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Abstract

In this paper characterization studies are carried out on beach and dune sand samples
collected from different locations of Konark-Ramachandi coastal stretch. Representative beach
and dune sand samples were collected covering ~7 kilometres distance. Characterization
studies reveals that dgo passing size for beach sand samples varies from 378 um to 438 um and
for dune sand samples it varies from 440 pum to 482 um. The THM content of beach sand
samples vary from 16.8% to 18.2% and for dune sand THM varies from 9.9% to 12.3%. Total
Magnetic Heavy Minerals (TMHM) percent of beach sands varies from 12.6% to 15.4% and for
dune sand it varies from 6.5% to 9.2%. Beneficiation studies were carried out on composite
bulk sample prepared from all beach and dune sand samples. The THM content of composite
sample was found to be 16.7 %. Results of beneficiation studies show that ilmenite concentrate
shows 6.0% yield with 99.4% grade. Garnet concentrate shows 4.8% vyield with 94.0% grade.
Sillimanite concentrate recovered with 2.7% of yield and 97.3% grade. The rutile concentrate
obtained is 97.2 % grade with a yield of 0.11%. Zircon concentrate recovered shows yield of
0.13% with 98.0% grade.
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1. Introduction

Konark-Ramchandi coastal stretch is
located in Puri district, Odisha, India
(Lat.17°49°-22°34’N  and Long.81°29’-
87°29’E). The location map is given in
Fig. 1. This coast is essentially alluvial,
devoid of any rock exposures and consists
of unsorted fine to medium grained,
rounded to sub-rounded sand mixed in
varying degrees with heavy (ilmenite
rutile, sillimanite, garnet, zircon) and light
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minerals (quartz and feldspar). The area is
characterised by a number of well-
developed sand dunes. These sand dunes
occupy considerable area along the coastal
plain and are more or less parallel to the
sea coast. Sand dunes are sign of
ecological equilibrium between the
powerful physical forces of the ocean
waves, tide and current on one side and
geological and/or natural resistance of the
land on the other side. Geomorphologic
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features and mineral concentration of present study areas are shown in Fig. 2.
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Figure 1. Geological location for sampling areas

a) Concentration of iimenite along the shore b) Concentration of garnet along the shore

c) & d) Typical dune deposits away from shore

Figure 2. Typical topographical view of beach sand and dune sand along
the coast at Konark-Ramachandi beach area, Orissa, India
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The heavy minerals concentrations
such as garnet and ilmenite are shown in
Figs 2a and 2b. The dune sand deposits of
the coast are shown in Figs 2¢ and 2d. The
main drainage of this area is the river
Kusabhadra, which form the distributaries
of the Mahanadi River. The Mahanadi
originates from the hills of the Bastar
Plateau in Raipur district. Chhattisgarh.
Kusabhadra river branches off from the
Kuakhai river, which is a distributary of
the Mahanadi, at Balianta and flows in a
south western direction towards Nimapara
and Gop for 4650 miles before sinking in
to the Bay of Bengal near Ramachandi
Temple, 15 miles east of Puri in the Puri
District of Orissa. These beach and dune
sands have variable range of heavy
minerals like ilmenite, garnet, rutile,
zircon and sillimanite.

Many authors have studied the heavy
mineral deposits of Odisha, but no
literature is found related to heavy mineral
deposits of Konark-Ramachandi coast and
their recovery [1-6]. In this paper an
attempt has been made to study on the
textural and concentration pattern of
heavy minerals in beach and dune sands
of Konark-Ramachandi coastal stretch,
Odisha and the beneficiation process to
recover individual heavy minerals.

2. Material and methods

Beach and dune sand samples were
collected in a grid pattern at an equal
interval of ~700 meters. Total ten beach
and ten dune sand samples were collected
covering ~ 7 kilometres distance. It may
be noted that at each sample collection
point itself, representative sample was
prepared by coning and quartering method

and packed in bags. Each representative
sample weighed approximately 20 kg. All
the samples were washed with fresh water
before preconcentration studies as ten
samples contains around 0.1 % of salt.
Physical properties such as true density,
total heavy mineral (THM) content and
total magnetic heavy minerals (TMHH)
content along with size analyses of all the
samples were carried out using standard
sieves. The dgy percent passing size of
each grab sample has been calculated
from the size analysis data. THM content
was calculated by subjecting each sample
to sink-float studies using bromoform
(specific  gravity  2.89).  Magnetic
separation studies were carried out using
dry high intensity magnetic separator
using Permroll magnetic separator,
developed by ELB-YANTYV and supplied
by Ore Sorters (Australia) Pty., Ltd.

In order to study the response to
recovery of total heavy minerals by using
spiral, an attempt was made to prepare
bulk (composite) feed sample from all the
samples collected at different locations.
Initially an attempt was made to reject
lean tailings by using cleaner spirals.
Subsequently, the tailings were subjected
to scavenging spirals and recovered the
final total heavy minerals. The THM was
then subjected to different unit operations
to recover individual heavy minerals.

3. Results and discussion
3.1. Textural and grain size distribution
The size analyses of beach sand bulk

samples are shown in Table 1 and
presented as histogram in Fig 3.
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Table 1. Size analyses of beach sand samples of Konark to Ramachandi coastal stretch

(samples 1 to 10)

Size, pm 1 [ 2] 3 [ 4 1516 71 8] 9 [ 10
Weight, %
-1000+600 | 5.9 | 5.2 3.9 34 64 | 33 3.8 4.2 6.0 2.8
-600+420 16.8 | 12.6 | 15.2 11.6 | 148 | 145 | 135 | 124 14.3 16.2
-420+300 243 1225 | 19.6 18.6 | 17.5 1209 | 18.5 | 20.3 18.1 27.2
-300+210 374 1392 | 384 | 435 [39.6 | 40.2 | 46.3 | 38.5 39.5 354
-210+150 7.5 | 119 9.5 114 | 12.6 | 123 | 12.8 | 13.2 12.3 12.5
-150+100 55 | 6.1 8.2 5.7 48 | 4.6 2.4 7.3 5.6 1.8
-100+75 1.2 1.5 2.7 3.1 2.8 | 3.1 1.5 34 2.2 1.8
-75+45 09 | 0.7 1.8 1.4 1.1 | 0.7 0.8 0.4 1.6 1.4
-45 0.5 ] 03 0.7 1.3 04 | 04 0.4 0.3 0.4 0.9
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Figure 3. Histogram showing size distribution of beach sand samples of Konark to
Ramachandi coastal stretch (samples 1 to 10)

Interestingly it is seen from the size
analyses data for beach sand that with
decreasing sieve aperture, from
-1000 +600 um , -600 +420 pm, -420
+300 pm and -300 +210 pm, the weight
percent of the particles are gradually
increasing for any given bulk sample
(samples 1 to 10). Beyond -300 +210 pm
size range the weight percent of the
particles are decreasing and the end size
fractions (-75 +45 pum and -45 um)
contain very less weight percent of

particles. This can clearly be seen from
the histogram graphs of these samples.
The heights of the size frequency are
significantly increasing from -1000 +600
um to -300 +210 um. The size frequency
mode for all samples is seen at -300 +210
um. In the present investigation, it is
expected that there could be maximum
light minerals occur at above +210 pum
and maximum heavy minerals occurs at
below 210 um.
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The size analyses of dune sand samples
are shown in Table 2 and presented as

histogram in Fig 4.

Table 2. Size analyses of dune sand samples of Konark to Ramachandi coastal stretch

(samples 1 to 10)

Size, pm 1 2 | 3 [ 4] 5 ] 6 [ 71 8] 9] 10

Weight, %

-1000+600 | 10.5 | 7.6 82 | 68 | 9.1 59 | 63 | 84 9 7.3
-600+420 [ 169 | 186 | 153 | 203 | 186 | 16.1 | 156|159 | 17.8 15
-4204300 [ 214 | 176 | 158 | 182 | 203 | 22.6 [ 192|216 | 152 | 20.6
-300+210 [ 38.6 | 402 | 39.1 | 342 | 354 | 376 |38.6 338 33.7 | 36.8
210+150 | 88 | 9.6 | 127 | 124 | 132 | 11.7 [ 135|148 | 152 | 14.1
-150+4100 | 2.6 | 4.7 69 | 65 | 2.7 4.3 55 38| 65 4.5
-100+75 0.6 1 09 | 12 | 04 09 |06 |08 | 1.8 0.8
-75+45 04 | 04 07 | 03 | 02 05 [03]05] 05 0.6
-45 02 | 03 04 | 01 | 0.1 02 |02 ] 04 ] 04 0.3
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Figure 4. Histogram showing size distribution of dune sand samples of Konark to
Ramachandi coastal stretch (samples 1 to 10)

The data indicate that the dune sand
samples also show similar distribution
pattern as that of beach sand samples as
explained earlier. The weight percent of
particles is increasing gradually from size
fraction -1000 +600 um upto -300 +210
pum and beyond -200 +150 pm the weight
percent of particles is decreasing. The

trend is same for all dune sand samples.
The histogram in Fig 4 shows the size
frequency mode for all samples which lies
in the size range of -300 +210 um.

The physical properties of beach and
dune sand samples collected from

Konark- Ramachandi beach are given in
Tables 3 and 4.
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Table 3. Physical characters of beach sand samples of Konark to Ramachandi coastal

stretch
Sample dgo passing True density, THM, TMHM,
size, um g/cm’ % %

1 422 2.90 18.2 15.4

2 405 2.90 17.9 14.6

3 417 2.88 16.9 12.8

4 378 2.89 17.5 13.2

5 438 2.89 17.2 12.9

6 412 2.90 18.0 14.7

7 400 2.90 17.8 14.5

8 395 2.89 17.6 14.2

9 430 2.88 16.8 12.6

10 418 2.88 16.9 12.8
Table 4. Physical characters of dune sand samples of Konark to Ramachandi coastal
stretch

Sample dgo passing True density, THM, TMHM,
size, um g/cm’ % %

1 482 2.79 11.5 8.3

2 470 2.78 10.8 7.2

3 458 2.78 11.0 7.5

4 470 2.80 11.8 8.9

5 478 2.79 11.6 8.4

6 440 2.79 11.3 8.2

7 440 2.77 10.5 7.1

8 460 2.76 9.9 6.5

9 478 2.80 12.3 9.2

10 450 2.78 10.7 7.3

The data presented in Tables 3 and 4
show that dgy passing size for beach sand
samples varies from 378 um to 438 um
and for dune sand samples it varies from
440 pm to 482 pum. This observation
concludes that dune sand is coarser than
beach sand.

The true density value for beach sand
samples varies from 2.88 g/cm’ to 2.9
g/em’ and for dune sands it varies from
2.76 g/em’ to 2.8 g/em’. The THM
content of beach sand samples vary from
16.8% to 18.2% and for dune sand THM

varies from 9.9% to 12.3%. It is observed
that the true density and THM content of
beach sand samples is higher than dune
sand samples. The data also indicate that
with increase in THM content, the true
density value increases. This is because
the heavy minerals possess high specific
gravity value; hence with increase in
amount of heavies the specific gravity or
true density of that sample also increases.
It is also observed that with increase of
particle size (dgy passing size) the true
density of minerals is falling down. This



S. Routray and R. Bhima Rao / JMM 48 A (1) (2012) 51 - 61 57

observation can be expected as with
increase in particle size, the total heavy
mineral concentration decreases and the
gangue minerals (quartz, feldspar etc.)
whose specific gravity (2.6 g/em’)
increases. Hence, the decrease in true
density of the samples is justified. The
Total Magnetic Heavy Minerals (TMHM)
percent of beach sands varies from 12.6%
to 15.4% and for dune sand it varies from
6.5% to 9.2%. The data indicates that
magnetic minerals content is higher in
beach sand than dune sand. This is
expected, as the beach sand contain higher
amount of THM and  hence
proportionately the TMHM content is also
higher in beach sand.

The dgo passing size of beach and dune
sand samples is correlated with physical
properties such as true density, percentage
of THM and percentage of TMHM of the
samples of Konark-Ramachandi coastal
stretch. The distribution pattern for true
density of minerals present in the beach
sand samples with respect to particle size
are shown in Fig 5.
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Figure 5. dgy passing size vs. true
density in beach sand samples

It can clearly be seen from this figure
that with increase of particle size, the true

density of minerals is falling down for
beach sand samples of all locations. This
observation can be expected as with
increasing particle size, the total heavy
mineral concentration decreases and the
gangue minerals (quartz, feldspar etc.)
whose specific gravity (2.6 g/em’)
increases. Hence, the decrease in true
density of the samples is justified.
Correlation of dgy passing size with true
density of dune sand samples is shown in
Fig 6.

True density, g/cm®

dgo passing size, micron

Figure 6. dgy passing size vs. true density
in dune sand samples

It is interesting to know that the dune
sand samples of Konark-Ramachandi
coastal stretch show the opposite trend i.e.
with increase in dgy passing size, true
density is also increasing. It is seen in the
field that concentration of coarse garnet is
prominent, which may be reason to
support the findings that with increase in
dgo passing size, the true density of sample
is also increasing. The distribution pattern
of THM in beach sand samples with
respect to dgy passing size of samples of
study areas is shown in Fig 7.

As expected, the percentage of THM
present in beach sand samples shows a
decreasing trend with increase in dgg
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passing size. This result is obvious
because heavy minerals are generally
concentrated in finer fractions. The
distribution of THM in dune sand samples
of three study areas is shown in Fig 8.

THM, %

dyo passing size, micron

Figure 7. dgo passing size vs. THM in
beach sand samples
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Figure 8. dgo passing size vs. THM in
dune sand samples

It is again seen as interesting fact that
for Konark-Ramachandi coastal stretch
dune sand samples, the plot shows an
opposite trend i.e. with increase in dgg
passing size, the THM is also increasing.
This is explained earlier that concentration
of coarse garnet is prominent; whose
specific gravity is 4.2 g/cm’.

The distribution of Total Magnetic
Heavy Minerals (TMHM) in beach sand
samples is shown in Fig 9.

It is seen earlier that with increase in
dgo passing size, the percentage of TMHM
is decreasing. It is because the magnetic
heavy minerals are generally concentrated
in finer fractions. The distribution of
TMHM in dune sand samples is shown in
Fig 10.
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Figure 9. dgo passing size vs. TMHM in
beach sand samples
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Figure 10. dgo passing size vs. TMHM
in dune sand samples

Konark-Ramachandi coastal stretch
samples show an opposite trend in the
plot, as the magnetic mineral, garnet
which is coarser in some of the samples.
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3.2. Beneficiation studies to recover
total heavy minerals

The physical properties of composite
bulk sand sample are given in Table 5.

Table 5. Physical properties of composite bulk sample

Properties details Konark- Ramachandi
Bulk density, g/cm’ 1.7
True density, g/cm’ 2.85
Porosity, % 41.5
Angle of repose, ° 32.6
dgo passing size, um 430
Total Heavy Minerals (THM) ,% 16.70
Total Magnetic Heavy Minerals (TMHM), % 12.74
Total Non-Magnetic Heavy Minerals (TNHM), % 3.96
Very Heavy Non magnetic Minerals (VHNM > 3.3g/cm’), % 0.63
Light Heavy Non magnetic Minerals ( LHNM < 3.3g/cm’), % 3.33

The data indicate that the dgy passing
size of the bulk feed sample is 430pm and
the total heavy mineral content is 16.7%.
The true density of the sample is 2.85
g/em’. The modal analysis of the total
heavy minerals of the bulk sample shown
in Fig.11 indicate that the sample contain
44.1% 1ilmenite, 31.5% garnet, 19.9%
sillimanite, 0.96% zircon, 0.9% rutile,

0.66% monazite and 1.92% other
minerals.
silli - Zircon, Others,
illimanite, 0.96 % 1.92%
19.94% —
Rutile,

0.9 %

Monazite,
0.66 %

Figure 11. Modal analyses of THM of
composite samples

The results of beneficiation studies are
shown in Figure 12.
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The spiral concentrate obtained after
number of spiral operation shows a yield
of 15.8 %, grade 95% with a recovery of
90%. Ilmenite concentrate recovered from
total heavy minerals using different unit
operations such as WHIMS and HTS
shows 6.0% yield with 99.4% grade.
Garnet concentrate recovered from total
heavy minerals shows 4.8% yield with
94.0% grade. Sillimanite concentrate
recovered by flotation process is with
2.7% of yield and 97.3% grade. The rutile
concentrate obtained from total heavy
minerals is 97.2 % grade with a yield of
0.11%. Zircon concentrate recovered in
the non conducting fraction of HTS shows
yield of 0.13% with 98.0% grade.

4. Conclusions

The following conclusions are drawn
from the characterization and beneficia-
tion studies of Konark-Ramachandi
composite bulk sample:

- The true density of beach sand
samples decreases with increase in d80
passing size, whereas dune sand samples
show opposite behaviour, because it
contains coarse garnet heavy minerals.

- The THM percent of beach sand
samples decreases with increase in d80
passing size but the dune sand samples
show opposite behavior

- The Konark-Ramachandi composite
bulk sample contains 16.7% THM.

- The mineralogical modal analysis of
THM of Konark-Ramachandi composite
bulk sample shows that it contains
44.12% ilmenite, 31.5% garnet, 19.94%
sillimanite, 0.96% zircon, 0.9% rutile,
0.66% monazite and 1.92% of other
minerals.

- Ilmenite concentrate recovered from
total heavy minerals using different unit
operations such as WHIMS and HTS
shows 6.0% yield with 99.4% grade and
35.7% THM recovery.

- Garnet concentrate recovered from
total heavy minerals using different unit
operations such as WHIMS and HTS
shows 4.5% yield with 94.0% grade and
27% THM recovery.

- Sillimanite concentrate recovered by
flotation process is with 2.7% of yield and
97.3% grade and 15.7% THM recovery.

- Zircon concentrate recovered in the
non conducting fraction of HTS shows
yield of 0.13% with 98.0% grade and
0.8% THM recovery.

- The rutile concentrate obtained from
total heavy minerals is 97.2 % grade with
a yield of 0.11% and 0.5% THM recovery.
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