


This paper provides an overview of :

e the most relevant characteristics of the ramming paste that need
to be considered,

e the published data on the polycyclic aromatic hydrocarbons
(PAH’s) applicable to our specific concern,

o the studies undertaken by Carbone Savoie during the last few
years for improving working conditions during use of ramming
paste.

Relevant properties for ramming mixes

The main function of a ramming mix is to prevent infiltration of

metal or bath with additional requirements such as :

« provision of a layer which reduces the stresses inside the
cathode blocks,

e contribution to the heat balance of the cell.

To these main functions we must add a few constraints like :

e adaptability to operating procedures during densification,
preheating and start up operations,

e low fume emission especially for harmful compounds having
genotoxic effects,

« adaptability to any kind of cathode block or sidewall materials

e resistance to erosion during cell life especially when operating a
cell under severe conditions.

So the question is : how to provide a paste which corresponds to

those specifications ?

Prevention of infiltration

The tightness is ensured by using a paste which expands and

maintains a residual expansion after baking. This parameter can be

measured :

e either by the linear expansion (or shrinkage) of a densified
sample during baking

« or by the volumetric residual expansion (or shrinkage) at room
temperature after baking.

The expansion (or the shrinkage) of a paste depends on the level of

its densification (fig. 1). Correctly densifying a paste in a cell in

order to reach the appropriate expansion level is a key consideration.

Of course, for a given ramming paste, parameters have to be

adjusted depending on the tools used for densification.
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Fig. 1 — Volumetric expansion versus green density

We must point out that in spite of the adjustment of parameters
certain pastes on the market will only shrink during baking.

Reduction of stresses inside cathode blocks

Nowadays most of the cells are equipped with highly strengthened

shells. To avoid any damage within the cathode block, there is a

necessity to provide a layer which absorbs the expansion of the

bottom blocks due to :

e either thermal linear dilatation,

e or expansion related to sodium penetration and the formation of
intercalated compounds.

It must also be taken into account that the expansion related to
sodium, increases from graphite blocks to fully anthracitic blocks.
The expansion can be accomodated by adjusting the elasticity and
the crushing strength of the paste to an appropriate level and
certainly below the level of the characteristics of the block itself.

The following table shows that there is a large difference in strength

among pastes available on the market as well as a large range for the
volumetric expansion / shrinkage.

Table 11 - Typical properties of different ramming mix grades

Pl | P2 P3 ||CSI* | CS2* | CS3* || P4 P5

Crushing
strength 10| 10 18 16 18 18 30 35
(MPa)

Volumetric
expansion | 0 [-05|-08] 1.6 1,6 16 |[-1,5]-1.0
(%)

(*) Carbone Savoie pastes (CS1: cold ; CS2: tepid ; CS3: tepid with
a thermal conductivity of 11 W/mK instead of 5 W/mK)

Effect on the heat balance of the cell

Independent of other properties, the thermal conductivity of the
ramming paste has to be adjusted to the desired level in order to
change the thermal flux through the sides and to modify the ledge
profile (fig. 2). This can be achieved by modifying the ratio of
graphite-calcined anthracite granules in the mix formulation. In this
way the thermal conductivity can be increased by a factor of three at
room temperature from a ramming paste manufactured from gas
calcined anthracite.
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Fig.2 — Frozen bath ledge (upper part of the lightest-coloured profile) versus the thermal conductivity of the ramming paste
(A=5W/mK, B=11 W/mK)

A low fume emission product : an update constraint

Product toxicity is now a main concern particularly with regard to
harmful compounds (PAH's) having genotoxic effects (3, 4).
"Genotoxic" is used to designate substances which can interact or
directly affect genetic material (e.g. DNA).

The PAH's are defined as follows :

Table I11 - Definition of the polycyclic aromatic hydrocarbons
(PAH's)

e Organic compounds
= 2 aromatic cycles
¢ Containonly C& H(C/H=>1)

e =50 compounds (+ carcinogenic)

The National Institute for Occupational Safety and Health (5)
defines the pitch PAH content as the measured amount of 17
specific compounds.

Among these, 14 PAH’s identified by the US Environmental
Protection Agency and the European Aluminum Association are
commonly used in comparing pitches. Moreover, from an analysis
performed over a 4-year period in a Soderberg primary aluminum
smelter (6), it has been confirmed that one of these PAH’s,
benzo(a)pyrene, is an excellent indicator to evaluate the toxicity of a
coal tar pitch product. In order to go further in comparing different
pitches, Mirtchi and WNoél (7) used a method based on a
classification of the toxicity of these 14 PAH’s using
benzo(a)pyrene (BaP) as a reference. Table IV shows the
classification according to their genotoxic level.

This method allows an assessment of the total PAH content and an
estimation of the cellential toxicity of a product based on a
benzo(a)pyrene equivalent content.

Table I'V - Classification of the PAH's depending on their toxicity

Nongenotoxic Genotoxic

Highly Genotoxic

Fluorene Benzo(k) fluoranthene

Phenanthrene Benzo(a) anthracene

Anthracene Fluoranthene

Pyrene Benzo(e) pyrene
Benzo(b) fluoranthene
Indeno (1,2,3-¢,d) pyrene

Chrysene

Benzo(a) pyrene
Benzo(g,h,i) perylene
Dibenzo(a,h)anthracene

Concerning the toxicity during ramming it must be considered that
the volatiles are harmful but also that these volatiles are entrained
with dust. It is now believed that the main toxic effect may come
through the inhalation and the contact of these dusts. The trend is
obvious, there is an urgent need to decrease the emission of harmful
compounds through both :

e achange in the binder, and

e adecrease of the ramming temperature.

Some of this has already been achieved by moving from hot paste to
tepid or cold pastes. But there is still a need for further
improvements.

Development of an industrial ecofriendly ramming paste

Experimental

Properties at lab scale are determined :

e cither on a sample prepared by compacting 1500 g of paste with
a pneumatic rammer to produce a 90 mm diameter by 150 mm
high specimen. These conditions are representative of the
densification of the paste in a cell. The sample is then heated to
950°C in a 38 h period. The volumes measured at room
temperature before and after baking allow us to determine the
volumetric expansion. The compressive strength is measured on
50 mm diameter by 50 mm high samples cored from the original
specimen,
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* or on a sample prepared by compacting 180 g of paste with a
Fischer Sand Rammer apparatus. The workability and the linear
dimensional change which occurs during baking are measured.
Running the tests at different temperatures allows the
determination of the temperature range for a good ramming
behavior. After ramming, these samples are embedded in
graphite particles in a vertical furnace and heated to 950°C at a
rate of 180°C/h with a soaking time of 3 hours. The change in
the linear dimensional measurement versus the temperature is
recorded.

The measurement of the PAH’s are performed :

e on the binder itself by using a high performance liquid
chromatograph (HPLC) equipped with a fluorescence detector.
A small portion is ground and dissolved in acetonitrile,

e during the baking of a 1500g specimen. The emissions are
collected by passing through a condenser, a washer, different
filters and a gas meter. The PAH’s are dissolved in an
acetonitrile solvent. The analysis is performed using either gas
chromatography or HPLC depending on the objective.

During industrial ramming at smelters some stationary collection
devices along one long side of the cell and personal sampling
collection devices for the workers have been used. The method
consists of filtering a known volume of air through a porous filter,
the flow rate is regulated between | and 2 I/mn depending on the
devices. The filtration is performed with two filters (pure silver and
cellulose). Extraction with organic solvents in Soxhlet equipment or
in an ultrasonic bath allows the analysis using HPLC. The
concentrations of PAH’s which are reported correspond to the
arithmetic average values obtained on the different collection
devices. This means that depending on the type of job in the
ramming team some operators are above and some are below this
average.

We have included 5 pitches in our study. Their identification and a
brief description are given in Table V. The corresponding pastes will
be labelled “ paste X, X being the identification of the pitch used as
a binder. Binders A, B and C are typical coal tar pitches used for
current conventional ramming pastes. A hot paste typically has to be
rammed at about 130°C, a tepid paste at about 40°C and a cold paste
at about 20°C.

Table V - Identification of the Pitches

Identification Type of pitch
A Typical coal tar pitch for hot ramming pastes
B Typical coal tar pitch for tepid ramming pastes
Cc Typical coal tar pitch for cold ramming pastes
D Petroleum pitch
E Low PAH pitch

Petroleum pitch which is already widely used in some industries is
known to contain a low quantity of Benzo(a) pyrene but also to have
a poor carbon yield compared to the usual coal tar pitch.
Phenol-formaldehyde resins (Resol or Novolak types) can also be
used as a binder. The advantage of using resin is that it is a well
defined product. It contains only a few different isomers while coal
tar pitch is composed of thousands of organic compounds. One
concern is that most resins contain some phenol which is known to
be a toxic chemical product subjected to environmental limits.
Moreover, solvents such as alcohol are often used to achieve the
right viscosity for the resin binder. Among these the glycol based
compounds are classified from harmful to genotoxic products
depending on their chemical composition. Care must be taken not to
switch from one toxic product to another. Due to the different
carbonization process the pastes manufactured with resin behave
differently from the usual coal tar pitch pastes during baking., With
the resins we have used, we always measured a volumetric
shrinkage after baking. This specific behavior has already been
highlighted in the literature (8).

Analysis of Pitches

The PAH analysis of the pitches is presented in Table VI and the
benzo(a)pyrene equivalent illustrated in Figure 3. It should be noted
that benzo(e)pyrene is missing in our analyses. Despite that, we
have a significant comparison between the different pitches.

TableVI - PAH Analysis of the Different Pitches (Genotoxic and Highly Genotoxic Families)

PAH's (ppm) A B C D E
Benzo(k)fluoranthene 4600 3300 2200 100 107
Benzo(a)anthracene 9500 6900 4900 1100 308
Fluoranthene 16800 20600 14300 3200 15324
Benzo(b)fluoranthene 9900 6400 4400 200 246
Indeno(1,2,3-c,d)pyrene 7800 6100 3700 200 637
Chrysene 7500 5100 4100 1000 515
Benzo(a)pyrene 9700 7000 4900 600 258
Benzo(g,h,i)perylene 2100 1500 2300 100 69
Dibenzo(a,h)anthracene 9200 6800 3900 70 853
Total PAH's* 122800 138400 107500 86870 109016
Total Genotoxic PAH's 48600 43300 29500 4800 16622
Total Highly Genotoxic PAH's 28500 20400 15200 1770 1695
’ Total BaP equivalent 29331 21557 15206 1244 2275

(*) Including Non Genotoxics
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The different pitches show major differences in the content of
genotoxic and highly genotoxic PAH’s.

The decrease observed from pitch A to C gives an indication of the
improvement we obtained when changing the binder from the hot to
tepid and cold ramming pastes. The improvement is even greater for
pitches D and E.
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Figure 3 — Benzo(a)pyrene Equivalent in Genotoxic and Highly
Genotoxic PAH’s

Further developments with ramming pastes

A variety of approaches have been tried for environmental
improvement of carbon products including chemical conversion, use
of additives and use of vacuum distilled and cut-back pitches, but
for the ramming paste application two main methods are well-
known. They involve switching from the usual coal tar pitches to
cither petroleum pitch (D) or resin. In our study we have added
another pitch (E) specially processed to achieve a low
benzo(a)pyrene content. As already mentioned in Table VI these
pitches allow for a significant decrease in the genotoxicity of the
binder compared to usual coal tar pitches.

We have prepared, at laboratory scale, some ramming pastes in
order to determine whether these new binders meet the technical and
emission requirements during baking. The main results compared to
the pastes made with the usual coal tar pitches are summarized in
Table VIL

Table VII - Analysis of Different Pastes

Characteristics

after baking
Volumetric
expansion (%)
Compressive
strength (MPa)

BaP emission
during baking (ppm)

A B C D E

0.7 L% | .0 0.5 1.5

20 18 16 11 16.5

137 | 91 83 3700 7

The petroleum pitch is known to have a low carbon yield which
explains the low mechanical properties for paste D. Nevertheless the
main concern for paste D is the emission of benzo(a)pyrene during
baking. This may be due to the fact that this kind of binder is never
subjected to a high enough thermal treatment during its production.

Paste E achieves all our technical requirements while offering an
enormous improvement regarding the emission of benzo(a)pyrene

during baking. We therefore made a more extensive study at
industrial scale to compare the behavior of both the current
conventional tepid paste B and the new paste E. The properties of
this new paste are shown in Table VIII and compared to paste B
which has the same ramming temperature and therefore offers the
most relevant comparison.

Table VIII - Properties of Paste E Compared to those for Paste B

Characteristics Paste B Paste E
:tacn;ming temperature window range 35.50 3550
Green density 1.59 1.59
Volumetric expansion (%) 1.0 1.5
Compressive strength (MPa) 18.0 16.5
Thermal conductivity at 30°C (W/mK) 6 6
Apparent density 1.44 1.44
Open porosity (%) 18.0 18.0
Electrical resistivity (pu€2.m) 65 66

Figure 4 illustrates a very similar behavior during baking for both
pastes. After the initial linear expansion at low temperatures due to
the emission of light compounds out of a non porous product, we get
a shrinkage due to the coking of the pitch. Above about 300°C, the
evolution is quite flat leading to an expansion at the end of baking.
This last point is important regarding the tightness of the cathodic
crucible of the aluminum electrolysis cell.

Figure 4 — Linear Dimensional Changes During Baking
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Industrial Test in Cells

We first tested the new ecofriendly paste E in comparison with the
conventional tepid paste B in 100 KA cells equipped with prebaked
anodes. The ramming was performed in a shop outside the line. Both
pastes were rammed at the same period, with the same equipment
(Brochot machine) and at the same temperature.

The average measured emissions are presented Table 1X.
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Table IX - Genotoxic and highly genotoxic PAH Concentration
during Industrial Ramming of Pastes B and E

PAH's (pg/m3) Paste B Paste E
Benzo(k)fluoranthene 0.19 0.06
Benzo(a)anthracene 0.23 0.06
Fluoranthene 1.33 0.34
Benzo(b)fluoranthene 0.41 0.11
Indeno(1,2,3-c,d)pyrene 2.23 0.69
Chrysene 032 0.06
Benzo(a)pyrene 0.18 0.06
Benzo(g,h,i)perylene 0.36 0.11
Dibenzo(a,h)anthracene 0.36 0.11
Total PAH's* 5.61 1.60

(*) Genotoxic and highly genotoxic PAH's

Due to very low emitted quantities some values correspond to our
detection limits so we may have overestimated some PAH
emissions. Even considering the differences we may encounter in
the industrial application, the improvement is very promising. All
the PAH contents are lower for paste E, with the amounts being
reduced by factors of 3 to about 11 depending on the compound.
Benzo(a)pyrene is 3 times lower for paste E which is quite close to
the decrease of the total of genotoxic and highly genotoxic PAH’s
illustrated in Figure 5. Naphthalene, not listed in the 14 PAH’s, is
3.2 times lower for paste E. Again the trend observed on the pitches
alone is confirmed by their derived pastes but the magnitude of the
evolution is different.
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Figure 5 — PAH Concentration during Industrial Ramming of Pastes
Band E

The first cell equipped with paste E and started in February 2000
continues to exhibit excellent performance.

Conclusion

We tried to demonstrate the importance of the quality of the
ramming paste on the goal of achieving a long life for a cell. It is
obvious that with inferior quality products this goal cannot be
achieved.

A good ramming paste is obtained by correctly adjusting the level of
several suitable characteristics, such as expansion, mechanical

strength and thermal conductivity, which may require a
compromise.

In this study including different pitches and their pastes, we have
taken into consideration one more important constraint, which is to
deliver a product with less genotoxic emissions. The new paste E
offers superior environmental characteristics during ramming and
baking while maintaining good properties when compared to current
conventional ramming pastes.
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