Processes Occurrmg at the Decomposntlon A
of - Sulphlde Ores

First Cominunication

By S. KbcH and Gv. GRASSELLY 7

Many cmthow have dea,lt with the processexs oceurring in the 0Xi-

~ dating and cementating zone. Schneiderhohn (1) was the first to report

ihe results of these investigations in detail, whereas Smirncv (2) has
recently summanzed in his work pubhshed in 1951. the mtelpxetahons
so far known in this field. .

In the course of the investigations certam writers establishments
were mostly of gualitative character concerning the oxidation and solu-
bility of the different sulphide ores. In spite of the many experiments
relatively few exact quantitative data are available. Especially investi- .
gations with pure substances, under well defined experimental condi~
tions, systematically performed are lacking. In any case' the latter
condltmn — concerning the purity of the substance — is fairly diffi-
‘cult because in most cases a small amount of mechanical or isomorphic .
impurities must be taken into account. However, in spite of this we

~ did not carry out-our experiments with artificial pure sulphides

becanse the size of the granules, as well as the other differences exis-
ting between the artificial and natural sulphides would lead to quite.
‘varying results with artificial. sulphides than with the natural ones,
apart from the fact of our aim being the examination.6f the behaviour
. of the natural sulphide ores. For example the solubility of artificial

PbS in pure water at 18°C 4.10~° mol/], the solnbility of artificial ZnS -

- under similar conditions is 70.10— mol/l ‘Whereas that of natural

galena and sphalerite is 1.10—° and 7,10~ mol/l, respectively (3). Thus .

1t was found desirable to carry out our investigations ‘with natural
sulphides, to-attempt also in this manner to reproduce as much as
possible the actual -changes taking place in nature. The more so since
" the composition of the naturally occurring sulphldes usually does not
correspond to the ideal formula. : E
. In the summer 1942—44 on touring the mining district of Satu-’
Mare (Roumania) — Baia Mare,- Baia Sprie, Herja ete. — the guestion
was raised to investigate chemically and electro-chemically the mining-

. waters, - examining  their composﬂuOn, conductivity and pH in -each o

level ‘co compare the experiences with the results of the examinations -
" of the different ores contained in. each level enabling conclusions to be’

-drawn concerning the correlation between the mining-water and the
changes occurring in the substance of the ore-lodes and reversely to
establish, how the composmon of the mining-water as well as its other
pr opertles change in relation to-the composition of the ore-lodes.
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Thus our initial examinations carried out in 1951 aimed at creating,
artificially, conditions which can be found in nature in order to observe
the processes occurring in the sulphide ore-deposites, for the elucida-
tion of the kind and particularly the extent of changes which must
- be ‘taken into account. ' : .

Our task was to-accomplish the following investigations: as the
fact of the ores occurring alone or associated with other ores influences
‘their solubility, the pH, conductivity, change in free sulphuric acid
and total sulphate content, as well as the ratio of the ferrous and
ferric iron content of the solutions and finally at the end of the expe-
riment the amount of Zn, Fe, Cu, Mn contained in the circulating
solutions of the various. ores was investigated, partly in homogeneous
ore-debris and partly in ore-mixtures grouped as they can also be found
in nature. Finally the.changes which might be observed on the surface
of the ore-debris were also examined. - : \

For the sake of simplicity the pure ores and ore-mixtures investi-
gated will be denoted with a number and in the following this namber
-will be given. -

Pure ores:

. galena
sphalerite

. pyrite

. tetrahedrite
chalcopyrite _

Ut H W PO

Ore-mixtures: _
6. pyrite-chalcopyrite-sphalerite -

7. galena- : . .
-8, » pirrhotite
9. tetrahedrite ,,

10. ,, pyrite .

. Iy 1.
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These are termed ;pure” because the used galena contains a small

amount of mechanical impurities as sphalerite, pyrite and in turn
sphalerite contains galena as mechanical impurity and pirrhotite as -
isomorphic impurities. Pyrite and - tetrahednte contain chalcopyrite,

and with the exception of pyrite, each ,pure® ore contains manganeése
too. Only chalcopyrite showed ideal purity, containing ‘a very slight -
amount of manganese.

In the course of the expeuments the same amount of approxi-
mately. 5 liters of .the solufion was constantly circulated through -the
ore-debris (300—350 g) in- the tube.. The solution steadily sickered-
through the debris and the sampling of the solutions could .be - carried
out without taking the equipment into pieces. The examinations were
made at room temperature. The circulating solution used was-approxi-

~mately 0,05 N sulphuric acid, the free sulphuric acid -of which corres-
‘ponds, accordmg to hmmons and Farrington, (4) to the average free
sulphuric acid content of. the 42 mining-water analyses taken from
sulphide ore-deposites. The circulation was started in June, The 5.1
solution ‘sickered through the debris in abouti 10 days, i, e. till' the last”
sampling the solution sickered about twenty ttimes: throu gh the debris, the
latter was used for the determination of the Fe, Mn, Cu Zn content
' of the solutions. The dates of the sampling:

‘Starting of the- mrcu]atlon - June 25, ].951.
L Samphng s ~Jnly 2§
IT. _— . August. 4
., -~ Angust 13,
Iv. : ' August 30,
V. Ty . September 16,
vi. o, , October 23,
VIL - -+ January 15, 1952.

The pulpoee of - our 1nve<'t1gat10ns was the Latabhshment of the

~ behaviour .of the examined ores and -ore-mixtures from the point -
of view of their solubility and oxidation. Tn spite” of it not being
possible to attain granules of exactly the same size in the investigated
© sulphides — the differénces influence the solubility to a great extent — -

as well as that the surfaces of the ores affected by the circulating. =

solutions are not either quite identical, yet the measuring of the pH,
conductivity, the examination of the changes of the free sulphuric
acid and the whole sulphate content renders it after all possible to
‘establish a sequence with respect to the oxidating: and dissolving. liabi-
lity of the different ores and oremixtures.. A further difficulty 1s that.
immediately after the oxidation and dissolving, respectively, further
processes take place in the solution, which run down in different
direction, their complexness rendermg a clear impression' and obser-
vation the details of the different processes, difficult and uncertain.
‘The solubility is very much affected by the mechanical or isomorphie
impurities of the examined substance which has been - exhibited in
many instances, paltucularlv in the case of pyrlte or apha]eute
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The following tables demonstrate the pH and conductivity values,
as well as the results of the estimations of free sulphuric acid and the
~whole sulphate contents measured on the different samples:

. Table 1.
The change of the pH values. _
. IL v. V. VL~
: i -change during the
. s a m.p 1 g examination
1. 1.80 '1.90 1.98 2.40 - 2.30 . +0.50
2. 11.80 1.90 195 250 2.30 +0.50
3. 1.79 1.80. - 1.8 2.30 2.30 +0.51
4. 1.78 180 . 230 2.60 2.70 ~+0.92
5. . 179 1.80 1.80 2.10 2.10 .. +0.31
6.  .1.78 1.75 1.70 2.10 2.20, +0.42
7. 1.78 1.80 1.80 2.30 2.30 . +0.52
- 8. 1.78 1.80 2.00 2.40 2.60 -+0.82
9. 1.88 1.92 2:70 2.70 2.80 +0.92
10. 1.80 1.90 2.20 2.60 2.90 +1.10
_ Table 2. . '
. The change of the specific conductivity.
1. II. IvV. V.. VL
L ' . change during the
S .a m. p 1 ng examination
L0 0086 0,0083 0,0077  0,0071 0,0070 — 0.0M6
2. 84 81 5 71 67 - —0.0017
3. 96 94 90 88 83 — 0.0013
4. 98" - 86 48 43 43 - — 0.0055
5. 101 98 98 - 98 98 -—0.0003
6. 106 105 101 100 97 -~ 0.0009
7. 99 . 95 87 85 - 74 —0.0025
8. 101 93 64 49 34 — 0.0067
9. - 83 68 40 35 33 — 0.0050
10. 90 79 77 - 69 35 — 0.0055 .
- Table 3. |

The change of -the whole sulphate, free sulphuric aced

aond bound Sulphate content.
a = whole sulphate content SO, g/l, b =

80, gll, ¢ = free sulphuric acid content H.SO, g/, d
acid content SO;_ g/l.

free - Sulphunc acid. content

= bound sulphurie
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10.

a — 2.060

b —1.844

c — 1.883
4 — 0.216

2087

1776

1814
0.311

2.591 - |

2.116

" 9161

0475

9,381

2.170
2,216

0.211

2.241
2.071
2115
0.170

2.521
- 2.240
. 2288

0.281

- 29283

2.090

2:134

0.193,

2.969

- 2210 -

2.257 -

- 0.059

1.974
- 1.856
1.896
0.118

2.227
1.933
1.974

©0.294

IV,
amoplin
20702073
1.767 . "1.612
1.805 - 1.646 -
0.303 0461
S 2185
1759 1620
1796  1.655
0565
2653  2.787
2.090  1.955
2134, 1997 -
0563  0.832
0404 - 2418
1.866 - 0.771
1906 - 0.788
0538~ 1.647
9955
2053
2,097
_ 0,202
2546 ¢ 2569
. 2933 2214
2280 2261
0313 0.35
2283 2283
1.999  1.910
2042 1951
- 0984  0.373
2269 2269
2058 . 1.793
2102 1.760
0211 0546
1.974 1974
1656 - 1570
1691 1604
0.318  0.404
2.297
1669 - 1303
1705 1331
0,994

V.
o -

>

2.073

1.624

1.659
0.449.

- 1.669
1.705

2879
1.91H
1956
0.057

2.429

0616
0629 .
1813

2501
- 2196

2,243
0.395

2,283
1,866
1.906
0,417
2.269
1.375

1404

0.894

1974,

1481

1513

0493

© 2325
1,196

1.222

1199

change during the
examination -

- +0.013
. —0.363
.-—0.370

+0.376

0202
—0.250 .

- =—0.235
+0.452 .

+0.398 -

- 0.260 -

— 026D
+0.658
C40.056
—1.706

—1.742

+1.762 -

-+0.014
— 0,023

. —0.023
+0.037

40.000
— 0.061
— 0.064

0151

.0.000

-—0.438
o —0.447

+0.438

0,000
— 1175
— 1190
+1.175

0,000

- —0.660-
—0.674

- +0.660

+0.140
~-—0.827-
—0.844
-0.967
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Considering that the changes of the different ores due to oxidation
and dissolving could only be investigated at-the end of the experiment
— on taking the equipment into pieces — in the course of the exper:-
ments the changes of the solutions visible by the naked eye where also
observed in addition to the measurements.

The results of the measurement show that in sampling No. L
the pH also ranged between 1.78—1.80 in the case of ores and ore-
mixtures but for mixture No. 9., which alse exhibited in this case a
relatively high — 1,88 — value. This mixture is mentioned because
it was the solution in .which the separation of iron hydroxide bhegaxn
-for the first time to a great extent. This was followed by the solution
circulating through mixture No. 10, the pH of which also showed
a relatively quick shift and subsequently by the hydrolysis of No. 8,
the change of the pH being less great than that of the aforementioned
ones; however, relatively showing still a strong. shift towards . the
weekly acidic' character. Solution No. 7. merely exhibited a light
yellowish colourization, whereas solution No. 6. remained quite clear.
Hydrolysis could not either be detected in.the solutions circulating -
through pure ores, at the most towards the end of the experiments
"a very slight yellowish- colourization could be noticed in the solutions
of tetrahedrite, sphalerite -and galena. Among the pure ores the pH
of the solution’ of tetrahedrite shows, as compared to the others a
great change, the pH change of the sphalerite — and galena solutions
" 1s fairly similar, just as the change of the conductivity of their
solutions also resembles to a great extent. , :
. The change in conductivity is- caused in the first place by the

change of the free sulphuric acid content. The conductivity of the -

" solutions diminish constantly to a smaller or greater extent, Of the pure-
ores the solution.of chalcopyrite shows the smallest change, whilst
the greatest decrease could be observed in the tetrahedrite solution,
like in the case of the pH measurements the pH of this solution also
rose to the greatest extent, at least is the case of pure ores. Among
the mixtures at the first measurement the conduclivity of No 9.
was the lowest and at samplings I. and II. also this solution showed
the greatest diminution, its pH being the highest. The subsequent
decrease in order of magnitude could be observed in solution No, 10.
the pH of which also remained lower than that of the previously
- mentioned ones, which was fcllowed in sequel of order of magnitude by
solution No. 8. The separation of the iron, occurring comparatively
shortly after the starting of the cireulation (it could already be obser-
ved at sampling II1.) in solution No. 9., exhibited initially the greatest
decrease in change of conductivity, and the greatest rise in change
-of pH, its free sulphuric acid content being also the lowest, "i'he
- hydrolysis of the other solutions could be observed in the sequel men--
~ tioned above: solution No. 9. was followed by No. 10. and this by No.
8. in which solution, however, the extent of the separation of the iron
~soon exceeded that observed by the aforementioned two solutions
I. e. at the initial stage the sequel based on the conductivity measure-
ments corresponds in -these ore-mixtures with that based on the pH -
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_ meamwments, which in turn is in complete agreement with the empi-
- rical fact, with the sequel in time -of the hydrolysis of the solutions.

At the end of the experlment the iron content of the erarated
and sedlmentated precipitate was: in solution No. 8. 4.317 g, in No. 9.
2.052 g, in No. 10. 0.4505 g Fe.

It can, however, not be stated that the hydrolys1s of the solutlons,
the- sepalatlon of the colloidal iron precipitate following the sctting
in of the hydrolytic equilibrium, the precipitation of the irom hydro-
xide as gel only depend upon the free sulphuric. acid content, pH,
conductlwty of the solutions, i. e. -that these only determine the pro-
cesses running down in the solutions, as the solutions of tetrahedrite -
did not show any tendency to hydrolyse, although its conductivity
‘already showed at the IV. sampling a greater decrease than solutions
No. 8..9,,.10., its. pH also being higlier ‘than that of No. 8. and 10.
and its flee sulphuric acid content remaining far lower than that of ..
the aforementioned solutions. In this. respect it should still be mien:
tioned that the hydrolycus of the solutions -and lits great progress
during our previous experiments could only .be experienced -in_solu-
tions circulating through ore-mixtures, whereas in pure ores, as in the
mentioned tetrahedrite, if’ they also attained . the “different (pH, con-
- ductivity, sulphurie acid content) wvalues, under which condition a
strong iron -separation could be observed in the solutions of . the ore-
mixtures, the hydrolysis did not. set in, or only to a quite minimal
-extent colourlng the. solution very famtly ‘but did not precipitate an-
iron hydroxide gel.- Thus the fact that an. ore is alone or in contact -
“with other ores does not -only influence the solubility of the different .
ores — as will be still discussed later — but also plays a role in the .
processes . running down in the solutions, as was seen in the case
of ‘the precipitation of gel iron hydroxide too. As, if only the pH,’
the conductivity, the amount of free sulphuric acid would determine
the starfing and extent of the hydrolysis of the solution a strong iron,
separation would have had in any case to be observed in the solution -
‘of tetrahedrite, owing to the reasons mentioned above. In the pyrite
solution iron ceparatlon could not either be observed. At the same
‘time the solution circulating through mixture No. 10. — consisting of
tetrahedrite and pyrite — showed an intensive colourization directly
after that of solution No. 9. and the separation of iron hydroxide. .
started very soon. In the tetrahedrite solution ferrous. iron dominated,
whereas in - solutions 8.,.9., 10. ferric iron. was jpredominant. ‘The *
detailed examination of the condltlons of the iron hydroxide separa- -
tion are essential and will. be dealt with in a later work, as the same
separation of iron hydroxide gel can also. be observed in pature leading. .
to the formation of limonite .deposits. - = .

At the establishment of the dissolution of the ore, as well as at
* the wetting. up of the sequel the decrease of the free sulphuric acid
- content cannot only serve as. a. base, because at the simple dissolution -
of the ore the sulphuric acid diminishes and forms simultaneously
-owing to the oxidation, furthermore the ferric sulphate and copper

sulphate also exert a dlssolvmg action on the ores. The sequel can . -
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rather be based on the comparison of the bound sulphate amounts
of the solutions, although in this case it is also possible that one of the
~ores dissolves to a greater extent, than was observed by us on deter-
mining the bound sulphate quantities contained in the solutions, as
the latter amount and its increase, respectively, can be diminished
by the separation of insoluble sulphates, or as also occurs at the sepa-
ration of native sulphur, e. g. in the case of sphalerite. In the solu-
tion itself ‘different processes may runn down, exerfing an interaction
and as the resultant of which the dissolution and oxidation, to a smal-
Ter or greater- extent, of the different ores can be observed. Sphale-
_rite demonstrates for example how difficultly these processes can bhe
traced. The sphalerite from Herja used for our examinations contains
fairly much iron, as pirrhotite, On the action of sulphuric acid
S + H,80, = ZnSO, + H,S dissolves according to equation simul-
taneously, however, its pirrhotite content dissolves :tco according: to
" FeS + H,SO, = FeSO, + H,S equation. Thus ferrous sulphate forms
first which oxidises in the solution to ferric sulphate. The ferric sul-
phate may exert an action on sphalerite, as well as on the pirrhotite
contained in the sphalerite according to equations ZnS + Fe,(50,), =
- =7n80, + 2FeS0, + S, FeS +Fe.(50,), =3FeS0O,+ S, respecti-
vely. However, in_addition to these processes the sulphur hydrogen
phate and process Fe,(80,),+H,S=H.S0,+2FeS0,+S may run down.
The formed sulphur may also ¢xidise further under certain conditions, or
. separate out as native sulphur. If-we still take into consideration that the
oxidation of the -primarily. formed - feirous sulphate can take (Sﬂacc
‘according ‘to equations 12FeS0O,+6H,04-30.,=4F¢.(S0,),+4Fe(OH),,
4FeS0,+2H,S0, + 0, = 2Fe,(80,); + 2H:0, respectively, as well as
thal the ferric sulphate can also undergo further changes according
to reaction Fé.(S50,), + 6H.0 = 2Fe(OH), + 3H,80, than it can, in-
deed, be seen, why it was stated above that the changes occurring in
the free sulphuric acid content ‘cannot alone serve as base for the estab-
lishment of the sequel of dissolution, what more, the changes of the
bound. sulphate content do not either provide a sure hase for the estab- .
lishment of the real sequel of solubility. T :

Some authors establish the sequel of solubility on the base of ‘the
determination of the amount of the sulphur hydrogen formed at the
simple dissolving of the ore in unit of time. If only the first reaction
would have to he taken into aceount, ¢. g. when on the action of sul-
phuric acid only zinc sulphate and sulphur hydrogen or-in the case
of pirrhotite ferrous sulphate and sulphur hydrogen form then at
the establishment- of the sequel of solubility either the decrease .of
the amount of free sulphuric acid or the increase of the hound sulphaie
content, as well as the quantity of formed sulphur hydrogen could
serve as a base. Actually, however, this is not the case, the primary
process 1s not stable, not final, the changes go on, the first reaction
1s followed by many others what more the processes can run down
parallel influencing one another as was outlined above, Therefore, at
the setting up of the sequel of solubility and of oxidation the changes
reflecting the summarization of the processes. running down in the
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- course of the examination, which could also. be measured,: served as
bases: Fig. 2. illustrates the decrease of the- free sulphutic acid content -
between the I. and VI. imeasurements expressed in SO, g/, as well
ag the rise detected in the total sulphate content of the solution during
the same time also expressed as SO, g/l. The figure reflects the ten-
dency to dissolve and oxidise of the different. ores and ore- mixtures,
respectively, well. The sum of the two changes provides the base for
the establishment of the sequel of solubility, whereas the sequel of ‘the
oxidation can be established by virtue of the change in the total content,

- Decrease of the free HS;0, content (1= SO, 9/1
e
rise of the
. . total SO,
— : content -
§Ex l ' AT
ppge—. ' 50, g/t
. - e %
: fg00. .~ 3/ s
~— T v | P L T " - v .
15 10 0.5 05 ,
Fig. 2.

The above mentioned estabhshments served to set up a demea%ng _
solublhty sequel for the ores’and ore-mix‘tures, respectlvely, exammed '

" ,,pure ores® .
tetrahedrlte, pyrlte, Sphalerlte, galena cl‘alcopyu’re

ore- mleures. .

8. 0. .o . . . 6.,

. “galena tetrahedrite .- tetrahedrite galena pyrite .
" chalcopyrite pyrite chalcopyrite chalcopyrite chaleopyrite
pirrhotite pirrhotite - -sphalerite sphalerite

It should be mentloned that in the solutions of pure ores in which
hydrolytie processes do mot occur, the- same sequel .is obtained on the .
base of the changes of the pH values. v

On the other hand, from the point of view Of decleasmg 0\1da-
tion the followmg sequel can be Pstabhshed
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spure ores®: - ' )
pyrite, sphalerite, tetrahedrite, chalcopyrite, galena,

ore-mixtures: ) .
10. 6. - 7. 8. 9.

tetrahedrite  pyrite in the course of the examination no
pyrite - chalcopyrite change could be observed in the
A sphalerite . total sulphate content of the above

' mixtures. '

At the establishment of the sequel reflecting the tendency of oxi-
dation the change occurring in the increase of the total sulphate con-
tent of the solution servel as base because the total sulphate content
only increases if the sulphur contained in. the sulphide ore is oxidised
to sulphate, Thus on observing an increase of the total sulphate corni-
tent, oxidation of the sulphide ore must be taken into account, -

According to the literary data the relatively decreasing solubility

‘sequel in aqueous solution is: sphalerite, ..., chalcopyrite, pyrite,
galena,... - ' ' C

Wells (5) examined the solubility of several ores in N/20 sulphuric
acid. - This normality corresponds approximately to the. sulphurie
acid concentration of the solution with which the experiments were
started. He established the following solwbility sequel for the ores
examined by him: pirrhotite, sphalerite, galena, chalcopyrite, arzeno-
pyrite, marcasite, pyrite. The results of. experiments of Nishihara (G)
in’ N/8 sulphuric acid given the following sequel: pirrhotite, tetra-

_ hedrite, galena, sphalerite, chalcopyrite, arsenopyrite, marcasite, pyrite. = .
It should be mentioned that Nishihara carried out similar experi--
ments in ferric sulphate solution obtaining for the above ores the fol-
lowing sequel: pirrhotite, tetrahedrite, galena, arzenopyrite, sphalerite,
- pyrite, enargite, marcasite, chalcopyrite. Allen (7) also performed the
same investigation with ferric sulphate solution on fragments taken
-probably from another deposite and established for their solubility
the following sequel: chalcocite, bornite, pyrite, marcasite, covellite,
sphalerite, chalcopyrite. The latter two series are only mentioned to
demonstrate what an essential role the differences of the reacting
 solution, as well as the impurities of the various ores, — which is
comprehensive in the case of fragments from different deposits —
play in the variations which can be cbserved in the solubility sequel).
JIn general the sequel set up by usis in good agreement with the
experimental results obtained in NJ20 sulphuric acid, respectively, of
‘Wells and Nishihara the only difference being that the pyrite used
by us — as contrasted with -the literary data — shows a strong ten-
dency to dissolve and oxidise. The significant influence exerted by
the size of the granules and the impurities on the solubility and oxi-
- dation of the ores should be pointed out. Our pyrite sample was com-
posed of far smaller granules than the others and a very fine ore-
powder adhered to them. Thus owing to the quality of the surface
and the size of the granules it dissolved -and oxidised to a greater
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extent -than in the case of samples consisting of larger granules. In -
addition the pyrite contained chaleopyrite impurities, the copper con- -
tent of the ore was 2,10 per cent- corresponding to 6,06 per cent of
chaleopyrite which fact plays also a ~more .>1gmflcant role than the
~differences in size of the granules. Concerning the effect of the impu-
‘rities on the solubility it should be noted that according to Rosen-
krdnzer's (8) statement sphalerite- dissolves more rapidly than galena
- the more rapidly the greater the iron content of the sphalerite, Our
_ sphalerite being from Herja contains.relatively much iron (14,66 per
. cent)' and -actually . dissolves comparetlvelv more readily than galena.

"This fact may explam the . dlfference is sequel found by Wells and
Nishihara.

- It can already now be pomted out that on the base of conside-
rably many quantitative examinations much data are available with
" respect to the dissolution and oxidation of the different sulphide ores,
which data also generally are in good agreement. However, not only
the manner how the. different pure ores dissolve and -oxidise, but
rather these conditions, in relation to a certain type and mineral asso-
ciafion of a sulphide ore deposit should be dealt with. It could also -
be seen by virtue of the literary data, as well as our own examinations,
that if the results are also mostly in accordance, essential differences
. can also ‘be detected. For example, both in the present investigations
~ and on the base of the literary data it can be stated that chalcopyrite

“belongs to the less soluble sulphides, On the other hand, it could
actually be experienced that in general the copper ores dis solve to
a fairly great extent, which has also been shown by the examinations
of the mlmng waters mentioned above, in which the mean value of the
- 42 mining water analysis’ from the sulphlde deposites demonstrated
. that the water. contains 11,53 per cent copper expressed in per cents -
“of the dissolved salts, Whllst simultaneously the Zn content was 0,53,
-the Fe 241 and the total Co+Ni+Cd+Pb amounted only to 0:01 per cent.
"The present examination also proved. that the solution -circulating
“through the 300 g. pure chalcopyrite contained at the end of the expe-
riment a total amount of 2,9 mg/100 mil. copper, whereas in the solu-
" ‘tion circulating through 300 g. pyrite containing 6,06 per cent of
chalcopyrite (corresponding to a total amount of 21,81 g. chalcopyrite)
. 27,6 mg./100 ml. copper could be detected. Namely in addition to the
qystematlcal investigation of the behaviour of pure ores — that is te
say in so far as natural quite pure ores occur — the investigation -

- of . the interact-i_on between the  different ores and their. environment o

is very important corresponding to the conditions wf the. various’
mining districts, thus rendering it possible to interpret the oxidation
and decormpo‘smon of the different sulphide ore-deposites. Therefore
at the preliminary experiments mixtures were used and our detailed
investigations will also be continued according to this trend. Hence,
the- deviation of the behaviour of our pyrite from the literatory data
is only an appearent one, because really speaking it was its chalco-

pyrite impurities which is consequence of its contact with pyrite dis-
solved to a. ve1y great extent. If the pure chalcopyn’re was the least .
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soluble of the examined pure ores and on coming into contact with
.pyrite yet the chalcopyrite dissolved more readily, then in the sequel -
of solubility pyrite follows chalcopyrite thus the sequel established
by us and that described in the literature is truly in good agreement.

Already Gotitschalk and Buehler (9) established that in the case
of two ores being in complete contact with each other, that having
the higher potencial is protected against solution, whereas that having
a lower potencial dissolved to a greater extent than if it stands alone.
According to Rechenberg (10) the potencial of the ores investigated
by him are as follows: pyrite 658 mV, chalecopyrite 558 mV and
sphalerite 459 mV (he used sphalerite containing 0,13 per cent iron.
as comparing electrode at the measurements and calculated the results
to hydrogen electrode denoling exactly the composition of the solution
he used at the measurements as well). Simultansously he also measu~
red fragments originating from other deposites and obtained the follo-
wing data: pyrite 540 mV, chaleopyrite 453 mV, sphalerite 181 mV..
The latter containied 3,46 per cent iron. In the latter series there were:
not. only shifts in the values, but the potencial sequel of the series.
also changed. Shpalerite containing more iron showed a smaller poten--
cial’ and on coming into contact with ores higher up in-the sequel
dissolved to a greater extent just owing to the potencial difference.
This statement was also supported by Rosenkrinzer and our experi--
mental results yielded the same data concerning sphalerite.

It can be seen therefora that small deviations in the impurities.
result in significantly different solubility conditions, This fact sup--
ports our assumption that though it is necessary to investigate the
 behaviour of the -various ores, however, the greatest siress must be-
put on the study of the conditions of interaction, and of the oxidation
"~ and solubility of the mineral associations dominating and characteri--
sing a mining district, _ : L

Thus on the base of the work of the author mentioned above the-
question arises if it is suitable to speak of the sequel of potencial of
ores in general, as also according to the authors (10) establishment
mechanical or isomorphous impurities, or differences in. the chemical
composition, can cause essential deviations. If samples from the same-
ore deposit are investigated no significant differences can be detected’
in the potencial series on carrying out' the examinations in solutions
of either acid (pH 4) or basic (pH 9) character, however, essential
deviations in value, and -what ‘more in the sequel.could he ohserved
when ores originating from other mining districts were similarly-
mmvestigated. On the other hand, the deviation of the sequel results:
in the ores behaving differently from the point of view of dissolution.

" On the dissolution ferrous sulphate forms primarely which may-
oxidized to ferric sulphate, and this in turn on the action of sulphur-
hydrogen, arising in the course of the solution, or through that of the:
fresh sulphides can again be converted to ferrous sulphate. Conside--
ring that it was in. any way contemplated to determine the iron con--
tained in the solutions, simultaneously the amount of ferrous and
ferric irvon, respectively, was also estimated. '



Table 4.

The change of "the content of ferrous (a) femc (b),

as well as the total iron (c¢) contained in the soluizons
: Fp mg/100 ml

1. v. VIL
a b c a b ¢ a b ¢
E 0.48 - " 1.90 3.8 '
L 742 . 104 , 23.3
790 © 123 27.1
-] 018 0.7 ' 05 ,
2. 842 - 11.9 253 :
: : 860 |. 12,6 - ' 25.8
020 . - 1.70 24
3. 4.7 32 372 .
, . 49 49 ' 39.6
5.72 . : | 116 , 656 .
4, ‘ 408 . : 0 - - 13.8
T . 980 . 116 794
0.10 = 120 - . 0T, E
5. 33 .13 101
. " 34 85 108
. 0.1 1.05 | owost
6. | - a1 . 73 : - 1805 - .
48 8.35 19.1
A or - - 205 - 11.0 - ‘
7. 9.7 - 14.75 39.4 .
98- | -~ 168 - . 50.4
. 025 - o 11240 0 2805 . A
8. : 106 . - : 0 T2 o
: 10.85 o 1240 | 100.5
0.52 » : 12.10 _ 21.5° S
9.. ' 95 0 - 519 - -
y 1002 | : 12.10 79.4
0.35 , 1.30 0.9
10. |- 893 - ead | 59 4
~ . 9.28 9.10 . 60.3

The (,hange of the manganese- content of the solu‘uonq was inves-

(]
~!

tigated. If it was also not yet possible to establish a correlation bet-

ween the change of the ferrous and ferric content of the solutions
and the ‘dissolution and oxidation 6f the ores, yet: the comparison of .

the changes of the manganese and iron content of the solutions showed
clearly that the separation of the adjacent iron and manganese in the

ores takes place in the same manner during the decomposition as:in

the case of the sulphide ores, and in that of ‘the carbonates, or silicates.

The manganese dissolves earlier than the iron, it is maintained over -

a longer périod in solution and is transpmted in this-state, whereas

‘the iron dissolves later-and separates out first, thus: the -origi_nzﬂ]y
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adjacently occurring iron and mangan ese are also separated spatially
and in time in the course of the sec0ndary cycle.

Table 5. :
The change of the manganese content of the solutions.
. Mn mg/100 ml.

L n 1. V. VL VI
L 1:261 1.581 2171 2.363 2,700
2. 0312 | 0.642 0.667 1.000
3. 0 ' : 0 0
4. 0.104 1.167 3.544 4135 4.500
5. - 00.38 © 00.44 0.160
6. 0.147 0.255 0.315 0710 ~
7. 0.295 0.529 0.538 0608 | 0.900
8. 0.159 0.243 0.337 0.340 0.760
9. 0.512 1.372 2.171 2.293 3000
10. 0.326 1160 .| 2328 2703 3.300

On ‘contemplating the change in tlme of the manganese and iron
content of the solution it can immediately be seen that in general the
greater part of the change of the manganese content, estimated bet-
ween the first and last measurements, fell into the first part of the
series of experiments, -while in the case of the iron content it rather
fell into the last period.

On considering the curves showing the change in time of the-
" manganese content the strong resemblance between curves No. 4. and
10. and No. 2. and 6., 7., 8. is striking. It is particulary prononnced
in the latter curves. This similarity is due to the fact of the manga-
nese content of the solutions of the mentioned ores and ore- mmtuxos,
- respectively, changing in the same proportion,.if the differences of
order of magnilude. are not taken into consideration.

The change of the manganese content. of solution No. 10. is vexy
similar to that observed in solution No. 4. Thus the conclusion can
be drawn that the manganese content of solution No. 10. was furnished
by the dissolution of tetrahedrite and that tetrahedrite dissolved iu
the first place in the ore-mixtures mentioned above. On the other
hand, the ratio of the change in the solutions of the ore-mixtures No.
6., 7., 8. corresponds to that observed in the solution of pure sphale-
rlte Thus it can also be assumed that the manganese content of these
soiutions is due to the dissolution of the sphalerite contained in the .
ore-mixtures, the more so since mixtures. No. 6. contained in addition
to. sphalerlte also pyrite — not containing any manganese — and
chalcopyrite, which. contained very minimal amount of manganese,
however, at the end of the series. of experiments chaleopyrite did not
show any signs of dissolution its surface was quite intact.

Sample No. 7. contained besides sphalerite also chalcopyrite and
0'alena, the latter contcuned a considerable amount of . spha]eute as
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. The change of the iron content of solutions No. 1=5.

mechanical impurities. The solution of pure galena econtained relati-
vely amount of manganese, which exceeded that contained in the solu-
tion of pure sphalerite. In this case on the other hand, the mangarese
content of solution No. 7. does not increase, not even exceeding that-
contained in the solution of pure sphalerite, the .charge being wuite .
identical with that observed in the case of sphalerite, Thus it must

also be established that owing fo the mntual contact galena was pre- . -

0
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Fig. 5.

The change,bf the manganese content of solutions.
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tected against dissolution and hance rather the sphalerite dlssolved
furnishing the manganese content of the solution.
At 'the end of the examination chalcopyrite was also quite intact.
. The comparatively high Zn content of the solution also points to the
vigorous dissolution of <'phaler1te, at the last mea;sufrement it was
219 mg Zn/100 ml. .
Solution No. 8. did not contain’ sphalerlte any more, merely galena
containing as mechanically impurities sphalerite, the latter being in
_cl?s% contact with galena. furnished the manganese content of the
solution,
. The Fe, Mn, Zn, Cu content of the qoluhom were ‘also deturmx—
ned from the lau samphng :

Table 6.

The Fe, Mn, Zm, Cu content of the solutions (mgl100 mi).
Fe © Mn Zn - Cu’

1. | Galena ol 2 | 21 | 202 —-

2. | Sphalerite : 258 Lo 36.9 in trace

3. | Pyrite 396 - ©— — 27.6

4. | Tetrahedrite 1. 794 4.5 1 - 7.1

5. | Chalcopyrite : 108 016, | — 2.9

‘6. Pyrite '_ c o - "

~ | Chalcopyrite - : 19.1 ~ 011, 16 116
Sphalerite . .

7.. Galena . .
Chalcopyrite 50.4 0.90 21.9 . .05
Sphalerite T -

8. Galena _ : ' , _
"Chalcopyrite | - 100.5 0.76 in "trace - 08
Pirrhotite ‘ : ’ . .

9. Tetrahedrite : : .

Chalcopyrite 194 -3.00 — . 4.2
Pirrhotite . -

10. | Tetrahedrite - 603, | 330 - 16.0

Pyrite o

" As can be seen though.galena contained sphalerites as mechanical
.impurity, the amount of this sphalerite being therefore manifold less
than. that of the pure sphalerite of sample No. 2., yet the amount
of zinc is more in the solution of galena than half of the zine quantity
. of the solution of the pure sphalerite, i. e. when the sphalerite is in
'close contact with galena it undergoes a far more vigorous - dwqo]uhon
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than alone. The iron content. pro’liter in the solution of pure galena
corresponds. to 0,426 g. FeS, its zinc content to 0,301 g.- ZnS, whereas
the iron content ot the solution: of _pure sphalerite. correspondQ pro hter
to 0,406 g. FeS, its zinc content to 0,549 g. ZnS. -

The significant action exerted by direct and -close contact of thu
‘ores on the dissolution could be also observed in ihe case of the other
ores, The copper content of the quite pure solution of chalcopyrite
corresponds to 0,0836 g. Cul'eS, pro liter, while the copper content
of the solution- of pyrite (No. 3.) contained 6,06 per cent chalcopyrite
as mechanical impurity corresponding to 0, 7969 g. CuFeS, pro liter,
i, e. in the case of a close contact beuween pyrite and ehalcopyute
the chalcopyrite decomposes to a great extent. Mixtures No, 6, 7., 8,
9. also contain chalcopyrite, however, the chalcopyrite granulub con-
tained in them remained quite fresh. "The chaleopyrite content of the
solution of these mixtures may derive from the other minerals of the
" mixtures, in these mixtures chalcopyrite wast protected against solution
having a higher potencial than the other minerals. Although in mix-
ture, No. 6, the chalcopyrite granules added to the mixture remained
quite fresh the copper content of the solution was after all relatively -
high, 11,6 mg/100 ml. However, the mixture also contained pyrite:con-
faining as- mentioned above 60:) per cent of cha]copymte thus the
contact between the pyrite and chalcopvrlte, was very cloge, Thist fact

shows that in addition to the contact brought about by the mining-" =

water — essentially an electrolyte solution — the role of a complete
contact like that existing between an ore and its mechanieal or isomor-

phous impurities, or one as can also be found: in the case of an.ore
lode, is far more important. This is illustrated by the zine content of

the solutlon of mixtures No. 6, and 7. These mixtures contain sphale-

rite in the same proportion, yet solution No. 6. contains only 1,6 mg/100
ml Zn and .the copper content in turn amounts to 11,6 mw/]()() mlk,

.whereas solution No. 7. already contains 21,9 mg/100 ml: Ln its eopper

‘content in turn only being 0,5 mg/100 ml. Though in mixture 6. the

potencial of the: sphalerite is lower than that of the other ores, thus

it ought to dissolve to a far greater extent, yet its confact with the-
other ores is by far not so complete than that between the pyrite and
chalcopyrite contained in the former, if also only in a minimal amount
as mechanical impurity. Thus in the first place the chaleopyrite dis-
solved furnishing the copper content of the solution. The pure chaleo-
pvrite added to the mixture did not show anv dissolution. On the
other hand, mixture No. 7. also contained beside pure sphalerite galena
Impur ified with sphalerlte, thus the v1g01cuq dissolution of sphalerite
is comprehensive,

On concluding the first pa1t of the series of experiments the
minerals exposed to the action of the sickering solution where also
examined, as to ‘what changes could be observed on their surfaces and
what kmd of secondaly minerals had formed.

The most conspicious change could be observed in the case of
galena and sphalerite.- The surface of all the galena fragments are .
incrusted with a layer of cerussite, E1ther tiny Ulystal« fmm a

3
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uniform crystalline erust on the surface of the ore, in which case the
shapes of the single erystals cannot even be detected under high
magnification, only single platelets glistening up, or tiny ecrystals,
0.02—0.1 mm in size, transparent, mostly tabular, according to (010),
are deposited directly on the galena, or on the crystalline crust men-
tioned above, respectively. (Fig. 6.)

Fig. 6. Crystals of cerussite on galena.

The tabular erystals on the single hexahedron surface of galena
are all oriented, the larger of them formed through the oriented
intergrowth of numerous tiny crystals, the glistening of their identical
platelets occurs simultaneously. These cleavage surfaces of the galena
are oriented in the direction of the sickering solution, the growing
cerussite crystals developed in the direction of the slightest resistance
with brightly glimmering faces of the first and third order prisms.
On another surface of the same galena cleavage hexahedron, which
surface is situated in the shadow of the flow the solution, the crystals
are thicker tabular, each crystal forms an individual, there is no
oriented intergrowth and they are placed arbitrarily. Thus the habit
of the crystals separating out from the following solutions is influenced
to a great extent by the fact of them developing on a surface situated
in the direction of the flow, or on a plane in the shadow, It is deemed
of interest to carry out further investigations concerning the diffe-
rences observed on the habit of the cerussite erystals which can be
attributed to the influence of the flowing solution.

On some of the galena samples a few cerussite crystals could be
detected, on which the faces (100) and (010) were developed in
equilibrum, the form (110) could be seen as narrow bands, the crystal
was terminated by the platelets of the unit pyramide, On dissolving
the tiny cerussite ecrystals, their negative can be seen impressed in
the galena.
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In the fine fissures of certain galena samples antimonite needles
could be observed. On these samples the fanlike, sheathslike erystal
groups of valentinite, showing a pearly luster, may be detected.

The cleavage surfaces of black sphalerite erystals from Herja
containing some galena and pyrite as rechanical impurities are
incrusted with a thin ‘bluish, or thicker yellowish pearly lustreous
{ilm (Fig. 7.).

Fig. 7. Separation of sulphur along the twin lamellae of sphalerite.

The film is formed of sulphur. Its separation always starts along
the twin lamellae and when the separation advances the whole surface
becomes coated. The initial separation of sulphur along the twin lamel-
lae sth(;ws very well that the sphalerite fragments are polysyntethic twin
crystals.

On removing the sulphur coating the silky glimmering etched
surface of the attacked ore is well visible. On the thin sulphur film
the tiny unit pyramidal crystals of the sulphur 0.01—0.02 mm. in size
showing a diamond luster, can be found, which frequently exhibit
parallel intergrowths (Fig. 8.).

It is interesting to note that the sulphur erystals always show an
identical orientation, axis ¢ is parallel to the direction of the flowing
solution.

On the samples of sphalerite the thin needles of gypsum elongated
according to axis ¢ can be sometimes observed.

The galena crystals contained as mechanical inclusions in sphalerite
are also covered with cerussite like the pure galena samples mentioned
above, On the pyrite crystals contained as mechanical inclusions in
sphalerite as well, a coating could never be detected, however, the
crystal faces were slightly attacked. Where the three ores — sphalerite,
galena, pyrite — are in contact the sphalerite is coated with a thin
sulphur film, galena with a cerussite crust, whereas pyrite glimmers
with a silky luster.
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The pyrite granules are covered on some points with iron hydroxide,
on others there were no visible changes.

The surface on chalcopyrite is coated with a wvery thin dark
indigo-blue film which already disappears on gentle rubbing. It
consists most likely of covellite. On the places where the glass tube
was surrounded by a tin ring, thus where the chalcopyrite contained
in the tube was not exposed to light the colour of the coating is far
darker, nearly black.

Fig. 8. Oriented crystals of sulphur on sphalerite.

On the fragments of tetrahedrite a lighter coating, less pronounced
than that of chalcopyrite, could be observed, however, the coating
appeared only in patches, The siderite granules contained in tetra-
hedrite as mechanical inclusions dissolved to a great extent, on their
surface and along their cleavage direction iron hydroxide separated
out staining the siderite granules rust-coloured.

The minerals of the ore combinations showed in general the same
changes as the more or less pure ores, having been exposed to the
action of the mining-water. Chaleopyrite is an exception it remains
imn every mixture quite fresh. On the surface of the sphalerite
contained in the-mixtures the sulphur separation is not so great. The
tetrahedrite granules are also irised tarnished in ore combinations. In
the mixtures the surface of the pyrrhotite granules is everywhere
covered with iron hydroxide.

On the minerals used for the examinations in the course of the
laboratory experiments the following secondary minerals form: cerussite,
native sulphur, valentinite, gypsum, covellite, Fe(OH),.

In the course of further examinations the solubility and oxidation
conditions of an ore combination corresponding to the mineral association
of Reesk will be investigated. Furthermore, the influence of the
manganese- and copper sulphate content of the solutions on the

+ oxidation of their ferrous sulphate content will also be examined.
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