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ABSTRACT

A sample of poor grade kyanite from Amda Lapso
kyanite mines was received from M/s. Indian Copper Corporation,
Ghatsila, Bihar for beneficiation tests, The sample as
received assayed 38,2% Al O3, 50.6% ©i0g, 3.1% Fe,0,,1.0% TiOz,
2.4% Ca0, 1.5% MgO, 1.15# Nas0 + K20). Quartz ana uscovite

were the main gangue mineralS with minor quantities of
Sericite, vhlorite, Rutile etc,

Hydroclassification followed by Tabling at -48 mesh

did not give satisfactory results. Flotation with g

deslimed feed gt 3.8 PH employing Lactic acid and sodium

sulphonate followegd by four cleanings yielded 1 final

concentrate assaying 60,44 A1203 with a recovery of
48.8% Kyanite in it.

INTRODUCTION

At the instance of Messrs. Indian Copper Corporation,
Ghatsila, the present investigation was carried out on

their second (poor grade) Sample of kyanite in National
Metallurgical Laboratory,Jamshedpur. It may be pointed out

that a better grade of kyanite assaying 54.,% A1203 was
investigated earlier vide I.R, 430/67 .

SAMPLE

About 150 Kgs. of poor grade kyanite sample from
Amda Lapso kyanite mines was received from llessrs, Indian Copper
Corporation, Ghatsila for beneficiation studies, The sample
as received contained lumps from 10 to 1.5 cm in size and
had practically no fines. a representative portion of the
sample was stage-crushed to -10 mesh ang used for experi-
mental purposes. Chemical analysis of the Sample and sieve

analysis of -10 mesh crushed Sample are recorded in Tables 1
and 2 respectively,

Note.
1. No responsibility is taken for the results except
in so far as they apply to the sample investigateq,
2. Laboratory soft water was used for all flotation tests,
3.

As the chemical analysis took a very long time,

some of the samples were analysed in the Autrometer
by A-ray Fluorescence method.
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Table 1 - Chemical Analysis.

Constituent. Fercent
A1203 38.2 About 25k is due to

Kyanite and the
remainder to Micas

b102 5
present,

Fes0
Ti0,°
Cal

Mg0

Nan0 + K
L.0.I.

o0

NHHNDEFEWO

WHO D OO

Mesh Percent
-10+14 15.5
-14+20 18.2
-20+28 13.3
-28+35 10.1
-35+48 8.0
-48+65 5.6
-65+100 5.4
-100+150 3.8
-150+200 2.0

-200 18.1
100.0

According to Mr, M,S.Chopra, tetrologist, the
sample consisted of schistose and massive type of kyanite.
@uartz and Muscovite were the major gangue minerals with minor
amounts of sericite, rutile, etc., Kyanite was present as coarse
crystals as well as fine acicular crystals and it constituted
about 40s by weight of the ore. Most of coarse crystals of
kyanite were well liberated below 48 mesh., The detailed petrolo-
gical report is given in the Appendix,

EXPERIMENTAL RESULTS

As the coarse kyanite grains are liberated at a
size finer than 48 mesh, about 8 Kg of -10 mesh sample was
ground to 65 mesh and hydroclassified into coarse,fine and
slime fractions. The sand and fine fractions were separately
treated on a Wilfley table. tesults of this test are recorded
in Table 3.
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Table 3, Hydroclassification followed by
Tabling at &5 mesh.,

Frduct Wt.n ASsayp Dist.p
Coarse
Table concentrate 26,7 48,85 34,4
Table middling. 8.4 36,69 8.1
Table tailing 13,2 32,86 11.4
Fine
Table concentrate 2.0 34,10 1.8
Table middling 3.4 30.45 2.7
Table tailing. 0.3 28.54 4,7
Slime, 40,0 34,91 36.9
Head(cale) 100.0 37 .94 100.0

The above results showed that Tabling at 385 mesh
could not yield satisfactory results. The fine inclusions of
kyanite in quartz grains and vice versa and the flaky nature
of mica were resgponsible for inefficient separation of kyanite
from gangue. As AlL,0, present in the ore is contributed
by kyanite and micas, the actual recovery of Alo05 due to
kyanite would be hisher than that given above on %he basis of
chemical assays..

FLOTATION

As tabling did not yield good results, flotation
tests were next performed with the sample,

A few preliminary flotation tests were conducted
to determine the optimum grind. Sodium sulphonats was used
as collector for kyanite and lactic acid zs depressant for

8

The flotation tests were done at low pH to depress guartz. Hoo0,
was used as pH regulator. < 4

1000 gms of -10 mesh sample were ground in a rod mill
with 500 cc water for 10,13,16 and 19 minutes. The ground sampl
were deslimed and floated separately in a 60C zm. Fagergren
flotation cell under identical conditions. pH during the tests
was maintained at 3.8, The conditions of flotution are shown

in Table 4,

v



Table 4, Flotation conditions:
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# solids during conditioning = 37
7% solids during flotation = 28
Reagent ty.in Time of Time of
Kg/ton., condition-  flota- Froducts.
ing in min. tion in
min .

S50 0.5 3 - -
Lactic acid. 0.5 4 - -
Sodium sul-
phonate, 0.25 2 2 Float 1

-do- 0.25 2 11/2 gy 2
-do- 0.12 1 1 yy 3

The three floats were mixed and refloated thrice using

no reagent, Results of these tests are given in Table 5.

Table 5. Results of Grind variation.

Test %=200 Product. Wt.z Assayp Dist.p
No. mesh, A1203 A1203
1. 50.3 Refloat concentrate 30.6 55.2 43.6
Refloat Tail III 3.6 49,9 4.6

Refloat Tail II 3.7 38.0 3.6

Refloat Tail I 2.5 34.2 8.4

Frimary Tail. 28.6 24.4 18.0

Slime 24.0 34.9 21,8

Head(Cal) 100.0 38,74 100.0

56.0 Lhefloat conc, 33.7 55.8 48,0

2. Refloat Tail III 2.2 35.5 2.0
Kefloat Tail II 3.0 33.4 2.6

iefloat Tail I 13.0 32.0 10.6

Frimary Tail 12.4 22.8 11.3

slime 28,7 34.9 25.5

Head (calc) 100.0 39.18 100.0

kefloat conc. 31.8 54.0 44,3

3 61.9 Refloat Tail III 3.0 38.5 3.0
) Refloat Tail II 7.6 33.4 3.5
Refloat Tail I 15,3 29.8 11.8

Primary lail 10.0 17.7 4,6

plime 32,3 35,8 2.8

Head(cal) 100,0 38.75 100,0

a 67 .0 Refloat conc. 28.9 54.3 41.1
) Refloat Tail III 2.2 38.4 2.2
Refloat Tail II 4.6 35,8 4,3

Refloat Tail I 13.8 32.3 11.7

Primary Tail 18.0 21.5 ;O.l

Slime 32,9 36.0 oO.§

Head(Calc) 100,0 33,22 100.0
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The aboye results showed that a grind containing 56.0%»-200 mesh
was optimum for flotation and it had given the best result.
Finer grinding was not found to improve the results.

pH variagtion:

A few flotation tests were next performed by
varying the pH of the flotation pulp between 2.8 to 5
by adding 0.6 to 0.41 Kg/ton of H550, and keeping other
conditions same as in test 2, neSults of thecse tests are
given in Table o.

Table 6. Kesults of pH varigtion

Test pH Product. Wt.n Assay/e Dist./%
No. A¢203 A1203
5 2.8 Refloat conc, 34.2 54.8 48,2
Refloat tails III 3.6 35.6 3.3
Refloat Tails 1II 7.4 30.2 5.8
Refloat Tails I 13.1 26.0 8.8
Frimary Tails 7.1 17.8 3.3
Slime 34.6 34.4 30.6
Head(calc) 100.0 58.33 100.0
6 3.8 Refloat conc. 33.7 55.8 48,0
refloat Tail III 2.2 35.5 2.0
Refloat Tail II 3.0 33.4 2.6
Refloat Tail I 13.0 32.0 10.6
Primary Tails 19.4 22.8 11.3
Slime 28.7 34.9 25.5
Head(calc) 100.0 38,75 100.0
7 5 refloat conc 37.5 52.8 48 .9
Refloat Tail III 2.7 31.8 2.2
hefloat Tail II 7.1 30.6 5.6
refloat Tail I 12.0 26.8 8.3
Frimary Tails 10.6 20.0 4,9
Slime 30.1 34,8 30,1
Head(cale) _100.0 33,9 100, 0

The results of the above tests showed that
flotation at 3.8 pH followed by threec cleanings
yielded the bcst concentrate assaying 55.8% Al,04 with
a recovery of 437 Al,05 in it. So 3.8 was taken as the
optimum pH for flota%idn. But the required grade of 60k Al;04
could not be obtained in these series of tests due to the
presence of some free biotite grains and some grains of
rutile and tourmaline in the refloat concentrate.
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With a view to further improving the grade of concentrate
the test No.6 was rcpeated under same conditions but the rougher
concentrate was refloated five times, No reagent was added
during reflotation. hesults of this test are shown in Table 7.

Table 7. Reflotation test,

Test Froduct, Wt .7 Assay Dist.p

No. 415,05 Alp04

8 kefloat concentrate 30.0 58.4 45.0
kRefloat Tail V 1.0 45,2 1.2
Refloat Tail IV 1.3 42,0 1.4
Refloat Tail III 1.4 34.0 1.2
Refloat Tail II 3.3 33.2 2.8
Refloat Tail I 11.9 32.0 2.8
Frimary Tail 18.0 19.2 8.9
Slime 33.1 35.0 22,7
Head (calc) 100.,0 38,93 100.0

The above results showed that even five clcanings
without any reagent, of the rougher concentrate could not yicld
2 concentrate of tho required grade. So the same test(in Table 7)
was repecated and the saune ngmbur of reflotations were done usin
0.12 Kg/ton of lactic acid 1n cach stage, results arce shown
in table 8.

(48]

]

Lthe

~

-

Table 3. Reflotation tcst using 0.12 Kg/ton of Lactic
gcid _in each stage.,

rllest l‘I‘OduCt Nt.;ﬂ ASSL‘L} A D15t %

No. Al203 AlECB

) Kefloat concentrate 25.0 53.2 36,0
Hufloat 1&il vV 1.5 50.3 2.0
Refloot Tail IV 1.8 48 .8 53
Refloat tail II1 2,3 43.7 o6
KHefloat Tail II 0.0 49.0 6. 8
Refloat tail I 11.0 30,0 a1
Primary tail 19.9 20.0 1003
51ime 31.9 34,8 oOn
Head(calc) 100.0 REP BT

._.___—-—_—_————————_——_.———-_——-—————-—_———_—_—---—-_—.—--—----____ - o
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Five cleanings of the rougher concentrate i

. : L usin

0.12 ng/ton of lactlg acid in each stage of clcaning dfd not
still yield the required grade of concentrate.

So in the following two tests (Test ljos. 10 & 11)
5 larger amount of slime was rejected before flotation which
was performad exactly as in tests No. 8 and 9 respectively.
The results are shown in tablcs 9 and 10 respectively.

Table 9. Reflotation without any rcagent.

Test Froduct. Wt. Assays  Dist.f Dist.
No
A1203 A1203 of
kya-
— nite.
10 <ofloat concentrate 17 .0} 6l.1 g 27.2] 48.8
§j20.2 60.4 §32.0
Refloat Tail V 3.2{ 53.821 4,81
Refloot Tail IV 2.0 51.9 2.7
Refloat Tail III 2.1 42,8 2.4
Refloat Tail II 3.3 41.6 3.6
Refloat Tail I 3.4 37.2 3.3
Primary tail 26.8 24.7 17.3
Slime 42 .2 35.0 38,7
Head(calc) 100.0 38.20 100.0
Table 10. Reflotation with 0.12 Kg/ton of
Lactic Acid in each stagc of
cleaninge.
Test Troduct. WE.% Assaye Dist.p
No. A1203 A1203
e
11 Refloat concentrate 11.7 60.27 13.3
kefloat Tail V 5.2 58,96 8.3
refloat Tail IV 4.1 56.8 6.1
Refloat 1ail Il 2.5 54,2 3.5
Refloat Tail 1T 2.5 51.0 3.3
Refloat Tail I 3.5 37 .4 3.4
Frimary tail 28.0 25.8 13.8
. olime U 42 .5 35,0 3 3
— 100,0 38 .43 100.0

Headgcalc)'-
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The above rousults indiczted that 5 reflotations
of the rougher concentrute without uay further reagent wdditlion
but hit»r rejecting 42 24 by weig nt s slime yiclded a concCen-
tratc assaying 61.1p Al 0, with a recovery of 27.24 alsCa,
wherca s % r,Llot%tlons %licd a voncsntr,t, nssaying BOL ik AlgGs

with a recovery of 32.0x% Alzos present in thc

Microscopic examination on thce combincd

concuntrate showcd that the sample consistod mostly of
free kyanitce with few grains of rutile and tourzalin.,
The origina_- sample contained about 4Cp kKyanitc according
to Fetrological heport given in appendix , and the final

concentrate weighing 20.24 w.r.t. original, assaycd 6C.«s AAEUA.

It may be noted that the original sample assayed 33.2k

total alumina of which 254 is due to kyanite ond tnc remaining
13.2% due to micas present. =sssuming that the a1l C present
in the final concentrate assaying 60.4% Al 0. is <13 duc to
kyanite, the rdCOVbry of kyanite in this pTcCuct would then be

20,2 x 90,4 = 43,35,
o

4 few flotation tests using other reuzcnt
combination like (i) oleic acid emylsion; and acrcrromot.r
825; (ii) Katha 2nd oleic =cid emulsion; (11ii) Nal:
sodlum silicate and olcic acid emulsion were performed to
see their cffect on flotation of kyanite, but non< of
them could produce satisfactory rec sults,

SUMMARY AND CONCLUSIVNS

A poor grade samplc of Kyanit received froz
Indian Copper r‘orporxt.ioﬂ, Ghatsil. oi beneficiation tests
a;;and 33.2% A120 50.6» 5i0,, 3.1% Feolg, .0 1i0o,

2,4% Cu0, 1.5 M§ 0%and 1.158 N850 + Ky0.° Xyanite was
present as uuurqb crystals as ~ull as fin ci ]
cryst:.ls. ".‘U',tl'ti’; and Muscovite were he moin ¢ RPN
ninerals. voarse crystals of kyanite wers well liberated
below 48 mesh.

¥

The kyanite content 1n the sampls
etrologist 1S 40, It is estimated that out of the toial

Aly0, content of 38.2» in the ore, 25k of Al _C_ is comtributed
by }’9 "ll’/, nd the r'.J;St L..,V' muSCC ‘lr‘—s Saurici chl ; y

Lo
'
o)
(o)

Hydr;cl;ss;ric;tign followed by tabling of coars
fine fractions

-t ey " 1y ) & o

did not produc satisfactory rosults,
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Flotation of a deslimed feed after grinding to 56% -200
mesh and employing 0.5 Kg/ton of lactic acid as mica depressant,
0.5 Kg/ton ol b04 as quartz depressant, and 0.62 Kg/ton of
sodium sulphonate as collector at pH 3.8 yielded a final
cleaner concentrate after five cleanings assaying 61.1% A150
with a recovery of 27,2% Al 0,. This concentrate when mixed3
with the fifth refloat tail® Would producc a combined concen-
trate assaying 60.50% Aly04, 37.766 $i0y and 0.80% Fey0
with a recovery of 32.0» als03 with respect to the to%a§
alumina in the ore equivalent to a recovery of 48.8% kyanite.

Flotation using other reagent combinations such as

oleic acid emulsion and Aeropromoter 825; Katha and oleic acid
emulsion, etc. did not give any satisfactory results.
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APEPFENDIX

Petrological keport on low grade kyanite from
Amda Lapso Mine of Indian Copper Corporation,

- e — 0 = ——

By M.5,Chopra

Megascopic:

The kyanite bearing rock veried from light greenish
grey to dark grey in colour. Some samples showed dirty white
colour. The rock was predominantly schistose although massive
type was also present, uartz snd muscovite could be distin-
gulished by naked eye besides the kyanite,

Microscopic:
The rock was hypidiomorphic ¢ranular with a pre-

dominantly schistose texture. Kyanite was present as coarse
crystals as well as fine acicular crystals., The latter were
usually present as oriented inclusions in quartz. oome Qf the
coarse Kyanite crystals also had fine inclusions of chlorite and
quartz, the former being probably alteration product of kyanite,

The gangue was primarily quartz and muscovite,
Sericite, chlorite, rutile tourmaline, amphiboles ancd biotite
were present in minor amounts.,

Examingtion of sieve fractions of representative
-10 mesh material showed that most of the coarse kyanite was libera-
ted below 48 mesh. Fine inclusions of kyanite in quartz or vice
versa were not liberated even in the -150+200 mesh fraction. Kyanite
content was higher in the coarser fractions compared to the
finer fractions. Average kyanite content of the ore was around
30% by volume or nearly 40k by weight, out of which coarse
kyanite constituted about 75%.




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

