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High levels of magnesium (dolomite) contamination are
periodically euxperignced i1n the finc cleaning circuit of the
Fine Foint coqfentr tor. In this prg;ect the response ©f Fine
Faoint lead-zinc ore {to +1qtat1"n and sulphuric ac:d leaching
is erxamined. A,textural study 1s condutted up@p & sample of
rod mill feed in ordEr to hdent1fy m1n$ralogxcal tantu
which may contrzbuteﬂto vakxatlons 1n wWetallurgical
performance. e

It is found that ane Foint dolomite exhibits a
negligible amount of\entralnment and na detpctable flotation
response in simulated Zinc cleaning circuits; however,
intricate assaciat:ons between dolomite and sphaler:te cause
locking down to partqcle sizes of approximately 15-25um. It 1s
estimated that the occurrence of variable amounts of :ntricate
textures 1n Fine FPoint mill feeds could contribute o .
variations of approximately| 0.1% 1n magnesium levels i1n the
zinc concentrate. )

i

. .
e P - . —_—

~h



Des niveau: &levBs de contamination au magn&sium
(dolomite) sont periodiquement observés dans le circuirt de
nettoyage du zinc du concentrateuwr de Fine Foint. Ce proet’
a consisté & étudier le comportement du minerai de zinc et
plomb & la flotation et & la lauxiviation & 1'acide
sulphurigue. On a &tudié la teiture d’un &chantillon de
1’alimentation au broyeur 3 tiges afin d'identifier les
textures mlneralng1ques pouvant favoriser les variations du
rendement métallurgique.

On a constaté que la quantite de dolomxte recuperee par
entriinement hydraulique ou vraie flotation est négligeable
en simulant plusieurs circuits de nettoyage en laboratoire.
Toutefois, des associations complesies entre la dolomite et
la sphalérite produisent des particules mixtes ,usqu’a une
finesse de 15pme & Z25pm. On a estimé que la présence de ces
textuwres comple:es en quantités varxables pourrait produ1re
des variations d environ 0.1% en magnésium dans la concentré&

de zinc. . \
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CHAPTER 1: INTRQDUCTION . T

‘Fine Foint Locatioen and History

el ema SO S e mmem S e Sl -

The Fine Foint miping district 1s situated on the south

shore of Great Slave Lale, MN.W.T. at latitude ol 40 N, ‘

longrtude 114°20°W (Figure 1.1). The district 1s 340 hm almast

due North of Edmonton. the nearest large city, and 80 Im east

of the Great Slave Lalke railway tgrmlnus at Ha, River. The

region contains over 40 individual ore bodies 1n various

stages of dévelopment with estimated tonﬁagés ranging from a

i ’

few hundred thousand to over 195 mllion tonnes. Average grades

mey

are appraoiimately 7% zinc and J% lead.

~

Exposed lead and :inc depositgs were f:irst s%ared in 1878:

\

however, the area was explored only i1ntermittently for the next

S50 years. In 1948 Cominco Ltd. 1n1t1§tey a-major exploration
- Fa

e

program which, by 1955, hal delineated a large mineralized R

~

belt. The area was developad over the years 1267-1944 and mine

productidn commenced late 15 1964, The early de. elapment of

the Fine Foint properties 1s summariced by BRaranger (1%64) and

by Campbell (1766,19867).

From 1964 to 1948 over a.million tons of direct-shigp:ng

ore were produced at grades of 18.0% to'20.8% lead and 25.07%

to 29.1%4 zi1nc. The concentrator commencad production :n

Movember of 1745 at a designed throughput of J000 STFD and by

the end of 1948 a total of over 5 million tons of ore were

—>ay

produced at average head grades of 4.7 lead aﬁd 83.Z% z21inc. Inm

1968 Cominco Ltd., acguired minmang rights to a large ore, body

‘

locatgd to the east of the Fine Foint claims and .the

v

:

- ,1
> N -
. - s
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cqg;entréfa; was eipanded to BOOO—STPD throughput. Current

mi1lling capac:ty 1s over 11,000 ZTFD,

0

The Fine Foint district has developed 1n¢d one of the

]

richest produc:ng areas of the world. Ey the end of 1981 over

a

S4 mllion tDn; of ore had been produced at an average grade
of 10,9% zinc 3ﬁd‘é.5% lead, and e:xploration 1s still active
1n the area. Froducticn and reserves dafa are talen from

Jactson and Folinsbee (1269, Cormode (1977) and the Canadian

Mimes Handbool (1782/87).

v

The refinery specirfications for zirc concentrates depend

highly upon the refining process being used. Until th4\early

3

128%0°s horizontal 2i1nc retorting. was the standard method of

refining Xinc. In thi1s process cinc concentrates were roasted,

mi:ied with carbon {(coal or cole). placed i1n & clay retort and

heated to, appro:.aimately 1190°C 1n a gas—fired furnace to

produce zinc oxide. The zinc oxide reacted with carbon to
’ ° 3 . '

(&)

produce carbomn monoxide and Iinc vapoﬁr. which was
precipitated 1nto ;ondensers’at thé open end of the retort.
Impurities were collectad into a slag which was periodically
bled out oflthe retort. R

The pr16c1pal"advantage\of retorting was 1ﬁs,ab111ty_to
ac&epg high ievels of 1mpuraities in thelxncdmxng céncentra&es:
However. 1t was clear by tﬁé garly 1450‘5 that hoél:cntal

.

retarting could not compete with roast—leéch—eléctrowznnzng of

N



:1nc:,Labour and fuel costs were encessive and metal purity
was sometimes unacceptable. The last remaznzﬁg Zinc retort
furnace was retaired 1n‘1°7é in Bartlesville., Oflahoma. The
history and eQentu§l obsolescencz of Z:inc rétort:ng aré
stmarlzed by Dutricac }1983). '

Roast—leach—ele;trwannxng 13 now the standard process
used to refine zinc cpncentrates.1Concentrates are roasted to
form z1nc oinide and :fnc ferrites which are then dissolved 1n
a two-stage, sulphuric acid leach ;o form zrnc sulphate. The .
sulphate 1s electrolytically refined using. a zinc cathode,

wpon which the zinc 1n solution 1s electroplated. Sulphates of

contaminating metals do pot plate out: rather, they

a

v

concentrate 1n thg ereétrblyte up to their saturation points 4
and subseﬁuentl; precxéztate out as a sludgé which can be :
remo;ed by filtration.’
. In zi1nc :Dnégntratés from dolomitic ores such as Fine
‘o PO}nt the péxnc1pal contaminants 1n the concentrate are
. . ‘calcium and magnesium. Calc:ium poses lyttle problem. since 1ts
solubility 1n the electrélyte 1s only about‘Z grams per litres
Ihowever. magnesium sulphate, with a solupxtlty of about TS0
grams per litre, does not readily pre;1ﬁ1tate out from the
eledtrqute. The consequent magnesium buildup causes the

. following problems (Gorman and Nenninger., 1378):

1) Increase of the spec:ific gravity.of the electrolyte,

» . ‘ which causes poorer settling and filtration.

Z) Reduced electrical current efficiency :n the cqfls

4
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the purged electrolyte.
~

~
~

» the changeover from retorting to roast-leach-
lectrowihning which occurred in the 1260°s and early 19707 g
haé\resulted 1n an 1ncrease :n the purity reguirements for

Zinc conceqﬁrates. Depending upon the specific operation,

L

i
tolerable mignesxum levels 1n zinc concentrates may range from

0,10 to 0.25 mass percent. Fenalties are levied against

v

concentrates up to about 0.4C% magnesium., and concentrates

7

with Mg leyels above 0.40 mass percent are essentially
Qnsale%gle. THese requirements are much stricter than the
- \

requirements of retorting operations which would accept up to

-

0. 40 to 0,30 mass percent magnes:um without penalty.

v’ . . o

‘The major constituents of Fine Feint ore 1nclude the ore
\ minerals galena .(FbE) sphalerite (In3) and the non-ore mineral

byrxte (FeSs), hosted 1n dolomite (CaMg(CO,)3) and calcite

(CaCOy). The presénce_o+ large amounts of carbonate 1n the ore

Ad

o 1s advantageous i1n one respect due to the high
acid—neutralizing potential of the waste rock and m:1ll
'téflzngs: however, the abundance of magnesium 1n the ore

" presents considerable milling problems, part;culafly~dur1ng

o .

21nce benefication. . *

v

.

A typical sample of Fine Foint m:ll feed contains 8-11%
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magnesium and S-10% zinc. I4 1s readily calculated that 1n

order to meet the ©,10% Hg requirement over °9.7% of the )

magnesium must be re,ected. Mo ecuer. this feat must be
accomplished without bringing the finc recovery below about
?0-25%. It 13 not surprising, therefore, that ihe benef:ca£1c5
of zinc at Fine Foint ;5 a teehnologlcally compgle.: process =
which requires prec.se controi and great eff:ciency.

Table 1.1 presents productiaon datalfor the flrsﬁ ten
years of cohcentrator pperatlon. Data on‘mag&esxum levels 1n
the :jnc concentrate was callected ornl, for 1972 and 1976;

however, data on total carbonate (dolom:ite and calc:te)

contamination can be used to obtain an estimate cf magnesium

contamination 1n-the concentrata, assuming a dolomitescalcite |

ratio of about 4 to 1.

TABLE 1.1:1 PRODUCTION DATA FOR FIRST TEN YEARS
' OF CONCENTRATOR OPERATION

\

¢ AILL UPGRADED BY ADDITION OF THE SPHYNX (X) CIRCUIT
$t IMPLEMENTATION OF ﬁRUEEAH 70 CONTRCL MG CONTAMINATION

\

' YEM TONS HILL;D TONS I CON % CARBONATE M6 XZINC ‘ °
: X108 X103 * BANGUE (ESTIMATED)  RECOVERY !
. v 194 1.46 2.41 2,94 {0.23) 2,79 '
[ 1Y) 1.32 YR 2.84 {0.25) 3410 !
198 1 2.14 .23 L. {0.29) 93.70 !
o199 -1 £.71 3.06 {0.2B) 92.20 !
oM 3.86 4,51 .42 {0.40) 92.10 !
Looent 3.89 4,17 4,98, {0, 43) €2.3¢ !
o J3.81 3.91 4.49 0.43 92,00 !
L L AT } ¢ 3.99 3.7t LI {0.20) 91..70 !
1L 4.14 3.57 3.86 (0.3%) 92.80 !
Lo 1975 3.90 3.03 3,50 {0.32) R !
: 1976 3.77 3.26 2.87 2,22 2.50 ;
I \
l 1

- - (from CORMODE. 1977)
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During the i1nitial years of production 2inc head grades

'

were high and magnesium levels 1n the concentrate were

Ay

acceptable (1966 estimate approimately ©.27%) though close to
the acceptable limit. Over subsequent years head gradee fell

and dolomite rejection did rot i1ncrease. The net result of
~ - ’ e

this si1tuation was a continuous rise 1n magresium levels 1n
Y Pl

the zinc concéntr@te to the point at which the concentrates

-

produced were virtuall,y unsaleable. The vear 1577 marled the

beginning of an 1ntensive effort to reduce magnesium

!

contamination 1n the concentrate. Various measures were

implemeénted 1ncluding the following: .

v
fu

1) Careful are blending to provide more constant head

grades to the zinc circuit and a closer agntrcl of

’

reagent lewvels.

—

2) Installation of two additional éleanérs in thé zinc

. flotation circuit. : Il

Z) '\ Construction of a sulphuric. aci1d leach circuit to

.

treat part of the concentrate.

-~

The dolqmlteureject1on program experienced miied sucCcess.

Between 1977 and 197& magnésium contamination was reduced from

N .

" the 1972 level of ©.45% Mg to a much better (but st111 only

v v

¢

‘barely\acceptable) level of 0.202% Mg. Ores which were

difficult to treat were routed to the acid leach circuit for

.

fu?ther‘Mg reduction. The leach plant was also»qgéd to buald

. . .
up stoctpiles of high-purity coneentrates for offshore sales.

1
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"approiimately 22 to 27 kg. per tonne of concentrate treated.

‘. zan be noted: ' R

Oﬁé of the principal problems experienced at Fine Foint
after 177 was the\hzgh‘cmst of oa%hatlng and maintaining the
=i1inc circult. At this point 1n time the ~inc circuit comtained

. a total of 244 small flotation celis,Ln 18 bants with

v - : . - ' . - ;
1ndividual cell volumes ranging from 42 to 200 cubic reet. The

1 each plant, unlike the flotation circurt, was easy Lo

maintain and operate: however, acid consumption was ver,y high
- \

“(between 45 and S5 tg. cof 974X H,S0, per tonne of concentrate

rreated) and reagent costs were e:cescslve.

The next major renovation of the zinc circwaf accurred 1n

[

1@79—1?80. at which time many of the small—vélqme celIs-were

replaced by 1700 cubic foot units and the leach plant was
changed from an auxiliary operation 1nto a paﬁﬁ of the régular

FEN

-

processing 'stream.: Zinc concentrate grades and recoveries both

- - LS

rose and acid addition to the leach was cut baci~ to

The development of the FPine FPoint -inc circuit 1s

i

summarized by Cormade (1977) and by 'Jones (182). Additional

1nformation was provided by V. Tiets of Pine Faint Mlﬁeé'Ltd"
 Magnegium contaminatiaon of tHe z1nc :omcénﬁrate Ebntlnues -
to be a praoblem at Fine Point.ASevé}al—aspeqts of the problém

P

'

'1) Magnesium levels are not constant:.rather. they tend
to rise in ores from speéaf}c "alfficdlt"\pxts. . o

el

) Maghesium contamlnaﬁlon\;s not caused solely by low . ..

hé&d,g?gdes,or by high levels o{ magﬁgélhm in the .

- v N - - ’
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feed. H1gh—grqde'orés often prove to be more
difficult to treat than low—grade ores. ’ .,
-2) At the present time almost all of the Dré must be

treated 1n the leach plant., even though the zinc

*

ciricurtt contains what would normally be considered

as & large amount of cleaning flotatiom capacity.

4) The =zinc cleaning and leach stages of the zinc

v

circuit seem to:be worting rather i1nefficiently with

respect to mégne51um. despirte close control by the

!
e Fine Foint operatorz and much plant research over )

the past f}fteen vears. At times 1t 15 difficult to

meet émefter requirements evéﬁ with the acid leach

ST 1n the circuit. The precise factors which are

' responsible for the occurrence of "difficult" ores

L
are still not known.

o "~ 5) The leach plant 1s very expensive to operate. Acid ¢
- consumption can cost up to &% of the value\of the /

concentrate treated and additional costs are

1ncurréd due to dlffzcult;es in disposing of leach

élaﬁf effluents. Moreover, the acid plant must be

periodically shut down due “to high H:5 emiss:ions

caused by the partial dissolution of sulphides.

-

C e : The problem of magnesium contamination 1A z1RC
concentrates from dolomite-hosted ore bodies 1s not specific
v to Fine Foint. Problems similar to those at Fime Point have

- been encountered i1n some Tennessee operations (Gorman. Fagel

o

. =
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and Nenninger, 127é6), .t Cominco Ltd.'s Magmont operation 1n
Missour: (Schweirtzer, 1987), and at Cominco Ltd s Folaris
operatipon i1n the MNorthwest Territories (J. Finch, perso%al

communication).

The previous discussion has established that Fine Foint
experi1ences difficulties 1n reducing magnesium levels to
tolerable levels. It was also i1ndicated that the problem at

Fine Foint 1s a general prablem associated with many

dolomite—-hosted -i1nc deposits 1n Canada and the United States.

The amount of time, resources and personnel i1nvested by

)
various operations 1n an attempt to solve the "leDmltéx
problem" 15 not to be underestimated. Fine Foint 1tself has
produced copilous 3nterna1 reports over the past f:fteen years
dealing specifically with the possible causes of dolaomite
contamination 1n the‘:xnc circult and possible solutions to
the problem.

The aim of this research, therefore, 1s to continue the

ongoing effort to i1dent:fy mechanisme of dolomite

contamination 1n Zinc concentrates, with specific reference to .

the ores and to the zinc circuit of Fine Foint, N.W.T.. The
topic is of technological ;nterest. since the required degree
of magnesium rejection in Pine Point zinc concentrates 1s so
high as to push flotation technology to'xts limits. The topic

13 also of practical i1nterest since dolomite contamination 1n
. .

10
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- an elaboratiagn qDod the brief circult descrlpflon o¥f. the

3

T1nc concentrates 1s still an i1mperfectly understood
phenomenon, the solutions to which have proven both costly

.and., 1n some cases. 1neffective.

bl

In this project experimental simulations of Fine qunt
rinc flotation and acid leaching have been undertab'en with the

goal of characterizing the following:

1) Mechanisms by which dolomite reparts to the
concentrate during cleaning flotation.

2) Factors which affect magnesium recovery during

flotation.

Z) Factors which affect zinc recovery and sphaler:ite

tinetics during flotation.

4) Factors which affect leach efficiency, and +he

binetics of sulphurac acid leaching.

.

3) The effects of ac1d>leach1ng upon subsequent stages .

of flotét;on.

v

L)
, “

Experiments have been designed to simulate Fine Foint

operating canditions as closely as possible 1n order to . i

' PN

elucidate the factors which are responsible for magnesium

contamination 1n Fine Foint zinc cancentrates.’
o
°

ZxlzoESEll=E s S Sas o=

. The =inc circutt at Fine Point has undergone several . . -

radical changes 51ngé mrll startup 1n 1945. The following 1is

11" .

st B . s ——— —
. - ~ ’ . ——— ——— — - | e = = il
! . \ i



[y

previous sectipn., and 1s drawn from Cormode (1977), Jones
(iéB:)'and information provided by K. Tietz of Fine Foint

v

Ltd.. .

The original ‘Fine Foint €1r;u1£ was déslgned for a
throughput of 5000 STPD. Four banks of fead roughers were
fol}owed by one bank of lead cleaners aﬁd two banks of

recleaners. The lead tairl:ings were routed tc the zinc circurt,

which consisted of five banks of roughers, two banks of

.cleaners and two banis of recleaners. The cells were all 40

cubic .foot Galigher Agitair model #48 un:its.

~ Y

In 1958 Fine Foint acgquired mining rights to the Fyramid
ore bodies located 34 Im east of the Fire Faint coﬁceﬁtratgr.

At this time mll capacity was upgraded to 8000 STFD by

installing an Lndepehdént processing cirzuilt (the Sph/ni, of
"X" circuit) parallel to the existing Fine Foint circuit. The

Sphynx'clrcult had i1ndependent grinding and floﬁat:on capacity

and merged with the Pine Point circdit only at the th1clén1ng

and flltratroq stages of processing. The Sphynx‘c1rcu1t
- . s - .
consi1sted of one bant of lead roughers (100 cubic foot Denver

" JODR™s), one bank of lead cleaners and one bank of ieadfl

'recleane?s/superéleaners (both Agitair #4383 umits), followed by

three banks of zinc roughers and one bank of 2:inc

ctleaners/recleanegrs/supercleaners (all Denver IQDR’s).

As‘part of the 19272 program to-;ncrease-dolpm:te’

- rejection additional cleanming capacity was added to the zinc

circuit. The zinc concemntrates from the Fime Foint and Sphyn:x




s

circuits were combined and fed to two banks of Z0O0 cub:c foot

Denver QEOOV‘celis,‘whzch vwere partitioned 1nt6 é th:rd
cleaner :(one bank), a fourth, and a f:f&h cleaner (172 bank
éach). ) '

Tﬁe post-1972 flotation circuit at the Fine Foint
concentrator 1s 11lustrated 1n1F1gureli.2; In total the
circurt consrsted of 266 flotation cells 1n the'Pxne Po;ﬁt

circulrt, 108 cells 1n the Sphyn:x cxrcuft and 15 cells 1n the

added: zinc cleanming circuirt. Of these, 174 cells with a

combined volume of 10,200 cubic feet were used for zinc

roughing and 48 cells with a combined volume of 5440 cub:ic
feet were used for zinc cleaning. The.circuit was a rather

unwieldy one which posed severél problema{

1) Process flowg-cguld naot b;>even1§3balancéd amorigst
the separate banks. Thus,-1t was almost ;mpose;ble" {A
to achieve optimum metallgrélcél pgrformance and .
zinc recovery. . ‘, : LT A ]
2) The Pine Foint and Sph?nx\roqQﬁér circurts exhibited
drfferert retention t1més»(17.§ minutes 1n Pxney' o
Foint vs. 2.8 1n Sphyn:) and‘thzs aéve?sely
~affected metallurgical ‘performance.
ﬁ As time progressed the Agitair cellg'reached the end
of their uséful)opef%tlng lives. Many needed
rebgzld1ng. and fhe necessa;y overhauls were‘both o ) ‘}

lengthy and expe651ve.

4)’Automated procesé control was 1mpossible due to the .’ '

- ¢ . > . ’

13
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multitude of flotation cells and .proceass streams in

1

- ﬁhe two circuits,

By'the mid-seventies 1t was evident that further changes
needed to be effected. In 1980-B1 the entfre'Floﬁatzon section

of the concentrator was dismantled and the small-volume cells

were replaced by &00 cubic foot OF —14 and 1350 cubic foot

OK-28 flotation cells; The new ffptation crrcuit (shown 1n
. I ' ) .
Figure 1.3) has a capacity of 11,000 STFD and 1s now 1in

operation. After consolidat:on of the Fine Foint and Sphynn.

circults an 1ncrease i1n the ~inc concentrate of 0.5 grade

———— .

units and 0.2 recovery units was realiced. The circult 18 now
) : ) ’
amenable to on-stream analysis and process control, both of .

which are being considered.

~

b N ] — e e, oo

3

“The Fine Foint leach plént was put 1nto operétion laée in .
1972 as part of the program at that tlme'to reduce ma&nesxum ’ )
levels 1n the zimc concentrate. Test worl had establ:shed thaf

magnesium could be effectively removed fram zinc concentrates

according to the reaction:

. 2H,804"' + MgCa(COa3)p ~—" Mg++ "+ Ca++ + "H,0 + ZCO4

'
[y

- \

\

The plant consisted- of four wood-staved tanls 1m series
and -was designed to reauce-magneéluﬁ levels 1n the concentrate

’ 4Fom;approx1mate1y 0.25% to below 3.10%, dpe%aﬁxng

continuously at a design capa:it& of 1000 STFD. It was*soén

. ~ ’ f
, B -
2 .
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discovered, however.\that the 16com;ng Enn:ent}éte maghes;um
’ levels weire closer to O.ISﬁ. and 1£_was né;eésary to add a . /
fiféh leach tank'to the plant 1n order to provide longer
) _retegéxon‘of the cancehtraie:\The cur?ent mean ées:dencg time
i the leach czécu1t 15 appron1m$tely two hours (Figure 1.4;.
A schematic of the leach plant 1s shown 1n Figure 1.35..
Sulphuric acid 1s added to the'fzrst and Secoqd tant s, which

»

act as acidifiers. The third and fourth tanis act as holdlAg
tanks, or digesters, an; liquid ammorn:a 1s added to the fifth
tanh. which serves as a neutralizer. The neutralizer 1s
neéessary in.order to cﬁnsume excess acid since the post—leach‘
flotation cells and the thiclener are not acid proof. The
neutralic-er also reduceg soluble zinc to a metallgrgzbaly
’1ngzgn1f1cant level falthough sti1ll high from an enylronmeéfal
standscznt). Typical pH levels 1n the tanks are 1.0 to 1.5 1n
the acxdffgers.,Z.Q to 2.5 1n the P1r5t1d1gester. 2.5 to iﬂS -
'in the secoeb digester, and 7.0 to B.O in the neutralizer.:
'‘Aci1d addition 1n 1?7: was 49 to SS lg-per tonpe of : .
ccncentratg; but 1s presently about 2 to I7 kg per tonne.
Ammonia consumption varies at up to'7 b g per tonne. ‘

_ THe layout of the leach plant hgs remained the éame %rom,
19737 to present: however, 1ts position i1n the processing

-

circuit was changed durlng”the ies0-81 blang renovations. ?rc@

" 1972 to 1980 the plant was used as an auitiliary post-fleotation

operation to treat "difficult" ores and to provide stoclitpiles

of low—ﬁg sinc concentrate for concentrate blending ang for

. )
[N
“~
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.FIG. 1.4

REBIDENCE TIME IN THE PINE POINT LEACH PLANT

g8 g

e 8 3

o

‘Percent of initial amount (or init. concentration)

C

A: Concentration of tracer
leaving 5th ledch tank

. B* Recovery' of  tracer{cum.)
in leach discharge
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offshore $ales. The position of the leach plant 1n the 1973
N ; . TN ¢

L
wh

circuirt 1s shown 1n Figure 1.2,

Following the 1780-~31 plant renovat:6ns the leach plant
. \ .
was i1ncorporated 1nto the regular ‘procgssing stream. s

Concentrate from the #Z zinc cleanegr 18 cyoloned,. and the

Y

N >
underflow (at 60 to 70% solids) :s pumped to the lezack plant
1} ¢ .

. (F1gure 1.7). The leach plant discharge and cycloAE oxer%loy
are combined and constitute the feed to a third (and opt:ronal
fburth) bant of cleaning cellis. Tails from the third and
fourth cleaners are ;outed baclt to thé‘QEad of the zinc
cleaning circuit. When unusually high magnesium levels are |
Encountergd 1in the cleaner T concentrate tfhe pre-leach é?clone

T R - bypassed'and all q¥ the COﬁcentrate 1s £h1c$ened and
leached.

‘ There are several ope{atxonar and env1ronmgntal proBleMs

associated with the Finme Point léach plag£, The reacti1on

beé&een acid and dolomite releases copious amounts o+.éarbon
dioxi1de gAs. and foaming 1s a common problem. Inlorder to
control this, wash water 1s added to the tops of. the tambts and
~all tanis are well agitated. Occasxonaily there 1s a problém ‘
with H2S emissions (usually when tHe pH of the acidif:ers
falls below 1.0 to 1.5 ana the plant mﬁst be temporarily
closed AQWH. despite the fact .that the tanks afe all vented  \to
the atmosphere. Water from the zinc thiclener cannot be . .

.

recycled due to ammonia evolution 1f 1% 1s used i:n the

2 ]

flotation circuit and disposal of_thi1s water causes
. .

e et s
ey

- e
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énvirfonmental problems due to 1ts high content of dissolved

metal s. s ' ' ‘ . -

¢
[y

"The leach plant has proved to be a successful method of

. .
- ' .

. 4 .
reducing magnesium contamrmation i1n Fine Foint zinc

- - »
f . i

concentrates; however, the costs itncurred 1n 1ts operat:ion arp

very high. The gquoted (1377) acid consumption of apprbx:mately

' 1 P .
30 g per tonne of concentrate translates i1nto about 7000 .

tonnes of H,;80, which must be purchased and.shipped to Fine

Foint, K éach vyear, even 1f only half the concentrate 13 treated.

This ultimately results 1n about 7200 tonnes of sulphate 1ons

and a comparable mass of metal 1ons which must be dléposed of

1n tailings ponds, as well as mtrates from neutralizatian and g

H28 from sulphldé dissolution. FDrtunatelb,for Fine Fo:int’,

Trail B.C, the ma,or consumer of Fine Foint zinc, accepts

magnesium levels of up to Q.25 1n the Zinc ¢oncentrate N

t . -

wrthogt penalty. For this reason ac;d'addxt:oh can. often be

kept low: however, as head grades <fall and as mora.”dszzﬁult"'

. 3
. N - n

ore 1s treated the leach plant 1s becoming more heas1ly rel:ied’
. a 1 ‘ RS
upon 1n the éffort tc produce satisfactory, zinc concantrates.

'
\ * -
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The lpcation of Pine FPoint in relation to ma,or

geological features was shown 1n Figure 1l.1. An understanding

af the general tectonics of the, Pme Foint ares and the

y

petrogenesis of "the ore deposits 13 useful to the geologist,
who uses such i1nformation to direct evploration. 'Fetrogenetic
information 1's less commonly used i1n mineral processing.,

élthnugh rt.can be of great value i1n determining the types anq

variabil:ty of mineral testures which eixist 1n the ore

depositse and the notential processing problems which may arise
-in ore mined from various pits. e
. e - v

«

-

- Pine Foint is located on the eastér? +1lant of the Western

L .
T

“

Canada sSedimentary Basin i1n the Central Flains pravince

(Figure 1.1}, It 15 part of % broad reef-l:le barrier comple:s )
whiich extends, to the'southwﬁst from near the Frecambrian
Shield, pagsesvnorth of the Feace River Arch i1n subsurface and

J*contlhues to the southwest (Figure 2.1). The barrier complex
devglpped in DEVDnlan'tlme (745 to 293 mllion years ago) and
inflheﬁcéd sedimentation over much of Western Canada. The
comple: 1s located directly ovér a ma,or NE/SW trending fault

system 1n the Precambrian basement roclts which can be traced

‘

fo}“méhy miles both to the northeast and to the southwest of

Fine FPoint. The §tratlgra§hy of the Pine Foint reg;an 1s well

documented by Sktall (19753, Campbell (196&.&7' and Jachson and
~ Falinsbee (}96?).

Frior:to. Devonian times the Fine Foint region was a

A ’ .23

e e S

—



NNW/SSEQtrend1ng clastic sedimentary bas:in which accumulated
quart:z sandstoneglfrom the uplards tc the east %pd)west.
Festricted marine candit:ons existad 1n the area snd scme
evaporites were deposited. Emergence tcol place :n the early
Devonian, causing a breal 1n sedimentaticn. This was followed
by a widespread marine transgression which guiclil, shifted
conditions fram restricted to open marine. The ocean
transgressed over much of Western Canada and as far 1ntoc the
inter:or és North Datha (Figure Z.1:. At this time colom:ite
was depoeited 1n the Fine Foint area. The Qquart: sandstones,
evaporites and dolomite referrec to so far are named the 0Old
Fort Island formation. the Chinchaga formaticn and the teq
River formation respectively. and these form the base upon
which the Fine Foint group was depos:ted.

Gentle arching of the Fine Foint area 1n the middle
Devonian l:%ted the sedimentg close enough to sea level sol
that reef—bu11d1ng\organxsms could establish themsel ves. The
arch developed parallel tc the underlying fault s,stem 1rn the
Frecambrian basement ;nd established the shape and the
location of tge barrier complex. Figure 2.23 shaws the géneral
appearance of the comple: at this poinit with the right-hang
side cf the diagram facing open marine conditions. The barrier
a? his point consisted of a buildup of reefal organisms
flanled on the seaward side by reef detritus and on the
landward si1de by tidal-flat carbonates. Away from the reesf on

the seaward side deep—water shales were deposited. All of

-
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F1GURE 2.2A1

BBEmFOFITE

Egcpmaoums

these facies were depos:ted upon the teg River formation. The

barrier was not fully developed at this fime; 1t contained
. | ) .
sever al gaps which allaowed circulaticon of brine between the

inland and open marine areas. Conditions behind the barrier
were very similar to the conditions which existed during the
deposition of the teg River formation: consequently, the

,bacl—ree%lstrata are)rg#errgd to as the Upper teg Ri1ver
. ) ¥orm§t10n.

¢ ’

The next sequence of events i1ncluded i1ncreased subsidence
to the south. The{fault system under Fine Foint acted
51m11;r1y to a hinge anq éaused vertical faulting of the
5verly1ng sediments (Figure 2.2h). By this time the barrier

was well establighed and circulation of water around and

3 - B
MRS

_ across 1t-was very restricted. Much of. the Canadian i1nterior

including most of Alberta and Sast atchewan became analogous to

a ,huge evaporating par. There eii1sted a —ontinuous Flow of-

\
»
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FIGURE 2.2Bs DEVELOPMENT OF THE SOUTH HINGE

EVUWPOFITE NW -
EE CHFEOHWTE SER LEVEL

FEEFML
LIMESTONE

M sHeLE =oSCSl=ml=T=l=lsnetanal o
EFIME R A '
P MOUERENT :
“FO0 km (agapted from StALL,y 1975)

'

water 1nland over the Fine Foint barrier; however . dge to the -
restriction of circulation the rate of flow 1nlang was less
than the rate of evaparation on ﬁhe ccﬁ£1nént. Marine éa;ts
with low solub%lxtzes precipitated closest to the barraier, "»
whxle the more soluble salts were cdrr{ee \nland. fFor this
‘reason the?e are -vast occﬁrrancés df hallﬁe and potésh in '

southern Sast atchawan, and comparably large occurrences of

an?vdrmte arnd gypsum (of the'MuskeQ farmation). 1n the Fine -

\
-

Fbint ‘area. A high osmotchgrgdlent existed between the
‘eﬁtremely saline wéters trapped 1in the>Musbeg sedlménté aﬁd‘
the seawater on the marine side b¥‘the-barrxer; Large voldqeé'
of brine refluied thraough th§ barrier. and.in»passang changed
the reefal limestones to dolomite (Figure ' 2.2b).
Continued sub§1dence'1n tHe South eventually caused
1ncreased movement of the fau;ted'afea under the Fine Foint .

'

barrier complex and twdo more h;nge zones develoged (the Main

.

‘y



FIGURE 2.2C1 SUBSIDENCE AND DEVE

- REEwFOFRITE
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Hinge 1n fha-centrequ Figure Z.Zc.
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(adapted from St ALL, 197S) -
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and the North Hlﬁééltq the

right of 1t). Movement alorig these 'hi:nges overtoot the rate of

‘growth of the barrier., thereby drowning 1t. All that remained
of the organic barrier was a small buildup over the North
,Hinge. Since crrculati'on was no longer restricted evaporite

deposition to the south- was terminated and a shallow marine -

\

lxmestoﬁe was dépos1bed. With the end of evapor:te depGsition

'FIGURE 2.2D1 PINE POINT AREA AT PRESENT

MR EUUSPORITE

B CHFEONRTE

BMociomiTe

WELENS
EHLIMESTOHE

ey
150 km .

’ ’
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“
'

e T OUTH, | T1AIN
TREULAP M0 MRSSIVE QIEEBU["ES RBONE 4 HINGE

’(adapted from St ALL., 1279
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- pccurred, ' -

.brecch:atian which developed 1n the area. In addition to

X . Coee
came the end of refluxing brines through the barrier complex

‘

and the end of leQMlt;ZatIDﬁu The carbénates directly aover

the three hinges were faulted by the hinge movements whﬁch

'
N

Several subsequent events altared the appearance and the
étratlgraphy of the complen. A g;déspread mar1né regression
é:posed’ the Fine Foint aréa some time 1r the Late Middla
Devoglén. The-area was elevatea apprcyimately O metéra ébcve
sea level and ercasion %;rméé exgen51u§ areas of tarst \
tppoéraphy‘and\solutlon breccAzatlon. Increa%ed SuberEnce
followed and resulted in the‘dEDOSItlDH p# 1:mestones of ghe
Watt Mounfgfn formation, Wh;ch»con5t1tute the last formations

in the sedimentary seguence. Near -the end of the Faleozo:c era

~
'

(approsimatel y 250 m:llicon years aga) the whole barrier s,stem

\ .

was deformed., anc 1t now plunges  gently westward. Outcrops of

»

the barrier are found-onl, i1in the Fine Foint region: howeve?,
drillhole and geophy=ical data indicate that the comple:

extends ‘as far as northeastern Hritish Columbia at depths of
§ ’ . .
170¢C to 'ZEQ0 meters.

Ihe Emplacement of

The rachs forming the Pine Point area and haosting the -

Fine Foint deposits are very porous. Fart of this porosity 1s

‘a result of the biogenic 6r4g1n of the barrier comple:, and

part 1s the result of the tarst topography and the solut:bn

3




:poK051£y EH the rocks there exists én ertensive networl of
o féactdre and ¥éu1t systems, over the three hinge cones, as
previously dlscuésed énd shown 1n Figure 2.2d. The barrier
rocts therefore served as an erxcellent conduit for flurds
Aoﬁé;bearxné and‘otherwise)lwh1ch moved in the subsur+éce :

" ~through the area. .Skall (1975) described the complex as a/huge

Jplum@1ng.system“ for moving fluids.

The first sighificant engpde of fluid movement i1n the
afea'oécurred in the Late De;cn1an. at which time warm ,
magneslan Erers mowved up tgrough the fractured rocts
overlying the Main. and North Hinge tones. Much o+’the

‘l;mestone 1n the area was transformed to a coarse, crystall:ipe

"dolomite re+grred to &s ;he Fresqu':le délomxte. and 1t 1s
this dolomite whlEhihDStﬁ many cf the Fine Fornt cre bodies.
The circulgticr of magnesian brlngs through the cowolex may

have been convectively driven by an exothermic reaction

v -

between anhydrite and hfdrocaﬁbpns whléh‘+orme¢ hydrogen

sulphide, carbon dioiide and water (Dunsmore, 1977). This

' '
v

‘' dolomitication predated ore emplacement.'

Ore genesis at Fine Foint occur%ed~some time during or

V ‘ ,

after the Late Devonian, approiimately 743 m:illion years aqQo.
The origin of the ore-forming fluids and the preclrse mechanism

of deposition are sources of debate: however, 1t 1s-evident.

"that metal-bearing so;utLons:movéd,ud th?ough the faulted

A .

zobnes over the Main and North Hxﬁges and deposited their =

meétals 1M the pores and cavities 1R the Filne Foint carbchates. -

, . - '
-’ 3 ’ s N )



Much of the m1nera11:at:onlcc:urs in the Fresqu'ile dolomite,
'although about half of the Fine Foint ore bodies exténd Qevond
‘or occw outside of the dolomitired regions,

Typical relatxonéh1ps betvieen the Fine Foint ore bodies
.and surrounding strata are shown :n Figwe Z.Zd. Emplacement
of the ore bodies was closely controlled by the faulted and .
l‘arst regions 1n the area. The ore bodies are :oncentrated-
over the North and Main Hinges. and are elongated parallel to
them.. The margins of the ore bodies are typ:ically \ervhsharp
and lach disseminated fringes at the outer edges even thowugh
the wallroct paorosi1ty cont:inuves.

The Fine Foint orebodies are subdivided i1nto massive and
tabular variet:es. Massive orebod{es are vert:cally elongated
with little horizontal exfension and occur i1n the upper le;els
of the Presqu‘1léldolomité. sqmet:mes -even penetrating the’
Watt Mbuntaxp‘carbcnates and shales. Tabular ore bodies are

thin and horizontally extended and occur 1n deeper strata. The

two types of ore -bodies eihibit di1fferent lead/zinc ratiecs., .

v
-

wlth an average of 1:1.56 for massive and»1:~.£ or greater for‘
tabular ore bodies. It can be i1nterpreted that these two types
represent two different epigodes of mineralization (Ekall.
1975). Most of the ore reserves LH production at Piﬁg Foint
are of the massive variety since thear pﬁéuxmxty to Ehe
surface:maies them easier to éxurore qnd to produce thén the

deeper-seatad tabular, ore bodies.

~

0 T0
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Classification of the Fine Foint Ore Bodies

Dre:depps1ts can be classifieg 1npo one of several typeg?

.

\

:based upon such factors as mineralogy. mode of origin,

téextures., type of host rocl and 'a variet, of other factors.

'
N

Dép051ts,of'thé,same'type often exhibit very sim:lar - -

tharacteristics and this allows 1ﬁferences to be made about an

- - T

1DfE dep951£ based upon geologzéal'lnformatzon or caérat:nq
experience -from.another deposit of the same' type.

The Fine Foint ore bodies pelong to a group called:

Mississipp:i Yalley-type depas:its. Many such deposztﬁ occur 16

,

North America i1ncluding deposats 1n ﬁ1551sslbpz. Missouri,

Ot lahoma, t ansas, Tennessee, Fennsylwvania, Morntana. Wisconsin

and i1n Canada’'s Northwest Territories, itncluding not zonly Fine .

¢

Foint but alsd>Folar15—and Nanas1v1t.\M1551551p:1 Qalley—ﬁypé"

‘ore deposyts have the following features in tomhmn:' C

\

. 4

1) . The deposits cqntazn'lead. zinc and often cobpe% and

bar1um. Silver -alues are low. . ‘
~ - ~ 1

, . . . ‘

2) The ore mxnéralslake epxgenetxcri;e. emplaced after

formation of the host rocks rather than with them). .

g % “3). The host rocls are carbonates.

4) The deposits are strata-bound or é;rat:form.

) The .deposits were emplaced at low tempe?atures and

’ -

. caused little to 'no alterat:ion of the country rog! .

6)‘Sphaier1te often exhibits banded or botrvordal

7
«

(colldfném) tgxtufeﬁ. N ,'\ ‘ ' | S .

r

i




depos1t16h of hydrothermal minerals during or= genesxé. . -

’

\ . -
The Pine Foint deposits are typical ﬂlssxészppl Yalley—-type -

dépos;és 1n,31i respaects eucept for their lachk of copper aﬁq'

.

barium.

a v L

« . The host rocks of the Fine Foint  deposits are dolomite and
calcite ‘with trace amounts' of gypsum.  During ore depos:tion

-~ ‘ ’ 'Y
sphalerite and galena were introduced along with small amounts

of marcasite and pyrrhot:ite. Rare celest:te, sulphur, bitumen-

-

and fluorite have also been reported 1n the area (Stall., 1975;

Jacfson and Fol:nébee. 19é9§.‘Thus. the depdsits exhib;t
simple mineralogy. alﬁhough the textgral }eiatlonsgzps bét&eén
mxnerals}tend to be comple:x. An ;nderstandlng of thg
paragenetic sequencé,at FPine Point 1; of use 1n determining -
the’facﬁors wh;ch control te:xtures and textural va?1at:6nsixn“

the ore‘bod1es.

.
<

" As part of an 1so0topic study of Fine Foi1nt :arboﬁafes

1

Fritz (1969 developed a pa#agenetlc sequence for the

Temperétures of foématlon were e:xtrapolated from 018} /0(16)

1sotopac ratios of the carbonates. which decrease as the

.temperature of formation rises. Some of his resultd and

pgtrogenet:: interbretat1qns are presented below and 1n Figure -

~ o R -




: FIGURE 2.31 CYCLE DF MINERALIZATION AT PINE POINT
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{adapted +from FRITZI., 1959)

Fri'or to the onset aof ore deposition a period of

1pw—tgmﬁerature nydrothermal activit, (S2° to T0°C) caused the

recrystallization of some of the Fresgu’ ile dolomit=2 1nto a

.white, sparr, dolomite ‘white .einrn dolomite! which crcsscuts

and aovergrows the Frasaqu’il=. As hydrothermal act:iwvity

increased the white ve1n dolcocmite  'was overgrown b, clear,

-well-crystalline dolomite whish lined or filled :aﬂ1t1es
(1&&9h6rbh1: dclomite). The temperature of formatian of the

'~xdeomorph1c dolomlte was approximat=2ly 100°C and th:is

’
'

temperature was sus*%}ned durlng thé onset of gre deposition.

A short period of, co&rec1p1tat10n 0f dclomite and ore

oczcurred; however, during the principal episode of are

depositicn’ the hydrothermal fluids were undersaturated with

carbonate and Holomite dissolutian occurred.

The principal stage of ore deposition . was charactericed

by the precip:taticn of sphalerite. .galena and

——

[V




pyrite/marcasxte. All. of these minerals precipitated
concurrently 1n several repeated episodes of precipitation ‘and
dissolution. The ma,or occurrences and teutures of the ore

miferals are described below. "

a2
'

Sphalerite 15 the ma,or ore mineral and was deposited

mostly 1n thin layers on vugs and pores 1n the host roct,

N

often completely occluding cavities. Due to th:s maoge of

deposition the sphalerite exhibits thin bands"whxch‘#arl from

N
v

about 1Qum to a tew millimeters 1n thic! ness. Hundreds of

.

these bands ma, be depos:ted one uypon another 1n radial
arrangement, so0 that the overall appearancé of the sphaler:t

varies from banded botryoids to laminated crusts (?1§ures 2.4

and Z.3). The overall texture of' the sphalerite 13 raferred to

as "colloform" (Stall, 1973): however, this may be an

.

unfortunate choice of terms since 1t suggests that the

sphalerite was precipitated as a gel. Irn'realit,, much

.

evidence exléts that the sphaler:te was dir=zctly precipitated:

from salution as fine crystalline layers !(Foedder. 1948). The
term "colloform" 135 used in this discussion as a descriptive

¢

rather than as a genetic term. ] - *
Individual sphaler:te bands erhibit different colours
svarying from white through a series of ysellows., reddish-browns

and browns to a very dartk brown which appears blact 1n hand
specimens. Although there has been some controvers, (Fpedder,

1

1968) 1t appears that the colour of the sphalerite 13 diractly

0
-

related to 1ts i1ron content (McLimans et. al., 1980), s

I v -

. [
'
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Sphalerite from Pine Point has iron contents which range from

d.:‘mole percent to gvér 14 male percéat ébd the colour of the

)

sphaler;te.varles from white at 0.2 mole percent iran to

opaque’ at about 4 or more mole percent.

v e

Not all of the sphalerite at Fipe Foint :s coplleform., In

some aﬁéas éhe sphalerite forms }déomorphig or blo;&y.:rystals\

~ * . » - Y e
which ‘occur as vug-fﬁnlhgstor 1ntergrowths with sparry
calqlté. skall (1275) reports that colloform sphaleritzs 1s

-

cdmmdﬁ 1n.massive ore bodies but rare 1n the tabular variety.

v -

. -

Fine Foi1nt galena 1s foung i1n three praifcipal varreties\
N . A

which are described by Koedder (1963). These.are:

1) Large, skeletal érystals.SMalnly 1n the centres of

‘sphalerite botryoids, which -transect the sphalerite

bands. o . N

“
° - . . L : . N

) Elpongated crystal blebs which are radially arranged

1n~the sphalerite botrybld%. The galena crystals are

often faceted at their léading edges, with the {1112

ey -

crySFaiIOgrgphlc\dzrectlon (thé fastest—growth

-

. direction} pointing outwardd.
3) Cparsely cr}stalylne Ve1ﬁlet$ which cross tbe sémﬁlei«
1h“par§ randomly but which tend to be concentrated ’ Toe

-

B hd -
¥ between i1ndividual botryoids on their i1nterference

p ~ -
a
- ' PR |

surfaces. ) " -

The three'types of galeﬁa are 111u§traﬁed 1n Figures 2.&6. 2.7

and 2.8.

B e R -y, = - - + e
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FIGURE 2.7

GALENA . CRYSTALS
CROS8-CUTTING
BANDING IN
SPHALERITE |

FIGURE 2.4&1

SKELETAL GRAIN
OF GALENA IN
SPHALERITE

FIGURE 2.81

FRACTURE-F ILLING
GALENA IN
SPHALERITE

/




Fyrite and marcasite at Fine Foint are found 1n two
principal forms. The first 13 a primary stage of s,ngenetic
pyrite which occurs as small disseminated blebs 1n the
dolomite, often concentrated along bedding planes. This type
of pyrite forms only a tiny volume of the total ore bua* 1s sO
widely disseminated as to be present :n almost any sample of
the countr / rocf. It 1s 1nterpreted that this péi;te wWas
formed i1n the soft sea—floor sedi:ments during Jdecompos:tion
and reduction of organic matter.

The second and maj;or occurrence cf pyrite and narcasit=
18 as a hydrothermal mineral deposited with the sphalerite and
the galena. Crystals are usually ragged and disseminated and
form cnly a small fraction of the ore voiume. although Siall

(1975) reports that some sulphide deposits at F:ne fFoint ;PR
composed ;{most totally of 1ron sulphides with onl, traces of
lead and z1inc.

Close to the end of ore deposition the chemical
composition of the Hydrothermal fluids underwent changes which
favoured thHe precipitation of calcite. The calcite
precxpltateq>concurrently with the ore and gave rise to
intimate associations of ore minerals (espec:all, sphaler:t=2)
and calcite gangue. Calcite precipitation persisted after the
termination of ore deposx;gon. and this late calci:tz2 can be
observed as overgrowths on the ore and as vug 41111nq5 on

dolaomite. Calcul atad temperatures of formation of- the calc:t=

.0 0
vary from 100 ta 285 C and reccrd the termination of

.




proposed'b, these authors. It 13

.
'

hydrecthermal act1v1t9. A secondary, mon-hydrothermal c#lczte

.

ergrowths on all of the h,drothermal carbonates.’

18 founcd as ov

.and ore minerals and represents an eplscde of ongoling calcoita

~

orecipltation under the i1nfluernce pf meteoric waters.
.The described paragenetic seguence 13 very similar ts tne

sequence descriped by McLimans, Barnes and OFmotoc (1987 +for

podizgs :1n Scuthwest

the West fayden and Edgerton ore

~
—

Figure

Wisconsin. +he' geposi1tional sequence

. P osummarizes
o8

interesting to note that

- . .
depositicn wase preceded b, 'a period cof z2olomite deposzition and

calcite degcsrrt:on: however, pnlite

followed by a period of

.

Fine Foint there was no coprecip:tation of dolom:ite and ore.

THe features and mineralogical textures of ores from this

FIGURE 2.91 CYCLE OF MINERALIZATION AT WEST HAYDEN
. - AND EDGERTON ORE BODIES

i ExFLY :

SFEFHALEF.ITE

FECENT
DOLOMITE -

GHLEMH

PYRITE

78

(adapted from BARNES and OHMOTC, 1!

v




region are remartably similar tp those of the Fine Foint ore

. .
f

bodies and reflect a common mode of origin. Ores of the

g « ~

Mississi1pp1 Valley region (called the \ibernum Trend) are

discussed :1n detail by Gerdemann and Myers (1271),,Zver  ensk

-(1981) and by McLj;mans., Barneés and Ohmotg (1980).

¥
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The fundamental goal of labaoratory—-tased test wort 13 to
provide a simulation of full-szale clart cpersting comditicons,

vet 1n a closely controlled and measuraple envirornmer+t. The

‘.

advantages and the disadvantages of laboratar, worl are well

} nown. Bench scale tests are much mora contrallabla tran plant
tests and the reseafrcher has a much greater chocice ahd,ramgé

. o R . , 3~
of operating variables than he does :n the plant.

Unfortunatel,y, however, laborator, tes: results are ofter

-
~
+

difficult to apply to "“real life’ s1tuations.

This pro,ett 1€ exclusivel , a laboratory prcyect, since

the Fime Foint mill was shut down over most of the per::zd

[y

during wnich this research was-congducted. Thus. much care hed

I3

to be erercised 1n choosing laborator, e ceriments whosea

results could reasonably -be apeplied to a&a '"real” s:tuation

without directly caorrelating them with plant cdata. It was also

d951rable‘to si1mul ate the widest pcssible variet, of

- s -y

_contamination mechanisms by which magnesium could enter tnd

Fine Foint concentrate.

-The data collected 1n this experimental wqrt 13 largel,
« . -, s
in the form of assay data., recoveries, metal distributicns- and

.

the lite. Since 1t 1s not possible 'to mate a direct

correlation between observed laboratcory results and

.

apt{cxbated plant performance ,the presentat:on of nume%xcay

<

data has been lept to a minimum. It 1s belie.ed, however,” that

‘a qualxtatz»e analy, s1e2 of laboratory flotaticn performance can

N

) 41, e .



Tl

ﬁroyideAlnsgﬁht into the range 'and magnitude of possible

flotaticon probléms at the Fine Foint mill. In accordance with

v
'
,

\tbis gbbroach eperimental rgsults have béen presented .
graphadalf,’whémgver'p0551ble: AlI_expEﬁlmentél results which
‘are hét t%bulated 1n the text can he fodgd in the appeﬁdlces

ét thé enU of th1§ tﬁes1s. '

i

Flant data from Fine Foint was available con a limitea
basis for most of the .plart oberatldns\ and for a time peri:od

spadnlng most of the l:ife of the mill. Unfortunately the .ast

N I

maJorlfy af the plant data was'cbllected prfor to the
1nstallation of the new (1587) flotaticn circuit. 30 that the

data may no longer be applicable to Fine Foint operating

conditions. A limted comparisom between plant and laboratory

results has been carried out upor the assumption that the

magnesium problem p}1or tc 1980 probabiy.has the same or I

‘similar cause as the current magnesium éroblem;

and Equipment’

v === =

'
l

-+ The material whlch\wés obtained for this -and for all

. subsequent flotation tesfs was a sample of Flne,Pélnt ore

s .
which was considered by the mill operators to be a difficult

ore to process. The sample (abaout 100 tg) was cut +rom'thé rod

m1ll feed and sent from Finme Foint 1n sealed bucltets. This

»

material had a size of about &0O% passing 7 mesh, and was-.

reduced at McGi1ll to about Z0W passing Z0C mesh uding- .o

two-stage Jéw and cone crushing.. The sample was spl}t

’
x




i

i

v

repeatedly to prodﬂce abcut g0 sub—samples of I”UUg which were
put 1nto paper bag5~and =tored 1in, a"sealedqplastlc buctet. THe

sampl e Qés moi1st onn receipt &nd was not dried prior taq

" storage. The cre eaMpIés were prebared 1in October of %98: and

wereﬂusea aver the period Octcber 1982 to February 1984. It 1s

i

haoped that tHe surface charactérxétrcé of the ore ungerwent no

drastlﬁ changes during storage.

Size reductxon prlor to 4lotatzpn waé accombl1sned L:lﬂg
a 24cm (1engﬁh) by 18cm (dlameter) steel rod mi1ll charged w:ith
nlneteenxl.Scﬁ by 2-_m steel rads. ItIWag‘determlﬁgdythat a

severn minute grind at &5% pulp density would reduce the feed

i

to the Fine Foint grind size of 30K —-200 mesh. It 15 expected

1
N \

that this batch grinding method shpuld produce more coarse

- )

(+100 mesh), and more fine (—400,mesﬁ) material than the Fine

I3

Foint grinding circult, which emplays closeg-circuit grinding

‘Land-classification.

The flotation cell used in this test was a Leeds cell

r

(Fig. 2.1+ The cell features a bottom—-driven i1mpeller. which

allows free access to the top of the flotation cell and

N . b}
unimpeded collection of the concentrate. The impeller 1s

hoabed up to a digital tachometezsr and air flow 1s metered

through a precision flow guage. Fulp level 1s automatically

controlled via a’'pressure transducer at the back of the cell.

Tali}ngs_can be purged (with difficulty) via a spigot-at fhe

'

bottdm 1e¥£~hand si1de of the ce}l. The Leeds cell was found tao

~e——p——
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N

give very uniform and reproducable gperating conditions and

.
- i) '
4

flotation performance.

Reagents used i1n flotation tests came from Cyanam:id Inc.

sranthate), the Dow Chemical Co. (Dowfrott 280)s. and Fisher
Lt3. (metal salts such as NaCM. Cal etc.). Stock solut:ons o
the metal salts were lept for several nonths, while orgénlc

reagents were prepared ,ust pricr to the-euperimentsz.
1 ' L ]

Definirtign and Frainciples of Locked Cycle Flotation

R it Sl e —mmERaER — ===t

Simulation of piant flotati1on conditicons canm bHe e%fecteﬁ
in a varlet/~of ways, ranging from a single batch test to/the
construction of a mlnzéture p1lot plant. In this pro,ect 1t
was not feasible to cgndﬁct continuous flotation tests . sc
that a flotation procedure had to be found using batc% tests
whzch"would simul ate plaat conditions. One such method 1s
locted cycle flotation. 1rn which a continuous Flotation
circult can be simulated by performing multiple batch
flotat;éns énd by récxrculatlng mxddllng; from early flotation
stageé to'the feeds of subséquent stages. The prlnbxplesﬁof
this method aré that: }n
1) A batch _test must be conducted for every flotat:ion

séage (called a Qgég ) which 1s to be sxﬁuldtéd.
2) The i1ndividual sﬁages.are performed 1n & -cHrono-—
logical order cp;respbndlng t; #he norméi (plant?

processing sequence.

)

3) The middlings collected at each node are retained.

1
'
. .
1
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4) When ail nodes have.been ‘simulated (ie. whén one

‘cycle of the' test has been performea)., the entrre,

procedure 1s repeated using fresh feed and
middlings from the 41rst’:ycle‘are'added at . .
- apprcarxate pélntg within £he circult.
S)- Sufficient cycles of the e:periment are)petformed

s0 that the s,stem reacnes equilibrium,., Egquiliibrium

can ‘be recognized 1n several ways., two O0f which are:

¢

a) The summed'composxt1Ons of the concentrate and
tHE'talixngs become equal ﬂo the zomposition of the
fresh feed (1e. what comes out = what goes 1n). This
condition 13 nat ¥rue 1n the Fxést'cvcle. for

erample. since part of the feed_ 1s retained as

mlddlxnés. b) The assays and the masses of all

streams stabilize. - ‘ .

In order to efftectively use the locted cycle procedure,
one must determine several operating parameters before the

‘. test as stérfed..xnclud1ng the following:

)

' 1) The'Dptlmuﬁ flotatzon‘tzmes-muét‘be established for

’

each mode 1'n the experimental czn:uit. (It‘ls

‘assumed that the physical and chemical conditions at

each node are predéterM1ne& according to plant

practice and are constant throughout thé test).

,-2) A predicticn must be made concerning the cycle at

) which the test can be terminated. This 1s necessary

‘ _-‘ /\—/j -



%

-

due to thé fact that equilibrium i1s not visually

observable.

s , 1]
The only alternative batch ‘Brocedure to loclted & cle

flotation 1s gpen .cycle testing. This 1s the “con\eng1oﬁal“
method for perfarming 1éborator; flotation ﬁesté. For the
purposes of this pro,ect a locied’cycle test was chosen:
although both locted anc open cycle procedures ha;e-thezr

advantages and disadvantages, as summarized below.

Open Cycle Flotgtzon:

Advantages:

1) Ehe proéedure 1s fast, since each npde 15 simulated
,Dniy once., and flotat:on times are usually

established by "eyeballing® the cgntentrate whlﬁh

comes up.

’

2) As a direct result‘ofithe speed of the procéddré a

very complex circuitt can be:simulated in a

reasonable amount of time. '

Disadvantages: ‘ L .

1) The proéedure reveals almost nothing about'plént

a

flotation s$ince nothing 1s tnown about the ultimate

.

destination of middling partzcles.l

ment must be performed more than once. Since this

requires almost as much dffort as performing the

locted cycle test, some of the time ad%antége 1s .1l

g ’

47

7) In order to be confident with the results the e:iperi-—
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Locleq Cycle Flotation:

'Advantages: g e

1)

This 13 the form of batch test which provides the .

.closest approach to plant festlng.

The effects of recirculating loads and the ul timate

-destindtions of middlings can be examined. ’

Disadvantages: »

1)

'equrllﬁrxqm.:Thls_meang that 1n, say. a circuit with

=)

’
+

procedure also requires 15-20 times the amount of

The’tast 15 self-veri1fying., since the establ:ishment

of,én equillibrium situation requires that at least

three i1dentical cycles be performed 1n succession.

The procedure requires 10 to 20 times as much time
as an open cyéle test. This 1s largel, due ta the
amount of prélxmxnafy wart which must be carried out

before the locted cycle test 1s undertaten. The

Y

feed., reagents etc. as an open cycle test.

In mogt cases several cycles,ére needed to reacn

'

S nodes a total of T0-40 1ndividual flotations must

be performed 1n order to adequ@felv éstablxsh . -

N .
g [y

\equgilbr1um. The m1dd11ngé\canﬁot be saved overnight:

~ "

due ta ppsslble chdnges 1n\the1r surface properties;
thué, there 15 a limi1t to tHe aﬁouht of nodes which N

can be simulated. The esperimental circult must be '
kept ‘simple. - - : ) ) : N

The procedure requires two Dperatq:s and the

! 48
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" (1980) .

v

B3

- ~

avairlability of some~ fast dewatering equipment. The

dewatering procedure should not lase any fines, nor

s

should 1t use any reagents - such as flocculants.

0y

The dewatering needs are ;auséd by'thevlarge'amounts
. of water which are - recircul ated -bact to the small,

fied-volume batch cell. o

“©

. -
< - -

It was decided that for the purpose of this project 1t

~
1

was more advantagecous to perform a loCLéd cycle test. The test

was limited to a simple circuit; however, 1t was hel:eved that

this dfsadvantaggiwould be mdre than offset by the greate?

appllcab111fy pfﬁthe exberﬁmental results.

Setting Up the Locked Cycle Test

Wart prior -to locled,cycle tegtlmg'lnvolves the

-

establxghment‘of,+lotat1Qn Elmeé at egach node and the

prediction of the bes;'end-poxnt for the experiment. The -
experi1mental procedures used here are those described bv'Aéar

| e . B .

Agar defines three criteria for choasing the optimum

flotation time at & node. Since the goal of flotation 1s the,

- x

.upgrading of, a feed. 0g maﬁerxél'éggng‘be collected during

flotatlon which 1s lower in grade-than the fteed to that
stage . In other words, flotation should contlﬁue untxl the

“

incremental grade gfjthe concentrate equals the feed g?adé]‘

v ' ~

This 1s Agar’s fairst criterion. If the recovery of metal 1s

e § - .
i3 o

unacceptably low. Agar regséns tﬁat 1t.15 better to édd a

A -




second flotation stage than to continue the first.
Since the cbject of flotation 1s the recovery of an ore

mineral and the rej;ection of gangue minerals, the difference

. T e 5 = AN SR e e N

— e o S, i St

gangue can be treated as first order. rate processes 1t can be

shiwn’ that the difference 1in racovery between or=2 and gangue

‘1% at A maximum when the two minerals are being recovered at

an equal rate. As long as ah/ mineral "A" 1s being recovered
faster than any mineral "R", the abzolute difference 1n -

.‘ ‘r
recavery "R{A)-R(E) " must be 1ncreasing with time. [t follows

. . ' 4
)
that the difference 1n recovery 18 at a ma:imum when

CURA)-R(EY" equals rero, or when "R{(A)" equals "RE)". This 13

Agar’s second criterion.

-_—— =

TR e T 2 S Sl
h

~efficiency should be maximized . Since the separation

efficiency 1s defined as the difference 1n recovery between

the. ore mineral and the gangue, there is no discernable

\diFférence between the second and the third criteria. Agar

shows that the separation efficiency. 1s at’ a maitimum when the
[4

1ncremental concentrate grade equals'the feed grade, This
- 8

conclusion 1s logical if .one considers the following:

0

- By bypassing flotation altogéther the difference 1in

7

r9cqvgry,between are and gangue 135 cero. (Ie. both

“.are "recovered" at 100%).

“
'

~ If the concentrate which is being collected has a

b S . ¢
o H0O

o e eE - - . . T e e - - e p——l
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higher metal assay than the feed, separation 1s
tat;ng place and the recovery of metgl 1 higher than
the recovery of gangue. The separation efficienc,
1S therefore positive.

~ I+ flotation progrésses toc the point where the
concentrate assay 1s less than £ﬁe feed assay a
negative separation 1s taling plaée. Mass for mass,
adding this material to the conFentréte lowers the
grade faster than bypassing flotatlon and adding
fresh feed to the concentrate. Since bypassing
flotation altogether corresponds to a separation
efficiency of zterc. the "worse'" situaticn corresponds

to a separation efficiency which 1s negative.

Thus., the three criteri1a defined by Agar,aré all
statements of the same basic principle, namely,y that flotation
\

should continue until the i1ncremental grade of concentrate

being collected egquals the feed grade.

The complexity of lochked cycle testing required that the

<
a

maximum amount of separation stages 1n this Buperiment be

limited to four aor five. It was therefcre\dec1ded that lead

roughing would be omitted and that the test would employ bult

lead/z1nc flotation. Ig wés h?peﬁ\that the presence of galena
°

1n the zinc circurt waould not affect the flotation behaviour

of.the other minerals. -

)

%




The chosen euper1menta1‘c1ncuit 1s 1llustrated 1n Figqure

B

The circult.was designed to-simulate the following:

iy

. ' > .
1) Zinc roughing/scavenging.

2) Recirculation between the rougher and the cleaners.
. L

Z) Recirculation begween two cleaners.

A4) Flotation after leaching.

~ "Most of the circurt design 1¢ zonventional and

self-explanatory. Thé.routlng of thlfd cleamer tails =2 the

head of the first cleaner, however, 15 not & stancdard

\

practice. Th? rationale behind thxé ls as follows: -

- It 1s not desirable to have large reci-culating lcads

going through the leach, since this resaults 1r righ.
aci1d consumption and}large spluble z1nc loss.
- It 1s not desirable to'let mater:al escape from the

circuilt too easily 1f 1t has reached the trard .
cleangr. Thus. theé materi1al :1s not sent directl, bact
to the roughers. . ‘ .

At Fine Foint the post-leach tailings are sent al. the
AN

way bac+ to roughing. Materi1al 1n the roughers, however, ras a

» ~

T

mean residence time of abowt 7 minutes. This allcows for

greater recover, of slow-flagating- 2inc than the -elat..ely

short flotation times used 1n laboratcr, test wort. It was

decided that 1n this case 1t was belter rot “o emulzie the

Fine Foint circuit.
; o b

A




FIG-

EXPERIMENTAL CIRCUIT ‘FOR LOCKED CYCLE TEST
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Flotation conditigns 1n the individual +lotathion stages

v

were chosern tc simulate Fine Foint conditicns as zZlosel, 25

are outtlined 1n Apgpend:l -

P

possible. and

wa
pail with a magnetic stir-er was used
acid addition cor-esponding to

4

leach tirme was

&K

onl s 4% minutes,

wra.oldatle since zever

leacrea Suring the test. There :35 2.1d

trat withir 42 mina

ad
v
n

Zhapter =

1]}

clilose to —ompletion.

—icgtation Tests

Ircremental

A rt=-tal o+ seven i1rcremertal

~

ectabiish “re apprgpriate F.otat:ior

1n *he loctea =Z,:zle

was usec t- fe+ermire the corre-t

s chosern to simulate Fine Forrmt teach comditiors.

flotatiorn 22343

raJugher <“lctalion

1, Litewris2, the leacr

N oCLastic

Satches -+ concentrate had tc pe

si1Mrce “re ~oughner Zer+IJrmnarI=2 has an c.2rwheiming =2Yf2ct wpon
~“-e per+ormarce ¢ sobseguent <. otati1cr stages.,
The 1nzr-=2mental +lctaticr +<ests are st-aightfcrwar? anrd

~reed .. le & C.anat
are cresert2c “l.3.-.-. anc .n Tables T
TTLGrer ~TL.IZTatIlLn T.Mme was estaniishec

1 1~zremertal Fl2tations Zouliz —e per<t
TESLiI are presertec .” Tigwres .S ang
arzg Z.2. Ir a simiiar nanner, arce %he



v

first cleaner had been,establ:shed. anm 1hcremental second

cleaner flotation could be pervorped (Figures T.c and Table
1

.49, and fi1nally a third clearer flotation ‘Figure 7.7 and

Table 7.7). "he optimum -lotatioh

,_.
E]
]
n
N
m
J
rr
314
3
1)
0
9%
¥
t
+

Figures ~.2 toc 7.7 by finding the *1me at wh.ch *t-e ;
1ncremental -inc grace (nterzects the bac. zaizal ated feec . N
grade to that semaré}xon stage. The Zgtimum vlc:etA:% Times 3
are summarized 1n_ Table T.B. ; .

Some notes canm be pointes ouvt IorcerninNg thE IncTemental

flotati1or tests. [~ the sca.e~ger test *“—g fAgar -u+cff

on
t

criteri10on was rever reacned. tMass r2c.er . SuiCy 1. Idroppeg

'

]
almost nothinmng at just —vser | mitLute. & re.at..el. srcrt

flotatron t:me ot £ mirutes waes Zhcser. ThI3 was CZorsL ferecd
be adeguate. since irrthe 1nc-eme~te. teg+ts 1t Torresgondes Yo
an o.erall zinc ~ecsver, 1n t=e clrTu.% o< Cc.er SE,
ﬁﬁher stages 3; flotaticr the Sgar Z-iteriaor wes ~Rac-ed )
wlthol t praoblem. I~ fac*t, the cZriter:0or was resc
N the cleane-s t-a* 1t was Z.++:z4al% tc 2ss:1g9r 2 corr-ect
flotat:on ti:me. The pci~t of tive-zerc - s
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"In the laboratory cell the recovery rate of zinc 1n the

cleaners was governed not by the flotability of the zinc, bu*

v Y

by the abilit, of the froth to support the huge mass df floats
which were collected 1n the froth léyer within the f:rst )

minute of the test. It was decided, therefore., -that a small

o .

émcuﬁt of time (1S to 70 secongs) should be added tcoc the =)

"ogptimum" times. The addi+tional’ time 1g meant tc help .

compensate for possible errors 1A the estimation of time-zero

and for the rather unpredictable effects cf cperating at

ma.cimum bubble—load:ng and froth-collecting capacit.. “he

optimum 4lotatior %“imes 1ndicated b, Figures 2.7 through .7

.

were rounded up to the nearest half minute. and are presented

‘

1n Table 7.8,
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TABLE 3.1: FIRST INCREMENTAL ROUGHER FLOTATION

TEST 1: ROUSHER FLUTATION

CUM.  ASSAY ReC. {un. CuM.
MASE (B} ' MASEX MASS  IINCZ TINC RE(. GRADE

——————— ———— - ———— ——— c——— ———

16,64  #4,00  al.s2  4l.a2 44,00

v
- e ke e e o o e o o om o w w m

01 HMIN. 21740 15,54
(-2 MIN. 7430 S.89  12.32  ILI0 1809  80.72 2.
-4 NN, 88.40  5.23 27.86 2100 1103 91§ 3977
v k- NN 20080 1.6]  29.23 16,00 228 9607 384
Coog-8 MIN. 1440 1010 30.33 0 %70 081 969 3037
v oOg-10 MIN. 16,00 1022 31,55 500 0.52 947 3a.ll
LI -
' SCAVENGER  18.30  1.40 660 079
CNIN)
' -
RISt 87610 6708 030 L7
]
' RECALCULATED HEAD GRADE: 11.49

TABLE 3.2) SECOND INCREMENTAL ROUGHER FLOTATION

TEST 2: ROUGHZR FLOTATION

W

Lo CUM.  AS3AY REC. cun, cum,
MASS (B)  MASSI MASS  1INMCI LINC REC. GRADE

—— ———— ——

19.51 42,30 70.32  10.52 42.30
24.24  TL20 0 1144 BLHS 40.32
7.42 20,10 .36 L2 18.97
30.12  20.00 .62 95,93 32
31.09  10.50 0.88  94.81 36.143
00 32.09 - LM .38 97.18 B4

0-1 MIN. 234,00
1-2 MIN.  56.80
-4 NN, 38.10
-6 RIN. 32,8
-8 HIN, 11.70
g-10 MIN. 12.00

—

—O RN D
-
N e 12,
XD O D td v

B T o

SCAVEMGEF  22.30 1.86 © 9,20 1.4 )
(4 MIN.)

TAILS: 792,30 85.0% 0.24 1.34

RECALCULATED HEAD GRADE: 11.70
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TANLE 3.‘3: THIRD INCREMENTAL ROUGHER FLOTATION

\

1
L]
]
]
-
[
t
[
'
1
'
t
]
9
1
1
1
i
'
‘
'

TEST 3: FROUGHER FLOTATION

-,

1

PY" '

CUM.  ASSAY  REC.  Cuw.  cum.

WSS (5)  WASE1  WASS  IINCI  IC  REL.  GRADE

e - —— -——== ——— ——— ————- '

- o oa34.80 20019 20,19 4LSG 732 T2 ALS0 ¢
H E{L‘ 24.50 Sey 7S 1310 16,04 B9.16  39.89
4 MIN. 3160 077 B 22,00 S22 W38 3800
-4 WIN. 1770 1.4 fe.es (€00 1,85 %1 Thuae
8 MIN. E0 230 fTH o i 070 Al Ghdb
§-10 NIK. 870 0.40 L1540 0ds oA 3ETT
SCAVENGEF  10.30  0.89 1320 1,02 !
14 NIN.) . : !
TAILS: 739.80  67.92 0.30  1.80 :
t

I
RECALCULATED HEAD SRADE: 11,46 '
w 3.4 INCREMENTAL BCAVENGER FLOTATION

TEST 4: SCAVENSEE FLOTATIOK :
. CUM.  ASSAY  REC.  CuM, Ccum.
MES (6)  MASSL  WASS  IINCI  INC  REL,  GRADE

N 1
ROUGHER:  195.20  30.19 .10 (93.8) '
SCAV.FEED . 321.50  49.91 .03 (4.2 :
SCav. CON © S2.%0 4 1,97 (4.0 ;
0-1 WIN.  27.30 332 332 2010 4477 sT2 20,10
-2 MIN. 7020 0.88 420 4.0  S.6l 0.3 179
223 MK 440 056 T4 0 .85 TLIB  15.95
35 MM, B.70 .06 579 10 421 TRW 1378 !
7M. 480 058 b8 ddo b9 TR 1D
TAILS: . 78%.e0 45,37 0.3 T80 '
L :

i

11,62 '

RECALCULATED HEAD GRABE:

s

=1=]



TABLE 3.35: INCREMENTAL CLEANER i1 FLOTATION -

!
|
J
]
|
i
i
'
1
1
i
]
1
1
|
1
|
1
1

TEST St CLEANER 1 FLCTATION
NASS (B) MASSY
FOUGHER: 343,30 (29.85)
SCAv, 88,20 ( E.f0)
0-1 MIN, 288.30  T74.B2
1-2 MK, 20,80 6,02
2-¢ HIN, 6,90 2.00
4-6 MIN. 2.00 0.58
CLNR! TLS  57.20 16.56
~
FINAL TLS 731,60 (04,49}

RECALCULATED HEAD GRADE

Cu,
MAES

78.82
80,04
8z.84
83.42

A35RY REC.

. TINCE ZINC
37,56 (94.87)
7.81 (2.96)
44,40 BB.44
2,00 672
36,70 1.9%
12,30 0.51
5.45

0.2 ,( 1.23)

11,74

“Cun,
REC.

CuM.
GRALCE

44,40
44,22
44,04
- 43,9

TABLE 3.6¢ INCREMENTAL CLEANER 2 FLOTATION

TEST 6: CLEANEF 2 FLOTATION

ROUGHER:
SCAV.
CLWRI CON
CLNRL TLS

0-1 MIN.
1-2 HIN.
2-4 -MIN,
4-5 MIN,
CLNR2 TLS

FINAL TLS

MASS (6)

768,10

{87.59)

RECALCULATED HEAD GRADE'

Cu.
"MABS

89.30
97.4%
98.464
96.77

ASSAY REL.
ZINCX ZINC

..... ——rte

37,36 (96.84)
7.81 ( 2,32)
41,00 (94, 44)
5.08 { 2.00)

£2.10 91,89
36,00 7.1¢9
21.80 0.78

CUH,
REC.

=== 0.00 ~ 99,

11,50 0.33

0.22 (1,19 -

12,07

CUm.
§RADE

42.10

41,39 |

1.43
H.37

59
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TABLE 3.71 INCREMENTAL CLEANER 3 FLOTATION

. TEST 7: _CLEAMER 3 FLOTATION

M55 (6)

]

[}

1

]

' ———t————
! ,

' ROUGHER: 418.27
! CLNRL CON  357.63
! CLNR2 CON  326.42
O CLNRZ LS 3LL20
: CLWRI TLS 60,60
t Q=1 NN 281,10
! 1-2 NN 50,30
! 2-4 MIN. 18.70
! 4-6 NIN, 4.60
: CLNR3 TLS 11.50
: FINAL TLS 801,70

CUN,
MASEL NASS

{34.29)

(29.32)

{26.76)

{ 2.36)

{ 4.97)

- 73.86  73.88
15.41  89.27
3.3, 95,00
{4 9.8t
3,69

165.72)

RECALCULATED HEAD GRADE

ASSAY

REC.  CUM.
IINCT  1INC  REC,
13.15 (96.83)
L3776 (94.30)
38.91 (88.70)
35.68 (5.40)
5.98 ( 1.80)
10.28 7648 Th.4s
19.59 1568 92.14
36,33 ° 535 47.49
.38 077 98.2b
18.64 174
0.5 (1.23)
1.74

3
=
4

N

40.28
40.16
18,93
39.06

« -

1

TARLE 3.8: SUMMARY W‘ OPTIMUM FLOTATION TIMES

FLOTAT 10N
STAGE

7 it i v — s o s o

ROUGHER :

CLEANER 1

CLEANER

CLEANER

‘
t
t
1
'
!
' SCAVENGER
|
'
L}
1
1
'
1

t)

(&

OFT IMUM

TIME

MIN

MIN

MIN

MIN

*MIN

CORRESF ONDIMNG
RECOVERM

\

—_——————

P5.2 FERCENT

56.8

——— s —
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.results of open cycle tests to predict the results

b3

/

‘cyclé test results couwl

égar

cycle test.

using samples which were toa smal

test. It has been mentiongd that the locted cyzle procedure

s

cycle testing: howgvértthé locted cvcle procedure ﬁe¢u1reé

atign cf

{1978) pdblished & mathematical model‘wh:cﬁ vwess th

~

sields-a better

~

the Agar Fredictive

éstxmatlcn of pbla

s

"The development of this model became necessary.

when Agar ‘wished td mat e predictions\about plant per formarc?2

]

r

£+ a locle

5}

—

l *c use in a locled crcle

[

s

nt performance

than does apen

"

about 10-1S5 times as much sample as an open cycle test. It was

therefore hléhly desirable to develop'a wmethod by wh:zh opan B

-

-

of locted cycle behaviour.

4

d be ‘e«trapglated ta yield a. prediztion . .

B

Incremental flotation tests which are perfaormed under

rdentical phys1c€I‘and.chem1ca1 conditions should defing fied

]

'

<

.

' ’ b ‘
grade/recovery curves for aach mineral i1n the fesgd. !

Cohsequently, the flotation time used &t an:
circuirt should 1deall, have associated with 1t a fixed.

- 1 ~ - W v .
recovery far each mineral. This recavery. 15 referred to as a

t

N
¥

’

N e, .-
y npde ‘within a -
' A

'spth factor. <In the Agén model - the sﬁllt ¥gctor5 which are

»

cal:ulatgd at each node areg used-to 6fed1ct'tﬁe

equilibrium will be reached., and the conditions which will

1

.

cycle at which

&

3 . . ‘ R
1st at that equiliybrium. A.mathematical simulatian. of the

1

flotation procedure' 1s carried out by, wsing ‘the split factors

td‘calculate the amount of

2

> .

middlings e:xpected at each. node



. A

A

during the first cycle.oﬁ the test. The caéculat1on§ are then

repeated, with the middlings .insertac at appropriate points 1n

 the zircuit., and the simulation 1s continued unti1l! the results

\

converge ypon Teqgquilibrium”" values.

It 15 assumed during these calculaticns that the split
factors obtained from 1neremental flotation tests ars fined -

values., and that théy are not affected by the bu:ldup of 4

recirculating middlings during locted c,cle testing. This

assumphion 15 a fundamental (but unavoidable) wealness 1n_the

[ *
. v 4
predictive power of the Agar model. For 2:.ample, ~inc whizh 1=

£l

found 1n the middlings 18 less flotable, o average, than Tinc
which reports directly to the c:néentraté. When this matarial
12 recirculated baci tokthe ?ead of a separation stage there
15 an 1nevitable lowering of the zinc split factor. Since this
transl ates 1nto an 1ncréased baclwards flow of zinc 1n the

-

N
circuit, z21nc losses 1nto the tailings are almcst always

higher than the model predicts. In a similar manner, ma&nesxdm °

which reaches the cleaners 1s‘moﬂe flotable. on average, .than
magnesium which 1s re,ected straight away 1n the roughers.
(The preci1se reaso; for this, "increased flotability", be 1t
loching Qr'whaéever. 15 1rrelevant). Thus. when middlings

streams are recirculated ther2 15 a general .ncrease i1n the

B
~

magnesium split factor. Since this represents an i1ncreased

forward flow of magneésium 1n the circuirt, magnesium lavels 1n

the concentrate are usually higher than the model predicts.

Y

THus. the Agar model pradictions are generally optimistic in




*

grades and reweoveries of cconcantrates, and tand to precict
recirculating lzads which are tzc low. The

these deviationz depend:z bhighl, Lpor the mater:2al beirg

P+
It
n
T
b
1

lzolaticorn < =zegara

t§r

tecstec. Agar sa3gested the

tactors for *he recirculating streams 10 Cases whz2re the, .=
si1gnifircant mass.

The moael zZe.=lcped b, Agar Fas pctant:ial al_e - .= -anm
be useag tc accuratel, pred:ct the c,cle a%t which ecurliil-o.om

will occur :n a leocled cycle ktest or, betitzr =zt:ill 1T L% zanr

1}
p—
t
-
}
Pt
(17}
w
it
\n

be used as a replacement fcr the *est 1ts=s

1]
1
iy
W
S
9

1invol ving copper—nichkel sulphices ans a s1l.23r Or

evaluated tnhe agreemernt between resul*ts obtarned b, Zgpern z,zle

o
(
8]
3
a
¢
n
ot
va
a
1l
-
1)
n
1
(5%
'
1
s
1}

predictior and results obtained
testz (Takle T.%). In the e1: tests reported L, Agar “he

relative error 1n the predictec concentratz asza, ‘de+ned

1)
th

—~ e

1O2¥ (obser ved/predicted) ' averaged 17 *he relati.e error 1n
the tai1l:ngs assa, a.eraged 19°%., and the relati.2 error n
ele»én middl 1ings assa/s averaged 2Z7°.. The relati.e errors <“or
metal distributions 1n the szame 351 EfStS a.e2ragec 4., 17 arc
0% for the concentrate. tailings anz middlings. respectively.
These results 1ndicate that the predicti.e model can te ssed
with fai1r accuracy to predict the final concentrate oraduced

from a locted cyzl2 test, but that accurac, 13 consicerabl,

less for the ta:ilings and espec:all, for the middling streams.

‘2], that' 1n cases where locted cycl2 testing —anncos

—
(s
H-
W
—
P

be perfocrmed 1t 13 more advantageous to use reswklis -f tnhe
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TABLE 3.9: COMPARISON BETWEEN AGAR PREDICTIVE MODEL AND
LOCKED CYCLE DATA

~ PREDICTED  OBSERVED  PERCENT 5PADE S52ADE  PERCENT
' TYPE OF ORE STREAN DIST, DIST. DIFFEREHCE FREDICTED (BSEFVEL DIFFEFENCT
] _——
t L
' NJ/CU SULPHIDE H1DDLINGS 19.00 13.40 -2 0.46 0.34 -3
' MIDDLIRGS 5. 80 27,10 -3t .82 2.3 -7
! CONC. 34,30 75,70 -1 4.97 <31 14
! TAILS 15, 60 21.20 24 0.07 0.0¢ 2
1
' N1/CU SULPHIDE M1DDLINGS 23.00 14.70 34 0.63 0.66 <
! CONC. 81,10 80,80 0 6.60 4,98 -33
' TAILS 18.80 18. 80 0 0.08 0.08 0
]
' N1/CU SULFHIDE MIDDLINGS 8. 40 11.00 42 0.61 0.7 -55-
! 11DDLINGS 15.60 14,90 -5 0.29 0,21 -38
' CONC. 77.70 80.00 3 4,740 4,90 10
! TAILS 22,30 19.10 -17 0.11 0.99 -22
* NI/CU SULPRIDE MIDOLINGS 2.10 3.70 43 0.25 0.41 19
! MIDDLINGS 1.20 1.40 25 0.58 0.62 b
' CONC, 94,80 91,60 -3 .33 3.5 b
' TAILS 5,20 5. 40 I8 0.08 0.12 Y
t
' NI/CU SULPHIDE RIDOLINGS 3.30 7.70 57 0.50 0.82 M
' MIDDLINGS 2.20 5,90 63 1,34 1,81 17
' CONC. 50.00 86,70 -1 3.85% 7,40 -12
: TAIL3 9,90 11.30 12 0.15 0.18 17
]
' AG EXPLORATION 3AMPLE  MIDDLINGS 3,20 3.40 6 (AB) 123 (AG) 128 ]
o ] MIDDLINGS 11,90 9,80 -Z1 (PPM) 391 (PPM) 350 -3
! LCONC. 84.40 85.40 1 40 19 -3
' TAILS 15.50 14.40 -8 11100 13700 19
1

(after AGAR, 1978) ?
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Agar pred:cti.e model than ©C use %the urac,u.sted rec.lts of

oper I,z.2 test.~g: "owe.er, “ I Tar, sgs..ZatlIns Z2..atiI73
z.Z% as *“rose cZbservec rn tme tests Jer~OrTEC T, AIaT a7& LI
13T TZ reric :“E:aEaFdCﬂmEﬁt - lzZc 2C IZ,zIl2 nest."3 .- Zzzes
where ttere e..sts sufficient mater.e. ~Zr tre LIIlreZ Z.z.e
proccecure tc be performecd.

Agar s0ugnt Y3 1 TMPrC.2 *"e pread.-%l .2 .al..e v .3 nclel

*, g3enerating secondar, split tattcors 0~ 2 ~.Zire.-cIZzlier cre
such as that osed 11 the e per:imert: -¢ Tabie Z.%. "he
middling streams were floated arc ass:gned thelr cw =ci:t

4

factors. It was found that the seconcar, spl:t factors were

almoet 1dentical to the primar, split factors. =arc tha+t Ao

rt

7
s1gnificant mprovements were made c.2r he ymit:ial

<

predictiorn. This result suggests that the I2:¢

/

=%

h

Br-ce Detueen

o

predictec anc obsérved results was caused , & sensiti.it. cof

the material to small changes 1rn the operating gprccedure

rather than b, a fundamental wealness 1n the prec:z%t: . e rmocel.

»

&7 .

— e e bbmeca e o e e e
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There are two distinct types of error which can
contribute to deviations Detween predictions of the Agar model
and actual locted cycle results. These are erternal errors
caused by slight changes 1n the air flow rate, 1mpeller speed
etc., and ‘i1ntrinsic errors generated by variable flotation
0f the +teed under absolutely 1dentical coperating conditions.
In a single flotation test there 1s no deviation caused by
intrinsic errors: however, 1n locked cycle flaotation where the
nature of the feed to any one stage changes from cycle to
cycle one cannot malke this as;umptlon. The Agar model 1s
potentially useful as a model to predict locked cycle

-

behaviour so long as any one of the following conditions are

met:

\

» )
a) The 1ntrinsic errors are small pr constant for a

wide variety of ores., thus allowlng for some type of
empirical cprrect;on factor to be established.

b) The i1ntrinsic errors can be quantified by the
generation of secondary split factors.

c) The intrinsic errors are within the confidence

limits which are desired 1n the prediction.

In order to evaluate the 1ntrinsic erroars associated with
the application of locked cycle predictions to Pine Po:nt‘ore‘
’ i

1t 1s necessary to develop some sart of range within which the

results could vary due to experimental procedure alone. Any (

&8

[ . it ot = - e e—— -_ e
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variation beyond this range can be attr:buted to i1ntrinsic

sources of vérlatxoa. There 15 a limited amount<bf replxéate

data from tée :ncremental flotation tests which can be usec <o .
@2stabli1sh a rough estimate of the ~eprodicab:l:t, of flotation
resQ1ts dur :ng iocbed c,cle testing.

The results of the seven 1ncremental ‘lotation tests are
summarz:ed 1M Table T.l0. ﬁour pieces o+ :nformation are ‘ -
provided far each.élotatlon stage. These are recovery of
—i1nc at the opilmum 6lot§t1on time {1e. the split factor),
Eumulatxve. grade of the concentrate collected up to the
opt;mum flotation time, the percent mass recovery associated

with this cutof+f tlhe (e%prgssed as a percent o the 1nitiral

feed mass), and the recalculated cinc head grade going 1nto

'

' the separation stage. ' .

The i1nformation 1n Table 3.ib was used to calculate the
average split factors and the standard deviations of split

factors for zinc and for mass at each node. These results are

’

presented-1n Table Z.11: The number of trials uport which each

sple factor/standard deviation were based varied from seven

! .

for the rougher‘fiqtatyon (which had to be performed 1in each -
of the seven tests) to only obne for the third cleaner

¥1otat1on (which Qas perfer$ed only 1in theg last test). The
standard deviations of the split factors for the second and -

third cleaners could not be calculated due to an 1nsufficient

~

amount of replicate teafs, and were therefore estimated using

the calculated standara deviation af the rougher split factorl .

-«

»
-
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TABLE 3.10 SUMMARY OF INCREMENTAL FLOTATION RESULTS

: TESTY  TESTZ  TESTT  TEST4  TESTS  TESTs  TESTS
© . OUNR I: BECOVERY: | ----- O 81.70
¢ eemeel GRADE;  memem meee- - cmeme mmeee 40.2)
' MASS REC -~ smemm memem emeem e ———-e 22,80
\ _ HEAD: s ememeemmee emeee emeen e TTLE0
' CLMR 2: RECOVEPY: , 86.80  BB.70
o === GRADE: 42,10 8.9
' © IMASS REC 2650 2a.T0
! HEAD; 41,00 27,80
© CINR 1: RECOVERY: 90.50  94.40 94,30
[ GRADE: M,20 41,00 I7.8¢
v “MASS REC 2,70 24,90 2930
' HEAD: 7.0 38.54 1120
' ROUGHER: ' RECOVERY:  9.5¢  96.80  9.80  93.80 94,3  ©5.44 6.8:
[R——— GRADE: . 17,90 3690 650 o 00 IT.5 3.4 D15
' IMSS REC 29,8 20,60 30,40 30,19 20,55 0,15 34,20
: /4EAD: 11.89 11.70 11. 46 11.02 11,74 2.0 1.0
" OSTAV.:  RECOUERY: 3200 54,00 26,00 7.0 TN00 85,00 -----
- . GRADE: 5,80  9.C 1,20 1380 .80 12.50 -==ee
' TNASS REC. (.40 1.0 0,30 400  5.90 2,200 -mee-
Co oy HeAR: 0.58 0.8l 0.5 .02 0.86  0.62 0.5
COTAILS:  RECOVERY:-  L70 L3I0 L300 LS50 L2 1.2 ~----
toee= GRADE: C030 N 030 026 0.2 S92 em—e-
1
TABLE 3.11 SPLIT FACTORS. FOR ZINC AND FOR MASS
WITH STANDARD DEVIATIONS o
| ' i
' WMBER OF YIN FLOATS  GTAHDARD YMASS FLTS  STAKDAFD ©
' GTREAM TRIALS (SPLT FCTR)  DEVIATION (SPLT FCTR)  JEVIATION
t —————— . '
| B Lt
' ROUSHER 7 0.95° 0.011 0.208 0,006 :
I
' SCAVENGER b 0.568 0,197 0.0 0.02¢ !
' ' , ’ * . b .
' CLEANER t 3 0.94° 6.012 0.881 0.03¢ :
]
' CLEAWER 2 2 0,930 - (0.015! 0.9¢2 0.019) :
.V CLEAWER 3 L 0.921 0.891 (0.015) :
]
] ]

{0.015)
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(the most confident value available).
The zinc split factors were used according to the Agar

procedure to calculate the eixpected amount of recirculating

zinc 1n each middlings stream and 1n the concentrate and .
tails (Table Z.12). A similar set of calculations was
performed for mass (Table ~.127). It can be seen from elther of .

the tables that equilibrium should be reached i1n the fourth
cycle of the locked cycle test. It was decided to'perform"the

Lo e

test for seven cycles 1n the hope of obtaining three sets of

replicate data. f

Tables .14 and ~.15 present the standard deviations of
the predicted zinc and mass flow rateg. calculated fram thé
data of Tables Z.!1. Z.12 and ~Z.12. At ,unctions where two or
mor e st;eams are merged (such as the feed to the first
cleaner) the varxaéce of the flow rate 1s equal to the sum of
thelflow rate variances of the componeﬁt §§reams. At the five
separation stages the variances of the concentrate and

ta1i1ngs flow rates can be obtained by applying a Tavlor

seri1es expansion as follows:
For the concentrate:

CON = FEED x SF (SF = split . factor)

VAR (CON) = {(VAR(FEED) "2 x SF} +‘CVAR(SF)'2 X FEED?

71
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TABLE 3.12 PREDICTED

ZINC FLOW THROUGH CIRCUIT

UNITS OF ZINC, WHERE 100

ETREAN CvCLEr  CvllEl  CZYCLES

PR TS V)

RGHR FEED  100.00  103.30 106.00
RGHR FLTS 95.90 190,38 101,45
REHR TLS 410 4.0 4,15

SCAV FEED 4,10 §.12 §.23
5CAY FLTS 3 o4 -
SCAV TLS 1.7 1.87 1.88

CLML FEED  95.90 114,37 117.54
CLNL FLTS 9293 110.)7 112.90
CLNI TLS 2.97 7.5 T.04

CLNZ FEED 92.83 110,77 117.9¢
CLN2 FLTS 36.42  103.00 103.93
CLN2 TLS 6.50 P 7.7

CLN3 FEED  86.42  103.02 105.92
CLNI FLTS  79.59 94,88 97.56
CLN3 TLS 5,83 8.4 8.7

UNITS ARE AJDED TQ THE GOJEHER EACH CYCLE

ALEY

18,22

114,52

106,54
98.12
8.4z

CvCLEB

—rD ga
-
~4

(8.2
114.36

114,50
196.5

106,24
18.12

TABLE 3.13 “PREDICTED

MASS FLOW THROUGH CIRCUIT

UNITS GF MASS, WHEFE 190 UN'TS AFE ADDEDY TC THE POUSKEF EAlH CYCLE
STREAN CYCLEl  CYCLE: CYCLED CYCLE4 (YCLES CYCLEZs  CYCLET  CYCLES
RGHR FEED  100.00 104.l16 107.17 107.28 137.47 197.34 10744 107.M-
RGHR FLTS  J0.80 32,70  33.01 32,07  I3.09  I.0° 23.00 23,08
RGHR TLS 69.20  73.46  7A.16 TAZL TAGE 7433 74,15 435
SCAV FEED  69.20 73.46  74.16 74.31 74,34 74,35 74,35 74,35
SCAV FLTS 2.4 2.54 2.67 2.68 2,68 .08 .68 2,68
SCAV TLS 88.71 70.82  71.49 7163 7M.s6 T 71,47 N.e? 1,87
CLN1 FEED  30.80  3B.02 39.58  39.92  39:/9%9 40,0t 10,04 40,01
CLNI FLTE 27,13 33.50 34.87 3I5.17 35,71 25.28 IRX 35.28
CLNI TS 3.87 4.32 LI 4.75 4.74 78 475 .75
CLNZ FEED 27,13  33.50 54.87 35,17 35,23 35,25 J6.IS 39,25
CLNI FLTS 2448 30.22  31.46 31,72 3178 IL79 3179 31.80
CLN2 TLS . b8 3.28 3.42 3.43 3.45 3.43 345 3.4
CLNI FEED 24,48  J0.22 31.46 31.72 31,78 51,79 4,79 31,80 ..
CLNZ FLTE 21,8  26.92 28,00 18.2¢6 28.I12 IR.IT 8. b:
CLN3 TLS 2.8 3.8 3.43 340 3.46 3.47 .4 3.47
72
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TABLE 3.14 STD. DEVIATION OF ZINC FLOW DUE TO

EXPER IMENTAL

(EXTERNAL) VARIATION

RELATIVE STANDARD DZVIATION QF °REDICTED IINC FLIW PERCENT)

- e e = e o = e = o o oo o o o o e = o om oa =

STREAM  CYCLE! oYOLED  CVCLES CVCLER
REHR FEED LS4 .12 .3 2,29
REGHR FLIS 192 240 2.5 3156
REHR TUS 26,87 26,51 2.7 56
SCAV FEED  26.87 6.9 26,97 2,93
SCAV FLTS  in.88 43,90 42.9f 3.9
SCAV TLS. 59T so.08 529 5o
CLNL FEED 192 .71 . 2.% -9
CLNLFLTS o34 L2 i i
CONL TLS. 41,98 42,00 42.04 2.0
CLN? FEEL 224 .02 .21 :. o
AR N R T 345
R T T I B RO R 2008
i BT R T8

LS FLTS o L Tl 3 100
C IS 1920 9.9 191 19 19,34
TABLE 3.1%5 STD. DEVIATION OF MASS FLOW DUE TO

EXPERIMENTAL (EXTERNAL) VARIATION
RELATIVE STANDARD OEVIATION CF PREDICTED MASS FLOW (PEFCENT)

STREAN  .CICLEI CYCLEY  CYCLES . CYCLEB
‘RGHR FEED  0.00 - 173 1.% 1,99 199 1,99
RGHR FLTS 5.0 5.48 5.5 S5h S.Sh S5t
EGHR TS .31 2.8 3.07 30 IS 1005
SCAVFEED 2.1t 2.89 3.0 3.05°  3.05 .05
SCAV FLTS  SB.36 S840 SB.41 A1 5,41 B4l
SCAV LSS I8 3.2 LM s 3e
CLNIFEED 5.9 497 4.9 .00 .5.00  5.00
CLNL FLTS  5.40  6.43  b.84 .45 bA5 45
CLNL TUS. 30063 30.59  30.59 050 NI WS
CLN2 FEED 6.0 - 643 6.48 5.5 045 6.45
CLN2 FLTS  6.81  b.b4 4,65 bbb bbb bubi
CLN2 TS 16,67 16,60 16,61 1,61 16,61
CLN3 FEED  5.81  6.64 6.5 5. o 5,66
CLNFLIS 7.0 4.83  6.86 5.87 587
C TS 1535 158 (5.9 15,29




and for the tailings:

TAILS =. FEED x (1-8F) -

VAR (TAILS) = (VAR(FEED) T % (1-SF)2 # (VAR(1-SF) 2 % FEED:

- Table 3.15 presents predicted assays of the various
] ' .
streams at equilibrium. Contf:idence i1ntervals for phe assay
predxctxdﬁs cannot be calculated from the available data since

the assays are predicted as:

Assay = 11.71% x (21nc flow / mass flow)
> J .

N

an; f1low aAd mass flow exhibit an untnown degree of
¢covarilance, thereby ﬁenderxng uncertain any calculated
confidence i1ntervals. Thus, the Agar model must be tested 1n
terms aof ~inc and mass flows rather than 1n terms of assays.

The confidence 1ntervals reported :n Tables .14 and .19
are crude, 1n that they i1gnore much of the fundamentaf nature
of the flotation process. In a case where several repl:caté
flotation tests are performed there will always, be slight
variations 1n i1ndividual cell performances between tests.
These variations gsually cause compensating ad,ustments 1n
subsequent flotat}on stages. For einample, 1§ éhe rougher .
eq&(axns a little more gangue than normal i1n one of the

flotation tests then the first cleaner :1s expected to re,ect

1t. If the rougher floats less -inc then the scavenger should

\ 4

recover 1t. The statistical confidence i1ntervals which are

presented do not tale covariance i1nto account. The omission 1s
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TABLE 3.16 -ZINC ASSAYS PREDICTED BY MODEL

STREAW

PPEJICTED IINC ASSAYS, AS SZRUENT IINC HETAL BY HASS. -

CYCLE' CYCLE2 'CYCLE3 CYCLEA -CYELES CYCLEs  CYCLE? " CYCLES
RGHR FEED  11.72 11.83 11.5% 11.58 11.58 1i.98 {158  11.58
RGMR FLTS  36.49 36,20 36,09  36.06  35.95  36.05  36.05  26.05
RGHR TLS 0.69 0.69 . 0.8 0.69 0.8 0.69 0.49 0.9
SCAV FEED 0.49  0.69  0.89 0.49 0.49 0.89  0.49 0.9
SCAV FLTS  10.%  10.87 10.34  10.83  10.82  10.82  10.82 * 10.82
SCAV TS 0.31 0.3, 0.3 031 0,31 0.31 0.3 0.3
CLMI FEED 35,39 35.24  34.80 3457  Iied | A8 3463 N 1463
(LN FLTS  40.14  38.7 28.28  38.! 18.10  38.09 8.0  38.09
CLNI LS ©  9.51 9.8 9.07 | %03 902 %.02  9.00  9.02
CLNZ FEED 4?.14 3876 28.28  I8.14  -3B.10 - 3B.0S 3809 18.09
CLNZ FLTS 4138 39.9 3%.47  39.32 1978 - 3917 9.7 oM
CLNZ TLS 28,87 27.88 27,34 20.26 > 2.1 1na1 TN 7.2
CLNI FEED  41.28° 39.9% 39.47  29.32° %28 19.27 1807 .7
CLN3 FLTS  42.78  41.30  40.79  40.65  40.61  40.50  40.59 40,59
CLNT TLS  29.99  28.9%  28.60 28.50 2847 2B.48 2846 28,4

e




unavoidable since the covariances cannot be determined without
lengthy EnDéF1Méﬂtatan. The estimated confidence ;nterva{s
'are_there#ore large comparec to the actual variation whizh 13
espected. For e.ample, 21nc re;o.er, 1n the rougher was found’
by eudérxmentatxoﬁ to be P57 +. - Z%; however, the overall
recovery of the circuit (calculated by the sum-of-variances
metﬁod)-has.a confidehce 1nterval of FE€% +/'- 8. Tableag 7.1,
?.1?). Since the amount of variance cpntributed b, e:ternal
error 1s overestimated, results which fall outside o+ the

calculated confidence 1ntervals are lihkely to reveal

A
significant amounts of i1ntrinsic-error.

- .

—_—_=r == =2 x ) Xl =T

The primary ob,ective o+ this section 1s to i1ntroguc=

some of the results of the lochked cvecle test and to vgr1fy
that equilibrium conditions were reached within the se.en
cycle duration of the test. These results are cémparéd with
tﬁe Agar predictions méde for mass and zing flow 1n the
circuirt, with the obyect of determ;nxng the confidence with
which the model can be used to predict performance du}1ng

locked cycle flotation of this materiall The following streams '

.

were collected during the test:

’
¢

- Concentrates for cycles 1 through 7.
— Tailings for cycles 1 through 7.

~ Middlings for cycle ? scavenger and faor the three
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o

cleaners. L - ~

T, v
N . .
. 13

Details of bthe procedure used i1n th=z loctéd zycle test
* // . “ 1 N
are summarized 1n Appendi. I. The concentratez and middlimgs
) . Aooa

were scra=nad s that size-b,-s1ze performance o tHe circult

' > N o\
- .

the cvycle 4 cpnocentrate during screening and gaused some

+ ~ -
-

could be evaluated. An uninown .amount of mass Wwas lcst from

3 . R .
anomalous data points pertaining tS that zZvecle 1n the figures

- ®
which.$0ll oOw. - ‘ ' -
< N r

\ - -
The masses of material :o%lectgd from'eacdh of the streams

~
N

Al 1 - cT : . .
are shown 1n Table Z.17. The, ovérall mass recoxer, 1in the test

“

was S7.45%, wprth the I.,55% mass loss distributed 1n-uninown
. - - B ol

vl

propor{1ons between mass 'logs 1n the leach and mass, 1o0ss

»

L

\

during handling and filtration of %the zamples. In order to
. S " A .
compare observed recoveries with those predicted by the model

all data was scaled up by (1/2.9745) 1n Table <. 18.

The occurrence of equilibrium can be detected wusing any

of several criteria. two of which have been previousl,
' ‘ N El

discussed. EqQuilibrium can be Hetected b, any: of, the

[

follawing: . ’ ' .

.

- Mass flow 1n any one siream becomes constant.

- Zinc flow 1n any one stream becames constant.

\ - v .
- The wieghted zum cf the cfoncentrate and tailings assays

- .
1

-

egquals the feed grade.

- Assays 1n any one stream become constant.

«
.

P
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TABLE I.17 MASS RECOVERY IN LOCKED CYCLE TEST

”

—w
' MASS RECOVERED IN GRAMS ,
' TOTAL § TOTAL 6
' CYCLE ¢ OF FEED RECOYRD CON+400 CON-400 TLSH00  TL3-400
| mccccce cccaccs  edm——— -

f N
' CYLLE | 1148 1009 ’ 170,17 40.6 8.8 238.9
t CYCLE 2 11el 1080 208.8 .7 2.6 W0
' CYCLE 3 1143 1084 23,3 63.8  §21.4 2%
' -CYCLE 4 1163 1097 2133.7 4.2 6.6 2830
! CYCLES 1149 111 228.1 39.¢ S8.4 948
' CYCLE & 1185 1131 223.8 78.0 w301 299.2
' CYCLE 7 1165 ° 1114 7.9 7.7 W2 9.0
1
!
t
1SCAV. CON: 30.4 1492 15.48
'CLNS TLG: 146.8 11,48 135,32
'CLN2 TLS: 3%.8 4.20  19.50
- "CLN3 TLS: 82.3 8.26 54.24 -
MASS MASS MASS
TOTALS: IN out RECOVERY

8104 7900 97.451

TABLE 3.18 ADJUSTED MASS RECOVERY V8. MODEL
PREDICTIONS , L

RECOVRY ~ MODEL RECOVRY TOTAL  MODEL
TOTAL 6 TOTAL 6 INTC IINC  INTO . ®ODEL QECOVRY RECOVRY
CYCLE # OF FEED RECOVRD IN. CON  CONC. TAILS TAILS CON+TLS  CONtTLE

CYCLE ! 1168 1036 20.28 .81  oB.43  36.7) 8g.70  88.32
CYCLE 2. 1181 1108 25.06 26.92  70.40 70.82 9546
CYCLE 3 1143 112 25,73 28.03 M4 T4 4 9932
CYCLE 4 167 1125 25.40 28.26 71,33 T.83 %73 9009
CYCLE § 1149 1140 25,72 28,32 7L.B2 M.he 9924 99,98
CYCLE & 1155, 1181 26.82 28.33 7.6 71,67 100,50 100.00
CCYELE 7 1163 1143 26.39  28.33  7L70 TL.67 98,09 100.00

- HASS ODEL HODEL 57D, DEV. DIFFERERCE

RECOVERED PREDICT. &TD.DEV (OBSERVED VS. MODEL) .
sCav Cov  IL.20 M. 18,3 0.08
CLNRI TL§  1530.54 .46 16,97 9. 81

CLNR2 TLS  34.68 40.20 b.48 -0.83 ¢
'CLNRI TLS 44,14 40.32 6. 16 3.86
78 k
’ A
¢ 2

B i Ll T R e

e



’

;ﬁi ) Determination of Equilirbraium Ay Mass Recovery:

)

S - Figure 3.8 shows the mass of concentrate recovered :in ®
. . cvcles- {1 through 7. ft can be seen that the concentrate mass
stabiliced at the third cycle., but tﬁat thls‘equ111br1um mass
was significantly 1dw?r than tﬁg mass recovery predicted by

the model. The equilibrium recovery of mass 1nto the

concentrate wds 6.0l +/- 0.8%, as caompared to the pred:icted

retovery of 0B.4% +/- 1.6%. -
F%gure J.9 presents S1m11aé data for the_ mass of tailings
1ea§1ng the 5/ste$. Five of the seven cvcles showed tailings
~ma‘;sse; which closely followed the predictec mass recover. of
Zfl§x: however, the fifth and siuth cycles showed an i1ncrease
1n‘tall1ngs mass to approximately 20 5ver the pradicted value.
This 1ncrease lies within the statistical conf:dence limt of
the prediction. ‘ -
‘Varlatzons 1n- mass flow within the circuit can be .
.Clari1fied by eaa&1n1ng the separate behaviow of coarse and
éine partxcres.-lnd;vxaual coarse (+400 mesh) and fine (-4Q0C
rmesh) si1:te fractions should not necessarily exhibit mass
-recoyerles:whlch are tdentical to those predicted for total
mass recovery, since the split factars calculated for each
nodd’are equivalent to the weightec sum of split factors from
individual size classes., each of which can }espond tov
°  flotation i1n a different manner. .
It 1s common experience that fines are recovered at a

l

slower rate than coarse size fractions. The difference 1n

Y
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recovery ;s]espetiglly”evident in circuits such as thig
xperidental circuat where short flotation times are used.
Thus, the split factors of the coarse size classes are usually
higher than the overall split factor while the split factors
of the fine material usually fall below 1t. A buildup of fine
recirtulating loads 1n the circuit usually lowers the DVE(all
split factor below the predicted value.

Figures 2.10 and Z.11 show the masses of sized
concentrate and ta111ngs; respectively, wﬁxch were recovered
1n cycles 1 through 7. [t can be seen 1n both figures that the
coarse material followed the predicted mass recoveries fairly
closely, while the partitioning of fine material between the
concentrate and ghg tailings tended to fluctuate. The coarse
material appeared to reach equilibrium at about the third or
fourth cycle of the test, while the f1ne material seemed not
to equ1f1brate at all. The fluctuations i1n mass partitioning

fa C
which can be seen 1n Figures 7.8 and 2.9 a* caused almost

g a
exclusively by the variable behaviour of the -400 ‘mesh size

-

classes.

e

There were no changes 1n uperat1hg conditions during the
test .which could explain the variable behaviour observed 13@
the fine sizes. It 1s possible that the -400Q mesh Dartlgle;’
were sensitive to subtle changes i1n operating parameters at a
level fxner'than th%t to wa1ch the eiperiment could be
contrélled. It 18 the opinion of the author that the
fluctuat:ons could be caused by slight changes either 1n

<
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flotation' time or in frother concentration i1n the cell. The
difficulties 1n establishing erract flotation times have been
prev1ousiy,ment10ned. Frother concentration i1n the flotat:on

cell represents a second potential source of variation since a

certain amount of {frother 18 recirculated with the mzddlings.

T
————

Thé e:tact ammun£ d?a?EEfFEUTEtrﬁg—fratheacaimgéﬁgynth the

amount of water 1n the middlings pulp.

The masses found 1n the recirculating loads at the end of
Cycle 7 are reported at the bottom of Tableki.le. It can be
geen that the masseos of middlings found 1n the scavenger
concentrate and i1n the second cleaner tailings wéra both very
close to the préd;cted values. The first and th;rd cleaner
tar1lings. however, both contained masses well 1n eicess of
those which wore eupected. The first cleaner tailings had

»
—

almost three times the expécted mass (S.6& standard dEVIEtIOHS':'
over the prediction) while the third cleaner tailings

contained over 1.5 times the expected mass (2.9 5tandérd
deviations away from the prediction). Eiramination of Table :°
Z.17 %ho&s that the vast majority of the recxrculétzng

materi1al was of a size less than 400 meshst thus it can be
concluded that performance of the —40q’mesh material caused
statistically significant departures from predicted mass flows
not only 1n the concentrate but also 1n the fzrstland third
cleaner tailings. Fine particle flotation perfor&ance

therefore contributed a significant amount of xntr;hs1c error

which caused departures from the model predictions.




Determination of Equilibrium by Zinc Flow:
, : N .
" . . @ -
Table T.19 presents assay data for the various streams 1in

8]

‘thé test. These ascaye were combined w:th the mass recosery
dafa of Table T.17 teo calculate zinc flow through the :vste}.

Flgure <. 12 shows the flow of cinc into the concentrate.
It can be.ssen that the Dinc flow stabilizes at about the
‘th;rd:cycle. LAdlcatznd that eguilibrium was attained by that
point. The small dip ip tinc recovery which can be seen 1n the
fourth cycle 1s undoubtedly due to the loss of part of the
concentrate which occurred during screeﬁlng.

The overall recovery of zinc 1n the circuit was lower
than enpected. Since 100 "zIinc units" were added to the cell
~ . 1 each CVclg. the amount of units found 1n the concentrate 15
gguivalent to the zinc recovery. Recowvery was low i1n the first
vféw cyclesidue +to retention of -ine 1n the recirculating
‘loads. After aquilibrium was reached zinc recavery stgbllxzed
at'about ?4.7%. This 1¢ well below the recover,y of 7?8.1% )
préd;céed by the model though still wlthxn the calculatéd
coﬂf;dence 1nterva1.\ -

Figure T.17 1llustrates zinc flow 1n the tailings. The

i .
¢

;1nc'losseé enperlenced 1n the circuit f}uctuated from about
2% to S%. w1t% three of the data points showing Zinc losses
which were 51gn1+;cantly hléher than predicted. Zinc flow 1nto
the .tai1lings seeﬁgd not to reach equilibrium. but varied 10 an
uﬁpredxctable manner .

The separate contributions of +400 mesh and —+400 nesh
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TABLE 3.19 ZINC ABBAYS AND CALCULATED ZINC FLOW -

PERCENTAGE IINC IN CON AND TAILS

LINC FLOW IM COM AND TAILS

~

e it Lt i e o W o W e A o imre e

00 <400  +400  -400 MO0 -800 400 -400
M MO TAILS  TAILS HCON  INCON  TAILS  TAILS
CYCLE ¢ 2.5 37,38 0.3 0.92 19.34 . 400 5149 27.17
CYCLE 2 41,8 . 0.30 .73 9,33 e a3 244
CYELE 3 .78 3940 0.16 0,48 N L - N
CYCLE ‘4 £33 3.3 23 0.7 0040 494 4193 272
CYLLE § 04 389 0.3 1,22 20.53 509 45 26,53
CYELE & 4257 .37.19 0.7 . 1.98 1999 830 46.87 25,45
TOTAL TOTAL T0TAL  KODEL  YOTAL  MODEL
14 L TAILS FLOW IN FLOY I FLOW IN FLOH IN
ASSAY ASSAY WeOR ICO  TANLS TAILS
CYCLE | 81,11 0.73 MAT WS A% 1.7
CYELE 2 41.02 0.48 0,77 MG 2865 L&
CYCLE 3 42.8% 0.34 .14 905 2.07 188
OYELE & 42.93 0.42 94,04 0.0 255  1.68
CYLES 42,97 0.64 04,38 98,10 4.02  1.88
CYCLE & 41.10 0.82 94,30 98.12 5.5~ . 1.88
T014L MO0 <400 #2300  -400
ASSAY FLOW In FLOY [N FLOM IN .FLOMW IN
INCON 2 CON  TAILS  TAILS

CYCLE & 38.83 .
LY0E 2 39.88. $5.76 1945 a7 2,43
OCLE 3 41,9 §0,07 22,87 1.2 1.82
CICLE ¢ 41,82 700 19.90. 0.66  1.04
VGYDLE S 4124 - 7B 16,59 0.96 LT
POOYCLE & °39.09 !0 NN L 2.7
i M. 2150 0.8 4,47
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t to total zinc flow 1n the tailings are presented i1n Table

T7.19 and 1llustrated 1in Figure T.14. The élgure're;eals

vari1ability 1n both coarse and fine zZinc loss; however. the

most sigmifizant variations and the most signifrzant -inc

-

losses were experrenced 1n the fine sizes. Fine (-40C¢ mesh)

material made up only about ome third of the tailings: however

2

ihe fine tairlings contained an average of two thirds of the

»

t total unrecovered Tinc. .. .

Determfnation of Equilibrium by Recalculated Aggays:

~

A final test

f

»
»

for equilibrium can be conducted by using

3

the weighted sums of the concentrate and tailings assays to

recalculate the assays of mater:al leaving the circuit. The

+*

recalculated head assay 13 enpected to egual the feed assay

when the recirculating loads have attained an equilibrium mass

and

composi tion,

The weightad

-

sums of the concentrate and tailings assays

are . calculated 1n Table ~.19, and are presented 1n Figure

Sl

3. It can be seen that the recalculated head assay, guictly

reached the feed grade by the third cycle. fApart from the

~"hu

mp" caused by the lass of mass from the cycle 4

" concentrate. the recalculated/grade of mater:ial leaving the

system remained almost exactly equal to the feed grade aftter

‘

the third cycle of the test. The recalculated grades of

material leaving cycles 7, S. and & were 11.s0%, 11.61% and

[

£%% finc respect:ively. as compared the feed grade of 11.T72%

87
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11.72% +/— 2.20% which was calculated durimg the incremental .

»

.
1

flotation tests. . r

. A

One of the obJ7tt1ves~o4 this %2zt 13 the e.aminaticn of.

the recircolating loads arcund the clesners; hows. 3¢, 1+ Has

been obser s ed that the ~zcirculating lcocad:s Zon313% almeost

ent:rel% o+ fime (—34003 mesh) meberial. whi1zb Zhowed srratic’

’

reccver:23, One can consider the “ollcwid
! .

. . , .

1)-The recircdlating loads raddomls recharge and

the ccmpositicn of the r
tromsel ces. ' x X, ) . .
PN -

-—

2) TR2 -zgirzulating doadz "mave zn 2z-=zntially constan

ni

v
- '

compostition, but the rougher shows vsariable. -
performance and experiences variable-zing loss.

Of these two poss:bilities the tormer mar es.

¥Ynterpratation of the loc!pd sycle r;sults difficolt, while

the latter does not 51gn1+1€antl;\affect'thg anal /s1s5:

-

’ , !
Considering the circurt arrangement 1n the locted cycle

test, one carn =ee that 1f material 1¢ re,ected 1n the cl=aners

i

(1e. 1 a "surplus” 13 burlt up 1n the recirculating loads) 1t

s

can not leave the circuit uwntil a*t least the following zvcle.

4

scharged +ror some reason rrom thee

4

3%
-

Similarly., 1f material is
cieamers then this material cannct be recharged uniil the nest

.




Summary of Equilibrium Conditions qhd*the-ﬂgaﬁ'model: _"5 .

c&cle oflthe test i's performed. The result of the first

s

si1tuation :s that zinc "disappears" from the concentrates for

cne cycle and reapbeﬁrs 1in erther the concentrate or 1n the

tai1lings during subseguent ciycles. Thus,the recalculatac head

grade should show a dip below the actual teed gr ade du}zng the

a
f

cycle i1n which the reca:rculateng load 1s chargec. and an
; N .

increase over the actual reed grade durfng the cvycle 1n which

the recirculating loads discharge baclt to their equal:ibr:ium

-

masses and compositions. Similarly, i1n the second situation -

discharged mater:ial should cause a rise 1n the recalculdted

feed grade, thenm 1n the following cycle the recharge of the

v

recirculating loads should cause a drop rn the recaICLﬁated

feed grade for that cycle.

-

The data presented 1n Figure Z.13 reveals nc flpbtuatzoﬁs

such as those ,ust described. Since 1t 1€ :1mpossible " for the

. .

recirculating loads to vary signif:cantly without causing thig

4 -

"hi1ll and trough" effect, 1t can be ‘concluded that the erratic

- f .

. \ B

i . ' A
behaviour of the fines was caused by var:iable rougher

4 -
- \

performance. ater1a1~wﬁxch passed the rougher can be assuméd

; - . N
.

‘

-

to have followed the "normal" processing rodute without causipg’

A
| f

any significant Hechargé‘or discharge of - the rec1rgu1a§fng, ;

N »
- .- . . . f ‘ [N
. » ’ -

loads.. . . . . - R : R . -

l . - - - Y . . »

& - § . ~

£
. . . - AN N [
' ? - . “ . »
. .
v -

Data on- the flow rates of.mass and zinc 1ntdﬂth§

1 . “ ¢ N

Eoncenjréte and tai1lings was usadfto'deﬁerm;ne*fhe cycle of ..

v

.
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- /
the loclted cycle test 1n which equilibrzium was attained. The

Agar model predicted that eguilibrium would be reached 1 the

Ll

third or fourth cycle of the test. This prediction was
canfirmed by.data on the mass récové?y of +4Q0C mesh

concentrate (Flé. S 100, oﬁ the maS; recovery of +3400 mesh
taalings (Fig. Z.11). and on the flow of lznc in the
concentrate (Fig. Z.12), all of which reached equilibrium in
the third cyéle of the tesf; The weighted sum of zinc gradés .
1in the concentrate and tailing streams reached the feed gradé
in fhe third cyclé’of the test (Flg. Z.12), tﬁéreby confirming
that at thais polnﬁsthe recirculating loads were fully
"established.

g Tﬁe mass and zinc flows of -400 mesh particles were
unpredictable, and showed little evidence of rreaching
equillbrlum (Figures 3,10‘and J.11). Finme zinc losses to the
tailings proved to be wvariable and were gener&lly higher than
enpected (Fzg;'3.14). It was believed that the unpredictable

behaviour of fine particles was largely due to variable

" rougher performance, and had little effect upon the equilibria

. reached by the recirculating loads.

\

The Agar model proved to be useful -2n predicting the

T

'\behéV}our of coarse particles during loched cycle flotation

.and an predicting tHé,cycle at which the lochked cycle test

.would equl librate. The model was less successful 1n predicting |

v

the behav1ouf_o+-f1ne (-400 mesh) particles. There 13 evidence
that'fﬁhe particles 1n this are behaved 1n a\different manner
o y \

- &q “

91
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- 14

from the coarse pdrticles. -The use of single., "average" spff; .

factors for the orse theﬁefor94résdr;eq 1 the.generaticn of

v v -
< , - - -

significant intrinsic errars whick ‘caused:  departures from tHe

model predictions ih several of . the streams. It 13 poss:ible

that the predict)ve power .z tne model w:th respect tao this

0

@ -
ore could be’mer:ved~zxgﬁxfxcamtly by the 1mplementation of

separate ccarse (#400‘mésh)~§pd fine (-4 mesh) splat factors

during modelimg oar by the rmplementation of secondar, =plit

factars for tHe ;%ddllng streams as described by Agar  (1973) .

.

- ;

The following sections discuss flotation perfoFmance at @ .

- N k -

the various nodes in the locled cycle test. Data 135 presented ;| |
¥ - -

v

.

1n the form of recoveried and distrrbutions 0% z1AC, MAGNES1IUM

and 1ron, the three elements of, principal 1mportance 1n Fine’

Feint zinc %Lotétlcn. It 15 assumed that :znc‘maemhéqonly‘as"

1 ‘

.

Zng and that magnes:um occurs only as MgCa (COy !, Thus._:lhc L

flow represents sphalérlpe fiow and mggh951uﬁ flow répresents

dolaomite flow 1In the circuit. Iron occurs-1n ANy one at X

numbef of forms, %ntludlng pyrite (FeS,). ﬁynfhatztE'(Fehd,S)}

marcasite (Fe£,;) and 1n solid solutiop with zinc 1n

N s

sphalerite. Sphalerite at FPine Foint eixhibits variable aron

"

cdmposition., 50 that the amount of 1ron 10 “the zinc

H
s '

concentt-ate due.to solid solution cannot be directly .

- .

evaluated, I ,

v

[

A variable which the auther has termed "gaparation

- & . -

EES

“.“h“



efficiency” 15 used during armalysis of flotation perfBrmance.
This variable 1s:analogous tz but not xdentléal to the
separat4 on effic1ency which 15 defined by Agar (1980). Agar
def1ines the sepératlon effz:lency as the dirterence.in
recaovery between the desrred mineéral® and the gangue. For the

purposes of this discussion the separation efficiency 1s

redefined as:

-

(7 GANGUE MINERAL REJECTION)

o —— e . S —— - —— — " " " ———— " o~ o —

(% ORE MINERAL REJECTIOMN)

The use of this variable allows the flctation performance
atAeach stage to be analyced with respect to the material
whlch'lg-removed at that stage.

The recoveries and separation efficiencies of minerals

through the circuit can be used 1n conjunction to analyze the

behaviour of 1ndividual flotation stages. Recovery vs. size

data defines the fleotability of minerals 1n each size class

under the specified test canditions, while data on the

separation efficiency helps to elucidate rejection mechanisms.

A separation efficiency of 1.0 corresponds to random,
hon-selective gangue re,ection and i1ndicates that the cre and
gangue minerals respond to flotation 1n an i1dent.cal manner,

High separation efficiencies indicate that the bre and gangue

. minerals reSpondtdx#%erentlv to flotation, and that separation:

2%

15 taling place.

)
3

Mineral recoveri:es and separation efficiencies do not

3.




v

necessari1ly have any direct correlat:orn. It :1s quite possible,

for i1nstance, to re,ect only a minute amount of magnesium 1n a

strongly floatinmg si1ze class. but to effect this re ection at

only a mimimal zinc penalty v1e. low Mg rejection. but at a
high et+ticienc,!). Litewise, 1%t 1S possible during rap:d

flotation to re,ect almost all of the fine material, including

«
.

both ore and gangue minerals (12. Q}gh/ME/reJect:on. but at
low efficiency).
) - .

Thg use of recoveries and separation effi:c:encies allows
the performance of different size classes and di1+ferent
flotation stages to be analyzed pn a relat:ive basis. It :3
likely that the relative behaviour of particles 1n the
experimental circuit 1s more correlatable w:ith plant

performance than laboratory-produced assay and distribution

data.

‘

gﬁfggﬁg of the Acad Léagb upon Calculat:ons

- —— o e - _— e el e e e

.

The streams which were collected at the énd of the lochked
qygLe test were the final cbncentrate aﬁd taxixngs plus t%e
four middling sttreams from the scavenger and thfee cleaners.
The leach lxaucr was not collected :n the test.J51Hce: aj

soluble zinc was added during grairding. and soluble magnesium

¥

was present :n considerable concéntrations i1n the tap watar
used forAflotatlon: b) the precise <solume of leach liquor
which was present could be esilmateq only by completel:y

filtering the. sclids from the leachate. and this would require’

\ ' PR -‘ 24
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.

much time and unwantedthandling of the leached roncentrate: c)

the leach liquor was needec for third cleaner flotat:on.

-

The streams which were not directly sampled were
calculated from the weighted sums of their component straams.
For example, the rougher tafllngs were calcul ated as the
weighted sum of the scavenger concentrate and the +inal
tarlings. The presence of the acid leach between the second
and third cleaners causes problems si1nce the amount of each

mineral leached from the cleaner 2 concentrate i1s unknown.

This affects the recalculated recover:e2s and separation

efficiencies aof the rougher and the first two cleaners. The
pfoblems presented by the leached material are not

1insurmountable since analysis of the leaching process can

clar1fy the effects” and, :n part, the magnltqdes of the errors

@
which are i1ntroduced.

~

The concentrate entering the leach contains a large

camount of zinc., a fair amount of i1ron (which 15 presumably. at
1

A

the second cleaner. mostly locked into the sphaler:te

.

structure), and a relat1ﬂely small amount of magnesium. While
the leaching process removes a fipite amount of :}nc th13>
amount 1s small coppared tc the total :16; preseqt, and should
Aot affect recalculateda:znc regover:es to any sxgn}f:cant

extent. Lilkewise the 1ron., which 1s lérgely locleﬁ'xqtq the
Ay ‘ s
sphdlerite structure., cannot be leached at an apprec1a¢%v
higher rate than the sphalérite. The principal minerals

affected by the leach are calcite and dolomite. It :s dolomite

. N v 8

e~y

g
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which 1s of 1nterest 1n this discussion. .

When a homogenous materi1al 1s ground and leached tne rate

af leaching 1s roughly proportional to the surface area which

1s e2sposed (1gnoring the a2rrtechs

defects, surface i1r-egularities and the lile).

are leached at a faster rate than

&

i

ser.es of

oFf tractures, lattace

1

Small particles

J

large particles, usuall, at

rate whaich 12 1m.ereel, proportianal to pa~-ticle zZize. In a

122 zlasszes which follcow a ! - progressicon the

t

leaching rate cf dolomite should i1deall, 1ncr-esase b, 1.4 for

ever, decrazment 1n zize class. Purirmg lzaching ther2 13 both a

removal of magnesium f-am all si1-e cl
“~ s

~elective

and a

~emcval of magne

sses 0f tre Zoncentrate

oy

-+
J
1]
ut

s:1um from LYthe fa 1ze

ctlasses. Consequently. the percentage re,2cti1an and the

selection efficiencies cf .pagresium are &le.as

true valuee 1n all €1ze fractions

d ovar their

J*

I3

and are aloc elevated 1n the

fine +-acti1ons relative to the doarse fractiaons.

Rarring the possibilit, of dolom:ite flotation. magdnesium

v

i vy
recovery cannot eiceed zifnc recovery, 1n any 3

T. 1IN

4]

™

e ol 3

‘

addrt:ion, lérgEﬁ si1ze classes show slower leaching rates -than

fine size claszes. N calculation 1s presentsd 10 Appendi. O

‘

which uses these principles to formulate = rough ecstimate of

1

the, amount ot magnesium which could be removed 1n the leach.

The calcul ation suggests that the
which were present 1n the cleaner

2.0 times higher i the +400 mesn

higher 1n the —10um matefxal than

"real” amcunts of magnesium

Z teed may have peen .7 tco

.
-

materi1al and up tc 17 timeg

the assays .ndicata.
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The effects of the leacﬁ upon recalculated values "are

4
less as ome maves bacl through the cirzurt towards the

>

4
rougher. For erample. further calculation:z in Appenc:iit 27 show

that the amount cf +300 mesh magnesium 1n the clearer T “loats

< e

could be .7 to ©.F times higher and the amount of =400 mesn

N

magnesium couwld be up to T.0 times higher tham the

fecalculated assays :ndicate. In the rougher concentrate none

of the site classes shouwld have exhibited magriesium
contaminaltion more thamn 0.2€ times cover the recalcul ated
dssays.

It can be assumed that the leach has a naor effect upon

caleul ations 1nveolving both coarse ¢+400 mesh' and fine: (=4Q0Q

mesh} cleaner I material. The effects of the leach on
' ¢

<
= o,

calculations for the first cleaner are ma,or for fine (—40Q

'

mesh) material and fnoderate far coarse (+400 mesh) matarial.

-

N .

The leach has small to moderate effects upon’calculat?ons for

all sice clabses 1n the rougher. : ,

.

. Tabulated data i1n the gections which follow 15 presented -

ag 1¥ the leach had no effect upon recalcu}ated recoveries and

distributions of magnesium. Arrows on the figures present a

qualitétlve indication of the direction 1n which the "real"

A <

recovery., distribution and separation effitiency curves are

«
-

displaced from the curwves which are observed. and the relative

effects of the leach upon the recalculated assays of the

separate streams are dirscussed in the taxt.
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T

Data for the rougher 1s presented i1n Tables Z.20 and T.21

4

and 1n Figures. 3.16 to 7.19. Figure T.16 shows the recovéries

5

of 2i1nc. 1ron and magnesium. and reveals a zinc flotation
¢

profile which 1i1s typical of a strongly 4loét1ng‘m1nera1

:

(Trahar, 1978). The highest tinc recoveries (98-2%9%) are

"Experlencea 1n the —-100/+400 mesh size range while slightly

lower recoverics are exporienced 1n the coarse (+100 mesh) and

fine (-400 mesh) size fractions.

1

Magnesium shows "bachkground" recoveri:es pf three to four
paercent :1n all +400 meosh site fractions with higher recovery

(over 117%) 1n the -400 mesh fines. The magnesium roecaovery

profile 15 typilcal of recovery by ontrainment. Iron shows an

-

unusual recovery curve with recoveries of 40%,t6 SO% 1n the

.

intermediate site classes. higher recoveries in the fines, and

.gangue iron and a flatation prof:le for

with 21nc 1n sphalorate.

lower recoverics in the coarse size classes. This profile 1s
likely to be the combination of an entralnment profile for

tron 1n solid solution
., Figure 3.17:5How5 the separation.efficiencies of
magnesium and 1ron i1n the roﬂgheru The most efficient

magnesium ro,cctiaon 1s experienced.in the i1ntermediate size

.classes (-150/+400 meah),-whc?e magnosium 1s régected up to 75

times more strongly than zinc. Efficiency of rejection 13

lower at the ends of. the size spectrum. The low efficiency in

“the -400 mesh site range reflects a simultaneocus drop 1m 21nc

i
. 76 .




, _TABLE 3.20
ABBAY DATA FOR ROUGHER FLOTATION
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TABLE 3.21

CALCULATIONS FOR ROUGHER
F.OUGHER FRECOVERIES

ZINC IF.ON MG
B80.74 apdall ~.57
80,49 SAl87 3.387
2S¢ 8¢ =ILE a.77 -
7.9 35,10 7.70
28, 47 do. 0% 4,08
98.02 44,7 T.42
98,772 S1.10 z.8¢%
94,41 &0. 44 11.27

e o . e ot i e = S e e b S — " e " ——" T Y . s W T —

- ZINC IROM MG
- Ze 99 .04
—— T.26 4,97
—— 16.17 2Z.18
———— 25.14 47,95
—— -4.26 &51.10
-—— 40,04 &9, 90
——— 28.20 75.09
e 7.08 15.88

— — ——— — A — . T T T e - W T o o i Ay ) e W - " S T
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MESH ZINC . IRON MG
+ 48 0.72 0.51 0.5
+ &4 .49 2.274 4,24
+100 10.82 7.67 10.24
+150 12.64 8.9% 15,63
+200 10,08, b.39 b. 16
« 270 B.63 &. 07 4.%0
+400 &.67 S.79 J.67
-300 47.22 &2.82 54.98
DISTRIBUTIONS IN ROUGHEF TAILIMNGE

MESH ZINC IRON MG
+ 48 7,51 1.87 1.48
+ 464 17.2 " 8. 00 7 .99
+10Q 9.2¢ 15.93 15.83
+150 .57 11. 46 14.22
+200 Z.28 8.34 10.99
+270 .47 8.10 .69
+4 00 1.74 S.397 &£.82
-40Q S7.00 40.76 IT.02
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recovery and a rise in magnesium recovery. This 1s i1nterpreted

'

as the result of a low flotation rate for fine zinc and

non-selective éntrainment of fine magnesium. The low

. |

separation effidiencies 1n the coarse size clasces are caused

\

by & drop 1n Zinc recovery, attributable 1n part to tinetic

problemé 1in the flotation of coarse particles.

The separation efficiency profile for 1ron 13 i1dentical
1n férm to' that exhibited by magnesium but showsllower
re;ection rates relative to zinc. It appéars that gangue 1ron
1s reected. thereby giving the i1ron effléleHCy oroflle<the
same form as that of magnesium: however, 1ron recoveries are
elevated over those of magnesium by the passage of
iron—bear1n§ sphalerite 1nta the concentrate.

Figure 2.18 shows the distribution of zinc and magneszum
in the rougher concentrate. Magnesium 15 distributed ‘
preferentially i1nto the -400 mesh Siée rangeaof the
concentrate, anq to a lesser extent i1nto the +150 hesh.slze
Fange. The best performance.1s seen 1n‘£he -15S0/+400 mesh size

classes. . ' o

Fxguée S.19 11lustrates the distribution of magnesium and

"zinc in the rougher tailings. Although the +44 mesh size

fraction experiences the lowest overall recovery of :1ﬁc (Fng
3.16) 1t 15 the more s1ze—-abundant —-400 mesh size range which
contributes most of the z;nc 11 the rougher tailings. The —-400
mesh size range contairns I7% of the unrengered tinc 1n

association with only II% of the tailings mass.

'
N
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Summary ot Rougher Performance: - ’ . . o

o
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» Zinc 1n the rougher showed good recovery in all size

fractions, with the best recoveries esperienced 1n the

v
» N

—150/+400 mesh size fractions. The flotatipn profile of zinc

was typical of a strongly floating mineral. Magnesium was .

-
N

effectively re,ected in all but the -400 mesh si1ze range,

which showed i1ndications of fine gangue entrainment. The o

)

behaviour of 1ron was intermediate between that of zinc and .

f ¢ ’ -

4 . -
. ‘.

Mmagnesl um. . . ‘ ) i
Zinc losées 1in the rougher were experienced mostly i1n the-

=400 mesh size fraction, althéugh-blgnxfzcant contributidns

were made by fhe‘+b4 mesh material. THis behavieour was typical

of slow flotation 1n the fines and kinetic problems or locking

with magnesium 1n the coarse size classes. . .
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- .~ scavenger arg presented 1o Tablés 7.21 and Z.22 and 1, T .. -

- - o0 L. To.

' B =
.o

recovery data for 2inc, iron and maghnesium if the scavenger. .

- "‘Zind recovery i1s erratic with'a tendency_ﬁgwards bettar i"’ -

. o ° recoveraies at largér sizes Magnesxum.necoyefy 1s negligibhle -
- o .. - 'in all si1ze classes and iron recoveries ‘ard very, Tow, - .7

- . . - ‘-
' - . .o

LIS

- . indicating. that almost all of the 1ron 1n:bhe:scavedger gé"1gl N

. .o " 1llustrated an Figqures ‘3,20 to Z.23. Figure .20 shows . -~ o

_‘ : ' '\~" ’fhg form af gangue sulphxﬁesi ThlS‘canélu51oﬁ FS*éQp56?£E@~£y -
’ .r “‘- T. ~ the aimbst 1dentical separation efficiency pro%ilaé‘e%b;ﬁgied )

', | ’ by'iron\;na magnagzuﬁ (Figure ?52&f.' L \ ,:Ih,*ju,iz ‘l

- - - - Figures TJ.2C anﬁ Z.20 shgw‘the'dlstrlbution 64‘zfné_fn":‘;

the sScaveriger concentrate and talflngs. respectively. ‘It can .

_—s . - - Lo
a7 P ~ - b
. - S -

" . _ . -be seen that ‘most of the zinc. loss occurs 1n the —400 mesh’

’ . ‘. -
- B - <

- si1ze range. .The -800 mesh tailings conta1ﬁﬂon1y abouwt 774 of- -7

- - R N

21nc loss. The size clagses coarser than &5 hesh-cohtriquﬁe:’w:

«r

X B . . - .-

more zinc to the tailings than the xntehmed1atérpérk;élé§\bdt:i“

- * . s - -

. oL . less than 20% of the total =zinc loss. Fine §-400”mésh)_zlh;fi§ -

i - ~ - o

S+,  therefore the ma,or cortrirbutor to zinc loss 1in the circuit.

“
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o S - ‘ o - ' po o T
" " summary of Scavenger Performance: - S v AR
’ ’ Zinc 1n.the sgscaveriger feed was found brxménf}y in;thé BRI
R -400 mesh 'and the +64 mesh size fractions. In the scavemger °
L . " there was a slight trend towards higher recovery, of -2ire 1n .
- i . - ' X : B . Lol -
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., . the coarse (+54 mesh) slze fractions, thus producing a-
.““_ = . o o ’ -
< a. ) concentrate stream with Zinc distributions similar to but
L - slightly coarser- than the zinc distribution 1n the scavenger
- A feed., and a final tailings stream with zinc distributions
L. ) similar to but finer than the feed distributiaon. Over 487 of
— - the zinc lost in the circuit was —400 mesh., as compared with
’ N - only 327 of the total tailings mass i1n that size range. Thus
> ” i - - » o - -
- 1t can be concluded that fine zi1nc loss was & problem in this
ST . circuit.. L s ,
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SCAV.
CONC

SCAV.
TAILS

SO 4TmoTmT

-mZz

MIN.
MGE:
4.46
4,7¢
4,77
4,89
.87
.28
2.54
7.97
8.56
8.65
Q.00
.09
8.8
8.37
8.7¢

TABLE 3.22 i
ASSAY DATA FOR SCAVENGER
SCAVENGER FLOTATION: W33 RECOVERY =
DURATION:
SIZE MASS. TINCS ;RDNﬁ
+ &4 15.924 =25.18 .11
+100 1&£.27 11.49 T.26
+150 9.04 11,87 ~.87
+200 b 15.51 T .oB
+270Q el 15.4C S48
+400 ~.76 12.90 4,42"
-400 50,97 15.15 S.24
+ 48 1.86 T2.46 ~.43
+ &4 8. 00 0.64 .20
+100 16.02 Q.24 - 2.17
+150 1Z3.94 0,18 1.81
+200 10.79 0.18 1.70
+270 .72 .16 1.87
+400 &. 84 0.1 1.78
-400 27.04 1.17 -.72
e e e
?
FIGURE 3.20
SCAUVENGER RECDUERIES
Ta -
Gg-} 4
=R o 4
40+ .
EL=E ]
RSk 5
FON .
184 “ . - .
Maf'“‘“‘\\ . - e
I 0- e et— g e i)
-400 483 270 RO 150 198 C4
TYLER MESH SIZE
.l«
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CALCULATIONS FOR SCAVENGER

TABLE 3.23

e s o ot S s o AL 1 . it s k. e S o U S it i A o e . e e S T e ke o T e e

— e —— e ——————

—— o s — oy o ————

6. 05 T.ES
67,58 S. 24
61.24 3.57
49,04 o.25
46. 7% 1.6=
57.9% 3.04
37,47 9.%8

MG
2,06
1.27
Q.
[N j"
0.47
1.54

e e e e e s A

= e e e o . et e e T i i . e o T o e s e e e e

MESH ZINC IRON MG
+ 64 ———— —-.4z 2.85
+100 —_———— 2,60 2.69
+150 ——— 2.4% —. 5SS
+200 ———— 1.92 1.95
+270 ———— 1.87 1.86
+400 ——— 2.0 2.37
400 ——— 1.529 1.74

DISTRIBUTIONS IN 3CAVENGER ZONCENTRATE
MESH ZINC IF.ON MG
+ &4 25.44 11.42 ;U 82
100 11.54 12,27 21.87
+1350 6. 69 B.06& 12.09
+200 ~.17 2.66 4.47
+270 g 1.82 -.28
+400 2.1 2. 00 ~s 15
=400 48. @0 ol.34 26.09

| DISTRIRUTIONS IN SCAVENGER TAILING;

MESH ZINC IRON MG
. — - 6...__.._ l —y
+ 64 15.98 2,87 Q5 3T0
+100 T &.79 15.97 15.74
+1850Q 4.5 11.464 14.225
+200 T .8.34 11.09 .
+270 2. 68 8.10 Q.76

400 .57 S5.57 o. 8%
=400 65. 70 4. 76 2.7

107 h
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FIGURE 3.21
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3.13 Performance gf the Eirst Cleaner -

Fecovery and distribution af elements 1n the first

cleaner 1s shown 1n Tables 2.7 and 7.24 and 1llustrated 1n

‘Figures T.24 to T.27. It can be seen 1n Figure T.24° that the

recovery of zZinc 1s over 98% 1n ali size fractions above 400
mesh but decreases steadily 1n the firnes down to about 43% 1n
thgl-IOum size range. Iron recover1e§ are si1milar to but about-
10 percentage points 1lawer than zinc recoveries 1n a&ll si1ze
fractions. THe parallel recoveries of 1ron and zinc suggest -
that ' most o+‘the 1ron enter1né the first cleaner 1s contained

within sphalerite although residual amounts of gangue iron may

. be rejected at this point, thereby lowerxng'the overall i1ron

recoveﬁy. Magnesium recovery 1s only 11%4 1n the —-10um 51;9
fraction but 1ncreases strongiy with 1ncrea51nd %1ie.treach1mg
about BO% reco;ery 1n the +200 mesh s1-e rangé..fhe recovery
profile.of magnes1u6 suégests that entra;nment 1n the first

cleanmer- 15 minimal but that locking between.dolomxte and

sphalerite 1s significant at sizes as.low as 25um.

I
'
~

Figure .05 shows the variation of separation ef(fc1ency

~

with pa(t}éle s1ze 1n the first cleaner.. Selectivity of
flotation 13 h1ghgst for the -200/+270 mesh sizZe range. in

which zi1nc recovery 1s aover 99% and magnpesium recovery 1s just
over I0%. In the fine sizes efficiency 1s low, primarily due
to fine zinc re,ection.. Although about 70-%90% of the riﬁpm

magnesrum 1s re,ected this action 1s accompanied by zinc

'

losses of up to S9%.  In the coarser sizes separation

’ -

gy

- . . ) 109 a N . ,,
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TABLE 3.24
ABBAY DATA FOR FIRST CLEANER

- ——— - — " __ T " — - T S o v s S5 Tt i M S S R A o e YA S P oy M S S o e e S e S S Y S St e i Mo Sk oy M Yo e S i v

FIRST CLEANER FLOTATION: MASS RECOVERY 7.9
: DURATION: 2.5 MIN.
STREAM  3SIZE MASST TINC 1RONY MG
CLNR I +150 . 7B 17,44 2.51 &.54
TAILS +200 .93 11.94 T 00 &.22
+270 1.7°5 8,67 4.74 &.87
+300 1.71 2,10 €, 20 .41
~300 92,18 ng. 76 3.7% 2010
+250m 2,57 12,45 5.58 4.5
+1Sm 5.0 22,06 5.5 2.329
+I0nm: 15, 09 2E. 24 S0 1.92
i o, ~1Cum 68. (0 °=.98 4.572 “1.7&
RECALC + 4B . n.82 37,49 =16 0.89
CLNRI - + &4 .96 47,34 2.99 1.51
CON +100 11.97 47,20 <.24 .22
+150 14,372 42,05 2.91 0. 89
+200 11.77 41,54 alidnd AN
. Q70 10.24 - 31,00 .82 O.
. #4000 8,02 . 40,06 .01 O, 27
-400 . <8. 88 7. 44 z. 51 ©.20
+250m . b5.54 %.24 I.78 G.1b
+15um 2.4 28,45 .70 - D.1B
+10pm 8.06 Th.60 Z.71 Q.27
-1oum ' . 14,95 T TEL09 .78 O.24
FIGURE 3I.24
CLEAMNER 1 RECOUERIESB a
R J
; ]
U 1
-
1; , J
B P A A A A A i A . A a2 .‘-1
—-1QpmM - SN s00  _ Zow
LauM 25N zTe 150
MICRONS CTYLER MESH
110
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CLEANER 1 RECOVERIES 1
MESH IIHC IRON MG !
-————— - —— —o o ar —— !
- ' ]
+150 28. 5% 246,40 78. 54
+200 - 99.19 F65.70 72,7200
+270 98.97 P2.15 47.358 !
+4Q0 78. 22 87.31 T2.00 0
+25m 2%5.8S BG. 67 ~0.02
+150m 87.3% 74,62 7. 601 !
+10u1m &7.78 5. 20 1e,72
-10pm 44.82 -4.82 17011 :
1
1

1
MESH ZINC IRON MG

|
+150 —— 2.58 15.15 !
#200 . me=—— 4,C7 z2.44 !
+270 —— T.62 Je.e9 !
+400 -——— 7.02 .o
+251m —_—— 4,74 17.26 !
+1Spm ——— 2.05 5.87 !
+10um ———- 1.279 2.49 !
—-10um - 1.18 1.8%9 v

———— — - — —— — — —— g - —— —— — T o ————— e — —m n vn ———— —

— > i S e T s . — i — s e —— - Y] Y it e . S o s et o S o i s s Ot o

0
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U QT ptID
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o000
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- e m e = e e o et o -

.- e e e ce e e
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e e o o ot e e e o e e e e e e e e e e o T
’MESH ZINC IRON MG
+150 2.12 2,07 11.02
+200 .45 0.564 o.72
+070 0.49 1.40 —.96
+400 0.6 1.98 4.17
+231m ) Z.172 .17
+1Sum e 69 7.24 t.b1
+108m . 15.84 15.51 12.91
-10um 7I.44 67.07 .44
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effjc1en?y drobs due ta a strong iﬁcrease in magnesium
recovéry, which reaches about 804 1n the +130 mesh size range.
It 1s brobable that this increase 1s caused by the occurrence
of -lacled particles, although the presence of such partlcleé

apparently exacts little or no toell upon tinc recavery.

. -Recovery of cinc exceeds $8% at all particle sizes coarser

than 400 mesh.

‘ Figure ~.246 shows the distribution of sinc and magnesium
in the first cleaner concentrate. It can be seen that the size
classes coarser than QdQ.mesh contribute a disproport:onately
high amount of magnesium to the éoncentrate. The finer sise
classes (-270 mesh) contain 357U of éhe J1nc but only 9% of
the magnesiums

Figure 2.27 shows the distribution of 2inc and magne51ﬁm
1in the fiyrst cleaner tails. It can be seen that the ma,ority
o+ both /zinc and magnesium rejection i1s experienced 1n the
=10pm stcze range. Over 70% of the zinc and 30% of the ee
maén951um in the tailings have a size of less than 10um. The
bulldup of recirculating fine zinc between the first cleaner

and the rougher undoubtedly conmtributes to the fine zinc loss’

which 18 experienced 1n the circuit.
Summary of First Cleaner Performaﬁce:

Over half aof the magnesium entering the first cleaner had
a size of less than 400 mesh. This fine material was strongly-

re,ected i1n the first cleaner bﬁt‘only at the expense of much-




TR

v !

“fine zinc re,ection. Consequentiy. significant recirculating

loads of fine dolomite and fine sphaler:ite developed between

the rougher and the first cleaner. The recirculating loads of
=10um z1nc and magnesium were approximately 125Z~and SO0, yo
) ; ’ ,

'respectlvely.‘

There was no i1ndication of significant entrainment of
magnesium 1n the first cleaner: rather, magnesium recovery

el td

increased with size from about 12% 1n the =10um s1ze fraction
to about 85%‘1n the +1350 me;h material. This suggested that‘
locting was sxgnifx&ant. and that locled particles may have
exhibited high flotab(lxty. Such a conclusion 15‘concordént
thh'the high flotability e:hibited by sphaler;te 1M gh;;/
circuit: overall zZinc recovery 1in the-+25pm S1le range was fn
excess of 9684 1n the first cleaner at a flotatxon‘tamg o;’onfy
2.5 mnutes. The short flotation time appeared to cause a
general re;ection of fine particles rather than a selective
rejection of coarse composites.

fhe recxrtqlat1on of 41?e zZinc back to the Fougher
undoubtedly contributed to high fine zinc losses 1n the.

circuit. The final tarlings leaving the scavenger contained

approximiately 4% of the feed :1nc; the maj ority of ‘which

L

occurred an the -400 mesh size range. The high re,ection of
fine zinc 1n the first cleaner 1s therefore a cause .for

concerne.
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3.14 Performance of the Second‘Cleane

N |

The recoveries and distributions of metals in-the secand
cleaner are summarized 1nLTable5‘3.26 and 3.27, and are
presented diagramatically 1n Figures 3.28 to 3.31. Qesults
pertaining to the second cleaner can be presehted only-
semi—quantigatively due to the effects of the acid leach upaon
the recalculated composition of the second. cleaner
cqncentrate.

The second cleaner tailings, which were not leached,
provide the best igdlcation of the rejection mechamsms which
were operative in the second cleaner. 0Overall re;ection was
very low, since mass recovery was i1n excess of 24 at a
flotation time of only oneée m1hute, Over’' 8774 of the FEjéCted
mass was of a size less than 400 mesh. It aépears, therefore,
that the first and second cleaners behaved i1n a simlar
manner. Fines were rejected with low selectivity while the
coarse particles (including coarse composites) were recovered
at a high rate (Figure 3.28).

It is possible to examine the relative efficiencies of
flotation performance in the f£irst and second cleaners. S{qce
the .leach removed magneélum from the second cleaner
concentrate and not from the tailings éhé separation
efficiencies "illustrated in Figure 3.29 for the second cleaner
are all displaced upward from their "true” p051tions; It can

N

be seen,  therefore, that the second cleaner 1s much less

A\

efficient than the first. The separation efficiencies reported
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- TABLE 3.2 .
ABSAY DATA FOR BECOND ‘CLEANER

- - —-— — .1.._____,,________.__,__.__._,___________,_,___.,_____..._.__._ ———————
' SECOND CLEANER FLOTATION: MASS RECOVERY ' 2. %
' : : DURATION: 1 MINUTE
[ ) .
' STREAM | SIZE MAS S ZINCY 1RO MG:.
R R YR o ok o o o S e o i i e S S R S S o o o T AL S i S o S S o o —— — ‘4000
|
' CLNR 2 +200 B8.74 IT.97 .72 2.85
b TAILS 270 2.01 T1.00 2.79 i1.24
! +400 1.&67 28.672 LT .S9 1.47
! —-400 87 .56 Z8.47 5.04 1.6
' +250UM. W2 28.91 S.E2 1.795
! +150um B8.45S 28.42 .12 1.20
! +100Lm 2oL 0g o8.20 "S.04 1.05
' -1Cm ETJBT ~8.01 4.9% A
]
' RECALC + 48 0.88 47.4¢% T.16 0.8¢%
'CLNRZ + &4 L2900 4T .78 2.99" 1.51
" CON +100 12.97 47,20 T.24 I
! +150 .82 42,05 2.91 0.89
! +200 : 12,02 47z, 00 20T 0.58
' +270 10,97 41.15 .82 0,27
! +400 8.5% 3G, 24 T 00 0.22
! -G)0) >4.32 22.25 e Q.05
4 +20Sum 0. 82 Te. b T.20 vell
! +1Sm 7.4 -e.21 T.60 D, 10
! +10um &.89 -8.84 T3 0.07
: -10um 11.70 z7.81 . o3 .10
FIGURE 3.28
CLEANER 2 RECOUERY
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TANE 3.27

CALCULATIONS FOR CLEANER #2

. ZINC IRON MG !
St e e e g ———— —— !
1 - N (3N
+200 €. 60 - . 98,29 5.7
. +270 -98.7= 8. 22 2,97
+400 . 28.77 97.85 B7.60 !
+2Sum 26.%26 T.az 55.94
+1Sum 94,20 8%.85 =7.84 !
m 82.24 T2.TC 25.38 !
~10um 75.24 on.24 —b. 04 }
_______________________________________ 1
| SEFARATION EFFICIENCY COMFARED TO 7mc .
_______________________________________ i
MESH ZINC 1RON : MG ,
. ) ‘!
+200 —————— 1..18 ~..8 !
+270 ———— . o2 .57 !
+400 - 1.56%9 .76 '
+25um e 2.22, 1r.2o 0
+150m ——— 1.78 740
+10um —_—— 1.54 4,20
=10pm —— 1.54 T.07 N
\
- e o —— o T —— g —— . — > i S S — " — S ——— T — — " i — . du w_ - !
DIaTnIBUTIDN IN CLEANER 2 ouCENTPATE !
MESH ZINC IRON MG !
—r - g - e — P 1
v 1
+200 47.55 . 42,60 82,02
+270 11.01 ‘?.46 5.945
+400 8.4- T.94 .08, !
+250m 6,62 7. 11 1.52° ¢
+1upm .07 11.15 . 2,594
+10pum - . 6.54 8. 04 1.44 ¢
—1Qum 10.81 17,14 -.42 '
t
_______________________________________ 1
DISTRIBUTIONS IN CLEANER 2 TAI'INGS ;
— e o — — —— —— - — o it s S s s Sk A ks T e 7 S T A it S — S - 1}
MESH ZINC IRON MG
+200 Ao, T7 S5.07 i8.91 .
C*270 2.17 1.17 2.1
+=40Q0 1.67 1.25 2.07
+25um . 2.19 .74 -V
+150m’ 8.7 2. 17 8.58
+10um 21.68 —Tn 44 19.59
-1Cum 22.56 Se.27 45.12
A ' 117 .

-—.————.d_.——..—.——.—.—.—.——.—__.____..___._..___;__._a.———

C'EANEP 2 RECOVERIES
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.7 - T o far- the +270. mesh 'size classes range from 3-6 1n the second
- ) - -_" - rl - I . het - !
- . " . - ‘ n - . -
-3 - - - : - ’ - - .
L Tt cléaner, as.compared to 15-5S0 1'n the first cleaner. Separation
. . - A = 3 A
- 4 - - <« 7 . N B - - " ~ .

s T E'{"F‘LﬁC:I_BUCLES for the ;-27‘0/+25).m particles range frc;m &-11 1n

ERRS . T - the }s’écon_di: cleaner, as 'domparted'_toi,go-ﬁc) 1n the first.
- - ..~ Efficiencies rn- the —*:’JS}.\m-;sl'zé range appear to be-comparable
o - ..-A - - “._ - : » ‘_ N - .~ - N
“. vt 77~ betweeén the twp cleaners. | . - DL - wo T
;_—“- o B '. - . :.' I v- . e ) '.‘ LI . s ’ ‘-' . . _< . '
LT s " It appears from this comparison that.the first cleaner
B C P “ . ~ i R -, ’_ . ) s _' . - - ~ .
) « "= "7 <repoves most of the easily-re,ected magnesium—bearing
> T T _-composites. The sécond cleaner removes almost no coarse .
- "7 magnesrumy and removes fine magnesium only at high Tinc
) Con Penalties. Flotation 1n the second cleaner :s so fast as to
JUONE L~ greatly.reduce the selectivity of gangue removal. Over 70% of
A ~"‘:_.-’< . - [N , - ) .‘ L .
. N the "magneSium 1n. the second cleaner. feed 1s coarser than 200
" %7 ‘mesh: however, +200 mesh magnesium makes up only 19% of the
T . -t o - sécond cl-é,aner‘fta11_1ng‘s.'cﬁjec:‘overy of +200 mesh magnesiim i1s
.- e © Tactuwally greater than recovery of —400 ‘'megh zinc, thereby
“‘. - - :‘ ] ) ° - o ~
- indicating that the rapidity of the float males the lflotgltioen
T o process-more sire—selective than composition-select:ive,
. - - - ) Iron recovery 1n the second ‘cleaner is similar to zinc
N LI i . —‘» "“,\ . - _"’ - . i ) ] ~ . . i
i - Jrecovery in all site classes. This reaffirms that the’
IR principal source of :1ron in the secpn&i”cleaner concentrate is’
< ~ - . .
’ ot 'ghaiierltq rather than gangue i1ron sulphides. the 1ron
- - - 1 -~ . - - "
- ~ separation efficiency profile (Figure IJ.29) shows that
PR - “. * " . A ‘
LT " rejectign of 1ron 1s a constant 1.35-2.0 times stronger than
w N = rejection. of zanc 1h all sice classes. This.size-independent
1 g -~ la . . . .
P - N , v . . - - , . . N
b e?fhnc1encyj profile’'is what one would. expect between elements
L - - ¥ v . - N
. . . 119 o
“ *- > ! N
o - - - ' -
' . N s - .
- —_ - - : 4 = - - Y S
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which are mlneralog1ca11y associ1ated: however, thé e;pected
separation efficiency between two element; 1in the same mineral
15 1.9, The d1¥feren;e 1n rejection between zT1inc aqg 1pon
opens the possgbxllty that a certa%n proportion of "high—-iron"”
sphalerite 1s re,ected at a greater ra£e than sphalerite with
little 1ron. This phenomenon 1s reported b§ F1n}alé£51n and
Allison (1974) and was observed repéaﬁedl/ during thg course
of this research. The ‘effects of 1ron content upon sphaler:ite

recovery are measurable but small, and are ;udged to be

metallurgically :insignificant.
Summary of Second Cleaﬁer Ferformance:

The second tleaner feed contained much coarse magnesium
and smaller amounts of fine magnesium. The fine magnesium was

strongly rejected: however, this re;ection was not effic:ermt

and represented a general non-selective re,ection of all fine

material. -7 .

I -~

In the i1ntermediate and coarse sice classes (+400 mesh)

85-99% of the magnesium was recovered. Magnesium rejection and

A

separation efficiencies of the seébnd cleaner were both
inferior to those calculated for the first cleaner. The low
ef(xczency of separation was in part due to the extremely high
flotation rate of the material. Over 9;% af the mass was
recovergd during the one-minute 4laat and most of the mater:al

which was left behind was finer than 400 mesh.

Iron showed si1milar recoveries to zinc :m_all size -




classes and the separation efficiency was a gonstant 1.9 to

2.0. It 1s concluded that 1ron at 'this point 1n the circurt
qccurred primarily 1n the sphalerlte‘struéture and that
high—-iron sphalerite exhibLted sllghtly'lower flctabllxty‘fhaﬁ

¢

sphalerite with low 1ron content.




3.15 Ferforpance of the Ihird (Fost-Leach) Cleaner

N
’

5o A
The recoveries and. distributions of metals 1n the third

-

(post-leacl) cleaner are presented :n Tableés 7.78 and T.I%,
and are 1llustrated 1n Figures Z.207 to Z.23S5..°
The_ recoveries of elements 1n the post-leach cleaner are

shown 1nm Figure Z.22. The figure shows a general decrease 1n

the recoveries of. all elements compared to recoveries 1n the

second cleaner. However, maén951um exhibits the greates£>drop

1in recovery. Compar:ison betweeﬁ~§1gure T.28 (second cleamer

récover}es)‘and Figure T.32 (thaird Fleaner recoveries) shows
that magnesium re;ectzon increased by about 5% 1n the coarse
s1ze range (+200 mesh), by 20%-25% 1n the mid-si1zes (down to

.+28um) and by about 12% in the fine sizes (-ZSum).

!

Compar1son’between the separation efficiencies for the

4
d w-v‘)

- gecond "and third cleaners (Figs. 2.29 and ~.I7) shows that
magnesium re,ection 1n the third cleaner 1s not only higher

but also more efficient. The efficiency of coarse (+200 mesh) -

magnesium re;ection rose from three Mg per In 1n the second

N . 4

cleaner to about seven 1n the third cleaner. Efficiency :n the

~200/4+400 mesh materi1al rose from 4-10 to 12-18. Efficiency of

>

fine Mg rejection cannot be directly compared between the

second and third cleaners: however, 1t can be noted that
re,ection of —15um particles 1n the third cleaner 1s only 1.1

s

to 1.4 times stronger than zinc rej;ection and thu& not very
' p]

selective. The low selectivity of magnesium re;ect:on 1n the

7

third cleaner 1& probably attrlbutablé to the fact that flne .

.
N f - N .

—~e
—
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- TABLE 3.28
ASSAY DATA FOR THIRD CLEANER

THIRD CLEANER FLOTATIUN'

CLNRT
CON

MY ~4ZMOTMD

-

-~Im

-
&

Wy
oo

MRSE

ZI1CE MASEY.
L L e e e et
+150 . 5. 46
+200 1.62
+270 . 2.48
+400 .44
-4 35.7°
+25um T.10
+15um 8.20
+10um Z1.3¢
-1nﬁﬁ“ 53,60
+ 483 1.07
+ H4 5.19
 +100 15. 08
+150 17.42
+200 14,20
+270 12.70
+3 OO0 2.7
-400) —-7.99
+:u}.lm 7 .80
+15um 7.58
"+1Qum 2.83
=10UM 2.%4

B R

FRECOVERY
DURATION

8_.7"
2.9 MIN.

piat
RN 0
2,36
1.84
0.4
7%, 61
40,11
2.0

FIGURE 3.32
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TABLE 3.29

CALCULATIONS FOR CLEANEF #3

{' -~

CLEANER T nECOVERIES
MESH ZINC IRON MG
+150 S7.37 Q5. 10 21.72
+200 98.74 %5. 84 77.A2
+270 QP7.ET L. 74 S7.20
+400 5. 21 20,97 S 6D
+25pm 2>.21 85. 43 4%,.2¢%
+ 1 Sham 84.350 T4H.88 40,97
+10pm 46,10 -7.35¢% 26071
~10pm 21.42 19.20 12.57

o — . e e ot et e e e M i S s " ——— o — T ——— —— s o T ——

MESH ZINC IRON MG
+150 ———- 1.60 -.o7
+200 —-— ol 17.92
+270 ——— .12 18.27
+400 ———— .46 12.77
+25um —-——— 2.14 g.04
+15um ———— 1.4° 2,42
+10um ———= 1.15 1.37
—10pm —-———— 1.0 $1.11
DI:TRISUTIDN IN CLEANER = CZOMNCENTRATE
MESH 2INC IRON MG
+130 40.61 4G. 1S 81.48
+200 14.44 12.86 9.10
+270 12.72 11.27 4,20
+401) 9.60 7.4 1.92
+25m - 729 .7.26 0.83
+150m @.,07 11.08 . 1.47
+10um .57 4.20 Q.47
=10pm : 2.74 .60 0.SZ
DISTRIBU I0MS "IN CLEAMEF T TAILINGS
MESH ZINC IRON MG
+150 S.94 .58 T2.94
+200 1.01 1,44 . 11.4¢9
+Z70 1.64 Pl 12.51
+400 2.01 .17 8.&1
+25um 2.91 .38 4,45 °
+15um 2.06 11.41 7.18
+10um =2.82 25.8% 9. 64
-10um 54,99 45:94 ' 18.%&

________ e e o e et e m
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(=135um) magneésium was little more than a trace constituent 1n

the third cleaner feed.

N

The ‘distribution of magnesium 1n the final -concentrate 1s

© allystrated 1mn Figure T.74% There.as strong evidence in the

figure that magnesium contamination 13 caused by a locting

problem. dver ?0% of the magnesium 1n the concentrate 1s

coarser than T00 mesh, as opposed ta only 5% of the zinc of

that size. There 1s fRo evidence that magnesium 1s recovered 1in

this caircuit by any mechanism other than 13cting.

The recovery of 1ron 1n the third cleanmer parallels the

i

trend which was observed 1n the second cleamer. Iron 1s

recovered at a rate which 1s slightly lower than but parallel

to zinc recovery. The separation efficiency of 1ron 1s

‘

essentially rndependent of particle sice, thereby reaffirming’

that most of the 1ron 1s probably locked in fhe sphalerite

structure.

-

Ircn‘xn the third cleaner 1s rej;ected 1-7 times more

¢

strongly than zinc. This rate 1s slyghtly (perhaps

1nsignificantly) higher than the rejection rate experienced in

the second cleaner. Since flotation in the third cleanerlls

conducted at a pH of 7 (as opposed to a pH of 1O 1n the second

c¢leaner) gangue 1ron would be expected to float more

favourably 1n the third cleaner than 1n the second. A

simultaneous drop 1n 1ron and zi1nc recoveries from all sice

fractions 13 observed 1n the third cleaner, thereby suggestzné

that little 1f any of

gangue sulphides.

the 1ran at this point 1s i1n the form of

»
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S&gmary of Third Cleaner- Performance .

\ ' | \
Flotation 1n the third cleaner waé more efficient than 1t

v
'

was 1n the seﬁond cleaner. There was an overall drop i1n the

v

recoveries of all elements at all sizes: hpowever, the drop In

¢

magnesium recovery was the most substantial 1n all si1ze

élasses above Z3um. The global detline in recoveries which was
observed i1n thi1s cleaner was not caused by 'a shart flotatian
time, since the duration, of flotation was 2.5 minutes, as -

v

gompared to only one.minute 1n the second cleaner. Rather, }t
appears that some pHys;calior chemical changes were\evo{ed by
the leach which caused a general lowerifig of sphalerite

. flotability. This resulted_in slower éphalerlte recovery and
1ncreased'reject10n of cémp051t§ particles. ‘

Al though reco&erles of magnesium weré susstantlélly lower
in the‘thlrd cleanar than ﬁhey were 1n the second, éverall
recoveri1es of coarse magnesium were still Hxéh. The ma,or
re;eétlon mechanism in the third cleaner was the npn;sele¢t1ye
rejection of fine particles since the third cleamer tailings
had a élzé of 87% —-400 mesh and contained much fine Zi1nc.

Examination of the final concent}ate revealed that the
vast majority of magnesium contamination was contributed by
the coarse size fractxgns. There wag no evidence that
entrainment of fine magnesium was a problem. Thus. loct ing
emerged as the ma,or mechanism of dolomite contamination 1in

the zi1nc concentrate. Magnesium levels 1n the concentrate were

strongly related to sice., and showed a strong upturn at sizes

i 127
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coarser than 400 mesh (Z7um). Mineralogical associations with

()

appraximately this grain size may have been responsible for

high levels of magnesium copntamination 1n the concentr

ate.
.
.
2
.
.
, .
.
. N
.
,
K] ’ -
' ‘.
s
.
.
.
~ 4 4
R
.
.
.
[ -
. .
. .
,
A ~
. -
. .
.
. .., .
., }
n
. .
.
N
,
v ‘ L
. .
.
.. .
«
.
.
. .
.
A 4
S ,
,
N
1 ‘4
+ ]
s v -
S 8’
. 12
: ’
o ,
- ., .
+ ]
Y - »
— -
, RN




4 ) ' ~

3.16 Sumsary of the Locked Cycle Test ] .

.
Y

1

The behaviour of material i1n the locked cycle test can’

best be summarized by flow diagrams., which ére presented 1n

Figures Z.26 to 2.41. The fLDw‘dlagrams present a schematic

view of the amount of material which passes through or which

is re,ected at each flotation-stage in the 'circurt. Figures

T.36 to 3.28 present flow-diagrams for coarse (+200 mesh)

1ntermed1té (—200mesh/+15pm)‘andlfxne (-lsuM) Z1NC,
respectively. The:iea;h. which was located between tHe sécohd
and the third cleaners, 1s mot shown on the diagrams. The .
width of the bars leaving any one flotation stage 1s
proportional to the amount of Zinc uregent at thag stage. Thus
in E1§ure 3.38; 4or’example. the width of the ~i1nc bar
representing the fresh feced 135 equal to the sum'of the widths

af the zinc bars representing the concentrate and the

t$111ngs. Lilkewisey the width of tEe bar representing thée feed

to cleaner - 15 équal te tﬁ@ sum of the wxdfhs of the bars
leaving the £h1rd cleaner as tails and as concentrate. The
flow diagrams therefore provide a fast way of visualizing ‘the
circuit as a wﬁole. and of evaluatiHQKQ{rtult pérfcrménge. The
thrée Zi1nc diagrams are giawn to tHe same scale, as are the
three magnesium diagrams (Figures Z.739 to T.41): however, due
to thé wadely different masses.éf ~incand mdgnesium which are
encountered 1n the cleaners 1t was not practical to draw’ the |

zinc and magnesium diagrams on the same scale. In cases where

the mass flow 1s less thanm half a line width. a dotted line 1s

N

129 \ \ :




FIGURE 3.36 . .
FLW DF +200 MEEBH ZINC THROUGH CIRCUYT -

’ FIGURE 3.37
FLOW OF -200’/-0-15!.]" ZINC TD-RDUGH CIRCUIT

(12}

) FIGLRE 3.38 .
FLm OF =1SUM ZINC THROUGH CIRCUIT

°

130 7
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T ) " g ’ FIGURE. 3.39
T FLCH OF +200 MEBH MG. THROUGH CIRCUIT

‘ FIGURE 3.40 . .  °
) FLOW OF -2008/+15UM M6 THROUGH CIRCUIT
e S "
‘ i ' o FIGURE 3.41 . : -
: , : FLOW OF ~151M MG THROUGH cmcurr
' . »
- < C131
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Figures ~.36 and 7.27 1llustrate the flow of coarse and
mid-siz=e 2inc through the circuit. The behaviour of the two
s1ze ranges-is Essentlall; 1dentical, and shows an almost

unimpeded flow aof zinc through the circuirt. There are no’

significant recirculating loads at any point 1n the ciricuit.

v 1

The situation 1s gquite different, however, for fine (—13um)

Sinc. Faine zinc passes the rougher with little problem, but i1s

re,ected at all cleaning stages. The net results of this are

’
b «

summari-ed as follows: .

~ e
Al 4.
-

1) There 1s about a 200% recirculating lpad of fine zinc

-

through the second and third cleanérs. whiére the leach 1s

srtuated. This means that there 1s about three'times the fine

’ .

=Zi1nc 1n the leach at any one time tham one'would edxpect by

looking at the amount of fine zinc entering and leaving the

circuit. Since these particles have very large specific
. % ;

surfaces 1t 1s possible that fine zinc particles are lost 1n

.

the leach. For example, cubic Sum zinc pdrticles have specific

-

surfaces aover 200 times greater than the specific surfaces of

a 100 mesh particles. Since they also have a recirculating

~ hid - L

load through the leach of 200%. Sum particles could éas11y

exhibit a rate of leaching 1000 times’that of 100 mesh

particles.

.
& -

This potential problem 1s magnified when one considers

‘the relative abundances of zinc and magnesium i1n the leach

feed. There 1s about 15 times the volume of fine (;1Spm) zinc

- -




-t

o+

~ - - 4

1n -the feed than thefe is.coarse (+200- mesh) magnesium. This

meéans that the surface arega ex&ésed to 1éach{ng by fine zinc

»~ ks

is at least 15,000 times hxgherithan the surface ateé exposed

- -

by c¢oparse magnesium. stqqssion of the pr1nc1ples‘and

o -

. mechanismg of leaching 1s hﬁdefta#en 1n the chapters which

follow: however, 1t can be-statéd_at this point that the

creation of recirculating loads of fime zinc through the leach

-

1s a potential cause @f high acid consumption, i1nefficient

leaching of coarse magnesium and “zinc loss.

2

~

2) The amount of fine zinc entering the first cleaner 1s

-

e1ght times higher than the ameunt-of fine Tinc entering the

rougher as fresh feed. This altdatlon 1s the result of a ma,ar

v

recircul ation of flneé from all. cleaners. the latter two of

which are 1n closea c1}cu1t w;fh the first cleaner. Since the

first cleaner 1s, 1n turn, in'ciosed_ﬁirault thh.the rougher,
mucp of the "fine zinc ove(load" whlch.the cleaner teceives 1s
recircul ated back through the rougher. Th;s results in a S00%

recirculating load of fxﬁe 21nc:betwéen the rougher and the

cleanér and inevitably results in fine zinc loss through the

J
scavanger.

v

*»

- -y

- -Figures Z.329 to 3:41.111ustrate the flow of coarse,

A}

xntérdedlate amd flne;sxzed mégnesxum through the circuit. The

w *

flow of magnesium thrdhgh the rougher 1s obviously very large

and cannot be represented here. The didgrams are designed to

-

xllugfrate the beha;1cur of hagnesxum in the cleaners.

4

The flow of toarse magneéxum shown i1n Figure .79

> »
-, . - »
N -
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presents a.very disturbing picture from g prdc9551ng point of

view. Although there i1s a small recirculation of coarse .

magnesium betweesn tha rougher and the first cleaner the

masority of coarse magnesium which 15 floated vmn the rougher .

ultimately ends up 1n the final cancertrata. There :3 almost

an e ta

no reection cf +200 megh magnesium 1n an, of the cleaners.

Mi1d=-s1z2e and fi1ne magnesium behave 1n & dlf+er%§t manneaer ,

as 1llustrated. 1n Figwes 2.40 and‘?.4@._respect1vel,.—é great -

. .

deal of 1ntermediate to f+ine magnesium,1s passed ﬁh?ough the

rougher: however. rejection 1n the cleaners 15 very, good. Fine
magnesium passing the first cleaner 1s negligible -1n

comparison with the amount of coarse magnesium which 1s

pazsed. and the small amount of fine magneélum which does pass

.

15 effectively removed 1n the second cleaner. Mid—-sized

-

magnesium shows the beginnings of the problems encounterec 1n

the coarser si1:tes, since re,ectior after the first cleaner 1s

not as good as .1t 15 with the fine magnesium: howe.ear,
) o
re,ection 1% reasonably good and mid—-si1:ed magnesium does not

present a ma or problen.

'

The ma;or points about magnesium flow 1n the circult are

as follows:

1) Coarse magnes:um passing the rougher experiences a
little rejection 1n the first cleaner. but almost no
<
re;ection 10 subsequent stages. Consequently there

15 a large flow of coarse magnesium straight through

the ci+rculrt.
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2) Mid-siced and especially fine magn951um—bear1nd
particles are passed through the rougher 1n large

quantities but are effectively rejected 1n the

-

first cleaner. The second and third cleaners re,ect

most of the mid-sized and fine magnesium-bearing

particles. which pass the first cleaner. Thus,

N\

relatively little mid-si1zed ar fi1ne magnesium enters

the concentrate.

T) The flow of fine magnesium through the leach 1s very

smal%. Almost all of the magnesium passing through

the leach 1s contained within particles coarser than

200 mesh. Since there 1s a significant amount of #
zi1nc 1n the leach "competing” with the coarse
magnesium there 1s a possibility -that fine z1nc

affects the efficiency of magnesium leaching.

Assay data has previously been reported for the ¥: .e
separation stages 1n thi1s test circuit (Tables .20, T, 22,

3.24, T.26 and I.78). Discussion of these assays has been

1ne

avoided up to this point since no direct relationship between

\,

pléﬁty@hd test data can be established: however. the
J

-

y

concentrate assays presented i1n Table 7.I8 i1nd:cate that 1t 1s

possible at least i1n theory to produce an accgeptable
concentrate from this "difficult" ore. provided éhat few
particles of a sice greater than 200 mesh enter the
concentrate. This constraint co@ld be met by installing a

concentrate regrind somewhere i1n the cleaning circuit. The
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assays of all -400. mesh size classes were all_yell below the

acceptable limit of 0.252 Mg:\howéver,the Mg assays Eose
rapidlw 1n all s1£e classes abdve 400 mesh, passing thé
acceptable limit at about 200 meshi This suggests tﬁat there -
1s a locling prpblem even at particle sizes as fine as 7 pm
(400 meﬁh). It 1s not known 3f this problem 1s typical of all’

Fine Point ores.

¢

The Effects

‘ a

AN increase 1n the efficiency of flotation was reali-ed

between the second and third cleaners. The third cleaner

re;ected a greater proportion 6f coarse and mid—-siced
magnesium than the second cleaner. and at greater efficiency
(1ie. at less tinc penalty per %“Mg rejected). The' amount of

fine magnesium rejection experienced in the fine size classes

was higher 1n the third cleaner fhan 1n the second: however,

rejection of fine material 1n the third cleaner was not very

select1ve.

)

The third cleaner operated under the same esternal
conditions (agitation, air-flow etc.) as the second cleaner.
Since mass recovery 1n the second cleaner was 1n encess of PIU
the pulp density 1n both cleaners can be coqsxdergd to be

1dentical. There was no reason. therefore. to e:pect that

‘performance 1n the second and third cleaners should di+fer to

any appreciable erxtent. It 1s generally considered that

¥

particles 1n any one cleaner are slightly "more ¥lptable" on

(Y
™
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average than partxcleq 1N ptev{ous cleaners., by virtue of the

fact that'they passed the previous flotat:on stages while '

other "less flotable" materi1al was re;ected. Itlxs generally
expected. therefore, that re;ect1on of magnesium 1n the third

Ccleaner should be less efficient than re,ection 1n the second

cleaner. and that mass should be recovered moreé completel, and

. -

at-a faster rate i1ir the third cleaner.

N

The behaviour of the third &¢leaner was clearly 1n

opposxtlon\to.the e:..pected behaviour of this flotation stage.

s

Overall mass recavery 1n the third cledner was less than B8T%
. .-

after 7.5 minutes as opposed to a °7% mass reco.ery atter ane

minute :1n *the second c.eaner. Morec.er, the select:v1t, of

flotaticn ‘as measvred b, the separation e+ i1ci1enc,' was

impraoved 1r the third cleaner over *tnat which was observed 1n

the second zleaner. Sirce the orl, ditference between the

(-

operating conditions 1n *the second and third cleaners were
those caused by the acid leach 1t camn be concluded that: the
leach had a beneficial effect upon metallurgical performance

during subsequent +lotation. This effect was not analyzed 1n

[
'

detail. but may be the result ot any one or a combpinat:on of

fiydrodynamic factors ‘water viscosit, or specific gravity),

electrochemical or physiochemical factors (:10ni1c strength or

surtface tension), ar destruction of the sphaler:te surface.

L4




1t

\ ‘ -
. .

N ~

A variety of methods are tradxgldnallf'used for the

v

purification of "problem"” concentrates. Among these are

i1ncreased cleaning capacity fimplemerited by Fine Foirt .
P *
-~

1972) . acid lgaching (mplemented by Fineg Péxnt in 1972, and
used full-time as of 1980), and r@gr1ndxﬁg a; the middlings :
streamse or the concentrate. Ir .1ew 0% the resultz of thlS‘
test., 1t can be seen how some of thesa traditional solutxpns
are 1napplicable to the Fine Foint situation.

It was seen 1n this experiment that re,ecticn 1n the
cleaners was mos&ly from the fine sizee, Overall reccrveriec of
both coarse zirc and coarse magnesium 1n the Zleaners wera:2

/
very High. Thus., when the Agar <riterion was used to deteririne

-

the optamum flotaticn times at each zleanirg stage alamost ail .

of the ccarse magnesium was collected 1n the time 1% t30l to

cpllect acceptable amounts of fine zinc. Zirnce the secaration
Hetficienc, of coarse magnesium was greater *han 1 :4 all

clearers 1t can be concluded that .pgrading ccocuwrred during

flotation of the coarse sizes; bowe.er. coarse

magnesium-bearing "middlinrgs” proved to be mcre tlotable than

]

pure fige sphalerite. The minimal amount ot middlings which

were reected were accomnpanied By large amounts ot -2lati.ely

hxgh—gréde fines.

It can be predictec. thérefore. what the ef+ects o+

adding addit:onal cleaning capaci*,y would be. 3Si1nc= 1% 15, ,

essential to recover the +1ne zi1nc, ftlota%t.o times 1n the

“ ‘ -
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cleaners are governed by the’collectlon rates of these fine
particles. Thl; results 1n a consistent over—-floating and high
recovery of middling particles. Additional cleaners would be
expected io ;emove only a‘very small fraction of the middlings
at each stage, but a considerable fraction of the fines. This
would result 1n even higher recirculating loads og fine z1nc
but oHly‘yery modest gains 1n concentrate gréde.

-~ In cases where contamination i1s due primarily to locked
particles one 1s faced with ﬁhree alternatives. One can e1lther

&

accept the-middlings and thélr contaminants, re,ect them and
su#fer_lossés in ore mineral recovery or regrind them and
attempt io effect separation at a smaller sice. At Pine Foint
magnesium contamination 1s unacceptable and only tpe two
latter gptions can be considered.

A common concept i1n the flotation of middling particles
1s that particles with large amounts of gangue and small
amounts of ore minerals float at ‘a lower ;aie’thén particles

' b

with small amounts of gangﬁe and a large proportion of ore

minerals. These particles., 1n turn, are concei1ved as floating
at a lower rate than pure ore particles w1£h no gangue. Thus,
flotation 1s conceived as being able fo separaﬁe com9051te‘and
pure part:cles, and the "cutoff" amgunt of gangue i1n any one
particle 15 concel1ved as be:ng controllable by ad usting the
flotation time. In practice. however, these concepts appear to
be-é# limited applicability 1n réference to Fine Foint ore.
The dominant factor affecting the.recovery of any ane

3
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zinc—bearing particle is its size rather than its sphalerite
content. Thus, 1t 15 npearly i1mpossible to concentrate locked
particles in the middling streams without gengqat1ng huge
rec1rcu1at;ng loads of fines. It can be seen 1n Fig. 3I3.38 that
1n this circuit, where only about 5-10% of the Qlacked
magnesium was removed, theré was a recirculating load of finé
zinc equivalent to about B800% passing through the first
cleaner (500% between the rougher and the first cleaner, and
3007 between the first and subsequent cleaners). In order to
reject significant amounts of locked middlings 1t would be
necessary to build up buge recirculating loads of fine 21nc.

It appears, therefore, that two of the common soclutions
to gangue contamination are of little or no applicability to
this circuit. Since the maority of the maénesxum
contamination appears i1n the form of highly—-flotable locked
particles, add1t1;na1 flotation should not significantly
rmprove the concentrate; nor can the locked particles be
easily separated from the pure particles for size reduction.
Of - the conventional solutions toc magnesium cbntam1nation only
two remain: regrind of the bulk concentr;te and leaching.

The potential problems associated with the leaching of
coarsé magnesium 1n the presence of fine zinc have al;eady
been discussed. A possible sclution 1s the cyclonxné of
concentrate prior to leaching. This 1s the practice employed
at,PiHe Point. Experience has proven that leach efficiency is

-

nevertheless very low. An evaluation of the possible benefits

140
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of a bulk regrind is made at a later point, fo;lo@1ng the

results of a depaxled examination of the textural and

I
- ]
'

liberation characteristics of the ore.
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A

E CARBONATES BY ELOTATION AND EY
ENTRAINMENT . .

-r

The locted cycle tést reported 1n Cﬁapter._ reveal ed
locking as a dominant mechanism of magneglum recovery. Fine
dolomi te was recovered 1n oni& minimdl amounts and 1t was
concluded that Fine Foint dolomite exhibited neither true
flotation characteristics nor strong tendenci:es towards

[y

recovery by emtrarmnment. This chapter reports the results of
two flotation tests which were performed upon pure 5amples‘o4
Fine Foint gangue. The gocal pf the tests was to further
examine the possibilility of true 4lotat{on ot typical Fine

Foint gangue material under conditions similar tc thoseé i1n the

Fime Foint zi1inc circult.

1in the Fresence o

A sample of Fine Foint gangue was ground tc S0 —-Z00 mesh

and floated i1n a Leeds flotation cell according to the 3
Y

procedure ocutlined i1n Appendl: . The ganglie had an assay of

O.07%4 zi1inc and was considered to be typical of the carbonates

which host and which surround the Fime Foint ore bodres. The
results. of the flotation test are-présented in Table 4.1.
Figure 4.1 shows the recovery rates of water, coarse

(+27um) and fine (—Z7um) gangue as a function o+ time,

expressed as mass percent recovery per minute. Ar 1ni1tial

surge of froth aver the top o+ the c¢ell was e per:enced 1n the

first two minutes: -however, the froth quictly became unstable

T

- 142




o

TABLE 4.
RECOVERIES OF SOLIDS AND WATER DURING FLOTATION

_._.._-..._—____.__.____.____..._____._________,._.______._.____.___._...

MINUTES WATER =27 UM +37 HM
)
0-1 17.72 7.9 S
1-2 S 10.9 2.7 .1
2-4 7.2 1.9 .1
4=-4 - 4.7 .S NSS
6—-8 4,1 .4 NSS
g8-10 -.8 LT . NSS
REEDVERY RATES , ) -
OMPARED T0 WATER: - - Q.30 - Q.02
0.25 0.01
0,26 0.01
* 0,12 O, Q0
U.lﬁ 0. 00
.08 O, Q0

——— e et — —————— — — - — — —— — 7= ——— o T — Y s > e i o o e A+ —— e . —— o ——

NS5 = INSUFFICIENT SAMF’LE FOFR MEASUREMENT

v

FIGURE 4.1
RECOVERY OF WATER AND SOLIDS V8. TIME
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and water recovery’ after about

S

m:nute. Recovery of gangue in

s1ze fractions wacs found to be

.all times.’

— ~us

T minutes was only about 2% per
both the coarse and the fine

lower than water recovery at

Figure 4.2 shows the recovery rates of the coarse and

fine gangue fractions relative to water. The fine fraction

(-Z7pm) was’ recovered more qul

materi1al; however ., the maiimum
O-1 minute) was only 0% af th
coarse materi1al was Frecovered

recovery rate. There was there

gangue materi1al floated under

ctly- than the coarse /+?Tpmf
recovery rate p# fines 7from

e uater»feéovery r;ie. Tre .
at onl . ab0u£ 2% of the water

+ore mno rndication that' the

the e:.perimeftal conditiors. The

mass recovered 1n the flotation test was found tH assa, .Z1%

Tinc, corresponding to a Tinc
toncluded that . the sphalerite

that the gangue was recovered

recovery af 74%. It camn be

\

trace constitlent floatad but

entirely by entrainment.

A geri1es of unpublisted =uperiments was performec by Tony

Little at McGill Uriversity 1n

Fine Foint gangue were i1dentidf

and their different g%xndablll

1
s

responses of these two gangue
s1li1ca sand. The gangue types
light colour and low grindabil
dart coiour and high grindabil
507 —200 mesh 1n the presence

and copper sulphate, and were

1982. Twe d1#ferént types of
1ed by their physical apﬁearanqe
t;és. and the flotation '
types weré compared to *hat of,

were light gangue, with a

1ty. and dar

gangue, with a
1ty. The samples were graound to
of socdium- cyanide, zi1nc -sulphate
copditxongd wlth sodium

' »

.
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Mgy

»garbinol-was used as a frother .-

1soprapyl xanthate prior to flotatiaon. Methyl 1sobutyl

~

Results of the flotation tests are presented in Table 4.0
and Figure 4.73. Recovery of solids was a more or less canstant

16% of .water- recovery for both gangue and silica. ‘revealing no

evidence of gangue flotation. The recoveries of silica and
gangue as a function of water recovery were essentially the

| o -
same, 1ndicating that the gangue showed 'no unusual recovery

charactéristics. under the conditions of the experiment.

El

3

' . , FIGURE 4.3
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N TABLE 4.2
-RECOVERY OF WATER AND GANGUE DURING FLOTATION

RECOVERY QF: SOLIDS MEANM %!

WATER SOLIDS FER HZ20O S.D. :

]

SILICA 3. 39 0,78 0.14 !

—————— .51 0. 68 0.12 !

8.97 .27 0.14 !

6.24 0.79 Q.17 !

10.81 1.82 n.17 !

8.74 1.01 .12 !

.84 1.12 O.11 !

b.46 0.80 Q.12 !

5.47 0,49 0.09 !

.77 0,95 0.12 . 128

6.8 0.93 0,14 +/- 020!

]

> [}

LIGHT 12.74 .24 0.18 !

GANGUE 11.22 2.07 0.18 !

—————— 16.77 2.47 0. 15 !

8.3 1.27 0.15 !

21.57 z.22 0.15 '

F.99 1.77 .18 !

¢, 16.20 .77 0,17 !

1a.17 .75 Q.21 !

.27 1.60 0.17 '

7.51 1.70 0.17 . 169

5.98 0.96 Q.16 +/—- ,OQO17!

!

t

DARF 11.70 2.80 0.24 !

GANGUE 14.4%2 2.95 Q.20 \

—————— 14.80 2.0 .16 - '

12,37 1.96 O.16 !

19.17 .18 017 !

17.66 .11 0.18 . 132!

18.79 3.32 0,18 +/= Q29!
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4.2 Summary of Gangue Flotation

Flotation tests per40ﬁméd upon Fine Foint gangue samples
revealed that recovery of gangue was higher 1mn the fine si1:te
fractions than 1p the coarse fractions. Both coarse and fine

gangue were recovered at a rate less than that of water.

Frevious worl at McGill University showed that Fine Foint

'

gangue exhibited no flotation characteristics under typical
Fine Foint flotation conditions. It was also‘found that the
gangue material sﬁowed a similar ﬁlotatlonlresponse to that of
s1l1ca, which 1s considerea +o be strongly hydrophylic.

It is concluded that Pine Foint gangue shows Nno flotation
response under normal Fine Foint flotation conditions and that
recovery mechanisms of FPine Foint gangue are typical of those
exbhybited by a strongly hydrophylic material. Consequent}y.
the only gangue recovery mechanisms which are expecteé to be
operative during the flotation of Fine Foint sphaier&te are

entrainment and sliming 1n the fine sic-e frdactions and locting

1n the coarse size fractions.

147 -
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CHAPTER >

LIBERATION OF PINE FOINT ORE DURING GRINDING
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4

The principal goal of comminution (n ore processing :3
the liberation of valuable ore minerals from unwanted gangue
and from each other so that physical separation may be

achieved. Each mineral 1n an ore eihibits characteristic size
ard shape d15tr1but1ons‘(taxtures) which are governed by the

petraogenesis of the ore deposit, The variety and dfstr:butlon
of mineral tenturéa 1in the ore 15 the principal factor which

determlnés thé amount of size reducticrn which 1s needed to

effect separation. Additronal constraints are 1mposed b, the

s1ze requirements of some separation processes. Flotation of

‘sulphide minerals, for e:xample., 1s generally, nmot .ery

efficient at grain si12es much above 64100 mesh. y

-

The grind size which .13 used for a particular ore 13
-

largely governed by economic considerations and 1s not

necessarily the size which produces optimum metallurgical
peréormancg. The grind 1s generg}lﬁ ept as coarse as possible
1n order to minimize capital costs (cost of the milln
maintenance costs (liner replaceme’t,etc.) and éperatlng costs
(energy consumption). Use of too coarse & grind. however. may
result 1n low ore mineral recoveries anrd paossible penalties

due to the 1ntroduction of locled gangue lnto the concentrate.

+ The optimum graind size can therefore be defined as the sice at

which the sum of (capital costs + maintenance casts +

1
operating costs + value of lost recover, + perialties) 1s

1

-
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minimzed. Determination of the optimum grind size 1s a
complex process which requires prediction af antxcxpate& costs
and per formance prior to purcﬁase of the mi1ll and ad,ustments
to operating procedhres following mill startup. Periodic
adustments must also be made whén ora from a mine exhibits
variable grindability. -

Ore at Fine Foint 1s ground to approximately 50% passing
200 mesh (74um). The discussion which follows focuses upon
te;tural features 1n Pine Point ore which show mineral
asgoc1at1ons at a size finer Fhan S0-70um. It 1s assumed that
such associations could eauée 51gn1fiéant locking at the
cu}rent‘grxnd s1ze. A llberafxon study 1s carried out upon a
sample of Fine Point zinc concentrate i1n order to relate the
observed textural features &o the amount of magnesium which
enters the concentrate. Due to possible discrepancies between
metallurgically and economically optamum graind sizes 1t 1s not
possible to evaluate the feasibilty of changing the grind in
order to effect greater liberation of the gsphalerite from the
gangue; however, an estimate isymade.negardlng the amounts of
magnesium which are contributed by the 1n£roduction of lched

particles 1nto the concentrate under the'cufrent operating

conditions.
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S.1: Textural Characteristics o

ne roint YJre ang =
e

In this section the te:tures of the "difficult® ore used -
in the IACPed cycle test are e::amined 1n order to i1dentify
mi1neral associrations which could give rise to processing
problems. Hand samples were obtained by screening the original
batch of rod mi1ll feed at four centimeters and collecting the
oversize. A total of 137 hand samples were obtained, only 45.
of which contained visible mineralization. The minerali:zed
specimens contained an estimated 285-25%%4 ore minerals by volume
with only 3 specimens appearing to contain less than 257
sulphides. This observation 1s concordant with the geoclogy of
the area since mineralization tends to terminate abruptly
without any disseminated frlnge%; The feed to the mill .can be/
characterized as a mixture of high—grade material
(approximately 307 of the feed) and apparently barren gangue
(approximately 70% of the feed). Approximately one third of
the specimens contained abdndant'calcite.

Twenty—three spec1mens‘were made into polished sect:ions.
0O+ these twelve were chosen at random from the sulphide-rich

i

specimens, ten were chosen at random from the carbonates and

ur
~

one was chosen from the three sulphlbe—poor speci1mens.
Examination of the minerralized polished sections unde+r a
reflected-light ore microscope revealed the presence of

distinct textural types in the ore. Six of the thirteen

L,/‘V”ﬁ



mineral:zed specimens were composed almost entirely of
sulphiges ‘colloform ore;. Four were composed of Finely
assoc: zted dolomite and spnale-:+e {(disseminated ore' and
thrée Qere Zomposec cof Rloct, sphalerite 10 Jdolomite ‘Blocty
are).

The ten gangué samples were classified :1nto three
—ategories. Two were composed of very fine dolom:ite with some.

primar, te tures and high porosit, (micriti1c dolomite!. Seven

were —cmposed 0+ —oarce dolomite 1ntergrowths with no primary

t

textLres and higzh :rAtercr .,stalline pcrasity ‘sucrasic
dclomite) and one was eomposed o+ crcarse dJo.omite spar with
vugg, porosit, f(sparry, dolomite:r. “None of the géngue samples
were ‘ound to contain v1c1ble galena or sphaleri1te 17 pclished
section.

’

The following discussion el aborates upon the te:.tural
features of the various are and gangue Lypes which were
1dentified 1n the mill ¥eed.’8y relat}nq the tertures to
ep}sodes of ore deposition and alteration 1t 15 paossible to
create a petrogenetic definition of ore which could present
potential processing groblems. Such a definition has potential’
mill-site applications since forelnowledge of the occurrence
of difficult ores could allow bocth the kiending and
stockprling of ore according to texture and the 1mplemen€&t1én

of compensating changes to mill procedures before problems

arose. .



The 1llustrations which follow were created by one of

\

three techniques: - = .

a) Conventional colour photography. used for Z:1
magnification of polished sections.
b) Mlcfophotography under plane-polarized reflected

light. used for 1llustratiyon of surface features at

high resolution.

-~

c) Microphotography uﬁder cross-polarized reflected
light. used for 1llustration of sphaleri1te banding at

low resolution.

Flane-polarized light reveals the relative reflectivities
of the mineral surfaces. Galena 1s more reflective than
sphaleri1te, which 1n turn 15 more reflective thanmn carbonate or
the mounting med:um. Thus, galena appears to be white,
sphaleri1te appears to be gray. and both carbonate and the
mounting medium appear to be dart gray or Bblacl. This
photographic technique 1s used to 1llustrate detailed tesxtural
features.

Since both galena and sphalerite are. optically i1sotropic
1nsertion of an analy:lné polarizer (cross—polariced light)
ellminates‘sur4ace reflections. Thé only light which 1s seen
under such conditions i1s that whlch 1s multiply ref}ected from
sub~-surface crystal 1nterfaces. Since the amount of 1nterna{1y
reflected light 18 related to the transluéencv of the specimen

IS

colour banding i1n sphalerite 15 revealed; However., since the

;



1mage 1s created by subsurface reflections resolution 1s low
and the 1mage 1s slightly diffuse. Galena, under such

conditions, appears to be blact.

Colloform Ore:

The term "colloform" 1s genehally used to describe
laminated botryoidal masses of a mineral. especially
sphalerite from Mississipp: Yalley—type ore deposits. The term
may be misleading since there 15 some dispute as toc whether or
not these tentures were formed by true colloidal deposition
(Roedder, 1968). For the purpose of this disscussion the term
"colloidFmﬂﬂxs used exclusively as a texturally descriptive
term with no genetic implications. |

*

A polished section of colloform ore 1s 1llustrated 1n

I

f
Figure S.1. The sample consists al most Fntlrely of sphalerite

i1in a wide var{e;y of colours which rangé\+rom an almost
paorcelanous light tam to a more vitreous dart brown. Some
small steel—-gray grains of galena (gn) can be observed. No '
carbonate 1? visible 1n thl; polished section.
Figure 5.C presents a good e:ample of colloform textures
1in sphalerite viéwed under cros;—polarlzad'%eflected 11ght. A'
large sphalerite (sph) botryoid 1N the centrg of the diagram
has: nucleated aroun& a blocty grain of galena (gn). ¢

Fine Foint galena can also occur i1in colloform ore as

dendritic crystals (Figure S.7)., This texture i1s i1ndicative of

,
N

rapid crystal growth. Galena has a cubic structure and




. FIBURE S.1
POL ISHED BECTIM OF COLLOFORM ME L

-FIGURE 3.2
BPHALER!TE BOTRYOID NUCLEAT INB ARDUND GALENA

L)

Ny

. {(cross—-polarized light)
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DENDRITIC GALENA IN SPHALERITE (COLL

zed light)

(plane—polara
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therefore grows most rapidly 1n the (11l direction, as seen
in ‘the 1llustration. The' sphalerite 1n th:s sample was banded

NN

perpendicular to the growth a.1s of &he_galena. The textures
s;en ;n ?xgure 5.7 reveal a potential locting problem since
1nd1«idu§l galena dendr:ites .ary from 10um to ZOpm 1n
thicltness and would not be expécted‘to lzberate-completely at
the currant F:ine Eoint grind size. Dendraitic galena could
there%ore‘causg tinc flotation :n the lead circulrt. .

The depositional episodes-.recorded 1n‘the previous tWDH\
figures are simple and e:hibit no visible post—-depoasitional
alteration. Figure = 2 records deposition of botryoidal
sphaler:te upor pre-er:sting galena while Figure 5.7 records
concur~ent and rapid growth of sphalerite and galena. Teixtural
relationsnips seen 1mn colloform ore often exhibit a much
greater degree >Ff complexity. The Fine Foint deposits were
+ormed during several eplsodes of deposition and d:ésolutlon
of both the ore minerals and the country roct. Single hand
specimens of ore may therefore show a variety of complex
te (tures caused by this repeated deposition and remobilization
of the constituent minerals.

Figure 2.4 shows a different area of the sample 1n Figure
S.Z2,photographed under plane-polarized light. The figure shows
basic cclloform textures: however, some alteration can be
seen, The clear white area marked "gn" 1n the top left of the

figqure 1s primary galena. This galena 1s separated from a

large primary sphalerite botryoid below 1t by a wedge of
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FIGURE 3.4
SECONDARY ALTERATION IN COLLOFORM ORE

(plane-~-polarized light)

FIGURE 3.3
SECONDARY ALTERATION IN COLLOFORM ORE

A
S

“s

!
-

(cross—polarized light)
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’carbénate (ch}). The sphalerite botryoid can be more clearly

- '

N - seen 1n Figure 5.5 which 15 a vieWw of the same f1eld udnder

]
’

cros&e—polarized light. -

The two figures recard a secondary eplsode of replacement
d@r1ng which "grainy" galena replaced sphalerite. This
: secondary galena replaced sphalerite alerg the bands bfn

botryoids {(the curved @alena jyust above the label "B on the

sample) and along thF{Dld interfaces (the vein D? secandar§

»

galena marked "gn"),. T

After deposition of secondary galena the sample underwent .

. .

tensi1onal fracturing which preferentially separated the
sphalerite botryoids eirther perfectly parallel to the banding
Qarea "H" 1m Figure 3.4) or Perfectly perpendicular to 1t
(yust beldw the label "cb" on thé—same 41qure). Preierent1§1
parting occurred at sphalerite/galena i1nterfaces (eg. betwegn
sphalerite and the primary and secondary galena at "A" | Snd
between sphalerite and the secondary galena at "E"). The
fractures were f1lled with carbonate, passibly at the same -
time as they were developing. There 1s no evidence that the
carbonate-bearing solutions dissolved ma,or amounts of

»

sulphides. .
Figure S.6 shows a third area of the sample shown 1n

Figure 3.2. In addition toc the features generated by primary

textures, secondary galena and fracturing this figure shows

features caused by the replacement of sphalerite with

carbonates. The following features can be noted on the figure:
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FIGURE 5.6 ,
CARBDNATE P'EPLACEMQNT TEXTURES IN CDLLDFORM ORE
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- Galerna (gn) 1s found 1n two principal forms. The first
1s a replacement form which follows the ocutlines of former
sphaleri1te kbEotryo:ds {(the =longated galena running the length
of the figure, and the slightly more blocty galena at the
bottom—centre).”The second form 15 a late vo1d—+1llxn§ galena
(the bright, massive gakena at centre-right).

- Sphalerite 13 found 1n three principal forms. The first
16 primary sphalerite, as seen 1n the ;pper ~i1ght~hand corner
of the figure. The s?cond 15 corroded sphalerite. se;% at the
rims of primary sphalerite 1rn associatiorn with carbonaete ‘ch).
.and the third type 15 voi1d-v11l11ng sphaler:te, seen lining the
rim of the void-fi1lling galena.

- Carbonate 1s seen 1n one faorm. replacing sphaleri:te and
Ll

f1lling voids.

-

. 8
On the basis of the above i1nformation and the

petrogenetic i1nterpretations of Figures .2 and 5.4 the
following history of éhe sample can be constructed}

1) Sphalerite was deposited 1n colloform te:tures. Galena
was probably not present 1n ma,or amounaf.

) Galemna selectively replaced some bands 1n the
sphalerite botryoids. This replacement predated the
vaid-fi1lling galena.

Z) A second episode of sphalerite prec1p1tat10n‘resulted‘

1in the deposition of euhedral void-—+fi1lling grains. This

- o

deposition was terminated by a third episode of galena -

deposition which completely occcluded the void space.

°
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4) Tensional fracturing opened up new +01d spaces 1~ the

sample. Concurrent sphaler1té dxsgolutxon and carborate
deposition altered much of the primar, :5lio4orm sphaleri1te.
The gra}n/ nature cf the "sph+cb” éréa suggests tHat
dlSSEIuthﬁ occurred along grain bouqdar1es. leaving tiny
1slands of uAdl&SDl«éd sphalerite =t the former 51te§ af .
complete botryci1ds. The «oxd—‘;llxﬁg sphaleri*te éhéws orly

mincr Zorros:on around the edges and may havse oeen prcotected
1

from replacement by 1te larger gJrain s.ze.

‘

The observed teitures reveal a variet, of ways 1n which
the constltuent minerals of gollofﬁrm ore asspc1até. Elocby'
and replacehent‘galen; generally have graxn'S{:es over SC0um;
however, the dendrxﬁxc varigt, of galena erhibits elongated
dendrites whxch é%ﬁen have thictnesses as low as IO—TOAm.
Sphalerite 15 generally méssx¢e and botr/o;dal: however,

.

fractured sphalerite may contain f1llings of carbonate with

thicknesses af as little as 10um and replacement teitures with

grain si1zes :n the sub—micron range.:
Further examinatian of sphaler:te/carbonate replacement

‘- textures was codnducted under an electron beam microprobe.

Y

N

Figure 5.7 1s a secondary electron 1mage (SEI) oF a sample of

corroded sphalerite while Figures 5.8 and £.9 show the :zi1nc
and calcium F-alpha emissions., repectively. ‘Magnesium
em ssi1ons were low, thereby revealing calcite as the

replacement mineral 1n this sample. Dissolution of the

sphalerite botryoids was evidently band-selective since
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FIGURE 5.7

SECONDARY ELECTRON IMAGE OF REPLACEMENT TEXTURE
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FIGURE 5.9
CALCIUM K-ALPHA EMISSIONS FROM AREA OF FIG. 3.7

(white bar = {0um)
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Figure S.9 shows three banded areas which e hibit no calcium

emisslions,

The high-galcium areas are —cmpcsed 23F sub-mioror

ascoclations of calcite ard schalerite. There 1€ evi1cence 7 at
sphaleri1te particles may has2 sizes a3 low as C.lpm 10
diameter: however, such ultrafine sur+ace <eafures are
obscured by surfac=2 1-reqularities le+vt durir3j sanc.e
preparation.
Disseminated Qre:

A polished secticn ot dizseminated o2re .=z ...3%-at=2d N0

Figure S.10. In hand sample tne ore apgears tc corsicst oOf

u

sphalerite “lales which "float"” 1n cartonat=. Galera :
generally not visi1blie to the naleda evye.
Microscopic e:ramination of disseminated ore re.eali ¥

te.tures which are fundamentall, differens from those

0}

e:thibited by colloform ore. Two ccmmon 2isseminated Lte Tu-=2
are 1llustrated 1n Figures S.11 and E.12 arnd are refer-ec to

as voird-filling and co—precipitated subgroups, respectively,

of the disseminated ore type.

The voicd—-fi1lling te:xture seen 1n Figure 3.11 was t+ormed
©»

by the 1ntroduction of sphalerite 1nto vo.d spacés 1n the

dolomitic host roct. Fyrite and galena arg generally no maorsz

»
than trace constituents 1n this type of ore. The hos%t consists

of suhedral dolomite crystals which e:xhibit pianar

»
1ntercrystalline boundaries (eguival®ent tc sucrosic
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F16. 85.10
POLISHED SECTION OF DISSEMINATED ORE

dolomite"”). The void-filling sphalerite seen 1n the
1llustration appears to be euhedral since 1ts deposition -was
controlled by the configuration of pores i1n the host rock.
Sphalerite completely occluded the porosity. at which point
mineralization ceased. There 1s no evidence that the
mineralizing solutions caused carbonate dissolution; hor 1S
there any evidence of secondary alteration. .

The co-precipitated texture 1llustrated in Figure $.12

shows textural associations which are more 1ntricate than

-



FIGURE S.11
VOID-FILLING VARIETY OF DISSEMINATED TEXTURE
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FIGURE 3.12
CO-PRECIPITATED VARIETY OF DISSEMINATED TEXTURE

(plane—-polarized light)
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those~exh1b1ted by the vo1d—¥1111ng tenture, Salena, pyrite
and dolomte occur as secondar:, minerals f:1ling 1nterztizes
between well-developed sphalerite blebs., In some samples areas
exhibiting void—-fi1lling textures can be seen: howe.er, the
dolomite exhibits corroded boundari1es and shows evidence of
dissolution. It 15 1nterpreted that an episode Ot concurrent
carbonate dissolution amnd sulphice precipirtation resulited 1n
the liberation of euhedral grains of sphalerite such as those
seen 1n Figure 5.11. Secondary sphalerite accreted upon these
grains, thereby forming the sphero:dal sphaleri:te jrains
observed 1n Figure I.1Z2. (Galena and pyrite had +‘ew
pre-e:i1sting nucleation sites ano therefore formed small,
dispersed crystals 1n between the sphalerite grains. The
deposition of 1intersticial dolamite probabl, ratlectz a change
1n salution chemistr, following alteratiaon and seczndar, ore
deposition. It 1s unlxkela that the secocndary dolomite was
deposited at the same time that the primar, (host) dolomxgﬁ//
was dissolved. ' A

The grain si1zes seen 1n Figures S.11 and 5.1 are much
smaller than those which were observed for the colloform ore.
The mean si1c-e of sphalerxt; grains :n fFigure S.11 1s
approximately SOum: thus, particles of void-fillaing ore with
grain sizes above approximately I0um are e:pectec to be

substantially locted. The co-precipirtated sphalerite of Figure

$5.12 has a mean grain size of appro:imately 70umi howeser,

these grains are separated by only about ZHum and the
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intersticial material 1s composed largely o dolomite., Thus,
many particles of co-prec.p.tated ore2 with a grain s1I2 Tud”

above Z0um are expected to be lbcled. It cam be appreciated.

therefore. that 1n a flotatior 7eed wit™ a 5:22 2d- % °. fass.ing
200 mesh dissemlnated ore could 1nt-ojuce substant, a. amoan%ts
of locted magnesium 1Nnto the Zonc2ntrate.
Blocky Ore:

A polished section or bloct, or2 .5 :1ilustratec :n Figure

S.17. The ore consists of coarse sphalerite scar hcsted 1n
sparr y dolomite or sparry calcite. The grain si1z2 2f the
sphalerite ofted approaches 1.0-1.5 cm. The :nterfaces Setween
the sphalerite and the carbonates are generaily planar ana
free of alteration.

Eixamination of blocky ore i1n polished section re.eals
that the sphalerite 1s free of i1ntricate te:tures and conta:.ns
Nno 1nclusions of other minerals. The only feature which cam be
cbhserved under the microscope 1s a uniform f:eld cf apparently
pure sphalerite. This type of ore 13 expectad Lo zhow

excellent liberation characteristics due to 1ts lact of

intricate te:tures and large gra:n si:ze.
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FIGURE 3.13
POLISHED SECTION OF BLOCKY ORE
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Varieties of Gangue:

The gangue material found i1n the rod mill feed was
classifi1ed 1nto micritic, sucrosic and bloct, t,pes. The most
common form of gangue was the sucrocsic type which const:itutad
about 85% of the non-mineralized gangue samples. About 10 of

.
.

the samples were composed of sparry gangue and about 2 of *he
gangue samples were of the micritic type. Only, a small
propcortion of the gangue—bearing samples were mineralized.
Ninety—two of the 127 hand samples 1n the stud, [(&7%)
contained no mineralization, while 74 samples (ZEW) comtained
m1xea sulphides and gangue and 11 samples (8%) were composed
of essentiall ,; pure sulphides.

A polished section of micritic dolomite 13 zhown 1n

Figure S.14. The grain size of this type of dolomite was -.er,

‘

fine (although rnot fine enough to classify as true micrite

¢

\

according to the geological definition of the word) .and
primary structures. in this’case bedding laminatiocns, could be
seen. The dart laminations 1n this sample contain sub-micron
Bi1zed pyrite which 1s 1nterpreted as being diagenetic.
Micritic dolomite was found to be very porous; dart areas can
be seen around the border of the sample 1n Figure .14 where
mountlng‘reszn scaked 1nto the pores of the rock. No
mineralized samples of micritic dolomite were found.

Sucrosic dolomite 1€ 1llustrated 1n Fzg@re S5.15, This
type of dolomite showed no primary textures, and had a

relatively coarse grain size (up to 1mm). Forosity was highly
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FIGURE 35.14

FIGURE 5.15
SUCROSIC VARIETY OF DOLOMITE GANGUE
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FIGURE 35.16

SPARRY VARIETY OF DOLOMITE GANGUE
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variable. It appeared that A1l samples had a certain amount of
ariginal porosity which showed variable 1nfilling by late
calcite. In cages where the porosity comtained 1nfillings of
sphalerite this type of gangue hosted the void-filling variety
of disseminated are. )

Sparry gangue 1s 1llustrated 1n Figure 5.16. This type of
gangue consi1sted of large ésystals fup to = cm) of either
calcite or dolomite with high amounts of vuggy porosity.

Sparry gangue containing sphalerite crystals was previously

referred to as blocty ore.

Discussion:
_®

The principal characteristics of the +4cm rod mill feed
have been discussed. Quantitative esitrapolatiorn from the +4 cm
si1ze fraction to smaller size fractions must be carried out
with great reservations since the sulphides and ga;gue m;y
have different crushabilities. The principal observations made

-

1in this section are summarized bel ow:

1) Approsximately 704 of the hand samples obtained from
the rod mi1ll feed were barren. The,other T0.L of the samples
contajned from ITS% to almost 100% sulphides by volume. There
were almost no samples which showed sparse mineralization.

2) The mineralized samples could be divided i1nto thre;
textural types. These were cglloform ore. disseminated ore

and bloclty ore.

T) Colloform ore was characterized by banded sphalerite

173 kg
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and dendritic galena. No primary carbonates were observed 1n
the samples:

‘ 4> Secondary.carbonatés were 1ntroduced i1nto colloform -
ores along fractures. In tHe majority of cases 1t was not
determined whether these carbonates'were dolomite or calcite.
al though the samples which Qere tes£ed revealed the presence
of both carbonates. The carbonates Qften replaced sphaler:ite
and led to the development of comple:: associatx@né«o%
carbonate and sphalgrxte with grain sites gown to  lum.

S) Secondary caibonates were not seen 1n all areas of all
colloform samples. but appeared to be local phenomena.

4) Disseminated ores consisted of fine—grained
associ1 ations of sphaleri:te and sucrosic dolomte with variable
amounts of galena and pyrite. Two varieties of disseminated
ore were 1dentified. The void-fi1lling variety was %prmed by
the 1ntroduction of sphalerite i1nto pores 1n the dolomite. The
co—-precipitated variety was i1nterpreted as an altered(fc?m of
voxd—+11£1ng disseminated ore which was formed by concurrent

dissolution of the dolomite host and precipirtation D#\

siaflerxte. galena and pyrite during a secondary episode of

mineralization.

7) Three types of gangue were i1dentified. Micritig gangue
was composed of fine grained dolomite which showed primary
texturgs and exhibited high porosity. Sucrosic gangue was
composed of coarser grained dolomite which showed no primary

textures and exhibilted i1ntercrystalline porosity. Sparry

-174

o



e

.

-

gangue was composad of coarse, void-filling dolomite and
calcaite with vugqgy porosity. Only a small proportion of the

gangue samples were mineralized amd classified as, ore.
x @

It 15 evident from the previous discussion that Fine
Foint ore does not consist af’a'uniform assemblgge of
minerals. Hand sahples taken from the rod m;ll 4egd show great
variability 1in texture and i1n composition. Even sxngle
poli1shed sections may e:ihibit different textures 1n different
areas of the sample. This has great 1mpact upon the
application of liberation models to the ore. It can be roughly

estimated that over Q0% of the carbonate 1s barren, and 1s
4

“therefore liberated at any grind size. The ramaining

carbonate 1s liberated only at a fine grind si1-e and some
carbonate (that 1n the corroded colloform samples) cannot
really be liberated at all. .

Ore which 1s processed 7&—Pfﬁe Point 1s blended from
various stoctpiles. It 1s not known, therefore, whether the
various textures seen 1n the are represent 5re from different
Dlt; or whether single pits produce ore with a variet, of
thtures. It 1s 9v1dent,“however. that some textures are more °
amenable to liberation than others. A mill feed containing a
high amount of blocky ore or a high proportion qffunaltered
calloform ore would produce a mll feed whlcﬁ was easily
liberated., while a pi1t which contained a hxghly‘aftered '
colloform ore or a high proportion of disseminated ore would

produce a -m1ll +edd which ‘was much more difficult to process.
L)

~ 3
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Variability in ore texture 13 clearly a factor which could
have ma,or effects upon mill performance.

M »

During the course of this research nq opportunity arcse
for. the author to‘collect ore samples from worhking pirts at e
Fine Foint. Consequently. no direct evalyation can be made 1in
this thesis regarding the i1mportance of textural variations as
a processing variable. The only qther available samples of
Pine Point ore were polished sections made for the geclogy
department of McGill University some time 1n the mid to late
60°s. These sections were composed almost entirely aof
colloform ore and showed a remarkable lack of alteration. No
conclusions can be made, however, since the samples were
likely to have been chosen.w;th bias 1n order to Qhow clean
textures. Analysis of the spatial distribution of textural ore

»

R Y C .
types 1n the Pine Foint area 1s an area ‘h; further research

which could ﬁotentlally be used to explain and to predict the

occurrence of difficult ores.
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Laberatign in & Sample of Pine Foipt ng;t\: Plant

A sample of leach plant feed (second cleaner

was collectad from the Fine Foint concentrator on

Feed

concentrate)

4

the same dav

during which the rod m1ll feed was collected for use 1n the

L el
locked cycle test andg the testural study.

screened and assaved (Table £.1) and the separate

were prepared for

ascessment of their liberation.

The concentrate was

si1e classes

Due to low

contrast between carbonate and the mounting medium 1t was

.

difficult to accurately count carbonate particles 1in the size

w

classes smaller than 272 mesh (74um); therefore.

1t was

decided to conduct the liberation study upon the four si1ze >

classes .between

bearing particles were counted from each of the s1z2e classes

-4 and +270 mesh.

One thousand magnesium-—

and classified according to their magnesium content, which was

visually estimated. and their textural type. as outlined ] 3

bel aw,

M AE i B e i g

TABLE S.
BECOND CLEANER CONCENTRATE

A G T S S W > o " S —— — " o ot otk o e e W - o

SIZE MASS i MGZ
+464 7.20 1.63
+100 15.21 1.23
+150 17.39 0.76
+200 14.31 e la
+270 12.073 ©.18
+40Q0 .51 0.13
=400 235.15 Q.18
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«+ The feed contained two distinct types of lochked particle.

’

The first type was what one would consider a "conwent}ohal”

i

locked particle containirg sphalerite and carbamate ;oi1ned by

£

v

a si1ngle boundary. as 1llustrated 1n Figure S,17.
[+ }

I3

particles are referred to 1n the discussion as siphple locked

[N

particles. The second type of locled particle consisted of

.

1ntimate associations of sphalerite and canonate‘ dsually 1n

the form of carbonate 1nclusions

1nclus10n si1ze ranged from about

1 = sphalearite matri-..

Tpm ta Sham o with oan average T

?

The

si1ze of 1Dum. This type of locled partizcle 18 1Lllustrated 1n

——— e B o

was observed between the 51mp1é and comple: particle types. It

®

18 1nterpret=d that si1mple locted particles were formed by the

”

-

comminution of.blo;rv and colloform ore while comple. lacted

particles were formed by the comminut:on of disseminated ore.
i

.

The é&pected liberation characteristics of the two

loct ed

g%

particle, tyées are widely different. Reducti1on of the si1mple

lochked particle of Figure 5.17 by two or more size classes

would clearly result 1n the, production of at least one

liberated particle:; however, i1n order to produce signifticant

Q
liberation 1n the comple:: particlie of Figure S.12 one would

have to reduce 1ts sice by approiiimately five or si..

sile

classes. The particle shown 1n the figure 13 from the -&4/+100

mesh site fraction and would not enpected to show significant

liberation at particle si1zes above appro.imately

The results of the particle ccunting study
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) FIGURE S.17
SIMPLE LOCKED PARTICLE

(plane polarizted light)

0y

\ FIGURE 5.18
COMPLEX LOCKED PARTICLE

(plane—polarz:ed-l1ght)
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in Tables 9.2 to 5.5 and in Figures S5.1% and 5.20. The figures
show the relative abundances of locked particles with various
compositions. It can be seen in Figure 5.19 that the simple

locked particles were more or less evenly distributed

throughout the‘entire range of possible particle compositions.

- »

In contrast, most of the complex particles had low‘gangue
content (Figﬁ}q 5.20). . o
The even distribution of particle compositions seen in
Figure 5.19 is not what one would normally expect in a
flotatiog.product. Particles with high amounts of gangue are
usually considered to be lesg flotable than p;rticles with
little gangue and:should therefore be less abundant in the
concentriﬁe; however, the distribution of particle
comp;sitions observeé'in the‘fxgure is concordant with the
locked—-cycle ébgérvatﬁon that coarse< magnésium rejection in
the cleaners was neql@gible. It appears that composite N
particles containing only small amounts of sphalerite were ‘ .

W

highly flotable. . c:/ .

The simple particle profile for +2?0 mesh particles seen .
in Figure 5.19 is different from the profiles which are
observed for the three coarser size classes. *he +270 mésh
size fraction éhows an increased frequency of particles with .
low amounts of gangue. It is probable that the coarsest N
carbonate inclusions in the complex particles,.with a size of
abogt 50um, began to exhibit simplg locking at ~200/+270 mesh v
(—=74/+%50um). This phenomenon would explsin the increa:;d
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. TANE 5.2
LIBERATION OF +100 MESH PARTICLES

o

+100 MESH:  AMOUNT OF PARTICLES CONTAINING A GIVEN PERCENT. OF MAGNESIUM !

16 TR 120 20-40 - 40-80  40-80 8099 10000 TOTAL !

- mme | eaces®

SIMPLE: e © 21 113 137 120 17 183 193
28 17 lé

i

COWLEX, 112 32 -205 1

'

) _RBOVE NUNBERS AG A SERCENT OF TOTAL PARTICLES IN ANY ONE TYPE!
GPLE: 152 15 L2 151 W7 LI 190
COPLE::  Seb° 5.6 137 &3 18 - 100 !
M6 CONTRIBUTION A5 A % OF TOTAL MAGNESIUM IN SAWPLE ',

SINPLE; 22 .63 124 153 - 190 Be 889
cowLEX:+ 2.0 1.7 %85 T 2T e T qnn

A

ABLE 5.3
LIBERATION OF +150 MESH &M’l’! -

a

+130 MESHr  AMOUNT OF PARTICLES CONTAINING A GIVEN PERCENT OF MAGNESIUN

M6 . 1-20  20-40  40-40- 60-B0  8O-99 100,00  TOTAL

SINPLE: 108 101 123 104, g7~ 183 488
ComPLEX: 183 39 35 20 13 312

| "ABOVE NUMBERS AS A PERCENT OF TOTAL PARTICLES IN ANY ONE TYPE

Y-
SINPLE: 13.7 14,7 18,2 15.1 12.7 23.7 100

- e . e W i oy W o e o e e

COMPLEX: 8.7 18,9 11,2 8.4 .8 100
N6 CONTRIBUTION AS A T OF TOTAL WAGNESIUM IN SANPLE
SINPLE: 22 &l 1 e 157 3.7 8Ll

mml 3.7 3.4 305 2-8 2.7 ‘6-2

®
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> A Tm 5-4
LIBERATION OF +200 MESH PARTICLES
+200 MEGH:  ANOUNT OF PARTICLES CONTAINING A GIVEN PERCENT OF MAGNESIUM !
1 M6: 120 20-40  40-40  0-80  B0-99 100.00  TOTAL !
SIMPLE; 75 95 7 79 109 97 S
CONPLEX: \M] 3 7; i 2% . AN
ABOVE NUNBERS AS A PERCENT OF TOTAL PARTICLES IN ANY ONE TYPE!
SINPLE: 1.7 184 135 150 20,7 18,4 100
CONPLEX:  &9.8 9.1 9.7 5.9 5.5 100
NG CONTRIBUTION AS A Z OF TOTAL MAGNESIUN N SANPLE \ :
SINPLE: .7 &b 8.2 1] 26 24 A
CONPLEI: 7.6 3.0 53 45 1.4 5.8 !
: TABLE 5.5
LIBERATION OF +270 MEBH PARTICLES .
+270 MESH:  ANOUNT OF PARTICLES CONTAINING A GIVEN PERCENT OF MAGNESIUN !
1 46 1-20 . 20-40  40-60 080  BO-99 100.00 TOTAL ! .
SINPLE; 151 75 15 11 B I T
COMPLEX: 301 10 40 2 2 ST
]
ABOVE MUNBERS AS: A PERGENT OF TOTAL PARTICLES IN ANY ONE TYPE! '
SINPLE} 40 194 LT 9.8 9.8 10.1 100 !
COWPLEX: 3.7  17.9 9.8 4.2 4 100 ¢
g ' -
M6 CONTRIBUTION AS A % OF TOTAL MAGNESIUN IN SAWPLE v
]
SINPLE: 5.0 1.4 7.4 87 1L 128 S5
COMPLEX: . v

12.8 10.8 9.9 6.0 8.0
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FI1b. 5.19

» ABUNDANCE OF SIMPLE
LOCKED PARTICLES OF
VARIDUS COMPOSITIONS

<.

FIG. 5.20

ABUNDANCE OF COMPLEX
LOCKED PARTICLES OF
VARIOUS COMPOSITIONS
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amount of gangue-poor ‘simple particles which were obeserved.

-~
=

The profile which 15 shown i1n Figure S.20 for comples
partiéles i1ndicates that the majorlt; of these particles

° Accntaxned'less than 20U carbonates. It was sgen 1r the lccreag

: cycle test and 1t was suggested i1n Figure .17 that rejection

of coarse composiyte particles i1n #ine Foint zinc flotation 1s
low, regardless of particle compcsition. Moreover, the . .
"particle s1zes used 1n the liberation study were higher téan
-  the size at which significant liberation of thevcomplex
particles would be expected to cccur. It 13 therefore
. concluded that ghe distribution of particle compositions seen
1n Figure S$5.20 was caused by the original ore tentures. It
appears that the majority of the disseminated ore cgntalned
lesz than Z(% carbonates.
Pizseminated ore was previously féund to consist of
. vord-filling .and co—prec1pltateq varletlés.'The voic—-f1lling
rvar:aty contained sphalerite inclusiens with a mean grain size
of approximately SOum hostéd 1in a dolomitic matrii. The
co—precsztatee ~variety of disseminated core consisted of

/ . .

) intersticial dolomite grains with a size of approdimately ZOum
within a sphalerite matrix. Since thé majority of the comple:x
locked particles concisted of dolomite 1n a sphalerite matrax
1t 1s i1nterpreted that the co-precipltated variety of @

' disseminated ore Qas more abundant 1n the mll feed than_ghe

vord—fi1lling variety.

It 1s ppssihle that the cénceﬁtrate contained a certain

- o 184
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amount of unlocked carbonate—-bearing particles. since a number

E]

of apparently free carbconate sections were counted 1n all size

fract:ons. These sections could represent eirther pure gangue
particles or simple locled particles oriented i1n such a wa, as
to mate them appear to be free. The apparently f?ee secticns
are examined i1n more detail 1n the discussion which follows.
Aa estimate was made regarding the contiributions of
’ L
si1mple. comple: and "free" carbonate—bearxn%‘partxcles to
total magmnesium contaminatiorr 1n each of the four size
fca&tléﬁs of the zoncentrate. Thé magnesium assay contributed
by simple particles 1s expected to decrease as size decresases
4" 1]
due to i1increased liberation of the particles. On the other

hand, the complex particles are not eiupected to show 1ncreased

liberation over the range of particle gi:zes whith was ztudied

4.

1

and their magnesium contrifution 13 axpected.to be constant.
The magnesium contribution of "free! sections would be

xpected to decrease at finer sizes :1f the sections weresa

a

produced j/;m loclted particles, or to i1ncrease at finer sizes
1f¥ the particles represent free entrained carbonates. .
' »
The method used to evaluate magnesium contributions from

the three particle types (simple. comple: and "free") 1s

summarizced below:

A(X) = Magnes:um assay aof size fraction "X
T = PFarticle type
¢ F(T) = Fraction of particles of type "T"

F(T(I)) = Fraction of type "T" rxth I% gangue

1895 -
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Mg assay 1n size class "X" from type "T¢ gquals:

N i{N(T(I))‘* I3

ZZ: NCT () &% 1 3
¥ F

S

The results of these calculations are presented in Table

s

.6 and 1n Figure S.21.

It can be seen 1n Figure S5.21 that the amount of

-

~

contamination introduced by ‘simple locled particles decreagéd .

with decreasing sice, presumably due to i1ncreased liberation

of the particles. The magnes1dm goqtrlbutldn from apparently

1

free sections decreased 1n g \similar
suggesting that mos£'of these sections were produced from
1ogked particles. In contrast. the amount of contamlngtlon
1ntro@uced'by comple; particles was a more or less comstant

0.1% Mg over the size range studied.

>

contamination would be eiupected to persist

[

t

begin toc liberate.

The magnesium contribution of comple:

" high enaugh té have significant effects upon zinc metallurgy.

manner, thereby

This level of

sizes of about Z0-I5um, at which point the partltleé would

It is estimated that the complex particles contribute

approximately 0.1% Mg to all saite fractions coarser than
20-2Sum and somewhat less than ©.1% Mg to the finer site

fractions. This represents a large proportion of the 0.25% Mg

t

which 1s acceptable 1n the concentrate., Vaqlatlons 1in the

*

\  amount of disseminated ore in the mill feed\cmuld be

BN
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CONTRIBUTION OF SIMPLE AND COMPLEX LOC

PARTICLES TO M6 CONTAMINATION

TABLE 3.6
KED

]
1

11943 SIMPLE COMPLEY FREE MG ¥6% FRIM  MG6Z FROM HG% FROM
(MESH) LOCKING LOCKING PARTICLES  ASSAY SINPLE COnPLEY FREE
~b4/+100 8.3 1.1 3.6 0.99 0.5% 0.1 9,33
-100/+139 3l 16.2 3.7 .30 0.26 .. 0.08 0.16
~130/+200 5i.8 25.8 22.4 0.43 0.22 0.11 0.10
-200/+270 39,7 47,5 12.8 0.33 2. 13 0.1b 0.04
—- 1., - _—
®
—. v:) R
Fi16. 3.221
TYPE OF LOCKING V8. ESTIMATED
MAGNEBIUM CONTRIBUTION
r & TE
5 sof SIMFLE
o J 04
E FREE
T 3 G-u- ‘D‘ N b
r
I 2ot ]
5 . COMFLE:! !
E 194 s et E
D i
+ 1 't:1 (%)
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responsible for variations of about 0.1% Mg 1n zi1nc

an g

concentrates produced from different Fine Foint ores.

-

1

.- A Model for the Sectigning of Loched Farticles

- e e EmE e —_—— RESSSES eaSemasazams

cn
|

The covariance 1n Figure 5.21 between the magnesium
- contributions of simple locked particles and apparently free
particles suggests that most of the apparently free sections
were produced by loclted partitles; however, 1t was decided to
esamine 1n greater detail the effects of sectioning upon
observed particle d15tr1but10n§.
In order to simulate the sections whicH can be 5roduced
£ from any given lochked particle 1t 1s necessary to simulate the

following: .

4
1) All possible volumetric proportions of gangue.

2) All possible sections through the sample.
3) All possible orientations of the sample relative to

the section.
A simple model can be developed 1f 1t 15 assumed that:

1) The partlclés are spherical.

2) The boundaries between ore and gangue are planar.
These assumptions are reasonable for many sulphide
con;entrates. Most sulphide minerals breal during comm1ndt10n
into partlclés with low aspect ratios. While these particles

are often fairly anguiar there 1s a compensating factor

.
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introduced by the mature of sectioning and particle counting.

O0dd corners which are i1intersected by the plane of the sectidn

produce only very small mineral sections which are generally

disregarded during particle counting: thus. angular particles

ar2 essentially "rounded outtgyg the compensating bias 1n the
\///

counting method.

The assumptiom that locked minerals have planar
boundaries 1s valid at or Béiow a certain grain size which 1s
specific to the material being studied. At particle sizes well
below the grain sice the mineral boundaries are e:.pectec %to be
essentially planar: hqwever. as the particle sice apprcachas
the grain size one may 41nd\m1nera1 aggregates which exhaibit
irregul ar or angular boundaries. At very large particle si:zes
one may find gangue enclosed by sulphides, or vice versa.

It 15 evident that the :Dmpiex loctead partx:les’seen in
this study did not exhibit plamar boundaries ovér the s.ce
range which was examined. In Facéj the grain sices observed 1n

)
the comple: particles were so much smaller than the particle
s12es that the carbonate contents which were observed i1n the
particlies should have been 1nsensitive to arientation and
sectioning. The simple locled particles, however, exhibi ted
mineral boundaries which were very close to'alanar in most of
the particles. Examination of Figue S.17 reveals that the

‘simple loched particles could e:xxhibit a variety of section

<compositions depending upon their orientations relative to the

plane of the section.




|

\
~

e

”“bé?iiéieAthere are no unique 1ntersections produced by

The unigue intersections between locthed particles and
sections through them can be exam:ned by taking a fined
orientation of the sample anmd rctating the section through all
possible unigue orientaticns. The unigue orientations of the
section are,limited by the symmetry af the particle.

A spherical particle composed of two minerals separated
Sy a planar boundary has an asig of symmetr, passing from the
centre of the particle through the center of the'boundary.
Figure £.27 shows a loched particle with the mineral boundary

sori1ented horizontally and the axis of symmetry passing
vertically through the center of the p;rtlcle. & horizontal
section 1s shown on the sample, located a distance "X" away
from the center. In this arientation the ob;erved section
would be a free ore particle with gangue below the surface. [+f
the gsection 1s rotated (Fig. S.22) 1t 1ntersects {he gangue

1

and a loct ed particle 1s seen. ¥ rotation continues the

section will eventtzllv leave the gangue and a free ore

particle will be seen once again. Due to the symmetry of the

"spinning' the particl®® out of the plane of the paper; thus,

-

the total possible 1ntersections between the-mxneral and the
section camn be simulated by teeping the orientation of the

sample constant and by rotating the section gLrough T radians
in the plane of the paper. The tctal possible cambxnat;ons of
sample and sectron orientation can therefore be simulated by

-

‘performing the following operations:

190 S .
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VERTICAL SECTION THROUGH LOCKED
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1) The distance "X" 1s sinul ated between (X=0) and

-

(X=R), where R = the radius of the particle.

to the distance

the center of the particle

2) Bince the volumetric proportion cf gangue i1s related

"D of the mineral i1nterface from

(Fig. S.22). "D" 18

simul ated from (D=R) to (D= -=R). -

[}

from

Figures &.22

At any given

(QR=0)

“X" ang "D", the section 1s rotated

through (QR=T . ~

’

and 9.27 1llustrated a combination of "D*

and "X" which could not produce any free gangue sections.

4

Sections of apparently free gangue are produced from locked

particles only when { X D 3. P

Figure S.24 11llustrates a possible section through a

1ocked particle at some arbitrary "X". "D" and "OR". The

[

E

Foer s

s T

aticsir

i

v

LI

observed mineral
the intersection
and the section.
is a functian of.

Iy -

is a functian of

N .
boundary is always planar since i1t represents

TN
of two planes, 1e. the true mineral boundary
N,

\
The sectyon exhibits a radius of "R'", which

and)an area percentage of gangue which -
-

llxll, |IDI| a‘%d HQR"-

IQXII‘
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Mathematical Development of the Model

{ , - ' ’ D

3 The volumetric proportion "V" of ginqup 1in a locked

particle 1s related to the distance "D" in Fig. $.22 by the’

!

equation:

\v’

=
o
K

]
¢ (D /R = (D/RSI = D - ARV . ,
3
¢
i In Figure 5.22 1t can be seen that for any distance "D"
& B
; the gangue occupies (QD/M of the total circumferance of the
;
: particle, where: '

s GD = ARCCOS (D/R)

The angular separation of the section from the gangue is equal

to: )

o .
@x - QD \
@ ‘ . ._.};
' , where: i

f GX = ARCCOS (X/R) -
g The three possible types of mineral section are a) free
; gangue; b) locted particles: ¢) free ore. These three particle
{ ’ types are produced in three ranges of OR., as summarized below:
a) ¢ 0 ¢ GR « 1(@X - @D)!{ }  (FREE GANGUE)
‘ by { 1@ —-am i @R (ax + apy (LOCHED)
i ‘ ¢y £ (@x + @b < @R < T Y (FREE ORE)

i
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I+ (A@X > @AD) 1t 18 not possible to‘prnduce free gangue
;;ctxons. In thi1s case, free ore 1s seen 1n both (a) and (c).

By calculating the three ranges 1t 1s possible to
evaluate the amount of "free gangue" and "free ora2" sections
which will be produced by a given "X" and "D". If X 1s stepped
through the range é 0 X FJ then one can obtain an
estimate of the total amount of free sections produced by a
particle of lnawn "D" {(1e. known comfosition) 1n random
orientation.

Sectiqns which lie 1n the second range (as described

above) are locked. The area of a locled section which 1s

occuplied by gangue 1s a function of X, D, QX, QD and QR. If

‘"these parameters are all specified 1t can be seen from the

~

construction 1in Fi1g. S.24 that:

X x COS(GR) .

W =
and
. N = R’ - (D=W) /SIN(QR}
where  R*'= X % SIN(@X) 4 '

s Given the value of N, one can calculate the area percent

of gangue 1n the sample. In reference to Fig..5.24:

TOTAL AREA OF SECTION = T % (R*>“2)
0N = ARCCOS((R?*-N)/R?) -

'Z = R’ x SINGAN)

¢ -
' i

and the percentage of gangue 1s equal tos

~

1 - (AN /T - Z(R'-N) /(TR 2))

~
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. . ) TABLE S.7
MATRIX PRODUCED BY SIMULATION PROGRAM

r

! COMPOSITION OF PARTICLES (% BMEUE) ’ !
z 00-10 10-20 20-30 30-40 40-30 S0-50 40-70 70-8¢ §0-20 90-100 :
' ! FREE ORE 3.8 39.90 315t 25,37 20.39 la.12 12.34  B.8% 5.5; 2.3
g §¢ 0010 2,79 11,26 7.71 572 A5 G.6 64 1LBS 112 042
‘A E 10-20 11.06 1441 8,64 5,92 434 .21 235 L&l 0.9 0.36
o tpoCY 2030 3,02 .12,98 15.19 8.14 545 400 Z.81  1.89 1.2 0.40 !
00T 30-40 1,50  4.97 11.69 (%14 B.17  5.47 367 L4 1,39 0.51 !
Y§F 1 40-30 0,99 278 35.27 10,47 15,63 9.24 544 338 1,39 0.48 !
1 P00 %0-60 066 1,89 3.38 .M 9.24 15,65 10.47 S.27 % 0,98
T N K70 0.51 1.9 2.4t L7 547 8.17 15.14 1189 487 1,30 !

*1T §* 70-80 0.40 1,12 1,89 .81 400 5,45 3.14 15.19 12,38 3.02

LN ' 80-90 J6 0% 1.8l 2,35 LA 434 592 8.4 16,61 11.06

b v 90-100 0.42 1,12 1.B85 Z.04 361 435 572 T.L 11.26 &2.79
! ' FREE GAMGUE  2.15 5.55 B8.B5 12.34 6.2 20.39 2537 1.1 39.90 Se.15

l ‘
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¢ The distribution of observed gangue percentages from
;- particles of a given volume percent gangue can be simulated by
evaluating the above erpression through the range
O 1ax-api CF. (Qx+0D) 5 for all values of X 1n th2.range
L0 X r .

The simulation need only be applied {D particle
compositions between Q and S0 vol@ﬁe percent gangue. In order
to obtain data for higher gangue compostions one need only
consider the following:

- The amount of sections showing (Y)% gangue +from a

- particle of (Z)%4 gangue 15 equal to the amount ;1
sections showing (Y)% ore from a particle of (I)% ore.

- 8Since gangue plus ore must total 100%, this 1s equal to

, the amount of sections showing (100=-Y)7% gangue +from a
N particle of (100-2Z)% gangue.
4 Thus, for erxample, the calculated amount of sections

containing 2S% gangue from a particle of 457, gangue must egual
éhe calculated amaynt of sections containing &£3°. gangue from a
particle of IT% gangue. o

A program was written to generate simulated sections at

various orientations through particles of var:ous compositions

(Appendix 3 ). The 1nput variables for the program are:

1) The stepping rate for particle compositions (aV),
-5

Z) The stepping rate for sections (aX).

2) The stepping rate for rotation éhgles (a0R) .

197
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4) The dimension (M) of the output matrix.

The output bf the program 1s a square { 1 ¥ J > matrix
where { I.J I 1s the fraction of particles of composition "I"
which are produced during the sectioning of particles with

composition "J".
Table .7 15 an ocutput matrix which was producad using

C Vo= 2002y, X = 0,02y, (OR = 0,002 ) and ( M = 10 ). A

total of S00,00¢ sections were simulated during generation of

the matri... The output can be used to erxamine the distribution
of sections which are e:pected from single particle
compositions and to recalculate the original particle .

assembl ages which are repreégnted by a given assemblage of

sectiof compositians.

Figure 5.25 shows the model pred&ct:on for the amount of |

free sections produced b&tparfxcles of any given volgmetrlc
composition of bre and gaﬁgué. As Qne ﬁay expect, part:cles
with -small volumetric propo?t{cns of gangue produce many free.
ore.seét1ons and, few free gangue sec£1ons @b;le parchles wi th
large amounts of gamrgue produce few free DFE.SECCIGAS ang,maﬁy
free gangue sectxoné. A

It 15 a cgmmon practice 1n liberation studies to count.
only the mnor constituent minerals of the sample. In Fine
Point zinc con;entrates; for example, carbonate accounts +Br
cnly about 1.S% of the concentrate volume. If free ore

particles were counted 1t would be necessary to evaluate many

thousands of particles i1n order to count sufficient carbonate

.
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‘ B
particles to perform a meaningful’ statistical anal ysis., Thus,
in arder to count as many carbanate-—béarmg particles as-

possible free ore 1s often omtted. The;results shown 1n

1 ‘

}
Figure 0.25 must therefore be ad,usted. It can be seen from

-

the figure that a particle containing 39% gangue w1ll,produce

about 11% free gangue sect:ons and IBW freg ore sections, with
. EY &
the remaining &1% composed of locled sections. However, the;,n
. ’ . e
free ore 1s not considered the observed amount ot free gangue

will be 11/(1-0.28)% and the obger.ed amount of loched

sections will be 61/ (1-0.38B)%. The adjusted amcunt of espectad
-
free gangue sections 1s presented 1n Figure 5.26.

L

It can be seen 1n Figure 5.06 that locked particles may
produce significant amounts of apparently free gangue
sections. Twenty-two per:enﬁ of the sections produced from a

particle t:vlth S0% gangue should be free g.::mgue sections while

50% of the sections produced from a particle with SN gangue

should appear to be free gangue. This reveals. a fundamental

-
o ¢

weakness 1n liberation models which use the direct observation
of free gangue particles as a criterion for assessing

liberation. Samples which contain absolutely no free particles

N -
~

may exhibit significant amounts of apparently free sectic:ms.v: A
1 4

Is therefore advantageous tp find a method by which a

”

distribution of section compositions can be manipulated to

produce an egtimate of the parent particle assembl age.

1
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Recé&culat1ng the Compositions of Assembl ages

The observed distribution of sections from a particular
assemblage of particles 1s equal to the weighted sum of the
sections generated by the :(ndividual' component particles.
Table 5.7 was produced by simulating partlcle’composztlons in
two percent i1nterwvals (from 17 gangue to 997 gangue: then
combining the profiles 1nto groups of five to produce ten
evenl y-spaced composition 1ntervals: The distribut:ons of

7

sections reported 1n the table are., b, themsel ves, assemtlages
since each represents the sum of sections producad b, five
1nd1v1duLl particle cémp051tlons. Figure S.27 shows the
distraibutions of sections which are producec by three of the
composition i1ntervals of Table Z.7. The section compositions
describe an approximately normal distribution around the mear
particle compositions of the i1ntervals. These prcfiles can be

combined to simul ate assemblages with.a wider range o-f

compositions.,

/
-

Figures 5.28 and Z.29 show two simple types of 1oched
particle assemblages and their expected profiles. In Figure
S.28 the simulated assemblage has an equal amount of locled

.

particles of all compositions. The particle compositions are
divided 1nto five 1ntervals of 20U which each contain 200 of
the total particles. None of the particles 1in the parent
asgemblage are considered to be free. The distribution of

expecteﬁ particle sections 18 similar 1n form to the

assemblage of true particle compositions, icept that the five

201
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. FI16. 5.27
DISTRIBUTION OF SECTIONS PRODUCED BY
PARTICLES OF VARIOUS COMPOSITIONS
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FIG. 5.28
DISTRIBUTION OF SECTIONS PRODUCED BY
EVEN DIST. OF PARTICLE COMPOSITIONS
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composition 1ntervals each contain only about 14% of the
particles; the balance 1s made up by +;ee gangue sections,
which make up over 70N of the e:pect2d obser vat:ons.

Fléure $.29 shows an assemblage of particles whose
abundance 1s i1nversel, proportional to jangue contert. This
could be typical of many Flbtatan péoducts. It can be seen
that the model asseﬁglage 13 once again similar :n form to the
real assemblage, except that the abundance 54 sections with
large amounts of gangue 1S eraggerated and appron:matels, 2005
of the observations are e:pgcted to be free gangue sections.

It 1s possible to use an observed distribution of section
compositions to 1nterpret the true composition pf a particle
assembl age. Table 5.7 1s a square (J « I) matri:.., where
(J . I) 15 the amount of composition (J) produced by the
sectioning of particles of composition (I). The obser.ed
distribution of sections from particle counilng 1 an (I X 1)
vector, and the original particle assemblage can be simulated
by multiplying the (I & 1) vector with the 1nverse of the (I X
J) matri:.

Table 5.7 was condensed i1nto five Z0Q percent i1nterwvals

a -

plus one class for apparently free gamngue., and the model was

applied to the particle counts of Tables 3:Z to S.S5. The

condensed matri: and 1i1ts 1nverse are presented 1n Tables £.3
and 3.9, and the recalculated distributions of particle types
in the four site classes of the liberation study are presented: .

in Table 3.10.

il il - e ey ~ mperes
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TABLE 3.8

ABRIDGED MATRIX FROM SIMULATION

CONDENSED VERSION OF MODEL WATRIX

1

ACTUAL X GANGUE 00-201 - 20~40% 10-607 60-80% 80-100%  FREE BANGUE :
(B)g 00-20% ': 61.78 19.74 9.52 4,74 1.5¢ 0.0.0 E
gg 20-40% ; 19.67 35,23 14,20 6.03 1.7¢ 0.00 :
sg 40-602 ‘| 5.74 16,97 .46 . 13.82 330 0,00 :
%'L 50-801 : 3.12 7.47 C 1407 28.03 11.54 6.00 :
80-100 : 2.8l 3.8 9.46 15,8l 32.08 0.06 :

FREE GANGUE ' 7.08 (472 22.%8 31,73 49,81 100,00 '

TABLE 5.9 INVERBE OF ABRIDGED MATRIX

INVERSE OF CINDENSED MATRIX

ACTUAL X GANGUE 00-201 20-40% 40-607 60801 80-1007  FREE GANGUE '
1
-+

[} |
gg 00-20% : 1,961 E400 -1.037 E+00 -0.103 E+00  -0.551 E-01 -0.341 E-07 0,000 E+00 !
{
g z 20-407 : -1 221 E400 4,309 E+00  -1.470 E#Q0 0,137 E400 -0,394 E-02 0,000 E+00 !
1
5 lEJ 40-401 : 0.139 £+400 -2.259 E+00  S5.191 E+00 =2,368 E+00 0,428 E+00 0,000 E+00 :
% . 60-801 : =0.599 £-01 -0.145 E+00 -I.061 E+00 5,363 E+00 -1.7%5 E+)0  0.000 E+00 '
i
80-100 ' -0.725 E-03 -0.107 E+00 -0.215 E+00  -2.03C E+00  3.5B0 E+0C  0.000 E~00 'l

1
FREE GANGUE ' -0.12]1 E+04 -0.497 E-07 -0.148 E~0Z -0.226 €-02 -0.143 E-0t 0,100 E-02 !
TABLE S.10 RECALCULATED ASSEMBLAGE ‘ )

' PARTICLE SIZE: 00 +150 4200 270
' .

] : NUMBER COUNTED: 79% 568 26 - 386 :
[ |
' OBSERVED: 00-20, {S 16 1 (I
! 20-40 15 5 8 19
! 40-50 t7 18 7] 12
| 60-80 15 5 15 10
e . 80-100 13 13 2 10
: FREE GANBUE 2 U 18 10 :
1 1
[ 1
' RECALC.:  00-20 12 13 7 7 ¢
! 20-40 16 13 39 17 !
! 40-50 %2 36 7 1!
! 60-80 R 2 20 13 ¢
! 80-100 2 13 43 13
: FREE GANGUE -3 -2 . =18 -i0 ;

R T .
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It can be seen 1n Table §.10 that the reconstituted
particle assemblages are similar to the observed section
distributions eicept that £he reconstituted assemblages
contain no free gangue particles. The model conta:ins nNno
constraints to prevent the éenerat{on of negative results. The
negative amounts of free gangue which are reﬁorted 1n the
reconstituted assemblages indicate that. 1n fact, Fewe; free
gangue particles were observed than were e:.pected, given the
distributions of section compositions which were observed 1n
the study. It 1s therefore apparent that thg free sectlcns&
which were ocbserved during particle counting can all be

.

considered to be locked particles. In the twe sice classes

with the highest simple locled particle counts the

reconstituted assemblages balanced almost perfectly without

~

having to add large negative amounts of free gangue. This

suqggests that the fundamental assumptions of the model are f:k/
fairly accurate for the z-inc concentrate which was studied. >~

A liberation study was performed upon a sample of Pine
Foint leach feed 1n order to examine the amount and types of
locked particles 1n the zi1inc concentrate. Two distinct types
of locking were observed. /And these types reflectad two
distinct types of teitural association 1n the ore. It was

interpreted that the colloform and blocky textures produced

s1Mple locked particles, which consisted of sphaler:ite and
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dolomite separated by planar boundaries. The disseminated ore
produced cemplex lochked particles. which contained small
inclusions of dolomite 1n sphﬁherxte. or vice verssa. The
simple locled particles showed evidence of 1ncreased
liberation between the size classes +100 to +Z70 mesh;
however, the compig: particles appeared to contribute a more
or less constant 2.10% Mg 1n this range of size classes. The
contribution of comple: particles to magresium contaminatiaon
was not e:.pected to decrease until about Z5um, since the size
of the magnesium i1nclusions was typically 2-390 pm. Magnesium
contributions from compley locled particles could remain high
at particle sizes down to about S-10um.

Many free sections were observed during particle
counting. and 1t was not lnown whether these secticons
represented free particles or whether they were actually
locted. A model was developed to reconstruct the orzélnal
particle assemblages based upon particle counting data, and 1t
was found that the free sections which were observed were
likely to have all been locied.

e

Ig was therefore concluded that loct1ng was the praincipal
source of magnesium contamination 1n the zinc cpn;entrate. and
that variation 1n ore te:xtures 1s a probable cause of var:able
metallurgical performance exhibited by Fine Foint ores.
Intricate textural assoc:ations between sphalerite and

carbonates could be responsible for variations of about 0.10%

1in the Mg content of var:i:ious Fine Foint zinc concantrates,

e S ——————— TN
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The F1ne Foint leach plantrwas previously described 1n
Chapter 1. The operating parameters which are under d:irect

control at the Fine Foint mill 1nclude acid addition, pulp
59n51t; and residence time of the pulp i1n the digestors. A
series of controlled tests were pearformed upon a sample of
Fine Foint leach feed 1n order to el.amine which 1f¥ any of
these operating parameters affect the efficiency of leaching.
Two seri1es of leach tests were performed 1n order to evaluate
the effects ot varying pulp density and residence t:me 1n the
leach tanl. An acid addition corresponding to T?tg/tonne
(941bs/ton) was used 1n all tests. The feed was ultrasonically
dispersed 1n distilled water armd leached 1n plastic vessels.
Magnetxl stirring rods were used to leep the pulp 1n
suspension during leaching. At the completion of the tests the
pulp was filtered through a Buchner funnel and rinsed three

times with distilled water. The leachate was analyzted for

zinc, :ron, calcium and magnesium.

Leaching Tests at Various Fulp Densities

The concentrate used 1n the tests assayed &62.486% zinc.
0.494% 1ron, 0.524% magnesium and 0.7250 calgium prior to

leaching. The concentrate was leached for 20 minutes at pulp

densities from 10% to 70% solids and the amounts of each metal
. L}

removed during the leach were calculated from the assays of

208
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the leachates. Table 4.1 apd Figure &.1 show the masses of
soluble'metals which were found at tHe conclusion of the
tests. h *

It was found that pulp density had little effect upon the
efficiency of the leach. There was no statlét1cally
significant variation i1n the amounts of zinc. i1ron and
magnesi1um which were removed aver the range of pulp agensi1ties
used 1n the tests. .Thére was a decrease significant at the 0%
level 1n the amount of calcium removed with 1ncreasing pulp
density. It 1s 1nterpreted that this decrease was caused by
the limited scolubility of calcium sulphate (about Zg/litre)
which may have been precipitated at high pulp densities. The
scatter 1n the amount of calcium detected i1n solution :1s mast
lgtély to have been caused by variable amounts of calcium
sulphaté precipitate which were dissolved during rinsing of
the leached concentrate. ‘

The results of this series of experiments are in
agreement with prior warl i1nveolvaing the sulphuric acaid
leaching of carbonates. Frg;ay (1977) found that the’ leach:ing
rate of¥ marganese carbonate (a chemically and
crystallographbically similar species) was i1ndependent of pulp
density.

A control experiment was performed 1n order to examine
the amounts of soluble material present i1n the unleacﬁed feed.

The amount of soluble metals found 1n the control leachate was

about two orders of magnitude lower than the amount found 1n

'
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the leachates from experiments using acid (Table éel). It was
theretore concluded that vxrtuaily all pf the metals found 1n

solution were solubilized by the leach.

o i

* Since the leaching rates oF zZinc, 1ron and magnesium were
insensitive to pulp dens1gy 1t 15 possible to determine an

appro:xsimate efficiency of the leach. It can be read:ily

.

calculated from the feed assay and +}om the data of Table &.1
that approiimately 70% of the magnesium was dissolved d&rxng
the tests, along with 1.5% of the zirmg and &0% of the 1ron;
The dissolution rate of zinc which was observec 1n these tests
15 s1milar to a 1% zinc loss which was e.per:enced during test
leaching of Missour: Zinc concantrates (Schwe:itc-ar, 1987).

The rate of zinc leaching 1s anly about 2% that of

magnesiums: however, sSi1nce Ji1nc 1s much more abundant than

R -

magnesium 1n the concentrate the amount of ac:id used to

dissclve zi1nc s comparable’to the amount used to dissclve

.

magnesium. It camn be calculated that for e.ery, mole of acaid
which dissolves dolom:te there are appranimataly O.o moles of .

€

acid which dissoglve i1ron and zinc. Thus, no more than o0-&5%

{
of the acid :s consumed by the dissolution of dolomite.

Morecver, a certain amount of calcite. galena and trace
minerals are d1ssolve6 1in the leach and there 13 always some
acid which passes unused through thg‘leach circuit due te plug

flow through the leach tanmnksi; thus. the amount of acid which

‘15 available for the dissclution of dolomite 1s probably ,

somewhat less than &60% of the ac:d which 1s added to the

[
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o
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digestors. Acid addition must therefors be appro.imately twice
» '
the amount which 1s required to stcichiometrically dissol ve
the dolomit=. In order to reduce the.magneszum lev2l 1n a
—a

—oncentrate from 2. TSN Mg to .05 one must add aporoiamately

48-&%» tg of ac:d.
Variable Duratian

Table 5.2 and Figure &.2 show tﬁe concentration of zinc,
1iron and magnes:um :n the leachate as a functiorn of time. In
Figure 5.1 1t was seen thatlleach efficienc, at 709 minutes was
.1ndependent of pulp dersity,. Two different pulp densities (204
and V) were used 1n this series of tests 1n an attempt to

samine the possible effects of pulp dens:it, upen leaching
linetics at shotrt leaching tlmesf
"
The leaching times used 1n this series oFf tests rangac
from TO minutes to 30 hours. It was difficult to perform _ .
e
iperiments with 1e§chxng times of less than 0 minutes, s1nce
no neutralizing agents wers used "to arrest the dissolution
process and the time required to fliter and hash the
concentrate at the end of the leach was about 17 minutes.

The results shown in Figure 6.2 1ndicate that the leach

15 ess;ntially complete at 20 mimnutes. No significant changes

in the masses of soluble fetals were observed at times greatar

than hal+ an hour. Gorman et. al. {(177&} found that the

.

reaction between zinc concentrates and suiphuric acid at +he

3auget refiner,y was essenti1all, complete after 79 minutes.
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TABLE 6.2 EFFECT OF TIME UPON ACID LEACHING

GFAMS OF MeTAL TIES0OLVED
FULF
DENSITY TIME IINC TROM MG CA

ZO% 0 MIN [ D W Ly 0 I
&0 MIN 0.28 DA - DU 0,15
120 MIN C. 24 (Y. (A . 1&
—40 MIN .24 T PR Ne 15
000 MIN DL, Z2 Y L1t L 1E
SGU T MIN .22 S IRP 0,02 R
&0 MIN Q.27 & DL 0. 19
120 MIN .27 0. Q6 Dn,0e .16
240 MIN Do AN ! .10 X )
¢ 000 MIN .22 (IR (W W L1
.




LEACHING OF PINE POINT ZINC CONCENTRATES FOR

VARIOUS TIMES
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Tests at the Sauget refinmer, were pertormed on & pilot plant
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scale, and may have regu.rad longer leach times than
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e peri1ments presernted tere due Lo les Jrlense xg.t:
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the pulp cr dJue to a compcrmant oF ploag tlcw i the lea
tants.
Froduction cf Calcium Sulphate Curing Leaching

.

The dissolution cf dolom:ite and calcite resuit
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product:on or zalcium sulphatz2. This spe
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ct orl, Z grams per liter., and m&, vto-M1 & g-ecio:tate 1€

leaching :35 conductec at high gulp den=sit,. Zalc:ion sulpras2

byl

an

precipilrtation during leaching 1s a problem at Ama sauget

refiner, ., whera t1ne needl 2s or calciwn 3uipnate rac.z2

e

e

|
u

efficienc, of post—-leach filtration Gorman et. al.. :
A sample of Fime Foint ore was floatac and %“he tairl:ings

were retained <or leach\tests. X=ra, di<fractometr, re.ealed

that the sample was :Qmpésed primaril, o+ dolor:ta, w~iith

gtraces of calcite., A test was set up tc simulate & feed of

- >

0.4% dolomite., leached at SN pule demsit, with ar ac: 3
addltxon_sf 4% 13 . tonne. Leach residue was collected at times
rang:ng from 1< minutes ftc 10 hours, and the reas:dues war 2
aral,zed b, diffractametr,. Three Zistinct pol,morphs of
calcium sulphate were dete2cted at ,ar:0us leach t:imes.

Figure &.7 presents a sem:-qguantitat:.e apprz i1mat:on of

)
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the amcunts of each spec:2s which were presert a

times during the test, based upcn relati.e cir<fractior peal
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FIG. 6.3
COMPOSITION OF LEACH PRECIPITATE AS
A FUNCTION OF TIME
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heights. It can be seen that calcite was dissol.ed within 10

1

minutes., and dolomite dissal.ed comp.etal, within 45 m.nutss.

~h ant ydrous monoclinic calcium sulpghate ol . morph was
hd

sprecipitated as dolomite dissol .=ad 'ANCAS0y 3 how=.2r, %Fl3
form was found to be unstable 1rm 30iution ard sportanecusly
convertaed to anhydrite (CaE0,). The anihydri:%te ccr.er%2c %3

Cy-TH73J) withain 13 haours., “lass lo2ss .n tre sample

w

g,psum (Ca

Id
was small since each mole of dolomite (M.W. 133g.'mol praocucac

cne mole of calcium sulphate (M.W. {Tog mol, or (583 mol when

@]
+
th
8}
v
i
it
)
i1
B

hydrateo: . The calcium sulphate precipitated out
as finme acicul ar needles. i
Tests were pertcrmec at three differa2nt puip 2ansit: 2
order toc e.amine the mechani:smes and the i:nmetics cf calcium
sulphate precipitation (Figure o.4', Yar,ing the pulp dens:it,
15 equi valent to .ar};ng the concentration of acid 1n
solution, since pulp densit, and acid concentrabt:on ‘at
—onstant acid add:ti1on per tonne ct solids) are goreoportioral.
At 10.Z° pulp density there was na pra2ci:p:tat.:on of calco:um
sulphate and mass loss reached almost L2000 5, 39 minutes. At
=23% pulp densit, mass loss reached 8C%. arker TC minut2s, at
which ti1me calcium suiphate grecipitated rapidl, out of
soluizan. It 13 1nterprated that calciom sulghate
supersaturated 1n solution pricor tc preciprtation. The results

- -

of leaching at SC% pulp densit, have alr2ag. beer I:scussead.

a

It was shown trat dclomite dissclution was essentially

complete after 33 minutes. The mirmimal .cl.me of water at IO

—— s
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-
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b FIG. 6.4
MABB LOBB IN LEACH AB A FUNCTION OF TIME
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pulp densi1ty caused fast supersaturation of Lhe solut;&n. 50

that little mass change was observed when the supersaturated
)

material preaciprtataa.

The results :ndicate that there 13 little 2r no Linek:iz
advantage to :increasing the corcentration of acid :n solution.
Dissolution of dolom:ite was essenti1ally complete aftar 4S-&0
minutes, recardless of acid ceoncentration. hepeat tests were
performed at ac:id addit:on rates from ZC to 1EC tg/tonne, and
1t was fournd that the curves reported (n Figure o.4 were
duplicated at acid addition rates over TE kg /tomm2. The amouns
of acid needed for stoichiometric dxsgolutzon cf a feed with
0.4% Mg 15 "7 lgsrtonmne. so that 1t appears that (n the absenrnca

of sulphides little e:xcess aci1d :& needed to complete the

dissolution react:on.

Magnesium which :1s removed dw :ng the leach :s not
e:pected to precipitate as a sulphate since the solubilit, of
magnesium sulphate :s about 700 gsliter at room temperatura.

: It 15 e:pected that most of the magnesium :0ns which go
1into solution should be lost during thic! erning and filtrat:on.
There exists. however. & possibilit, that magnesium which 1s
removed 1n the leach may be reprecip:tated as magnes.um

hydre.iide 1n the nmneutralizer at the end of the leach.

Theoretical calculations made for a hypothetical cirzuit can




predict the likelihood and the approximate magnitude of the
problem.

I+ a magnesium reducti1on of 0.3 weight percent 18
effected 1n a leach feed at 65 percent pulp density the final
concentration of magnesium 1ons 1n solution should be .003
tonnes per 0.5 tonnes of water. This 1s equal to aont 0.25
moles per litre. The solubility product of Mg(DH), 15 1.2 ¥
10E-11 (CRC Handbook, 6&63rd ed.). When the solution 1s
neutralized to a pH of 7 the solubility of magnesium 15 equal

to:

{1.2 x 10E—-11 /7 1.0 % 10E-7 3 , or 0.00012 mol/litre

It is expected, therefore, that neutralizing the leachate
should result i1n the reprec1pitatxoﬁ of over 99.95%Z of the
magnesium i1ons as a hydroxide. This calculation i1s an
oversaimplification since the solubility of magnesium 1n the
neutralizer may be affected by factors such as the‘1on1c
strength of the solution, possible supersaturation etc.;
however, there exists a distinct possibility that the
magnesium 15 solubilized 1n the leach, only to be
reprecirpitated 1n the neutralizer. Such a phenomenon would
explain the fact that leaching never seems to remove all of
the magnesium from leach feeds, even though dolomite should be
readily soluble in sulphuric acid.

A sample of post—-leach (final) zinc concentrate from the
Pine.Polnt concentrator was tested for soluble magnesium. The

concentrate was\gry and agglomerated upon receipt, and assayed
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0.34% Mg, 0.78% Ca. The material exhibited strong hydro-—
phobicity and could not be wetted in water at room
temperature. Two 100 gram subsamples were boiled for 30
minutes 1n dzst;lled water, then filtered and dried. The dried
concentrate was powdery and showed none of the agglomerates
which were present in the original sample. The assays of the
two subsamples after boiling were { 0.23% Mg, 0.45% Ca > and’
{ 0.19%Z Mg, -.36% Ca . Thus, 1t appears that up to ‘457 of the
magnesium and up to 357 of the calcium 1n the concentrate was
in the form of soluble salts. No soluble salts were detected
in the control experiment which was perfqrmed upon the Pine
Point pre-leach zinc concentrate (Table b6.1) . Thus, it can be
concluded that the soluble magnesium extracted from the
post-leach concentrate was produced during the leach.

The possibility of Mg(OH), precipitation 1n the
neutralizer merits further examination. It 1s found at Pine
Point that the neutralizer reduces soluble zinc to
metallurgically 1nsignificant levels (Jones, 19680). It 1s not
known whether the zinc precipitates as a hydroxide or as an
ammonia complex; however, 1t is possible that zinc 15 not the
only metal to precipitate out of solution. The problem could
be compounded if Mg (OH), nucleates upon sphélerxte si1nce ;his
would, in effect, create "locked; sphalerite / Mg {OH),

composites and result i1n low magnesium rejection during

post-leach flotation.
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Summary @f Acid Leaching

The ma or pdints concerning the leachinmg of Fine Foint

concentrates can be summariced as follows:

1)

)

4)

-eaching efficiency was found tc be i1ndependent of
pulp density.

The dissolution reactzoé was essent:all, complete
after TO minutes, but coyld tale longer i1n a tant with
less agitation. The mean residence ti:me of concentrate
1n the Fine Foint leach plant 15 appro.imately two
hours (Figure 1.4): therertore. .t 1s probable that

the dissolution reaction reaches completion.

Dissolution of zinc sulphide was appro1mately 1.5%

under conditions similar to thase at Fine Fointg

’

however, soluble -i1inc 1s generally reclaimec 1n the
neutralizer (Jones. 1980).

Selectivity of leaching was found te be high, with
magnesium leaching rates reaching approxlmately

50 times the leaching rate of zinc; however the
amount of sifc 1n theé concéntrate was appraiimately
50 times higher than the amount of magnesium. The
amount of acid consumed by the dissolution of
sphalerite was therefore comparable to the amount
of acid consumed by the dissolution cof dolomite.

It was appro:.i1mated that the amount of acid needed

to reduce the magnesium assay 1n the inc concentrate

1
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7)

by ¢.7% 15 between 48 and &0 Lg/tonne. This 1s
approximately twice the ramount of acid which 1s needed
for 5tox:h10métr1c dissclution of ghe dolomite. The
excess acid 1s needed due to the dissolution o+
sphaleri1te. When pure dolomite was leached 1t was
found that the stoichiometric amount ot ac:id was
sufficient to complete the dissolution react:on.
Calcium sulpthe was found to precipitate from
solution at high pulp densities. The amount of
sulphate precipttated depends upon both the pulp
densit, and the amount of dolomite dissol ved,

A feed assaying C.4% Mg precipitates sign:ficanm<
amounts of sulghate at pulp densities over 20%.

There =:.1sts & possib:ility that magrnesium which 1s
dlS?Olved 1n the leach may be reprecipitated as
Mg(DH): 1n the neutralicer. It was found that soluble
magresium comprised appreoximatel ; T5-34%% of the

total magnesium i1n a sample of zi1nc concantrate

‘shipped from the Fine Foint concentrator. Soluble

magnesium was not found 1n a sample of Fine Foint

pre-leach tinc concentrate.
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The test wort reported 1n this' thesis i1ndicates that
locking 1s a major source of contamination i1n Fine Foint ;1nc
conce;trates. Locbea particles were subdivided 1nto a-"simple”
type, which would be unlocked by a modest reduction in grind
s1ze, and a "complex" type, which would not be expected to
liberate at grind sizes over approximately 25um.

The batch grinding process used in laboratory worl
typically vyields a wider particle size distribution than that
which 1s experienced in plant-scale closed cycle grainding. A
laboratory—produced assemblage with a grind size ofMSOZ —-200
mesh contains more coarse ana more fine particles than 1ts
plant—scale counterpart. For this reason it 1s expected that
the simple locking problem e::perienced in the laboratory
should bé of a less;r magnitude 1n the'plant. The
cdantamination i1ntroduced by complex locking, however, should
be of a similar magnitude 1n the laboratory 3?d in the plant.
It is therefore possible that complex locking could cause a
background level of about 0.1% Mg during plant processing of
the "difficult"” ore used in this study.

The two different types of locked particle were related
to two distinct petrographic textures which were not found
together in single hand samples of ore. It 1s probable that

different Piqe Foint ore bodies could contain variable

proportions of the two teiitural ore typgs.
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The preseﬁce of fine tentures 1R Fine Foint mll feeds
poses a problem which 1s difficult to solve., It was found that
dolomite-bearing sphalerite particles were strongly Flofable.
and could not be e;s1ly separated i1ntc middling streams, Thus
the only conventional ways to remove the magnesium ;re by
leaching. as per the currgnt mill procedure, or by i1nstalling
a z1nc regrind, as was done at the Magmont conmcentrator i1n
Missouri (SchQ91tzer. 19870 .

Zinc concentrates produced from Fine Foint ore contained
little fine magnesium. It was cbserved that rejection of fine

—

gangue was not very selective since latge recirculating loads
—

of fine tinc were built up between the cle;ners and the
rougher during loclted cvycle testing. THT= resulted 1n high
losses of fine zimc 1nto the tailings., and a lowering of
overall zinc recovery from over ?8%4 1n open cycle testing to
about 95% 1n the loched cycle test. The low selectivaity of
flotation 1n the fine sites could give rise to an entrainment
problem 1f flotation times were i1ncreased to boost zinc
recovery..

Magnesium contamination in the fine sites 1s often but

not always & problem at the Fine Foint concentrator. In an

internal” Cominco report (Aug.8. 19274) 1t was stated that:

"Occasionally, cleaning results in the MgD grade being
lowest 1n the -7254% fraction. Mowever, this 13 not

consistent and the grade 1s not less thanm 0.4%"
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Tests were performed upon samples of Fine Foint gangue 1n

order to wverify that the gangue e:xhibited no flotation

responsefllt was found that gangue was recovered at é
si1gnificantly lower rate than water under typical Fine Foint
flotation conditions, and that the rispver, of gangue was
si1milar to the recovery of pure si1lica sand under the same
flotation conditions. Fine gangue was recovered at a faster
rate than coarse gangue, but at a lower rate than water. I*
was concluded that the behaviour of FPine Foint gangue was
typical of a strongly hydrophylic materi1al. This conclusion
was supported by a liberatiaon study which was performed upon a
sample of Fine Foint zi1nc concentrate. It was found that
carbonates 1n the concentrate occurred only as loct ed
particles.

The test wort performed at McGill revealed no
hydrophobicity of the carbormate particles: nor were there
indications of major sliming or entrainment of carbonates
during locted cycle flotation of Fine Foint ore. It appearc<s to
be possible, at least 1n theory, that circuit or operational

changes ctould be effected which would result 1n more reliable

fine-particle performance.

o~

One of the most strxklag phenomena observed 1n the
flotation of Pimne Point sphalerite was the size selectivity of
flotation. The recovery of composite particles 1n the coarse
size fractions was at one point observed to be‘hlgher than the

recovery of presumably liberated fine sphalerite. Under such



conditions 1t 1s 1mpossible to generate significant
locted—particle-bearing mlddflng streams without r=2,2cting
unacceptable amounts of f1ne zi1nz. It coulcd pecseibl, be
worthwhile to cyclone the rouéher concentrate ang to treat the
fines 1n a Flotatloﬁ colu&n. Not only would thig redice *“he
recirculating loads of finme zinc ‘and hemce fine :;nc losses:®.
but 1t would also be possible to reduce the flotation +*i1mes of
coarse partléles 1n the cleaners. with the goal of generating

»
locted middling streams for a selective regrind.

-

]

Leachang tests performed upon samples of Fine Foint leach

feed {second Cléaner concentrate’ revéaled that the leach:ng
process 1s 1nsensitive to pulp den51iy and time cver
appro.simately 4SS minutes. However, test wort at Fine Foint
1nd1cate? that 1ncreased pulp density was'bene41c1al to l=2ach
efficiency (Caominco report TL4ODOZ, Nov.i. 1277)., It 15 pcss:kle
that temperature affects leach efficiency., 31nce addition of”
40 tg/tonne of 96% .sulphuric acid to a feed at &5% pulp
density could result 1n a temperature rise 10%C over tHat which
would be experienced at a pulp density of 20%. The effect of
temperature upon leach é++xc1ency was not e:xperimentally
examined.

When pure gangue was leached and fi1ltered 1t was found
that the dolomite dissolved completely, leaving a residue of
calcium sulphate:[however. when :1Ac concentrate samples were

leached and the pulp was neutralited prior to reflotation

magnesium was found 1n the final concentrate. It was suggestec
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that neutralication may cause the precipitation of magnesium
1ons as & hydro:ide. Tests on a sample of zinc concentrate

from the Fine Foint mi1ll 1ndicated that up to 4%5% of the

magnesium 1n the concentrate could be 1n the form of sparingly .

soluble salts. It 1s also possible that complen loched
particles may contain dolomite 1nclusions which are protected

from acid attack by the surrounding sphalerite.

The flotation response of zinc concentrate was found to
change after leaching. Recoveries of all elements were lower
1n post-leach flotation; however, 1t was found that the
efficiency of separation was elevated. The precise reasons for
changes 1n the flotation behaviour were not e:amned.

It 15 possible that the leach could be used 1n a modified
form to alter the flotation characteristics of the zinc
concentrate early 1n the flotation circuit. I+ the rougher
concentrate was exposed to a low—acid, short—duration leach 1t
15 possible that flotation selectivity could be higher

throughout the zinc cleaning circuit.

Conclusions

4B Ay

The ma,or conclusians which were made pertaining to Fine

Point zinc flotation and leaching are summarized as follows:

— Sphalerite was found to float extremely rapidly. Zinc
recoveries during batch flotation were typically over 0%

within one minute, and the factors which limited the zinc

&
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recovery rate appeared to be air flow rate 1n the flotation
cell and carrying capacity of the froth.

- Composites containing doleomite and schalerite fligated
at & rate which was comparable toc the <lotatior rate c¥ pure
sphalerite. It was therefore necessary to use .er, shart
flotation times :rn order to efect a separation.

- Thg use ot ver , short flctation times resultad .n Sigh
recirculating loads of fine zaf&. This 1¢ presumabl, caused by
the low arobablllt/ of fine-particle/bubble zollis:ans.

- The middling streams which were ccllected 1n lozi =2d
cycle flotation contained a small amount of composite
particles and a much larger amount of fine particles,

? \
1ncluding both sphalerite and gangue. The middling streams
were typically found to contain over 303 -400 mesh material.
Very little fi:ne gangue entered the concentrate: however, the
large recirculating loads of fine particles resulted :n fine
Zinc loss.

- The magnesium assays found 1n laborator ,-prgoduced z:nc
concentrates were proportional to particle si:ce. The fine si:ze
classes procduced a relatively pure concentrate, while the
coarse site classes contained considerable magnesium. Locting
therefore emergecd as the dominant mechanism of gangue
contamxnataon.’The lact of fine contamination 1n the
concgntrate ruled out entrarnment and sliming as ma;or janguea
recovery mechanisms i1n the tes% C;FCUlt.

- Tesxttural study of a sample p#lFxne Foint mi1ll feed

lala)
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revealed the presence of several distinct ore testures. The

mcst 1mportant of these were cglloform ard gigssemipateg

te tures. The twc te. tures were no* found together 1n es.ngle
hand sampled of ore., amd 1t was ‘néerDretec t-~at +ne,
reflected two different modecs of ore depcsitior. The two
te:;.tural t, pes could originate from di:fferent Fine Foint
mines.

- The two dominant ore te“Fures had d:fferent gra:n
s1zes. Colloform ore showed few ntricate associlatidng between
sphaleri1te and carbonates: however, d:sseminata2d cre nad a
fine grairn si1ze and displayved 1ntricate assoc.:ations between
sphaleri1te and carbonates.

- Farticle-counting anal ,sis of a sample =f Fine
second cleaner concentrate revealed the presence of *twao

!
distinct types of locted particle which reflected the two
predominant ore te. tures. Colloform ore produced si:mplie locled

.particles, which consisted of sphalerite and carbcnate ;oined

by @ single planar boundary. D:sseminated ore prcduced complex

locked particles, which contained “1ne 1nclusi:ons of zarborate’

1N spkealerite. .

- It was found that the magnesium assay contribited to
the concentrate b, simple locted particlecs decreased with
decreasing size between 64 and 270 mesh: howe.eor, Jue %t the
fine gra:n size of i1nclusions 1n comple particles na

apprecrable literation was experienced :n thi1s size range. It

was estimated that comple. part.czles cont-ibuted T.1%
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magnesium to the zinc concentrate 1n all s:ize classes between
64 and 00 mesh, and this level of contamination was 2 pected

e

to persist down to c.zes of about (E-IZ5um. It was cocnczluded

.

that si1mple locting would r2spongd “c smal. hanges .Y gr:nd
Sl:ib but that the "bactground” le.els ot magnesium
contaminaticn i1ntroduced by comple. locting would remain
Zocnstant over the range of grind s.I@e whiInN woulc normail, be
H
gmployed ag Fine Fcint. “Yariable amounts of gisseminatead
te. tures 1n Fine Foint mill feeds coulc cause var.able
bazt'ground levels of Mg contamination anc .arirabie
metallurgical performance.
- Many apparentl]l, free sections of gangua wera >2e&-
during particle court.ing. A model was comnstructed to intergret
. s
the particle count:ing results. It was dete-nined that the free
gangue sections could all be e:plained b, the randaom
sectioning of simple locted partlclés. Thus 1t appe;red that
the onl. ma,or mechanmnism of gangue ccntaminat:osr abovse 270
mesh was loctirg.
~ This conclusion was s.pported by wort 1mval.ing the
flotati1on of pure gangue samples under tygi1:3al Fine Foint

Ead

conditions. It was found tha; recovery of material over TTum
(400 mesh) was only about 2% of the reccocvyer, rate c water.
Recovery of -Z7um particles was higher, but sti1ll onl, a
fraction of water recover,. The recover, of Fine Foi:nt gangue

was s:milar to the recovery of si1lica sand under i1dentical

flotation conditions. It was therefore concluded that Fine



Foint gangue behaved as a hydrophylic specie®e. In the absence
of sphalerite the aonl, distinguiszhable gangue recovery
me-hati1sm was entrainment, which reco.ered gangue
preferentiall ,y fram the fine si1te classes. Entrairme=2c dJolomite
was surcess‘ull, rejected 1n locted cycle testing by
successive cleaning flotation stages.

- Leachi1ng teste were performed wupon samples of Fine
Foint leach plant reed. It was discovered that leach
etfiz1ency wee 1ndependen*t o0f pulp dens:ity,, and that tne
dizssolution r2action was completed within abcut 4 minutas.

- When pure gangue samples were leached the dclomite was
completel, Jissol.ec. leavi1ng a residue cf calzium sulphate:
however, when conientrates were leached the magnesium was not
completel , ~2movyed. It was suggested that carbonate 1ncliusions
1n sphalerite could be shielded from the acid. or that =g(0d),
could precipirtate during neutralizaticn o+ tpe pulp. In
theory, 9.9 of the dissolved magnesium coulc be
reprecipitated as Ng(DMZ:urxng neutralization.

~ In leach tests i1nvolwving pure gangue 1t was found thét
the ,dissolution reaction could be completed withcut adding an,
acid over the amount needed for sto:chiometric dissclution of

zencant-ates 1t

T

the dolomite. However. 1n tests :n.vol.ing Z:in
was found that up toc 1.8% of the sphalerite could disscl ve.
The required acid acdition was appro: 1:matel:, twic2 that wnich
wculd be needed for stoichiometric dissolution of <he
dolomite.

—
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- The recovery rates of all elements dropped during
post-leach flotation. The greatest decrease 1n flotation rate
was experienced by magnes:ium. It was 1nterpreted that the
flotability of sphalerite decreased during leaching, thereby
causing a general slowing of recovery rates and an i1ncreased
rejection of locted particles. There eiists a possibility that
this phenomenon could be exploited by installing a short,
low-acad léach near to the head of the cleaning circut 1n

order to allow better reection of composites 1n the cleaners.
[

Fecommendations for Further Worlb

The conclusions made 1n th1§ thesis could be greatly
enhanced by correlation with plant results. The following
studies are suggested:

1) A textural study shouib be carried out i1n order to
determine differences 1n the textures of "easy" and
"difficult" ores. The spatial occurrences of colloform and
disseminated ore 1n the Fine Foint area should be examined.

2) Magnesium levels 1n Fine Point concentrates should be
correlated with the proportion of disseminated ore which
occurs 1n the mill feed.

<) Tentural stydies of "difficult” z;nc ores from othér
Missi1ss1pp1 Valley—type deposits should be conducted 1n order
to evaluate possible tentural reasons for variable

metallurgical performance.

4) Since sliming, entrainment and gangue flotation were

tJ
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all found to be unimportant as gangue recover,y mechanisms N
laboratory test circuits, & stud, should be conducted i1n order

to :1dent:i+¥, an, aspectz of glamt la,out or >sperations which

w

zould gi1ve rise tc fi1ne entrainment problems.

S) The poss:bility 24 separate treatment o+ fin2 and

coarce sizxe fractions shoulc be eramirnec. FRemoval of the fine

it

2r “la2tation Times

i

€12 fractions coulc allow the use of shor
1N the cleaners, and & possible 1ncrease 1r locled gparticle

re,ectior. The fine-si1zec particlas ma, 5e amenable to zclumn

) The =2f+ect of temperature as a factor :n laach
effi1cienc, should be e.amined.

7) Fine Focint zinc Zoncentrates should be eramined for.
the, possible occurence aof Mg“mlor other sparingl., scluble
magneslium precipitates.

g) The behaviour of zinc concentrates 1n post—-leach
flotation needs to be &:.amined. with the goal of determining
whether changes 1n recovery rates are caused by physical
characteristics such as the specific grév1t/ or'axscoszty of
the water., or whether they are caﬁsed by chemical changes at
the mineral surfaces. Acid leaching should be eiramined as a

pessible method of increasing flotation selectivity.

&
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Al.1 Flotation Procedure

—_— e B e e SRS T

The following standard reagent addition rates and

operating procedures were used for the locked cycle flotation
test (LCFT) of Chapter T and for the entrainment test of

Chapter 4:
Reagents:
The following reagents were added prior to grinding:

NaCN  10ml @ 2% per hLg. (0.2 kg/tonne)
ZnS0, 20ml @ 107 per |g. (2.0 kg/tonne)

Na.C0Os 20ml per }g. (2.0 kg/tonne)

]
—
<
™~

The addition rates of these reagents are higher than the
amounts which are usually used at Pine Point, since the ore
contained almost twice the metal cbntent of the ore which 1s

usually produced.

The ground pulp was conditioned for 10 minutes i1n the

presence of the following reagents:

NalIPX 1Sml @ ' 1% per kg. (0.15 kg/tonne)
éUSDq 1Sml @ 10% per kqg. (1.50 Lg/tonne)
MIBC 10ml @ 1% per Lg. (0.10 kg/tonﬁe)
CaQ sufficient amount to raise pH to 10.0

235



Operating Conditions:

During flotation the follpwing conditions were

maintained:

Arr flow 2.0 litres per minute (4.0 i1n scavenger of LCFT)
' &

Impeller speed 1000 R.F.M (1100 1n scavenger of LCFT)
pH 10.¢0, maintained by periodic addition or Cal solution
s

AL.Z Special Frocedures for Locled Cycle Test

Filtration:

The m;ddllngs which were generated dur:ng the LCFT
generall, contained large amounts of water and needed to be
dewatered prior, to recirculation. This was accomplished by
vacuum—filtering the sample then re—-pulping 1t 1n a lesser
Quantity or water using an ultrasonic bath. In a preliminary
test no abservable difference was seen between the flotation
response of normal sphalerite feed and feed e.posed to

v

ultrasonic dispersion.
Acid Leaching:

The Qecond cleaner concentrate from the LCFT was
transferred to a plastic pai1l’ for leth1ng. The pulp was Lept
1n suspens:ion with a nylon-coated magnetic stzkrer and ZO0ml of
J0% H SO was added (appraximately 20 Lg/tonne). The pulp was
left for 90O minutes. aftet which 10% NaOH solution was used to

~—
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neutralize any remaining acid. At Pine Foint liguid ammonia 1is
W
used as a neutralizer; however, ammonia was found to be too

obnoxious to use 1n an unvented laboratory experiment.

Anglyses of flotation products were made by Atomic
Absorption Spectroscopy. Samples of approximately 0.3 grams
were dissolved 1n 10ml of hot concentrated nitric acid. The
solutions thus produced- were diluted down to a target
concentration of approximately 5—10ppm prior to analysis. The
concentrations of the samples were read from the absorptlan
curves of a standard solution. The standard was prepared by
dissolving 0.1 moles of FbS0y, 0.2 moles of InS0y4, 0.2 moles
of Cal, 0.2 moles of FeSOy and 0.1 moles of MgS0Oy 1n one litreéy

)

of 5% mitric acaid.
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CALCULATION QF MAXIMUM MAGNESIUM REMOVYAL IN THE ACID LEACH

| 2
The leach which was situated between the second and third

cleaners 1n the locled cycle test removed an untnown amount of

magnesium from the second cleaner concentrate. This uninown

amount of mater:al affects the recalculated recover:es of
magnesium 1n the rougher and 1n the first and second cleaners.
An estimate of the effects of the acid leach upon the
recalculated recoveries of magnesium can be made 1f 1t 1s

assumed that:

1) Magnesium cannot be recovered more completely than
T1Nc 1N any one site fraction of any one flotat:ion
stage.

Z) The leaching rate of magnesium 15 i1nversel,

proportional to particle si1ze.

Table AZ.1 shows an approximate of the ma:imum amount of
magnesium which may have been preseht 1n each size class of
the second cleaner concentrate prior to leaching.

The first column of the table contains the recalculated
recbvekxes of magnesium :n the second cleansr (AFFARENT
FECOVERY). These recoveries cannat be kigher than the

recoveries of-zinc (IINC RECOVERY)., listed in the second

.

L4

cclumn of the table. If 1t 1s assumed that 120 magnesium units
were observed 1n the second cleaner concentrate -and tailings

then the maximum possible amount of magnesium un:its which may

276
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TABLE A2.1

MAXIMUM AMOUNT OF MG IN PRE-LEACH

CLEANER 2 CONCENTRATE

MAXIMUM MG IN CLEANEP I CCN BASED LPIN RECOVERY RATES

HESH APPARENT  IINC. 44X M6 MAX X
SILE RECOVERY RECSVEFY IN COK  LEACHED
+200 93.27  98.80 33 2!
+270 92.93  98.77 330 8
+400 87.60 28.73 964 i
+25UM 03.94  96.94 108¢ 94
+ 1 5UM $7.84 .3 697 92
+{0UN 5,38 8L.24 4 92
- 10UN 26.04 75,94 M 89

NAXINUM M6 IN CLEARER 7 CON BASE) UFGH LEACHIHG RATZE

MESH MAX T SILE NAXZ  MAX M6 PERCEAT
SIIE LEACHED  FACTOR DIS5  IN CON  CHANSE
+200 71 3 o5 127 Py
+10 3 AB] 39 143 54
+400 21 30 30 173 100
+23UN 94 7 ! 2 A3
+15UM 92 100 9% 7l 150
+10Un 23 100 93 M\ 1329
-10UNM 89 100 8¢ i 809




have been present 1n the concentrata pr:i:or to leach:ng .s

calcul ated as:
(1-Mg .Rec.). (1-In Rec.) - r1-Mg Fec..

These calculat1;ns are shown as (MAX. MG IN COH». The
difference between the (AFFARENT RECCL.EFY ™ anc <he ‘MAX. MG 1IN
COM 15 equal to the ma.l1mum amount of Mmalnesium unlits which
could have been leachéd from the concentrate. Th:s :s
coqﬁerted to a percentage (MAX % LEACHED). The total magnesium
units which were present 1n the seconc cleaner r+2ea uvs edlal
to (MAX. MG IN CON) plus @ 100 - (4FFAFENT FECOVEF-) ).

A second constraint 1s applied tc the calculat:ons 1n
grder to comply with the principal that lea;élng 18
s1ze-dependant. Ideall,, there should be a lower size l:m1% at
whiich all'magnes1um 1s removed. At larger s:zes the amount of
magnesium which 135 removed from the concentrate should be
inversely proportional to particle sice. It can be obser.ed 1n
Table T.2& that magnes:um assays i:n the leached second cleaner
concentrate ro;e 1n the size classes coarser than
approi:i1mately 13um. It was therefore considered that (ZSum was
the approximate size limit above which leaching rates should
follow the (1’'SIZE) progression. Assuming & ma.1mum pcssible
leaching rate of 100% 1n the +1%um size class, the ma. 1mum
leaching rates 20 the ne:.t four ascending s1ce cliasses shoulcd

be approiimatel, 71, SO, TSZ% and ZE., respect: .el,. The

ma: 1mum leaching rates 1mposed b, th.:s second constraint are



presented as '3SIJ& SACZTIFS) 1r the tatble.

The best est:mate for the leach.ng ra<e o- magnes‘mm&.h

“me seccnC Zleare- g Dttainec -, €173 “mhEe sma.l.e” - Mar T,
LEACHEZ 2 the SIIZE T4T7702F x€ “"e ma .P.m SerI@mtagsE I

magresium remcvsa. from the corcentrate. This e showr as ‘MAX
% DISSCLLTION = trhe table., and -epreserts the ma .mum
cosesitle pe~cCcertage -+ magnesi.m "eMC.&. .~ Ar. Ire S.Z€ 1.asS
whicm~ sat.sf.es bct™ Zormstreirts. The ma .mum goss.C.e

¢
percertage 0O+ C.s8C.at10r Tar Te .sec tC Ca.Z.o.ate the MAY,
ME 1IN ZON anc *he FECCE'(TwmGE CAmiGE betweer :!e ~ceer a2
anc tnhe est.matec recsu. ts.

Table “»I.. presents ar esTt.ma%~e =+ ~"ne e++ec%: 1O+ %-e

leach 4por %he recs.Z..atec isoMEpcs:%t.2one o+ $~e -cugme~ e&nd

the “1rst Cleanmer concar<-ates. [t .3 assumec T-at .r ar, >re
s1Ze Z.iasg 1l .. Mg ur.ts are fourc .- thne ‘feec tc ar, one
flotation stage. Tor e ample, reco.er, of +I0L mesh mnagnes:.m

'

in the second cleaner was obser .ed tc be acor< :1matel ., “ITi;
theretore. S Mg unilts were tound .M the cconcertrate amc S .n
the éa;llngc. It was estimatec that the actual amourt of
magnesium .n theé second cleaner concenTrate IOL.C ha.e been
T7% higher than the amoun* which was opser.ec Tabie AZ.1).
Thus, the "real” amount of Mg units :n the seconc I.eener
concentrate could nave been as high as '..2S % (.77, or 127.
The ma. :mum amount of magnesium which could ha.e been presert

in the secornd cleaner tailings 1s equal tc « 1.. - DBE. MG

RECOVER™-), or S, Theretfore. the magnesium assa, (N <he +I0C

=41



. A2.2
M6 LEVELS IN CLEANER CONCENTRATES
323ERVED £5T. 08S. T07AL '
MAGNESIUM  BESCRE % IN M5 IN  FPEECERT
S12E RECIVERY LEACH TRILS 234 CHANGE
[}
(CLNRZ CON) (CLNC TLS) (Coh1_COM) :
+200 o5 7.0 S 152 2
4270 o 141,00 ” 150 s
© 4400 88 2,00 12 187 a7
+25UM o 27,00 o %1 I
+1SUM 3 727,00 i 785 065
+10um X .00 S 428 238
-10UM % II17.00 " 31 at
CONR1 20W) (CLNL TL3) (RGHF CON) !
+200 "8 100 W] W o
+279 18 7 £ 124 K
+400 by 50 B 4 123 29
+250M 20 € 80 132 32
+15UM o) 07 ': 280 180
' +10UM 20 38 30 108 58
-10UM 12 7 8 128 x:
TABLE A2.3

TABLE

EFFECTS OF LEACH UPON RECALCULATED
RECOVERIES & BEP. EFFICIENCIES

' 0BS MAX 08¢ RN
' 3TREAM SIIE M5 REC M6 REC 3EF IFF 3EP IFF
' CLEAMER: +15¢ 1.3 §1.2 3.8 MY
' +200 77,4 77.4 17,8 17.9
! +270 57.2 57.2 18.4 18.4
> +400 50.7 5¢.7? 13.4 13.4
! +25Um 45.4 15.4 8.0 8.0
! +15UN 47.9 17,0 MY MY |
! +10UM 26,2 26.2 1.4 L4
' -10UN 12,6 2.6 1.1 1.h
]
' CLEANER. +20C 95,3 96,2 I .7
! +270 27,9 9<.? th 3.7
- +400 8.4 91,5 <8 5.0
' +25Um 5.9 87.0 1.2 .3
‘ +150r 7.8 94,5 7.4 1.0
‘ +10UM 5.4 2.9 [P 1.9
' -10UN 26.0 742 MY 2.3
1
C_ZARER] +200 75,7 80.0 30.0 2,0
‘ +276 8.8 58. 1 5.2 4
* +400 3.3 4.9 2.3 13
' +25Un 20,1 154 1.9 1.4
~15UM o .8 MY 1.3
! +10Un 19.7 52.% 4.7 .8
' -10UM 12.1 29.4 10.8 8.4
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mesh fraction of the second cleaner feed ‘first cleaner

concentrate) could have been as high as (127 + S), or TZ%

higher than the calculated value. In & simiiar manner, since
recovery of magnesium 1n the «27Q mesh fractian or the first
zleaner was calculated as 76, the actual amount of magnes:um
1n the first cleaner feed could have been as high as 176 ¥
1.72) + 24, or 124.

The effects of the leach are less as one progresses Dac
through the circuit. The second cZleaner concenrtrate assa.s may

— - TH g
R DY

have differed from the recal.lated .aiues b, -~ .. 3

—~ ey

difference was _-2% for the second tCleaner feec 'f.:rct cleaner

concentrate) and 3. for the f.rst <learer reed 'rougrer

concentrate).

The results presenrnted :n the two tabtles .ndicate tha=s

-~ —

coarse +400 mesh! magnesium assa,s ma, tave beer 70 tao 100%
s
higher *han the recalc.latec assa,s 1n the second clearer
corcentrate, "2 to 37 higher than the -ecalcalated (alues 1n
the secona cleaner feed 'first cleaner concent-ates, arc
J4-23% highegr than the recalculated .a:ues fcor the +i1rst
cleaner feed ‘rcugher ccncentrate . The assays oOf f.ne (—300C
mesh) magnesium ma, have Heen IS0 to 1700, *igher than the
recalculatec salues :n the secconc Zleaner Zonc2ntrat2. .cdl. o
050% higher than the recalculatec .alues 1n the seccnd z.eaner
feed 'first cleaner cCorcentrate. arc ZE°. <z 130 -igner tnar

the recalculated .aiaes 1m the “.irst Ziearer +eec rougher

concentrate’. These ranges rapresent tre <"ecret.ca. ma . numn

243
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variations which could be e:.periencec between the observed and
actual magnesxgm assays. [t 15 li1lel, that the true varlatxoﬁs
were somewhat less.

The potential effect of the leach upon the assa,s 2t the
cleaner concentrates has been shown tc be high: however, the
recaveries and separat:on effi:cienc:es of magnes:um :n the -
cleaners are less atfected £, the leach tharm the recalculated
assays of the cleamer concentrate streams. The leach lcwers
the obser . ed magnesium recoveries and raicses the obser ved
separaticn evrficiencies. The true reco.er:1es OT magnesium
therefcre fall Letween the observed reccoveries and the
theoretical ma. :ma. while the true separat:on effic:enc:es
fall between the obser/ed separation efficiencies and the

theoret.cal mimima. These ranges are summar.::zed :n Table AZ. .

The ma,or conclusions which were made :n the locied c,cle

test are as f0llows:

—~ Recover:es of magnes:ium are proportional to particle
s1ze 1n all cleaners.

- Separation efficiencies are higher at larger si:es.

- The perfarmance of the third cleaner was‘guperlor to

that ot the first and seconcg cleaner s.

It can be seern that the .ali1dit, of these fonclusxons 1S

not affectec b, the ac:d leach.
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AFFENDIX =
PROGRAM LISTING FOR FARTICLE SECTIOWNING MODEL

REM XEKKXXKKXXKAXKKRKNR KK ),

1

2 REM LOCYED FARTICLE X
T FREM SECTIOM SIMULATION ¢
4 REM X
5 REM X
& REM XX XXX XXXKFAAANNK K XK
7 REM

8 REM

< FEM

1) FREM

S0 REM ¥AXXKKKKKKKKEKXKEKKKEKANKR XX
30 REM  INFUT VARIABLES
4C REM XAXXKXAKEXKKEKKKKXKKXAX K KX

SO REM
60 REM
TO o G0TO 100

8¢ FOR L = { TO twCu

@0 NEXT L

100 HOME : FOFE TE, !

114 INFUT "INFUT THE STEF-RATE FOF VCOLUME: :Dv
120 INFUT "INPUT THE SECTION SEFARATION: ;DX
12¢ INFUT "INFUT FQTATION INCREMENT: '":LCGF

140  INFPUT "INFUT SIZE OF OUTFUT MATRIx: "iMA

15<¢  HOME
1ot REM
1702 REM

180 REM XXXAXEKXKXKXXKXX XK KKEKXK X
120 REM  VERIFrY DATA

—_t) REM XXEAXXEKXAXRKXAEXKXXKKXEXX X X

210 REM

220 REM

-=0Q FOKE TS, 2

=4 C1 = INT ((MA / DV) + LlE - S, - (MA Dyy: IF C
1 O THEN FRINT "M MUST SE « MULTIFLE OF dgdv': GOTO -
g0

230 C2 o= INT (1 ~» DX) = 1lE - Sy - ¢1 +» IDx2e IF CZ
O THEN PRINT "1/dX MUST BE AP INTEGER": GOTO 80

260 C2 = INT (¢(1 /~ DQFY + 1E - S - 1 ., CQF,: IF C

- O THEN FRINT "1/dQF MUST BE AN INTEGEF": GCTO 8

O

270 C4 o= INT 100 » MAY + (E — 2, — 1o . MA): IF
C4a O THEN FRINT "100,M MUST BE AN INTEGER": GOTO
80

280 REM

290 FEM

T REM O OKXXXKEXKXXKKXKKERXKKKKELK X

19 REM  3SET UF INTERVALS

OS] REM XXKXXXKAXKEXXXXXKXKXKKEKAKXK l

70 REM
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240  REM
20 Vo = DV /s 2L o= L3
360 X0 = DX 2:X1 = 1 - (DX /2
70  REM
T3¢ REM
e REM XXXKXXKKXKKRKKKAKK KKXKKXKK
400 REM SUMMARIZE CONDITIONS
410 FEM AMND AFFRD\,‘E-;
470 REM XXX XAE XK FANKXERNKX K KKKKX
47C  RERM
44 REM
4Z< BOSUER 2070
4o0C FRINT "IE THIS O.F.7":: GET &~%: IF A%
N GOT0 8¢
470 REM
48 REM ‘
4G REM XXUKXKKEKXKKEXKLXK K K KKEX
00 REM DIMENSION MATRIX
S10 FEM X ELKRKXKKEXKKKKXKKK K X KX KK
SZ0  REM
STO REM .
sS4 DIM MMA + L, MA + 1.
=20 REM
S60 REM
70 FEM KKKEKXKXXMEKEKKKKXKAEXKKKK
580 FREM  SET VARIARLES
S50 FEM XAXKKKKKKXXKKKKKKEKK KK KKKXK
60O  REM
610 REM
62O FI = T.141392
670 DEF FN A(X) = ATN (1l - (X nEl
640 TC = 1 / DAR)Y x (t / DV)y x (1 / DX)
641 TV = O
a4 TX = O
647 T4 = O
eSS0  REM
660 REM
670 REM XKEXXKKKEEARXKKKXKEKK € KXk
680 REM INITIALIZE DISFLAY
620 REM XXXXKXEXKXXKKKEXKEKX XXX
700 REM
710  REM
720 GOSUE 22%0
o REM
740 REM
750 REM XXXXXEEXAXEKKKKEXK KK KX
760  REM VOLUME LOOP
770 REM XXXXEXKXXEXKXKKXKXN XK XX
780 REM
79C¢ REM
BOoO FOR V = VO TO V1 + E - S STEF DV
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e T—4

810 DBOSUER TI25w: REM XXXX¥FRINT

820 IN = INT MA ¥ V)Y + 1

870 GOSUE 1?220: REM xxx¥xxCALC D
840 QD = FN A(Dy

890 GOSUE TSeD: FEM YXYYXFRINT
86w REM

870 FEM

B8O REM X AXKKKKEXKXKXKKKKKK K KX

890 REM SECTIOMN LOOF

OO REM X KEXAKKKKKKKKKKKR KX KX

910 REM

@20 FEM

@70 FOR ¥ = (. TO £l + lE - & STEF
40 GOSUEB T170: FEM  Xx¥xxFF INT
g20 AQX = FN AX)

760  GOSUER 2440: REM xxXxXFFR INT

@70 FFRIME = COS QGX»

280 REM

220  REM

1000 FEM XXXXKKXKXKKKEKKKKK X KXKX
101 REM FREE SECTIONS

1020 FEM XAXXXEXXUEKXKXKAK LA KKK
10720 REM

1040 REM

1080 C1 = Qx - Q4D

106¢ FQ-= Cl:FG = 0: IF C! O THEN
1

1079 C2 = Z x QD: IF CL. O THEN CZ
ES («(C1)

1080 LO = CZ

1099 C7 = FI - CZ - C1

1100 FO = FC +« C~

1110 REM

1120 REM

1170 REM XXKKKEXKXEKXKKKKXKXK XK KKK
1140 REM CONVERT FRANGEES 7O #5

1150 REM XXKKEKEKXKKEKKKXKKKKKKKEXX
1160 REM

1170 REM

1180 FG = INT (((FG FI» DARrR) +
1190 FQ = INT (((FO / FIl) ,/ DQFR» +
1200 IF FG = O THEN GOTO 1240
1210 Q0 = «DAF + 7O + ‘FG x DQR)
1220 Q1 = 1 - «(DAQF / 2 - (FO x DAR
1230 6070 1270

1240 C1 = INT (((Ct /7 FI) ~/ DOR) =+
1280 CT = INT ¢ (CZ /7 FID)Y DORY +
1260 Q0 = ¢ «(DAR 2y + DOF ¥ Ciyvr:Q1
2) — (CT x DArR))

1270  GBOSUER ZS50G: REM sxxxxFFINT
1280 GOSUE J6460: REM LXxxXFPRINT

246

‘1

(CGR

Il



1290 MOIN,OY = MOINJO)Y + FG

17200 MOIN.MA + 1% = M/INMA + 1) + FO
1710 REM
1220 REM

1270 REM KXKKKEXXKXKKKXKARKK KXY
1740 REM ZTAFT FOTATION _0OO0OF
1750 REM KXKEXKXEXKRKXXKCKKERK K KA

1260 REM

1270  REM

1280 Ls = 1 + «wQ1l - Quy  DAF.

1290 IF ao 01 THEN GQOTO 1820

1400 FOR QR = QO TO Ot + 1E - & STEF DOF

1410 GOSUB Z770: REM X¥XxxxFRINT
147C  BOSUB Z200: REM KXx¥kFF INT

1470 GOSUE To000: REM XXKXXERINT
144¢ REM
1450  FEM

1460 FEM XEKKKKAKKXKKXKKEX KKK KK K K
1470  REM EVALUATE LOCHLD FAFRTCLS
1480 REM XXX KAXKXEKNAY KA KKKXK K KK

1490 REM

1800 REM

15170 W = X X Cos QR x FI)

12920 RFRIME = SIN (OGX)

1570 N1 = (D - W) SIN (FI x QOF)
1940 N1 = AEBS (N1

1SS0 N = RFRIME - NI

1560 AN = Fl AV(RPRIME - N) ., RFRIME)
1570 Z = RFRIME x  SIN QM)

1380 GANGUE = 1 - ((F1 - ON) ~/ FI) — «2 %X RPRIME -
N)Y) / (FL x RFRIME x RFRIME)

1S90 GANGUE = INT (99 x GANGUE + 1)

1600 IF W D THEN GANGUE = 10QC - GANGUE
1610 GOSUB T700

1620 IF GANGUE 2o JR GANGUE 1 THEN GOTO 270]
16870 REM

1640 FREM

1650 REM XX XXXKXKRKKKKXKKKLAK K KK

1660 REM UFDATE % COMPLETION

1670 REM AND MATRIX

1680 REM AZXXXXXXXXXAXRRAAXE K X XK

1690 _REM

1700 REM

1705 7Q = 7Q + 1

1710 GOSuUB 7270

1720 U1l = IMT ((GANBUE « MA) , 100) + 1
1720 MOIN,UL)Y = MOIN,UJL) + 1

1740 REM

1730 REM

1760 FREM XX XKXUXKKKXKRKKXKAXKK KX
1770 REM END OF LOOFS
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1780
1790
1800
1810
1818 T
1820
1825 T
1820
1840
1850
1860
1870
1880
1890
1200
1210
1920
1970 D
12340 A
1950 S
19460
1970
S0
1280 D
1290
2000
2010
2020
2070
—Q40
2050
2060
070
2080
2090
—100
RVALS"
bud B )
CLE CO
2120
FAFTI
2170
ER 3SEC
2140
2150
y X 1
Zlow
2179
~180
2120

2200

REM XX KEKXKKKEKKKKKKKKKXX KK
REM

REM

NEXT QR

X = TX + |

NEXT X N

Vo= TV o+ ] x&

NEXT V

GOTQ T7S0: REM KX XKF INA
REM

REM

REM XXKEKXKKKEXRKKKKAXKXKXK
REM SBR TO CALC. D"

REM AKX KXXXEKKKKKKKKXXKKKX K

REM

REM

REM FEROUTIME TO EVALUATE D
= 0.5

M = 0.2S

U =+(Z x D) - (D xD «x D)
IF ABRS (SU) 1E - & THEN
I1F Su o THEM D = D - AM:
= D + AM:AaM = AM / T: GOT

RETURN

REM

FEM

EEM XX A KKEXKKXKKKKKX KKK K XK
REM SER T0 SHOW COMDITIONS
REM ¥XAXXAKKKKLAKEXKLXEXXK KX
REM

FEM

HOME : FOFE TS.,.10

FPRINT 'SIMULATION CONSISTS
FRINT

FRINT MA3: FOLE CTo.4: FFRIN

FRINT ! / (MA X DV):: FOFE

MFOSITIONS FER INTERVAL"

FRINT 1 DX:: FOLE To,43:

cLEe"

FRINT 1 . DAQR:: FOLE T&.3:

TION"

FRINT

ERINT "TOTAL SIMULATIONS:
s DOR)

FRINT

RETURN

REM

~REM

REM KEAXXRXENKEEXAKRKARK KX K

248

L FPRINT

+ (3 % Y = T
GOTO 1970
AM = AM , T: GOTC 1°

0 125C

-

OF: "

T v COMFOSITION INTE
To.%: FRINT " FARTI
FRINT " ESECTICONS FER

FRINT " ROTATIONS F
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2210 REM  SET UF DISFLAY FORMAT

D220 FEM XYXKKEKXKKKKKKKK KKAXK XK

22370 REM

740 REM

oS50 FOFE T4.8: FOFE TELZ4: HOME o FRINT

2260 FRINT "GANGUE FRACTION ¢

2270 PRINT "SECTION DISTANCE: "

2280 PRINT "ROTATION ANGLE "

2290 FPRINT

TT00  FPRINT "4 COMFLETION OF SIMULATION:

2710 FRINT

o720 FRINT “FREE GAMNGUE: ": FFRIMT "SFEE JFRE:": FRIMT
"LOCHED: . TOTAL: "

2770 PRINT ¢ PRINT OO Qax: ap: -

2740 FOVE 24,24

2750 RETURN .

2760 REM

2770 REM

780 REM XXXXXKKKERKKKKKK KKKKK K K

2790 REM SBER TO FRINT QX

400 REM KXXKEKEXXRKKKKKKKKKKKEKK ¥

2410 REM

2470 REM

7470 REM

2440 QX% = STR$ « INT QX ¥ 18C¢Wy - FI + 2} - 1o

)

2450 FOFE 1SG4, ASC ("."»: FOFE 1508, AESC 'y FO

FE 1506, ASC ("OQ™) ~

2460 FDR F = 1 TO LEM (Qx%): FOLE 1SCL + +, A3C

MID$ (AX%.F.1)): NEXT V

2470 RETUFRN

2480 REM

24%0 REM !

2500 REM XXKKXKKKEKKKKKKKKERK KX

2510 REM SBR FRINT FREE GNGUE

2570 REM XKXKXXXXRXKXKRKKXXXKEXX

2570 REM

2540 REM

2850 FGs = STR$ (FG)

2560 IF LEM (FGS) S THEN FG$ = " " + Fg$: GOTO 2

S60

2570 FOR ¥ = 1 TO LEN (FG®): FOIE 1972 + +, ASC (

MIDE (FGE.F 1)) NEXT Fk

2580 RETURN

2890 REM

2600 REM

26510 REM AXKKAXXKKAKXKKKKKXKKK KK

2420 REM SEBR FRNT FREE ORE

T6ETO REM XXXEXKKKXKKKKXKKKXKKK K X .

~640 REM

7650 REM
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26460 FO$ = STRS (FO)

2670 IF LEN (FO® S THEN FO$ = " " + FD¢: GOTO =
670

2680 FOR + =t TOD LEN (FO%$): FOFE 111é& + v, ASC ¢
MID$ (FOs.b ,.1)): NEXT ¢+

2690 RETURN

2700 REM

o719 REM

D720 REM KARKKKXKEKKE KKAKAKKKKK

27Z0 REM FPRINT AMOUNT LOCED

D740 REM AXAXKXKKKEKKKKKXXKKKKKKK

720 REM

2760 REM

2770 LS = Q1 - QA AR + 1

2780 LSs = STR$ (LS)

2720 IF LEN (LS$) S THEN L3 = " " =+ (¢g%;: GOTC T
790

28O0 FOR F o= 1 TD S: FOIE 1244 - t, AEC . MIDE (LES$
el NEXT K

2810 TTs = STR$ (LS =~ FG + FO)

2820 RETURN

28”0 REM

2840 REM

2850 REM KXXXXXEKXXKEKXKXKKKKKK KK
2860 REM FRINT TOTAL SECTIONS
2B70 FEM OXXXXXKKXKEKK KKK KKKKKKY

2880 EREM

2B REM

290G IF LEN +TTH) S THEN TT$ = " " + TTs: 30TC C
OO

U]

2210 FOR + =1 TO S: FOFE 1260 + +, AEC { MIDS (TT3
el NEXT k

2920 RETURN

2970 REM

240 FEM

29SS0 REM XXAXKEKEKEKKXXKKX K XKKKKKK

2950 REM PRINT QR

970 REM XAkKKKEKKKXKKKEEXXKKKKKKXK

2980 REM

7920 REM

T000 D1 o= INT (QFr % 180 / PI) + .5

2010 Dig = STR$ (D1)

020 IF LEN (D1#) T THEN D1 = "o =+ Dis: 5070 T
20

070 POFE 1466, ASC (" My

040 FOR + =1 TO T: FOKE 1466 + v, ASC ( MID$ (D1%
Hal)):s NEXT ¢t

TOED RETURN

&L REM )

20770 REM

T80 REM XXKXKXXXXKKXKAEXKKRKKEKXK
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§
0
T090  REM FPRINT X
T100  REM K ERKKKK A KKKKKK KKk AR KK kK
-110  REM
T120 REM
Z1T70 D% = STRE ( IMT (1000 % X))
140 IF LEN (D% 7 THEWN DZ% = "' + D2%: GOTO =
140 -
7150 FOIE 1278490
2160 FOR R =1 TO T: FOFE 1228 + +, ASC ( MID$ (Do%
1) NEXT f .
=177 RETURNM
Ti80  REM
190 REM .
200 REM XAXKKKEAKAKXKKXKXXEKKKKKK
T210  REM PRINT VOLUMEY GANGUE
220 REM XKKXKKKKEKXKKKKKKXAXXKKKXXK
TOTO REM ’
~-24C  REM
T250' DIs = STRE ( INT (1000 ¥ Y)) -
T250 I LEN (DT”S$) T THEN DT = "4" + DT3%: GOTO =
260 ) i
270 FOFE 12160.46
280 FOR ¢+ =1 70 7: FOFE 1210 + +, ASC ¢ MIDE DTs$
WhEL 1)) NEXT v
290 RETURN
TT00  REM
TT1O REM -
wI20 REM XKEX¥KEKEXXXKKKKKKKKKKK
TIT0  REM FPRINT % COMFLETION
TTA40 0 REM O KK RKKKK KKK KKK KKK KKK KKK ) o
230 REM
TI60 REM
FII70 DS = (1 /S DXy + (1 /DAY xk TV + (1 s/ DAy k TX
+ TQ
J411 DS = INT (10000 x DS / TC) + .2
T4T0 DE% = STR% (DT
=440 IF LEN (DS%) 4 THEN D3¢ = " " + DE%: GOTO =
440
450 FOR F =1 TO 2¢: FOFE 1771 + . ASC ( MIDE (DS%
Fal)):r NEXT K
TA460  FOKFE 1774.46
470 FOR KM = T TO 4: FPOFE 1772 + +, RASC ( MIDSE (DS%
Fal)): NEXT ¢
2480 RETURN
-490 REM
J500  REM
210 REM XKXERKKKKKKKKKAKR KK LXK
-820 FREM SEBR TO FRINT 4D
970 REM K ¥XXkXKAKKEKKKKKKKKK KX XX
TS40 REM T
TES50 REM
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-

TS60 ODs = STR¢ (¢ INT QD x 18Boo0 [ FI) + .3+ 10

)

TS70 FOFE 13518, ASC ("."): FOVFE 1S1&., ASC "0"y: FOQ
FE 1317, ASC ("0om)

-Ees FOR Y =1 ™0 LEM QD3 : FOHE 1212 +~ v, AEC

MIDE QDS+, 1 NEXT ¢

TESD RETUFRN

600 FREM

“ol10 REM

TEe20 FEM XXXXKXXX K AKKKKKKAKAXK LK X

Ta70  REM SERF TO SHOW GANGUEY

680 FREM KXXKEKKKKKEKKKKKEKXKK K XK KKK KX

590 REM
TT7O0 GANGUES = STR$ (GANGUE)

710 IF LEN (GANGUES) T THEN GANGUES = " " + GAN
GUE$: GOTD 711G

T7TO O FOR P = 1 TQ T

T7T0 FPOtE 127% + v, ASC (¢ MID$ ‘GANGUES.t . 1) : MEYT
v v
=740 RETURNMN

747 REM ﬁ
744 FREM

T745 REM XXXEKXKRKKKKAKKKKKKK KX X
27465 REM RINAL PRINT ROUTINE
T747 REM XXKKXXREKKKKKKKKKKKKKX X

748 FREM
T749  REM
T7S0 FOR X = 1 7O MA T
T760 FOR Y = 0 TO MA +
I7TO MMA - X+ 1,MA - ¥ o+ 1) = MIX,V)
780 NEXT VY
T790  NEXT X
800 FR# 1
I810 FOME T4.0 >
820 FOR X = .0 TO.MA + 1
I8IC FDR Y = 0 TO MA + 1 -
3840 PRINT MIX.Y):" "3
T8S0 NEXT Y .
2860 FPRINT
T870 NEXT X \
7830 FR# O
7890 END
1RUN
252
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