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DETERMINATION OF SAFE MOISTURE CONTENT FOR TRANSPORT

OF NATRNE CALCINES.

1. SUMMARY, |
Following a& request from the Depaftment of Shipping and Fuel,
the safe moisture content for the shipping of Nairne pyrite residues
was determined.
Shaking tests, conducted under two different methods, indicated
- that the material can be safely shlipped at a moisture content up to

twelve (12) per cent. of the wet welght of the materisal,

2. INTRODUCTION. |
| A request Was received from the Deputy Director of Lighthouses
and Navigatlon in South Australia for advice oh the safe moisture
content of Nairhe pyfite residues for carriage by sea.

' The eritical moisture content is defined. as the moisture content
at which, under conditions of continuous v1bration, free moisture
becomes visible on the surface. Above this point'the mass can

become fluid and move in the hold.

3 MATERIAL EXAMINED.

A sample of calclnes from the roasting of Nairne pyrite
concentrates was obtaihed frém Sulphuric Acid Iimited. - This
material contained 8.4 per cent. moisture. A sizing of this

material is shown below,.

Fraction. Weight Percent. . Cumulative Weight

BeS.S5. Mesh. ' Per Cent.
- 36 + 52 0.6 : 0.6

- 52 4+ 72 , 1.9 2.5

- 72 + 100 - 11.4 13,9

~ 100 + 150 12,6 26.5

- 150 + 200 ©15.9 L2.4

- 200 + 300 : 10.9 . 53.3

~ 300 + 4O microns CL.7 58.0

- LO + 28 " 1040 68,0

- 28 + 20 " 9.7 TTe7

- 20 +16 " 5.5 83,2

- 16 +10 " 3.2 86.4

- 10 " 13.6 -

100,.0
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A sample of pyriﬁe concentrate was also obtained for comparison
with the calcines and to determine the effectivenesé of the testing

procedure.

L. EQUIPMENT USED.

(a) ROTAP Screening Machine. This machine is used in routine

screening tests and imparts a rotary motion td a nest of screens,
A tapping mechanism is also provided. A strong consolidating action

is therefore imparted to the test sample.

- (p) Vibrating Box. A steel box 12" x 6" x 6" was attached to

a electromagnetic vibrating feeder. This machine was controlled to
produce a strong vibrating action in the test sample. No tapping
action is superimposed on to the vibrating action in this method.

The condition of the surfsce of. the sampie could be observed

continuously.

5. RESULTS.

5.1 Method of Testing ~ ROTAP.

Batches of Nalrne calcines of varioﬁs moisture content were
placed individually in the container of the Rotap screening machine
and shagken and tapped for various periods. The material was examined
at regular intervals so that the approximate times for the varlous
changes iﬁ the test sample could be determined.

Crifical moisture content was taken as thé point where free

moisture became visible on the surface of the material under test.

5.2 Testling of Nairne Calcines.

Several tests were carried out varying the moisture,
reténtion time and amount of sample, |
The conditions and results of these tests are set out in Tabie 1.
Each sample was prepared by adding the required amount of water
te the sample of calcines and then mixing in a mortar. Great care
was taken to see that the size of the particles was not reduced during
mixing. The mixed material was then placed in the screen pan and

shaken in, the Rotap. On completion of the test the sample was dried
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and welghed to determine. the residual moisture content. Loss of

moisture took place during the tests, whieh are arranged in the table

in order of increasing residual moisture,

Table 1.

Test
No.

Calculated Measured

Molsture
Per cent.

Moisture
Percent.

' Retention
Time
(mins.)

Description

13.2

11.9

.4

15.2

1h.4

8.14'-
10.1
10.2

12,8

13.1

13.5

13.5

60

111

60

30

8

30

60

10

Lh

120

Material as receilved. Shaking
of this materlal produced no
consolidation or balling,
500 grm. sample.

30 co.c, Of water per 500 grms.
The material balled easily.
No free moisture visible.
500 grm., sample.

20 c,c. Of water added per 500
grms. Material on shaking
acted. in a similar manner to
that stated in Test 1.

500 grm, sample,

i 3b c.c. of water added per 500

grms. Material rolled into
balls. No sign of free
moisture, :

Balls 1increased in size and
material sticking to the side
of the container. No sign
of free moisture.

2000 grm. sample.

35 c.c. Of water per 500 grms.
Material noticeably damp, but
friable when placéd in the
container.

" Balls formed, which appeared to

glisten, i.e., free moisture
present on the surface,

Free water lncreased., Taken
as being in the region of the
critical moisture content,
500 grm. sample.

4O c.c. of water per 500 grms,.
Material was noticeably damp
when placed in the container.

Balling freely.

Free moisture on the surface of
the balls .

Whole mass wet and sticky.
Taken as being above the
critical moisture content.
500 grm, sample,

35 c.ce Of water per 500 grms,
Balling occurred but free
molsture was not noticed.
1,000 grm. sample.,
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Test Calculated Measured <Retention _
No. Moisture Moisture Time ‘ Description.
Per cent. Per cent. (mins.)

8 - 15,0 14.9 1 : 4o c.c. of water per 500 grms,
’ Material noticeably damp,
but friable.

2 Large balls formed; these
appeared on the surface.
Taken as above the critical
moisture content.
2,000 grm. sample,

9 16.0 15.8 50 c.c. of water per 500 grms.
After mixing with the water
the calcines appeared damp,
but only loosely compacted.

2 Shaking for this length of time
produced large balls with free
moisture visible on the
surface, This mixture was
taken to ibe well above the
critical moisture content.

500 grm. sample,

5.3 Testing of Ngirne Pyrite Conéentrates.

These tests were to determine the effectiveness of the
Rotap method and to obtaln the critical moisture content of pyrite
concentrates. Testing was carried out in a similar manner to that

used for the Nairne calcines. Results appear in Table 2.

Table 2,

Rotap Testing of Nairne Pyrite Concentrates.

Test Calculated Measured Retention
No. Moisture Moisture . Time ’ - Deseription,
Per cent. Per o6ent., . (mins.)

10 - 8.2 20 Material as recelved. Shaking
A ‘ only tended to ball the
naterial. - No free moisture,
1,000 grm. sample,

11 9.6 8.9 Ly 7.5 coce Of water per 500 grms,

' The material balled freely
around the edge of the con-
tainer, Major portion

- remained compacted in the

centre, No free moisture
present,
1,000 grm, sample,

12 10.4 10.2 - 12,5 c.c. Of water per %500 grms.
L Some balling notice, but these
settled into the remairder of

the pyrite after 4 minutes,

14 Finally all settled into a level
- compact mass, 1,000 grm,
sample.,
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Table 2 (Contd.):

Test Calculated Measured Retention

No. Moisture Moisture Time Description,
Per @snt. Per cent. (mins.) “~
13 12,5 10.8 25 co.c, Of water per 500 grms.
' o Sticky mass of concentrates,
2 Settled down as a tough mass

along the base of the contain-
er. No free moisture,

. L . 8tiff mass, Could be made to
"~ move along the base of the ,
container when tllted and
lightly tapped with the hand,

1L Similar to the above.
Ly As before.
1,000 grm. sample,
pi 11.3 10.8 | : 17.5 c.c. of water per 500 grms,‘
2 Some balling; major portion

sets solidly.

Balls subsiding and the whole
mass compacted.

L All compacted with free water
. on the surface.
1,000 grm. sample,

=

5.4 Vibrating Box Testing of Nairne Calcines.

Semples of the calcines, each contalning two kilograms
of the head sample; were prepared to definite moisture contents in
the mortaf. These samples were then shaken for four-hour periods,
The balls remained in the same place throughout the test period, but
rotated gbout an axis parallel to the plane of the box and
perpendicular to the direction of wibration.

Results of these tests are set out in Table 3,
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Table 3.

Vibrating Box Testing of Nairne Calcines.

Test Calculated

No,

Moisture
Per dent.

Measured Retention

Moisture

Per cent.

Time

(Hours)

Description.

15

16

17

18

19

20

21

22

23

1 11.0

11.9

13.4

- 15.8

16.8

17.8

7.9

11.2

......

14.9

15.4

1641

L

zﬂfxr:

1.5

Materlal as received. Material
balled slightly; very little
" peoking,

35 cace OF water per 1,000 grms,
Compacted, but only slightly
damp to the touch., 2,000 grm,

sample.,

45 c.c. of water per 1,000 grms,
Similar to test 16,
2,000 grm. sample,

60 c.c. of water per 1,000 grms,
Similar to tests 16 and 17.
2,000 grm, sample.

70 c.c. of water per 1,000 grms.
Compacted, but breaks easily
when handled. No noticeable
varlation in moisture content
with depth. o
2,000 grm. sample.

85 c. c° of water per 1,000 grms.
Similar to test 19.
2,000 grm, sample.

95 c.c, of water per 1,000 grms.
Well compacted with uniform
moisture ¢ontent frem teop to
bottom° 2,000 grm., sample,

95 Co ¢, of water per 1,000 grms,.
Same as test 21. No sloppy
conditions after extended
testing. 2,000 grm, sample.

105 c.c. of water per 1,000 grms.
Sioppy section appeared after
3 minutes and covered the whole
surface area in 20 minutes; set
“hard after 90 mins. Test
terminated at this point.
10 c.c. of free water removed
from the surface of the sample.
2,000 grm. sample.

6.

ADISCUSSIONS AND CONCLUS IONS.

It is likely that the foilowing factors would have an effect

on the. behaviour of the material during carriage by sea:-

(1) Moisture content.

(2) sSizing analysis.
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" (3) Mineral composition.
(L) Temperature of material and surroundings.
(5) Ratio of surface area to depth.

(6) Nature and degree of vibration,

The test work reported here refers to the specific sample of
calcine provided by Sulphuric Acid Limited: Variation of any of
the conditions mentioned could vary the Pesults oﬁfained.

The two methods bf consolidation used give different figures
for the critical molsture. The Rotap shaking and tapping method
is violent and is considered to be greatly in excess of the motion
that will be obtained on board ship. The vibrating box method
appears to be a closer approach to the motion dbfained on an ocean-
going éargo ship, in that it would simulatg the continuous vibration

due to the engines.

The Rotap method indicated a critical moisture content of
approximately 13 per cent. Above this figure there is every
likelihood of a wet surface developing. - Thé shaking box test
indicates the critical mdistute to be between 15.4 and 16.1 per cent.

Testing of the Nairne pyrite concantrates indicated a critical
moisture content between 9 and 10 per cent._ The permissible moisture
for sea transporting of this méterial is.7 per cént., which allows a
safety margin of 3 per cent. moisture; Using this figure of 3 per

~cent., as a guide and considering'the more stable properties of the
calcines, a limiting moisture content of 12,0 per cent. based on wet
weight_(i.e., 12 parts by weight Qf water to 88 parts by weight of

calcine) is recommended for the sea transport of the calcine.
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