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Characterization of Prebaked Anode Carbon 

By Mechanical and Thermal Properties 
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Canada 

Laboratory tests have shown that there is a signi-
ficant effect of coke source, binder content, forming 
method, and baking temperature on the properties of 
prebaked carbon. Density, mechanical strength, Young's 
modulus, and thermal conductivity increase and electric 
resistivity and anode consumption decrease as the binder 
content increases to optimum. Vibrated test electrodes 
are more sensitive to changes in coke source and binder 
content than pressed electrodes. The use of high amounts 
of anode butts has a slightly adverse effect on electric 
resistivity, rate of oxidation, and anode consumption, 
while it improves mechanical strength. Increasing the 
quinoline insoluble content of the pitch binder results 
in a higher binder requirement, improved mechanical 
properties, but not significantly different anode con-
sumption. Rates of change in the binder requirement 
equal to 0.12 wt % per 0.01 g/cm3 increase in coke bulk 
density were found. Examination of plant vibrated and 
pressed anodes produced from the same mix showed lower 
density, mechanical strength, and Young's modulus for 
the vibrated anodes which also performed better in 
the potrooms. 
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Introduction 

Raw materials used for prebaked anode production 
at various Alcan plant locations significantly differ 
in physical and chemical properties. In particular, 
substantial variations have been found in such proper-
ties as the bulk density of the calcined coke and the 
quinoline insoluble of the coal-tar pitch binder. On 
the process side, demands for prebaked anodes are affected 
by the increased demand on the world markets for aluminum, 
hence more cells are being put into operation and higher 
amperages are used. This has led to changes in baking 
and to the recycling of different percentages of anode 
butts. With regard to forming of anodes, our newer plants 
are using lower capital cost forming equipment, i.e., 
vibrators, compared to the higher cost press used before. 
In the midst of all these changes, there is always the 
question: "have anode properties been affected by raw 
material and process changes?" The present work was 
undertaken to give some insight into what effect each 
of these changes would have on the properties of prebaked 
anodes. 

Test Electrode Studies 

Materials and Procedures 

The results of analysis of the cokes used are given 
in Table I and the results of analysis of the pitch binders 
used are shown in Table II. The aggregates were prepared 
by crushing and sieving the coke into five fractions 
with anode butts making up the coarse fraction. The 
size distribution used is given in Table III. 

Mixing was done in replicate at 160 to 165 C in 
a 10.5 litre capacity sigma-blade mixer for 40 minutes. 
Moulding was performed by vibration (frequency 2400 rpm; 
amplitude 6 to 8 mm) and pressing with a hydraulic press 
at the desired unit pressure, usually 40 kg/cm^. Baking 
was carried out in a nitrogen atmosphere at 15 to 20°C/h 
to a final temperature of 1100°C, except in those tests 
where baking temperature was a variable. 

The experiment to determine the effect of coke 
source on the test anode properties was designed as 
a factorial with coke source, binder content, and forming 
method as the factors. 

Bending strength and Young's modulus were determined 
in a four point loading test. The laboratory anode con-
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sumption test has been described previouslyd) and most 
other tests are sufficiently well known to make detail 
unnecessary. 

Results and Discussion 

1. Effect of coke source, binder 
content, and forming methocl 

The mean property values are listed in Table IV. 
A Statistical evaluation showed that coke source, binder 
content and forming methods significantly affected the 
results of most properties and that significant inter-
actions were present. The effect of coke source, binder 
content, and the different forming methods on density, 
resistivity, ben,ding strength, compressive strength, 
and Young's modulus are shown in Figures 1 to 6. Empiri-
cal relationships were established in most instances 
between the properties and coke source and binder content 
It can also be seen from the results that under the condi-
tions chosen, the vibrated anodes are more sensitive 
to changes in binder and coke source than pressed anodes. 
In previous work(2) it has been shown also that coke 
source, binder content, and forming pressure significantl' 
affected the anode density, electric resistivity, air 
permeability, mechanical strength, and anode consumption. 
Data from the period shows that consumption decreases 
at the rate of 0.4% per 0.01 g/cm3 increase in coke bulk 
density (Collier method), 1.5% per 1% increase in binder, 
and 2.7% per 100 kg/cm2 increase in forming pressure. 

2. Change in percentage butts 

The binder requirement test developed by Alcan is 
the amount of binder required to produce 0.02 g/cm2 of 
packing coke adhering to the baked anode surface. The 
estimated binder requirement decreased at the rate of 
0.12 % for each 0.01 g/cm3 increase in the Collier densit; 
of the filler coke. Hence, we must keep in mind that 
wide variations in the bulk density of the calcined cokes 
can mean large variation in production control. Similarly 
we have found that increases in the quinoline insolubles 
in the pitch have necessitated an increase in binder requi 
ment. This has resulted in improved mechanical strength 
and Young's modulus but not significantly different baked 
anode consumption as shown in Table V. 

3. Effect of baking temperature 

Pressed and vibrated test electrodes made with 15.5 
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and 17 wt % binder and baked at 900, 1000, and 1100°C, 
did not show any significant change in baked density 
with increasing baking temperature but showed a significant 
decrease in electric resistivity. Bending and compressive 
strengths went through a maximum at 1000°C. Young's 
modulus followed this trend for the vibrated electrodes 
but the pressed electrodes made with 15.5% binder showed 
a decrease with increasing baking temperature. The pressed 
electrodes made with 17% binder had nearly the same Young's 
modulus for baking temperatures of 900 and 1000°C but 
had a sharp decrease on baking to 1100°C. In previous 
work(2) it was shown that there was a significant decrease 
in baked anode consumption of 3% per 100°C increase in 
baking temperature over the baking temperature range 
of 1100 to 1250°C. 

As the baked anode consists of butts, calcined petro-
leum coke and pitch coke whose thermal and mechanical 
properties are different it can be realized just how 
difficult an operation it is to produce a satisfactory 
prebaked anode. Obvious compromises have to be achieved 
to give an anode acceptable to the reduction process 
from both operational and economic aspects. What we have 
done in the laboratory is to emphasize areas of concern 
in the raw materials and in the production of the anode. 

From these findings, we can make a good estimate 
of the relative differences in the property values of 
pressed and vibrated anodes produced from different cokes 
to give what We would consider the best anode. When 
possible, we would chose a high bulk density coke to 
achieve the best possible results in service. Particular 
advantages from this are that we would have a lower binder 
requirement, significantly lower electrolytic consumption, 
and a lower thermal gradient through the anode due to 
a higher thermal conductivity (15 to 20%) , hence a reduc-
tion in thermal stress. 

Properties of Production Anodes 

Table VI shows typical properties of prebaked carbons 
determined on core or slab samples of anode blocks. 

From the results obtained on production anodes during 
this work, the following observations can be made: 

Effect of Processing Variables on Anode Properties 

1. Aggregate size distribution and binder content 

Generally,a coarser aggregate and higher binder 
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content give superior physical and thermal properties. 
It should be emphasized that for each type of coke and 
aggregate size distribution there is an optimum binder 
level. For binder contents above this value, properties 
deteriorate and anode performance is adversely affected. 

2. Coke source 

The effect of coke source is very pronounced on 
mechanical properties. Strength of the blocks increases 
with increasing coke bulk density. Even at optimum binder 
level, cokes of lower bulk density give lower compressive 
and tensile (bending) strength. 

3. Butt and other anode recycle 

Coarse anode butts and baked anode scrap can be 
used up to 50% in weight in prebaked anode aggregate 
without an adverse effect on physical properties. As 
would be expected, at high levels of butt addition a 
penalty must be paid in terms of electrolytic consumption 
and air oxidation. It is interesting to note that 50% 
butts when finely ground and added to the aggregate gave 
poor results. 

4. Degree of compaction 

Comparison of production anodes made by pressing 
and vibrating mixes of the same composition showed that 
the density, mechanical strength, and Young's modulus 
are lower in the vibrated anodes and the resistivity 
is not different from that of the pressed anodes (see 
Table VII). The vibrated anodes performed better in 
the potrooms than the pressed anodes. In the plant anodes 
it has been found also that the ultimate strain energy 
(i.e., the energy at which failure will occur) is more 
variable in pressed anodes than in vibrated anodes. 

Typical Ranges of Selected Mechanical 
and Thermal Properties 

1. Bending strength 
2 

This property in the range of 60 to 80 kg/cm is 
considered adequate. Lower values measured were clearly 
associated with several other significant properties 
being inferior, in particular the resistance to thermal 
stresses. 

2. The ratio of bending strength to modulus 

The ratio x 103 is within the range of 0.80 to 1.00 
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for most of the acceptable formulations. Values of 0.55 
to 0.80 were found for mechanically inferior blocks, 
while figures from 1.00 to 1.15 were associated with 
too brittle blocks. It is interesting to note that total 
strain at failure may be changed by as much as 25% by 
changes in processing variables. 

3. Thermal shock index and 
thermal stress resistance 

These appear to be the best criteria of block quality 
with respect to thermal cracking. A minimum of 50 to 
60 seconds is required for the former, and a value of 
1.50 or higher is desirable for the latter. Thermal 
shock index is the time measured in seconds which is 
required to crack a 5 mm thick and 50 mm diameter carbon 
disc exposed to the flame of a gas burner under controlled 
conditions. Thermal stress resistance (or Gangler rela-
tion) is defined as follows: 

Bending strength x 
„ _,, . Thermal conductivity R = Therm, stress resis. = — : 3—= ^ ^~A—■. v-Young s modulus x Coefficient 

of thermal expansion 

and 
2 

„ . . (Bending strength) 
E - Max. strain energy = ττ-ττ; *f -= — i f r-

x 2(Young's modulus) 

4. Thermal conductivity and thermal expansion 

In order to reduce thermal stresses in an anode 
block high thermal conductivity and low thermal expan-
sion values are required. Thermal conductivity varies 
between 3.5 and 5.5 W/m°C for most prebaked anode formula-
tions. It is affected to a greater extent by processing 
variables than by raw material source. Coefficients 
of thermal expansion lie in the range of 3.5 to 5.0 x 
10-6/°C. This property is sensitive to coke source, 
it increases with increasing coke bulk density. 

5. Consumption by electrolysis and air oxidation 

The range in baked anode consumption for blocks 
with acceptable physical properties is relatively small. 
Typical values would be between 114 and 116%. Anode 
consumption is given as percentage of that corresponding 
to formation of CO,, i.e., 0.247 lb or 0.112 kg per kAh. 
Typical air oxidation rate figures for prebaked anodes 
are 0.080 to 0.120 g/cm2 h. The effect of metallic 
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impurities in the coke on oxidation rate is clearly 
recognizable. 

Conclusions 

Coarser aggregates and higher binder contents give 
generally superior physical and thermal properties. 
The effect of coke source is very pronounced on mechanica 
properties, strength of the blocks increases with increas 
ing calcined coke bulk density. Recycled butts and 
other baked anode return can be used up to 50 wt % in 
the aggregate without a significant adverse effect 
on physical properties of the blocks. 

Based on plant performance of blocks at various 
Alcan locations, a mechanical strength (in bending) of 
60 to 80 kg/cm is considered adequate. The ratio of 
bending strength to Young's modulus x 10-3 ü e s between 
0.80 and 1.00 for most of the acceptable formulations. 
The range in total strain at failure is 25% and this 
is attributed to changes in processing variables. It 
appears that a minimum thermal shock index of 60 seconds 
and a thermal stress resistance of 1.50 are required 
for blocks of acceptable quality. The effect of coke 
source on baked anode consumption and the effect of 
coke impurities in particular vanadium content on air 
oxidation rate were easily recognizable. 
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TABLE II 

TYPICAL RESULTS OF ANALYSIS OF PITCH 
BINDERS USED III LABORATORY PREBAKED ANODE STUDIES 

ORIGIIi 

S o f t e n i n g p o i n t (C/A) 
E a u i v i s c o u s t e m D e r a t u r e 

e v t 1 0 -
C o k i n g v a l u e ( A l c a n ) 
C/H r a t i o ( a t o m i c ) 
Q u i f t o l i n e i n s o l u b l e 
B e n z e n e i n s o l u b l e 
B e t a - r e s i n s ( B I - Q I ) 
D e n s i t y a t 20°C 
Ash 
S u l p h u r 

OC 
: e v t 1 0 ° C 

e v t 1 0 0 0 . 

% 
$. 
% 

g / c m ^ 
% 
% 

COAL 

105 
165 

45 
5 9 . 0 
1 . 8 1 
1 0 . 0 
2 9 . 0 
1 9 . 0 
1 . 3 2 
0 . 0 5 
0 . 5 0 

-TAR 

- 110 
- 175 
- 30 
- 6 0 . 0 
- 1 . 84 
- 1 4 . 0 
- 3 1 . 0 
- 1 7 . 0 
- 1 . 34 
- 0 . 2 0 
- 0 . 8 0 

PETROLEUM 

100 - 105 
150 - 170 

50 - 55 
4 5 . 0 - 5 0 . 0 
1 . 2 5 - 1 . 30 

0 . 1 - 4 . 0 
4 . 0 - 2 0 . 0 
4 . 0 - 1 6 . 0 

1 .20 - 1 . 2 2 
0 . 0 2 - 0 . 1 5 

0 . 8 - 1 . 40 

TABLE III 

AGGREGATE SIZE DISTRIBUTION USED IN THE LABORATORY 

TYLER MESH 

• 3 
+ 4 

+ 10 
+ 20 
+ 48 

1-100 
+ 200 
- 2 0 0 

CUMULATIVE Wt % 

8 
15 
33 
45 
6 1 
72 
82 

100 

FRACTION 

b u t t s 
b u t t s 

b u t t s / c o a r s e c o k e 
c r u s h e d c o k e 
c r u s h e d c o k e 
c r u s h e d c o k e 

b a l l m i l l c o k e 
b a l l m i l l c o k e 
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TYPICAL PROPERTIES OF PRODUCTION ANODES 
DETERMINED Oil SLAB OR CORE SAMPLES 

TYPE OF COKE USED HIGH BULK ΟΕΠΞΙΊ LOW 3ULK DENSITY 

!Butt content in aggregate 

: Optimum binder content 14.5 16.0 

;Green apparent density 

!Baked apparent density 

I Air permeability 

', Resistivity 

[ Bending strength (ES) 

j Young's modulus (ΎΛ) 

I BSiYM x 10"3 

Strain at failure x 10 

Compressive strength 

| Thermal conductivity 

jCoeff. thermal expansion 

! Anode consumption 

Air oxidation rate 

i Thermal shock index 

| Thermal stress resistance 

Λ-3 

g/cin 

, 3 g/cr. 

en /sec j 

kg/cp. 

1.608 

1.554 

10.0 

46.0 

80.0 

70.5 

1.14 

1.20 

!J/r.°C 

io~6/°c 
% 

g / c m 2 . h 

s e c 

R X 1 0 3 

5 . 6 0 1 

3 . 7 5 i 

1 1 4 . 5 | 

0 . 2 0 0 * | 

50 t o 70 ί 

1 .66 | 

1.570 

1.530 

60.0 

56.0 

69.0 

68.0 

1.01 

1.06 

310 

5.30 

3.50 

117. 5 

0.120 

50 

1.54 

*High-vanadium coke. 

304 

From Light Metals 1975, Rudy Rentsch, Editor 
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BAKED APPARENT DENSITY, g/cmJ 
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BENDING STRENGTH, kg/cm 
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ELECTRICAL RESISTIVITY, 10 ohm cm 
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YOUNG'S MODULUS 103 kg/cm2 
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