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Measurements of the true and apparent densities and adsorptive properties
of coals carbonized at 600-1,650° C have been used to study the variation of
the colloidal structure with the temnperature of carbonization. It is shown tbat’
the true density increases with increasing carbonization temperature, reaching
about 2-1 g./cem.? at 1,100-1,200° C,

The porosity of particles small enough to pass a 240 B.S. sieve is large (fronv
7 % to 23 %) and increases with increasing carbonization temperature in the range
£00° to T,000° C. The specific surface increases with increasing carbonizatior
temperature between 600° and 800” C.  The accessibility of the pores and inner
surfaces to liquids and gases decreases with increasing carbonization tempera
ture in the range 600° to 1,600° C and is governed by the width of fine constrl'ctwfl
in the pore system rather than by the mean diameter of pores which are umfomﬂ
along their length. As a result of this pore structure, the solids function 35
molecular sieves, the width of the constrictions in the pore system being of @he
same order as the diameters of the simple molecules used for the density
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curements (ie. 2 to 6 A). This molecular sieve structure must be of im-
ance in determining both the chemical behaviour of the solid and the
éomposition of the gas evolved during carbonization.

The industrial behaviour of coke prepared from any given coal is
ily dependent on the maximum carbonization temperature. In
ticular, there is loss of reactivity when the temperature of carbon-
ion rises above 650° C (the exact temperature varies from coal to
j, and the change is reflected in many of the physical and chemical
erties of the material. For example, the adsorption of carbon
le, the reactivity to sulphuric acid, the dispersibility in sulphuric
the ignition temperature and the ** combustibility ** of a number
arbonized coals all decrease rapidly with increasing carbonization
perature above 700° C.* In an attempt to investigate the underlying
ural changes, Cannon, Griffith and Hirst 2 made an extensive
§-of the internal surface arcas of carbonized coals, as measured by
Fheat of wetting in methanol. They found that there was apparently
arked loss of inner surface above 550°-650° C. This change in struc-
vas further investigated by Maggs,® who studied the adsorption of
7, ethyl and propyl alcohol vapours and showed that the apparent
ease in surface area resulted from a decrease in the accessibility of
éf surfaces. This is in accord with the earlier work of Macpherson,
nd Sinnatt,* who found that the moisture content of laboratory-
onized coals after exposure to the atmosphere for 48 hr. was greatest
gamples carbonized at about 700° C and that the rate of adsorption
desorption of moisture decreased rapidly with further increase in
wbonization temperature,
The: measurements of the true and apparent densitics of carbonized
ven in this paper make clearer the nature of the structural changes
~occur between 600° and 1,000° C and which resnlt in the changes
erties mentioned above. In particular, it will be shown ihat
ized coals contain a large volume of very fine pores and a large
alssurface area, even after heating to temperatures above 1,000° C.
osity of the solid, due to these fine pores alone, increases with
sing carbonization temperature at lcast up to 1,000° C. The loss
activity and the apparent decrease in porosity and in internal surface
arise from the diminished accessibility of the pores.
¢ fine-structure porosity of a carbonized coul may be as high as
t must be emphasized, however, that it is in no way related to
ubble-structure developed by coking coals in what is called the

"

oo range. It is, in fact, much smaller in the products obtained
g@@d coking coals than in those from anthracite and low-rank,
caking coals which give no bubble-structure. Moreover, the
art of the porosity is developed at temperatures above the
nge, when the carbonized coal has already acquired a rigid
and no further bubble-formation can occur.

isiderable number of measurements of the apparent densities of
d coals have been previously reported.® Although the influence
carbonization temperature and method of density measurcment
RO case systematically investigated, the results all appear to be
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consistent with those of the present wotrk. This suggests that structury
changes similar to those described below occur during the carbonizatigy
of all coals, and are not peculiar to the specimens studied here.

Experimental
Materials.—CarBoNIZED CoaLs.  Samples were prepared from the following
four coals. >

AnTHRACITE C: 5. Wales anthracite, Group A1, 942 % carbon (dry,
mineral-free). o

CoarL F: S. Wales coking coal, Meta-bituminous, 89-7 % carboy
{(dry, mineral-free).

Coarn H : Yorkshire caking coal, Meta-lignitous, 835 % carbop
(dry, mineral-free).

Coar K: Northumberland =~ weakly caking coal, - Meta-lignitous,

82-4 9, (dry, mineral-free).

For carbonization at temperatures up to 1020° C samples ground to pass g
72 B.S. sieve were heated 1n nitrogen in Nichrome-wound furnaces at 5° C/migy
and held for 2 hr. at the maximum temperature.

For carbonization at temperatures higher than 1020° C a molybdenum.
wound tube furnace was used. The sample was first carbonized at 1000° G
as above, and, if coherent, re-ground to pass a 7z B.S. sieve. It was then
packed into a } in.-bore carbon tube through which nitrogen was passed. The
molybdenum farnace was brought to the desired maximum temperature, and
the tube containing the sample was then advanced through the furnace in steps
so that each part of the sample remained for 2z hr. in the zone of maximum
temperature. During the initial stages, and again at the completion of th¢
process, the closed end of a carbon sighting-tube was situated in the zone of
maximum temperature, and the temperature was measured with an optical
pyrometer.

Analyses.—-Proximate and ultimate analyses of the carbonized samples
are given in Tables I to IV.

TABLE T.—Awnarysis oF CareoNIZED COAL C

Proximate Analysis Ultimate Analysis (Parr's basls)
Carboniza- | 77T, T e B -
tion Temp., . Volatile
oC Volatile s e | - Oxygen
Moisture Jess I‘,l‘“,d Ash Matfen Carbon Hy(\lro Nitrogen +
Nioictuie Carbon (dry, gen Erros
aroin A ash-free) i
. 26 47 900 2°1 49 | 942 29 12 Ty
305 16 49 914 21 5T | Q4°1 28 10 21
410 20 4°5 9I-2 23 47 | 946 27 09 18
510 22 13 ar-3 22 45 | 947 2-6 09 18
603 249 379 g1-1 2-1 41 | 947 244 o8 2°1
700 14 3¢ 90°5 21 32 | 955 17 09 9
803 50 25 [sTeT1 g 2% 96-3 1o 03 19
910 49 i3 OLs 21 16 | 909 o0 06 1:9;
1,015 o1 03 973 23 03 | 986 05 o6 0°3
|

Liquids.—MeTHaANOL, BENZENE, ACETONE, ETHER, CHLOROFORM, CARBON
TETRACHLORIDE : Analar reagents were used.

n-HexaxNg boiling at 67-69° was supplied by B.D.H.

CARBON DISULPHIDE was purified by treatment with potassium pcrmang&mafg)
mercury and mercuric sulphate according to the method of Hammick and
Howard ¢ and was subsequently dried and distilled.

Gases.—IHyproGceEN was prepared by electrolysis of 10 9}, caustic pot.aS}}
solution saturated with baryta, and was purified by diffusion through a palladium
tube.

OxvGEN, METHANE —Cylinder gases were used without purification.

8 Hammick and Howard, J. Chem. Soc., 1932, 2915.







































