Essential Readings in Light Metals: Electrode Technology for Aluminum Production.
Edited by Alan Tomsett and John Johnson.

© 2013 The Minerals, Metals & Materials Society. Published 2013 by John Wiley & Sons, Inc.

[WenG etals:

New Methods for Testing Raw Materials for
Anode Carbon Paste

O. BOWITZ, T. EFTESTOL, and R. A. SELVIK

Elektrokemisk A/S, Kristiansand, Norway

Abstract

Two methods are described for sclecting raw materials that will impart to the
Soderberg anode paste favorable flow properties as well as low dusting tendency, The
correlation between these methods and more scientific methods is discussed, with
emphagis on the importance of the interaction of binder and dry aggregate in the
anode.

INTRODUCTION

Judging from the many test methods used to characterize raw ma-
terials for Soderberg anode paste and hinders, no method has been
provided so far which effectively characterizes the desired properties of
binder or aggregate coke. ,

Generally, the binder or dry aggregate coke are tested separately.
However, in the mixer and in the cell line, the binder and the dry ag-
gregate -coke form a typical two-component system, There is strong
evidence for mubual interaction between the two components. Therefore,
a property of the binder when tested separately may be different from
that of the mixture of binder with coke.

The carbon industry still lacks an adequate knowledge of the physical
nature of the binder. Very few, if any, correlations exist between scientific
methods and the behavior of the paste in the cell. Therefore, test meth-
ods should be applied to actual mixtures of binder and dry aggregate
coke. These test methods should also be relevant to the requirements of
the Soderberg anode paste.

Of the two types of Soderberg anode systems now in use in the alu-
minum industry, the vertical-contact spike (V.3.) anode and the hori-
zontal-contact spike (H.S.) anode, the former is no doubt the most
affected by the quality of the raw materials. It should also he noted
that larger anodes generally are more affected than small ones.
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The requirements for Soderherg V.8, anode paste may be summarized
as follows. b2

1. The flowahility should ensure an even distribution of the paste
on the anode top. The fowability should be temperature ingensitive,
i.e., it should bhe as closely as possible the same around the spikes and
at the anode casing. A temperature-sensitive paste may ficeze to the
cold parts of the casing, and eventually form a carbonized layer, fixed
to the anode casing, preventing the paste from descending smoothly
into the cell. This may cause serious horizontal ecracks, or holes, to
form in the anode. Serious outflow of paste through the spike holes,
or underneath the casing, may occur if the flowability of the paste
is too temperature sensitive.

2. During baking in the anode, little shrinkage of the paste should
occur. Much shrinkage will sericusly increase the formation of vertical
cracks around the spikes.

3. The paste should result in a dense, haked anode carbon with a low
reactivity. It is preferred that the difference in specific reactivity be-
tween the binder coke and the dry aggregate coke should be as small as
possible. The larger the difference, the larger the tendency of the anode
to dust.

4. The anode should have (a) a low electrical resistivity, to reduce the
voltage drop, and (b) a low ash content, to reduce the rveactivity of the
paste and the contamination of the metal.

In the following section, new methods relevant to these requirements
are suggested, and the correlation with scientific and technological
methods is discussed.

FLOW PROPERTIES OF BINDERS AND MIXTURES OF
BINDERS AND MILLED COKE PRODUCT (FINES
COMPONENT OF AGGREGATE)

Rheological Considerations
Binders
The rheological properties of coal-tar pitch binders themselves are
Newtonian. The temperature susceptibility of the viscosity is defined by
the logarithmic temperature coeflicient,
_log s — log m
log 7y — log T
where 72 and n are the viscosities (in poises) at the temperatures 7%
and 71 (in °C) respectively. The temperature susceptibility increases
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Fig. 1. Viscosity /temperature curves for coal-tar pitch binders 4 and B.

with increasing softening point, but for all normal tar pitches falls within
a narrow band.?

In Figure 1 the viscosity/temperature curves are given for two selected
binders, 4 and B. The corresponding logarithmic temperature coefficients
are 12,3 for binder 4 and 10.7 for binder B in the 140-180°C tempera-
ture region. These two temperatures are chasen partly because the
temperature in the mixer and the upper anode layer may vary within
these limits, and partly due to experimental convenience during the
measurements.

The two binders, both used industrially, behave very differently in
the anode. With binder 4, the flowability of the paste is very tempera-
twre sensitive; the paste appears to be stiff on the anode top and freezes
to the anode casing. At higher temperatures it becomes very liquid, and
may cause serious explosions when running through the cracks and
holes into the bath. With hinder B, the flowability is nearly constant
over a wide temperature interval. No flow problems in the cell line
have ever resulted from use of this binder. In view of this large difference
in flow behavior in the cell, the rather small difference in flow hehavior
in the viscometer is astonishing.
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Mixtures of Binders and Milled Coke Product

In the paste, over 859, of the available swiface of the dvy aggregate
coke is concentrated in the milled product fraction. The properties of
binder/milled product system therefore to a large extent dominate the
behavior of the whole paste. In the paste, the volume concentration of
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Fig. 2. Viscosity /temperature curves at different rates of shear for hinder/milled
product mixtures with binders 4 and B.

the dry aggregate coke is about 559%,. A large part of this is coarse and
medium fractions, and it may be estimated that a mixture of binder and
milled product of about 409, by volume milled product or a 50/50 by
weight binder/milled product ratio reasonably represents the conditions
in an actual paste,

The flow behavior of this mixtwe depends on the shearing rabe and on
the mutual interaction between the hinder and milled product. Generally,
the binder/milled product mixtures are thixotropic. At temperatures of
about 140°C, they are plastic, with a small, but significant, yield value.
At higher temperatures, depending on the melting point of the hinder,
they are pseudoplastic.
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Lffect of Shearing Rate. Being thixotropic mixtures, the viscosities are
shear dependent. This also holds for the viscosity/temperature curves.
Iu Figure 2 the viscosity/temperature curves for 50/50 by weight mix-
tures with the hinders 4 and B are given at 0.027 and 2 sec—! rates of
shear, respectively. Table I gives the corresponding logarithmie tem-

perature coefficients in the 140-180°C temperature interval, at 0.027, .

0.1, and 2 sec™* rates of shear, respectively.

As indicated by the cwives and the table, the logarithmic tempera-
ture coeflicient inereases with increasing rate of shear, the increase
however is more pronounced in the mixture with binder B than with
binder 4. .

TABLE 1
Logarithmic Temperature Coeflicients for Two 50/50 by Weight Binder/Milled
Product Mixtures at Different Rates of Shear

Shear rate, see™!

0.027 0.1 2
Binder A in mixture 10.5 11.2 11.2
Binder B in mixture 5.9 7.9 9.5

i

Yield Value. The yield values given in Table IT are measured by giving
the bob in the viscometer successively higher momenta, and observing
if the system starts to flow. The highest value ohserved without flow
is then taken ag the yield value. These values correspond very well to
the values obtained hy extrapolating the consistency curves to zero
rate of shear.

TABLE II
Yield Values in dyne/em? for Binder/Milled Product Mixtures

135°C 160°C 200°C
Binder A in mixture 715 7 0
Binder B in mixture 119 10 0

As indicated in Table IT, the yield value decreases with increasing
temperature, and it is considerably higher in the mixture with binder 4
than with binder B at 135°C. As already shown, this mixture also has
the highest logarithmic temperature coeflicient.

L fect of Binder. Tahle TTT gives the routine analyses for the two hinders
A and B.
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TABLE 111
Analyses of Binders 4 and B
A B
Softening point, °C, R and B 100 . 00
Coking value, 9 63 60
Toluene insoluble, 9 27 35
Quinoline insoluble, ¥ 0 10
Density, g/cm? 1.300 1.315

s Revised Elektrokemisk method.

As already shown in Tigure 1, these two binders, when measured
separately, revealed only slight differences in rheclogical behavior,
When measured in a binder/milled produet mixture at low rate of shear,
the flow behavior corresponded very well to the flow behavior in the
cell line.

No attempt has been made to corelate the properties of these two,
or other industrially used binders, with the rheological behavior of the
mixtures. A correlation hetween the aromaticity of the binder and the
temperature susceptibility of the viscosity may, however, be very
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Tig. 3. Relative viscosity of binder/milled product mixtures with graphite, petroleum
eoke, and anthracite as a function of volume concentration of the milled product,
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Tig. 4. Relative viscosity of binder/milled product mixtures with graphite, petro-
leum coke, and anthracite as a function of effective volume concentration of the milled
product.

reasonable. The per cent quinoline insoluble, fmtmg as a filler, may also
affect the flow behavior of the mixture.

Bffect of Dry Aggregate Coke. The effect of different dry aggregate
cokes on the rheological behavior of the mixtures is revealed in Figure 3
where the relative viscosity mel = fmirture/Mhinder fOr mixtures with
graphite, anthracite, and petroleum coke is plotted as a function of the per
cent volume concentration of the dry aggregate coke. In Figure 4 g1 is
plotted as & function of the per cent effective volume concentration of
the milled produet.* The effective volume concentration of the milled
product is defined as the ratio of the actual volume concentration of the
milled product to the volume concentration at maximum density of the
mixture, i.e., where the binder amount is just sufficient to fll all pores
and voids in the milled product.

The fact that the mixtures with graphite, anthracite, and petroleum
coke have different relative viscosities at the same per cent volume
concentration, but the same relative viscosity at the same effective
volume concentration strongly indicates that the viscosity of the mixture
is influenced by the porosity or shape and the degree of packing of
particles in the mixture,
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Interactzon of Binder and Milled Product. The mutual interaction
between binder and milled produet at the two different rates of shear may
he visualized in Tigure 5 where the 7w = Tmixwre/Minger 18 plobted
as a funetion of temperature.

In the mixtures, the following effects most likely take place during
the rheological measurements:? (7) orientation of the anisodimensional
particles under the shearing, (2) disorientation due to the Brownian
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Tig. 5 Rel.ﬁ,lve viscosity /temperature curves of binder/milled produet mixtures at
i different rates of shear.

movement, and (3) breaking up and reforming of an ordered type of
structure.

At the lowest rate of shear, the change in 71 is most likely due to a
mechanism involving a dynamic equilibrium between the orvientation of
the particles under the shearing in the viscometer and the disorientation
by the Brownian movement; above 150°C the effect of raising the tem-
perature would be to shift the equilibrium further toward the disorviented
state, and thus increase the particle interference and hence ne1.  Ab
higher rates of ghear, the orientation effect is strong and more in equilib-
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vium with the disorientation effect by the Brownian movement, and
the 7.1 18 consequently more independent of the temperature,

The hysteresis curves (thixotropy) indicate fuvther that the ordered
structure which is broken down by the shearing (at a given temperature)
cannot reform immediately. The existence of a yield value also points to
a definite structure, having a sullicient rigidity to withstand flow below
some critical stress. According to Green,® a yield value is strongly con-
nected with floceulation or poor wetting of the dry material by the liquid.

Experimental

The rheological measurements concerning the temperature suscep-~
tibility of the mixtures have been carried out in a Roto-Visco, a rota-
tional viscometer from Gebriider Haake, Berlin. In the viscosity calcula~
tions of the pseudoplastic materials, the total stress, not the excess
stress aver the yield value, has been used. In the actual paste, or binder/
milled produet mixture, the fowability is a function of a yield value
term and a viscosity term. By using the total stress these two terms arve
combined to a single value which is most effectively correlated with the
flow behavior of the mixtures.

The effect of the different dry aggregate cokes on the rheological
hehavior of the system hag been investigated in a modified Stormer
viscometer.

Flowability of Binder/Milled Product Mixtures

As indicated by the rheological measurements, the differences be-
tween the binders are primarily revealed in the mixtures at the lowest
vates of shear. This-calls for very expensive apparatus and trained
theologists. _

When testing the temperature susceptibility of a binder to be used in
the paste plant, instead of making a paste with full granulometric
composition of the drvy aggregate, the easiest and most reproducible
method is to make a binder/milled product mixture and make an
elongation or flowability test on this mixture.

Description of the Flowability Test

The Tliquid hinder 1s mixed in a 50/50 by weight ratio with caleined
petrolenm coke milled to a standard fineness, say 809, —200 mesh
U.S. sieve series at 160°C for 20 min, molded directly from the mixer
into test eylinders (8 mm diam, 35 mm long) and placed on a sloping
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board provided with grooves for the test cylinders. After inserting the
sloping hoard in a thermostat-regulated oven at the appropriate tem-
peratures (140 and 180°C, respectively) for 60 min, the flowahility of the
test eylinder is reported as the per cent increase in elongation over the
original length of the cylinder.

Figures 6 and 7 are drawings of the molding device and the sloping
boaurd.

Flowability and Viscosity

The flowability/temperature curves for binder/milled product
mixtures with the binders A and B are given in Figure 8. The mixtures
are identical with those alveady tested in the viscometer. The logarithmic
temperature coefficients of the flowability in the 140-180°C intevval are
given in Table IV,

During these measurements the mixtures are subjected to very low
rates of shear. The vesults agree very well with the results from the
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IFig. 8. Flowability /temperature curves for binder/milled product mixtures with
binders 4 and B.
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TABLE IV
Logarithmic Temperature Coefficients of Flowahility

Log temp. coell.

Binder A in mixture ’ 5.8
Binder 5 in mixture 0.1
Binder 4 separately 4.3
Binder B sepacately 3.9

rheological measurements carried out at the lowest rates of shear. In
full accordance with the rheological measurements, the flowahility test
also revealed no significant difference between the two binders when
tested separately. without the addition of milled product.

Flowability and Binder Properties

Generally, the logarithmic temperature coeflicient of flowability of
the mixture decreases with increasing amounts of quinoline or anthracene
ingolubles, and increases with increasing softening point of the binder.
It also decreases with increasing aromaticity of the binder, as measured
by the ratio of the aromatic and aliphatic stretching vibrations at 3046
and 2925 cm~, vespectively. With the same amount of quinoline in-
solubles and same softening point, petroleum- pitches, usually low in
aromaticity, have higher logarithmic temperature coeflicients than coal-
tal pitches. '

Thus both the nature of the crude tar and the. distillation process
seem to influence the flow behavior of the binder.

Properties of the Paste in the Baking Zone

The shrinkage of the paste in the baking zone should be low to prevent
crack formation around the spikes. This shrinkage is caused (a) by the
unavoidable volume reduction of the binder coke during the haking
and (b) in cases where the aggregate coke is calcined dt lower than normal
temperatures, also by the additional caleination and velume reduction
of the dry aggregate coke in temperature zones above its original
caleination temperature. The dry aggregate coke should have a sutfi-
cient degree of calcination to prevent additional shrinkage. It should
also have a granulometric composition which reduces the effect of the
unavoidable shrinkage of the binder coke. With a density above 1.980
g/em? for petroleum coke and somewhat lower for pitch coke, and with a
reasonable amount of hinder; the shrinkage of the paste is primarily
determined by granulometric composition of the dry aggregate coke.
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A detailed description of the shrinkage test and its apphcahons is glven
elsewhere.®

PROPERTIES OF THE BAKED BINDER/MILLED PRODUCT
MIXTURE

The extremely different properties of a binder caleined separately,
and in a mixture with precaleined aggregate coke, have been demon-
strated earlier.’—® Bulefly, it may be summarized that the specific
surface of the binder coke in the baked mixture is larger than the specific
surface of the binder calcined separately, and also larger than the specific
suiface of the aggregate coke. It has further been demonstrated that
this difference in specific surface between the binder coke and the dry
aggregate coke in the anode paste is & dominating cause of the selective
oxidation of the binder coke when oxidized with O; or CO,. The selective
oxidation of the binder coke results in a surface disintegration of the
baked mixture. Much evidence indicates that carbon dust formation in
the cell is primarily caused by a similar selective oxidation. It is concluded
that for the study of carbonized pastes, also, a method should be adopted
that takes into consideration the interaction of the two paste components.

As in the fluid zone, the binder/milled product system dominates to
a very large degree the properties of the balked anode. The investigation
of the propertieg of baked carbons has been carried out in binder/milled
product mixtures, since these are less complicated systems-than a paste
with a number of different dry aggregate fractions.

Specific Surface of Binder/Milled Product Mixture

The microerack formation set up in the system when baking a binder/
milled produet mixture is well demonstrated by measurements of the
specific swface by the B 1. T, method, using krypton as the absorbing
gag. Table V gives the specific surfaces of () fused silica, (2) binder
baked separately, (3) a baked 27/73 by weight binder/fused silica
mixture. N

TABLE V :
Specific Surface of Test Specimens | -

Specific surface, m?/g

Fusedsilicd' ' S g0

Binder C baked separately” o co 0.82
Binder € in mixture . - 1.61
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Whereas the specific surlace of the baked binder is distributed more or
less uniformly throughout the whole specimen, the specific surface of
the haked mixture must be concentrated in the outer binder coke layer.
Assuming a binder coking value in the mixture of about 60%, and a
real density of binder coke and fused silica of 2 and 2.26 g/cm?, respec-
tively, the ratio of binder coke/dry aggregate of the baked mixture should
be about 18/82 by weight. The specific swrface area in the binder coke
should then be about 9 m?/g or about, 11 times higher than in the binder
baked separately.

During the mixing and subsequent baking of a binder/dry aggmgate
coke fines mixture, the binder will penetrate and carbonize in the avail-
able pores in the coke particles. The measured specific swrface of these
mixtures 1s thus concentrated in the binder coke structure to a large
degree also.

Tahle VI gives the specific smface values of two 35/65 by weight
mixtures, one with a good quality binder D, and one with a poor quality
binder & (as characterized by their dusting tendency in the cell line).

TABLE VI
Specific Surface of Binder/Milled Product Mixtures

Specific surface, m?/g

Binder D in mixture 4,10
Binder F in mixture 9. 66

Assuming as before a 609, binder coking value in the mixture, and a
real density of the binder coke and dry aggregate coke of 2 g/cm?, the
specific surface of the binder coke D and E in the two mixtures may be
estimated as 16.9 and 39.2 m?/g, respectively. Even allowing for an
appreciable part of the pores to be distributed in the dry aggregate colke,
the values are on a completely different level than the specific surface of
0.8 m?/g for the binder C baked separately.

Microporosity of Binder/Milled Product Mixtures

The B.E.T. method is time consuming and the equipment is rather
expensive. An indirect method for the determination of specific surface
of haked mixtures is provided by the microporosity method.

Description of the Microporosity Test

By submerging the test specimen in liquids with different wetting or
penetration abilities, i.e., mercury and kerosene, the difference in
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apparent density of the test specimen in the liquids may be used to
caleulate the porosity.
We have accordingly:

~

Yag — Vi) 1 — d
microporosity, % = (Vne Vil‘) 100 _ (& Z’m) 100

where Vi, Vi and du; and d;, represent the volume and apparent
density of the specimen when submerged in mercury and kerosene,
respectively.

The liquid binder and the dry aggregate coke, milled to a standard
fineness, say, 809 —200 mesh U.S, sieve series, are mixed in a 35/65
by weight ratio at 160°C for 20 min and transférred to an iron casing,
(height: 120 mm, diam: 65 mm) provided with iron stoppers at both
ends. The mixture is baked from room temperature to 950°C in 20 hr
and kept at that temperature for 1 hr. During the baking, the mixture is
subjected to a pressure of 0.5 kg/em? applied to the iron stopper. After
baking, the mixture is crushed and screened into the fractions —50 4
100 mesh and 1009, —200 mesh U.8. sieve series for the determination
of apparent density using mercury and kerosene, respectively.

Mercury is applied to the coarser fraction due to its extremely poor
wetting abilities. If a too-fine fraction were used the mercury would be
unable to disperse the particles, and the voids between the particles
might also be registered as pores, thus giving deceptively high micro-
porosity values.

Apart from the nature of the binder itself and the coke quality, the
microporosity of the binder coke depends on the rate of heating and the
pressure applied to the mixture during the baking.2

Briefly, it may be stated that the smaller the heating rate and the
higher the pressure, the higher is the binder coke microporosity.

Microporosity of Binder Coke

When using the microporosity test on the samples from Table V,
values are obtained as given in Table VII.

TABLE VII
Microporosity of Test Specimens

Microporosity, %

TFused silica 1
Binder C baked separately 5

Binder €' in mixture 12
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In complete accordance with the specifie surface measurements, the
micraporosity of the hinder haked separately is distributed throughout
the whole particle, whereas in the baked mixture the microporosity is con-
centrated mainly in the binder coke layer, Assuming a binder coking value
of 609, inthe 27/73 by weight mixture of binder and fused silica and a den-
sity of 2 g/em® for the binder coke and 2.26 g/em?® for the fused silica, the
microporosity in the binder coke will be about 419, orabout.8 times that of
the binder haked separately. As alveady mentioned, the specific surlace
of the binder coke, measured by the B.IL. T, method, was about 11 times
the specific surface of the binder baked separately.

Effect of the Dry Aggregate Coke

The porosity and the thermal expansion of the dry aggregate coke
affect the microporosity to a very large degree. Logically, the thicker
the layer of hinder surrounding each coke particle during the haking,
the less is the tendency of this binder coke to crack. It should be noted,
however, that this layer is the surplus binder, after the filling of all
pits and pores in the particles. To obtain the same binder layer surround-
ing the particles, a high-porous petroleum coke requires a greater
amount of binder in the mixture than does a pitch coke of low porosity.
It should be noted, however, that pitch coke generally gives lower micro-
porosity values than cdoes petroleum coke even when allowing for this
difference in porosity.

TABLE V1II
Microporosity of Test Specimens

Microporosity, %

Binder I baled separately 6.2
Binder I in mixture with unecalcined coke 5.9
Binder # in mixture with calcined coke 20.5

The microporosity, caused by the difference in thermal shrinkage
between the dry aggregate coke and the binder coke, is of course reduced
by reducing the thermal expansion of the former, viz., by using coke
calcined at a relatively low temperature as milled product. In Table
VIII microporosity values are given for a binder F baked separately,
and in 35/65 by weight mixtures with uncaleined and calcined dry
aggregate coke respectively.
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Effect of Binder Quality
When measuring the microporosity values of the two binders D and &

from Table VI, values are obtained as given in Table IX.

TABLE IX
Microporosity of Baked Binder/Milled Product Mixtures

Mieroporosity, %

Mixture with binder D 13.1
Mixture with binder B 19.7

Making the same assumptions as before, it may be estimated that the
microporogities are 38%, and 509%, respectively, for the binder coke I
and D in the two mixtures.

As already stated, binder D gave a hard, dense working surface, with
little dust formation and a low anode carbon consumption, whereas
binder I performed very badly.

When comparing the microporosity value and the performance in the
cell line of a number of industrially used binders, the dusting tendency
and also the anode carbon consumption figures seem to correlate very
well with the microporosity values of the binder/milled product mixture.

Based on experience, the following quality range has been adopted for
microporosity of bhinder/milled product mixfures with coal-tar piteh
binders and petroleum coke: >18.5, poor quality; 18.5~16.5, below
average quality; 16.5-14.5, above average quality; and <14.5, excellent
quality.

Microporosity and Binder Properties

Aromatic/ Aliphatic Carbon Ratio. A high aromatic/aliphatic carbon
ratio, as measuved by the optical densities of the adsorption bands from
the aromatic and aliphatic stretching vibrations at 3046 and 2925 cm 1,
1s generally associated with good binder quality. This avomatic/aliphatic
carbon ratio seems o be a very constant, insensitive property, and heat-
ing or distillation seems to influence it only very little. Increasing the
softening point ‘of binder # from 85 to 152°C R. and B by distillation
increased the value only from 1.5 to 1.8, whereas the microporosity
decreased from 20.5 to 12.5%,. Generally, an increase in soltening point
has a beneficial effect on the paste, presumably for two reasons; (1) the
higher the softening point, the higher the coking value and the percent-
age of the green paste which will carbonize into a uscful anode, (2) the
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thicker the binder coke layer swrounding each particle, the less micro-
cracks are formed during baking,

The reduetion in dusting tendency which is clearly reflected by the
microporosity method, is indicated only to a very small degree in the
aromatic/aliphatic carbon ratio. '

Unlike the beneficial effect on the dusting tendency, an increase in
softening point very often has an unfavorable effect on the temperature
susceptibility of the flowability of the paste.

When comparing binders with not-too-different softening points,
there seems to be a good correlation between the microporosity and
avomatic/aliphatic earbon ratio. It is felt, however, that in some cases
the aromatic/aliphatic carbon ratio of the binder has given values that
were not consistent with subsequent performance in the plant.

Coking Value. The binder coking value seems to be an important
property of the binder for reasons already stated. The correlation be-
tween coking value and microporosity is very good.

Density. The density is a property closely associated with the aroma-
ticity of the binder. The correlation between microporosity and density
is good.

Reactivity. The reactivity of a baked binder/milled coke mixture is
strongly connected with the impurities in raw materials, acting as
catalysts for the Boudouard reaction, and also with the reacting surface
of the carbon.

At the same level of identical impurities, the reactivity is intimately
related to the microporosity of binder cokes.’ In comparing binders
with very different impurities, this relationship between microporosity
and reactivity is missing.

CONCLUSIONS

Good cell operation and low anode consumption are realized when the
paste properties in the fluid and in the baked zones meet a number of
different requircments.

A flowahility method is proposed for the characterization of the flow
behavior of paste with a given binder. A microporosity method is
proposed for characterizing the dusting tendency of the paste. These
methods, combined with the method for determining paste shrinkage
and with the usual routine analyses (i.e., ash analysis and electrical
resistivity), provide a good indication of the prospective properties of
the paste long helore it is charged on the anode top.
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Discussion

J. Waddington (Brilish Aluminium Co., Scotland): Is it your recommendation to
use a coke with a low specific gravity so that microporosity is a minimum?

O. Bowitz: As far as dusting is concerned, yes. But a coke with too low density
will induee heavy shrinkage and crack formation in the anode baking zone, and it
will also give the anode a high electrical resistivity. With petroleum coke, any real
improvement in dusting is obtained only below a real density of 1.98 g/cm?®. At this
low degree of calcination, shrinkage and crack formation may start to cause troubles,
especially if the calcination is uneven, with part of the coke being below, say, 1.94
g/em3. Taking this into account, we would vather utilize the improvements in elec-
trical resistivity obtained by using a highly calcined petroleum coke.

J. A. Branscomb (Reynolds Metals Co., Sheffield, Ala.): Do you disregard other
routine control tests?

O. Bowitz: It is necessary to differentiate between routine tests and quality tests.
A routine test controls and checks the variations or homogeneity of different ship-
ments. A quality test such as the microporosity or flowahility test gives specific
information about the behavior of the raw materials in the anode.

E. A. Hollingshead ( Aluminium Labs, Arvide, Qebec): How was the fluidity of the
“binder separately’ determined for Table IV?

0. Bowitz: The flowability of the hinder without fines was measured on the same
sloping board as for the mixtures, but with a smaller angle and for a shorter time,
The logarithmic temperature cocflicicnt is a measure of a relative difference in flow-
ability at two selected temperatures, and it should not be influenced by the angle of
the sloping board or the duration of the test.
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