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Industria1 Confidentia1.

Mines Branch Investigation Report IR 63-93

PILOT PLANT CONCENTRATION OF MAGNETITE -ILMENITE
FROM ROMAINE RIVER YALLEY, P.Q. FOR QUEB= IRON

by

P. D. R. Ma7.tby* and W. S. Jenkins*

SWlARF OF RE91.ibTS

The investigation demonstrated that production of high
'grade magnetite and ilmenite concentrates meeting the specifications
of Quebec Iron and Titanium Corporation was feasible by conventional
magnetic concentration of the magnetite and an ilmenite concentration
process employing gravity and high intensity magnetic concentration
followed.by apatite flotation to reduce the piioaphorue content of
the final ilmeni,te concentrate to 1ess than 0.0% P2%9

From a shipment of 53 tons, approximately 5, tons such
of ma.gnetite-and ilmenite concentrates were produced and shipped to
Sorel, P.Q. The magnetite concentrate contained 10.71o of the
original feed weight and assayed 69.2W, Fe, 0.43% T102v and 0.011,
P205. A screen test showed it to be 63.E$ minus 325 mesh. The
ilmenite concentrate contained 11.W, of the original feed weight
and assayed 88.9fi T102. Due to production difficulties, the phoa-
phorus content of the shipment exceeded 0.09f P205, but it i8
believed this could have been reduced by flotation if it had been
detected before shipment.

Apatite flotation concentrates aaeaAAg 36.7f P205
were produced from the ta^.i.;ng,► A 309 lb shipment of real.eained
apatite concentrate was sent to Sorel.

^ Scientific Officer and " Senior Scientific Officer, Mineral Processing
Division, Mines Branch, Department of Mines and Technical Surveys,
Ottawa, Canada.

eburgoyn
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INTRODUCTION 

Purpose of  the Investigation  

The purpose of the investigation was to prove, in a pilot plant, 
the feasibility of a process to recover a magnetite concentrate and an 
ilmenite concentrate to meat required specifications. Work was also done 
to recover an apatite concentrate from the ilmenite tailing products. 

The company required 5 tons of ilmenite concentrate containing at 
least 86% TiO2 with less than 0.0e. P205 for smelting tests  ai  Sorel, P.Q. 

hm 

A shipment of 58 tons was received at the Mines Branch on April 22, 
1963 labelled 'Positive Anomaly Ore'. Previous shipmente had been received 
earlier from the saine  area for small scale tests from Mrs J. M. Noy, Research 
Director, Quebec Iron and Titanium Corporation, Sorel, Quebec. The 'ore' was 
made up mostly of rounded Iùmps 6 in. or more in diameter. 

Location 2.f.L.th2_PLo.p_ez.:14 

The shipments originated from a property in the Romaine  River 
Valley, Saguenay County, Quebec). 

Previous Testwork 

Müch testuork had been done on this material and the investigation 
was described in Mines Branch Investigation Report IR 62-85, by N. S. Jenkins. 
Previous testwork had also shown that a magnetite concentrate could be pro. 
duced to meet specifications, and that apatite recovery from the ilmenite 
tailing produots was possible. 

It was on the basis of the results obtained in these investigations 
that the pilot plant investigation was done. 

§MPle Ana1Y.9M 

Ail  chemical analyses in this investigation were made by the 
Analytical Chemistry Sub-Division, bineral Sciences Division, Mines Branch, 
Ottawa. 
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TEST PROOEDM AND RFeljus 

Prelimin.,/  Treatment - Mill. Run 1. 

From the results of the laboratory ',- inVestigation, the Magnetite 
was best separated from the Limonite at 35mUsing a triet  magnetic cobb'ing 
separator. In the pilot plant test, the crtide ore  'as  first Crushed to 

in. and grotutd. to 30m in a rod Dille :a  -rate of about 2000 1b/hr. The 1 
rod mill was operated in closed circuit with. a 30m  vibrating sc.reen.. The ' 
Screen undersize product was then puraped to a single drum, low 1nteilet7i 
wet raagttetic separator. The magnet-4 concentrate from thi's °ebbing druca.wa . 

 grottaci 1:0 160m in a bail mill  in oleSed, cirduit with a vi.brating Screen,  and  
the growad produ.ot was cleaned tiSitig:.a1OW intent3ile, counter-Querent-Iffiet 
8.-drwn, ifet magne1 :1Q seParatoro •-tie .,-1;ling .  was disearded to waste and the- . 
concentrate was sampled and storecrin :',:,dritilts , 	„ 	„ 

Tho magnetio dobber tailingl'was :treated by. gravity separatiOn : •fer 
ilmenite recovery . . The debber tihg,WaS'i . ,first pumped to a Oorte:for,"4 .0... 
watering, and then ea,  e t 25% i30;lidd:, ,,tô..a etimphreys spiral where'it retigher-
Ooncentrato le11.3 'made.: The  spiral. wa.S .:ati3tisted. so that a middling preduert 
Was returned to the feed tank. Sereen'tests Were done  on serità Of the. 
prodeciti with, the reSults shown inyable 2. Seine :1,1-111014te lost in the 
spiral:tailings was collected by p4r.3s1ng :  the tailings over a W1ey table 
and then 're....".stabl,..ing the table middling, p.rocinct  on a second table. All three 
gravity cOncentrates 1101.' e  çOIribilled  o form a rougher ii.monite concentrate. 

„ The results of -tho first two days run using 2000 lb of rods and a 
feecr'raté of 2000 lb/hr are shewn. in Table 1. 

TABLE 1 	• • 	• 

Results-•of 	Run,1. (Pre:Liminary') 
eferS, .1.1.M1In*,-.1,0•.ow•elme« - 

	

P  roduct 	
Weight 	 Ana451,e3  % 	Dien fo 

	

lb hr 	a/9 	Fe. 	TiO2 	P205 	TiO2 

R.M. feed 	2041 	100.0 	14.84 	6.74 	 100.0 
Cobber cono 	. 	276 	13.5 	I 61.31 	1.95 	 8.7 
Regrind mag cone 	237 	11.6 	I.691O 	0.49 	0.026 	1.0 

	

" 	" 	tail 	39 	1.9 	1  14.99 	9.69 	 2.7 
•  Spiral cone 	408 	:L9.9 	 23,61 	2.98 	67.3• 

	

" 	tail 	1369 	66.6 	 3.05 	 29.0 

	

No.1 table °ono 	19 	0.9 	 35.03 	1.87 	4.6 

	

'I 	" 	tail 	1160 	66.9 	J 	1.65 	 13.4 

	

cone 	17 	0.8 	J 	33.81 	• 	2.15 	•  3.9 

	

" 	" 	tail 	103 	6.0 	 6.29 	 7.1• 

.e ?rom  Internal. Report 10,110-63.416. 



TABLE 2 

Results of Screen Teste on Mill Run 

Rod Mill 	Cobber 	Spiral 	Table Concentrate 
Size 

'Feed 	Discharge 	Concentrate Concentrate 	No. 1 	iiC4 g  

+14m 	53,8 	- 	_ 	- 	 - 	. 

	

-14+20m 	5.9 	- 	_ 	 - 	. 	_ 

	

-20+28m 	6.0 	1.4 	0.2 	- 	. 	- 

	

-28+85m 	6.9 	2,8 	2.5 	1.0 	0,4 	2,0 

	

-85+48m 	6.0 	8.6 	7.4 	4.0 	6.5 	9.0 

	

-48+65m 	5.1 	14.6 	14.3 	10.9 	16.2 	20.2 

	

-65+100m 	4.5 	18.8 	17.6 	19.9 	25.0 	17.5 

	

-1004.160m 	4.0 	14.3 	14.8 	21.0 	21.2 	11.5 

	

.1504.200m 	2.7 	10.7 	11.3 	18.0 	11.9 	12.2 

	

.200 	6.6 	29,8 	82.4 	25,2 	19.8 	27.6 

Total 	100.0 	100,0 	100.0 	100,0 	100.0 	100.0 

Mill Run 2 	 • 
• 

During the next three days of the run, the weight of rode in the 
rod mil1 was reduced to as low as 1250 It). This was  done to try to obtain 
as coarse a‘grind through 80m as possible, and to reduce the amount of fine 
ilmonite that would otherwise be lost in the gravity tailing. With 1250.1b 
of rods, the circulating load was too high for the bucket elevator handling 
the rod mill discharge. Best results were obtained using 1500 lb of roda.  
The feed rate was kept at 2000 lb/hr. Various adjustments were made to the 
spiral with increased wash water to obtain the best grade and recovery of 
ilmenite. The average results obtained over the three days'run are shown 
in Table 3. 
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TABLE; 3 -  

Results  of  Mill Run 2 

-- - 

'Weight 	, 	Analysis % 	 Distn g 
- Product 

. 1b/hr 	g 	' 	Fe 	TIO2 	P205 	TiO2 	P205 

R.M. feed 	2060 	100.0 	.15.13 	6.95 	3.76 	100.0 	10000 
Cobber cone 	268 	13.0 	59.88 	2 47 	0.36 	4.6-  

Regrind mag cone 	220 	10,7 	69.26 	0.43 	-0.011 	.0.7 	... 	. 
"• 	" 	tail 	48. 	2.8 	16.37 	12.13 	2.01 	3,9 	1.4 

Cone overflow 	127 	6.2 	 5.66 - 	5.96 	6.0 	10.1  
.Spiral cone, 	544 	264 	 19,18 	4.54 	73.2 	32.9 

" 	tail 	1121 	64.4 	 2-.19 	3.74 	17.2 	55.6 
No.1 table pone 	7 	0.3 	 34.1 	 1 .4 

"' 	" 	tail 	941 	45.7 	 1.33 	2.9 1 	9.0 
No.2 	" 	conc 	4 	0.2 	 26..32 	 , 	0.7 

:tail 	169 	8.2 	 5.11 	6.65 	6.1 
Combined 117conc 	556 	26.9. 	19.31 	'4.52 	75.3 	:33.2 

* .From Internal Report MS-AC43-426. 

The - rod mill circulating ioad was 240:lb/hr. The, results shoWit.in 
Table 3 were considered'to be as geod as Could be obtained under the citcumil. -  
stances, ,and  the remainder of the ore  ras  treated during the next 6 days.:k 
screen test on the final magnetite concentrateehoWed it to be 63.8% minuà 
026m. 

The best spiral operating conditions mere with a feed density of 
e% solids, und a middling return load of about 28% of the feed weight. Only 
3 concentrate ports were used - the top, the middle and the second from the 
bottom. The middling product was collected off all the middling ports at 
varying openings. Nash water rate  was  kept as high as possible. 

Concentrate Cleaniu 

The combined rougher concentra-te from  Will  Run 2 was cleaned 
twice by two stages of spirals, followed in each case by table cleanup of the 
spiral tailings. After the second cleaning step, it was apparent that any' 
increased grade obtainable by gravity separation would be accompanied by a 
high tailing loss. This appeared to be due to the presence of an iron 
silicate gangue (pyroxene) which had a,  relatively high specific gravity of 3.7 
compared to 4.9 for an ilmenite concentrate. As before, the cleaner spiral 
worked best with a high wash water rate and approximately the same feed con-
ditions and settings, The results of the two cleaning operations are shown 
in Table 4 from averaged results. 



TABLE 4 

Resultp_of Finalmluzepipe  Concentration 
------ 

Weight 	Analysis % 	Distn 0 of 

	

Stage 	Product 	 °rig feed 

O 
	--------------------- 

of orig feee 	TiO2 	P205 	TiO2 	P205 

Spiral cone 	17.5 	25,1 	3.71 	64.2 	17.8 
• 	tail 	9.4 	8.11 	6.12 	11.1 	16.4 First 

Table cono 	1.4 	26.85 	3.11 	5.6 	1.1 

	

Cleaner 	" 	tail 	8.0 	4.88 	6.50 	5.5 	14.3 
Feed* 	 26.9 	19.37 	4.62 	76.3 	33.2 
__----- --_-_____- 

Spiral cono 	16.1 	28.6 	3.05 	63.0 	12,4 
" 	tail 	3.8 	12.04 	6.32 	6.8 	6.6 

Second Table cono 	0.6 	31.12 	1.94 	2.7 	0.3 
Cleaner 	n 	tail 	3.2 	 8.21 	1.19 	4.1 	6.2 

Feed* 	18.9 	25.3 	3.66 	69.8 	18.9 

The feed was made up of the combined spiral and table concentrates 
from the previous stage. Feed rate was 1500 lb/hr. 

i* From Internal Reports  143-AC-63-617 and M5-AC-63-523. 

Further limonite Concentration 

The final spiral and table concentrates were coMbined and dried. 
Test results had shown that good results were obtained by dry high intensity 
magnetic separation using a Wetherill cross-belt separator. Accordinglyi the 
majority of the gravity concentrates were passed over the Metherill separator. 

Another alternative was to use a Jones high intensity yet magnetic 
separator which would mean that the gravity concentrate weuld not firet need 
to be dried. Therefore, a:1000 lb sample was retained for testing with a 
Jones separator after the removal of a small amount of magnetics on the first 
belt of the Wetherill separator. This was done to avoid plugging the magnet plates 
later with any magnetite remaining in the gravity concentrates. 

The results obtained by dry high intensity magnetic separation were 
good, and the averaged results are shown in Table 5. A Notherill separator 
was used with 3 magnetic cross-belts. Feed rate was 300 lb/hr. Magnetite 
was removed on the first belt at an intensity of 1.5 amp. An limonite con-
centrate was removed on the second belt at an intensity of 7 amp.  A1  silicate 
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nkiddl:izxg prcidttct rras r. emovccl on.-t:he •Lhix c, beli at a sétiixik; Of 7.0 axnPe ThO
ïiethexilx ta,3.lixaL; coxx-Lainect a h:ïgli pxoporiczox.t of a.pa.t:i:te wi-th some sâ.lica„

Xtesult.> ot'Ne-thcrîll

Analycis ^
bis•Ln f

U
f orig, feed

Pxoçïur; k o^ ox,:b ftxe'cl Z?^q^ Ti02 F205

Ma^1^^cx: Qn2 26.81 0.7 -^'

U.mOZxito coxlc 11n3 38.93 ; . 0a^E3; 64.4

1+tâ.cld:l.â.ng 0.2

Ta.ilx.n^

^
2.2

^
0 ,120 %

^.
19031

.. .
0. 1

.^...^.
1.1.4

.,:.... ^^y. ^ ..^ ^ ^ ., ^.^ ^... ^. ^ _ ..^

From Internal Report 14,5-AC-63-525.

^1 s+m<c^ l.. sa7^^p7.^, of tho Tde^;hex•ill i1lnen;i.tO cozxr;éntrate yras xupa,sqod

al; different ampi:rat;o se^f Lix^^s to f^.x^ck o^:^^ â.:C more apati-te cciuld be rejected.
170 3.nipx ovomiilxxt, 1qaS noted 7m at7.y` o:l' the ri.•Llx a 7.o;ys of another 1% o#'
thé i.^snoxa^ 't:e 7.n thp f"EecI a•L-hu cJ.eo.nox ilmenite aç,ncoxa.•Lz a., te a,ssa.yr,d â5 .45f
7'10?, Tpro smI.a. ^oa:Lca •Ges•Y:s l tasing aJones scpara•t•ot r.loex e alsa rwa on 'a
mn:rnk>^e of the Ner^hexyill cnncc7.rat.r•.« AI; 30m. •Lhèro vaI5 nn h.taxixovazneia^. in

grade. AI; :1.5Qzn' •i;ha Jones cozxoexx•Exa•Le roxl La i.^t^d p hpG^^ ^ s^t^.•hh'a:tre^.gh^:

recovery of',:"t4 ^ f„ kxG middling px'ocluc•L wox^•G•^.^.xier^ -()Ma ). 2Q5 yri•th a

further tceacovc:ry of ;1.Lb«o

A coxa.t3xnxoixs 'V:s•1: of thr^:a kxours : i•tas, doxie using a. Jones séparator.
TkiÉl. in,a^c,ï,iiuzn fsiad rate 4yi.a.inod was 350 lb/kir, a•L an :l.xa•Lax•isâ.-,y of 7 auip and
a, faQCI dQrao:ï.•1.y of 2f.YJ so:l.ids. 'Me iniétd.7..n.xae, 1 ' ^x+ocluc•a: conta.i.nod co»Èl.deraU.le .
more ilmenite thaxti. -the Vother ^1.1, ziiiclr.lJ.:ï.xag px~oducl;- and wa.s , •Lhoraf ore ^ xe.:
pe ïs.sad on, the Jones separatoz4, at 7 ?snp , for addi•(;iona1. 3,linexLi•i:.é- xecovvz~y.

°'^.lho xestx:t.ts of this test are alsoirxi in 'X'ablcF3 6 and
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TABLE 6 

Eum21.21AUlmenite Gravit Concentrate Usin: a Jones Selarator 

Weight 	Analysis % 	Distn % of orig feed 
Product 

$  of orig feed 	TiO2 	P205 	 TiO2 	. 

	

7 amp conc 	8.3 	37.05 	0.52 	 46.5 
" 	midd 	5.1 	21.92 	 17.0 
° 	tail 	 2.1 	4.74 	 1.6 

Feed* 	 16.6 	27.72 	 65.0 

*calculated e*From Internal Report MS4tC-63-548. 

TABLE 7 

Retreatment of Middling Product Using a Jones Separator 

Weight 	Analysis % 	Distn e of orig feed 
Product 

. of orig feed 	TiO2 	P205 	 TiO2 

	

7 amp cone 	2.5 	33,0 	0.61 	 13.5 
" 	midd 	1.8 	 11.02 	 3.4 
" 	tail 	0.8 	 0.79 	 0.1 

Feed* 	• 	5.1 	20.2 	 17.0 

*calculated **From Internal Report 113.4C-63.548. 

The two Jones concentrates were dried and combined with the 
Wetherill concentrate giving a weight of approximately 11,000 lb. 



rimAjtell.ley2.2ciLA2atite From  iimenite Conoentrate 

It was required to lower the apatite content of the Netherill 
concentrate to 0.05% 2205 to meet the final specifications. Much work 
had been done on small soale tests to try to accomplish this« Tn earge 
tests the P205 content had boon lowered to 0.06% but the Limonite lods 
•was high, amounting to about 20% of the ilmenite in the flotation feed. 
In all these tests the Uotherill ooncentrate had been groUnd first to 150m, 
and apatite was floated, at a pH of 9.5 with soda ashi  using oleic acid as 
a collector* However, the problem remained of obtaining a more seleotive 
apatite float. 

A small continuous circuitjtaSset up to treat the Netheeill' 
concentrate at a feed rate of 120 lb/bre feed was first ground  in a 
ball mill in closed oircuit with'a 100m::d'eteen. The screen undersize  was  
pumped to a eonditioner and froM theréeleWed, to a bank of  cells  The .  
preliminary results were  disappointing. 
were ttied until it was  decided to useeil"deX4mineOle,,tei.Seeifie 
would depress ilmente and improve the SeleetiVity of , the 	 flot- 
ation, ation* Results improved immodiatelY  and  enee44) làtiielum.ra;te - ofj1.91.b .  
of dextrine/ton'had boon established, a veteélean apatite. froth Was Made 
with a.tecoverY of practically 100% of the ilMenite  in 'the  flotation 

shown in Table 9. 

• .• 	• The apatite froth  was  cleaned in3 Dewier NO. 6 cells and the 
middling productwas returned to the . Conditiener.at  the head end of the 

 circuit. Flotation feed density was.koptatWkeelida.  In the . prew.-: 
liminaey small scale:test where dextrine.was'first.used, the ilmehite 
concentra-te  assayed M510 P205.. In thearger scale test it was-hardet-
'to obtain a geed apatite froth and sone Étija'gte:floated on top of the " 
"Çelle uSed - for storage before filtering.-•:TtWas found easy te remove this 
small amount  of  apatite -by - allowing the:oVerflow to tun tewaSte.  The  
averaged'tesultà of apatite flotation areehOWnlà Table e. : 	• 

• - 	. Larger units Wete then useUfer a-  feed rate of 800• ïbbr. . 	 , 

The bee was first ground to 100m, oonditioned, and floated in 4 Denver 
NO.  ,7 cells* A 80 in. x 18 in. ball MileWas, used with 1700 lb  of  steel 

-balle. Dextrine and soda ash were addeein the requited amounts to the 
ball mill feed. Sodium oleate and a frether-„.a mixture of eine.oil . and 
Aetdsol OT 100, Wore  added to the conditiOner , and thé third'eougher cell» 
Sodium oleate was made up as a 5% solntien'by:neutralizing'cleic'acid . • 
Ne. "4 stoichiometrically with a. leNa0H,Solution. Reagent additions are , 	•.., 	 „ 	. 



Cost $ 
ton flotation feed 

0.16 
0.06 
0.05 
0.01 

TABLE 8 

Results of Apatite Flotation From Ilmenite Concentrate 

- 

Weight 	1"!£111A------211-41-21191221- Distn % Product 
% 	% of orig feed 	TiO2 	P205 	P205 

_ 	  

Apatite Cl froth 	1.4 	 0.2 	 29.18 	86:1 

Middling 	 - 	 - 	 2.33 	- 
limonite cone 	96.6 	 11.1 	38.9 	0.067 	13.9 

Cone olflow 	 0.3 	 0.1 	 0.65 	0.2 

limonite filter  cake 	98.3 	 11.0 	36.9 	0.052 	13.7 
- 	.1_7__-_-___.---- 

Feed 	 100.0 	 11.3 	 0.48 	100.0 
_ 	----- 

*calculated limonite recovery from the crude ore 
iras  

From Internal Reports MS-AC-63-848; MS-AC-63.6633 145-J1.C-63-577. 

Enee 

TABLE 9 

Roaeent Additions for Aualltelleation  

Amount 
MilallaIILDell2e 22E, 

Dextrine I'M 82 	 1.0 
Soda ash 	 2.0 
Oleic acid (as sodium oleate) 	 0.35 
Frother (PoA) 	 0.15 

The results of two screen tests are shown in Table 10. 

TABLE 10 
Results of Screen Tests 

Flotation Feed 	limonite Concentrate Size 	 Weight % 	 Weight % 

+100m 	 0.2 	 0.6 

	

-100+150m 	 9.3 	 10.2 

	

-150+200m 	 25.6 	 24.7 

	

-200+325m 	 23.4 	 22.4 

	

-325m 	 41.5 	 42.1 

Total 	 100.0 	 100.0 
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. 	_ 
Very poor réeultu were obtàined when filtering . the lImenite flot. 

ation concentrate as produced. However, -:.the. addition Oftephtirie 'acid' te 
reduce the pH:to 6.0, follewed by the addition" of -1 te  2 lb - Of»liele/teg, 
resulted in extellent filtering and.e-Cake:Meieture .  of  about 8%. 

_ 
On the . completiOn  of  this part of the:itiVestigatioh,:.abOUt 0 tone.  

each of magnetite and :Limonite concentrates, that  mo the reeieed speoifi. 
cations, were shipped to the Sorel- smelter. 

A ttte 

. 	The Company desired to investigate ;the ,feasibility, of recovering 
a high grade apatite 'concentrate from a: composite  sample of the venue' , 
tailing products. Làboratory tests had shOwn that, after .grinding te 100m, . 
concentrates containing up to 40% P205 Were- Obtainable uSing an oleic • acid 
float. .A 10 ton composite sample was, -therefore, made tip of 75g rougher 
gravity tailing, 22.5% cleaner and re.cleàner gravity tailing and 2..5%. 
1otheriI1 tailing. The sample was groned at  a rate of about 600 lb/hr . in 

a ball mill to 100m. A rougher cencentrate . .was floated in 4 Denver No  • . 7 
cells 1 . and the froth was cleaned andre.eleaned in 3 Denver No. 5 cells. 
The middlinÉ prodUcts vere returned':tO  the  foed  end of each circuit.  The  
reagents- used in this tee were 2  3.h :Pfe.4:'.ei1bAcin  for a .p11 :.of',9, -.0 and 
0.9 lb' of oleic e.eid, Ne. 4/ton addeet:OW .0#44tionerandtWibied..:eughet 
cell feed. Bettor results wore 	 oleio 	• 
oleate. The resultà are Shaun in ATablelli. _ 	. 

, 	. 

Feetra....9112e,t14,e2e_ation....11...t 12.....orà • 
- - 

	

. 	te  
• . 'Height 	Analysis % 	Distn 

Product . 	. 	.' 	• 	, "-lb/hr 	 P205 	P 0 2 5 

	

4 	- 

Re-cl  froth 	45 	. (.3.0 	. 86.80 	• 	70.2 

	

Tailing 	 620 	94,0; 	1.35 -. 	• 	29.8 

•g Feed 	 666 	- 100.0 	4.18 	• 	100.0 
, 

*calculated " Prom internal Report 14340-63.8i30. 
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In the re.cleaning stage about 0.6 lb of sodium silicate/ton was 
added to help to depress silicates. The amount of apatite represented in 
the composite tailing sample was about 87% of the apatite in the crude feed* 
Most of the apatite not available for recovery was lost in the cone over. 
flow prior to the rougher spiral treatment stage. 

Since  the  cost of grinding-the tailing products from 80 to 100m 
wou1d be high compared to the value of rceoverable apatite, it was deeded 
to try to recover apatite from the 30m tailing with no  prier  grinding. 
Feed was pumped to a,  conditioner at about 700 lb/hr and a, rougher apatite 
froth was floated. The froth was cleaned and the cleaner froth Wei ground 
to 100m and was  refloated separately in order to bring it up to grade Floe-
fioations. The pH wae maintained at 8.0 with 6.0 lb of soda ashAon. 
Larger amounts of oleo acid were required than before„ hair in the een,- 
ditioner and half in the feod to the third roughor cell, for a total of 2.6 
lb/ton. A total of 0.8 lb of sodium silicate/ton was added, and 0.025 lb 
of PoA frother/ton was used. Tho flotaUen results are shown in Table 126 

TABLE 12 

Results of A 	 Ftation 

Wei ,ht 	Analysis eo 	Distn % 
Product 

lb/hr 	 2205 	22°5 	• 

r*, Reel froth
e 
 ' 	89 	5.6 	86.72 	43.4 

Tailing 	657 	94.4 	2.85 	. 56.6 

Feed 	 696 	100.0 	4.75 	100.0 

*calculated 	** From Internal Report 118.tA.0.68.900.. 
*** ground to minus 100m* 
The best grade of apatite concentrate at 80mwas 88.86% P205. 

The resulta of screen teste are shown in Table 15* 



TABLE 13 

Pesults of Screen Tests on Apatite. Float Frodticts  

• I 

Size' , 

.448M 
.48+65m 
..05400m 
4.004.150m 
.150+200m, 
.200+325m 
.925m 

..••■•■•••■■•■■ne...• 

Total 

30m Float . 

	

Feed . 	Cl. Freth 

	

30.1 	1.0 

	

18.0 	5.1 .  

16.7 

	

Il•Q 	23.0 

	

9.1 	22.0 

	

0.4 	.19.5 

	

7•0 	: 	. 

100m Float 
•Feed71"--07Froth  

100.0 100.0  •1.0o .o 100 .6  

6.2 
10.4 
25,4 
50,0 

MO 

OS 

u) • 

8.6 
12.4 
78.1 

12 

The lower apatite recovery with the coarse float appeared to be 
due to flotation of only the finer apatite particles, From the screen 
test results en the 30m cleaner froth, :Ut  on  be soon that very little 
plus 65m apatite floated. 

The results showed that good quality magnetite, ilmenite and 
apatite concentrates could be produced from the sample submitted. The 
main problem in producing an ilmenite concentrate economically, containing 
less than 0.05% P205, was  solved by a final flotation step in which the 
addition of an ïlmenite depressant was critical. It is believed that the 
methods used  for  limonite recovery are practical and of relatively low . 

cost. The only major decision to be made in the treatment scheme is the 
choice between wet or dry high intensity magnetic separation.  The use of 
the Jones separator was investigated and the results obtained were not as 
good as those obtained with dry separation. nowever,  the  ley be more 
than offset by the cost of drying the feed before dry magnetic separation.•

The better dry magnetic separation results appeared to be due te the more 
successful rejection of siliceous gangue particles containing fine ragne. 
tite inclusions. 

Apatite could be recovered from a composite tailing sample either 
by grinding first to about 100m, or else by floating at 30m, followed by 
grinding and cleaning the coarse apatite concentrate. Fine flotation 
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resulted in a better apatite recovery. 1:1owever, the value of the apatite 
concentrate produced would determine the more economical method of recovery. 
The loss in apatite recovery using the 30m float might be outweighed by the 
cost of grinding all the tailing sample before apatite flotation at 100m. 

The results of a flotation test shown in the Appendix were not 
very encouraging, due to poor II:omit° depression and inability to float 
all the silicates in a cationic silica float. Therefere, flotation mes 
abandoned in favour of gravity separation followed by high intensity 
magnetic separation. 

00N0L1JSI0N$ 

A suggested treatment scheme, based on the results of the pilot 
plant investigation, is shown in Figure 2. 



Crul Ore  

Crusher 	to minus 1in. 

13çqnX.4.enni 	I:minim 30m • 	- - 	. 

	

keber - Kagnetio Separator' 	magnetics  

.. 	-4 
[

Mall Mill 

otsize  

non-magnetic 

cone 

olsize 

tail 

60m Screen' 

sere' 	tail 1  

'Cleaner Magnetic Separator'  - tailing 

Magnetite Concentrate 
To  mete 

• °ono 

tail ' 

cone 

Table 

Spiral tail Table 

. Gravity Olencentrate 

froth 
- 	• Apatite  doncentrate 

A 

100m Screen: 

tiio .float 
- 

-to waste 

Mâg 

To 
wauto  

To 
waste 

fro-th Apeite float' 

Timenite'Concentrate 

tail 

tail 

tail eitherill Separator'. 
middi 	1 cone 

Ball Bill' 
t  

1100m Screen 

coeb. Tailing 
Ball Hill  

* Alternative: Coarse 30m apatite float follOéed, by grinding and Cleaning thé 
. 	rougher apatite frOth. : 	 . 	• 

Figure 1.- Pilot Élant Flew:heat 



Dry Nigh Intensity 	tail 
Hagnotio Separator 

°ono Pt % 11.8 
% TiO2 88.9 

limonite Nt % 11,0 
Concentrate % TiO2 38,9 

% P206 0,05 
% Reoovery 68.3 

T102 

wirlPur g  

ï offlow (minus 100m) ' 

froth atite Flotation!  
cone 

u fflow 

Apatite Flotation 
fro—t17-1  tata. 

 %. 5,0  To waste 
1841 ta—.7.13 	' 

yt % 78.0 

offlow (minus 100m) 

Apatite 'lit % 4,8 
% P005 86,72 

Coneentrate cio.  recovery 88,4 • 
ip2013  

tai.  
m) =die 

-15- 

crude  ore  Nt % 100 
Fe % 15.13 

I__ 	_ _ ...... .... 	TiO2 % 6.95 

1 	
, . 	, p,o, g 3.76 
nwhingl  " 

rA7utogenous crushing! 
. 	and grinding 	. 	'I  

1 	L.I.od 	Mill 
L 	 minus 80m 

m notion Pagnetic Cobbinglo.g!letiew % wt 87 
 1 	ilt 0 13 

% 	 1 ladd 

midd 
b11 i111 

- tail 

°Ulm (minus 150m) 

Cleaner  Magnatia2mrator] 

tailing Pt % 
2 6 8 

 to waste 	. 

Wt %  GravitY con° 	
15.7 

 % Tio2 28,7 
% p205 8,0  

Hagnetite 	rk4e5) 
107 

boncontrate g Ti02 0,4 
% e2°5 0 401  

Figure 2,..Reoonmiended Plant Flownheet 
,e 



. • 	'Before the stait of the pilot plant investigation, aflotatien 
test was done to discover if Et4 iImenite concentrate could bérecevered 
by Jones separatot after removal  of the  gangue minerale by cationic 	- 
flotation. Ptevioug.tests, uàing oleic adid EIS à celléCtori on the 
flotation of eàegte had baai.i Pela"gie0WieaaabaaaealAbeetà.p0e• 
ophoioe#Wtelead“ftd re4oveei :' ' 	 H 

. 	. , 	 • , 	 . • 	 , 	 ," 

• • . :‘e 2000'H saâtelb  of  Sort cebbét non-Magnetie'tailing ets 
ground i0 150111'4nd pulped in a . ceil with 110 lb of .leetine '0 82 per ' 
ton. • After 5 minrites, 0.8 lb each Of  RADA' and PoAam pet ton were added. 
A froth Was floated for  5 minutes - 	 and silicates. 
Another 0.2  lb of  RADA and Poilimr ton *mte added and.another froth 
floated.' Pitially,.a thitd.froth was floateeWith an additional .0.1  lb 
of RADA and PoA per ton..  

• The second  and  third froths_tere: then.clearied with no additional. 
,reagents. .The tailing .  Was returned to thereMaining tailing frOm the , 

Ctiginal .floate fortemoval of apatite rising-Soda ash and Aerofloat 
A- tete of 0.5 lb of Aerofloat 710 per  ton:Was added, after the pulp had 
been-adjUsted to a pH of 8.6 rising:soda,ash:.',-The apatite-froth was- 	• 
cleaned,once, and the remaining roilghet and:cleaner tailing  pro ducts  
.pasged thréegbiLjones-separator twice atiaMpetes.- The eesulto are , . 	_ .shown.in Table 14* - 	' 	' 

* Rosin Amine D..Aeetate 70%, Hercules Powder CO. 

Frother mix (by *might) 50% pine oil, 2.6% keros.011.0T 109e' 
• • 47e water. 
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TABLE 14 

Flotation of em NOn.Magnetice Followed by jonee Separation 

• 	 Weight 	Analysis 	** 	Dien  % Product g 	TiO2 	IA 	TiO2 

,XO.1 eilica froth 	 55.3 	4.04 	3.35 	31.7 
14,42 and 3 eilica cl froth 	5.8 	8.21 	 8.8 
eletite cl froth 	 4.7 	1.03 	37.73 	0.7 
7 amp el cone 	 11.1 	30.16 	0.055 	47,7 
7 	0 	0 	midd 	 8.8 	10.32 	 o.e 
7 	# 	0 	tail 	 0.7 	5.09 	 0.8 
7 	0  R midd 	 12.4 	8.58 	 ea 
ot 0 	te. tail 	 6.7 	1.38 	 14 

Feed* 	 100.0 	7.03 	 100.0 

*calculated gek  Ftom Internal Report 1184e.88.410. 

Frog the results of this test, flotation did not seem to hold' 
out much promise. Depression of fine limonite in the gangue flotation 
stage  sas  not very good, leading to a high ilmenite loee. It was not 
found possible to float a coneiderable amount of the eilicate gangue, 
especially at the coarser sizes. It wee, therefore, decided to abandon 
flotation in favour of gravity separation followed by high intensity 
magnetic separation. 
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