
















































































































































































































































































STREAMS RELATIVE fLCW RATES

CONC 1.0000
CYCFEED 2.7207
CYCOFLAW 1.2376
CYCUFLW 1.4830
MILDISC 1.4830
FINTAIL .2174
SCRFEED ©1.0203
SCROSIZ .2376

SCRUSIZ .1826



N e

MASS BALANCE RESULTS

STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
+65
+100
+150
+200
+270
+325
-325

STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
.+65
+100
+150
+200
+270
+325
=325

STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
+65
+100
+150
+200

" 4270

+325
-325

CCNC
MEAS. ESTIM. RESID.
VALUES VALUES VALUES
.40 .47 18.57
.90 1.01 12.37
1.60 1.69  5.38
2.30  2.38  3.40
3.30  2.93 11.25
- 4.20 3.54 15.70
4.80 ~ 4.41  8.10
5.90 5.70  3.36
7.80 7.55  3.23
7.30 7.09  2.93
8.90  8.91 .13
8.70 8.79  1.01
8.40 8.68  3.39
3.50 3.72  6.31
32.00 33.13  3.52
CYCOFLW
MEAS. ESTIM. RESID.
VALUES VALUES VALUES
.00 0.00 100.00
.00  0.00 100.00
.00  0.00 100.00
.00 0.00 100.00
.00  0.00 100.00
.00  0.00 100.00
.00  0.00 100.00
.10 .10  0.00
.50 - .43 ° 13.36
1.60  1.59 .93
4.00 4.26  6.61
7.60 - 7.91  4.08
16.00 16.04 .27
7.70 7.55  1.93
62.50 62.11 .62
MILDISC
MEAS. ESTIM. RESID.
VALUES VALUES VALUES
.30 .36 20.61
.70 .80  14.15
.70 .12 3.37
.80 .81 1.6l
.90 .86  4.71
1.30  1.20 7.44
2.00 1.89 5.36
4.60  4.38  4.70
6.00 5.7 4.75
6.90 6.53 5.34
10.50 10.33  1.64
14.10 14.09 .08
13.70 14.49  5.75.
4.40  4.88 10.97
33.10 32.93 .51

ESTIMATES OF NETWORK 3 MASS ~PACTICNS

REIAT.

ST.DEV.
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

5.00

5.00
5.00
5.00

MEAS.
VALUES
1.00
1.00
1.10
1.30
1.30
1.60
2.20
4.30
6.30
6.70
10.20
13.40
13.70
4.90
31.00

VALUES
1.10
1.80
1.90
2.60
3.10
3.90
5.70
8.00
9.70
9.50

13.00 .

14.80
11.20

2.60
11.10

CYCFEED
ESTIM. RESID.
VALUES VALUES

.37 - 62.84

. .81 19.27
1.01 7.80
1.32 1.33
1.5¢ 18.77
1.96 22.34
2.65 20.59
4.50 4.73
6.02 . 4.50
6.39 4.58
9.42 - 7.68
12.01 10.40
13.13 4.15
4.77 2.72
34.10 10.00

CYCUrLw

VALUES VALUES
.68  38.03
1.48 17.72
1.86 2.07
2.42 7.06
2.83 8.63
3.59 7.93
4.87 1l4.61
8.18 2.23
10.68 10.07
10.41 .9.53
13.72 5.50
15.43 4.22
10.70 4.46
2.44 6.07
10.73 3.37

100.00

RELAT.

LML LU L
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_ST.DEV.



STREAMS

+6

. +8

+10
+14
+20
+28
+35
+48
+65
+100
+150
+200
+270
+325
=325

- STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
+65
+1.00
+150
+200
+270
+325
=325

SCRFEED
MEAS. ESTIM. RESID.
VALUES VALUES VALUES
.00 0.00 100.00
.00 0.00 100.00
.00 0.00 100.00
.00 0.00 100.00
.00 0.00 100.00
.00 0.00 100.00
.00 0.00 '100.00
.10 .10 0.00
.40 .42 4.09
1.40 1.10 21.15
3.30 2.81 14.M
6.80 6.40 5.90
16.60 15.82 4.68
8.30 7.98 3.81
63.10 65.36 3.58
SCRUSIZ

ESTIM. RESID.
VALUES VALUES

0.00
0.00
0.00
0.00
0.00
0.00
0.00
.07
.10
.65
1.89
4.53
13.53
7.84
71.39

100.00
100.00
100.00
100.00
100.00
100.00
100.00

33.16

7.61

5
2.95
2.49
4.33
.29

RELAT.

. 'ST.DEV.

.00
.00
.00
.00
.00
.00
.00

nmuuUuuUnnUULLULOOOOODOOO
[=]
o

3CROSsIz

MEAS. ESTDM. RESID.
VALUES VALUES VALUES
.00 0.00 100.00
.00 0.00 100.00
.10 0.00 99.13
.10 0.00 99.13
.10 0.00 99.13
.10 0.00 99.13
.10 0.00 99.13
.30 .21 30.26
1.40 1.46 3.93
2.40 2.61 8.86
5.60 5.85 4.44
12.30 12.56 2.08
22.90 23.38 2.08
8.30 8.44 1.1
46.40 45.60 1.73

Lottt uunoo
. e e e o e o o
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Nationa: Stezei sSecorngdary Mill Testing LIME Z-F4

FOWELL ALGORITHM

N= 3 MAXIT = 10 ESCALE = .10

STARTING VALUES (X) REGUIRED ACCURACIES (E)
. 22000000E+01 0.63999999E~01
0. 17000000E+01 0.33999999E-01
0. 20000000E+00 0.39999999E-02

POWELL ALGORITHM

ITERATION 1 10 FUNCTION EVALUATIONS, F = 0.11746486E+04

ESTIMATES :  3.26400 1.66973 »19841
POWELL ALGORITHM

ITERATION 2 20 FUNCTION EVALUATIDNS, F = 0.11730492E+04

ESTIMATES : 3.17201 1.433%91 .20885

POWELL ALGORITHM

ITERATION 3 27 FUNCTION EVALUATIONS, F = 0.11730489E+04

ESTIMATES : 3.17472 1.63497 .20854

END OF CRITERION MINIMIZATION
CRITERION VALUE FOR NETWORK 3 DATA : 1173.0489

1173.0489
RELATIVE ORE FLOW RATES VALUES :

STREAMS RELATIVE FLOW RATES

CONC 1.0000
CYCFEED 3.1747
CYCOFLW 1.6350
CYCUFLW 1.5397

MILDISC 1.8397
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Lot
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MASS 2RLANCE RESULLS

STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
+65
+100
+150
+200
+270
+325

-325

STREAMS

+6
+8
+10
+14
+20
+28
+39
+48
+65
+100

#1550

+200
+270
+325
-325

STREAMS

+6
+8
+10
+14.
+20
+28
+335
+48
+65
+100
+150

MERS.

YALUES
.10
.70
1.20
2.10

3.2
4.20
S.00

6.2
8.00
7.60
?.00
8.90
8.80
3.50
31.50

MERS.

VALUES
.00
00
00
.00
.00

00 .

00
.10
50
1.50
3.70
7.30
15.60
7.80
63.50

MEARS.
VALUES
- «80

.70 -

60
.70
.90
1.40
2.80
4.90
5.90
6.20
10.30

[47]

E

CONC
ESTIM.
VALUES

.10
7
1.38

2.30

W~
Mooy
W0 U0

CYCOF
ESTIM.
VALUES

0.00
Q.00
0.00
0.00
0.00
0.00
0.00
.09
«45
1.45
4.2
7.84
17.45
7.48
61.02

MILDI
ESTIM.
VALUES

«95
'81
&7
.73
R0
1.33
2.58
4.69
5.70
6.10
10.02

STIMATES OF METWCRE 3 853 ==
RESID. RELAT. MEAS.
VALUES ST.DEV. VALUES
1.57 5.00 S0
10.20 3.00 C W70
14.70 5.00 1.00
9.54 S.00 1.10
.72 S5.00 1.30
7.06 5.00 1.60
8.95 5.00 2.30
3.37 5.00 4.50
2.89 S5.00 $5.80
1.09 5.00 6.40
1.3% 5.00 10,00
1.69 5.00 13.80
b4 5.00 14,20
2.45 S.00 4,80
3.44 S.00 32.00
LW .
RESID. RELAT. MEAS.
VALUES ST.DEV. VALUES
100.00 0.00 1.70
100 .00 0.00 1.90
100,00 0.00 1.80
100.00 0.00 2.70
100.00 0.00 3.40
100 .00 Q.00 4.350
100,00 Q.00 5.90
13.51 5.00 7.80
?.51 5.00 9.80
3.35 5.00 ?.50
8.05 5.00 12.30
7.44 3.00 13.40
11.87 5.00 10.20
1.52 5.00 2.70
3.91 5.00 12.30
SC
RESID. RELAT. MEAS.
VALUES ST.DEV. VALUES
19.34 S5.00 .00
" 15.48 S.00 .00
11.30 5.00 .00
4.88 S.00 00
.34 S.00 L0
3.06 5.00 00
7.80 S.00 .00
4,25 S.00 00
3.47 5.00 .30
1.56 5.00 3.30
S.00 12.50

2.69

ACTIONE
CYCFEED
ESTIM. RESID.
VALUES vWALUES
S0 .79
L4 9,18
.74 24,2
1.08 1.76
1.44  10.44
1.88 17.74
2.89  16.79.
4.21 6.51
S5.40 6.93
5.70 10.91
8.561 13.87
1i.1s 19.15
13.74 1.81
S5.10 6.15
36.71 15.34
CYCUFLY
ESTIM. RESID.
VALUES VALUES
1.02  39.96
1.31  31.01
1.58 13.24
2.23 17.48
2.96 12.93
3.88 13.569
5.54 6.13
8.38 10.03
10.65 8.66
10.22 7.55
13.28 8.00
14,48 9.54
10,22 .82
2.58 5.27
11.31 8.04
FINTAIL
ESTIM. RESID.
VALUEE VALUES
0.00 100,00
0.00 100.00
0.00 100.00
0.00 100.00
0.00 100,00
Q.00 100.00
0,00 100,00
0.00 100.00
.30 .79
2.35 1.58
12.36 1.13

RELAT.

ST.DEV.
S.00
5.00
.00

-
[*R N«

C'O.ClC'

‘g aadag
[=OR =« < 3 SN = o o B

L]
<

cettoies
o oo

[V S N N N N ]

g288k

RELAT.
ST.DEV.
0.00
0.00
0.00
0.00
.00
© 0.00
0.00
0.00
5.00
S.00
S.00



+325

=325

STREAMS

+6
+8
+10
+14
+20
+28
+35
+48
#65
. +100
-+150
+200
+270
+325

~325

JEIRYIX
PGt
+ Sl

S< 0

MEAS.

VAaLUES
Q0
Q0
.00
00
.00
.00
00
.10
<40
1.20
3.20
7.30
17.20
8.40

-
P

MEAS.

VALUES
.00
00
00
.00
00
00
.00
.00
.10
W60
1.560
4.30
14,00
7.40
72.00

13.37 4,351
14001 .04
S3.41 4.3%
SCRFEEL
ESTIM. RESID.
-VALUES VALUES
Q.00 100,50
Q.00 100.00
0.00 100.00
G.00 100,00
Q.00 100.00
Q.00 100.00
0.00 100.00
.10 .87
47 . 18.60
1.17 2.37
3.02 5.52
6.74 7.73
17.41 1.23
7.81 7.02
63.27 1.73
SCRUSIZ
ESTIM. RESID.
VALUES VALUES
Q.00 100.00
0.00  100.00
0.00 100.00
000 100.00
0.00 100.00
0.00 100.00
0.00 100,00
0.00 100.00
.10 1.58
.61 1.74
1.62 .99
4.43 3.37
13.76 1.75
7.34 .87
72.14 .19

(T8 1]

RELAT.

ST.DEV.
Q.00
0.00

a A

RELAT.
ST.DEV.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
S5.00
S.00
S.00
5.00
5.00
. 9.00
S5.00

)
€y

=]

[

-
E

ALY
32,30

MEA
VALUES

00

.00

.00

00

.10

.10

-00

oy
L

1.10
1.80
4.70
7.20
23.00
8.20
51.80

[T7]

e
fil o

iT.TC L4l
Z.25 3=
43,38 i3
3CRUSIZ
ESTIM. RESID.
VALLEE  VALUES
0.00 100,00
0.00 106,09
0.00 100,00
0.00 100,00
Q.00 99,32
Q.00 99,82
0.00 100,00
22 11,35
94 14,27
1.87 3.95
4.78 1.65
9.59 4.24
21.97 4.47
8.40 .47
Sz.32 .20

AL AT Y )

" RELAT.
57.0EV.
.00
0.00
0.00
0.00
.00
S.00
0.00
5.00
5.00
S5.00
S.00
5.00
5.00
5.00
5.00



APPENDIX III

Experimental Product for Distribution
Obtained in Batch Tests
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TABLE III-1 TEST B-1

Medium: Wet - 70X Solids
Top Ball Size:

1.5 inches

Cumulative Percent Passing Stated Size

ch/hanna

Particle

Size
(Mesh)

3
4
6
8

10
14
20
28
35
48
65
100
150
200
270
325

1

- 28 -

4.08

00.00
99.98
99.98
99.95
99.91
99.89
99.82

99.70

99.35
98.50
95.85
86.84
73.60
52.55
37.09
29.75

Specific Energy
Input (KWH/T)
: 5.10
100.00
100.00
100.00-
99.99
99.97
99.96
99.92
99.83
99.59
99.04
97.09
91.41
79.60
58.95
42.10
33.76



TABLE -I1I-2 TEST B-2-

Medium: Wet - 70X Solids
Top Ball Size: 1.0 inches

Cumulative Percent Passing Stated Size

Particle Specific Energy
Size Input (KWH/T)
(Mesh) 4.16 5.20
3 100.00 100.00
4 99.95 99.96
6 99.53 99.71
8 99.17 99.42
10 ~ 99.01 99.33
14 98.88 99.28
20 98.80 99.23
28 98.71 99,15
35 98.52 98.89
48 98.21 98.49
65 97.81 97.89
100 92.88 95.68
150 82.04 87.99
200 60.21 : 68.15
270 42.49 48.72
325 33.99 37.95
- 29 -

ch/hanna



TABLE III-3 TEST B-3

Medium: Wet - 707 Solids
Top Ball Size: 0.75 inches

Cumulative Percent Passing Stated Size

Particle Specific Energy
Size Input (KWH/T)
(Mesh) 4.47 5.59
3 100.00 100.00
4 99.95 99.77 .
6 - 99.14 99.00
8 97.72 98.04
10 97.03 97.51
14 96.51 97.13
20 96.21 96.96
28 96.01 96.82
35 95.70 ' 96.61
48 95.34 96.33
65 | 95.25 96.08
100 93.71 95.57
150 88.55 93.21
200 70.00 , 79.52
270 50.63 58.06
325 4 39.29 . 45.69
- 30 -

.ch/hanna



TABLE III-4 TEST B-4

Medium: Wet - 65 Solids
Top Ball Size: 0.75 inches

Cumulative Percent Passing Stated Size

ch/hanna

Particle Specific Energy
Size Input (KWH/T)
Mesh) 4.47 5.59

3 100.00 100.00

4 99.84 99.76

6 99.13 99.33

8 97.88 98.11
10 97.20 97.57
14 ' 96.62 97.16
20 96.37 97.00
28 96.19 96.91
35 95.90 96.82
48 95.51 96.71
65 : 95.04 96.55
100 ‘ 93.67 95.94
150 88.28 92.77
200 69.85 , 77.05
270 48.80 53.38
325 : . 37.01 41.56

- 31 -



I

- TABLE III-5 TEST B-5

Medium: Wet - 707 Solids
Top Ball Size: 0.75 inches

Cumulative Percent Passing Stated Size

ch/hanna

Particle
Size
(Mesh)

0 o &~ W

10
14
20
28
35
48
65
100
150
200
270
325

- 32 -

Specific Energy
Input (KWH/T)

4.47 5.59
100.00 100.00
99.88 99.88
99.32 - 99.43
98.33 98.52
87.85 98.21
97.55 97.95
97.34 97.83
97.19 97.75
96.95 97.64
96.58 97.52
96.07 97.39
95.22 97.08
91.77 95.29
75.13 81.96
51.60 55.38

38.81 44.21



TABLE III-6 TEST B-6

Medium: Wet - 75 Solids
Top Ball Size: 0.75 inches

Cumulative Percent Passing Stated Size

Particle ’ Specific Energy
Size Input (KWH/T)
(Mesh) ‘ 5.40 6.76
3 100.00 100.00
4 99.72 99.81
6 99.03 99.27
8 98.06 98.32
10 S 97.52 97.90
14 97.12 - 97.69
20 96.91 97.56
28 96.69 97.51
35 96.41 97.46
48 95.96 97.39
65 : 95.49 97.31
100 ’ ‘ 94.82 -97.08
150 91.81 ' 95.69
200 ' 76.07 83.74
270 ' 52.59 58.62
325 -  39.69 46.83
- 33 -

ch/hanna



APPENDIX IV

Mill Filling Determination






MILL FILLING DETERMINATIONS

Mill No. Filling Volume 2

36.6
36.8
36.9
30.3
31.5

v & W






Lo
R Vi TNV

APPENDIX V

Computer Print-Out for Simmlations
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A

—_—— . B ~sumaTe T Ao -
TITLZ: JTAUZATION TR L TI'BALLS TO%ECLITE

1 2 2 = s 3 7 3 Q 0
i Lz il 143 1= 13
¢ .
TC2? SITE IMN MICRCNS
5:580.0  4730.0 22350.0  Z320.2 1530.0 1l1l%e.0 841.0 S8c.4 420.9 297,
2o 149,90 i0EL 74.0 32,3 15,02

!
CIRCUIT FEED
,0021 ~ .0121  .0215  .0222  .0409 .0379  .0524  .0641 .0706  .0794
oo 1850  .2%20  .1089  .929%  .1175 C .
LASSITTER CONSTANTS
00DO L0000 L0000 L0700 L0000 L0000 L0000 L0000 L0000  .000C
A28 L0000 L3008 L0000 L0000 L0000 :
' NUMBER OF DIFTEIRENT BALL SIZES 1
' STT.ZoTTON FUNCTION
0280 SERE] 2170 4425 ,3084 1.2520 1.550% 1.8502 1.7629 1.4287
L zzes .372: 2351 1227 L0400 0090
BREAXAGE FUNCTION
L0000 - .S51S . 1090 .0420  .0204  .0283  .0213  .018>  .0134  .013C
A1tz 0003 9020  .0055 A022 0350 : -
SELICTTION TCM PARAMETERS
' S{1; = .0280
, ZETA{1l)= -3.3642
. ZETA{2)= ~-.6746

BREANAGE FCMN PARAMETERS

ALP¥A(1)= .3205  ALPHA(2)= .4750 ALPHA(3)= 6.2570

OPERATING PARAMETERS

O2IN CIRCUIT SIMULATIONS: 1

IDEAL MIXERS 1.65

Sm
SLL
-——
:
TVIRST OTUIRUT OMTOTIIASYT T O \WJETIUT ..

- ———ee R ITIC PRI BRI - - Y- — —



.
[
.

See Y [antnl b “;SS
SIMULATICN
STLECTION SUNCTION
0250 a:s1 2070 44
. 722 22 .12

ESTIMATED

) tv

- U

- - - AT Strrr ™ 31’)»*\“\7;;—'*
149,70 WMTTRONS
e !

.3084

el Nt
AR

GRIND TIME OR ENERGY INPUT

SIMULATED MILL DISCHARGE

SIIZE

{ AICRONE)

- 65380.0

1.2820  1.3508  T.38e
L2000
3.92
ENERCY

&

L.a232



$FY,
ki

TITLI: SIMULATICHN TOR 1. UEALLS TO%SILID
TUPLT DATA:
1 : 2 4 5 :
- 12 1z 14 iz 1€
TC? 3IIT IN MICRONS
5630.0 4762.0  3350.0 2280.) 1£30.0 1180,
IiT.7 1429 10%.2 74,0 5I.0 1%

CIRCUIT FEED

.0215 .02

2
SW1EZ2 .10

.037

L1132

.0021 .0121

sroe 1950

23,0409
5¢  .029%

CLASSITIEP CONSTANTS

.0ceo

.2000 .00 L0000
L0000

L0000
. 0000

(w]
f'e >

(7
D R

NUMEEP. OF DITFEIRENT BALL 3IZES 1
SELE

- .-

1244 LALZE 7262 1.1720 1.831¢ - 1,829
5322 L2270 1Tac 0709 .0344 .020

FUNCTION

. .1090

.0420 .0204
.0065 g

oD O

L) 19

[§ 4]

o W

S(1) = .1944
ZETA(l}= -2.219¢
ZETA(2)= -.5653

BREAXAGE FCN PARAMETERS

ALPHA(1l)= .3205 ALPHA(2)= .4750

OPERATING PAPAMETERS

- - — = - - - - -

DPZI CIRCUIT

SIMULATICNS: 1

IDEAL MIXERS

o m
SET
- -
TITT o “w\rprTem oMo TR DY -~ :[»*u—':'??

P ]

9
5

o v

G
'S
.-4
<
Ul

3]
“on

.0641

.1000 .0000

2.N099e 1,9429% 7
021z .0182

ALPHA(3)= 6.257°2

L0706

.2000

tn
Ul
@
O

.000¢C

(3
L]
wm
"Wy

0132



R Y

- camismas o R -

/-

LT ZT TR o TET AT TIEZCUTT 2zZoruTT
== 3TIZ 149 00 ATITONS
==z . TTUWULITIVE SASSING 3% T
STMTLATTAY
STLICTIAN TUNCTION
aa1 L i03% 7353 1.1730 1.4214 1.9807 .79006
e LTETn S 07989 n344 . 200G
ESTIMATED GRIND TIME OR ENERGY INPUT 4.01
STMULATED MILL DISCHAPRGE
stee GRIND TIME / SPECITIC E
{:47720NS) 4.01
- 6680.0 1.0000
- 4760.9 0086
- 2350.0 2047
- 2280.0 ,9892
- 1680.0 0844
- 1190.0 .9787
- 841.0 .9725
- 585,90 R-T3-00)
- 420.0 .9540
- 297.0 .9365
- 210.0 .9061

MERCY

- - .



RN

TITLE: STUULATICON TCR L.IYZRLLS TO%SCLITS
ZUPTT O 2ATT
M 2 z 1 B 5 N 2 ) 1A
- - 1~ - = 12 1 e 16
TOP SICZIZ I MICPRONME
£30.0 4750, 2260.0 228003 1482.9 11990 24,9 285.0 420.9 2987 .2
Il 243,90 123 74.90 3.0 25,3 '
CIRCUIT FEED
0021 .0121 .0215 .0223 0409 .037¢ .082¢ .0641 .0706 .0794
RN 1050 1332 .1088 .0298 1125

LASSIFIED CONSTANTS

.0c00,  .7000 .00 onae L0000 L0000 .0000 ;OOOO L2000 .0eccec
AL L0000 LNCDG .0000 .0Q0q L0090 ' :

)4

NUMBER OF DITTEIRENT BALL SIIES

SELZCTINN FUNCTION

fgpo 1,4ae835  1,287e€7 22,1833 12,2521 2.1467 1.2724 1.4874 1.0776 .712¢
LeZlI 2278 1127 .0559 L2297 .0000

BREAXKAGE FUMNCTION

oneo £51E 1090 p420 .0204 .0253 .0212 .0182 .n1cs4 .0120
Q108 L0093 .0nan Noes 002¢ .0350 : ' -

n
4
[
4]}
0}
13
H
(@]
=4
7y
p]
2
LY
%
<
]
L

jes)
n

S(1) = 1.0899
IETA{1'= -1.0GEZ)
ZETA(2)= =-.3812

BREAKAGE FCM PARAMETERS

‘ALPHA(1)= .3205 ~ALPHA(2)=  .47%50 ALPHA(3)= 6.2E70

OPTRATING PARAMETERS

CPEM TJIRCUIT SIMULATIONS: 1
IDEAL MIXERS 1.65

Tormm Tt TeImITM AT AT ICIDY Mo AT IUER --
v TR ESAT T AL sl .



- 6€80.90 1.0001
- 4750.0 90499
- 2260.0 acan
- 2380.0 .9978
- 16eC.0 .0060
- 1190.0 .0932
- 821.0 .9892
- 585.0 .9827
- 420.0 S717
- 297.0 .9519
- 21cC.Q 915¢
- 148,90 2500
- - 105.¢ 7405
- 74,7 .5641
- 82,0 3227
- 42,0 30€2

== TIZE 228,80 MIZRCUS
== TUMULZTIVVD TRSZING: cz.00
ULATICH
SELECTION FUNCTION
1.4956 1.8787 2.1523 2.2521 2.1497 1.8724 1.4874
2378 .1187 0550 0297 0000
ESTIMMTED GRIND TIME OR ENERGY INPUT 5.34
EIMULLTED MILL DISCHARGE
SIZE GRIND TIME / SPECIFIC EMERGY
(MZZEoNE) £.34

1.0776

W71

S



i - TITLE: SIMULATION FCR LINZ 1

- - - - - .-

TCP SIZE IMN MICRONS

6680 0..4760.0 3360.0 _2380.0  1680.0 1196.0 . 841.0 5¢5.90 420.0 29?.0
210 0 “‘149 0 $“105.0j‘~174.0 T 53,0 ~t45,0 T T LT ST

CIRCUIT FEED

;6050 .0068 .0196 .0242 .0324 .0360 .0440 .0400 _ .0484 .0700

; L0576 ,0813 .0825 .0809 .0337 .3276 |
%3 ‘
¥ E CLASSIFIER CONSTANTS

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 .9680
L2219 .8150 .7750 .5580 .3830 .2210

NUMBER OF DIFFERENT BALL SIZES 1
SELECTION FUNCTION

2.2053 2.0225 1.8129 1.5894 1.3629. 1.1433 .9378 .7521 .5897  .4525
“ 3401 .2497 L1737 .1261 .0965 .0000

BREAKAGE FUNCTION ' g

-,0000 .6515 .1090 .0430 | .0304 .0253 .0212  .0182 .0154 .013¢C

<L . .0n1pe  .0095 .0030 .0065  .0028  .0350
! ' ‘

. SELECTION FCN PARAMETERS

- . .

=3 K SR

N T - 8(1) = 2.2053

;4 _ 4. - ZETA(1l)=  .2201

T zZETA(2)= -.0924

. ,

-4 . =__ BREAKAGE FCN PARAMETERS

. ALPHA(3)= 6.2570 - . - ..

Py

““c
Y

OPERATING PARAMETERS

$ "REVERSED CLOSED CIRCUIT SIMULATIONS: 1
i ,

IDEAL MIXERS ~ 1.65




~

- - N -

. - mpoTmE- ToetmicT o AT IS prmT T mimw maTTm BT A7
s DESIRIZLS DTIUZRWEZES = TED MILL JIZRIUIT PRCZUIT

IZE : 105,00 MICRONS

==> =I
==> CUMULATIVE PASSING: 9E.00 %
SIMULATION
SELECTION FUNCTION ! R T

.2053 2.0225 1.8129 1.5894 1.3629 1.1433 - .9378 .7521 .5897. .4525
L3401 .2497 .1787 .1261 .0965 . 0000 :

_ESTIMATED GRIND TIME OR ENERGY INPUT 7.31

STEADY-ETATf CLOSED CIRCUIT SIMULATION:

--REVERSED CLOSED CIRCUIT : FRESH FEED TO CLASSIFIER--
FEED RATIC = 1.302 (MILL/FRESH)
RELATIVE GRINDABILITY .105 (WT/MIN)/(HOLD-UP)
CIRCULATING LOAD 130.12 PERCENT .
CUMULATIVE DISTRIBUTIONM:

sIZ FRESH = ===-- MILL ~----- [ CLASSIFIER ========
(MICRONS)  FEED FEED PRODUCT  FEED OVERSIZE UNDERSIZE

668C.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

4760.0 .9950 .9961 .9999 .9978 .9961 1.0000
3360.0 - .9882 .9907  .9907 .9947 .9907 1.0000
2380.0 .9686 .9750 .9991 .9858 .9750  1.0000
1680.0 0444 9550 .9977 .9746 .9550 1.0000"
1199.0 .9120 .9275 .9951 .9590 .9275  1.0000
841.0 .8760 .8953 .9906 .9408 . . .8953  1.0000 .
595.0 .8220 .8537 .9828 .9173 .8537  1.0000
_420.¢ .7920 .8106 .9703  .8929 .8106  1.0000
- 207.0 .7436 . .7531 .9501 .8604 .7531  1.0000
216.0 L6726 .6E74 .9152 .8103 .6674 L9963
148.0 LE0E0 5686 .8599 .7496 .5686 ,9853
105.0 .5247 .4494  .7761 .6669 .4494 .9500
74.0 .4422 .3069 .6556 .5629 .3069 .8962
53.¢ L3613 .1975 .5218 .4521  ,1975 .7834

SR TR 1aes, La18R -.3792 1482 €700
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- -

TCP SIZE IN MICRCNS

- 6680.0 4760.0 3360.0 2380.0

74:210.0 T 149.0 T °105.0 © 74.0

’

CIRCUIT FEED

0050 9058  .0196  .0242
L 0E78 0813  .0825  .0809

. CLASSIFIZR CONSTANTS

1,000C 1.00C00 1.0000 1.0000
2210 .8150 L7750 .5580
- ’

NUMEBER CF DIFFERENMT BALL

SELECTION FUMNCTION
-’
©2.3139 2.1063 1.8753 1.6342
, 3823 .2512 L1782 .1271

’ .

‘. BREAKAGE FUNCTION

.0000  .6515  .1090  .0430
0188 . ,0095  .0080  .0065

SELECTION FCN PARAMETZRS

s(1)

AR = 2.3139
; .- 7 ZETA(1)=  .2829
. °° 7 2ZETA(2)= -.0893

‘.. BREAKAGE FCN PARAMETERS

hale S

ALPHA(1)=

IDEAL MIXERS

h
1"
3

1680.C
- 53.0

.0324
.0337

1.0000
.3830

1.3938
.0974

.0304
.0028

1.65

10

g
~d
(b ]
0

1190.0 841.0 . 595.0 420.0 - 297.0
20 85.0  Sr Lo ot e T

,0360  .0440  .0400  .0484 .0700
.3276

1.00C0 1.0000 1.0000 1.0000 .9650
.2210 .

1.1640 .9511 .7604 .5949 .4558
.0000

.0253 .0213  .o01s82 .0154 .0130
.0380

ALPHA(3)=

6.2570

- REXNCTES CE

) "REVERSED CLOSED CIRCUIT SIMULATIONS: 1



!

~ o 0N o

. ®
ral w

SELECTION FUNCTION

139 2.1063 1.8753 1.6342 1.3938 1.1640- .9511 ;7604 .59489.
222 .2512 .17289 .1271  .0974 .0000
ESTIMATED GRIND TIME OR ENERGY INPUT 7.26
STEADV-STITE CLOSED CIRCUIT SIMULATION:

~--REVERSED CLOSED CIRCUIT : FRESH FEED TO CLASSIFIER--
FEED RATIC o 1.201 (MILL/FRESH)
RELATIVE GRINDABILITY .106 (WT/MIN)/(HOLD-UP)
CIRCULATING LOAD 130.10 PERCENT : ‘
CUMULATIVE DISTRIEUTION:

sIzE FRESH =----- MILL =----=  =—==-—-- CLASSIFIER ======- -
(MICRONS)  TEED TLED PRODUCT  FEED OVERSIZE UNDERSIZE

5€68C. % 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
£760.0 .998%50 .29¢€1 .9999 .9s878 .9961 1.0000
2360.0 - .e8e2 .9907 .9997 .9947 ~ .9907 1.0000

23e0.0 .9686 .9750 .9991 .8gs8 .9750 1.0000

-
¢,
@®
o
(=]

0444 .9551 .9978 .9746 .9551 1.0000

1190.0 .9120 .8276 .9953 .9591 .9276  1.0000
841.0 8760 .8955 .9908 .9409 .8955 1.0000
505.0 .8220 .2520 - 9831 9174 .8539 1.0000

L 4£20.¢C .7920 .e108 .9707 . 8030 .8108 1.0000

S 297.0 - T.7436 .7534 .8505 .B606 .7534  1.0000
2:¢.0 - G728 LEETE 9157 .8105 6676 .9963
129.¢ 5060 .E688 .8604 .7498 .5688 9853
105.0 .5247 .4495 .7765 .6670 .4495 .9500

74.0 L4423 .3070 .6559 .5631 .3070  .8962
€2.0 36123 1977 .5222 4523 .1977 .7836

Cas e mmmz 100% 4192 3704 1402 .€RO1.

.4558
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TITLE: SIMULATION FCR LINE 3

4
14

) W
wnwu
[
N |
w0
o]
[
D

-
11 19 1
- - - -

-

-

]

T2P SIZE IN MICRONS

L

| 6680.0 4760.0 3360.0 2380.0 1680.0 1190.0 841.0 595.0 420.0 297.0
-219.0 149.0  105.0 74.0  .53.0 45.0 - S

’

CIRCUIT FEED

.0050  .0063  .0196  ,0242  .0324  .0260  .0440  ,0400 _ .0484  .0700
n875  .0813  .0825  .,0809  .0237  .3276

CLASSIFIER CONSTANTS

1.000C 1.0000 1.0000 1.0000 1.0000 .0000 1.0000 1.0000 1.0000 .9686
L2210 .8150 L7750 .5580 .3830 .2210

-

MUMBER OF DITFFEPENT BALL SIZES 1
SELECTICM FUNCTION

- 4.7942 - 3.7594 2.9276 2.2688 1.7498 1.3437 1.0264 .7798 .5896 .44328
L3320 .2433 L1237 .1362 .1093 .0000

'BREAKAGE FUNCTION | .
.0000.  .6515  .1090  .0430  .0304  .0253  .0213  .0182 .0154  .0130
.210%  ,0095  .0080  .0065  .0028  .0350
4
SELECTICN FCN PAPAMETERS
’
a0 8(1) = 4.7942
;% zETA(1)= . .7008
, ©  ZETA(2)= =-.0201
’ o ‘

- .BREAKAGE FCN PARAﬁETERS
™~ L - ..

- - dal,

= TR LI RAREA

. 'ALPHA(1l)= -.3205 - ALPHA(2)= .4750  ALPHA(3)= 6.2570

, _ :
‘REVERSED CLOSED CIRCUIT SIMULATIONS: 1
,
IDEAL MIXERS ‘ 1.65
14

n
19
3
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JIRZUIT 2RCDUC

- -l -

==, ZZICE 105.00 MICRONS
==> CUMULATIVE PASSING 85.Q0 % '
EIMULATION
SELECTION FUNCTION .
.7942 3.7594 2.9276 2.2688 1.7498 1.3437 1.0264 .7798 .5896
L3ITZC . 2483 .1837 .1362 .1093 .0000
ESTIMETED GRIND TIME OR ENERGY INPUT 7.37
STEADY-STATE CLLOSED RCUIT SIMULATION

==-REVERSED CLOSED CIRCUIT :

FESD RATIO =  1.286 (MILL/FRESH)
RELATIVE GRINDABILITY =  .106 (WT/MIN)/(HOLD-UP)
CIRCULATING LOAD = 128.63 PERCENT
CUMULATIVE DISTRIBUTION: |
SIZE FRESH ----- MILL ======  —m———-- CLASSIFIER ===mem=-=
(MTCROMS'  FEED FETD PRODUCT FEED  OVERSIZE UNDERSIZE
6680.0  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
4760.0 .9950 8961  1.0000 .9978 9961  1.0000
3360.0 9e82 .9907 .9999 .9948 9967  1.0000
2380.0 9686 .9752 9996 .9860 9752 1.0000
1680.0 9444 9556 9988 .9750 9556  1.0000
1190.0 9120 .9286 9970 o508 9286  1.0000
841.0 8760 .8971 .9935 .9421 .8971  1.0000
59E. 0 832 .85€1 9867 o100 £561  1.0000
£20.0 7820 g12z 9750 ga49 £123  1.0000
207.0 7436 7555 9549 8625 7555  1.0000
210.0 £726 6684 9103 8118 .6684 9963
1290 €050 5675 .8627 7504 .5679 9852
105.0 5247 .2475 L7782 6673 .4475 .9500
74.0 4422 2064 .6603 5649 .3064 £974
220 2e12 2000 5325 1576 .2000 7890
37z £ 1236 873 1521 6897

FRESH FELD TO CLASSIFIER--

.443¢
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TITLEL: SIMULATION FOR LIMNE 14
INPUT DATA

1 2 3 4

e 12 1z 14

. TOP SIZE IN MICRONS

66280.0 4760.0 3360.0 2380.0

2100 149.0 105.0 74.0

.0050 .0068 .0
0

CIRCUIT FEED

196 .0242
2873 .081 L0825

CLASSITIER CONSTANTS

.0009 1.0000 1.0000  1.0000
L3212 8150 L7759 .5580

NUMEER OF DIFFERENT BALL

SELECTION FUNCTION

OPVRATING PARAMETERS

1680.0
53.0

o O
) W
w M

-d

1.0000
.3829

SIZES

.2241 2.0256. 1.8043 1.5730 1.3422
.3300  ,2422 ,1735  .1226  .0939
BREAXAGE FUNCTION
0000  .5515  .1090  .0430  .0304
7113 .0095  .00S0  .0055  .0028
SELECTION FCN PARAMETERS
S(1) = 2.2241
ZETA(1)=  .2413
- (ZETA(2)=  -.0895
. BREAKAGE FCN PARAMETERS |
, AL°HA(1)- 3205 ALPHA(Z)-

1190.0

1.

1.

45.0

.0260
. 3276

0000
.2210

1212
.0000

.0253
.0350

.4750

REVERSED CLOSED CIRCUIT SIMULATIONS:

1

.65

1

841.0 585.0

1.0000 1.000C 1.0000

»9165 .7329

.0213 .0122

ALPHA(3)= 6.2570

420.0

.5734

P-‘
«Q

297.0

.0700

.9680C



el

(8]

.~ < s o

22241 2.0256 1.8043 1.5730 1.3422 1.1212 .9165 .7329  .5734
.330¢  .2422  .1735  .1226  .0939  ,0000
TSTIMATID GRIND TIME OR ENERGY TNPUT 7.53
| STEADY-STATE CLOSED CIRCUIT SIMULATION:
--REVERSET CLOSED CIRCUIT : FRESH FEED TO CLASSIFIER--
FIED RATIOC = 1.201 (MILL/FRESH)
RELATIVE GRINDABILITY =  .102 (WT/MIN)/(HOLD-UP)
. ZIRCULATING LOAD = 130.11 PERCENT
CUMULATIVE DISTRIBUTION:
szom TRESH ----- MILL ~=-==-  esmce=s CLASSIFIER -=------=
(MICROME)  FEED FEED PRODUCT FESD  OVERSIZE UWDERSIZE
- §680.0  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
- 2760.0. . .9050 .9951 .9990 .9978 .9961  1.0000
- 3360.0 .9882 .9907 +,9997 .9947 .9907  1.0000
- 238C.0 .9686 .9750 .9921 .9859 .9750  1.0000
- 1680.0  .9424 .©551 ,9978 .9746 9551  1.0000
- 1190.0° .9120 9276  .9953 .9591 .9276  1.0000 ;f‘
- ea1.0 £760 .8O55 9908 0409 8955  1.0000
- sotc 2220 £5329 .9820 9174 8538  1.0000
- a20.0 7020 £108 9707 8930 .8108 ;.dooo
- 297.0 L743€ .7534 9505 . 8606 7534 1.0000
- 2.0 - L8736 5576 9156 .£105  .6676 .9963
- 40,7 LE060 R .E688 .8603 7 .7498 .5688 .9853
- 105.0 .5247 4495 7764 6670 .4495 .9500
- 7i.c 2222 2070 €5co £530 .3070 962
- == '1;17 e Eaan 45°19 .1974

ST INPUT NECEZESARY TC ACHIEVE
ISS OF TEE MILL CIRCUIT PRODUCT

=» E£IZE : 105.00 MICRONS
=> CUMULATIVE PASSING: 95.00 %

SELECTION FUNCTION

.7R3A

.4394
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SECONDARY BALL MILL CIRCUIT OPTIMIZATION
HRC PILOT PLANT TESTING

1.0 EXECUTIVE SUMMARY

1.1 Purpose and Scope

As originally proposed, the scope of work called for M. A. Hanna
Research center to conduct secondary pilot plant grinding/classification
studies with a taconite ore, employing optimum mill operating conditions
established by computer simulation in prior laboratory and plant grinding
studies. ‘

Some thirty-one pilot plant tests were conducted using a
conventional hydrocyclione, static and vibrating screens as well as a
modified cyclone equipped with a JD spigot valve. All tests were conducted
utilizing a 3'P X 3' Marcy ball mill operated at 70-72% solids and with a
top ball size of 1-1/4 inches. Both of these operating parameters were the
major findings of the computer simulation programs run on a series of batch
and commercial plant grinding test results.

The main objective in the overall program was to reduce grinding
power consumption.

1.2 Conclusions and Recommendations

: 1. A1l Lake Superior taconite operations continue to use
hydrocyclones for either primary or secondary mill classification. Over 20
years ago, R. L. Bliefuss suggested cyclone replacement for grade
improvement by eliminating HL%ufactured middlings. This current testing
demonstrates the magnetude of benefits that a no-cyclone secondary grinding
circuit has over existing configurations. These are:

(a) Product silica decrease of 0.6% - 0.9% 5102
(b) Product grind decrease of 12-14% -325 mesh
(c) Potential power reduction of 6 to 16%

2. The use of a patented JD cyclone apex va]ve(z) does not offer
any benefits. in cyclone classification efficiency.

3. The logical flowsheet modifications for existing secondary
grinding installations would be:

(a) Replacement of existing static screens with more
efficient high frequency sandwich deck units followed by;

(b) Replacement of existing hydrocyclones with low frequency
scalping screens.



2.0 SAMPLE DESCRIPTION & PREPARATION

The feed materials for this program were taken at the National Steel
Pellet Company's concentrator during the weeks of January 30 and May 1,
1989. A predetermined ore blend (see attached mine blend schedule, Table 1)
was fed to the plant for a 3-day period prior to sampling.

Following three days of purging the plants crude ore systems with these
blends, cobber concentrate was bulk sampled on a two shift per day schedule
for b5-days for each period. The point 1in NSPC's flowsheet sampled
represented a mixture of 50% of the total plants' cobber concentrate
production.

The two barrelled wet cobber concentrate samples were transported to
HRC's covered ore storage building and alliowed to air dry to about 7%
moisture prior to homogenating and storage. The two accumulated samples
approximated 75 tons each.

The average plant metallurgical response to these materials in regard
to secondary grinding power and final concentrate parameters for the two
periods were as follows:

NATIONAL STEEL PELLET COMPANY
CONCENTRATOR METALLURGICAL DATA

Secondary Power Final Concentrate
Net KWH/LT Fine Screen Undersize
Period Crude Cobb.Conc.  %-325 Mesh cm2/gm % Fe % Si0,
1/30-2/1, 1989 5.2 10.8 73.9 1720 68.17 4.65
5/1-5/05, 1989 5.1 10.6 76.2 1850 68.25 4.75

As noted in Table 1, one component of the May blend had a higher than
normal silica liberation index of 5.20.

The above plant data was utilized as a base for all subsequent pilot
plant test result comparisons and conclusions.

3.0 TEST PROGRAM

3.1 Introduction

The main objective 1in this secondary ball mill circuit
optimization program was to vreduce grinding power consumption and/or
improve final grade. This was to be investigated by 1) utilizing the
recommended grinding % solids and ball size as determined in the prior
optimization program and 2) by improved classification techniques.

3.2 Flowsheets

The NSPC commercial plant flowsheet is shown on attached Figure 1.
Figures 2 and 3 show the five basic pilot plant flowsheets investigated.
These were as follows:



Flowsheet A - A duplication of the NSPC secondary grinding circuit employing
a conventional hydrocyclone with a Dorr-Oliver Rapifine screen treating the
finisher concentrate product.

Flowsheet B - A Derrick sandwich screen substituted in place of the
Dorr-OTiver unit. Screen surfaces DF-120 (170 mesh) and DF-165 (230 mesh)
tested. In addition, a modified cyclone with a "JD" apex valve tested.

Flowsheet C - Same as flowsheet B but tested a DF-145 Derrick screen
surface. Hydrocyclone operated to produce a coarser separation than in
flowsheets A and B.

Flowsheet D - Same as flowsheet B but with Derrick screen oversize returned
to the ball mill via a dewatering magnetic separator. NSPC flowsheet
(Figure 1) returns this product to the cyclone feed sump.

Flowsheet E - Hydrocyclone replaced by 28 mesh Denver screen and.Derrick
screen with DF-165 surface operating in series.

3.3 Equipment Description

The major items of equipment used in this flowsheet were:

a) Secondary Ball Mill

Make: Marcy Ball Mill with trunnion o'flow discharge
Size: 3'¢p X 3' long o

Speed: 81% C.S.

Power: 10 HP

Ball Charge: 1500 1bs. (30% mill volume) 28.6% 1.25"
47.5% 1.00"
18.8% 0.75"

5.1% 0.50"
b) Hydrocyclone
Make: Dorr-0liver
Size: 3"p
Vortex :
Finder: 1.0, 1.5, 1.8 & 2.0"p
Apex
Valve: 7/8" and 1.0"p
1.0" J.D.
Pressure: 5, 8 and 10 psig
c) Rapifine Screen
Make: Dorr-Oliver
Size: 18 inches wide X 4 feet long
Cloth: Sieve bend panels - 0.004" & 0.006"

avg. slot openings



e)

f)

g)

h)

Derrick Scree

n

Type:
Size:
Cloth:

Denver Screen

Vibrating screen with sandwich decks
2 feet wide by 3 feet long

DF120 - 170 mesh

DF145 - 200 mesh

DF165 - 230 mesh

Type:
Size:
Cloth:

Vibrating screen with conventional screen cloth
15 inches wide X 3 feet long
28 mesh Tyler

Dewatering Separator

Make: Stearns

Size: 18"@g X 10"
Strength: 700 gauss
Hydroseparator

Make: Denver

Size: 6'0 X 4' deep

Finisher Magn

etic Separator (2 Drum)

Make:
Size:
Strength:

Indiana General
30"p X 20" face width.
600 gauss



3.4 Test Procedures

The new feed rate to the flowsheet was accurately determined based
on 10 second cuts of the table feeder discharge every 15 minutes. For the
sampling period, these readings were averaged to give each test's new feed
rate. The sampling period was normally 2-hours in length and followed a 2-4
hour circuit stabilization period. ‘ ,

The power drawn by the mill was measured by a wattmeter. The
no-load power or mill tare was determined before the test project over a
period of 6 hours.

Water addition to the mill was measured with a Brooks Rotameter.
Adjustments were made based on mill discharge slurry density determined
manually with a Marcy balance at 20 minute intervals. For all tests, mill
discharge density was maintained between 70 and 72% solids by weight.

A1l circuit points were sampled during the two-hour sampling
period and processed for structures and percent solids data. Appropriate
time weight sampies were taken just prior to circuit shutdown.

4.0 PILOT PLANT RESULTS

4.1 General

Overall, thirty-one tests were conducted utilizing the NSPC
cobber concentrates as new feed material to the secondary grinding circuit.
A1l tests were conducted maintaining 70-72% grinding solids by weight. The
ball charge and new feed rates were adjusted to maintain the same
approximate net power/ton as the NSPC plant averaged during the January and
May, 1989 sampling periods. The majority of the following flowsheet
conclusions were therefore made on the basis of final product grind/grade
levels and ball mill circulating loads, compared to plant and baseline pilot
plant tests. For the "no cyclone" tests (Flowsheet E), circuit feed rates
were increased to illustarate the potential power reduction (or increased
grinding capacity) that exists for this configuration.

4.2 Flowsheet A - Base Line Tests with Dorr-Oliver Rapifine
Screen.

The initial tests (Table 2) utilizing a 0.004" slot opening
seive bend panel produced a final product that was considerably finer in
structure and lower in silica that the the NSPC final concentrate. Changing
to a 0.006" opening panel produced the following results, closely
paralleling plant data for the two periods.

Secondary Power Final Concentrate
Net KWH/LT __Fine Screen Undersize
Cobb. % - %-325 cm?

Crude Conc. C.L. Mesh /gm %Fe  %Si0,

NSPC Plant 1/30-2/1 '89 5.2 10.8 150-250 73.9 1720 68.17 4.65
Pilot Plant - Flowsheet A 2 10.8 302 83.7 1754 68.00 4.69

10.6 150-250 76.2 1850 68.25 4.75

5.
NSPC Plant 5/1-5/5 '89 5.1
4.9 10.1 364 78.7 1631 68.03 4.75

Pilot Plant - Flowsheet A

5



It is virtually impossible to match the plants 26-inch diameter
cyclone performance with a small pilot size 3-inch diameter unit. It is for
this reason that the above circulating loads, grinds and blaine surface
areas are in somewhat disagreement while product grade and power input are
for all practical purposes identical.

4.3 Flowsheets B and C - Derrick Sandwich Screen Replacing Dorr-Oliver
Rapifine Screens.

For this series of tests, a 2' X 3' Derrick screen was substituted
for the Dorr-0Oliver Rapifine unit, again treating finisher concentrate.
Three different opening sandwich screen panels were tested which gave the
following average results compared to the above Flowsheet A baseline data,
for each of the two cobber concentrate samples:

Final Concentrate

Secondary Power Screen Undersize
Net KWH/LT % % cm? % %
Flowsheet Screen Crude Conc. C.L. =325 /gm %Fe Si0,-Si0,
January 30 - February 1, 1989 Sample
A D-0, 0.006" 5.2 10.8 302 83.7 1754 68.00 4.69 Base
B - Derr., DF-120* 5.0 10.4 140 79.4 1668 68.39 4.13 -0.56
B Derr., DF-145 4.7 9.7 187 8l1.6 1681 68.49 3.93 -0.76
B Derr., DF-165 4.8 10.0 197 79.8 1707 68.61 3.78 -0.91
May 1-5, 1989 Sample
A D-0, 0.006" 4.9 10.1 364 78.7 1631 68.03 4.75 Base
B Derr., DF-120 5.0 10.3 260** 76.5 1654 68.10 4.58 -0.17
C Derr., DF-145 5.0 10.3 144 74.0 1649 68.27 4.35 -0.40
C Derr., DF-165 4.9 10.1 189 76.9 1612 68.72 3.87 -0.88

*DF-120 (170 mesh)
DF-145 (200 mesh)
DF-165 (230 mesh)

**Value high due to leakage of screen undersize to oversize
product at bottom end of screen panel.

As expected, total ball mill circulating loads increased with the
use of successive finer ball mill closure screens. For both samples
however, the circulating loads for all Derrick screen tests were lower than
the base line flowsheet A tests utilizing a Dorr-Oliver rapifine screen.

Interestingly, final product grind in terms of %-325 mesh or
Blaine surface area remained relatively constant while product silica
decreased with successive finer closure screens. A reduction of final
silica of about 0.9% appears easily attainable (DF-165 screen) as a result
of increased secondary ball mill classification efficiency utilizing Derrick
screens in lieu of the Dorr-Oliver rapifine units. No Tloss of present
grinding capacity would result; on the contrary, the tests with the January
plant cobber concentrate sample indiate a 7-8% potential power reduction.

6



A 1.0" diameter JD spigot valve was constructed and tested
(Test No. NS-29) in the 3-inch diameter Do#@ Oliver cyclone. In comparing
the results of Test NS-29 to Test NS-28, containing a conventional spigot
valve, no improvement in classification was noted. As the appended article
cites, higher underflow densities (80-81%) are attainable without roping
compared to conventional apex values. For dewatering applications this
would be of obvious benefit, but appears to offer nothing for improved
classification circuits.

| 4.4‘ Flowsheet D - Screén Oversize to Ball Mill

The National Steel Pellet Companys' present flowsheet returns to
the Dorr-Oliver rapifine screen oversize product to the secondary ball mili
cyclone feed sump. As this material has already exited the secondary
circuit via the cyclone overflow product, it was felt improved grind/grade
results might be attainable if this oversize product were to be returned to
- the ball mill, precluding any short circuiting. The following results
indicate only marg1na1 grade improvement by this approach compared to the
present flowsheet.

Final Concentrate-

Secondary Power Screen Undersize
Net KWH/LT % % cm? % %
Flowsheet Screen Crude Conc. C.L. =325 /gm %Fe 5102 S1'02
C Derr., DF-145 5.0 10.3 144 74.0 1649 68.27 4.35 Base
D Derr., DF-145 5.1 10.6 135 73.8 1698 68.29 4.28 -0.07

These marginal grade improvement results would not justify making
this flow revision to the present NSPC concentrator. In a similar
greenfield application, it would be the preferred configuration.

4.5 Flowsheet E - Screens Replacing Cyclone

Cyclone replacement in a taconite flowsheet was suggested over
twenty years ago by R. L. Bliefuss to eliminate or reduce the inherent
problems of misplaced material in 4&3 cyclone products. No Lake Superior
taconite operation has to date converted to this flowsheet configuration
which appears to offer the combined benefits of Tlower product silica,
coarser product grind and a significant increase in secondary grinding
capacity as shown in the following tabulation:



Final Concentrate

KWH/LT  KWH/LT T
Flowsheet Screen Crude Reduction % C.L. =325 /gm %Fe %Si0, %Si0,
Plant(5/1-5/5) 5.1 - 150-250 76.2 1850 68.25 4.75 -
A. Cyclone-D-0 Screen 4.9 Base 364 78.7 1631 68.03 4.75 Base
-0.006" Surface
B. Cyc]one-Derr.Séreen 4.9 - 189 76.9 1612 68.72 3.87 -0.88
DF-165 Surface 7 -
E. No Cyclone 4.6 -6% 122 66.7 1562 68.85 3.84 -0.91
28 Mesh Denver :
Derr.Screen

DF-165 Surface

E. No Cyclone 4.1 -16% 190 64.0 1512 68.19 4.17 -0.58
28 Mesh Denver
Derr.Screen
DF-165 Surface

For the NSPC concentrator, elimination of the cyclone would appear
to offer the following magnitude of benefits:

1.) Power reduction or increased secondary grinding capacity of 6 to
16%.

2.) Decrease of concentrate grind by;

a. 12-14% minus 325 mesh, and
b. Blaine surface area reduction of 100 units, minimum.

3.) Concentrate silica decrease of approximately 0.6 - 0.9% 5102.

Sideline benefits resulting from a coarser product grind would be
1) decreased filtering problems and 2) a possible reduction in tailing
flocculant usage.

To illustrate why these benefits occur, silica analysis of
individual screen fractions of the final concentrates were made of a base
line test (cyclone and Dorr-Oliver screen, NS-9) and a test (NS-30)
employing screens for cyclone replacement.



FINAL CONCENTRATES

TEST NS-9 - TEST NS-30
Cyclone + D-0 Screen No Cyclone - 2 Stage Screens

Tyler Si02 Si02

Mesh Wt. %Si0, Units 2L, %Si0, Units
+200 5.04 20.60 1.04 8.48 4,25 0.36
+270 7.43 10.80 0.80 15.16 6.85 1.04
+325 7.86 5.68 0.45 9.71 4.85 0.47
-325 79.67 2.52 2.01 66.65 2.96 1.97
TOTALS 100.00 4,30 4,30 100.00 3.84 3.84

Please note the extreme differences in silica content of the +200
and -200 + 270 mesh fractions of these two flowsheet final products.
Approximately 25% of the total product silica is contained in the plus 200
mesh fraction (NS-9) compared to only 9% for Test NS-30. At cumulative +270
mesh, the difference is 43% versus 36%. The silica units contained in the
final two fractions are essentially equal. :

5.0 RECOMMENDATIONS

1. Replace existing static screens with more efficient high frequency
sandwich deck units.

2. For maximum power savings, flowsheet E (no cyclone - 2 stage
screens) is the preferred configuration.
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TABLE 1
SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

National Steel Pellet Company
Mine Ore Blend April 28 - May 5, 1989

‘ SHOVEL % % LIBERATION
PROPERTY COMPOSITE NO. MINED WGT INDEX
ONTARIO ANNEX 1511-012 4157 16 32.6 - 5.20
STEVENSON ANNEX 1425-1951 4154 13 26.6 2,00
STEVENSON 1330-040 4155 38 24.0 2.00.
~ STEVENSON ANNEX 1425-1952 4154 30 29.0 2.10
ONTARIO ANNEX 1511-022 4157 3 32.2 4.70
AVERAGE: 100% 27.4 2.60

TARGET BLEND ' 27.5 2.62

Mine Ore Blend January 27 - February 1, 1989

SHOVEL % % LIBERATION
PROPERTY COMPOSITE NO. MINED WGT INDEX
ONTARIO ANNEX 1510-301/281 4157 36 35.5 3.30
RUSSELL 1230-16/15 4155 30 25.8 2.00
STEVENSON ANNEX 1425-1931 4154 25 34.0 2.40
AVERAGE: 100% 32.1 2.60

TARGET BLEND 31.9 2.63



FS Date

> D>

(- R--Q--Ne-N..No-)

(o= 3=~

OO0

oo

Test
No.

5/1 - 5/5/89

5/23/89 NS-1
5/24/89 NS-2
5/30/89 NS-3
6/01/89 NS-4
6/06/8% NS-5
6/07/89 NS-6

6/08/89 NS-7
6/09/89 NS-8
6/13/89 NS-9

AVE.

6/14/89 Ns-10

6/14/89 NS-11

6/15/89 NS-12
6/15/89 NS-13
6/29/89 NS-20
6/29/89 NS-21

AVE.
8/03/89 NS-28
8/04/89 NS-29

6/20/89 Ns-14
6/22/89 NS-17
6/27/89 Ns-18

AVE.

6/20/89 NS-15
6/22/89 NS-16
6/28/89 NS-19

AVE,

8/07/89 NS-30
8/08/89 NS-31

TABLE 2

SECONDARY BALL MILL TIRCUIT OPTIMIZATION TESTS

FINE SCREEN PRODUCTS

cmé
%Fe %510

NSPC PTant Cobber Concentrate Sampie: May 'l - 5,
POWER
DRY NET KWH/LT
FEED RATE 3-INCH @ CYCLONE Cobb. CYCLONE %-325M FINE SCREEN _ 0'Size
r r psig VF-§  Apex-@ Crude Conc ow oW Make Opening %-325 %-3256 /gm
NATIONAL STEEL PLANT AVERAGE 5.1* 10.6*

FLOWSHEET A -

7,889

*Gross X 0.85
BASE: LINE w/D-0 FINE SCREEN

76.2 1850 68.25 4.75

758 0.34 10 1.0 . . . D-0 0.004" - 98.5 - 69.76 2.65
1184 0.53 10 1.0" 7/8" 7.1 14.8 41.9 96.6 D-0 0.004" - 96.2 2177 69.94 2.58
1466 - 0.65 10 1.5" 1.0" 4.7 9.7 16.9 87.2 D-0 0.004" 42,1 84.4 1765 68.63 3.56
1466 0.65 10 1.5" 7/8" 4.9 10.2 18.9 78.0 D-0 0.004" 41.3 84.7 1761 68.63 3.98
1469 0.66 10 1.8" 7/8" 4,9 10.1 17.7 78.2 - D-0 0.004" 49.1 86.2 1782 68.85 3.82
1451 0.65 10 1.8"+2.0" 7/8" 4.9 10.1 19.5/ 79.2/° D-0 0.004" - 91.97 1982/69.007 3.44/

19.5 73.2 : 84.7 1876 68.63 3.48

1444 0.64 5 1.8" 1.0" 4.9 10.1 19.9 74.4 D-0 0.006" 36.2 78.2 1618 67.88 5.07
1447 0.65 5 1.8" 1.0" 4,9 10.1 19.5 74.4 p-0  0.006" 55.1. 78.2 1603 67.73 4.87
1477 0.66 8 1.8" 1.0" 4.9 10.1 20.9 74.0 D-0 - 0.006" 60.8 79.7 1672 68.48 4.30

4.9 10.1 20.1 74.2 D-0 0.006" 50.7 78.7 1631 68.03 4.75

FLOWSHEET B - DERRICK SCREEN REPLACING DORR-OLIVER

1458 0.65 8 . . . 10. . . err. DF-120 57.7 76.5 1605 68.18 4.45
1450 0.65 8 1.8" 1.0" 4.9 10.1 22.0 74.6 Derr. DF-120 61.5 77.3 1536 67.88 4.73
1458 0.65 5 1.8" 1.0" 4.9 10.1 19.1 74.7 Derr. DF-120 60.8 76.8 1634 67.90 4.91
1450 0.65 5 2.0" 7/8" 5.1 10.4 20.0 70.3 Derr. DF-120 20.4 72.3 1576 67.57 5.22
1430 0.64 10 2.0" 7/8" 5.1 10.6 20.8 81.7 Derr. DF-120 16.3 85.4 1825 68.64 3.96
1442 0.64 8 2.0" 7/8" 5.1 10.6 19.1 77.7  Derr. DF-120 24.2 71.0 1753 68.42 4.18

5.0 10.3 20.2 75.3 Derr. DF-120 40.1 76.5 1654 68.10 4.58
1488 0;66 5 2.0" 7/8" 4.9 10.1 18.0 71.9  Derr. DF-165 34.3 76.9 1612 68.72 3.87
1486 0.66 8 2.0" Jo(1") 4.9 10.1 16.0 75.8 Derr. DF-165 50.9 79.8 1605 68.55 3.89

FLOWSHEET C - DERRICK SCREEN WITH COARSER CYCLONE SPLIT

1518 0.67 . 5 . . . . . err. DF-145 10.5 72.4 1610 68.63 4.10
1467 0.65 5 2.0" 7/8" 5.0 10.3 14.5 53.9 Derr. DF-145 11,2 70.1 1616 67.59 4,93
1427 0.64 5 2.0" 7/8" 5.1 10.6 18.9 74.9 Derr. DF-145 23.6 79.5 1763 68.58 4.01

5.0 10.3 17.4 64.5 Derr. 'DF-145 15.1 74.0 1649 68.27 4.35

FLOWSHEET D. - SCREEN O'SIZE TO BALL MILLv

1474 0.66 5 2.0" 7/8" 4.9 10.1 18.4 61.5 Derr. DF-145 12.4 71.6 1644 68.63 4.13
1444 0.64 5 2.0" 7/8" 5.1 10.5 16.9 66.6 Derr. DF-145 11.5 73.5 1735 68.00 4.35
1368 0.61 5 2.0" 7/8" 5.4 11.3 19.4 72.0 Derr, DF-145 18.7 76.3 1715 68.25 4.36

5.1 10.6 17.3 66.7 Derr. DF-145 14,2 73.8 1698 68.29 4.28

FLOWSHEET E - SCREENS REPLACING CYCLONE
Denver Screen @ 28 Mesh
% -325 Mesh
0'Size U'Size : Finisher Conc.

1476 0.66 - - 4.6 9.6 10.2 . Derr. DF-165 20.4 . . .
1688 0.75 - 4.1 8.5 9.7 39.6 Derr. DF-165 26.0 64.0 1512 68.19 4.17

**By time weight samples.

.Ball
Mill Cir.
Loads**

x

150-250%

364%

260%

189%
198%

144%

135%

122%
190%
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TABLE 3 ,
SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Plant Cobber Concentrate Sample: January 30, 31 & February 1, 1989

Ball
POWER FINE SCREEN PRODUCTS Mill
DRY NET KWH/LT v UNDERSIZE Cir.
Test _ FEED RATE 3-INCH @ CYCLONE Cobb. CYCLONE %-325M FINE SCREEN 0/Size cm? Loads

F.S. Date No. Tb/hr LT/hr psig V- Apex-@ Crude Conc U'Flow O0'Flow Make  Opening %-325 %-325  /gm Xfe 25i0, %

1/30-2/1 NATIONAL STEEL PLANT AVERAGE 5.2 10.8* 73.9° 1720 68.17 4.65 150-
*Gross X 0.85 . 250

FLOWSHEET A - BASELINE w/D-0 FINE SCREEN
A 7/05/89 NS-22 1392 0.62 5 1.8" 7/8" 5.2 10.8 19.7 80.4 D-0 0.006" 59.3 83.7 1754 68.00 4.69 302

FLOWSHEET B - DERRICK SCREEN REPLACING DORR-OLIVER
10.4 20.6 77.2 Derr. DF-120 41.2 79.4 1668 68.39 4.13 140

8 7/07/89 NS-24 1407 0.63 5 2.0" 7/8" 5.0
8/01/89 NS-26 1536 0.69 5 2.0" 7/8" 4.7 9.7 23.7 76.4 Derr. DF-145 51.4 81.6 1681 68.49 3.93 187
7/31/89 NS-25 1512 0.68 5 2.0" 7/8" 4.8 10.0 22.4 76.8 Derr. DF-165 46.9 79.8 1707 68.61 3.78 197
8/02/89 NS-27*1543 0.69 5 2.0" 7/8" 4.7 9.7 21.9 67.8 Derr. DF-145 35.4 77.1 1610 68.60 3,93 187

*Increased Derrick Screen Loading - Used only 5-inches of 22" screen width. Compare to Test NS-26.

) *By time weight samples.






SECONDARY BALL MILL CIRCUIT OPTIMIZATION
HRC PILOT PLANT TESTING
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SECONDARY BALL MILL CIRCUIT OPTIMIZATION
HRC PILOT PLANT TESTING

3"P Dorr Oliver Hydrocyclone

Machined "Jp" ApeX Valve






SECONDARY BALL MILL CIRCUIT OPTIMIZATION
HRC PILOT PLANT TESTING

Derrick Sandwich Screen Unit







SECONDARY BALL MILL CIRCUIT OPTIMIZATION
HRC PILOT PLANT TESTING

Denver 6'@ X 4' Hydroseparator






SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-7
Sample % Fe % 51‘02 % Solids
Cobber Conc. 48.16 93.4
Cyclone Feed 52.22 42.3
Cyclone U'Flow 53.73 72.5
Ball Mill Disch. 52.22 70.9
Cyclone O'Flow 48,91 19.4
Hydro U'Flow 50.42 24.1
Hydro O'Flow 14.20 1.2
Finisher Conc. 67.50 54.4
Finisher Tails 14.82 5.9
Fine Screen 0'Size 55.46 14.0
Fine Screen U'Size 67.88 5.07 20.1
Cumulative % Wt. Retained
Cobber Cyclone Ball Mill Cyclone F.S. F.S.
Mesh Conc U'Flow Disch. 0'Flow 0'Size U'Size
+4 0.25 0.37 0.30
+6 1.71 1.95 1.11
+8 3.47 3.69 2.07
+10 6.43 5.53 2.83
+14 10.45 7.27 3.43
+20 15.88 9.54 3.88
+28 21.36 11.75 4.28
+35 28.29 14.60 4.88
+48 - 35.43 18.13 5.94 0.08 3.33
+65 42.87 22.71 8.41 0.24 9.20 0.18
+100 50.06 29.45 13.10 0.88 17.87 0.57
+150 56.94 40.25 23.33 3.16 29.09 1.67
+200 64.28 56.69 41.42 9.39 45.16 6.54
+270 70.01 71.55 58.04 18.53 57.66 15.58
+325 73.28 80.03 64.39 25.56 63.78 21.81
-325 26.72 19.97 35.61 74.44 36.22 78.19



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-8
Sample % Fe % 8102 % Solids
Cobber Conc. 49.14 93.1
Cyclone Feed 52.15 39.8
Cyclone U'Flow 53.13 71.8
Ball Mil11 Disch. 52.60 72.0
Cyclone O'Flow 49,51 18.9
~ Hydro U'Flow 51.47 23.9
Hydro O'Flow 15.95 0.9
Finisher Conc. 67.35 61.8
Finisher Tails 15.35 5.9
Fine Screen 0'Size 62.08 27.8
Fine Screen U'Size 67.73 4.87 32.3
Cumulative % Wt. Retained
Cobber Cyclone Ball Mill Cyclone F.S. F.S.
Mesh Conc U'Flow Disch. 0'Flow 0'Size U'Size
+4 0.12 0.09 0.28
+6 1.27 1.58 1.52
+8 3.37 3.07 2.47
+10 6.37 4.88 3.31
+14 10.28 6.55 3.93
+20 15.38 8.49 4,38
+28 21.38 10.75 4.77
+35 28.00 13.50 5.39 0.10
+48 34.74 16.89 6.40 0.61
+65 42.31 21.59 8.70 0.20 2.23 0.11
+100 48.85 27.82 13.75 0.75 5.53 0.45
+150 57.32 40.96 23.46 2.61 11.97 1.62
+200 63.53 56.31 41.37 9.61 24.50 5.90
- +270 69.33 72.56 56.31 19.93 36.67 13.93
+325 72.91 80.55 64.56 25.57 44,94 21.28
-325 27.09 19.45 35.44 74.43 55.06 78.72



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-9
Sample % Fe % 5102 % Solids
Cobber Conc. 49.59 92.8
Cyclone Feed 55.08 46.02
Cyclone U'Flow 54.18 74.5
Ball Mi1l Disch. 54.18 72.1
Cyclone O'Flow 51.09 16.7
Hydro U'Flow 52.98 23.4
Hydro O'Flow 15.80 .0
Finisher Conc. 67.80 46.9
Finisher Tails 15.50 .9
Fine Screen 0'Size 64.03 12.9
Fine Screen U'Size 68.48 4,30 38.5
_Cumulative % Wt. Retained
Cobber Cyclone ' Ball Mill Cyclone F.S. F.S.
Mesh Conc U'Flow Disch. 0'Flow 0'Size U'Size
+4 0.61 0.30 0.38
+6 1.32 1.77 1.61
+8 3.69 3.48 2.53
+10 6.51 4,95 3.49
+14 10.42 6.48 3.99
+20 15.52 8.25 4.41
+28 20.94 10.17 4.79
+35 27 .45 12.47 5.40 0.05
+48 34.51 15.16 6.51 0.10 0.41 0.05
+65 42.16 19.20 8.81 0.31 1.71 0.10
+100 49.49 24.80 14.07 1.03 4,38 0.31
+150 56.36 37.70 24.09 3.03 10.26 1.48
+200 64.10 52.87 43.64 9.61 18.95 5.04
+270 69.33 71.15 59.88 . 18.60 31.19 12.47
+325 72.83 79.11 68.79 26.00 39.19 20.33
-325 27.17 20.89 31.21 74.00 60.81 79.67



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-12

Sample % Fe % S1'02 % Solids
Cobber Conc. 49,36 92.7
Cyclone Feed 51.02 42.
Cyclone U'Flow 51.27 70.
Ball Mill Disch. 51.64 70.
Cyclone O'Flow 48.76 , 21.
Hydro U'Flow 52.77 ) 23.
Hydro O'Flow 15.73 0.
Finisher Conc. 67.12 24.
Finisher Tails 15.28 5.
Fine Screen 0'Size 59.30 13.
Fine Screen U'Size 67.80 4.91 26.

Cumulative % Wt. Retained

VOO PR OWORNWK

. F.S.

Cobber Cyclone Ball Mill Cyclone F.S.
Mesh Conc. U'Flow Disch. 0'Flow 0'Size U'Size
+4 0.41 0.64 0.11
+6 1.06 2.56 0.60
+8 2.81 4,83 1.75
+10 5.58 7.20 2.68
+14 9.82 10.30 3.17
+20 15.03 13.95 3.50
- +28 20.98 17.45 3.83
+35 27.62 21.89 4.27
+48 34.30 26.82 5.04 0.06 0.63
+65 41.92 32.68 6.73 0.18 3.35
+100 48.60 40.02 10.39 0.85 12.60 0.06
+150 57.07 49.73 17 .44 3.21 21.58 1.21
+200 63.87 61.80 28.59 9.26 25.66 4.44
+270 69.98 - 74.37 43.67 18.21 33.18 15.28
+325 73.12 80.92 52.74 25.34 39.25 23.18
-325 26.88 19.08 47.26 74.66 60.75 76.82



 SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-13

Sample % Fe % SiO2 % Solids
Cobber Conc. 49,21 92.8
Cyclone Feed 50.42 23.8
Cyclone U'Flow 50.19 70.3
Ball Mill Disch. 49.36 70.1
Cyclone O'Flow 48.91 23.1
Hydro U'Flow 50.79 17.2
Hydro O'Flow 15.88 0.7
Finisher Conc. 66.60 14.9
Finisher Tails 15.05 0.6
Fine Screen 0'Size 45.15 9.0
Fine Screen U'Size 67.57 5.22 24.2
v Cumulative % Wt. Retained
Cobber Cyclone Ball MiTl Cyclone F.S. F.S.
Mesh Conc. U'Flow Disch. 0'Flow 0'Size U'Size
+4 0.54 0.22 0.35
+6 1.81 1.87 1.12
+8 3.67 4.05 2.17
+10 6.56 6.92 2.94 0.06 7.62
+14 10.57 10.00 3.50 0.12 13.47
+20 15.66 13.88 3.85 0.24 19.60
+28 20.94 18.45 4.13 0.42 26.08
+35 27 .44 23.66 4,48 0.79 28.54
+48 34.58 29.13 5.11 1.28 32.95
+65 42.11 35.98 6.58 2.14 41.08
+100 49,30 43.26 9.60 3.73 55.87
+150 56.24 54,74 17.38 6.91 68.48 2.84
+200 62.06 65.47 28.74 12.05 72.72 9.40
+270 69.30 75.83 41.43 21.50 77.19 20.45
+325 72.92 80.03 58.57 29.73 79.60 27.73
-325 27.08 19.97 70.27 20.40 72.27



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-14

Sample % Fe % S1‘02 % Solids
Cobber Conc. 49,97 95.2
Cyclone Feed 50.95 28.7
Cyclone U'Flow 48.84 72.6
Ball Mil1l Disch. 49.44 70.9
Cyclone O'Flow ‘ 49.21 16.7
Hydro U'Flow 51.47 24.1
Hydro O'Flow 15.35 1.2
Finisher Conc. 64.49 19.5
Finisher Tails 15.50 6.2
Derrick Screen 0'Size ‘ 50.12 18.0
Derrick Screen U'Size 60.63 4.10 20.0

Cumulative % Wt. Retained

Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick

Mesh Conc Feed U'Flow Disch. O0'Flow 0'Size U'Size
+4 0.17 0.71

+6 1.36 0.62 3.59 1.65

+8 3.23 1.17 7.02 2.88

+10 5.91 1.95 10.45 3.63

+14 10.11 2.85 13,54 4.14 0.14 0.19

+20 15.472 4,37 17.09 4.50 0.33 0.65

+28 20.94 6.32 21.35 4.77 0.56 2.00

+35 27.65 8.81 26.11 5.13 1.12 5.18

+48 34.87 11.85 31.08 5.70 2.05 10.36

+65 42.64 16.06 37.14 7.14 3.67 20.21

+100 50.11 20.97 43,66 10.51 6.45 35.50 0.05
+150 57.03 31.10 55.32 17.85 11.54 69.40 0.47
+200 64.33 41.04 65.73 28.79 16.40 82.36 5.30
+270 70.66 52.22 75.72 44.79 29.30 87.54 18.42
+325 74.44 58.53 - 81.32 52.46 35.45 89.55 27.61

-325 25.56 41.47 18.68 47 .54 64.55 10.45 72.39



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-15

Sample % Fe % S1’02 % Solids
Cobber Conc. 49.59 93.8
Cyclone Feed 50.72 36.2
Cyclone U'Flow 48.46 72.2
Ball Mill Disch. 48.76 70.5
Cyclone O'Flow 49.14 17.0
Hydro U'Flow 51.92 24.1
Hydro O'Flow 15.43 5.5
Finisher Conc. 65.62 22.0
Finisher Tails 15.43 4.3
Derrick Screen 0'Size 50.04 19.4
Derrick Screen U'Size 68.63 4.13 19.7
Dewater Sep. Conc. 50.57 65.6
Dewater Sep. Tail 28.60 0.1
Cumulative % Wt. Retained ,
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch. O0'Flow 0'Size U'Size
+4 0.04 0.55
+6 0.77 0.31 4,20 1.41
+8 2.98 0.90 8.29 2.56
+10 5.96 1.74 12.05 3.16
+14 10.43 2.75 16.03 3.59 1.02
+20 15.85 4.60 21.00 3.85 2.22
+28 22.26 6.77 26.41 4.06 4.93
+35 29.02 9.85 31.93 4.32 1.95 9.83
+48 35.93 13.56 37.56 4,83 3.12 16.95
+65 43.72 18.35 44,08 5.98 4.92 27.94
+100 50.21 24.22 50.27 8.33 7.78 42.10 0.12
+150 58.61 31.84 60.62 16.15 12.49 69.76 0.98
+200 65.29 41.42 70.41 26.11 18.07 80.51 6.67
+270 71.21 52.57 79.69 40.43 32.54 85.37 . 21.38
+325 74.57 58.97 84.59 46.54 38.46 87.59 28.45
-325 25.43 41.03 15.41 53.46 61.54 12.41 71.55



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-16

Sample % Fe % S1’02 % Solids
Cobber Conc. 49.23 93.5
Cyclone Feed 51.11 33.0
Cyclone U'Flow 51.96 71.8
Ball Mill Disch. 49,16 71.7
Cyclone O'Flow 49.01 17.0
Hydro U'Flow 51.86 22.7
Hydro O'Flow 15.31 0.1
Finisher Conc. - 64.69 19.1
Finisher Tails 15.31 5.2
Derrick Screen 0'Size 49,83 19.7
Derrick Screen U'Size 68.00 4.35 21.7
Dewater Sep. Conc. 49.83 67.5
Dewater Sep. Tail 26.94 0.1
Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size
+4 0.25 0.07 0.47 0.08
+6 1.69 0.54 2.76 0.79
+8 3.38 1.07 6.00 1.79 0.04
+10 6.43 2.14 9.44 2.29 0.08
+14 10.47 3.54 13.08 2.54 0.16
+20 15.63 5.34 17.59 2.75 0.32 1.47
+28 21.53 7.67 22.69 2.92 0.61 3.92
+35 28.09 10.54 27.99 3.13 1.10 8.91
+48 34,77 13.87 33.48 3.59 1.92 16.30
+65 42.65 18.07 39.92 4.63 3.28 27.46
+100 49,29 22.60 46.17 7.08 5.26 43.41 0.12
+150 57.58 31.00 56.64 12.77 10.00 67.37 0.59
+200 64.80 40.80 67.35 22.29 16.68 79.35 5.63
+270 70.78 52.93 77.90 37.00 27.23 85.92 17.00
+325 74.25 58.73 83.08 45.69 33.37 88.47 26.55
-325 25.75 41.27 16.92 54.31 66.63 11.53 73.45



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

- Test No. NS-17

Sample % Fe % 5102 % Solids
Cobber Conc. 48.21 93.2
Cyclone Feed 50.62 45,9
Cyclone U'Flow 48.21 70.8
Ball Mil11 Disch. 48.51 70.5
Cyclone 0'Flow 49.19 19.7
Hydro U'Flow 50.47 30.3
Hydro O'Flow 15.32 0.8
Finisher Conc. 62.03 24.6
Finisher Tails 15.17 6.1
Derrick Screen 0'Size 48.14 25.7
Derrick Screen U'Size 67.59 4.93 23.0
Cumulative % Wt. Retained
Cobber Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow ‘Disch. O'Flow 0'Size U'Size
+4 0.26 0.20 0.19
+6 1.29 0.11 2.16 1.13
+8 3.05 0.64 5.07 2.15
+10 5.69 1.33 8.49 2.91
+14 9.57 2.29 12.76 3.33
+20 14,62 3.79 17.64 3.63 0.91 2.96
+28 20.66 5.55 23.16 3.86 1.62 5.42
+35 27.03 8.33 29.05 4.16 2.75 10.10
+48 33.77 11.96 35.38 4.69 4,59 17.32
+65 41.65 16.77 43,34 5.97 7.67 28.14 0.05
+100 48.46 23.34 51.37 8.54 11.92 44,72 0.10
+150 57.03 33.07 64.54 16.51 21.28 68.14 0.90
+200 63.99 42.64 74.09 27.09 30.04 79.81 8.39
+270 70.44 53.92 82.05 39.79 41.51 86.18 20.76
+325 73.63 60.60 85.50 46.25 46.06 88.79 29.89
-325 26.37 39.40 14.50 53.75 53.94 11.21 70.11



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-18

Sample % Fe % S1’O2 % Solids
Cobber Conc. 49.11 v 92.9
Cyclone Feed 52.11 34.4
Cyclone U'Flow 50.08 75.8
Ball Mil1l Disch. 51.44 70.9
Cyclone O'Flow 48.73 12.8
Hydro U'Flow 52.79 22.6
Hydro O'Flow 15.27 1.2
Finisher Conc. 67.23 17.2
Finisher Tails 15.34 4.5
Derrick Screen 0'Size 49,33 : 10.3
Derrick Screen U'Size 68.58 4.01 , 18.5

Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick

Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size

+4 0.06 0.43 0.11

+6 1.17 0.17 2.22 1.13

+8  3.11 0.51 4,74 2.09

+10 5.76 1.13 7.38 2.88

+14 9.74 1.92 9.90 3.39

+20 14.88 3.16 13.18 3.79

+28 20.96 4.80 16.51 4.07 0.16 0.48

+35 27.65 6.95 20.69 4.47 0.40 2.39

+48 34.40 9.49 25.21 5.09 0.72 7.40

+65 42.09 12.94 30.58 6.39 1.35 16.71
+100 48.78 17.29 37.70 9.39 2.54 33.18 0.06
+150 57.41 26.39 47.42 15.91 5.86 62.30 0.84
+200 64.16 36.79 60.21 24.02 11.00 70.18 3.58
+270 69.97 49.40 74.28 42.78 18.91 74.71 12.98
+325 73.18 57.03 81.10 52.64 25.08 76.38 20.53

-325 26.82 42.97 18.90 47.36 74.92 23.62 79.47



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-19

Sample % Fe % 5102 % Solids
Cobber Conc. 49,29 92.8
Cyclone Feed 51.47 34.3
Cyclone U'Flow 50.12 75.4
Ball Mil1l Disch. 50.49 71.0
Cyclone O'Flow 48.91 13.2
Hydro U'Flow 52.75 24.6
Hydro O'Flow 15.20 0.1
Finisher Conc. 66.67 19.5
Finisher Tails 15.43 5.8
Derrick Screen 0'Size 49.51 13.3
Derrick Screen U'Size 68.25 4.36 18.8
Dewater Sep. Conc. 50.49 62.9
Dewater Sep. Tail 28.29 0.1
Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mi1l Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size
+4 0.48 0.62
+6 0.70 0.29 2.27 1.36
+8 2.53 0.70 4.84 2.23
+10 5.43 1.11 7.12 2.91
+14 9.40 1.69 9.88 3.47
+20 14.66 2.62 13.42 3.78
+28 20.89 4.01 17.10 3.97 2.62
+35 27.60 5.86 21.61 4.28 5.98
+48 34.52 8.24 26.60 4.84 0.77 11.77
+65 42.14 11.54 32.43 6.02 1.55 22.17
+100 48.74 15.60 39.45 8.86 3.17 40.67 0.12
+150 57.01 24.17 48.66 15.17 6.27 67.46 1.33
+200 63.50 34,31 57.58 22.53 9.05 71.82 7.51
+270 68.98 47 .52 73.62 40.90 21.46 79.23 16.60
+325 72.74 54.70 80.60 50.42 27.99 81.29 23.69
-325 27.26 45,30 19.40 49.58 72.01 18.71 76.31



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-21

Sample % Fe % S1’02 % Solids
Cobber Conc. 49,19 93.9
Cyclone Feed 54.00 43.6
Cyclone U'Flow 53.47 73.3
Ball Mil11 Disch. 53.17 71.8
Cyclone O'Flow 48.97 14.3
Hydro U'Flow : 51.67 19.4
Hydro O'Flow 15.92 1.0
Finisher Conc. 68.34 18.5
Finisher Tails 15.40 5.0
Derrick Screen 0'Size 60.08 10.1
Derrick Screen U'Size 68.42 4.18 20.3

Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick

Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size

+4 0.16

+6 1.57 0.33 2.29 1.55

+8 3.57 0.93 4,11 2.58

+10 6.22 1.26 5.93 3.57

+14 10.06 1.93 7.71 4.18

+20 15.47 2.93 9.72 4.70

+28 21.31 4.19 11.73 5.12

+35 27.90 5.79 14.25 5.73 0.09 0.24

+48 35.04 7.92 17.38 6.67 0.18 1.19

+65 42.72 11.12 21.54 8.65 0.27 6.53
+100 50.07 15.45 27.75 12.22 0.71 30.40 0.10
+150 57.26 25.57 37.56 22.24 2.11 56.41 2.15
+200 63.31 38.22 50.92 36.26 5.17 63.06 8.11
+270 70.72 55.86 70.17 56.77 13.90 72.20 20.43
+325 74.88 64.45 80.96 65.24 22.28 75.76 29.03

-325.  25.12 35.55 19.04 34.76 77.72 24.24 70.97



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-22

Sample % Fe % S1’02 % Solids
Cobber Conc. 50.42 92.8
Cyclone Feed 54.33 35.5
Cyclone U'Flow 53.95 73.8
Ball Mil1 Disch. 54.18 70.1
Cyclone O'Flow 49.97 19.0
Hydro U'Flow 52.98 24.5
Hydro 0'Flow 15.35 1.3
Finisher Conc. 67.88 18.1
Finisher Tails 14.75 5.1
Fine Screen 0'Size 55.84 21.2
Fine Screen U'Size 68.00 4.69 20.1
Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone F.S. F.S.
Mesh Conc Feed U'Flow Disch. O0'Flow 0'Size U'Size
+4 0.09 ‘ 0.11
+6 0.59 0.24 0.70 0.59
+8 1.50 0.72 1.88 1.07
+10 3.04 1.01 2.95 1.28
+14 5.63 1.58 4.66 1.49
+20 9.40 2.63 7.07 1.65
+28 14.35 3.92 10.01 1.81
+35 20.34 5.82 13.70 2.02
+48 27 .06 8.34 18.03 2.45
+65 34.87 11.77 23.43 3.52
+100 42,31 16.48 29.74 6.15 0.23 2.39 0.07
+150 52.07 23.57 41.73 12.26 1.48 15.79 0.72
+200 59.65 32.18 55.43 22.50 4.13 25.26 2.90
+270 66.78 49,22 72.66 41.86 12.62 32.22 8.72
+325 70.37 57.12 80.26 52.48 19.63 40.70 16.28
-325 29.63 42.88 19.74 47.52 80.37 59.30 83.72



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Sample

Cobber Conc.

Cyclone Feed

Cyclone U'Flow

Ball Mill Disch.

Cyclone O'Flow

Hydro U'Flow

Hydro O'Flow

Finisher Conc.

Finisher Tails

Derrick Screen 0'Size
Derrick Screen U'Size

Test No. NS-24

4.13

Cumulative % Wt. Retained

e s e o e o . P
OQOCITRNOTPOOFMN

Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick

Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size

+4 0.09

+6 0.63 0.54 0.61 0.33

+8 1.44 0.66 1.48 0.56

+10 2.57 1.02 2.52 0.79

+14 5.05 1.62 4.39 0.98

+20 8.83 2.34 6.99 1.12

+28 13.20 3.30 10.24 1.26

+35 19.10 4.80 14,27 1.40

+48 26.12 6.84 18.87 1.72

+65 34.45 9.54 25.29 2.55 0.15
+100 42 .91 13.56 32.19 4.77 0.56 2.10 0.07
+150 51.24 19.62 44,08 10.14 2.46 16.20 0.92
+200 56.82 25.50 58.05 17.88 6.61 22.91 2.61
+270 66.59 43.73 74.28 37.38 16.60 29.70 12.02
+325 70.73 52.72 79.44 47.29 22.80 58.80 20.57
-325 29.27 47.28 20.56 52.71 77.20 41.20 79.43



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Sample

Cobber Conc.

Cyclone Feed

Cyclone U'Flow

Ball Mill Disch.

Cyclone O'Flow

Hydro U'Flow

Hydro O'Flow

Finisher Conc.

Finisher Tails

Derrick Screen 0'Size
Derrick Screen U'Size

Test No. NS-25

% Fe

49.07
54.03
54.93
65.35
49,52
53.05
15.48
67.63
14.73
58.09
68.61

% S102

3.78

Cumulative % Wt. Retained

OWNHEMNDHENOOTOY A

% Solids

Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch. O0'Flow 0'Size U'Size
+4 0.05
+6 0.26 0.35 0.52 0.68
+8 1.29 0.49 1.41 1.23
+10 2.88 0.70 2.58 1.54
+14 5.55 1.27 4.21 1.72
+20 9.40 2.05 6.27 1.84
+28 14.58 3.11 8.47 2.02
+35 20.74 4,52 11.55 2.33
+48 27.62 6.50 15.33 2.88 0.08 0.47 0.68
+65 36.03 9.40 19.95 4.30 0.25 1.47 0.88
+100 43.73 13.15 26.30 7.44 0.66 4.54 1.01
+150 53.58 21.91 35.97 14.77 2.31 15.35 1.34
+200 60.92 32.86 49.56 28.69 5.78 31.91 4.46
+270 68.82 49.47 66.05 45.70 14.79 43,86 13.63
+325 72.31 58.02 77.59 57.41 23.22 53.01 20.20
-325 27.69 ~ 41.98 22.41 42.59 76.78 46.99 79.80



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Sample

Cobber Conc.

Cyclone Feed

Cyclone U'Flow

Ball Mill Disch.
Cyclone O'Flow

Hydro U'Flow

Hydro O'Flow

Finisher Conc.
Finisher Tails
Derrick Screen 0'Size
Derrick Screen U'Size

A Test No. NS-26

% Si0

3.93

Cumulative % Wt. Retained

94.0

44,
72.
71.
21.
35.

1.
36.

5.

7.
44,

WOIORNOI WO -

% Solids

Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick

Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size

+4 0.05 0.12

+6 0.40 0.05 0.59 0.14

+8 1.41 0.53 1.18 0.42

+10 2.52 1.07 2.00 0.61
+14 4.88 1.88 3.33 0.89

+20 8.20 2.85 5.09 1.03

+28 13.08 4,20 7.01 1.17

+35 18.92 5.92 9.95 1.41 0.07

+48 25.91 8.18 13.63 1.98 0.06 0.42

+65 34.26 11.41 18.37 3.35 0.18 1.67
+100 42.16 15.67 24,87 6.52 0.66 5.14 0.06
+150 52.42 24.88 34.70 13.58 2.33 19.76 0.35
+200 60.37 35.49 47 .47 25.52 5.79 29.95 2.53
+270 68.22 53.65 67.60 47.64 15.69 42.15 9.66
+325 71.84 60.55 76.30 55.74 23.63 48.59 18.45
-325 28.16 39.45 23.70 44.26 76.37 51.41 81.55



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-27

Sample % Fe % SiO2 % Solids
Cobber Conc. 50.43 93.6
Cyclone Feed 53.74 49.9
Cyclone U'Flow 54.41 71.0
Ball Mill Disch. 54.19 70.6
Cyclone O'Flow 51.56 38.3
Hydro U'Flow 54.04 43,7
Hydro O'Flow 15.91 0.9
Finisher Conc. 66.87 45.4
Finisher Tails 14.11 5.2
Derrick Screen 0'Size 57.86 22.1
Derrick Screen U'Size 68.60 3.93 60.5
Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch., O0'Flow 0'Size U'Size
+4 0.25 0.31 ‘
+6 0.69 1.00 0.42 0.16
+8 1.57 1.77 1.07 0.47
+10 2.89 2.54 2.10 0.86
+14 5.16 3.46 3.59 1.13
+20 8.69 4,77 5.74 1.32
+28 13.35 6.46 8.21 1.48
+35 19.02 8.69 11.71 1.71
+48 25.82 11.54 16.15 2.25 0.07 0.27
+65 34.26 15.23 21.71 3.72 0.34 1.22 0.06
+100 41.88 19.85 29.41 7.17 1.08 4.47 0.12
+150 52.02 29.54 40.47 14.78 4.66 14.98 0.24
+200 59.70 41.08 55.60 27.74 11.69 34.23 3.13
+270 67.89 57.31 73.57 49,04 24.80 58.23 15.70
+325 70.91 ~  61.46 78.15 55.48 32.16 64.60 22.90
-325 29.09 38.54 21.85 44,52 67.84 35.40 77.10



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-28

Sample % Fe % SiO2 % Solids
Cobber Conc. 49,27 - 93.8
Cyclone Feed 54.40 40.3
Cyclone U'Flow 54.30 71.7
Ball Mill Disch. 52.87 70.9
Cyclone O'Flow 49.34 18.6
Hydro U'Flow 53.09 32.0
Hydro O'Flow 16.37 1.3
Finisher Conc. 66.99 35.2
Finisher Tails 15,39 5.6
Derrick Screen 0'Size 55.50 11.1
Derrick Screen U'Size 68.72 3.87 35.7
Cumulative % Wt. Retained
Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc Feed U'Flow Disch. O'Flow 0'Size U'Size
+4 0.17 0.12
+6 0.75 1.53 1.74 1.13
+8 2.66 2.76 3.67 3.04
+10 4,97 4.05 5.72 4.11
+14 8.90 5.58 7.46 4.77
+20 13.81 7.28 9.58 5.19
+28 19.88 9.28 11.70 5.61
+35 26.47 11.45 14.44 6.15 0.06
. +48 33.58 14.04 17.80 7.04 0.16 0.31
+65 41.44 17.62 22.22 9.07 0.32 1.39
+100 48,38 22.32 28.94 13.42 0.88 5.01 0.05
+150 57.22 32.48 40.20 22.24 3.11 17.34 0.20
+200 64.33 44 .47 54,26 35.11 8.12 37.04 3.50
+270 71.96 59.57 73.86 56.98 20.92 57.43 17.30
+325 74.79 66.39 82.01 64.67 28.15 65.63 23.08
-325 25.21 33.61 17.99 35.33 71.85 34.37 76.92



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

-Sample

Cobber Conc.

Cyclone Feed

Cyclone U'Flow

Ball Mill Disch.
Cyclone O'Flow

Hydro U'Flow

Hydro O'Flow

Finisher Conc.
Finisher Tails
Derrick Screen 0'Size
Derrick Screen U'Size

Test No.

NS-29

% Si0

3.89

Cumulative % Wt. Retained

OPONTOCOWOOOITO

% Solids

~ Cobber  Cyclone Cyclone Ball Mill Cyclone Derrick Derrick
Mesh Conc - Feed U'Flow Disch. O0'Flow 0'Size U'Size
+4 0.48 0.20
+6 0.85 0.66 2.07 1.44
+8 2.70 1.22 4.33 2.73
+10 5.10 1.68 6.64 3.82
+14 8.80 2.75 9.00 4.47
+20 13.50 4.07 11.65 4,87
+28 19.45 5.39 14.39 5.22 0.08
+35 26.10 7.32 17.95 5.67 0.16
+48 33.25 9.71 22.18 6.52 0.55
+65 41.25 12.91 27.28 8.31 0.20 1.80
+100 48.25 17.64 34.16 12.09 0.65 4.86
+150 56.90 25.78 44,65 20.00 2.95 19.99 0.20
+200 63.35 36.97 57.59 32.28 7.76 32.45 3.72
+270 70.20 52.18 74.95 50.43 17.27 43.42 12.33
+325 73.35 62.25 84.04 61.57 24.23 49.14 20.21
-325 26.65 37.75 15.96 38.43 75.77 50.86 79.79



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-30

Sample % Fe % SiO2 % Solids
Cobber Conc. 51.09 94.5
Denver Scr. Feed 45,22 57.7
Denver Scr. 0'Size 37.10 81.3
Denver Scr. U'Size 47.56 49.5
Derrick Scr. 0'Size 45,52 71.1
Ball MI11 Disch. 42.44 71.6
Derrick Scr. U'Size 49.89 38.9
Hydro U'Flow 51.92 28.8
Hydro O'Flow 14,90 1.0
Finisher Conc.. 68.85 3.84 31.7
Finisher Tail 15.43 5.8
CUMULATIVE % WT. RETAINED
Denver Denver Denver Ball
Cobb. Scr. Scr. Scr.  Derr. Mill Derr. Hydro Fin.
Mesh Conc. Feed 0'Size U'Size 0'Size Disch. U'Size U'Flow Conc.
+4  0.09 0.47 0.30
+6 1.19 5.85 5.51
+8 2.48 9.91 12.11 1.38
+10  4.96 12.60 20.74 2.17
+14  9.47 14.68 33.04 2.57
+20 14.76 16.90 48,17 2.77
+28 20.19 19,35 63.80 0.04 3.17
+35 27.14 21.90 79.03 1.03 2.17 3.42
+48 32.43 24,73 82.70 4.89 9.35 3.82
+65 40.20 28.08 83.94 9.78 19.01 4.86
+100 47.88 31.52 84.83 15.65 29.25 7.03
+150 55.19 38.36 85.82 23.81 48.62 14.93 0.18 0.36 0.40
+200 62.87 45,06 86.86 32.46 66.17 26.68 6.07 7.03 8.48
+270 68.44 54.49 88.70 45.82 75.88 39.03 17.45 19.58 23.64
+325 71.94 59.63 89.79 52.14 79.56 45.89 25.75 28.07 33.35
=325 28.06 40.37 10.21 47.86 20.44 54.11 74.25 71.93 66.65



SECONDARY BALL MILL CIRCUIT OPTIMIZATION TESTS

Test No. NS-31

Sample % Fe % 5102 % Solids
Cobber Conc. 48.42 94.4
Denver Scr. Feed 45,51 63.5
Denver Scr. 0'Size 36.50 82.7
Denver Scr. U'Size 48.74 58.8
Derrick Scr. 0'Size 45.29 69.3
Ball Mil1l Disch. 43,56 71.9
Derrick Scr. U'Size 45,66 43.0
Hydro U'Flow 51.07 34.5
Hydro O'Flow 14.87 1.4
Finisher Conc. 68.19 4.17 38.5
Finisher Tail 14.42 8.6
CUMULATIVE % WT. RETAINED
Denver Denver  Denver Ball
Cobb. Scr. Scr. Scr. Derr. Mill Derr. Hydro Fin.
Mesh Conc Feed 0'Size U'Sjze 0'Size Disch. U'Size U'Flow Conc.
+4 0.16 0.62 1.27
+6 1.45 2.68 10.53 0.87
+8  3.00 5.20 19.39 2.29
+10 6.05 7.00 28.98 3.43
+14 10.13 8.59 38.44 4.19
+20 15.50 10.34 48.84 4.63
+28 21.13 12.04 61.17 5.17
+35 27.74 14.25 73.86 0.38 0.26 5.82
+48 34.98 16.92 77.67 2.70 3.59 6.96
+65 42.42 20.42 79.47 6.71 9.21 9.41
+100 49.60 25.61 80.97 12.35 18.71 14.10 0.01 0.06 0.06
+150 56.53 34.61 83.69 25.88 35.16 27.51 0.50 0.12 0.44
+200 61.39 45,36 86.48 39.84 53.87 44.24 6.32 3.51 7.15
+270 69.04 59.29 89.07 54.18 69.17 58.30 15.39 17.06 23.76.
+325 73.48 65.77 90.29 60.38 74.01 63.75 26.50 27.58 36.04
-325 26.52 34.23 9.71 39.62 25.99 36.25 73.50 72.42 63.96
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REFERENCE 1

SEMINAR SESSION—NEW CONCEPTS IN UPGRADING CONCENTRATES
AND AGGLOMERATION

Chairman: James E. Lawven, Professor of Metallurgical Engineering
and Director

Mines Experiment Station, University of Minnesota, Minneapolis, Minnesota

SECOND SEMINAR—PAPER 1

THE MINERALOGY OF TACONITE PRODUCTS AS RELATED
TO THE AUGMENTATION OF MAGNETITE MIDDLINGS

by

R. L. BLEIFuss, Assistant Professor
Mines Experiment Station, University of Minnesota, Minneapolis, Minnesota

ABSTRACT

The problems relating to the reduction of the silica
content of magnetite concéntrates have been actively pur-

“sued over the past several years, The acceptable silica levels

have been significantly lowered, and it has become apparent
that some taconite operations will not be able to meet these
new specifications without modification of the processing
flowsheets. This has led to the consideration of the addition
of supplementary concentration units such as flotation, re-
grind units, screening, and various types of elutriation de-
vices to mention only a few.

The current study has been directed toward making a
mineralogical and textural study of the plant products pro-
duced to observe the changing nature of the raw material
through the various concentration and grinding steps. It
was hoped that systematic sampling of the entire flowsheet
wmight provide useful data that could be informative with
regard to the more effective rejection of silica, These ob-
servations have provided an insight into the manner in
which silica has been concentrated in the final products.
The observations show that the superabundance of midd-
lings, which are the principal source of silica in the final
concentrates, do not repiesent an inherent property of the
ore, but are produced by the nature of the process How-
sheet, '

INTRODUCTION

Once a tuconite plant has been brought into operation
and has passed through the break-in stage, it is ulmost im-

mediately subject to two types of pressure. The first of these
is to increase the productivity of the existing units, and
the second is to lower the silica in the final concentrates.
Although it is relatively easy to obtain one at the expense
of the other, it is difficult to obtain both concurrently.

A great deal of research has been conducted in the re-
spective taconite plants to reduce by segregation and addi-
tionul grinding the amount of silica that uccurs in the plus
325-mesh fraction of the final concentrates. In some plants
this has involved screening or Hotation combined with re-
grind units. In other plants only extra ball mills in closed
circuit with conventional cyclones have been added.

Plant operators have recognized that a cyclone operating
in closed circuit with a ball mill tends to increase the per-
centage of middlings in the overflow because of the gravity
effect in this type of classification. The bulk of the free
magnetite in the coarse size fractions is returned to the bail
mill for additional grinding und consequently the relative
percentage of middling-type particles appearing in the cy-
clone overflow is greatly increased. These same uperators,
however, are reluctant to think that this type of classitica-
tion-grinding flowsheet can materially affect the basic con-
centratability of an ore,

The current study was undertaken to learn more about
the coarse middlings in the plus 325-mesh-size fraction and
to determine, if possible, whether these are reallv an in-
herent characteristic of the ore or rather an inherent char-
acteristic of the process itself. It was hoped that a better
understanding of the actual development of middling-type
particles, which are the principal source of silica contamina-
tion in the final concentrates, could be used advantageously
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to increase productivity and to lower the silica in the fina)
concentrates.

PROCEDURE

The samples used in this study were obtained by a sys-
tematic sampling of two commercial taconite operations
supplemented by materials obtained from pilot plant studies
at the Mines Experiment Station. The approach used was
to trace through the various plant operations to the final
concentrate the changes in the nature of the 100/325-mesh
material brought into the circuit as rod mill cobber concen-
trate. Grain slides were prepared for microscopic study,

and grain counts made from samples of both commercial

plant products and pilot plant products produced at the
Mines Experiment Station. A distinction was made in the
grain counts between three types of particles: (1) mag-
netite particles containing over 90% opaque mineral, (2)
middling particles containing from 5 to 90% opaque min-
eral, and (3) gangue particles containing less than 5%
opaque mineral. The counts were based on 750 particles and
the accuracy is estimated to be within £5% of the given
value.  The conclusions in this study are based on major
shifts in the relative percentage of magnetite and middlings
and are well within the experimental error of the grain
counts.

DISCUSSION

Ratios of Free Magnetite to Middlings
in Plant Products

The work included a study of all plant products; how-
ever, the most significant data were obtained from the cob-
ber concentrate, cyclone overflow, hydroseparator under-
fiow, and finisher magnetic separator concentrate. The dis-
tribution of free magnetite, middling particles, and gangue
in the rod mill cobber concentrate as a function of the
grain size is shown in Figure 1. In the 150/200-mesh frac-
tion about 50% of the particles are free magnetite, This
percentage increases progressively with improved liberation

GRAIN COUNTS ON CRUDE ORE (RM COBBER CONC.)

Type of Volume Percentage
Pest  Particle 0 10 20 k1] 40 S0 70 80 90
Magnetite _ 53.4
1807250 Middlings “.
Gangue l 2.2
Magnetite 58.0
205/27C Middlings |seeescessecesesavess 37 B
Gangue e 4.2
Hagnetite 74.9
270,325 Riddlings sooe 23.1
Gangue < 2.0

Magnetite 92.4
325/500 Middlings eee 6.6
Gangue [.1.5
FIGURE 1. Bar graph showing the relative abundance of free mag-
netite,  middlings, ond gangue in the cobber concentrate.
Over 50% of the 150/200-mesh froction consists of free

magnetite and the percentoge increases with finer grinding
in response to improved liberation :

GRAIN COUKTS - 150/200% - PLANT PRODUCTS

Type of Volume Percentage
$0

Product farticle 4 10 20 a0 g 60 1Y 82 90

Kagnetite 53.4
Cobber Middlings sevsssesssssesnss {4 4
Concentriie 9 soseee .
Gangue 2.2

Magnetite — 2.4
Cyclone 54.0

0'Flow Middlings l.
Gangue evsesassenevensad | 6

Magnétite 1.6
Hydroclas; . —z

Un'Flow Mrddlings 50.1
Gangue [233
Magnetite —2]‘7

Final

Concentrate M1dd'ings 65.9
Sengue ses b4

FIGURE 2. Bar graph illustrating the dramatic change in the relo-
tive abundence of free magnetite and middlings that takes
place in the 150/200-mesh fraction. The ratic of mognetite
to middlings changes from obout 1:1 in the cobber concen-
traix to about 0.3:) in the final concentrate

in the finer size fractions; at 325/500 mesh well over 90%
of the particles are free magnetite. Although the percentage
of 100 to 500-mesh material in the rod mill cobber concen-
trate is very small, it is representative of the type of ma-
terial produced in this size range by the ball mill in closed
circuit grinding. This was confirned by experiments in
which samples of the rod mill feed and cobber concentrate
were stage crushed through successively smaller top sizes
and the new 200/270-mesh material removed at each stage.
Davis tube tests run on the “as is” material showed that
essentially the same particle type distribution was created
at each stage of grinding.

There is a continual evolution in the nature of the in-
dividual plus 325-mesh size fractions of the ore in a con-
ventional taconite plant as the cobber concentrate moves
through the fine grinding and concentrating circuits. This
evolution is illustrated by the data from the 150/200-mesh
size fraction shown in Figure 2. When the 150/200-mesh
fraction enters the circuit in the cobber concentrate, it con-
tains 53.4% of free magnetite. In the cyclone overflow,
however, it contains only 24.4% free magnetite and 54.0%

GRAIN COUNTS - 200/270M - PLANT PRODUCTS

Type of Volume Percentage
Product Particle 0 10 20 30 4 SO
f

Magnetite 8.0
Cobber
Concentrate Midd}ings eonsassesecssnneesee 37 8

Gangue L Y 4

60 70 80 90

Magnetite

Cyclone

0'Flow Middlings 4.1
Gangue
Magnetite

Hydrociass.

Un'Flow Migdlings sessessecsessscaveseses §1.5
Gangue  foeoens serneerens 21,3
Magnetite ’ 24.8

Final I

Concentrate M1907ins [ 68.0
Gangue coree 1.2

FIGURE 3. The same shift in the relative abundance of magnetite
ond middlings described in Figure 2 for the 150/200-mesh
froction takes place in the 200/270-mesh froction. The ratio
of magnetite to middlings changes from 1.5:1 in the cobber
concentrate to obout 0.3:1 in the final concentrate, despite
the improved liberation of the ore
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middling particles due to the gravity effect in the cyelone.
The same size fraction in successive stages of coucentra-
tion, i.e., in the hydroclassifier underflow and in the fnisher
magnetic separator concentrate, shows an increase in the
ratio of middlings to free magnetite, The final concentrate
contains 23,7 free magnetite and  69.97  middling-type
particles. The next smaller size fraction at 2047270 mesh
shows much the same distribution ( Figure 3:. This size
fraction of the cobber concentrate comes into the plant con-
taining 58.07 free magnetite with 37.8% middhags and in
the final concentrates consists of 24,87 free magnetite and
68.0¢c middling particles. Again the ratio of free magnetite
to middlings is esseutially reversed in the process.

The same trends are observed in all of the coarser size
fractions and are, as expected, more acventuated in the rela-
tively coarse size ranges and essentially disappear in- the
fine sizes ut 300 mesh. The problem is illustrated in the

FIGURE 4. Photomicrographs illustrating the relative abundance -

of middlings in the 150/200-mesh fraction of the cobber con-
centrate 4o/ and of the final concentrate 14b). These prod-
ucts were obtained from a plant treating a taconite that
has relatively good liberation characteristics -

FIGURE 5. Photomicrographs illustrating the relative abundance
of middlings in the 270 325-mesh traction of the cobber con-
centrate '5a) and in the final concentrate (5bi. These prod-
ucts were obtained from a plant treating a taconite that has
relatively poor liberation characteristics. Figure Sa shows that
a substontial percentage of the 270 325-mesh traction of the
cobber concentrate had been liberated

photomicrographs of Figures 4 und 5 which compare exam-
ples of the cobber concentrate as it comes into the grinding
circuit with equivalent size fractions in the corresponding
final plant concentrate. The relative increase in the per-
centage of middlings is clearly illustrated.

Prdblems To Be Solved

The first problem is whether this increase in middlings
represents a real gain in the absclute percentage of midd-
lings as it goes through the process or whether it is merely
developed by the selective comminution of the free mag-
netite. The second problem is whether the middlings pro-
duced in this manner are normal middlings that represent
the inherent mineral distribution in the ore or whether they
are a type of middling synthesized in the process itself.

Grinding Analysis

Some insight into this problem can be obtained by tak-
ing a sample of rod mill cobber concentrates, batch grinding
it to 90% minus 325-mesh, and comparing the plus 325-mesh
material produced by this means with that found in the
corresponding plant concentrate at an equivalent grind. The
plus 325-mesh material produced by batch grinding followed
by magnetic concentration contains 64.4% iron (Table 1),
whereas this same size fraction from the plant concentrates
contains only 45.7% iron. There is also a corresponding in-
crease in the percentage of middlings in the plus 325-mesh
size fractions of the plant concentrates. The grain counts
show only 33.1% middling particles in the batch-ground
rod mill cobber concentrate compared with 53.4% in the
plant concentrates, By using these data and by making some
assumptions as to the specific gravity of the magnetite and
gangue based on their iron content, it is possible to calcu-

TABLE 1. Grain Count Data

Cobbher Concentrate (4325 Mesh)

Wit Fe Magnetite  Middlings  Cangue
Mesh o = "» " “
—150 0.7 53.4 64.8 318 34
-200 1.5 60.5 33.4 4.4 2.2
=270 4.2 64.9 58.0 17.8 4.2
~325 3.6 67.5 7.9 23.1 2.0
Total +325 .. 10.0 64.4 63.9 33.1 3.0

Final Concentrate (=325 Mesh) .

Wt Fe Magnetite  Middlings Gangue
Mesh LA . o i’ bt
~150 0.7 39.7 40.4 53.0 : 6.1
200 1.5 30.6 23.7 69.9 6.4
+270 4.2 419 24.8 68.0 72
~325 3.8 37.7 66.9 29.5 3.6
Total +325 . 100 45.7 40.9 334 57

Results of grain counts on the plus 325-mesh fractions of the
final cuncentrate and on the plus 325-mesh fractions of the corres-
ponding cobber concentrate yround to 90 minus 325 mesh. The
data show a superabundance of middlings in corresponding size
fractions of the final concentrate,
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late the average iron content of the middlings produced in
euch case. The middlings produced in the batch-ground rod
mill cobber concentrates (Table 2) are calculated to con-
tain 55.0% iron and 18.2% silica. The middlings in the cor-
responding plant concentrates contain only 20.0% iron and
58.9% silica. These calculated middling analyses are rela-
tive values, rather than absolute, but there is a clear indica-
tion that the type of middling produced in the plant con-
centrate is much lower in iron than that produced by batch
grinding of rod mill cobber concentrate. The distribution of
the silica in the plus 325-mesh fraction (Table 2) shows
0.5 to 0.8 silica units tied up in the middling particles in
the batch-ground material, whereas in the plant concen-
trates from the corresponding ore, 2.6 of 3.0 silica units
are associated with middlings. The fact that almost five

times as much silica is associated with plus 325-mesh midd-

lings produced in the normal plant concentrates, as might
be anticipated from looking at the crude ore as it comes
into the plant, lends some credence to the contention that
some of the middling problems are inherent in the process.

TABLE 2. Distribution of Fe and SiO:

Cobber Concentrate (4325 Mesh)

SiO: SiO:
Wt Fe % SiO: Dist % Units
Magnetite ... 69.4 70.0 2.0 17.1 0.1
Middlings ... 28.6 55.0 18.2 63.4 0.5
Gangue ... 2.0 8.0 80.0 19.5 . 02
100.0 64.4 8.2 100.0
Final Concentrate (4325 Mesh)
’ SiO2 SiOz
Wt o Fe % SiO: Dist % Units
Magnetite ... 52.8 70.0 2.0 3.5 0.1
Middlings .. 43.1 20.0 58.9 84.7 2.6
Gangue ...ce.... 4.4 8.0 80.0 118 0.3
100.0 45.7 30.0 100.0

The data from Table 1 have been used to calculate the ap-

- proximate iron content of the middlings in the plus 325-mesh frac-

tions of the final concentrate and of the cobber concentrate, The cal-

culations show that the middlings in the final concentrate are much
lower in iron than the middlings in the cobber concentrate,

Ball Mill-Cyclone Product Analysis

1f middlings are synthesized in the process then the
critical steps will involve the cyclone-ball mill closed circuit,
because this stage determines what type of material goes
on to the final concentrating steps. The grain count data,
combined with the screen analyses, were used to work out
a particle balance around the cyclone. The data show that
relative recovery of magnetite and middlings in the cyclone
overflow is a function of particle size. In the 325/500-mesh
size fraction over 50% of both the free magnetite and midd-
lings coming into the cyclone appear in the overflow. In the
progressively coarser fractions the recovery of free magnetite
drops off rapidly and in the 200/270-mesh size fraction re-
covery is less than 5%. Recovery of middlings in the over-
flow follows a parallel course but does not decrease as rap-

-
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FIGLRE 6. Graph showing the recoveries of magnetite and midd-
iings in the cyclone overflow as o function of size. The re-
coveries were calculated from screen anolyses ond grain
count datc on the feed, the cyclone overflow, and the cyclone
underfiow

idly as magnetite recovery and is greater in all size ranges
(Figure 6).

A schematic representation of what happens to the 200/
270-mesh size fraction is presented in Figure 7. The feed
contains 63.8% free magnetite and 33.3% middling parti-
cles; 2.4% of the free magnetite is recovered in the cyclone
overflow; and 6.6% of the middlings are recovered in the
cyclone overflow. The total weight recovery is about 5.0%
in this size fraction. The particle balance obtained on this
size fraction does not coincide with what would be ex-
pected to appear in the overflow of the cyclone because the
middling recovery is much too low compared to the mag-
netite recovery. The reason the middling recovery should
have been higher is shown schematically in Figure 8.

The basis for separation of a given size fraction in the
cyclone is specific gravity. To obtain free magnetite in the
overfiow the cvclone should make a separation based on an
apparent specific gravity as shown, however, this implies

CYCLONE FEED

GANGUE
MIDDLINGS (33.3 %) {2.9%)

MAGNETITE (63.8)

CYCLONE
OVERFLOW

CYCLONE UNDERFLOW

FIGURE 7. The weight recovery in the 200/270-mesh fraction of
the cyclone overflow ond the relative recovery of free mog-
netite, middlings and gongue are shown schematically in this
figure, The relative recovery of the middlings is too fow for
the observed magnetite recovery
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APPARENT CYCLONE SEPARATION GRAVITY

! ' i OVERFLOW
MAGNETITE ! : MiDDLING GANGUE
000000000 COCLEOOCO
W"LO"—J

FIGURE 8. This figure illustrates that, with any given siz« fraction,
the basis for separation should be a function of t:e specific
gravity, and that when free magnetite appears ir the over-
fizw, the recovery of middlings should be much higher than
actually calculated from the grain counts

that a very high percentage of the middling particles as-
sociated with free magnetite should appear in the overflow,
taken literally it means that some 20 to 30% of the middlings
should be recovered with 5% of the free magnetite. This
does not coincide with the balance calculated on the basis
of the petrographic study which shows much lower middling
recovery. A similar situation is observed in the other plus
325-mesh size fractions.

Explanation of Results

Attempts to explain these observations from a theoretical
viewpoint encounter some difficulties. It is logical to expect
that the cyclone feed carries a complete suite of particle
types ranging from high specific gravity free magnetite par-
ticles through progressively lighter middling particles which
contain lower percentages of magnetite all the way to free
gangue particles. Therefore, there should be a progressive
increase in the relative probability that the lower-gravity
particles will appear in the cyclone overflow. If a single size
fraction is considered, and if all other factors, such as sur-
face irregularities, shape, and porosity, are equalized, the
principal factor affecting the probability that a given particle
will appear in the cyclone overflow is specific gravity.

In a simplified approximation it is possible to relate the
probability that a particle will appear in the cyclone over-
How to its settling velocity, or its acceleration in the carrier
medium by one of the expressions below:

Stokes: V = K(d. — d,)D* =V=(d.—dp)?

Rittenger: V=C[D (de —dy)]} P=V = (d.—d,)?

Fontein' S=1l2¢ (d.—d,) ¢t Pa=Sa(d—d)"

d, : d,

The fact that these expressions on the left simplify into the
expressions on the right indicates that the probability for a
particle of given size to appear in the overflow is primarily
a function of the specific gravity of both the particle and the
carrier medium. Using these formulas, the relative proba-
bility that a given type of middling particle will appear in
the overflow is shown in Figure 9. The two Hatter curves
are calculated from Stokes’ and Rittenger's assumptions.
The curves with the sharp inflection points were calculated
using the expression from Fontein, It is not possible to apply
any of these relative probabilitics directly to the cyclone
feed and satisfy the requirements for magnetite and midd-
ling recovery and maintain the ratio of magnetite to midd-
lings observed in the cyclone overHow. It is possible to
obtain the observed recovery, or obtain the observed ratio

1 88555
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FIGURE 9. Graph showing the relative probability that o particle
of a given specific gravity will appear in the overflow, based
on the assumption exploined in the text. The calculoted
probabilities do not explain the abserved recoveries of mag-
netite and of middlings in the cyclone overflow

of magnetite to middlings, but not simultaneously. This
leads to consideration that perhaps the separation of a given
size fraction in the cyclone is a combination of more than
one factor and not just a matter of its relative specific
gravity. It is proposed that a given size fraction of cyclone
feed vields two types of samples in the overflow: (1) a
“random” sample consisting of a statistical sampling of the
feed coming into the cvclone, something normally asso-
ciated with short circuiting, and (2) a “design” sample con-
sisting of particles that belong in the overflow because of
their specific gravity. This concept is illustrated in Figure
10 where the 200/270-mesh cvclone feed is represented
schematicully by the shaded circles to indicate the free
magnetite and middling particles.

coo g FEot

-~

(.T..‘....0.0000000 |
= UM Cemole

000800008 003323032300

"EENENEREN NI I I [-}-Neoj
seeer0000022) Y000
eser00000003) ) 0@0 — ekt
‘lesesssees e8I a 0 — st i
'EEEEEENENEKNNE KX RI-N-No)

0006000008022 72100060
o000e000bOOO0DN 0
0000 000000231372 06920

Lt e
“CLeFL4

FIGURE 10. This Figure illustrates schematically how it is possible
to consider that the cyclone overflow is composed of two
elements: o “random” sample of the feed that appears be-
cause of short circuiting and o “‘design”’ sample representing
truly-classified middling particies
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It is evident that it is possible to account for both mag-
netite and middling recovery and at the same time to main-
tain the proper middling to free magnetite ratio by varyving
the percentages of the “random” sumple and the “design”
sample components. On this basis it is then possible to modi-

fy the relative probability shown earlier in Figure 9, and -

to add a “random” sample component as shown in Figure
11. This results in a combined probability for cach type of
particle that will account for both the observed recovery,
and the observed ratio of free magnetite to middling in the
final overow product. The preceding observations will ap-
ply to the adjacent size fractions but the relative percentage
of “random” and “design” middlings will vary. The esti-
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FIGURE 11. Adjusting the relative percentages of the “random”
sample and of the “design” sample in the cyclone overflow
makes it possible to determine the relative probability that o
particle which has o given specific gravity and which fulfills
the requirements for both observed abundance and relative
recovery will appear in the cyclone overflow

mated relative percentage of a “design” sample and of
“yandom” sample for each size fraction calculated from
the grain count data is shown in Figure 12. The curves
show that the 325/500-mesh size fraction is nearly all “ran-
dom” on the assumption that material in this size range
and finer was not effectively fractionated in the cyclone. In
the progressively coarser fractions the percentage of “ran-
dom” sample decreases and the percentage of “design”
sample correspondingly increases.

The final make-up of the cyclone overflow is determined
by the combined effects shown in Figures 6 and 12, In pro-
gressively coarser sizes, from 500 to 100 mesh, the total
recovery of middlings drops from over 50% to less than 5%
(Figure 6), and the relative percentage of “design” midd-
lings compared to normal middlings increases from less than
10% to over 60%. The effect that this has on the final con-
centrate grade is shown in Figure 13 where the cobber con-
- centrate grade is plotted against the corresponding final
concentrate for two different operations, The fact that the
concentrate grades are much lower than the corresponding
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FIGURE 12. This figure shows the relative abundance of the “de-
sigr” sample in the cyclone overflow, as colculated from the
graic count data, as a function of the porticle sizxe. At sixzes
coarser than 150 mesh, the total recovery is so low that the
datc are not significant

feed material reflects the increased percentage of “design”
middlings in the coarser size fractions. The final concen-
trates contain both free magnetite and middlings in these
size fractions, and the “design” middlings have to be signifi-
cantly Jower grade than the analyses of the corresponding
size fractions of the final concentrate. All the “design” midd-
lings produced between 100 and 270 mesh fall in the 20 to
35% iron range which can be converted to about a 20%
volume percentage. When such particles are examined un-
der the microscope they obviously require grinding through
500 mesh for liberation. These “design” middlings represent
as much as 65% of the middlings which report in the cy-
clone overflow but they represent less than 10% of the
middlings in the cyclone feed. Therefore, the middlings that
reach the final concentrating stages represent a very small,
carefully selected fraction of the incoming middling popula-
tion which require extremely fine grinding for liberation. The
inference from such observations on the plant concentrates
that the ore requires grinding through 500 mesh for eflective
liberation is seriously in error. The middlings which are
observed in the plus 325-mesh size fractions are in large
part inherent in the process rather than in the ore and are
developed by selectively grinding the higher grade middlings
and free magnetite and thereby leaving a superabundance
of lean, “design” middlings in the cyclone overflow.

GRINDING PRACTICE RELATED TO THE
ABUNDANCE OF MIDDLINGS

There are actually two eflects involved in the accumu-
lation of a super-abundance of middlings in the final con-
centrate. The first effect involves the selective classification
in the cyclone, just described, that leads to the preferential
accumulation of “design” middlings with ultrafine magnetite
inclusions in the plus 325-mesh size fractions. The second

.effect is the ability of the combination of the ball mill and

cyclone in closed circuit to actually create a superabund-
ance of middling type particles.
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FIGURE 13, The iron contents of the feed (cobber concentrate)
and of the final concentrate in the torresponding size range
are shown for 2 taconite operations treating different ores.
The data show that it is possible to obtain lower-grade prod-
ucts in some size fractions from an ore that has distinctly
superior liberation characteristics, depending upon the man-
ner in which the grinding circuit is operated

The fact that this type of circuit is capable of creating
a “false” middling problem is illustrated in Figure 13. The
figure shows the iron analyses by size fraction for the cob-
ber concentrates and the final concentrates from two plants,
A and B. Each plant grinds to about 90% minus 325 mesh
and their flowsheets are essentially parallel. The difference
in the iron analyses of the cobber concentrates shows that
the plants are treating two ores with distinctly different lib-
eration characteristics, i.e., the cobber concentrates from
Plant A averaue about 3 hicher in iron content. The in-
dividual size fractions, particularly at 200/270 and at 270/
325 mesh, show some striking anomalies:

Plant A
% Fe Cobber *; Fe Final

Mesh Concentrate Concentrate Difference
2007270 e 62.1 41.9 —20.2
270/325 ... ... 646 377 - 6.9

Plant B
200/270 .. 46.2 — 9.6
270,325 37.1 - 1.3

The negative differential between the final plant concen-
trate and the incoming material is significantly ¢reater for
Plant A than Plant B, despite the fact that the feed to Plant
A contains about 6.2% more iron and has a correspondingly
lower original middling content. Plant A is producing lower
grade middling particles and a lower ¢grade final concentrate
in some size fractions from an ore that by all normal tests

and criteria should have much superior concentrating char-
acteristics. Microscopic examinations of the concentrates from
each plant show a superabundance of particles requiring a
500-mesh grind for liberation. The fact that the treatment of
two distinctly different ores produces an equivalent, or even
inferior product in the upper size fractions from the ore with
the better liberation characteristics can only reflect a con-
dition -inherent in the process itself.

The ability of the process to produce a lower, or equiva-
lent grade, final concentrate from higher grade starting ma-
terial, as illustrated in Figure 13, can be explained by the
cyclone operation. If the cyclone is operated to give a sharp
split, i.e., to maximize the percentage of 200/270 and 270/
325-mesh material, and to minimize the percentage of
coarse oversize material, then it makes a less efficient se-
paration in these size ranges. This is shown by comparing
the size distribution and weight recovery for each fraction
of the cyclone overflow from Plants A and B below:

Cyclone Overflow

Plant A Plant B
Mesh S Wt% Wt Rec% Mesh Wt WtRec %
+130 ... 2.3 0.8 1.8
+300 2.9 1.9 3.5
+27 4.2 6.1 8.9
+325 20.5 5.3 29.6
—325 ... 64.0 85.9 60.0

The cyclone operation in Plant A is making a closer split
and is producing a greater percentage of 270/325-mesh ma-
terial, compared to the percentage of 200/270-mesh ma-
terial, than Plant B. Using the figures given it is possible to
compare the relative amounts of 200/270 and 270/325-mesh
material required in the cyclone feed to produce an equiva-
lent amount of cyclone overflow,

Pounds of cyclone feed required to produce 100 pounds
of cyclone overflow in ¢ach size fraction

Mesh Plant A Plant B
200/270 . 2380 1120
370/325 . 488 338

These figures show that Plant A requires twice as much
200/270-mesh material in the cyclone feed as Plant B to
produce the same amount of 200/270-mesh material in the
overHow. The reason that this is the case is because the
cyclone overflow consists of both the “random” and “design”
type of sample. The relative percentage of each for a given
size fraction is determined by the operating characteristics
of the cyclone. However, the feed only contains a limited
number of “design” particles which reflect its basic libera-
tion characteristics; the number of such particles is lower
for Plant A than for Plant B. Consequently Plant A must
present a greater percentage of each of these given size
fractions to the cyclone to produce the same overall 86%
minus 325 mesh in the overflow. While the operator con-
centrates on adjusting all of the available parameters in the
grinding-cyclone circuit to achieve a grind specified as
some percentage passing a nominal screen size, a more
damaging accommodation is reached between the cyclone
and the ball mill that dictates the number, and type, of
middling particles that appear in the cyclone overflow that
has little relation to the nature of the primary feed ma-
terial,
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CONCLUSIONS

The use of a cyclone in closed circuit with a ball mill
results in the creation of a coarse middling and silica prob-
lem in the final concentrates. The problem is far more
serious than the simple effect that would be produced by
selectively over-grinding coarse magnetitc and thereby pro-
ducing an over-abundance of normal middling type par-
ticles. The process actually manufactures an excess of par-
ticles in the potential middling size range and then selec-
tively extracts an especially refractory type of particle that
requires grinding through 500-mesh and even finer for ef-
fective liberation. The middlings produced and recovered
in the coarser 10 to 15% of final concentrates, which carry
as much as 50% of the total silica in the final concentrates.
are in large part synthesized by the process itself. They will
be produced regardless of the grind at 90% passing 200
mesh or at 90% passing 500 mesh. Their relative importance
increases with progressively finer grinds because they repre-
sent an ever increasing percentage of the total silica prob-

~lem.

The middling problem can be avoided by replacing the
cyclones in the ball mill circuit with a screen. The screens
are separating largely on the basis of size, there is but little
gravity effect, and the circuit is no longer manufacturing
the particularly refractory middling particles associated with
the cyclone. The effectiveness of such an approach was
illustrated in a recent paper’ in which equivalent concen-
trate grades were obtained with a screen in the gircuit at
82% minus 325 mesh, compared with the normally re-
quired 90% minus 325 mesh. The explanation offered was
that this was due to a gravity effect on the screen, how-
ever; the foregoing analyses and discussion indicate that
it is far more likely that the major positive eflect was due
to the fact that middlings were no longer being manufac-
tured in the circuit.

The other factor which makes it more desirable to place
screens in the ball mill circuit is the fact that it is not nec-

essary to attempt a separation at 325 mesh; the effective
size of separation can be significantly coarser and still main-
tain equivalent grade in the final concentrate. The use of
the screen in this capacity takes advantage of the natural
liberation characteristics of the ore, and the wide grade
differential between the coarse size fractions in the concen-
trate and in the cobber concentrate disappears. The use of
screens on the final concentrate, or flotation, to segregate
the coarse silica-rich fractions for additional grinding may
be expedient in some instances. However, the basic prob-
lem stems from the creation of middlings in the grinding
circuit, and this is where screening has by far ity greatest
potential.

The complexity of the concentration problems associated
with magnetic taconites requires that the inherent libera-
tion characteristics of the ore be exploited as efficiently as
possible. The use of the cyclone in the grinding circuit has
tended to bury the natural liberation characteristics of the
taconite in a synthesized middling problem. Redesigning the
circuit to bring free magnetite grains (Figures 4a and 5a)
down into the final concentrating circuit rather than the
synthesized middling population (Figures 4b and 5b) has
so many obvious potential advantages that they do not need
renumeration here. Although it is clear that screening in
the ball mill circuit will minimize the tendency to create
middlings in the grinding circuit, it is possible that equiva-
lent results can be obtaned without recourse to screening

by a judicious modification of the classification system.
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ABSTRACT

Simple changes to cyclone spigot design have given improved cyclone
performance. At Mt Newman Mining the use of these spigots has allowed the
capacity of a dewatering circuit to be increased by over 30%. The spigots are
simple, inexpensive and require no operator adjustment. They are suitable for
use in both dewatering and sizing circuits.

1.0 INTRODUCTION

The Mt Newman Mining Beneficiation Plant uses a cambination of WEMOD drums, DSM
heavy medium cyclones and Reichert cones to produce saleable products from low
grade iron ores. Hydrcyclones are used in a number of locations in the plant
for sizing and dewatering purposes.

The plant was built using conventional Krebs and AKW cyclones fitted with
conventional spigots.

There were a number of locations in the plant where improved cyclone
performance had the potential to increase profitability. The Mt Newman cyclone
development programme has concentrated on improving spigot performance in the
Reichert cones plant.

2.0 THHRY

The development of a new cyclane spigot started when production was being
affected by a dewatering screen that was not working properly because the
cyclaone feeding the screen was putting too much water onto the screen. The
question asked was "Why do conventional cyclones send so much water to
underflow?". Once this question was answered it was possible to develop a new
spigot design hereafter referred to as the JD spigot.

VORTEX FINDER

2.1 Conventional Spigots
Fig. 2.1 shows the cross section of FEED INLEY
a cyclone with a conventional spigot FEED —o
operating on water only. The air
core ontracts at the spigot end of
the cyclane. The main reason for
this is the reduction in the average
angular velocity of the liguid as it
moves towards the spigot end of the

AR CORE
SURFACE

cyclone.

Ath CORE DIAMETER /\
Thin layers of liquid slow down seoucesouETO
faster than thick layers. For this W COMR SUREACE
reason conventional cyclones wait )
operating in the vertical position N—

will always discharge same liquid
fram the spigot - no matter how
small the sPlgOt dimter. is. CONVENTIONAL SPIGOY

WATER DISCHARGES
FROM SPIGOT

e

FIGURE 2,1

CLONE WITH CONVENTIONAL
SPIGOT

T
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2:2_A New Spigol Design - The JD Spigot SSHEMATIC OPERATION OF A
CYCLONE WiTH A

Fig. 2.2 shows the cross section of a cyclone 40 SPIGOT

fitted with a small JD spigot. The key e rees

feature of the JD spigot is that, unlike

conventional spigots, the included angle is FEED INLET |

greater than 180° . Fig. 2.2 shows that the FEED. — e

design allows thin layers of liquid to be

avoided. This means that nothing will

discharge fram a small spigot when the

cyclone is nunning on water only.

AR CORE
~ 7 SURFACE

When the cyclone is operated on a slurry,
coarse particles accumlate at the spigot
end. As a result, slurry visocosity at the
spigot increases, angular velocity drops and
the air core contracts. Slurry discharges STAVE AWAY FROM
fram the spigot once the critical viscosity ~— SYOtONE wau

has been reached.

If larger JD spigots are used same liquid
will discharge at all times. However, the

quantity will be less than that for o sHeoY—

conventional spigots of the same diameter. N0 DISCHARGE
This is because the effect of wall friction WHILE RUNKING
on angular velocity will be lower for JD -

spigots, i.e., air core diameter will be

greater. -

The effect of JD spigots on sizing efficiency is more difficult to predict.
Reducing the percentage of water reporting to underflow must help sizing
efficiency. However, the thicker slurry layers and different flow patterns at
the bottam of the cyclone may have a detrimental affect on the separation of
near size materijal.

3.0 MT NEWMAN MINING OONES PRODUCT DEWATERING CIRCUIT

The cones product dewatering screens used to be the bottleneck at the Mt Newman
Mining Iron Ore Beneficiation Plant. At high tonnages water would pour off the
end of the screens. The feed to these screens came fram 3 x 300mm AKW cyclones
fitted with conventional 78mm spigots.

Both a Linatex fishtail and JD spigots were trialled in an attempt to overcome
this problem. The Linatex fishtail gave slightly thicker underflows that the
JD spigot. (Average underflow moistures of 22.3% vs 23.5% by weight% during
trials. The conventional spigot product had moistures in excess of 30%).
Despite these results it was decided to persist with JD spigots because they
were so much easier to use. The Linatex fishtail required extra pipework for
siphoning and was difficult to tune properly. In practice the fishtail had to
be run at less than the optimum setting to avoid the risk of cyclone bogging.

The JD spigots had a dramatic effect on plant capacity. The dewatering screen
discharge moisture is 16%, i.e., the JD spigots had reduced by more than 40%
the amount of water that the dewatering screens had to remove per tonne of
product. When the cyclones were fitted with 85mm JD spigots, spigot capacity
had become the plant bottleneck.

Further tests were run with larger diameter spigots. Water running off the end
of the screen only re-appeared as a limiting factor when 100mm JD spigots were
used. 95mm spigots are the cwrrent standard. 95mm spigots give underflow
moistures below 25% under normal operating conditions. The 100mm spigots were
still giving mach better results than conventional 78mm spigots. Vortex finder
diameter is anly 110mm.

4.0 mmmmm

Two nests of 300mm AKW cyclones with 48mm conventional spigots are used to
separate -63 micron reject slimes fram Reichert cone feed. Underflow pulp
density has been found to be less than optimmm for Reichert cone operation.

The desliming cyclone circuit allowed timed samples to be taken of cyclone
underflow and samewhat less than perfect samples to be taken of cyclone feed
and overtliow.
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4.1 Dewatering Perfarmance

Fig. 4.1 shows the relationship between wt% solids in cyclone underflow and tph
solids to underflow. The graphs show that JD spigots give higher underflow
pulp densities. Even the 55mm JD spigot was still giving much better results
than a 48mn conventional spigot. The graphs also show that JD spigot underflow
pulp density is less affected by spigot loading than it is for conventional
spigots. This is an attractive feature for situations like ours where a
consistent feed pulp density is desirable.
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4.2 Sizing Perfarmance

The testwork gave enough information to allow rough partition curves to be
drawn. Figs 4.2 and 4.3 plot D50 and the ATICHE sharprness index (D25/D75)
against tph solids to underflow.

Fig. 4.2 shows that D50 is coarser FIGURE 4.3

for cyclones fitted with JD . D25/D75 vs TONNAGE
spigots. This is in line with ’ T T )
expectations. The JD spigot 0.9

ramoves oversize fram a point 0.8 }

higher in the cyclone. JD spigots
are also expected to increase the
average pulp density of material in 0.6

0.7t

the cyclone. ~ 0.5
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Fig. 4.3 shows that the testwork & °*T
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5.0 WEAR RATES

Initial tests using 85mm JD spigots in the Mt Newman Mining cones dewatering
cyclones showed that the JD spigots lasted for 9 months campared with 6 months
for 78mm canventional spigots. The reason for this surprising result was
considered to be that the theory of JD spigots operation implies lower
velocities in the spigot region. Spigot life was lower for larger JD spigots
because of higher tonnages and high velocities near the spigot. JD 100mm
spigots last about 9 weeks.

JD spigots did cause higher wear rates at the bottam of the cyclone conical
section. A distinct groove was found to form there. This problem arises
because the JD spigot prevent all solids discharging when feed goes off. JD
spigots will also tend to retain very coarse particles in the lower cone
region. Conventional spigots simply discharge very coarse particles as soon as
they reach the spigot. The wear rates were not high enough to be a significant
problem.




6.0 QPERATING ONSIDERATIONS
No special pipework or adjustments are required to use JD spigots. Because

there is less variation in underflow pulp density JD spigots may remove the
necessity for adjustable spigots in same circumstances.

7.0 ONCLIISIONS

Experience at the Mt Newman Beneficiation Plant has shown that JD spigots
provide a very simple way of improvirg cyclone dewatering performance. The
results of plant testwork were not precise enough to determine whether JD or
oconventional spigots gave the best separation of particles near the size of
separation. The differences appear to be too small to be a significant factor
in cyclone selection.

JD spigots do increase the size of separation. Changes to cyclane length or
geametry may be required if this is a problem.
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