A CHEMICAL AND MINERALOGICAL EXAMINATION
OF A COPPER ORE FROM MYSORE

By N Jayaraman

Introduction —A. copper oie contammg a high percenlage of
copper was recerved some tune back from Biligere, Nanjangud Taluk,
by Dr K R Krishnaswam of this Department who suggesied to me
to investigate ils exact meralogical nature and to work oul the
conditions for extraction of copper therefrom

Smeeth and Sampat Iyengar' made the following remark regaiding
the nalwie of occurrence and distribution of this ote  “In the
Nanjangud Taluk, 1] mules SSE of Biligere, pieces of green copper
ore were found m the soil and some pits have been sunk to a depth of
40 feet under o prospecting license The rock 15 a steeply dipping
decomposed gnerss with an mierbanded dolerite dyke of a few yards m
width  The latter 1s considerably decomposed and shows strmngs and
patches stiongly impregnated with carbonate of copper ”  They ponted
out that some pockets of this ore 1n the dolerite dyke 1s rich in copper
ranging fiom 9 to neaily 24 per cent. The quantity of ore available has
not been estunaled

Megascopic and macroscopic pioper bves —The ore 1s dirty brown
in colour and 15 of lwo different types, one of which 1s hard and compact
and the other ts a bleached earthy powder The compact ore forms
sharp angular masses with an wregular to subconchoidal fractuie
Somelunes the surface 15 coated with a thin bhlm of a gieen mineral
which 1s probably malachuite  When a thin section 1 exammed under a
microscope m iransmutted light it shows a more or less dark ground
mass with fme mterlocked vems of arich green tiansparent material
In addition to these veins the green malerial 1s also present m a disper-
sed condition throughout the mass of the ore  The vems are present
abundantly only near the surface of [ragments and there are very few
velns m the mderior  The mterior of mdividual fragments 1s very dense
as compared {o the outer shells where alteration has proceeded to some
extent In addition to the green mumeial the groundmass also contams
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finc-gramed quarts distributed  uiformldy o oot tisu bl The
mam maos of the v1e, howeves, 1 made up ol the rodde D Voo vande
of non

Chemacal aralysts —A carefully propacdcamphe v S e way
analysed as [ollows —A werglied  quantdy ot the fwehy powdiied
mmeial was gnifed and the loss of weeht was dotosaed Iy
separate portion of the cample both water and CO wore dobenmncd by
combustion analysts and b was found that conubied wer Tt the ¢ twa
constrituents agreed closely with the tolal 1oms on timtiem

A complete analysis of the are 15 cared out v tullin o % vy bl
guantity of the ore 15 dwsolved ma hot T 1 misbine ol vonevndyalig]
hodrochloic and mitric acids and boded for a few nnmubey atter whh
the mass 15 evaporaled to diyness  AHer addme Iveioshilenss oo i e
or thrice 1t 1s repeatedly evaporated {o diyness to eapcdh completchy ol
the nitric acd present  Afterwards the dred rosadue otabhon me diduhe
hot HCL and the sihca 1 {idlered off and estimalesd s wand The
filtiate obtamned after the 1emoval of sthicd 1 usedd Jor estimnitimg copyaer,
A curient of hydiogen sulphude 15 paseed inlo the hot soluteon wied ty
passage of gas 18 mamtaed tdl the solubon cools o romn tempe e
The preciprtate of copper sulphide 1 hltered off and wasdied with wstoy
contamnmng H,S. It 15 then gnded m an open porcelam rueble and
weighed as CuO  To check this resull, the cuprc onade s the conahle
ts dissolved m HNO, and the copper 1 the solution obtassedd 14 ot
mumed both by the volumetirc and clectiolytic methods

The filtrate after 1emoval of copper sulplude s boded will tos b

it from all HyS and then oxuhsed with a Ittle TINO, T fhand oo
metals present m the solulton are precprtated as hydronde iy the kit
of ammonia and ammontum chlotide The p eapifate s hltered, washiod
with a ten per cenl solution of ammonmum nutrate and then ymte] and
weighed as oxides, These oxides me then dissol ed g 50 fo (0 o
1 1H,80, and the solution obtamed 1s difuted 1o 200 ¢ Al juets of
this solution (25 ce ) ave reduced with ame and sulphwie aond w o Trnes
reductor and titrated agamst standard KMaO, solution From (I coge

sumplion of standard KMnO, noticed, 1t was casy o estimuate (e quantity
of won present,
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Tests for alumimmum, magnesium and alkales weie made and

they were [ound to be abscnt

Calcium 15 present only m tiaces

Feiious non was determmed m a separate portion by the well known
hydrofluoric-sulphmic acid method desciibed elsewhere 1 this thesis

(part 1I-B, p. 100)

The composition of the orc s as follows —

Tapre I

CuO pre-
Percentage Copper )
chemical present as hégtb a’f %)/IOI Mmetlal o
composition per cent n:tter‘/ top | compostion %
810, 14 70 0245 1470
(Insoluble matter)
Hydious won
Fe,0, 49 14 0 307 oxide =055 52
FeO 0.60 0008 |Sidente = 093
CaO {race
Cupnite 0 69 Cupnte = 078
CuO 20 60 4 Carbonates Malachite
1577 1974 0.248 =2012
Azurte = 758
CO, 6.28 0143
H,0 841 0467
Total 9973 99 63

The 1csulls of analysis of the specimen are given i table I above,
which also mecludes the computations of mmeial compositions

It can be gathered {iom the above {able that after allowing for
the COQ, present in sidertde, the balance of CO, was much more than the
quantity which would be present if all the copper were i combination

as malachitc

I, therelore, appears that a copper ore with a lugher CO,

content 15 also present and tlus indicates the picsence of asuiile m the



56

specimen exammed The exact pioportions of malachite and azurde
present could not be found excepting by indirect calculation as shown m
table 1, for the reason that it was very difficult to effect any separation of
the two mmerals Methods of ar elutrafion were employed for this
purpose but these faled to separate them Table 1 shows that only
about two per cent of watgr will be required to satisfy the quantity of
basic carbonates present and the rest, viz , about six pe1 cent 1s perhaps
combmed with the wron oxide which would theiefore exist as hydrous

oxide of 1ron.

Chemical methods were also employed to find out exaclly the
mmneralogical naturc of the ore

The presence of cuprite and copper silicale was established as
explamed below A weighed quantity of the finely crushed ore was
leached with 100 cc 1 20 HCl for two hours The residue from the
above treatment was well washed and digested with a solution of 100 cc.
1 10 HCl on the watei-bath for about 8 homs After this it was
filtered and the solution was tested for copper The msoluble residue
was then washed thoroughly and igmted The igniled powder was
botled with 200 cc of concentrated mitric acid for about 2 hours after
which the cxcess of Nitric acid was removed by evapoiation
The dry residue thus obtammed was then laken up with 50 cc of
hot 1 2 H,SO, the solution boilled vigoiously for about an hows  The
insoluble portion of the above was separated by filtration and the residue
after thorough washing was reserved for f{urther treatment as given
below ——The filtrate was diluted to 100 cc and its copper contenl was
determined as usual  The amount of copper thus obtamned was taken to
represent the copper present as cuprite 1n the ore

The msoluble matter from the H,S0, tieatment was exammed
under the micioscope affer careful drymg It was found to be com-
posed mainly of fine grams of quaitz and also of a pale-green transpaent
muneral, probably a silicate of copper This material was, ihere-
fore, fused with sodmm carbonate and the cooled melt was taken
m difute HCI and evapotated to dryness The dry residue was taken
m chlute H,SO, and the silica was filtered off, igmted and weighed as
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S10, Copper was deternuned n the filtrate as usual From the
1esulls of the above mvestigations, calculations yielded the following
mumeial composition of the specimen —

Cu piesent as caitbonate=15 77 per cent
(malachite and Azurite)
Cu present as cuprite=0 69 per cent

Cu present as coppet silicate=0 25 to 0 35 pe1 cent

Table I shows that the compact ote 1s rich mn coppei, holding
about 275 per cent of copper carbonales roughly 3 of which s
malachite and the 1est 1s azuiite  Almost all the unon 1s presenl as a
brownish-ted hydrous oxide having a composition mudway between
goellute and limomite  Perhaps 1t 15 a nuxture of limonite and hematite
The ferious won 1s piobably present as the caibonate, viz, siderite

As aresult of several expeliments it was found that 19 10 per cent
of CuO m this ore 1s soluble m 1 20 HCI and that 1.22 pei cent
msoluble

Earthy and Powdery Ore—In addition to the compact ore
descibed above an eaithy powdery ore was also exammed 1n detal
This ore 1s also from the same locality and occurs more abundantly than
the compact vaiety

The chemical composition of the ore 1s as follows —

TasLE 11
per cent
S10, ot 1478
CuO 16 88§ — 15 30
Fe, O, 3370
Loss .o 14 51

Total . 99 87
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Concentiation of a 100 mesh powder of this oi¢ by means of a
single vessel elubiator was 1esorted to and low hactions were oblamned

as shown below

Tapre 111

Concentratuon by Ilulyealo

¢ Matetial
Fiactions R?)tfev\(:itg ?W | Pertod ) olllctltt;d per cent
1 240 cc m 4 mmutes |15 munules 4 10
2 320 cc " 1 hour b 36
3 600 cc " 2 houts C 22
4 Mateiial left behind D 32

The coppel, silica and non contents of the toun fiacthions gven m
table 111 were detecimimned and these aie given n table 1V

TasLr IV

Compositvon of the vaiwus concentiates

Concenirates 10, CuO
A 12 50 34 11
B 14 02 1819
C 16 75 923
D 20 31 5 05

Ie O,

29 50
a4 A1
65 87

7110

Total
7h 0L pet cenl
8672,
91 55 3 )
96 46

mneral acsds —The material was finely powdered and treated with
dilute mineral acids for varymg peuods and then filtered The copper
content 1n the filhate was determined by electiolysis?, using a rotatng
electrode  The non was deteimmed by precipitation as hydroxide and
gnibing and weighing 1t as ferric oxide
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Table V shows {hat the non contenl of the solution deuved fiom
the leaching of the ore by acids mcicascs proporionalely with {he
strength of the acid used and also with the duration of treatment
Fuiiher, these factors do not seem to atfect much the amount of copper
extracted from the ore which remams more or less constant and shows
only very shight variations Veiy dilute acids suchas 1 50 HCI dis-
solve 1n an interval of 23 hows 10 84 per cent of Cu  Stionger acids
such as 1 10 HCI dissolve m an mterval of 9 hous only 11 29 per cent
Cu, the diffetence beng only 0405 per cent The best results are
obtained when the oie 1s digested with 1 20 HCI for pertods ranging
from 3 hour to 2 hours  Of the thiee mimeral acids hydrochloric acid 1s
the best suited for this purpose, becausc at a didution of 1 20 1t extiacts
the maximum amount of copper without at the same time bringmg
much non nto solution

Summary —A specmen of copper ore from the Nanjangud
Taluk, Mysote Distiict, was exanuned both chemucally and mictoscopr-
cally and the results oblawmed are as follows —

The specimen was found to contamn copper m the [ollowing
combinations —malachite, azurite, cuprite and an umdentified silicate of
copper

The exstence of hydious wron oxide was suggesied

The mineial was mpue and contamed siica and 1ron 1 con~
siderable proportion

A method was worked out for extraction of the copper present in
the nuneral by caieful digestion wilh acids of regulated strength
Hydrochloiic acid (1 20) was found most efficient because 1t extracted
most of the copper without at the same tume extiacting any significant
quantity of non

The authot wishes to record his thanks to Dr K R Krishna-
swami for his Jund help during the cowse of this work
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