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do hereby declare the inven- tion for which we pray that a Patent may be
granted to us, and the method by which it is to 5  be performed to be
particularly described in and by the following statement:-    5 This.
invention relates to granular activated carbon manufacture and more
particularly to a new and improved process for making granular activated
carbon from low rank bitumi- nous coal treated with dilute inorganic acid,
and to a new and improved granular activated carbon made by such process
and having properties which make it suitable for use in waste 10  water
treatment and other applications.
10 In order to facilitate a clear understanding of this invention, various
terms of art em- ployed herein are defined as follows. Abrasion number - is
a measure of the resistance of the activated carbon granules to degrading
on being mechanically abraded. It is measured by contacting a sample with
steel 15  balls in a pan on a machine and shaking the contents for a given
time and determining the  15 resultant particle size distribution and hence
the mean particle diameter. The abrasion number is the ratio of the final
average (mean) particle diameter to the original average (mean) particle
diameter (determined by screen analysis) times 100. Activated carbon - is
carbon which is "activated" by heating to high temperature prefer- 20  ably
with steam or carbon dioxide as the activating agent in producing an
internal porous  20 particle structure. Activating - means heating coal at
high temperatures, e.g., of the order of about 800- 900[err]C, in the
presence of a gaseous activating agent. Adsorption isotherm - is a
measurement of the adsorptive capacity of an absorbent (viz. 25  granular
activated carbon) as a function of the concentration, or pressure, of the
adsorbate  25 (viz. N[err]) at a given temperature. It is defined as the
constant temperature'relationship between the amount adsorbed per unit
weight of adsorbent and the equilibrium concentra- tion, or partial
pressure. Apparent density.- is the weight per unit volume of homogeneous
granular activated 30  carbon. To assure uniform packing of the granules
during measurement, a vibrating trough  30 is used to fill the measuring
device. Ash - is a principal mineral constitutent of coal, carbon and p
itch. It is normally defined 



as a weight percent basis after a given amount of sample is reduced to ash.
Average (mean) particle diameter- is a weighted average diameter of a
granular activated 35  carbon sample. A screen analysis is run and the
average particle diameter is calculated by  35 multiplying the weight of
each fraction by its average diameter, adding the products, and dividingby
the total weight of the sample. The average diameter of each.fraction is
taken as the size midway between the sieve opening through which the
fraction has passed and the sieve opening on which the fraction was
retained. 40    Charring - means heating coal at low temperatures, e.g. of
the order of about 250[err]C, in  40    1,555,812
2 the presence of oxygen. Coking value - is usually expressed as percent
residual carbon obtained when a dry sam- ple of coal, tar or pitch is
vaporized or pyrolized for a specific time at a specific temperature that
limits the available oxygen supply (ASTM Method D-2416). The coking value,
express- 5  ed as percent residual carbon, indicates the coke forming
properties of the material.  5 Devolatilizing - means heating coal at
intermediate temperatures, e.g. of the order of -about 450[err]C, in the
absence of oxygen. Granular activated carbon - is "activated carbon" which
has a particle size, i.e., "mesh", which is not less than about 40. 10
High volatile A bituminous coal - is a bituminous coal which has, by
weight, a dry fixed  10 carbon content of less than 69%, dry volatile
matter of more than 31 %, and a moist or as received Btu/lb. of 14,000 or
more. Iodine number - is the milligrams of iodine adsorbed by one gram of
granular activated carbon at an equilibrium filtrate concentration of 0.02
N iodine. It is measured by contact- 15  ing a single sample of carbon with
an iodine solution and extrapolating to 0.02 N by an  15 assumed isotherm
slope. This number can be correlated with the ability of granular acti-
vated carbon to adsorb low molecular weight substances. Low rank bituminous
coal- includes high volatile B bituminous coal, which has a moist or as
received Btu/lb. of 13,000 or more but less than 14,000, and high volatile
C bituminous 20  coal, which has a moist or as received Btu/lb. of 11,000
or more but less than 13,000.  20 Medium volatile bituminous coal - is a
bituminous coal which has, by weight, a dry fixed carbon content of 69% or
more and less than 78%, and dry volatile matter of 31% or less, but more
than 22%. Mesh - (or mesh size) is the particle size of granules as
determined by the U.S. Sieve 25  Series equivalent to the Tyler Series.
Usually, this term refers to the sizes of the two  25 screens, in either of
the above Series, between which the bulk of a sample falls. For exam- ple,
"8/30 mesh" (or "8 by 30 mesh" or "8 x 30 mesh") means that 90% by weight
of the sample -will pass through a No. 8 screen but will be retained on a
No. 30 screen: Alternative- ly, this term refers to a maximum particle
size, such as in defining the fineness of powder 30  material. For example,
"65% by weight - 325 mesh powder" means that 65% by weight of a  30 given
sample passes through a No. 325 mesh screen. Pitch - is a black or dark
viscous substance obtained as a residue in the distillation of organic
materials and especially tars. Powder - means a particle size, i.e.,
"mesh", which is smaller than about 40. The larger 35  the mesh number, the
smaller the size.                                          35 Surface area
- is the amount of surface area per unit weight of granular activated
carbon; it is determined from the nitrogen adsorption isotherm by the
Brunauer, Emmett and Teller (BET) method, and it is expressed in
m[err]/gram (square meters per gram); It is to be noted, in addition to the
above definitions of high volatile A, B and C bitumi- 40  nous coals, that
all of these coals vary -from a very highly coking coal to very poorly
coking  40 coal depending upon the history and type of coal. In general
high volatile A bituminous coals or low volatile bituminous coals such as
those normally found in the eastern United States are good coking coals,
with a large free swelling index number (ASTM Test No. D-720-67), and on
coking yield a coke that is strong and 45  shows resistance to crushing
(load bearing capability ASTM Test No. D-441-45).  45 In contrast, in
general terms, because of the higher volatile matter content, etc., high
volatile B and high volatile C bituminous coals, depending upon the
specific constituents 



could be very poorly coking in that cokes resulting from such coals have
little cohesion and they break down readily iii the tumbler test (ASTM Test
No. D-441-45). Some of these coals, 50  possibly because of lower fixed
carbon content, etc., also on carbonization yield coke that has  50 no
internal strength but show good swelling, as for example in case of popcorn
which swells greatly on heating but has little cohesion. These descriptions
of the said coals used here are only meant to generally describe and hence
differentiate them in regard to their origin as related to their
carbonization behavior 55  and such descriptions are meant to be
illustrative and not restrictive.         55 Granular activated carbon is
particularly useful in waste water treatment not only be- cause it is
highly effective in purifying the effluent from municipal and industrial
sewage but also because it can be regenerated for repeated use. However, in
order to accomplish these objectives it must possess certain properties,
namely, a minimum surface area of about 900 60  m[err]/gram for adequate
adsorption capacity, a  minimum iodine number of about 900 for  60 adequate
adsorption of low molecular weight substances, a maximum ash content (by
weight) of not more than about 12 percent, and preferably not more than
about 8%, for purity, a minimum abrasion number of about 70 and preferably
not less than about 80, for adequate hardness in maintaining granular
integrity in use and in regeneration, and a mini- 65  mum apparent density
of not less than about 0.46 gram/cc, preferably about 0.48 gram/cc,  65
3                                    1,555,812
3 for obtaining the dense, closely packed beds and' columns needed in waste
water treatment. These properties can be obtained by making granular
activated carbon from bituminous coal, such as high volatile A bituminous
coal or a medium -volatile bituminous coal but until the present invention
it is not known that anyone else has accomplished this by using coals 5
other than these select few bituminous coals, which are highly coking with
excellent coking  5 strength, and low ash. To date, little success has been
attained in using any coals other than these select few in making hard,
active, low ash granular carbon, as described above.' Since only 25 to 30%
by weight of the starting coal results in granular activated carbon, and
since the preferred range of ash in the granular activated carbon is about
8%, the ash 10  content of the about noted suitable bituminous coals is
very much limited to be under 3%,  10 and this explains one of the
limitation described above. Too many' liquid tar like compo- nents given
out during carbonization of the granules prior to activation tend to coat
the granules, tend to fuse them together and render them unsuitable for
activation; this ex- plains the limitations on liquid components and hence
coking strength of the coal discussed 15  above. Too few liquid components
given out during carbonization of granules, like those  15 obtained from
poorly coking coals leads to poor strength of the granules and this
explains why only such select few bituminous coals have been useful in
making hard granular activated carbon. There have been some attempts in the
past, as set forth in U.S. Patent 3,630,959, to 20'  overcome the
aforementioned problems by addition of concentrated acids to coal. While
20 this attempted to solve the' problem of handling the tar-like liquids,
it did not in any way help to solve the ash content limitations of the
carbon (in fact with direct addition of acid to coal the ash content of the
activated carbon was higher than that obtained from the coal processed
without the acid). More importantly practising the art taught by this
patent, does 25   not allow one to make a hard granular activated carbon;
this is due to the fact that the mix was 25 carbonised and the resulting
carbonised material would not have the cohesion or strength required to
make hard granular activated carbon. Further, when the non-coking
sub-bituminous coals were used as disclosed in my copend- ing application
No. 1867676 (Serial No. 1553364) and when they were treated in dilute 30
aqueous acid solutions, it has een found that the charring step necessary
for the coking  30 coals, can be eliminated completely, and that if
appropriate acid treatment is employed, this results in a significant and
unexpected improvement in the yield of the granular acti- vated carbons
from said coal as well as a significant improvement in the desired
adsorption and abrasion properties of the granular activated carbons. 35
In contrast, in the present invention, a method has been developed which
can use a wide  35 variety of coals encompassing the general description of
low rank bituminous coals as raw materials in making hard, adsorptive
granular activated carbons. 



According to the present invention there is provided a process for making
hard granular activated carbon comprising forming granules from low rank
bituminous coal, treating the 40  granules with a dilute aqueous solution
of an inorganic acid, washing off the acid, drying the  40 granules
thoroughly, mixing the granules with a carbonaceous binder, reducing the
granules to form fine powder, compressing the powder, reducing the
compressed powder to reform granules, charring the reformed granules by
heating to and at a charring temperature in an oxygen containing
atmosphere, devolatilising the charred granules by heating to and at a 45
devolatilising temperature higher than the charring temperature in an
oxygen-free atmos-  45 phere, and activating the devolatilised granules by
heating to and at an activating tempera- ture higher than the
devolatilising temperature in an atmosphere containing a gaseous acti-
vating agent. As becomes evident front the descriptive Examples, this
method: (a) affords the use of 50  such coals with an ash content of over
3%, e.g. in the range 6-9% (b) affords the use of such' 50 coals of varied
coking character (the acid treatment presumably renders these coals
suitable as a raw material for producing hard, granular activated carbons)
which was hitherto not possible; (c) affords the use of such coals that
yield many tar like components during de- volatilisation (carbonisation),
where the acid treatment is believed to change the coal (such 55  that it
did not yield as many liquid components during devolatilisation
(carbonisation) after  55 acid treatment as compared to coal with no
treatment), and (d) affords the use of such coals that are very poorly
coking where the said coals after acid treatment were mixed with pitch,
ground to fine particle size, compacted, granulated and then processed to
make hard granu- lar activated carbons. This would not have been possible
without the acid treatment which 60  is believed to alter the coking
behaviour of the coal and, thus render it suitable for activa-  60 tion.
The invention also provides hard granular. activated carbon produced by the
process de- fined in 'the preceding paragraph. Preferably such activated
carbon will have an abrasion number of not less than 70, more preferably
not less than 75, most preferably not less than 65  80.
65    1,555,812 The low rank bituminous coal used for the present invention
will preferably have an ash content of not more than 9% by weight. The
preferred acids for use .in the process of the invention are 1 to 50% by
weight. aqueous solutions of [err], HCl, [err] or a mixture of two or more
of these acids. Such 5  acids are for preference used in an amount such as
to give an aqueous solution to coal ratio   5 of at least 2:1. More
preferably these acids will have a concentration of from 1 to 20% and will
be used in an amount so as to give an aqueous solution to coal ratio of at
least 4:1 by weight. In a particularly preferred embodiment of the
invention the. acid has a concentra- tion of 13% by weight and the aqueous
solution to coal ratio is .10:1 by weight; . 10    Once the granules have
been treated with the acid, washed and dried, they are mixed  10. with the
carbonaceous binder which is preferably used in an. amount of 5 to 15%  by
weight. The preferred carbonaceous binder is coal tar pitch  used in an
amount of 7 to 12% by. weight. After mixing with the binder, the granules
are reduced to form a fine  powder which is for 15  preference at least
.65% by weight -325 mesh. This.fine powder is subsequently compressed,  15
prior to reduction of the compressed powder to reform granules, and this
compression is. preferably 'effected at a pressure of at least 40,000 psi.
The compression operation may be used to form cylindrical pellets, suitable
sizes for which are a diameter of 1/2 inch and a length of 1/2 inch. The
reformed granules,.produced from the compressed powder, are 20  preferably
of 6/20 mesh. The reformed granules are subsequently charred preferably by
heating to a charring tem- perature of 250[err]C at. a rate of 150 C/hour
in an atmosphere of air and nitrogen and by maintaining the charring
temperature for 4 to 5 hours. The next stage in the process is the
devolatilisation of the charred granules. The devolatil- 25  isation
operation is preferably conducted by heating the charred granules to a
temperature  25 of 450[err]C at a rate of 300[err]C/hour in an atmosphere
of nitrogen and the volatiles and by maintaining the devolatilising
temperature for 1 hour. 



The final step in the process of the invention is the. activation of the.
devolatilised gra- nules. This activation step is preferably conducted by
heating the devolatilised granules to a 30  temperature of 800 to 900[err]C
in an atmosphere of nitrogen and steam for a time of 4 to 5  30. hours. .As
illustrative of the preferred embodiments of the'present invention, it may
be men- tioned that granular carbon produced by mixing granules of the low
rank bituminous coal with an acid having a concentration of 1 to 20% by
weight using an aqueous solution to coal 35  ratio of at least .4:1 by
weight, by using 7 to 12% by weight of coal tar pitch as the carbo 35
naceous binder; and by using a combination of the abovedescribed preferred
methods of performing the charring, devolatilising and activating steps,
will' yield an activated carbon having a surface areas of 1050 to. 1090
m2/gram. an iodine number of 900 to 1100, an ash content of 6 to 9% by
weight, an abrasion number of 75 to 80, and an apparent density of 40  0.51
to 0.53 gram/cc.
40. The invention will be further described by way of example only with
reference to the following detailed description and accompanying drawing
wherein: The single figure is a block diagram or flow sheet illustrating
schematically the various steps of the process, as well as the resulting
product, both embodying the invention. 45   In this detailed description,
reference will be made to seven Examples, of which Example  45 1 provides a
background of the problems involved in making granular activated carbon
from poorly coking to medium coking, low rank bituminous coals, and
Examples 2, 3, 4 and 5 are illustrative of the invention wherein the said
coals are acid treated and successfully processed. Example 5 illustrates
the situation of mixed acids treating of the said coal', with 50  high ash
content. Examples 6 and 7 illustrate the situation where the use of a high
rank,  50  4 high volatile A bituminous. coal leads to granular. activated
carbon with the required prop- erties. Examples 1 to 5 employ. or require a
charring step in addition to the acid treatment step, whereas Examples 6
and 7 illustrate that the high rank bituminous coal can be utilized to make
granular activated carbon without the acid treatment, but still requiring
the char- 55  ring step.
55 EXAMPLE 1 USE OF LOW RANK BITUMINOUS .60                     (HIGH
VOLATILE B OR C) COAL IN                             60 MAKING GRANULAR
ACTIVATED CARBON A batch of low rank bituminous (high volatile B or C)
coal, having the following analyses, by weight, was used..    5
1,555,812                                       5 Proximate Analysis
Ultimate Analysis As Receivied Dry             As Received    Dry %Moisture
3.91         -        Moisture'  391 % Volatile Matter    42.73      44.47
% C         72.7           75.66 % Ash            6.27         6.53   % N2
0.36           0.375 %Fixed Carbon    47.09        49.00  % H         5.0
5.2 Btu/lb             12,900       -      %S          0.9            0.94
% Ash       6.27           6.53 These analyses are, in general, typical of
a low rank (high volatile B or C type) bitumi- nous coal. The coal was
dried thoroughly and mixed with ten parts per hundred of No.125 coal tar
pitch having the following characteristics: 5         Softening Plant
Benzene Insolubles                                          33.2% by weight
Quinoline Insolubles                                        13.1% by weight
Coking Value (Conradson)                                    61.1% by weight
10         Ash
0.17% by  weight The mix was thoroughly milled into a fine powder such that
at least 65% of the powder passed through 325 mesh; the powder was pressed
into pellets of 1/2 inch diameter and 1/2 inch high using a pressure of
40,000 to 80,000 psi. The bulk density of the pellets was in the range 1.1
to 1.2 gram/cc and they were granulated to obtain 6 x 20 mesh granules
having an 15  apparent density of 0.65 to 0.68 gram/cc. 



600 grams ofthe granules were oadedinto a cylindrical container prepared
from 50 mesh screen and the container was mounted onto a cylindrical shaft
and the assembly was loaded into a cylindrical furnace so that the
container and the granules therein were rotated slowly and uniformly inside
the furnace (1-8 rpm). 20    The granules were heated in an oxygen free
atmosphere such as nitrogen, to 450[err]C at a  20 rate of 150[err]C/hour
and maintained there for 1 hour; during this process, the granules were
slowly and uniformly rotated (1 to 8 rpm). At the end of the run the
granules were removed from the furnace and it was found that the granules
were fused into a mass (which had poor crushing strength since it
disintegrated easily), and hence were unsuitable for activation to 25
produce hard, adsorptive, granular activated carbon.
25 Another batch of 6 x 20 mesh granules was prepared as described above,
loaded into the cylindrical furnace, heated in an atmosphere consisting of
nitrogen and air (oxygen is the reacting gas) to 2500C at 150[err]C/hour
and kept there for 4 to 5 hours, where presumably the coal granules were
exposed to the oxidizing action of oxygen. The weight loss in this step 30
was 5 to 15%. The material at the end of the hold period was further heated
to 450[err]C at  30 150[err]C/hour and kept at this temperature for 1 hour
for devolatilization; At the end of the run, the granules were removed and
it was found that the granules still fused into a mass, despite the
oxidation step, and were unsuitable for activation to produce hard,
adsorptive, granular activate carbon. 35    Further, in the
devolatilization process, with or without the oxidation step, it was  35
observed that the fused granules had the appearance of typical hollow
spheres, indicating a preponderance of liquid products given off during
devolatilization, and further indicating that unless these liquid products
are handled appropriately, the hollow spheres produce even if they can be
retained as individual granules, would not possess the cohesion and 40
strength required to make hard, granular activated carbon of uniform
activity. This clearly,  40 demonstrated that neither of the methods
attempted above can be utilized to devolatilize the said coal granules
successfully in making granular activated carbon.    1,555,812
6 EXAMPLE 2 USE OF [err] TREATED LOW RANK BITUMINOUS COAL IN MAKING 5
GRANULAR ACTIVATED CARBON                                  5 A batch of
high volatile B or C, low rank bituminous coal having the same analyses
described in Example 1 was crushed and screened to obtain 8 x 30 mesh
granules. 300 grams of the granules were loaded into a 4 liter kettle and
an aqueous acid solution consisting of 10  300 cc of 95% concentrated (by
weight) [err] and 2700 cc of water was added to the  10 granules (about 10%
by volume or about 13% by weight concentration of acid in solution). The
granules and the acid solution were heated to 80 to 100[err]C and
maintained at this temperature for 5 to 8 hours, while the granules were
continuously stirred. During the course of these experiments, it was
learned that the size bf the granules, the temperature of 15  treatment
(which is usually below 100[err]C because it is done in aqueous acid
solutions), the  15 time of treatment, the concentration of acid in the
aqueous solution, and the ratio of aqueous solution to coal all have
important effects on the processability of the coal in making hard,
adsorptive granular activated carbons. For example, coarser granules than 8
x 30 mesh could be employed where the treatment conditions have to be more
severe (higher 20  acid concentration, temperature and/or longer time).
Similarly, finer granules could be  20 used when less severe treatment
conditions could be employed. At the end of the leaching process, the
contents were allowed to cool, the solution was decanted for reuse, and the
granules were thoroughly rinsed, such that the wash water off the granules
analyzed to a pH of 6 to 7. The washed granules were dried thoroughly, and
25  mixed with 10 parts per hundred of coal tar pitch of the type described
in Example 1. The  25 mixture was milled to a fine powder such that at
least 65% of the powder passed through a 325. mesh screen. The powder was
pressed into cylindrical pellets 1/2 inch diameter by 1/2 inch height using
a pressure of 40,000 to 80,000 psi, the apparent density of the pellets
being in the range 1.1 30  to 1.2 gram/cc. The pellets were regranulated to
obtain 6 x 20 mesh granules having an  30 



apparent density of 0.65 gram/cc. 600 grams of the granules were loaded
into the cylindrical furnace described in Example 1 and were charred; this
consisting of hearing the granules at 150[err]C/hour to 250[err]C and
holding at 250[err]C for 4 hours in an atmosphere consisting of 1 standard
cubic foot per hour (SCFH) of air and 1 SCFH of nitrogen. At the end of the
35  charring step, the air inflow to the furnace was shut off and the
granules were heated to  35 450[err]C for devolatilization in an atmosphere
of nitrogen and held at that temperature for 1 hour. At the end of the
devolatilization, the furnace was cooled and it was found that the granules
did not fuse as in Example 1, and they were hard, having an apparent
density of 0.61 gram/cc. The granules were then activated in an activated
furnace in an atmosphere 40  containing steam at a temperature of
800-900[err]C for 4 to 5 hours. The activated granules 40 analyzed to an
iodine number of 1000, surface area of 1090 square meters per gram, an ash
content of 8% by weight, an apparent density of 0.53 gram/cc and an
abrasion number of 78, which properties make it extremely well suited for
use in waste water treatment and other applications. 45    From the above
description it is patently obvious that: when an attempt was made to  45
produce granules from the said coal, without any prior treatment, such
attempts met with failure because of fusion and creation of hollow granules
during devolatilization; while at the same time subjecting the said coal to
the instant inventive process of treating in dilute aqueous acid solution'
and charring the said granules, hard granular activated carbon has 50  been
obtained despite the poor coking character of the said coal. Further, and,
more spec- 50 fically despite the fact that the said coal had over 6% by
weight ash in the as received condition, in this inventive process a
granular activated carbon product containing no more than 8% by weight ash
has been obtained, which for reasons described in the prior art, would not
have been possible, but for the inventive process. 55    During the course
of experimentation, a batch of acid treated, washed, dried, compacted  55
granules were devolatilized without the charring step described above, and
the granules thus devolatilized were fused together, as described in
Example 1, and thus    unsuitable for making hard granular activated
carbon. From the above description, it is patently obvious that hard
adsorptive granular activated 60  carbon could not be made from the above
coal with either the acid treatment or charring  60 steps alone, and that a
proper combination is required a described in this inventive process, to
make granular activated carbon. While it may be possible that, under
specially designed, not yet known, charring condi- tions (which are
designed to solve the problem of fusion) one may successfully devolatilize
65  and activate the granules, it is believed from the prior art that such
a process is likely to 65    7                            1,555,812
7 result in a much larger ash content in granular activated carbon (such as
3 to 4 times that of the starting coal), which tends to dilute the activity
and reduce the hardness. Thus the uniqueness and inventiveness of the
present process lies in a proper combination of acid treatment and charring
steps, which enable one to process the coal successfully into hard, 5
adsorptive  granular activated carbon.
5 EXAMPLE 3 USE OF HCI TREATED HIGH VOLATILE 10                        B OR
C, LOW RANK BITUMINOUS                              10 COAL IN MAKING
GRANULAR ACTIVATED CARBON A batch of low rank bituminous coal having the
typical analyses described in Example 1 was crushed and screened to obtain
8 x '30 mesh granules. 300 gram of the granules were 15  loaded into a 4
liter kettle and an aqueous acid solution consisting of 300 cc of 75% by
15 weight concentration HC1 and 2700 cc of water was added to the granules
(about 10% by volume or 13% by weight concentration of acid in solution).
The granules and the acid solution were heated to. 80[err] to 100[err]C and
maintained at this temperature for 5 to 8 hours, while the granules were
continuously stirred. 20    At the end of the acid treatment process the
contents were allowed to cool, the acid  20 solution decanted for reuse,
and the granules were thoroughly rinsed, such that the wash water off the
granules analyzed to a pH of 6 to 7. The washed granules were dried
thorough- ly, mixed with 10 parts per hundred of coal tar pitch of the type
described in Example 1, and 



this mixture was milled toa fine powder such that at least 65% of the
powder passed through 25  a 325 mesh screen.
25 The powder was pressed into cylindrical pellets. 1/2 inch diameter by
1/2 inch height using a pressure of 40,000 to 80,000 psi, the apparent
density of the pellets being in the range 1.1 to 1.2 gram/cc. The pellets
were regranulated to obtain 6 x 20 mesh granules having an apparent density
of 0.65 gram/cc. 600 grams of the granules were loaded into the cylindrical
30  furnace described in Example 1 and were charred as described in Example
2. At the end of  30 the charring step, the air inflow to the furnace was
shut off and the granules were heated to 450[err]C for devolatilization in
an atmosphere of nitrogen and held at that temperature for 1 hour. At the
end of the devolatilization, the furnace was cooled and it was found that
the granules did not fuse as in Example 1, they were hard and had an
apparent density of 0.61 35  gram/cc.
35 The granules were then activated in an activation furnace in an
atmosphere containing steam at a temperature of 800 - 900[err]C for 4 to 5
hours. The activated granules analyzed to an iodine number of 900-1000,
surface area of 1050 square meters per gram, an ash content of 6- 8% by
weight, an apparent density of 0.53 gram/cc and an abrasion number of 75,
40  which properties make it extremely well suited for use in waste water
treatment and other  40 applications. During the course of experimentation,
a batch of compacted and reformed granules were devolatilized without the
charring step described above and the granules then devolatilized were
fused together as in Example 1, being unsuitable for making hard granular
activated 45  carbon.
45 From this Example, it is evident that use of HC1 is also slightly more
effective in controll- ing ash content (6-8% versus 8% for the [err] of
Example 2) in the resulting granular activated carbon, although [err]
produces a slightly harder and more adsorptive product (1090 m2/gram
surface area, iodine number of 1000 and abrasion number of 78, versus 1050,
50  900-1000 and 75, respectively, for HCl).
50 EXAMPLE 4 USE OF [err] TREATED LOW RANK BITUMINOUS COAL IN MAKING
GRANULAR ACTIVATED CARBON A batch of (high volatile B or C) low rank
bituminous coal having the same analyses described in Example 1, was
crushed and screened to obtain 8 x 30 mesh granules. 300 grams of the
granules were loaded into a 4 liter kettle and an aqueous acid solution
consist- 60  ing of 300 cc of 85% by weight concentrated H3P04 and 2700 cc
of water was added to the  60 granules (about 10% by volume of 13% by
weight concentration of acid in solution). The granules and the acid
solution were heated to 80 to 100[err]C and maintained at this tempera-
ture for 5 to 8 hours while the granules were continuously stirred. At the
end of the acid treatment process, the contents were allowed to cool. The
acid 65  solution was decanted for reuse, and the granules were thoroughly
rinsed such that the wash  65    1,555,812
8 water off the granules analyzed to a pH of 6 to 7. The washed granules
were dried thoroughly, mixed with 10 parts per hundred of coal tar pitch of
the type described in Example 1. The mixture was milled to a fine powder
such that at least 65% of the powder passed through a 325 mesh screen.' 5
The powder was pressed into cylindrical pellets 1/2 inch diameter by 1/2
inch height, using   5 a pressure of 40,000 to 80,000 psi, the apparent
density of the pellets being in the range 1.1 to 1.2 gram/cc. The pellets
were regranulated to obtain 6 x 20 mesh granules having an apparent density
of 0.63 gram/cc. 600 grams of the granules were loaded in the cylindrical
furnace described in Example 1 10 and were charred, as in Examples 2 and 3.
At the end of the oxidation step, the air inflow to  10 the furnace was
shut off and the granules were heated to 450[err]C for devolatilization in
an atmosphere of nitrogen and held at that temperature for 1 hour. At the
end of the devolati- lization, the furnace was cooled, and.it was found
that the granules did not fuse as in Example 1, were hard and had an
apparent'density of 0.60 gram/cc. The granules were then 15  activated in.
an activation furnace in an atmosphere containing steam at a temperature of
15 800 - 900[err]C for 4 to 5 hours. The activated granules analyzed to an
iodine number of 1050, a 



surface area of 1100 square meters per gram, an ash content of 9% by
weight, an apparent density of 0.52 gram/cc, and an. abrasion number of 76,
which properties make it extremely well suited for use in waste water
treatment and other applications. 20    For this Example, it is seen that
[err] is slightly less efficient in controlling ash content in  20 the
resulting product than [err] (Example 2) or HCI (Example 3), but does
produce a slight increase in the iodine number (1100 vs. 900-1000 for HCI
and 1000 for [err]). EXAMPLE 5 USE OF MIXED ACID TREATED LOW RANK, HIGH
ASH, BITUMINOUS COAL. IN MAKING GRANULAR ACTIVATED CARBON A batch of low
rank bituminous coal having. by weight, a typical analysis described below
30  was crushed and screened to obtain 8 x 30 mesh granules.
30 Proximate Analysis AsReceived    Dry % Moisture        1.3           - %
Volatile Matter    44.4       44.8 % Ash             8.8           8.9
%Fixed carbon     45.5          46.3 BTU/lb            12,500 Fromthe
analysis and the BTU data, it is seen that the coal is low rank bituminous
coal and has a reasonably high ash content (8 - 9%). 300 grams of the
granules were loaded into a 4 liter kettle and an aqueous acid'solution
consisting of 150 cc of concentrated HC1 (75% by weight concentration and
150 cc of concentrated [err] (95% by weight concentration) 35 and 2700 cc
of water was added to' the granules (about 10% by volume of about 13% by 35
weight concentration of acid in solution). The granules and the acid
solution were heated to 80 to 100[err]C and maintained at this temperature
for 5 to 8 hours while the granules were continuously stirred. At the end
of the acid treatment process, the contents were allowed to cool,the acid
40 solution was decanted for reuse and the granules were thoroughly rinsed
such that the wash  40 water off the granules analyzed to a pH of 6 to 7.
The washed granules were dried thorough- ly and analysis of the coal
indicated an. ash content of roughly 4% by weight. The dried granules were
mixed with '10 parts per hundred of coal tar pitch of the type described in
Example 1. The mixture was milled to a fine powder such that at least
65%.of the powder 45 passed through a 325 mesh screen.  45 The powder was
pressed into cylindrical pellets' 1/2 inch diameter by 1/2 inch height
using a pressure of 40,000 to 80,000 psi. the apparent density of the
pellets being in the range of 1.1 to 1.2 gram/cc. The pellets were
regranulated to obtain 6 x 20 mesh granules havingan apparent density of
0.65 gram/cc. 600 grams of granules were charred and devolatilized as in 50
Example 4. At the end of the devolatilization,  the furnace was cooled and
it was found that 50    1,555,812                                    9 the
granules did not fuse as in Example 1, were hard and had an apparent
density of 0.62 gram/cc. The granules were then activated as in Example 4.
The activated granules analyzed to an iodine number of 1050, a surface area
of 1100 m2/gram, an ash content of 6 o by weight, an apparent density of
0.5,1 gram/cc, and an 5  abrasion number of 80, which properties make it
extremely well suited for use in waste   5 water treatment and other
applications. From this Example, it is a so evident that the inventive
process also is effective in reduc- ing the ash content (from 8.8 - 8.9 to
6%. by weight) particularly where a mixture of HC1 and [err] is used. 10
10 EXAMPLE 6. USE. OF HIGH VOLATILE A BITUMINOUS COAL AND PITCH TO MAKE 15
GRANULAR ACTIVATED CARBON                          .      15 The starting
material was a batch of eastern bituminous coal having the following analy-
ses by weight: Proximate Anasis                      Ultimate Analysis 



As Received  Dry              As Received    Dry % Moisture        2.04
-      % Moisture  2.04 %Ash             1.2         1.26   % Carbon
82.3          84 % Volatile Material   33.1   33.8   %H         5.2
5.29 % Fixed Carbon    63.6        64.9   %N2         1.3           1.33
BTU/lb            14,571      14,874 %S          .34           .35 % Ash
1.23          1.26 These analyses are, in general typical of eastern
bituminous high volatile coals having 20 very low ash contents.. These
coals also are highly coking and low in ash content (ASTM  20 Test No.
D-720-67). The dried coal was crushed to obtain 8 x 30 mesh granules which
were mixed with NO. 125 coal tar pitch of the type described in Example 1,
and in the ratio of 90 grams of coal granules and 10 grams of pitch (10
parts per hundred, by weight). The mixture was milled into very fine powder
so that at least 65% of the powder passed 25 through a 325 mesh screen. The
milled powder was compressed into pellets 1/2 inch dia- 25 meter and 1/2
inch high using a. pressure of 40,000 to 80,000 psi. The pellets had a bulk
density of 1.18 gram/cc and were granulated to obtain 6 x 20 mesh granules
having an apparent density of 0.65' gram/cc. 600 grams of the granules were
loaded into a cylindrical furnace and were subjected to 30 the charring
process such as described in Example 2, except that the charring consisted
of 30 heating the granules from room temperature to 250[err]C at
100[err]C/hour instead of 150[err]C/hour and maintaining at that
temperature for only 2 hours, as opposed to 4 to 5 hours. An atmosphere of
0.5 standard cubic. feet per hour at I atmosphere and room temperature
(SCFH) of N[err] and 0.5 SCFH of air was fed into the furnace while the
cylindrical container 35 was rotating at 1'to 4 rpm. In the course of
experimentation, it was found that heating rate, 35 atmosphere
(particularly the amount of oxygen present), temperature and time at
tempera- ture were critical variables that had an important influence on
how the granules were suited for further processing in making hard granular
activated carbon. For example, too small a time (less than 1/2 hour) at
temperature or too low a temperature (lower than 200[err]C), in 40 general,
led to difficulties in further processing of the granules. Thus, in the
devolatilization 40 (without charring) step, the granules fused together
and were unsuitable for proper activa- tion and for obtaining the desired
properties of granular activated carbon. When properly charred, as describe
above, the yield of the granules was 69% by weight, based on the dry coal
pitch. mixture and they had an apparent density of 0.62 gram/cc. In 45
contrast to the eastern bituminous coal described in this example, even a
charring step prior 45 to the devolatilization was not sufficient to
produce granules suitable for activation from the low rank bituminous coal
described in Example 1. As described earlier, the coal in Example 1 yielded
too many liquid products, resulting in hollow spherical fused granules, on
charring    10                         1,555,812
10 and devolatilization. Thus, the inventive process utilizes the acid
treatment in Examples 2-5 so that even a low  rank coal such as that of
Examples 1 and 5 can be made to yield hard granular activated carbon. The
properly charred granules obtained from this Example, then were
devolatilized and 5 activated in substantially the same manner as described
in Example 2. At the end of the process, hard granular activated carbon was
obtained, with an overall yield of 34.0% by weight based on the dry coal
pitch mixture. The granules had an apparent density of 0.50 gram/cc, an
iodine number. of 1080, a surface of area of 1040, an ash content of 2.2%
by weight, and an abrasion number of 80. .10   Thus, the resulting granules
were hard, very adsorptive, low in ash, and in all respects  10 very much
comparable to the grades of carbon preferred for use in. waste water
treatment and other applications. However, it is particularly noteworthy
that hard granular activated carbon could not be made from this bituminous
coal without subjecting the granules to the charring step described above,
prior to devolatilization and activation. 15
15 EXAMPLE 7 USE OF ACID TREATED HIGH VOLATILE A BITMUMINOUS COAL IN 



20                  MAKING GRANULAR ACTIVATED CARBON
20 The same procedure as set forth in Example 6, was followed through the
initial granulat- ing step. At this point, 300 grams of the coal granules
were loaded into a 4 liter kettle. A dilute aqueous acid solution
consisting of 300 cc of 95% by weight concentrated [err] and 25  2700 cc of
water was added to the granules (about 10% by volume or 13% by weight  25
concentration of acid in solution). The mixture was heated to 80-90[err]C
and maintained at this temperature for 5 hours while the granules were
continuously stirred. The contents were allowed to cool, the acid solution
decanted and the coal was thoroughly.washed such that the waste water off
the granules analyzed to a pH of 6 to 7. 30   The washed coal was dried
thoroughly and was mixed with coal tar pitch, milled into at  30 least 65%
by weight -325 mesh powder, and pressed into pellets as in Example 6. The
bulk density of the pellets was in the range of 1.1 to 1.2 gram/cc and they
were regranulated to obtain 6 x 20 mesh granules having an apparent density
at this stage of 0.64 gram/cc. The reformed granules were charred as in
Example 6, producing 70% by weight yield and 35  an apparent density of
0.63 gram/cc. In the course of experimentation, it was learned that  35
even for. acid treated bituminous coal, the charring step still was
necessary as a pre-treating step in order to obtain proper granular
activated carbon. The charred granules then were devolatilized and
activated in the manner described in Example 6. At the end of  the
activation step, hard granular activated caron was obtained 40  with an
overall yield of 35% by weight based on dry coal tar pitch mixture; The
granules  40 had an apparent density of 0.50 gram/cc and a surface area of
1000 m2/gram, an iodine number of 1050, an ash content of 2.5% by weight
and an abrasion number of 80. In comparing Examples 6 and 7, it is
noteworthyl that acid treatment did not materially alter the yield and
properties of the granular activated carbon and as set forth in Example 6,
45  a granular activated carbon suitable for waste water treatment and
other applications can be  45 made from this high volatile A bitmuminous
coal without subjecting it to the acid treat- ment, provided the said coal
has been charred prior to devolatilization. In contrast the low rank
bituminous coals of the type described herein could not be processed
without the' acid treating step, even when the charring step was employed.
In 50  fact, for such coals it was found that both the acid treating and
charring steps were neces-  50 sary in order to be able to make acceptable
granular activated carbon from such coals. It now is seen how the invention
accomplishes its various objectives. Likewise, it is to be understood. that
while the invention has been described and illustrated herein by reference
:' to certain preferred embodiments, the. same are to be considered as
illustrative, rather than 55  as limiting.
55 WHAT WE CLAIM IS: 1.  A process for making hard granular activated
carbon comprising forming granules from low. rank bituminous coal, treating
the granules with a dilute aqueous solution of an inorganic acid. washing
off the acid, drying the granules thoroughly, mixing the granules 60  with
a carbonaceous binder, reducing the granules to form fine powder,
compressing the  60 powder, reducing the compressed powder to reform
granules, charring the reformed gra- nules  by heating. to and at a
charring temperature in an oxygen containing atmosphere, devolatilising the
charred granules by heating toand at a devolatilising temperature hig her
than the charring temperature in an oxygen-free atmospher'e, and activating
the devolatil- 65  ised granules by heating to and at an activating
temperature higher than the devolatilising   65    10
1,555,812                                      10 and devolatilization.
Thus, the inventive process utilizes the acid treatment in Examples 2-5 so
that even a low rank coal such as that of Examples I and 5 can be made to
yield hard granular activated carbon. The properly charred granules
obtained from this Example, then were devolatilized and 5 activated in
substantially the same manner as described in Example 2.              5 At
the end of the process, hard granular activated carbon was obtained, with
an overall yield of 34.0% by weight based on the dry coal pitch mixture.
The granules had an apparent density of 0.50 gram/cc, an iodine number of
1080, a surface of area of 1040, an ash content of 2.2% by weight, and an
abrasion number of 80. 10   Thus, the resulting granules were hard, very
adsorptive. low in ash, and in all respects  10 



very much comparable to the grades of carbon preferred for use in waste
water treatment and other applications. However, it is particularly
noteworthy that hard granular activated carbon could not be made from this
bituminous coal without subjecting the granules to the charring step
described above, prior to devolatilization and activation. 15
15 EXAMPLE 7 USE OFACID TREATED HIGH VOLATILE A BITMUMINOUS COAL IN 20
MAKING GRANULAR ACTIVATED CARBON                                20 The same
procedure as set forth in Example 6, was followed through the initial
granulat- ing step. At this point. 300 grams of the coal granules were
loaded into a 4 liter kettle. A dilute aqueous acid solution consisting of
300 cc of 95% by weight concentrated [err] and 25 2700 cc of water was
added to the granules (about 10% by volume or 13% by weight  25
concentration of acid in solution). The mixture was heated to 80-90[err]C
and maintained at this temperature for 5 hours while the granules were
continuously stirred. The contents were allowed to cool. the acid solution
decanted and the coal was thoroughly washed such that the waste water off
the granules analyzed to a pH of 6 to 7. 30   The washed coal was dried
thoroughly and was mixed with coal tar pitch. milled into at  30 least 65%
by weight -325 mesh powder, and pressed into pellets as in Example 6. The
bulk density of the pellets was in the range of 1.1 to 1.2 gram/cc and they
were regranulated to obtain 6 x 20 mesh granules having an apparent density
at this stage of 0.64 gram/cc. The reformed granules were charred as in
Example 6. producing 70% by weight yield and 35  an apparent density of
0.63 gram/cc. In the course of experimentation. it was learned that  35
even for acid treated bituminous coal. the charring step still was
necessary as a pre-treating step in order to obtain proper granular
activated carbon. The charred granules then were devolatilized and
activated in the manner described in Example 6. At the end of the
activation step. hard granular activated caron was obtained 40  with an
overall yield of 35% by weight based on dry coal tar pitch mixture. The
granules  40 had an apparent density of 0.50 gram/cc and a surface area of
1000 m2/gram. an iodine number of 1050. an ash content of 2.5% by weight
and an abrasion number of 80. In comparing Examples 6 and 7, it is
noteworthyl that acid treatment did not materially alter the yield and
properties of the granular activated carbon and as set forth in Example 6.
45  a granular activated carbon suitable for waste water treatment and
other applications can be  45 made from this high volatile A bitmuminous
coal without subjecting it to the acid treat- ment. provided the said coal
has been charred prior to devolatilization. In contrast the low rank
bituminous coals of the type described herein could not be processed
without the acid treating step. even when the charring step was employed.
In 50  fact. for such coals it was found that both the acid treating and
charring steps were neces-  50 sary in order to be able to make acceptable
granular activated carbon from such coals. It now is seen how the invention
accomplishes its various objectives. Likewise. it is to be understood that
while the invention has been described and illustrated herein bv reference
to certain preferred embodiments. the same are to be considered as
illustrative, rather than 55  as limiting.
55 WHAT WE CLAIM IS: 1. A process for making hard granular activated carbon
comprising forming granules from low rank bituminous coal. treating the
granules with a dilute aqueous solution of an inorganic acid. washing off
the acid. drying the granules thoroughly. mixing the granules 60  with a
carbonaceous binder. reducing the granules to form fine powder. compressing
the   60 powder. reducing the compressed powder to reform granules.
charring the reformed gra- nules bv heating to and at a charring
temperature in an oxygen containing atmosphere, devolatilising the charred
granules by heating to and at a devolatilising temperature higher than the
charring temperature in an oxvyen-free atmosphere. and activating the
devolatil- 65  ised granules by heating to and at an activating temperature
higher than the devolatilising   65    1,555,812 temperature in an
atmosphere containing a gaseous activating agent. 2. A process as caimed in
claim 1 wherein the coal has an ash content of not more than 



9% by weight. 3. A process as claimed in claim 1 or 2 wherein the acid is
[err], [err], HC1 or a 5  mixture of two or more of these acids, the acid
having a concentration of 1 to 50% by weight   5 and being used in an
amount giving an aqueous solution to coal ratio of at least 2:1 by weight.
4. A process as claimed in claim 3 wherein the acid concentration is from 1
to 20% by weight, and the aqueous solution to coal ratio is at least 4:1 by
weight. 10    5. A process as claimed in claim 4 wherein the acid
concentration is 13% by weight and  10 the aqueous solution to coal ratio
is 10:1. 6. A process as claimed in any one of claims 1 to 5 wherein the
granules are mixed with 5 to 15% by weight of the carbonaceous binder. 7. A
process as claimed in claim 6 wherein the carbonaceous binder is coal tar
pitch and 15  the granules are mixed with 7 to 12% by weight of the coal
tar pitch.              15 8. A process as claimed in any one of claims 1
to 7 wherein the powder is at least 65% by weight -325 mesh. 9. A process
as claimed in any one of claims 1 to 8 wherein the powder is compressed to
form pellets of 0.5 inch diameter and 0.5 inch long under a pressure of not
less than 40,000 20  p.s.i.
20 10. A process as claimed in any one of claims 1 to 9, wherein the
reformed granules produced by reducing the compressed powder are of 6/20
mesh. 11. A process as claimed in any one of claims 1 to 10 wherein the
reformed granules are charred by heating to a temperature of 250[err]C at a
rate of 150[err]C/hour in an atmosphere of air 25  and nitrogen and by
maintaining the charring temperature for 4 to 5 hours.         25 12. A
process as claimed in any one of claims 1 to 11 wherein the charred
granules are devolatilised by heating to a temperature of 450[err]C at a
rate of 300[err]C/hour in an atmosphere of nitrogen and the volatiles and
by maintaining the devolatilising temperature for 1 hour. 13. A process as
claimed in any one of claims 1 to 12 wherein the devolatilised granules 30
are activated by heating to a temperature of 800 to 900[err]C in an
atmosphere of nitrogen and  30 steam for a time of 4 to 5 hours. 14. Hard
granular activated carbon produced by the process of any one of claims 1 to
13. 15. Hard granular activated carbon as claimed in claim 14 having an
abrasion number of 35  not less than 70.
35. 16. Hard granular activated carbon as claimed in claim 15 having an
abrasion number of not less than 75. 17. Hard granular activated carbon as
claimed in claim 16 having an abrasion number of not less than 80. 40
18. A process as claimed in claim 1 for producing hard granular activated
carbon sub-  40 stantially as hereinbefore described in any one of Examples
2 to 5. 19. Hard granular activated carbon produced by the process of claim
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