEDOE R, Ji: i B3O mean ionization poten-
tial (eV) %2 & 57, F@WHXD Ji T2 Tid
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Table 3 Coefficient for calculations of R factor
‘ bo; by; bzj bs; baj
=0 +1.0088x1072 —7.6070X10-4 —3.5702%10-3 +1.6329%x10"*% —9.6521x10-7
1=1 —6.1134X 10" +6.0271 X101 +1.6222X10"2 —4.5936X10-% +2.5267x10-6
=2 —-9.1447x10-1 +2.9326 ~1.7636X10"1 +2.8558%103 —1.3294x10-5
1=3 —7.0753X10"! —4.6855 +2.9116 X107 —4.6797X10°3 +2 1597x10-°
j=4 +1.3735 +1.9015 ~ —1.2703%1071 +2.1144Xx10-3 ~9.8423x 106

After Bishopll) (1967)
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BRD B I O@E LT, g Table 4 i Cu-
Fe-S 320 7 20k 2T D Cu-Ka $HD iyt
Uiz, 5 HOEEEOEEE (N), BERRE ()
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Cu-Fe-S minerals

Table 4 Counting data for

Samples Counts/20 sec. %?32 H. I
Bornite ss-1 26221 26031 25761 26438 25957 | 26081.6 258.5 1.60
Bornite ss-2 23772 24285 24263 24353 24345 | 24203.6 244.2 1.57
Bornite 24262 24164 24455 24355 24557 | 24358.2 154.5 0.99
Chalcopyrite ss-1 13700 13797 13779 13794 14019 | 13817.8 119.2 1.01
Chalcopyrite ss-2 | 12763 12890 12852 12910 12944 | 12870.6 103.2 0.91
Chalcopyrite 12927 12949 12805 12944 12910 | 12907.0 59.0 0.51
Cubanite ss 8690 8570 8537 8588 8533 8583.6 63.7 0.68

s : standard deviation H. I. :homogeneity index

4.9 Cu-Fe-S BIUMDOAEEREIVUZOER

Cu-Fe-S RICET 2EINIB L SHS N TV B0,
¥ stoichiometric Zg#AK % & 2 SMRZEFIRIC DL
T3IFMEONHRTT o170, ZDiFE% Table SITR
Uiz25, 1213 Cu s L of Feiow U Tid oD
SES, ER%, Sl Tid Cus % SHERR L
UTaRFL 1ok 27U, 31id Cu, Fe, S DY
BERIE U TERKZHOIIES, 4cdBEEize o
THM 2T - ARV IN TS, F1: Tablesic
i LIRI N TV ABEIOMER Y 5 FHI N 28 T05H

* TV el Duncumb, Shield!3)D{i
6=2.39x105/(Eot.5—Ex1.5)ThH 5.
** homogenity index 3.0l ETH 2 EALHETHSC &E2R
U, 3.0UFTH B EHBBSENTHHTH AL L 20T,

Vol.23 No.2 (1972)

DEEEHSEEDZNFNOANEEDY HHE TR
nTsg LT, ZB2OoTXRTIFEUERBHVNONT
W3, ErSEEL»L LI MEBREERM LU
THWIZE A ODHTREIEIZFRC 3 AT LI TH 5
HEHEE 2 VIS BRI SN THESL, TO5/EZD
s2ehsFe 123UV THIRICERDbN T & TV . C OERA
BLHBARBETXTOPPTINT —RRITEAL BT &
T, WAt E O, RSN THEL
ZETHDS.

XI5y HDUHU SR 2T 129, TDRODH,
HESRERERE A 2506, RN ERS (A 250k B L T
¥ o — AEREARE RO AEES 7 DGR 2

ek o5 EITE RO Z N F N stoichiometric 22 HUKD
ST TVA.



Electron Pr

obe Microanalyser i< & 2%{LEAYID & BOHHCEI S A ZEB0B5E (1) (107) 43

Table 5 Analytical data for bornite

Flement Analytical data(wt 25) Relative error (%)
1 2 3 4| 1 2 3 4
Cu 63.31 63.89  63.27 63.99 — +0.9 —0.1 +1.1
Fe 11.13 12.17 11.14 11.16 — +9.3 +0.1 +0.3
S 25.56 25.93 25.42 25.07 — +1.4 —-0.5 —-1.9
_Total | 100.00 101.99  99.83 100.22

: Theoretical composition

2 : Composition obtained by correcting calculation method using Cu, Fe and
CuS as standard
3 : Composition obtained by correcting calculation method using natural
chalcopyrite as standard
4 : Composition obtained by calibration curve method
Table 6 Analytical data for Cu-Fe-S minerals
Samples Analytical data(wt %) Relative error (%)
o Cu Fe S Total Cu Fe S
Bornite ss-1 1 68.00 8.00 24.00 100.00 — - —
2 68.18 8.19 24.35 100.70 +0.2  +2.4 —~1.5
3 68.05 8.14 23.83 100.02 +0.1 +1.8 -0.7
4 68.30 8.11 23.98 100.39 +0.4 +1.4 —0.1
Bornite ss-2 1 64.00 11.00 25.00 100.00 — — —
2 63.76 11.08 25.31 100.15 —0.4 +0.7 +1.2
3 63.83 11.00 24.84 99.67 -0.3 0.0 —0.6
B 4 63.60 10.78 24.84 99.22 —0.6 2.0 —0.6
Chalcopyrite ss-1 1 37.50 30.50 32.00 100.00 — — —
2 36.57 30.52 32.11 99.20 -2.5 —0.1 —0.3
3 36.51 30.21 33.02 99.74 —-2.6 —1.0 +3.2
4 37.26  30.64 32.38 100.28 —-0.6 0.5 +1.2
Chalcopyrite ss-2 I 35.00 30.50 34.50 100.00 — — —
2 34.96 30.78 34.07 99.81 —-0.1 +0.9 -1.2
3 34.54 28.96 35.04 98.54 —-1.3 -=5.0 +1.6
4 34.82  30.61 33.93 99.36 | —0.5 +0.4 —1.7
Cubanite ss 1 23.50 41.50 35.00 100.00 — — —
2 23.36 41.30 35.32 99.98 —-0.6 —0.5 +0.5
3 23.32  40.55 35.49 99.36 —-0.8 —2.3 +1.4
4 23.66  41.04 34.96 99.66 +0.7 —1.1 —0.1
1 : Theoretical composition
2 : Natural chalcopyrite as standard
3 : Synthetic stoichiometric bornite as standard
4 : Calibration curve method
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Relative error ( percent)

Fig. 1 Error histogram for Cu, Fe and S after correction in Cu-Fe-S minerals using

natural chalcopyrite as standard
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Table 7 Analytical data for stibiobismuthinite

(109) 45

(56.8 BizS3 - 43,2 Sb2S3)

Analytical data (wt 9%) Relative error (%)
B Bi Sb S Total Bi Sb S
Stibiobismuthinite | 54.11 23.97 21.92 100.00 — — —
2 57.51 22.43 23.33 103.27 +6.3 —-6.4 +6.4
3 55.24 23,75 22.75 101.74 +2.1 -0.9 +3.8
4 53.76  24.02 21.85 99.63 —-0.6 +0.2 —0.3
5 | 54.31 23.87 21.75 99.93 +0.4 —0.4 —0.8

1 : Theoretical composition
3 : Bi2S3 and SbeSsz as standard
5 : Calibration curve method

2 : Bi, Sb and CuFeS. as standard
4 : 3 Bi2S3+SbeSs as standard

DIe Y RORERBE L0 5,
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DO ETIZ 2, WIhd Bidsdis b4 L Sb sl
STTWA, ELIICMERE Bi, Sb 2 012550
BERBEICKE B~ P 2BATV S, o
ROFINIIF TR OK X VI T OTDE Bi &1t
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EleHWB &, AR RENERE 2 &

4-4 Cu-Bi-S RiIMOHNITRREIUVZDEER
Cu-Bi-S 3 R4RICIIEZ  OLEAFELET 519
W, ZDIBRRY A5~ 8k CursBixgSr 2 HE
HeL, BERHEL T2h Fh, 1) ©F Cu,
Bi, EIEEAGK, 2) WAERSID CusSE BisSs, 3) =
JR53 M Td B CusBiSz 2 AV T 2472, 58
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ERLEL T, HEROIE 3 RO 2 FI 12384
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EPMA %\ THRALEEI O B4 #2137 5 B4,
$ M & 2 ARSI OEOIT X BSOS

Table 8 Analytical data for wittichenite (Cuy3BiySy7)

Element Analytical data (wt %) Relative error (%)
1 2 3 1 2 3 4
Cu 36.38 38.31 35.94 36.18 — +5.3 —1.2 —0.5
Bi 44.26 45.80 44.64 44.43 — +3.5 +0.9 +0.4
B S | 19.36 20.39 20.25 19.37 — +5.3 +4.6 +0.1
Total 100.00 104.50 100.83  99.98

: Theoretical composition

: Cu, Bi and CuFeS: as standard
: CueS and BigSs as standard

: CugBiSg as standard
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