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This invention relates to a process for manu 
facturing carbon electrodes from coal. More par 
ticularly it relates to a process for manufacturing 
carbon electrodes and other shaped carbona 
ceous bodies from coal as the sole constituent, 
Said coal being autogenously bonded. 
The conventional commercial process for man 

ufacturing carbon electrodes comprises mixing a 
binder Such as coal tar pitch or other bituminous 
hydrocarbonaceous material with calcined vola 
tile free coke generally from petroleum sources. 
Calcined coal coke has also been used. The gran 
ular, volatile free coke is generally mixed with 
Coke flour in Order to fill the interistices between 
the larger coke granules, this mixture being com 
pounded with the pitch and the mixture extruded 
under high pressures while hot. The body thus 
shaped is subjected to baking with a gradual rise 
in temperature until a temperature Within the 
range of about 900-1800° C. is reached. The ma 
terial may be baked to a temperature up to about 
1000° C. and then may be graphitized in a fur 
ther step above about 2500° C. Certain bitumi 
nous coals when heated to a temperature in the 
neighborhood of 400-550° C. undergo swelling, 
paSSing through a plastic condition at which in 
tumescence occurs. Because of the liberation of 
eXcessive amounts of gas, the coke thus produced 
is generally quite porous and as a result its sub 
Sequent use in electrodes is practical only if ma 
terials are unavailable which will yield a more 
dense electrode. Electrodes made in this way 
have a low apparent density and a high resistiv 
ity with the result that power consumption in 
electrothermal metallurgical processes in which 
Such electrodes are employed is high. As a conse 
quence coal generally cannot compete as a raw 
material with petroleum coke either on the basis 
of cost, production or Subsequent use. 
The formation of carbon electrodes directly 

from coal is not practical because of the fact that 
the coal passes through the highly plastic stage 
and the resulting electrodes are not only de 
formed but highly porous, blistered or cracked. 
The present invention provides a method for 

producing electrodes from coal wherein no added 
binder is necessary. Electrodes can be made hav 
ing higher apparent density and greater conduc 
tivity than it has been possible to produce by the 
use of calcined coal coke and a binder. 
In One Specific embodiment the invention con 

prises a process for manufacturing carbon elec 
trOdes by heating a coking coal at a tempera 
ture of about 350-550° C. for about two to about 
ten hours to a point at which it has become non 
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plastic without the application of mechanical 
pressure and has about 8 to 20% volatile matter 
capable of being evolved only upon carbonization, 
then cooling and crushing the partly Coked coal 
and then compressing it without added binder at 
a pressure of at least 2000 pounds per Square inch 
at a temperature of about 350-500 C. to produce 
a uniform, dense, green electrode, and baking the 
electrode to a temperature of about 900-1100° C. 
According to another embodiment the partially 

devolatilized coal made as described above, is 
compressed into briquettes or other forms, broken 
into particles of the desired size for use in elec 
trodes, and calcined at a temperature above 700° 
C. to a volatile content below about 2% and pref 
erably below 1%. The dense coke thus formed 
may then be mixed with a binder and made into 
electrodes of high density and conductivity in the 
usual manner. The coke is exceptionally hard. 

if the coking coals are heated at about 300 
550° C., but at a temperature above that at which 
destructive distiliation begins to occur and in 
which the coal becomes plastic, a part of the 
volatile matter is evolved. By controlling the 
time of heating and the temperature so that the 
resultant coke contains about 8 to about 20% of 
volatile matter the coal becomes non-plastic un 
der ordinary conditions. 
By the tern non-plastic. I nean that the coal 

will not melt or fuse upon the application of heat 
alone although heating it too rapidly would cause 
the development of considerable porosity. 

If the pre-coking or partial coking is carried to 
the point indicated, and then cooled, the mate 
rial can be broken into fragments of a size use 
ful in the production of electrodes, for example 
to a size of about 34 inch in diameter and less 
depending upon the size of electrode to be made. 
These particles may then be heated to a tempera 
ture of about 350 to about 500 C. and extruded 
or molded at a pressure of at least 2000 pounds 
per square inch to produce a uniform dense green 
electrode. The electrode may then be subjected 
to baking at a rate inore rapid than that which 
can be employed when using a mixture of cal 
cined coke, coke four and pitch binder. The 
temperature of baking is that usually employed 
in the manufacture of carbon electrodes. 

It has been found that the baking operation 
using Small electrodes can be carried out using a 
temperature rise at a rate from about 10° to 20° C. 
per minute. In the conventional baking opera 
tion for comparable electrodes rates of tempera 
ture rise up to about 5° C.-10° C. per hour are 
employed. ... ." 
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This possibility of increased baking rate is 
highly important in view of the savings that can 
be affected in the time of manufacture. Larger 
electrodes, say up to 40 inches in diameter, re 
quire upheat rates of a lower order of magnitude 
than for the smaller sizes, but there are substan 
tial time savings over conventional operation. 
Any suitable coking Coal can be employed, 

these being of the bituminous type normally con 
taining volatile matter within a range of about 
20-40%. It is preferred to use coals which have 
a low ash content either naturally, or which may 
have been subjected to mechanical and/or chem 
ical treatment to reduce the ash. 
The precoking and baking Operation is pref 

erably carried out in a non-oxidizing atmosphere. 
The precoking operation can be carried out in 

any suitable apparatus preferably One in which 
the air can be excluded. This may include ver 
tical retorts, shell coking stills, continuous cok 
ing furnaces, and the like. 
The following examples are given to illustrate 

the process but should not be construed as init 
ing it to the exact conditions or materials therein 
described. 

Eacample I 

A Kentucky bituminous coal (Bell) of 37% 
volatile matter was crushed and heated to a 
temperature of 430° C. in a stationary retort 
until the volatile content was about 17%. The 
heating time was 2 hours. The partially coked 
coal was removed from the cooked retort, broken 
into granules having particles passing 50 mesh 
and then heated in a non-oxidizing atmosphere 
to 320 C. and extruded at this temperature at a 
maximum pressure of 10,000 pounds per square 
inch. The resulting pieces were 1% inches in 
diameter, then calcined or baked to a temper 
ature of 1250 C. using an upheat rate of about 
10 to 20° C. per minute. The apparent density 
of the resulting 8-10 mesh coke was 117% of the 
apparent density of an electrode made from coal 
coke from the same coal source calcined directly 
at a heating rate of 5° C. per hour. The coke 
of this invention contained microscopic voids and 
Was Stronger, more dense and had a lower elec 
trical resistivity, i. e., higher electrical conduc 
tivity, than the conventional electrode made with 
the calcined coal coke. 

Eacample II 

Abituminous coal from West Virginia, was pre 
coked to a temperature of about 480° C. over a 
period of 2 hours. This partially coked material 
WaS hard, and did not fuse upon further heating. 
The partially coked coal was crushed to 8-10 
mesh heated in a substantially oxygen free at 
mosphere to a temperature of 430° C. and was ex 
truded into an electrode at a maximum pressure 
of 10,000 pounds per square inch. The result 
ing green electrode was calcined in the manner 
described in Example I. The calcined briquette 
showed an apparent density of 1.23% and a con 
ductance of 140% of that electrode made using 
volatile free calcined coal coke from the same 
Source in the conventional manner described in 
Example I. The electrode of this invention was 
stronger, more dense, and less porous than the 
conventional electrode. The appearance was 
considerably better, the cross section was more 
uniform, the voids contained therein were small 
er and in every way the electrode was superior 
to the conventional one. 

10 

4. 
Eacample III 

The crushed partially coked coal of Example I 
was coked at a temperature of 1000° C. to a vol 
atile content of below 1%. The Calcined par 
ticles were mixed with about 40% of calcined 
coke flour, 50% of which passed 200 mesh and 
was mixed with a 37% by weight of coal tar 
pitch binder at about 180° C. The mixture was 
extruded at 110° C. into electrodes. These were 
baked as above described. The resistivity of the 
baked electrodes was about 70% of that of a 
comparable coal coke electrode made by cal 
cining the coal direct. The strength was 50% 
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better, and apparent density about 20% better. 
I claim as my invention: 
1. A process for manufacturing coal-coke of 

improved strength, particle density and conduc 
tivity, and decreased porosity, Suitable for use 
in electrode manufacture which comprises heat 
ing coal consisting essentially of a bituminous 
coking coal containing about 20-40% volatile 
matter, and which SWells and becomes plastic 
upon being heated to 400-500° C. to an infusible, 
normally non-plastic condition at a temperature 
between about 300 and about 550° C., and in 
any event to reduce the volatile content by de 
structive distillation, to between about 8 and 
about 20%, which material is deformable under 
high mechanical pressure at a temperature of 
300-550° C., cooling and crushing the partially 
coked coal and compressing it without added 
binder at a pressure of at least 2,000 pounds per 
square inch at a temperature between about 
350° and about 550° C. to deform and autog 
enously bond the particles together, crushing 
the resulting composition to form particles and 
coking said particles above about 700° C. to a 
volatile content below about 2%. 

2. A process for producing a carbon article 
which comprises subjecting a coal consisting es 
sentially of bituminous coking coal containing 
about 20-40% volatile matter, and which SWells 
and becomes plastic upon heating to about 400 
500° C., to destructive distillation at a tempera 
ture between about 350-550° C. for a time Suf 
ficient to render the resulting material infusible, 
and non-plastic except upon application of strong 
mechanical pressure within said temperature 
range, cooling and crushing the resulting maSS, 
heating the particles thus produced to a tempera 
ture between about 350-550°C, and strongly com 
pressing the hot particles at a pressure sufficient 
to deform and autogenously bond them together 
and gradually heating the resulting carbonaceous 
body to a temperature above 700° C. to reduce 
its volatile content to below 2%, thereby produc 
ing a dense, hard, strong carbon article of low 
electrical resistivity. 

3. A proceSS for producing a carbon article 
Which comprises Subjecting coal consisting essen 
tially of bituminous coking coal which normally 
undergoes SWelling and passes thru a plastic state 
at temperatures of 400-550° C., said coal contain 
ing 20-40% volatile matter, to destructive distilla 
tion at a temperature of about 350-550° C., for 
a time Sufficient to form an infusible, non-swell 
ing maSS which is non-plastic, except upon the 
application of strong mechanical pressure with 
in Said temperature range, and to reduce sub 
stantially the volatile content to not less than 
8% and not more than 20%, said distillation be 
ing in a non-oxidizing atmosphere, said time be 
ing in the range of 2-10 hours, cooling and then 
crushing the resulting mass, heating the particles 
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thus produced to a temperature between about 
350-550° C. and strongly compressing the hot 
particles at a pressure sufficient to deform and 
autogenously bond them together, and there 
after gradually heating the resulting carbona 
ceous body to a temperature above 700° C., the 
rate of heating being not more than about 10 C. 
per hour, to reduce its volatile content to below 
about 2%, thereby producing a dense, hard, 
strong carbon article of low electrical resistivity. 

4. A process for producing a carbon article 
which comprises subjecting a Kentucky bitumi 
nous coal of about 37% volatile matter, and which 
normally swells and becomes plastic upon heat 
ing to about 400-500° C., to a temperature of 
about 430° C. for a period of about 2 hours to re 
duce the volatile content to about 17%, cooling 
the resulting mass, crushing it to form particles 
of less than about 50 mesh, heating said particles 
in a non-oxidizing atmosphere at a temperature 
of about 320 C., compressing the thus heated 
particles at a pressure sufficient to deform and 
autogenously bond them together, thereafter 
gradually heating the resulting carbonaceous 
body to a temperature of about 700° C. to reduce 
the volatile content to below about 2%, thereby 
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6 
producing a dense, hard, strong carbon article 
of low electrical resistivity. 

FREDERICK L. SHEA, JR. 
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