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M IC R O S C O P IC  D E T E R M IN A T IO N  O F  C O N T E N T  O F  C H A L C O C IT E  
IN  M IX T U R E S  W IT H  G A L E N A  A F T E R  T H E R M A L  M O D IF IC A T IO N  
O F  T H E IR  S U R F A C E S

Sum m ary. C halcocite  heated  in air at 470-600°C  tends to  change its co lor from  grey to  red 
due to  cuprite  form ation. Sim ilar p rocedure  applied to  galena, w hich is grey in color, does no t 
change m uch  its co lo r because  pale grey lanarkite is form ed. These facts, determ ined by the  X- 
ray analyses and D T A  m ethod. T h e  m etods o f  chalcocite and galena heating w ere  utilized to  
determ ine the  con ten t o f  chalcocite  in synthetic m ixtures w ith galena. T he described m ethod is 
quite accurate and the e rro r in the  chalcocite  content was about ±5 per cent points.

M IK R O SK O PO W E  O K R E Ś L A N IE  Z A W A R T O ŚC I C H A LK O ZY N U  W  M IE SZ A N IN A C H  
Z G A L E N Ą  PO  T E R M IC Z N E J M O D Y FIK A C JI IC H  PO W IE R Z C H N I

Streszczenie. O grzew anie  chalkozynu w  pow ietrzu w  temp. 4 7 0 -6 6 0 °  pozw ala na zm ianę 
jeg o  koloru  na  czerw ony z  p o w o d u  tw orzen ia  się czerw onego kuprytu. P o dobna  procedura  
zastosow ana do  galeny, k tó ra  je s t szara, nie zmienia jej koloru, gdyż na pow ierzchni galeny 
tw orzy się jasno-szary, lanarkit. Fakty  te, określone za pom ocą  analizy rentgenow skiej oraz 
term icznej analizy różnicow ej w ykorzystano do określenia zaw artości chalkozynu w  
m odelow ych m ieszaninach z chalkozynem . O pisana m etoda jest bardzo  dokładna i pozw ala  na 
określenie p rocen tow ej zaw artości chalkozynu w  m ieszaninach z  ga leną  z dok ładnością  do +5 
punktów  procentow ych.

In troduction

M icroscopic observations are im portan t and helpful for both qualitative and quantitative 

analyses o f  m ineral bulk m aterials and pow dered samples (Bolew ski 1988) T he m icroscopic 

m ethods coupled  with th e  chem ical techniques are able to provide com plete inform ation about 

the investigated m ineral system  (T okarski 1953). In som e cases, how ever, the  m icroscopic
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m eth o d  is n o t  reliable and difficult to conduct. This m ay happen  w hen  opaque as well as similar 

in  co lo u r m inerals are  investigated. A  solution to  this p roblem  can be a  chem ical m odification 

o f  e ith e r th e  bu lk  o r  surface o f  the  m inerals p resen t in th e  sam ple. In  this w o rk  procedures o f  

m od ification  o f  surfaces o f  galena (PbS) and chalcocite  (CU2 S) have been  developed to analyse 

m ix tures o f  th ese  tw o  m inerals produced in m odel flotation tests. W ithout th e  chem ical 

m od ification  th e  m icroscopic  analysis o f  th e  galena - chalcocite  m ixtures w as impossible 

partially  d u e  to  th e  sim ilar color, shape and lustre o f  bo th  m inerals and partially due to  the  

lim ita tions im posed  by th e  optics o f  the m icroscope. In addition, th e  m ethods seem  to be  m uch 

easier, fa s te r  and  m o re  accurate  than  the p rocedure  based on p reparation  o f  sam ples in epoxy 

resins an d  th e ir  polish ing  to  p roduce sm ooth and flat surfaces.

E x p erim en ta l

Materials

G alen a  fro m  th e  T rzeb ionka  M ine in T rzebinia (Po land), chalcocite  from  L ubin-G logow  

C o p p e r D ep o sit, and  synthetic chalcocite (an  in term ediate  p ro d u c t in the  copper sm elting 

p ro cess in L egn ica , P o lan d ) w ere  used in th e  experim ents. T he m inerals w ere crushed in an 

ag a te  m o rta r  and  sc reened  to  ge t the  0.1 - 0 .2  m m  size fraction. M ineralogical identification o f  

sulfides w as  carried  o u t by th e  X -ray  pow der diffraction m ethod  (X R D ) w ith Siem ens D -500 

d iffrac to m ete r utilizing  standards o f  the lo in t C om m ittee  on  P o w d er D iffraction (JCPD).

Equipment

T h e  sam ples w e re  analyzed w ith a M B S-9 stereo  m icroscope. T o  m odify the  surface o f  

sulfides th e  sam ples w e re  roasted  in a  muffle furnace o r  in the  fu rnace and subsequently in a 

B unsen  b u rn er. D ifferential therm al analyses w ere  m ade w ith  D erivatograph  Q-S00D.

Methods

a) R o astin g

F o r  th e  best accu racy  and reproducibility o f  th e  o f  planim etrie  analysis slightly different 

m eth o d s w e re  used  fo r m ixtures consisting o f  synthetic chalcocite  and galena in com parison to  

sam ples co n ta in in g  natural galena and natural chalcocite.
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F o r th e  natural galena and synthetic chalcocite m ixtures a  ceram ic crucible w ith  a  th in  layer 

o f  th e  galena-chalcocite  m ixture w as placed in a  furnace p reheated  to  470°C. A fter 10 m in o f  

heating  in th e  furnace the sam ple w as transferred  to  a  test-tube and heated in the  oxid izing  part 

o f  th e  flam e o f  B u n sen ’s burner until the  sam ple tu rned  red from  the  heat. It w as im portan t to 

shake  th e  tu b e  frequently to  p revent partial m elting and sintering o f  the particles. N ex t, the 

sam ple  w as coo l dow n in the  test-tube in the  air. Then, the  sam ple w as w ashed  w ith  25%  

aqu eo u s so lu tion  o f  am m onia to rem ove excess am ount o f  cuprite (w hich m akes th e  particles 

stick ing to g eth e r) and finally subjected to the planim etrie analysis.

I t  w as fo und  th a t this m ethod w as no t well suitable fo r m ixtures contain ing  natural 

chalcoc ite  and  natural galena, therefore  ano ther p rocedure  w as w orked  out. In this m ethod  the  

sam ple w as heated  only in the  furnace a t 660°C  fo r 2 min. (instead o f  heating it in th e  furnace 

at 4 7 0 °  and  th en  in a test-tube). Then, the  sam ple w as cool dow n in the  crucible in th e  air and 

w ash ed  w ith  25%  aqueous solution o f  am m onia and subjected to the planim etrie analysis.

b) P lan im etrie  analysis

T h e  c o n ten t o f  chalcocite in the  sam ple w as determ ined after im m ersion a sm all sam ple 

co n ta in in g  ab o u t 500 particles in the  C anada balm. T o estim ate the  com position o f  sam ple the 

T o k arsk i p lanim etrie  m ethod (Tokarski 1939, 1953, Bolew ski 1986) w as used. T o  p rep are  the 

sam ple  less th an  0.1 g  o f  the  m aterial w as im m ersed in a  m elted drop  o f  th e  C an ad a  balm  

p laced  on  a  m icroscopic slide. T he drop w as m ixed well w ith the  particles by stirring  w ith  a 

stainless steal needle. T he sam ple on  the  m icroscopic slide w as covered w ith a  m icroscopic 

glass. Finally, th e  specim en w as inserted under m icroscope and the  population o f  red  particles 

established by taking into account about 300 particles. T he w eight percentage o f  chalcocite  in 

th e  m ix tures w ith galena w as calculated taking into accoun t their densities.

Results and discussion

R o astin g  th e  galena-chalcocite m ixtures a t 470 -6 0 0 °C  m akes the  analysis o f  th e  sam ples 

qu ite  easy because the  chalcocite particles becom e red while galena rem ains grey. T o  find ou t 

w h a t reac tions take place in the  system during roasting fresh and heat-treated  ga lena  and 

chalcoc ite  w ere  subjected to  the X -ray  analysis. T he X -ray results in the form  o f  interplanar 

d istances and  the  intensity o f  the peaks for untreated  galena and fo r galena after roasting  are 

show n  in Table 1 w hile the results fo r chalcocite are given in Table 2.
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It results from  th e  X -ray  analysis that heating the  sam ples p ro d u ces cuprite  on  th e  surface o f  

chalcocite . C uprite  is red in co lour (Bolew ski, 1986) and th e re fo re  easy visible. Table 2 

indicates th a t heating  galena leads to the form ation o f  a  layer o f  lanarkite. L anarkite , lead 

oxysulphate  (P b 2 0 [S 0 4 ]), density - 6.92 g /cn P , (Clark, 1993; C R C  H an dbook  1986-87) is 

g rey  to  g reen ish  w h ite  o r  pale yellow  and often the  layer o f  this m ineral on  th e  heated  galena is 

th in  m aking  a  d istinction betw een the  grey lanarkite and red cuprite  very  easy.

It is k n o w n  from  literature that different p roducts including CU2 O, C uO , CUSO4 , SO 2 , O 2  

can be fo rm ed  from  chalcocite  during heating (Shultze, 1974). T h e  D T A  and T G  curves 

obtained fo r bo th  natural (Fig. 1) and synthetic chalcocites in natural a tm osphere  (air) revealed 

th a t at ab o u t 4 5 0 °  th e  T G  curve increases due to  the copper sulfate and  som e CU2 O  form ation 

(R eim ers and H jelm stad, 1987). A  further increase in the tem p era tu re  leads to  a  decrease o f  the 

w eigh t o f  th e  sam ple m ost likely due  to the red  CU2 O form ation (Shultze , 1974). T he oxidation 

o f  the  sam ple a t tem pera tu res g reater than 500 °C  m akes th em  to  gain w e igh t apparently 

because o f  th e  C uO  form ation  w hich is black. T hese facts also ag ree  w ith  th e  X D R  data for 

chalcocite  show n  in Table 2 because no copper sulfate w as d e tec ted  for chalcocite  sam ples 

roasted  be tw een  470  and 660°C . Thus, the roasting tem pera tu re  fro m  4 7 0 °  to  6 6 0 °  seems to 

be the  m o st suitable fo r converting  chalcocite to  cuprite, and h ence  m aking  th e  m icroscopic 

distinction  be tw een  chalcocite  and galena possible.

To find o u t th e  accuracy o f  the  m ethod leading to  the change o f  th e  co lo r o f  chalcocite  three  

ga lena-chalcocite  m ixtures w ere roasted according to  the described p ro ced u re  and subsequently 

exam ined w ith  th e  p lanim etric  T okarski m ethod. T he results o f  a re  sh o w n  in Tables 3-4. T he

estim ation o f  th e  m ineralogical com position w as m ade taking in to  acco u n t densities: galena -
3 3 3

7.58 g /cm  ; na tura l chalcocite  - 5 .6  g /cm  ; synthetic chalcocite -  5 .7  g /cm  .

It results from  T ables 3-4  that the  accuracy o f  the m ethod is qu ite  g o o d  and th a t th e  erro r in 

th e  e ither ga lena  o r chalcocite  con ten t is +5 per cent points.
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Table 1

X -ray  da ta  fo r galena including in terplanar d istances (d ) and intensity o f  the  peaks (I)

G alena  from  
T rzeb ionka

G alena from  N at 
Lead Co.*

G alena  from  
T rzeb ionka afte 

heating

G alena from  N at 
L ead Co.*

Lanarkite 

( synthetic)**

d(A) I d (A ) I d (Â ) I d (Â ) I d (Á ) I

3.42 25 3.43 84 3.72 7

3.28 4 3.24 18 3.34 84

2.96 100 2.96 100 3.34 11 3.33 80

2 .09 19 2.09 57 3 11 5 3.17 6

1.79 12 1.79 35 2 .96 100 2.96 100 2.95 100

1.71 6 1.71 16 2.85 6 2 85 30

1.48 9 1.48 10 2.25 5 2.26 16

1.36 4 1.36 10 2 .09 17 2.09 57

1.33 7 1.33 17 1.89 4 1 90 8

1.21 4 1.21 10 1.79 16 1.79 35

1.14 4 1.14 6 1.71 7 1 7 1 16

1.64 4 1.64 6

1.48 19 1.48 10

1.36 9 1.36 10

1.32 16 1.33 17

1.28 3

1.21 6 1.21 10

* -JC P D  S tandard  N o. 5-592

** - JC P D  S tandard  N o. 18-70



Table 2

X R D  data  fo r chalcocite  including in terplanar distances (d) and intensity o f  th e  peaks (I)

42  _______  J. B igosiński, J. D rzym ała

C halcocite
(synthetic)

C halcocite
(synthetic.)*

C halcocite 
(synthetic) 

after heating

Chalcocite
(synthetic)*

C uprite
(synthetic)**

d(A) I d(A) I d(A) I d (A) I d (A) I

3.73 43 3.73 20 4 .19 32

3.59 41 3.59 16 3.73 33 3.73 20

3.31 46 3.31 25 3.55 36 3.59 16

3.26 45 3.27 25 3.44 37 3.41 6

3.18 53 3.18 40 3 .34 47 3.31 25

3.16 47 3.15 30 3.27 37 3.27 25

3.05 45 3.05 20 3.16 34 3.15 30

2.95 61 2.94 45 3.04 34 3.05 20 3.02 9

2.85 48 2.87 16 2.83 36 2.87 16

2 .72 72 2.72 55 2.74 52 2.76 16

2 .66 46 2.66 25 2.66 34 2.66 25

2.52 56 2.52 40 2.61 40 2.61 16

2.47 66 2.47 45 2.52 44 2.52 40

2 .39 74 2.39 85 2.46 100 2.47 100

2.32 56 2.33 40 2.40 48 2.40 85

2 .23 45 2.24 25 2.30 46 2.33 40

2.21 49 2.21 30 2.26 35 2.24 25

2.11 40 2.12 12 2.21 36 2.21 30

2 .09 48 2.09 10 2.13 47 2.14 37

1.97 100 1.97 100 1.99 42 2.00 14'

1.95 56 1.95 30 1.97 44 1.98 100

1 88 84 1.88 90 1.96 41 1.95 30

1.79 44 1.79 14 1.87 43 1.88 90

1.70 51 1.70 35 1.78 31 1.79 14

1.52 39 1.53 25 1.70 38 1.70 35

1.51 41 1 51 27

1.29 35 1.29 17

* JC P D  S tandard  N o. 23-961
** JC P D  S tandard  N o. 5-667



M icroscopic  determ ination  o f  content 43

Fig. 1. D ifferential therm al analyses o f  natural chalcocite 
Rys. 1. R ó żn iczk o w a  analiza cieplna naturalnego chalkozynu

Table 3

A  com parison  o f  com position o f  galena-chalcocite m ixtures determ ined 
by  th e  p lanim etrie  m ethod after roasting with that fo r the  un trea ted  m ixture 

o f  know  chalcocite content.
D a ta  fo r m ixtures containing natural chalcocite and natural galena

N o C om position  o f  prepared  m ixtures 

(in w eigh t percent)

C om position o f  roasted  m ixtures 
determ ined by planim etrie m ethod 

(in w eigh t percen t)

1. 1 0 % C u 2 S  90 %  PbS 13 %  C u2S 87 %  PbS

2. 50 %  C u2S 50 %  PbS 44 %  C u 2 S 56 %  PbS

3. 9 0 % C u 2 S  1 0 %  PbS 93 %  C u2S 7 %  PbS

C on clusion s

I t  results from  this study that roasting galena-chalcocite m ixtures at 4 7 0 -6 6 0 °C  for a  few  

m inutes a t lim ited access o f  air to  the reaction vessel m akes the  sam ple ready fo r a  quick and 

sim ple p lanim etrie  m icroscope analysis to determ ine the con ten t o f  chalcocite  in m ixtures w ith 

galena and probably  w ith o th er sulfides
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Table 4

A  com parison  o f  com position o f  galena-chalcocite  m ixtures determ ined 
by th e  p lanim etrie m ethod after roasting  w ith th a t fo r th e  un trea ted  m ixture 

o f  know  chalcocite  content.
D a ta  fo r m ixtures containing synthetic chalcocite  and natural galena

N o C om position  o f  prepared  m ixtures 

(in w eight per cent)

C om position  o f  roasted  m ixtures 

determ ined by p lanim etrie  m ethod 

(in  w eigh t per cent)

1. 1 0 % C u 2 S  90 %  PbS l l % C u 2 S 8 9 %  PbS

2. 50 %  C u 2 S 50 %  PbS 48 %  C u2S 52 %  PbS

3. 9 0 % C u 2 S  1 0 %  PbS 95 %  C u2S 5 %  PbS
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Streszczanie

O grzew anie  chalkozynu w  pow ietrzu  w  tem p. 4 7 0 -6 6 0 °  C pozw ala na  zm ianę jeg o  koloru  

na czerw ony  z pow odu tw orzen ia  się czerw onego  kuprytu. Podobna procedura  zastosow ana 

do  galeny, k tó ra  jes t szara, nie zm ienia jej koloru , gdyż na  pow ierzchni galeny tw orzy  się 

jasnoszary  lanarkit. Fakty te, oznaczone  za  p o m o cą  analizy rentgenow skiej o raz  term icznej 

analizy różnicow ej w ykorzystano do  określenia zaw artości chalkozynu w  m odelow ych 

m ieszaninach z  chalkozynem . W  celu określenia zaw artości chalkozynu m ałe próbki (-0 .1  g)
o

były ogrzew ane  przez 2 do 10 m inut w  piecu m uflow ym  w  tem p. 470-660 C, m yte 25%  

w odnym  roztw orem  am oniaku, suszone i poddaw ane analizie planim etrycznej. M etoda  

planim etryczna, znana jak o  m etoda T okarskiego, po lega ła  na  um ieszczeniu prażonej próbki w  

kropli balsam u kanadyjskiego i określeniu za  p o m o cą  m ikroskopu pracującego w  św ietle 

odbitym , p rocen tu  czerw onych ziarn, b iorąc pod  uw agę oko ło  300 ziarn. Opisana m etoda jes t 

b a rd zo  dokładna i pozw ala na określenie p rocentow ej zaw artości chalkozynu w  m ieszaninach 

z  g a len ą  z  dokładnością do ±5 p u nk tów  procentow ych.


