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Abstract

.Some examinations on the quantitative analysis of complex sulfide minerals were carried out by
electron probe microanalyser with three methods as follows : -

(1) The method using metals and simplé sulfides as standard "samples correcting about the effects

of absorption, fluorescence and average atomic number by calibration formula.

(2) The method using sulfide mineral as standard sample similar to composition of examinig
specimen, comparing with both intensities of X-ray radiation of elements in standard and
examining samples.

(8) The method using the calibration curves shown the relation between intensities of X-ray
radiation and .contents of elements in several standard samples which consist of same elements
as the. analysing sample. '

The results obtained by the method using the calibration curves were best among them mentioned
above. Also, wittichenite from the Obari and Naganobori mines, and horobetsuite from the Horce
betsu mine were tentatively ‘analysed by using calibration curves as shown in Figs. 3 and 4, and
their results were in good accordance with stoichiometric composition CusBiS; and that of

Bi283-Sb2S3 solid solution respectively as shown in Tables 7- and 8 .
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Table 1 Compositions of standard samples and metals used by analysis of EPMA

. specimens Concentration of elements (Wt%)
Cu-Bi-S Cu Bi S
Copper metal Cu 99.99 — —
Chalcocite CusS 79.85 — 20.15
Wittichenite CusBiSs3 38.45 42.15 19.40
Cuprobismutite CupsBigSs1 17.75 62.23 19.02
—_ CuBi3Ss 7.47 73.69 18.84
Bismuthinite BisSs — 81.29 18.71
Bismuth metal Bi - 99.9+ -
Sb-Bi-S Bi Sb S
Bismuth metal Bi 99.9+ — —
Bismuthinite Bi2S3 81.29 — 18.71
—_ BisSbaSo 61.11 17.80 21.09
—_ BisSbaSis 40.47 - 40.47 23.53
— BiSbsSs 27.32 47.59 25.09
Stibnite SbaSs — 71.68 28.32
Antimony metal Sb — 99.9+ e
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Table 2 The conditions analysed by EPMA (HITACHI XMA-5)
Accelerating voltage 20KV
Absorption current 0.054A on pure iron
Elecron beam size : 3 14 on CdS crystal
X-ray radiations Cu-Ka Bi-La Sb-La S-Ka
Crystals LiF LiF ADP ADP
Rowland’s circles radius J 200mm 200mm 125mm 125mm
X-rayv detectors % Fpc, Spc Fpc, Spc Fpc, Spc Fpc, Spc
Linear amplifier { Coarse 2 2 2 2
gamn Fine 0.5 0.5 0.5 0.5
Counting time 20 sec. 20 sec. 20 sec. 20 scc.
Fpc : Flow type proportional counter
Spc : Sealed type proportonal counter
1. XMA-5 T & 5 3814 iz Table 2D X5 1200

Th5s.
5. ERBOBSH, WEREREOKS

EPMA CiEESFT 217725 5if, Bk ET,
FHEXERs EOWEIT § &3 BB RRHEL T
FIERTbhT s 5700 d, Z0F 2 ICEEHHT
X AHERIEL SFHIL T BEHBH 2D . Thb
DTz 1) Kilovolt meter ML, 2) 7 T8
RO LGERE, 3) XigRHRONRREIIC X 282
WwL, 4) FREICY T AHLY LU AR DL, 5)
ETMEOZE, 6) Yk 2 HEFRERD
BERARRE s E0B2. o5, LRSI 20T
U R AERIT N TR S,

3.1 Kiovolt meter OHIE

EZ S OIS TR HINERE 20KV Tl
U720D7C, el X e EE » RE IEER: 20KV
ITd ok IO iEEEE20.0KV 2 § > Mo-K, 5%
250, ZORE &IIMEEFEOBIE L b BEFEETOH;
IE21T7s o1, bbb Fig. 1SR X 5 ki &
Vb b ) BROEREDS Mo-Ke SO FiT20. 0KV iz
249 2 A%, EEEORIEMIZ 20.2KV & 70 b, #354
0.2KVTaH 3%,

3.2 BFEROREMSM

XER DR I BRI L T2 3 DT,
Z DHEIR ORI Z LD X BRI 1 3 L5 3 gk
V. LOLDEBRDIHICAS F 2B THEREDR

HOWIEIR+0.3KVTHamT, |3

1000

800

600

400

200

Intensity of Mo-Ka radiation (cps)

Kilovolt reading

Fig.1 Calbration of KV meter obtained by
measurement of the intensity of Mo-Ka
radiation.

The intersection of two straight dotted
lines shows 20.2KV, though it corresponds
to the exciting voltage 20 0KV of Mo-Ka

radiation. Therefore, correcting value is 0.2KV
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Fig.2 Calibration lines for the dead time of the detector system by measuring intensity of
X-ray radiation.

A : 1st channel : Po-Ma radiation (1 st order)

B : 2 nd channel : Pb-La radiation (1 st order)
C : 3 rd channel : Po-Ma radiation (2 nd order)
N : Intensity of X-ray
i : Absorption current
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Fig.3 Intensity change by rotation of metal iron
specimen with flat surface
Io : Intensity of Fe-Ka radiation at rotation
angle 0°
Intensity of Fe-Ka radiation at rotation
angles from 30° to 330°
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Table 3 Counting data of CugBizxSs1 (cuprobisinutite)

X-ray radiation I[;olirrlr:ber Counts/20 sec. \1\;[:1?12 s 3s  cov(%)
Cu-Ka 1 17745 17739 17645 17688 17507 17665 91 273 0.52
17511 17806 17253 17330 17287 17437 205 615 1.18
3 | 17417 17659 17422 17516 17946 17592 197 591 112
mean value 17569 ’ 95 785 0.54
Bi-La 1 19452 19550 19228 19204 19291 19345 134 402 0.67
19434 19372 19432 19229 19371 19367 75 . 225 0.39
3 19184 19302 19093 19143 19278 19200 79 237 0.41
mean value 19304 74 222 0.38
S-Ka 1 | 26662 26193 26700 26805 26284 26529 243 729 ~ 0.92
26241 26535 26393 26149 26090 26282 163 489  0.62
3 | 26288 25652 26109 25954 25763 23954 219 659  0.84
mean value 26255 235 705 0.89

s : standard deviation

Table 4 Counts corrected the dead time of det-
ector system and back ground for measured

X-ray intensity of CuBixSs (cuprobismutite)

cv : cofficient of variation

Table 5 Corrected values of the X-ray radiation
intensity of metals and synthetic sulfides in
the Cu-Bi-S system.

‘ Cu-Ka Bi-La S-Ka Samples \Cu-Ka(cps) Bi-La(cps) S-Ka(cps)
Measured counts i \ ' Cu metal 4150.2 0 0
for 20 sec. ‘ 17565 19304 26055 ‘

i P ) CusS 3209.6 0 933.1
Counts/sec. | 878.3. 965.2 13128 CuaBis
Counts corrected ! 586.3 740 13428 usBiSs 1847 .4 408.6 1166.8
for dead time (cps)| : b o CuzBizSs; 812.8 823.6 13339
Back ground (cps) | 73.5 1463 89 CuBisSs 416.5 957.9  139%.1
Counts withdrawn | Q.
back ground (cps) ll 812.8 823 6 1333.9 Bi2Ss . 0 1096 2 1480.3

- Bi metal 0 1657.3 0
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Fig.4 Calibraticn curves for copper, bismuth or

900 - .

surfur contents of Cu-Bi-S minerals.

A : The curve of copper ccntent vs. intensity
of Cu-Ka radiation

B : The curve of bismuth content vs. intensity
of Bi-La radiation

C : The curve of sulfur content vs. intensity
of S-Ka radiation S-Ka
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Fig.5 Calibration curves for metals and sulfur
content of Bi-Sb-S minerals.

A : The curve of bismuth content vs. intensity
of Bi-La radiation

B : The curve of antimony content vs.
intensity of Sb-La radiation

C : The curve of sulfur content vs.
intensity of S-Ka radiation
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ratio, Ws : A TR ORHE Xii % i 2 H£E0HE B
OEE, #4s:B-Ka d A GHRICHT 5 BERIG
¥, Ex : X—-Ka fFORoEE, ¢ : Lenard 23, A,
B: AB LU BEEOETE2ZFEbL, riz Colby
&, wpid Green ® BGHED %, Pij e LT
Pxx=PLL=1, PkrL=0.24, Prx=4.2 OE%»H"
7o, @REX Yk MEXD, BHHEIEL -EE Cr
12 CabX (1+0s)/(1 +04) L hsRkDENS, T T
0s, 0a X ZNENEERS X 0S8N o 14,
(1 +0s)/( 1 +0a)IXERIBIERE B 2EHT
JRTREEDOHEIFIE Poole, Thomas2 DB

e Ss/Rs
Is_k“1 " SBa/Ra 3

KEoThdNntz, EXD(Ss/Rs)/(Sa/Ra) i3JHETF
FHHIEHE ¢ 255bL, Sk ROEMITIE, Z
Nxn Nelms OfE%s kX Brand OERH., ©
Nn5Q1), @, BLUERDOHEL Y #HIEME Catz Ca
=kaAXCsXaxXfBxXe DR L b RDI., WE D
HD 1B RDELTFDE 5 TH B, 37245 Table
6 —()D & 5 22 & mER BinSbygSs @ Bi—La, Sb
—Lax ket S—Ka HOWEE & 4FE Bi, Sb Bk
CdS iR E OHFE GRGERE » 5% THRIEED
#5137 Bi:0.270, Sb:0.437, S:0 221 DfE» 2.
r2. T LIELER O TORORIGEER & b &
TEFRIT T 2 WIFB IR a%sRd 12, Th b DfEk
Bi:1.007, Sb : 1,040, S:1.074 Th 3. [FEic
@DENHIER & h 3R D18 eHE FLE 58 12 Bi :
1.000, Sb:0.997, S:0.934T, F1XOETE

(95) 217

BRI 2 EERUE Bit1.084, Sb:1.020,
$:0.953TH%, ThoHOWIY, #BhsIFRTE
BRI A FBIERE L b, Bi, Sb L or SHEE
D 2 5FMYE Bi:0.281, Sb:0.451, S:0.221 % %
7. OO 2IERUMER VT, Sz 0, Bl
R FREROMILE RS, Lt 3mHEOE
DR 33L& Bi:0.284, Sb:0.455, S:0.223 %
272, T8 3FERE% Table 6 —(3)iTHL T 3,
EEESRLE U T BioSa &L F SbaSs 2 Hu 251

b R0 AR BRIV, COMEZLNIES
SE{UfE% Table 6 —@NL T 5,

LBROD 3 205587 5% AT BizSs—SbeSs SEH
BAROEREHE 2R BRINCT 2o THI, ZDE
FoRTHUE Table6 D X 5 Th 5. HFITHEL 1250k
i, LROD & 5 ICAHREEA BinSbySe %ALY, k-
O 3TTETHMU IAERVEEE W TEF S L5
Utz, EAIC BinSbaSe A RERIOX T HI
G250 T 3, F=rh@hicid 5 EOKMEEMD BizSs
—SbsSs EHk % IR K& U Tked 1 BB e Al
AU THOWUREEBELZRL T 5, $120)B L 00)
iz ZNFhSbaSs, BizSs¥s k X4&EBi, Sb, CdS#%
EESR & U T ERD & 5 R, FEETEES, 8
RIS & OHFIER 1772 o I HHEDSRE N TV B,
(BIT I3 ABFTAHEL 7SRRI D HURITIE B : 27,3 wtg »
Sb:47.6wt %, S:25.1wt%DEEK » ERESE
EUT, TNLETHIW%HIH OXMIRE—FH
B (cps) % & LU TRD - DRI O/ DS

Table 6 Analytical data obtained by the three
‘methods about synthgtic Bi;1Sb2gSes

1 2 3 4 5
Bi 297 29.5 8.4 27.2 27.8
Sb - 455 45.1  41.8 44.7 45.9
S 24.8 25.3 22.3 - 25.1 24 .4
Total 100.0 99.9 92.5 97.0 98.1
1 : Theoretical composition of the synthetic
material, Bij; SbygSe
2 : Composition obtained by calibration curve
method.

3 : Composition obtained by correcting
calculation ‘method using Bi, Sb and CdS
as standard samples.

: Composition obtained by correcting
calculation method using BigSs and SbsSs
as standard samples.

5 : Composition obtained by the method using

synthetic sulfide BiSb3Se as standard.
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" Table 7 Natural wittichenite composition obtained by using the calibralition

" _curves as shown in Fig:4 A, B, C

1 2 3 4 3 6 7 8

Cu | 38.45 398 40.0 38.0 37.8 .37.6 39.7. 38.9

Bi | 4214 410 41.3  42.4 412 421 429 420

s 19.41  19.2 19.2 18.7 19.1 18.5 17.6  18.7
Total | 100.00 1000 100.5 = 99.1  99.1 100.2 99.6

98.2

1
2
4
6
8

SXRTVAS, ChbONPHRERZEROOEME

@bt%A'U%iU®®ﬁ&K&5%ﬁﬁﬂﬁT@
3T Db B
Eﬁfg#%%ﬁjﬁg%%%m%ﬁﬁf = ﬂﬁa)b

&&%«,Xﬁﬁﬁmmiﬁiﬁﬂ1&5%W,?ﬁ‘

B, YRR & OREREEE DB BT
Mmahs, EEREL SPTEE e b REEICSENDL
w, WIET 5 RELD IS B BTN L S
bOLELbNA. LU L OHAIEIELO(FH
BT »EE s EER R 2 BE E U, TS
A@chTMC®;o&@@ﬁﬁéoéc&bﬁm
LWEWIREDH B, I LR (©) TR SR
H AWV ;tﬁ”%fm“ﬂ:%%?ﬁé“ﬁﬁlt UTHW, Thic

AFEREIE % M CAMEE 2 3T 25 EELD 5
Wik, BREORKORTEEE DD 1~2 %LU TO
B 2 ST B C & BB TR T 5. UL
OREED 5, b LABEEICR R OEHERREE
D% BB 75 b IEX IR — BRI T b bR
W$UT T B OREAEDS, s & b EE S IR 108
LRI ONTh ok b KN LIRS,

5.0 FIREEGEALELINO

FEIL 72 & O e imR e O B T IRD REF SRR R
52 7:DT, Fig. 4 58X 5CRL RERZHNT
3(97‘_50) Cu » Bi « S EBHEEyd wittichenite s L
Bi- Sb « S &K ¥ horobetsuite O 217 72>
7. ' ‘

5.2.1 wit_tichenitye_@}ﬁ}ﬁ'

RN
O

IRRTHEL 72 wittichenite ;tll'[}TiLEi)\ méﬂfljlm
F TR E“ﬁz“lll O OFBIT, T OEENE R

Vol.21 No.2 (1970)

: Stoichiometric composition‘of CugBiSs

and 3 : Composition of witttichenite in chalcopyrite from the Obari mine.
‘and 5 :*Composition of wittichenite in bornite from the Obari mine.

and 7 : Composition of wittichenite in bornite from the Naganobori mine.
: Average composition of six samples from No. 3to No. 7

B, FESREKD B\ VITEE L BECEL THET 5. b
sapk (350> wittichenite (CusBiSs) % Fig. 4 D A,
B %1 0f Citii Ui g 2 VT oHTL 1ok
Table7 DXt 5 Td 5. HiED - HIEHHE CuBiSs #
R@.Cu, Bi X SOUEE #EAQNCRL T2, =P
(2) & ()T KEEGE I LIBE DIESRGE & o4 T 2 PRl O HTE
Yo, ()& OGN RIESRILPE DRI M BEIRZ EL T
BEd BRI, (6) 2 (TN EEK I DHERGH
CHSRMR & AL TRET 5 HElOSHERZRT. &5
=A@ ~(7)E T OF $R7E wittichenite DIFHF
{ﬁﬁfEUJ:{ZfJ@i)f@A%ﬂ’CL\ . EADDHED S

N3OS fEV CU3B153 FARD Cu, Bi ;%;: XS
JEE X {—HU T3

5.2.9 horobetsuite O

LSRG L FE DB« Sb. S—ﬁ%&% horobetsuite's)
% Fig. 50 A, B % s X of CiemL iz Bi, Sb %J:U\

Table 8. Composmon o/ I.orobetustte from. the ‘
Horobetsu mine, obtamed by using the

calibration curves . shown Fzg 5 A B c

o

Bi i 64.7 53.8 33.2 28.5

Sb } 15.9 - 20.6 41.6  41.3
s | 2.2 21.0 4.6 25.1
Total | 100.8 - 100.4 99.4  100.9

1) (Blz.sgsbl.gzj 4115650

'2)  (BizssSbiss) 4.0855.%

. 3) (BiLzSbz2) 3.9:56.05

4) (Bip.oSba.gn) 4.0156.99



Electron Probe Microanalyser ic & 2 5i{b#kD E B HFC BT 2 SLREHBIY (1)

SEEITHT AEM 2 O TN L., 2 ohizkh
H% Table 8153 . {LEERALFX (Bix, Sby)
Se* L HBEL T L 5, Bi, Sb 33kor S OB FR
DREH10E 785 X 512, TbbERBEDETRL
HTED B Bi, Sb XS OETH D2 KDIE
TROBID0 725 & HEEL, CO#HE% Table

8 DRBUTIRL 12, BiJFTFH & ShEHTHOA L S
LD F b b (Bit+Sb) : SDEIZ4.11: 5.89~
3.95: 6.05DFHMNITH b, {LFEEFRD (Bi+Sb)
SOHTH A4 6 IGRNMETH 5.

EFRU - X 51K SRE wittichenite 33 L ¢X horo-
betsuite DPHFHEISILEER IR EFMR & & < —3L
THh, HOLRER PBEYT A E2 R T
%,

6. & 9

EPMA 2 HWTEESH 21525 & & MEE 22 5
BRE OERN, BRI S L OEE IOV THRET
U TR 2 BT s D & 5 Th 2,

1) SEFREOMH U 72 Har XMA— 5 380 T
R, TR OEN, ©—afck 53X
BRI DZE 2 BT DN TISERL 725, 2 DfEHE
S RIFCOLINIOE BOHHC U w 5 5 AR T
&5,

2) FRIE OB 107 O A ST s o0
P, CNLL O MR- L EE s L 1FTO
T, WHERG T 57217 BIF A R 4 2 4
dH Y, RO & ENREIOIET A ES L
CEET 3D B

3) EBESIEE LT a) AL b SEEEs
DBOITHT HifEM 2 RD, b ORER»
HOTHB 25K 2758, b)Y BN IR
HREAR DB 2 U & U TR % sk sl
e © MBED BV SRR Ty %k
AR & U THIER S0 F TR 2 Ak
DUV THEEBRFH A RO L % J o THRETL 12

4) LRD 3 DOEELED 5 b, MEL% U THUR
BRDBITED S o & b L Y OPHER T LI

5) FIEAEZ R Vv 3 5 2 ORIEE Ty IR
BHETH Y, swb oW s L OIS i 4
B (RENT L~ 108 % Dl % &t D THITIE L %
1~2%UTFICd50 &1z, BT L
W,
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6) Cu -« Bi « SERAEHLY X b Rz Cu, Bissk
ST s E M (Fig. 4) 2T, Xig
#ili3s X VEEILEED wittichenite 2437 72
SHFIEE Table 7 D X 5 Tdh 555, 2 DEITEER
& CusBiSaD#IR E £ —L T 5,

7) Bi«Sb-SFEAMRMLY L bR Bi, Sb sk
S Off B (Fig. 5) % U, W3 EKILED
horobetsuite %/3KFL 72, #O#k B3 Table 8
TRT & ICRAF BTS2 B e,

SHEF
KRR 1 IRERIL D SR 13 B LA e

WETH RERSeAE & Y . BRAIEKIIFEDSET 13 LT s

KK BERISEEDT s & OB 18L& b IR 72 72

NIZE DT, LN A S BT B, £ 10

BHIE SEBDFICHIL TR & < B3 o

T2 HSLBPERTHI T 3517 5 XMA BIED ¥ &

T 5. I RABIUTEL 1B O— I SRR

W & B C & R R BB 25T 5.
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