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SPECIFIC RESISTANCE OF REFINERY PROCESS
CARBONATATION FILTER CAKE (MUD)

By C. M. YOUNG
Hulett's South African Refineries Ltd.

Introduction

A simple means of measuring the filterability of the
Carbonatated Liquor, in practice, at the filter station
is required :~—

Basically, the instantaneous flow rate of the
filtrate is inversely proportional to the specific cake
resistance and other factors, and proportional to the
pressure and area:

dv PA:
dé  7(r.cV + RA) _

The development of this approach has been covered

in Chemical Engineering text books.

1

Purchas(® states that in this form it is scarcely
practical to proceed with tests on samples unless one is
certain the sample represents the material handled on
large scale.

In this exercise, use is made of Carman’s equation®

for constant Pressure conditions.

b _ qrc © v nR

V= 3PA: vV + .2
wherein, the effect of the resistance of the filter cloth
and pre-coat is separated from the effect of the
resistance of the cake under the controlled test
conditions. Carman(® also warns that the “primary
layer of cake should be deposited at low velocity, i.e.
at low pressure, since, otherwise the cloth becomes
plugged and the initial resistance becomes unduly
high.”

This form is difficult to use in production, and

. dv
since we can measure 38 and 8 in Production, the

above equation was modified into the following
form:— (See Appendix 1.)

—_ 7}1‘ ,C
( ) 4(2PA)9+< ) 3
and theoretically, if we plot graphically

g\ .
(&) against 6

we should obtain a straight line of slope

’)’]r 1C
(%)

and hence r, since the other terms are readily deter-
mined in a well controlled factory.

Thus if a filter in the production line is fitted with a
rate indicator, then we should be in a position to
measure the specific resistance r, at constant pressure,
in terms of standard units, where r, is an inverse
function of the filtration characteristics of the car-
bonatated liquor, as produced and filtered in the

factory.

Method

The filter used for the tests (in parallel with the
production filters) was fed by a centrifugal pump and
the inlet pressure controlled. The flow rate out of the
filter was measured by means of a flow rate indicator.,
Time and temperature were noted and samples of the
Carbonatated Liquor and filtrate were collected for
analysis.

For the exercise it was assumed that the Calcium
Carbonate precipitate was incompressible,

Discussion

Initially, the pressure control valve was too large,
and later, when a smaller (gate) valve was fitted control
of pressure was also found to be difficult. However,
sufficient tests were carried out to show the merit of the
system, and no doubt with a feed pump of good
characteristics and possibly an automated pressure
control system, we may arrive at a system where three
readings will be sufficient for an operator to record
the filterability due to any changes he may make to the
process. The system may possibly be enlarged to
dictate the economic level for changing filter cloth,
milk of lime addition and so on.

It should be noted, however, that any error in

. de.
measuring - is squared.

Summary

A simple method of determining the filterability
of Carbonatated Liquor in terms of the specific
resistance of the filter cake (r,) is given for constant
pressure conditions.

Results of tests, under rather crude conditions,
show merit for the system, and using readily available
control systems, this method could be used to measure
the effect of process changes.

Symbols®
V = cm® of filtrate in time 6 secs.

g—; = rate of flow of filtrate, in cm %/sec.
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A = Area of filtering surface in cm 2,

P = Pressure of filtration i.e. pressure difference
across the cake and cloth, in grams/cm 2.

c = Grams of dry cake solids per 1 cm?® of
filtrate.

n = Viscosity of liquid in poises.

r, = Specific Resistance, as resistance per
1 gram/cm? of dry cake solids.
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APPENDIX 1

Deprivation of equation used

dv PA:

d—0=;7(rl—CV+—m which integrates at constant

pressure to:—

§  qroc 7R

v =7 A2V + A Reference 1.
— e R

Putm = 2PA2a dk PA
]

Then”_ =mV+k ... 1
A"

Also(l?=2mV+k .......................... 2

dv

substitute for V in equation (2) into equation (1)

168-188 (1938). 6 2
(2) Purchas, D. B. Filtration, Sept/Oct. 1964, 1, No. 5, then ( E) =4mf + k* —>
256-258.
APPENDIX 2
TABLE I
Test 5 Test 6 Test 8 (a) Test 8 (b) Test 9 (a) Test 9 (b) Test 10
dv (IO) z dv (dO) 2 dv (d@) 2 dv (dﬂ) 2 dv dO) 2 dv (dO) 2 dv dﬂ) 2
Time — — —_ — — — — — — — — — — —
d0 (clv do dv do dv do dv df (dv de dv do (dv
0x103 X 10-¢ x10~¢ x10-6 %x10~¢ X10-¢ x10-8 X10-¢
cm?/ cm3/ cm?®/ cm?/ cm?®/ cm3/ cm?/
Secs. Sec Sec Sec Sec Sec Sec Sec
0.0 1233 0.66 1783 0.31 3167 0.10 1425 0.49 2817 0.13 1425 0.49 2159 0.22
0.3 1050 0.90 1517 0.44 2700 0.14 1259 0.62 2434 0.17 1309 0.59 1792 0.31
0.6 933 1.14 1167 0.74 2100 0.23 1133 0.77 2097 0.23 1217 0.€7 1409 0.50
0.9 783 1.64 900 1.23 1817 0.31 1050 0.90 1850 0.29 1133 0.77 1134 0.77
1.2 700 2.04 800 1.56 1575 0.40 1000 1.00 1658 0.37 1067 0.88 967 1.06
1.5 683 2.13 792 1.59 1425 0.49 942 1.12 1542 0.42 1000 1.00 834 1.42
1.8 650 2.37 642 2.43 1333 0.58 883 1.28 1425 0.49 933 1.14 725 1.87
2.1 633 2.50 583 2.96 834 1.44 625 2.62
2.4 583 2.92 508 3.88 550 3.27
2.7 555 3.31 508 3.88 492 4.12
3.0 533 3.53 483 4.28 458 4.75
3.3 533 3.53 442 5.11 442 5.11
3.6 483 4.28 433 5.34 417 5.76
3.9 467 4.58 400 6.25
4.2 450 4.93 375 7.08
4.5 442 5.11 358 7.78
4.8 442 5.11
5.1 417 5.76
5.4 408 6.00
5.7 408 6.00
6.0 392 6.50
6.3 383 6.81
6.6 383 6.81
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Test 12 Test 13 Test 17 Test 18 (a) Test 18 (b) Test 19 (@) Test 19 (b)
dv doy 2 dv dO) 2l dy de) 2 dv dO) 2l dy de) 2 dy do\ 2| dy do\ 2
db (dv) do (dv db (dv do (dv do (dv do (a'v) do (dv)

X10-8 x10-¢ x10-8 x10-¢ x10-¢ x10-¢ x10-¢
cm?®/ cm3/ cm?/ cm?/ cm?®/ cm?®/ cm?®/
Sec Sec Sec Sec Sec Sec Sec
2900 0.12 2167 0.21 2100 0.23 2667 0.14 1800 0.31 1367 0.53 2357 0.18
-— — 1570 0.41 1484 0.45 1416 0.50 1423 0.49 1154 0.76 1717 0.34
2500 0.16 1242 0.64 1142 0.77 1042 0.92 1234 0.66 892 1.25 1483 0.45
1758 0.32 1066 0.88 892 1.25 837 1.42 1100 0.83 783 1.62 1248 0.64
1617 0.38 900 1.23 783 1.63 717 1.93 995 1.02 685 | 2.13 1134 0.77
1375 0.53 792 1.58 675 2.19 595 2.82 900 1.23 608 2.69 944 1.00
1200 0.68 708 1.98 633 2.50 550 3.31 823 1.46 567 3.10 920 1.17
1133 0.77 641 2.43 558 3.20 503 3.92 846 1.40
1000 1.00 583 2.94 525 3.61 450 4.93 793 1.59
942 1.12 550 3.02 500 4.00 417 5.71
525 3.63 458 4.75 383 6.81
492 4.12 433 5.29 357 7.84
458 4.75 420 5.66 337 8.82
450 4.93 395 6.25 320 9.79
433 5.33 383 6.82 300 11.09
417 5.76 355 7.89
350 8.12
338 8.70
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TABLE I
Test Insoluble Filter Slope Specific Reciprocal | Laboratory { Work done
Date number | Pressure Brix Temp. Viscosity solids area of resistance of ry filterability per
concentration curve filter cycle
1
Px103 yx10-2 cX 103 Ax10° mx1071° r,x108% —x10-* F W.D.
r
Tons filtered
Grams/cm 2 °C Poises Grams/cm? cm? Sec/cm ® Sec 2/Gram| Grams/Sec? % as sugar
29. 9.66 5 3.0 64.8 88.0 7.6 11.1 2 2.4 0.7 14 34 68
30. 9.66 6 3.0 62.7 86.0 6.1 9.6 2 3.8 1.6 6 24 18
7.11.66 8 (@) 2.5 64.8 82.2 8.0 10.7 2 0.7 0.2 50 31 17
7.11.66 8 (b) 5.0 64.8 82.2 8.0 10.7 2 1.1 0.5 20 31 17
8.11.66 9 (a) 3.0 64.0 82.2 7.3 10.7 2 0.6 0.2 50 33 26
8.11.66 9 (b) 3.0 64.0 82.2 7.3 10.7 2 0.9 0.3 33 33 26
9.11.66 10 3.0 63.5 82.2 6.9 11.9 2 5.2 1.5 7 25 20
22.11.66 12 3.0 63.7 79.4 7.8 10.9 2 1.0 0.3 33 — 42
23.11.66 13 2.5 62.7 79.4 7.0 9.1 2 3.4 1.1 9 37 25
6.12.66 17 4.0 60.9 79.4 5.8 9.0 2 4.3 2.6 4 28 19
9.12.66 18 (a) 1.0 63.3 77.8 7.8 9.4 2 8.0 0.9 11 33 42
9.12.66 18 (b) 3.0 64.5 80.3 8.2 9.4 2 1.5 0.5 20 33 31
12.12.66 19 (@) 1.0 62.2 78.3 6.8 9.1 2 7.8 1.0 10 33 32
12.12.66 19 (b) 3.0 63.4 81.7 7.0 12.3 2 1.7 0.5 20 33 32
Worked Example:

daoy 2 Yric

Test No. 9(a): ——) plotted graphically against 0: Slope of curve=4m=2.2x 1072 secs/cm®; m=0.6x1071° secs/cm ¢= > .

dv PAZ

Hence r,=0.2x 108 sec?/gram. To convert r, to chemical engineering units, multiply by the gravitational constant (g) and change units.

e.g. r,=(0.2x108)x14.6% 102 ft/lb=2.9x10'? ft/lb.
Work done per filter cycle
Refers to the average work potential per filter cycle at the main production line.
i.e. W.D.=M X S; where M=Av. melt/hour, in tons; and S= Average filter ‘‘start”, in hours.
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Discussion

Mr. Young: Referring to the tables in the appen-
dices, it is the data items which are multiplied by
the factors as given. To be mathematically correct,
the exponents, as printed, should have the signs
changed. In the text, R = Initial resistance per
1cm? of filtering surface.

Dr Douwes Dekker: Mr. Young used a centrifugal
pump for pressure in his experiments and it might
have damaged the precipitate and affected its specific
resistance. ‘

In the last column of Table II, work done per
filter cycle is given as tons filtered as sugar. What is
the purpose of these figures? There seems to be no
correlation between them and the specific resistance
of the cake.

Mr. Young: The pump used was oversized, which
would give an even more adverse effect.

My quantities for specific resistance are about ten
times greater than expected, possibly because of the
pump and restriction in valves.

Work done per filter cycle, in Table II, was
inserted to give a measure of the performance in the
factory. This work becomes directly proportional
to filterability only under unique conditions. I can
see no correlation with any of the data in Table II.
The purpose of this paper is to establish a means of
measuring filterability. Further investigations on cor-
relation and significance should be carried out.

Mr. Alexander: I think the filtering quality of the
sugars might have had something to do with the
high specific resistance figures. Overseas refiners who
use calcium carbonate filter cake have come to the
conclusion that when they refine Natal raws the
resistance does increase.

Mr, Young: It is difficult, at this stage, to take
into account the raw sugar filterability. When sugar
arrives in the factory and goes through processing,
the method by which it is treated has a bearing on
its filterability. The churning in the pump does not
account wholly for the high specific resistance.

Dr, Matic: A specific resistance of cake is mea-
sured and there is constant pressure. Why cannot
these be correlated with the behaviour of the sugar
in the refinery?

I know that the permeability coefficient of slime
dump material has been been successfully measured
on the gold mines, using Carman’s method. QOwing
to a difference in particle size there was some diffi-
culty in packing the bed uniformly but when this
was achieved the filtration of the bed was constant.

Mr. Young: The filterability in the factory can be
assessed by the specific resistance of the filter cake
for any particular carbonatated sugar liquor coming

into the process but at this stage we have no corre-
lation with the filterability of raw sugar as such. For
instance, the raw sugar solution has not been car-
bonatated.

Mr, Robinson: Why did Mr. Young plot the square
of the differential on his specific resistance graph? The
result would have been the same.

Referring to what Dr. Matic said, the specific
resistance is a function of porosity and particle den-
sity and is given as a figure of surface area per
volume.

In a test carried out at the refinery to test the
effect of starch, we added starch to a sugar solution,
carbonatated it and found that with a high starch
concentration the particles settled more slowly, indi-
cating they were much smaller. Specific resistance
depends very much on particle size. Possibly impuri-
ties in the sugar prevent the formation of reasonable
size particles.

Mr. Young: If in the original form you plot dv/dé8
against v, the difficulty is in measuring v.

If you look at the equation in Appendix I, (d9/dv)?
is plotted against 4, thereby eliminating the volume.

If particle sizes get small they become colloidal
and the floc formed is such that the cake is no
longer incompressible and other factors come into
account.

The specific resistance r, is the resistance per 1
grm/cm?® of dry cake solids. The true specific resist-
ance is the resistance per cm® of cake as collected.
It is not easy to measure volume of cake but the dry
material can be measured. The relationship between
the two is given by r,c = rv. I have used Carman’s
advocated specific resistance r, as it is the one used
in most chemical engineering text books.

Dr. Matic: The impurities in a sugar will determine
the type of cake and its porosity and that is what we
should try to measure.

The particles produced are not incompressible and,
according to Dr. Bennett of Tate and Lyle, our sugar
is such that the calcium carbonate precipitate formed
is different, when viewed under a microscope, from
any other sugar. The reason for this is not certain,

Mr. Dedekind: In Table 1I, the first test was done
on 29th September and the figures are rather interest-
ing. Was this sugar fresh, or had it been stored and
are any figures available as to its starch content?
It has been stated that filterability of a sugar
improves with storage.

Mr. Young: I do not have the figures for starch;
however, all data is on record at the factory. The
purpose of this paper is to establish a method and
then subsequently we can investigate the effect of
various conditions and constituents on filterability.



