No. 1
Jan. 1947

In the second paper,® the function of the
promoters, thoria gnd kieselguhr, has been
examined by Kinetic mezasurements. The results
emphasise the salient fact that although the
primary consideration for an active Fischer
catalyst is a 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-
lyst containing cobalt with 18 per cent. thoria
and no kieselguhr, inn spite of its high rate of
carbide formation, is rendered unsuitable by an
excessive rate of reduction. On the other
hand, a catalyst containing cobalt with 21 per
cent. thoria and 100 per cent. Kleselguhr is poor
in both respects, slow carbidisation and fast
redquction. The catalyst commonly used con-
taining cobalt with 18 per cent. thoria and 100
per cent. kieselguhr nas g relatively rapid car-
bide formation which, together with slow re-
duction, accounts for good yields of oil

The emphasis placed so strongly on the im-
portance of surface-carbides should not obscure
the egually important role of chemisorbed
hydrogen atoms which, though relatively few
in number, are ng léss vital to the formation
of 0il. The fragmentation of the giant chains
of -CH, groups chemiscrbed on the surface
into hydrocarbon molecules of - suitable Ssize is
due to attack by these hydrogen atoms, as
shown in reaction (3) above. Lack of chemi-

-

Child: Coconut Shells as an fndustrial Raw Material—11 5

sorbed hydrogen would resull in the formation
of waxes of indefinitely large molecular weight,
with consequent deterioration of the catalyst,
while gan excess of it would lead to gaseous
producis.

The importance 0f chemisorbed hydrogen in
the Fischer-Tropsch synthesis has been brought
out more eloguently by the recent work of
Sir J. C. Ghosh at the Indian Institute of
Scilence, Bangalore. By incOrporating 4 %o 5
Per cent. of chromium oxide in a typical
cobalt-thoria-kieselguhr catalyst, very good
vields of oil have been chtained, using water-
gas as such without the usual addition of
hydrogen.® The gain in economy that accrues
from this developrent is ©bvious. Chromium
oxide is a powerful chemisorbent for hydrogen
and acts presumably as a. [‘surface-enricher”
for hydrogen, helplng to malntain 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 adsorplion measurements.

a  —

1. Craxford, S.R., Trans. Faraday Soc,, 1937, 35, 946.
2. Herrington E. F, G.,and Woolward, L. A., jbid.,
p.938. 3. —, itid., 1946,42, 576. 4. —. ibid., p. 5%0.
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COCONUT SHELLS AS AN INDUSTRIAL RAW MATERIAL
IV. COCONUT SHELL CHARCOAL: (B) ACTIVATED CARBON

Py Dr. REGINALD CHILD
( Director, Coconut Research Scheme, Ceylon)

HE first part®? of this the fourth article of
the series dealt with Coconuf Shell Char-

coal «ww lar as concerned the preparation of the
crude (primary)} charccal and some of its
uses. Only brief reference was made to its
principal application as ‘“activated carbon”.

A general account of activated carbon Is not
here possible. What is attempted is a dis-
cussion of the position coconmut shell charcoal
occupies in this field. References to the more
important published reviews of the general
subject are given.t68—70

The power of freghly made wood charcoal to
absorb gases wes certainly known in the late
eightcenth century, as was its property. of re-
moving colouring matter and impurities from
solutions. The volumes of different gases
absorbwed by a unit volume of charcoal were
measured by Th. de Saussure’? (1814) and his
figurce are still quoted, often without acknow-
leGgempent or any indication of their date. V12
It was known, tog, that charcoals from differ-
ent woods varied considerably in their absorp-
tive capacity (cf. Brande, 1221)75

The superiority of coconut ghell charcoal was
established by J. ilunter, who published be-
tween 1863 and 1872 a serjes of papers’™ on
the abeorption of gases and vapours hy char-
coal. Since then it has becn utilised in many
recentches, both academic and applied, Dewar
obhserved the ox{raordinary absorptive power
of coconut charcoal at low temperatures and

applied this property to the production of high
vacua and the geparation of gases.s? Ruther-
ford used the same method In his work on
radium emanation and J. J. Thomson testified
that Dewar’s method of exhaustion by strongly
cooled charcoal had been almost a main
contributory cause to the progress of modern
physics,81

Although it is only since the war of 1914-18
that activated carbons have been widely deve-
Ioped industrially, there were prior to this a
numboer of scattered observauvlons on ‘“activa-
tion”. Thus de Saussure’s boxwood charcoal
samples were hcated to r¢dness and cooled
under mercury before each absorption measure-
ment. De Bussy$® in 1827 described scveral
methods of increasing the recolorizing pnwer
of vepetable charcoals. An vtarly cxample of
“cheinical activation”, using metal chlorides, 1s
that of Ostrejko (1900),53  Halse (1903) simi-
larly employed sulphuric acid.¥* Dewar’s coco-
nut charcoal wasg steam activaldd; an interest-
ing discussion ©of the nature 01 Dewar's cnhar-
coal has been given by Hose et al. (1939).5

Reference has been made I the previous
articleVT4%  {a the developmonts jn 1014-18,
when  active earbons were roguired for gas
masks.  Accounts of the work of the U.S.
Chemical Warfare Service were published In
1019 Dy Dorseysé and Ly Lamb et ql> Preli-
minary experiments had shown that the activ-
ity of charcoal in¢reased with the appuarent
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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. Asg supplies of coconut shells were limi-
ted by transport difficulties other raw materials
were also used in practice, including various
nut materials such as cohune nuts, cherry
stones, apricot stones and wvegetable ivory, and
(later)‘ anthracite coal. These papars carry
photomicrographs of interest including some
of coconut shell, primary charcoal and charcoal
at various stages of activation.

It wwas briefly mentioned in the previous
articleb? that gpreliminary 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 193088 experimental
results were published on the relative adsorp-
fion of acids and bases from aqueous solution
by forty-one different kinds of Philippine wood
charcnal (not chemically treated). Coconut
shell charcoal had the highest adsorption for
potassium hydroxide and the lowest tor hydro-
chloric and acetic acids. Decolorizing charcoals
were prepared by Clemente and Pascual
(1939)%9 from coconut shells, husks and cake,
by imrregnatihg with zine chloride and carbon-
1zing. Tested by their adsorption of Sudan III
from kerosene and methylene blue from aque-
ous solution they were about as active as Norit.
Charcoal prepared by other treatments were
less effective. Clemente and Galang®? prepar-
ed active charcoals by the zinc chloride method
firom wvarious agricultural by-products, includ-
ing coconut shells, and compared tuneir adsorp-
tion of methylene blue, Congo red, methyl-
violet and iodine from aqueous solutions and
of colour irom coconut o1l; the adsorptive
properties 0f these charcoals for vapours of
ether, benzene, alcohol and chloroform were
also studied.®?l Similar work was reported by
Samaniego and de Leon (1940),°2 who prepar-
ed charcoals activated in wvarious ways from
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charcogrl from Samoa. Similar laboratory scale

work 1s believed 1o 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 1 —
| Class_I.—Carbﬂn is deposited on a porous
Inorganic base tc produce materials analogous
to bone chars. Natural high-ash products such
as rice hulls, which contain an appreciable
amount of silica, may be used directly as raw
material (cf. 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,
etc; after carbonization at comparatively low
temperatures, the resultant carbons are washed
free from inorganic compounds. A second
carbonization is sometimes given.

Class 3.—Primary charcoals are prepared by
heating suitable materials (wood, lignite, waste
sulphite liquors, etc.) in retorts. The proper-
ties of the final carbons vary considerably with
the conditions of carbonization, The primary
charcoéls are activated by air, oxides of carbon,
chlorine, superheated steam, or mixtures aof
steam and air, the effect being one 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 undergoing 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
methogs will be found in the references

given.ts-76

rice bran, rice hulls, coconut shells, corn-cobs,
lumbang* (candlenut) shells and pilinut} shells.
The hest 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 1939+? that there
was then no commercial production In the
Phillipines of activated carbon from coconut
shell 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 gdases 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?® i New Zea-
land by steam activation of crude coconut

—

The dense hard charcoals derived from coco-
nut and similar “nut” shells, whilst pre~emi-
nent as gas adsorbents, are not generally so
efleclive in decolorizing solutions, for which
purpose soft and highly porous carbons are
preferred. Chaney, Ray and St. John (1§23)%
attempted to correlate decolorizing and gas-
adsorptive efficiencies; but there is consider-
able specificity in adsorptive action in liquids;
a charcoal active 1n 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 he drawn to a useful
paper Ly Stone and Clinton (1942).9¢ The most
reliable data for assessing the efficiency of gas-
adsorbing carbons are :— _

(1) Service time, which is the time required
for the break through of a vapour (usually
chloropicrin) under specified standard condi-
toins.

(2) Adsorption Value.—The weight of a
vapour (usually carbon tetrachloride) adsqrb-
ed by a carbon under conditions of saluration.

® Aleuriter moluccana, Willd.
t Cenarium ovatum, Engl.
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(3) Retentivity-—The residual weight of va-
pour retained wunder standard conditicns of
temperature and pressure. Stone and Clinfon
correiate these with the heat of wetting in
m-xylene for coconut carbons and provide a
convenient method for evaluating them on
this lasis.

(U) 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 applied to a different solution, but
cach une 1o be decolorized must be {ssted sepa-
rately. The so-called standard methods of
estimation have little practical value”.

Density of Activated Coconut Shell Charcoal.
—The apparent density (gms. per ml.) is gen-
erally measured on dry samaples screened be-
tween 8 and 14-mesh. Stone and Clinton (loc.
cit.) ovote a range of 0-38-0-24 for gas-adsorb-
ing carbons derived from c¢oconut 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 sailsfactory oullet for the charcoal.

In the past the demand for coconut shell
charceoel 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 tcns of crude charcoal exported
from Ceylon between 1937 and 1940 inclusive
was so ufilized. As a supplement to the table
showing exports of shell charcoal from Ceylon
(1933-41) which appeared in the previous
article,®? the following table gives the ewports
from 1942-45.

TABLE I

Exports of Coconut Shell Charcoal (crude)
from Ceylom

—

Amount Value Value per Teon
Year Tons Rs. | Rs.
1942 2,334 111,422 47 .74
1943 1,562 44,014 60«21
1944 470 29,900 6362
1945 i 70 70 .00

v

Indurtrial uses of gas-adsorbent carbons in-
clude : purifying carbon dioxide from fermen-
tation pProcesses; purifying air; solvent recovery
in extiraction and similar plants; recovery of
gasoline from natural gas and benzene from
coal Zas; and in vacuum work, e€.9., manufac-
ture of radio valves, X-ray tubes, cte.

Decolorizing cavhons are used in watcr puri-
fication, refining of edible oils, and the purifi-
caticnn of such materials as glycerine and phar-
inaceudcal chemicals. The largest poiontial
application is in sugar refining; the refimng
procese using boune charcoal is very old-estab-
liched, but in recent yecars activated vegetable
carbong have been found c¢apable of hundling
ceonernically  smaller outputs than the char
proce=s and invelving less capital jnvestment
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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)98 used
coconut sheil charcoal in an investigation of
the decomposition of gold chloride in this
manner,

Active carbons act as contact catalysts in a
number of chemical reactions of industrial im-
poriance, Hassler (loc. cit., pp. 56, 111-113)
gives examples and a bibliography.

There is an extensive literature, both in
technical journals and in patent records, on
active carbons. This is useful! on industrial
applicaiions, but less 80 on methods of prepara-
tion. It is probazble that much information is
unpublished in the records of firms actually
engaged Iin manufacture,

Previous articies in this series have been :—

17. Child, R., ¥ Coconut Shells as an Industrial Raw
Material. I. Composition of Shells.”' Curr. Sei,, 1943, 12,
202-014. '

(See this article for references 1-16).

31. Child. R. IT..* Miscellaneous uses: Fael.” f5id.,
19044 13, 4-8, (for references 17-30).

41. Child, R. [II. “ Estimited World Prodaction ™,
léied., 1944, 13, 150-52. (for references 31~40).

67, Child, R., IV, * Coconut Shell Charcoal: (z)
Comrmercial . 76:d., 1944, 13, 24550, (for references
41-66.)
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APODQUS AMPHIBIA OF THE EASTERN GHATS, SOUTH INDIA

BY Dr, L. S. RAMASWANWII
(Department of Zoology, Intermediate College, Myscre)
HE}RPETOLOGISTS have reported the occur- r— — ' 3 e "
rencz 0f Apoda (Amphibia) from the ‘%
Western Ghats of India, and as far as I know, | 3y

there is no similar record from the Fastern
Ghats.

The Western Ghats stretch from Cape Camo- |

rin to the Tapti Valley and the Palni Hills are
an easterly extension of thz same. Mvsore
and Coorg have on their western margin these
Ghats from where specimens of Apoda (Ich-
thyophis and Gegenophis) are procured. South
of Mysore, the Western and Eastern Ghats meet
forming the Nilgiri Hills, The Eastern Ghats
are not such a continuous stretch as the West-
ern and exiend. away from the coast, from
Orissa to Nellor: on the east coast, the Nalla-
malai, Nagarli and Javadi Hills and the Shev-
roys forming parts of this chain. The ave-
rage altitude of the FEastern Ghats is about
2,000 icet.

Nagalapuram Hills (Text-Fig. 1) are isolat-
ed in the north-western corner of Tiruvallur
talugq, Chinglerut district, ta the east - of
Nagarli Hills evtending into the Kalahasti
zamindari. Kambakkam reserved forest is a
part ‘of this hill and at ths foot of the Kamw
bakkam Hill, as it is locally known, there is a
forest Rest Houce called Thantipandal (about
340 feet above sea-level). Opposite the hut,
is a small pool of water near which a well-
grown specimen of [chthyomhis monochrous
{bleek.) was coltected by me. However, there
was a white patch, behind the eyes, running
from one side of the head {o the other which
is not present in specimens from the Western
Ghats.

Abcut four fuyrlongs from the hut, there is
a Dry Cow 8alvage Station, instituted Lv the
Madras Government, and opposite this i1s a
brook which supplits water 1o the siatlion,
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FIG. 1. Map of Kamaklkam reserved forest area (after
Swivey of India map or, 57-0 /ne) n Nagdlapuram 1ills,
Eastern Ghats.

The siream was diverted and the loose soil
overgrown with grass was pulled out and a
number of larvae of Ichthyophis moncochrous
secured. It is inferesting to note that these
anim~-leg breed even during cold months also.

Dr. F. H. Gravely who was the first to collect
two apodan specimens from Kambakkam loca-
lity sent them {0 America and I learn that they
are =11l unideniined, In his letter, Dr. Gravely



