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Highlights of Test Worlt Performed on a Kyanite-
bearing Gnelss from the Sudbury Property of
Northern Kyanite Mines Limited: Prepared as a

Guide in Developing & Commercial Flow Sheet.

A great deal of work has been done on material from
this deposit over the past five or more years. Severel
reports have been issued, the most recent being IM 189 which
dealt with the flotation of feed which had received prior
beneficiation by magnetie separation. The system described
in this report was effective but expensive, particuiarly for
ecapital cost. Efforts since that time have been directed
toward devising other recovery methods, equally effective
but less costly.
The investigation has been continually hampered by
tha necssgity to pfdduca kyanite concentrates in eénsiderahle
bulk, both for ceramie Anvestigation and for wmarket research.
Ag each new veguirement for concentrates came up the best
current means_available was applied, and so far as_possibla
experimentatién with the pilot plant procedure was carried outo
A great deal of information has been obtained and it is the
purpose of this report to present the most important facts
in some order as a gulde in building vp a commercial flow sheet,
Teéts performed with a few pcuhés of material are
presented'as "Laboratory", while treatment of bullk lots of up to

5000 1lbs is presented as "Pilot Plant" work.
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Descrintion. of Material

The material contains up to 407 biotite vhich poses
a problem in removal. Above 28 mesh lkyanite particles may
have some atteched blotite., The liberation point is therefore
considered to be 28 mesh, The other minerals present, garnet,
quartz and feldspar gll appear to be separated from the kyanite
at above 28 mesh. Kyaznite, garnet and blotite have highey
specific gravity than quarts and feldspar. Garnet may be
isolated failvly easily as & by=product.

In comminution kyaﬁite is reglstant and there ig notable
concentration ln the coargey size fractions., To illustirats,
TABLE 1 shows dlstridbution of kyanite and particle size fop

material subjected to a standard crushing procedure through

% mesh.
TABLE T
Fraction Weight % | % Kyanite | % Distribution
=k 4+ 10 3.0 25,0 b2,0
=10 + 65 %97 21.8 53.5
6% 4+ 100 5ol % ,21 1.1
=100 059 6036 mmﬁ&&
: 3000 , 100,0

The percent kRyanite ian =100 mesh 1s frequently lowey
than above. In this case =65 mesh might be discarded to give

a weight reduction of 16.3% for a %,.5% loss in kyanite.
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The kyanite 1tself tends to break into needles,
a.part of which will pass a sereen actually smaller than
the average particle size., Por example, in a sample screenecd
on 35 mesh particles of 0,02 inch diameter but of 0.04-0.0%
length will often pass the screen. In tabling, on the other
hand, the partieleg %end to move with theilr long dimension
parallel to the deck,

During comminution the biotite breaks up into flakes
of various sizes, the largest of whiéh may be screened out,
Garnet, quartz and feldspar assume more equidimenslonal shapes.
Laboratony Teats. .

Up to about 10% of the blotite content may be removed
on scalping sereens during comminution, Jigging, classgifica-
tion, gravity devices, and flotatlon, are all partislly
effective ih eliminating the reétw but invariably magnetic
separation must be applied for final stripping of blotite
from kyanite, | |

As blotite is troublescme in kyanite flotation a numbey
of tria&é ﬁere made with jigs, tables, and classifiers to |
effect its removal from float feed. While each of these was
partially successful one consideration or another rendered
all but one or two impractical. TABLE 2 serves to indicate
the type of result obtaineds
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TABLE 33,

 Machine Bi Cone. (%) Ky. Loss (%)
Jig 73 %ob
Wet table 38 . 8.2
Alr table 100 0.0

- Classifier 88 . 267

With the air table a cut which is virtually all
biotite may be made, but as shown below this device proved
more useful when used for other purposes.
Of the classification devices tried o Denver
Centrifugal (or Cone) proved hest and produced the above
result, aIts capacity wasy, however, very louw and in pild%m
plant work a Denver Hydroclassifier was used fairly suecessfully.
Vérious attempte were made to take adventage of the
tactors of differentlal grind, specifie gravity, and particle
shape. Alr jigging was thought to be a prospeet, either on
<4 mesh a3 crushed, or on the <% ¢+ 10 mesgh fraction (=10 being
suitable:for alr tabling as shown below). This has the advantage
of dry treatment on comparstively coarsge materlal, Air.jigging
‘the as cfushed =% mesh tonded to gilve a good size separatlion
without too effective bulk reduetion at low kyanite loss. AL
a bulk veduction of 5.6% a kysnite loss of 2.4% was sustained.
For a 25.6% bulk reduction 9.5% of the kyanite was lost., Beyond
this point kyanite losses were excessive., Using the ol & 16 me sh
fracotion trials varied through a wide range of bulk reductlionss

the best result beilng at 13.3% where 5.9% of the kyanite was lost.
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Although air jigglng the =% mesh crusher product,
or the #4410 mesh fraction, &id not show any great merit
heavy liguild separation indicates that a considerable cone
centration should be possible at =% wmesh with reasonable
losses., Speeifically, somo <%+10 mesnh placed in 2.96 8G
1iquid gave a 479 by weight sink which contained 5%
kyanite, while the floaty 53%, contained 2.%% kyanite.
Removal of the 53% weight would, therefore, represent a loss
of only 6% of the lkyanite. Alr tabling the ~b+i0 mesh may be
more effective than air jigging. One test only was done and
this gave a taillng representing 30% of the bullk which did
not appea# to contaln much kyanlie (0o assays were done).
While tests so far completed are not too promising it appears
that some conéentratian at «b+310 mesh should he possibie.

» An Integrated trial was also made using the Whippet
Aiy Table and screens e see Lf a portion of the kyanite conld
be won quickly by this comparatively simple means,

The test lot was ground through 1h mesh and separated
into five sereen fragtionsg The coarsest vas passed over the
Whippet and three prdﬂu@ts wvere collegted, concentratesg,
middiings end talls. The concentrates went direetly to
mégnetic separatiom?'the tails to wastey and the middlingsa to

regrinding. Reground middlings were then sized, the various

fraections being added to the orlginal fractions of corresponding

size, This pattern was repeated through eaeh succeeding size
until the entire lot had been worked, Cut points on the table
were selected by eye. Figure 1 shous welght distribution and

regults obtained from this test., It lg belleved the talllngs
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assay obtained is high which would iIndicate lower loss with
correspondingly highex recovery. The material handled in
Cycle 5, <65 mesh, was low in lnitial grade, 1L0.2% kyanite,
and comparatively fine for succassful alr tabling. As iIndicated,
this materlal was only concentrated to 27.8% kyanite, but the
prbduet was excellent float feed because much of the biotlts
had been eliminated. |

Quite a number of labaratory flotation trials were made,
particularly for direct fabtty acid flotation of kyanite in
baslec cireuits, The culmination of thls ﬁowk is shown in the
three tests outlined by TABIE JTi. It is not necessary here to
trace fhe'variationslleaﬂing to this conelusion. The system

is the simplest evolved and lg as effective as more complex onag.
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¥igure 1

FLOW DATA YOR _WHIPPET TEST
{all Tigures in grams except % Kyanite)

Tails

. Mids

Cycle 1

@

670

ced

“IUE20M = 3470)

1660
(Reground )

1iko

. Concentyate.
Welsht | Mags

215

Non Mags

%21
(93.9% Ky)

Cyele 2

823

Feed

<204+28 = %89h)

2816
{Reground}

1233

305

925
(91 08% Ky)

Cycle 3

A(F

1192

ead

=28¢35 = 9136

6091
{Reground)

1853 528

1320
(90q7% KY}

Cycle b

(¥

3455

eed

=35465 = 979%)

39%0
{(Regrownd}

aL00

343

20L8
(42 ,1% Ky)

Cyclé.5

(F

3907

eed

1 =65 = 9019)

3127

1985
1{27.8% Ky)

86“’

10, 047=Tatls

JL27=Mids

1391 = Mags

Weldght (gms)

% Kyanite

% Distribution

Coneentrate = (Product 1,2 & 3
Float Feed (Produst & & %)
Discard (Tails + Mids + Mags)

3166
%030
1, 560

56 . 8%
270 7%

I P
1.00.0%
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. (Feed Deslimed Bach Test)

“Test Noo . S| 55 ] 56
Feed Sizo (mesh) =28 é =28 =35
% Solids 30 ﬁ 28 30
Water Dist, ' Dist. Tap
Temp. (°€) 29 27 27
pi ‘ 8.9 7.0 8.0
NagS104(H/T) o 0.2 0 0.2
Cond. (min,) - é 0 0
Fatty Acid 1,0 1.0 1.0
Condo (mis,) 2 2 2
R, Float (min.) b b "
cLi® (v ) 3 3
G2 (") 3 3
L3 (") 3
Slimes (% Ky) 0.5 1952
R, Tails (% Ky) b ,02 6.25 |

S I LU G - 9 hly 23.9

cran (") 20,2 | 380
cL3® (") 37,2
Mags (") 11.5 12,7
Cone, (") 95 ot o5 9% .2
Recovery (%) 76.9 69.3 73.9

No., 56 waz done rather hurriedly to sse if soft water

would bz necessary in a pilot plant run and intermedlate assays




(::.\9‘:3

wefa not obtained. Use of Ottswa tap water doesg not have
a serioug effecty, but dropping the NaaSiﬁa altegether does
nct arpear advisable.

It should be pointed @u& that longex eonditioning
does not greatly effeect resulta, Thea@ tests were run at
comparatively high density but under bateh control, In
continuocus operations high denglty resulted in downgrading
end "sanding® trouble., Half oy less the ahove density
proved best for contimuous runs. In bateh tests the bulk of
the kyanite floated falirly quickiy but coarse particles
continued to float over a 1520 minute period, In this éay
tails could be %Lripped to A-2f kyanite rather than the L-5%
resulting Trom short floats. In contlinuous operation the long
scalping time 1is not practicel, and im pilot plant work the
rougher tails prodwcwu were genevally higher in kyanite than
those of bateh tests. In pllot plant runs, thevrefore, the
practice wasg tQ scavengs primary cireult rougher tails for
recovery of a low grade (i.e. 70-00% Ky) concentrate as
blending stock,

Barly in the laboratory testing a system was developed
which was dubbed "The h~$tagé system". This produced good
results although it is more complex than the foregolng. It is
felt some record of this work might be helpful here, The four
stages ares (1) Feed preparation, i.e., comninuticn with removal
of blotite by screening and classification, (2) Bulk float of
gangue with amine., (3) Fatiy acid flotatlon of kyanite from
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emine cireuit tails. (%) Magnetic separation of float

concentrates, The best result obtalned from the test serles

employing this system is given in the Tollowing sequence.
Hote that damp kyanite in contact with iron becomes

stained, hence the removal of wmill filings by ferrofilter.

A. Preparation. Feed crushed through h-mesh then ground in
a vod mill in closed eireult with a sereen and classifiler,
Coarse biotite was removed on the screen uppeyr deck and
48 mesh float feed was removed as wndersize from the
Lower deck, The +48 mesh was classified to remove blotite
then returned to the mill The =%8 mesh float feea’was ron

through a ferrollilter,

TABIE 3T,
Fraction We, % | ¢ Kyenite| Distribution
Sereen OVsize H ol 4.6 1.3
Class, 0'flo 1509 N 2.8 3.9
Magﬂ. 103 . ' 180? » ' 0@9
Tioat Feed L6 28 b 93.9
§ 100,0 100.0

B. Anipe Cireuit, ¥Flotation at 18% solids as shown belows

{Tails washed and dewatered in classifier.)
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: TABLE Y,
Test Noo %7 (b) Wi, % | % Dist,
Water distilled
NeaCOy (H/T) 1.0
Cond, (min.) o
Dextrin (H/0) 0.5
Cond. (min,) 2
sEMAG-T (H/T) 0.9
Pine oil (Hff)j 0,02
Cond, (Min.) 2
Tempo (°C) 2F
) pil 9.k
Fioat Time (mine) | 2
Clasg, 0'flow (% Ky)| 97.6 1.8 3.8
Cone. (% Ky) 208 ' 5101 I
Tails (% Ky) 52,8 7.1 | .92.1
100.0

C: Fatty fcid Clrenit, Weshed amine cireult tails
floated as sghown below:
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TABLE T,

Test No, b7 (b Weo % % Dist,
Water Diste
NapCO, (H/T) 0.5
Nag840g (H/T) o
Condo (mine) 2
Fatty Acid (H/p) %05
Cond, (min.) 2
Temp. (°C) a7
pH 9,0
Re Float (mine) 8
I b
€L a v " 3
¢L3 » " 3
R, Talls (% Ky) 2.6 1.7 0.1
¢Li w v 8.5 29,3 ko7
cL2a " " 0 oG 3.8 3.0
Cona. " P o7 65,2 2208

100.0
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D. Masnetie Sensrations Cone. dried and run over magnetlc
‘ ‘ geparator with resulis glven below.

rapLE Y,

Test b7 (b) Wto % % Kyo | % Distribution
Magneties (%) | 23.0 0.8 0,2
Cone. (%) ?70{3 C.H:* @8 ’ 99 08

Overall Recovery: Hecovery A =  93,9%
"B of A = 921% of 93.9% = 86,57
" GCol B o= 92,2% of 86.5% = 79.%%
"D of ¢ m 99.8% of 79.7% = 79.6% et

SWERaUd

.%.5‘&8.%‘ Ky o

ARG PR SR

3

Pilot Plant Rung
During the past b years over two toms of hyanlte
concenirates of 95% grade heve boen produced for cersmiec
investigations and for work in reseavch. During the pilote
plaant=type operatiens by which these concentrates wefm‘ﬁad@g
as ﬁuch @xp@rimentétian es possible was carried outs Such
éxperimentatimn was guided by the laboratory work, and alsc
by vesults obtained from the pilot plant operations themselves,
The largest body of pilot plant work consisted of
flotation, with gravity methods, elther in feed preparation
or seavenging of flecat taiiimgsg acecounting for much of the
rest. Magnetie separation lg pretiy well essentlal in Lindahlng

the concentrates., Sueh parts of thils work as appear to



contribute useful information are included herein.

Boecause air table trials with the laboratory Whippet
maehine were encouraging, the lavger Kipp-Kelley air table
was used as the Tirst operation in the most recent pllot
plant run. Best use of this machine hasg probably not heen
outliined, however, results were again encouwraging with about
50% recovery of 954 kyanite. Flov avrangement Tor this larger

1ot was somewhat different from that used for the Whippet trial,

‘and 1g showm, together with the kyanite content of variocus

produets, in Flgure 2, The inltial step was, of course, teo
grind the full 5000 pounds through 10 mesh, This was in turn
separated into =10+3Y, 35469, <65+100 and =100 mesh fractions,
The =100 megh wag low enough in kyanlte to be digearded, The
=654100 mesh wag vouted directly to flotation. %he other two
were treated as shown. ALy table cuts were made by eye, and
produets estiﬁat@d to be grade material were finished on the
Dings Magneitic Separator, Bome good grade maberlal with

inclusions was routed to Tlotatlion,
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Figure 2
Plow Data For K‘i‘pmmﬁs'&}& . Bun

C = Cona, T & Tail
p
&b

e o 3. ¢ = Float Feed, M = Magpetics
gures ave %

S8 Iz
yanite)

Bun Hog 35 (Feed = -10¢3% mesh)
(Split Noo.) B L 3 ; 1
. ]
Bloite Rum 3 Run 2 _ L |

u;:kn‘_ AT IS mm NAEACTTR

N ! M
, 981 | 9903 |

m—:-u—l-uu—;cxa

S ) M
Q6.6
Rup No. 25 Gample 3 sereened on 20 and 30 wesh,
Teed = {(+20 nesh) FPeaed = {=20 + 30 mesh)
5 0k 3 2 1 -5k g 2 1
¥Foor | S T ¥ ! .
G B
:‘36(){5 51%03 89055 95@9 858 25‘76 8906 RLMHRD R RREI
G M
) , Q7.7
Feed = (=30 mesh)
5 L 3 2 1
N S
:39’0@ 8358\"“ 9OQQ (}?06
Rup No, 32 Sample b serecened on 20 + 30 mesh,
Teed = {(+20) Feed = (=20 + 30)
5 & 3 2 1 5 & 3 2 1
T T T w B T T iy F ¥

Wl 6ok 17.3 37.3 87.5 3.7 8.2 9.9  30.6 3.6
¥ead = (=30 mesh)

5 b 3 2 1
P T § F ¥

6.7 11,9 17.1 38.6 5h.0-
Fifteen produchs were comblned as flost feed and ground through

35 mesh, Plug 35 wesh remaining after grind was tabled,
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vo No, b Peed = (439 wmesh)

SEITAT HreT R

Ao No,

SR LT 2

~

5 % 3 2 3
T g ¢ G T

Biotite 7.0 68,3 96,3 Garnet

ot Teed =(=3% + 6%)
5 by 3 2 1
i p ¥

AUDEACR R SR TETAAINEN
Bilotite 7.0 30,0 9% 7

e

Bight oroducts from the tabling were high gvade

goncentrates either direct or wlith some magnetie separation

&s shown 1n svomery helows

R et ]

TABLE istls

hncmv&ry

Sampie Welght % Byamdite | (% of K

i ihe) be@ﬂ¥
Run 3.8 iboh 99.8 1o
Run 132 235,00 98,1 21,8

Run 2820 29,0 95 .9 2o

Run 2820430 328 977 36k
Run 22=30 3ol 97.6 0.2
Run s 380@.‘ 99.3 3.6
Run b3 | 5565 68.3 3.6
Ron s 142 137.0 977 131
iotale N oG %S, &

Table conc. = %% 1be or 11% of orlglnal feed
Table & Magretic Tallings = 2850 1be oy Y74 of owiginal §
Float Feed = L1600 1lbs oy 24 of Gwiginai fead

138 & H9% 4 3% = 100% of original Pead

‘wed
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An snalysis of the £load feed indicated a kyanite

eohtent of 26 .60, %h% biotits in parti%ular having been

wééuced by the alr téblingo Moreover ﬁhia feed was well

slzed between 35 and 100 mesh, with some -100 meeh present

as developed in secondary grinding of the tuble products

routed to float feed, The primary flotation cirecult consisted

of roughefs plus three cleaning stages, Feod was pulped with

warm watey and punmped to a conditioner. Sodimm silicate at

0,2 pounds per ton wég added to the @uﬁp and Olelge Acid at the

rate of 2.0 pounds per tom to the conditloner. Volume of the

~sonditioner produesd an average holding time of 18 wminutes,

although much loss than this would have been ascceplable., Roughey

float vas et 12% solids and the pwip temperature 25°C. Froth vas

wvashed into the lst cleaner, and subsequently inte the 2ud and

Jod ¢leaners, with chd vater o glve cleaner fioats at

xapﬁaroxﬂ.ma&m,y 109G and 10% solidss Third cleaner concentrates

yere Tiltered and dried as product. The cleansr talls vere

buike@ ag middlings and the roughew tails vere routed to

scavengingo Plotation regulis are given belows

| ‘”Eﬁ%%rﬁm Kyabite | Di stetbution |
Primary feoed 1600 266 100
" CONRGo 292 79,0 5l
Scavenger feed | 3063
w CONG . 218 8.0 ' 25
Final teils .8
Losses (Talls & Mids.) | 21
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Flotation products were cleaned up by magnetie

separation with the following resulis,

Weisht
Primary Gonc. 1 208
Seavenger " 139
: ‘Magretic Talls 167

(ibs) . m,ﬁi&mm

%
 Distribution

59
27
1?4.

IR

100

ALl woxk done as part of the lasv pllot plant run

has been summarized dbelow.

Kx%g&t@ Dis%ributian
(1) Original 5000 1bh lob 21,0 100,06
{2) Table concentrate ok % 49,5
(3) Primary Flost conceatrate | 99,0 17.1
{(4) Secavenger i 68,0 8.8
{5) Table waste (Lails + mags) 2.5 701
(6) Float " (wids + talls) 12.6 1301
{7) ¢ " (mags) 28,0 ol
Combined ﬁigh grade (2+3) - G4 .6 6656
i Product (24 3+k) 9L .5

G ot
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&8 1llustretive of the type of varlation tried

during pilot plant flotation operations, Table XLL has

bveen assembled.

TABLE X131

Variation

Effeat

Fead Preparation

Desglining

Feed rate

Dansity

Oleie acld

o " steps

Pine oll

Circuib

Temperature, Roughers
" 5 Gleansrs

Mids, Be@iremia%ion

" Reflosk

Scavenging

Mag., Soepavationy, Dey

o Wet

W 0"

Hunphreys spirals eflfective,
tables good, for reducing
blotite In feeds
Hydroelasgifley besd

3 1b/min, {of 200 ib/he) best
for this equipment,

10=15% bests up to 20% tolerable,

12 ib/ton deyerd ing on brand,

Some recovery luprovement.

Increases Tloat, lowers grade badly.
Roughes and three cleaners best.

253000 best, Falp down te 18°C,

Any. Cold wpber okay.

Recovery increases, groade drops shavrply.
Very pooy grades

Flotatlon, Humphrey's gpirais and tablesg
all Talvly effective.

Close giszing of feed helps.

High recovery with Jones machlna,

Qome of tha above may be wsefully elaborated upon, for

exomple, the use ol wet girlnding methods followed by a gravity

devicea to impfav@ the feed to flotation. A nvmber of such
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trials indleated that the Humphrey's spival was the most

wgeful device, Light drawing will give concentrates of up

to L4 kyanite but with 25% losss welght of material passing
to flotation is, hawever; reduced by 62%, This can be #éﬂi@@
to the peint of drawing heavily, to reducs welght of material
passing to flotation by 10%, with a kyanite loss of less than
1%, The lLatter has an advantage in reduced bulk to flotation,
partiéularly biotite, but the grade of float feed is very little
improved, Flotation on such feed produced an indicated primary
récave?y of 67%‘at 60% kyanite grado (oF a megnetie sepératar
concentrate representing 57.% recovesy at 93,74 grade.)
Scavenging produced another 10,99 f@ﬁév@ry of 5&% kyanite
produect. , ;

There appears Lo be an optimum range Toy Olele Acld,
If too llttle ig used froth volwme 1z very small, with consequent
low recovery, and there ig & tendenecy for more blotite ﬁ@ float,
On the other hand too much Olele will produce addquate froth
but at the same time lowers the grade of product nobtably,
Pdgsibly additional cleaners would compensate.

Adding & llttle extra Olele to the second half of the

- roughers may be helpful but does not appear to increage the

rather dull forthing, AJﬁ@stg' however, produced 10% more
concentrate and siightly lowe® % Ky. in talls asgay. It was
observed in the bateh flotation that coarser kyanite partlcles
would float slowly, over some period of time; after the first

dense Troth was cleaved., Fallure to get the second half of
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the roughersg pulli&g well in pilot plant Tiotation is
thought to partly éc@ount for the high talls assay (§.9.4
8-10% kyanits)s Possibly a short conditioning with é little
extra olele acld would do ity op a different typs of cell
(eopo Tor 1 test talls were vun inte a gingle lavgs Denvesr
cell for scavenglng. No extra Olele acld was added but a
voluminous froth vas obhaineds)

A drop or two of pine oll was tried both at the head
of the roughey clreult, andhalf woy doun it. Rowghepr froth
volume incressed sharply in elther case, but much of 1% vas
dus to floating biotites 8imilarly, pine o0ll added to cleaners
improved wvolume floated bubt sharply veduced grades, '

. Reclreulation of niddlings was tried In various ways.
The best success was obltained by Joining the three cleaney

talls stream and Teeding them through a Denvewx Cone Classifiew,
The wnderflow wag returned to the roughey clrpeunlt aﬁ& the overes
flow wasted.. In two trialg with this seteup, indicated recovery
wag arcound 80Y bpt the concentrate vas.dark with blotite, After
magnetle sepavation recovery wag eut To about half and concen-
trate grade averaged 90% kyenltc.

Refloating the wids in & side cirveults with no additlonal
veagents aAgain yvielded s heavy dark froth. This assayed ab
207 kyaolls after three slesnings;vhile the talls ran 197 kyaniteo

Th?e@ methods of seavenging priunary float talls were tried (1)
Scavenger flotation, (2) Humphrey's spiral, and (3) wet tabling.
0f theze the Bumpbrey's spiral was pﬁ9$ibly the most practical
for Tirst cest and space conslderations, but 1t produced the

poorest overall resulits. Further work with this deviece might,
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howevery effect lmprovements - it proved qulte versatlle

on feed, Flotation was the scavenging system generally used,
and on the average this produced concentvates of comparatively
coarse kyanlte rusning 65=-085% after magnebic separation,

Tails essays ranged from k=6%. Tabling was probably the most

fiective of the three systems as it produced a comparatively
blotite=free concentrate of vather coarse vearticle size., TFov
exanpley one trial wvelog a dlagonal deck teble; produced a
Wk yanite concentrate with a 3% tall from feed of 9% kyanite.
Recaver&.wag %, The concenbrate was sized at 65 wmesh, the
6% eleaning wp on vhe magﬁéti@ separator at 9%.3% Kyanite, and
the <68 at B82.9% Ky, The +6% magnetic mids ran 72.3% Ky. Chief
drawback to this method is the number of tables r@ﬁuiredn

Ae indicated abovey overall regovery by dry magnetls
geparabion was lmproved by sizing of the feed, Various trials
were mads. Up to 28 mesh the coarser the slge the sharper the
dry megnetic separation. Conversely, the Tiner the poorer. The’
=100 m@$hﬂmay.b@ vorked to guite good concenteates, bub with
very high loss of values to magneties. This problem is reduced
by wet magnetic sepavation lun é Jones machins. The Jones
equipnent makes effective separations of weakly magnetlic wmaterials
in the very finest sizes,

As a test of the Jones maching some +28 mesh econcentrates,
compogsed of kyanite with blotite inciuslons, were crushed and
cleaned on the Dings separator te obtaln a very high grade
concentrate and the usual wagnetie rejecd which nomally has to
be discerdeds This reject was all -28 mesh and contained H3%

=325 mesh. The Jones machine recovered 69% ?f this sample ag
] e W otedp MO e ERVES i’i.\.:ké-.--".."‘-‘ . N T 1



“high grade kyanite,

The Jones Magnetie Separator would cbviously have
several advantages in kyanlte working, particularliy in the
finishing of flotation concentrates, Feed to flotation counld
be considevably finer than the 3% generally used, and the
concentrates could be clesned before the drying stage with
resultant reduetion in bulk.

In preparing flotation feed for the pilot plant a
cormpromise was maée hetyeen flotabtlon efficiency and dry
magnetic gepavatoy efficiency. Better flotation results may
be obtained at =48 or <64 m@éh than =39 mesh, dub magneti@

‘ separation i@ssms ave gr@atly increased with %ﬁe Finer produets,
To illustrate thise thres sél@e%@@ bateh test resulits ave glven
belows as Table Kiil. |

e

Peed ﬁiém Ploat Semwaﬁtrat@ Mag. Sep. G@né@ﬂtraﬁ@ :
(Mash) Recov Grads Recavery Grade
(Magh) gee%very z ee%v ¥ vy

“’%‘B 89 0!‘} 68 (:l 80 (:1 9614‘ [}] 3
<39 BOo ¥ 797 775 gkl
=28 7906 765 769 25 ol

Grinding te nominal 35 mesh actually produces an

approximately -28 meogh produst asg explained earlier, but usually
also preduces a good deal of fimess A typleal grind is shown

in Table 1% o
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Yize Welight % % Kyanite
=35+6% G2 oL 22 o9
=55+ 100 17 e 21..3
=100+200 199 10,2
""’193 l{) 06' 12 o} ?

Fiotation from gush a feed tends to result in s
concantrate of finer size distribwiion than the sbove beeauss
the goarsey particles of hyanite arve the ones vhich fail to

float readily and therefore remalin in roughar tailz. The

Tiner partlcles on the cther hand end vp in the concentrates.

Moat of the {lotatlon pllotv plant runs produced
high grede finighed produets with comparative ease although
final recoveries wore generally lower than anticipated,
fo2o U0=P0Z. A vecord of one of the mors successful runs is

«
A

ot i
given as Table KV,




TABLE X0

Pzt

Fegds «39 megh, rod mill grind

Civenits Eydroelassifler, pump, condltionery; 6ecell
Tagevgren Roughers 3 = 2 cell Denver Cleasners,
Tilter, driev, magnelie separatopr. Cleane®
talls bullked, Rougheyr tails scavenged,
Puration of runy § hours.

" Reagentss Wapbily to pump 0.2 1b/ton. Olelc acid to
gonditione® L.% lb/ton. Warm tap water to
roughers, cold Lo c¢leaners, -

Produet Weight (ibé) % Kyanite % Distripution
: Prinary
Peed (=35 M) 3 lbs/min 21,0 100.0
Ro Tails ' o 9,01
CL 1 & 2 Talls 23,5 ‘
¢33 Pails L3 551 11.9
| CGone ., 128 Py o2 50,2
€3 3 T Mags 22
S8 Non=mage A9 92.3 @3
Cone. Mags 31 R
o Non=-mags o6 . G602 8.8
" Seavengay
Peed ' 3 ibs/mina 2,01
Talls b 72
Mids, o 18.9
Cone o 59,6 56,9 17.8
w r'iii‘igﬁo ggog
" Nonemags s 31,0 88.9 146
Blended Products
o Oy Hon-nags R .
forte Sa Non nags) 433 95,5 58,1
Above < Scave 146 G2 72 .7




Floy Sheet Bugpeations
| The followlng suggestlons are offered for consideration
in the planning of a bagle flow shest for this materisl, They
ave derived from o stelly of test rosulis coupled with considerable
experience In working kyanite gneilss.

(1) Crushing Seetions Jav followed by cone crusher to produce

nominal b mesh, Cone in closed cirvcuit with double deck sereen,
having 1/2 or 3/8 ineh top for bilotite scalping, and % mesh
lower for Flaishing.

(2) Dry Graviiy Sectiong Resereen =% mesgh on a 10 upper, 48

lower double deck screen. Treat ~b+l0 by gome gravity method

such as aly jilg, ale table, or even heavy medisz separation, to
obtain waste and a concentrate fop regrind, possibly with rolls,
and return to the 10-L8 wesh primary, Route -10+h8 to a 28 wesh
sereen with +28 golng o one ale table and =28 to another., Both
tables would producs waste, middlings and concentrates, the
middiings to bte reground, possibly with rolls, and returned to

the 10=48 mesh primary scresn. The concentrate could be combined,
or treated separatelys on dry magnetle sepavators with production
of finished product and magnelie talls,  The magnetic taills could
be reground, wety for scavenging in a Jones wet magnetle separvator,
(3) Flotation: Primavy screen <8 mesh first deslimed, then pulped
with warm water plus about 0.2 pound per ton of NaxBlO3. A ghovt
conditioning time with l-1% pounds per ton good fatty acid

{@oge Wolo Hardesty Co, Harfat 231 has proved wore selective at
lower lpput than most brands), followed by roughing and tuwo ox

three cleaniugs « ¢old water is satisfactory for cleaning. Pulp




dsnsity should probably be kept below 20% solids., It should
be possible to recover F0=80% of the values and wasie all
tallingss It might possibly be necessary to scavenge rougher
talls in a sepavate elreunlt, The concentrates should be
pagsed thyough & Jones magnetle separator with the magnstics
wasted and the product dried, It might be advisable to
consider passing all flotation feed through a Jones machine
ingtead of using it on concentrates onlys

Crushing and dry gravity seetions could be brought

into operation guickly with flotation following when readys




