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Introduction 

The aim of this report  i s  t o  provide help in appraising a p i t c h  f o r  s u i t a b i l i t y  
The information was gained 

Commercially ava i lab le  and  experi- 
as binder in the  anodes of t he  alumina reduction plants. 
from t e s t ing  over 148 pitches from 21  producers. 
mental petroleum o i l ,  gas, asphalt ,  regular and  low-temperature coa l  tar pitches were 
included. 

An indication o f  the s u i t a b i l i t y  o f  a p i t ch  as binder i s  obtained by using as 
an index the  properties of baked electrodes made in the  laboratory with the t e s t  pitch. 
The electrodes a r e  prepared using controlled conditions designed t o  maintain all 
variables as constant as possible other than the p i t c h  being appraised. The laboratory 
techniques used produce electrode specimens t h a t  have the  same l e v e l  of values f o r  
t he  properties of apparent density, e l e c t r i c a l  r e s i s t i v i t y , t o t a l  porosity and crushing 
s t rength  as those produced i n  the  p l an t  from the  same materials. 

T h i s  report  (1) is  based on t h e  application of this technique t o  laboratory 
specimens of Soderberg composition. 
properties to  those of the  anodes in t he  p l a n t s .  
between t h e  properties of the  1aboratory.specimens and the  analysis of the  binder 
pitch.  
properties on var ia t ions  in the  properties of t he  laboratory-prepared carbon. 
provides equations which can be used t o  predict these proper t ies  o f  t he  laboratory 
specimens from the  analysis of the binder pitch. 
softening point, coking value, components inso luble  in benzene and quinoline, spec i f i c  
gravity and d i s t i l l a t e  f rac t ions  a re  required. 
and the  measured physical properties are generally w i t h i n  the prec is ion  of  the methods 
for measuring the  properties. These equations can be used as guides by laboratories 
rJithout f a c i l i t i e s  fo r  preparing carbon anode specimens, by people with limited 
experience in evaluating pitches,  and by p i tch  manufacturers in developing binder pitches. 

It furnishes some comparisons o f  t he  r e su l t i ng  
(2) It gives the  correlation found 

(3) It furnishes t h e  percentage influence found f o r  t he  measured p i t ch  
(4) It 

Only t h e  c o m n  determinations of  

The difference between the predicted- 

Experimental Results 

Comparison o f  Properties of Laboratory Spechens 
with Those o f  Plant Anodes 

Table I provides a comparison o f  the  properties of baked carbon o f  Soderberg 
composition made of the  same materials in t h e  laboratory and i n  t h e  reduction plant. 
TAhis one comparison given as an example has been confirmed many times. 
between these properties of laboratory specimens a n d  baked plant anodes grea t ly  
shortens the  time required f o r  a p i t ch  a p p r a i s a l  in terms o f  these  properties-.. from 
soon a f t e r  the arriyal of the  p i t ch  sample in t he  laboratory,  contrasted with s i x  
weeks o r  more a f t e r  using the t r i a l  p i t ch  i n  the Soderberg plant.  

This agreement 

Correlation Between Pi tch  Properties and Properties o f  
Laboratory Specimens. 

Having established a technique f o r  duplicating p l an t  anode properties in the  
laboratory, it vas used t o  determine the  correlation between these  properties and t h e  
properties o f  the  pitch. 
the following relationships.  With feir exceptions, as t he  softening point,  coking 
value, benzene insoluble,  quinoline insoluble, and spec i f i c  ogravity o f  the pitch 
increased, the values f o r  anode properties o f  apparent dens i ty  and crushing s t rength  

During the  period of 1941-1954, a p l a n t  laboratory found 
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-0 increased. This was accompanied by a decrease in e l e c t r i c a l  r e s i s t i v i t y  a n d  
total porosity. These findings differed in h o  respects from the experience reported 
by some laborator ies  during this period. 
benzene and quinoline insoluble components, commonly designated as "beta resins", wag 
not found to have a pronounced correlat ion with these anode properties. 
i n t e r e s t  was the  finding that the  half of t he  specimens which had the  highest 
apparent density and  crushing s t rength a n d  the lowest e l e c t r i c a l  r e s i s t i v i t y  and t o t a l  
porosi ty  were made with pi tches  which had  mre than 1% of components insoluble in 
quinoline. 
r e s t r i c t  the quinoline insoluble content to  a maximum of 1%. 

The difference betveen t h e  amount of 

O f  special  

A t  t h a t  time some had recommended t h a t  purchase specif icat ions should 

Findings of the plant  laboratory f o r  a s e r i e s  o f  28 coal tat, petroleum, a n d  
experimental pitches,  submitted by nine pitch producers, are given m Figure 1. 
propert ies  o f  t he  anode specimens are  arranged in order of increasing apparwt density, 
The propert ies  of the p i t ch  from which each anode was made a re  l i s t e d  d i r ec t ly  under- 
neath. Instead of drawing the  b e s t  s t r a igh t  l i n e  through the plotted data points,  they 
were connected t o  adjacent points  t o  show that most of the properties of pitches which 
were measured are iaherent ly  interrelated and strongly affect. the  properties of the 
anodes. 

The 

This approach to the evaluation of pitches was continued by the  Besearch Labora- 
During a period of four years, l l4 additional 

T h i s  s e r i e s  a lso  included commercial and experimental petroleum 

The relat ionships  between properties of pitches and  mode specimens 

tory when it began operating in 1955. 
pitches w e r e  tested.  
oil, .gas, a s p h a t ,  regular and low-temperature coal tar pi tches  f r o m  domestic and  
foreign producers. 
made with them found by t he  p l a n t  laboratory were confirmed, 
that changes i n  pi tch manufacturing operations nor in sources of supply changed the 
general  re la t ionship of  the propert ies  o f  pitches to  laboratory specimens during the 
19-year period. 
re la t ionship of pitches and  anodes were due t o  plot t ing d i f f e ren t  p i t c h  types, sources 
of tars, and processes, separate graphs were made fo r  pitches of one type. 
makes the  comparison f o r  nine coa l  tar pitches from a single  vendor during a two-year 
period. Figure 3 shows the r e l a t ionsh ip  f o r  12 pitches of p troleum origin,  
the i n t e r r e l a t i o n  of piti& propert ies  aad t h e i r  e f f ec t  on t he  laboratory specimens 
Was found to  apply t o  all types o f  these pitches, 

There was no indication 

To determine t o  what extent the peaks and  depressions in the plotted 

Figure 2 

In general, 

, 
Another Comparison of Laboratory and Plant Experience. 

Figure 2 shows a pronounced relat ionship o f  the softening point  of high-temperature 
coa l  tar pitches  t o  anode properties.  
experiences a r e  t ranslatable  h i t o  plant  experience is furnished in Figure 4. 
contains data f o r  plant  paste  made Hith three pitches having d i f f e ren t  softening points. 
Figure 4 indicates  the reproducibi l i ty  o f  sample t e s t ing  and constant qual i ty  of plant 
paste  over a three-month period, a n d  t he  sens i t i v i ty  of the t e s t  method t o  detect  
changes in paste induced by changes i n  the binder. 
obtained from routine sampling of  p l a n t  paste f o r  qual i ty  control. 
changing from a binder with a softening point of  90°C t o  one with l l O ° C  resul ted in 
improvement in these propert ies ,  t o  the extent of  sh i f t i ng  the range for apparent 
density from 1.51-1.59 t o  1.55-1.65 gms./cu.cm., e l e c t r i c a l  r e s i s t i v i t y  from 58-65 t o  
52-61 ohms/m./sq.mm. and crashing st rength from 6,200-7,500 t o  6,800-9,000 l b s . / s q . h  

Additional. confirmation that laboratory 
It 

Material. used in this se r i e s  was 
It shows how 

Percentage Lnfluence of Measured P i t c h  B o p e r t i e s  on Bariations in 
Properties of Baked Laboratory Specimens. 

A multiple correlation w a s  made t o  determine quant i ta t ively the  e f f ec t  of each 
Data w a s  processed of these properties of the binder on those of the baked carbon. 

from 455 specimens representing 5 1  pitches of all types tes ted over a bo-year period, 
T h i s  s e r i e s  of pitches produced laboratory specimens with a range in  properties of 
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1.34 t o  1.60 gms./cu.cm. apparent density,  53.3 t o  80.9 ohns/m./sq.mm. e l e c t r i c a l  
r e s i s t i v i t y ,  and 2,450 t o  7,100 lbs./sq.in. crushing strength. 
influence of the m e a s ~ e d  p i t c h  propert ies  on variat ions i n  propert ies  of baked 
carbon with the constant aggregate, m i x i n g  and baking conditions is  given in Table 11. 
The multiple correlation coeff ic ients  revealed that 83.7% of the var ia t ion in 
apparent density, 64.G of t h e  var ia t ion in e l e c t r i c a l  r e s i s t i v i t y ,  a n d  79.6% of t he  
var ia t ion in compression s t rength of baked carbon under these t e s t i n g  conditions 
a re  accounted f o r  by var ia t ions i n  the  six properties measured. 

The percentage 

The correlation of the atomic carbon t o  hydrogen r a t i o  of the whole pitch t o  
these properties of the laboratory specimens w a s  a lso made. 
correlat ion d i d  not s ignif icant ly  improve the p red ic t ab i l i t y  of t he  properties over 
that obtained with the multiple correlation equations for the s ix  more common 
determinations. 

It w a s  found that i t s  

TABLF: I. 

COKPAJUSON OF PBOPERTIES OF BAI(ED ANODES OF SODFXBERG COEIPOSITION MADE 
OF THE SAME N4TEBIBCS BY THE LBBORATORY AND BY A BEDUCTION PLANT 

Anode Apparent E l e c t r i c a l  Compression 

Lbs . /s q.in e 

Preparation Density Resis t ivi ty ,  Strength, 
Gms . /cu. cm. Oinns/m. /s q.m. 

Samples Cored f r o m  1.56 58.8 6,400 
Anodes in a Reduction 1.52 54.7 5,900 
Plant  1.55 107.00 -%% 

1.55 54.2 -%% 

1.52 54.5 6,800 
53.0 .7 y 100 1.54 

Average 1.54 55.0 6,550 
- - 

Paste Made in Plant,  
Baked in Laboratory 

Average 

1.55 
1.52 
1.55 

1.54 
- 

54.4 
53.0 
54.8 
54.1 
- 

6,400 

6,200 
'6,600 

7,100 

m t e  Made and Baked 1.54 54.6 6,900 
in Laboratory 

Average 1.54 54.6 6,900 
1.54 - 54.6 6,900 - 

-:e This high r e s i s t i v i t y  value indicates  t h a t  t he  area sampled i n  the continuous 
anode had not completed baking. 
These samples were used f o r  other  tests and could not  be crushed. 

It was not  included in the  average. 
-5s 

Equations for Predicting Properties o f  Resulting Anode Specimens from the  Analysis 
o f  t h e  Pitch. 

Equations were established by Besearch personnel which permit t he  prediction 
of carbon properties made with the s t a n d a r d  mixing and baking conditions. 
equations and  the methods used f o r  t he  determination of the  six properties of pi tch 
a re  given in Table 111. 

These 

The experimentally determined values f o r  apparent d e n s i t y ,  e l e c t r i c a l  r e s i s t i v i t y  
and s t rength for the  specimens used t o  OM& the equations a re  compared 
with t h e  values predicted with the  equations in Figures 5:  6 and 7: respectively. 
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The standard deviations f o r  these  measurements of  apparent density, e l ec t r i ca l  
r e s i s t i v i t y  a d  crushing s t r eng th  o f  the  specimens made with the s t a n d a r d  conditions 
and commercial and experimental pe t ro l em,  oil, gas, asphalt ,  and regular and low- 
temperature coal  tar pitches w e r e  0.0199 gms./cu.Qn., 3.4 obmS./m./sq.mm. a n d  480.8 
Ibs./sq.b. , respectively. Correlation coefficients of 0.915, 0.805, and  0.892 were 
found between the predicted and experimental values for apparent densitg, e l ec t r i ca l  
r e s i s t i v i t y ,  and crushing strength,  respectively. 
would have been 1.0 if these equations h a d  been able to  account for a l l  the variations 
in the quali ty of the carbon. 

These 
predicted values a re  plotted aga ins t  the  experimentally d e t d e d  properties on the 
same Figures 5, 6 and 7 i o  t e s t  t he  v a l i d i t y  of the  equations. In  general, the  
predictions f o r  all types of pitches were within the precision of the t e s t  methods 
f o r  measuring the carbon a t  the  95% confidence level.  The 95% confidence bands 
drawn on these figures were calculated only f o r  the or iginal  51p i t ches  used t o  
develop the  equations. 

These correlation coefficients 

These equations were applied t o  51 additional pitches of all types. 

These equations a re  claimed t o  apply only t o  the type of coke, aggregate formula- 
t ion ,  m i b g  and baking conditions used in this study. However, there a r e  reasons to  
believe that they may be adjusted for other cokes and conditions by changing the  last 
constant term of the equations to balance the  influence of these fac tors  on carbon 
properties. 

TABm II. 

THE: P E B a m  INFLUXXE OF MEASUHED PITCH PROPEBTIES ON VARIATIONS IN 
PROPEEIES OF BAICED CARBON WITH A CONSTANT AGGBEGATE, MIXING AND 

BAKING CONDITIQNS 

Pi tch  Property 
E lec t r i ca l  Compression 
Res is t iv i ty  Strength 

softening Point, O C  

Benzene Insoluble, 5 
Quinoline Insoluble, $ 
Coking Value, $ 

Specific Gravity, 

Di s t i l l a t i on ,  5 by wgt. 

Conradson 

gms ./CU. cm. 

2 n w 3 0 0 ~ c  
27OOC 

301-360 "C 
361-4OO0C 
Total  

Total  Percent o f  Variation 
Accounted For 

~ 

21.43 
0.59 
1.17 
5.44 

22.93 

7.45 
5.44 
6-44 
6.36 
6.36 

83.7 

2.98 
0.39 
4.73 
1.56 

19.89 

9.78 
4.4l 
7.06 
6.80 
7.19 

64.8 

8.28 
0.16 
0.72 
1.U 

68.62 

0.56 
0.08 
0.0 
0.0 
0.0 

79.6 

Conclusions 

Techniques f o r  t e s t ing  binder pitches provide very good comparisons between the 
properties of laboratory anode specimens and plant anodes. 

Generally the apparent density and crushing strer,lth of anodes increase, 
and the  e l e c t r i c a l  r e s i s t i v i t y  decreases, a s  the softening point, coking 
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value, benzene and y h o l h e  insoluble components, and spec i f i c  g r a r i t y  of the p i t ch  
binder increase. 

Based on the  multiple correlat ion coeff ic ients ,  it waa found that 83.N o f  the  
va t ia t ions  in apparent density, 64.8$ of the  var ia t ions in e l e c t r i c a l  resistivity, and 
79.G of the  var ia t ions in compressive s t rength o f  laboratory prepared and baked carbon 
a r e  accounted f o r  in the propert ies  of softening point, c o e g  value, benzene and 
-line insoluble components, spec i f ic  gravity and d i s t i l l a t i o n  through 400OC. 

In  general, the  eqaations presented pennit predict ing the  apparent density, 
e l e c t r i c a l  resistivity, and crushiag s t rength of  laboratory aaode specimens from 
analyses of all typepi tches  vfthin the  precis ion of the t e s t  methods f o r  meas- 
t he  p roped ies  of the carbon. 

These equations may serve a8 guides  f o r  laborator ies  without f a c i l i t i e s  for making 
a n d  t e s t ing  carbon modes. 
appraising pitches. 

They c a t  be used by people with l i m i t e d  experience in 

APFAREXT 
DENSITY 
(gms./cu.cm.) 

ErdxXRIcBt 
RESISTIVITY 
(ohms/m./sqtmin.) 

CJMSEING 
STRIBTGTH 
(lbs./sq.h.) 

a = softening point ,  *C, cube-in-air, Ba r re t t t s  method D-7. 
b * benzene insoluble, $, Bar re t t t s  method l3-7. 
c = q i u o l l n e  insoluble, $ Barreets method W1. 
d = coldng d u e ,  $, Cornadson, 3 g. sample, A.S.T.M. s189-46.  
e spec i f ic  graVitg, g./cu.cn., 25'C, Barret t rs  method D-4. 
f = d i s t i l l a t i o n  f rac t ion  O-27O0C, k e e t s  method C-9. 
g = d i s t i l l a t i o n  f rac t ion  27l-3OO0C. 
h .I d i s t W a t i o n  f rac t ion  301-360OC. 
i = d i s t i l l a t i o n  f rac t ion  36l40OoC. 
j = Total  d i s t i l l a t e ,  O-400°C. 

= 0.00127a + 0.00048b + 0.00121~ - 0.00167d + 0.60303e - 0.1613l.f - 0.15269g - 0.16023h - 0.16l44i + 0.15997j + 0.6684 

- 0.0638a - 0.0607% + 0.3906~ - 0.1309d - T7.3591e + U.1588f 

+ 6.8737g + 9.2822h + 9.1307i - 9.2760.j + 173.277 

L 

8.69a - 3.9313 + 14.05~ - lOi75d + 17,404e - 229.06f + 85.46g 

- 4 . U  + 36.473. - 9.473' - 16,956.95 
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