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Mines Branch Investigation Report IR 62-94 

PILOT PLANT TESTS USING SILICA FLOTATION ON 
SAMPLES FROM STEEP ROCK IRON MINES LIMITED, 

ATIKOKAN, ONTARIO 

by 

P.D.R. Maltby and L.L. Urns*  

SUMMARY OF RESULTS 

Laboratory and pilot plant flotation tests were done on 
samples of 	ude' and combined 'crude' and 'direct' ores. 
Flotation laboratory tests gave concentrates assaying 62% Fe with 
less than 3% 5i02 on deslimod feed. On undeslimed feed, concen- 
trates over 60% Fe were produced and the recovery was 70.3% of the 
iron in the original feed compared to 60.6% using deslimed feed. 

Approximately 100 tons of ore mixed in the ratio of 10 
parts 'direct' to 7 parts 'crude' was treated in three pilot plant 
tests. After grinding and classification, the ore was deslimed in 
two stages of cyclones. About one-third of the ore was discarded 
as slimes before.flotation, Altogether, 34 tons of flotation 
concentrate was produced grading over 60% Fe, and was shipped in 
drums for pelletizing tests. In Test 3 1  a concentrate was produced 
assaying 60.8% Fe with 4,4% 3i02 at a.  recovery of 87.9% of the iron 
in the flotation feed. 

Laboratory and pilot plant heavy-media separation tests 
were conducted on the 'crude° ore. A laboratory H.M.S. test was 
done on a sample of 'pyritic ore, 

* Scientific Officers„ Mineral Processing Division, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, Canada. 
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INTRODUCTION 

The purpose of the investigation was to test a method of bone-
ficiating Steep Rock ore by silica flotation on a pilot plant scale, and to 
prepare sufficient concentrate for pelletizing tests. 

unnt 
Three types of iron ore were received from Steep Rock Iron Mines 

Limited, shipped under the supervision of Mr. R. J. Tremblay, Chief 
Metallurgist, A total of 116 tons of minus 4 in. 'direc -t  ore, 44 tons of 
minus 4 in0 gcrude' ore, and 24 tons of °pyritic' material were received at 
the Mines Branch in two gondola cars on July 16, 1962. Three drums containing 
300 lb of minus 4 in. /directq, minus 4 in. 9 crudev, and minus 4 in. 9 pyritict, 
for preliminary tests were shipped express, and were received at the Mines 
Branch on July 18, 1962. 

,A11222/ AnalPis 
Unless otherwise shown, all iron analyses were done in this 

investigation, by the writers, using the 1 Lerche method for Iron deter-
minatîons by the stannous chloride-potassium dichromate procedure, Silica 
and insoluble analyses were done by the Analytical Chemistry Sub.edivision, 
Mineral Sciences Division, Mines Branch. 

Outline of Investigation 
epiaee*a• 

In recent years, steel companies have been demanding higher grade, 
agglomerated concentrates for blast furnace feed, This has meant that 
direct shipping iron ore producers, like Steep Rock, have been forced to 
develop ways to beneficiate their ores in order that they may still have a 
market in the future. 

There already exists at Steep  Rock,  concentrators using gravity 
separation methods, in which the lower grade Icrudel ore is upgraded to 
make a coarse and a fine concentrate. After crushing ?  the 9 crudel ore is 
sized for H.M.S. and separation by jigs and spirals. Prior to the spiral 
treatment, the feed is sized in cyclones. The cyclone overflow, consisting 
of minus 150m material is rejected. This represents about 30% of the total 
concentrator feed weight. 

A considerable amount of research has been conducted at the mine 
to discover the best way to concentrate this material. From this research, 
the Company has developed a cationic silica flotation process at a neutral 
pH which will produce an acceptable concentrate on deslimed material from 



the plant cyclone overflows, It is expected that after 1965 a large per..i 
 contage of Steep Rock production will be concentrate in the form of pellets. 

Pellet feed would come most likely from ground gravity concentrates mixed 
vith flotation concentrates, In order to find out enough information to 
build a pilot plant at the mine, the Mines Branch lias asked to carry out 
this investigation. Another purpose of the investigation was to produce 
approximately 30 tons of  fie-ta-tien  concentrate which could be shipped to 
various companies for pelletizing tests. Figure 1 shows the proposed new 
treatment scheme. 

Preliminary flotation tests were 9onducted in the MineSBranch 
laboratory to investigate the Steep Rock process and to compare it. to 
other processes. After these tests a pilot plant investigation:was 
startedin Which the ore was - ground to minus 150m / . was'deslimed at 5 to 10 
microns in cyclones /  and the deslimed materia[iwas upgraded by the Steep 
Rockflotation procedure. 

• 
• Besides flotation /  the investigation included wet grinding a 

sample of 'direct' ore to minus 20M 1 11.M.S .0 tests on a sample of 'crude' 
ore and /  in the laboratory, tests On aSanple of 'pyritic' ore.- 

TEST PROUBDURE AND RESULTS 

bnell2g Teeing 
Flotation 

The 'crude' ore was the-first ore to be investigated, The plus ' 

*in,  fraction of the Sample,which was to be treated by sink.ifloat method, 
was removed and the minus  in  material was screened with the analysis 
shown  in  Table 1. 
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TABLE 1 

Screen Analysis of Minus win.'Crude'Ore 
Mli.,,o,+••• ,•”.. • 

Wwilenets•RtaMenata.ennr,ei.tpeeexeftnIsnarliate. 

Mesh 
Weight 	Weight Analysis % 	Fe 	Distn % 

Sol Fe 	Units 	SO1 Fe 
myee.r.e rte.anzroarreperyneronameml..C.7.27 

+4 

-4+6 

-6+8 

-8+10 

-10+14 

-14+20 

-20+28 

-28+35 

45+48 

-48+65 

-65+100 

-100+150' 

4.50+200 

-200+325 

-325  

	

17.0 	3.0 

	

68.7 	11.6 

	

67.7 	11,4 

	

72.7 	12.3 

	

90.7 	15.3 

	

79.6 	13.4 

	

54.6 	9.2 

	

44.5 	7.5 

	

10.4 	1.8 

	

12.2 	2.1 

	

11.2 	1.9 

	

8.4 	1.4 

	

6.5 	1.1 

	

7.8 	1.3 

	

41.0 	6.7 

100.0 

Previous testing on other iron ores has shown that for silica 
flotation e  most of these ores should be reduced to minus 150m. To produce 
a$ little slimes as possible e  stage grinding was adopted and the results 
for a minus 150m grind are shown in Table 2. 



TABLE 2 

Size Analysis of 'Crude' Ore Ground to minus 150m 

Weight 	Weight 	Analysis % 	Fe 	Distn % 
'Mesh 	

g 	 %. 	Sol Fe 	Units 	Sol Fe 

	

+65m 	0.6 	0.1 	29.4 	0.1 	0.2 
-65+100m 	1.0 	0.2 	34.1 	0.2 	0.5 

	

-100+150m 	8.5 	1.3 	41.4 	0.5 	1.2 

	

-150+200m 	107.2 	16.4 	44.2 	7.3 	17.9 

	

-200m+56m. 	22.8 	3.5 	41.6 	1.5 	3.7 
-56+40p. 	150.7 	23.1 	41.8 	9 .7 	23,8 
-40+28p. 	66.3 	10.2 	42.2 	4.3 	10.6 	• 
-28+20 1, 	65.8 	10.1 	38.2 	3.9 	9.6 
-20+14p, 	55.8 	8.6 	34.1 	2.9 	7.1 
..14+101À 	50.8 	7.8 	34.3 	2.7 	6.6 
-10 tÀ 	122.0 	18.7 	40.6 	7.6 	18.8 
--------- 

	

. 	651.5 	100.0 	 40.7 	100.0 

Only a few flotation tests were performed on the 'crude' ore 	• 
alone. Thé best results were obtained with an anionic silica float using 
2 1b/ton of Dextrine 8072, 1.6 lb/ton of sodium hydroxide to produce a pH 
of 11.7 1  0,75 lb/ton of calcium chloride and 2 lb/ton of Aointol FA-1. The 
test was done without desliming. The results of this test are shown in 
Table - 3. 

TABLE 3 

Anionic Silica Float of Undeslimed tCrudév,Ore 

Products 	Weight 	Weight 	Analysis % 	Fe 	Dien % 

, 	 g 	% 	Sol Fe 	Uni ts 	Sol Fe 

Cone 	280 	62,2 	55.0 	34.2 	79.0 
Midas 	74 	16.5 	34.1 	' 5,6 	13.0 
Tails 	96 	21.3 	16.3 	3.5 	8.0 

	

450 	100.0 	 43.3 	100.0 



Since it uns planned to run the pilot plant test on a 1027 mixture 
of 'direct' to ecrude' ore, efforts were then concentrated in that direction, 

The plus 3/8 in ,  fraction of the 'direct' ore was removed 
and the minus 3/8 in ,  portion uns reduced to minus 150m by stage grinding. 
It was thon mixed in a ratio of 10g7 with the 'crude' ore e  also reduced to a 
minus 150m size. The composite had the structure shown in Table 4. 

TABLE 4 

Analysis of 10:7 'Direct' to 'Crude' Ore Com,22.7112 

Weight 	Weight 	Analysis % 	Fe 	Distn % 
Mesh 	

g 	 % 	Sol Fe 	Units 	Sol Fe - 

	

+100m 	3.1 	1.0 	 55.4 	0.6 	1.1 

	

.00+150m 	9,4 	3.2 	 55.7 	 1.8 	3 03 

	

-1504-200m 	89.0 	29.9 	 56 07 	17 0 0 	30.9 

	

r.200m+561À 	19.4 	6.5 	 60.2 	3 0 9 	7.1 

	

,56+401.t 	30.6 	10.3 	 56.3 	 5.8 	' 10.5 

	

-40+2E4 	24.4 	8 0 2 	, 	55 0 1 	4.5 	8.2 

	

-284-20p 	19 0 0 	6,4 	 53.3 	3.4 	6.2 
[ 

	

-20+1411 	18 0 0 	6.1 	1 	 50.9 	 3 0 1 	5.6 

	

-141.10p, 	15.2 	5.1 	‘ 	48.6 	 2.5 	4.5 

.40 1). 	69,0 	23.3 	 53.1 	12.4 	22 0 6 

_...-. 	,.7. 	 • - ¢,re.Tara-lerc-.. 1--,---- -tecs-mme -t.,_.•■_.:c 	 -.. 	 • 	 • 	 ..... 	 . .. 

	

297.1 	100.0 	 55 0 0 	100.0 

It had been determined by the Research Department of Steep Rock Iron 
Mines Limited on work done on their concentrator cyclone overflow, that 
Dextrine WW82 was the most effective depressant for the iron and that Rosin 
Amine D Acetate (RADA) and a mixture of Pine Oil e  Aerosol OT 100 and water 
(MA) were the most satisfactory collector and frother for their ores. 
Testing with other depressants e  done at the Mines Branch laboratories e  
verified this result. This combination of reagents was thus adopted for 
the ensuing testing. 

Tests were performed on the composite without any desliming. The 
results of Test 12, a two-stage cleaning operation e  are shown in Table 5. 



nmener2e-of 

55.0  1 100.0 

TABLE 5 

Products 

Cationic_Silica Float,on_Composite without Desliminr 

Weight 	Weight 	Analysis % 
Sbl Fe 

,r,,,,a-rarrieeasun,nel ,treet.entrepermtet,s,,,nr,tr • 

Fe I Distn % 
Units 1 Sol Fe 

Rougher tails 	257.0 	26.1 

lut cleaner tails 	71.4 	7.0 
2nd 	" 	99 	 82.7 	8.1 
Fo cote .ee 	612.0 	. 59.8 

•protel,,enitrv 

1023.1 	100,0  

44 09 	11.3 	20.5 
51.1 	3.6 	6.5 
49.4' 	4.0 	7.3 
60.4 	38.1 	66.7 

)V Fe . conc contained 97.6% plus 5 microns or 99.6% plus 4 microns, 

Flotation pH was natural at 7.5. 

The total amounts of reagents used were 1 09 lb/ton of Dextrine; 
0.7 lb/ton of RADA and 0 03 lb/ton of POA mixture for a total flotation time 
of 10 min. 

In a three-stage cleaning operation 9  Test 19 9  tho results shown in 
Table 6 wero obtained with a. 12 min total flotation time. 

TABLE 6 

Cationic Silica Float on Composite Without Desliming 

	

--- - 	_---- 	- - 	-------- 	____ ----- 

Products 	Weight 	Weight 	Atalysis 0 	Fe 	Distn % 
	g 	% 	Sol Fe 	Units 	Sol Fo 

Rougher tails 	136.8 	13.3 	42.6 	5.7 	10.2 
1st cleaner tails 	115.2 	11.2 	50.5 	5.7 	10.2 
2nd 	It 	11 	68.0 	5..6 	52.6 	2.9 	5.2 
3rd 	11 	 19. 	46.4 	4.5 	51.0 	2.3 	4.1 
Fe conoe 	 672.0 	65.4 	60.3 	39.4 	70.3 

. 	 . 

	

1028.4 	100.0 	 56.0 	100 00 

Fe cone contained  9 e plus 5 microns or 99.6% plus 4 microns. 
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Reagents used wore Dextrine 1,5 lb/ton e  RADA 0.5 lb/ton e  PUA 
 004 lb/ton; pH 7.5. The insoluble assay was 5.04% and S102 was 3.84%. 

For the same conditions but with only half the Dextrine /  
0.7 lb/ton e  a higher grade of concentrate (61.9%) could be obtained but at 
a lower recovery (53.2%); the insolubles were 4.54% or 2.12% Si02. 

Different types of dosliming operations  were  then attempted -- 
settling and decantation, dosliming pail, hydroseparator. None of these 
methods produced satisfactory results e  as the slimes were flocculated and 
no reasonable separation could be obtained. 

A Dorr-Oliver M-30 cyclone was thon used with variations in both 
the pressure and the feed density. The pressure was varied from 10 psi to 
30 psi and the feed density from 5% to 30% solids. 

The objective was to attain a flotation feed containing plus 5 
micron particles-and another one containing plus 10 micron particles to 
compare their flotation characteristics, 

The best combination to arrive at a plus 5 micron flotation feed 
was obtained with a 15% solids cyclone feed by operating the cyclone at 15 
psi. The first overflow was repassed in the cyclone and the second under. 
flow was blended with the first one, The second overflow went to tailings. 
The results are shown in Table 7. 

TABLE 7 

Flotation Feed Produced at 15 pby_9:21mbn 

-- 	-------------- 	--1;4e;: ' ---U-e'll—ght---Analys—is- %-r eDi—stn% 
Products 

g 	% 	Sol  Fe 	Units 	Sol Fe 
------------___ 	 ------- 

1st Underflow 	2358 	69.7 	54.8 	38.2 	70.7 
2nd 	" 	 334 	9.9 	50 07 	5.0 	9.3 
2nd Overflow 	688 	20.4 	53.1 	10.8 	20.0 

L----- 

 ---------- 	— 	 ------- 

	

Feed 	 3380 	100 00 	 54.0 	100.0 

The grain-size analysis was done by a sedimentation process using 
ASTM standard D 422-54 T and showed that 90.0% of the flotation feed was 
made up of plus 5 micron particles. 

Flotation test No. 43 was performed on this feed using 2.0 lb/ton 
of Dextrine, 0.6 lb/ton of RADA and 0,6 lb/ion of PUA  to produce the results 
shown in Table 8. 



Ueight 
' Product Weight 

• 

4411 .2 	100.0 54.6 

57.4 
21.2 
21.4 

100 .0 53.3 

TABLE 8 

Flotation Results. Obtaïned on ilue 5 micron Feed 

Analysis % 	Fo 	I Dien % 
•Sol Fe 	Unit 	Sol Fe 

Rougher tails 
1st cleaner tails 
2nd 
3rd 
Fe cone 

	

60.0 	13.4 	31.6 	4.2 	7,7 

	

26,2 	6.9 	' 	41.8 	2.5 	4.6 

	

23.2 	5.2 	42.6 	2.2 	4,0 

	

57.0 	129 	' 	53.2 	' 6.9 	12.6 

	

280.0 	.62.6 	62.0 	38.6 	71.1 * 

* 66,9% of ,  cyclone feed 

Fe cone contained 99.7% plus 6 microns. 

Tho plus 10 micron flotation feed  trac  obtained with a .10% solids 
pulp through the cyclone operating at 26 psi, The results are shown in 
Table 9, 

TABLE 9 

Flotation Feed Producedat_262si_by_Cycloling, 

...................1............. .........e.........O.I.Im.........................,............. 

4, 71.• . 

1 
ffeight 	Weight Analysis % 	Fe 

Sol Fe 	Units 

let  Underflow 	908 
2nd 	 322 
2nd Overflow 	346 

•Distn 
Sel Fe 

57.6 
2044 

 220 . 

63.1 
66.3 
51.9 

30.6 
11.3 
11.4 

-,----...,-- ---..,.--,,- i  
1576 	100.0 

The saine  conditions were used for the plus 10 micron flotation as 
for the plus 5 micron and gave the following eesults from Test 42 shown in 

• Table 10, 



TABLE 10 

Flotation Results Obtained on Plus  10 micron Feed 

Weight 	Weight 	Analysis % 	Fe 	Distn % Product 	
g 	% 	Sel Fe 	Units 	Sel Fe 

 	, 	. , 	 . 
Rougher tails 	57.5 	14.1 	26.8 	3,8 	7.0 

. 	1st cleaner taile 	' 	21.4 	5.2 	40.9 	2.1 	3.9 
! 	2nd 	" 	u 	i 	26.2 	6.4 	45.1 	2.9 	5.4 

3rd 	" 	e 	; 	29.0 	7.1 	52,6 	3.7 	-6.8 i 
Fe cone 	 27500 	67,2 	62.0 	41.7 	76,9 *. 
• 	 r1.7--.R1.-,,,am.,17 QC 	 mee,...." 	 Men anen EX 	 1,R 	 . 	 . 	 . 	 - 	 ,e61‘..e 

1 

	

409.1 	100,0 	 54.2 	100.0 
I 

le 60,5% of cyclone feed 

The grain-size analysis showed that 86.5% of the flotation feed , 
was made up of plus 10 micron particles° 

Laboratore Testlpg 

A series of bucket tests were  done, using a ground ferrosilicon 
medium supplied by Steep Rock, on îcrudeo and pyriticl ore samples. The 
material in each test ranged from +in. to 1 in ,  in size.  Test procedure 
was identical for each sample° A bucket of medium was adjusted to the 
desired density and was agitated Approximately 1500 g of sample was put 
into the bucket and was allowed to settle for 10 sec, After the settling 
period had elapsed> , float was removed from the surface, washed on a screen, 
dried and weighed, The sink product was also washed, dried and weighed. 
The results of tests on the gcrudeq ore are shown in Table 11, and on the 
gpyritico ore in Table 12, 
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TABLE 11 

H.M.S. Bucket  Tests  on  Crude Ore 

W.eight 	Analysis  
Meditun sp. or. 	PrO duct 	 Soi re 	. Sol re 

..,rexr.e.,■merr.n...mumx 	 1.....em.m. 	 .a 	 '..'..........."M... 

Sink 	65.7 	56.9 	83.7 
2.95 	 FlOat 	34.3 	 21.2. 	16.3 

— 

- reee 	100 9 0 	44.7 	100.0 
,.. 	. 

pillar 	50.4 	50.65 	71.6 
. 	

- 	3 0 10 	 ° Float 	49.6 	23.6 	28.4 
— 	071.1MISIAMM,ffle.,1.10»trej., 

reed
A  • 	 10C) .0 	41.3 	. 	. 100.0 

. Sink - 	50 e 8 	57.7 	70..3 
3.20 	 Float 	49.2 	 25015 	29.7 	. 

recce . 	100 0 0 	41.7 	100.0 
..INerefrie,0100 -MTIYIV.,1111Pe...IrM 	 ,ere. 	 rrteen-nr.,” e,-Én 	 . wele......elenew 

' 	 S ink 	39.4: 	59.95 	50.1 
3.40 	 Float 	60.6 	38 0 9 	49.9 

....... 	.... 
reed),',e 	100 0 0 	47 0 2 	1 

n
00.0 

* calculated 
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TABLE 12 

H.M.S. Bucket Tests on 'Pyritic' Ore  

Analysis 	fa.  Medium 	 Weight ---------y---- 	Dis tn % 
sp. Or a 	Product 	ei 	' Sol Fe 	Insol' 	S 	Sol Fe 

	-- 
Sink 	64.3 	60.4 	6.02 	0.36 	70.4 

	

3.25 	Float 	35.7 	45.7 	 29.6 

Feed* 	100.0 	55.2 	 100.0 
-_. 

Sink 	93.6 	58.6 	7.54 	0.50 	96.0 

	

3.00 	Float 	6.4 	35.4 	 4.0 

Feed* 	100.0 	56.7 	 100.0 

Sink 	88.5 	58.5 	7.44 	0.17 	92.7 

	

3.10 	Float 	11.5 	35.6 	0.13 	.7.3 

Feed* 	100.0 	55.9 	 100.0 
. 	, 

* calculated 

The tests on the 'pyritic' ore were done on a sample cut from the 
300-lb drum of 'pyritic' ore. The sulphur content of this sample appeared 
to be lower than the sample shipped in the car, and so these results should 
only be regarded as preliminary. 

gUmmary of Results  

On a,  similar feed, flotation tests were done successfully with and 
without desliming. An acceptable concentrate was produced in each case. 
Without desliming, a concentrate assaying 60.3% Fe with 3.84%  3102 was 
obtained containing 70.3% of the iron in the original feed. With desliming 
at 10 microns, a concentrate assaying 62% Fe was obtained containing 60.5% 
of the iron in the original undeslimed feed. Reagent additions in each 
case were comparable. 

A sizing analynis of- each concentrate showed that, in the case of 
the tests with undeslimed feed l  the bulk of the minus 5 micron material had 
been removed in the flotation froth. As a result, there was little 
difference in structure between the concentrates. (Compare Tables 5 and 8). 
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In spite of the apparent Increased recovery using undeslimod feed e 
 it appeared that higher concentrate grade could be obtained on deslimed feed, 

With slims present e  the Flotation froth would be that much harder to break 
down especially if a scavenger flotation circuit was installed to recover 
additional iron from this froth. For the pilot plant tests,  il;  was decided 
to deslime before flotation in two stages of cycleuing, However e  as about 
25% of the iron was discarded in the desliming operation e  flotation on un-
dermined material should nOt be ruled cut without doing a continuous pilot 
plant test. 

PILOT PLANT TESTS. 

A teat programme for treatment of the three samples  of ore  was 
drawn up before testing began and is shown in Figure 2. Due to other commit. 
vents and the deadline :laid down for pelletizing tests e  no work was done in 
the pilot plant on the epyriticq ore. The Wirect 9  and fi:wudel ore sample's 
were screened dry as shown at 3/8  in and 1/4 in..respectively. A oamplo  of  
the plus 3/8 in. Utreet oro.was ground wet in a rod mill to 20m. The plus 
1/4 in, fraction of vcrude 9  ore was treated by H.M.Sl e  feed meight 
amounting to nearly 15 tOnOn The screen undersize of both samples was 
blended in tho desired proportions as flotation feed, 

H.M.S. Tests OD. Ç'Crude° Oro 
10,  

The H.M.S. feed was prepared by screening the qcrude 9  ore on .1/4 
in. The screen oversize was then screened on al in 0 screen e  and any over-
size was crushed until it ,passed the 1 in. screen. This minus 1 ino plus 
1/4 in0  material was washed and :sus allowed to dry. The total weight was 
just under 15 tons. 

A 24 in, 0.C.C. typo  152 heavy-media separator bas set up with 
'dashing screens, Ferrosilioon media was made up to a density of 3.2 and 
feed was introduced  ai; a rate  of  about MOO lb/hr. Great difficulty was 
experienced in preventing the separator from stalling e  sud a sink product 
essaying ovly 51% Fe was made, As the media installed uas fresh e  no 
degradation had taken  place e  with the result that it settled rapidly. The 
media was finally ground to minus 100m 0  Bettor results were obtained with 
the grouud media and a sink grade of 58% Fe was obtained, By this time e 

 however  the original plans had been changed and it was decided to blend 
the fins from the Idirecte and  9 crud(0 ores as flotation feed and to  dis 
regard the scl:esa oversize. The amount of flotation concentrate produced 
would be sufficient for peJletizing tests. 

Wet Grkedig of QDirecte )A-e 

A test was dun on the plus 3/8  in fitirect shipping ore to find 
out if it 'uas amenable to wet grinding to 20m 0 A 15-ton sample was cut  out e 

 and the plus 0 in 0  material was crushed to 3/8  in The crushed ore was 
fed to a Marcy 36 in, x 61 in 0  rod mill driven by a 25  hp motor. The rod 
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charge was 3000 lb and the dry feed rate was just over 2 tons/hr. The rod 
mill discharge was lifted by bucket elevator to a 20m vibrating screen and 
the oversize returned to the rod mill. A screen analysis was done on the 
products and the results are shown in Table 13. 

TABLE 13 

Results of Met  Grindin Test on 3 8 in. 'Direct' Ore 

Red Mill Feed 	Rod Mill Discharge 	Screen assize 	Screen ulsize 
Mesh 

Nt % % Sol Fe 	Nt % 	0 Sol  Fe* 	Nt % %Sol Fe 	Nt% %SolFell  

.4-3/8 in. 	0.3 

.3/8 +3(n 	15.3 	58.10 

	

-3 +4 	15.3 	58.0 

	

.4 +6 	14.9 	57.7 

	

-6 +8 	' 	10.7 	58.2 	 1.3 

	

..8+10 	9.0 	57.8 	 3.3 

	

.l0+14 	' 	6.0 	57.6 	0.7 	 10.9 	55.36 	' 

	

.14+20 	5.3 	57.6 	2.8 	57.60 	45.7 	56.20 	0.4 	- 

	

.20+28 	4.0 	58.0 	6.5 	58.00 	8.2 	57.80 	3.1 	55.96 

	

.28+35 	3.8 	57.9 	15.2 	57.80 	5,9 	57.42 	7.9 	56.14 

	

.35+48 	2.8 	57.4 	13.3 	57.30 	3.8 	57.36 	9.8 	57.04 

	

-48+65 	2.4 	57.6 	12.5 	58.00 	4.5 	57.48 	12.8 	58.10 
..65+100 	2.8 	57.7 	12.0 	57.96 	3.5 	57.24 	13.5 	58.12 
.100+150 	1.8 	58.9 	7.7 	59.90 	2.4 	57.40 	10.0 	57.90 
.150+200 	1.3 	58.0 	6.3 	57.68 	2.3 	57.80 	7.6 	58.40 
.200+325 	1.2 	57.1 	4.2 	57.60 	1.9 	56.60 	5.9 	57.88 
-325 	3.1 	55.6 	18.8 	55.62 	6.3 	54.10 	29.0 	56.18 

	

Total 	100.0 	100.0 	 100.0 	100.0 

* From  Internai  Report ES.AC-62-959. Analyst - E. Mark. 
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AS soon as sufficient material had been treated, various ways 
were tried to dewater the product. None was successful. Slimes, either 
present before or produced by grinding, acted on the filter cloth like clay 
and blinded it completely in a short period, Flocculants added to the 
material in laboratory tests did not help. A sample of fines from the 
overflow of the classifier, used at  one stage to try to separate the ground 
material, was left to stand in a pan filter under 25 in. of vacuum for 5 hrs. 
Very little filtering took place. The test was stopped after about 5 tons 
of feed had been used. It appeared that dry grinding would be the only way 
to produce a product that could be handled successfully. 

1 

From the results of tests done at Steep Rock, it had been decided 
to adopt the following requirements as closely as possible in the pilot 
plant testing: 

I. 	 The'flotation feed should be all minus 150m, appréximately 
60'0 • minus 325m, with as little minus 	material as possible. 

2.Desliming  L.  Cyclone conditions required to produce suitable flotation 
• 	 feed had to be known. The feed should not 'contain more than 	10/0 minus 

9pi or ee0 minus 3m , and the cyclone 	rflow should have as 	little 
t 

 
plus 9.  material as possible for optimum iron recovery. 	• 

3.Freth handlinq 	Experienee on this ty'Pe of ore had shown that an 
extremely stable froth was formed.which uas hard to break down in 

: launders and"pump boxes. Accerdingly attention was given - to the 
type of sprays that would be required to cause as little dilution' 
'as possible. 

After several changes„ the final flowsheet is shown in Figuré 3, 
p. 25 .  

Test 1 

Test I consisted mainly of trying different equipment to obtain 
the best results. On the first day, two rake classifiers were used to 
classify the rod mill discharge 0  it was intended to grind the ore in a 
Marcy 36 in. x 61 in. rod mill driven by a 25 hp motor. The rod mill 
discharge would be fed to No. 1 classifier, the otflow from this going to 
No. 2 classifier. Both classifier sand products would be pumped to the 
grate discharge ball mill for grinding, and the ball mill would be in 
cloeed circuit with  No 1 classifier, However, it WaS found that the ore 
would not classify.  The slimes in the ore appeared to act as a heavy 
liquid and kept the sands in suspension. 

On the second day the classifiers were replaced by a 65m. DSM ' 
screen which returned an oversize product to the ball mill. The rod mill 
discharge was fed straight to the bail mill. The screen undersize was 
pumped to a P50 cyclone, the cyclone underflow being returned for regrinding 

Pilot Plant Flotation Tests 



in the ball mill. This arrangement was better but it was thought that 
bettor grinding would be obtained by a ball mill alone with a larger cir-
culating load to help prevent overgrinding. 

Meanwhile, preliminary flotation results had been obtained using 
a bank of 12 Denver No ,  7 Sub A cells. No scavenger circuit was installed, 
the froth being discarded as tailing. From the primary P50 cyclone, the 
overflow was pumped for desliming to a second P50 cyclone. The overflow 
from this cyclone was pumped to a bank of four 1 80 cyclones. The overflow 
from the U30 cyclones was discarded as slimes,  and the underflow was com-
bined with the underflow from the second P50 cyclone as flotation feed. 
Cyclone feed pressures were 20 psi. Dry rod mill feed rate was 2200 1b/r. 

 The results of screen tests are shown in Table 14. Altogether, 15 tons of 
feed were ground before the circuit  was  considered to be in equilibrium for 
sampling. 

TABLE 14 

Results of Screen Tests on Test 1 

ll 	DSM Screen 	No.1 C clone 	No.2 	uie No. 3 Rod Mill 	Bali Mi 	 qIz 	Cyc 

	

Mesh 	 lone 
Feed Disoharg 	Discharge Otsize Maize Offlo 	U'flow Olflow Ulflow 	Ulflow 

• 	+3 	6.7 	- 	 _ 	- 	. 	 - , 

	

-3 	+4 	12.7 	 _ 	- 	_ 	- 	 _ 	_ 	_ 

	

-4 	+6 	11.7 	- 	- 	- 	- 	- 	 - 	- 	. 

	

-6+8 	13.5 	- 	_ 	_ 	 - 	_ 	. 

	

8.6 	- 	. 	- 	 . 	- 	- 	- 	. 

	

-10+14 	10.1 	- 	- 	- 	- 	- 	- 	- 	- 	-. 

	

«14+20 	10.4 	« 	. 	- 	- 	. 	- 	- 	- 	. 

	

.20+28 	7.7 	. 	- 	- 	- 	. 	- 	- 	- 	. 

	

.28+35 	6.8 	- 	. 	- 	- 	- 	- 	- 	- 	- 

	

«35+48 	3.8 	- 	• 	- 	- 	- 	- 	. 	. 	- 

	

-48+65 	1.9 	18.5 	, 	18.4 	, 	- 	0.8  

	

-65+100 	1.7 	18.4 	2.2 	22.0 	7.8. 	0.7 	2.4 	-  

	

.100+150 	1.1 	12.8 	6.2 	13.8 	11.8 	2.4 	6.0 	0.4 	2.0 	. 

	

-150+200 	0.8 	8.0 	12.0 	7.8 	12.0 	3.5 	10.0 	2.2 	5.6 	- 

	

.200+325 	0.8 	7.8 	21.4 	7.2 	12.2 	8.0 	19.8 	8.0 	26.4 	0.2 
.325 	2.2 	34.5 	58.2 	30.8 	56,;2 	85.4 	61.0 	89.4 	66.0 	99.8 

	

Total 	100.0 	100.0 	100.0 	100.0 100.0 	100.0 	100.0 	100.0 	100.0 	100.0 
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Micron sizing was done on the slime product: 90% of the slimes 
was mines 10p., The flotation feed contained about 20% minus lOfk. 
Approximately 40% of the rod mill feed was discarded to waste as slimes. 
The best grade of flotation concentrate obtained was 58.9% Fe. No accurate 
records of reagent consumptions were kept. 

Test 2 

From the experience gained in Test 1, several changes were made 
for Test 2. The rod mill was taken out of the circuit» Feed to the ball 
mill was kept at 2200 lb/hr, and 500 lb of balls was added bringing the 
total charge to 3000 lb. With a larger circulating load it was hoped that 
less overgrinding would occur. Changes were made in classification, The 
P50 cyclones were replaced by 3 in. Dorrolones to allow for adjustment of 
the feed, apex, and vortex openings. The bail  mill discharge was passed over 
alDSM 65m screen. The screen oversize was returned to the mill. The screen 
undersize was pumped at 30% solids to the No. 1 Dorrolone. The overflow went 
to the desliming circuit, while the underflow was fed to  the  No. 2 Dorrolone. 
The second cyclone overflow also went to desliming, while the underflow was 
returned to the ball mill. 

• 	The desliming circuit consiàte&of à 3 in. Dorrolone and after many 
'changes, 'a FÉO cyclone and four  130 eye-Ones in parallel. Thé No. -3 Dorr-
clone took.the overflows from Nos. 1 .  and  -2 Dorrclones as feed. The overflow 
was deslimed further in the second Stage, while the underflows from the,three 
oyclones Made up the flotation feed. The overflow from the P50 and M30 " 
cyclones'was discarded as slimes. Careful control of dilution . water Wete: 
exercised ào that.  the' cyclones were working at the optimum pressures and feed 
densities.  A.  week was spent in attaining  the  best classificationresets. 
Once  Satisfactory  conditions  had been obtained, grinding and classification 
were left alone and efforts were concentrated on imprOving flotation Pro. 
cedures.' The final operating conditions and cyclone settings are shown in 
Table 15. „ 

TABLE 15 

Final Conditions and Cyclone Settinp. 

	

3  in 	Dorrclones. 	Combined P50 and Product 	Conditions•.,.,_ 	 .....—, 
' No. 1 	No, 2 	. No. 3 	100 04rolones 

Feed 	 lbjhr 	3600 	1950 ' 	2360 	730 
Feed volnme 	igPm 	20.0 	16 0 1 	26.3 	 12,6 
Feed density. 	%solids 	34 	J 	25, 	20 	 12 
Overflow density 	%solids 	22 	12 	12 	 9 
Underflow density 	% Solids 	75 	' 	74 	- 	66' ' 	21 
Feed opening 	sq in'. 	0 019 	0.125 	0375 	Standard 
Vortex opening 	sq.  in 	0.44 	A 	0;79 	0.60 	Standard 
Apex opening 	sq in; 	. 0,11 	A 	0005 	0 .020 	Standard 
Feed'pressure 	psi 	22 	10 	20 - 	5 
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The P50 cyclone dimensions are: feed 0.23 sq in,, vortex 0.42 
sq in., and apex 0.19 sq in. The dimensions of each  1 30 cyclone are: 
feed  0 045 sq in., vortex 0.15 sq in., and apex 0.028 sq in. 

In Test 1 considerable trouble had been experienced in controlling 
the air on the Denver cells, with the result that froth control was poor. 
It was decided to use a bank of six Fagergren 12 in.  colle  with individual 
drives fitted nith a standard feed and discharge box. The impeller speeds 
were measured, and found to be the same -- 1180 rpm. No provisions were 
made for a scavenger circuit to clean the flotation froth, The primary 
concern was to get concentrate grade of 60% Fe or better and to find out 
the correct reagent additions. Flotation control was much better using these 
cells, but the froth produced was hard to control once out of the cell» 
Homemade sprays were made and by using compressed air and water, somo success 
was achieved .  Altogether, 26 tons of feed was treated in Test 2. Timed 
samples were taken and the results are shown in Table 16. 

TABLE 16 

Results of Test 2 

-- 

	

Weight 	Weight 	Ahalysis % 	Distn % 'Product 	 lb/hr 	% 	Sol Fe 	Sol Fe , 

B. M. feed 	 2258 	100.0 	55.2 	100.0 
B.M. discharge 	 4352 	192.7 	56,6 	197.6 
DSM olsize 	 970 	42.9 	57.3 	44.5 
No ,  1 Dorr Oflow 	 1816 	80.4 	55.4 	80.7 
No. 2 Derr o'flow 	 442 	19.6 	54.4 	19.3 

No. 2 Dorr spigot 	 1124 	49.8 	58.8 	53.1 
No ,  3 Dorr spigot 	 1046 - 	46,3 	58.0. 	48,6. 

Slime cyclone spigot 	 350 	15.5 	57.2, 	16,1 

Slimes to waste 	 862 	38.2 	51.0 	35.3 
Flotation feed 	 1396 	61.8 	57.8 	64.7 

Cone 	 895 	39.6 	60.9 	43.7 
Tail 	 501 	22.2 	52.4 	21.0 

The concentrate was pumped to a settling cone and filtered. 
Filter cake moisture was 12.9%. 

The reagent consumptions in this test were calculated to be: 
Dextrine WW82, 2,4 lb/ton; RADA, 0,65 lb/ton, and PON,' 0.65 lb/ton. The 
results of screen tests are shown in Table 17. 
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Resul.ts of Screen Tests, on Test 2 Products

Mesh
Ball Mill DSM No.1 Dorrdlone No.2 Dorrolone No. 3

lïorrc1 o e
Food Discharge o'sâ.ze o 4flo* u of'low o^flow uI£7.ow

. n
u cflowr

-3^14 12. 2

-44'6 3.V 4! ny a.. m+ ^n' w. wq vw

4+8 14.6 ' *v rn w ty Mf wq M

aW8i'10 .1a 00 p ^*1 m I++ r .e M

.N10+14 9.5 ell " 4-l M M i11^

44+20 9.7 .^ F. ^. ^ .. M
-204-2$ 6.5.
.-,28a•35 6.6 4.5 13.6 .^ .. ., ^
4-5*4E3 3;9 2.4 8^8 ^ .. .. .,
.48+65 -2 ®4 46 13 m3 564 1.2 4.8 0.7
.65+100 2.2 9.4 17a2 '0e5 14.1 6.3 14.8 3.0

-100+7.50 1.2 12.0 12.0 1.8 25.2 14.4 26.0 7.4
-1504•200 0^9 3.3.0 8.2 4.e3 24,0 19.4 28.5 12.0
-200+325 1.0 3.d .2 M 12.2 19,2 23.2 20.2 26.2

^la5

wrm+++.......w.._

.f

e^

iTF

fp

a

•...^w^.,.

r^(^

tïa7qa(7̂

o-....x..F.^.vsa....

^g

.A.96v^̂P

^T...a,-^..^

C9

810p, 1G41. 35Oa 5.7 50.7

Total 100.0
.

1.00.0
.

1,0010
_ _ ^.}.

10aoa
^^.-r.=,.

^Uana
+^_^+.,=*c+:.•a.

1aaoa 1ooeo 100,10

The DSM screen was P_° 12 in © 'siide9 600 sieve bend type. Wooden
inserts were placed either side of the screen so that the vidth was reduced
to 6,5 in,

Test 3.^...d...=^

Using the same flousheet as Test 2 p efforts were made to improve
the recovery in Test 3 by cleaning the rocxgher flotation froth in a scavenger,
circuit. The main problem encountered was to break the froth down with water
sprays so that the znaterial could be pumped to the scavenger circuit. Home-
made sprays were made using a, mixture of compressed air and wa*tert but even
with three of these sprays fitted over the pump box feddâ,hg the dowateratng
cyclones, some froth was lostQ It was calculated that the amount of spray
vraitcar. added was 906 ga1./niiz9 so that from afroth containing 15f solids
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leaving the cells, the density was reduced to about 3% solids which was far 
too dilute for scavenger flotation. Unfortunately, satisfactory sprays 
could not be acquired in time for this test. 

In order to raise the froth density, two cyclones and a, thickener 
were used. The froth was pumped by a 3 in, x 3 in. SRL pump to two P50 
cyclones in parallel. Feed pressure was 10 to 15 psi. The underflow 
density was raised to 9% solids and pumped to a 4 ft x 4 ft thickener. Both 
the cyclone and thickener overflows were discarded to tailing. The thick- 
ener underflow averaged 23% solids, and the pulp was floated in six Fagergren 
12 in ,  cells at this density. Before the scavenger float, the pulp was 
conditioned for 5 minutes with Dextrine UN82 in a 12 in. x 18 in. Denver 
conditioner. The flowsheet for Test 3 is shown in Figure 3, 

Altogether, 60 tons of ore were treated in Test 3. The averaged 
results are shown in Table 18. 	• 

TABLE 18 

Results of Test 3 

nffle.reereeorsuefewweeemgreinee«.e.11...1., ..era. 

B.M. food 
B.M.  discharge 
Screen otsize 
No. 1 cyclone otflow 
No; 2 cyclone otflow 
No. 2 cyolone spigot 
No. 3 cyclone spigot 
Slime cyclone spigot 
Slimes to waste 
Flotation Peed 
Flot concentrate 
Scavenger cyclone otflow 
Thickener otflow 
Thiokener utflow 
Scavenger cono k 
Scabenger tail 

Weight 
lb /1w 

2400 
4573 

. 1156 
1557 
843 
1017 
1840 
272 
788 
1612 
885 
62 
18 

647 
470 
177 

Weight 

100.0 
1905. 
48.2 
64.9 
35.1 
42.3 
55.8 
11.4 
32.8 
67.2 
36.9 
2.6 
0.7 
27.0 
18.2 
8.8 

Anal % 
Sol Fo 

57.0 
57.3 

	

66.6 	. 
57.2 

	

.56.6 	. 

	

58.8 	. 
58.3 
57.8 

	

54.5 	- 
68.2 

	

60.9 	4.32 	6.32 
43.2 

	

40.3 	. 
66.4 

	

60.8 	4.54 

	

47.4 	. 

Distn g 
Sol Fe 

10040 
191.5 
47.9 
65.1 
34.9 
43.6 
57.1 
11.5 
31.4 
.68.6 
39.4 
2.0 
0.5 
26.7 
19.4 
7.3 

F./ 

The recovery was 87.e of 

ee A considerable amount of 
due to froth spillage on the floor f 
based on the total calculated froth 
losses.  

the iron in the flotation Feed, 

feed to the scavenger circuit was lost 
rom the pump box. These results are 
product from flotation e  assuming no 

. The reagent consumptions are shown in Table 19. 



7+1: teleeeeeneelm.,Wertelle"Meere,etleenrme,e7p,  

Reagent 

Ren weea.e.elernœeetrovermeetweneeeetectseezze 

59.7 
16.0 
14.4 
. 5.9 . 

' 	1,6 
2.4 

100 ,0 

.„ DesliMing Cyclones 	Flotation Products 
MiCrons 

Mflow Oiflow (to waste) 
,eratarcereeeseeree-e 	 ereeee.erateare.ceoextneetroreereneeereneseeaeo,,e-galeueeteetece,,zerexamomesreereweevecereleee--s---enern,."---r.,-neeseuerecrememesere 

Concentrate Feed 

+33 
-33 +24 
-24 +15 
-15 +8 
-8 +5 

jer",s11,7•7>Y4,4,1a1,.cer, 

2.1 
8.3 

	

16.6 	2.1 

	

28.2 	16.6 

	

13.3 	8.3 

	

.31.5 	73.0 
teeeeetne....e.  jee 

ITT,. 

46.1 
14.1 
15.7 
10.8 
3.3 
10.0 

rereedr eweer,...geerr,;r.emeocier.ram.-- ,  ,--e,....e...,en ■ex-ressecee,aPnwse....eareeeesi,,..-tee.r eerre erteeree* 

Total 	f 	100.0 100.0 100 ,0 

1.••■ 
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, TABLE 19 

R9eent Conbimatiops inyest 3 :  

Reagent Seln 	Rougher SCavenger 
Strength % 	 111/tm 

1 	12.1 	1 

Total 
lb/ton 
flot feed 

,r.earesearee,,emee.sreezetteee-e-ae,eaKtreneete•nre--Ageerveeem,e•e="eseeerceeete.reetweemerereseeemree ,,,...,...es ever,ene......... et 

Dextrine WW82 	5 ; 
RADA 	J 	1 , 
POA 

	

1.8 	4.2 

	

0.20 	0.85 • 

	

0.20 	0.85 
0.25' 
0.25 

2.4 
0.40 
0.40 

The results of micron sizing by sedimentation are shown in 
Table 20., 

TABLE 20 

Micron Sizing Results on  Test 3 Products 

• 	During Test 32 the oeil  retention times, froth densities, and 
assays were measured with the results shown in Table 21. 



[  Cell Nb. 

1 

Water 

iFroth density 1 % solids] 

_.,«... _ 

!Frot
h analysis l  %. Fe 

1 	 i 

Retention time min I 	j 
î 

Units 	Feed 

42D1 	 - 1.45! 	! 	11,411 - 	0;70 

32.01 22.51 i65 16O148  13,3115,5! 23.01 22.7122„0 

- 1 43.81 483 519537  54.9 158„21 	I 48.2 

- 11.3311.6711.671 2 	12 	13 	Ï-13.33 

- 	 - 

22.4 

55.0 

4.67 

1=1. 	 11.3 

28.9 

55.3 

7.0 

TABLE 21 

Measurement of Cell Conditions in Test 3  
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Total retention time in the rougher cells was 11.67 min and in the 
scavenger  colis 31.5 min. In actual practice, it is not thought neceseary 
to have more than 15 min in the scavenger float. The pulp density of the 
rougher cell discherge was 42% solids and for the scavenger cell discharge 
12% solids. 

Altogether, 100 drums of concentrate assaying over 60% Fe were 
shipped for pelletizing. The total dry weight of the concentrate was about 
34 tons. After the flotation concentretes had been thickened in a settling 
cone they were pumped at 58% aolids to a two-disc 4 ft diameter filter. 
No trouble was experienced in filtering and a cake over 0,5 in, thick was 
formed. The filter rotated at 0.4 rpm. The filtering rate was 1.8  ton/ 

 eq ft of filtering area/24 hr calculated from the production of 110 lb/Min 
of concentrate at 12.9% moisture. 

• 	The settling rates were calculated for 'the  scavenger flotation 
feed and the flotation concentrate, The settling rate for the scavenger. 
feed  front 9% to 25% nolids was 11.1 ft/hr. The settling rate for the 

' concentrate to 58% solids was 4.4 ft/hr. 

CONCLUSIONS  

The results obtained in this investigation show that further pilot 
plant work is needed to decide on the best way to concentrate this ore. As 
far as it went, the investigation was successful. It was desired to produce 
sufficient flotation concentrate for pelletizing eests, and to discover any 
diffIculties that would be encountered in a continuous operation. 

The ore slimed readily when ground with the result that about 
one-third lias lost when desliming in cyclones at 5 to 10 microns. It is 
possible that grinding may not be done prior to flotation of the fines at 
S -1-cep  Rock, but, if the ore is to be deslimed before flotation, a consider-
able amount of :iron will be lost °  Flotation laboratory tests showed that 
an acceptable concentrate could be made on undeslimed flotation feed. 
However, this might not be practical due to higher reagent consumptions, 
filtering problems, lower concentrate grades, and froth handling problems. 

In the pilot  plant  flotation tests the chief problem was froth 
control. Far too much water was used with the result that the rougher 
froth had to be thickened before scavenger flotation° With properly designed 
sprays ;  this problem should be largely overcome. It is thought that a 
different flotation flowsheet should be tried using 'pumper' cells to move 
the froth back for cleaning, eliminating a separate circuit with the 
additional equipment involved° The arrangement visualized is shown in 
Figure 4. 

, PDREaLLSIEBM 
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Figure 1 0  - Proposed New Steep Rock Flowsheet 
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Figure 30 - Flowsheet of Pilot Plant Test 
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