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The Differential Thermal Analysis of Ore Minerals' ([[)
—On Minerals of the Systems Bi-Sb-S and Cu-Sb-As-S-—

Asahiko SuGaki, Hiromi SHIMA and Arashi KITAKAZE

Abstract

A series of the studies on the thermal behavior of sulfide minerals has -heen studied by the authors.
by means of the differential thermal analysis (DTA) in these several years. This paper is the third
report of the series and includes the DTA curves and some discussions about synthetic and natural
minerals belonging to the Bi-Sb-S and the Cu-Sb-As-S systems. The analysis was carried out for:
the sample of 400—600 mg in weight which was sealed in a evacuated silica glass tube. The heating
rate was 5°C/min. in-regular analysis but the rate of 1.25°C/min. was adopted in.some cases to
determine a more detailed reaction and to know the temperature of the reaction more precisely.

The DTA curves for synthetic phases of the BizSs-SboSs system are shown in Fig. 1. Synthetic
bismuthinite and stibnite, end member of this system, show sharp endothermic peaks beginning' at
765°C and 558°C respectively, but the curves of the phases such as between these two show typical
melting reactions of solid solution. The DTA curves of natural stibnite (Fig. 2), as well as that
of synthetic stibnite are supposed to indicate a congruent melting. Natural bismuthinite from Teine
mine does not show a sharp endothermic peak as synthetic one, and its curve suggests some char-
acteristics of solid solution melting like that of horobetsuite (Fig. 3). The remarkable endo-
thermic peaks of the congruent melting reaction beginning at 551°C and 613°C are seen on the
DTA curves for synthetic chalcostibite and stylotypite respectively (Fig. 4). A series of synthetic
tetrahedrite-tennantite group minerals having different compositions are analysed and the results are
shown in Figs. 5—8. .

Their DTA curves except Cuj:Sb:Si2.7 and CujzAssS;2.7 show that they might have a melting reac-
tion of solid solution, and the beginning temperature of the melting changes by their compositions.,
Namely, the temperature is ascending with increase of Fe content, and descending with increase
of Ag content. Also it ‘s getting higher with increase of tennantite molecules in the synthetic
minerals of the fetrahedrite-tennantite group. The DTA curves of the natural minerals of the group
are showing the relationship as mentioned above (Fig. 9). Both of synthetic and natural enargite
produce a single remarkable endothermic peak beginning around 670°C as shown in Fig. 10. On
the DTA curves for natural luzonite-famatinite group minerals, some differences of the melting
temperature and/or the type of melting are observed depending on their compositions (Fig.11).
The curves of luzonite from Lepanto and from Mancayan, having composition poor in famatinite
molecule, show congruently melting reactions, but those from Kinkaseki and from Teine, rich in

famatinite molecule, indicate some character of solid solution melting. The former shows higher
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melting temperature than the Jater. The transformation reaction from luzonite to enargite, which

is expected around 320°C, has not been seen in any curves of luzonite,
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Fig. 1 The DTA curves for synthetic solid solution.phases of the

Bi2Ss-SbeSs system.

Heating rate : 1.25°C/min. Full scale of amplifier : 1504V
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Fig. 3 The DTA urves for natural bismuthinite and horobetsuite
1) and 2) Heating rate : 5°C/min., Full scale of amplifier : 2504V

3) Heating rate : 1.25°C/min., Full scale of amplifier : 1004V
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Fig. 4 The DTA curves for synthetic minerals of the CugS-SboS3 system.
Heating rate : 5°C/min., Full scale of amplifier : 2504V
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Fig. 5 The DTA curves for synthetic tetrahedrite and tennantite.
Heating rate : 5°C/min_, Full scale of amplifier : 2501V
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Fig. 6 The DTA curves for synthetic
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Heating rate : 5°C/min., full scale
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Fig. 7 The DTA curves for synthetic ferro-argentian tetrahedrite,
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Fig. 9 The DTA curves for natural tetrahedrite-tennantite group minsrals.

Heating'rate : 5 °C/min., Full scale of amplifier : 2504V
Vol.23 No.l (1972)
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Fig. 10 The DTA curves for synthetic and natural enargite,
Heating rate : 5°C/min., Full scale of amplifier : 2504V
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Fig. 11 The DTA curves for natural famatinite-luzonite

group minerals and synthetic famatinite,
Heating rate : 5°C/min, Full scale of amplifier : 2501V
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mE Y — 712 luzonite T/g  #H DIEEEE£D enargite
DIFREIRG 27 T2 &b, o~ 2t Fig.10
@ enargite DZN & X {—FHL T3, Fig. 11/hF
TEEED L OO DTA i & 5 1 5525°C 54 L oX
610°C RO NRER SR B INARED § DICA 5 1
%610°C RIUED/N X WIRBR S 72 & OBEEIT DL T
WEDECABIEL T, b A E U THE
T BMDEIDEETH S 5.

4. ® #

1) Bi-Sb-S 3B & <z BigSs-SbsSa SREAAD KR
PER L OB EINT DT DTA %1772 124558,

a) Bi2S3-SbeSs ED 5 By k43413 congruent
melting (T & 2L WRENT G2 79D, 20
AR SN TR ERSERIT 2 AL 29
%0078 F Y AEED DTA s b s, ¢
DRIfEA 5 BiaS-SboSa SRIT I3 B iEE Ktk H R
ETE 5.

b) EBIEKILIEE horobestuite 132D DTA # 5



SEEI DR () —Bi-Sb-S3R¥s & tXCu-Sb-As-S SREPNT DN T—

BizSs-SbeSs SREMAART, ARXEREIHT D BH
» 5, %060 BieSs mol%ic A3 %
¢) FFEgRLEE bismuthinite ¢ DTA pgh#% 3 b
FCRRER AR R TTER L, Mkvs
bismuthinite ¢ X % 7z congruent melting %»
RTEMIs Y — 2134 5050, #R - stibio-
bismuthinite [CFEX4 T 2§ DEFZA LA,

2) Cu-Sb-As-S SRITIET % KIRFEHY® X OB

PR O T DTA 2R A KR >FO L 2T &

by oY IS Al

a) CuqeS-SbeSs RiC J& 9 % chalcostibite 45 &
X stylotypite (23 # £ 551°Cis X 1°613°C
12X ¥ % congruent melting OEL B —
IBHALND,

b) &4k tetrahedrite #HD 5 % Cu-Sb-S 3 /7D
b Dix CurSbaSp DK ZEL, TAi3539°
C 35 L 8590°C TR U % 5K/ 2 DOWESIG
Aab s (Fig. 5). 203 b ETFE XD
tetrahedrite #8431z & % stylotypite 15 X
¢X famatinite FaOERZERL, BEOEL
WL E — 243 [ OO R AR O SR AR D B
SamlL Tnb, —J Cu-As-S 3 %5 D&k
tenanntite i3 i1 @ tetrahedrite O L 573
SFRSIE A 50T, 660°C TR F AELW
W i 23 5 (Fig. 5). ¢ iid congruent
melting itk 2§ D& EbiL 5,

c) Fe % 4-¢p tetrahedrite 72 & % ¥ (Cujes
Fej.14)12SbaS13 DA, CupSbaSpr #HO X 5
rEBSIE A LN T, 646°CIIA U F BEL
Wi e — 2 hss 65 (Fig, 5,6). §HAH
AN melting 2 U DTS THED, T
DG Cu 2B %5 Fe DBLE {7251l
TS o THERIRAIL X bz s (Fig. 6).

d) Fito&hL tetrahedrite © Cu » Fe O AT
72< Agit k- T4 @l 1z ferro-argentian
tetrahedrite DA Ag DEME L LB D
T % ORI L b gz % (Fig, 7).
C DY EERBIS % U Y TR O EE A D
ZNE2RU TS,

€) Ak tetrahedrite-tennantite SB[ AT DL
T Sb & AsD &4 75> B tennantite molecule
DB ON THERRIE S E < 75 5 (Fig. 8).

f) KFRPE tetrahedrite-tennantite SEHKENT DU
Té o CEFRzEREVAED LN, EFKN
PED tennantite DFEMNEE I I b £ < D tetra-
hedrite molecule % 4}tk Bds & O kEESR 1 3E

(33) 33

DHDOXYEN, TER, KRR L OFRE
D 4 OO DTA i EEAOERBIS 2 R L
T35,

g) KIRFER L NG HL enargite 13670°CHEL b
BUEA0REL VDB — 7 255 3

(Fig. 10).

h) K$RpE luzonite Efk¥z 7z famatinite
molecule OESHEEIT X - T HRNRE SEH
JERICEEBAED DN S, T 7/8bb famati-
nite molecule »5{1.7~2.1%FE§ D Lepanto
¥ X & Mancayan BED § DX Z D EEDEZN
HME, FRECLOL V& VAR ZEU,
congruent melting 2529 %25, AL LT
FFEED H D137 40°C B EIBEIE IRIE #1
U, ZORREEBRFIIOEE 2L T

(Fig. 11).

i) Luzonite (3{RIREFITHA#H320°C LLE TR
enargite {275t 9" %55, DTA HI¥RIT C DI
RS BET A EMBTEI,

GO R HEL TRVl D — I T R AR SE
He, TNERRRIE-E, BARGKEEMR( AR S L O kE
WRREER A SR RZE & ) B TRE 172 )
DT, FEHOERFET S, FIABIUCEEL 1R
I O— 3 R ERIEMI R RIS L -2, i
BEECL Tl 237 5.
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