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& & A simulator has-been constructed to- investigate ‘the decrease in Pb- )l
. < -‘ / .

7 ; L . . . )
A //E,f_-}‘ sliming achieved by incorporating a Pb flotation stage in' a closed grind-
3 £ ‘ . ’ oo
b ¢/ ing circuit. ‘The example, is the .Pine Point Mines’Concenttator. .
“, ‘ Models of ball mill, cyclone and flotation were developed permitting
b . © B .
igl ) . @ ’ ‘ )
v ‘ individual mineral-size behaviour to be fqllowed. The mgll model, in
AL

; particular is discussed. ~A plug flow p-order l;inetic mbdel was used with
f ' i . | RS o
Y ¢ laboratory derived parameters and a scale factor fitted to plant data.
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Un simulateur a &té fcon\struit‘ 'pour #tudier la diminution de slimage

Des modeles de 'broyeur & boulets, cyclcm./et de flottation on &8
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Le simulateur a &t€ test€ avec succés sur le présent circuit & deux
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. ) ¢

SECTION I - GRINDING

L]

« Breakage function, B(x,y) or B.. --a probabilistic function which

. i . ’

Ball mill holdup, BMH -EW occhp'ed\lzy\p‘ulp, no. //
—ﬂd/,/l—lgr . - \- K e~
Mean residence time, t - time the pulp remains in mill givenby

BMH/pilp volumetric flow rate. . |

& ) ‘
' Homogeneous materials - materials with uniform properties (e.g. o é
a N 1
hardness and specific gravity), i.e. single mineral species.
) . . ! , . B}
Heterogeneous materials- - materials having a distribution of properties, -

i.e. ores composed of more than one mineral species.

N L

Primary breaklage - a single event of breakage i

® <

1]
G - N
expresses in fractional form the weight finer than size x (or . \
.4 ’ - . .
screen number i) after primary breakage of particles of size y

o , ¥ ;
(or screen number j). . ¥ .

Selection for breakage functiom, S(x) or 8; - or specific rate-of- i . '

-

breakage, is a probabilistic function which expresses the mass-
fraction of the charge of size-x, or screen number i, broken in

unit of time, min~l. y
.

Cumulative-basis specific rate-of-breakage, ki -

P

°

rate of disappearancd:

»

‘by breakage of a mass fraction” of particles coarser than a given
- Ped . v '
- o v

= » -l i
screen 1, min, . )

[
~ . B -

SECTION II - CLASSIFICATION ' \ -

Selectivity index, Y - the mass fraction o¥ solids of a given particle

size in thevfeed reporting to the cyclone underflow.

P et
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Cyclone performance curve or selectivity curve - a plot of Y against

particle size.

Cut-size dSO

- particle size for™which Y = 0.5 and represénts particles

¢
.

with equal (50 percent) probablllty of reportmg to either the

: overflow or underflow.

Classification index, Y' - the selectivity index Y,

~

, Short-circuiting.

rs

/MCMQ, a - the limiting cyclone performance. ‘1t is the

The correction is Y!

= - a)‘/(l - a).

Corrected performance curve or classification curve - a plot of Y'

-~

. 3
ion of cyclone feed wate:éporting to

ent Ly ‘equated to a.

&
corrected for

against particle SW -~

.

Corrected cut-size, dgg (c)

.
. e

- the par'ticle size at which Y' = 0.5 )

A

Sharpness of c1a551f1cat10n, n-a fltted parameter .to an assumed form °

of the classﬁlcatlon cuzrve, namely

1
-

.a

£ , - - . ; . .
Y= L- exp {- 0.693(d/dgy 3"} : : o
- . N e :—\/ -4 . n
n represents ‘the 'steepness' of the curve. d is partiele size.ﬁ /
. o .
o
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Pb/Zn BMD lab flotation experiment results.
Mineral-by-mineral recoveries vs. particle size.

« { N .

Plant derived cyclone performance curves at 154.2.
mtph. Minerals: galena, sphalerite, pyrite and:
‘calcite/dolomite. a) selectivity index Y . vs.

particle size; b) slassification index Y'ﬁ’; vs.' '

3

particle }1 ze. o

Plant derived cyclone pgrf'ormance curvegi at 154.2'
mtph. Minerals:  galena, sphalerite, pyrite and
calcite/dolomite. Classification index Y' . vs.
ARG - m,i

particle size. Rosin-Rammler chart.
Plant derived cyclone pefformance curves at
190.3 mtph. Minerals: galena, sphalerite, pyrite
and calcite/dolomite. a) selectivity index Y_ .

) .o o s . M,
vs. particle.size; b) classification index Y mi
vs. particle size, !

" Plant derived cyclone,,performaﬁce curves .at 190.

mtph. Minerals: galena, sphalerite, pyrite ant
calcite/dolomite. Classification index Y'm i/,v’s.
particle size. Rosin-Rammler chart. .
General cyclone model. Corrected cut-size dgg(g)p
vs. mineral specific gravity. Regress’ion lines

1 for 154.2 and'.2 for 190.3 mtph plant tonnages
(logrlog scale).

Plant derived overall first-order rate-of-breakage
vs. particle size. Plant operatipn fresh through-
puts at 154.2 and 190.3 mtph (log-log scale).

Simulation of ball mill only, using:lab derived .-
grinding parameters. Tonnage: 154.2 mtph. _

a) PbS; b) ZnS. , R

Simulation of ball mill only, using lab derived
grinding parameters. Tonnage: 154.2 mtph.
a) FeS,; b) cal/dol.

Simulation of the actual grinding circuit, overall.
Streams: cyclone overflow (COF) and ba]/fl mill '
discharge (BMD). Mass frequency distribution vss
particle size. a) 153.2 mtph; b) tQO. mtph.
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5.37 Sfmulation of the actual grinding circuit. \
Mineral: galena (PbS). Streams; cyclone overflow
(COF) and ball mill dlscharge (BMD) Mass frequency
distribution vs. partlcle size. a) 154.2 mtph; b)
190 3 mtph. . 133

5.38 Slmulatlon of the actual gr1nd1ng circuit. Mineral:
sphalerite (ZnS).’ Streams: cyclone overflow (COF)

.and ball mill discharge (BMD), Mass frequency

distribution vs. particle size. a) 154.2 mtph; . %

b) 190.3 mtph. ’ 134
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5.39 Simulation of the actual grinding circuit.. Mineral:
pyrite (FeS,). Streams: cyclohe overflow [COF) and
ball mill dfscharge {BMD) .~ Mass frequency distribu-
tion vs. particle size. a) 154.2 mtph; b) 190.3 :
mtph. ‘ 135

5.40 Actual circuit. Simulated initantaneous-rates-of- '
breakage vs. partlcle size. Minerals:

., ~ sphalerite, pyrite and ca1c1te/3olom1te ’a) 154.2

-mtph; b) 190.3 mtph. - . 136,

Cumulative weight percent finer
vs. particle size. Mineral: galena (PbS). Overall
fresh throughput: 154.2 mtph. a) actuwal circuit;

b) proposed circuit. . 139

5.41 Simulation results.

5.42 Simulation results. Cumulative weight percent f1ner
vs. particle size. Mineral: galena (PbS) Overall
fresh throughput: 190.3 mtph, a) actual circuit;

b) proposed circuit. » P 140
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L .. INTRODUCTION

The pbjective of griﬁéiﬁg in tumbling #ills, as practiced. in
] ' the mineral processing industry, is to ﬁhysically liberate the valuablé

] ‘ ’ - minetal species from the gangue. Following liberation and dependingh

on the type -of ore, one or various mineral separation processes can be

r

~ . used. The success of the separation largely depends on the effectiveness

with which t luable grains are liberated without producing excessive

A}
amounts of slimes./ Slimes, in terms of flotation recovery, can be

’

. considered as ticles less than about 5 micrometers, (1)

A typical closed wet grinding circuit is illustrated in

-

: oy ) v
Figure 1.1. This-is the Pine Point Mines Concentrator No. 3 circuit

which processes a lead (galena)-zinc (sphalerite) ore with pyrite and °

calcite/dolomite as the gangue components.

o

For the purpose of defining the objective of this study, it

is instructive to examine the circuit performagce with respect to the

. desired criterion of (liberation with minimum fines, especially for

galena.

-

* First, consider the cyclone action. Separation is effected

by a qpmpétition between a centrifugal force'actiné on the partfcle mass,

and a hydrodynamic drag acting on the particle surface. Partigle mass

v

is clearly dependent on size and specific gravity. A consequence is_

&

thag‘fgr particles for which,tge hydrodynamic drag is equal, the ones

. with the higher specific gravity have a greater probability of reportiné

.t

v ) / -
to the underflow. "To a good approximation, in the circuit being -

- '
[y N e
. [N L - .
. o
. A L
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, FIGURE 1.1. ‘ ‘

Actual closed grinding circuit No.3 at the Pine
Point Mines Concentrator.
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consideréd, equgl hydrodynamic drag implies equal sized particles, as
such highly shape dependent minerals, as mica, are absent. . The
coroilary‘is‘that the higher density particles con§£itute the finer
componéhts"of the cyclone overflow or flqtatioaneed-énd liberated
galena, being the highest density component, is Eonc?ntrated in the

closed circuitgr» = 7 .
Secbndly, the ball.mill can be considered to act on each

]

mineral component individually. Intuition, and some experience, sug-
——a °

gests that the degree of grindability will in¢rease from pyrite to

o

gdlena (with'sphalerite and galcite/dolomite in between), i.e. in order

of mineral hardness. The recycled minerals will be individually size’

reduced depeéding on the grindability, and this will modify the mineral

-. “ 4

circulating load and cyclone overflow fineness.
Table 1.1 shows an example of this circuit performance on

each mineral component. The circulating load is relative to the total

(or overall) circulating load.

@ - . i)
.
¢

TABLE 1.1

(]

Performance of Pine Point Circuit (June S, 1975) Ref. (2}.

: % -200 Mesh  Relative
" Mineral . in - COF Circulating Load
galena 55?96 2.84
v . sphalerite 67.73 1.97
pyrite 73.36° 1.65
CAL/DOL 47,33 0.74
overall YA 52.67 1.00
7
. ' J
- ) : N .
b ¢
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5




v-v“wmwv— —_

» " N -
S . s . )
O R O RS e '
-

@

’

R

e

oy
ﬁ
-

f
e =Bl 7
R -

s T

i
b3
£
%
i

£

RIS AT PR I AP W etirera . O
)
% ¢

Y

Thc; récycling of liberated galena, éoupled with’ tixe extreme
fineness‘ of the flotation feed appears to violate the cariteria' of
liberation with minimum slimes. To emphasizé, the slimes can c;ause
flotation recovery and equally import‘antlz', dewatering problems. A
proposed solution is to remove ("bleed') the closed circuit of galena
by imposing a PbS flotation step om th‘e ball mill discharge. ﬁe
modificed circuit is shown in Fié. 12 This sjgh'eme lias been successfully

employed at other locations. (3,4 The objective of this thesis is to

T

develop a model of the closed circuit g}‘inding capable of yiefding . )

o

information on each mineral component individually. This model will
] v
be used to6 give a first estimate of the circuit changes to be expected °

from incorporating a ball mgill discharge PbS flotation step. o

¢ 1
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Proposed closed grinding circuit.
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o 2.1 Grinding

en £ v, AP
¢
t
S

Grinding is a unit operation which has no sound underlying

’
b4 ~
ftheory compared to other unit operations in chemical engineering as,
-
=~

», ftor example, distillation or heat transfer. Such a situation is due

-

. M hY
to the fact that grinding is a very complex operation in which many .
va:rJ;.ables interact at the same time. To mention only a few of then,

the following are outstanding factors affecting the operation:

‘ a) Ore type(s) (geological history,. distributiqn bf flaws,

mineral composition, hardness).

8

~ v

ij Grinding mill type(6'a) (rod, ball or other) and over-

2

flow or grate typecé‘b). '
] c) Wet or dry. (6.c,7.a).
i o .a o .
g : ¢ d) Loading conditions ®*%) (grinding media and solids
b S "
4 f N tholdup). . - ' .
i - ) - .
6 -
H e) {6rinding ¢ircuit configuration,. [(10)
; .
; N f) [Opefating variables (’1,,1) {flow rates, slurry consistency,
! > . . S L.~ '
y article size d15tr1but1or€2. ‘
£y ¢ = L4 °
z ) : | ¢ L ,
i ] ~ o
/ . KN

N o
‘
w oo -
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( Two basic mathema'tical'apprdaches have been developed to describe the
» . ) . . :
. process of grinding. These are: energy-consumption based models and

-

mass-size balance models.” From the former only the Bond Model remains

«

y . .of ‘practical usefulness. A However, the Bond ,Médel is not suited to

.

.

a
°

R -

v ey
N

7 e 4

: gontribu—tion to the present state of knowledge.

3

2:1.1 Energy Consimption Models

G-I

R
e

-

H
'

g%
a

NS

;’ created. In mathematical‘form:
L .
i . By = K(o, - ;)
}3_' . L 3 T =
. N == A\l -
f . Ep K (l/x2 1/x1)
. N gt
| S . .
? where ER = energy/unit volume ,
y c; =~ product surface area/unit volume
¥ .
L v .
g, == feed surface area/unit yolume

X, = product size ‘
£
x;, = feed size

K and K' = constants -

ot
T Y
o T

T L amewem - T RN t“"‘" o
L henleel UL, .,,'E ol g m
R AR S “‘-Je?ﬂf"iﬂ" PR '.m"n *‘

. simulation. For this purpose, the mass-size balance or population
~balance model has been developed and is now widely employed as an aid
for assessing changes to actual flowsheets. The following sections

review briefly the development of ‘the main grinding theories and their

N Rittinger(lz), in 1867 postulated that the energy required for

1
' size reduction of a solid is proportional to the new surface area

(2.1)

{2.1a)

oo
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. Kick(ls), in 1885 proposed the theory that equivalent amounts’
of energy result .in equivalent geometri?c changes in size. In mathematical

e

. form: .
E, = K 1og§ | ’

where Ex ;" energy/unit volume- ’ -
F = feed size '
P = product size
KM = constant
Bond (1‘}), in 1952 proposed a model which is a compromise .

between the previous theories of comminution. This is the well-known
, i

&

°

Third Law of Comminution. The equation is is follows:

)

o

\ B, = kvl L . )
: YP VF .
where Eg = energy/unit volume . -
K"t = constant ] \ L
i 4;’-"
= the cumulative 80% by weight passing product size ’
\ ‘

o

F = the cumlative :80% by weight passing .feed sizé
{

T T LA T T s e



s 9.
& The model is based on the empjrical experignce that: .
¢ . . k L |
- . L o s 1 1
time of grinding « (—— - —) . (2.4)
: /P VF .
where . P and F are as defined above. .

G

: -
Bond ‘defines an additional concept: the work index Wi' It

is defined as the energy/short ton required to reduce an infinite-sized

'particle to 80% passing 100 micrometres.

*
LT Y 8 T e .
Rt RIEEL MO s b,

&£ © or, W, o= kil / (2.5)
t /100 e , -
:
K" = 10W, -
1 . “ -
Finally, W =10.W, (— - -1 o T 2.8
1/p VF

¢
%
K
i

#

i
‘r
5
S

A
:
¥
b
5

This is the familiar relationship widely used by engineers
in sizing grinding millsl(ls) The work index'W3 is a measure of the

grindability of an ore; the higher the value, the harder the_o%e and

\

the more energy.required for grinéiﬁg:
Determinati;h of Wi\éan be made by(}6):

a) Directuestimgfioﬁ (laboraéory);

b) Compagason teéhnique (laboratory); , -

c¢) From plantjoperation data.

.
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&
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‘.{: Ld
: C The mpdeél has prowfen to be successful for mill sizing., Its

~

empirical base means it should be applied with caution. Several cor-

P N

Ry .

! } ) rection factors are often incorporated.(ls) .

’

R »

PRI

2.1.2 The Size-Mass Balance Model ,

. The energy-consumption models, although useful for certain _ .

v

purposes, lack the ideal requirement of a mathematical model able to

?,

i
ik . predict the size-mass product of an ore subjected to grinding. pue to
kv \

¢ [

that fundamental requirement, some pipn@r theorists began to formulate

a new ‘theory of grinding. ] '
The following is a brief review of the development of the

!

theory.: v : . ',
(17)

/ Epstein was the first to introduce the two basic comminution

functions: the selection for breakage function S(x) which expresses

s, ' the mass-fraction of size x selected for breakage; and the breakage

function B(Jr(,)'), which gives the mass-fraction finer than size x after

]

primary breakage of particles of size y.

Bass (as quoted by Harris(ls)) was the first to introduce a
v fundamental mass balance for batch grinding as an .inf:egro-differential

equation of the form:

a 2 B - i
3°F(x,t) _ ﬂfxm 3B§§’X) Sy ang,t) iy S(x) 3F§§!t2 —

axat %
: ~ L eeve.(2.1.

Y
.
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C where F(x,t) = cumulative weight fraction finer than size x
| after grinding for time a feed haviné a size

distribution F(x,0)

‘4 SR - —— X, ~ maximum particle size . ' .
% . ‘ . x T lower partié;.e size ’

é y = .uppér particle size \ -
5 . B(x,y) = breakage function (non-cumulative) \\\

] . R ' - S(x) = selection function or specific \at'e of br“eakage ' '

. Fig. 2.1 shows in schematic form the meaning of the B(x,y)

and S(x) concepts. The symﬁol G in the figure denpteé t};‘e ‘;;fimary

breakage event. The white areas shown represent the mass fractions .

> 3

selected for breakage (the selectipon func/tion S(x)), while tﬂlqe frequency .
‘».‘ . . /

distributions at the right represent the breakage function B(x}y). .

Austinclg) formulated a general equation for batch griﬁc}ing

S

. in cumulative form as follows:

° H ) 1 N N L
\ dwi(t)/dt = ; ii—l SJ. (bi,j - bi . l,j)wj(t) - siwi(t)
i>1 e (2.1.2)
Y ' ¢
where i and j are screen numbers (i =1 is the top
R ) ' screen and j > 1)
-~ e s .
. i wi (t) and wJ, (t) are the mass-fractions retained on
screens i and-j, respectively :
S; and Sj are specific rates of br?akage (or .

selection functions) of particle sizes
i and j, respectively. Units: time’l, -

-
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b . is the cumulative breakage function. It gives
the mass-fractional of material broken .out of size
interval j which falls below the upper size of size

interval i.

4

o . ;, ’
- ~—In“Appendix I, methods used to determine S(x) and b(x,y) (or bi J.) are
o ]

°

discussed. " An equivaiéni: equation to Eq.(2.1.2) is the following

equation used by Luckie and Austin(20): - ‘ % ,,
i-1
dwy(0)/de = j R ARAC NN | (2.1.2a)
~ 1>1
yhere _ B, | is the breakagé distribution of size j which is
broken into size i

s PRI

B REC R

{

~

If S does not vary w:.th time, Reld'(zn has shown that the solution to

Eq. (2 1.2a) is as follows y

wl(t) - w1(0) exp (- Slt)

. . S B o S B‘
- 172,1 vl . _ 12,1
w8 = Wy (0) T P 50 S 10y (0) - gt v (00)
.7 et 5,t) .
. ; .
w.(t) = E a; )i exp (- S t) oo (2.L.3)
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? ( ) where , 0 , i<j .
4 ‘ ‘ i-1
ai,j ='< wi(O) - . ‘Zil a ¥ , 1 =] (2.1.3a)
" - 1_titss, 2
» . . k l,ka > ’ i> J
5 .. - %178y k= ko) .
%
Equation (2.1.3) also can be éﬁcpressed in a siightly different form: (20)
4
w1(t) = Iexp(: Slt)wl(O) ’ ) -
' ‘ S182,1
wz(t) = ————-s- {exp(- S t) - exp( S t)} W (0)
' + exp(- Slt) Wy (0)
i
L » w,(t) = L di w. (0) (2.1.4)
j = 1 3 )
| . YA
. " where 0 , 1<73.
44 = | e 8;0) , 1= .
Ji-1-
- ) I a, ., a,
k=i i,k 7j,k - ,
L{exp(- Skt) - exp(~ Sit)} , 1>
R e . " (2.1.4a)
. . R B .
. with - I agpang , 1<j
. k '_j i, Js
) al,J o= <, 1 ': i =]
o ' ’ '1 i-1 7
: -—-——s-" I S8 a >
L5175 k=5 kLk ki’ v

o

e et
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Equa}.ions, (2.1.3) and (2.1.4) are derived for batch grinding where S -

does not change with time. However, as stated by Luckie and Austin(zo),

the Reid solution becomes unstable for Si + 5,. To overcome the dif-
[y -
ficulty, they proposed the so-called finite difference solution given by

4 . s

- : i-1 .
. ‘ {w,(at) - w, (O)}/&t =~ & éjai,jwj - 8w,

: =1 »
i1 : ‘ g

{)

where At is chosen so that ; .o
A\l -
W, o= {wy (At) + wi(O)}/Z. ‘ "| :

At was suggested to be

At < 0.05/S
- ma

»

X

ALY

~

This solution to the batch grinding equation yields

2 - SlAt -

L (at) = wl(O)

2+ slAt

~ 2-5At S At B ‘
) oL - 2 1 21 4
o7 ’ ‘ wZ(At) 2+ szAt * 2+ 5, At Y7F SlAJ: " wl(O) . ’

i .
' 13
‘wi(At) - ; i f"j”r,j(“) wj ) ‘ (2.1.5)

& ' L




T

PRy AT PR TR S

AR P ¢ T Nt o n s R w6
.

B

!

~

in that breakage occurs in an environment with a wide size range:

where

and

i,j

— e
O -
(2 - 5;47)

2 * §540)

a. . .
1,)

f-.
0

4/(2 t SiAt)
{1/(2 + siAt)}:

i-1 .
z SkAtB.
k=3 1y

L.

. 16.
s i<]
; i=7j )
) i>]
(2.1.52)
R
« . t
; 1=] .
L L
k,j ) > i>]

2.1.3 <€umulative-Basis Grinding Kihetics Model

The mass-size balance model described above has some impgrtant

[N

limitations when expanded to consider individual mineral grinding

kinetics.

v

N <
3P . s \
For example, each mineral would require. a determination of

its own selection and breakage function which could&be prohibitiyel(\\\\\

cumbersome.(zz’zs) Further, the experimental determination of

requires closely sized fractions (see Appendix I).

is evidence that coarse particles of one mineral '"protect' finer

S(x) - T

This is not realistic=~

There
’ L]

particles of a second m;nera1(24), a possibility which sihgle size

experiments on multimineral ores will miss.

”

suggested a simpler modelling procédure.

based on that proposed bxyHarrls

-

)

¢

The complexity implied by.following each mineral individually

(25-28)

The model investigated is

(29)

and Tanaka.

% n““r
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c ) © 2.1.3.1 First-Order Model ’
s The first-order mc;deJ is an extension of the Reid solution
. " to the grinding equation (2.1.1) for the top size (i =1) fraction.
i v - - ' ' . ’ °
Case 1 .' " cumulative fraction coarser than Screen 1 .
L . . :
\ CG(E) = € (0) exp(- kyt) | (2.1.6a)
a . r ' .
Case 2 cumulative fraction 'coarser than Screen 2
' L . - ‘ '«— ) $ .
) C, () = C;(0) exp(- kyt) ~ (2.1.6b) '
L -3 ' ’ ./; o’
. N , D
Case i cum{llat»iuve fraction coarser than Screen i ) *
. C.(t) = C.(0) exp(- kgt) (2.1.61)
- - 1 1 1
/ ’ N ’ - Ly
- P ) . s : ' v
. &
. Case-n culgu_g_ative fraction coarser than Screen n )
C () =G, (0) exp(- k t) - © o (2.1.6m)
where él(t) - wl(t') - ’ S =
/ CE) = w(t) +uy(e)” .
~ . .‘ N ‘,
( .
\]

u
‘

3

3

H

H

!

1

\

H

;

1

i

‘
= |
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sgnd
o

.

Ci(t) - wl(t) + wz(t) o kW (t)

v

!
T PR

N

w
.
5
N
Y

. &

C(E) = wy(t) *wy(t) * oo v w (1) * oou %W (t)

4, Similarly, A 3 - / . ,

01(0) = 7‘1(0), etc. ) S e

A

- OO | L. .

-
-

ki (t) - cumulative-basis rate of breakage, min~L of -fraction
H !

coarser than Screen i. . ) .

o

n e i‘lr.2 the finest screen.
. - PR - " e
. /// )

An imﬁortantwa"spect of Equations (2.1.6) is that they do not

o

o » contain the bxjeékage'function B(x,y). Also the selection fungtion 5(x) .

‘\« \
~— has been avoided, and in its place a.cumulative-basis selection function s
introduced. v / . ’ .
JE— _ ! e

®

This solution suffers by not being unique in L'the sense that
ki. depends on the feed size distribution.. Howeier, if ‘this ;ldes A o
_ change drastically, as is usually thg case with an operating circuit,
k; will be constant. A practicél difficulty is that first oraer may

not be preserved over such large size intervals. (30)

(31,32)

Nevertheless,

. examples where it is preserved are available.
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2.1.3.2 p-OrdergModel

-~

Apppe

The potential weakness of the first or&qr equatiqp (2.1.7)

- h 1
N o . ¢

is that it does nmot fit all ¢xperimental results from batch grinding,

- (30,33) .
particularly for the coarser fractions. : Such coarse fractiens

f . " show a systepatic deviation from first order kinetics known as N

34-36) The probable explanation for such

'abnormal breakage'.

; 'abnormal .breakage' is fhat the coarser fractions are always ground

in a purely'decéying manner without replenishment of the broken

o+

- particles. In contrast, the intermediate and fine fractions are

always broken under constant particulate population conditions.

‘ Consequently, the instantaneous' or absolute rate of breakage of the
; ,

! " ' ,coarse fractions is higher at the beginning and decreases with time,

i <

% N h

¥

e o R e SIS YRONEDA cemp mal s Aoy R}

5 ' . . .until eventual complete disappearance, in which case the instantaneous

. rate of breakage would be zero.

, . To account for such deviations, Harris (25- 28) has proposed
; . 4

. ‘a non-first order $fitting technique.
¢ 7

[
]

; ¢ ‘ The, pefiations suggested are the following:

o

&

R i g,

i ’ '

H . v - R

s . _- .- Case I. Feed sizes do not contribute to uct,
! .

i

t

. - ; » o
C;(t) = exp(- bt ") . (2.1.7)

Note: ' T :

/u : . . B Ci(O] (“‘ 1.0 .

& ) »‘ ' ~ - .

R e

&E\’peo

et prcrhiit
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C;(t) = C;(0) exp(- b t o) (2.1.8)

»

where: ,

c

Ci(t) and Ci(O) are as defined in the previous section;

b, is the cumulative-basis specifit rate of breakage of

mass-fraction coarser than size i. Dimensions:
—p_ .
. 1
time ,
)

p; is the order of grindin§ kinetics of mass ffaction

coarser than size i. Dimensionless.

, and

‘bi and p; can be determined by a least squares/gechnique

L3 -, -~
° * on batch grinding results. TN
. . ¢ .
The equations analysed are: — .
in 1n {Ci(t)] = -p;lnt+in b; (2.1.7a).
and, ’
. C.(0) .
In1n {——} = p. Int+1Inb, (2.1.8a)
; . g@yi(t) v 1 1

1

For Cases I and 1J¥, respectively. Note, the p-order model reduces to

the first-order model if p = 1. )Also, an instantaneocus rate of breakage
4' 4 . .

can be defined as: ‘ e

“ . . pi-l
ok T bt 2.1.9)

/ .

Tanaka and Selby(zg) developed a model similar to that of
Harris. In this, it i%s recognized that bi' is a function gf,pafticle
size. SeV,erag, possible forms of this 'function have been suggested (37);

| : '

N

v

NI e b N3 T“ﬂ'l%"t %’:
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the one -assumed wa%

where K and o are fitted parameters and x is particle size.

}/
p-order model (Eq. (2.1.8)) becomes, therefore, - \

il

. o p;
Ci(t). = Ci(O) exp(- Kx t )

2

e

7 K

2.1.3.3 Application tmoggneous Materials

The theory so-far described and the¢ bulk of the experimental

®

testing of the models has been for homogeneous materials. For present

The

21.

purposes it is necessary to extend to heterogeneous 'materials, and in

particular to be able to describe each mineral individually.

The literature on heterogeneous materials is conspicuously

sparce. Fuerstenau and sullivan®® have reported an investigation -

of grinding of mixtures of quartz and limestone. AJthough energy

oriented, this work shows that for the same grird time, individually

or mixed, both-quartz and limestone produce their own characteristic -

size moduli in the Schuhmann Plot. Intuitively, from the plots displayed ¢

-~

in their report, it is observed that the rate of breakage of the various.

mixtures is a weighted result of the jrates of -breakage of the quartz

and limestone individually. ' .

/ Heyes et al. (39) have reported experimental rate of breakage

of galena, marmatite, chalcopyrite 'and quartz. These minerals were

‘ !

¥ . .
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. '.(, % ground in a small wet rod mill. The environgent grinding media was. .
+ & » s
oo .
i

3
8

calcite. The report suggested that indi -idually, the rate of\ breakage

- L
of the minerals is a function of the flow rate. -

(36)

oy ot

S

-3 Recently, G::lz;dner and Rog repdjted a two—component‘

- . " treatment for materials (coal

behaviour in the sensé of defriation from first-order kinetics, especially

Py . } .
{ 1
. at the coarser sizes. Ré gnizing that the ore is composed of at least
* ~ '\
two principal components, one hard and one soft, a simple solution was
i - 1 -
/g to treat the pon-first orfer as the sum of two first order equations.

. (This approach resembles thq fitting technique applied by Kelsall to e

. ' flotation kinetics.mo)l The general two-component equation of grinding ,”

. .

proposed is the following:

. o : - o !
j’/ i N . ’ L
¢ w. (t) = I a.  exp(- S,.t) + '
i . 14 A .
& ] = } AlJ ) i !
- A
' L ) 1 g )
' AN L agiy exp (- SBjt) (2.1.10) ' '
=1 \ :
. A" and B denote components;.. - —- ;

"aA.. and a,.. are the coefficients of the Reid solution to .
ij Bij v

the general equation of grinding, Equations (2.i.3a).

-

LY
4

N Remenyi (24)!) discusses quite extensively the mechanistic .

» behaviour of mixtures on grinding. An interesting observation from
. ;

P
-

laboratory studies was that soft minerals can be protected (buffered)

by harder particles. This_may have been observed in full size mills

.

as well. (41) In ad:iitiin. it was emphasized that the grinding kinetics

v

. v e
of the individual components depended on the particular mixture under

[y

observation.
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Tanaka and Selby (24) extended their approach described
previously to binary mixtures.. This approach appears useful in (
modell-iﬂzig the grinding of heterogeneous materials. The equation .
" proposed for grinding a binary mixture is of the following form:
. apy
Ci(t) =T exp(— K(l)x t ) - -
' 9P _E >
+ (1 - r) exp(- K(Z)x t ) Coede (2.1411) )
. \
where r is the mass fractlon of material (1);

K(l) and K(Z) are the rate of breakage of materlals (1)/

~

and (2), respectively. Dlménsa.ons. size™® time B,

-

-~

L The approach of Gardner and Rogers and Tanaka and Selby
x;lodels the overall breakage directly. -In principle, separate equa-
tions can be written for each component and the ngponent breakage
followed with the overall obtained at the end by summation. Cameron
1.(22) l

et a reported essentially’ this approach., The model was the

full mass-size balance model. The complexity is illusti'ate\rd by the

fact thatpa 'reasonable' breakage funct®bn had to be assumed and S(x)

obtained by back-calculation. Lyhch(“‘a) reports a similar procedure.
In the present case, the p-ordex;f qu;al will be applied to

'

each mineral. This can be Written

—

°

-

P
C 1(%) = €100 exp ) (- by, 3 ' (2.1.12)

-
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e i

where the additional m subscript means each parametersis defined for

Iy - R

each component, orlmineral, individually.

—

-
-

oo
v

.

2.1.4 Batch to Continuous Model

Not only has the bulk of the tﬁeory and the test work

ANy epeE e

considered homogeneous materials, but also it has considered batch
!

grinding, défined by a single time.  In a continuous mill there is a

distribution of residence times (or RTD). ’

The form of the RTD expresses the degree of mixing of the

particles. -The limits are: plug flow (degree of mixing ==0) and fully

mixed (degree of mixing = 1), It is claimed that short mills, such as

those in mineral processing, work close to fully' mixed while the large

tube mills common in the cement industry operate closer to the plug

flow conditioh.(20’37) By measuring the RTD and knowing the breakage

e T S

\

function, the selection function can be fitted to plant Hta. T%}s
o

is one approach and is, for instance, currently being used by the

—

* ’ -
GRAAIM, Laval Univgrsity.(43) The breakage function is determined from

=
laboratory batch grinds and is £§§en to be a unique function.'
. <& ~

Several objegtions can be raised, particularly with\regard
£, to the RTD. Generally, this is measured by a tagged water or solids
impulse teéhnique. In the former, the equivalence of water and solids
IRTD is assumed and in the latter, ;qch vexing possibilities as a dif-
>

ferent RTD for each size and even density component are important

" ~
considerations.(sg) o . *
g .

An analytical method to fit the RTD measured in the plant is

to divide the mill into ideal tanks in series. These tanks can be any

S

. *Groupe de Recherche en AutomLtisation Appliquée a 1'Industrie minéiale.
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N .
Y ~

combination of plug flow and fully mixed ‘reactors. The mean residence

time of the rvreal mill is split into the residence timeés in each of the
“

tanks in the series. (43) The method is w’idely used in grinding simula-

tion. (20"4‘."45) The fully-mixed grinding model <4s given by the following
equation: | ‘
N c = C.(0)/(1 +D Pi ' 2.1.13)
(@ = GO RIDE (2.1.

Applying batch derived grinding data to the continuousﬁmill
has some obvious attractions. The simplest approach is to assume plug

_flow and replace t by t in Equatiori (2.1.12), where

= _Vvolumetric ball mill holdup _ BMH
volumetric flow rate to mill VF

¥

(2.1.14)

« There is a potential problem with scaling. Following the

46)

suggestion of Olsen and Krogh s an empirical‘correction factor

fitted to p2ant data is ificluded. Equation (2.1.12) then becomes

°

- Cp (T = cm,i(q) exp (-Fg b . T } | (2.1.15)
6- ‘)

I

L)

where Fg, is a plant data fitted parameter determined for each

mineral.

Y

N

The instantaneous rate-of-breakage, k - is calculated
k]

.with the, following equation:

P

S S A - siovispsca vy At A RS A A TR B VTR T

> e o e A A, b3 Pt i bt cobniabm, B
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Pp, i~} : ‘
T(—m,i = Fg b, ;T = . (2.1.16)

.

Furuya, Nakajima and Tanaka(37) have proposed a similar model

B K
of continuous grinding based on laboratory derived parameters. This

model accounts for the degree of mixing and c¢an be written:

-

-

C;(1) = C,(0) exp {-"K(1 - mix)x%}/(1 + mix K x"r)

ceaea (2.1017)

where Ci(T) and C;(0) are cum. weight fractions aftex. t time of
grinding and feed, respectively.

. K is a constant appeariffig in the selection function; units:

size”® time™l.

-~

ey T T

k]

mix-4s the degree of mixing (mix = 0 for plug flow and mix =1
for fully mixed flow conditions).
X is particle size.

a is a fitting constant.

<

T is mean residence time.

@ 2 “
-

Their analysis of closed grinding circtuit (with perfect
classification) lead to the useful conclusion that the product size

distribution is relatively insensitive to mixing compared with open
r
circuit, making the present assumption of plug flow less restrictive.(32)

It is interesting to compare Equation (2.1.15) and (2.1.17);" equating

*

both equations yields: _ ; ‘

——S
&
L]
¢

o

L
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exp {- Fg b, © } = exp {~ K(1 -'mix)x }/(1 + mix K x 1)

. e (2.1.18)

i
Using Equation (2.1.8) in (2.1.18) and Tanaka's Equation (2.1.11),

' S
.
v

: P; ' . . Py ) Py
exp {--Fg bi T} = exp {- bi(I - mix)t "}(1 + mix byt ")

™ ' . .. {2.1.19)

Finally, sol?ingjfor Fg yields: . .
1

4

(1 - mix)

i’ F = ‘\ 2 L3 . 0
g ,)1 Qs ] . rpi) (2.1.20)
n m&f ;

-

This can be generalized to consider each mineral and even each particle

size individually. , C

The known parameters in Equation (2.1.20) (using lab and plantf

data) are: Fg and 7t (plant fitted parameters) and bi zg.nd’pi {lab data).
It is regﬂily noticed that mix cannot be solved directly, requiring a -
trial and error technique.

v 3 a

2.2 Classification

13

: ‘ ‘
Classification in the No. 3 closed grinding circuit at Pine

»

Point is performed by a cluster of five 50.8 cm (20") hydrocycionés (or

cyclones).

Figure 2.2 is a standard cyclone design showing the tangential

n

feed inlet, the vortex finder (overflow or fines outlet) and the spigot

(underfl¢w or sands outlet).
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Design of the cyclone.
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’I‘he operatlng principle of the cyclone is raJer s1mple. In

pract1ce, however, its performance is affected by many vanables. Very

. briefly, the following is an explanatlon of the principle of operation

of the cyclone:

P}

,
.& diluted slurry is pumped at a given pressure to the’cyclone

unit or to a head tank which feeds the cyclone. The slurry enters the

cyclone tangentially and the pressure energy is transformed to centri-

fugal ‘energy. The slurry now follows the shape of the cylindrical

section where a falling downstream spiral is induced. -The spiral ’

continues falling into the jconical section until arriving at the

cyclone underflow outlet.-” This orifice impose\g a constraint on the
falling sf:ream leaving the cyclone,‘ thus an inner upstream spiral
builds until reaching the upper overflow outlet where it leaves freely.
Steady state condaitions are achieved and classification takes place due

to the competing forces induced inside the cyclone. These forces are:

.

!’ . . A
centrifugal forces depending upon the mass of the particle and tending
to draw material to the underflow; and drag forces depending upon the

surface area of a particle and tending to draw. material to the overflow.

¢

»

The result of this force competition-is that heavy pai‘qicl’es

leave the cyclone by the underflow and the light particles by the over-
flow outlet. ’ ’

kY

+ In the above discussion of classification, particle jmass
T . S

rather than size was emphasized. For homogeneous materials, s and “

t

size can be 1nterchanged and classification analysed in terms of

-

particle 51ze alone.

¢

N
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c ) A quite different .picture emerges when the cyclone is used
L Y . . " ]
to classify heterogeneous materials. In this case, no simplification ® .

to a dependence on particle size alone is possible. This consideration

becomes %ﬁ}articularly important metallui'gicaily vwhen locked particles -

are subjected to classification. : ’ \

/
. N
‘ | / _ \t/

-

’ 2.2.1 The Cyclone Performance, Curve .- Overall . e
¢ This curve is obtained by plotting the selectivity index
Yi 'againsﬁ d, the geometric size of screen: openings. In mathematical
N forn Yi is given by the foliowing equatjon: : - . ‘
, ) ‘ i
¢ - (a - 1)bi J ‘
‘ : i (o~ 1)b; * d3 ’ -
b; . ,
= . (2.2.1) .
g + 1 d. . 1
1 Q - 1 ng.
where @ 1is the ratio of cyclone feed to cyclone overflow. |
l?i and di are mass fraction of size i of underflow and ) d
. . ' |
p . 4 . - ‘
. ! overflow streams, respectively. [ — .
7 .
T ~ '
‘' 2.2.2 The Cyclone Performance Curve ~ Mineral by Mineral . ,
/Kis,is a plot of Y . against d, where m denotes- tfie mineral . |
. » - !
o species under comnsideration. The selectivity index Ym i is found. by :
' ’
. 2 N _ - .. . ' " ' P
% means of the following equation: - ;
- & "y o
i - = N ~
) 3
t
- 2 - i

T . } !
-
. .

A
it
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becoming: ' ) b ‘ .
IY - a]n .
y' = Wi 3 : (2.2.4)-
' m,i T - a,
° . ’
where Y? o 1 is the classification index of mimeral m.- .

.
J AN ‘

SRR B »«,vr:rm«aw*mﬁqr-mn . ..,,:_, [P SR ~ ‘— e :‘
: ® -31. ‘
\‘ ) P - .
v (a - l)bibm,i . ) ¢
e (@ = 1)bsby 5 +dydpy 5 . ‘7 \
| | - 8 , 1
b.b_ . i 4 -
- L mil (2.2.2) \ '
. / : : LS
P%m, i * =1 41,1 . 1
]
. [
The terms b_ . and d_ . are chemical assays of mineral m of fractions
m, i m,i 1
of size i in the underflow and overflow, respectively. 1
s ol
2.2.3 Corrected Performance Curves {
I'n order to account for the loss of efficiency represented -

by the short-circuiting of fine particles to the underflow, a reduced
N . ] -

or corrected performi,mce curve is obtained by plotting the corrdcted

. ¥ .
selectivity index Y'. against particle size d. For the overall the ,
\ ) \ i

’

correction is as. follows: . - a7
) Yi - a ) ’
Y. = : 2.3
i 1-a - (2-2.3)
. , ,
where Y'i is the corrected selectivity index. - b

i N Pl -~

a is the short-circuited fraction to the underflow.

k4

. 1
<E{{uat:i‘on (2.2.3). can'be written for each mineral species

»

- B
. f

8 is the short-circuited fraction of mineral m to the

) ™ -

. underflow. : >
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» ( ‘ 2.2.4 Cyclone Models .

I ‘ - . - :

4 v Depending on the flefikéiity desingd, there are in general

y . .

: three approaches to'cyclone modelling: n\\xxx\ . .

® N

a) To deteriné the selectivity indices Y from plant

. . data use them directly as a matrix of values.

b) To use the selectivity indices‘found in a) to derive ’

. . . - o5
. ' \ a gener &ized single equation of clgssification.(2’41) i
] ’ s
{ c) To coupléagﬂﬁwith full scale testing programs on the
ore of interest and to find regression equations which &

: " account for operating and design variables.(42’6)ﬁ ’

-

] The first is a trivial approach; the remaining two are

discussed.

£

l' : - t ~ N . Pl

,/ L .‘, - ; - - » ‘
2.2.4.1 The General Equation of Classification

i
For ores containing more than one mineral species, the . <y
. . N ,

x\ -

‘ cyclone performance can be characterized by a single equation which 7
¢ - ¢ N

e G T g~ YT A

]

:

§ ’ . . . . }
fg}ates dSO(C)m’ ;he corrécted cut-size of each mineral m, to its f

. specific gravity:(2’49) The' derivation of this general relationship
. :
. : - is as follows: firstly, the mineral by mineral selectivity indices ' !
- 5. '
. ) Yn, i are corrected for short-circuiting of fines to the underflow.
, «
‘ . The equatidhs utilized are EQuations'(2.2.2) and (2.2.4): .
. y . Q i
u\ ! \\“ ' I3 : )
. ’ - bsb. . -
i‘m,i ‘
, ) Y . = - e (2.2.2)
oMl bib .+ Ll _ad . :
. e - : 17m, 1 '(I - el El. m,1 &
- » ‘/ . /
’ anq ’ —~ o
- Y , = a <
. D AT . T ¢ (2.2.4)
, C\} L) B b 1 -'am . « ®
; - 3
’ . * , [
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ey e .
R e T R B b e R A A T



TRy, o iy

M
7 ;’jg o’ ., ¢
. %:' R . .
0, . ' B 33,
¥
b ” ,
& C . /~.Sedond]y, the classification indices Y‘m j are related to the geometric
i‘r ja\Wparticle size d. The equation is of the fom(48T5
‘. - v _‘//, La
b 4 s
% . ... 4 - ) nm \)
& ] == - - A !
\ ‘ Y m,i 1. exp‘\{ 0.693{d/d50(9)m} }K (2.2.5)
¢ B . \—-\ ’ u
- ’ ; C
-~ ! The parameters dSO(C)m and n of Equatlﬂon (2.2.5) are the corrected
) E cut-size, and sharimess of cla;sification, respectively, and are
’ % : =
estimated by a least squares techpique. ~
. P For regression analysis, Equation (2.2.5) can be expressed
: gre, q P
) - \
con as follows:
, In In(—=2——) ='n_In(x) + In 2 (2.2.58) .
- Y'Y . m
m,i
2
where X d/dSO(C]m ' {(2.2.6)
Finally, the estimated dse (C)m values from regression analysis are
further correlated to“the specific gravity of the various minerals.
[ -
Th'e relationship is. of the following form: (41,49)
b ' .
in gSO(C)m - - Kl ln(p!n -"pj‘) + K2 i f2.2.7)
where o and p, are the specific gravities of the mineral m an ©
liquid “(water), respééti;iely. - 4
. . : . -
* K; and K, are the. slope and intercept, respectiye’}y.
Ll ‘ & ’ [
From hydrodynamic theory, Kl equals 0.5, 0.62 and 1.0 for \j
laminar, intermediate and turbulent flow regimes, re'spectively.
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2.2.4.2 Model Includf#ﬁ,Oggrating and Design Variables

This approach has been principally developed:by Lynch and

Rao(so), although a recent model has been reported by Plitt(SI) and

(43)

M

modelling work is now in progress at GBAAIM; Laval University.
The‘model by Lynch is empirically based and the mathema%ical
relationships are found by statistical analysis on experimental data
obtained from full scale test rigs. These tests were performed using
limestone. The design variables in the model are the v;rtex finder,
spigot and inlet diameters, and the operating variables are the flow

rate, percent solids and size distribution of the solid particles in

the pulp.

s

. -
This is a mechanistic model which is based on concepts of

and the corrected performance curve. The series of equations
which describe the cyclone model are: (1) pressure-througlput

relationship; (2) water split ratio; and (3) classification'size,
P}

5oyl

{
Pressure-Throughput Relationship

A general equation relating pressure, inlet diameter and

changes in size distribution of the cyclone feed ‘is the following:

»

Q = ](LIVFO'68 Iant0'8§ Spigo'16 P0‘49(- 53 um)"o“35
’ ‘ 0ea:(2.2.8)
‘ ) ~
where Q -, pulp flow rate to the cyclone feed, 1t/min
VF - vortex finder diaméter, cm

® . s W
. .

34,
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» 3
3 - 35. |
y !
: . ’ \ -
Q% ) Inlet - inlet diameter, cm e '
% <7 . Spig - spigot diameter, cm .. .
g )
? P -~ pressure in the cyclone feed, Kba
i (- 53 ym) - percent by wt passing 270 mesh . .
$ .
L s : _ KL1 - constant
| BeegP -
Water Split Ratio, R. " : . B .'

e

The variables affecting the Ry ratio were feed water flow

rate, WF and spigot diameter, spig. The equation is of the following
form: L v (; }

: . ](L3
R. = KL SPf + __° +xL
WE WF .

c ) . (2.2.9) / |

L

-

For linestone, KL, KL, and KL, were found to be 193, - 271.6 and - 1.61,

4
respectively. WF is the water flow rate in thevcyclone feed in

tonne/hr. -

Corrected Cut-Size,

dso(cy-
The d50(C) related to operating and design variables is of

v
- <
the following form:

-

% o

log dgg ey = XLg¥F + Kig Spig + KL, Inlet + KLy . FPS

°

g . + Klg Q + KLy el (202.10) ;

L4 v ’ N . i

where VF - vortex finder diameter, cm C . E
Spig - spigot diameter, c ’

¢
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Inlet inlet diameter, cm"-

FPS - percent solids of pulp in the cyclone feed

Q - flowrate of pulp in the inlet, 1t/min

KLg to KLlO - regression constants

a

8 . . .

4

The /regression constants KLg to KLy for the limestone tests were: -

¢ +
- w

S ~

KLS = 0.0400 KL8 Lo 0.0299 .
. KL = - 0.0576 KLQ = - 0.00005 (
KL7 = 0.0366 KI."iO = 0.0896
. . co. - &
7 . @ -
) In applying the models, the constants KL KL and KLlO are.
usually fltt@l to the plant data at hand the remaining constants being ' 7,
=
as defmed. )
.

An aspect of considerable interest is to combine the generalized
classificatign model, Equation (2.2.7) with the Lynch model, Equations

(2.2.9) and (2.2.10). The strategy is to use Equation (2.2.10) to find

’

dSO(C) fox calcite/dolomite (the most a.bundanj: mineral, ~ 58% in the °
" \\'\\

cyclone feed). 'aAssuming't}iat Kl of Equation (2.2.7) remains constant :

the dSO(C) for PbS, ZInS and Fe82 are calculated.. Finally, back-calculh;ion

N

of- Yx;x ; is readily performed. \ N
H] . ‘ n

2.8 Data Adjustment

P
.. . J
3 It is frequently the 51tuat10n that suff1c1ent data is- :aken ‘
in a sampling @npalgn_,p calculate mass flow rates by more than, one. S 3
' ]
route. An gxample wbuld be a mass flow calculation us:mg e:.ther sumg
* 4 B , " ‘. \'v(\,\\\‘ ~ .
IR o R
N7 : »‘": te
4 ! ) ’ * 4
\ N ‘ . i -




"2.3.1 Best-Fit Mass Flow Calculations

g

RN G s e V4 N e s

B T v,

&

data or chemical assays. This overabundance of data is sometimes
called 'redundant' in the sense that it is more than is required to

calculate a mass flow. As can be expected, different calculation

routes will lead to different mass flow estimates. Hopefully, the

differences are small, bu%jgyéa\reflegt the difficulties in sampling .
and measurement. '
There are several reasons why adjusting the:data to be

consistent with the 'best estimate'\mass flow is desirable. Firstly,
in model buildfqg it is usually nece;sary to determiqe empirical -
constants -which can be sensitive to the data base used.(sz’sz) At the
same time, correlatiﬁg madel predictions with the origin§1 data is
difficult as the model, clearly, will not alléw incoﬁsistencies. A
third reason although not of diiect interest here, is that b;-observing
those data which receive the most adjustment, insight is gained into
the accuracy of instrument readings or analytical techniques.(sz)

' A growing érop of papers hfve been devoted i? recent years
to adjustment techniques for plant‘data.(sz’ss) The method adopted
here is based on that described by Lynch.(42b) Data adjustment in the

present case is required both for plant data and the laboratory grinding

data. The latter is handled differently and is described in Section 2.3.5.

o]

r

This technique is based on minimisation of the sum/of squarés
of residual errors, afising from sampling and screening measurements.
Figure 2.3 shows the closed grinding circuit. The ‘top section shows

the mass flow rates and the size assays. Below, in the same figure,

+
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FIGURE 2.3

-
.

Closed grinding circuit. .3) non-rationalized
flow rates; b) rationalized flow rates.
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( " is shown the cirguit with the mass flow rates rationaszed (o and (o - 1)

i

are a measurement of the circulating load in the circuit). Mass balance

i G R

around both nodes 1 and 2 yields:

ROV TH
—_—
Ny

, . A(l)i - -a; - (o - l)ci toe, :

; - c;(el —'ci) + (e _fi) (2‘.3:1)
A(z)l = by di - (a " l)bi + ﬂei
- N
o . % N,
B _ u(ei - bi) + (bi - d;) \_‘\(2.3.2)
‘ P - !”‘\\
where A . - 7Yesidual error in node 1 of screen
(1)1 . -~
@ ‘. fraction i .
‘ : A(Z)i ' ~ 7residual error in node 2 of screen
 fraction i
2, bi’ s di’ e, - are unadjusted size assays (see
n nomenclature in Table 2.1)
3 13
The sum of squares of residual errors is given by
. ‘ N !
> “ ] 2 2 , '
. % S = L+ . ', 2.3.3
. ) 55 f Byi * 2@24) S . (2.3.3)

¢ Solying the partial derivative with respect to o and equating to zero,
. ‘ yields the best-fit estimate, a. The solution is the following:

o e l

S
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- . ) TABLE 2.1 Nomenclature . « 3
A ] 5 . i :'\
Chemical Analysis, % . -
Screen Analysis, % Overall Size-By-Size . :
. . 1
Stream - -1 Unadjusted Adjusted Unadjusted Adjusted ~ |Unadjusted Adjusted p
/. ~ circuit fged ) a; a; AL Ay B, ap.i 5
cyclone feed e; ey - Fm E, em’l . em’l g
cyclone overflow di di , Dm Dy m,i - dm, i ’
. — e —
lone underflow b; . . .
cyc underflo i b1 By . Bm bm.1 bm,1
7 — — -—
ball mill discharge c. Cc; C c .
j & i 1 m m cm,l cm,i
}
where: 1 - screen number ' .
m - metal (Pb, Zn, or Fe) '
N R - ‘ '
i
H e . ;
~ p. S
i
o *« &
~ v ¥ {
. . a
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. a :
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’

c;)ley - a3) + (o5 = by)(by - d3)°

i . (2.3.4)
fley - )7 ¥ (o5 - by)

2,3.2 Size Assays Adjustment

In ‘order to have size asséys consistent with the best-fit
~circulating load a given by Equation (2.3.4), minimisation of the sum
of squares of screening residual errors is necessary. This sum of

squares is given by the following equation:

e

5
LS

- 2,. + 72 + 72 + A2 + a2
854 i(A a; + 4%, * 4, + a%a; + afe)) (2.3.5)

\

Allowing for screening errors and mass balancing around nodes 1 and 2

-

gives:

é

a(e; - de.) - (a; - Aag) - (a- 1)(c; - Ac;) = 0 (2.3.6)
~ a_ ' _ ] o
(oley - deg) - (dy - Ady) - (@- Dby - 8by) = 0 (2.3.7)

The constra;typequations are:

A(py; - ode, + da; + (@ - 1)ac; = 0 ' (2.3.8) 7
el P T 3, . <
— — : Y
© bpygt el A+ (w- 1DAb, = 0 (2.3.9)
) N :
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4 .

To simplify minimisation in solving the partial derivatives,

. : i

- the Lagrange technique is used.. This technique consists of adding to

the sym of squares,géhe gonstraints multiplied by a Lagrangian multiplier. %
That is: . | [/ )

S . = SS, + I\, . constraint i (2.3.100 %

. m,i i .
In this case: S ‘
Smyi T S83 T Zgyillygy; - odep v A3y + (o - 1aey) ‘
! . . o — : "
+ ZA(Z)i{é(Z)i - ade;, + Ad; + (a - l)Abi} (2.3.11)

/
I

'

.

Derivatives with respect to residuals yield for each i:

Aai = - )‘(lli (2.3.12)
Aci - ‘- l(l)i{a" 1]' ' (2-3.14]. }

(2.3.16)

e T 2By T A ,'
L
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Similarly, for 4.;y; and A(yy,, partially differentiating Sy with

v respect to 9‘(1)3‘. and *2)i* and equating to zero, yields:

:g ” _:2 S - 2 + ~2
A(l)i }‘(l)i {a“ +1 + (a~ 1)} )‘(2)i 2 (2.3.17)
~ ) ‘ ) ) ) ' )
A\(Z)i ==~)‘(1)i i }‘(2)1 {@? "1+ (@ - D%} o (2.3.18)

e

The above Equations (2.3.17) and (2.3.18) are a system of linear

simultaneous equat;ons in A(l)i and A __.. A(l)i and A(Z)i are

(2)i
determined from the raw data using Equations (2.3.1) and (2.3.2).

»

-

2.3.3 Overall Chemical/Assays Adjustment
\.‘:"‘I ,

An extension of the adjustment technique described above is

N

to adjust the overall chemical assays of each mineral present in the
closed circuit streams,
To.illustrate the technique, the next section deals in

summarized form with the overall adjustment of lead (Pb).

f ] . 1
‘ Constraints ) ERES T - ,
: — e = ! |
n Node 1 -G By, @ - DGy * Apy B (2:3.19)
.t Node 2 o pr - (a -~ l)pr + pr ‘ (2.3.20)
N o N - *
Node 3, By = Cpp- N (2.3.21)
) Node 4 APb - I?Pb M T ‘ (2.3.22)

. Finally, each size assay is adjusted using: adjusted = observed - residual.

S ————— kS
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& ~ where APb . 1is overall Pb assay
" -, - Bpp is overall Pb assay
B | ’ T Cpy is overall Pb assay
Dl;b is overall Pb assay
" Epy is overall Pb .assa;y
L and Nodes 3 and 4 are ball nill

-t

Equations of Residual Erxors

Squpp T (3 -1Gpy *Apy, - By, (2:3.23)
7
baypp = (@ - DBpy * Dy - G Bpy " (2.3;24) -
% ) [ 2
»~ ot‘ , - o N r. g
. o L T Cpp By | { @i.29
' Yapp T Ppp " Ay . . (2.3.26)
* “‘/(7\\\\\ b
s where A(l pp O A(4)Pb are the overall, lead '(Pb) residuals (mass
~ .
'\. * Sum of Squares of Residuals
: - °]~< - "
j/ s 2 2 2 2 ‘ .
o SSPb\ - 9(1)% +')A(2)pb *Asypy A(4)Pb (2.3.27)

.
- *
«
T SR St L R s [P
s f
L
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of 'RMD stream
of CUF stream
of BMD streaﬁ:
of COF stream

of CF stream

and entire circuit, respeétively.

~
\\ NIV -
o
.
v
“

»

) [N

A IRt LR s

-

sk . A~

:’-\'

¥

ANl




[t N
L [ e I T e T TN .qwz o e A 1 RIS g e
» .

. — 1
) B ‘ 45' {
i . . ¢
| ( ’ The Lagrangian _ . . :
7 ¢ - . ‘ - .
P r S
DL . T ,
L , 2 SSpb + 2>‘(1)Pb {A(l)Pb ng l)ACPDb AA;+ a Apr} ‘
v 4 B
t : '
-
| “ 2 ypy @gypy - (@ - DBy, - 8Dpy T AELT
* D zypy Bsypy - ACpp " ABppl ¢ i
' : z
; e | . ,
. + 2)\(4')131’ {A(4)Pb - Apr + AApb} 1" ..... (2.3.28) ]
% ' Partial Derivatives to Solve for Residuals and Lagrangian Multipliers o }
» -~ . T T i
[ . ) . i
8 A, -2 + 2 0 |
E. vy Pb "~ ““(1)Pb © “*(4)Pb
3 ) ' p —
AAPb - }‘(l)Pb - )‘(4)Pb (2.3.293)
e / é\ az -
. T T 20Bpy = W (yp G - 1) # gy = 0
N L . ., , ‘
. ° ' . B ) ) 3 N :
_ABPb A(szb('a 1) A(S)Pb (2.3.29b) , .
R Y : |
. A e T 2880, = Aqypp@ = 1) = Agypy = 0. i
! 5 ° ) | -~
. - ' ',' : 3
G = Aypp @ - 1 F Agypp '(2.?.29c) y
32 o oaDe - - -y -0
, 9ADpy, 2% = Mgypp ~ ¥aypp = 0 1
¥ 4 - q»‘
O . 8B, = Agypb * Aiaypp (2.3.29d) ‘i
- o \i"“l.
* i
" km!
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% ‘. , 3% 2AE_, + ) a+ ) a 0
N ¢ SEpy b M (1)Pb (2)Pb
] s 2
~‘4§ + (
% AE, = - &0\ 1ypp * A(Z)Pb) (2.3.29€)
| * 3 . ] -
' ‘ = 2 {a - (a - 1)AC,, - MA, + afE_ }
: 3 {1)pb -l : ~Pb pb%. Pb
r i o , ) - ’
ST 2l e D aye T Aaee (T D T Aayey
- A 4 -EZ[AI + 2 )}ao;
(1)Pb (1)Pb (2)Pb’ 7,
: A (& - 1% A (3 - 1)
(1)Pb (1)Pb (3)Pb
\ 2
)
" Aayee T raiee T ¥ Cye Y Ayen
..... (2.3.30a)
& *
Similarly:
A - (a- 1% . (@-1) +2a
(2)Pb \ (2)Pb (3)Pb (2)Pb
. o |
*ayee T ¥ Ceype T A 2yen) (2.3.30b)

Z

by = Ayep@ Dt Pgypy T Agypp - 1) (2:3.300)

N

A(4)Pi7 \!I- A(z)'pb ¥ 2’.‘(4)1:1, B )‘(1)?5 N - - (2.3.30d)
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Gathering terms: -
by . — 2 —2 -2
A =} -1+ 1+ +
(1)Pb (ypp @71 e Y aTxoyp
LY ! ) ’
+ A FERVER) 2.3.3
- @t T A (2.3.31a)
' -~
-2 - 2 -2
A = ) + A - + +
L T e @ T A T DL
_ hom -, N . .3,
}\(S)Pb(a 1)+ >‘(4)Pb (2.3.31b)

bape T AT D T A - D A @330

[}

B T " A T r@e T P @es (2.3.31d)

£y

These simultaneous equations are solved to determine A(l)Pb

' Finally, the equations of residuals (2.3.29) are used to

s etc.

adjust the overall chemical analysis as follows:

)

Adjusted = Observed - Residual

2.3.4 Size-By-Size Chemical Assay Adjustment

i
These assays 9fe the last raw data-to be adjusted in oyder

to have overall and mineral by mineral self consistent mass balances

in the entire circuit. This adjustment is made by first determining

the/mineral size frequency distributions from the measured assays and

™

the adjusted size frequency; derived earlier.

b 2




‘

!
' g
L R RS VR e O St sy Lom 1 ey USRI NS L ey L Lo TT R

" 2.3.5. Laboratory Data Adjustment -

is to have Iself consistent data between samples. -

. 48.

After that, the mineral size frequency distributions were
adjusted following the technique discussed in Section 2.3.2. However,
in this case, mass balances and residual errors are given in terms of

mineral ‘mass units. Finally, knowing the adjusted overall chemical

-

assay, the adjusted chemical size by size assay is derived from the

w

adjusted mineral size frequency.

9 ¢

4

’

or the particuldr case of the grinding expe;-imen‘tsnp,e‘rfo'rmed

on the Pb-Zn ore, different mean chemical assays between samples were

i
expected. Thi§ should be small but, again reflects errors in sampling
/ ° :

/
and measurement. p

The .uni‘q‘ue objective of adjusting the size chemical assays

+

s

For each mineral, the adjustment was as follows:

1. Fil;d the overall mineral units of each grind sample.
2. Determime the mineral units of each size f-raction.

3. Determine the mean overall mineral units for the grind

e

samples. | R

4. Adjust the mineral units of each size to agree with the

mean mineral unit assay.
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described first.
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3.1 Standard Experimental Procedures

EXPERIMENTAL-WORK. ., . E s

) ‘ The experimental work entailed two principal efforts: ﬁb' c
obtain a reliable mass-size balance of the Pine Point No. 3 cireuit;
and to develop a kinetic model of grinding to describe the No. 3

\\ circuit ball mill using either plant or iaboratory derived pardmeters.

-

. Some procedures are common to both of these efforts-and are

<

3.1.1 Sampling

follpi“ving characteristics:
a) wheel dia;-mejcer:
b) compartmeﬁfs.:
c) wheel speed:

d), feeder:

P

3.1.2 Screening

! ¢

mean, standard deviation and variance measured

t

Sampling was performed in a spinning riffler device of the -

¥ .

.

60 cm
12

12 rpm tcmstant]

vibratory (vériable speed)

The spinning riffler offers the advantage of supplying 12
samples from one bulk sample and has proven to be a reliable samp}ing

device. (56)" me aécuracy of sampling was, nevertheless, tested and the -

t
.

.

LAY Z Tyler screen series was emp'loyed (see Table III1, e

Appendix III, for specifications) and screening was performed on a

Yo

S wm

T
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¢ 6‘ e Ro-Tap. In order to determine the optimum time for dry screening on

. 5

the Ro-Tap, a series of screening tests using silica as testing material

v

—— o was performed cumulative we1ght percent finer as a function of time

- ’

. . Twas. megggred To overcome the agglomeratlon problem arising when

g . 'samples’h'aving high s'limels content are dry screened, a combined wet-

-
‘

“ s dry scree:(;mg procedurea was adopted (57) 'The follawing describes the

we scre,enmg sequence used:
_' : . ) Wet screemng “of- approxlmately 100 g of matenal on the
g R SR . to )
) . . . f1nest screen v .

b) Filteri‘ng and dryin'g ‘the fine fraction at no more than

150°C. S '
¢) Decanting and drying the coarse fraction at no more than

. ¢ 15 OOC ]

'
3

d) Dry screening the coarse fraction in tV-Tap for. 20
min. .

e) Weighing the fine and coarse fractions.

. £) Calculation of the size assays. m
- 4 [

. 3.1.3 Chemical Analysis

0

The sized fractions for the plant survey and laboratory A
grinding tests were assayed for Pb, Zn and Fe using standard atomic
absorption procedures (see Appendix II). With these assays and the

© N eg . 20
stoichiometric factors for converting to mineral assays, the calcite-

~ dolomite composition was ‘calculated by difference. .

L]
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51.
3.1.4 Specific GravitLDeteminatién
: The specific gravity of the Pb-Zn ore was determined as
;‘“/ \ follows:
: . ‘ a) Sampling in the spinning riffler to obtain a representative -
o sample of approximately 300 g.
g | b) Pouring'into a 500 ml glass graduate in which previously
‘ water was added to a definite lilark (250 ml1)". - :
¢) Degassing for 30 min. usiné an ultrasonic cleaner at '
approximately 40 KHz. ‘ ,
) fl) Mea;uring the displaced volume and calculétion of the
~ ' ( speg:ffic gravity. - s 0
L 3.2 Plant : e

p The five streams shown in Figure 1.1 were sampled every 15

min. for two hours on- two occasions at feed rates of 154.2 and 190.3

- 0

mtph. These samples were dried and screened at Pine.Point for an

i

initial assessmentJSE reliability. The samples were then sent to

A

McGill for complete size and chemical analysis. Pulp density was also

. measured; samples collected at the beginning, middle and end of- the

®

.sampling campaign were combined and weighed, then dried and re-weighed
o .

%

and per cent s:jli_ds calculated.»

"

3.3 Laboratory . . - R

3.3.1 Silica T »

. Silica experiments were performed principally to establish -

a suitable grinding précedure.
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Pure silica (SiOz) grains of 4 x 6 mesh size was the starting

-

. material for these experiments.” To be further utilized, the silica

4 . .

wasi§}ze reduced in a cone crusher. One sample of the crushing opera-
P 7
tion was seﬁarated for a grinding experiment. Seven more samples were

synthetically prepared acsording to the requirements of feed particle ,

»

size distribution defined bg}ﬁﬁ}~' \\

13
e

. > Table 3.1 is a summary of the variables investigated in this

testing program. These variables are:

o N
M .

Feed: .. .

‘

Natural: Refers to tlie particle size distribupion of the

- ,

sample after crushing in the cone crusher.
Synthetic 1: Refers to the particle size distribution of

samﬁles built up with screened fractions. This particle

size distribution is defined by the Schuhmann-Gaudin-Gates
Lot

. o - , a
e’ parameters a and k appearing in the equation: y = 100@3 s
vhere: a = 0.8
\ - 'k = 650 um

. v

Synthetic 2: Refers to a typital rod mill discharge product

X .

particle size distributien. T

.

20 x 28#: Refers to a single-size feed material of size -20

idhs WV mesh to +28 mesh. : s

S




| S Foo
3 » g ‘- N . .

T e g ke g e v o yertaem T ] S T L R T U I - » I T R Sy,

»

TABLE 3.1 Variables Investigated in the Grinding Test Work,
PCT.. V.F. is the Percentage of Voids or Inter-
stitial Space Between Balls Filled with the
Material to be Ground.

.
¢ : ‘

SILICA TESTS (DRY)

'Experiments Feed v Method PCT. V.F. )
1 natural recycling 80% - /
oI : Y 4
2 synthetic 1 one-sample-at-a-time 80% T e
3 synthetic } ‘recyﬁling‘ 80%
. ‘ 4 -synthetic 1 recycling . 100%
S5 . 20 x 28# . recycling O\ '100%
‘ 6 ’ 29 x 284 recycling 80%
7 synthetic 2 recycling 100%™ :
) 8 synthetic 2 Tecycling ) ‘ ‘ 100% ;o i
i
Pb-Zn ORE TESTS (WET) .
. Experiment  Method  PCT. V.F. PCT. SOL. by VOL. PCT. SOL. by, Wt.
& / )t
Yo : CUF * . one-sample 120% ‘ 45.1.596 . 72 0%
‘j , at-a-time: - )
. RMD- one-sample  120% 42,13% 69.2% N
. . at-a-time ‘
( | . X
. , ] o ”
a I 3 613(:{32\1:
] - @ '
; / , EE
A " >
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Method: . , -

f . Recycling: Refe;s to the method of grinding in which only .

F SO ¢ onelsamﬁle’is used for all the grinding times} i.e. once the
[ )  grinding time of a'given&sample is completed, the product is
sampled for screen analysis. After screening all the material
% L : . is returhed to ﬁge mill for further griﬁding. (\
5 One-Sample-At-A-Time: This method consisted of brepariﬁg€5ne
E . ‘ sample for:each grinding period 6% time. The samples were

syn%hetically built up in such a way as to have identical
™ «

particle size diseribution and total mass. )

° 5

343.2 Pb-Zn Ore
. The Pb-Zn samples.fofegriﬁding experiments were collected at

the CUF (cygloné underflow) and RMD (rod'mill discharge) at the end of".

the two hogr sampliné campaign at 154.2 mtph. The samples (v~ 30 kg) ‘ .

were filtered and dried and sent in air-tight plastic containers to

McGill University. Preparation of these samples for the grinding

experiments was asyfollows:
i

. a) Drying in the oyen at no more than 150°C.
A ’ - -

b) Using the spinning riffler, the sample was split so as
! . "

AL

to obtain representative samples of approximately 1300 g

o

‘each. .

v S = e oot e e

.Table 3.1 shows the experimental conditions chosen for grinding the

CUF and RMD materials.: These batch grind tests were designed to

- replicdte the large continuous operation in respect to pulp density,
- ball £illing of the mill and charge of material®*) (Appendix 111,

* oy

o ~ -
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)

‘ 6 Y. + " Section III.2.2, contains the c<alculations). Table 3.2 summarizes the

. loading characteristics. of both laboratory and plant ball mills. The

N
by orpeezan e I TR

grind times were for the CUF material, 2, 4, 6, 8, 10 and 12 min., ~

/

and for RMD, 1, 2, 4, and 8 min. ‘ /

=

v .

TABLE 3.2 Comparison of Laboratory and Plant Grinding

L

Mill Loading Characteristics . /
s ) :
: Lo
Quantity ‘ Lab t) Plant . .
% ball filling 42+ N 39w
% void filling 120 . 120%*
size of ball, cm 2.54 (1) 7.62 (3r1)*x+*
% of solids (v/v) 42.1 P sz

determined using 12% internal mill volume as voids (®)

*k estimated from geometric considerations (see Appendix III)

***  nominal make-up size

. . o
**** as measured in plant

After completing each grind period, the mill &as_emptied
using the least ;mount of w#ter poss;ble and the .pulp dew%tered using
the filter and then dried at no more than ;SOOC. The dried sampleg
were split in the spinning riffler and ;ized by the wet-dry écreening
proce&ure; The screened fractions were stored in envelopes -and labelled
for identification. Chemical analysig on each size fraction was per-
formed for each grind time. The experimental data was finally used 'to
ﬂete}mine the cumilative-basis first and p-order overail and mineral-

+

by-mineral grinding kinetics.,

-

'S
- -....,,..-«u.—j

.

e g
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CHAPTER IV

GRINDING CIRCUIT SIMULATION

4 [
.

2

As discussed in Cfxapter I, it is proposed to modify the
existing ::ircuit by including a Pb flotation stage on the ball mill
discharge. " In order to assess the effect of this circuit change,‘
the first objective was\to c}evelop a simulator capable of describing
the existaing circuit. ,With this successfully achieved, the simulation
can be extended with confidence to the proposed circﬁit.

The strategy adopted was to develop size-by-size, mineral-

'By-mineral mode%(of the grir}ding, classification and’ flotation units.
The p-order grinding model was selected and tl;e kinetic parameters.
determined from laboratory batch tests. The grinding factor, Equation
(2.1.14), was then estinated by fitting to the plant data. -

The classification model considered individual mineral
performance and was developed from plant data (after adjustment).

For the flotation stage, experiments were performed both at
the Pine Point plant and Mc‘(';ivll laboratories using ball mill discharge
from the existing circuit and fresh ore samples; mineral si;e—reéovery

Ry

curves were determined.

B | I

4.1 Sinmlai‘t’i}on of Actual Circuit (Mineral-by-Mineral)

4

W -

The flow chart diagram of Figure 4.1 shows schematically
the computer program developed to simulate the actual circuit configura-

tion shown in Figure 1.1; Appendix V, Section V.1 shows the program.

e

P
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~ Simplified flow chart diagram of computer program
. to simulate the actual closed grindingf circuit.

- o

' L
' . N A
¥ 9 b
, B
L4 .
. .
N .
N \
N e * = e
. .
. e
L] " q
o - y
> . , LY |
o s . -
’
. .
N .
.
A - .
H
. . .
i\ -
' . -
. .
N .
L ~ ° -
§ - . '
EX a q N
. e ~
W
T , - .
-
R .
\ ) ’ ‘
Ll .
° .
, .
@ ' u )
' 4 '
N {,, . <, .
.
. . '
, .
[ S
/ - ‘
L. . ,
. R o
- -
/ he N o
/ -

4
.
I3
o
>
B v
ey
Py
\
o
.
* .
—~
.
» ‘
a
f
1
.
¢ T
- N




e ' : s

i ©OVE TR e et s o g peh g i AT (P T MR wra bt s Wi e e v oy o - -
|
- ! #- ) ‘
. - P +
.
- > .
. ) - \
.

B e
£ o - ‘ - ’
o . , : COMPUTE
COMPUTE | PCT SOLIDS,
. STREAM 3 _ CIRC. LOADS,
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units/min. Secondly, the above units are split-into’ the mineral

“ . . *

This is an iterative program wﬁ?%h accounts for dry sélid and water

o

mass flow rate balances around the ciycuit. The iterative process .

terminates when a finite difference between input

»

Tnd output mass

flow rat%s is achieved. This is the steady state fillow regime

criterion, set at 0.1%. |

*

Two kinds of input data to the program ar provided:

. input data associated with the fresh feed to the closed circuit and

input data associated with fhe mathematical models of grinding and

e g . N |
classification. R 1

+ B
Y

4.1.1 Ball Mill Volumetric Holdup Calculations

These calculationsrare made from geometric \donsiderations

- +
»

of mill sizé and grinding riedia volume. For details; see'Appendix 111,

Section' III.4. oo T . . ‘ ‘

.

- - Py

4.1.2 Mineral Units -,

4

s
s s ?

An arbitrary mineral unit was selected and consistently used

.in the program. The'seleqtioq was as follows: firstly, grahsﬁorﬁation

of the dry solids, fresh tonnage inpu;_to a fixed amouhx of 10,000

N . A
comtribution of all the compohenps composing the ore. Schematically: - °

A Y M .
. . k
- . . - ., h

+

v <t

.
- R /\{
)
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L /
% -
| SOLY, mtph
=10000 units/min. ‘ "
s : . B
§ (from ted mill) , z
| .
) .
zx | ‘3
t (from ball mill) | - : ‘
: A , - , N
S | i - 5 |
t ! 4 ' ‘ L4 . ¢ <
1 ;’( The input mineral units are calculated.using the product of
o size and chemical assays and stoichiometric fictors.
v Through the iteratiye process, the program handles mineral
- units/ﬁin. When it is necessary. to compute the ‘residence time (in
. . . ‘ .. . .
. minutes) and pulp dilutions, two transforming faGtors are utilized. :
S ! * %
) The factors are calculated as follows: ] c L 1
FIN ™ Y . |
: ‘ . ! . ' . C %
‘ SOL1 . TON/60 = 10,000 UNIT - , NG5 R
S - Thus, ., : ,
] . =.600,000 UNIT/SOLL © (4.12) C s
4 - *  and the reciprocal, - e o ‘ .
B . " . UNIT = 1/TON ' - (4.1b) 2
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where: SOLl = fresh feed input in,

. TON ™ factor to convert fonnes to mineral units

: UNIT = factor to conveft units to tomnnes

»

‘X

4.1.3 Mass Flow Balances

Figure 1.1 shows the actual circuit.:

Five streams numbered

From the solids and

from 1 to 5 completely define the closed circuit.

water,mass balances around the three nodes (sump, cyclone and bdll

-
mill), rate ratios are calculated. These mass balances.make use of

[ 4 -
simple additions (or subtractions) and of the mathematical models. ‘

Pl

. ' The .following is the logic seguence used by the program to calculate

'

the mass flow rate balances:

Node 1 (Sump) - . ‘

.) in units/min. . .

Calculation of Mineral Units (u
. ljm’l

3

— - t
’ o ¢ * n °
>
" H 0
1 2 ¢ ‘
® . - s “ » / . &
. ) ~ N h .
. ‘ : .] > )
: . u . ® . .
?”a:\‘: 1m uz.m’l »}‘ °
' u
. v srmv ) I‘
.4 j
- . ,
) L , R
' 1 . - y Loy
L u .. = size, . . chem . £ ' S
. "lgma o lpi‘: 1, ,i . n , ¢
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{' C) ‘Y / | e /t/h‘es\\#mp, and the dilut?ng water c;f stream 5.
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v .
where: sizel i - is the size assay of ore in stream 1, pct.
‘ 3 - -~
. - chem; . ; - is the size element dssay of minerals m in
P Rt
. ' .
’ stream 1, pct.
£ - 1is the stoichiometric factor of minerals m
", to convert from element assay to mineral
assay. [
First Iteration (m = 1) .-
CULmi T Y2m,i
» ~
WAT1 + WATS = WAT2 . ) ) '
‘ .
- . . - - .
_ Second Iteration (m = 2) '
. W\
r o+ o
‘ “1,m,i  Ys,m,i Uz,m,i .
f/ ’
WAT1 + WAT5 = WAT2 i’
< Y .
-
° E ol »
etc.
* where: . and . mine its/mi nd 5,
N here uz’m,l uS,m,1 - mineral units/min of streams 2 and 5,
. . respectively.
i e WATl,. WATZ and WATS are water flow rates of streams 1, 2 and ,
. ) 5, respectively. ‘Units:- ms/min. ) T
y -y o ,

NOTE: For computing purposés, ATS includes th:e make-up water added to. »
i , 5 ‘ ; ;

)

.
LT LI , . t
f - - . P ' '
.

)

o
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¢
Node 2 (Cyclone) .
4 ’ .
LA
° Qo
l_____, . o 2 ,
u L e
—_— @ 3.‘ml|
u . -
2,m,i
B Rf
Ym,l *®
u .
¢ 4,m.,i :
) \ » .
1 * _* *
. B
u , = u c o Y ! ' :
4,m,i 2,m,1 m,i- .
‘ § . o ,
( « *
u = u ;s ~u .
3,11!,} ' Z)m:]- 4,m,i -
WAT4 = Rg . WAT2 (‘/ . )
> v e f
I " N L)
. o WAT3 =~ WAT2 ~ WAT4 ; . ‘ p N
[ s h ) ' ‘
where: u ..and u . =~ are mineral units/min in streams 3 and
. 3,m,i “4,m,i . . R N .
. ‘ ' o .4, _respectively. , . .
.- N A . a ," . ° . ) '

-~
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Ym i -~ 1is the cyclone selectivity index matrix
° 1 '
Re - 1is the splitting ratio of water from the

feed to the cyclone underflow.

.
N f

) WAT3 and WAT4 - are water flow rates in streams 3 and 4,

respectively. Units: mS/min.

14

N
: Node 3 (Ball Mill)
First Iteration (m =1) . °
o
9
- e O
. u
U5 m.i T b,m,i &
© BMH
s ) bm.!
Pm,i , ‘
. Calculation of Cumulative Mineral-by-Mineral Units in Stream 4
' Cu4,m,i T P %m,i
) . . & ' . . '\ w' , ’ N
3 Calculation of Total Volume Flow Rate (m3/min) '
. T ) : R -
o | Vo= Vg Y ' B
T SOL ~ 'H,0 ; -t
s T . , o)
~ | . u ' ) |
- - ¥ - '

c et am
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@ ‘ v T (Cu, = _/p_ . TON)
S?L e 1 4,m,n" "m
where: Vo - total volume flow rate in m>/min
o ' Vsor - 'volume flow rate of,all minerals in m3/min
§ Vi o - WAT4 in m3/min
a ~ . 2
. Cu, - total mineral units of mineral m in stream 4
, i N - ' ' ’
T in units/min
\ [ .
. , Pn - specific gravity of mineral m in tonnes/m>
EENE
“ TON -’ factor to convert tonnes to mineral units
" n - mesh number I
. 1
Calculation of Ball Mill Mean Residence Time, t in min
: hd A ~ N\ j‘ o )
- T = BMH/Vg ' v
49,) | \ -~ . ]
‘ ' where: ' BMH - ball mill volume holdup in n’ .
| 2~ ‘ ‘ v
- .. Calculation of Mineral-by-Minéral Size Reduction = '
s . ) , '
' ' Cu. . = Cu exp {~ F b -rpm’i} h
) 5,m,1i 4;m,i xp &p - m,i :
[4)
where: Cus/ mi " is cumulative mineral units ,on screen i in units/hr
»illy " . ’ -
¢
. Fg - .is plant-data fitted parameter o
" L “ . bm i - is specific rate of breakage of mineral m of all
¢4
: - “P.
v s A sizes larger than i in min "% "
. > pm‘ i -~ 1is the order of bregkage, dimensionless
s \ . -

. i
O ’ t ‘
¢ . .
.

\
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3

e

R4

R

ST
T e

- \ ‘n
* , Calculation of Mineral Units u_ in units/hr
4

- ({ Ty ym, i ,

Usmi - s omi+ 1T ON5n5

- »

» B N .
.
. )
’

Calculation of A, the Convergence Criterion (units/min)

v B
. A = (MIT - M3T) ‘
’ . 4 ; :
| whqre: 'MIT -. is 10,000 units/min . ‘ . - '
- ¢ LMt - isu the total mineral units in the COF in units/min
S e
e . / after any number off iterations ‘

.

. . .
/ .- . A

4,1.4" Calculation of Miscellaneous Printout ‘ ‘

’Once the convergence crit‘erion (0.1% by weight) is reached,

/

. ' severz;l,lc calculqtions are performed. These are:
/ . a) .overall éir_culating lohd ' ) ' ™
) b) ;\ineralj-by-mineral circulating loads

¢) pulp dilution .in all streams

d) ‘overall CUM. WT. PCT. finer in all streams - '
P

v

] s e) mineral-by-mineral size frequency distributions (size-

T

by-size and in CUM.- finer form)

il

3 , f) mineral-by-mineral instantgneous rates of breakage at <
1 : - B - ¥ s N
1 R . steady state conditions ' - o . . -

. A . \
In addition, the printout includes the number of iterations to reach
the steady state condition, <che'mean ‘residencé time, and the computed . f'ﬁ;.

'steady state overall specific é?av‘ity ‘of ball mill feed material.
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:‘ (" 4,1.5 Criterion to Select the Grinding Factor Fg " z‘
I a
b2 i ‘

As already mentioned in the Theory section, a grinding factor

sl

is intrbduced'in the batch grinding mgdel to account for résidence time
S .. distributions of the mineréls and possibly mill s;ze scaling considera-
tions. Thus: this factor is a iumped,plant fitting parameter. The

criterion was to choose Fgm values which repréddced the mineral circu¥j

lating load determined from the adjusted plant data.

@

4,2 Simulation of Actual Circuit - Combined C1a551f1cat10n Model
(M1nera1 by-Mlnerall

7
A computer program, using the same methodology of the previous

section, was written incorporating the combinéd Lynch and ‘general

e ciasgificatioﬁ models described inlSections’2.2.4.1 and 2. The program,

ST

. iteratively, ‘computes the water splitting ratio Rf dnd dSO(C) for

-
LIS

calcite/dolomife giﬁen by Equations (2.2.9) and (2.2.10), respectively.

Equation (2.2. 7) is used to calculate dSO(C) for PbS, ZnS and FeS .

The short—c1rcu1t1ng of fines to the-underflow of the 1nd1v1dual minerals
\

7~

v

is assumed equal to Re.. The sharpness of classification, s of Equatioh
!

(2.2.5) was assumed constant (the average n_ of all minerals individually).

Appendix V, Section V.2, contains the program. | .

-
\

e © . ’ *
4.3 Prediction of Proposed Circuit (Mineral—by-Mineral)

Figure 4.2 shows the flow chart diagram of the computer
program used for predicting the performance of tﬁe proposed circuit
shown in Figure 1.2. Except ‘for the Pb flotation stage, the program

v is the same as for the one descrlbed in 4.3 above. ¢

e
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4 , ' FIGURE-4.2,

R S Simplified flow chart diagram of computer program
L ® _ to simulate the proposed glosed grinding circuit.
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START COMPUTE ‘ COMPUTE
STREAM 3 STREAM 8
\/ \
READ INPUT
DATA. 0 v 1
COMPUTE COMPUTE #‘
> ‘5 RESIDENCE CONVERGENCE
TIME CRITERION | .,
COMPUTE ' .
STREAM 1 T
N COMPUTE
g : . STREAM §
COMPUTE v
| sTREAM. 2 ) ~ COMPUTE _
o _ ) STREAM 6° ,
— . . o COMPUTE PCT
il - - SOLIDS, CIRC.|. :
) ) i LOADS, ETC.
COMPUTE . —
STREAM ‘4 . COMPUTE ﬁ .
: STREAM 7 ; .
‘ : R 7 e |
'RESULTS -
0 i -
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‘r: To provide for a convenient pﬁlp dilution in the flotation

unit, the model contemplates all water is added at the ball mill dis-

Y

charge. The water mass balance across the cell is completed by assuming

a dry concentrate.

.o .

The convergence criterion is as for the previous program but

the product of the closed circuit now contai

.

(Figure 1.2):cyclone overflow (stream 3) and

two separate streams

tation concentrate

3

(stream 7). Only for computing of A, the convergence criterion, streams

3 and 6 aré added together to form stream 8. (In practice, the stream

P

of PbS concentrate should be sent for cleaning and the cyclone overflow

_stream be sent to the conventional PbS rougher stage.) Appendix V,

v

i . Section V.3, contains the progiam written for simulating the proposed '
circuit. ) oo .

N
) 5 . ~ -
b

¥

4.4 Comparison of Plug Flow and Tanks-in-Series Models (Overall)

Two' simulations were made: one using the plug flow grinding

< model - Equation (2.1.8) - and the other; using the three 'tanks' in

series model tank A, tank B and tank C. Tank A was a plug flow mill,
- ’ ) . - W(
with 0.2 v 'mean residence time; tanks B and C were fully-mixed mills

‘ ' - Equation (2.1.12) - with 0.4 t mean residence time each. <t was
calculated by means of Equation (2.1;13).

Two computer programs were written to simulate the grind

- “ \ 5\ .
. ¢ircuit, .one for each grind model. These, iteratively compute'the

- a

a

overdll flow rates across the én;ire circuit until a finite difference
. Co - ot . ‘

- between circuit feed (RMD) and circuit product (cyclone overflow) is

. achieved. This is the convergence criterion;” set at 0.I% mass flow

(ij rate by weight. , o

e
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Both pragrams were written using solids and water mass

balances around the circuit. The grinding and classification models

1 <

both utilized overall parameters (p-order grind kinetics and the

.

selectivity index matrix'Y.). The programs calculat e gverall size
, y S 1 prog g

o

reduction of the grind unit and the closed circuit. TFor each stream

"of the circuit, the results are given as wq}ght percent retained and
. ¥ N

cumulative weight percent finer. The®programs are shown in’Appendix v,

. a 11
14
I y
Sections V.4 and V.5. ’
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. ' CHAPTER V i )
RESULTS o =
5.1 Laboratory

-

The results indicate that either first or p-order is.
\ -

5.1.1 S&ilica
otlica

b -
¥

f

-

%ab%gs 5.1 to 5.8 Summarize the results of expériments 1 to-

8, respectively." The tables report the size assays of feed and grindir
_products: Also gggyn are the first ?nd.p-order kinetics ki’ P; and>bi
obtairied by regressibn. The first order plots of experiments 1 to 8
2 -
“are shown on Figures 5.1 to 5.6. Note that experiments 2 and 3 are,
plotted on the same graﬁh'(Figure 5.2), whilst .experiments 7 and 8-are

both plotted in Figure 5.6. The coordinate

system utilized is semi
log where the lines shown were determined with the least square techn
QtTZhd the slopes'represént the first ‘order rate-of-breakage, k.. The 3

1 ‘C
equation used was Equation 2.1.6)."_Also,-the experimental results of

experiments 1 to 8 ate shown on Figures 5.7 to 5.12. These are the p-

s

order plots where the Rosin-Rammler chart was used as coordinate systed

The X-axis is log {TIME} and the ®-axis is log log {14(1 - Y)}'whéne

.
£
4

is cumulative weight fraction finer. The équations used in the regré

-

sion,énalysis were Equations (2.1.7a) and (2.1.8a).

@

13
an adequate fit.

-

In more detail, the similarity between experimentsb

*

and 3 indicate that the oﬁe-sample-at-a-tihe and {pcycling methods' yig

» same result. Also, experiments 7 and 8 (see Figure 5.12) indicate'£h1

- - \ "
data is very. reproducible. The effect of void filling is illustrated

[y
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TABLE 5.1 Experiment No. 1., : . \;”‘“\ i-
Partlcle Size Distributions (PCT) and Grinding Kmetlcs O \\ !
- " (First-Order and-p-Order). . RN
. o \\
- A~ E
- - -~ -; . ~ *
Grind Time, min ~ B » Grind Kinetics ) . E
Mesh : ) ’
No. Feed 2 4 6 8 10 12 ki Pi bj
28 23.57 | 8.84 3.23 1.18 0.39 0.15 0.06 | 0.5040 -| 1.0154 | 0.4867 1
48 | 32.30 | 31.44 | 25.36 | 18.51 | 12.68 | 831 | 5.26 | 0.2031 | 1.1016 | 0.1487
. ‘ . N )
100 ) 17.25 22,68 25,80 26.57 26.04 24.26 22,10 0.0835 1.0529 0.0705 - f
200 11.60 | 15.93 | 19.63 | 22.22 | 24.39 | 26.05 | 27.46 | 0.0369 | 1.0221 | 0.0342.-| * -
: 400 6.79 9.25 11.52 14.07 16.78 18.29 20.59 0.0159 0.9318 0.b192
d -400 8.49 11.86 14.46 17.45- 19.72 22.94 24.53
o ‘ .
. \ - \ |
,!
i
. |
. ~ b
s - i
N

&
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TABLE 5.2

» <

WALy oy
L o

»

Experiment No. 2. - '
Particle Size Distributions (PCT) and Grinding Kinetics,
(First-Order and p-Order).

WS Sk S A s L G oA AL R 7
:

ST LA
.

. )
, -~ Grind Time, min Grind Kinetics
Mesh P ’ ] ¢ )
No. -~ | Feed 2 4 6 8 10 12 ki _Pi b;
28 | 12.50 4.61 | “1.70 0.63 0.23 0.09 0.0 -| 0.4995 | 1.0419 | 0.4444
48 | °33.63 | 27.56 | 20.53 | 14.51 9.70 5.89 3.90 |\ 0.2139 | 1.0994 | 0.1865
100 22,93 | 2557 | 27.33 6.70 | 25.28 | 25.86 | 20.41 | ©0.0840 | 0.9882 | 0.0821
200 13.17 | 17.12 | 19.86 | 22.28 | 24.57 | 23.99 | 26.55 | 0.0385 | 0.9441 | 0.0372
s *400- 7.57 9.40 | 1158 | 13.62 | 15.51 ] 15.89 h18.22 | 0.0208 | 0.8470 | 0.0167
-400 10.20 | 15.20 | 18.81 | 22.08 | 24.84 | 28.24 | 30.89
LY \ r
’ @ =4 / »
- - ——— - - - T T T T T T ‘"———'——"“ T
N ¢
AN 4 - -
f . | %
° Q
oz T : A ———s
5 SRR . ; ,
P —— . - '
{j‘; . 7



NN

RN : .. c \
’ . , X -
- ‘ \
. " ¢TABLE 5.3 Experiment No. -3. . -
Particle Size Distributidns+ (PCT) and Grinding Kinetics.
, (First-Order and p-Order).
v i Grind Time, min . Grind Kinetics
Mesh . . ) . ”’
No. Feed 2. 4 6 8 10 12 ki Pi bj -
28 120.50“ 5.63 2.23 0.77 (.0.32 0.10 0.03 0.5195 1.2221 0_.3657
48 | 33.63 | 27.33 | 20.63 | 14.67| 9.94 |. 6.31 | 3.84 | 4.2133 | 1.1095 | 0.1528 -
9 ) . T rd . .
100 22.93 " 26.14 27.31 26.96 |3 25,52, 23.19 20.39 +0.0886 -1.0579. 0.0741
200 13.17 | 15.99 19.32 22.00 23.92 | 25.55 26.69 0.0387 0.9261 0.0471 .
400 757 9.79" 11.81" . 13/.66 15.32 |._ ;6.94 I 18.38 0.0202 ] “0.8501 0.0309
.~400 10.20 15.12 18.70 a“ 21.94 24.98 27.9)F 30.67 )
- " ~ > . ] - _: . -

A

A
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- TABLE 5.4 “Experiment No. 4. - -
Particle Size Distributions (PCT) and Grinding Kinetics.
(First-Order and p-Order). : N .
[ 4
Grind Time, min Grind Kinetics
Mesh . ° b
# No. v Fesd' ", 1 4 6 10 Pi i
28 |Y12.50 | 8.86 2.96 | . 1.37 0.26 1.0492 °| 0.3519
48 33.63 30.78 23,12 "} 18.02 9.82 1.0132 0.1396
‘100 22.93 24.94 22.77 28.22  26.54 0.9832 | 070635
200 | 13.17 | 15.20 19.74 | 22.06 25.68 0.9677 | 0.0291
. -200 | 17.77 | 20.26 26.41 | 30.33 37.70 E .
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Particle S1ze Dlstrlbutlons (PCT) and Gr1nd1ng K1net1cs. Lo
(First- Orde;' and p-Order) . B . )
\ % ol 13 - i 4
o ] ) . / . .
. - Grind Time, min ! / Grind Kinetics §
.. Mesh . - - k" 7 3
No. Feed | -0.5 1 |2 4 6 4 8 | 10 .| 12 / i Pi | bi :
. /o : . R
28 100.00 85.84 74 .18 $6.20 31.63 ) 16. 79 8.65 $.47 2.28 0.3148 1.0108 0.257%6 \\ ’
K e : VAR o oo :
48 41 0.00 |J10.47 |17.50 | 27.22 36.65//37.27 33.42 | 27.72 /22.17 0.1182 | 1.1284 |. 0.0834 \ )
’ : K ~ K3 ,/ ’
100 0.00 2.05 4.37 8.55 15.60 21.04 24.95 27.43 ) /28.57 0.0549 1.1333 0.8379 ) i i
200 0.00 | 0.94 2.25 4.38 8.68 | 12.72 |*16.27 | 19.40. 21.8% 0.02_45‘ 1.1606 | 00164
-200 0.00 0.'.71) 1.70 « i 3.65 8.04.] 12.25 16.71 20.90 25.32
4 « v B
’ . . ) ) .
- . ' *
- ’ =
- . K * . e. " ) j‘
.. . . . .
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TABLE 5.6 Experiment No. 6. . .
- Particle Size Distributions (PCT)A nd Grinding Kinetics.
’ (First-Order, and p-Order). C// ’ .
' Grind Time, min Grin& Kinetics -
Mesh - . e 1.
o. Feed 2 . 4 6 8 10 12 ky Pj bj
28 100.00 50.96 25,61 12.05 5.14 2.25 0.86 0.4079 1.0893 | 0,3086
i 48 . 0.00 28.94 36:69 34.51 .28.62 20.89 15.20 ~0,1616 1.1746 030960
IOO. 0.00 10.03 17.74 23.60 27.11 28.68 28.13 0.0714 1.1407 0.0469
200 0.00 5.23% 10.05 14,75 18.66 ‘| 22.22 24,56 0.0325 1.1274 0.0222
‘400 0.00 2.38 4.81 7.31 9.75 | 12.37 | 14.41 | o0.0159 | 1.1118 | 0.0113
-400 0.00 | 2.46 |. 5.10 7.78 | 10.72 | 13,59 -| 16.84 . '
¢
. &
- . » . - : &
: b
- ’ ~ 3 - -
] - ' - Al
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TABLE 5.7 Experiment No. 7.
Particle Size Distributions

e

e~ FEBASTPD TR M.’:@«%ﬁ? i e e e PG, s

*

(Eirst-Order and p-Order).

@

"

(PCT) and‘Grinding Kinetics.

~

°

'Grind Time, min

Grind Kinetics

Mesh ) 4 .
No. Feed 4 6 8. 10 12 ki Pi . bj
8 3.60 1.64, 0.53 0.25 0.11 0.02 0.00 0.5193 | 1.0725 0.3923
10 12.80 4.76 .| 1.89 0.78 | 0.26 0.08 0.05 30.4978 1.0249 0.4583
14 17.80 |, .9.69 4.98 2.153 0.89 0.28 0.10 022746 "1.1083 0.3380
. 20 15.90 12.79 8.10 4.30 2.2 1.14 0.41 0.3920 1.1663 0.2389
. 28 12.70 14.33 12.11 8.37 5.66 |- 3,23 1.79 0.2912 1.2124 0.1575
" 35 9.80 12.90 13.76 12.40 9.94 7.70 5.06 0.2017 f.2149‘ '0.1079
48 '7.00 11.41 14.62 15.67 1.15.23 14.14 12.19 0.1238 1.1981 ' 0.0697
65 5.30 7.41 9.97 11.67 12,22 12.58 12.41 0.0856 1.1559 0.0539
100 4.009 6.17 9.46 11.44 13.25 |. 14.45 , }5.18 0.0552 ’1.1175 0.0383
150 2.90 4.44 5.22 8.52 10.08 11.52 12.66 0.0360 1.0326 0.0317 ‘
200 2.00 3.43 ’4.59 | __-6.40 7.72 8.93 10.34 - \0.0240‘ 0.9816 0.0245 _
) 270 1.60 2.81 4,10 5.27 6.43~ 7.62 8.00 | 0;0160\\ 0,9425 0.0177
400 1.30 1.58 2.25 2.79 '3.59 3.98 4.68 | 0.0120 0.8617 0.0167
“ * t
-400 3.30 6.34 8.42 9.95 12.37 14.33 |-17.13

e ot o e e
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- TABLE 5.8 Experiment No. 8. - .
_ (Repeat of Experiment No. 7). - , ‘
::::. : Particle Size Dlstrlbutlons (PCT) and Grinding Kinetics.
- i (First-Order and p-Order). . .
- . and p-
.- .
. Grind Time, min i _Grind Kinetics
] Mesh . - .
No. Feed 2 4 6 8 10 12 |+ ki Pi b
- 8 3.60 1.64 |. 057 | 0.20 0.05 |-70.03 0.00 | 0.5218 1.1529 0.3632
-10 12,80 ¢ 5.03° 1.74° 0.61 0.35 _0.08 0.04 0.5060 | 1.0478 MQ.'4441 ’
f“:‘ 14 . 17.80 9.90° 4.70 2.09 |+ 0.80 0.33 0.15 | 0.4504 1.1019 .| 0.3405
" 20 | 15.90 4 12.80- | 8.10 4.46 2.22 1.14 | '@.44 | 0.3821 | 1.1681 | 0.2371
. o N . R * , » [y
- 28 12.70 13.75 11.80 | *8.5% | 5.57 3.24 /£1.86 -0.2855 1.1983- | 0.1621
e - .35 9.80 |,'12.49 |-13.33 | 12.16 | 9.83 759 5.37 | 0.1959 | 1.1827 | 0.1158 |
’ T a8 |- 7.00 11.27 | 14,43 | 15.63 | 15.32 | 14.14 | 12.40 | 0.1198 | 1.1516 | 0.0772 .
.65 5.30 7.65 9.77 11.29 12.21 12.51 | 12.40 | 0.0828 1.1140 | 0.0595
100 4.00 6.73° 9.25 11.28 12,95 13.98 14.75 O.’0542: 1.0890 0.0419
) 150 2.90 4.58 | “6:66 8.45 .9.99 1t.14°.] 11.99 | 0.0370 | 1.0472 0.0319
y ’ 200 2.00 3.44 4.99 6.46 - 7.81 8.96 9.87 0.0255 1.0160 0.0238
270 " 1.60 2.75 3.99 5.19 6.41 7.48 8.48 6.0169 0.9738 0.0177
. 400 1.30 1.55 2.21 2195 .48 4.01 4,62 0.0128 | 0.8912 0.0168
-400 |, 3.30 6.42 8.46 10.68 13.81 15.37 .| 17.63 .
z ) J
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by experiments 3 to 6. The specific rate-of-breakage was observed to

decrease with increased void filling. - » {

Lastly, thie top size and single size method grinding kinetics

v v

estimation was compared in experiments 4 and 5. The +28# fraction

broke more slowly in the single-size experiment than in th‘e top size

-~
v

experiment.

5.1.2 Pb-Zn Ore (CUF and RMD)

’ . Splifting Tests

A series of splitting tests using the spinning riffler was

performed to assess the sampling (cutting) efficiency. The ma'tefial

.

tested was the CUF (cyclone underflow) material. Table'5.9 shows the

results of one typical test run. These results are the mean, standard
. deviation and variance of size assays in percent (absolute). The

figures reported are considered, in this study, as a measure of the

°
8

sampling efficiency of the spinning riffler. -

-

Grinding Tests . ) )

Sections IV,1.1 and IV.1.2 of Appendix IV,‘xshow the computer

-

printouts of the CUF and RMD experimental.results. The input data to

o

°

the program was:

h 1/ measured screen weights retained (g)
§ ~

2/ measured chemical assays of Pb, Zn, and Fe (%)

. The calculated values were: .
. 1/ size assays (%) ! P o
2/ CUM. size assays coarser (%) ~ L e
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TABLE §.9 Statistical Parameters of Size Assiys
. of the Screening Analysis of Six of the . —~ '
twelve Samples (50% ‘Sampling) Split on S
the Spinning Riffler. Materials: CUF.
2
Tyler - X o VAR
Mesh % % %
N - \
28 8.35 0.16 0.02
35 11.31 0.05 - 0.00 /
~ 48 9.98 " 0.15 o 0.02 N
e
ffir. 65 9.26 0.11 0.01
b 100 13.30 0.12 0.01
;150 15.24 d.46 0.17 , .
»
200 10.06 0.58 0.28
270" 7.20 0.05 0.00
400 2.82, 0.03 0.00 )
; -400 12.44 013 0.01,
i / ‘ *
Note:
9n = 1.69% . .
where o, is standard deviation Mrall- weights between split samples. '
‘ : o ,
. a ¢ -

S




- h | :
' 93. ‘ 1
. ~————3%/ mineral frequency distributions (%) g : 1
4/, overall mean mineral units bei:weer_l grind times ' ‘ ’
5/ overall standard deviation ) ) .

- 6/ adjusted mineral units retained,

7/ the first and p-order grind kinetics: km,i’ pm,i and bm,i

. 8/ the correlation coefficients of the first and p-order o

. regresgion. analyses- - J
The mean and standard deviation of the computed head:as’says —2

: from the five RMD and seven CUF experiments are given in Table 5.10.

.

’

a

Clearly there is little deviation between samples.
TABLE 5.10 Mean and //Standarci Deviation of o,
T, . Measured Pb, Zn and Fe Assays

for each Grind Time.

o alr . O R - o

; ’ Mean, % Standard Deviation, % C.

N

Experiment Ph’ Zn Fe " Pb Zn Fe :

cuF ™| s.71 | 8.95 | 15.55 0.16'] 0.16 | 0.29 . {

RMD 2.04 6.69 8.36 0.24 | 0.25 | 0.32

»
[

' ) Figures 5.13 to"5.16:show the first order plots for the RMD

7 .

data and Figures 5.17 to 5.24 show the p-order £it for both CUF- and |

'RMlD‘tests. The regression analysis included times up to 6 min only

based on an estimation that 6 min represents the maximum residence time
4 .
w7 which would be encountered in the full-size mill at Pine Point. An




-

. \ ?
. tﬁwﬁ‘r"“"“‘ﬁ”’"h“‘ﬁ"’“ ey wy " T e o O . t
o [}
4
. -~
s 7
. ‘ ‘ L)
- s 9 -
— . \
' ¢
. &
, .
B 2 ' -
v 2
) '
i . \
. FIGURE 5.13
. Pb/Zn RMD grinding experiment.
' First-order plots. ,
£
1 N . oo
’ ’ JE
. it *
o ! ey -
el .
- ’é ' )
i i — - . * i
, ) .
‘ R

- ' M_: AR R A SRR b & Jv o -
, .
1
( -
.
l i
94,
* ¢
.
3
. .
. N ‘
.
.
.
.
-
h 4
! -
~ .
’ »
.
. i
- _ o
Overall results.
.
?
-
.
1 3
[ b -
A ]
- - ‘
I
' v
.
i - 1
. |
- .
.
v, 4
.
.
. -
e
\ ‘, . _
.
AN
.
’ * v H
- -
L4 v
B L]
.
. 3
s L]
'




e

o ’5&5,34’:71 UEIE QD SO Ay B M et

.

-

¥

L

"

bl
iy - 7
?
-
—TT7T T A L L T L B T o
< - 3
1
I ] . \ . de
W oo o o o w © wn
o o o
SlIN bl ot il o oo . -
0
o
do = *
- : 2
,m /J
w
t - w M.a b
A Y - ?* “
- - . R !
-t i
— A :
! D A - a 3 N
5| o . |
o] w . 1
>| . . . e 4
. Ao w
4 e
1 1 0 S| | T 1 o r
~ —/® 0 ~ -® o s b= ~ - :
< o (o= v T . ;
- Q a < e, g8 8 8 © o m
< ¥3SHV0D NOILOVHS IM 3ALLYINWND e
. ' ’ ! 4
4 IS
y \: -
v
! < ' q
. . , H
- / -

TR b S AT




T

. A - e " '
L'r L P 1 £~wmﬁm;.;,mmm,cm,m“w, o g mrr’?“‘;J TN HAOBL R At s e s g - U YN
o ’ * v ) ) ' ~
..};: , ' - B '
&, .
K Co - 95.
:ﬁy . t L b
LB N , .
{g (g - R i
& Loy - . .
E ' : | ‘
- [
4 .
g - »
{ . ¢ ; "
6 ' '
v . L «
- _,)"'J
‘ N
, , R . .
v 7 .. - _ -
1 o, - N o, B &
i . s . .
3 ] ]
; - .
Y . ‘ i .
. . g . . N
- r’" i
’ \ . . FIGURE 5.14 v
n '
Pb/Zn RMD grinding experiment. Galena (PbS) results,
First-order plots. : \
" 4
f 3 N Vi - |
[ % a ¢ » .~ _ i‘ﬁ’ ' . v
“d:‘ B Ty '
- .. : 2
e . .
° ' . ) ’
B > " ! " ) !
¢ . '
— ' #-n\ ' . B
vy ! X
- \ *
'y . -
‘3 . f 3
e . i LY -
V'r\* N ' AR [y - ’ '
n ' . % -
o - .
Y , .
i




) ammeea

’

g s

rer ot don S W

3 g Bsen e

Tegeayinean oW At

T g e

i

L.

e

*

T

=

T L
f g R

o B

§
7
t —\—, t — T LIl L 1 1—n ¥ dlu |
i w | o O ]
w o~
=
<
Z i
B w
\ )
<
(&)
Sy :
- -
. - Lot -1 N Y 1
lo-o- ~ > - =
; - e aﬂo n..w 3 =} @ m S =] W
\ YISHYOD NOILOVHY 1M 3ALLVINKWNAD )
o AL ¢
. V' ’ ° .
. AL et TR S AR ,H..

I3

12

10

minutes

TIME,

'




| o st L . ~ -

l YT - .
T R & St PP W 3w A e .

i -

* -
v N . e
! -
5 +
¢ -
[y . &
-
a
» - .
«
§ N
) . - e
. . -
o Py
- . C ' - .
.
' o s - '
- ® P .
e 1
“ - -
. ' 3
B L4
—_ -
L/ 4 - . . .
‘ L
.
< . . :
. - °
. \ * . .
'
3 ' * ¢
. ) R . >
. a - -~ A .
1 . T
. ] i + - °
3
i 1’
. 4 -
s -
* 0 !
. 1
. « t .
- - R
- . N
2 A .
i 3 -t
4 - .o
A K -
-
% . FIGURE 5.15
- R8s . .~ - .

Pb/Zn RMD grinding experiment. Sphalerite (ZnS)
- results. First-order plots. '

L _

iz

i, AN s i e

n




R m———— =

17 T

©
i (-]
i o o~
* r
)
]
W
—
N R —
tl
-
N «
I
Q.
-
4 1 1 T s
> ~2 o™ -— w o~ -
v o =4 (=4
> . > 2 9 < 88 8 S e
Hd3SHVYOD NOILIVHA 1M IALLVINKNND
) ) ) .
+ £
i K ‘
M \
LS
. <y
H
{
| ¢
, - \
, - \
_A tos
iz N
|
. - e e — Wll»xv!zﬁ. - PVRRY s i
e o SRR L e

12

10

minutes

TIME,

-

3

& g g 5 4, S0

s AL WO LA e gy

s,
fred

-
TR PR YOS B L e

AN

i Wil




R

.
.

)
3

e

e

Ty .*’ﬁn*ﬁ@mwg-\gnquwM\mrr;ogu:r W’wmruqmym*m«»ﬁ R
-

. AN i o
. \ B

s 3 i
% ' v -
] n - + . d
L ; . .
R ) ) , -
‘k: - . &y - N L ,
1 ’ . ,
« i ' [ & \
. ] . .
N « M - o
& i
3% .
L 4 *
4
v . .
N tsT . s
‘- L ¢
e - N
IS 2 ’ . :
Y ) , . .
I : . .
n t .
> - “ o N . T
] . b " FIGURE 5.16
: L Pb/Zn RMD grinding experiment. Pyrite (FeSz) results.
: . “ First-order plots. :
Ll .
1 .
]
‘ L & ' i !
.
o . - »
o - L4
. ‘ we . o
L - a -
oA . : : . .
. . . ) .
. , .
it s . , . -
i d v
! . . . . -
[ ) - ’ o N - -
. . .
& P‘ , . ) .
° . N L}
° v b -
i ” N an r R
4 L4 A
N - F] .
- an o
[ * I
R A ) y ¢
) - . v X
Lt % ' - N , - >
- Y . ! N o -
AR - L
- 3 ( ) . . -
. r . 4 N .
. i :“') : “ !
0 + s ¢ .
T 5 - ’ | - ! ’ ~ t
:
. .
. I k]
A 14 - "~ - R .
w3l / T + v . - \ ‘ .
i n

2

[
0
4
.
LY
<
’
°
U

*r

3

L
N b
i
i
'
|
¢
-
w
o
.ok
L 3
a
.
.-
o
v
v .
.
5
I
=
%l
'/.'.



rocT—

e

f 3 )
{ . o
M T L 1 /. T7 M | | L L T
: : .
i 1
i
i
1 - o«
ﬂm o~
bw . 4 ~
M -~
~ -
a
. N
. : W
. ol —
., i -
; I
, xl >
ol o
- . -~
- ' l
(=]
| I ‘1, | O I 1
x a S
: Ow 0 o~ -—m W .3 o~ - o 9 nl...u N -
¢ . ? . - o =]
. - : 2.2 “ e nu. m W o =% =]
M Y3ISHVOD NOILOWHd 1M AILVIAWNDS
{ . Y .
? o
+ - %
. . . )
5 - » g
: - _ .
i » e
% ]
m [ .
...‘1 * ~
: AY - -
Lo
- . o Vs
o - N . ,
oy - R ) i
( = [
’ 3 °
N s e T | it bl S .5 SR
e s e A e —
an(m‘n«t e - - [4 x % I3 \

12

10

minutes

TIME,




rgnde e

&

a3

|

s 8

e
=T

Sty A

&3 g
. l
3
’t
v
™

.
N
f
;
.
T
.
#
e
]
'
.
s
o

MR APV e o s . n
. r
‘o
PR

s

~

. .
\' v .
o , ) '
FIGURE 5.17 -

Pb/Zn CUF grinding experiment.
p-order plots.

)
’ *
4 k3
N
B
.
- 1
. - .
.
s
" »
+ -
¢
LI ]
.
i -
‘ N L] N
P
N y .
N ' N
. v
- .

Overall results.

¥

- a1 s e

.

1
'
N
.
.
) -
.
+
L]
'
.
.
)
&
.
“a

A

’

, s
f
Y
1
4
«
©
! J
.
i .
a
¢




M -—l'- - N -

oy -
L LRI O LR 6"’*;‘33“5’?“*1""1’%‘!!& o ‘M,‘,,,“,,._.y,,,,--;m‘va»uwmwm—@mw P ars R A T amr et s e e \;..

¥ P N h - 4 N h

\.L . ' “ - ¥ ) ; e ' B v )

m‘ ! N o

Ve % R

A ; .

4;; - b ¢ ~ ;
. C ,
i
%- Al ( ‘ °

N ‘{ -~ :
'l ' 1]

{ . - .
. (I\d “ .
A - 983 T | S —
P 5
L~ © 995 .
i 990 o
Vo . 975 Rosin-Rammler | '.
' i ) 95.0 .E..'!éﬂ. -
} 900 -
i n
: L - B4 ’\* “ 1 P,
i 800 -
’ G
- ' - 70-0 -
/ v ™
! 600
; v - b
' [ 2
[ T = U .
{ = 400 % )]
w ¢
= 300 -
h rl
<
——d
; =
£ = 200 -
. ! a °
L 150 }- . -
] CUF . ,,
) OVERALL - . - ,
10.0 }= ‘ ‘ ~
1
N -
“ .
5.0 1 1 L1 1 1 . | 1. L 1

1 2 ' 6 8 1012 20 40" 60 80100
TIME, minutes : ¢




W""" B - - B

JI ’23",2?'):’:”*-?«‘@«1‘7». TR cyenw ~ SR 3 LN T SR Moo s e e e ) AR e TR
. . - -
h ' X
r ) ’ - 1 .
, 0. |
6 ‘
; \“ t - ” 4 ’\ '
L LY
3 . ‘
7
, - & .
% ' t ? ¢ y
. : ‘ ..
~ ' P ' 1 .
L .
- R . ’ ' N
, .
: . : FIGURE ‘5.18 :
, . . ‘ . * ' o
. . Pb/Zn CUF grinding experiment. Galena (PbS) results. |
‘p-order plots. . , )
i ) ' ¢
. . ¢ ’ 1
. v . \ !
, . *
. , _ : .
, S, ‘
{ ' e - \
’ A
i . ‘ : ’ B R - 4
\ ,
. , i
¢ - i’ : Loa R . ¢ ‘ V’u i
P , - [ ’ ! ]
& 0 ) . - ‘ i
i/ - A
N . . . ﬁ,




e D T T

@ o WA

'\‘}_«s'

T T e T Ao g e

PLE

CUMULATIVE WT PCT FINER

PO AN KRR R T (¢ ens . N . o w mw ew e

e
-99.9 - T — ¢ | 1 I
. . * 9
@il //././: ./ —
35 /‘/ ARV Reciv
e e . osin- Rammler
950l (8 / L7 chart -
%00 6 ! - '
5 N
g0.0k 100 D -
! -
700 p~= ® -
150- ! NOTE ; )
600 [~ ’ E f;eed and
! min. product
5001~ 200 / data were not
i ,° used in Reg.
400 k= . r analysis —
L] L ] 1
= ®
300 | | E %
270 :-'
F
~ 7
e =
10.0 j= ]
g 0
50 | | L1 11 i
08 ) L6 8 1012 20 0 60
' ) TIMé.n—minutes , ~




R L L DNV :

|_‘ T T T K TR v e w0 2 NS T MO S ek o / G e B

i g

€

. . 100.

i - \ i
Y .0
?
iﬁ , = , .
! + ) L . )
\ .
b ’ : ,
f . - .
-
4 N i
0 N ) '
! : ’ . Ve
] % ~ N i -
§1 -
. - ’
g , FIGURE 5.19 : . i
& -
v
: Pb/Zn CUF grinding experiment. Sphalerite (ZnS) .
results. p-order plots. . ‘
m -
- i . * .
< . .
- ! A
« - A \
v . o s B . .
e s .
- - 113
. . ! T
« ! - ! ’l -
® N a4 . ! N ~ t 5
hS S ' & .
» ’ " ‘\‘; /
, C = .
- - L
F,C ) . .




R L A

:
.
£
£
%
1
2

Batd

Wt LW Ey ¢ e ¢

E / g

)\ . LY

|

=r /:/V '/ / | ’ 7

28 —= /,/./ S Rosin-Rammler
B0 35 -"/ R chart
900 = 48 — v v R . -
‘ '/ / v/
z 800 65 — / ~
d
Z 700 {- S ,/ ‘ -
[T 4 v,
~ 600 - / , / -
[&] .
& 500 100 77 v / . ]
[ ’ /V /' / .
,; 400 |- 150 e v v 27 -
W * / /v
> v v “
m— 30.0 {=~ ’ ]
= 200 - —" v/./
2 / yd
v
z 20.0 — v —
2 270~
400, " CUF
SPHALERITE
100 = -
' rd
»
5.0 | ] 1 1 11 i
08 4 6 8 1012 20 L0 60
- TIME, minutes
& \ .
‘:‘i-:;:f\'

23 = - 5

2




ST e P ven Sl pgesny

,e

P SRR R L I . PN \e s e e n s e o

- 101.°

/
vy

. . L4 .

. ) |
Ik .
FIGYRE 5.20

Pb/Zn CUF gﬂnding expe¥iment. Pyrite (FeSZ) results.
" p-order plots. ’

/ | r

v
o

-

v -
-
A} . -
- »
' '
M —
v
° .
<

b~




SR SRR, YIIATTEG

s

-
PREETL AT L A T P S .. .-
3

99.9 ] T T T 87 1 I
ME - fP! /"
s n A .
050 28 _—m :’//l/n/l/ . /Rosin-Rammlgr
- 7 WS st ]
900 — - ./ / /7 Py
48 - /. /. - “ "
800~ g5 = n / ol
5 <
4 700 |- e . / -
- 1 pu— | '
] i -/ -
5 . / [ ]
[ ’ [
Z 400 150 __../ i v / -
s L S
- 300 = , / / /l -
< ‘ )y ‘ | N
3 200 —" -/./
= 200 . ~
o /' - g
| e /'/
Lp —*® * CUF
1001 PYRITE 7
' L4
5.0 | I T L 1
08 2 L 6 8 1012 20 w0 60
' TIME, minutes
N
‘\

.
P iy oa S s s e Sa

—_—




B T —

L T ?‘ﬂ?i‘m?fﬁhwmwmvﬂmwmm««-,v;www‘/a oy T w1 gy oren o

S

i
5 SRt i

. ' A
§
et -
3 °
N
5 )
-
. -
!
« »
1
-
' .
’
y
4 >
s
- o -
. ~

o , : FIGURE 5.21

Pb/Zn RMD grindinhg experiment.
p-order plots.

’

. .
v
-
- -
.
}
s
n
; ' %
' . .
' -
.
o "
- o
\
' - .
) » -
)
.
.
kg
P
’ .
)
- N .
‘ )
’

Overall results.




Ba” T
X ' ’ CTLHINT B 3 B retty gt re g 1 r eipr - KT JE NIRRT O g e

¢

iy
Jﬂ,

o
\
Yl;i

99.
99.0

95.0
90.

~ 300

9

.

0f—

270
400

Rosin—Rgmhler N

OVERALL

L7 I

F chart

-

TR T e TR

%

~

i

4L 8
TIME, minutes

20 0

4




.
_____ e et
.
N
.
a
~
[ S
4
’:"-'-
f
L]
-

Pb/Zn RMD grinding experixlnent.) Galena (PBS) results.

- p-order plots.

; N
<
,
' »
' ~
.
a
. v
.
.
v \‘
- -
.
‘.')
.
e
:
F
.
Ve
N
-
, s
. N

X T FsErl i T B . 1
° -
- v
.
'
.
8 , .
- 5
v
' -
. LI
\ ‘¢
— . .
- ] ~
[
— V .
£ ~
' ¢
B ™
I
: 1
- a
. . ,
-
B
-
.
~
- N °
0

) )

FIGURE 5.22 ‘

-
’ -
v ¢
f » %
S ,
'
-
o
i
o
' B
- 5
.
. .
- ¥ !
~
v
. - IS
\
.

- [

N
. B
ke
. * .
S
£ .
A
r L]
-
N «
Jw M .
-~ .
Q
2

ol




' a
l R T T SR e s e T Ve mmer e e
J
) A
- ~ )
> v ' -
;
p L]
P
A -
h \ 7 5, , \ Ve
¥
B }
! - Vs
* ~
1 )
J 5
¥ N -
w .
] P .
z -

~

C o
..
™\
-
\L
-
- .
e N

99,9
990 - -
, , )
& 950 - -
& -
i ~ 900 - \
80.0 H!
x
w
z 70.0 -
1 o
| §0.0 -
o
R o 500 -
(™.
2 400 J - .
. . . |
b ;  Zyal M —. . 0/ ‘ .
7o F g . ./. Rosin-Rammler '
3 270 —o/. : chart
b3 200 (e , -
-’ =)
© o L.QO —
RMD
100 GA LENA m
a / , .
) 50 1 ! [T I N T B |

- 0. 12 “ 6 810 20 30

TIME, minutes




B - . ¢
. - .
A . N )
LN IT RN T L e e s, 1 gt 3 P E o SO PARREE ) s 1 e Mt Ly e ¢ . [ PR
~F i N - .

. s . .

. [
’ N Y] . .
‘ gl : °
, - ‘
. .
B ' v
5 . - - -
o . .
. | - »
b e . , .
B .
v - ~ . . N
- 3 B
. ,
IS )
» . - E
1
] ) .
. e . 2
+ * *
- , 8
[ ' ! .
« '
'D = B * -
- h
. . - - = ~ )
N i .
o - . > + -
-
] . .
1 ' A
’ o0 f ok .
° \ . - 4 o -
Al v - u ¢
. by
L4 N ¢
v
.

! - . L . .
i . k : ,
i t . ¢
St - P . . Co —J ‘
W . . - FIGURE 5.23 ‘ o
¢ ! - s K4 ! . ’
" o PB/Zn RMD grinding experiment. Sphalerite (ZnS)
. B e results;‘,p—order plots. ) h
\ -~ ' s . . o
° ' [ .
p T : ‘ '
- ) ( A
. . @
- 2 ’ N a 4 »
~ ! A
P I . ‘ ) ! . -
? oo ‘ 4 i ‘ :0
° . / . . a
- - . - . . a
M » ‘* . \, ) » ..
; N “ - o »
- - ’ ' . . ” o
“ = P - & «
P s :
® s - . , . ¢ . L4 . s N . - “
‘ «‘ | ' : . . .k | ;
j N - : 4 . , - r
(;} - f;- ’ { : . .
' - L3 - . o -
' ~. - o L - ) .
- S :‘ [ « “ ’
. - M . . 44 * « ot o . . ~ [ .t . he .
- - . r 1 R v ) . R ‘
. : ‘. )-. - § . - o '




y N ‘-‘f

l R e R g5 ey PO AL 105 v i T 4o P TR 7 IR g

;3}‘ ° >
a -

t ¢ -

5 v : : C e "

.

s

r:%%"g{ i

e LY TR
k)
=3
%

s
-
N
= -

EY
3
&

b, @ v R ,
P, 393 T T 0 11 L : i

: . ' . 980f . /‘:’/ N
| DR S S ae—at
: N SH / \
: , 90'0["26 /:/
800 —

M [+ 4
Y 700 : .
L 500 -
o
& 500 ~
o
< 400 -t
g_

. = 300 I B

-4
-t
e}
= 200 -
3 t
Q -

N .
: i : o
~ )y .

"t 0.6 1 2 L 6810 - 20 W

. , , , TIME, mim.:tekiV )

3 . 3

-




NP e ——
-
L- B

B T oo ey

£ 4 " VLA A ‘x YD AN e w0 s s v A rhe gt SR TRITIS AN WTTAY e i) h st W p o m ee
~ ‘ ,
- s .
k3 3 i
» a L]
- My : . 105.
v - . hd
¢ ' |
] R .
- i ' :
N Y .
. ‘ ) - '
¢ - »
“ i
tr : %
- { I
\ )
} '
\ . .- e
» : ,
' *
- o ’ . [ N *_ . - , .
’ e FIGURE 5.24 :
) e e as . ,
*Pb/Zn RMD grinding experiment. Pyrite (FeS,) results.-™
p-order plots. o
. n . |
2 . { ,
] ' -
. W . , ” '
a : » - v oo
"‘ N ’ i ' : n\ ) ~ s
) v i - ) e . %,
|
1 ® R » . '
. T ‘ ' ! ) \"' - n‘ “‘
N . . . '
. P y .
) . K ) : .
. . Y . . -
» " J— , »* £
: . /
s a ", .. ) s ~
. ' i N - 3 ‘ -
N - % T e - e
' * i
- £y . s . . , ..



- L 1} -
| .
i .
; . T s B e B T N B B 1 =4
4
™~ -
-4 , N . 4 8
3
! iww«um 2 ~8 8 8 2
“» u/ - —
~J< 4 2 €
. AN / \ // oo
. B w
i of  Joz |
. . — A -
MR ) T +
M - ) T M : -1 T ? n
. vo/\v
“ v .
H f— - . - ™~ .
.h ,3 -
(2 & -
i ol [+ 4 - | 8 s s | | | n -5 -
| [ T O I O O ,
1 i [ | I N B 1 1 i o ’ |
a o = Q o o o o o = : . i
g3 58 328383 3 8 = 2
) ¥3NIJ 10d 1M 3JALLVINWND \
L) g 4
2 -
. . 7
’ r;bf ~

. .
74 .
(. . i




L:‘v TG VIR SR S g 4 s ek b YT U Y T MR R e v mn s e

SPwea o

R

LN e Y e

e P IS ST B TR R, p P

MBS

SN ne e e e

—y———

-

106,

°

accurate fit over this time was felt necessary rather than over all .
time. Névertheless, as lFigures §.17 to 5.24 show, for the p-order
model, extrapolation to longer times was possible.
It should be noted that thie p-o'rder regression results of
; + CUF, size fractions ISOQand 200# (Appendix IV, Sectio;x Iﬁl«.’i) gave
the phy‘slically impossible result that abeS,lSO# (0.043) is less. than

beS,ZOO# (0.0919). To overcome future problems in simulating the,

grinding circuit using this data, a new regression analysis was o

pez:formed omitting these two points. )
Figures 5.13 to 5.16 show that first order is a relatively

poor fit to the data, especially for the coarser fractions, with the

possible exceptions of pyrite. Although not shown, first order plots-

13

- e - » ‘ .
for t?e CUF material we@ equally poor. On the other hand, the p-order

-fit is extremely successful over the entire size, mineral and time

‘r’ange. To illustrate the success, Figure 5.25 shows the p-order and
first order fits for + 28 mesh galena from CUF. The p-order fits the
- observed curvature extremely clo'sely, especially considering the
expanded ordinate scale with this plot. ’ '
Figure 5.26 shows the‘instantanéfous rates-of-breakage of
overall, PbS, 2ZnS, FeS2 and calcite-dol'omite. The plots are for the
CUF and RMD grind experiments. The grind time utilized is 3.26 min,

@

corresponding to the simulated steady state residence time of the

154.2 mtph throughput. The equation used to calculate the in tantaneous

.

Eate@of-breakage is Equétion {2.1.15).

a T
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i
The instantaneous rates-o“f-breakagel are similar forﬁh
samples and reveal an S-shape curvature from km

min-l. Note that pyrite exhibits consistently the lowest rate-of-

;v 0.02 ton 0.07"

breakage and PbS usually the highest, except at the finer siées. ‘

5.1.3 Flotation Model

Data was available for the flotation recovery matrix, YCm i
- 4 2

, ¢ ~

from tests on ore and ball mill djscharge samples. Data based on ball -
mill discharge samples was selected for the simulation. Figure 5.27
shows the data used, which is i:ypical of these tests., The overall

-
recovery and flotation conditions accompany the figure. The 3 min
flotation time was specified by Pine Point for design purposes. The
actual data matrix employed is given in Appendix V, Section V.3.1 and
. ] . ,

v.s. 2.

5.2 Plant . .
——— /\—/

N ]
5.2.1 Plant Data Adjustment .~ ,
it . /’

i

Two sets of samp’leg’were available to ascertain the grind

—’

circuit performance. One set was for 154.2 tonne/hr and the other

for the 190.3 tonne/hr throughput. This represents about the

maximum range of operation at Pine Point. A sample was obtagned from

1

each of the five streams of the circuit. Size and chemical assays were

determined; this is the raw.data to be adjusted. .

~

The adjustments were performed using the computer program of .

Section IV,.2.1 is the printout for the 154,2.

o -]

mtph case, whilst Section IV.2.2 reports the 190.3 mtph case.’ Both

e}

e e
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FIGURE 5.27

Pb/Zn BMD lab flotation experiment results. ,
Mineral-by-mineral recoveries vs. particle size,
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results are preslented in tabular form, showing t(le raw data (unadjusted) {
and the adjusted data (size and chemical assays in percent). Also shown

is the overall and.minetal-by-mineral mass ratio of cyclone feed to

overflow, i.e. (1 + CL). . ‘

N

R The adjustments are small for the size assays data and

relatively higher for the mineral assay data. Table 5.11 gives a

i

measure of the standard error (absolute) for the size and mineral |
*  assays in the COF for the two tcnnages.

|
!
Note that Sm i and Sm j are not the adjusted percent mineral l

3 3

assays calculated with the Lagrangian méthod. They have been calculated

from the following equations® .

. - ¥
%
-

‘ - ijactorm(sizem’:.L . Chemm,iJunadjﬁstedll.oo. . (5.1?
- factorm(SJ.zem,i . Chemm,i)adjusted/wo (5.2)
. ™ ) :
: ¢
R

where size i and chemm ; are percgnt<£ize and mineral assays,
, ;

Ed

respectively; and factor, is the stoichiometric factor to

4 convert chemical to mineral assays.

e v et

-
‘

The standard errors. calculated in this way reflect the weighted effect

of the adjustment on the mineral assays.

'
- R o ~

.
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TABLE 5.11 S, Standard Error of Size and
Mineral Assays in Percent (Absolute).
Stream: Cyclone Overflow (COF).
= ) ' \
‘ - ‘
\ Standard Error
R ] f
Item 154.2 mtph 190.3 mtph
. size 0.26 0.19
PbS 0.08 \ 0.05
ZnS’ 0.16 . 0.02
' FeS,, " 0.69 ’ 0.19-
x
.§e Calculations: 4 . . o B
. n ~ 2 1/2 .
. g i L 1(51 - 51) 7
size: e - —7 .
! n . 2 1/2
L6 .- )
mineral: § = (& 1 m,i LT

a

’Si and Si -are adjusted and unadjusted PCT size assays,

respectively.

. and S_ . are'ddjusted and unadjusted percent mineral
m,i SmeiC ; )

assays, respectively.
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The cyclone seIect1v1ty ind

¢

by the program of Sectlon iv.2.

i for 154.2 and 190.3 mtph t:nkﬁges.
s .
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e - . ] .

adj usted Y
m

Combined Model

o
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113,

The printouts give the unadjusted ‘and

A- graphlcal representatlon of the P1itt Model of the\cyﬁﬁé‘

7

cla551flcat10n curve is shown in Flgure 5.28 to Flgure 5.31 for both

cases, 154.2 and 190.3 mtph;*. The PIitt Equation is:
’ , )’ ,

n
Sha!

o
Y, 1. 50(C)m

m,i - exp {- 0.693(d/d

o

[
5}

(}

Yl . - (Y

m,1 m,i

-a)/l-a) p

2 “«

Tables 5.12 qnd 5.13 show Y m, i’

and 190.3 mtph cases, resnectlvely.

- - .3
to mineral density is:

-/

s&(C)m

28

'ln {dSRO(C)m} o+ -k

1

In fipm - P} * K,

F:.gure 5 32 shows the plots. of ‘In {dso (C)m} vs. In {p

scale chart,

by the following eqixati‘ons: . L =

_— is calculated by means of the follov}iné equation: -

SO(C)m; alnd ay and n

N
- A

o

/
/

(2.2.5)

<

(2.2.4)

4

“of the 154.2

The Finch/Matwijenko model -

*

T (2.2.7)

- 1} on a lo'g-log'

'I'he regression lines D and (@ in the figure are defined

e L]

Y

_Aa. MERa.
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TAB .12 Cyclone Performance using Plitt's Model of
Cyclone Classification. Tonrage: 154.2 mtph

=

|
|

&

—

118.

Classification Index, Y'

m

~ i
. size d, ym ’
(geometrical mean) PbS . ZnS FeS, Cal/Dol
704 0.9812 0.9845 0.9844 0.9645
‘498 0.9103 0.9807 0.8615 0.9585
352 1.0000 |, 1.0000 0.9814 0.8490
249 * 1.0000 0.9834 0.9373 0.6900
176 0.9670 | 0.9525 0.8648 | -0.4038
124 0.9655 0.7404 | .0.9229 0.1760
88, 0.9715 0.5348 0.7684 0.1574
62’ 0.8959 0.2347 0.5191 0.0000
44 0.6438 0.1733 0.2095 |  0.0676
b a 0.3951 0.2886 0.3545 0.2306--
dso(c)m, ym 36.98 83.84 65.97 ) 201,16
n 2.288 2.004 2.272 2.282

I
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T.AELE 5.13 Cfclone Performance using Plitt's Model of
Cyclone Classification. Tonnage: 190.3 mtph
’ , Classification Index, Y'm i
.’ size d, um, : ’
(geometrical mean) PbS ZnSs FeS; Cal/Dol
704 1.0000 1.0000 0.9554 0.9596
498 0.9920 0.9938 0.9265 0.9723
352 0.9689 S 0.9631 0.9685 0.8566 i
249 -0.9965 |) 0.9726 0.9649 0.5480
Y176 0.9902 0.8997 0.9492 0.2732
124 0.9710 0.7897 0.8619 0.0627
188 0.9628 0.4491 0.7307 0.0003
62 0.7882 0.0933 0.3982 0.0000
44 0.5689 0.0918 02279 | (-0.2674)
a " 0.6241 | '0.4665 | 0.6951 | 0.2819
dSO(C)m’ um 40.62 92.86 i 68.25 ° 236.44
nm 1.992 2.803 2.344 2.627
EY I
i 3

W\
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/ General cyclone model. Corrected cut-size d50 (©n

vs. mineral specific gravity. Regression

lines 1 for 154.2 and 2 for 190.3 mtph plant

tonnages (log-log scale).
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, .
Line 1 (154.2 mtph) -
: L ,
- - - + R .
1n {dSO(C)m} - 1332 In {p 4 1} + 6.053 ¥5.1)
\ ¢ ! El
Line 2 (190.3 mtph) T I 2 .
< } )
In fgo gt = < 1.384 In {o, - 1} + 6.202 (5.2)

P R
L] -
. ¢

\

where Py has taken the value 1 (water). The anﬁalysis just descrxibed

;

has made use of the assumption that an in Equation (2.2.4) is the

-

-400# of minerals short-circuited to the underflow.” Such an assumption

»

is not necessarily correct for all the mineral species, especiélly for

the denser ones, falena and pyriite (see Figures 5.28 and 5.30).

»

Nevertheless, in /the absence of information on the 'sub-sieve frhctions,
. s

the assumptiofi”yields reasonable results. An alternate i:roced e is

- to estimate ay for which true short-circuiting is physically real., The

v

task is beyond the scope- of this work. o
)

5.2.3 Plant-Derived First Order Rate-of-Breakage (Overall)

¥

Figure 5.33 shows the plot cumulative-basis specific
| % gu P Z% P
rate-of-breakage vs.-d, particle si

e, for the 154 2 and 190 3 mtph

cases. ki was back-calculated w1th the use of the adJusted\(\)Zfrall

¢

size éssays of CUF (cyclone underflow or ball mill feed), and BMD"

N t
(ball mill discharge), the volumetric ball mill holdup (Appendix’'III,
Sect1on III.3), ‘and the known pulp d11ut1on of CUF stream The equa-

tion used was Equation (2.1.6) in the following~ form

’

Cr—

[

.

PN

¢ .
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N
K, = - I {G(/C,@Y . L (5.3)
T " is mean residence ti;ne, min (= %_) (Equation (2.41.14)'
Ci(O) is cumulative size assay coarser (Pct) of cyclone
underflow (adjusted) )
Ci(T) is cumulative size assay coarser (Pct) of ball mill
discharge (adjusted) ¢
BMH is volumetric ball mill Pflddp (ms) i
VF is the volumetric flow rate of pulp in‘ball mill"

pulp dilution. In summary, the calculated mean residence times are:

'190.3 mtph

’

. Case 1, 154.2-mtph

v }

feed (ms/min). . -

v a

" VF at 154.2 and 190,3 mtph was calculated using the specific gravity'
of the solids entering the ball mill' (using the adjusted data and the

known density of the mineral species composing the ore) and the -measured
" .

-

2.18 min

[N

W

;' Regression analysis on the data gives the following:

~ . ¢ - »

-« Ky

i,1

- 8.92x10"% . g1-043

! ¢ _k\\ . ’\
.
.




‘where:* k.

‘is striking.

Lo 124,

Case 2, 190.3 mtph .
k. . = 9.44x10"%.. 41-042 )
i,2y .
Cases 1 and 2 [ \\‘

. .
-4 1.043 . .
A 9.18x10"% . d N ,

i is the first order rate-of-breakage (min'l).

d. is the screen size opening (um)

Table 5.14 shows the plant-derived first order rate-of-Breakage
and for compariéqn the p and first order rates-of-breakage drawn from

. . N
the batch laboratory experiments on the CUF material. The similarity
N

.

i Lo

5.3 Simlation

5.3.1 Ball Mill Only ' : ' /

The ball mill was simulated mineral-by-mineral using the

LS

known mean ;gsidencé time at 154.2 mtph (x —=3.11 min). The p-order
model of grinding was utilized along with the lab-derived parameters
from the CUF experiments. The mill feed mineral‘ﬁistributiph;‘in
cumplativé coérser(form, Cm’i(QJ was calculated from the adjusted

results reported in Appe dix IV. The equation used to determine the

size distribution of the product, Cm i(r) was:
1

-
-

>y

1
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TABLE 5.14 First-Order Rate-of-Breakage k. ant
Back-Calculated using Plant Da%ép&ompared with Lab-Derived

of Overall Mineral,

p-Order Instantaneous Rate-of-Breakage k;
Derived lst-Order Rate-of-Breakage k

,1ab-p and Lab-

i,lab-ls;‘

154.2 mtph; T = 3.11 min 190.3 mtph; T = 2.18 min i
Particle Size ' .
" k. k; 1ab- k. _ k. A k. e ke .
m ._i,plant i, P i,lab-1st i,plant i,lab-p-"  i,lab-1st
600 0.7124 0.5563 40.4247 0.6753 0.6006 0.4247
425 0.4981 | 0.5348 0.4897 0.4990 0.5486 0.4897
. =300 0.3400 0.4181 0.4614 0.3481 0.4063 0.4614
212 0.2511 0.3049 0.3412 0.2593 0.2955 0.3412
150 0.1671 0. 1898 0.2082 071716 0.1850 ~ 0.2082
106 0.1072 0.1158 0.1233 ’ 0.1093 - 0.1138 ' 0.,1233 -~ ,
75 020790 0.0764 0.0788 0.0782 0.0756 0.0788
b 53 0.0549 0.0486 0.0506 0.0549 0.0478 0.0506
38 0.0426 0.0372 0.0385 0.0416 & 0.0366 0.0385
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. the cyclone matrix model, in general, shows' the best simulation.

e
. 126%
C .(t) = C_.(0) exp {- Fg_ b oy (2.1.14)
m,i m, i *P ) Em m,1i. o

- Ed

Fgm for PbS was taken as 0.7; for the other minerals Fg,was taken at
value 1 (see later). Table 5.15 shows the simulation results for PbS.
Figures 5.34 and 5.35 show the mineral frequency distributions of PbS,

Zns, FeSzﬂand calcite~-dolomite, as cumulative WT. PCT. finer vs.

. 7 )
particle size for the CUF and RMD streams. Clearly, the simulation

of BMD using the laboratory derived kinetics is quite successful.
Only in the case of PbS was the plant-fitted Fg, parameter required.
As a note of interest, observe that the extent of size reduction

decreases in the order calcite/dolomite, sphalerite, pyrite, galena‘’

.5.3.2 Actual Circuit, Mineral-by-Mineral.

The actual circuit was simulated at the two throughputs of

154.2 and 190.3 mtph and with two different cyclone models. In all

“cases, the grinding operation was simulated using the mineral-by-

mineral p-order model. The computer programs utilized were those

~described in Section 4.1 and 4.2. The simulation results are displayed

in Appendix V, Sectiomns V.1.1, V.1.2, V.2.1 and V.2.2. Some of the,

f

most relevant results are summarized in Table 5.16. Model 1, employing

This

is equivalent to saying that the ball mill simulation is quite accurate

as the cyclone model is 'perfect'. Correspondence between measured and

;,Simulated data when using the combined cyc¢lone model is not quite so

good. This is a measure of the error introduced when atteﬁpting to

model the cyclone to incorporate design and operating variables.

-
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TABLE 5.15 Simulated éize Reduction of PbS in the Ball Mill.
Results in Percent by Weight of PbS Frequency
Distribution.

127.

-

Ball Mill Feed

Ball Mill Discharge

Mesh No. Measured Simulated Measured
28 . 2.95 0.66 0.01

i 35 1,27 0.39 0.32
48 3.22 1.02 , 1.54

65 4.93 2.61 4,06
100 9.73 7.23 7.60
150 14.25 13,29 13.13
200 24.21 23.03 23.47
270 ' 23.19 A"TT24,81 23.35
400 8.08 = 9.95 9.39
-400 8.14 17.01. 17.19

DATA USED: .

ball mill holdup,

fresh feed tonnage,

overall circ. load,

pulp dilution,

Sp. Gr. of-mill feed ore,

PbS grinding factor, ‘

4

o

BMH = 8.366 m° (Appendix III, Section III.3)

1

SOL1. = 154.2 mtph

CLOV = 1.63 (Appendix IV, Section IV.2.1)
i

PCTS4 = 73.56% by weight

Fepps

= 0.70

- ‘3,54 tonne/m3

“}
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_FngS =0.70 ; Fg, o =‘FgFeSZ =’FgCa1/Doi = 1.0 *** Model 2 uses co?bined cyclone model

** Model 1 uses cyclone matrix model

” ™ a‘
F ' TABLE 5.16 Circuit Simulation using Lab Grind Kinetics (p-Order) . E
; and Plant-Fitted Fg  Grinding Factors
5 : ]
%i ¢ \ -
& 154.2 mtph 190.3 mtph
i ' -
st N Simulation* . Simulation ¢
, . }
’ Quantity Measured Model 1** Model 2¥%*%* Measured Model 1 Model 2 N
Circulating load, PCT
PbS 581. 536 - 552 - 1022 830 728
Zns , 237 221 207 U - 364 280 °
FeS s 380 379 401 854 814 566
Cal/Dol 103 98 116 120 124 | 135
Overall . 163 157 173 .- 200 . 196 183
CUM PCT -200# COF
Pbs 94.16 94.76 99.49 93.95 95.12 100.00 -
ZnS - 75.03. 72.41 67.48 72.82 67.93 67.93
FeS 77.16 75.11 78.14 77.05 77.06 81.99 -
Cal/Dol 56.87 56.76 58.04 47.01 45.32 52.36
Overall , 62.90 61.42 62.45 52.80 49.70 56.07 5
Mean Res. Time t(min) 3.11 3.26 3.10 2.18 1.88 2.43 )
Sp. Gr. of CUF (g/cmd) <4 3,54 3.63 3.56 3.49 3.50 3.34 i

0gT
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Figures 5.36-39 show the overall, PbS, Zn$ §nd. FeS2 siZe-freqﬂency
distribution for the COF and BMD for both }:onnages. The solid lines
are the simulated results and the symbols represent the adjusted™

measured frequency distribution. Also shown on the graphs are the

grinding factors Fgm; 0.7 fqru PbS and 1.0 for ‘the other mineral components.

N AR e R ey KB e it A

These factors were identified by matching the measured mineral circulating

"load. Observe that simulation of the circuit for the high tonnage case,
190.3 mtph, yields simulation results as good as, if not better, than

the 154.2 mtph case from which material thé grind kinetics parameters
were obtained. , ' N : ' \

4

' The mineral-by-mineral instantaneous rates-of-breakage "

EN -

calculated at steady state conditions (Sections V.5.1 and V.5.2) are

'plotted in Figure 5.40. Compared with the laboratory derived data in .

Figure 5.29 the principle difference is a reduced PbS r)¥te-of-breakage.

~

5.3.3 Proposed Circuit -

The proposed circuit performances at 154.7 and 190.3 mtph

o

were predicted by means of the computer program described in Section !

4.3. The program is shown in Appendix V, Section V.3, with the input .

°

data and resultfjshown in Sections V:3.1 and V.3.2. Table 5.17 summarizes

»

some relevant results of these predictions.

v
“
Ty

The simulations used the p-order grinding and Yo i classification
2

matrix models. Simulated actual circuit data is included fer comparison.

The circulating load of galena decreases considerably, while for the

other minerals it is much the same. The size distribution of minerals

|
%

in the COF appears to be the same, but the real circuit product now is

/
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TABLE 5.17 Prediction of Proposed Grinding
Circuit Perféormance. Comparison .
is made with the Simujlation & ’
Results of the Actual Circuit.*

) \
~ ' ’ .
2 . h
S
. -

¢

ot ' 154.2 mtph 190.3 mtph .
ITE M ) s
i Actual | Proposed | Actual | Proposed
circulating load, % |
PbS 1536 139 830 173
Zns N 221 " 205 364 320
FeS 379 ‘w387' 814 802
Cal/Dol 98 100 - 124 125
Overall 157 150 196 182
cuM PET'-200# COF : ;
Bbs - 94.76 | '92.75 1 95.12| 95.00
_InS 72.9] 72.19 67.93 67.81
FeS 75.1& 73.87 77.06 | . 75.46
Cal/Dol - © 56.76 56.13 45.32 ‘44.97
Overall \ / 6%.42 60.04 49.70 48.21
CUM PCT -200# COF+CONC g |
“~ . \ )
PbS : 54.59 \ . 46,77
ZnS 68.71 ) .63.01
FeS 74.08 \ 76.08
Cal/Dol ° 5620 . 45.08
.Overall ~ 59.78 | 48.23
PbS recovery, % flot. cell 54. \ 48.
PbS reécovery, % across circuit 76.. 84,

* Simulation based on model 1 in Table 5.15,
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)y ( ‘ \ stream 8, The COF *+ CONC. Since a considerable portion of the PbS

gmencaary® A

leaves ih the CONC, and, is quite‘coarse,fthe PbS grind product is‘

considerably coarser; from 95% -200 mesh at both tonnages to 58% and

—————
e e

47% 1200 mesh at 154.2 and 190.3 mtph, respectively. The product Size

of the other minerals is hardly affected in‘cohparison with the ZnS

+ -

coarsening by about 4% (absoluti% on -200 mesh, showing the greatest

TR ST Ty £ T

IS - M
change, . '
wg

v

A ﬁpteble result is the comparison of PbS(regé%%ry across

the. cell and across the circuit.

o

poca g

. . . ¢

Across ‘the circuit, }ecovery is

,  between 22% higher (at 154.2 mtph) and 36% higher (at 190.3.mtph).

: The PbS behaviour in both circuit configurations, the actual
and the proposed, is shown in Figures 5.41 and 5.42, for the 154.2 and

190 3 mtph cases, respectlvely The plots are drawn on the Schuhmann-

-~ Gaudin-Gates chart (log-log scale) The upper sections. correspond to

.
. N
l . .
B ,

the 51mu1at10n of the actual c¢ircuit where the solid lines RMD, CUF

COF and BMD were plotted using the simulation results of Sections V.1.1 .
and V.1.2. .

’

. The dashed lines in the lower sections are the predicted COF
. ~ .

~

-

. ' and flotation concentréte {GONC) gbs skze distribution. A solid line

. marked COF + CONC is the stremm 8 shown in Figure 1.2. This illustrates

1 *  the coarsening of the PbS grind product. Since no regrinding is performed
. at Pine Point, “the COF (actual) and COF + CONC (proposed) represent

the approx1mate szze dlstributlon of the final lead concentrate product.

, The de51red coarsening of thls\Product is clearly demonstrated.
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FIGURE 5,41 8 .
- Simulation results. Cumulative weight percent :
finer vs. particle size. Mineral: galena (PbS).
Overall fresh throughput: 194.2 mtphs a) actual ..
circuit; b) proposed circuit. ’
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Similation results. Cumulative weight percent .
finer vs. particle size. .Mineral: galena (PbS). ) '
Overall fresh throughput: 190.3 mtph. a) actual
circuit; b) proposed circuit. - ’ .
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. 5.3.4 'Plug Flow #s. Tanks-in-Series -
R } ) Taking the p-order model with Fgm"- 1 and the Yi matrix model,

two simulatiops were pe;'fo'rmed. In the first, the mill was assumed to

‘b’eaﬁperfagg/plug flow reactor, the ‘other was the tanks-in-series mill -

-y ¢ J
model. Table 5.18 compares measured with simulated data.. Agreement is
o
good, with the tanks-in-series qrgdei holding a slight edge.

M 1

TABLE 5.18 Summary of Overall Simulating Results
of the Actual Grinding Circuit .
. Operating at 154.2 mtph.

° + -

¢ \ . -

Quankity Measured | Plug Flow E'I_"a}nks-iﬁ-Series
_ciréulating load, % 163 156.90 164.97
% -200 mesh, COF 62.90 | 61.99 61.64
. mean ‘residence time T, min 3.1 3.27 3.19
i
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DISCUSSION *
—_——

1

6.1 Lab:)ratogz
6.1.1 Silica ‘ ’

The main objectiye was the development of a suitable experi-
mental technique. This mea:\t first 'deveioping a reliablée screening
procledurp but more Specifif:a/lly determining the reprodtlxcit:ility and
comparing the Vone-sample-at*-a-time with recycle technique ome P‘re- o

liminary exploration of void filling and particle size waSWYso

T4 o s . .
conducted! The experimental conditions are considered first.

’

is well suited to the later wet milling of the Pb/Zn samples. A dry

screening time of 20 min. proved adequate. - ‘ © .
, ;
Reproducibility was tested in Figure 5.12. This was the re-
cycle method with a synthetic sample made to have_ \:ixilentical mass and

~

size distr’ibutigri. The data is reproduced to within, 0.7% absolute.

It ;vas necéssary to compare the recycle with the one:§amp1e—
at-a—tfme procedurg because of the r;ature of the Pb/Zn experiments. ~
In these experiments, s‘:‘imples must be removed for assaying and so
cannot be recycled. S.ince ten size fractions are taken and about 2 g
is reduirefi for each assay, aftei', for example, five.grind tests about
100 g would have been removed from the recycle. Tl}is; was J'udg:d to be
exces$ive and although the recycle;method is convenient (54), for .
present purposes the more difficult one-sample—at‘-a;time procedure

3

was adopted. ‘
v

The scréening procedure adopted was a, wet-dry techniqué which “

et e
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5 ) b . To avoid sampling bias in preparation of the testing material,
% . -

synthetic sampleé were prepared to have identical mass and size distribu-

tion, Figures 5.2 and 5.8 show that both techniques yi;IS?;ndistinguishable
results, Thus the one-at-a-time méthod was approached with confidence.

Incidently, the correlation between the two techniques also

indicates that mixing

o e

in the recycle method is not a,severe problem.

It was felt at the onset that upon the start of grinding, a certain
time might elapse for mixing before 'real' grinding took place. This

"is equivalent to a dead-time. If this were the case, the recycle method

would exaggerate the dead-time. This does not appear to be the situation.,

3 ,
The void filling conditions were investigated with experfments

3 to 6. The results are in agreement with those reported recently[BJ,

i.e. slower rate of breakage for higher void filling. Tﬁe feed"particle

~

size distribution effect.was also investigated, the results of experiments

4 and 5 show that the single size feed bréaks, in general, slower than

an initially naturil particle size assemblage.

©

S

6.1.2 Pb/zn Ore .
&

The Pb/Zn samples clearly—<duld not be generated synthetically -

which is the ideal for the one-sample-at-a-time procedure. The spinning .

riffler was employed and as indicated gave samples dif?ering in mass by
less than 1.69% and sizes varying by less than 0.58% absolute. The
small variation in head assay rgpofted in Table 5.10 indicates the

riffler also split accurately on a component basis.

. -

F'3s




2 . .
( . ‘= Due tp the large amount of information, grinding parameters
" v, 4 * ° ) Tae
* were generated from a computer program. This program was written to

exclude t = 0 in the regression as in the p-order-tase log (0) .cannot
gres. P g

y ' be computed. :This is of some consequence in-first order kinetics, but
' ; )

1)

since little use is made of this order, the omission is not important.

The superior fit of the p-order model is well illustrated in

Figure 5.55. ' Given that the harder and coarfer silica was fitted B

(reasonably) by first order up to +10 mesh, the difference in the Pb/Zn

experiments requires some explanation.
The principle reason is probably that the metal assaying fails
{
to differentiate between liberated and locked mineral grains.. Conse-

quently, the detected grinding kinetics is some' combination of two ®

vl
" events, the rate with which liberated mineral disappears and the rate

1

witho which the mineral in the locked grain disappears. Even if both

disappearances follgw first order, the suﬁ‘plearly will not. Without

&

information on the degree of locking it iéi@mpossible to decouple the

. N

two events. The b-order fit is a convenient resolution of the

pfoblem. (;t should be stressed that fitting by p-order does not depend“ N
;o .

on the separate events following first order. What matters is that p-

order fits well, and to that extent, it is purely empirical.)

The argument readily applie; to individual nminerals but not

the overall. It is interesting that overall kinetics approaches quite

T e AT A R (P ERSENRT & e STy A S T A it T W R R TR € %

Y o : v
closely first order even at coarse (+28 mesh) sizes. What is clearly
.*.a complex phenomena on a mineral-by-mineral basis, nevertheless, seems
¥ 'l B
o describable on an overall basis by first order.

-
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The RMD grindiné experiments were performed as a preliminary
o -
investigation of the role of size distribution and m{né}alacomposition
on the kinetics. Figure 5.26 acts as a summary of the findzngs.
The first impression is’ that. thepe is cpnsider;ble similarity;

|
for example, the range in the rate-of-breakage and the relative values

for each mineral. 1In detiil some differences are appafﬁnt, for‘instance
the tendency for the compdnents in the RMD results to approach the same l
values at the finer sizes. The CUF rggults tend to be a little higher
at the coarse end. '
I ‘The differences are not as large as were expected for such

different streams. In fact, subspiéuting parameters derived from the

RMD experiments did not materially affect th; simulation. Nevertheless
-it is felt that the parameters are best derived from the material being
grou%d rather than using material from another stream. This observatio;
is direcfed(parQicularl;gat attempts to derive grinding parameters from

a sample of ore rather than ball mill feed ﬁyéﬁ dealing with highly

heterogeneous ores.

6.2 Plant s

6.2.1 Data Adjustment

Adj)stment of the plant data to yield internally consistent
mass/size/chemical assays was basic to the development of the simulator.

The -adjusted data represents the’ reference which must be simulated

a

beéfore the proposed circuit can be evaluated. -

The adjustméht technique was developed from that described

(/42.b)

by Lynch. The contribution in the present work was the adjust-

ment of the overall mineral composition in each stream.

-
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& - This technique .may be considered as the first in a series -
”> — .

of ever more sophisticated techniques, some of which are described in
v ’

, . a recent report by Lyﬁan.(ﬁz)

e, Ryt
s

Techniques for simultaneous estimation
7 of a.and data adjustment are more powerful. Some require extensive

e -
computing ability. One of the most successful appears to be that

recently described by Hodouin et al.(sz)

T@e present choice, nevertheless remains convenient and as

‘ i Lynch notes(42'b) gi#en good original data), the les; comflex the data
treatment the better. The adjustment observed for the two cases

. (154.2 and 190.3 mtph) reveals only slight size adjustments were required
with somewhat greater chemical adjustments. Although care is required

3 . in arguing back from the result, it appears the prefent éata, co;;;sﬁonded
% \ - ' to 'good original data'. . - | ‘

°

6.2.2 Pliant Derived Ball Mill Model

e ity

gt

A logical place to search for a ball mill model is the full

size ball mill itself. A preliminary approach was proposed by
3

- : - ©
5 considering first order breakage kinetics and estimating t from the

’ mill ;hdp hold-up volume and CUF volumetric pulp flow rate. The high

Lo PRt o
\
-

correlation between ki and d for both tonnages must be considered a

. signgficaﬁt encouragement to this approach.

¢
The implication is that kinetics are linear and independent

of mill throughput. Further, treating the kinetics with a single .

¥

2, o *
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( v therefore, in the manner of S-and B. However, if the size distribution
does not change greatly, describing by k; alone is justifiable.
Experience with grinding circuits does indicate that the size

distributions of the streams does not change greatly upon operating

changes. Consider the present case. At 154.2 mtph the CUF overall

% . si;e was 31.28% -200 mesh, whereas at 190.3‘mtph, with a different
. mineral composition, the overall size was 32.26% -200 mesh. Not a
éh. large différence and by implication fromﬁthe present findﬁngs, not 1
f large enough tolinydliéaté’ki. The laboratory experiments with‘the
RMD suggest that eveniarger size distribution shifts canqbe tolerated. U
‘ 7 For modelling an existing plant, a cumulative fate-of-breakage
: . is probably adequate, and is certainly simpler than the‘conventional
) ' " ‘procedure. o ’
The argument regarding kg notyiiystanding, extension to a
mineral-by-mineral description was not stitfessful. The approach will
. be of direct apélication when overall size reduction isiof major concérn.
’ This will be true for homogeneous ores and ores where valuable mineral

ST TR Gt YO 7 ) 0w s IO - AT S
.

_ .

~ ‘content is so low that describing it separately is not initially

-
°
-

-

justified (e.g. porphory copper/molybdenum ores}.

\J

6.2.3 Plant Derived Cyclone Model

4

e A e A m e de o g

The cyclone performance curves are similar to those reported
ﬁ§ . v (fhxlier for this”circuit, as are the dSO(C)m’ n, and a, values. (41) At |
¥

90.3 mtph a somewhat different behaviour of the higher density components, x

BRI B Sk Nl AT

-pyrite and galena, is noted. The short-circuiting to underflow is much

i}

. greater than expected. This may reflect heavy media effects at high

C | . |
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.

: ( . . (41)
L . loads of high density minerals, giving poor size splitting performance: -
. - p -

b

6.3 Simulation

6.3.1 Actual Circuit
Taking the ball mill alone or the Y matrix ¢cyclone model of
— the full circuit,” it is possible to judge the fitting obtained using

B -

the laboratory derqzed grinding kinetics. Remarkably, the overall and ‘

¢

all the wfinerals, with the except%on of galena, are fitted without

resort to the scaling factor Fgm.

This appears to be in contrast to the scaling suggested by

e . 0.6

Austin who derived S = (D) where D is mill diameter. Although the

cumulative rate of breakage in the present case is not equal to S, the
dependence on operatihg variables, such as mill diameter, should be
- the same, if B is independent of . (19" The relationship between S
and D is probably more complex than suggested by Austin, a3 the recent . s

work of Hodouin et al. shows.(32)

' * > \
©

The tentative explanation for Fgmﬂ— 1 is that if the energy '

-

per ton is equivalent in both the laboraiory and plant cases, the size
: redpg£i2§ will be the same(61'b), and hence the grinding.parameters

1 “derived will be the same. It is suggested that this equivalence in

4 -

] energy/unit mass-has been achieved. This is a consequence\bf the careful

matching of laborétory and plant milling conditions and emﬁloying ball .

mill feed as opposed to am ore sample.

3
[y
.

The grinding factor of 0.7 for galema merits separate attention.

B
o P4

11
Some uncertainty necessarily exists w@en considering such small quantities

B )

N .
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of material. But, the ébservation is substantiafed by both tonnage'
cases, and is therefore considered real. '

' The problen éan be sugcinctly stated: why does galena, alone
of all the minerals, break more slowly in the plant mill compared with
the laboratory mill?

A search of the literature suggested two possibilities:
buffeking and transport effects.

Remenyi(?4}

e
v .

the concept of buffering, whereby a fine soft mineral is protected frgm

breakage (buffered) by a coarse harder mineral. This condition is met

% .

« in the present case as the cyclone produces a fine galena and coarse
calpite/dolomite‘ball mill feed. Buffering in a large mill has
apparently been observed.(41) However, £he question then arises as to
khy buffering, at least to the extent.apparent in the fqll—size m%ll,

is not found in the laboratory?

Transport effects may be a prime factor. In the small.

reviewing data on grinding of mixtures, introduced

laboratory mill, fully mixed conditions are probably approached. Indeed,,

°
c

the balls will act to aid mixing.(63’649 In the large mill segregation
may be occurring due to particle si%e and density differences. It is_
tentatively postulated that the galena settles below the main impact
zone in the ball mill, where most grindi:g is considered to take plﬁce.
The gélena becomes shielded bxqthe lighter components, which is a form

of buffering.

This explanation could be subjected to experimental confirma-

tion in the laboratory.

.

i61.c)
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6.3.2 Proposed Circuit

-

The predr erformance of the proposed circuit has made

@

.. use of the flotation recovery matrix graphically illustrated in

Figure 5.27, for both- throughput cases of 154.2 and 190.3 mtph. This

£ N

matrix was judged to be reasonable, given-that the flotation tests had
to be carried out on ball mill discharge from the existing circuit %
which is quite.different in PbS content from the steady state BMD in

the proposed circuit.

Consideripg the above only as a small cautionary noté, the
folldwiﬁg discusses the results obtained. Table 5.17 and Figures'5.41

) .
and 5,42, show the most outstanding results. It can be seen that the °

Y

first objecti&e of\the design change has largely been achieved. That

is, a significantly coarser PbS has been produced and the circulating

load reduced. In both tonnages the coarsening has been greatérlthan

g

40% absolute on the -200 mesh fraction. The new circulating lodds

It is importanf to note that the design change has not

L33

. . ' { . C
affected the size reduction of the\gfher minerals. This is the result,
in the first instance, of the relatively small volumetric contribution
of PbS in the circuit and hence a small variation in the mean residence

time and also because the flotation stage is very selective in removing

»
s

PbS. o : v C

An unexpected result, is the .increased across-the-circuit
4 [} -

recovery of PbS compared with the recovery across-the-cell alone (Table
5.17). The reason is that the cyclone scavenges the flotation tails

(and Presh féed), preferentially recycling galena back to the cell.

o

The description scavenger is carefully chosen as the term compares the
k
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cyclone contribution to the overall PbS recovery with that o‘f a true
scavenger flotation stage. The cyclone effect is the same, although
exploiting galena density rathe1: than fleatability. The difference :
is one 51mp1y ofgiegree, the scavenger flotation can be tuned to be

more selective.

An important practical aspect is the low concentrate grade "

- predicted at steady state; about 36% Pb in both cases. Refererllce to -
Figure 5.27 will indicate the original data showed a 76% Pb grade, a »
-grade practically sufficient for final concentrate. However attractive
the 76% Pb may seem it results from on an artificially high Pb feed, \\
that existing in the-actual circuit. This Pb is selectively bled in
the proposed r;iriuit. Thus Pb co{t[:‘ent in fletation feed (BMD) decreases/\‘

inerals remain much the same. For the same recovery-

E}

while the other

size matrix the effect is a réduced quantity of PbS diverted to

n .
concentrate while roughly the same quantity of other/ycomponents is i

diverted. Consequently, the grade of Pb decreasef/

. /
The conclusion is that it will be difficult to achieve a
Q s - .
high grade Pb concentrate without a severe depressing environment for

Zn coupled with short flotation times and consequently low Pb reé’p&/e\;{xf .
at this stége resulting in less coarsening of the final product. It
éhould not, however, be impossible to clean this flotation concentrate.
After all, it is not usual to expect a roughing step, whlch is what

s L.
this flotation stag% m t closely resembles, to provide finished grade.\_/\

The reader Jmay have noticed that different total_ recoveries

__r are given for each tonnage which arg,_jfﬂ turn different from those given

-

. for the-laboratory-data. This iljlustrates the effect of mineral size
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distribution. For the same rec?very-size matrix, different feed size !
distributions yield different .total recoveries. ' |

'I‘h:i:s may sound trivial, but the recently described closed
circuit simulation proposed by Agar et al. (66) using a&ingle, total 9)

recovery (or split) factor does not recognize the importance of this

feed size distribution. ] \

6.3.3 Other Possible Applications

[p—

erhaps the only general rule in mineral processing: remove the values’

An M

at the earliest possible stage. The technique is of use whenever a

7

N S

build-up of one'compo“rient in .the closed circuit occurs. This is usually !
because of denéity effects but could be due to slc->w breakage of the
component. Applications in mercury sulphide, cassiterite, gold and 3
wolframite circuits are obvious cases, and some examples of the applic\ai; 4
tion exist. ) - ‘ ) |
Interestingly, a detailed examination of ;the effect of such : T
- . ‘

a circuit change has not been reported until now. —A Pfrivate communication

e

analysis has just been conducted on a gold milling circuit, The -

with A. Hinde, Chamber of Mines, South Africa, indicated that a detailed

o

advantage sought was to provide a preconcentrate underground which could .

be pumped to the surface, thus si}ring on hoisting costs from deep mines. .

e

Some of the effects noted are simi¥ar to those here; for example, the

- o

added recovery due to the cyclone scavenging action. In that case, a :

gold circuit recovery of 98% was realized for 75% recovery across the -

cell, yielding a cyclone overflow barren enough for mine back-fill.
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b 6 . ' . CHAPTER VII ’ ,
#® . ) . [ ’ B
) | CONCLUSIONS, .
SILICA EXPERIMENTS : . )
‘ . ’ 1. - Cumulative firsf-order grinding kinetics gave adequatge
s <X " ’ + . \
P : .. fitting. . . . . s
~ 2. The recycling and one-at-d-time grinding procedures
T . gave the same result. . L I
¢ (‘/ - . . ) ¢
3. The top size and single size procedures gave different
1 . . ' ’grinding-'parame'ters. ’ . ’ !
3 ’ t ’
. \, . ) ° s - E
la\/ - B4
! - Pb/in EXPERIMENTS = . .
% Lo ' 1. Overall grinding was fitted by a cumulative first-order; -
g ' »
2 . mineral-by-mineral by p-order. . . .
- j . .- ., p-order was]required as breakage of mineral in free and
4 . “locked form cannot be distinguished.
. R\ CUF and RMD materials gave similar kinetics with the
RMD being a littlé slower at .the coarser sizes. R
- ,
& o . From instantaneous rate-of-breakage galena breaks fastest
- @ . - . . w ‘/‘."«.“‘ 'B
‘ . ' . (except for th# fiffest fractions) followed by sphalerite,
- o t . v > a
/ ‘ . calcite/dolomite and R'Qally, pyrite.
v . 5 o - N °
- u / . Jr ’
PLANT DATA )
. . RPRXS ! 5 .
a4 o . \ v & N -
° N C 1. A technique for mass-balancing and data adjustment size-
gy ) . . =7 .7 " ' by-size mineral-by-mineral was developed based on that
- : d ,+ ¢ described by Lynch. i ’ R
’ ., - - . . o . - # - W
» . N ! ! 2 v -t ' ! ‘ - f’ .
. - - 3
i . . o i n B N ) , - - l 3 .
« ’ ’
- ) . - ‘
° L‘f B & oy - ) * " '
\ A c o . \
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2. Adfu,stment of sizes was iess than 1.5%, and of mineral

“ ' assays less than 0.29% (absolute). p

’ 3. From the ball mill feed and bali mill discharge data, .

- a mxmulative”rgte—of-breakage (overall) was determined

Ju assuming first-order kinetics. It was observed that:
\

(i) k was independent of throughput; and

(ii)v k was correlated. with particle size by

LAY
© -

£ k = 9.18x10 %.q1-043

-

# with k in min"l.and d in um. - /—/“

47 The observation feported'in 3. did not apply to mineral- ]

‘

-

by>mineral breakage.

\

5. Cyclone perfofmanqe curves, overall and mineral-by-mineral

were similar to previous observation. The dgj, ©)m could

be correlated with mineral demsity. o

.

" SIMULATION OF BALL MILL

1. "A p-order Slug flow ball mill model with laboratory .
determined parameters wals a suitable fit with a scaling

factor required only for galena. .

-~

-

-
=Y

-

" _ 2. The lack of s'caling sugéested equivalence of energy/tonne °

for both laboratory and full size mill was approached.
This reflects the attempted’ similarity of mill filling

conditions. * 34 ,

& -

oy oo b msas =

U U O,
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% ( 3. Scaling for galena indicates galena breaks more slowly
d »* .
' in large mill perhaps because of its density causing s
] T it to follow a transport path below the main impact ‘zone. v

— 14 -

4. Overall breakage using the p-ordei' and tanks-in-series

g————— 4
\

" model suggested the latter offers minimal improvement.

. ‘e
N f -
e o

SIMULATION OF ACTUAL CIRCUIT

3 o "

1. The p-order plug flow ball mill model and Y matrix_ model fo

gave adequate simulation at both 154.2 and 190.3 mtph.

’ e °

B . This is significant as laboratory tests were conducted

ofily on material isolated from CUF at 154.2 mtph.

2. .A method of combining the Lynch, Plitt and Finch/Matwijenko’ '
models into a full cyclonefﬁodel was described. With

f s - -

present data,fitting is not adequate.

' PREDICTED CIRCUIT PERFORMANCE

1. The circuit is successful in reducing circulation of

galena and coarsening galena product. (Coarsening by up
to 40% on the -200 mesh fraction is predicted, given t};e
_f]:otation recovery-size matrix used. A a

2. Pb recovery across the circuit is much higher than across

flotation cell alone, up to 30% higher. This is the

result of scavenging action of cyclone on gaien_al . N
’ : ¢ '
- ) P 3, Grade of flotation concentrate:is lower than laboravto% RN X :
“" I tests indicagk on BMD from existing circuit because, o ok
- . proposed clircuit re&uces'*Pb content in BMD. 5
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K METHODS TO DETERMINE B(x,y) AND S(x) ?
Zs_; . ; ) ; : . <
ch . 0 ) :
? ) The Sin&le-Size and Top-Size Methods .
i —

-

—The methods were or1g1na11y proposed by Sedlatschek and

-von Bass (as quoted by Gardner( 6)

). The 'single-size method con51sts
{\ of the following:

b

~

(a) Removal of all materiz;,l except the size of interest and T
’ grinding for a short period of time.
' . ’ (b) Sieving, v;eighing and ca}cuiating the rati_jss of weights
o that appear in any lower size x to the total weight i
which is ground out of the size in question | ’
© i

Repeating (a) and (b) Tor several size fractions.
The breakage function B(x,y) is given by the ratio calculated in (b)

~The selection for breakage function S(y) whére y is the size of interest

can be determined by forming the ratio: fractional weight disappearance

of particles of size y divided by the short period of time of gTrinding

The top-size method is used only to determine the selection function or
l§
&

specific rate of breakage, S(x) (8,34,58)

-

Both methods are s{lspect "because they do not replicate the

natural grinding environment of real systems of grinding in which the

»

[at

whole size range of particles is being broken.

-
' 1
1

. %
The Tracer AMethod

b
Gardner and Austin (59)

were the first to report this method. y
~ 3

It consists of the following:
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(a) Removing the 11;ass~size fraction of intereég. ' B
(b) This fréction is tagged with a radioactive tracer and l
. re-mixed with the original charge.' ) )
{(¢c) Grinding for a short period of time.
The breakafge functions are obtained by forming the ratios of the mass
retained on smaller sizes to the total mass, of tagged material. Steps
(a) to (b) aré repeated for each‘ particle size.
‘ The selection:function can. be estimdted .and is equall to the
fractional amount of tracer disapi:eararpce in th¢ traced size per unit
time. The"method proposed is petter than the previous-.methods because
of one main reason: the traced material brea s in its natural
grinding environment. - '
2 7 -
‘The Back-Calculation Method
“This is the methed III reported by L.G./Austin and P.T. Luckie.(

P L
Using their own words: "In principle, the size distribution produced

at some time of grinding is a unique result of the S and B parameters,
and knc.>wing S, B can be back-calculated."

. The details of this meth;d are beyond the scope of this work.
Nevertheless, it is worth emphasizing that this particular meths:;d is
being used for estimating B for contir;uous large scale grinding

simlations, (20,23,32)

‘

59)
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follows:

(d) Atomic absorption spectrophotometer.

S b

. A2.1

APPENDIX II

. STANDARD CHEMICAL ANALYSIS PROCEDURE

-
[4

. The procedure adopted in the chemical analysis work was as
& T

»
P -

(a) Pulverizing the four coarsest screened materials

(28, 35, 48 and 65 mesh).

©
o

(b) Weighing suitable amount 6f samplé‘tp avkid excessive ~
dilution ratios, Depending on thé sulphide content, the
weight samplps ranged from gpproximatelf d.;OO to 0.200 g o
Dissalving of the samples was as follows:

¢c)

g

i) In a 250 ml beakér adding 5 ml of distillated water,
5 ml of hydrocloric acid (HC1), 5 ml of nitric acid

(HNOSJ, and 1 ml of perchloric acid (HC104).

ii) Heating on the hot plate until drymess.

iii) Addition of 5 ml of distillated water and 10 ml of

I
doa

hydrochloric acid (HC1). '

iv) Heating until dissolution.

v) Filtering using Warman filter paper; the filtratg
going to a 250 ml volumetric flask and the filter

-

paper discarded.

Dissolved samples

of known overall concentration in ppm, were analysed

according to the following procedure:
L

e
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A .i) Lead (Pb). pDiluted samples, prepared according
l ;o section iii) above, were.analysed using the
< optimum range of concentratipn of 2.25 ppm r;com—
mended by the Analyser's Manual. The standards
were: 6, 10, 15, 20, and 25 ppm of lead. The

instrumental '¢onditions were:

) slit setting: o 0.4 nm'
wavelength: -~ - 283.31 nm B
T lamp current: ) 5-6 mA
air flow rate: ' 5 1t ﬁi@'l

fuel (acetylene) flow rate: 1.0 J.'C‘min.1

Y ii) Zinc (Zn). The samples of primary dilution were

<

further diluted in order to achieve the optimum
range of 0.2-0.3 ppm for zinc.The standards used
were: 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 ppm of zinc.

The instrumental conditighs were:”

. slit setting: 0.4 nu
wavelengih: ' 213.86 nm
lamp current: ‘ ¢ 8-10-mA
air flow rate: | 5.0 1t min >t

fuel (écetylene) flow rate: 1.1 1t m;'m-1

- iii) Iron (Fe). This analysis was made on the same
samples for zinc determination. The optimum range
of concentration of the instrument is 0.5-10 ppm

of Fe. The standards use&: 1, 2, 3, 4, 5 and 8 ppm

of iron. . The operation se‘Fings:
N
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_ | , ) A2.3
S -slit: - 0.4 nm 7
c ‘ vwavelength: 248.33'nm
3
P -~ lamp current: 12-15 mA .
. _ air flow rate: _ 5.0 1t min~1 )
» | fuel (acetylene) flow rate: 1.0 1t min ) v
. (e) Plotting calibration curves for each element (staﬁdard
T . ppm against a;bsorbance readings). .
W ' (f) Use of least squa:riast7 te<\:jhnique to obtain interpolation
‘ . of concen::rations. Figure A2.1 to Figure A2.3 show
. three typical calibration curyles for lead, zinc and iron.
- Also shou;n are the equa-tiéons of the lines obtained using
” least squares technique.
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APPENDIX III

MISCELLANEOUS DATA AND BATCH GRINDING MILL CALCULATIONS

IfI .1 Screening

s
a "

- / .
Table III.1 shows the v 2 size ratio screen aperture,
screens used in the grinding experiments. }
3
- N .
Figure A3.1 shows in the Schuhmann plot, the opti screening '3

B ° ‘/ \ B
time found in dry screening silica in the Ro-zTap machine, nty

. _minutes is the optimum; any longer screening time would produceé size

P

réduction =by abrasion““,’ thus maskipg the real size assays.

/ 4
-
lf/ ; > k4
IIT.2 Batch Mill Loading and.Speed Calculations b
For both the silica and the Pb-In ore grinciing'experiments,
the same ball charge was used. The assumptions made, along with the ‘
following data, the number of balls and mineral .charge to the mill were
! computed; also computed are the critical véloéity and percent of N ]
critical velocity of the mill.
DATA ‘ ;
“ diameter of mill, D=~ 20.32 cm (8") (Dy 0.66') <
length of mill, _ L=16.51 cm (6-172") - .
. diameter of grind balls, d = 2.54 ¢m (1") . /
/ speed of mill, , ~ Sy, = 57 rpm . . N
‘g > 3 . - t -
- \ > '.
» ‘ \{ ) ,
H ’ 1
- i@"ﬁ
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A3.2
“ z l " ;
» 1 ‘ x)
S Al
<
N
r <
TABLE,/A3.1 Screens fSeries Specifications. :
» ' — y, Opening Ratio 2 ,
ke Opepfing Base: .075 mm (200 mesh
N er Screen)
) = 4
, | / v
. - Screen . Canadian/Tyler Standard Tyler Standard Opening
, } Screen \Number  '° Equivalent mm )
| N ) ;
6 3.360 !
. .
8 . 8 2.380
10 10 1.651
Y
o 14 12 . - 1.400
16 14 1.180 :
20 . 20 0.841
, e ?
30 28 0.595
40 35 0.425
[ ' ‘
50 48 0.300
N———
. 70 ' 65 0,212 >
- . ! © .
100 100 0.150 .
. / S
140 . 150 " . 0.106 )
' 200 . ) 200 0.075 E
4
270 \ 270 "~ 0.053 d [
: N
400 - 400 0.038
§
)
1 L 3 ) ,
o LI
{ N ,
\\\'\ , I !
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& C TIME= slope,a °
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. @ssuwpTiNs . L : ;
' _ i.  voids, volume percent-of internal mill volume, v = 12%. (8)/j\

[y

2. voidage between balls, p = 38%. (60,61) - . \

r

CALCULATIONS [

v —-}DZ.L—S.'MOcms i

V, = v.V/100 = .640.8 cm?

V, = nd3/6 = 8.58 cn’

/ -

V., = 196 balls

S, = 76.6 Df‘1 -~ 93.8 rpm ’

-0

. 9 N

Sbc - . 100 Sb/sc - ‘-'68.796

s

z
where: V. = internal ball mill volume

\ - v.olume ofj:alls

Vb = volume of onell;all

Ny =~ number of ballél of one charge
S = critical speed, m rpm -
S, = speed of the ﬁxili? in rpm i D . S
Sb ¢ = percent of the cr;tical speed

Dg = diameter of the mill, in feet i

o

v
Py UM

F
W AeRT
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A3.5

III.2.1 Calculation of the Charge of Silica to the Mill
‘Depending on the voids percent £illing chosen, the weight

of silica for each dry batch grinding experiment is calculated using

the bulk density. The calculation is as follows: .
we_q.ght of gilica H(one charge), l\'Tsioz = 0 - Vv . ZP/IOO
where: WTSiO is hthe weight of s;/hca, in g

Py is the bulk density of-silica, in g/cms (=-1.6) ~

V, is the voids volume (=-0.12 VT), in cin3
Vp is the percent of voids volume filled with silica

~

II1.2.2 Calculation of the Pb-Zn Ore Charges for
the Wet Batch Grind Experiments

The weight of dry solids and water for the CUF and RMD
experiments ar® calculated using the previous balls charge calcula-
tions (196 balls). The assumptions are the following:

Assumption No. 1: pulp dilution is given by 42.13% solids

by volume for both materials.

Assumption No. 2: the pulp volume is 120% of the voids volume.

-~

DATA ¢

V. = 640.8 cm>

- 1.2V, % 769 cm’ .

Sy = 42.13%

- 3,53 g/cms

- 3.08 g/cm®




v - 3,53 x 324 = 1144 g

& : n
pRMD . vore - 3.08 x 324 998 g

’ /\v“_;»ﬁ
E b ¢ - ’ -— - '—T ' b 3
.\rHz 0 = Vsturry ~ Vore 769 - 324 445 cm

N\

(for CUF and RMD)

W ) ‘ .
- 2T X100 (PCT solids by weight)

wcu-e * wHz()

- 1144 00 X 72.0%

1144 + 445

- 998
998 + 445

N
-

x 100 = 69.2%




\

=

Bl

Loz

EETET

k3

.
. \
L ¥ U RO PR o s i satmOeT A Wy > ¥ U

(’ § II1.3 Calculation of Volumetric Ball Mill Holdup

o

The calculations use the geometry of the mill., Certain

A

a
assumptions are made as well as follows:

/

Ass_y_m_gtion 1

The diameter of the overflow orifice is 0.6096 m (2').

L

.. . Assggptioﬂ 2 - B

The level of balls (at rest) coincides with the edge
of the overflow orifice.

 Assumption 3
. . . (60)
The ball packaging factor is 0.38 (the hexagonal compact).

"~ Assumption 4 . -
The pulp volume oc;:upies 120% of the interstitial volume ‘
between balls (at rest). ' This assumption accounts fgr
the vol‘ye of the flying balls replaced by the pulp -~

(mill i motion).

D = 3.508 n (11.5")

d = 0.609m22')

2 = 4.876 m (16')

r = D/2 = 1.752m (5.75')

r' = d/2 = 0.304m (1')

—




e . e e
I : -
Y -
Calculation of Volume of Mill, V <
<+
. ' - 2
’ LV = w4 Dt e
/ ' A
. .
. , ) . . k3
. = 47.060 m )
. ‘ Calculation of Volumelrvg ;
: , Calculation of Area, A
) 2, .
\ _ A = 1/2 (8 - sin 6)
. "8 = 180° - 2a
[ ¥
- 1]
o ™~ sin 1(3---)
¢ ¥ -
a = 10.01° = 0.1748 radians
. N * 1 \
. g = 159.98° = 2.7919 radians
. A = 3.762 00 - T
I Pinally,
i ! T - .- 3 2 .
Vb A, 2 18.347 m 39% VT

* = balls bulk volume

:
.

) . . -

ey IR R

o ()
[ P L T
’
A3.8
.
\
?
z -
.
LA N
.
1]
v
<
I%
. .
v
*
- A}
fe
’
‘J
-
s
i
&
B
\
-
.




L ssmemmonesteqmomesrrs oY h IOV : S .WLL
. . , ;-
" ! v
| N A3.9
. o ° < i
@ Calculation of Interstitial Space Between Balls, V L ‘
. P v \
. ‘ .
3 V = V. 0.38 f
: - v .
x . ‘= 6.972 m° , -
. / ‘ 4 .
* Calculation of Volumetric Ball Mill Holdup, BMH
1 / BMi = 1.2 .V T
1 / v
; 5
= 8,366 m = 18%V_
T
o Figure A3.2 shows graphically V_,” Vb, Vballs and BMH. These volumes .
are also expressed in percent of VT’ the total internal volume -of the )
"mill. )
1} k \‘ T:?{;
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APPENDIX IV °
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CONTENT :
SECTION IV.1 b '

,.

IV.1.1 CUF Grinding Experimental Results

o .
o ~u%

" IV.1.2 RMD Grinding Experimental Results o M

SECTION IV.2 . A

Cqmputer Program to Adjust the Size and Chemical Assays of
the Raw Data Gathered from 4 Sampling Campaign of the Closed
"Grinding Circuit.

IV.2.1 Results at 154.2 mtph.

Iv.2.2 Results at 190.3 mtph.
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PROGRAM TO ADJUST THE SIZE AND CHEMICAL

ASSAYS 1H A CLOSED CIRCUIT OF GRINDING .

THE ADJUSTMENTE IS BASED ON MINIMIZATION -
OF SUM (F SQUARES. OF RESIDUAL ERRORS

TO SOLVE THE DIFFERENTIAL EQUATIONS APPEARING N
IN THIS ANALYSISs THE METHOO OF" THE LAGRANGIAN .
NULTIPLIERS IS UTILIZED

NOME NCLATURE .
——————lllE . .
INDICES . b
i DENOTES TYLER SCREEN NUMBER (1 IS THE .
COARSEST) >
£l MAXIMUM NUMBER OF SCREENS
J NUMBER OF STREAMS (= §5) e 4,
K NUMBER OF ELEMENT ASSAYS -
1 IS PB: 2 IS ZN; 3 15 FE ..
K MAXTMUM NUMBER OF ELEMENT ASSAYS
{INPUT DATA) ,
K2 +DENOTES CALCITE-DOLOMITE ASSAYS
{CALCULATED BY THE PROGRAM) .
N NUMBER OF NOOES :
1 1S P IS CYCLONE: 3 IS BALL MILL3 .
2 12 ENTTAE® iR
ALPHA OVERALL ADJUSTED CIRCULATING LOAD
. i MEASURED ON THE CYCLONE FEED STREAM
ALPHAR AS ADOVE BUT MEASURED ON THE CYCLONE
UNDERFLOW STREAM
ALPHMEK) MINERAL CIRCULATING LUAD MEASURED
ON THE CYCLONE FEED STREAM
ALCT,J) SIZE ASSAYS [N STREAM 1 (PERCENT)
CHEM(]»J¢K) ELEMENT ASSAYS IN STREAM 1 (PERCENT)
STEIGM(K STEICHIOMETRIC FACTOR FOR CONVERTING
ELEMENT ASSAYS TU MINERAL ASSAYS
MESH( 1) TYLER MESH NUMBER
ELEM(K) STRING, MATRIX .

UNADJUSTED PARAMETERS

UNLTM( oJ,K)
UNITMM( I,y JeK)
CUMUL 9 JsK)
CUMMU{ 1 +J 1K)
SUMML1,J)

ELEMENT UNITS

MINERAL UNITSS

CUMUL ATIVE ELEMENT UNITS COARSER
CUMULATIVE MINERAL UNITS COARSER
CUMULATIVE SULPHIDE MINERALS

ON EACH SIZE FRACT ION

ADJUSTED PARAMETERS

UNETC(I o oK) v MINERAL UNITS
SileJd) CUMULATIVE SULPHIDE MINERAL UNITS
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CUMI 1 s JeK)
AVGEI oK)
DELTHMINK)
All.2)}
Bl

X€1)
RUI)

£

CHEMI L s JoK)

\ L] -
ON EACH SIZE FRACTION

CUMULATIYE ELEMENT unxrs COARASER
OVERALL ELEMENT ASSA

MINERAL FLDW RATE RESIDUAL ERROR
MEASURED [N NODES | TO 4
COEFICIEMNITS IN THE SYSTEM OF
SIMULTANEQUS EQUAT JONS
A1GHT-HAND SIDE TERM OF THE ABOVE
SYSTEM

THE UNKNOWN PARAME TERS DF ABOVE
THE ADJUSTING TERM IN TH

OVERALL ELEMENT ASSAYS

TAKES ON THE ADJUSTED ELEMENT ASSAYS

ONCE THE ADJUSTMENT ANALYSIS HAS DEEN PERFORMED

SUBROUTINE ADJUST

[N ~

o

USAGE:
LOADS

TO COMPUTE THE ADJUSTED CIRCULATING

{OVERALL AND MINERAL-BY~-MINERAL}

AND TO ADJUSY THE S1ZE ASSAYS

INPUT APGUMENTS

ARGUMENTS IN CALL ING PROGRAM

IN 1
A . Al
DUTPUT ARGUMENTS
ALPHA - ALPHA - o
> ALPHAM ALPHAMN
X X1
ADJ ADJ

SUBROUTINE ADJAS .

USAGE: TO ADJUST THE MINERAL FREQUENCY  « .
DISTRIBUTION OF EACH STREAM ~ -

INPUT ARGUMENTS ARGUMENTS IN CALL ING PROGRAM

IN 1.

A FD

ALPHA % ALPH
OUTPUT. ARGUMENTS

ADJ : ADFD
NOME NCLATURE
DELTI(I) ' RESIDUAL ERROR IN NODE 1 (SUMP)
DELT2(1) RESIDUAL ERROR IN NODE 2 {CVCLONE)
LAMDI(1) LAGRANGIAN MULTIPLIER {NODE 1)
CAMD2( L) LAGRANGIAN HULTIPL IER (NDDE 2)

A AL B, 5N A A

AN 44

] R PP N ¢ 4 v - . ',
R s L e S T e S

3
1

RIS PFIE G SRS SR

12

PSS




ST 2 W IR TR RS
N i

AT ST ’ -
o m ooy e B R 08 ATEEIT ST T T A I AR R N T TR erroms = oF
h ¢
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3
s

- v T
P » . ...\ ]
e ‘ ' i
3
i i
CONT INUVED seansee T, ' El
c DELTA(I o3} ADJUSTING PARAMETER
c ADJI(E,J) ADJUSTED SIZE ASSAYS . .
c . . ¢ i . ;
- & . ~ - ;
. " 3
g NOMENCLATURE 3
L C DELTIL]) ERROR IN NOOE 1 (SUMP)
C DELT2(1) RES [DUAL™ERROR [N NODE 2 (SuMP} T,
. [ © LAMDI( L) LAGRANGIAN MULTIPLIER (NODE 1) :
c LAMD2{Y) LAGRANGIAN MULTIPLIER (NGDE 2) e N 3
[ DELTA{I+J) ADJUSTING PARAMETER
c ADJ(1,4J) ADJUSTED MINERAL FREQUENCY
C DISTRIBUT ION A - i
CHARACTERS®7 ELEM(4) -~ N E
DIMENSTON AL{20+s5)sCHEM{20+Ss4 ) ¢MESH(20) sADI(20¢5)+UNIT(2045,4) v F
DIMENSION SU20¢5),CUM{20:5¢4),AVGIS+4) DELTHM(4, &) - . o 3
DIMENSION ADJ2(S5+4) sALPHN(4) ¢ADJ3(20:544) 1
DIMENSTON CHEM1{20,5:4)+DELTA{5,4) . i
DIMENSION VIM{5) sV2M{5) s ADJUN{20¢5+8), SUMM{20,5) . H
DEIMENS ION STEIOM{3)sADFDI20,3) ¢FDI20:5)/,FDL{20+5+4). - .
DIMENSION UNITM(20:S44)sUNITMM{ 200%5:4) ¢ CUNU( 20,5:4) ,CUMMU( 20,5,4] N
DIMENSION A[4,4) . j ;
DIMENS JON BUA)+X(4) : i
DIMENSION RIS) . .
DIMENSION Y(10:8).YA(10.4}) . .3
READ(S,1)11,J1,K1 o
- K2= Ki + 1t . .
READ(S5+,2)( (A {1+ J)al=],11)0d=],5) )

. . READ{S2) (I ({CHEM(ToJoK)sIm1all0oaJdx1eS)eKEL4K1) 4 v *
READ(S,3){STEIQM(I) ¢I=1 K1} g
READ{S.4J(MESH({1)+I=1.11) N . {
READ(5,5ELEMLITI) s 1a1 K2} 3

¥ FODRMAT(312) -4
2 FORMAT(1005.,2) . . :
3 FORMAT{3F5,2) . . - !
4 FORMAY(I114) .
c 5  FORMAT(AAT) i
- 1
g FINDING THE BEST ESTIMATE OF RATIONALIZED FLOW RATES (OVERALL) \ :
t
C ALSU, ADJUSTING THE SCREEN ASSAYS IN ALL STREAMS }
g BOTH CUMPUTATIONS MAKE USE OF SUBRUUTINE ADJUST ' .
c CALL ADJUST(I1,Al1,ALPHA,ALPHAM,X1,ADJ) ° : . ‘
C OVERALL ASSAYS ADJUSTMENT ) } N
~C SECTION 1} — FINOING THE UNADJUSTED MINERAL COMPOSITION "\
% AND MINERAL UNITS .
. D0 10 K=1,Ki . o - : 3
—_ 00 10 J=1,41
- SuMix 0.0
SUM2= 0.0 . A
D0 10 Ialylt . »
© UNITM(IsJeK)= AL(LeJIHCHEMTL,J4K) s
UNETMM{ T s QoK) AT (T4 ))RCHEM{ L) J,K)XSTEIQM(K ) - . el
- b -

i ~ - SR |
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CUMUI I »JsK)= SUML # UNITM(TJeK) -

CUMMU( [ s J oK} = SUM2 + uutruu(l.J.x)

SUMI= CUMU(CL.J4K Y} ' - ¢

SUMZE CUMMU(T ¢ JoK)
10 CONTINUE i - -

DO 20 J=1.J1 . . i

DO 20 I=1,1] s

SUMLI= 0.0
v DO 20 K=] 4Kl
SUMH(I,J)= SUML + UNITMM(INJ.K)
SUMLI= SUMM(1,J)
20 CONTINUE

DO-30 J=z14+41

DO 30 I=1.,11

UNETHMOL s JeA) = 100.%A1(S0d) — SUMML )
30 CONTINUE B . . '
. DO 35 Js1.41 ‘ , . . .

DO 35 I=1,11

CHEM{EsJed )= UNITMM(I+J48)7A1(14J) .
3% CONTINUE -

DO 36 J=i.Jd1 -

SUNI= 0.0 '

DO 36 1=},

CUMUL T sJ.:4

SUML= CUMU
36 CONTINUE

00 40 X=x1,

DO 40 J=1,5 : .

DO 40 I=1,11

UNITCI oK)= ADJUEsJISCHEMAT e JoK)&STEIQM(K) . - \
40 CONTINUE . -

|
AN

SECTION 2 - FINDENG THE CALCITE/DOLOMITE UNITS

DO SO J=1,5 ’ ' ' .
DO SO I=1,11 ' - . ;
SUMIE 0.0 “ - N

1
S{Tsd)= SUMI ¢ UNIT(IsJ4K) -
SUMLE S(14J) X
50 CONTINUE
DO 60 J=}.5 .
DO 60 I=1,11 )
SUNIT{E s Jud)= 100*ADI(T0J) ~ stiéd) P
60 CONTINUE

SECTION 2 - FINDING THE QVERALL NINER‘L UNITS
0O 70 K=1.K2

§ ; + UNITMM(L s Je%)

-

Il
iz
[§ &
L3}

0o 70 1= l.ll / . .
CUM(I,J,K}= SUM] + UNET(IvJeK) .
SUMI= CUM{1,44,K) N

70 CONTINUE . .

SECTION 4 -~ FlNélNG THE OVERALL ELEMENT ASSAYS (PERCENT) -

. - t - > .
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!z CONTINUED seesee i A . gk . » §

N DO 80 K=1,K2 ° . o ’ 3

o . - . DO 80 J=1,J41 . 3

) . AVGlJeK)= cuuuuo.J.mnao. 4

B0 CUNTINUE ) i

3 DO 90 K=],K2 - 3

] - DELTMI1+K1 3 ALPHAMSAVG(S sK) + AVG(1 oK) - ALPHA®AVG(2.K) ‘ 5

) DELTM(2,K)n AGLPHAMSAVGI4sK) + AVG(34K) — ALPHASAVG(2.K) 3

y DELTM(3,K)= GLSeK) = AVG(A.K) £

90

DELTM(4,K)=
CONT INUE

AVGI 3+K) - AVGL].K)
]

FINDING THE QVERALlr. MINERAL ASSAYS (PERCENT) O
THIS ls,,..AN ADJUSTMENT ANALYSIS

¢

B

SECTION 2 ~ SOLVING THE SIMULTANEQUS SYSTEM OF EQUATIONS . .

" N= & - .| R L

DO 100 Li=l,.K2 ) " N

SECTION 1 - FINDING THE COEFFICIENTS OF THE SIMULTANEOUS EQUATION o } -

. . Allsld= XI ’ . . -
. A(1+2)3 ALPHAS#2
A(l.i=' AL PHAM e - ' :
= =-1a
}= ALPHA®*»2 v - .
X3 - -~
=-ALPHAM

 ~demhee LG eGAT bk £

[2Yalalalals1al

ann
*
B EPPUWWUWNNNN-
*
[]
]
&
b
L]
© ks b ¢ it PR R 2 W d e s

RUAUNAUNRNA
A

101

)
ZOBOP > PP > PP BP>

400 CONTINUE
' IF(LEQ.K

AlKed)= A{
» o 410 A(L,J)x TE
TEMP= B{K)} )
~ BiK)= B(L) -
B{L)= TEMP ’ W
300 DO 590 I=XP1 (N : X - N
FACTOR= A(l-ﬁ}/A(K-K) ‘ :

G
: TE NP= A(K-é
M
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an
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1

c
¢
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UNTINUED sooass - JEEEL

DO 500 J=KPLN
500 A IeJ)2 AfIsJ) — FACTOREAIK,J)
590 l)' B(l) — FACTOR#B(K)
600 CD TIN
XE{N)= B(NIIA(N.N)

= NM] ' -
800 IPI= 1 41

SUM= 0.0 ]

o 0O 900 J4=1Pi,N -

SUH= SUM + AllJ)extl) p
900 CON

x(l)s le(l) - sUM)/A(I-l) *

= 1

~d

}
}
:t ALPHAMAXI2) - X(J)

ADJthaEllﬁ AVG{J:L1) ~ RCJY
CONTI NUE T, ’ .

FINDING THE ClR&ULATlNG LOAD OF EACH MINERAL €OMPONENT

OO 130 I=1,K2 g
ALPHMI 1 )= ADJ2(4.I)IlDJZ(J.l’OALPHAM ¢+ le
130 CONTINUE

FINDING THE MINERAL FREQUENCY DISTRIBUTION

DO 140 K=%],K]

DO 140 J'l-5

DO MO 1=1,11 )

FDl(l-J.K)‘ UNIT(!-J.K)/CUN(!O.J.K)
140 CONTINUE <

DO 14S JSloS ~. °

- DO 148 I=},

FDI(!.J.‘)G UNIT(I.J.‘)/AVG(J.AI/IOO' S

145 CONTINUE [

i

ADJUSTING, THE ABOVE MINERAL.FREQUENCV DleRlBUT!ON

° DO 150 K=1,K2
.ALPHE ALPHM(K) °
DO 151 J=),S5 .
DO 151 I=1,11 -
FQlltJlS FOI1€LsIsK) 3
151 ° CONTIN \
CALL ADJAS( [1,FD,ALPH.ADFD? ' ~
DO 152 J=1,3
D00 152 f=1,I11
ADJ3(I.J|KI8 ADFPK!.H) v v
52 CONTINUE - :
50 CONTINUE : -

FINOING THE ADJUSTED ELEMENT COMPOSITION

v
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CONT 1

t
c

.

- 190

196

195
210

¢ 220
230

245
240

»
[2YaYalsl

170

. 198
250

25%

¥ 160 "

-

NUED
CALCITE/ZDOLUMITE 1S GIVEN [N PERCENT

DO 160 K=].K2

DD 160 J=1,S ‘ .

DO 160 I=1,11 N
ADJUNCE o JaKF= ADJIGIsIsKI$ADIZ (0K vxoo.
CHEML(T,JoK)= ADJSUNC(L, 3K} 7ADICL,

CONT INUE

WRITE (64200)

WRITE 6.210) .

1 , .
MESHIL J s (CHEME 13 JoK 13333051 1 {CHEMIL 1 9J4K) e J=145)

wRIT TAVGLT oK) s 1220 5)e{ADIZ(IeK) s [>1,5)
ALPHM{K } .
CONT

SXe*MESH' s 11 Xe "UNADJUSTED DATA'y 17Xe "ADJUSTED OATA'/?
Xe'RMD® yAX'CF? oy IX2y'COF ¥ 43IX,"CUF? 33X, 'BMD? 5X,

*aIXe *COF P AKX, 'CUF T IXp'8MDY /7 /)

1SX s kA 4 AXS(FSe. 20‘X’|2X|5(F5§201X | Y84 A
//77° " e34X,'CHEMICAL ‘SSAYS DJUST”EN‘ = RESULTS// ¢,
T80 AT//27)
212Xy P AVERAGE ' ¢AX B FS5.2.1X 342X e51FS.2.1X¥/ /71
FORMAT{® * 36Xy "ALPHA?*s11XsFGe2)

FINDING THE UNADJUSTED AND ADJUSTED )
CYCLONE SELECTIVITY INDEXES .

DO 170 Kén.xz

00 170 f=i,1 -

Y{leK)= CHEM(I.A.K)#AI(
EMIL v 3o K)®ALI(]

]
[ 4
¥
)
}
Z7/7% %,36X%,*SI2E ASSAYS ADJUSTMENTY — RESULTS'////)
1
&
F

AUI(CHEM(luA.K)#AI(l.A) + -
* 3} 7ALPH

a
YA[I:K )= CHtNl(l-O.K)CADJ(lo‘ll(CHEHl(l-Q.K)‘ADJ(II‘l'
@

CHEMI (1 934K)%ADJL 14337 ALPHAN) . !
CONTINUE

ggl{g(ﬁ;Z?o):ELEN(K)1K=l|KZl0(ELEﬂlK’-K=I-KZ)
8 =
WRETECG o Z5SIMESHEE ) s { VLI oK) o K=l o K2) o A{YAL L yK) o K=} ,K2)

CONT I NUE -
FORMATUY1*///7" *,34X,°CYCLONE SELECTIVITY CURVES*////7" ¢,

B15Xe TMESH? 43Xy "UNADJUSTED SELECTIVITY INDEX  ADJUSTED SELECTIVITY
» INDEX¢/* '.lox.-NO'.1x.3A7.2x.A7.3x.3A7.ZX.A7//b

ggggArt- YV ISX HA3X AIF6.,4,1X) 04X 4L F6.4,1X)/7)

END

SUBROUTINE ADJSUST(IN,ASALPHASALPHAM X, ADJY

DIMENSION A€(20,5)0ADJ[20+5) )
DIMENSION DELT1(20).DELT2(20):DELTA(20,:5) :

REAL LAMDI(20) sLAMD2(20)

Fl= FLOATIIN) f,l- -

-y
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CONTINUED secees ) )

10

20

20

~LAMDI ()= (DELT1

ALPHA= —Al1/A2 ®
ALPHAM= -ALPHA = 1. \

X= ALPHA®E2 + ALPHAMS2 + 1. .

Y= ALPHA*#2/X

2T ALPHAS®4/X

©
m
r
-
»>»
Lol T Y ¥ 9
-~

)= LAMD2(1)
a)a ALPHAMSLAMD2
DELTA{1,5)= ALPHAMSLANDI ]
CONTI NUE N ,
8030 4=1.5 .
20300575 A1, ¢ oELTAGI. )

L] = . . \

CONT INUE Y- B
RE TURN -
END ,
WAD JIY

Dl)IENSKDN DEL 0)+DELTA(20,5)

REAL LAMDI (20
FL=z FLOATUIN)
ALPHAM= ALPHA ~
X= ALPIAS&2 + ALPHANS%2 ¢+ 1. -

Y= ALPHA3%2/

Z= ALPHA‘#A/X

DO 20 -¥=1, IN . f
B

DELTI(1I)= ALPHA®
DELTZ( )= ALPHA%

LAND2(E)= (DELT2
DELTA{Is1)= LA
ELTA = -ALPHAO(LAM
= LAMD2(LY
-
=

“Aﬁﬂ
-t ny J»

ALPHAMSLAND2
ALPHAN®LAND]
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as

4“8

o3

100-

150

FON

270

-4 00

&NO

15«86

B.23
Tet?
5.92
7e69
Bed2
d.22
8e.40

e 31

1\ 84

\

S1ZE ASSAYS ADJUSTMNERNT ~ RESULTS

UNADJUSTED DATA
CF C

7.69%9
4,69
€ebB
1:03
1129
13.62
1139

S.81

500

22.15

J.01
9-34
V.70
2.61
7.63
13.55
11,52

1%.00

.37

-

39 .27

CUF
12.84
T.18
Ge 96
9«32
13-80
14.91
10+42
Te19
2-32

11.26

ALPHAS

BMD
2.6
3.39
6.84
PR
13.80
16,52
13.00
10.26

5.58

20.27

RMD

1942

749¢
7436
Se78
702
F.0¢
Ba.18
.t ¢

€.3E

2.63

P’y
R0 € 21.25

ADJUSTED DATA
CF  COF  CuF
8.27 0.23 13.20
4,86 0.54 7.81
6,77 0.94 i0.35
T.08 2.8 9.64

,

11.38  7.67 13.66
14.91 13.21 14.35
11.09 11.70 10.71
9.86 14.78 6.83
5.57 9.33 3.26
38,79 10.48

BMD

1.44

2496

639

7.85

13.69

1690 -

12.89

10,59

5.69

21.61

e
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- + * ’ - .
. \
’ CHEMICAL ASSAYS‘ADJUST?ENT - .RESULTS, .
. - ELEMENT: LEAD o
- ME SH UNADJULSYED DATA ADJUSTED ODATA
' s N RN CF COF CuF aM0 KMD CF COF CUF BMD
28 1442 0,96 1438 1.24 2,88 , 1.48 1,33 leAl 332 0.04
. Is 1.20 0.70 1,38 0,92 1,31 1.2%5 1,02 1.30 1.00 064,
N - v . ! i
- 48 286 1423 D411l 2.27 1.24 2417 1473 ~0e16 1484 .42
- 65 1431 1435¢ 0.09 418 2.82 1.6 2.55 =0.12 3,02 3.06
3 100 2.45 2419 0429 4.38 4,05 2,94 3.19 0.25 4,21 3,28
B .
T -
150 1e83 3,63 0,20 S5.10 S.40% Leb€ " 3483 0422 So87 2.59
- ’ 200 136 7.20 038 13.22 11.70. 143§ Balés  0a35 13.36 10.76
) 270 183 10036 1405 18.34 11.94 1.5 9421 102 20407 13403
) Y 1 1eS€ 7475 2.39 11.%4 10.05 1eb4 64,77 2429 13.64 9,75 °
-~ 00 1e#9 3476 3429 4.83 4.28 1.66 3,55 32,09 4.59 4,70
W
] o i .
R ) . AVERAGL 155 4e19 1477 5.83 5.0S 1.6€ 4.29 1.66 Se91 5.91
0 v 3
1 o, . '
. ALPHA: 5.81 .
. & - e
. . .
4 -
. 5 ) ) .
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28

3s

N 48

L3
L

100

180

. 200

. 270
400
.

AVERAGE

i .
ES
e

RMOD

Adhe

Sed?7

6,53

G416

7+40

4.73

- s

—

CHEMICAL ASSAYS ADJUSTMENT - RESULTS
ELEMENY:  ZINC

.

UNROIUSIEC DATA L L.,  ARIUSTEROATA
5.90 1.66 4.91 9.46 4,96 5.36 S5.51- 5.36
5.00 1466 5.70 7.c8 6.0C 5,86 1,89 6,03
7.08 0,76 B.12 6497 TeAE 7.39 ~1.22 7.87
T.A6 0.60 6.78 S.24 Se1€ 6400 0.47 6.99
10.50 1.60 12.96.10.88 B.43 10422 1.35 13.28
10.90 4.96 10.72 11,41 8,21 9.55 4,89 12.18
b;6b 6.45 ?fOQ 8.13° 5.0¢C 7,07 5.81\ T+90
S5.83 6456 6.10 7.82 T S5+632 6.39 6.10 6.78
6,77 6462 T.4l 7.1; Se6Z 6458 6.08 7,47
7.58 8.19 7.12 8.04 6.0¢ 7.33 7.51 6.92
7.78 6.38 B8.16 8.63 S.84 7;48 5,84 B,49
ALPHA ¢ e -
. < - - .
o ~ ‘
- s

10.84

10,97
TeBF
6.83
Teld

TBe11

8.45

.
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ME SH
NO

N 48
[

100
150
290
27a
400

-4 00

AVERAGE

\.\ ”~
-CHEMICAL ASSAYS ADJUSTMENT
ELEMENT:  TRON -

UNADJUSTED DATA
CF cOF

RHD CuF  BMD RMD
9080 9eT4 18429 11.60 15042 10423
-
6.88 6,35 18.29 7.22 15.86 6.94
7¢95 9.40 8,86 12.91 13,87  -8.34
S.86 11,54 3419 11.79 11.59 5.9¢
6+28 13.36 Hed9 17.91 16,80 6.78
4423 17411 2417 21.30 20.98 4.4t
3:78 12.91 Sa72 20.15 18.17 .07
4,88 9.77 T.14 i5.38 23.13 t.a0
4933 Be 31 717 959 11,89 Gok E
5465 9¢89 .48 10,03 11.81 .87
6635 1161 702 34.66 15432 beDE
AUPHA $ 4.80
W
?

- RESULTS ’

ADJUSTED DATA
CF CcaoF CUFf aMD

11413 10452 11,13 18,60
8.41 17.7% “ 8,00 10.85
11.50 2,62 11.99 13.74
10.60 2.83 11,99 12,68
14.26 ‘a.gs 17.49 16.82
16407 2,22 23.90 19,89
13.94 5.20 19.80 17.78
12.53 6.87 20.27 16.76

Ge41 6,74 11.35 10.71

9.52 8,85 11.04 11.66
-

12.00 6.58 15,32 15,32
N

YA 4

re
me gt
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O s



zk
ow
kS

65

- e 100
L

150

200

N,

RMO
24,35
5.97
6e 34
Ge 09
,
10.21
1011
7499

Tea2

3.70

‘17.82

UNADJULSTED DATA
CF COF CUF

11.22
4.84
Te11
Ta72
12,75

13.71

10,30

SIZE ASSAYS ADJUSTMENT — RESULTS

o

0.08 14,70 3.75

0.16 6.55 4,00
181 9.59 7.50
4.61 8.98 8,3}
11,40 14,13 14,51
1611 13,39 15.19

lZ.QQ 9.05 10.98

N

12.82 6.68 9.05
7«96 3,20 4.33
32.11 13,71 22.38

ALPHA: Ve

[ Y

RMOD
24,24
5+94
6431
6s1C
10.20
1032
8.12
7.47

3.89%

TR, PNy,

10,44 0.45 15.43
4,60 0427 6.77
Te07 1485 9467
7.58 4,65 9,05
13.06 11,31 13.94
13.86 15.85 12.86
10.19 12.85 8,87
8,58 12,74 6,51
4,43 7,75 2.77

1741 20417 32.31 14.11

3400

aMD
3.54
3.94
TehS
8433
14.49
15.62
11.23
9.1

4,70

2155

SI[nsey BUTISTLPY - Ydaw ¢ 061 Z°Z°Al
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12284 ]




I3

. & ELEMENT:  LEAD
. : T
.7 MESH - - UNADJUSTED DATA
ND RHD CF  COF CUF  BMD
. . 2a 10367 1,46 0429 2423 1433
. A ;
' g - 35 Z2e21 170 0429 1477 1.76
4B 2,63 1.35 0.12 0.70 1.46
. 68 0«40 2,00 0,09 5.61 LTS}
. 102 1.4¢ 5.20 0.15 10.12 5.18
’ . 159 1j;3 7,37, 0.25 11.89 9,79
: 0 200 1025 10,85 0441 17,27 17.54
- Z7Ta - “1e29 8.19 2407 18.08 2133
. ’ ’ «00 1s09 10.48 336 ‘20484 13.53
. . . ) .
i . =400 1.68 5.52 3,62 4.50 5,25
T4 ’ \ . - -
. \ AVERAGE 151 5452 1.81 B.09 B8.45
4 . \ .
R . \

ALPHA:

RMO
l1e6 4
A
5932
2.7%
[ Y ]
‘.SE
o
’l.sz
128
1e2€

1.81

1.7E

145§

11.22

CHEMICAL ASSAYS ADJUSTMENT — RESULTS

BMD

2.83
1.50
0.68
445

7«13

Se61

5.64

B8s13

-

-
ADJUSTED DATA
cF COF  CUF

1.75 —0.09 1.78

1.86 -0.29 1.89

1.29 0.17 1.40

3.37  0.02 4.24

5.69 0.07 7.96

7463 0+22 12419

1154 0,38 19,62 15.25
11.42 1.88 2079 15,57
10.45  2.95 20.93 13,02
4,53 3,19 6,06

5.95 1,59 8,13
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ME SH
NO

a8

s

44

63
100

- 1852
20%
aro

400

=400

. AVERAGE

RMD

4.69
s.88
6,37
4,02
3. 80
3.70
3.49
3.93
.10

4480

4448

.

CHEMICAL ASSAYS ADJUSTMENT -~ RESULTS

ELEMENT:
URROIVREED Peur
5422 3.68 6.58
6.04 3.95‘ 7.94
6,08 0,83 S5.99
5.94 0.89 11.75
8429 1.62 11594
8499 2.35 11.36
Ted2 4429 6491
Tead 5492 6.04
6603 6416 6,06
€e28 6.01 6.40
6.95 4,36 B.43

ALPHAS

ZINC

6430
7.62
7.23

1115

11,23

b

10.09
Te02
5¢91
7.44

TS %)

B8.18

RMD

6s11
377
3.63
3.61
.45
4.0¢
&z
3.96

s,8¢

4.8

4.76

B W O N

\ '

»
ST,
5.61 ~0.18 3.70
7200 1419 7.12
6420 1440 6.66°

8.51 Ge61
8,92 1.65
B.41 2.48
6633, 4,43
6.15 - H.01
6425 6,25

6.07 6.07

7.00 4,41

JER . e

3

aMD

8.81
e

T«90

6424

10.54 10.25 -

11586 10.1;

12.07 10.00

770

6,27

6425

6.07

-

8.20

7,38
7.00
7.108 o

6.58

8,29 .
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PORESMIERRORIRSTST. P ———

‘ MESH
NO

100
150
200
270

400

—4Q0

AVERAGE

3.25

UNADJUSTED DATA
CF COF CUF

5,306
5.08
§.006
€
7¢05
8.481
11 .64
8417
6.09
5. 16

$5.23

w

722 6.37

7.22 5.08
0:?5 S+ 46
0453 10.64
Qe76 10.66
165 18.89
2«82 20.08
4407 17,45
0,91 17.32

5426 10,32
3.42 12,58

ALPHA

1RON

CHEMICAL ASSAYS ADJUSTMEN1 — RESULTS
ELEMENT 2

.

8MD
10.30
Te32
S.73
11.14
14.65
16.40
o
16.09
13.75
13,93

9,96

12.59

wnwg’1

.
.
.
i
)
@ ,
RS A L NG o S5t RS 13 I

. ADJUSTED DATA
8MO RMD CF  COF  CUF
4.80 4e71 597 S,73 S.98
7.98 3471 S5.77 6462 S.75
4.59 3.83 S.16 0.57 S.60

11.86 2,04 8.70 0.46 10.82

14 .81 l1.84 11,32 0.61 15.66

10.66 1492 12.96 1.43 20.06

19.13 1.6€6 12.26 2.40 19.41

1795 1672 10427 3.81 1657

21,41 2.0C 10.48 4.22 19.13

13.49 2e84 791 4.52 11479

14413 2,95 9.38 2,95 12,59

9.54
A -
R .
AY

— =

pug



APPENDIX V :
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SIMULATION RESULTS

v

CONTENT
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SECTION V.1

Computer Program to Simulate the Actual Closed Grinding Circuit -
Yp,i Metrix Cyclone Model. . .

-V.1.1 Results at 154.2 mtph.

V.1.2 Results at 190.3 mtph,

SECTION V.2 = - ] o

Computer Program to Simulate the i:tual Closed Grinding Circuit -
Combined Cyclone Model. , .
! 4 2 ¢

V.2.1 Results at 154,2 mtp%. ) {

 V.2.2 Results at 190.3 mtph.

a ¥ v

SECTION V.3 e

\ b

.Computer Program to Simulate the Proposed Closed Gr1nd1ng C;l.rcult -

Ym Matrix Cyclone Model.
’

-

V.3.1 Results at 154.2 mtph. )
/ M ]

V.3.2 Results at 190.3 mtph. . .
SECTION V.4
Computer Programs to Simulate the Overall Performance of the o

Actual Grinding Circuit at 154.2 mtphq.

)

V.4.1 Plug Flow Ball Mill Model - Results.

V.4.2 Tanks-in-Series Ball Mill Model - Results.
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COMPUTER PROGRAM TO SIMULATE A CLOSED GRINRING CIRCMIT

~

NONENCLATURE

- 0 o

RHOL L)

@

" RHOULE)
FACTOR!')

cLov
CLMINCL)
wADD

vin) b

v

6

s

THE PROGRAM ITERATIVELY COMPUTES JHE .MINERAL FLOW RATES

RHO(1)= 7,80 (GALENA)
RHOt2)= $,00 (PYRITE)
RHO(3}= 4.00 (SPHALERITE
RHO(4A)= 2.8% {CALCI OMITE) =~

SPECIFIC GRAVITY OF PURE MIQERALS
(UNITS/CUB IC METRE)

STOICHIOMETRIC FACTOR FOR CONVERTING
ELEMENT ASSAYS TO MLNERAL ASSAYS

FACTOR{1)= 1.15 (GALENA -~ PBS)
FACTOR12)= }1.48 (SPHALERITE -~ ZNS)
FAGTOR( 312 2.15 {PYRITE -~ FES2)

CONVERT LON FACTOR (IMETRIC TONNES TD
MINERAL UNITS -
CONVERTION FAETOR (KINERAL UNITS 7O
METRIC TONNES)

VOLUMETRIC BALL MILL HOLDUP (CUBIC METRES) e
BALL MILL RESIDENCE TIME (MINUTES)

ORDER OF BREAKAGE (SIZE-DY-SIZE AND
MINERAL-OY-MINERAL )

CUMUL AT IVE~BASIS SPECIFIC RATE-OF ~BREAKAGE
CYCLONE SELECTIVITY INDEX

SIZE~uY-SIZE ELEMENT ASSAYS OF ROD MILL
DISCHARGE (PERCENT )

GRIND SCALING FACTOR (A FITTING PARAMETER)
INSTANTANEQUS RATE-OF ~-BRE AKA GE
{SIZE-UY-S12E AND MINERAL~8Y-MINERAL )
OVERALL CIRCULATING LOAD (PEFCENT)

MINERAL CIRCULATING LUAD (PERCENT)

MAKE~UP WATER ADDITION TO SUMP

1CUBIC METRES/MIN}

VOLUMETRIC MINERAL FLOW RATES IN BALL

MILL FEED (CUBIC METRE/MIN)

TOTAL VOLUMETRIC ,OF SOLIDS. IN BALL MILL
FEED {cuBiIc METRE/MIN)

"

.

NOTE! THE GRIND CIRCUIT CONTAINS FIVE STREAMS

STREAM 1: ROO MILL DISCHARGE ('FRESH FEED®) -
STREAM 2: CYCLUNE FEED
. SYREAM 33 CYCLONE OVERFLOW {(TO FLOTATIUN)
STREAM 4: CYCLONE UNDERFLON (BALL MILL FEED)
M : . STREAM 5% HBALL MILL DISCHARGE
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THE FOLLUWING TERMS REFER YO THE ABOVE DEFINED STREAMS:

NIT TO NST

-

i

IDUTEION
»

R
I

ISTY
CUMULATIVE MINERAL DISTRIOUTION

COARSER

RATE

PULP
{UNITS/MINS
CUMULATIVE MINERAL OfISTRIBUTION

| FINER

oF
OFf SOLLI0S

CUMULATIVE MINERAL UNITS COARSER
(UNITS/NIN)

CUMULATIVE WEIGHT PERCENT FINER
{UNITS/RIN)

TOTAL SOLIDS NASS FLOW
PERCENT MINERAL FREQUENC¥ 2

(UNS TS/7MIN)
PERCENT SOLIDS
SIZE ASSAYS

TO ZFSil,4)

/

) TO 2551,J)

led
(1.3),

FHICE.J) TO FMS(1,J)
N

L1t
2F1

A
VUUVUUULRUUNOUYL

>

@

Q) +FLU{10)
FSMUI10,4)
5041
APERT{10) FACTORL3)

FFES(10)
}oF4HU(10,4)
10.4),FaNUC(]
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TRHOUGH THE ITERATIVE PROCESS.

<

Ul
Q€0

FORHA
FORMA

9

11
a

VV ‘Yuuu . ﬁ/W

B
¥

b




P

CONTINUED cesssus

" FGEI)= 1, P . . . -
FGI{A)= 1.00 . . .

PCYSI="77, - . N
: kF=3 34, o s

vwi= (10 -OSOLIIPCtSl - 50L1)/60. N . -

ViSs 210/ -

TUN= 6.F /SOL! N

UNIT= 1 ./TON 3

H1T= 1.E4 R R 2

RHOULL )= 'I'ON#RHOIID . :
10 CONTINUE
[0} gooun.: r

A+ FINU(TIWJ) - A

] .
FI{1ISFICHEMLI L, J)SFACTOR( J)
J) . .-

- 20 CONII

‘A= FINUC(T v4)
30 CgNTINUE

? 40 CONTINUE ° ) .

BEGINNING OF THE ITERATIVE PROCESS ,

ann

v
15 DO 50 J=g,4 :

@

sSuMP .

A= Oe )

- DG so I1=1,10 ~
F2uUllsJd)® FIMULLI,LJ) ¢ FSnu(I.Jl ) - ~o.
F2MUC( s d)= A + F2MU(T,J) -

Ax quucu. *
50 CONFINU :
vuzs= v\u vus .
00 52 1255109 .
Ax 0.0 ! -
Bi=x 0.0 *

[aYalataTo¥s}

B1l= F21( .
52 CONYVINUY -
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CQN'IMD ‘eepace

55

s7

Honnn

60

70

°

OANOO

&7
27

/ . .
/ ¢

’

Az, o.
DO 58 I=x=t,
21: ; . F?MUC(IO:II

/CONTINUE <
PCTS2x J100.SUNITEM2T/LUNLTM2T + Vw2)
BF ?I)'*ioo SEMLT — FLUC1))/7MIT

1 = . -
FE2(1)= 100.%(M2T - F201))/M2),
CONTINUE . -

;CYCLONE

VWas QFeVW2/100.
DO 60 J=a],4

D0 60 I=1,10
FAaMULTsd)= Y(14J)
FaImu(l.d)= F2MUL]
FAMUCLI,4)= A + F
FIMUCL{TJ)= B1 +
A= FAMUC(L .J)

Bl= F3IMUC(I4J)
CONT INUE

g1= 0.0

C= 0.0

‘DO 7V J=1.4

ViJlz FaMuUC(104J)/RH
M3T= A1 + F3MUCT{10,J
M4AT= C + FAMUC(10,J4)
Bl= M37 -

C= MAT .
CONT INUVE

SALA= MATSHUNIT

WADD= VWS — Via -

BALL MILL )

Sa

VI= VE1) & V(2) + VI3) + V{A) ~
RHOT= UNETeMAT/VT

TIMES BMH/ (VW4 + VT) oo

DO 80 J=ll4

DO 60 I=1,9

FSMUC(l,.J = FQNUCI(.J).EXP(-FG(J)'B(I.J)'TINE‘OP(ng')

CONTINUE
DU 90 J=1,4 .
FSUUC(10,J)= FOMUCI104J) |

FSMULL o9 )= F SHUCIT, 3) ¥
CONY INUE

A= 0.0

DO 95 J=1,4 N .

MST= 4"+ FSMUC(10,9) . .

A= MST -

$
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CONTINUED +edees

9% CONTINUE
DO 100 J=1.4
“DO 100 1=2,10

L= § - 1 .

FSMICE. 2)m - FSMUC(Tad) = FSMUCIL,J)
100  CONTINUE

Ve3z Vw2 ~ Vs

c .
B0 110 I=1,10
C= 0. N
01= 040
R1tiim o
3 =
R2i1}= ofn
. R3{1)= 0.0
Raf{id)= 0.0
& RS{1}=- 0,0
DO 1310 Jx].4
F3{1)= C + F3INUCiI .4
. F&l1)= D1 + FakuC(i,J)
FS(1)= E .+ FSMUG({T,4)
RItI)= R1{1) + FIMUlLI¢I)
R2(1)= R2{L) + F2My(1.,J)
RICLI= R3(1) ¢ FIMUI(LT.J3) -
RA{l)x= RA(L) + FAMU(T,J)
RSLL)= RS{E) + FSMU(T,.J)
Cx F3(L)
Di= Fall)
Ex F5(1) .-
‘. 110 CONTINUE R
00 124 I=1.410
FELI{f)x 100.¢(MIT ~ FIULI}I/MLT
FF2(l)= 100.%1M2T — F2([1))/M2T
FF3L1)= 100.,%{M3T - FI{I))/M3T
FFa(l)= 100.%#({MAT — Fall))/MaT
FES(I)a 100.#{MST ~ FS(1))I/NST
120 CONTINUE

DO 130 J=ai.4
CLMIN( )= 1J0.#FAMUCII0,J)AFIMUC(10,4J)
130~ NT INUE

LOV=E 100.#MAT/MIT

PCTS3= 100.¢UNITHHIT/(UNITEM3T + Vu3l)
PCTSAx JOO «SUNTITHMAT/(UNITSMAT + VW4
PCTSS5= PCTSA

As ADS(MIT - M3T)

C
g
C CONVERGENCE TEST OF STEADY STATE MASS FLOw
&l :
IFf(ALE«10e)sDR(M«EQ.S0)1IGO YO 140
M= Mel
GO TO 15
[ o
C ot
< END OF ITERATIVE PROCESS
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CONT INUED conees . ) A 2
- }
140 , DO 145 J=i,4 ) ; i
Si= 0.0 . 3
52= 0.0 = -3
A S3= 0.0 ?,‘
S4% 040 ]
T 55= G.0 . %
DO 145 E=1,10 v %
ZACE,J)= 100, ¢FIMULTJ)I/FIMUC(10,d) ™ _— " - -3
22(1493= 100.0F2HULT,J) ZE2MUCT10,4) - . -
Z3{1,d)= 100.F3MU(1,J)/Z7FIAMUCL10,J) : i
ZA(1,d)= 100.%F4MULL D) /7FaNUC(10,.3) - . . H
Z5(1+3)= 100.#FSMULT+3) /FSHUC(10,9) » . 3
ZF1tloJd)= S1 +.2101,9) .
ZF2{EsJ)= S2 +°Z2(1,J) H
ZF3{1+d)= S3 + Z3{1,J) .
ZFA{TJ)= SA ¢ Z4a(L,J) N
ZF5([+J)= S5 ¢ 2S5(1.J) .
FMI{1+J)= 100s — ZFL(1,J) -
FM2(L+J)= 100« -~ ZF2{1+J) V]
. FM3(1.J)= 100, - 2F3(1.+J)
? FM4L1.,0)= 3100. - ZFa(1,d)
FHS{1,J)= 100. - 2FS{I,J) - . v
Si= ZF1(1+J) -
S2= ZF2{1.sJ) - - -
3= ZF3(1.J) :
S4x ZFA(1,J)
S5= 2F5(L.J)
145 COUNTINUE E ' ‘
- DO 199 J=1,4 . R .
DO 199 1=1.10 4 -
YClEsJ)= 200.%YCI{14J)
199 CONTINUE ‘
s WRITE(64310)SOLLBMH{FGLI)sl=1,44) .
a 00 301 1=1,9 -
WRITE(GE.ILSIMESHIE)»FIEID o (FICHEM( 140} 1 d31:3)(BlloJ)sd=led) P,
3J4) s J=1,4) ~
301 CONTINUE ; . =t ]
, 310 FORMAT(?1'//' ',15X,*INPUT DATA USED ln SIMULATING A PB-ZN ORE GRI
@NDING OPERAVION'//% ¥ ,1SX,*FLOW RATE INPUT (FRESH FEED):*,Fl0.2,* .
. SMETRIC TONS PER HOUR'Y/' 3, 15X, "BALL MILL HOLDUPS®,16X,F6.2,¢ CUBIC .
® METERS'//* ",15X¢"GRINDING SCALE FACTOR FOR PBS:',F10.277% %,15X, o 5
W GRINDING SCALE FACTOR FOR ZNS:' Fi10.277' *,15X, . :
D'GRINDING SCALE FACTOR FOR FES2:',F9.2//% ',15X, y .
F*GRINDING SCAL FACTOR FOR CAL/DOL: WFE2/77777°% 415X, Z
SEMESH® , 3Xe *SIZE* 43X, *CHEMICAL ASSAYS® 41 SX+*SPECIFIC RATE OF UREAKA N H
- BGE*,7Xs*'P ORDER 0OF BREAKAGE'/' 4,16X, 'NO',3X, *ASSAYS 44X,y "PB*, 4X, b
BTN AX PFED 4 1OX) "PBS? y3Xs VINS? 42X *FES2 CAL/DOL' +4 X, 'PAS? 44X, { i
DIZNS,2X, 'FES2 CAL/DOL '/ /) * : ;
315 FORMATI® *,185X004+2X3F6.2,1Xs3F6.2,3X,4F7.4,2%X,4F74) , = 5; .
"WRITE(6,316IMESHI10)sF1{10) s (FICHEM{1044) 5J=1,3) . :
316 FORMAT(® % 41SX,18,2X4sF6.201X+3F6.2) . N . - N M i
WRITE{64700)(DSOCLI)sIx],4) - o i
700 FURMATI///715X,'THE CORRECTED DSOC VALUES ARE:'//20X,'PBS:' Fl2:a27" e - )
820X "INS:! yF12.2/20X0"FES22',F11,2/20X,*CAL/DOLSFB,2)» {.
WRITE(Gs20)IMiRHOT» TEME »CLOV (CLMINIJ) 4+ J=1,4),PCTS1,PCTS2,PCTSI, »
DPCTS4,PCTSS .
200 FORMAT(®1'/7//% *,22Xe " ITERATION: '413,18X,'SP. GRe BALL MILL FEED:'® J;fﬂ .
0 £l




bttt i S B et~
)7

" CONTINUED senees -

BeFS.2/7% 0 ,22X,*RESIDENCE TIME: ‘thoZ NlN’vllXt"OTAL CIRC. LOAD: - o
8%, Fr.2/77° '.Jlx. '*PBS C.lL. 'nF .llx-’ZNs Cole *oF62/"

831Xe*FES2 Col e F6o2.7X-'CALIDOL Col o *eF6.2//7% 0 ,31X, L\Q

8*PCT SOLIDS BY UT% STREAM NO ONEZ*® (F9.,2/% !,31X,
#*'PCT SOLIDS B8Y WT, STREAM NO TWOS*+F9.2/7" ', 31X,'PCT SOLIDS BY WT,
,® STREAM ND THREE:® +F742/7°% 431X+ 'PCY SOLIDS BY ¥wTy STREANM NO FOUR?Z = .
‘@' FBe2/% V431X 'PCT SOLIDS BY wY, STREAN NO FIVES® FB.2///° ¢,
S'CUMULATIVE wT PCT FINER -~ OVERALL'///) . “
WRITE(6,210) B .
210 FORMAT(® * 14X *MESH's4Xe*SIZE1/9 * 15X, "NO®sSX+*MICR® 43X,
P STREAM 1"y IX'STREAM 2¢,1Xs°STREAM 3*+1X+*STREAM 4‘.1!.'STREAN s
3)

FF201)sFFI( 1) 4FFal L} FFSLL) '
250 FORMAT(!®
220 CONTY INUE - - N

J41.= ‘ \ ]

Ja=

N\ -
N
-

J3=
Jé=
J5=
NRIIEIS.ZSS)J! R

HRITE(6-26°)NESH(Kl-LAPEﬂT(l).Rl(l)-(Fl"U(l-Jl-J=l-‘)
146 CONTINUE

WRITE(6,255)42

DO 150 1x],10

URITE(G.ZGO)MESH(lloLAPERT(l)-RZ(().(FZMU(I-J)-J
150 CONTINUE

o

WRITE(5e260)MESHI I )+ LAPERT (I} RI(E) e (FIMULTL.J) ,u=1>
160 CONTINUE
unlrssaizss:gs - )
.
WRETE(G6,260IMESHIT Do LAPERTII I 4RATII JIFGMULT . J) 431 04) -
170 CONTINUE 7 .
WRITE(6,255)JS -
00 180 I=}1,10 ~
uthsto.zGO)nesn(l).LAPERr(l).Rsll).(Fsuutl.J).J=1.AJ
CUNTINUE
FDRMAT('I'II//.ZZX.'MINERAL UNITS RETAINED®,10X,'STREAM NO: *,
BI2/7/° ¢ 22X "MESH® 44X, 'SIZE* /¢ '.zzx.-nu-.sx.-ulcn'.sx.°DVERALL' .
@5X s *PHS® 46Xy *ZNS* ¢ 5Xs *FES2° ,3X,*CAL/DOL /) s
260 FORMAT(?' %.,22X,14+45X413,3X45F9.2/7)
WRITL(6,265)J]
DU 181 I=1,10 .
WRITE(G64270IMESHL 1 ) dLAPERT(1)s(21(1sJ)eJdal,a) -
181 CUNTINUE -
WRITE(6,265)J92 .
DU 182 [=3,10 ’
WRITE(G ¢270IMESHI I ) oLAPERT (1) ¢+ (2201 od) o J=1,4)"
182 CONTINUE
unltE(b.zeanJ .
DO 183 f[=1,10 ’ i
HRIIE(Q.E?O)HESH(I).LAPERT(I)-(ZJ(ch)oJ=l.4) ~

B -

T
ni
wno

L3N

183 CONTINUE
WRITE(6.265)08 @g ,
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CONTINUED scocee ’

DO 184 (=1 -
- uRlTE(o.Z?OINESH(l)-LAPER!(I)leA(l.Jl.J:I-Ql
184 CONTINUE
uRlYEl&.ZbS)JS -
DO 185 iI=1,10
HRIIE(6.270)MESH(I)-LAPERT(I)-(ZS([.J).J=I.0)
18S CONTINU
265 FORNAT(']‘////' P 22X Y MINERAL DlSTRlBUTlONo PCTO.7Xe 'STREAM NO: ¢
BI2778 04,22Xs 'MESH s AXISIZEV $423Xe"NOTs5Xe " MICR?Y 45X, °PDSY,
BEX o PZNSY 34X *FES29 ,AX Y CAL./DOL /)
270 FORMAT(? % ,22X 54 ,5X13,5(3X,F6.2)//) . -
unltE(6.275)Jl
00 191 I=1
ug[TE(6.230)MESH(l).LAPERT(I).(FNI(I,J).Jsl.Qi
191 ° CONTINUE
uRlTE(6.275)J2 - &
DO 192 §=1,
URIYElb-ZBO)MESH(l)-LAPERT(II.(FME(I.J).JtloA) 4
192 CONTINUE
URITE!b-a?S)JJ .
DO 193 1=}1, 2
- HR!TE(&.ZQD)MESHII)oLAPERTll)-(FMS(I-J)-J’I-Q)
193 CONTINUE
WRITE(6,275)48 -

| ¥
th%E(b.ZBO)NESH(I)-LAPERT(II-(FKQ(knJI,Jt!'§l
194 CONTINUE -
HRITE(6.275)J5 -
DO 195 =1, -
URITE(B-?BO)HESH([)nLAPERT(l'o(FNs(an)'JSI-Q) «
195 CUNYINU
275 FDRMAT('I'////‘ 922X+ "CUM MINERAL PCT FINER?', 3Ku'STREAM NO: ¢,
BIRA//7° ?e22XKe*MESH® ¢ AXy ' SIZE" /¢ '-23XQ'NO‘¢5X|'MICR‘ S5Xe.'PBS*
DOEXs *ZNS 94X "FES2*¢AXs "CAL/DDL'/)
280 FORMAT(® * 422X s14+5Xs13,5(3X,F642)77)

CALCULATING THE INSTANTANEOUS RATE-OF-UREAKAGE

[alalsleYal

DO 147 J=1.4 o
DO 147 =1,
KifoJ)m B(l-J)‘IlNE#‘(P(l.J) - le)#FGLI)
147 CONTINUE
WRITE(6,303) -
OD 196 I=1.9
NRITL(G.SOQDMESH(P)-LAPERT(I)-IK(l-Jl.J:l.Q)
196 CONTINUE
303 FORMAT(*1°///77¢ '-lﬁ& $ INSTANTANEQUS RATES OF BREAKAGE AT THE TINME
avrse 'oS?l"-l'l' 415X, STEADY STATE CONOITIONS WERE REACHED. MIN!
/7% 19 15X MESH 44X, VSIZEV /T 1 ,16X, 'NO*,5X, "MICRY ;S5X, 1PAS® s 6Xs * ZNS
DY 4SXe'FES2%e4Xe *CAL/DOL /)
304 g?ggAT(' Pe15X LA S5XeT3.,4(8XFS.3)77)

END

~
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. INPUT DATA USED N SIMULATING A PH-ZN ORE GRINDING OFERATION < E, §
FLOW HATE INPUT (FRESH FEED)S 154.20 METRIC TINS PER HCUR ° . . - a E
BALL MILL HOLDUP: 8.37 CUBIL METERS
GRINDING SCALE FACTOR FOR PRS: L0.70 = :
GRINDING. SCALE FACTUR FOR ZNS: 1.00 ) ’ . . b -
GRINDING SCALE FACTOR FOR FES23 1.00 >
GRINDING SCALE FACTOR FOR CAL/DOL: 1.00c - _ w
x ~ < + 8
. o
; £ Q
MESH SIZE  CHEMICAL ASSAYS SPECIFIC FATE OF BREAKAG P ORDER OF BREAKAGE .
ND  ASSAYS BB ZN FE PBS 2NS FES2 CAL PoS INS FES2 CAL/DOL
, . X - ; . i
. 28 ;%.oz £.46 4,99 10.23 0.9141 0.7581 0.6797 0.6840 0.7483 0.8145 Q.6452 0.8773 )
35 796 1.25 6:01 6.95 0.B1SS 0.€548 0:4826 0.5842 0.7652 0.9210 0+8653 09973 :
e 7:39 2217 7.49 8.3% 0.5981 0.4711 0.3380 0.3730 0.9831 1.0460 0.9808 11673 g
65 5,72 1.40 5.19 5.97 043948 D,3164 0.2430 0.2779 1.1058 1+0765 0.9803 {.1622 ;
100 Teb2 2,94 B.45 6.76 0.2708 0,1808 0,1329 0.1725 1.0421 140457 05213 1,1588 :
150 0:08 1.55. 5.22 4.46 0.1615 0.€530 0,0601 0.1631  1.0385 1.0490 1.2340 0.9272 - ;
- 200 8.16 1.37 4,94 4,0} 061085 Q0+C737 0,0476 0.0934 0.9679 00,9770 1 .Ct04 1 ,U294 !
270 By66 1.59 S5.54 4.40 . 0.0813 0.C408 0.0314 D.0573 0.7736 1.0535 1.0053 1.0868 :
400 5¢38 1,64 B5.62 4.45 0.0595 0.(318 0.0239 0.0444 0,7825 1.0498 1.0511 1,0577 i
~400 20.66 1,59 6,00 5.88 - !
{
, E - - {
a‘ - B
ra
> . ©o -
) Q, - B ~
~ (7~
\
- - ' \'<
<
.
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ITERATION: 23 | SP. GRY BALL MILL FEED: 3.63 ’
. RESTDENCE TIME: 3.26 MIN TOTAL TIRC. LOADY 157444 .
’ P8BS Cole 5365.54 Z8's Cole 221.82 . k
FES2 CeLo 379.72 CAL/DCL C.L. 98.14
. - PCT SOLIDS BY WY, STREAM NO CME: 77.00
- . PCT SOLIDS BY WT. STREAM N3 VuG: 60,75 . -
. PCY SOLIDS BY WY, STREAN NO 1HREE: 47.68 _ - :
: . . PCY SOLIDS BY wT, STREAM N0 FQUR! 7386
) PCT SOLIDS BY 4Te STREAM NG F IVE: 73.56 .
- - CUMULATIVE wT PCY FINER - OVERALL .
: , MESH Size . ’ -
o NO My STREAM | STREAM 2 STREAM 3 STREAN 4 STREAM 5 )
i - . 28 592 80.58 90.97 99.50 as.ss 97.59 . ° .
) ) 35 Al9 72.62 87.16 99.09 79 .57 96.42 ' '
“F* . R . . . -
48 296 65.23 82.20 98,38 72.10 93,01 i -
‘ 6s 209 59.51 76.28 95,50 :  G4.0¢ 86,96
°
too 1e8 s1.89 84.04 87.01 49,42 T1.78

N »

. 150 105 42,64 50.92 75.49 35.26 $6.06 '
. 209 74 34.68 37.61 6i.42 22.47 39.48
' 279 53 26.02 26417 45.64 13.79 26.26

e

400 37 20,04 20.53 36.59 10.32 20 .45 . ‘\\
-
o

g
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$ MINERAL DISTRIBUTICNs PCT STREAM NCI 1
MESH SIZE »
o MICR o@s NS FES2 cAL/DOL
’ 28 £92 . -17.34 16.60 30.1% 17.77 -
s 419 8.00 8.19 8.41 7490
1 43 296 S€7 9.48 9,38 6.71
és 209 4.83 5.08 5,15 5.91 . d
100 148 112.5] 11.03 7.8 7.04
150 105 8.46 B840 . 72 -
200 74 6274 &290 4.7 s.94 : .
270 53 8431 a.22 5.15 9426
400 37 5,32 s.1 3¢ $.73
-a00 - 37 19.81 21.23 18448 21 «02
b Al
- k]
MINERAL DISTRIBUTICN. PCT STREAR NO: 2 '
MESH S1Z¢E 3
NO MICP PBS NS FES2 caLsDOL -
' 28 =92 3.46 5.97 8.19 10 .44 N ’
as “19 1.32 3.00 2.¢c 4.71
3 28 . 296 2,23 a.27 4.19 5.66 )
3 - 100 PO 3¢ < ST ST > SEY-54-+ S
- R B R
[ ] ® - -
270 53 28.57 11.33 12.33 973 .
300 37 10.41 5,28 3.€0 6.16
" -400 -37 1T.0806 18.59 15.C% 23 .81
LY
MINERAL DISTRIBUTICNs PCT STREANM NO? 3
MESH S1ZE
NG MICR Pas INS FES2 CAL/DOL
28 592 0.25 0.21 0.40 0456
: as 416 D.46 0.13 1.12 0.30
g e g pa i
L] L ] s
100 148 0496 1.63 603 .87 .
150 108 1.59 10.69 a.c7 13.27
' 200 74 1.98 14,73 11.7€ 14.72 .
. 270 53 10.42 19.88 19.C1 14 .83 )
- 400 37 14,51 9499 932, 8.78
-4£00 -37 68.84 % 42.57 48417 33.17
" .
. INERAL OISTRIBUTION, PCT STREAM NO: 4
MESH SizE ;
! NG MICR fgs ZINS FES2 CAL/D0OL
: 2 392 404 8.56 10,22 20.50
Pt 29e 2.64 6.19 3931 10056
. 100 1as ER I3 4 (Sr18 L 0.y .
S MEopm R s R
. - 7.8
2% $3 283 Tia9 iieie 583
- . 2.3
400 ~37 8.35 7.78 8132 13136
: . .
MINERAL DISTRIBUTION, PCT  °  STREAs NO: & , .
- MESH sizE , :
N MIcR e8s ZNs  FESZ . caLspoL .
23 & 892 0486 . 1417 2e2
T 1 S £ S 1 S £
2,62, a.59 :
. 65 209 1.73 4.59 s .
.C? ;
oI M pf g sl i
. 200 74 19,82 16.0x8 € 11 .42
. 270 53 28.87 12.73 19.2¢ 14.03
400 37 11.38 s.332 13:8¢ 10.20 ‘ .
=400 -37 170 1739 aasie a8052 )
Ay
B
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§
CUM NINERAL PCT FINER STREAM NO: ) 3

CUM MINERAL PCT FINER STREAM NQ: 3

MESH SIZE
NO MICR Pas NS FES2 CAL/DOL
! 28 592 82,66 B83.40 69,81 82423
3s 19 76.56 75e21 61.40 74 .33 ,
8 266 66.99 65473 2.2 67«62 -
s 65 209 62.16 60.65 26.62 61.71
’ . 100 148 48,68 49.62 29.£0° 56 .67
¥ 150 105 40.18 4l.53 32.¢€7 44,98
200 7a 33.44 34,62 27.68 36.01
, 270 . 53 25.14 26.41 22.10 26475
] 400 37 19.81 21.23 18.46 21,02
0 1
M . K . |
1 1
CUM MINERAL BCT FINER STREAM NO: 2 , |
MESH ' SIZE C
NO MICR ogs ZNS FES2 cAL/DOL - A
2 s92 9E.5a 94,03 91.£1 <89,56 . N
: as 419 95.22 91.03 £9.z:1 a4 .85 . .
, ey 296 92.99 86.76 s, (2 79.18 :
65 209 90477 82.02 79a.52 72.37
1 190 Tag 83,36 67.01 €a.st 61 .52 »
180 105 7162 49.02 47.62 80,95
200 74 53.8¢ 35.19 31.%8 39«49 .
. 270 53 28.27 23.86 18, €5 29.77 '
400 37 17.86 18.59 15.C% 23.61 1 . .
N »
1
i
0
I
I
i

MESH  SIZE , ‘
NO MICR ees . INS FES2 CAL/DOL
28 592 99.7% 99.79 $94 €0 99 o 44
3s 419 99.28 99,56 SB.4E 99,14
48 296 99.28 99,66 $8eié 97.83
65 209 99,28 96,48 §7.5%5 94,61 .
100 158 98432 97 .84 90454 84 .75 B
150 108 96,74 87.18% BE.ET 71 .48
200 Tu 94,76 T2e41 75411 56 .76 - i ‘
270 s3 84,34 52,56 £6.(5 41.93 -
400 37 65.84 a2.57 46477 33.17 .
- 5
\ CUM MINERAL PCT FINER  STREAM NO: & )
MESH S1ZE
Eo MICR pBs ZNS FES2 CAL/DOL
2s 592 95,96 91.64 89,77 79,050 '
T 3s 419 94,48 87.14 e6.78 70«29
a8’ 296 91.84 80.95 81.88 60.18 ‘
. 65 209 89.21 TA15 75.37 49.71 N
; 100 148 80463 53.11 58,¢9 37.85 R N
150 108 67.03 |, 31.A4 37.71 30.04 .
: 200 74 4836 " 18.42 29.1¢ 21 .51 .
. 270 53 18401, 10.93 9.(8 "17 + 38 !
¢ 400 37 8435 TaT8 6.4 13,86
- 13
'Cuy MINERAL ©CT FINER  STREAM HO: S
i I -
NESH [ SIZE . fm
Eg 3:cn PBS 2ZNS FES2 ° CAL/OGL o
' 9 99,14 98.823 $7.€2 97 »02 '
.5 IR 1 98.16  $6.£5 98 .s¢ .
° N a8 296 ‘97.86 6.24 83,72 90,.8T7 : ,
! 65 209 96.13 91.68 g8.¢% 83,23
- | 100 148 89.89 74.85 T1e77 68.48. - ;
150 105 77.87 52,40 £1.50 57 .07 |
‘o 200 76 57.74 A5.A4 22,45 431,04 ' oo
279 3 | 28,87 22,71 17.$9 32,83 )
~ 400 ar 17.49 17.39 14415 26 .24 .




MESH
NO

28

3s

48

100
150
200
taTe

400

65

S12E
MICR

- 8592

A

419
296
)
209
148

108

!
74

$3

a7

fes
Qsa?7s

Qebs2
0e.410
0-3}4
O.199
0+118
04073
0e04e

0.032

ZNS
0.609

0.596¢
Oet9?
0.346
0.191
c.110

,0.072
0.0a2

0+03a

T

ry

INSTANTANEQUS RATES CF BREAKAGE AT THE TIMEl
STEACY STATE CINDITICNS wgERE REACHED. MIN

FES2
Q447

O.412
0.330
0.237
0.121
0.079
0.0852
0,032

0.028

T ovaat

-

'

CAL/DOL
0852

0582

Qo428

0.208
Q150
04057
04082

0.0ds
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EMFLT CATEA USELC 1IN SIMILATING » FE=-2N DRE GR INDINC OPERATICAN
FLOW RATE INFLT (FRESK FEFD)S

ydaw ¢°*061.38 SITNSAY Z°T°A

155030 METRIC TONS PER FCUK ! R
BALL NMILL hCLCUPS Ee27 CUBIG METERS ‘ N N
v ° .
¢ GRINCIMG SChbE FACTYCHh FCR PES: 3070 R
. ~GRINCING SCALE FACTCF FCF 2ZNS: ' 1400
< GRINCING SCALE FACTOR FCR FES2: 1dug ) . )
GRINDEING SCALE FACTICF FCR CAL/CCL: }aunt ' s
. " s . T
MESH ST2E& CrEMLICAL ASEAYS SPECIFIC RATE 0OF BDREAKAGE P CRDEK CF BFEAKACE
a ASEAYS PR F4 ) - FE FES ZNS FES2 CAL/CCL PES ZNE FES2 CAL/0CL
— . .
. z8 24024 1o 3% AR 4,71 A 1eSG141 VeaT7E8] QL6797 N eLar De7483 CQoBIAE Co€aEF ¢, €772
v 35 S454 2632 Se 82 371 JeBIEE ULGEEIR Ny 4B2E> 205842 Ve7852 WeI21N 108652 09973
; a8 643 2.75 £411 34823 NeS581 Ved731 Ve22EY I 2738 JeSEIL 10C4€L C0SBAE 1,1673
(37 Cslr Med3 3.77 2444 103948 e3164 e 243 Y4277 1e1CBA 141765 CoSEOE 41622
) I8 1Ng2¢ 1e30 3253 1234 JeZTIE o IEBNE Us 1329 Ve 725 10421 147457 (49213 |, 1548
1549 17433 1.02 d.A1 1.02 VelE1E LLNG5L NeYbLY Ie1£21 1e113¢€5 1.CESC 1.224C ACZTZ
voe T 2u 2el2 1.28 3,46 letoé e 13LE NLT737 UeNdAT0 V,uG34 Vo679 193770 Jel€S4 127294
27¢ Toea?7 1025 445 1,72 PolE13 Ve3R8 g 314 (42073 0o 7736 14y%38 J.Cnes LatBL5
415 Jety 1e41 Je55 2.1y D833 Va218 Je 1239 D464 2a7€25 140468 1,053 31,0572
> . -~ -4 1741 1a78 K48 BoN4 -~ . N
1 - “ N
. { ’
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- - ' §
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LTERATION: 30
RESICENCE TIM:: 1o88 MIN

PLS Cale d3ngt;
ch-‘.‘ Cet.o 210,33

S;:?iﬁ. HaLe

s
.

MILL FELQ

d .50
TCTAL CIRC, LOAC: §6&.47

INE CabLo
CAL/DCL CeoL W

PCT 3CLICS Uy wi, STREAM NO CAE:
. PCT SCLIDS PY wT, STREAN A3 TeC:
PCT SO IDS DY w1, SIREAM ND THREE 3
FCT SCLiIBS Ey WT, STREAM NO FOUR:
. PCT SCLIBS EY, w1, STREAW NO FIvE:

CUMLLATIVE T RCY RIMNER - CVFRALL

-1
123,51, °

1880
62410
50876

e
L I : e
£12cC ‘ . -
NICR STREAM L STREAM 2 STRCAN 3 STREAN & STREAM &
» &
€62 T€e7c 1 Eg,25% $91a 82.78 54467
L, ! N

a5 85442 LbiCE SH,.94 77.40 | 52,22

2¢e, ©3,51 . 7791 $7.24 Gl u? 85.24 .
2¢6 87,41 71,48 S1e6% 56.¢E 17410

’ ? oL e,
S4B 4721 senel 97,87 as.ie €1.41
h ] A B ]
e KIPRY. 3,47 €4,96 3z.%4 4€,63
2 ¢ .
74 24,70 3z2.15 49.70 23,22 31,87
t4

o e

£4 2129 22.51 el V€ 2C 21474

7 17640 HaS1 2951 12,74 15.¢e2 R

-

rd

-
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’ / //// ' . A5.16
b ¢ ‘ f s
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i
- . PIRCRAL DISTIIALTICNG ECT STRESN NC: | .
% - -
Piesr s12¢ L
NC vIcs FES PINY FEsz caLsecL
/:§t ze 552 21452 Z%.c6 33,66 3,1
e 412 E, 68 7453 7 Sec2 *
“n 2%z 1T, 8¢ Eo73 5w 1S S8k '
= -1 e 1ed2 £e21 LYY ¥1 Eedy -
1° 123 17412 €,39 T Weel : N
. 18, 1 = 150514 Eeat Eo7E 1le 74
205 74 €,.,83 Eobz 4,87 L BelE
/ 27 £ ¢ bt L£48% LelE 7«78
bt 27 bobg 2a82 2 €4 e O
) : ~uier ~ =37 . 1S.k€ 18,93 16.7% 17.3¢0
A .
+ ° - @ o
. . ¥IRERAL CISTRIBUTICA, PCT STREA¥ NO: ¢ !
4 sz ' y ’
e miek Pes NS FESE caL/coL
Hi £62 3,67 a7t £o8¢ 14463 '
- & )¢ 1,73 F 24 20 i€ belb ) ,
L] 2e¢ 2.81 Q408 372 -] -
. €s 2 <. CeES FXYE] hetS Be E&
147 tac TLI8 . {el37 16,55 13.7% . ,
1&¢ 12 1S.%1 22464 21.6¢ ?.77 -
284 74 Zi el * !énil 13a£E Se BE ! N
’ 27¢ £3 17661 e22 " 1hes5a 7067 .
. 48 17 Ge2E 2el6 “el7 356
-ong -27 15012 154454 17.23 16.87
L o -~
‘MINEFAL DISTRIBUTICN, Pt STREAN NC: 3 . ’
VE £ S128 ’ , :
. NE a1k PES s FES2 - cAL/DCL
2 852 Bell sed0 ' ¢ ae2 T
k13 416 e .® Lo 8 (a7 "o 19
ag 23¢ 2.3 fed3 bedz 1,62
€€ 24 le.2 Lo Ty 8 8e4a
LY 168 <e2? ‘agE 2s .6 164 LB
15¢ 178, 1,.m¢ 1179 B 445 13.21.°
207 7w Zet2 15,30 12, 2¢ 15.€8
27 53 13419 27 168,52 12.61 ' .
¢ ALy 37 14¢32 4 Eeu§ Peas Goda .
-aqn 37 €7.€1 38,73 4Ce (4 26408 -
- Y
MIPERAL DISTRIELTICA: PCT STRESM NC3 & :
‘ NESK 512 |
N M1CR FES 2NS FES2-  CAL/CCL ) .
28 £352 8,11 5.82 7,26 25.¢7 ¢
ak a1g 1453 357 2447 7Te72
ag 2ce 3alt 2,88 Lo ld. " 13488
~ es 255 2454 8433 8,:¢ 1N, )
1¢r lag E.E¢ 16,78 lo.11 11.88
p S 1.3 17o1¢ 2%462 230 4€ e 18 ‘
" = 2¢- 74 22.06 13.4¢ 13,68 5,04
' 2% LEz 1tald €o .7 luaiz & ,06 .
.y 4ne” 3% Bkt 1,87 3,78 1,22
<, -of -37 13.35 Se32 13.55 14,87 . N N
i
® VIMERAL DISTRIBUTICN, PCT STREAM NO: & N ) .
ME € size
nC MICF Ees NS FESZ . CaL/DCL . / ,
2z =52 1e47 Ze7€ 2.¢1 Te70
. as 813 CeBY 1.36 . 1,61 3,26 |
: ae 230 1.83 | 3,57 317 1043¢
€3 2:6- 2s7¢ Tef 2 LR 1)e B8
3 1ag 7eé2 1843€ 15.2¢ 16,28
- 18, 15 1€,.3 2€.58 23.72 TelT
. ze> 74 Z1e62 1752 lag 7t 1Ca g€
27 £3 15..8 Ge87 11,7 8412 -
sty 29 5o 8% LR be2g 3e2r
~aGy. -37 1SenE 18474 17e 8z 21.654
. s .
‘ - - 3 e
. .. . .
K I -
’ , . a .
[) . ' - § N
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s
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1
i

. : ‘
‘. . 1 .
- , fo - A5,17 % |
7 ° 1
1 t I i
- f H y
. v . : i
! 4 N J ./I
CLM WINETAL FCT FINER STREAM NC: 1 {
1
L3 3 s
e S1% gee s Fisz caLsTCL S’
tl . 4
zE £52 . TEMLA 74,31 €1.32 _ 7€.50 v ,
:5 413 cq:b‘_! [XTXX 23.E%. 71425, i
ca ., 236 58,54 2707% a54€¢ EL. 25 |
Py 233 Xe 4HQ £2,54 41 40 % 58.59 ,
165 lae QEL77 4441t 25,€§ . “6.33
1€ 1 2 36,27 ae,73 26422 17.62
2t 74 26,76 26.26 - 23.77 geel8
271" =3 Z3,mp F LY 15 26 21e 2. . R
ugr 37 16.46€ 18,03 1€,7% 17,30 |
- N e | L
’ Cuy ¥INERAL PCY FINER  STREA¥ NC: 2 |’
ME Sh s12< . | l '
ne M1CR PBES Zns FESE CAL/DCL ]
i 532 6,33 62,3» §3.88 25,27
e 15, Ty 89,54 §14 1E 8lerz !
aF 234 $1.76 84,86 87.4¢€ 72,658 T+ !
s 2.% £Gq20 76,22 22,78 63.80
19 1ed 81457 €l.8¢€ €841 Sle8 l : e
120 142 EE LD 3¢,22 66433 41,28 L
2¢" 7?4 aéelC 280ul 32078 31029 /
27 - a3 2R,38 18,78 Z1.8C 22,42
R «g’ 27 15412 15464 17.42 19,87 .
£4
CLM VINERSL BCT FINER  STREAWM NC: 2 e . -
VESH s1z¢ ' !
AC ¥1CR FES 2KS FESZ CAL/DCL !
i€ 252 1604RA 104, G9418 SSe S !
ae 443 55458 $9.96 98471 o8.8¢ '
ag 2%¢ SGuba . §Ge523 S8e42E 95453 - :
&S 2 S$Se€1 §5oe G7eS2Z SJe &S .
167 1643 6Ga34 422 GSeE3 4441 t )
180 1€ §7e78 €2,23 B7.26 ° 61427
23 74 2412 €7.62 P7.0€ as,32
27 €3 £1.52 47,23 38,23 32,5
40 a7 elet} 38,71 43e( 9 2&e (€ !
CLV MINERAL PCT FINER TREAV AC: & : ‘
. I
NESK S12€ . ' . '
N MICR | Fee NS FESZ CAL/CCL ' A
3 562 $5.86 53418 92474 764432
st a1d  §2.65¢ INY 3427 EEe &2 .,
a8 190 G386 87,83 26 412 £3,47 -
[ 205 £7.6¢ 72451 88,63, 462,26 . . .
\ 1l 149 76038 2Za7t 6us €2 20,237 .
182 128 £2,22 27.14 41es¢ 28,20 ,
20 74 4ce e 17,94 27.3¢ 2itele ¢
27" 53 2Zeit} 1€ 57 17,24 16.3¢
agp 27 13,25 - Sed0 13,56 14.€7
1
1]
CUM MINEFAL FCT FINEF  STSEAM NOI & e ' :
ME s S$1Z= / - -
- nC MICR (FES NS FES:Z CAL/DCOL )
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COMPUTER PROGRAM TO SIMULATE A CLOSED GRINDING CIRCULT

.

-THE PROGRAM [ TERATIVELY COMPUTES THE MINERAL FLOW RATES
THE PROGRAM USES THE COMOINED CYCLONE MODEL

A

- hd ~ M

NUME NCL ATURE

RHO( 1) SPECIFIC GRAVLYY' OF puae MINERALS  °

. . (MEY TON/CUBI METRE )

s RHO(1)= 7.50 {GALENA) -t N
RHO(2)= 5,00 {PYRITE)} .
RHO(3)= 4,00 /7 (SPHALERITE) - e -
. RHO(AM= 2,85 {CALCI TE~ODLOMITE)

RHOULLL) - SPECIFIC GRAVITY OF PURE MINERALS \,

(UNITS/CUBIC METRE) _ A

FACTOR(E) &

STOICHIOMETRIC FACTOR FOR CONVERTING - N
ELEMENT ASSAYS TO MINERAL ASSAYS

FACTOR(1)= .15 (GALENA - PODS) .

FACTOR(2)= 1.48 {SPHALERITE - ZNS)

FACTUOR(3)= 2.18 {PYRITE - FES2) ° )

&
CONVERT 1 ON

TTON - FACTOR (METRIC TONNES TO R .
MINERAL UNITS) R

UNIT CONVERTION FACTOR- ¢MINERAL UNITS TO . - <
METRIC TONNES) - .

8MH VOLUMETRIC DALL MILL HOLDUP (CUBIC METRES)

TIME BALL MILL RESIDENCE TIME (MINUTES) ° - .

Plloed) ORDER OF BREAKAGE (SIZE-BY-SIZE AND
MINERAL-BY—-MINERAL) -

Bll.J)’ CUMULATLVE-HAS IS SPECIFIC RATE-OF —BREAKAGE -

Yil CYCLONE "SELECTIVITY INDEX

T FlCHEM(l;J)

FG(1)
KllesJ)~

SIZE~-UY-SIZE ELEMENT ASSAYS OF ROD HILL -
DISCHARGE (PERCENT)

GRIND SCALING FACTOR (A FITTING PARAMETER)
INSTANTANEDUS RATE-OF-DBRE AKAGE - .
(SI1ZE-BY-SIZE AND MINERAL—BY—MINERAL)

cLav OVERALL CERCULATING LOAD (PERCENT) ”
CLMENCT) MINERAL CIRCULATING LOAD (PE&CENT) )
WADD MAKE-UP WATER AQDITION TO SUMp

(CUBIC METRES/MLN) e

Vi) VOLUMETRIC MINERAL FLOW FATES IN BALL ’
HILL FEED {CUBIC METRE/MIN) B
vT TOTAL VOLUMETRIC OF SOLIDS {N BALL HILL w2

FEED (CUDIC METRE/MIN)Y 2

GENERAL CYCLONC MODEL (FINCH'S APPROACH)

CLASSIFICATION “INDEX -
SLOPE OF THE REGRESSION L INE OF
LOG{DSOC) VS LOG(RHODIIY -~ 1) i .

N T

Y AT

-
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K2 INTVERCEPT OF THE REGRESSION LINE OF AHOVE
USOC(J) CORRECTED CUT-SIZE (MINERAL-BY-MINERAL)

o {MICROMETYRES)
Di1) PARTICLE SllE. GEOME TRIC MEAN (MICROMETRES)
- X THE RATIO’ D(1)/7050C(J)

N “SHARPNESS' OF CLASSIFICATION CONSTANT
THE LYNCH MODEL OF CYCLONE CLASSIFICATION

VE. o VCRTEX FINDER DIAMETER (CM) ¢ - 5
SPILG SPIGOT DIAMETER (CM) . .
INLEY INLET DIAMETER (CM) -
va(ly VOLUMETRIC FLOW RATE OF MINERALS IN
-~ CYCLONE FEEO {(cuBiIcC NETRES/N[NI
Q . - VOLUMETPIC FLOW RATE OF PULP IN
CYCLONE FEED (LIYRES/MIN) S
V12 TOTAL VOLUMETVRIC FLOW RATE OF SOLIDS
) IN CYCLONE FEED (CUDIC METRES/MIN}™
KLE TO KL9 CONSTANTS IN THE MATHEMATICAL MODEL .

NGTE: © THE GRIND CIRCUIT CONTAINS FIVE STREAMS, =
STREAM .ROD HILL DISCHARGE (*FRESH FEED‘)
CYCLONE FEED
CYCLONE OVERFLOW (FLOVATION FEED) . .
- STREAM CYCLONE UNDERFLOW (BALL MEILL FEED)
STREAM BALL MILL OISCHARGE

THE FOLLOWING TERMS REFER TO THE ABOVE DEFINEO STREAMS:

'\IT TO NST . TOTAL SOLIDS MASS FLO‘I RATE ' ‘
(UNI TS/MIN)
PCTSY TO PCTSS PERCENT SOLIDS OF PULP -

| 83
STREAM 2
STREANM 3
4
5

20 0n 00 ¢b 04

Fi(l) TO FslI) S1ZE ASSAYS OF SOLIDS -
FF1{1) YO FFS(I) CUMULATIVE WEIGHT PERCENT FINER
gl(l) TOo Rsi{1) CUMUL ATIVE MINERAL UNLITS COARSER
(UNITS/MIN
Z1CieJd) TQ Z5(1es) PERCENT ulNERAL FREQUENCY DISTRIBUTION
ZF1L14J) TO ZFSU1,.J) CUMULATIVE MINERAL Dlsrnlaurlon
COARSER (UNITS/MIN) “
FMI{I,J) TO FMS5(1.,J4) CUMULATIVE MINERAL ousrnraurlou -
N FINER  (UNITS/NIN)
~ ~ *
. . i
CHARACTER®T ELEN(A) v s
DIMENSION *F1{10)+F2010)4F3{10):F4(10).,F5(10),.FLu(io)
DIMENSION FF1(10)sFF2(10).FF3(10).FFAL10)+FFS(10)
DIMENSION FIMU(10:4) ,F2MUL109s8) eFIMUTLD04) FANULIU 4}, FSMU(10,4)
DIMENSION FIMUCEL10:4) F2MUCI10,4),F3MUCI10.4),FAMUC(10,
DIMENSION FSMUCITO.4) CLMIN(A) "
DIMENSION FICHEM({10+:3)+sY(10,4)4sB(9:4):2(9,44) P
“DIMENSION V(4)sRHO(4) . RHOU(4),MESH(10) JLAPERT( 10} ,FACTOR(3)
DIMENSION R1C10),R2(10).K3{10)R4(103+R5(10) -
DIMENSION 21(10,4)522(10,43+23(10,4) 10041025(1044)
DIMNENSION ZF1€1044)¢2ZF2(10.,4)02ZF3{10M0)32FA(10,4)92FS(10e4)
DIMENSEON FMLU10.4) oFM2(10,4)sFM3{10,8)dFMEIL0, &) FHS(10,4)
DIMENS JON FGIAa)eYCL10s4) - *
« oo T
N .
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N * CONTINUED sceese

D1 MENS [ON D(lO).DSOC(‘)-YP(lO.QI i ' M *
. OIMENSION v2(4) . - N * .
REAL K1 .K2,KL1 .KLZIKLB.KL‘.KLS.KLG.KL?UKLB'KLQ-NOlNLET
e REAL M} 2T o MIT , MAT s MST oK (9e4) - * . ’
M, SOL ) N

i
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TRHOUGH THE ITERATIVE PROCES !

OEFINITION OF PARAMETERS YO 8E CONSTANT . ) m$
Klx -1.367 .o . ) . %

= 2,361 ' ’ N g
VF= 15424 o .
SPI1G= B,8% . , re .
. INLET= 15,24 ° L | . <
. KL1= 193, - / -
KL2s -271.6 i . ;
> KL3= 17,08 - ) | - b
A KLa= 0,04 y - - . -~
KLS= =0,05876 ” B !
KL6= 0.0366 ! ' ., ,
KLT?= 0,0299 : : : '

KLB8= -0,00005 . ‘ : <.
KLY92 -0,0688 = sk . . o .
- . FGl1)= 0.70 - - .
e

© FGl2)= 1.00 . ‘ :
- FG{3)= |, . o, -
FGla)= 1,00 . ‘ 4

’
- - PCYS1= 77, B -
RF= 34, $
vwiz (100, tSOLlIDCTSl -~ SOL1)}/60. -
¢ - VWS= 2310./60. ! a . B
TON= &.ES/5011 i N N N .- . .
UNIT= 1 .,/TON R o \ ! . ®
N1T= 1.E4% - - '
’ DO 10 I=1,a " N R . .
. RHOUL L )= tomrmo |8 . | . R
( ' 10 CUNTINUE \

B -

T2 SY

. N\ dERY ] ! : ’
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CONTINUED s3veve . ’ P - p
DO 20 J=1.3 . .

o
e
N
-4
=
L
-
-
L
)
H
.
-
te "

{1sJISFACTORIJ) - i
4) . : .

-~ . .~
[ s - -

Lud
M
B
’
~

X, i
ol . FIMUCLT, )= A+
- A= FIMUCIL +J) ° N . . ’ -
20 CUNTINUE " R @ . . - .
A= 0.0 . ‘e . .
) < ( DU 30 1=1,10 . . . - . . . - .
Co s FIRULIs4)2 100.#F10(1) «

o FIMUCIE,4)= A + FINULL.4) - . R - . -

- . 30 CONTINUE - . . . .-
. DO 40 J=) , . s L
DO 40 1-1.16 . . . \ , .
FOEMULTIod)= 040 . v R . .
N 40 CONTINUE e ! . "o ’ s
VHS= 040 R ~

BEGINNING OF THE ETERATIVE PROCESS ’ : M / ¢

-
-

)
".-ﬁ
-z

;
w

»
»
a

PR ¢

.\ o sy e ks dons Fner bt 8 o al e i s
-
o .

anA

R M= 1 . * . + v & ' - .

. 15 DO 50 Jxjeé g . . . . . M .

SUMP . P . L. : as

,d

L 2Ya1aYsY21a)

A= 0,0 , : ' .
N DO 50 I=1410 ) R - . -
FZHUAI.J)«- Fluutl..u + FSNUlL.J) " . , ' -
F2ZMUC( 10 J Fa2MU(L.d) . A .
Az anucu..n - - 4 - . \
. . . 50 CONYINUE v . . - ’
) . VWa= vl + vus . ' : - L
- DO S2 I=1.,10 -

d
-~
’
‘
PRFCINEI S

\

S2 CONTENUE e ‘ b &

‘ L
~ . M2T= A+ quucuo | & S . ¢ . . -
Az M2T ; : . .
55 CONTINUE . ) &
, PCTS2= 100.UNIT#MN2TACUNITSNAT + vu2) -

DO ST I=l.10 . . . -

. FFI(L)= ‘lOO.l(MlT - FlU(l))IHlT T [\%]

. FE2(I)= 100.¢(M2T — FZ(I))/MZT , ® [ V]
i ° 57 CONTINUE . . . * :
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(23

. \ .
- 63

1
. 22
. 62

v 60

re 70

[aXaXsTatn!

VTR VEEY ¢ V(2) ¢ VII) ¥ VEA) -

>

CGNI‘IW&Q sseccas T 4 °

RF= KL14SPIG/VN2/20. + KL2/YN2/720. ¢ KL3 . '
ViW4es RF&VW2/100. - .
DO &1 I=1,4 i

VZ(I)= F2UCl 10,5} /RHOULT) - ’
CONT INUE <
VT2s v2(1) + v2{2) ¢ ¥213) ¢+ V2(4) a
G= (VT2 ¢ VWw2)%1000.73, -

aDSOClQ)‘ )02:;(KL0.VF + KLS*SPIG + KLO*INLET ¢ KL7+#PCTS2 + KLB%Q
+ s

K2z ALODGEIDSOC{A)) ~ KI#ALOGIRHOLA) ~ 1.)
DO 63 1=,

3

DSOCII)x EXPIKISALOGIRHOIE) - 1.0 & K23~ : .

CONY I NUE . [
DO 62 J=l.4

¥{10sJd)= RF !

DO 62 1=1,9 !

X= DL1)/080CLA) . o
IF(X-GE.2.51G0 1Q 21

YPCIsA)= 10Q0s%(ls = EXP{—0.603¢X*¥N))
GO TO 22 *

YP(lsJ)® 1Q0. *
Y(I-J)= (100s — RFISYP(1:3)/7100. + RF .

CONTIN

oa 60 Ja:.s . , oy
A= (3.0 { - “

00 60 I=1s10

FAMULTsd)= YIlsJ)sF2MU(I,3)/100, .
F3MULled)= F - FAMULLJ)

T A= FAMUCT]) . J) .

B1= F3IMUCI L J) . .
CONTINUE . .
Bl= 0.0 N @ B -
C= 0.0 - %

DO 70 Jx].4s . )
VI J)® FAMUC(10.2)/RHOULT) hd .
M3T= B2 ¢+ F3IMuCl(10.3) !

Kk'f*“grf FaMuc(to, )

Cs MAT i -
CONTINUE

SOL4E MATHUNIT
WAQD=E VNS —Jlb

BALL MILL v b

RHOT= UNIT*MAT/VT
TIMEn OMH/{VHA ¢ VT)

+9
FSWC(loJla FAMUCC T W JISEXPL-FGEII2B(L o JISTIMESSP(] 44))
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"301° CONTINUE
310 FORMAT(®¢1%//¢ ¢ ,]15X, INPUT DATA USEQD IN SIMULATING A
SNDING OPERATION'//¢ ¢, 15X, *FLOW RATE INPUT (FRESH FEED}I*,F10,2,"
MEILL  HOLDUP 2 ¢4 16XeF 602y ?
@ METERS'//' ¢ ,I15X,*GRINDING SCALE FACTOR FOR PRASI*.F10.24/0
SEGRINDING SCALE FALTOR FOR ZNS:'1F:gn%;;:
i, .
@*GRINDING SCALE FACTUR FOR CALZDOL: Y ,Fb.2//77/1
ASSAYSY »65X,*SPECIF
3 S,16Xs "ND*43Xs ' ASS
GIZNT o 4Xe *FEy 10X+ *PAS’»3Xe YZNS* ¢+ 2Xe YFES2 CAL/ZDOL ' o4

CONTINUED ssovee, .

< CONVERGENCE TEST OF STEADY STATE MASS FLOw CONDI TIONS

C
C
: IFCLAJLEL104) +sOR({MsET.50))GO TO 140
M= M . -
Ga T4 15 : .
; ~
C ° END OF ITERATIVE PROCESS
c R ©
140 DQ 145 Jx),s -
Si= 0.0 .
S2= 0.0 2
‘S3= 0.0 ° \
SA= 0,0 .
§S5x 0,0 P
DD 145 I=1,10 LI
Z1il,d)= 100.*FIMUCT+JI/FIMUC(104J)
' Z2U1eJd)= 300.,#F2MULI+J)/F2MUC{104J)
Z3114d)x JOOL#FIMU(TJ)/ZFINUC(10,3)
ZA(LsJ)= 10QeFAMULL L J)/FAMUC(10,J)
2500, 3)= 100.¢FSMU(L+JI/FSMUCI{10,J)
ZFI(lsJ)=.S1 + 21(L+4)
2ZF2{Led)= S2 ¢ 22(1.J) .
ZF3(L4d)= S3 ¢ 23({1.9)
ZFA(LlsJ)x S& &+ Z4(%,)
ZFS{leddx SS + I5(1.4)
FMILL, )= 100, & ZF1{1,J)
FM2(1.J)= 100, - ZFatl.Jd)
FM3(3,4)= 100. - ZF3ti,J)
FMail2)= 100, -~ ZFa(l,4)
FUuS(L1sdd= 1J0. - ZF3(1.,49
Skx ZF1Ll.d) -
S2= 2F2(1.+Jd) -
$3= ZF3(1.+4)
S4= ZF4{1,d) ,
5Sa ZF51144)
145 CONTINUE - %
DO 199 J=1.4
DO 199 I=1,10 -
YC(lod)= 100.6YC(10d)
199 CONTINUE .
WRITE(G6:3101SOLY \BMHI(FGLE) »Ix1,4)
00 301 I=1,9
WRITE(6,319)
@J1:dT1448)

DMETRIC TONS PER HOUR'/' ', 15X, *BALL

@*GRINDING SCALE FACTOR FOR FES

DOMEGH? 43X *STZE "4 3Xe "CHEMICAL
DGE®y7X,'P —ORDER OF HREARKAGEt/*

DUINS' 42X *FES2 CAL/OOL'//)

N ~

°
-

S
HESH(I,-FI(".'FICHE"‘luJ,rJS’vJ,Q(B‘I'J,'J;Io‘lvaﬁéll

PB~LN DRE GRI

cwaiIc,
'ﬂ15X.‘

. N .
ATE GOF BREAKA
PedXe "PUH 44X,

L)

e e

%

PS>
R e iaeit
. g"' .
£ O
-
-
\
s
-
.
.
.
.
.
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-
-
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CONTINUED eonvee ° -
315 FOURMAT(® * )15Xe18¢2KsF6.29 1,Xs3F6e203Xs8F7 442X AFT7 .4} .
- - WRJTE(6,316)MESHI10)+FI(10) s (FYCHEMI10,J) vU=x1,3)
W16 FORMATI(' *,15Xel4:2XeF64241Xs3F6,2) -
WRITE(6,700)(D50CI1)si=1,4) [ .
700 FOURMAT(/7/715X.*THE CORRECTED DSUC VALUES ARE /720X, *PBS:,F12.2/
D20Xe *ZNS2* F12.2/720Xs "FES2:1*,F11,2/20X,'CAL/DOL ¢! ,FBe2) .
WRITE(E.200)MsRHOT , TIME,CLOV«(CLMIN(J) ¢J=1:4)+PCTS1,PCTS2,PCTS53,
aPCTSA,PLISS
’ 200 FORMAT(1V//7/7% 1 ,22X *ITERATIONI*,J3,418X,*'SP. GR. BALL MILL FEED:®
DIFS5.2/7" 122X, 'RESIDENCE TIME:®* FS.2+" MIN' J11Xs'TOTAL CIRC. LOAD:
. B, F7.2//" '431X,'PBS C.L, PeF 6201 1Xe*2NS Cels *2F6a2/7' 9,
31X FES2 'Cole 1 4F642:s7X " CAL/POL Cale "y F64,277 *,31X,
B'PCY SOLIDS BY WT, STREAM NO ONEZ®,F9.2/' t,31X, ©
B'PCT SOLIDG BY wWT, STREAM NO TWD:®F9,2/% ¢ ,31X,'PCT SOLIDS BY WT,
//’ ® STREAM ND THREE:® F7.2/' ',31X4'PCT SOLIDS BY WT, STREAM NO FOUR?
. B9 FB.2/7% 9,31Xs'PCT SOLIDS OBY wWT, STREAM NO FIVE:® FB.2//7V ¢,
S'CUMULATIVE wT PCY FINER ~ QVERALL'///)
. ! WRITE{6.,210) ~y
b y, 210 FORMATE' ®*, 14X "MESH"aX*SJIZE®/* *,15Xe"NO"eSXs*MICR' 43X,
B 'STREAM 1° o IXi"STREAM 2% y (X *STREAM I, 1XSTREAM 40, IX,*STREAM 5¢
. ) B
. 00 220 1=1,9 N
s WRITE(IG64250)MESH{I ) LAPERT (I} FFICI)FF2( L), FF3(1).FFA4{T)sFFSCL)
250 FORMAT(:® ‘.IAX-14.5X013-5(JX.FG.Z)//). .
220 CONTINUE o
Jix= ) d
J2= 2
J3= 3
Jax & .
Jo= S . -
WRITE{64255}J1 )
DO 144 1=],10
N WRITE(G6s260IMESHIT ) +LAPERT(IDIRI(L) JEFIMUCTILJI) oed=),4)
146 CONTINUE : .
WRITE(6,255) 42
D0 150 [=1,10 -
- WRITEIG63 260 )MESHI L) LAPERT(IDI+R2(L) (F2MUL§:J) s dx=1,44) ¢
° 150 CONTINUE < Yy .
WRITEI6,255)J3 N
DD 160 I=1,10
o WRITE(6+260IMESHI L) ¢LAPERT(ID sRIUL) v (FINU(TIJ) s J=1,4)
160 CONTINUE
WRITE(G6+255)J4 o -
D0 170 I=1,10 0
IRITE(GQZGO)HESH(l)oLAPfRT(l)uRQ(()-(FQMQ}I.JI0J=1n4|
. 170 CONTINUE . o
WRITEL6,255) 45
. DO 180 1=1,10
N q - WREITE(H6s260IMESHIT ) JLAPERT(IDIRS(L) ¢ IFSHMU(TIIJI) sd=1,4) -
N 180 CONTINUE B A . - N
= 285 FURMAT(' 1% ///7,22X, 'MINERAL UNITS ETAINED, 10X, *STREAN NO: ¢,
. BL277% % 422X 4 "MESH? ¢4Xe "SIZE' /% 1 ,23%, *NU® 45X +*MICR? ,5X ¢ "OVERALL*,
R BSX 4 "PUSY, 66X PZINSH,5X, 'FES29,3X, *CALYDOL /)
- 260 FORMAT(°* ¢ nZZX.!ﬁQSX.I]yJXQSFlgnZ//) .
- WRITE(6,265) 01
R DO 181 I=1,10 .
- WRETE(Oe270IMESH( I ) JLAPERT (1) (Z1U1 ) ed=1,4)
181  CONTINUE
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CONTINUED coesee o

WRITE(64265)J02 . N /
DU 182 131,10 . -
URITE(6-270)MESH(!).LAPERI(I)-(Zall-J)onl.A)
182 CONTINUE
WRITE(6+265) 43 N @
. DO 183 [=1,10 .
WRITE (64270 MESHI L) sLAPERT (110 (Z3( Lo d)oJ=1s4) < .
b 183 CONTINUE .
. HRITE¢6.265)J0 . .
. 00 184 I=l
HRITE(G-Z?O)M&SH(l)-LAPERT(l)o(lQ(I.J).J=l-4) N
188  CONTINUI ¢ ‘ ~
URITE(6-265)45 -
\ DO 185 I=1, -
. HRITE(6c270)HESH!ll-LAPERT(l)-(ZS(I-Jl J=1.4) °
. 185 CONTINUE

265 FDRNAT('I'////‘ 422X s *MINERAL D(STRIBUT(ON. PCT* o 7Xs *STREAM NO: ¢ -
\\\\ D127/ 022X.'NESH'-¢X.‘$IZE'I' '.23X:'NO'.SX.'H!CQ'.SK-'“BS'- .
- BOEX s "INS* 14 Xe 'FES2* e AX, "CAL/DOL
. 270 FORMAT(* ‘.ZEX-lloSX.l3o5(3XuF6.2)/ll
. !RITE(6.275)J1 . . o
3 - 00 191 =1 ;
wnltcte.zso»uesu«lJ.LApenr(x).(FnI(l.J).J=1.¢) ‘ )
191 CONTEMUE . - ] .
WRITEL6, 275032 . .
N D0 192 I=1 R . - .
uthE(s.an)HESH(IO.LAPERT(I).(FMZ(I.JI.J=I.4) -
192 CONTINUE *
ualrs(a.azs)Ja e s e
DU 193 (=1, ’ .
MRITE(6-230)MESH(I)-LAPERT(!)#(FHJ(an)uJﬂlqu
193 CONTINUE ,
wWRITELS.,275) 54 i .
N . DO 194 [=1,9 -
unxrtcs.zao)ussutlx.LApERT(I).(Fu~|l.J).J=1.4; .
« 194 CONTINUE N )
BRITE(64275)J5

v
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273 .
thTE(e.ZBODNESH(l).LAPERT(I)-(FHS(l-chJtloQ)4 . . - s .
95 CONTINUE - ~
. ) 275 FORMAT(Y1°//7//7% ¢422X,CUM MINERAL PCT FINER'+3X,!STREAM NOI ¢, . ;s
. B127/% $ 422X "MESHY 44X 'SIZE® /% 423X, 'ND ', 5X, YHICR® SXs *PHS! 4
. @6X4"ZNSY yAX,"FES2' y4X,* CAL/DOL' /) )
(280 FORMAT( +,22X,14,5X0 13050 3X.F6.2)27)

A P

e

N g\ CALCULATING THE INSYTANTANEQUS RATE-DF-BREAKAGE ° i

. ‘ c ‘ .
DU 147 J=1.4 . . .
DO 147 1=1.9 ® '?;
K{lsd)= BUllJ)®TINE*S(P(1sJ) - 1.)8FG(J) - N

. 147 CONTINUE N .
WRITE(64303) h
DO 196 (1,9 .
WRITE{6: 304 JHESH(I )L LAPERT (1) 4 (K(143)1d=144)
196 CONTI
393 FORMA'('I'/II/'
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CONTINUED coeeob

@07 % ¢, 57Xy -1/

Coa 305K, IEESSe hx e
[ [ 3 * L]

304 Zeg‘:k'(' 'll5Xh|4o5Xol3n‘(4XoF5.J)//)

END
SDATA
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INPUT DATA USED IN SIMULATING A PB-ZN ORE GRINDING OPERATVION

FLOW RATE INPUT (FRESH FEED): ~ 154,20 METRIC TONS PER HOUR
BALL MILL HOLDUP; . 8.37 CUBIC METERS
GRINDING SCALE FACTOR FOR PDSt 0,70
GRINDING SCALE FACTUR FOR ZNS3 1.00 . ’
GRINDING SCALE FACTOR FOR FES2: 1400 f

GRINDING SCALE FACTUR . FOR, CAL/DOLZ 1.00

’

o

ME St Siz€ CHEMICAL ASSAYS SPEC!F]C RATE OF BREAKAGE
ND ASSAYS Py ZN FE PBS INS FES2 CAL/DOL
28 19.42 1448 4.99 10.23 0.9141 °0.7581 0.6797 0.6
-] «96 1.25 6,01 6,95 o ?-8!55,0-6548 0.4826 0.5842
4 7439 2417 ~7.49 8.35 0.%9 Ds4731 0.3380 0.3730
-1 S5.72 1¢40 -5.19 5,97 0. 39‘8 0,3164 00,2430 0,2779
100 7%62 2494 8445 6476 02738 0.1808 0.1329 0.1725
150 9.08 1.55 5.22 4,46 0.1618 0,09 D+ 0601 041631
200 8.16 ¥.37 4,98 4,01 0.1085 0.0737 \0,.0476 0.0934
27 8.56 159 5.58% 4,40 0+.0813 06040 «0314 0.,0573
400 5.38 ° 1.64 S5.62 4.45 0.0595 0.0318 0.0239 0.0444

~400 20 60 1.59 ©6.00 5.88 ‘

MESH CYCLONE SELEC INDEXs ¥ - i )
NO FE CAL/DOL . 2
kY " .
&, T T .
28 100,001J0.00100.00130.00" -
35 ~100400100:00100.00 99.49
48 100.00196 00160.,00 92,29
&5 130,00 99 .saiooaoo 74443 . '
109 100.,0C 92,49 99.73 56.55 s
150 100,00 74.95 94.32 45,22
239 93.61, S6.77 77.38 39.16 * 3 -
270 93,00 45.15 58.68 36,31
400 7569 3922 46,42 35,08
~400 34,00 35,00 34.00 34.00
LS -
2 t ,‘ e -
THE CORRECTEQR D50C VALUES ARE: :
PBS: 37.09
ZNS 3 108.40
FES2: 73.19 .
CAL/DOL: 218.04 .
, )
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48

100

150

- . 200 -

270

°

400

- e *&.

E
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TXERATION: 18 . - SP. GR. BALL MILL FEED: 3.56 . -
., " REBIOENCE TIME: 3.10 MIN ToTAL CIRCe LOADZ 172.50 - . . .
i PHS Caul.o 582,25 ZNS Cel.e 206+56 ’
- FES2 C.L. 400.60 CAL/DDL CiCe 116.03
PCT SOLIDS DY WT. STREAM NO ONE: 77.00 s -
PCT SOLIDS ‘BY WT, STREAM NO TWO: 62,13 .
PCT SDLIDS BY WT. STREAM NO THREE: 47,69
PCT SOLIDS BY Wrs STREAM NO FOURZ X T5.34 )
. PCT SOLIDS BY wi, STREAM NO FEVE:  758.34.
LA . 3 :
CUMULATIVE WT PCT FINER - OVERALL
- ‘ 3
: . b
SIZE : . ’ % - - -
MICR STREAN 1| STREAM 2 STREAN 3 STREAM 4 STREAN &
592 80,58 91,32 100.00  86.29  97.5% " .
419 ~72,62 ar,690 99,96 80.83 96,28 . )
295§\ 65,23 82,62 99,27 72,97 92,70 ’ ¢
209  59.81 76.67 96.53 65.17 86.63
’ ¢ v Fl " ‘
148,, 51,89 63.71 88.71 49,24 70.59
N\ * '
105 42,84 50420 7740 3a.84 54.47 - . ~
74 34.68 37,67 62.45  23.31 39,40 ¢
« o r N\
53 26.062 26.43 A6.57 . 14.76 26.65
37 2c.64 20,77 37,38 11.15  20.83 /- .
. s
r
- a
1 i .

JESU—
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M
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B By T A T (LTl ST R T e o

. \\\ﬁmm .
DO, SRR

.

)
« o 08 S RANGINIRY XY PRSI A 7 W1 G WIMg C0 ARy ESA 4

N » -
, - ! v 'xv
f . [ -
! AS5.31
- ® \
@ -
are! - s . .
Aj -
. \ -
- o :’_}{u ?
« e, f - .
* “a i ‘ 7
. - .
W"
1
- . MINERAL DISTRIDUTION, PCT STREAM NO3 1
. MESH sgzs'
o ¢« NO MICR PB8S INS' FES2 CAL/DOL
\ 28 592 17:34 16.60 30.19  (17.77 ¢
35 ar9 *  6.23C 8,19 841 790
48 296 9.67 9.48 9.38 8.718
65 209 4.83 5.08 5.19 5,91 .
160 148 13,51 11,03 7.83 ° 7.0a4
159 108 B.46 B.09 613 9.72 .
200 " 74 6.74 6.90 4.97 8.94
. . 27¢ s3 8,31 822 5.79 9426
. 400 0 37 5,32 5,18 3.64 5,73
-4CC -37 19.81 21,23  18.46 21.02
A - Y "
MINERAL DISTRIBUTION, PCT STREAM NO: 2
N . —
MESH SI2E .
Y NOD MICR PBS ZNS FES2 CAL/DOL
. 28 592 3.45 - 6.35 7«99 9.76 -
35 419 1.3 3,22 2.68 3,48
. 48 296 227 44564 4428 SeS54
65 209 2.33 8,28 5,43 555
100 148 7.80 15.81 18,27 10,57
1S0 105 12.87 17.26 19.13 10.52
200 74 19429 1177 14219 11 .42
\n\ 27¢° - 53 24.91 11.00 10.30 10465
200 .37 9.63 5206 3.57 6437 \
U -40C -37 16.10 19.62 14.20 24,18
~ . ©
o
v MINERAL DISTRIBUTIDN. PCT STREAM NO: 3
. .
NESH S1ZE
- NC MICR P8S NS FES2 CAL/DOL
28 592 0.00 0.00 0400 0.00 N
: 35 419 0s3C 0408 6.00 € .05
- a8 296 9.00 0.00 0.00 0.92
&5 209 0.00 * 008 0400 3.62
- 10C 148 0.00 3.63 0.25 9,92
. 156G 105 .00 13.23 5. 46 12,45
200 74 0.51 15.57 1615 15.01
27¢C 53 11.79 18,47 21.40 14,65 y
405 37 15.84 9.38 9.61 8.93
~400 © =37 71.86 39.63 47.13 34 .46 s
o
, MINERAL DISTRIBUTION, PCT STREAM NO: 4
A MESH SIZE .
NO MICR PBS INS ‘FES2 CAL”DOL
28 592 4.95 9.44 9,97 18.18
s’ 419 1.58 A.78 3.35 8.23
o . 48 296 2.67 6.90 5.35% 953
65 209 2.74 7.81 8.77 9,08
100 148 9.16 21.72 22.758 11.13 '
15¢C 165 15.10 19.21 22.4 8486
200 74 22455 9.92 13.71 8433
270 53 27.19 7438 7.54 7.20
400 , 37 855 294 2007 4415 .’
-400 -37 .42 9.91 64020 15.31 .
‘ . MINERAL DISTRIBUTION, K PCT STREAM NO: 5 :
. MESH s1z¢ '
' NO MICR «PBS INS FES2 CAL/DOL
) - -~ 28 592 0.91 1.40 2.43 2.87
w as 419 0ea9 0e82 te25 toar -
48 296 0.92 2:31 -+ 3.0% 4,54
. 65 209 1.86 5,39 5.48 7¢10 )
100 148 6.71 18,13 | 20.87 13.61
. 150 108 13.59 21.68 22437 1121~ 0
/ 200 74 21.60 14.11 16,50 13.56
. 27¢ 53 28.09 12,34 11.42 11.85
%00 37 10.42 4,97 S5 91
-400 -37 15,42 18,84 13413 26.90 T
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CUM MINERAL PCT FINER

-

STREAM NO: 1

s g g e

MESH SI1ZE :
. N? MICR P8s
: 28 592 82 .66
N 3s 419 76466
-, 48 296 66.99
65 229 62.16
100 148 48.65
. . 15C 105 49,18
N 200 78 33.4a
270 53 25.14
a0 37 19.81
- " CUM MINERAL PCT FINER
ME SH S12E
NC MICR POS
/ 28 592 96,55
3s ~419 95.20
— 48 296 92,93
65 269 90.63
100 148 8283
. 150 105 69493
. 2¢¢ 74 50.64
hid 275 53 25.73
\ 4C0 37 1610 °
CUM MINERAL PCT FINER
'y
. MESH S12ZE
NO MICR PBS
28 S92 1904920
. 35 419  16C«39 /
48 296 100.58’
65 209 10030
4 1% 148 100.00
150 165 100499
200 74 99 .49
- 276 53 87.70
800 37 71.86
o . CUM MINERAL PCT FINER
7 ’
MESH stzg [f
‘ NO MICR PBS
28 592 95,95
35 419 94,37
a8 296 91,70
65 209 88.97
100 148 79.81
150 135 64,71
. . 200 |, 7a 42,16
. ; 273 53, 14.97
N . acc’ 37 642
: CUM MINERAL PCT FINER
MESH S1ZE
NO MICR PBs
o -
28 592 99,409
35 419 98460
' a8 296 97.68
~ [-3- 209 95.82
16¢ 148 89.11
- 15¢ 105 75.52
. 200 T4 5§3.92
27¢ 53 25,84
400 ° 37 15.42

ZNS FES2 CAL/DOL
83,40 69.81 B82.23
7521 . 61440 74 .33
65.73 52.02 6T.62"
60465 ° 46,83 61471,
49,62 39.00 54,67
41,53 32,87 44,95
38.62 27.89 38,01
26.41 22,10 26,73
21223 18.46 21002

STREAR NO: 2 '

2NS CAL/DOL
93.6% 90,24
9043 85,80
85.78 80025
8C.50 . 73,
64,69 63.13
47,43 52,561
35.66 #1.19
3a.6 30.58
19.6 24,18

STREAM NO: 3

L3
,/ ZNS FES2 CAL/DOL
10000 100.00 100400
1000 100400 ° 99495
1000 100.00 99403

99.92 + 100.00 95,41
96429 99.7S 85,49
83.06 94,29 73405
&TetB 78.14 58.04
49.01 56,74 43,39
39,63 47.13 34.46

STREAM NOX &

ZNS FES2 , CAL/OOL
90.56 90.03 81,82
8%.78 86.68 73.59
78.89 8i.3a 64 .06
71,08 74.56 54,98
49,36 5182 43,85
30.15 29034 34.99
23,22 15.63 26466
12.84 8.09 19.46

9.91 6.02 15.31

STREAM NO: S

INS FES2 CAL/DOL
98.60 97.57 97.13
9T.78 96.32 95,67
95.48 93.31 91.13

90.09 87.84 84,03
71.96 66,96 70 .42
50,27 44,59 59,22
36.186 28.09, 45,66
23.82 16,67 33.81
18.84 13.13 26490
~ L4
4

¥

(AN




| - meromo— ' e : : S e e
X ¢ R N ‘ *
.
/- :
. : oo AS.33
- ~ .
& <
R t N '
i )/
- A 1 .
> - . .
* ' -
. .
' . ; e
s N » - i
+ ' é
i<}
. . - o '
N ” ° A M 9
, 2 ' ‘ . ;
~ ? -
i 4 .
- v N . . i
- Eat - *
- ¢ . . ' v i
\ o g
- INSTANTANEOUS RATES OF BREAKAGE AT THE TINE
STEADY STATE CONDITIONS WERE REACHED, NIN . .
© MESH Size . )
. . NO MICR. PBS ZNsS Fes2 CAL/DOL
28 592 G481 Ceb14  _0e4SS 04595
- . 38 a19 34448  0.599 ° 0.Ale  Ow582
a8 296 0.all 9.496 0.331 0.A81
. . s 209 04513 Ge345 0.238 0,334
é | .
100 148 0,199 0.190  ©.122 0.208
4 , 180 165 C.118 €.110 c.o78 0.150
h 200 74 2.073 2.072 0.951 0.097
, 270 53 De0a4 Ced4a3 0032 Q4063
® 37, 0.033  0.038  _0.025  0.047
. ‘ y
, .
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INPUT DATA USED IN SIMULATING A PB-2ZN ORE GRINDING OPERATION

FLOW RATE INPUY (FRESH FEED)S
BALL MiILL HOLOUP: -

GRINDING SCALE FACTOR FOR PBS:
GRINDING SCALE FACYOR FOR ZNS3
GRINDING. SCALE FACTOR FOR FES2:

190430 METRIC TONS PER HOUR
8. 37 CUBEC METERS

0-70
1400
1,00

GRINDING SCALE FACTUR-FOR CAL/DOL:

100

»

Yd3®W g 061 3¢ sarnsad Z°'Z'A

w
MESH S12E CHEMICAL ASSAYS SPECIFIC RATE OF BREAKAGE ORDER OF BREAKAGE
NO ASSAYS ©  PB ZN FE PBS INS FES2 CAL/DOL (=¥ ZINS FES2 CAL/DOL
28 24024 L1e44 4.68 4,71 0s9141 047581 0.,6797 00,6840 0.7483 00,8145 0.6452 0.8773
5 §.94 2.32 S.82 3,71 0¢8155 J+6548 0.4826 0+5642 0.7852 0,9210 0.8653 0.9973
48 6a314 2.75 6.11 3.83 0.5981 C,4711 60,3380 00,3730 0.9831 1,0460 0.9608 11,1673
65 6,10 043 3,77 - 2404 03948 0.3164 0.2430 0.2779 11088 '1,0765 0.9803 1,1622 -
100 13.20 1.58 3,63 1.84 o708 0.1808 0.1329 0.1725 1.042) 1.0857 0,921 1,1588 .
150 19.33 1.62 3.61 1,93 01615 0.0990 0.05601 0.1631 1.0365 1.0850 1.2340 0.9272 :
203 8e12 1.28 3,49 1.66 0.1085 0,0737 o.o.?e 0.0934% 0.9BT9 039770 10694 1.0294
270 Tea? 1¢25 405 1473 0.0813 0.0408 0.0314 00,0573 0.7736 1,0535 1,0053 1,0865 -
400 3.89 1.81 3.99 2.2 020595 0.0318 00239 J.0443% 047825 1,2498 1.0511 1,0577
-400 , 1741 1.78 4.80 2.84 .
MESH CYCLONE SELEC INDEX» Y .
NO PB N FE CAL/DOL .
; )
28 100.00130.€C0100.,00100.00
35 100.CC1CC«00109.00100.00 -
48 100+00100.400100:00 96496 N
65 1C0.00100.00100.00 82.44 L 4
180 1000 97,98100.00 6185 -
150 100.00 82.96 98,06 46445
200 10C.00 62,13 85.32 37.56 S
273 97.36 46.35 L4.56 33.24 5 ’
' 400 83,69 37.65 48415 3l1.28
-400 26,67 29,67 29.67 29467 )
& ~ .
o : 1
THE CORRECTED DLUC VALUCS ARES & .
PAS: 32.08
ZNS 7 92,31 :
FES2: 62,29
CAL/00OL: 185.57 . .
- A
. p . _
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MESH
NO
28
35
a8
68

100
500

270

400

T

< S ir

-

ITERATION: 23~

’

Vo

-

*x

SP. GRs B8ALL NILL FEED: 3.38
183.16

RESIDENCE TIME: 2.43 MIN TOTAL CIRCs LOADS
PYS C.l. 728.28 ZNS Cel.e 279.80
FES2 CeL o+ 565.79 CAL/DOL Cole 135,49
PCT SOLIDS AY wI's STREAM NO ONE: 78.80 -
PCT SOLIDS BY WIe STREA NQ TwOo2 61.01 \
PCT SOLIDS BY WY. STREAM ND THREE: 43.99 ~
o PCT SOLIDS BY WF. SYREAM NO FOUR:  77:.34 %
PCT SOLIDS BY WT, STREAM NO FIVE: 77434
CUMULATIVE WT PCT FINER — DYERALL )
si1ze -
MICR STREAM | STREAM 2 STREAM 3 STREAM 4 STREAM S
5§92, 7S.76 83,83 - 100.00 82474 95.97
a19 69.82 ° 85.69 . 100,00 77.88 94.36
296 63,51 80403 \\:h.cl 69.35 89,06
209 5781} T2.71 96.69 59,63 81.08
148 47,21 57.76 85,23 42.77 63455
105 36.88 43,78 72.51 28.11 A7.57
- T4 28.76 31.33 6,07 17.83 32.75
53 21.29 21.20 40.93 10.45 21415 '
\ - "
37 17.40 16.60 33,07 7¢61 16615 °

*>
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MINERAL DISTRIBUTION,

. MESH S1Z€

NO MICR PBS
> .

28 592 21,92
3s 419 8.65
a8 296 10.89
6% 209 1.65
. 105 148 10,12
15 105 10.51
.26¢ 72 6453
270 53 5.86
40¢ 37 4,42
-400 -37 19246

_ MINERAL DISTRIBUTION,

ME SH S12E
NO MICR Pas
.28 592 3.74
35 419 1.72
48 v 296 2.51
65 2¢9 2,06
109 148 65499
1590 10§ 14427
20C 74 19,81
279 53 2523
40 - ar 10.79
~-4CC -37 12.90

MINERAL DISTRIBUTION,

MESH . SI1ZE
NO MICR P8BS
28 592 Q400
39 419 Js00
48 96 —U.00
65 3] 0,00
100 148 243
150 108 0eCO
200 74 2409
270 53 S.79
40C 37. 1531
-4CC -37 78.91

MINERAL DISTRIBUTION,

ME SH SIZE

NC - MICR PBs
28 592 - 4.23
35 419 1492
48 296 2.84
65 209 2,33
100 148 7490
~ 150 108 16.12
20C 74 22.39
270 83 2775
40C 37 10.20
-40C -37 4,32

MINERAL DISTRIBUTTON,

MESH SIZE

NO MICR Pas
592 - 1.22

22 419 CoeTa
-] 296 1.34

65 229 2410
16¢ 148 6.51
15GC . 108 14,69
20¢ 74 21.64
276 53 28.29
400 37 11.68
-40C -37 11.99

PCT.

PCT

ZNS
0,00

PCT

PCT

Wk

>

P P

-

»

STREAM NO2 g

FES2

°
38,68

747
8019
4,22
6436
6.75
4.57
.38
.64
16.75

CAL/OOL

STREAM NO: 2

FES2

8,31
243
4002

CAL/00L

12.65
Jebe
637
8,28

14,77

STREAM NOD: 23

FES2

8.00
Q000
000
0.00

10.14
49,45

caLsooL’
o

¢.00
0«00
Q46
r 3a42
13.27
13.61
16.88
14,42
Tod8
J0.46

STREAM NO: &

FES2
9,76

CAL/DOL
22,00

STREAM NO: S

-

FES2
2.92

CAL/OOL

4,98
1.83
6.74
Q.66

i

e
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CUM MINERAL PCT

' .

e I TR N AT i 4 by g s, ey
’

—

FINER  STREAM NO: 1
MESH 'S12E

NO MICR PBs INS FES2
28 592 78.08 74.31 61.32
3s 419 69.43 66,48 53,85
48 296 58.54 57.7% 45,66
s 209 56489 52.54 41445
1¢C 148 46,77 44,16 35,09
15 135 36.27 38.71 28433

2c¢ T4 29.74 29.29 23.77

. N
CUM MINERAL PCT FINER STREAM NO: 2
MESH SIZE '

NO MICR PBS ZNS FES2
28 592 96.26 . 91.45 bi.69
3s a19 94,56 88,50 89,27
a8 296 92,04 84,05 85,25
65 209 89.98 77.75 80,03

100 148 82,99 60.84 62.50
15C 105 68,73 39,81 37.86

200 74 48,91 28,24 22,73

ME SH S1ZE

NG MICR
28 sg2 1t
3s 419
a3 2% 1
65 209 1
16C o 148
150 105 1
200 78 )
270 53
400 37

CUM MINERAL PCT FINER

~NODOoO0OO0OWOLO

P8BS INS
0+00 10009
2.00 10¢.0€
2693 130400
Qe03 100.00
.00 98,13
0.00 84,54
C+99 67,93
4,21 47.85
8.91 39,28

STREAM NO: 4

STREAM NO: 3

FES2

100.00
190,00
132490
100 .00
10C.00
96475
81,99
59,60
49.45

“¢

e h T A LT W VN T Ay ap e Tt 1

< A5.37

CAL/DOL

76 .90

71.28 N
65,39 -
58,99

48,36

37.63

29.08

' CAL/DOL

100420
100,00
99.54

.

MESH S1ZE
NO MICR Pas NS FES2
28 592 95.77 88.39 . 90.24
38 419 93.85 84.51 87.39
e 296 81,01 78,33 82.67
65 209 a8 .68 69.77 76.51
100 148 ans 4T.48 55,96
18¢ 105 64,66 ~23.78 27.3%
200 74 42,28 1asgl  _12.40
g
CUM MINERAL PCT FINER STREAN NO: S
ME SH SIZE :
NO MICR PBS ZNS FES2
592 98.78 97.57 97408
- 35 419  98:35 96249 9555
48 296 96470 93,43 92.28
65 209 94,60 86,73 86.85
130 148 88439 66.78 5T.42
159 105 73.40 41.26 39,31
20¢ 7s 51.76 27.86 22.55
o 279 53 23.67 16490 12.28
402 . 37 1199 13,2@ 9,32
E]
3 :,‘:' h
Rl

CAL/DOL

78.20
72.02

. CAL/DOL

+ 95,08
93.22
: BGeAS
Ve T6.82 ¢
‘58.99
48.16
3‘.50,
2‘.30
19.21

[ ,

@ we——

,

.o
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INSTANTANEDUS RATES OF BREAKAGE AT THF TIME‘

STEADY STATE CONDITIONS WERE REACHED,

S12€
MICR ,

MESMH
NO

28

s

48
100
150

200

S:: ,

592
419

2

296

148

108

74

83

a7

PBES ' ZNS
c.512 0.643

C 72 0.61Q

Cakl2 Qo491
04304 0.339
00}97 » Ce188

Q117 0107

0.974 g.072
Ce0a7 Q.043

0.034 Q.033

FES2

0.496
c.428
0.332
C4239
Cel2e
0.074
0.081
0,032

0,025

MIN

CAL/DOL -

D613

D
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COMPUTER PROGRAM TO SIMULATE A CLOSED GRINDING CERCUIT S

4

THE PROGRAM ITERATIVELY COMPUTES THE MINERAL FLOW RATES ° )

THE PRUGRAM SIMULATES A CLOSED GRINDING C{RCUET IN’ ' - f
wHICH A PHS FLOTATION STAGE HAS BEEN lMCORPORAIFD R
DUWNSTREAMS OF THE BALL NIL

3
NOMENCLATURE . M -~

i,b‘vr
*
%
-
2
s
:
3
?
3

RHAOL1) SPECIFIC GRAVITY OF PURE MINERALS, \ <
(MEY TON/CUBIC METRE) « =

RHO(1)= 7.50 {GALENA) R . <

RHO(2) = 5.00 (PYRITE) '

RHO( 3} = ('SPHALERITE) + . -

RHO(4) = 2.85 (CALCITE—DOLOM(TE)

RMOUCT} SPECIFIC GRAVltv OF PURE MINERALS
(UNITS/7CuUBIC METRE)

FACTOR(§) STOICHIOMETRIC FACTOR FOR CONVERTING .
ELEMENT ASSAYS. TO MINERAL ASSAYS ' 8
. FACTOR(1)= 1415 (GALENA - PQS)

FACTOR(2)= 1,44 {SPHALERITE - ZNS)

FACTOR(3)= 2,15 (PYRITE - FES2) '

s TON CONVERTION FACTOR (METRIC TONNES TO

MINERAL UNITS) - N

UNIT CONVERT ION FACTOR (MINERAL UNITS TO 4 -

METRIC TONNES) ’

BMH VOLUMETRIC OALL MILL MOLDUP (CUBIC METRES) y .

T IME BALL MILL RESIDENCE T[ME (MINUTES) 2 - ‘

PlL,J) ORDER OF DBREAKAGE (SIZE~OY-SIZE AND ' \
4 MANERAL-BY-MINERAL) g ;

J) CUMULATIVE—-BASIS SPECIFIC RATE-~ UF-BREAKAGE

J) CYCLONE SELECTIVITY INDEX

4) FLOTATION RECOVERY ! N

M

}

J

P

o

a
L4
»
LS

b et

R

(1,J4F SIZE-BY-S12E ELEMENT ASSAYS OF ROD MILL
gD | SCHARGE (PERCENT)

r
)

4

GRIND SCAL ING FACTOR (A FITYING PARARETER) - ' :

) INSTANTANEQUS RATE=-OF -BRE AKAGE B

(SEZE-BY—=SIZE AND MINERAL-BY-MINERAL) | .

cLov OVERALL CIRCULATING LUAD (PERCENT) - N ¥

CLMINCL) MINCRAL CIRCULATING LOAD (PERCENT) - 3

WADD MAKE-UP WATER ADDITION TO SUMP - K

r (CUDIC METRES/MIN) - H

. vi(I) VOLOMETRIC MINERAL FLOW RATCS IN BALL H

o MILL FEED (CUBIC MLETRE/MIN) .

vT TOTAL VOLUMETRIC OF SOLIDS I[N HALL MILL °
. FEED (CUBIC METRE/MIN)

~

68 "S5V

NUTE: THE GRIND CIRCUIT\EUNTAINS EIGHT STREAMS
STREAM 13 RQOD MILL DISCHARGE (*FRESH FEED?)

. t M s A

OOOAAOAAOANNANANONNMOANNNNANANNACAHANANDANONRNNANONONNNADNONNNDA
&

,
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L e o B e R R M R N N RN T M Y p e 20 s om v = e

i , : — -

o

. N
b .. d . .
fr Al ’
% B Ll d . .
:» . ” ~ ~
- 5 > ’
. . ~ °
} 7 . -
d .
i 4
t CONTINUED eevasns . -
X A A *
e N c STREAM 2: CYCLDNE FEED .
o C STREAM 3: CYCLONE OVERFLOW
= . - C (TO EXTERNAL P8BS FLOTATION STAGES)
r C STREAM 4: CYCLDNE UNDERFLOW (BALL MILL FEED)
ol . c STREAM 5: HAALL MILL DISCHARGE ’
3 . . C (TO THE INCORPORATED FLOTATION STAGE)}
et} c , e STREAM 62 CONCENTRATE OF INCORPORATED FLOTATION
e - PN c : STAGE )
g \ ¢ 4 * STREAM 7: TAILS OF INCORPORATED FLOTATION STAGE .
3 . c « (TO THE SUMP) .
iy c STREAM 8: STREAMS 3 + 6 (ONLY FOR COMPUTING
L% g PURPOSES) »
3
T c TERMS REFER TO THE ABOVE DEFINED 'STREAMS?
c
c ° TOTAL SOLIDS MASS FLOW RATE
N [4 (UNITS/MIN) -
C PERCENT SOLIDS OF PULP - ° . s
c Fi(l SIZE ASSAYS DF SCLIDS
c* FF1{1) To FFALI) CUMULATIVE WEIGHT PERCENT FINER
c R1(I) TO R8(I) CUMULATIVE MINERAL UNITS COARSER
[ (UNITS/ZMINY
c Z1(8,J) YO, ,28(l+d) PERCENT MINERAL FREQUENCY DISTRIBUTION
\ c . 2F1(1+J) TO ZFB{l+J) CUMULATIVE MINERAL DISTRIOUTION
™ ‘ [ ‘ COARSER (UNITS/MIN) «
c FMI(Isd) YO FMB8{I1+J) CUMULATIVE MINERAL DISTRIBUTION
ce . FINER (UNITS/MIN)
c : ) ’ :
C -
[o .
s CHARACFER®7 ELEM( &) -
- - ' DIMENSION F1(10).F2(10).,F3(10)sF4(10)F5(101.F1U(10)
. Ve . DIMENSION F6U10) F7(10)FB(10).FF6(10).,FF7(10).FF8(10) -
. DIMENSION FF1(10),FF2010).FF3{10),FF4(10),FF5(10)
DIMENSION FIMU(10,4)sF2MU( 10,4 ):sF3MU{1044)sFAMU(10+4),ESMUL10.4)
. DIMENSION F6MU(10,4) sFTHUI 1019 sFBMULL1O+4 ) ,FEMUC(10,4)F7THUCI10.44)
v DIMENS ION FEMUC(10,4)
. DIMENSION FIMUCI1034) oF2MUCI10¢4)3F3MUC(10,3)sFAMUC(10,4)
. . DIMENS 1ON SMUC( 100 4) s CLMIN{4)
DIMENSION FICHEM{1053)oY(1048),B(9,4)sP(9,4) . )
DIMENSION V(4) +RHO(4) sRHOU{4) JMESHIL10YsLAPERT(10).FACTOR(3) "
. DIMENSION RI(10),R2{10).R3(10),Ra(20)-R5(10)
. DIMENSION F6{10),R7T{10),RA(10),25(1048)+27(10,41,28(10,4)
- DIMENSIUN £1010,4)422(10e4).23(13.8),24(10,4).25(¢10,4)
. DIMENSION 2F1(10,4),2ZF2(.1044).2F3(10.4):£FA(10,4).2F5(10.3)
DIMENSION zre(lo.a).4F7(10.4).z€s(10.;}
. DIMENSION FMI{I0,4)2FM2(10+4) FMI(10,8)4FMA(10,4)FMS(10,4)
. N DIMENSION FM6L1044)sFM7(10,4),FMB(10,4) - v,
- DIMENSION FGIA)YC(10,4)
REAL MIT M2ToMIAT,M4T, MST METoMZT MBT K3 44)
READ(S +1)8MH,SCL] - W
READ(S+2)(RHOCT) 4 I1S144)
B READ(S«3)MIMESH{I),151,10) <
READ(S5+4 ) {LAPEPT{I)+i=1,10) .
READ(S5¢5){ FACTOR(1),121,43)
. READ(SI6)‘F“I)Il=llx°) - s
READ(S«7}{ (FICHEM(I +J)al=1410]) .J%1,3) )
. FEAD(Ss 9)((P(T4)I=1,9),4=1,4)

e e o ks bt A Ml €t e e L LW S b | Pt
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) . ° CONTINUED senvene \k" - N .

o v SN N .
: W3t 8)

J=]1,.4) °
JI=144) -

s
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PARAMETERS TO BE CONSTANT
YERATIVE PROCESS

S
P

nonn
-0
nm
2
-
<
-
-t
-
ko]
<
-

70
0d \
00

Ny

.
o B Y witn

’ [

[

W e

hi

]
~~
.

< - -
. v

- . - T
- . RF H
V= uoo csuu/pcrsx ~ SOL1)/60. . o
- 6= ‘00000 s

. TON= 6,ES5/50L1
i ‘
= - - -
DO 10 I=1, - \\
- § RUOUTE )= TONSRHO(T) \
10 CONTINUE -

) s DO 20 J=1,3 “. 3
FTNe A= 3.3

LR

e ek

(1

+ JISFACTOR([I) ’
‘ A= FIMuc(it

FIMUGT, L 3+FIMUC I ,2)#F1MU(T,3)) - N - T

kS

5 f

k]
-
K€
C
~
-
.
»
- -
\
]

¥ - -

nnn

15

f »
LEGINNLNG OF THE I[TERATYIVE PROCESS . - . R
[

M= 1 - .
D0 50 J=1.4
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CONTINUED ceraese

[aXalalelal
(4]
[ =4
E 3
v
B
[

;HU(!-Jl

~F

S2 CONTINUE
Az 0.0
O 55 I=1,4
M2T= A + F2MUC(10,1)
A= N2 .

MN2T
S5 CONTINYE < .
PCTS 100+ SUNITHM2T/(UNITEM2T ¢ VW2 ), \
N [=31,10

= 100.%(MIT - FILUEI)}I/MLT
=E100.‘(M27 - F2l1)isu2t
u

VWA= RFEVW2/100. ’
: DO 60 J=l.4Y i
A= Q.0 '«

Bl 0.0 : .
/.,»m:";é';o I=1,10 ¢
A FAMUCLaJ}= Y1 o J)SF2ZMU( ;\0

L]

1
F3Mul14J)= F2MU(L,J) - F
FAMUC{TsJ)= A ¢ FAMULT,J
FINUC(I.J)= Bl + F3IMUI(T, .
A= F4MUCC L, )
- Bl F3IMUC(13d) ‘\
63 CUNTINUE . X
Blz 0.0 . \

;./\"('\— S; g.o \ N .
o O J=1.4 v . !
. Vid)= FaMOC(10, sasanl
- M3IT= Q1 ¢ F3INU
H4T= C ¢ Famuc
gl= M3y , -
' C= M&4Y
70  CONTINUL . /
SOLA= MATsUNIT e~ .
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CDNTENUED seades )

WADD= VWS - vwWa ) -

BALL MILL '

. apnnn

¥T= V(1) ¢+ V{2) + Vv(3) ¢+ via) .
RHOT= UNITSMAT/VT <

TIRE= UMH/7IVWG + VT) [

00 80 J=1,a FX

D0 80 I=1,9

ONT INUE
~ DO 90‘J=l|4

FAMUCL10,4)
G 3 Yo

0_.0 N

DO 95 J421,4 ..
MST= A + FSMUC(10,4) °
A= MST

95 CONTINUE r3
00 100 J=1,.4 -

* DO 100 (=2,10 .
= -

1
FSMU{L+d)= FSMUC(T,4) - FSHUCIL,.J)
100 CONTINUE

[

p -

< FLOTATION STAGE ;

c .
00 S00 J= 1,4 N v
Az 0.0
81= 0.0 =
DO B00 1=1+«10
FOMUGT )= YCLLoJ)*FSMU(SE,J) bl
FTUUCL s 332 FSMULLWJ) ~ FONMULL ,J}
FOMUC(L4Jd)S A + FEMULT ,,J)
FTHUCLL J)= 81 + F7MULT,J)

© A= FEMUC(T1,4J) “ °
.Bl= F7MUC(TI.D)
S$00 CONTINUE
00 5190 J=1,4
A= 3,0 ‘ _
DO 510 1=5,10 -~
FBMULT,J)= F3MU{LTL,J) ¢ FEMULL,Jd)
FEMUT(LsJ)= A ¢ FEMU( J,J)
A= FBMUCIE ad) .
510 CONTINUE hd ¢
A= 0,0
B81= 0,0
C= 040 h ‘
DO 820 J=} ,4 .
, MGT= A + FOMUC(10,4)

M7T= 81 & F7WUC(40,4) N N
HUBT= C + FTOMUCLIOWI) o

Q A= M6T .

4 -
SSWJC(I‘J)= FamucC(sy nJ)tEXSI(-FGIJ)tB(l-J)‘T!MEtQP(I.J'!

3
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CONT INUED ss0ves

S63 ZF6(1 44
S7= ZF7(1.J
58= ZFB8(1.J

145 CONTINUE
D0 199 J=1,4
00 199 [=1,10 : < ‘
YC{IsJ1= 100.%YC(TsJ)

) -
) - R
}

) ® N
199 CONTINUE B
UR.TE‘G.JIO)SOL‘IlB“Hl(FG(l!nl’SIQQ) N - -
DO 301 (=1.9
unxrets.alsnussu(x).Fl(l).;rxcueull.J).J:l.J).!B(l.J).J:l.&).(P(l. -
- ®Jd)sdx=1,4)
301 CONTINUE .
310 _FGRMAT('1¢7/7% *,15X,' INPUT DATA USED IN-SLMULATING A PB-ZN ORE GRI '
DND ING OPERATION /7% ' ,18X,*FLOW RATE INPUT (FRESH FEED):',F10.2,"
SMETRIC TONS PER HOUR'/' 1,15X, 'BALL MILL HDLDUP:I*,16X¢F6.2,' CUBIC
%, @ METERS'//' *,15X+'GRINDING SCALE FACTOR FOR PBS:i*,F10.2//% *,15X,
2'GRINDING SCALE FACTOR FOR ZNS:® F10.2//° ",i5X, .
D'GRINDING SCALE FACTOR FOR FES2:'¢F9e2//0 ¢,15%s |\
D'GRINDING SCALE FACTOR FOR CAL/DOL: ' F6.2//777°% 115X .
BrMESH?Y, 3X, 1SIZE®, 3Xo "CHEMICAL ~ ASSAYS® 25X+ SPECIFIC RATE DF OREAKA
] DOE? ,7X¢'P ORDER OF OREAKAGE®/ ' "4 16Xs"NO'y3IXs *ASSAYS' . AX, 'PD? 33X
& B'ZNTsAXIIFEY c10X 2 °PBS® ¢3Xe *ZNS* 12X *FESZ CAL/DOL* 24X, 'PBS? 44X, a
i « BYZNS',2Xe *FES2 CAL/DOL'//) ]
t;;j 315 FORMAT(® ¢ ,15Xel4+2XsF6.201Xy3F642¢3IXsAF7 e402Xy4F7.4)
P - < WRITE(64316)MESHI{10),F1(1Qk»(FICHEM({10:sJ)+J=1:3)
s 316 FORMAT(' ®,15X, 442X F6, 241X43F6,2)
e i WRITC(6,4317)
&> . DO 302 [=1,10 . N
Hed WRITE(O0,31BIMESH(T o (Y([+J)eI=1283,{YCLLsd)sd=1,4) :
Eoc 302 CONTI NUE ] ”
Sa-l . 317 FORMAT(///% *,15X, *MESH? s4Xs 'CYCLONE SELEC INDEX, Y*',5X.'FLOTATION
Hxia’ © RECOVEPY, YC'/® 0, 16Xe*NO"a6Xy 'PBY ¢4X, P INY(4X, 'FE CAL/DOL ' 45X, 'PB . .
Wé%‘ T D'44Xe"ZN?,AX,*FE CAL/DOL*//) .
55 318 FORMAT(® #.15Xs10,3Xs4F6.293Xs4F6.2) . :
wHE WRITEL6 2200 MaRHUT , TIMECLOV, ECLMINIS) 2= 1,4 ) PCTS1,PCTS2,PCTS3, N
5 FEAN . BPCTS4.PCTS5,PCTS6,PCTS7,PCTSA
200 FORMAT(?1%//7/% ¢,22X, " [TERATION:',13,18X,'SP. GR, BALL MILL FEED:? .
~ ;. @sFSe2/' ¢, 22X 'RESIDENCE TIME:' FS5.2,' MIN'y11X+'TOTAL CIRC, LOAD:
-~ . @0FTe2//7% 331X, 'POS Cola "F6.2,11X4°2ZNS Cula *oF6,2/' ¢, -

) ?
~- DIIXs*FES2 Calas ' yF6e2+7Xs "CAL/DOL Col e "2 F6oe2//7% *931X,
@*PCT SOLIDS BY wWl, STREAM ND ONE:* ,FO.2/°% *,31X,
- P . DUPCT SOLIDS BY WT, STREAM NO TWD:*F9,2/* *,31X,.'PCT SOLIDS LY wT,
® STACAM NO THREE:® sF7.27% 1,31X+'PCT SOLIDS BY WT, STREAM NG FOUR:
- BV, FB,2/% *,31X,*PCT SOLIDS BY WT, STREAM NO FIVE:I® F8.,2/% 1,31X,'P .
DCT S50LIDS _BY WT, SEREAM NQ SIX2',F9,2/' ¢,31X,"PCT SOLIDS BY wT, S ' b
- QTREAM NO SEVEN:! ,F7.2/% v ,31X+*PCT SCL IDS BY WTs STREAM NO EIGHT:*
| RoFT42/7/77% '435Xs "CUNULATIVE WT PCT FINER - OVCRALL'*///)
WRITEL(6,210)
? - 210 FURMATI' ' ,1AX SMESH® A X *SIZEV/* ¢ 4 IS5SX,°NO® 9SXe"MICR? , i
D'STREAM 1%,1Xs*STREAM 2 alX-‘STREAM 3%, 1Xs*STREAM Q‘OIXn'STREAN 5°
- De1Xe*STREANMN 6'-!X.‘5'RE M 7, IXs'STREAM 8%/)
® DO 220 =}
VRI’E‘OIZSO)MESH(I)oLAPERT‘l..FFI(l)-FFZ(l’nFF3(l)-FFQ‘l).FF5(l|.
\ 9FF6("-FF7(‘)-FF8(I

9b ey

- 250 FORMATL® o4 14X01445Xe 30B0IXeF6.277) - )
220 CONTINUE - ;
- Ji=1 .
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CONTINUED ceovss - R ~ N . §
. . :
g J2= 2 . 4 3
& \ J3= 3 . , .
. Ja=x 4 . . ) E
N Py Jo= B Q
i - J63 6 N . - 3
z Jr= 7 . .
Jen 8 - - . * .
= ® - WRITE(6:255)J1 - o .
DD 146 I=1,10
uﬁlrﬁ(eazsoanSHll),LAPERr(l).allll.(quU(l.J)oJ 21 98) ) . .
146 CONTINUE : .
R WRITELO6.255)J2 . . - ' > k
DO 150 1=1,10 ' - 3
B . URIIE(bozsoanSH(l)-LAFERT(!).RZ(!!.(FZMU(I.J)-Jtl.tl ) b
b . 150 CONT INUE . H
HR!TE(é-ZSS)JJ - .
DO 160 I=1, . . .
unttt(ﬁ.ZbOquSH(x).LAPERT(l).n:lli.(Fanu(l J)edBle8) PR . :
. 160 CONTINUE . 3
vﬁttets.zss)Ja -
DO 170 (=1, - e
- uﬁ|1E(6.zbo)uEsu(l).LApent(t).nklx).(Fanufx.J)-J=l.4) .
- 170 CONTINUE -
WRITE(64255)J5 S
: . DO 160 Ix1,10 g - ’
~ WRITC(6:,260YMESHI T }oLAPERTEIDoRS{T) o (FSMU(LoJ) e J=144) i R k
180 AT e 26 - ‘ ;E
» i d E
DO 600 I[=1,10 e > .
s, wﬁ:tﬁ(e.zéO)NEsncl).LAPEnr(ll.notll.(Fauu1l.J).J 124} R -
€00 CONTINUE é?
. WRITE(6.255)47 . i - .
. 00 610 I=1,10 o
. WRITE {6, 260)MESHL 1 }oLAPERTLE)eR7(1) s (F7MUCL s J) s J=1,:4) s :
. 610 CONT I NUE . - 1
WRITE(G,255) 38 H
~ D0 620 I=1:10 i
WRITE(6,260)MESHI L) LAPERT LI )+RB(I) 4 {FBMU(LsI)1d=1 4} 1
620 CONTINUE s
- 258 FORMAT{'1'/7/7/7 622X "MINERAL UNITS RETAINED® 10X *STREAM NOz *, .
SI2//% 4 22X, VMESH® s4X e *SIZE® /7% ¥ ,23Xs*NOY 45X *MICR®,5Xs ‘OVERALL " .
S5Xp *PHS ! 16X *ZNS* s SXe *FESZ*,3X, *CAL/DOL "' /) . 4
. 260 FORMAT(' *,22Xo1435X0s[3:¢3Xs5F9,2/7) . , . .
WRITE(6,265)J1 .
. . DO 181 1=1,10 " .
WRITE(G 270 IMESH{ I ) »LAPERT (1) ¢(Z1(Usd)sd=1,4) \
£ . 181  CONTINUE L - . -
WRITE(6,265)42 N . i -
DO 182 131,10 .
WRITE{ 6,27 )MESH{ ) sLAPERT (L) o (22(1sJd) 4J=144) - .
182 CONTINUE - &
. WRITF{6,205)43 - by
. DO 183 1=1.,10 . - ; ~
. e WRITE (64270 MESH( [)oLAPERT (114 (Z3(1ed) s d=1,44) - X . e !
183 CONTINUE !
o WRITE(6,265)34 . ) !
\\\\\\\ DO 164 I<1,10 i T
- \ WHETE(6,270)MESH('E )} s LAPERT (1) o (Z4(MoJ) 4 Jxl,4)
" - Tt
. .
3 . v '
o s \ - ' - i




\
CONTINUED scsenyp - . -
184 COUNTINUE -
WRITE(6,265)JS

+ 185

191
192
193
194
195
.660
679
680

275

280

DO 185 i=l,10 2
WRITEL6,270)MESHIL ) LAPERT (1) (25(14J)sJd=1,4)

CONTIMUE

-WRITE(6,265)J6 .

DO 630 Ixi,10

WRITE{6,270)MESH( I ) +LAPERT(I).126(1:33.0=1,4)

CUNTINUE

WRITE(6,265)47

DO 640 131,10

WRITE(6427TO0IMESHIT )+ LAPERT (1) (Z7((sJ)ed=1,4)

CONT | HUE

WRITE(6,265)J8

DO 650 I=1,10

WRITE (6,270 )MESHI L) JLAPERY (1), (28LLed)ed=1,4)

CONTINUE . '
FORMAT ('1°/7/7° *422X¢ 'MINERAL DISTRIBUTION. PCT*,7Xs*STREAM NO3Z °
Dof2/7¢ ¢ 422X tMESH 44X SSIZEY/® §,23X, INOI,5X, *MICR?, SX, 'PBS?,
Q66X *ZNS® 44X, FFES2 44X, 'CAL/DOL /) .

FORMAT (' *,22X4[4,5Xa [3,5(IXsF642)77)

WRITE(6,275) 31

00 191 [=149

WRITE(64280)MESHI1 }¢LAPERT (L) (FMI{ IsJ) o d=1,4)

CONT ENUE N . !

WKITE(6,275)J2 .

DO 192 [=1,9.

WRITELG642B0)MESH{E) JLAPERTU(I)  (FM2(1,sJ)0Jd=1,4)

CONT INUE

WRITE(6,275)J3

DO 193 21,9 .
WRITE(6,280)MESHII),LAPERT(I)o {FMI( T, d)sd=1,4)

CONTINUE .
WRITEL6,275) 44

DO 194 [1=1,9

WRITE(6s283)MESHIL) LAPERTLI) s (FMA(T+J)sd=1,+4)

CONT INUE -

WHITE(6,275)45

DO 195 1=1,9 -
WRITE(69280)IMESHI I )LAPERT{I) ¢ (FMS{ L4} sd=1,4)

CONT INUE

WRITE(6,275)J6 . .
DD 663 F=1,10

WRITE(64280)MESH{T )+ LAPERT (1)s (FM6( Lo S)ed=1,4)

CONT INUE

WRITE(64275)J7

DD 670 1=1,10 -

WRITE(6s 280 IMESHE I )4 LAPERT (I e (FNTL T ed) s Jx1,44)

CONTINUE » -

WRITEL6,275) 38

DO 680 I=1,10 -

WRITE(6 4280 )MESHIL ) JLAPERT (1), (FMB(1.J)sd=1,4)

CONTINUE . -
FORMAT (') *//7/0 *,22X, *CUM MINERAL PCT FINER®.3X.'STREAM NO: 4,
QL2778 ® 322X VMESH® 34X¢ *SIZE®s /" 423X, *NO®,5X. *MICR? 45X, 'PBSY,
D6X s "ZPNS? o AX, FFES2 24X 'CAL/DOL" /) .

FORMAT(* * 322X s04+5Xs [3,5(IXsF6.2)77)
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CONTINUED ssoose J »
. ‘ 1] //
C P
- . < CALCULATING THE INSTANTANEOUS RATE-OF-DREAKAGE . .
p: .
. D0 147 J4=1.4 R . .
DD 147 I=1,9 ] .
KElodd= BUII)STIMESSIP(L,J) — 1. 1#FG(J) - .
147 CONTINUE ! -
WRITE(6,303) . - -
- DO 3196 [=],.9 ° P
WRITE(6s308IMESHI I o LAPERT (I oUK(T 0 J), du1,4) .
196 CONTINUE - -
303 FORMATU!1°/7//7/% ¢ 115Ks % INSTANTANEQUS RATES OF BREAKAGE AT THE TIME )
BY/% 957Xy '=17/2 ¥,18X, ISTEADY STATE CONDITIONS WERE REACHED, MINS :

B//70 ¢ 18X MESH® (A X "SE2EV f0 o 016Xe *NO® +3Xe "MICR®y 5X, P8BS, 6X, ' ZNS
8' 5Ky *FES2° 44X, *CAL/DOLY /) M
. 309 F?ggkl‘(' "olSX T4, 85X I3, ALAXFS.3)//)
s !

END -

SRATA N -

[ ] ' N -

€ eee DATA CARDS ! ‘ \

C " s

k . .

< » s L3
”»
A " T a
\
~ ? - N
-~
\/ o hd

oy

" o T o o
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. . ) .
N INPUT DATA USED IN SIMULATINE A PH—ZN ORE GR INGING DPERATY ION
- FLHW RATE INPUT (FNESH FEED): 154,20 METRIC TONS PER HGUR
BALL MILL HCLDUR: 8437 CUBIC METERS v -, .
J_ . - GREINDING SCALE FACTCR FOR ;’BS: 0470 ' Ql'a
B GRINDING SCALE FACTGN FOR 2ZNS: 1.00 R
GRINDING SCALE FACTOR FOR FES2: 1.00
£ GRINDING SCALE FACTOR FOR CAL/DOL: 1.00 \,
’ e 7 . b ‘
: MESH  SIZE CHEMICAL ASSAYS SPECIFKC RATE OF BREAKAGE P  ORDER OF BREAKAGE
NO ASSAYS. PB ZN FE PES INS FES2 CAL/DOL PES INS FES2 CAL/0GL
LY
N zo 19.42 Le48 4.99 10,23 9141 00,7581 0.6797 G.6840 0.7483 0.8B145 0,6452 0.B773
35 7496 1425 6401 6.95 o.elss 0, €548 s.taza 0,5842 0.7852 0.9210 0.8653 0.9$73
48 739 2417 7.9 8,35 0.5981 0.,4711° 03380 0.3730 0.,9831 1.0460 0.5808 1.1673
2 65 5472 1.40 5.19 5.97 0.3948 0,3164 0.2430 0,2779 1,1088 1..0765 0.96803 1.1622
. . 100 7.62 2,94 B.45 6.76 0.2708 02,1868 01329 0.1725 1.042) 1.0457 0,S213 |.1588
: N 150 9.0§ 1.55 85,22 4,46 0e1615 0,€590 0.,0601 00,1631 1.0365 140890 1.2340 0.9272
. 200, B8.16 1.3 4.94 4,01 0.1085 0.,C737 0.0476 0,0934% Gs5679 029770 1.0€94 1.0294
270 B.66 1.5% s5,.56 4,40 0.0813 0.C408 0.0314 0.0573 0,7736 1.05345 1,0053 1.0865
400 5438 1.6 5§.62 4.45 ' 00,0595 0,C318 0.02236 0.0444 0,7825 1.0498 1.0511 1.0577
~400 20+66 159 6.00 $5.84
MESH CYCLUNE SELEC INDEXs Y FLOTATICN RECNVERY, YC
. HG ZN FE CALs0OOL P8 ZN FE CAL,0CL
28 98,86 98.90 $8.99 97,27 0,00 0.0 G.00 GaQ0 |
. 15 94, 57-98.63 91.06 96,81 4.51 0.12 0,01 0.03 i
- 4“8 100.00100.00 98.80 88,38 19.07 1.38 0.17 0.16€
o5 100.30 98.42 95.95 76415 53,48 1.45 0.12 0.34 :
< 100 + 98,00 96.62 91.27 54,13 60,68 2.S€ 0.07 0.02 \ .
. 159 97,91 81.53 65.02 36.60 60,67 6,15 0.13 0,00
& 200 98428 66491 B5.05 35.17 60,58 11,23 0,86 0,28
1 270 93,70 45.50 683.96 23,00 63:.50 14,18 0.72 1,52
el ag0 78,45 41419 48.97 28.26 63.49 13,3€ 1,90 0.32
g - ~490 . 39,81 28,80 35,45 29,09 49,53 P.21 l.22 QGea2
4 !

&
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- MESH
NO

28

486

65

* 100

1s0

200

270

400

STREAM | STREAM 2 STREAM 3 STREAM 4 STREAM =

80,58

T2.62

65,23

90.44 99.47
.
86.35 99.08
A
80.94 97.93
T4.56 95,15
. 6le68 . 86413
48,38 74,34
3s.e2 60.04
25.28 44,47
20.03 35.63

B4 (64
78.2{
70.02
61 .34
45,98
31.70
19,95

12465

10.01

97.22

95.82

1.83

85,08
68,77

s2.58

>

36.63

24,492

19469

100,00

3
_99.00

95.70
86.08
70471
52.62
31.95

‘23.50

27.16

99.6§fx§§::?w2

91.66
84.83
68+ 36
52418
35.25
20.75(

19.60

v

.

99.49
99.07
9767
95,177
86-i3
Jreat’
59.78
44.03

35.21

1S°sv

B e Bl

, \ ITERATIUN: 22 i s SPe GR. BALL MILL FEED: 3,53 ' * M N
. . RESIDENCE TIME: 3,08 N TOIAL CIRC, LOAD: 150.19
Coe . PBS Cele 139,3} 2RSS Col. 205,39 - -
N . s FESZ C,L. 386.61 CAL/DLL Cole 99,51 . ) ]
OCY SOLICS BY WY, STREAM NO CAE: 77.00 : =
PCT SOLIDS BY WY, STREAM AO 1wC: §7.07 .
N N PCT SOLIDS 8Y WTs STREAM NOQ THREE: 44,06
. PCT SOLIOS BY WE, STREAM N FCUR:S T0.42
PCT SULIDS BY WT, STREAM NO F JVE: 70.42 <
. PCT SOLIDS BY wT. STREAM ND SN 100.00
\ *hCT S0LIDS BY WT, STREAM NQ SCVEN: 48.%2
PCT SOLIDS BY WT, STREAM NO EIGHT: 44.34 : .
N . CUMULATIVE wT PCT FINER ~ CVERAL L

I
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MINERAL DISTRIBUTICHN, PCT STREAN NC: 3
MESH size -
NO MICR Pas v ZNS FES2 CAL/O0L
. .
28 592 §7.34 16.60 33.15 17.77 -
3s 415 6.00 8.19 8.41 7 .90 .,
«8 296 .67 .88 ¢ g.38 6,71
R &5 205 4,83 5.08 $,1% 8,51
100 1a8 13.51 11.03 Teb2 TeQA
150 108 8,46 . 8.09 6.12 9.72
200 74 6,74 6.50 657 8,94
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is “19 5.15 3.41 2.¢5 xg.gg
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100 148 1.75 1.93 6,72 10.17
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