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Floc -ulation Studies on Iron Ore Fines Using

Synthetl...,

Polymeric Flocculants
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ABSTRACT

studies on Donimalatr haematiiic
nolymeric flocculants.

Flacoutation
synthetic

Iron ore ftines
Califloc was tound to be an efficient flocculant and more systematic,

were carried out using varvious types of

statistically designed experiments were carried out in order to evaluate the role of various parameters

suchv as pli, flocculant and calcium concentrations on settling rate and supernatent clarity.
sarameters  atfecting the {flocculation process are

cheimical

INTHODUGCTION

Our country 1s on the threshold of [arge scale, mechae
nized minmg and nuncrals processing  activity  wiii
fespect to ron ores, to mect both the mternal domaends
and ~xport commitments.  Signiiicant amounts of iron
or¢ fines are generated while mining as well as nro-
cessing of 1ren ores. These fines, high i iron conient.
arc  a good source ol gron atself and neced spociad
processing  before reduction.  Also, accumulations  of
finecs lead to environmental protlemes due heth 1o
‘dust generation and water polluiton

This work was undertaken o study the amenabibiy of
typical hacmatitic ore fines of India to fiocculation by
indigenously  available flocculants.  No previous work
in this direction has been reported. Several tvpes of
indigenously  available svnthetic polvimeric flocouiants
were screened for this purpose.

EArEIOINVIE N T AL
Iron orc samples of the following composition were
reccerved  {rom M s  National Nhncral Developmen
Corporation, Donimalai

e H1.59

S10); 4.207

AL, 4,607

a0 0.59,

—400 mesh sieved fractions were used m the Hococula-

tion tests.

Details of the various synthetic flocculants used in
this study are given 1v Table 1. Polymer samples were
weighed accurately and added to known volumes of
water and stirred to prepare clear solutions.

-
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{c) to  seciect

Analar

Pnysico-
discussed.

grade calcium  chlonide  was  used SOmMe  tosts.
Hydrochloric acid and sodium hydroxide were used
as pH modificrs. Distilled and deconised water were
used in the preparation of all solutions.

Preliminary tests were performed to

(@) assess the relative
varicus polymers

fiocculation officiency of the

(b) to understand the role of varvicus parameters such
as pH, calcium and flocculant corcentrations and
to nvesticate the cffect of the
tion  with  iespect to
additions.

seoeince of adds-
vt .h.' R .r! '-: e S w ] r ey
caloram angd Hogcculans

b
d

proper experumental  condilions ond
precedures.

The ore sample (50 grams at 59, pulp donsity) was

placed i a 10600 ml graduated cvlinder and water

added to near the 1000 ml mark so that subscguent

add:ition  of rcagents would zive a  pulp volume  of
1000 ml. The cyhnder was tumbled ten tmes o
ensure  homogenized  dispersion o1

purticles.  The
flocculant dosage was added 1 one nstaiment ¢nd th
cvlinder tumbled ten fimes before allowed to o scttle.
The lcvel of the pulp was noted for overy fiiteen
scconds till the settling was complete. The cyhinder
was once again tumbled ten times and the pulp Jevel
noted as before. Turbidity of the supcriatent solu-
tions was measured using a Toshniwal make Turbidity
meter.

v

RESULTS AND DISCUSSION

Settling curves for different flocculants were plotied s
Jiown in Fig. 1. The relative strength ol the flocs
formed could be related to the area between the first
and szcond settling curves ; smaller areas mean higher
flcc strength since the ﬂocs do not disintegrate cven
w'th ten tumblings after first floccutation. This e turn

v . 1 . 2 Sy P ¢ ¥ ?
is related to the steepness of the scttling curves (setthng
VOLUME 30, Nt 6, DECEABERE Ja—-02




TABLE I—Details of synthetic polymers used in this work

S. Name of floccu- Suppliers Chemical Molecular Nature of Remarks
No.  lant COMposition weight charge
. Caflo N-6 Commercial  Major ingredient- 2 1o 3 lakhs Anionic and Powder form ;
| Corporates, galactomannan calionic cliicient
2. Caflo N-7 Calcutta polysaccharide flocculant
3. U.D.A. (powdcr) HICO Condensate- Approxmmate - gocd dispersant ;
. Products Naphthalenc Mol. wt. mcihlicient
4. U.D.A. (Liquid) Private sulphonate 490—501) flocculant
Limuited, o e e - |
Bombay Hydrolysed 1.5 million - not cllicient
5. 955-D acrylamide to 2 million flocculant
6. Hvfloc A - NON-10N1C Yellowish white
viscous liquid ;
vood  flocculant
: 7. Polyacrylamide(N) Laboratory Polyacrylamide — Probably Crystalline
; prepared NON-10NIC type : casily
sample— soluble 1n
know how water ,  very
; with (.CL]. efficient
§ chemicals. flocculant
kS Nagpur
8. Polyacrylamide G.C.L Polyacrylamidc - Non-1onic Viscous hiquid ;
el % (commercial) Chemicals. Not tested
213 Nagpur
By 0. Califloc A Calico (CH,CHCONH,) . §x 107 Anionic Rubbery cake
vl Chemical. type . have 50%
T Bombay (GH,CHCOONa) solid content
,i 1_ in water |
Hi very eflicient
ek flocculant
gy L - - -
A8 10. Morfloc —A The Dharamsi Polymer and 2.5—3 Non-ionic Viscous liquid :
B Morarji Copolymer of millions i cflicient
i]’t Chemical acrylic acid flocculants
) Co. Ltd.. and acrylamide |
”E j* Bombay
i T e :
I E 11, Morfloc-PG Anionic Viscous liquid ;
A quite cfficient
g flocculants
% 12. Morfloc A-30 Anionic Viscous liquid ;
. quite clficient
‘} flocculant
I kS
i o I . | —
! 13. Morfloc A-40 H Anionic Viscous liquid ;
i quite ecfficient
h i flocculant
i : 14. Morfloc A-100 | Anionic Viscous liquid
- cood flocculant
.
1.
. - —
i
T
-
1.1' o |
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te) grealer the steepness, larger the relative density
u size of the flocs.

-rl"
;

|
T

--:}e.f{ji scttling rate and turbidity were plotted as a
pnctlon of increasing dosage of the flocculants as
hown m Iags. 2 and 3. 1t could be readily observed
gihat 955-D and UDA (powder and liquid) arc inefli-
1ent since the settling rates are very low even with
-;_:éf creasmg flocculant dosage. Further, turbidity was

Ry CaCl, - laro
; g PH - aa prepared wilh distiled water

cWant!  0OsEsag N dore DIITITE N, of ore  Q.052T0O kg 1 of e GOTBIThRGS |l of etg O.09E4 g/l ot ore  O.1Ta hg [1 ol aee
&E. ~ Rate; Q. 20cwmfimin B1 EE ¢/ man (1 .5Y cm/min . 118, 52 cm Jaex A5 cem g 118.%2 cm /pirenn
B twduity: 11,0 5 0 8.0 12,9 ‘.9 5.0

O Firat settling rate
® Secor<d selilvrg rae

J
{
. ool 1
30 60 30 60 30 60 30 60

TIME {sec}

Fig. 1 First and second settling curves for califloc at
B P.D. of 5%

CAFLO N-6

CAFLO N-7

UDA. {Powder)
UD A {Liquid)
955-D (Ligquid)
HYFLOC -A
POLYACRYLAMIDE (N)
CALIFLOC

MORFLOC A-30
MORFLOC A-100

MORFLOC A-40H
MORFLOL P G.

- D.- 5%
pH - as prepared with distilied water
CaCly - Zero

v +>x00C AP DO

»
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Amount of floccuiant, kg/tnn

ﬂg 2 Settling rate studies with increasing dosage of
et - synthetic polymeric flocculants
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found to increase with increasing amounts of the above
polymers. No settling of particles could be observed
with Morfloc A. With Morfloc PG, turbidity of the
supernatent slightly increased with flocculant addition.
Hyfloc-A was a better flocculant than the above. Mor-
floc A-100 exhibits steeper settling rates than Morfloc
A-30. Increasing concentrations of Caflo N-6 and N-7
decreases turbidity of the supernatent with simultane-
ous increase in settling rates. With Morfloc A-40H.
the settling rate was found to increase steeply with
increase in concentration. Still higher dosages, dec-

rease settling rate and increase turbidity. Califloc A

and Polyacrylamide (N) were found to be the most

effective with respect to both settling rate and increased
clarity of the supernatent.

Califloc was then chosen for a systematic evaluation
since its usage resulted in higher settling rate and floc
strength when compared to Polyacrylamide (N) for a
given concentration. The minimum califloc concentra-

tion required to initiate settling was found to be about
0.006 kg/ton.

The effect of addition of calcium chloride at a constant
level of the flocculant addition at 59 pulp density at

natural pH was then studied. Turbidity was found
to decrease with calcium additions.

60

40r

101

PDz5"

CAFLO N-86
CAFLO N-7
UDA (Liguid)
955-0 (Liquid)
UDA. { Powder}
HYFLOC - A

FOLYACRYAMIDE (N)
CALIFLOC

MORFLOC A-30
MORFLOC A-100
MORFLOC A- 40H
MORFLOC PG

pH-as prepared with stitied
wolzr !
CaCly -2ero

Turbidity
T
-
]

+ x B0 0O 4 0P Qo0 &

]

- oy _—ﬁ .

L 1 )i 1 l J

O 0.1 0.2 0.3 0. 4

Amount of fiocculant, kg/tnn

fig. 3 Turbidity studies with increasing dosage of syn-
thetic polymeric flocculants
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Effect of pH on settling rate and turbidity at a constant upto 4, then decreasing slightly and then remailing at
califloc concentration of 0.012 kg/ton was also scpa- a constant level till pH 8.2. At still higher alkalme

ratcly cvaluated at different levels of calcium chloride values, the settling rate was found to decreasc sharply
addition (calcium additions were made only at pH 10 the absence of calcium chloride additions. Thus §
values higher than 10.2). As can be seen irom calcium additions were found cssential at alkaline pH

Fig. 4, the settling rate steeply increases with pll levels to achieve desirable settling rates besides the
presence of the flocculant. Turbidity values Were |

found to decrease gradually upto a pH of 4 and then
100' - steadily increasing upto pH 8.2 above which 1t in--.-?.t.'_

i creased still steeply. ]
Per ton of ore |
N - The effects of sequence of addition of calcium and the

S0f- o Zero CaCly flocculant were then tested at pH 12 (for a calcium

chloride level of 1.05 kg/ton). Irom Fig. b it couldﬂ» ;'T-

be seen that, when califloc was added first, the setthng f
rate was very low, although increasing flocculant dos-

> ages increased the scttling rate marginally. The
| O turbidity value, on the otherhand, initially decreascd
. l and then increased rapidly with increasing ﬂoccdant j
’ = /40;“ concentration. Initial additions of calcium chloride on 3

the otherhand, drastically increcases the settling rate
and sharply decreases the turbidity.
Tests were then carried out by adding mcreased

amounts of calcium chloride at two flocculant Ievels,
namely, 0.006 and 0.06 kg/ton, at pH 12 and the

100——
801 pH - 12 "
o J Calcium - 1.050kg/t of ore
¥ 60 - O CaCly added first 4‘“
| 5 60 @  CALIFLOC added first
2 PD =5 k.
T 5 0 N . LOF _
| - 20+ ' |
= 40 5 5
§ —
- 100 u
> -
*é 30 | | | =
o CALIFLOC - 0. 012 kg/t of ore .: 80r
= o0 P.D. - 5% £
AUy 6 60
N o
O i
20k it
} [ l ) O t - | [ 1 1 |
() 7 L G 10 Q.04 0.08 0.2 0.16
o Flocculant dosaqgz, kg/t of ore *
Fig. 4 _E-}{:iiling rate and turbidity variation with vary- Fig. 5 Seitling rate and turbidity variation with increas
g pH and increasing CaCl, addition (at higher ing dosage of califloc at fixed calcium con-
pil) at constant P.D. and califioc concentration centration when order of addition is reversed. 4
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“rewhs are shown in 11g b. It could be seen that

Ethe settling rates at lower flocculant concentrations in-
,CI‘&ISL gradually. At higher calcium chloride additions,
Fthe trend was towards rapid crease in settling rate.
At higher califloc concentration, on the otherhand, the
settlmgD rate 1ncrcascd with calcium chloride. At still
hlgher calcrum dosages, the settling rate tends to
iremam constant. ‘Turbidity  values increase to 36
*when 25 kg/ton of calcium chloride was added, with
:tht formation of  Ca (OH), preciprtate. At higher
¥ califloc concentrations, turbidity decreased.

'-""'Factorial experiments of 23 type as detailed in Tables
L 1 and 11T were then carried out followed by an analysis
Of variance to {ind out the main effects and interactions

1 aﬂ'CC'[ll]f:, the flocculation prpcess. It was observed that

at lower pH range, the settling rate is strongly depen-

£ dent on the amount of califloc added. The amount of

g suspended particles in the supernatent depends strongly

On pH, califloc and calcium chloride concentrations.

At higher pH also, the settling rate is strongly depen-

dent on pH and califloc concentration, calcium

concentratlon and pH are also significant factors.

Turbldlty, on the otherhand, depends strongly on pH,

i calcium and caliloe concentrations and also on the

_-,i'f' interaction between calcium and pH, pH and califioc

f'md possitbly between calcium and califloc.

:-

i

; Ky . -‘-": - - I
'r ;-.-ﬂnﬁ- d'--

4L0
..
| pH - 12.2
30
’ S {a 0.006 kg/t ¢t ora
! O  0.060 kg /! of are
g P D - 5 'T-
10 \
O™ O
o
O — 1 O '
©
70
SR ' pH - 12.2

| ®© 0006kqg/tof ore
Calittoc {
oo " 1o 00e0kg/t of ore
PD &7
L0t
il /
ATy i
Ll ir ',..5
F g
i i |
0 20 L0 60

CaCl,, kg /t of ore

Fig. 6 Settling rate and turbidity variation with increas-
ing dosage of calcium chloride at lower and higher
value of flocculant concentration

Res ponse

TABLE II—2’ factorial design (at lower pH level)
lractors (C)
- + AT 7? (OC)
*."-_."., A = pH 6 Q ¢ , 7 y 7/
:». = Calaum kg /ton of ore 0.02596 0.1558 b —
:-;(, = Caltloc L':_r f‘[(m ol ore 0.G06 0.06 ( C> }:{_ C “_-?/(ab F)
g 1 |
% l' (1) { i

g, 1, = Sctthng rate (cm/min.)

Y, = Turbidity I B _é//

Y, = Residual Car+ in 25 ml. of supernatant (mg) . (b) “““““ (Ob>

Variation Factor levels Responses

? A B C Y, Y, Y,

E - g ——

1 6 0.2596 0.006 48.04 24* 0. 076152

A 9 0.2596 0.006 Zero 70%* Zero*

& b 6 1.5594 0.006 52.36 16* 0.214428*%

g ab ) 1.5594 0.006 60.38 HhO* (0.02-1(+18+
g C 6 0.2596 .06 118.52%* 4% 0.06012

k- ac 9 0.2596 0.06 119.78 S0 Z.ero

o b () 1.559:4 (.06 108,32+ g+ 0.21522

p abye y 1.5591 (.06 98.77 14* £ero
Repeat test

ke abo () 1.56594 0.00 99.82 10 0.036072
! 91.90 10 ().0501
-f__: 108.32 i1 0.072144
| 112.88 10 0.036072
A i 91.41 9 0.052104
108.32 8.5 0.008016
tpossibly signtficant for 9590 confidence limit.
*denotes high significance of factor/interaction.
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. FFactors
E — +

A = pH 9 12
B = Calcium kg/ton of ore 0.1558 1.0388
C = Califloc kg/ton of ore 0.006 0.06

B e L
—rr

Response
Y; = Settling rate (Cm /min)
Y, = Turbidity

Y; = Residual C,** in 25 ml of supernatant (mg).
=
Variation Factor levels
A B C Y,
1 9 1.5594 0.006 60.38 50%* 0.024048*
a 12 [1.5594 0.006 17.36% 70%* Zero*
b 9 10.388 0.006 40.04+ 27* 1.1022%
ab 12 10.388 0.006 21.71+ 2% Zero*
;. C 9 1.5594 0.06 08.77% 14% Zero¥
) ac 12 1.5594 0.06 63.38 50% Zero*
: be 9 10.388 - 0.06 74.87 4+ 1.2224%
abc 12 10.388 0.06 59.26 D+ Zero¥®
Repeat test
abc 12 10.388 0.06 56.59 3 Zero
69.72 2 Zero
64.07 4 Z.CTO
56.44 5.5 Zero
58.78 2.5 Z.ero
59.26 3.5 Z.ero

* highly significant for 959, confidence limit.
tpossibly significant for 959 confidence limit.

L dih * TABLLE 1V—Hexagonal design and response data for varying pH at lower range and zero
Eu - calcium concentration
" Factor Range :

Flocculant (califloc) = 0.01522 — 0.0568 kg/ton of ore.
.alcium concentration = zero.
RespmzseS .

Y, = Settling rate (cm/min.)
Y, = "Turbidity

- S e o T e T e e e
-
.« .

Design level I‘actor level: Responses
| X, X5 pH betfore pH after Flocculant Y, Y, -J
floccula- floccula- conc.
___ tion tion
1.000 0.0 8.0 7.55 0.086 77.32 80 i
0.500 0.866 7.5 7.5 0.0568 117.89 50 i
—0.500 0.866 6.5 6.7 0.0568 106.88 19 ]
| —1.00 0.0 6.0 6.45 0.036 81.74 9
—0.500 —0.866 6.5 6.5 0.01522 47.16 165 .
;j, 0.500 —0.866 7.5 7.5 0.01522 42.18 50 |
L 0.0 0.0 7.0 7.0 0.036 77.75 18
0.0 0.0 7.0 7.1 0.036 85.11 28 i
1.0 0.0 8.0 7.5 0.036 74.47 80 &
| — 1.0 0.0 6.0 6.2 0.036 78.80 11
: F —0.036 %
f Code X, =pH -7 ; Code X, = -~
| 0.024 4
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fl]tf‘ sepdrate orthogonals JlC‘Xd&Olldl (lcslgm-—mo al

uu pil levels and one at higher pH level were then

rmuldtcd at tllustrated in Tables 1V to VI. Based on

uch hexagonal designs, regression equations were deve-
u to equate settlhing rate and turbidity with the
» B.I'I&blt,b Response contours were then plotted for
fwo responses ; namely, settling rate and turbidity as a
H function oi  the varviables as illustrated  in figs. 7
B 12

..|.|

’§
grrigure 7 shows the surface contours for settling rate.

#- nature of the above surface contours indicate that
th pH and califloc concentration play an important
le in bringing about higher settling rate. Upto about
l* kg/ton of the flocculant, for attaining a similar
.1 t]mg rate, higher amount of califloc are to be used
R th mcreasing pH.  In other words, from an cconomi-
~view point also, 1t is preferable to maintain lower
at which only smaller concentrations of califioc is
a to achieve similar settling rates as at higher
= '.__, Howwu there is o change in the nature of the
spansu surfaces for higher califloc  concentrations
«* 0.04 kg/ton). In this case. the amount of the

hﬁoc required to- achieve a similar settling rate in-
_.eases with decrease in pH. with a minimum point

Iy

& calcium concentration

| .1 e Pl S
| )

B Il =06 -8
& Dlocoulant (califlocy = 0.01522

A R honses

-\, = Scuding rate (Coynnn)

T — .0068 kg/ton ol
B Calonum concentration (hxed) = 0.0525 kg/ton of ore.

at around pH 7 to 8 ; again showing a slight increasing
trend at higher pH.

The above response contours have to be compared
with those obtained in the presence of a fixed calcium
concentratton (.06 kg/ton) (Fig. 9. The IESPONSE
surface show a similar pattern throughout with respect
to settling rate as a function of califloc concentration
and pH, unlike the ones for above case. Settling rate
mcreases with increase in califloc concentration. How-
ever, there is a pH region around 7 at which the califloc
concentration required, to attain a desired settling rate,
1s minimum. In general, the amount of califloc re-
quired to get the desired response decreases with pH
upto about 7 and then increases.

The effect of calcium, however. becomes significant
with respect to turbidity as has already been brought
out. Response contours for turbidity in the presence
and absence of calcium in the pH range of 4 to 8 are
givenn - Figs. 8 and 10. In the absence of calcium,
better clarity of supernatant could be achieved in the
pH range of 5 to 7. The effect of califloc concentration
is mcreasingly felt only in the above pH ranges, and
It appears as though turbidity becomes independent of

,g 1ABLE V—Hexagonal design and response data_for varying pH at lower range and fixed

e,

BUNSACTIONS OF THE INDIAN INSTITUTE OF METALS

i Y, = lur hl(ll[}*’
Y = Restdual calenim = zero.
. ﬂt ])(‘:Igll level] Factor level ]{CSPOI]SES
- — S - - — —_
N X, pH belore pH atter Flocculant Y, Y,
. floccula- floccula- CONC.
- tion tion
B 000 0.0 8.0 7.5 (1.036 76.06 1
. (1.500 0.856¢ 7.5 7.4 (3.056 106.59 L0
, E —0.500 (.866 6.5 7.0 0.0568 102.79 |
| *’,.-?:- F.000 0.0 (r.() (r.5 (1036 - 79.01] ()
:s. i — (0.500 —(1.866 6.5 0.7 0.01522 48.99 1o
f v 0.500 - 0.866 7.5 7.5 0.01522 51.55 14
0 0 7.0 6.95 0.036 84.88 10
B 0 () 7.0 6.8 (1.036 79.0] 9
g 10 0 3.0 7.85 0.036 79.0] 12.5
1.0 () (.0 5.3 (1036 78.98 6.0
. :;;-;-‘-% . - T T —
: F phl —7 F—0.0036
B Code X, = , Code X, =
r.‘fl!.

VOLUME 339, NO. 6, DECEMBER 1986—633




Pt W e e More— e L -—
'-._"_

= iy gl T - -
o -
.-

TABLE VI—Hexagonal design and response data for fixed pH 12 and varying cal-
cium and califloc concentration

Factors .

pH (ixed) = 12
[locculant
+Calcium = 1.04 —2.08 kg/ton of ore

Responses s
Y, = Settling rate (cin/1mn)

Y, = Turbidity
Y, = Residual calcium = zero.

(califioc) = 0.0136 — 0.0344 kg/ton ol ore.

Design level FFactor level Response
X, X5 Calaum Flocculant Y, _ Y, |
1.000 0 2.08 .024 H6.74 15.0 :
(0.500 0.866 .82 0.0344 56.14 1 2? |
— (1.500 (0.866 1.30 0.0344 59.249 0.5
— 1.000 0.0 1.0 0.024 5H7.95 19.0
— 0.500 — 0.866 .50 0.0186 37.42 14.0
—0.500 — 0.866 1.80 0.0136 36.94 12.0
0.0 0.0 .56 0.024 H5.42 14.0
().0) (.0 .56 ().024 H3.5% 1 2. (J
1.0 0.0 2.08 (0.024 58.28 4.5
1.0 0.0 1.04 0.024 57.04 25.5
Calcium — 1.56 - o k.
CGode X, = ie. 0.52 X, + 1.56 = Calcram.
0.52
Flocculant — 0.024 _ ﬂ
Code X, = ~ ie. 0.012 X, -+ 0.024 = Floccu ant -
- oon

califloc concentration at higher pH (though a simular
srend has been observed toward acidic pH, no special
mention of the same has been made here as  these
cgions were arrived through extrapolation).

The contribution from calcium additions can be seen
in the light of widening of pH range for obtaining
acceptable levels of clarity for the supernatant for a
given califioc concentration. However, the clarnity
further improves with increasimg dosage of califloc
fixed calcium concentration in the pH range 5 to 7.

As has been mentioned earlier. the effect of calcium
additions becomes highly significant only in the high

alkaline regions. Response contours for sctthng rate

and turbidity for a fixed pH of 12, with varying cal-
cium and  califloc  concentrations are given 1n
Figs. 11 and 12.

The role of calcium at this high alkaline pH appcars
to be a bit complex. As has alrcady been established.
the interaction between calcium and pH on the onc
hand and that of calcium and califloc on the otherhand
arc highly significant. The results  with respect 1o
settling rate and turbidity hence. have to be interpreted

634—VOLUME 39, NO. 6, DECEMBER 1986

with the above knowledge. In the clarification .f
mineral suspensions, calrity  of the supernatant s h’.--"
more important aspect than settling ratc. Though one’$
would accept higher setthng rate coupled with mcreased
clarity as the desired condition, there arc exceptions to
such a role. It would. therefore. be better to ook for 3
maximum clarity coupled with “acceptable xt,ttlmg
rate”. which need not be the maximum. To achieveil®
the above combination, 1t is cssential to maintamn *
califfoc and calcium concentrations at optimum Iwnls,ﬁ
cspectally at highly alkaline pH. This fact is de'uly
reflected m kg, 120 With respect to good (LIIIEY
of the supernatant, a calcium concentration in the
range of 1.5—2.5 kg/ton may be decsirable. It 1s
observed that the effective calcium concentration coulds
be brought down with successive increase in califioc =.m:'f;;?
concentration and vice-versa. Higher concentrations®
of calcium (higher than 2.5 kg/ton) is not demrableﬁ
since turbidity was found to increase due to hvdmlwsw
of calcium i1ons. Increasing amount of califloc and |
calcium would increase the settling rate.  But. it would ;ﬁ
be preferable to keep calcium concentrations at Iower
levels with a view to achieve better clarity also.

TRANSACTIONS OF THE INDIAN INSTITUTE OF METALSS

P _||_.:-...

-il...l ,




Calcyum - Zero

PD. = 5"

B81.74 78.80
®

77.75, 8511  75.32 74 47

-ttt 23
=
L L)
e
0

T TP L I S U S O R
oo -14.ﬁ*i'mi?-'-__&.ﬁ'7};? el ot g g Al
2ot ok e By = i ol ot e o i
R A P T UraE FLT R PR AT

5 $ 7 8 S

Response contours for settling rates with varying
pH and califloc concentration only

il el

Calcium - Zero
P D -5"°%

50

I A
WY/ 1

[
e
e !.I

L
. --'! b

-';:Iﬁ.l -.:*
: L

4 5 6 7 8

pH
Response contours for turbidity with varying pH
and califloc concentration only

:\ANQACT](-}N; Y TEHEIE TARINDITAAT IANTOTITTIITE YT XAV AT &

CALIFLOC, kg/t of ore

kg /t of ore

CALIFLOC

0 07¢ Calcium - 00525 kg /t of ore
P D - 5 "
11

O
106.793
®

0. 06
102.79

Y0

0 .0bh

-

-

O~
T

79 0t B4 88
o L J

79 01,78 &8

o790 7801

0. 03F

o\
\
\

48.97

N\
N

g0
70
3

Q.02F

57 53
.

LM

N
N
AN

A,

0.01+

I | 1 1

(_D_

5 5 7 8

g

Fig. 9 Response contours for settling rates with fixed
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xperiments  carried  out at pii 12 on  scquence
of additions of calcium and califloc indicate the effect

of calcium-califloc interaction as well as the effect ol
calcium additions on the surface charge of haematite
at alkaline pH. Addition of calcium brings about 1ts
strong interaction with the media, resulting in  the
formation of CaOH+ which then aids in decreasing
or reversing the surface charge. Subscquent califloc
addition facilitates stronger electrostatic and hydro-
cen-honding between the modified hacmatite surtace
and the flocculant, resulting m  higher setthng rate
aid tower turbidity. A reversal m the above sequence
of addition. on the otherhand. would not bring about
the desired results.

CONCLUBIONS

The following conclusions could be arrived at based
on this work.

1. Califfoc is one of the flocculants for Donimalai
iron ore fines.
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Figs. 12 Response contours for turbidity at fixed pH and

varying califloc and calcium concentration

Additions of calcium chloride improves settling rate
and clarity significantly at alkaline pH values:
whereas at acidic levels no addition of calcium is

necessary to achicve flocculation.

The sequence in which calcium and the flocculant
are added is an important factor in deciding the
efficiency of flocculation. |

At higher pH. there cxists a strong intcraction
between added calcium and the califloc flocculant,

Statistically designed cxperiments bring out the
important main factors and intcractions affecting

the flocculation process.
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