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ABSTRACT

A low-grade pyrite sample from Ingaldhal, Chitaldrug District, Mysore, assaying
44-55 per cent Fe, 2783 per cent S and 1613 per cent Si0,; together with some
insolubles was received from the Mysore Geological Department for beneficiation
tests. The gangue minerals present were Chlorite, quartz, hematite and magnetite
and were intimately associated with pyrite. Straight flotation using potassium amyl
xanthate yielded a concentrate assaying 46-5 per cent S with a recovery of 90-28 per
cent. The use of alizarin red S for depressing the silica and other gangue minerals
showed slight improvement in the grade of the concentrate and the concentrate
assayed 47-82 per cent S with a recovery of 90-67 per cent. Artificial mixtures
containing 5 per cent S did not respond well to the alizarin red S treatment and the

dye has a limited use in the depression of siliceous gangue in pyrite flotation.

INTRODUCTION

It is known that in flotation, organic compounds capable of formfng chelate
complexes have been used as collectors as well as depressants for minerals. A
compound that can function as a depressant in flotation, should be capable‘of
reacting with the metallic ions commonly encountered in flotation pulps resulting
In the closure of the ring on the mineral surface and the fnncr complex forhmed
should be hydrophilic in character. Alizarin red S, a substituted hydroxy aglt 1;.:10
quinone, C,4H,0, (OH),SO,Na. H,0 has been used as a depressant for cass! el;hc
in fluorite flotation,! for beryl in the flotation of quartz.* and for quartz :“ .
flotation of monazite, zircon, ilmenite and rutile® and f:hromttq.‘ Thﬂl' dye lnld
not been tried in depressing siliccous and other gangue in sulphide flotation :
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h a study has been made on the effect of alizarin red S in depressing siliceoys
ence _

gangue in the flotation of pyrite.
EXPERIMENTAL

Assay.—The pyrite sample used in this investigaiim: wzis from yngaldhal,
Chitaldrug District, Mysore, and consisted_ of lumps of g -147 C'he[mcal testss
revealed that the sample consisted of pyrite and marcasne and. dSdeed'44. 55
per cent. Fe, 27-83 sercent. S, and 16-13 per cent. Si0O, together with some insolu-
bles. The pyrite content based on the sulphur content t_:Jf the _sam,)le would.be
52-5 percent. The gangue minerals found associated with pyrite were chlorite,
quartz, hematite and magnetite. The lumps were stage—crusl:led in a 1-?“3
crusher to pass through 10 mesh (B.S.S.) and ground in a ball mill fgr flotation
experiments. The screen analysis of the ground product is represented in Table |

TABLE 1
Screen analysis

Size fraction Weight per cent.
+ 60 mesh . 5-6
— 60/+4 100 mesh - (-8
—100/4+ 150 mesh . 1.7
- —150/+200 mesh . 4-1]
—200 mesh ;s 87-8

—_—r ——— ' D= e

—

Preliminary experiments revealed that deslimed pulps yielded concentrates
of higher sulphur assay than the ground ore in natural state and consequently
experiments reported herein were carried out with deslmed ore. It may be added
that about 5 per cent. of slimes were formed during grinding, the slimes assaying
19-6 percent. sulphur. Flotation tests were carried out for determining the

amenability of the ore to straight flotation and the role of depressants as alizarin
red S and sodium silicate in pyrite flotation.

Straight Flotation—In the tests, the Fagergren laboratory flotation cell was

at pH 4-5, while a concentrate assaying 42-02 per cent. sulphur was obtained in

alkaline circuit at - ' :
ey ”l-ll at pH 8-0 with 876 per cent. recovery. The results are shown



'SIWIIS Yim 310

8 | | | ) - .
Gr-6 9 0-1¥ durey

L PI-88 4284 0-¥9 | 3‘NUIdUOY ‘0 .o .Z m X _, i

m 9+8 ZI+9 g-£P : Fuire | q 0 e . S€-0 620 ' 0-8 g[
= 0-88 6g- LY 918 9B 1Uadu0;) ez-0 . o 1 | .

< 616 £9 9-0F Jupe ] | 90 | ge0 630 o .
S 1668 00 FP 099 | AeUIIUOY . | " 0:2 0+ 1 | . !

X 0i 6 9L-g O-r¥ _ duipiey | 50 §+0 0:8 14|
= QL+ LY ¥E-L¥ 9-1¢ i 9)BIUIDUOY . . - . |

3 gr-01 | ¢ckeL 8:LE | sSurpe] @0 | ggo g0 g9 3l
L 09:L8 30-3¥% 089 2)B11UIILO") r . . X . | |

& 236 999 0-1¥ Ruipey, 0o | 0-1 g0 G20 0-8 . It
K 8506 g-9p 0-%9 eNUIOUOT) . | .o ‘o : i . . _

“ £8- 91 61-31 -8 Sune 0 €0 €0 gy ol
o 90- I8 6:LE g-6¢ eldasruoy | . o 02 ’ . . _ _.

W 8g-£1 08 Py Sumre, ! 01 <t-0 %0 08 .6
L2 3898 G-oF c-go AIBNUIDUO ) .o ! i e . 1 ) | . . |

= 82-8 €9+ b 1F Suipre | g0 g¢-0 BRI S .8
W 90-06 . e L¥ 0-€¢ 231B11U3DUOY) 1'0 10 .o e . ) ! : “

S g¥-0l SL-9 0-C¥ Suire | %€-0 01-0 e | L

gg- 68 . BPrLy ¥-39 S1ELIUBOUOY) I:0 © 1.0 . . ) _ F

S : m o .m A._..._.._. . . |
& 9-6 i 809 2 ¥ Suijte “ £-0 ¢0  SF 9
v 1r-68 . 1S L¥ ¥-6g 21BNUIIUO ) = 01 o G0 op. o7, . |

3 P8, £9-C Z- g Fayne], m = <o S R
& L9-06 | &B-LF 866G NELUSIUOT) " gé- 0 = SO . . :

o ’ : o Q ¢ O ¢ Q | 4 :
= C¥+ 8 309 2-8¢ Juire |, u i 6 " | ¥
e g9L-06 ! ¥8-3¥ 0-8¢ . S1EnUIdUOY i [-0 02 01 ¢e-0 | ©z-0 08 | ¢
R ee-8 10-9 G¥Y duipre, __

> £€-68 66 LY 9-¢¢ P1EI3UION0 ) e _ 1°0 . b €0 Ce.0 czZ+0 C-¥ z
< ¢6-6 . 82-9 0-¥v Jurjre, |

S i B 818 S1EaHINeY 6040 - g-0 ¢g-0 €g-0 &r 1
3 |
= | : : Ly
% | | areanis g pay | spiydins | ajeydins o suyg | STEqIUEX
M S "1ua2 Jad | S uad d © quad aad s1~npoid ‘pPog ULIEZI(Y "POS | 1addony . = [fure ‘104 Bk
R £19a029y ! fessy * g3 A UQIIBIO],] | _ _ : A L Hd dxig
m _ | _ uoi/*q| sjuafeay |
b, S
e S ‘wad Jad gg-1z7 Aessy pesj]

saidd nyppsup fo wonuviolf

It 318v)



SRINIVASAN AND R. K. RAMA MURTHY

06 N. R.
alizarin red S has been studied with

Depressants.—1The effect of the depressant allz . stue i
change 1In concentration of the dye both 1n itself, and in combination with

sodium silicate. In general, the acid dye has shown slight improvement both
with regard to the grade of the concentratc and the recovery of the value as

revealed by data embodied in Table IL.
the first flotation tests were reground to 98-9

per cent.—200 mesh and floated using the same reagents as men}ioned earlier in
suitable concentrations. Since the response was rather poor, in one case the
tailings from the second flotation were reground and floated again to better the
overall recovery. Results of the tests are shown in Table III. However, it was
soon found that the nature of the locking of pyrite with the gangue was responsible
for the poor flotation results. Ore microscopic studies with the reground tails
mounted in bakelite, revealed that pyrite was in close association with chlorite and
hematite. The latter was identified by its dark grey colour, weak anisotropism
and dark brown polarisation colour and pyrite showed brass yellow colour with
high relief and isotropic character.® However, chlorite was identified separately

in transmitted light through its light green colour, pale to dark green pleochroism

and polarisation colours yellow and green.”

Tailings.—The tailings from

The photomicrographs reproduced reveal that pyrite as veins and also blebs
is locked in binary particles primarily with chlorite. Photomicrograph 1 records
a typical reground tail sample showing bright patches of pyrite in several particles.
Some particles show less bright patches and others show only streaks which appear
submerged. It is believed that in the tails all the particles are not oriented in the
same direction or depth with reference to pyrite and hence wherever pyrite has
been exposed and polished, bright spots appear. In other particles the (appear-
ance of pyrite) colour and intensity are dull depending on the area of pyrite vein,
orientation and the depth at which it is embedded® in the chloritic gangue. Photo-
micrograph 2 shows a particle which is under focus. It should be added that this
particle, which is thin and long. reveals pyrite as interspersed by chlorite and also
completely covered by it. Therefore it is easy to discern that the pyrite surface
would never be free to react to the flotation reagents and hence the loss of the

value in the tails.

| .Lean Ores.—In view of the fact that flotation tests with alizarin red S were not
significant, it was felt that this might be due to the low siliceous content of the ore
Therefore an attempt was made to ascertain whether larger amounts of gangue ir{
lean ores would considerably alter flotation results. Experiments were tried with
low grade synthetic pyrite ore containing quartz as gangue, assaying 14-0 and 5-0
per cent. sulphur respectively. The flotation tests were performed under the same
conditions as !nention?d earlier and the results showed that improvement was d ain
smal'l, as an increase of 0:26 per cent. in sulphur assay of the concentr';te gwws
obtained with the use of the dve. The results of the flotation of le: ‘ "

represented in Table LV. s ores A



te 97

e

yrt

f P

ion o

Is in Flotati

inerq

Depressing Siliceous Gangue Mi

n

66°6 669 G+ge _ Suijie _ ”_
8- | 9%-LI ¥0-¢ | 81enusdu0) i so . ; . |
69+¥ 69-¢ 09-¥¢ g dumey, o 0 i al*e. | 0 i
€1-¢ ! £-¢1 L-q i 3YP1IUIDUOCY) ‘o e s cz- | . . ._
g% | L¥ 8.9 Juiey, ¢ " Y shd . o 01
€0-31 . 9613 09:31 | @lenuaduoy . . 01 S0 ' 910 310 i 0
A 3 | 4358 0-83 | Suyre], “ “ '8 B
146 | 9L81 | FEL | 3enusuo) & “ 630 9140 A
] . ! . E i m.v ﬁ
¥0-¢ 6-¢ | 0-9¢ Juipeg, _ @
PE-§ 61-L1 | t-g QIENUIUOY  g0+0 ¢0+0 ¢ €30 | 910 60+0 g
i _ R % L
FARS 8L-8 : 0-¢t Junre], |
€99 1L-61 08 2BNUDUO) | €0-0 ¢0-0 . 620 10 310 q-¥ 9
36 ¥ BL-€ 3-9¢ Suilie, _
GL¥ av-91 _ 08 _ Em._:m_muzcu . 08:0 . ez+0 010 21+0 dih ” ]
€0-¢ L% 8:LE | uie], _
89-€ 86-81 Op-S | 91BINAdUC) .. ¢gr-0 o Gg-0 91-0 ZI°0 . G ¥
60-% 3L-€ 0:0¢ urjie], |
hm.w ve -1 gel “ E.mbwuunou o 050-0 0-1 060 910 6l-0 0-8 &
66+ 8 96+% __ b lE utjie g,
A 0£-Ll 89 _ it b 0200 e ¢Z+0 91+0 gr0 - 9 z
90-¢ CO¥. |  B-PE urie], | _
98-¥ oL-¥l ¢'6 _ 1B UGIUO]) L ¢60+0 " ¢e-0 91-0 ol-0 Ll 4 |
g ] X = I 2l FEGESE NERNE_R e - e g - —
! | ._
, , RIESHIR § g ey | ephydie | swndyng) L Lo o SUEGGOER |
g uad d | gt quadaad | jued aad $1OPOl] Pos CHERILY Pos saldes - AW 04 - d ‘ON
A13A09Y Aessy LI TERVN ucne;o|] 5w st _ 5 : _ - ] H 1dxiq
_“ uoy/'q| siuaBesy _

arin Red S

-
-

]

Al

§}ip] punodsaa fo uonviofy

111 318V



9¥ N. R. SRINIVASAN AND R. K. RAMA MURTHY

TaBLE 1V
Flotation of artificial low-grade pyrite
o e s g © S e I
Reagents |b./ton -
: G i - S R Flotation Wt. Assay Recovery
sSample 11 _ roducts er cenl. [per cent. . per cent.
N P ; : p P :
i Pot. amyl Pine | Copper | Alizarin g A
, xanthate cil sulphate| red S
|
'! .
| * - : .21
1 4+5 0:25 0-35 - 0:0 Concentrate 1| 30-6 43 1 | 94
| 0-12 0-16 0:26 e do. 2 3-84 8-34 2-28
| 1 | Tailing 63-6 | 0-49  2-23
o | 45 | 02 | 025 | 05  0-25 | Concentrate 1| 31.0 | 43.30 | 86-01
0-12 ! ¢-16 | 0-25  0.12 do. 2| 87 | 7-271 @ 1.92
| Tailing 63-3 | 0:-36 | 1-63
3 | 445 0-25 035 | 05 . .. | Concentrate 1] 10-44 | 41-12  85-84
' 0-12 6-16 | 0-25 | .. do. 2| 25 | 7-66  3-84
:, Tailing 84.2 | 0-44  7-4
4 4.5 0-25 0-35 | 05 | 0.25 | Concentrate 1| 10-6 | 41-31 | 87-56
0-12 0.16 025 0-12 do. 2 3.24 | 642 @ 4-186
i Tailing 827 0-37 = 6-12
i

Note.—The head assay of samples 1 and 2 was 14 per cent. S. while that of 3 and 4 was
5 per cent. S.

DISCUSSION

It is well known that quartz and other granular silicates are easy to depress
in sulphide flotation.? In straight flotation of pyrite, it was better in the acid range
at pH 4-5 than in the alkaline range at pH 8-0. In a single stage flotation, 90-3
per cent. sulphur was recovered in a concentrate assaying 46-5 per cent. sulphur,
The increase in pH lowered the flotability of pyrite and also lowered the possibility
of its activation by copper salts as has been reported.’® Reflotation of the tails
after grinding yielded a concentrate assaying 15-3 per cent. sulphur and by this
operation the overall recovery was raised to 94 per cent. These results are similar
in nature to those reported recently’! on a sample of pyrite from Chitaldrug District,
Mysore, which assayed 40-92 per cent. Fe and 34-69 percent. S. The flotation
concentrate assayed 47:9 per cent. sulphur with a recovery of 86-5 percent. In
the present work, the overall recovery has been calculated on the total sulphur
present in the feed including the slimes. From several experiments conducted.
it was ::)bserved that the slimes accounted for 1:0-1-5 per cent of sulphur and the
remaining 4-5_-5-0 per cent. of the total sulphur as pyrite was found to be in close
association with gangue minerals, though the tails from the second flotation were
reground to 98:3 percent. — 200 mesh. Microscopic studies of the flotation
;alli ;e?.feale_d that the pyrite occurred in the form of small veins and blebs
['?;r: th;“g::z‘lg’ n?iig:zllzsp?;?ni:;y with chlorite. The non-liberation of. pyrite

proper collector attachment on the pyrite sur-

L]
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izarin

in the tails. In the soap flotation of
face and this acc'ou'nt?;l f:; ;h;aL?ZL ot; ]:'lil:lize v iy, the vefvensd was non-
quartz using 018[.3;3-; pound per ton of alizarin red S was used.! It is known
floatable w_hen Oﬂ tation of quartz below pH 7-0 in the presence .of the dye. The
that tht:ﬂ:re 1S tqno (;terite by alizarin red S was aided by barium ions as the laﬁtter
depression o _cassensmzcr while in the case of quartz, the amount of d.ye required
act as deprf:sslqn S sl wth the vongentration: of bastunr G present in the pulp.
for depression :ncri caeried out &t a pH of 45, vopper sulpha‘te In excess of the
In .thf-‘: Pfese_“t S ortion to amyl xanthate and the concentration of the dye has
Slowhlon.]emfc prog'osnl -0 pound per ton of ore. It was observed that the use of
e s rf?tion of alizarin red S had very little effect on the c!epress:on of
v]?nei c?:iﬂirrlerals There was an improvement of [-32 per cent. in the grade
cterthge I:f:mc::ntratf': and in recovery by 0-4 per cent. with the ﬂl;se_: 0{ :heddy:éssj;lﬁz
concentrations of the dye used in the ﬂota}lon tests were sufficien (:atzpwas i
gangue minerals but still the improvement in the grade of the concentr
significant with the use of the dye.

In the case of the flotation of artificial low-grade pyrite §amples also, it ﬁas
been observed that the grade and recovery have only bffen sllght!y bettered, i.e..
by 0-26 and 1-8 percent. respectively. Though there is some Improvement, l.t
should be conceded that it is only slight. Therefore from the above results, it
would appear that alizarin red S does not seem to have.a markedliy pronounced
eflect on the depression of siliceous gangue in the flotation of pyrite.

CONCLUSIONS

Pyrite sample from Ingaldhal, Chitaldrug District, Mysore, assaying 44-55

per cent. Fe, 2783 percent. S and 16-13 per cent. 510, together with some inso-
lubles was beneficiated by flotation.

The gangue minerals present were chlorite, quartz, hematite a

The use of the dye alizarin red S in the
in slight improvement to the grade of

nd magnetite.

depression of gangue minerals resulted
the concentrate and recovery.

The best flotation concentrate that was obtained assayed 47-82 per -cent. sul-
phur with a recovery of 90-67 per cent.

By refloating the tails the overall recover
with a slight lowering in the grade; further
close association of gangue with pyrite

Artificial mixtures of pyrite
Tespond especially to alizarin re

Y could be raised to about 94 per cent.
recovery was not possible due to the

as revealed by ore microscopic studies,
carrying as low as § per cent. sulphur did not
d S treatment.

The dye appears to have a Ii

| mited use in the depression of siliceouys
In pyrite flotation.
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ProTOMICROGRAPH 2. Locked pyrite particle, — 200 mesh. Reflected light, 500 .
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