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ABSTRACT

i

Higﬁ gradient magnetic separation (HGMS) of hematite
to produce a 1éad/silvex’- concentrate from the residiue of the
‘'sulphation roast,-leaéh-elec_trowin (SRLE) -pr‘ocess was inves-
‘“’m tigated. Neutral and hot acig leach residues Z(NALR and HALR)
were generated from calcine of Brunswick Mining bulk concentra-
tate provided by‘ the- New Brunswick Research and Product‘ixlrity

.Council. The calcine assayed 28% 7n, 6% Pb, 16% Fe and 120 ppm

. "

Ag.

The major phases in the calcine, NALR ;,nd HALB» were iden- -
tified by a combination of X-ray diffraction, optical (and elec-
téon rlnicroscopy and phase isolation on the Frantz isodyﬁ ‘ic
separator ”iFrani:z). Bo‘tﬁ resid_ues-were fine, 1;)0% ~25 um and
well liberated., From 5na1ysis of the n‘lagnetic profile, 'g‘enerated
c;n the Frantz, the HALR was selected as the best c'a.ndidate for
HGMS. This was méir{:ly to avoid zing\ reporting to both mags (as
ferrimte) and non-mags. {as marxgat;’.te). The HALR was about 38% Fé»
(as hematitd), 243 Pb (as lead Sulphate) and 10% quartz.

The HALR was vigoro:usly dispersed with calgon in an ultra-
sound bath. Operating conditions for HGMS were.welected using a
recovery x;\odel.’ Expérimeénts were conducted with flow \}elocit'ie‘s v
of 7-14 ;:m/s and field strengths of 13,800 to 21,400 Oe.

Lead/silver concentrates were produced ranging from 48% Pb

at 74% recovéry to 34% Pb at 95% recovery with 450-550 ppm silver
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Co at recoveries of 60-85%. Analysis. of the products by scabnj/nq

-

electron. mlcroscopy revealed ultra-fine hematite particles

(< 1um), in the lead conqentra‘te (the non-mags) and 0.5 to 3 um.
lead sulphate particles in the mags, which is the finer end of
the lead distribution.: T é, fine hematite in the non-mags is '?

* result of too low a-‘magnetic trapgi'ng force; a possible explana- .
tion of the lead loss is due to aggrega‘tioh with fine hematite «
rendering the smallest lead sulphat;e particleé. suscep:':ible to
xyaénetic capture. | ‘

The separation is judged to be technically quite success-
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_ RESUME N \ \

Des recherches furent entreprg.ses sur la séparatlon
«

magnéthue 3 haut gradlent (SMHG) de. l'hémat té, afin de produire

-

un concentré plomb/argent & partir:’ des rémd‘ﬁs du procécé "gril-

lage sulfatant-lixiviation-electrolyse”. Des résidus de lix:.vxa—

tion neutre et acide 3 téempérature &levée (RLm et RI;ATE) furent

produits 3 partir des grillages de concentré global de Brunswick - .~

M:Lnihag mis 3 notre. dlSletlon par le New-Brunsw:.ck‘Research and

Productivity Council. s essais des grillages donnérent 28% 2Zn,

-
» 6% Pb, 16% Fe et 120° ppm a Ag

A

Les phases majeures renc&ntrées dans le gr:.llage, le RLN
et le RLATE, furent identifiées & l'aide d'une combinaison de
diffraction Rayons-X, de microscope optique et électronique‘et,
d'ifaolation- de phase grace- au séparate{xr isodynamique Frantz,
'(Fr;.ntz) . Les deux rés;id sont tré&s fins, 100% - 25 ym et bien
libérés. Des analyses des Pprofils magnétiques, obtenus griace

au ﬁfrantz, le RLATE fut retenu comme &tant le-meilleur candidat

\ .

_‘pour| une SMHG. Ce choix fut fait principalement pour &viter

-

Q'av!oir‘ des apports de zinc c6té magnétique (sous forme de
f/ed;rite's) et de non magnétique (sous forme de marmatite). L'ana-
lyse du RIATE donna 38% Fe (sous forme d'hematite), 24% Pb (sous
forme de sulphate de plomb) et 16% SI% quartz. ’ —
Les RLATE furent vigoureuseme;nt dispersés, & 1l'aide d'une

soluT.ion de calgan), dans un bain 3 ultra-sons. Les conditions

.
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13,800 & 21,400 Oe. Des concentr8s de plomb/argent furent

‘balayage r&v€la la présence de particules d'hematite ultra-

de fonctionnemeht du SMHG furent choisies en se basant sur un
modéle de recupération. Diverses exp&riences furent conduites,

variant le d&bit de 7 3 14 cm/sec et l'intensit& du champ de

produits donnant des essais variant de 48% Pb avec une récupéra-

tion de 74% 3 34% Pb avec 95% de récupération et des analyses

d*'Ag de 450-550 ppm avec une réct.\pérat:f_Lon de 60 3 85%. L'ana- 1
lyse dgs produits & l'aide d'un microscope &lectronigque 3 |
T .
fines (< 1 um) dans le concentré de plomb (portion non-mggnétique)

et des particules de sulphate de plomb d¢ 0.5 3 3 ym dans la \C
portion magn&tique, ce gui représente la partie la plus fihe de

la distribution qranulométrique du plomb. La présence de fines

particules d'ﬁématite dans les non—magné-ticiues fut 1le résul@at de B

forces magnétiques trop faibleg; l'explication 3 la perte de plomb

serait 1'agglomération avec de fines particules d'hematite, ‘ |

rendant ainsi les plus petites particules de sulphate de p lomb

susceptibles 3 une séparation magnétiqué. s
.La s&paration, techniquement parlant, fut qualifiée de

succés.
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RESUMEN

Sepdtaciéh magnética con altos gradientes (HGMS) en
hematita, para/producir un concéhtrado plomo/plaﬁa de los
/

regiduos del proceso, tostacidn sulfatante-lixiv%acion-
electrodeposicion (SRLE) fue investigada.

Residuos de
lixiviacidn neutral y de lixiviacion caliente (NALR y HALR) x

fueron- generados de el producto de tostacion sulfatante

valuables.

(calcinado) de un concentrado de flotacion de la compaﬁfa
Brunswick Mining and Smelting conteniendo todos los sulfuros

El calcinado fue proporcionado por New Brunswick
Research and Productivity Council.

El analisis quimico del
calcinado fue 28% 2n, 6% Pb, 16% Fe y 120 ppm de Ag.

Las principales fases minaralogicas de el cglcinado;

’ .
electronica.

NALR y HALR fueron identificadas empleando una combinacion de
difraccidn de rayos X, microscopios oculares y microscop{a

i
\

. ' . 7, 7 .
Aislamiento de las fases mineralogicas fue realiza-

i

A
do mediante un separadornisodinémico Frantz (Frantz).
residuos fueron de tamanos muy finos, 100% - 25 um, y las fases
estaban bien liberadas.

i
Ambos \
’ K3
Partiendo de un analizis sobre el
' comportamiento bajo separacion magnetica, generado por el:Frantz,
el HALR fue seleccionado como mejor candidato para HGMS. Ello

1

fue principalmente para evitar que el zinc se presentara en los 2

4

¢

: ! :
productos de separacion magnetica, en los magneticos (mags) como

’

g
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ferrita‘y en los no magneticos (non-mags) como marmatita.
El HALR analizo 38% Fe (como hematita), 24% pb (como sulfato
de plomo) vy 10% de cuarzo. .

“, E1l HALR fue vigorozamente dispersando con calgon en un
bano ultrasgnico. Las condiciones de operacion en HGMS fueron
seleccionadas utilizando un modelo de recuperacién magnética.
los experimentos fueron conducidos con velocidades de flujo que
variaron de 7-14 cm/s e intensidades magnéticas de 13,800 a
21,400 Oe. )

Concentrados plomo/plata fueron producidos, vafiando
desde 48% Pb con 74% de recuperacion, hasta 34% Pb con 95% de
recuperacién;.la plata analizo de 450-550 pPpm con recuperaciones
de 60-85%. Un examen de los productoé'empleando microscop{a
electronica reveld la existenéia de p%rtfculas ultrafinas de
hematita (< 1 um) en el concentrado de plomo (non-mags) y parti-
culas de sulfato de plomo entre 0.5-3 um (rango mas fino en el
cual £e encuentra distribuf{do el sulfato de plomo) en los magne-

ticos ‘(mags). La preséncia de particulas tan finas de hematita
“

. , ¢ .
‘ygn los non-mags, es el resultado de una baja atraccion magnetica

4

a tales tamanos; una posible explicacion de las perdidas en
plomo, es la aglomeracion de estas, con particulas pequenas de
hema tita, ansformando a las particulas de s;}?alo de plomo,
| ;}JVNNE{ <
susceptibles de ser atrapadas magneticamente.

? ’

La separacidh es juzgada desde.elépunto de vista tecnico,

como todo un exito.

)
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1. INTRODUCTION

1.1 T¥eatment of Complex Sulphids Ores

1.1.1 Background

Complex sulphide ores can be defined as intricate
associations of chalcopyrite (CﬁFesz),fsphalerite {ZnS) ,
'galena.%PbS) and pyrite (Fesz) and/or pyrrhotite (Fel_xS).
’They present specifié and difficult problems during most
stages of beneficiation, from mineral processing to extrac-<
tive metallurgy (1,2). , ;

These ores are important because they }epresent large
resources of non-ferrous Anmd precious metals. For éxample,
it is estimated they represent about 8% of world's reserves ‘
.0f copper. In Canada, the complex sulphides of_New'Brunswick
represent the largest domestic reserves of zinc, lead and
silver. :

Ore depqgits classified as complex sulphidg ores are
‘rather numerous andyare found in many geoldgical strata of
various ages. The size of these deposits ranges from about.
200,000 t contained base metals to a fey million tonnes (Broken
Hill and Mount Isa in Australia, Kimberley:and Bathurst in '
lCanada). Typical compositions usually ?re in the following

ranges: Cu, 0.1-3%; Zn, 0.2-10%; Pb, 0.3-3%; Fe, 10-40%; S,

20-5Q%; Ag, 30-100 g/t and Au, 0-10 g/t. .

3
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1.1.2 Mineralogy

Some important mineralogiéal parame;ers tha; influence
the processiﬁg of complex sulphide ores agpe: ‘ s
(i) The presence of pyrite or pyrrhoti;e in relatively
‘large guantities: for examplé, New Brunswick ores (3)
‘ contain about 45% pyrite and Iberian Peninsula, de-
posits (4) are about 35% pyrite.

4
.

{ii) The very complex texture: the association of the

main minerals is generally extremely intricate, the’

he valuable mineral present ranging from
extremely .fipe (a few micrometres) to fine (a few

tens of microme®xes), (5-7). ,

(iii) The presence of minor minerals:‘theée could be of
significant economic importance (e.g. Au and Ag) or
could have -a deleterious impact on subsequen€ metal-

" lurgical treatment or on the environment (e.g. pre-
séfice of arsenic (As), antimony (Sb), bismuth (Bi),
mercury (Hq}, and cadmium (Cd)).“ ‘

(iv) The preseﬂcé of alteration minerals: This is parti-

cularly/impOrtant for copper and non-sulphide min-

erals (8).

Mineral Processing

1.1.3

: a) Problems in Flotation: .

The processing of complex sulpblde ores, to produce

v

separate concentrates for smelting is limited by the selectivity

[
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of the methods that can be used. Because of the nature of
' complex sulphide ores, they have onlyPBEEh treated byxfloﬁa-‘

i Y
tion, but with relatively poor results. Flotation problems -

-

can be broken down into three mai% parts:
N

. 9
1) sliberation

2) flotation of extremely fine particles (less than

'10um)

3) selectivity‘%s. considerable quantities of pyrite

.

1) Liberation

3.

A problem encountered in practice during the treatment -

of complex sulphide ore is related to the extremely fine size
of the valuable minerals present and the corresponding fine

‘ griﬂding size that.is required for liberation. In addition

to this, the minerals themselves have mechanical properties

that do not favor breakage at thecboundary between the phases.
o

Such brijkage would lead to liberation by detachment rather

. than by simple size reduction. Liberation by detachment does

not require such a fine grind (9). Galena in particular
readily cleaves to give composite particles during grihéfﬁg.
Fig. 1 shows ; microphotograph of a complex sulphide ore
from Brunswick Mining and Smelting (BMS) (10) contaiﬁing
sphalerite (brown) and galena (grey) in pyrit% (yelléw).
Notice tha£ the grain sizebin all the cases is sTaller than

about 60um. Liberation by size redyction'will regquire grind-

ing to sigﬁificantly finer than this size. Fig. 2 shows a

2




Microphotograph of a complex, sulphide ore from
Brunswick Mining and Smelting (BMS), containing
sphalerite (brown) and galena (grey) in pyrite
(yellow), (10), '

s

Fig. 2 Microphotograph of a lead concentrate from BMS.

Grey particles are galena, yellow ones are
pyrite and the brown particles are sphalerite (10).
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lead concentrate from BMS (10). Notice that galena (grey),
even at this small size (-10um)shows locking with pyrite.
The prqgblem of liberation of galena in Bgé has been already
studied extensively by éetruck {11) and he found that even
with the galena grounﬁ to 106% - 44um it was only 37% w/w
free; 13% w/w was combined with sphalerite and 50% wt com-

bined with pyrite. Petruk also confirmed that finer grinding

would not significantly increase galena liberation. When

[

.

galena was ground to 80% to -25um libefationzincreased by only
about 2%.

Grinding to such fine sizes is energy intensive; in-
T—

1

&ﬁﬁééﬂift\Lg possible thHat there exists a<iower size limit to

?size reduction by conventional means. (12) g

2) PFPinesProblems in Flotation I

by

In addition to problems in generating fine sizes

there is the problem qE flotation recovery and selectivity of

4

particles finer than abdut 10um, (].3—15).(2
4
Fig. 3 shows a relationship between the physical and

chemical properties of fine particles and their behavier in
flotation. Notice that two main charagteristics are domin§9§j
as the particle size is reduced: ?? the specific surface be-\
comes large and b) the mass of the -individual particles be-

{ s . .
cqmes ver;xsmali. These two characteristics-give rise to

.

part#cular problems.

The large specific surface of fine particles leads

P b
1
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Fig. 3. Relationship between the physical and chemical
properties of fine particles and their be-

havior in flot

ation.

(16)
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to high adsorption of reagents (determined by the amount
adsorbed per unit .mass) . High adsorption not only leads‘rtb
increased flotation costs but can also lead to starvation of A
the coarser particles and supsequently poor coarse flotation. .
It has been speculated that surface electro-chemical

properties of fine particles are different from coarse particles
of the same material./ Fine mineral particles conceivably have

igher specific surface energy res"ulting from an increased

umber of edges, corners and crystallographic imperfections.
High specific surface energy of fine particles may 'influence
flotation in many ways; for example: a) increased dissolution

R4

making adsorbed layers unstable, and introducing possibly
undesirable impurities into solution, affecting col‘lectorl-
mineral interactions; arld b) increased tendency of the col=-
lectors to adsoxtf)' nonspecifically. *

Because of the slx,nall mass of fine particles mechanical
entrainment (i.e. carry-over i’.n,to 'the froth with water) can be
sign‘ificant (17). Trahar (17) has indicated that as the
particles become very small recovery by mechanical entrainment
increases. He has found 1t‘:hat the role of entrainmens/vzen
treating ultrafine particles is often of such a magnifude that
the true flotation of fines ceases to be the dominant recovery
mechanism. To illustrate the importance of entrainment, Trahar (18)
carried out separatic;n tests of chalcopyf:ite from quartz. \

Fig. 4 presents the observations. As can be seen, in the first

minute the recovery of all chalcopyrite coarser than 1l0um was

T
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Fig. 4 Effect of entrainment of quartz on grade of chalcopy-

rite concentrate in a typical batch flotation test

at pH 11 without collector, (18).
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more than B5% compared with 45% for the —lOwﬁ fraction. .
The recovery of quartz was less than 10% throughout. ,After
a further 15 minutes the recovery of the finest chalc;;yrite
had risen to 97% but at the same time the recovery of the
finest quartz by entrairment had risen to 58%. Thus a high
recovery of chalcopyrite in all sizes was attained only at

kK s *
the expense of concentrate grade in the fine sizes. It

should be noted that no coliector was used in this test, the
only reagent additions being pH modifier, and frother; it ig
not pOSSible; therefore, to attribute the low grade in the
fine éizes of the concentrate to the non-selecﬁive adsorption

)

of collector. The possibility that the frother PPG 400 (poly=-

_propylene glycol of an average molecular weight of 400) was
responsible for ;ndﬁcing genui;e flotation of fine quartz was
considered remote. | '

Another problem of fineg in flotation is the degﬁgﬁse
in the flotation rate, and this is mainly due to the rgéucﬁion
in collié&on probability when the size becomes small (19,20).

When flotation feed size range is extensive (i.e. slime
coarse -feed), there exists the possibility of sliﬁe coating.
,This refers to the attachment of fine parﬁicles to larger par-
ticles. Slime coating,can be detrimental to flotation in
several ways. It the fine particles are the valuable minerals
‘and the‘coarse particles are the gangue minerals, the gra§e

If the fine particles con-

.of the concentrate becomes poor.

sist of gangue minerals that coat the coarse particles of the

v
et
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'valuable mineral, these part;cles prevent the attachment of

1

‘air bubbles and the recovery of valuable mineral may then de-

«

crease significantly. Fig. 5 illustrates the influence of
} .

alumina slimes on the flotation of galena with potassium

|

%tﬁylxanthate (KEX). Below pH 9, the alumina slimes carry a

|
positive charge whereas above pH 9, they are negatively charged;

at all pH's galena is negatively charged. As the amount of

&

slimes in the system increases, the flotation of galena below

~approximately pH 9 decreases. When the alumina slime becomes

' negatively charged above pH 9, the tendency to coat the nega-
’ tiveiy charged galena particles is reduced and the siime coat-

ing problem . ceases.

4 -

“3) Selectivity vs. Pyrite

As indicated in the mineralogical section, pyrite is the
p *
major gangue.
selectixe flotation of sulphide minerals is based pri-

marily on a balance of activation and depression. Pyrite is

depressed by sulphite (22), cyanide (23) and hydroxides (23)
but these reagents do a%fect other miherals to some extent.
Consquently when pyrite is in excess quantity, the reagent.
Pevels required can start to affect the other migerals. This
difficulty is compounded by the fact that while céarse sulphide .
(e.g. +74 um) selectivity is'relatively straightforward, sepa-
ration becomes more difficult as the size decreases. Circuits

can become quite complex in an attempt to maintain recovery

and selectivity. ) 5. .

e S .
. ' *
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Fig. 5 Influence of4alumina slimes on the flotation of
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b} Flotation:Technigues

Despite all these problems, complex sulphide ores are
processed by flotation. There are two technigues:
(i) Sequential Selective Flotation (24,25)
This technique is used to separately Zzbtain con-
‘ centrates of chalcopyrilte, galena and ‘sph'alerite,
P ‘\ Fig. 6.
s’ (ii) Semi-Bulk Flotatidn (26-28)

. In semi-bulk flotation chalcopyrite and galena are

first floated jointly with the depression of sphalerite

and‘pyrite. The Cu-Pb bulk concentrate is subsequently

conditioned to depress@ one or the other of these two
J minerals, usually galena, Fig. 7. 2Zinc is selectively
‘floated from the Cu-Pb bulk tails.

When using the above techniques, concentrates-are often

produced at relatively poor grade and recovery. Typical results

are given in Table 1. Clearly, both low grade and low recovery

are found. In some ores (e.g: New Brunswick ores) where the
mineral associatidh is most intricate and the pyrite is in ex-
cess, a very complex c;.rcuit has been developed. Fig. 8 pre-
sents a generalized flowsheet of the BrunswicEk Mining and

"Smeltihg (BMS) concentrator. The ore is about 9.4% Zn (as

S

sphalerite), 3.9% Pb (as galena), 0.3% Cu (as chalcopyrite) and

2.80 oz/ton Aé (in solid solution with galena 'and as a tetra-
hedrite (29)). Notice ‘that besides separate copper, lead and

/ zinc concentrates a lead-zinc bulk concentrate is made and a

fn—
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Fig. 6 Flowsheet for a sequentiél selective flotation,
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Fig. B. Generalized flowsheet of Brunswick Mining and
" Smelting (BMS) flotation circuit.
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- 5
secondary zinc concentrate. ' ;
. Table 2 presents the overall lead, zinc and copper .
recoveries obtained in BMS by this technique. Clearly re-
coveries are low. T : .
. - /,/
Table 1. Typical Results in Grade and Recovery e
of Complex Sulphide Ores (30)
Assay (%) . ) :
Product \ . Recovery (%)
Cu Pb ©2n
7 - 2
Copper Concentrate 17-25 3~-7 3-11 40-65, Cu
Lead Concentrate 1-4 35-55\ 3-30 40-60, Pb
Zinc Concentrate 0.5-3 1~5 45-55 .  70-80, Zn

Faced with these poor recoveries, mineral technologists
have been tryiné to develop alternative proceés routes. A
potential one is to produce a bulk Cu-Zn-Pb-Ag concentrate in
order to increase recovery (32-36).

Table 2 gives som@'examples of the improvemént in re-
covery that can be obtained byAEgié/jlotation in cbmparison
with selective flotation (37). Notice that for BMS, coéper
recoveries are increased from 50% to 70é, lead from 55% to
87% and zinc ffom 75% to 95%. i

The production of a bulk concentrate has the following
advantages:

(1) Because concentrate grade requirements are less

severe with bulk flotation, a higher recovery can

be obtained. . -




-

s ¢

Table 2. Comparison of Recoveries Obtained
by Selective and Bulk Flotation.

Flotation’ Grade (%) Recovery (%)
Technique Cu Pb Zn Cu Pb " zn

Aznalcollar
(38)

Selective .
Flotation 20 50 50 65 40 85

Bulk Con-
centrate 3.5 6 25 , 83 55 90

| RN

(39)

Selective . T —
Flotation 19 50 50 61 55 72

Bulk Con- . ’
centrate /91.8 5.8 19.2 80 Y 70 90

i,

o 4

New Bruns-
wick (40)

Selective »%‘ ,
Flotation 50 55 75

B'ulk Con—)u - ! '
centrate 0.7 10.75 30.0 77 87 95

29 v

(ii) Frequently, the liberation criterion is less strict
for bulk flotation than for selective flotation, L

leading to aycoarser grinding size.

Y

(iii) This technique would be more effective in treating

®

lm( grade reserves.

E—




- the former, 32804, is- the main leaching reagent and in the -
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)

The problem now is to extract the metals from "the bulk

5 a

3 ° iy i wsls . .
concentrate. Several possibilities are reviewed by Barbery
Ped

et al. (41). An attractive one is the hydrometallurgical

route.

1.1.4 Processing of Bulk Concentrates

Most of the initial efforts on hydrometallurgy were
i '
directed to copper concentrates, but are now being extended
to complex sulphide bulk concentrates.
, —

The hydrometallurgical proéesses fall .into two main

categories, sulphate processes and chloride processes. In

later HCl. Several processes have been developed based on
these two leaching routes. , o

Three of £he most<importan£ sulphate processes are (42):
the Sherritt Gérdon\pressure leach process; the New
Brunswick Research and Productivity Council sulphation-xoasé-
leach-electrowin process (the RPC or SRLE process) and ~
Técnicas Reunidas (comprex process/Zincex process). Under
chloride processes, some of the most importanpoare, CLEAR,
Minemet, Zincex, Cymef, Habashi-Mizoguchi and U.S.B.M. Of
all the above processes, only one, the CLEAR process of

Duval, is in comm®rcial operation; several have been tested .

. on a pilot-plant scale (New Brunswick SRLE, Sherritt Gordon,

and Técnicas Reunidas) and the remainder have been developed

-

to the stage of continuous laboratory scale.
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A genéeral problem in hydrometallurgical treatment
of bulk concentrates is the recovery of lead and gilver.

The origin of the éroﬁlem is that leaching properties for
N

galena are(quitéldifferent from those for copper and zinc

minerals. Successful treatment of lead and silver is essen-
® g

tial to the*processing of New Brunswick ores because of their
relatively high abundancew%3-5% Pb, 50-150 ppm Ag).
Three of the proposed hydrometallurgical processes
7

to treat a New Brunswick bulk concentrate are:

" a) The Sherritt Gordon Pressure lLeach Process (43,44)

b) Habashi-Mizoguchi Process (45)

. ¢c) The Sulphation Roast-Leach-EleGtrowin (RPC or SRLE) .
*~ ) /,«)’
process (46).

a) The Sherritt Gordon Pressure Leach Process

The sherritt Gordon process involves sulphuric acid

a

leaching at a total pressure of 690 kPa and 150°C, using
commercially pure oxygen as an oxidant. The zinc is dissolvdd’

and most of the copper which are then electrowon by conven-

4

tional means. The leach residue consists of lead and iron as

p— -

basic sulphates, elemental sulphur and gangue; it must be

= further processed to recover by-products of lead sulphate and
., elemental sulphur. Most of the silver in the cancentrate is
carried with the lead and iron sulphates, and may also be
recovere@. A simplified proé;ss flow diagram of the Sherritt

Gordon process applied to New Brunswick ores is presented in

e h

- ————n y




Fig. 9 SHERRITT GORDON

7

Pressure Leach Process applied to New

( Brunswick ores. Simplified Process Flow Diagram. (47)
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Fig. 9. Tahle 3 shows typical assays of New Brunswick -up-

I

graded tailings and bulk concentrate treated by the Sherritt
Gordon process. Recoverié§ of the order of 96-99% Zn and
57-94% Cu are reported. The lead-silver residue is upgfaded
by flotation of sulphur and uﬁieached sulphides. In one ex-
ample the lead=silver coﬁcentrate was 19% Pb and 600 ppm Ag
starting with an upgraded E;ilings concentrate (42). From
bulk concentrate, this material is supposed to assay about
30% Pb and 700 ppm Ag. Notice that this process is rather

¢
effective in the recovery of zinc. Copper apparently can

-

L2
(¢ ., .
reach recoveries of over 90%.

Table 3 Average Analyses of New Brunswick Concen-
<trates used in Sherritt Gordon Process Test

Concentrate . ‘fhemical Analysis, (%, ppm Agi

Cu Zn Pb Fe Ag
Upgraded Tailings 0.76 31.0 3.6 21.6 154
Bulk 0.67 29.9 12.4 17.9 398

-

b) The Mizoguchi~Habashi Process

Another alternative which has been proposed for treat-
ment of New Brunswick--Ores is the aqueous oxidation of the
bulk concentrate in hydrochloric acid. Table 4 give<;tﬁe

assay of the Bulk concentrate used in the testwork. In this

[ [
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process the leaching of the bulk concentrate is conducted
at 1IN HCl, 120°C and 1000 kPa partial axygen bressure, for
90 minutes. 2inc and copper are recovered from the leach=-

ing solution and lead and silver from the residue.

.

Fig.1lG shows a flow sheet of the process. -As we can

see, the process is rather similar to the Sherritt Gordon

7

process (Fig. 9) in which sulphuric acid is replaced by hydro-

chloric acid, but since the direct recovery of zinc from a

chloride medium is not as technically advanced, zinc was trans-

ferred to a sulfate system. The transfer is achieved using an
‘ \
organic solvent, diethylhexyl phosphoric acid. The H,80,

generated during subsequent electrowinning of zinc is used for
stripping and the HCl generated during extraction is recycled

4
for leaching. Recoveries of 97% Zn and 95% Cu are reported.

lead and silver are supposed to be recovered by leach
ing, with reported recoveries of 83% Pb and 85% Ag, but the K\
details were not given.

Table 4 2Assay of the New Brunswick Bulk Concéntrate
LY
used in the Mizoguchi-Habashi Process

Element Assay
(%)

Zn 26.53
Pb 8.54
Cu . 0.84
cd ; ~ 0.04
Fe 22.08
S 37.15
Ag 0.023

3
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Fig. 10 Flowsheet of Mizoguchi~Habashi Process. (48)
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+

c) The Sulphation Roast-leach-Electrowin (RPC or SRLE) Process

The SRLE process developed by The New,grﬁﬁ;wick Research
and frodUCtivity Council involves a sulphation roast and two
leach steps. (Fig. 11) .

In the roasting step, copper (ag chalcopyrite), 2n (as
sphalerite) and lead (as galena) become sulphates and the iron
(as pyrite) becomes hematite. The first leach step, called
the neutral acid leach (NAL), dissolves the copper and zinc
sulpbates. The second leach step, called thg hot acid leach
(HdL) , extracts ﬁhe remaining zinc (mainly as ferrite) and
copper (as unroasted chalcopyrite) leaving a considerable
amount of iron in solution. After solid—iiquid separation,
the HAL ligquor is recycled to the sulphation roast to fix the
iron as hematite and copper and zinc as sulphates. The re-
maining solid.residue (HALR) contains all the lead, silver :
and iroﬁ.

Table 5 presents the operating conditions in the RPC
process. Noticé that in the NAL step, ﬁﬁe pPH needed to dis-
solve coppe} and zinc sulphates is 3.6-4.0. 1In contrast,bthe
HAL step needs-strong acid conditions (pH = 0.1-0.3) to be
able to ézcover the reﬁaining Zzinc and copper. Overall, gopper
and zinc extraction is about 98%. Notice from Fig. }1 and
Table 5 that the SRLE process dcoes not report the procedure to
recover the lead and silver from the HALR. At present a
method to separate lead agd silver from the residue has not been

fully established.

+

oty bt e e
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Fig. 11 The Sulphation Roast~Leach-Electrowinning (RPC or.
SRLE) Process.
4
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Table 5. Operating Conditions in the 'SRLE Process
_j; Step
Parameter . [ Roasting
o

: %
Temperature ( © 685#5°C
Retention Time ' 5.5 hrs.

L

Temperature .

Retention Time
pH

$ Scolids in Pulp

Temperature

Retention Time
pH

t Solids in Pulp

Neutral Acid Leach (NAL)

| 55+10°C

1.5 hrs.
3.6-4.0
20 wt. (%)

N -

'\\¥otBAcid Leach (HAL)

95+5°C
2 hrs.
0.1-0.3

- 45 wt. (%)

L S

=
¥
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2. STATEMENT OF PROBLEM

The problems asgociated with the treatment of complex

sulphide ores have now been defined. It was shown that an

alternative to current practice for increasing metal recoveries

is by the production of a bulk concentrate. The subsequent
processing of pulk concentrates is rather uncértain when deal-
ing with ores which contain considerable amgyﬁ(s of lead and
silver. Thisfis the case for New Brunswick ores in Canada’.

One process which has received considerable attention
is the SRLE process. One proBlem'is the recovery of the lead
and silver from the remaining iron in the HALR.

The object of this investigation is to test a physical
separation of lead and silver, from the remaining iron by
high gradient magnetic separation (HGMS). Production of a
saleable lead-silver conéentrate from the HALR would be a

factor in making the RPC process a competitive treatment

route for complex sulphide ores. In order to evaluate the

proposal in a systematic way, a method of attack was establishe?. .

2.1 Method of Attack . :
Q ‘ i
Samples of calcine from the RPC process were obtained
o
and subjected to the leach steps so that fresh residue samples

would be available for high gradient magnetic separation
(HGMS) testing. Both NALR and HALR were to Be considered for

separation.
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Separation was to be guided by detailed miﬁeralogical
eéxamination of the calcine and residues. Phase identifica-
tion was to be conducted gy X-ray diffraction and optical/
electron microscope techniques. Liberation, a key factor in
physical separé;;Bn was to be measured after phase identifi-
cation. -

The potential for magnetic separation was to be tested
on the Frantz isodynamic magnetic separatoz: on sized samples
ke.g. -25+15 um) from NALR and HALR.

Dispersion, .an important criterion in physical separa-
tion of ultrafine particleé, was to be achieved before the
HGMS tests.

HGMS conditions were to be found using an HGMS recovery
model. Magnetic seéaration tests were to be performed on the

Sala HGMS, model 10-15-20 installed at CANMET, Ottawa.
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3. CHARACTERISTICS OF THE CALCINE BANCD LEACH RESIDUES ‘

3.1 The Calcine

3.1.1 Assays of RPC Samples

Fourteen calcine ;amples were obtained from New Bruns-
wick Research and Prodﬁctivity Council (RPC). Thesé sampleé
were roasted materials produced from upgraded tailings (30% 2Zn,
3% Pb) and from a bulk concentrate (30% Zn, 10.75% Pb) (49).
All calcines were produced with hot acid leach liquor returned
as roaster coolant. ,

Table 6 gives the assay of each sample. Since there

was little difference between samples, they were mixed. Table

7 gives the assay of the representative head sample.

3.1.2 Size and Metal Distribution of Calcine

The size distribution of the calcine‘ﬂqg,detefﬁiﬁéﬂ us-
ing micro sieves. Jiiiiggﬂmasﬁpeffagagawlg an ultra-sonic bath
to faq;litﬁﬁéygizzhg~to’loum. Acetone was used instead of
water to avoid copper and zinc sulphate dissolution.

Table 8 shows the size and metal distribution of the

calcine. The results show a uniform distribution of metals

- among the size fractions.

——
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Table 6. Assay of Calcine Samples

Sample Assay (%) .
No. Cu in Pb Fe

1 0.63 26.9 6.9 15.5

2 0.62 26.9 6.8 15.8

3 0.62 27.0 6.6 16.3

4 0.63  26.9 6.8 16.3

5 0.64 26.5 7.1 16.3

6 : 0.61 26.2 7.1 16.1

7 " 0.63 26.9 6.8 16.3

8 0.62 26.5 6.8 15.4

g 0.61 26.0 6.9 16.1

10 0.61 26.0 6.9 16.3

11 0.58 25.0 6.4 16.4

12 0.61 25.4 6.6 15.9

~ 13 0.60 25.4 6.5 16.0

14 0.61 26.0 6.6 16.1

[

Table 7. Assdy of the Representative Head Sample
“of
L
Assay (%)
Sample
Cu Zn Pb Fe Ag
Head 0.57 .35.9 6.7 15.2 122

*
Ag is reported in ppm.

30.
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Table 8. Size and Metal Distribution of the Calcine

’

Size T
Fraction W Assay (%) Distribution (%)

Prodoct (%) Cu Zn Pb  Fe Cu 2Zn Pb Fe
(1) T

i
+25 52.9 0.57 26.8 6.2 13.3 53.8 55.6 49,0 47.2

-25+15 19.8 0.56 25.5 6.4 15.9 20.0 19.8 18.9 21.1

-15+10 9.3 0.56 24.5 9.2 15.9 _ 9.4 9.0 12.8 9.9

-10 18.0 0.52 22.0 7.2 18.0 16.8°15.6 19.3 21.8
100.0 ’ 100.0 100.0 100.0 100.0

Calc. Feed 0.56 25.4 6.7 14.9

Assay Feed 0.57 25.9 6.7 15.2

. 3.4.3 Mineralogical Examination

To identify all the minérals present in the .calcine,
X-ray diffraction (XRD) and microscope examination was carried

out.

‘"~ X=Ray Diffraction (XRD)

0-
The powder diffraction technigue ﬁsing the Débye—

Scherrer camera was used. Table (9) shows the phases identi-
fied. 2Zinc sulphate is the main component in the calcine.
In ‘Appendix 1 (Table A-l1l) the d-spacings measured and

a comparison with listed values is given.

Microscope Examination

In a Carl-Zeiss microscope with reflected light, un-

mounted samples of +25um,°-25‘+ 15uym and -15 + l0um were

-
o




observed under reflected illumination at 100 magnification.,
The color was the main factor in identification. Zinc
sulphate (yellow),‘lead sulphate (crystglliqe white), hgmatite
(red), franklinite (or ferrite) (brown-red), quartz (crystal-
* line colorless) and marmatite (black) were fﬁent}fied,(Table
9) . Fig. 12 shows a microphotograph of a-37 + 25 um calcine
fraction. Yellow particles are zinc Sulgzate, red ones are'
hematite and the bl;ck oﬁe in the upper right gorner is marma-
tite. '
Mounted samples ofﬂ+ 25um, =25 + 15um and -15 + lOPm
fractions were stydied on a Vickers microscope with reflected
light, under. polarized conditions. Fég. 13 shoys a picture

at 440 magnification of the -37 + 25um fraction. Since zinc

. ‘ A
" Tsulphate is the most abundant mineral in the calcind ‘it was

‘easily identified (yvellow phase); besides it looks similar to

& /
that in unmounted samples, Fig. 12. Thé other particles in
Fig. 13 are: anglesite'(crystalline white), hematite (red) and

ferrite (red-brown). Identification of these phases was

3 L

largely as a result of identifying the phases left after the

4

leaching steps. For exa@ple, ferrite was clearly identified

in the NALR and hematite and anglesite in the HALR. From
R .
Fig. 13, the two biggest grains observed are locked particles

of hematite~ferrité-anglesite and zinc sulphate-hematite-

-

anglesite. .

Table 9 summarizes the results of the mineraloéical

examination. {J .. '




Fig. 12 Microphotograph of a -37 + 25 um calcine fraction.
Yellow particles are zinc sulphate, red ones are
hematite and the black one in the upper right
corner is marmatite.

Fig. 13 Microphoﬁegraph of a =37 +.25 pm calcine
fraction at 440 magnification' with reflected
light, under polarized conditions. Zinc
sulphate is the yellow phase, anglesite is
the crystalline white, hematite is red and
ferrite is red-brown.

33.
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. Table 9. - Mineralogical

34.

Composition of the Calcine

Name Formula

Zinc Sulphate ZnSO4

nod a-Hematite - Fe203
Frankl¥nite ZnFe, 0,
Anglesite PbSO4
2inc Oxy=-sulphate ZnO-ZZnSO4
Copper Sulphate CuSO4 .
Quartz Sio
Marmatite (2n,Fe) S '

v

’

I4

3.2 Characteristics of the Neutral Acid leach Residue (NALR).

’\

conventional electrglytic zinc plant practice. In the present

case dissolution of zinc and copper sulphatesy and zinc oxysul-

The neutral acid leach (NAL) step is similar to

phate is effected by maintaining the pH at 3.6 td 4.0 for 1.5

hours. \\\\‘

3.2.1 Leach Procedure

f

The conditions specified by RPC (see Table 5) for the

NAL step were followed.

A 2000 ml beaker.was used as the reaction vessel. A

hot plate with a variable temperature control was used to

keep a constant temperature.

A
A variable speed- electric\

stirrer kept the solids well suspended. ‘During the whole

test), tempdrature and pH were carefully controlled.

that in

N ——

[ |
:
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3.2.2 Metal Distribution in NAL

The metal distribution in the NAL is shown in Table 10.

In this leaching step over 80% of zinc and copper is
recovered. - Over 99% of lead, silver and iron report to the
residue.

About 61% of the calcine is dissolved in the NAL.

Table 10. Metal Distribution in the Neutral Acid

g Leach (NAL) Step r
Product Nt Distribution (%)
(%) Cu Zn Pb Fe Ag
Calcine 100.0 100.0 100.0 100.0 100.0 100.0
Filtrate 61.7 82.5 85.3 0.1 0.7 -
NALR 38.3 . 17.5 14.7 99.9 99.3 100.0
100.0 100.0 100.0 100.0 100.0 100.0

3,2.3 8Size and Metal Distribution of the NALR

The size distribution was again performed by microsiewv-
ing. The NALR was well dispersed before sizing using a solu-
tion of 0.05% calgon, mechanical agitation and 15 minutes in
the ultra-sound Bath.

Table 11 shows the size and metal distribution of NALR.
By comparison with Table 8 the NALR is much finer than the
calcine, the per cent passing 1l0um increasing from 18% to more

than 74%. Over 83% of 2Zn and Pb are in the -10um. fraction.

[ 2 SRV
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The 2n content is decreased from 25.8 to .9.5%, Cu from 0.57%
%
to 0.29%, Pb is increased from 6.7 to 16% and iron from 15.2 %/

to 40. 3%.

Table 11. Size and Metal Distribution of NALR

Product Wt *Assay (%) Distribution (%)

(um) (%) Cu Zn Pb Fe Cu Zn Pb Fe

+25 44 0.38 7.4 6.9 44.7% 5.6 35 1.9 4.9

-25415 13.6  0.34 5.8 - 9.3 48.4 153 - 8.4  8.1. 16.4
-15+410 7.3  0.35 6.5/6.3 52,0 8.6 > 5.0 2.9 9

-10 747 0.28 10.3 18.3 37.2 70.5 83.1 87.1 69.2 S

100.0 “ 100.0 100.0 100.0 100.0 !
Calc. Feed  0.30 9.3 15.7  40.1 |
ssay Feed  0.30 9.7 16.8  40.3 !

*Ag assay is 290 ppm.

3.2.4 Mineralogical Examination

Mineralogical examination of NALR was carried out by
using XRD, a metallurgical microscope with both, reflécted r
and transmitted illumination and by electron microprobe and

the scanning electron microscope (SEM). Where hecessary,

samples were first split on the Frantz Isodynamic-Magné;ic
. -V% . 4 v 2 k) 2 0
Separator (Frantz) to aid identification. éﬁlso, comparison

with known specimens was used.

X-Ray Diffraction (XRD)

As for the calcine, the powder diffraction technique

‘ usi;g the Debye-Schezfer camera was employed. Five compounds

e it N et
? -
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were identified, hematite (FeZOB)' ferripe (ZnFe294), angle-
site (PbSO4), gquartz (Si02) and sphaYerite (2ZnS). ' Further

examination on some sphalerite grains by the microprobe
«Z

indicated marmatite ((Zn,Fe)S) rather than sphalerite. 1In
Appendix 1, Table A-2, the d-spacing measured and a comparison

with listed values is given.

Metallurgical Mictoscope with Reflected Light

Unmounted samples of +25um, -25+15um and =15 + 10um were
observed under reflected light at 100 magnification. Hematite,
ferrite (franklinite), anglesite, marmatite and quartz were

identified. Some locked anglesite~hematite particles (PbSO4-
{

' Fe203) were faund. Andlesite particles appeared as if they

were agglomerates of small particles, with a rough surface

. e

which seemed to trap sméll hematite graid%. Fig. 14 presents
a microphotograph with particles-of -37+25um of the NALR. Red

particles are hematite, the white phase is anglesite, the red-

|
brown is ferrite and the black phase is marmatite.

Vickers Microscope with Reflected Light

/’ ]
Mounted samples of +25um, -25+15um and -15+10pm frac-

/
tibns were studied on the Vickers Microscope under polarized

o

light. Microphotographs at 440 and 620 magnification are
shown in Figs. 15 and 16. The red particles are hematite
(most abundant phase), the white phase is anglesite and the,

4

red-brown particles are ferrite.
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14 Microphotograph of -37 + 25 um particles of
NALR. Red particles are hematite, the white
phase is anglesite, the red-brown is ferrite
and the black phase is marmatite.

15 Microphotograph of -25 +' 15 uym parxticles of
NALR at 440 magnification with reflected light,
under polarized conditions. Red particles
are hematite (most abundant phase), the white
phase is anglesite and the red-brown particles
are ferrite.
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Fig. 16 Microphotograph of =25 + 15 um particles of the
NALR at 620 magnification with reflected light,
under polarized conditions. Red particles are
hematite (most abundant phase), the white phase
is anglesite and the red-brown particles are
ferrite.

440

Fig. 17 Microphotograph of -25 + 15 pm particles of the
) NALR under transmitted light. Banglesite is the
white phase, and quartz the colorless. Hematite,
ferrite and marmatite are opaque grains.

[———
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Carl-Zeiss Microscope with Transmitted Light; Degree of Liberation

Unmounted samples of +25um, -25+15um and -15+10um were im-
mersed in an oil of refractive index 1,516 in ;rder to observe
under transmitted light. Fig. 17 shows a microphotograph of the
-25+15um fraction. Anglesiée is" the white phase, and guartz the
colorless. Hematite, ferrite and marmatite Are opaque grains.
From this analysis, liberation of anglesite was determined accord-
ing to Gaudin's method (9) .- The degree of liberation is de-
fined as the volume fraction of mineral or éhasg occurring as
free particles in relation to the total volume of that mineral

occurring in the free and locked forms. From 300 to 800 par-

ticles were counted, which according with Van Der Plas and,

Tobi (50), Appendix B, gives expected errors from 6 to 1% in L

the liberation values with a 95 per cent confidence. Appendix B,
Table B-2, shows the record sheet used in point counting for
each sample. '

Table 12 shows the results. At+ 25um, the degree of
liberation is about 70%. This rises to over 90% at -15+10um.

¥

Clearly a substantial fraction of the anglesite is free, suggest-

ing that physical separation is possible.

Electron Microprobe

An electron microprobe examination was carried out on
mounted samples of +25um, -25+1S5Sum, -15+10um and some isolated

samples from the Frantz separator.
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Table 12. Liberation Degree in Coarser NALR Sizes

\ ]
[ Product Degree of liberation
{um) ‘ (%)
+25 70 6"
- \ & =25+15 90 +
~-15+10 94 t

*
95% confidence interval

A

. .,
When the beam was focussed on the red particles in

Figs. 15 and 16 (i.e. the suspected hematite) the peaks of )
the g%ecirum indicated only iron confirming the hematite
identification (oxygen cannot be directly detected, but is in-
ferred by difference). Quantification was carried out on
several grains, but since the surface of these particles is
very réugh, a large variation in the intensity occurred and
the per cent iron was low, about 50% instead of 70%{20: hema-
tite. ' ' a

Following through the sther grains (Fig. 16), when the
white crystalline particles were analyzed, the spectrum in-
dicated lead and sulphur and some Eraces‘of silver. Quantifi-
catiort was again carried out and lead and sulphur compositions
corresponding to anglesite were found. Since the amount of
silver in the sample is lower than 0.1%, gquantification of this.

element was not carried out. When the red-grey pgrticles,

Fig. 15 were afslyzed, the spectrum indicated the presence of




.
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iron-zinc and occasionally iron-zinc—copper,'nggésting a com=-
plex,ferrite. Iron-zinc grains were guantified, but again
their rough surface disturbed theudetected intensity, giviné
low iron-zinc assays, averaging 43% Fe and 15% Zn.

However, since ferrite is the only mineral which has N
solely iron and zinc (and oxygen), it can be assumed the par- ‘
tfgzg is ferrite. Further microprobe analysis on ferrites
isolated on the Frantz separator (fraction of mags up to 100mA,

p.67) found only ferrites of the type iron-zinc—copper; 44% -~

10% - 11% respectively. Since this fraction corresponds to

* "the strongest magnetic:fraction, it suggests copper makes these

ferrites strongly magnetic. Figs. 18 and 19 show microphoto-
graphs of this ferrite at 440 and/ 620 magnificat;on, respec-
tively. The size of the particles is -25+15um. Remember,
however, this material represents only about 0.8% of the NALR,
Table 19, p. 67.

Some other particles reported a spectrum of silicon,
suggesting quartz. Some particles gaye copper-iron-sulphur
peaks suggesting chalcopyrite. Also traces of aluminium,
titanium and tin were detected.

Another phase, which was grey in color and had a smooth
surface (Fig. 20) was identified. .According to the spectrum
-this material is zianiéon—sulphur. Quantification determined
a 6:1 iron-zinc ratio; it iiiclearly a marmatite particle.

Microprobe analysison marmatite isolated on the Frantz separator

(fraction of mags 650-850 mA, Tablel9, p67 was carried out.

oy — e




Fig. 18 Microphotograph of mags fraction up to
100 mA on Frantz, of the NALR. (size of
the particles ranges from 25 to 15 um. The
magnification is 440. Red-dark particles are
ferrites and red particles, hematite.

Fig. 19 Microphotograph of mags fraction up to 100 mA on
Frantz of the NALR. Size of the particles range
from 25 to 15 ym. The magnification is 620,
Red-dark particles are ferrites and red particles,

hematite. .

43.
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Fig. 20

Fig. 21

Microphotograph.of mags 650-850 mA frac-
tion in Prantz, of the NALR. (size of the
particles ranges from 25 to 15 um. The
magnification is 440). Grey particles-are
marmatite, red phase, hematite, and the
white one is anglesite.

Microphotograpsh of mags 650-850 mA frac-
tion on Frantz, of the NALR. {size of
the particles ranges from 25 to 15 um.
The magnification is 44( ). Grey particles
are marmatite, red phase, hematite, and
the white one is anglesite&

" 44.
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The same 6:1 ratio was found. Figs.20 and 21 show microphoto-
graphs of the isolated marmatites at 440 magnification. The
size of the particles is —25+15um. Smooth grey particles are
marmatite., The red particles are hematite and the red-white

ones are locked hematite-anglesite particles.

Scanning Electron Microscopy (SEM) s e

Fig. 22 shows a microphotograph of a floccule at
10,000 magnification; the size of the floccule is about Bum.
Fig. 23 shows a microphotograph of the same sample but now
at 40,000 magnification. An EDAX'* of the floccule is also
given, Fig. 24, reporting mainly iron and zinc peaks and in
. minor ;Qunt, lead. It suggests the floccule is comprised
of mainly hematite andaferrite. Notice how fine the indivi-
dual particles are (less t;uan one micrometre). Clegarly it is
important to disperse the sample before considering physical’

separation.

’ .
Resum& of Mineralogical Examination

Table 13 summarizes the minerals identified in NALR in
.decreasing order of estimated content.

Thé remaining zinc ig NI(I..R;is as ferri;e and marmatite.
The remaining copper in the NALR is as chalcbpyrite, and with

some in a Cu-2n ferrite.

- ! i
Energy Dispersive Analysis of X-rays.




SEM microphotograph of Fig.. 23 SEM microphotograph of .
a floccule of NALR at some particles in tHe
10,000 magnification. . NALR at 40,000 magnifi-
The size of the floccule cation. .An EDAX on

these particles reports
mainly iron and zhqc
peaks and in minor
amount, lead,

is about 8 um.

’

29 B620EVY K 238 2N
¥S8: 2%k HS: JOEV/CH

‘ ) Pb Fe Zn .

Fig. 24 EDAX of the particles from Fig. 23.
Iron and zinc peaks and in minor amount
lead, are presented. It suggests the
floccule is comprised of mainly hematite

. and ferrite. g

R R . .
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Tgble 13. Resumé of Mineralogical Identification of NALR

x

Name - Formula
Hematite Fe203
Anglesite PbSO4
Ferrite ZnFe204 . |
Marmatite (Zn,Fe) S
Quartz ‘ ' ﬂ\"ﬂ , 8102 5
Chalcopyrite <:A CuFeS ., t
Copper Ferrite , (Cu-2Zn)O-Fe 0%
Aluminum ’ Al ’
Titanium JTi
2in™" ‘ sn - ,
SilverM - Ag h

Q

* . . .
Names are listed in decreasing order of estimated content. & |
. !

*
Found by electron microprobe.

‘ .

3.3 CHARACTERISTICS OF THE HOT ACID LEACH RESIDUE (HALR)

v

In order to -'recover the remaining zinc (as ferrite and

marmatite) and copper (as chailcopyrite) in the NALR, a second

< 3

leaching step is needed, the hot acid leach (HAL).

3.3.1 Lleach Procedure ° w)

o 44

The conditiens specified by RPC were for pH 0.2 for 90
minutes (see Table 5). The same reaction vessel 'as for the .

NAL was used. ) ) o

R . O NTR I A -t 7
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4 J
‘3.3.8 Metal Distribution in Hot Acid Leach (HAL)

The metal distribution in the HAL togejther with that
!
in NAL is shown in Table 14. Over 98% of the zinc and copper
are recovered in the combination leaches.

. ;
In order to recover the zinc and copper in the hot acid

leach filtrate (HALF) and to fix the iron, the HALF is re-
turned to the roaster, where zinc and copper become sulphates,

' <

and the iron is oxidjzed to hematite.

Taﬁle 14. Metal Distr

ution in the Hot Acid Leach

(zib) Step

Product Wt Distribution (%)
(%) Cu Zn Pb ~ Fe Ag
Galcine , 100.0  100.0 100.0 100.0 100.0 100
NALF ~ 61.7 82.5 85.3 0.1 0.7 -
HALF 1340 15.5 13.6 0.2  34.5 =
HALR //z§f3 2.0 1.1 99.7 64.8 -100
3 100.0 100.0 100.0 100.0 100.0 100

-
3.3.3

Size and Metal Distributions

i

The same proceaure as fgr;NALR was used in the sizing
of HALR. Table 15 shows the size and metal distribution of
HALR. . Lead in HALR jis mainly found in sizes finer than 15um.
HALR is/ahouE 55% hematite and 35% anglesite with the re-

mainder being predominantly quartz. The zinc assay in HAIR is

&
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about 0.8%; copper is less than 0.03% and silver about 420 ppm.

Notice that as the size becomes finer, the grade of zinc de-

creases, ranging from 3.5% 2Zn(+25uym) to v.490 (-10um). The

reason is presumably that the finer ferrite particles are

easier to leach.

Table 15. 8Size and Metal Distribution of HALR
*
Product Wt Assay (%) Distribution (%)
®) 2n P Fe 2 b Fo
425 4.0 3.5 8.9 42.3 17.2 1.5 4.5 ,
-25 +15 9.7 1.9 13.1 47.0 23.1 5.4 12.1
-15 + 10 13.3 1.3 24.1 38.0 21.3  13.5 13.5
-10 73.0 0.4 25.8 36.0  38.4 79.6 69.9
100.0 100.0 100.0  .100.0
Calculated Feed 0.8 23.6 37.6
Assay Feed 0.9 24.5 39.5

* !
The Cu assay in HALR is - 0.03%
*

The As assay in HALR is 420 ppm.

‘o

3.3.4 Mineralogical Examination of HALR

A .
A sim%lar mineralogical examination to that on NALR was

conducted.

X-Ray Diffraction

Ay

Two main compounds (hematite and anglesite) were identi-

b

fied along with quartz (Appehdix A, Table A-4) .>
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. Vickers Microscope with Reflected Light

50.

Métallurgical Microscope with Reflected Light

Unmounted samples of +25um, -25 + 15um, and -15 + 10um
were observed under reflected light at 100 magnification.
Hemat}te, angl@site, marmatite and quartz were identified.

Some locked ang}esite/hematite particles were also found.

<

gr \Esﬁof mounted samples

Pigs. 25 and 26 show“g;ciqpho
of HALR under polarized illumination at 440 ahd 620 magnif;c?—

particles angle-

]

tion. Red particles are hematite, the whi
\

site and the grey particle is marmatite.

Carl-Zeiss Microstope with Transmitted Light} Degree of Liberation

- ’

Fig. 27 shows a microphotograph of th gA%f. The opaque
grains are hematite, the crystalline white p;rtiq}es are angle-
site and the crystalline colorless particles are qu;;tz.

Table 16 presents the results of t measurement of the
degree of liberation. As can be seen,dgt lepst in the coarser
fractions, there is no further improvement in the lihération

of the HALR in comparison with the NALR. Appendix B, Table B-3,

shows the record sheet used in point counting for each sample.

Electron Microprobe

. y
The same procedure as in the NALR was applied to the
&
HALR, using the mounted samples in Figs. 25 de 26.

The résults were as in the NALR with the only difference

4

being that' in the HALR f?rrites were not detected and nejjther




Fig. 25 Microphotograph of -37 + 25 ym particles
of the HALR at 440 magnification with re-
flected light, under polarized conditions.
Red particles are hematite, the white '

particles anglesite and the grey particle
is marmatite.

particles, anglesite.

51.



Fig. 27

Microphotograph of -25 + 15 pym particles of the

HALR with tran
particles are

hematite.

smitted light. Crystalline white
anglesite, crystalline colorless

" ones are quartz and the opaque particles are

T
3
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Table 16. Liberation Degree in Coarser HALR Sizes
' /

Product Degree of liberation
(um) (%)
* -
+25 71 % 6
-25 + 15 93 ¢ )
-15 + 10 94 1

* : . .
95% confidence interval

was chalcopyrite; marmatite was detected only in two grains.

This indicates that bgoth ferrites and unroasted sulphides
T

were effectively dissolved and the small amount of zinc re-

maining in t HALR (0.9%) is as marmatite,.

Scanning Eledtron Microscopy (SEM)

The samples were analysed using a scanning transmission
eiectron microscope (STEM) in the secondary eLectron mode.
This system gives better resolution (30 A) anaﬁlncreased peaks
to background ‘ratio than conventional scannlng electron nicro-
scopes. This was important in the analy51s of the samples under
investigation due to the small size of many of the particles.

This microscope was equipped with an energy dispersive
analyser which allowed for the analysis of individual particles
‘and the formation of X-ray images for individual elements of

interest.

— R
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A sample of HALR was examined under the SEM. Sample
preparation used the same dispersion-conditions as in the
HGMS tests (see Chap. 6).

Fig. ;;a shows a general view of the sample at 10k
magnification. Fig. 28b sﬁows the same view but now with a
lead X-ray map in order to identify lead particles. The
particles showing the white dots contain lead. The other -
particles contain the iron. Notice that there are some dots
in all parts of the picture including some parts$s where there
are no particles. These are caused by secondary fluorescence
due to X-ray scattering. The picture reveals that on average
the lead-containing particles are larger than the others. The
size of lead particles in this picture ranges from 1-2 um;
iron particles are from 0.1-0.5 um. n

Fig. 28c shows another view of this sample but now a5>
20k magnification. PFig. 28d presents the same view but with
the lead X~ray map superimpgégd. Again, the clustering of
dots indicates lead. The siée of the lead particles is about
2 ym and the iron particles are from 0.1-0.5 um. Fig. 29a
also shows a view of the HALR sample, at 20k magnification.

A lead X-ray map of this is‘shgwn in Fig. 29b. The size of
the two lead pafticles seen is about 1 and 0.5 um. The iron
particles again range from O.i—O.S um.

From the above Figs., two general observations can be

drawn:

s b g e i
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Fig.

28

SEM gicrophotographs of the HALR. Lead particles (anglesite)

are differentiatedfrom iron (hematite), with a lead X-ray map
(particles showing the white dots.), right side pictures.
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Fig. 29 SEM microphotographs of the HALR. ILead particles (anglesite)
. are differentiatedfrom iron (hematite), with a lead X-ray map
(particles showing the white dots ), right side picture.
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a) lead particles are’larger than iren.

b) the lead Sérticles appear to be free.

Resumé of Mineralogical Examination <

k4

Table 17 summarizes the minerals identified in the

HALR. Again the minerals are listed in decreasing order of '

estimated concentration.

Table 17. Resum& of Mineralogical Examination of HALR

Name " Formula
Hematite Feéo3
Anglesite PbSO,
Quartz Sio2 '
Marmatite (Zn,Fe) S i
* %
Aluminum Al ‘
* %
Titanium “Ti
~ %* *
Tin Sn
) *k
Silver , Ag

* . ] .
Names are listed in decreasing order -of estimated

content.
*

* .
Feund by electron microprobe.
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4. ESTIMATING POTENTIAL FOR MAGNETIC SEPARATION

4

4.1 Magnetic Profile Using a Frantz Isodynamic Magnetic Separator

In order té measure the particle {(volume) susceptibility
"<" and also give some idea of the potential of magnetic concen
tration, a Frantz Isodynamic Magnetic Separator (Frantz) was
used. (Fig. 30)
| The Frantz, best known for its geological and mineralo-
gical applications in achieving precise separation of minerals
of different magnetic su5cé;tibilities (51) - a use also em-

ployed here - has also been used to indicate the potential of

a mineral mixture to processing by magnetic methods, (52,53).

<

4.1.1 Description of the Frantz

5

The Frantz consists of an inclined chute placed between
two long pole pieces of a powerful electro-magnet. ?he dry sampl
to be separated is fed down the chute parallel to the length
.of the pole pieces. The electro-magnet and chute are also
slightly tilted to one side, causing the particles to f}ow down
one side of the chute when _no magnetic field is applied. ' When
current is passed through the electro-magnets a magnetic field
is produced between the pole pieces. The divergipg shape of
the pole creates a fie?ld grakdient ;.nd causes a magnetic force
to act on a iara magnetic particle in a direction épposite to

the gravitational force.

@
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Fig. 30 Photograph of the Frantz Isodynamic Magnetic
Separator. :

>
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This is illustrated in Fig.31(54), which shows a cross-
section of the chute and pole pieces. A field gradient is
produced in the positive X direction, thus producing a magnetic ‘
force (Fm) in opposition to thelgravity force (Fg).

The main feature of the pole shape, is that a constant

»

product of field and field gradient (and thus a censtant Fm)

-

acts on a particle regardless of its position across the chute.
Because of the long operating space parall@14to the sample flow,

the separator provides a long period of magnetic action on theé ..

W

particles rather than a short impulse. The directiqp of motion
- . .

of the particles is consequently a resultant of the combined
i $

magnetic and gravitational forces.

The separation is dependent on the relative Fm to Fg
magnitude. Since Fm and Fg are both directly dependent on the

cube of particle size, "b", the effect of particle size cancel

)

- and the Frantz produces a separation based sdlely on the mass

susceptibility of the particles. The Frantz makes vefy precise
separations between particles of close susceptibility. Half-
way down the chute a splitter divides: the separated particles)
into magnetic (mags) and non-magngtic (non-mags) fractions.

% The magnetic force is increased by increasing the:current
) ’ !

(I) through the electro-magnet, and gravitational force is in-

creased by increasing the side tilt ().

4.1.2 PFrantz Separator on Synthetic Mixtures $

Synthetic hematite/galena mixtures were uged to demonstrate

v
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31 A force balance of a paramagnetic particle between t
pole pieces of the Frantz separator. (54)
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the separation on the Frantz. L

Galena particles-were used instead of anglesite for ——

@ .
two reasons: ) { ' .
(i) Galena, as anglesite, is a dia-magnetic material
(ii) Pure ang(%ite of the appropriate size was not ' \
available in the laboratory. '

, Both hematite and galena were natural minerals. The
hematité/galena proportioril was similar to the hematite/anglesé.té §
proportion in f:he NALR . The values are: ,‘

-37 + 25um 85% Fe,0, -15% Pbs
‘ =25 + 15um 80% Fezog -20% Pbs
-15 + 1l0um 72% Fe,0, - 28% PbS »
éeparation was carried out at 450 mA. Table 18 pre-
sents the results. This shows that even with t,l_‘lg,segsmalj. par- ¢

ticles the Frantz can perform very good separations.

o

Table 18. Frantz éeparations upon Synthetic Mixtures

(Fe,0, =~ PbS). I = 450 ma
¢ )

Size Range ' Product’ Wt Assay (%) Distrib. (%)
(um) ' () b Fe. b Fe
-37 + 25 Mag. 84.7 - 69.8 - 99.4
‘Non-Mag  15.3 87.8 2.5 100.0 0.6
100.0 100.0 100.0

-25 + 15 Mag 79.8. - %67.0 - 99.0 ;
Nom-Mag  20.2 85.5 7.5 100.0 1.0
100.0 100.0 100.0
-15 + 10 Mag 72.4 - 67.0 - 99.2
Non-Mag  27.6 82.8 1.5 100.0 0.8
100.0 100.0 100.0

PN
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4.1.3 Separation of NALR on, Fraitz

-

A sample of =25 + 15um was passed through the Frantz
separator wigh the non-mags reprocessed at progressively higher

currents, to give the magnetic profile. An examination of each

) -

fraction with a metallurgical mlci'kqscope under reflected light
at 100 magnification was carried out. .

Tabl( 19 shows the results with the graphical presenta-
tion of the profile givenq\,in Figure 32 The results show how

ferrite, hematite and marmatite are removed according with their

<

magnetic susceptibilities to finally leave only anglesite and

quartz in the non-mags fraction (at I > 1650 mad). From a micro-
' N
scope examination it was possible to observe how some small
. A

particles of hematite were encrustated in the fough anglesite

surface causing some anglesite to be trapped in the mags ,frac-
\ . '
tion. . ‘ il e

Figs.33, 34, 35 and 36 show four different proddcts
at -25 + 15um obtained in the Frantz separation. Fig. 33 cor-
responds to the mags up to 200 mA The red grains are hema-
t:i:t& red-dark grains are ‘ferrite and the white-yellow par-
ticle wi’fich is in the middle is anglesite with tw:b small par-
ticles of magnetic material encrustated on it. Fig. 34 cor-"

-

responds to the magnetic material obtained atp 300 tos350 maA.
Notice that fewer ferri,te: particlés are found at this ‘current
setting. Fig. 35 co;:resbonds to the magngtic fraction obtained ‘@’
at 850 to 1050 mA. The black particles are marmatite. ,Notice

§

-t N e e | AT ity e & e o chawad peees s

e b




I8
-
Tt s i

a3 gy YA R A S T
>
n

e ———— T ST . — -

. 1
~ : : ‘ ~y :
Fig. 32 Profile of magnetic separation of the NALR; by Frantz
separator, -25 + 15 um.
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Fig. 34

65.

Microphotograph of mags fraction up to 100 mA in
Frantz, of the NALR. The red grains are hematite,
dark-red grains are ferrite and the white-yellow
particle in the middle is anglesite, with two small
'particles of magnetic material encrusted on it.

o
i

*Microphotograph of the mags fraction at 300 to 350

mA ih Frantz, of the NALR. The red grains are hema-
tite/, dark-red grains areferrite and the white

e btk 4 s
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Fig. 35 Microphotograph of the mags fraction at 850 to 1050
mA in Frantz, of the NALR. The black particles are
marmatite, white-yellow particles are anglesite and
red particles, hematite.

Fig. 36 Microphotograph of the non-mags fraction of the
NALR 1050 mA on Frantz. Thé white-yellow par-
ticles are anglesite and black particles are \
marmatite. - : .
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the presence of some locked hematite-anglesite grains.
Finally, Fig. 36 corresponds to the non-mags fraction (I >

1050 mA) which contains mainly anglesite.

Table 19. Frantz Separator upon NALR

»~

Current Wt Cumulative Observations
(ma) (%) Mass (%)
100 0.8 0.8 - Ferrite, Hematite (Some grains

of locked Anglesite-Ferrite and
some Quartz).

200 1.2 2.0 (Same as in 100 maA)
J 300 7.1 9.1 ' Ferrite, Hematite |
350 55.2 64.3 Hematite, Ferrite (Some Angle-
site, Marmatite and Quartz).
400 6.8 71.1 (same asin- 400 mA)
450 2.5  73.6 ﬁematite, (Hematite + Anglesite),

Marmatite, Anglesite with small
' Hematite grains encrustated on
*  the surface. ’

500 6.2 79.8 . (Same as in 450 mA)
650 0.8 80.6 (Same as in 450 mA)
850 3.1 83.7 Anglesite with encrustation of
small Hematite grains. Marma-
5 tite: .
. 1050 2.2 85.9 (Same as in 850 mA)
Non-Mag 14.1 . Anglesite and Quartz
100.0
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Table 20 shows the sgparation achieved at 400 mA.
Notice that the zinc splits 65:35 mags to non-mags which is a
rough measure of the ferrite to marmatite Eatio. About 35%
of lead is recovered to mags, but this is believed to be due

to the encrustation with hematite noted above.

Table 20. Separation of NALR on Frantz at 400 mA
Size I  Product Wt Assay (%) Distrib. (%)
(um)  (md) (%) Qu Zn o Fe Zn Pb Fe
~25+15 400 Mag 71.1 0.23 4.4 8.0 57.783.0 65.3 37.3 89.2
} Non-Mag 28.9 0.12 5.8 41.0 17.3 17.0 34.7 67.7 10.8
100.0

i

100.0 100.0 100.0 100.0

i

"

4.1.4 Separation of HALR ot -Frantz

,
A sample of ~-25 + 15um was passed through the Frantz

T

separator.
Table 21 and Fig. 37 present the results.
X
From Table 21, anglesite is concentrated in the non-

mags (I > 450 mA). As in the NALR, most of the lead recovered

in the mags fraction is becaqﬁg}of the rough texture of the
anglesite trapping some hematite. By comparison wiEh the pro-
file of magnetic separation for the NALR (Fig. 32) and HALR
Fig. 37 shows that ferrite and marmatite have been dis-

solved in the HAIL step.

e
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Table 21. Separation of HALR at 450 mA

-
’

oo

Size I Product Wt Assay (%) Dist. (%)
(um)  (mAa) (%) Pb Fe Pb Fe
-25+15 450 Mag 74.5 65  62.7 37.0 97.4
Non-Mag- 25.5  32.4 5.0 63.0 2.6
loo-o 10000 N 100.0

Calculat. Feed 13.08 47.0

Assay Feed 13.11  "48.0

4.1.5 Evaluation of Frantz Results

The“Frant;rseﬁarator results have pointed out that there
is pqtentidl for magnetic separatiori on either residue (NALR and
HAIR). However, the HALR is considered the better candidate
for high gradient magnetic separation because:

a) Separation of NALR will result in about 65% of 2Zn in

v

the mags (as ferrite) and 35% in the non-mags (as

N
marmatite), necessitating a hot acid leach of both
products'to maintain high 6verall zinc recovery. To a
lesser.extent this is a factor for Cu also, because
about 83% is in the mags (as ferrite), and 17% is in

the non-mags (as chalcopyrite).

b) NALR represents 50% more mass than HALR.

ks .
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5. DISPERSION .

When physical separathn‘is to be performed on ultra-
fine material, one of the most important parameters is the
dispersion. Special at;ention should be given when ions are
present (55). The NALR and HALR will have some residual ions

(zn*™*, cutt, pott, pett

. Fe™*) after the solid-liquid separa-
tion. ,

In order to disperse the HALR, the following steps were
carried out: \

1) After leaching, the residue was washed about six times

(this number being determined by the pH of the filtration

Fsolution) through the filter paper with fresh watér,,witaxthe

_purpose of: a) eliminating all the zinc, copper, lead and iron

ions present in the residue liquor and, b) increasing the pH
to about 6.7-7.0.

If even after washing, the pH was lower than 6.7, the
sample was put in a beaker and agitated with water, then
filtered. This gave the desired pH (- 6.8).

2) Dispersion of the sample was achieved using a strong in-
Srganic dispersant, "calgon" (sodium silicate, trisodium
phosphatg). The dispersion provided by a 0.1% calgon solu-
tion was further improved by 20 minuﬁzp agitation in an ultra-

sound bath.:




= e

Dispersion was measured on a X-ray sedimentometer, the
SediGraph 5000D. This device employs a finely collimated
X~ray beam to measure thelchange with time of particle cop-)
centration during settling iﬁ a sample cei}. The cell also
descendg relative to the beam consequengiy reducing thé‘timé
required for analysis.

Fig. 38 shows the progressive dispersion achieved by
various technigues, from untreated residue (curve 1), o

treated residue (curves 2 to 7). Using the same ultra-sound

. -
dispersion curve 2 shows the benefits of raising the pH to
' -

_near neutral (pH 6.9); per cent passing 10 um increased from - 18%

to 50%. By comparing curve 3 (sample with only calgon) and 7
{(sample with‘calgon and }0 min. of agitation in ultra-sound batﬁ),
Ehgﬂa@ount 6f maESfigl passing 2um increased from 20% to 38%.

This obgegvation means that dispersion of the sample is being
attained. As well it can be observed from Fig. 38 that the

ultra-sound on its own cannot supply good dispersion (curve 2).

, Curve 7 represents the finest dispersion which was achieved.

Once the material was dispersed it took at least one day to
lsettle the coarser pgrticles, the remainder took several days.
Tﬁis could pose a problem in subsequent solid/liquid separa-—
tion. Afterimany trials it was found that Ca++ ions, as .lime,

gave adeguate coagulation and settling characteristics.
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using different dispersion procedures.

Size distribution of the HALR
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the same.
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1) ULTRA-SOUND ( 20 min.,) pH = 5.5
2), ULTRA-SOUND ( 20 min.) pH = 6.9
3). CALGON, MECHANICAL AGITATION ( 20 min.) pH=6.9
4) CALGON + ULTRA-SOUND ( "5 min.) pH = 6.9
5) CALGON + ULTRA-SOUND ( 10 min.) pH =
6) CALGON + ULTRA-SOUND ( 15 min.) pH =
7) CALGON + ULTRA~SOUND ( 20 min.) pH =

NOTE : Curves 4 and 5 were essentially
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6. HIGH GRADIENT MAGNETIC SEPARATION (HGMS)

6.1 Background

Magnetic separation has ‘been used in minex:al process-
ing for many years. Until recently, it was primarily used in
the concentration of str‘ongly magnetic materials with sizes
above 50 micrometres. Since the advent of :HGMS,‘ appiications'
have been extended to more weakly magnetic and finer particles.
For example, in kaolin processing it isvpossible to remove

\ weakly magnetic impurities at sizes less than 2um (56) and in
steel rolling mills HGMS is used to remove iron oxides {(-20um)
suspended in water (57). HGMS has potential application in

- the treatment of taconitic iron ores (58), yrl}ze removal from
coal (59), uranium upgragding, and pyrite and chalcopyrlte re-
covery as impurities from molybdenite concentrates (58).

In HGMS the magnetic trapping force is much greater
than in any other magnetic éevice. . These strSng‘ trapping
forceé‘ are created by fine’' filamentary ferromagnetbic matrices
perturbing a strong background fieﬂld and creating h;.gh field
ggadj:gﬁts. Becausé\hle faorce is large, fine and weakly magne-
tic particles can be trapped or; the matrix. ) .

6.2 A Recovery Model for HGMS

i : . .
Since HGMS is based on reascnably well defined forces

(i.e. magnetic, and fluid drag (60)) it has been possible to

H
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gr”’edict the performanc? by‘ mathematical m&delling. Nesset
‘and Finch (61) related recovery to a dimensionless group,
the loading number N;. This group,represents' the ratio of
mégnetic to .fluid shear forces at full ioad or: the upstream

'

s !
side of the wire, where full load means the maximum amount

. of material that the matrix can hold for a particular Set of

conditions. The loading number N, (62), is given in cgs

units by:
’ 2 ,
Ny = 2bH, fA,) ) dimensionless (1)
) Fle A 2
] wa v a
where: ’

b is theyparticle radius, cm
H applied or background field strength, Oe
K particle (volume) susceptibility, emu/cm3 - Oe

"A perturbalion term in magnetic field expression

AN
= ZTTMW

H “
a '
3

M wire (volume) magnetization, emu/cm
O¢ fluid density, g/cm3

Uy fluid velocity, cm/s

v dynamic viscocity, c‘zmz/s

a wire radius, cm
*See Appendix D, Table D-2 for S.I. u_nits. .

Ass»\umj:ng build up 'is over the front 90° of the matrix

; . A L s .
wire, the mass loading y, (mass of mags per unit mass of matrix)

can be predicted (47), and is represented by eq. (2):

i

-
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| s
( N /5 . 0 ’
Y = € ("L 1y - 1] (2)
N S 5 :
. W ‘
where: . . - -
e is pa?ng density (-~ 0.7) ‘ )
Py is particle density, g/cm3
. 4
O is wi|re density, g/cm3 |
Finally, recovery can be estimated by assuming the matrix
loads to 75% of full capacity (63). !
R(%¢) = (0.75 Ym)x 100 T (3)
. . L - .
where: e\, .
] s ﬂ_‘_ v N )
) R(%) is recove%m per cent
‘ L is the mass of magnetics in the feed per unit of

s

matrix mass.

Particle Parameters .

In order to pr’edict the recovery ufing the above model,
the particle parameters x« and b must be know1:1.
" The particle volume susceptibility, "x", can be 'meas:ured

from the magnetic profile developed on the Frantz separator,
Fig. 32. In the cgs

K = 20x10-—65ineo

P
2
Fso
A profile for HALR is shown i# Fig., 37.

'

The current I is
50

taken as the current at which 50% reports to magnetics. From

Figure ' 37 for hematite, I = 0.3825A and s:.nce 8 = 20° and

50

bp = 5-25 g/cm>, k = 245.44 x 10~ emu/cm3 - Ce
\The partlclie radius, b, was determined 1

,-“ m—m— /‘,
emead

om Fig. 38.

system the appropriate calculation is (64):




The Size range can be approximated by selecting the 50%
passing size (i.e. -~ 1.45um, in Fig. 38, curve 7) or better, by
considéring the full size distribution, diyided into increments

, . . a ‘ v
and summing the increment recoveries (53). )

L

"Operating Parameters

-

*The fine size implies the need for a steel wool matrix.
= 4 » .

‘A medium fine steel wodl, as used in kaolin processing with

.

a ="0.003Q cm (2a = 60um), was selected.
Two maitrice% were made. Matrix A was 30g of steeﬂl wool
and matrix B was 24g . These massés were packed into a 3.8 x
8 cm section of a 3.8 x 12.5 cm canister. Packing densities were
consequen::ly 4. 3% and 3.4% v/v respectively. For mLatrix A 30g
of sambl-e was used, and for matrix B, 21g.- The cbjective i;q
working with two matrices was to invest::.gate the possible role
of packing density in the efficiency of separation and in physi-
cal trapping.
The maés of magnetics inathé‘feed pér unit of matrix mass,
L, in both cases wa.s the same, it was L = 30 (0.53/30) = 0.53 ,
and L = 21 (0.53/24) = 0.53, where 0.53 in'brackets represents
.the 53% hematite content in HALR, (Table 22). The magnetic
' fields cénsideréc} were high, %nce the pa:'ticlgs ';lere ’fine anci
only weakly magnetic. Two magnetic fields were selected: .
13,800 0Oe and 21,.400 oe Once thel above éperatting parameters .

had been selected it was oﬁly necessary to set the ‘recovery
a R

ahd back calculate the required flow velocity.

e

N
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Table 22 ;uwmérizes the Ealculations for ‘two of the runs
iﬂ which recovery was §et at ~ 90%'hematite, with fields of
13,860 Oe and 21,400 Oe. Notice that higher flow velocities
can be used with the higher magnetic fieldé, as expected. Ex-

periments were then désigned around these flow velocities.

-

Table 22. Summary of the Calculations to Estimate .

. the RequirediFlow Velocity.
. L = 0.53 '
¢ - _ 3. ' /K
- Pp = 5.25 g/em a
) ) by = 7.75 g/cm3
\ € = 0.7 . :
R N 0.8 !
R(3}) = 16.8 [ Mg -1 ]
25 ' - -
b = 0.0001455 cm
= 245.44 x 107 emu/en’ - Oe
a = 0.0030 cm
® : 3
pe = 1.0 g/cm
v = 0.01 cm’/s, | ,
_ 0=2 g a2 N
N = _8.963x 10 ° b AHa _ , C
- 3/2
i er
N " if Ha = 13,800 Ce A £ 0.625
» Ha = 21,400 Oe A = 0.420
If hematite recovery is set to -90%,
*then estimated flow velocities are®
Ha (Qe) . Uo (cm/s)
, - 13,800 Ce 8.45
. AL

21,400 , ~ 11.40

*using full size distribution.

s ’ 8
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The equipment used in the investigation was a SALA-HGMS

model 10-15-20, installed at the ore processing laboratories

CANMET, Ottawé. A schematic diagram of the HGMS gﬁd feed .
??stem is presented %plFig. 39,
h The separator-is basically made up of:

a) A magnet and power supply which péovides 8 fields rang-

t

., ¢ 1ing from 980 to 21,400 Oe.

b A féed unit which keeps the sgiégs in suspension wh11e
they are’ fed into the system Also, some inlets are
provided in order to flush out all the magnets trépped
during the tests. l

c) A canister of 3,8 cm in diameter and 12.5 cm long to-

hold the matrix.

6.4 Conditions of the Tests ‘

-

Having calculated the fluid veIOcity, U-, for a given

field, tests were organized around these flow rates. The test

conditions are summarlzed in Table 23.
6.5 Results

6.5.1 Results of Test Series 1 13,800 Oc - Matrix A
L . :

Runs of test series 1 were carried out with an applied

field of 13,800 ocersted.

th

Figs. 40 and 41 show the flowsheet followed-in run 1, -
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.Table 23. Conditions of the HGMS Tests
Series Run - Sample fMatrix Velocity Field
# (Num..) (g) ' (cm/s) - | (Oe)
d*
1 30 A v 6.51 13,800 ]
1 . ‘
2 3&) A 8.45 13,800
3 30 a 10.29 113,800
b 4 30 - A 9.35 - 21,400
2 . .
| 5 30 N 11.40 '21,400
\ 6 30 A 13.91 21,400
N * %
7 21 B 6.51 13,800
3 s
8 21 B 8.45 - 13,800
9 2t . B 10.29 13,800
|
IMat ix: Stainless steel wool (wire radius, 30um) ‘
A : 30g matrix packed into a canister
. 3.8 cm in diameter and 8.0 cm long. Packing
. density = 4.3% V/v basis, f :
B : 21g matrix packed into a canister 3.8 cm in :

diameter and 8.0 cm long. Packing density = 3.4%
| \V/V baSiS- ’ ~

i
and runs 2 and 3 respectively. As can be seen, the settling

conditions cof the non-mags* for run 1 and for runs 2 and 3 were

different. In run 1, the non-maés were allowed to settle for

~

a cia;y and then decanted to obtain two products, one which is

&
- the coarser settled material, the Non-Mags and.a slime which

Ny I

is the ultrafine material. ) W\ ’

L * .

non-mags, refers to the non-mags product plus slime in run 1.
oo

- ‘Non-—Mage refers to the final non-mag product in run 1.

b it e
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(’ i Fig. 41 A schematic representatlon of the HGMS flowsheet
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The slimes Wwere subséquentiy settlgd by adding catt
(as a solution of lime).  In contrast, for runs 2 and 3, the
non-mags were allowed to settle for a week. Losses in the

first procedure were practically ‘zero and in the latter were °

_less than ?/%.
- Table 24 shows the fluid velocities in the rougher and

two scavenging steps.
Table Zils\u.:}arizes the results of runs 1, 2 and 3.
Notice that the non-mags of run 1 and non-mags of runs 2 and 3
assay over 40% Pb, with recoverieés oﬁ more thap 70%. The mag
products have over 60% i-’e with low lead contents. The product
mid-2 of 4uns 2 and 3 has a lead content ‘below the feed v;':llue
which suggests this second scavenging step is not beneficial.
Finally when mid-1, mid—é and non-mags are combinéd, a material
referred to as lead concentrate is obtained whichl represents

the maximum lead recovery attained. For runs 1, 2 and 3 the

lead concentrates range from 38.2% Pb. with 87.2% lead recovery |

Notice from run 2 that silver is mainly found in the non-mags

products (mid-1, mid-2, non-mags). ‘ .

L4

to 34.5% Pb with 94.7% lead recovery. Silver recoveries were
\ ;
from about 65% in the non-mags, to 85% in the lead concentrate.\\‘_\\
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Table 24. Series 1. Fluid Velocities in-Rougher and

Scavéngers " . ‘

Run Fluid Velocities (cm/s)
v * " r
v Rougher Scavenger = 1 Scavenger -2
1 6.51 6.51 ‘ "7.35

) g8.45 8.45 - 10.29
3 10.29 10.29 - 11.83

»

6.5.2 Results of Test Series 2-21,400 Oe ~ Matrix A

1

Series 2 was performed with a higher field intensity '

than series 1.' The applied field was 21,400 Oe.

S

Fig. 42, shows the flowsheet followed in these runs.
It is similar to series 1, with one exception, only one
scavenging step was used. Fig. 42 also shows the lead and .
silver distribution in the lead, mags, non-mags, slimes and
mid=sl, from run #5. Notin;e.that lead is principally recovered :
in the non-mags; silver also reports t@ the non-mags but
a significant fraction was found in the slimes.

Table 26 shows the fluid'velqpities used in the roughing

and scavenging steps.
able 27 summarizes the results of runs 4,5, and 6.
Notice that overall lead recoveries of serieb‘g tend to be .
about 5% %ess than in series 1,  ranging from about 83% to 90%.
Silver recoveries were about®83%, 2% less than in series 1.
S/i}lver is reéorted in the non-mags products (mid-l, non-mags
*

and slimes). . \ L e

7
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Fig. 42 A schematic representat:.on of the HGMS flowsheet
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13,800 Oe Matrix A

HGMS Results of Series 1. -

Table 25\

.1

25.6

Calculate feed

1

40.2

24.6

Adsay feed

34.9

87.2

38.2 23.3

58.6

o Conc.

-----

60.5
33.3
51.9
25.8

16.3
40.8

nwnert-mMo

40.4 377

25.5

Calculate feed

2

o

38.4 420

24.6

Assay feed

Pb]bnc.

85.0

35.9 30.0 489 92.1 48.5

65.5

38.6

26.1

Calculate feed

3

38.4

24.3

Assay feed

54.7

94.7

34.5 29.5

71.6

Pb Gnc.

Ag is reported im ppm.

%
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Since silver is concentrated in the ultrafine material
! (slime) we can assume that the silver is not only associated
with the lead (see microprobe examination, secs. 3.1.3 and 3.3.4)

but is present as free silver of very small size, at least less

than 1 migron, (Fig. 47, curve 3).

v

Table 26. Series 2. Fluid Vejocity in Rougher and -
Scavenger
=
{
Fluid Velocities (cm/s) L, i
Run %/\ .-

# * Rougher Scavenger ‘iQ :
11.40 11.83

§
0 13.91 13.91

14

- ° 4
6.5.3 Results of Test Series 3. 13,800 Qe - Matrix B

. e
Series 3 were performed with matrix B. The same magnetic

field and flow velocities applied in series 1 were used. j,
The flow sheet followed in series 3, is the same as that

of sen%es 2. .

Table 28 gives the flow velocities used in the roughing

¥

[

and scavenging steps.

Table 29 summarizes the results. By comparison with
those of series 1, matrix A, tended to give slightly better
lead grades (- 2% more) than these of matrix B. Silver re-

coveries were about the same.

“

g,\
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Table 27. HGMS Results of Series 2, 21,400 Oe~ Matrix A
*
Rn Product wt- Assay (%) Distrib. (%)
(%) Pb Fe Ag Pb Fe ag
MAG 46.5 9.3 59.0 17.1 67.8
MID-1 13.5 34.8 29.0 18.9 9.7
NON-MAG 31.3  47.8 17.0 60.3 13.2
SLIMES 8.7 10.7 43.1 3.7 9.3
100.0 100.0 100.0
4 Calculated feed 24.8 40.4*™
Assay feed 24.6 40.2
., Pb conc. 53.5 38.5 24.2 82.9 32.2
[}
MAG 36.1 7.7 60.5 180 10.9 55.0 16.7
MID-1 7.9 33.1 35.8 508 10.4 7.1 9.8
NON-MAG 47.2  40.8 23.8 465 76.3 28.0 53.4
SLIMES 8.8 6.9 45.0 939 2.4 9.9 20.1
100.0 100.0 100.0 100.0
5 Calculated feed 25.2  40.0 411
Assay feed 24.6 40.2 420
Pb Conc. 63.9 35.2 28.5 53 §9.1 45.4 83.3
MaG 36.4 7.5 61.0 10.4 57.4
MID-1 10.4 30.6 30.0 2.1 8.1
NON-MAG 49.0 41.0 22.8 76.2 28.9
. SLIMES 4.9 8.2 44.0 1.3 . 5.6
100.0 100.0 100.0
§ Calculated feed 24.6 38.6 -
Assay feed 24.6 40.2
Pb Cone. 37.1 25.4 89.6 41.3

63.6

*Ag is reported in ppm.
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Table 28. Series 3. Fluid Velocity in Rougher and Scavenger
® o
Run Fluid Velocities (cm/s) ©° .
# Rougher Scavengers ‘
7 6.51 7.35
. 8 '8.45 9.34
9 10.29 11.40
. (
R I
\ /. i
v,
( [
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Table 29. HGMS Results of Series 3. 13,800 Oe - Matrix B

R Product Wt *assay (%) Distrib. (%)
%) N ;
C (%) b Fe Ag Pb Fe Ay
MG 41.4 8.5 60.8 13.7 63.8
MiD-1 8.1  31.3 30.5 9.9 6.3
NON-MAG 38.5  47.8 16.3 71.8  15.9
SLIMES 12.0 9.8 46.1 4,6 14.0
o 100.0 100.0 100.0
7 Calculate feed - 25.6 39.5 /7
. Assay feed 24.6  40.2
Pb Cone. 58.6 ~ 37.7 -24.4 86.3 36.2
MAG 35.2 7.7 61.5 220 11.0 55.6 17.2 ;
MID-1 9.2 28.8 37.1 489 10.7 8.8 10.0
NON-MAG 41.1 44.2 18.6 515 73.6 19.6 47.1
SLIMES 14.4 8.0 43.3 810 4.7 16.0 5.7
100.0 100,0 100.0  100.0 p .
8 Calculated feed 24.7 38.9 449 /
Assay feed 24.6 40.2 420 ‘ |

Pb Conc. 64.8  33.90 26.7 574  89.0. 43.2  82.8 i

. MG ° 28.6 6.2 64.0 7.2 46.6
MID-1 7.8  23.4 40.5 7.4 8.1
NQN-MAG 54.0  37.2  25.1 . 8L7 ' 34.5
SLIMES 9.6 9.4 44.0 3.7 10.8
100.0 | 100.0  100.0
9 Calculated feed 24.6 39.3
Assay feed 24.6 40.2 ‘ .
P Gone.. 71.4  32.00 29.3 92.8 53.4 ‘
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6.5.4 Graphical Summary of Results

Figs: 43, 44 and 45 present giaphically the results of
the 3 series of magnetic separations. .

Fig. 43 shows the lead feébvery-—flow velogi;y and
lead g;ade—-flow velocity re;ationships, when lead is con-
sidered only in the non-mag product, and Fig. 44, when the.

lead concentrate is considered. .

i

-

. Notice in curves } and 2 of both figures thatsas the

N . ’
1o, o

;

flow veibcity is increased, lead recovery tends to increase
(from about 73% to 34% in Fig. 43 and from about 86% to 95%

in Fig. 44),while lead grade.decreases (from about 48% to

P

37% in Fig. 43, and from about '38% to 34% in Fig. 44). When
the velocity is increased; the fluid drag force becomes

higher and more material reports to the non-mags, especially

any anglesite which is physically trapped and the finer hema-

tite grains, for which the trapping force is low. It is
possible curve 3 is showirnig a saturation effect,'i.e., maxi-
mum recovery, and minimum grade at U~ > 14 cm/s. There is
not sufficient data to adequately comment oﬁ thi;.

Fig, 45 shows the cumulagive‘grade-recovery curve ob-
tained from all the tdst data. Three values were taken from
each run. The first ﬁalug with the higﬁest lead grade is
the non-mags, the second one is the non-mags + mid 1 and £he/
third value is the leaékggdégntraée,(non-mags + mid‘1'+ mid 2

in runs 2 and 3, and non-mags+ mid-l + slime in thée other
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Flg 4 Lead recovery and grade in the lead conhcentrate as a
function of the flow velocity.
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. grades of about 34%.

96.

R

runs), Fig. 45 allows an éstimation of what ¢grades can be
obtainedifor a given recovery or vice versa. Grades of

over 46% Pb can be achieved with expected recoveries of less

’ -
than 77%; over 94% Pb recoveries can be obtained with lead
™~

Fig. 46 presents a.silver grade-recovery relation-
spip. Notiqe that grades of over 800 ppm are obtained only
from the slimes, but associated recoveries are only of the
order of 22%, with practically no lead recovery at all (see

_run 5, Table 27 and run 8, Table 29). Silver grades of about
560 ppm are obtained with f;coveries of -~ 70% from non-mags +
slimes, Qith lead recoveries of -~ 73% (see run 5, Table 27,
and run 8, ,Table 29). Finally silver grades o% about 530 ppm
are obtained with silver recoveriées of - 84% in the product
referred to as lead conc?ntrate. Lead recoveries in this

case are over 90% with about 36% Pb grade.

6.5.5 8Size of the Final Products

The size distribution of the mags, non-mags and slimes

of run #5 was determined on the Sedigraph. Results are shown

?

in Fig. 47. Notice from Fig. 47 that the mag fraction, curve 1,

is the coarsest material, the non-mags, curve 2, is finer and

- the finest ma;etial is the slimes, curve 3 with over 80% ~1 um.
Knowing that the slimes is high in iron suggests that when the
material passes through the matrix the coarser hematite is

trapped, whi}e the finer hematite passes through together with

the anglesite.
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Fig. 47 Particle size of the final products.
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6.5.6 Scanning Electron Microscop)} (SEM) Examination of the
‘Final HGMS Products

An SEM examination was carried out on run #8, mags,
non-mags, mids-1 and slimes. The sampfes were again well
dispersed first\. . For the slimes, it 'is possible thdt dis~
pers‘ion was not attained, since the slimes after HGMS tests
were recovered bir flocculation with a lime solution.

Figs. 48 and 49 show sever;]. views of the mags under
the SEM. Figs. 48b, 484, 49b and 49d show the same views as

Pigs. 48a, 48c, 49a and 49c¢, respectively, but with a lead

X-ray map in er to identify the lead (anglesite) particles.

The size of the ledd particles in the figs. ranges fr;)m
about 0.5-2 uym; in gene\ral lead particles in the mags ranged
ffom 0.5 -3 ym. -Iron particles in the pic;:ures are generally
less than 2 uym, ranging from 0.1 - 3 wumand they are usually
'found’as aggregates. There appears to be little locking of
the lead in the mags.

' Fig. 50 shows two views of mids-l. Figs. 50b a;nd
504 show the lead X-ray map of Figs. 50a and 50c respectively.
Fig. 50a shows a lead floccule made of particles of al?out
1l ymand Fig. 50c shows a lead particle of about 2 um ;ur-
rounded by iron floccuies made of particles finer than 1 um.
In general lead particles in mids-1 were found to be less
than 3 um. Again, the lead appears to be free. 0
Figs. 51 and 52 show SEM microphotographs of the

4

non-mags. Figs. 51b, 51d, 52b and 524 show the lead X-ray map

o ey b i e R s e
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of the Figs. 5la, 5lc, 52a and 52c, respectively.

, Notice that lead particles are in sizes ranging from
1 to 4 um; in general they were fou#g to range from about 1
to 10 um. Iﬁ contrast, the i;onfparticles are always finer g
and forming floccules of particles 1§ss than 1 um. The above
observations suggest that lead is foﬁnd in the non-mags over
most of the size range, while iron is always finer thap 1 um.

‘ Fig. 5} sggws SEM microphotographs of the slimes. Fig.

53b and 53d spoq the lead X-ray map of Figs. 53a and 53c re-
spectively. Notice that lead particles are of about 1 um, and
the iron particles are from about 0.1 to 1 um and often form
floccules. This material is probably not as well dispersed

" - due to the previous addition of lime. Eben though the slimes
contain the highest silver proportion, - 0.08%, it has not

proved possible to locate the silver by the SEM. This is com-

pounded by the fact that the particle size is less than 1 um.
p,/ -
{
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Fig.4¢8 SEM m.icrophotographs of the mags showing two views of remain--
- ing lead. Lead particles are identified with a lead X~ray -
map (particles showing the white dots.), right side pictures.
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Fig. 497 SEM microphotographs of the mags showing two views of
remaining lead. Ilead particles are identified with
; a lead X-ray map (particles showing the white dots.),
right side pictures.

/
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Fig. 50 SEM microphotographs of the mids~l. Lead particles are
identified with a lead X-ray map (particles showing the
white dots.), right side pictures.




Fig. 51 SEM macrophotographs of the non-mags. Lead particles are
identified with a lead X-ray map (particles showing
the white dots ), right side pictures,




SEM microphotographs of the non-mags. Lead particles are
identified with a lead X-ray map (particles showing the
white dots.), right side pictures.



Fig. 53 SEM microphotographs of the slimes. Lead particles are
. identified with a lead X-ray map (particles showing the
white dots ), right side pictures.
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7. DISCUSSION

’ -

7.1 Mineralogical Identification
; M ’
Electron Microprobe'Examinaﬁioq}

¥

Electron microprobe examination was used in the iden-

tification of both residues, the NALR and the HALR.

'There were several édvantagé§ to using the microprobe:

. Some minerals wérg more clearly distinguished, i.e.

' ferrite ahd copper ferrite, marmatite and sphalerite.
Silver, which is an importént value in the study was
foung to be associated with the anglesite and not
with the hematite. Th%f was valuable information

#

gince it is desirable that a combineg lead-silver con-

¢entrate be produced.

Zincwiron proportion in the ferrites could be quanti-

fied$ : .

I

Scanning Electron Microscopy (SEM) Examination

. 8EM examfnatidh was carried out on both residues, NALR

and HALR, and the final products, ‘mags, mids-]b, non-mags and

- slimes. S .

- Several important features were revealed by the SEM
study, paftiéular}y on the products of the separation tests.
1) Lead in the mags appeared to be in the range 0.5 - 3 ym and
liberated. Thus mechanical entrapment by the steel wool

matrix or locking with hematite does not account for the lead

-

‘o
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loss. It is speculated that anglesite-hematite agglomerates
formed and the resultant agglémérate was magnetically trapped.
One possibility is an anglesite grain surrounded by ultrafine
hematite. If the anglesite were too large the agglomerate
would not become maénetic enough. This may Yccount for lead
being at the finer end of the .lead-size range, which seems

to be about 0.5. to 10 um

2) Lead grade limitations in the non—mégs were found to be
caused by smaﬁl iroh particles less than 1 um.. The magnetic
trappiﬁg férce, presumably is too small for .these particles.
A finer matrix, higher fields, lower flow rates énd lower
geed loadings are the principal options to increase iron
recovery below 1 um.

3) Iron particles finer than 1 um and frequently as agglo-
herates larger than 1 um were located in the mags. Since

the magnetic force increases with particle size, agglomera-

LU R "
tion is*initially an attractive way of explaining the trappinglr

of such fine particles. However, the SEM analysig has taken -
the material out of its processing enviroﬁment,so it is 7 |
difficult to detegmine if agglomerat;qn is a real facfor.
Whether a deliberate attempt to selectively flocculate f@g

hematite would be beneficial may be worth—considering.‘

i
-
-

Frantz Separator

Since the Frantz separates according to magnetic sus-

ceptibility only\and can effect separation of minerals of | (\
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very -close sumsceptibility this gave several advantages:
1) Mineralogical identification was made musl:h easier by ,/
\ —
working with separate mineral fractions rather ‘than with a
wide range. Forl,example, it was possible to isolate the
more strongly magnetic ferrites and subseqﬁently show these
were Zn-Cu ferrites. Another example was marmatite, when
it was isolated from the other minerals, it was readily dis-
;B}ninated from sphalerite.
2)"The_ magnetic profile given for the Frantz (Fig. 37) allowed:
(i) Estimation of the potential of hematite separation
from anélesite by HGMS. ?
(ii) Estimation of the magngtic suscepi:ibility, with which
it' was possible to solve the HGMS model and select

the fluid velocity needed to retain the hematite.
¢

Degree of Liberation , .

As mentjoned in section 1.1.3, lead in the bulk ~con-
centrate, accérding with Petruk, is typically 37% wt free,
'13% wt combined with sphalerite and 50% wt combined with
pyrite, axid is ngt ‘readily further liberated with grinding.
It is worth noting that the roasting-NAL step seems to have
increased the degree of liberation from 37% wt to oxﬁer.94%
wt., It is possible that the roasting and leaching is an
effective method of achieving liberation. This may warrant

. further attention.

»
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7.2 MAGNETIC SEPARATION d

Estimation of Fluid Velocities, "U"« and Magnetic Recoveries,
R (%) in HGMS

Since there are‘ nany parameters which control the opera-
tion of HGMS, the use of the HGMS model in the investigation was
very useful in helping select the initial test conditions.
This, it is felt, significantly reduced the number of tests,
and consequently the amount of ‘sample needed in the investiga-
tion. In the present case this was an especially important
factor, since the original calcine was limited tc; about 3 kg,
which after leaching was reduced 'to about 750 g of HALR.

Tabie 30 presents the results of the estimation of
fluid velocities and 'a comparison between the measured and
predicted recoveries. Notice that measured and predicted
recoveries are in good agreement in all cases; this means

thdt the conditions are well selected by the .model.

Physical Trapping in HGMS

'

’ *
Physical, or fnechanical, trapping by the matrix can
& i

be a serious problem. This can arise not only when feed
particles are too la;rge (e.g. comparable to the wire dia-.
meter) but also when strongly magnetic materials (e.g. fer-
rites) are not adeguately flushed off thé matrix and accumu-
late with repeated cycles. Particle size does not appear to
be a factor here, the top size being about 20 um, or less than

one-‘tinird of the wire size. 1In the HALR there are practically

.no ferrites. This lack of ferrites could be added to the list
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Table 30. HGMS. Estimation of fluid velocities U and a com-
parison between the measured and predicted re~-

i

coveries. )
L = 0.53
pp = 5.25 g/cmz
Peg = 7.75 g/cm -
e = 0.7
R (%) = 16.8 (_fg) 0-8 1] .
2.5 4
b = 0.0001455 cm
« = 245.44 x 10°° emu/cm> - Oe .
a = o.ooéq cm
pg = 1.0 g/cg3 ‘
p = 0.01 cm“/s
&
N, = _8.963 x 1072 b a H,2
Umal2 ’
Test ﬁa " A Uy . Recovery of Hematite
. (0e) ) pred. (*) meas.
1 13,800 0.625 6.51 100  96.70 74.1 :
2 13,800° 0.625 8.45 100 91.65 69.9 !
3 13,800 0.625 10.29 100  87.52 - 64.7 §
4 21,400 0.420 9.35 100  93.10 77.5 3
5 21,400 0.420  11.40 ,_ 100 ~91.86 6§2.0 !
6 21,400 0.420 13.91 100 87.91 66.7 :
7 .13,800 0.625 6.5T 100  96.70 70.1 .
8 13,800 0.625 8.45 100 91.65 65.5
9 13,800 0.625 10.29 100  83.52 54.7 .

(*) wusing full size distribution (curve 6, p. 73).
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of reasons for selecting the HALR over the NALR for HGMS.

a

Separation Results \

o

‘The lead’grade-recovery relationship deduced from the
nine runs indicates that grades of over 46% Pb can be achieyedu
with expected recoveries of less than 77%; over 94% Pb re=-
coveries can be cbtained with lead grades of about 34%.

Silver grade-recovery relationship indicates that silver
grades of about 530 ppm can be obtained with silver recoveries
of ~ 84%. The corresponding lead recoveries in this case are
of over 90% with about 36% Pb grade. .

Further improvements in lead and silver grades and re-
coveries may be attained when finer (less Ehan 1"um) iron par-
ticles can be trapped in the matrix. Principal options to
achieve. that Erapping are higher magnetic fields, 1ower-}low
velocities, lower "L" (mass of magnetics in the feed per unit
matrix mass) and a finér matrix? 1In this’'investigation, higher
fields than those in which a good gradé and recoveries were

attained (13,800 Oe), were tested, 21,400 Oe, but no improve~ .

‘ment in grade or recovery was achieved. Several flow velocities

were used. It was observed (Figs. 43and 44) that when flow
velocitiés were reduced in order to achieve higher iron recovery
in Fhe(maés (and, therefore a higher Pb grade in the non-mags),
Pb .recovery decreased markedly. This indicates that a strong
drag force is needed'auring,the separation to pull out the nén-

magnetic material.

-
B
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. A lower "L" and a finer matrix %re two options that

can be considered in further tests. However, the value of "L"
should not be very low, since it will mean a considerable loss
in the HGMS capacity. The matrix should not be finer than

) 40 ym in diameter, otherwise physical trapping may become a
factor. As mentioned previously, selective flocculation of
the hematigg may be worth considering. o

Silver recovery to the lead concentrate appears quaye

acceptable, but upgrading is limited to about 530 ppm (for a
feed™of ab;ut 440 ppm) . Silver is concentrated in the slimes,
however; this suggests that the silver is not only associated

with the lead, but is present as a very fine separate phase,

» probably tetrahedrite as-identified in the BMS ore by Patruk (29).

General Observation .

As mentioned in the Statement of Problem (Chap.2), the X

ocbject of this investigation was the productien of a saleable
lead-silver concentrate from the HALR. Co . N

oo A saleable lead-silver concentrate was,attaihéh. The'

P *  SRLE proc;ss iﬁ combination with lead/silver recovery by HGMS

can render metal extractions of over 98% for copper and zinc,

2 94% for lead and over 83% for silver.
7.3 ASSAY OF THE SAMPLES

Since the confidence in the assays is an important

( . point in the investigation, samples were sent to the,ané;ytical

.
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laboratory, CANMET, Ottawa, in order to compare results. The
*

other purpose of sending samples to CANMET was to determine

the silver assays, since facilities were not available at

~ McGill. Only selected samples were sent to CANMET as a pre-

caution. Since the silver is mainly associated with the 'iead,
it was felt that the results from one of the rv.;ns__ of the. ,
series would reveal the grades and recoveries to expect.

Table 31 presents a comparison between thg zinec, lead and
iron assay performed at both places. Silver assays are alsp
included. Not':ice that there is not a significant difference
between the results. Lead assays from CANMET tend to be

about 1.5% higher and iron assays aboutl.5% lower. 2inc in

both cases was the same. N~—
Table 32 presents results from runs 2, 5and 8 using
the CANMET as%?ys. Comparing results of Table 32 with those
shown on pp.8'ﬁ89 and 91 for runs. 2, 5 and B\i'espective}y, nctice
that 1ea|1d recoveries are the same but lead grade w:ith the

CANMET datafis about 2% higher.

4
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Table 31. Ccfmparison Betwee'n' Assgys -Reported by CANMET and

o R RIS

v b

McGill p
SAMPLE CANME y
DESCRIPTION ANMET McGILL
E-3 - * s
© m 23 Fe Ag Zn - b Fe
" GALCINE 26.78  6.49 15,22 122 25.9 6.7  15.2
NAIR  0.85 17.3 41.88 290 9.7 17.3  39.5
HALR %  0.93 26.79 141.84 420 0.9 24.6 40.2
MAGS 0.64 6.38 60.5 164 5.8  60.5
MID-1 1.04 28,81 36.11 462 . 27.1 ¢ 33:3
Rn 2 \ * % .
MID-2 1.29 17.36 47.41 350 16.3 51.9
NON-MAGS 0.54 42.20 24.06 515 0.8  25.8
\ . .
MAGS 1.17 8.63 56.18 190 - 7.7  60.5
MID-1 - 1.51 3%.38 27.44 508 33.1 - 35.8
Run 5 C i * *
NON-MAGS 0.79 43.09 22.31 465 40.8 23.8 -
SLIMES 0.41  7.73 44.92 939 6.9 45.0
‘MAGS | 1.07 8.35 60.18 20 7.7 64.5
MID-1 ,1.68  30.11  33.55 489 28.8 ° 37.1 .
Rn 8 , * k' ’
NON-MAGS 0.80 48.01 18.49 515 44,2 18.6
SLIMES 0.45 8.45 41.43 810 8.0 43.3
* ‘ o
«sSilver assays reported in ppm.
Zinc assays were not done in any of the runs, at McGill.
“* . -
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Results from Runs 2, 5 and 8, Using the CANMET
Reported Assays.
4
- /“j
Rn Product Wt - Assay (%) - Distrib. (%)
— ) 2n Db Fe Ag Zn Db Fe Mg
MAG 34.5 0.64 6.38 62.38 164  32.4 7.8  53.5 15.0
MID-1 11.5 1.04 28,81 36.11 462 17.5 12.2 10.3  14.1
2 MID-2 ‘6.7 1.29 17.3 47.41 350 12.7 4.4 7.9 6.2
NON-MAGS 47.3 0.54 42.20 24.06 515 37.4 T75.6 28.3  64.7
100.0 100.0 100.0 100.0 100.0
Calculate feed 0.68 26.42 40.23 377
Assay feed 0.93 26.79 41.84 420
Pb Conc. 65.5 0.70 37.18 28.70 489  67.6 92.2 46.5 85.0
MAGS  36.1 1.17 -8.63 56.18 190 44.5 11.5 54.94.7
MID-1 7.9 1.51 M6.38 27.44 508 12.5 10.7 5.9 9.8
5 NON-MAGS 47.2 0.79 43,09 22.31 465 9.2 75.3  28.5 53.4
*SLIMES 8.8 0.41 7.73 44.92 939 3.8 2.5 10.7  20.1
100.0 100.0 100.0  100.0 100.0
Calculate feed 0.95 27.0 36.94 411
’ Assay feed 0.93 26.79 41.84 420 .
Pb Conc. 63.9 0.83 37.39 26.06 53  55.5 88.5 45.1 83.3
MAGS  35.2 1.07 8.35 60.18 220  40.7 1.0  56.0 17.2
MID-1 9.2 1.68 30.11 33.55 489 16.7 ~ 10.4 8.2 10.0
8 NON-MAGS 41.1 0.80 48.01 18.49 515 5.6 74.0 20.1 47.1
SLIMES 14.4 0.45 B8.45 41.43 810 1.0 4.6 15.7 25.7
100,00 - 3 100.0 190,9 100.0 100.0
Calculate feed 0.92 26.66 37.84 449
Assay feed 0.93 26.79 41.84 420
Pb Conc. 64.4 0.85 3.6 25.7 574 59.3 89.0 44.0 82.8
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CONCLUSIONS

1. Mineralogical Examination

-~ All the major phases of the calcine, NALR and HALR were
identified.

~ Anglesite %as shown to be essentially free in the MA%R
and HALR.

2. HALR vs. NALR

Results from the Frantz Isodynamic Magnetic Separator
revealed thag the best material to perform the anglesite/
hematite separation was the HALR. In this way, production
of two zinc bearing materials would be avoided. .

~ An HGMS model was used to estimate the initial conditions
for magnetic separation. ‘

3. Dispersion and Settling

- Dispersion of the HALR was attained after three steps:
a) removal of remaining ions by washing the leach residue
' with water; b) wettiﬁg the sample by mé;hs of a dis-
persant,calgon, and c¢) tﬁenty minutes of agikation in
an ultra-sound bath.

/ A

~ Settling of solids after HGMS is effected.ﬁy the addition'
of Ca++ (lime). .

4. HGMS Results

-~ The SRLE process in combination with lead-silver recovery

+

A

e v — ot
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by HGMS can render metal extractions of over 98%° for
copper and zinc, 94% for lead and over 83% for silver.

- Grades of over 46% Pb can be attained with recoveries

of about 77% Pb and 72% Ag; over 94% Pb and 83% Ag re-
coveries can be obtained with lead grades of about 34%.
Silver grade was relatively constant at 500-550 ppm.

- Lead grades were limited to a high of 48% in the non-

+ mags mainly because of small hematite particles (less
than 1 um) which gre not trapped by the HGMS at these
flow velocities. ‘

, - Removal of slimes from the non-mags can improve the 1lead

grade by about 7% with a 3%\decrease in lead recovery;

howqur, about 20% of the silver is in the slimes.

- The origin of lead losses in the mags is suspected to be
due to agglomeration_ of fine lead particles, 1 = 3 um,

with hematite, creating an agglomerate which is magnetically
é

s

caught.

5. Physical Trapping ¥

- Physicalltrapping in the matrix (wire diametér of 60 gm
and packing density of 4% v/v) is not a problem since the :
HALR is'so fine (100% - 25 um, 50% -3 pym and 20% -1 um).

6. General
- Hem;tite removal by HGMS to concentrate lead-silver bear-

* ing compounds in the SRLE process is judgedtlgﬂhnicallY to

be quite successful. BAn expected result is lead recovery
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of 90% with 36% grade and silvef recovery of 84% with
" 530 ppm grade. ’
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5) APPENDIX A. X-RAY IDENTIFICATION

X-ray diffraction of calcine, NALR and HALR: A list
of the d-spacing measured and a comparison with listed values
;
is shown. 1In each case, conditions were: 40 kV, 20 maA, 6 hrs

. |
of exposure, with an Fe - tube. ‘Intensities of the lines were

estiméyed‘by eye.

Table A-1 shows the XRD of calcine. Because of the
large number of minerals in the calcine, some "d" values of 2 -
o;.' 3 minerals appear together. Notice that the measured and listed "d"
values for zinc sulphate and zinc oxy-sulphate diverge a little.
Possibly, this is due to 'the poorrcrystallinity of these com-
pounds.

Table A-2 presents a comparison of measured and listed
)"d“ values of the NALR by XRD. Notice that the a - hematite,
anglesite and ferrite measured and listed "d" values correspond
closely.

Table A-3 shows a comparison of measured and listed "d"
values of the NALR 650 to 850 mA mags fraction on Frantz of ™
the -25 + 15um siZe interval (see Table 19). Notice that accord-
ing with the intensities of the 1i?es,‘sphalerit¢ and glesite
are the main minerals.

Table A~4 presents a éomparison of measured and listed
"d" values of the HALR by XRD. Notice that accordiﬁg with the

intensities of the lines, hematite and anglesite are thé main

minerals in the sample.]




Fweenr

C Table IA-],.

Calcine. Comparison of Measured and Listed "d" Values in XRD
Measured "d" Listed "@" Values
spacing (.i) ' zm-:o4 a - Hematite Franklinite Zinc Oxy-Sulphate Anglesite’

4.726 70 4.65
4.217 0 4.17%@ 4.26 2
3.784 .20 3.813
3.617 5 3.616 3.673) 3.622
3.363 100 3.34 3.333Y
2,948 30 2.98¢ % 2,97 3.006 %)
2.691 30 2.650 Y 2.69 1) 2.699
2.520 70 2:51¢%) 2.543 )
2.395 5 2.383 2.414 2.406
2.262 5 . 2.276
2.189 10 , 2.193
2.100 5 2.109 2.104
2.049 8 2.0674
1.960 5 1.947 ‘ 1.973 .
1.834 7 1.832 1.938 Y
1.782 5 1.773 1.793
1.692 13 1.690 @
1.652 5 1.656
1.618 13 1.616 1.6249 1.621
1.489 25 1.491 1.484 1.4
1.450 § 1.457 1.452
1.435 5 1.431 1.429
1.349 5 1.349
1.307 5 1.310 . 4 N
1.280 8 1.287
1.215 5 1.213 ‘
1.140 5 1.141
1.098 15 1.099

( 1.077 5 1.076
1.054 15 1.055

1), (27, (3) and (4), represents the main lines.
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Table A-2. NALR. Compari%? of Measured and listed "d" Vaiuqs by XRD

A

/

Measured "d”' L Listed "d" vValues : [ J
spacing (&) Henatite — Franklinite “ Bnglesite s

4.233 80 . 4.26 @

3.797 35 ' 3.813

3.652 25 . 3.66 3,622

3.455 15 o 3.479

.35 . 35 ' : 3.333

3.224 0 ' 3.220 .

2.992 60 . | 2.984(2 3.001

2.767 15 2.773

2.692 45 269V

2.537 100, 2.51) 2.5430

2.405 15/ ) 2.406

2.274 15 2.285 2.276
* 28205 15 2.201

2.155 15 2.164

2.108 15 2.109

2.066 30 2.070 2.0674)

2.026 25 2.028

1.973 15 1.973

1.911 5 *, 1.905

1.880 5 1.879 \_

1.837 20 - 1.838 4 ‘

1.785 15 ‘ 1793

1.718 15 14723 1.716

1.692 25 1.690 % -

1.620 30 ' 16244 .

1.569 5 ) ' 1.571

1.487 50 1.484 1,401

1.451 15 . 1.452

1.438 10 1,429

1.423 - 5 ‘ 1.427 ‘

1.400 10 ’ 1.406
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Table A-2. Contindation. NALR. Comparison of Measpred and
°  kisted "d" Values in XRD

14

Measured "a" . Listed "d" Values
s 9 -
spacing (A) o - Hematite { Franklinite % Anglesite
1.348 5 1. 349 'g
1.332 5 g.‘ . _ 1.3348
1.312 8 1.310"
1.283 20 1.2872
1.268 7 ; 1.2721 !
frzss 5 1.258 p,
1.227 5 1.226
1.219 5 1.213 1.2184
1.188 5 1.189 1.1820
1.161 15 1.162 - )
1.140 15 1.141
1.127 10 ‘ 1.1280
1.103 5 1.102
1.098 25 — 1.0990
1.077 15 1.076
1.055 20 1.055 1.0553
0.994 15 0.989 ' 0.9949
(1), (2),(3) and (4) I:epresents the main lines.

%~\VI




Table A-3. NALR. Mags Fraction at 650 to 850 mA on Frantz.
Comparison of measured and listed "d" values by XRD.

kv O ALY LOEY 4 G AT oy e e b et

(See Table 19)
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Measured "gd"

} Listed "d" Values
. 1 “
spacing (A) ,Sphalerite Anglesite Hematite Quartz
4.219 80 . 4.26@ 4.26 @
3,798 35 3.813 |
3,630 15 ! 3.622 3.66 (V)
3.456 15 3.479
3.327 23 3.333
3.216 13 3.20 3.22 324D
3,129 ¢ 100 3,120 ‘
3,001 35 3.05 3.00 1) /
2.768 5 2.76 2.773
2.699 35 2.71 2.699 2.69 1)
2.610 5 2.618
2,511 10 2.52 2.51(3
2,396 2.406 ’
2.267 2.276 2.285
2,164 2,164 '
2.063 28 2.08 2.067 4 2.070
2,030 20 2.031
1.970 8 1.977 ;  1.973 1.98
1.908 60 1.904) 1,905
1.872 4 1.871 .
1.835 6 1.841 1.838 1.823
1.790 8 ' 1.793 ‘ ‘
1.736 5 1.741 |
1.697 8 , 1.69 (%) |
1.632 35 1.626%) 1.634 /
1.567 4 1.572
1.491 10 T 1493 1,484
1.464 . 3 1.467
- (
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Table A-3. Continuation. NALR. Mags Fraction 650 to 850 mA on
Frantz. Comparison of measured and llsted 3" values -
. by XRD. (See Table 19) L .
Measured "d” - "Listed "d" Values : R
spacing (R) ) \Sphal:ente )An_g],e,sitn' Hematite*  Quartz
1.452 3 N o 1452 . 1.453
1.438 3 - 1.441
1.425 - 5 1.429
1.399 6 1.406 ' '
1.366 8 ‘ T 1.372
1.350 5 1.35 : . 1.349
1.325 5 u
1.283 3 1.288
1.240 20 1.239
1.220 8 " 1.226
1.198 5 1.199 ,
1.162 8 1.162
1.142 8 1.141
1.104 25 1.103 \ 1.102
1.064 8 1.063
1.052 8 \ 1.055
1.041 15 1.039 : 1.042 ‘
0.986 8 0.989
0.977 5 0.978

(1),(2),(3) and (4) represents the main lines.
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Table A-4. HALR. Comparison of Measured and Listed "d" Values

by XRD
. Measured ‘ Listed "d" Values
*d" spac~ o
ing (i) Hematite Anglesite @ = Quartz
4.219 80 a.26 () a.26%)
3.785 20 3.813
3.664 20 3.66@
3.455 20 ' 3.479
3.326 35 3,33 3.3¢ )
3.216 20 3.22
2.993 35 3.00 (1)
2.748 10 2.773
2.692 70 2.69 D)
2.609 10 2.618
2.506 50 2.51¢3)
2.396 10 2.406
2.263 10 2.285 2.276 2.282
2.194 10 2.193 :
2.063 25 . 2.070 2.067%4)
2.017 20 2.028
1.967 12 1.973
1.838 20 1.838 1.82(3)
1.785 10 1.793 :
1.738 * 8 1.741
1.692 100- 1.69(2)
1.616 10 1.634
1.564 5 _ 1.571 1.541
1.484 60 1.484
1.451 30 1.452
1.397 5 B 1.382
1.365 10 , T 1375
1.349 8 1.349
1.311 6 1.310

1.262 5 1.258
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(v Table A~4. Continuation. HALR. Compaison of Measured and
Listéd "d" wvalues by XRD

Measured (1) Listed "d" Values '

ndn seac_ R o

~ing (A) Hematite Anglesite a - Quartz
1.216 7 1.213
1.190 5 1.189 .

\
1.161 15 1.162
1.140 15 1.141
1.102 12 1.102
1.075 10 1.07¢
1.065 10 1.0636
1.055 10 1.055
0.989 5 0.989
0.975 5 0.9762
0.972 5 0.9715
(1), (2), (3) and (4) are the main lines) .
B k v /
\*//

......




brear e e o o o e
s ¢

128.

APPENDIX - B. ESTIMATION OF DEGREE.OF LIBERATION

Estimation of Degree of Liberation in NALR and HALR on the
+ 25uym, =25 + 15um and -15 + 10um fractions.

Degree of liberation, "L", as defined by Gaudin, is the
volume fraction of mineral or phase occurring as free particles,
(A), in relation to the total volume of that mineral occurring
in the free (A7) and locked forms (B). 1In the following record
sheets the number under "volume of locked anglesite" records the
parts per 20 par%s of particle volume occupied by the anglesite
in the locked particle. B is calculated by summing all these
partial volumes and dividing by 20, in other words, B represents
the particle equivalents in volume of anglesite. The dégree of

liberation in per cent, %L, is given by the following expression:

N,

s
s

$ L = A (100) /
A+ B

©

ﬁhe e:

A, is the volume &f free partiéles of anglesite.

B, is the particle eqﬁibalents in volume of anglesite, as
locked grains.

When point counting there is a relationship between the
number of points counted and the accuracy of the results. Van
Der Plas and Tobi'discussed this relafionship in terms of the
standard deviation. They developed a chart giving the values

of 20 (- 95% of confidence) for different values of the egstimated
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percentage by volume of a mineral and the number of particles
counted. Table B-1shows the error obtained in the present

point counting, according with Van Der Plas and Tobi:

Table B~1l. Error, with 95% of Confidence, Obtained in
Point Counting Technigue on the NALR and the
HALR. *
. S — b4
Product size Degree of Lib elr‘a‘tion '
(um) NALR HALR
+ 25 70 + 6% 72 £ 6% -
-25 + 15 90 + 2% 93 + 3%
-15 + 10 94 + 2% 95 £ 1%
/

~rh

[ P L S TP W, oow; b e - -
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Table B-~2. Record Sheet Used for Particle Counting in NALR, to
’ measure degree of liberation "L" of the anglesite.
‘ s
NALR .
a size, um Free Anglesite
TR TH T T TH ETHAE TOE THA N TR TRITL 1M W0 i e g T T T T
A =110
f + 25 Volume of Locked Anglesite ‘
10 10 10 18 10 10 7 17 15 5 14 14 10 2 6 3
11 3 8 4 10 4 3 14 2 10 18 18 10 1t
2 10 4 7 6 6 6 10 5 10 5 10 12 I
8 4 12 5 6 6 17 11 10 6 3 17 7 10 ¢
4 15 10 3 5 4 2 2 3 2 4 8 4 18 ¢
15 5 5 2 9 2 10 10 10 14 4 6 10 & 18
10 10 2 4 18 10 3 10 15
B = (920/20) = 46
$ L =70
Free Anglesite
FIAL T iR 0 L0 T S T T TR Teie TR TR ML T PSR PR P GRS R
=25 + 13 it pu nd B L RGO WG Ba m T DU T TR TR WAL B ML o

WL W B e W PRl el T e W THL s i s B0 L

A = 290 .

Locked Anglesite

10 6
14 10
10 10

8 .10

10 10

5 10 18 18 8

15 10 10 16 10 10 10
15 6 11 10 10 10 18
10 8 6 5 10 10 10

B = (621/20) = 31.05

10
1q
14

8

15 15 8 8§

10 10 18 8
14 8 9 11
18 6 10

2
6
16

§ L=290
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Table B-~2. Continuation. Record Sheet Used for Particle Count-
ing in NALR, to Measure Degree of Liberation "L" of
the Anglesite.

P 1) N
size, Lm Free Bnglesite

-15 + 10

3
THY P PR Tt B BHL el TUL Sl B CH CHLL LR (oAt T TR Tt T

L &M L L R b tHE TR T B bl cid T bW TR AR e Wt

U il HE RL WO L B L L THL (U MR L bl THY MU wa e TR

&

F i % E

tHowe W TEH
A = 325

AN

Volume of Locked Anglesite

10 10 10 4 10 10 10 10 15 6 10 10
10 10 10 10 10 10 10 10 12 10 10 8
B8 g8 14 10 10 3 3 10 10 10 10 10

10 10 10 18 ~10 10 10

(380/20) = 19

$ L = 94

e Rl
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(_ Table B-3. Record Sheet Used for Particle Counting in HALR,
to Measure Degree of Liberation, "L" of the
Anglesite. '
HALR \
Size, um - Free Anglesite

THE R Wy RS TR e Crl el B T Tree T Ted Er e trd v il

T T T T TR el
+ 25 A = 140
Volume of Locked Anglesite

12 6 6 10 10- 16 18 18 10 10 10 3 15 10

5 3 5 10 8 3 10 4 13 12 10 2 17 15

18 14 3 15 10 10 16 15 15 3 15 10 10 8
1 3 6 5 5 10 10 10 5 10 10

10 6 18 6 15 15 4 5 12 6 2 6 4

14 18 15 13 3:16 18 14 6 3 7 14 18 10

18 14 14 3 10 110 15 4 5 10 6 18 18 4

- 6 11 18 3 12 10‘k 4 18 10 8 10 4 3 2
15 10 b
) B = (1098/20) = 55
$ L =72
. ‘ ’ Free Anglesite

THE FREL THL Bl TR O O arel Urd (e e e Oedd tad Tow Tan had e Tl W {

B T B bred THA PHL TER TER MR It T e tHOEH tw e B e N

-25 + 15 MR R b TR B e aH VR RS TR TR TR T L S TR
W JLH (W B W Mg B T ot te b oo B WL
A= 373 ‘
( 6 ‘4 10 4 6 18 10 7 2 6 6 12 14 6 &1
2 ‘4 10 2 10 18 10 6 310 10 10 6 12
10 6 2 12 6 7 7 10 10 810 6 8
10 8 6 8 10 5 100 8 10 10 10 10 10
10 10 8 4 10 10 8 610
( g B = (539/20) = 27 ,
’ $ L =293
.h .

i e e - - P e e i s s
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>

s

Continuation. Record Sheet Used for Particle Count- .
ing in HALR, to Measure Degree of Liberation, "L", of

the anglesite.

HALR

Size, um

% Free Anglesite

~15 + 10

\n

G T4 THA TS T ARd THRL LBH v T Gr OI M0 AL VB DRI v e

OV T B YR e r M tE ERER o MR NEOTHE PR Bl b o e O

RO ok MG TRL THU W Bt PHE Bred L M THL THG TR I DM v L

I e W B W R B B NG e Bl tEOTRE T T T e
s s

tH 1 WAnupy/hu\m ITH PR CTVE fh VEIE O ol B Tt o oy

TLHE TR AT TN R MMt B e TR e TR ) TR T b

Wy YW

it g e B L G e B T T THE AN T T, e N0 T YR

I HY B s M8 L B T TS W WY

A = 760
Volume of Locked Anglesite
10 10 8 10 10 10 10 10 18 15 10
12 12 10 10 10 8 10 10 10 '10 10
10 10 10 10 8 10 10 10 10 6 5
16 10 10 10 10 10 10 10 10 10 10
10 8 10 10 10 10 10 10 3, 10 8
10 19 10 10 10 10 10 18 10 10 10 _
10 10 10 ,10 10 10 10 10 10 10 1Q 1

‘10 10 10 10. /

B = (836/20) = 42
14
$ L=2095
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APPENDIX C. - DISPERSION TESTS

All the dispersion tests were performed on samples essen-

tially free of ions which might interfere with the dispersion.

Several dispersants were tested in order to get the best dis-

persipn conditions. The procedure was to take samples of about

two grams and repulp them followed by increasing additions of

about 250g/t of dispersant with three minutes of agitation. The

tests were finished either by adding a large amount of disper-

sant (more -than 2kg/t) or when some dispersion was obseérved.

Degree of dispersion at this stage was est}mated only visually.

{ Table C-1 presents the dispersant used and the results.

Notice that the only reagent which gave a good dispersion was

the calgoh.

?

Table C-1. Dispersants Tested in NALR and HALR.

{

Disperant o Obsérvations
Sodium Silicate . Poor I
Calgon ' Good
Ammonium Lignin Fairly Good
Sulphonate '
Palcotan ‘ Fairly Good
Marasperse CB Fairly Good
Marasperse N @pirly Good -
'Stractan Fairly Good

Ut s
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APPENDIX D. - S.I. UNITS IN MAGNETIC SEPARATION

)

In the S.I. system, the loading number, given on page 75 -

gy

as p
N 2bH°2KA ) ) .
L Tt Ty (dimensionless)
/ prm v a
' becomes
) ) 1 . f 13
N, = brugH M (dimensionless)
T .
3 2
2
Vo (ofna) . ,

The susceptibility estimated from the Frantz
20 sins x 107°

ko= °p (emu/cm’ - oe) ;
I2
¢ becomes:
2.5 sine x 10770 . .
K = p (dimensionless)
. 7
I i g

Y, and R(%), remain as: 3

N 0.8 0
Ym = £ [( L y " 1 J _P

4 | 2.5 Pw
/ N\
R (%) =0.75 "m x 100
' .

“Table D-2 §7§ T he calculatidns to estimate the re-

W) 137) in S.I. units.

- .
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Table D-1. Symbols and SI Units  .(65)

a wire radius, m

b particle radius, m

I current on Frantz separator, A

H, applied or background field generated in "empty"

solenoid, A/m .
uoHo flux density generated .in "empty" solenoid, T
L feed loading, kg magnetics in feed/kg matrix
**Mw wire magnetization, A/m

NL loading number, dimensionless

R Recovery, % .

VO linear velocity (average) through cannister, m/s
Greek ‘

Yo mass loading at full capacity, kg

: captured material/kg matrix.

€ fractional packing density = 0.7

n viscosity, kg/m.s.

8 side slope on Frantz, degrees

K volume susceptibility, dimensionlgss

u permeability of vacuum,= 47 x 10 ', T.qp/A

Py particle density, kg/m

g fluid density, kg/m3 o

P wire density, kg/m3

* Ay
The following conversions may be useful:
flux density: 1 gauss = 10 % tesla
field intensity: 1 oersted = 79.6 ampere/metre
magnetization: 1 emu/cm3 = 103 ampe;e/metre
susceptibility: 1 emu/cm3 Oe = 12.56 (dimensionless SI).

4 ! ’

*

* .
Mw can be taken as a constant at 1.35 x 106 A/m, after 1.2 T.

N e AR S ko e s ok




Table D~2. Summary of the Calculations to Estimate
the Required Flow Velocity in S.I. Units.

7

L = 0.53
b, = 5250 kg/m>
o, = 7750 kg/m>
e =0.7
, - 4 0.8
R(%) = 16.8 L } -1 1
B A
-(2.5 J =
b =1.45 x.10 m
e =3.1 x107°
a =3 X 10‘5m
~ 2, 4
pgn = 1l kg"/m .s

-7 u HM
I 8.21 x 10 ( 0302w )

v
o

k=
]

]
]

, . 6
if HSHO 1.387 .°. MW 1.35 x 100 A/m

W H =2.147 .°. M = 1.35 x 10% a/m

(e o] w

if hematite recovery is set to - 90%, then

*
Estimated Flow Velocities

suoHo - ' Uw (Cm/s)
(T)

1.380 > 8.45

2.140 ' 11.40

*Using full size distribution which is as before.’
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