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In the second paper,t the function of the
promoters, thoria and  kiesclguhr, has been
uxummt}d by kinetic measurements, The results
emphasise the salient fact that although the
primary  consideration for an  active Fischer
calalyst is o high rate of carbide-formation,
this must be coupled with a relatively slow
rate of reduction of the carbide in order that
oils and not gases may be produced. A cata-
Ivst comtaining coball with 18 per cent. thoria
and no Kies tguhe, inospite of its high rate of
carbidy formation, is rendered unsuitable by an
excessive  prate of reduction. On the other
hand, o catalyst containing cobalt with 21 per
cent, thoria and 100 per cent. kieselguhr is poor
i bhoth respects, slow carbidisation and fast
reduction,  The catalyst commonly used con-
taining coball with 18 per cent. thoria and 100
per cent, kieselguhr has a relatively rapid car-
bide Tormation which, together with slow re-
duction, accounts for good vields of oil.

The emphasis placed so strongly on the im-
portanee of surface-carbides should not obscure
the equally  important role  of  chemisorbed
hydrogen atoms which, though relatively fow
in number, are no less vital to the formation
of oil.  The fragmentation of the gianl chains
of =CH, groups  chemisorbed on the surface
into hydrocarbon molecules of suitable size is
due to allaek by these hydrogen atoms, as
shown in reaction (3) above. Lack of chemi-
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sqrbcd hydrqgen would result in the formation
of waxes of indefinitely large molecular weight
with consequent deterioration of the cat‘alyst’
while an excess of it would lead to gaseous:
products.

The importance of chemisorbed hydrogen in
the Fischer-Tropsch synthesis has been brought
out morc eloquently by the recent work of
E:anj J. C. Ghosh at the Indian Institute of
Scienee, Bangalore. By incorporating 4 to 5
per cent. of chromium oxide in a typical
cg)balt-thoriu—ki.eselguhr catalyst, very good
viclds of oil have been obtained, using water-
gas as such without the wusual addition of
bydrogen.® The gain in economy that accrues
'1'ro'm this development is obvious. Chromium
oxide is a powerful chemisorbent for hydrogen
and acts presumably as a. “surface-enricher”
{or hydrogen, helping to maintain the neces-
sary concentration of active hydrogen at the
seat of the reaction, while at the same time
allowing a higher partial pressure of carbon
monoxide in the gas-phase. That this is so in
fact is borne out by adsorption measurements.

1. Crxfora, S.R., Trans. Faraday Soc., 1937, 35, 946,
20 errineton K. F. Goyoand Woolward, L. A, dbid.,
P 958, 3. —, ibid., 1946, 42, 376, 4. —, ibid., p. 330,
8. Ghosh, J. C., and Sastry, S, L., NMatere, 1945, 156,
508.
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IV. COCONUT SHELL CHARCOAL: (B) ACTIVATED CARBON
By Dr. REGINALD CHILD
(Direetor, Coconul Rescarch. Scheme, Ceylon)

fl‘l!l*l st partt? of this the fourth article of
A b series diadt with Coconut Shell Char-
eoal vo far as coneerned the preparation of the
erude  (primary)  chareoal and  some of  its
waen,  Only brief reference was made fo  its
prinepal application as “aetivated  carbon™.

A reneral account of activated carbon is notl
here possible, What s attempted is a dis-
etemion of  the position coconut shell chareoal
cecupies in this feld. References o the more
important. published  rveviews of the general
subjel are givenbs @

The power of (reshly made wood charcoal to
abrorh gases wos cerlainly Fnown in the late
civhiteenth century, ns was its propety of re-
moving  colouring wmatter and impurities from
sulutions.  The  volumes  of  different  gases
abserhed by woueit voelume of charcoal were
mensured by Th, de Saussure™ (1814) and his
e are still quoted, often without acknow-
fdlnment or any indication of their date.?7
I owas known, too, that chareoals from ditYer-
ent woods varied considerably in their absorp-
{ive eupacily (¢f. Brande, 1821)78

The superiorily of coconut shell (:h:l}‘(:oal wWas
established by J. Hunier, who published be-
fween 1863 and 1872 a scries of papers?™®  on
the abeorption of gases and vapours by char-
coal.  Since then it has been ulilised in many
resenrches, both academic and applicd. Dewar
ohserved  the  extraovdinary  absorptive power
of coconut charcoal at low temperatures and

applied this property to the production of high
vacua and the sceparation of gases.S Ruther-
ford used the same method in his work on
radium cmanation and J. J. Thomson testified
that Dewar’s method of exhaustion by strongly
cooledt charcoal had been almost a main
contributory cause to the progress of modern
physics.St

Although it is only since the war of 1914-18
that activated carbons have been widely deve-
lopee industrially, there were prior to this a
number of scattered observations on “activa-
tion™. Thus de Saussure’s boxwood charcoal
samples were heated to redness and  cooled
under mereury before cach ahsorption measure-
ment. Do BussyS® in 1827 described several
methods of increasing the decolorjzing power
of vepelable charcoals. An carly example of
“chemical activation®, using metal chlorides, 1s
ihat of Ostrejko (1900).%%  Halse (1903) simi-
Jarly employed sulphurie acid.™ Dewar’s coco-
nul chareoal was steam activated; an interest-
ing discussion of the nature of Dewar’s chall*;
conl has been given by Hase ot al (1935_)).5-*

Reference has been made in the previous
article™ 1 {0 {he developments in 1914-18,
when active carbons were tveguired for gas
masks.  Accounts of the work of the US
Chemical Warfare Service were publlghfed in
1619 by Dorseyst and by Lanb et al.A7 Preli-
minary experiments had shown that the activ-
ity of charcoal increased with the apparent,
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density of the raw material; of fifty or more
materials investigated, coconut shells had the
highest density and gave the most active char-
coal. As supplies of coconut shells were limi-
ted by transport difficulties other raw materials
were also used in practice, including wvarious
nut materials such as cohune nuts, cherry
stones, apricot stones and vegetable ivory, and
(later) ‘anthracite coal. These papers carry
photomicrographs of interest including some
of coconut shell, primary charcoal and charcoal
at wvarious stages of activation.

It <was briefly mentioned in the previous
article®? that preliminary investigations had
been carried out in coconut-producing countries
on the possible local production of active car-
bons. In the Philippines the subject was stu-
died, especially by Clemente and his colleagues
at the University. In 1930585 experimental
results were published on the relative adsorp-
tion of acids and bases from aqueous solution
by forty-one different kinds of Philippine wood
charcoal (not chemically treated). Coconut
shell charcoal had the highest adsorption for
potassium hydroxide and the lowest for hydro-
chloric and acetic acids. Decolorizing charcoals
were prepared by Clemente and Pascual
(1939)5¢ from coconut shells, husks and cake,
by impregnatihg with zinc chloride and carbon-
izing. Tested by their adsorption of Sudan III
from kerosene and methylene blue from aque-
ous solution they were about as active as Worit.
-Charcoal prepared by other treatments were
less effective. Clemente and Galang9V prepar-
ed active charcoals by the zinc chloride method
from wvarious agricultural by-products, includ-
ing coconut shells, and compared their adsorp-
tion of methylene blue, Congo red, methyl-
violet and iodine from aqueous solutions and
of colour from coconut oil; the adsorptive
properiies of these charcoals for vapours of
ether, benzene, alcohol and chloroform were
also studied.91 Similar work was reported by
Samaniego and de Leon (1940),2 who prepar-
ed charcoals activated in various ways from
rice bran, rice hulls, coconut shells, corn-cobs,
lumbang®* (candlenut) shells and pilinutt shells.
The bhest decolorizing carbon, as estimated by
its adsorption of iodine, was coconut shell char-
coal prepared by impregnating with phosphoric
acid ; satisfactory gas adsorbents were obtain-
ed from all three nut shells impregnated with
caustic soda. It was stated in 19390 that there
was then no commercial production in the
Phillipines of activated carbon from coconut
shiell charcoal. The “Cochar’” Products Inc.,
were, however, stated to be ready to undertake
production if a market could be found; the
Company were understood to have patented a
process utilizing the combustible dases from
the primary carbonization to make the acti-
vated carbon (see below).

Rao in India (1939)93 studied wvarious raw
materials, including coconut shells, as sources
of active charcoal suitable for sugar refining.
Satisfactory gas adsorbent charcoal was pre-
pared by Neubauer and Rands? in New Zea-
land by steam activation of crude coconut

$ Adlenrites moluccana, Willd,
t Canarium ovatum, Engl.
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charcoal from Samoa. Similar laboratory scale

work is believed to have been carried out by

the Department of Commerce and Industries in

Ceylon but nothing has been published.
METHODS OF PREPARATION

Methods of preparation of decolorizing car-
bons have been classified by Mantell (loc. cit.,
1941, 1298-99) as follows :—

Class I.—Carbon is deposited on a porous
inorganic base to produce materials analogous
to bone chars. Natural high-ash producls such
as rice hulls, which contain an appreciable
amount of silica, may be used directly as raw
material (¢f. Clemente’s work in the Philip-
pines). Vegetable materials such as saw-dust,
sea-weed, bagasse, etc.,, may be mixed with
porous substances such as pumice or diatomite;
the mixture is strongly heated whereby the
carbon is deposited throughout the porous base.

Class 2. Impregnation Methods~—Suitable
carbonizible materials are impregnated with
chemical reagents such as sulphuric acid, phos-
phoric acid, metallic (especially zinc) chlorides,
ete ; after carbonization at comparatively low
temperatures, the resultant carbons are washed
free {rom inorganic compounds. A second
carbonization is sometimes given.

Class 3.—Primary charcoals are prepared by
heating suitable materials (wood, lignite, waste
sulphite liguors, etc.) in retorts. The proper-
ties of the final carbons vary considerably with
the conditions of carbonization. The primary
charcosls are activated by air, oxides of carbon,
chlorine, superhcated steam, or mixtures of
steam and air, the effect being onc of selective
removal of the residual hydrocarbons on the
internal surfaces of the charcoal. When oxides
of carbon are employed there may be re-
deposition of active carbon on the surfaces of
the material wundergoing activation (cf. the
Cochar process mentioned above).

The preparation of gas-adsorbent carbons

usually follows the lines of class 3. Further
information on laboratory and commercial
methods will be found in the refcrences
given.65-76

The dense hard charcoals derived from coco-
nut and similar “nut” shells, whilst pre-emi-
nent as gas adsorbents, are not generally so
effective in decolorizing solutions, for which
purpose soft and highly porous carbons are
preferred. Chancy, Ray and St. John (1923)95
attempted 1o cosrelate decolorizing and gas-
adsorptive efficiencies; but there is consider-
able specificity in adsorptive action in liquids ;
a charcoal active in decolorizing one type of
solution will not necessarily be equally effect-
ive in other types.

METHODS OF EXAMINATION
(a) Gas-Adsorbent Carbons-——

Particular attention may be drawn to a useful
paper Ly Stone and Clinton (1942).9¢ The most
reliable data for assessing the efficiency of gas-
adsorbing carbon; are :~—

(1) Service time, which is the time required
for the break through of a wvapour (usually
tclgloropicrin) under specified standard condi-
oins.

(2) Adsorption Value—The weight of a
vapour (usually carbon tetrachloride) adsorb-
ed by a carbon under conditions of saturation.
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(3) ,Retgntivity.——The residual weight of va-
pour retained under standard conditicns of
temperature and pressure. Stone and Clinton
correlate these with the heat of wetting in
m-xylene for coconut carbons and provide a
convenient method for evaluating them on
this hasis.

(b) Decolorizing Carbons—

Mantell (loc. cit., 1941, p. 1300) states that
“in the present state of our knowledge, data
regarding the action of carbons on one solution
cannot be appliecd to a different solution, but
each one to be deocolorized must be tested sepa-
rately. The so-called standard methods of
estimalion have little practical value”.

Density of Activated Coconut Shell Charcoal.
—The apparent density (gms. per ml.) is gen-
erally measured on dry samples screened be-
tween 8 and 14-mesh. Stone and Clinton (loc.
cit.) guote a range of 0-38-0-54 for gas-adsorb-
ing carbons derived from coconut shells.

The true density tends to a limit of 2-197
(graphite has s.g. 2-25).

Industrial Applications.—The dry distillation
products of coconut shells form the subject of
the next article projected in this series. The
prospects of an industry based on coconut shell
distillation depend largely on the existence of
a salisfactory outilet for the charcoal.

In the past the demand for coconut shell
charcozl has been for the preparation of gas-
adsorbent carbons for war purposes, and there
is reason to suppose that the bulk of the nearly
sixty thousand tens of crude charcoal exported
from Ceylon between 1937 and 1940 inclusive
was so utilized. As a supplement to the table
showing exports of shell charcoal from Ceylon
(1933-41) which appeared in the previous
article, b7 the following table gives the exports
from 1942-45.

TaABLE I

Exports of Coconut Shell Charcoal (crude)
from Ceylon

Amount Value Value per Teon
Year Tons Rs. Rs.
1942 2,334 111,422 47:74
1943 1,562 94,044 60-21
1944 470 29,900 63-62
1945 1 70 70-00

Industrial uses of gas-adsorhent carbons in-
clude : purifying carbon dioxide from fermen-
tation processes; purifying air; solvent recovery
in extraction and similar plants; recovery of
gasoline from natural gas and benzene from
coal gas; and in vacuum work, e.g., manufac-
ture of radio wvalves, X-ray tubes, etc.

Decolorizing carbons are used in water puri-
fication, refining of edible oils, and the purifi-
cation of such materials as glycerine and phar-
maceutical chemicals. The largest polential
application is in sugar refining; the refining
process using boune charcoal is very old-estab-
lished, but in recent years activated vegetable
carbons have been found capable of handling
econocrnically smaller outputs than the char
process and involving less capital investment
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on equipment and buildings. ' .
Alkali-activated charcoals can be prepared
which are able to remove metals such as gold
from their solutions. Avery (1908)9% US”@
coconut shell charcoal in an investlgaﬁxon qf
the clecomposition of gold chloride in this
manner. .
Active carbons act as contact catalysts 1n &
number of chemical reactions of industrial im-
portance. Hassler (loc. cit., pp. 56, 111-113)

§ 3 les ¢ bibliography. .
gives examples and a bi graphy both  in

There is an extensive literature,
technical journals and in patent records, on
active carbons. This is useful on indnstrial

applications, but less so on methods of prepara-
tion. It is probable that much information 18
unpublished in the records of firms actually
engaged in manufacture.
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