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A BSTRACT

The invest'igation reported in this thesls was the initial phase of an experimental progranme

inltiated in'1969 at Auckland University to study the application of hydrometallurgical techn'lques to

the recovery of base-metals from New Zea'land sulphide ores. The principa'l aim was to deslgn and build a

suitable autoclave for conducting pressure leaching experiments and with this to evaluate the su'lphuric

acJd leaching kinetics of a bulk lead-zinc-copper-iron concentrate, under a range of experimenta'l

conditions that might have process potential.

The effects of temperature, oxygen partial pressure,'initia'l acid concentration, excess or deficiency

of acld, initial particulate surface area, agitation, catalyst additions (cupric and ferric sulphate)

and time on the rate of leaching of sphalerite, galena, cha'lcopyrite and pyrite were investigated.

Galena was found to dissolve with the fornration of hydrogen sulphide and lead sulphate. The

hydrogen su'lphide inhibited the dissolution of both sphalerite and chalcopyrite but nct,galena. The

effect of experimenta'l variab'les on the rate of oxidation of hydrogen sulphide to sulphur are reported.

This reaction was found to take place on the surface of sulphide particles beb,rreen adsorbed species and

the rate detennining step was the oxjdation ofadsorbed ferrous ions by dissolved oxygen. Scanning electron

micrographs are presented which show that the lead sulphate forms as a non-coherent crystalline layer

on the galena surface. Conversion reaction kinetics were consistent w'ith rate control by liquid phase

diffusion in the pores of this layer. The rate of conversion was independent of oxygen partial pressune,

lnitial acid concentratjon and hydrodynamics but was directly proport'ional to the initial particulate

surface area. A very lo,'t temperature dependence vJas exhibited.

Sphalerite was found to exhibit'ljnear leaching kinetics up to extractlons of eighty percent after
reaction inhibiting hydrogen sulphide had been removed by oxidation. The rate of linear leaching was

dlrectly proportional to oxygen part'ial pressure and surface area but independent of acid concentration

and hydrodynamics. The u'ltimate sulphide oxidatjon products were elemental sulphur and sulphate ions

with tne former usually accountlng for over ninety percent of tlre reacted sulphide sulphur' The dissolution

reactlon producing sulphur was electrochemical in nature and the cathodic reaction lnvo'lving the

dlscharge of oxygen was found to be rate controlling. Soluble iron catalysed this reaction and a

mechanism is proposed that involves the chenisorption of ferrous ions and dissolved oxygen at the mineral

surface. Scanning electron micrographs are presented which show that certain crystal faces are preferent-

rally attacked and that djssolution occurs by a pittino action. They also explain why sphaleritedissolution
'ls severelycurtailed at tenlperatures exceeding the meltinq point of sulphur. For extractions exceeding

elghty percent the dissolution rate decreased rapidly duri to a decvease in cathodic area and to the

agglaneration of residues.

Cha}copyrite and pyrite disso'tved much more slowly than sphalerite and were extensively coated by

elementa'l sulphur because the oxidatlon of hydrogen sulphide was cata'lysed on their surfaces.

Sore practical implications of the leaching results are dJscussed.
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m Mass
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x '120 mag.
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34(b) Scanning electrtn rnicrograph of leached l37um ore (residue from experiment #'16). 93' x 100 mag.

35 EDX analyses of mineral surfaces of

(a) sphalerite 94

(b) galena 
94

(c) pyrite 
94

(d) chalcopyrite 94

36 Scanning electron micrograph of unreacted ore screened -53 + 44 urn (nominal 95
49 pm). x 400 mag.

37 Scanning electron micrograph of resldue from experirent 1 (Rl) treated by
sulphur removal followed by lead sulphate removal. x 500 mag. 95

38(a) Scanning electron micrograph of Rl after lead sulphate removal. x 400 mag. 96

(b) EDX elenental anarysis of the surface of a sulphur agglomerate

39(a) Scannjng e'lectron mlcrograph of Rl after sulphur yrmoval. x 5fi) mag. gl
(b) EDX elemental ana'lysis of a point on the surface of one of the fine particles.
(c) EDX elernental analysis of the surface of the cubic particle

40 Scannlng electron micrograph of Rl. x 4fi) rnag. 9g

4l Scannlng electron micrograph of a sulphur particle (Rl6). x 1000 mag. 9g

42(a) Scanning electron micrograph of reacted sphalerite surface (R2) shodng patches 99
of elemental sulphur. x 3000 mag.

(b) EDX elemental analysis of a point on the surface of one of the suipfrur patches.

(c) EDX elemental analysis of the general surface.

43. Scanning electron micrographs of 100

(a) reacted sphalerite surface (R2) showing patches of elenenta't sulphur and the pitting
form of attack. x 2000 mag.

(b) a similar surface with sulphur removed. x 3000 mag.

aa(a) Scanning electron micrograph of pyrite (R2) showing an extensive coating of l0l
sulphur. x 3000 nrag.

(b) EDX elemental analysis of a point on the surface of the sulphur l1yer.
(c) EDX elsnental analysis of the genera'l surface.

 s(a) Scanning e'tectron micrograph of chalcopyrite (Rz) showing a partial suJphur 102
coating. x 3000 mag.

(b) EDX e'ternental analysis of a pornt on the surface of a sulphur patch.

(c) EDX elemental analysis of the general surface.

46 Scanning electron micrograpfis of 103

(a) reacted galena surface (Rl, ll0 C) sma'll crystals of anglesite. x 7000 Mag.

(b) a slmilar surface (R'l) after the remova't of anglesite by armonium acetate leaching.
x 3000 nrag.
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47

(a)

(b)

48

(a)

(b)

ae(a)

(b)

(c)

(d)

(e)

50 (a)

Tlile

Scanning electron micrographs of
reacted galena surface (R2, 70oc) shodng the lar"ger crystals of anglesrte
foimed at the loler temperature. x 2000 mag.

a slnilar surface (Rz) arter the remova'r of anglesrte by anmonium acetate
leaching. x 2000 mag.

Scannfng electron m.icrographs of
ore leached at l30oc, R4, showing agglomerate particles canprised of sphalerlte,
pyrfte and chalcopyrite and'including most of the fines. x 400 mag.

R4 with sulphur removed showing that sorne of the agglomerates have broken down.
x tf00 nag.

Scannlng electron micrograph of an aggromerate partic're from Fig. 4g(a).
x 1600 mag.

Elemental ana)ysls of the general agglornerate surface.

Elemental analysis of points r,2 and 3 on the agglonerate surface.
Elemental analysis of points 4 and 5 on the agglomerate surface.
Elemental analysis of point 6 on tie agglomerate surface.
scann'ing electron micrograph of ore reached using ferric sulphate as a
catalyst (R20). It shors almost complete disso.lution of the sulphide
minerals and tJte large su'lphur agglonrerates resulting. x 300 mag.

EDX elemental anarysis of a sulphur aggromerate shoving traces of pyrite,
sllica, cha:lcopyrite, sphalerite and lead (sulphide or sulphate).
Scanning electron mrcrograph of a sulphur agglomerate (R20) consisting
prlncipally of covellite. x 120 mag.

EDX elemental analysis of the general surface of the agglornerate.

Scanning electron micrographs of

49 w ore 'leacned for three weeks in 0.g mol l-t surphuric acid at rrom
temperature, shwing the extensive conversion of galena to angresite.
x 300 rnag.

reacted spnalerite surface shoring pitting attack. x 2000 mag.

Generalized leaching curves for sphalerite, cha.lcopyrite and pyrite.
Graphs of H2S concentration versus tinre per proposal (i)
The formation and oxidation curves.

The resultant concentration curve.

Graphs of H2S concentration versus time per proposal (ii).
The formation and oxidatJon curves.

The rcsultant concentration curve.

The effect of temperature on the linear leaching of sphalerite, chalccpyrite andpyrite.

Arrhenius plot for sphalerite dissolution.

The effect of oxygen partial pressure on the'linear leaching of sphalerite and
chal copyri te.

104
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109
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128
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59

60

63

64

55'

66

67

68,
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Tltle,

The llnear leachlng rate as a function of o)qygen partlal pressure for
sphaleri te.

The effect of acid concentratlon on the llnear leachlng of sphalerlte,,
chalcoprite and pyrrl te.

The llnear leachlng rate as a, function of acld concentratlon for sphaler{te.

The effect of lmpeller rotation speed on the llnear leactring of sphalerite,
chalcopyrlte and pyrl'te.

The llnear leaching of sphal;erlte - three palrs of nepllcate experlments.

Amhenlus plot f,or chalcopyr"fte dlssolution.

.The lliiear leachi,ng rate of chalcopyrite as a ftnction of olygen partial pr€ssure.

Arrttenius p:lot for "puriten .dlssslutlsn.

The llnear i:eadring Fate as a function of oqygen pressune for ,'pyrite'r.

A scheamtic l€presentatlon of' the cata,lytic r.ole of so'luble lron ln pronotrtng
the cathodlc dlscharge of oxygen.

.Temperature - composition dlagram for the llqufd-vapour^ egullibrlurn of ll2s04
and nater".
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