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CHAPTER 1

Introduction and ohject ~f investigation

1.1 Intreduction:

The adsorptive propertles of carborns were knowh and
studied long before the term "active carbon" was coined. Hence,
the early history is covered by the literaitire on charcoals

and various chars, bone, and blood,

When vegetable or animal materials are heated in a
limited supply of air, a carbonized or charred decoloarizing
product known as charcoal is obtained. Charccals from various
sources have different names according to the raw materials
used. Charcoals from coal are usually called cokes, ancther
type is graphite, but these two Lypes are not considered as

charcoals, though they usually come under the gamc definition.

The earliest vegetable charcoszl voed was weod charcoal
made by burning or distilling woeo? in stazks, The destructlve
distillation of wood was one ¢f the major chemieal Zndustries
in nany ~ountries, the principal prodicts are charcnal, zacetic
acld, acetone, methyl alcohol,methyl acetone, giycol, furfural,

tannins, vanillin, wvarious phennlics, nattral oil and
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Yood charcoal has been used 23 fusl for centurias.
Its ability to take up odours has been appreclasted for
decades, and It was utilized in the form of wood ashes.
It has been frequently used to remove unpleasant smells and
colouring matter from certain solutions. Besides its use
as decolourising materials, charcoal 1s used as an adsorbent
of gases and vapours, in manwacturing of gun powder, and as

an ingredient of food for domestic animals,

Almost any waste vegetable substancescan be destructives
ly distilled to produce eharcoal. Agricultural waste products
sach as corn husks, corn cobs, corn stalks, baggase, rice
Imills, rice stalks, fruit pits and shells and many others
are abundant an.d form a cheep source for charcoal. The cholce
of any particular agricultural waste for the preparation of
charcoal would therefore depend on the =ar2ilabillty, the
price =znd the facility of collecting it from farms arnd factories
and the cost of transportation as well as on the velue of the
by-preducts acrompanving the carbonization process.

dgricultnral waste preoducts in f7vrt are nroduced

1

anually et the rate of about nine zillion tons, ™" oaly a very

small fraction of these amounis is used in indus

.

TV La.g. for
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cecking purposas. paper and cardheard manufacturs) 2nd in agri-
culture {e.g. nattle food); but the bulk is used dlrectly as
fuel. Thus 1t is interesting to find means c¢f coaverting agri-
cultural wastes into valuable products. In particular, in view
of the lack of forest wood In Egypt, the use of agricultural
waste products in the preparation of good adsorbing carbon

is imposrtant.

Some work In this direction has been done in this de-
partment. Thus the adsorptive and swelllng properties of cotton
stalks and c¢asuarlna, Acacia Arabia and Mulbery was studied by
Saidcg); Also the adsorptioh of certain vapours on charcoals
prepared from rice husks and rice strawswes stndied by Razovk

f_.
end cc-*mror.’f_e_v_*s\3 )).

The adsorptive properties of chsrcoals
prepared from corn coks and date plts were also studied hy

6, 7) . ,
Razouk et g&i ’ ’2 in an attempt to find out the orptimum cconditions

for preparing charcoals.

I the present investiga®tion the use of local agriculiursl
wastes In producing acitive charaoal is pushed further., Charcoals
obtained by destructive distlliation at differont temperatures
of czouerina and date pit were oxidized in soluticn with the
2im of n»roducing charcoals with ion exchzige charazter. The

-

possibliities of using such charcoa s in cation excllange processes

as well ac in adjusting soll alkalirities have heen peinted ouk
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. L. 1By
by Purl and Mohajan' ‘. HMore recently., a number of commercial

cerbon materizls of lon exchange properties have been considered
in developling = practicable znd economicsl nrocess for desalting

(9

water.

Surface oxidation of Charcoal: Preparatinon and

Characterization of catien responsive charcocals:

,’ 3
Puri'et g;‘lo’ 1) polaited out that tréatment
. (12, 13)
of activated or outgassed charcoal with oxygen af temperatures

varying from lOO—éOOOC, could f{ix appreciable amonnts of nxygen
at the charcoal surface. This oxygen comes off on degassing
at high temperaturas, as carbon dioxide, carbon monoxide and
water, The effect of oxygen that comes cff as carbeon dioxide

could alter the surface behaviour and 2ther surface characteristiecs,

guach as titrable acldity, cataly' ' properties, redox potentizal,
1L 18y
water lsotherms and lmmersional hezts of wetting(%a’ My 15) In
4
16)

1959  puri et al‘ showed that oxidized charcoal covered

wilth a lsyer of chemisorbed oxygen, when suspended in water or

aquiona solutions. behaves very neariy as a reversible hydrogen
electrode, the potential (EH) of which varics with “he activity (aH%)

of hyvdrogen 1ons according to the equatim

Tis ben=viour is due tc the presoace of HQSOB held ac

the surface complex in the oxide layer cn Conarcoal. ouch
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materizls can stabilize {Eﬁmpﬂ} relation in aguecus solutions.

The wvalidity of the equation was verified for charcoal frowm

three different sources by,

(1) Adding measured amounts of base to the charcoal suspension
and determining pH value with a glass electrode and the
electrode potential (EH} with a platinum electrode.

(ii) Making similar determinations with buffer solutions treated
with the charcoal at 180°C. The mean E° was 407 mv. by
aethod (i) and 390 mv, by method (ii) and the mean slope
of the curve was 50.2 and 50.7 mv./pH respectively for
the two methods.

(iii) Deviation from the theor2tical slope of £7.7 aov./pH was
attributed to the inaccessibiliiy of come of the surface
H™ ion deepr within micro-capillary sores of the acidc-id

charcoal.

Puri et 33(17)(l961) prepsred two samples of charcoal,
one by the carbonization of rzcrystallized cans svgar (by add’ag
sulphuric acid, followed by exhizustive washings) =nd the other
by burning small piec=s of coconut =zhell eleatrically at 350° in
2 limited supply of air. The charcozl sszmples were well grouad
to pass through o 100 mesh sieve, Sugar cnnrcoal was fres froa

ash, while the acsh content of the eoconut shell charcosl was

Central Library - Ain Shams University



lowered to about 0.24% percent upon extraction with HF acid.
They studiad the surface reaction of sugar and coconut shell
charcoals, before as well as after degassing at 750° and
l2OODC, with oxygen and few oxidizing.sédlutions of wvarying
oxidizing potentials at ordinary temperature (e.g. potassium
persulphate, potassium bromate, potassivm periocdate, potassium
nitrate and chlerine water). They found that, the base adsorption
capacity of original ss well as degassed samples increases
appreciably on treatment with variocus oxidizing solutioens.

Some of the treatments gave highly acidlec charccals with base
adsorption capacities of over 1000 m.equiv./100 g. They believe
that the varlous oxidation treatments add an anpreciable

amount of oxygen %o charenal as carbon dioxide complex which

is the cause of the surface acidity of charcoal. T% apnrears
highly prokable that the treatment of cutgassed charcoals with
oxddizing solutians results partly in the fcrmation of the
vsual carbon dicxide complex in which twe oxygen atoms are
assumed to be attached to z single surface carbon atom, and
partly in the formation of a different complex ir hich oxygen
atoms zre added up at unsaturated ethyler’~ “oubl- bond sitas

created onn 2limivn=ation of chemisorbed gasces en evacuaticn., The

)

Aan

formatvicn of new complsx may be represenicd tentatively 28

e O

+
2
|
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where ihe shadaod circle represents the charcoal surface and
-¢ and -c two carbon atoms. Such & complex may ewslve carbon

dioxide on degassing but may not react with alkalies,

(18)
puri et al (1964) prepared sugar and coconut shell

charcoals, the two charcoals were evaluated as cation ex-
changers in bateh and column operatipms, and had 2 high
exchange capaclty imparted to them by the existence of
chemisorbed layer of carbon dioxide. Hydrogen, sodium,
calcium and barium charcoals could be easily prepared.
Charcoals with Na' in exchange position can he used feor the

+
removal cof Ca 2

from solution by cation exchange i,e. for
softening hard water by simple columm prosess., The coium
can be regemerated by leaching with a solntion of NaCl.
Charcoals with H' in the exchange position can be used for
removing the allkalinity from water and vhat with Ca+2 in the
exchange poslticn can be used in ralsing the calcliin status

. . : . - +2 .
of irrigation water by replacirg s vart of Ila by 1/° Ca in

. ‘n s . , . +2

the smlution. The possibility of using charcesl with Ba in
exchangs pesition for removal of svlishete 1onm has also

been indicated . These cation exchange zurlace racclhticon

imparted to the charceoal surface msy be ilinstrated as follows:
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1 f

M may be Ca, Na, Ba..... etc,

The metal cation intreduced in the surface In the above
manner can be exchanged by other common cations as in zeolites,
permitites and soll by treatment with suitable electrolytes,
The replacing powers of the various cations were found to

decrease in order in which they occcur in the lyotropic seriesglg)

puri EE E&SZO) prepared two samples of sugar and nronconut
shell charcoals. A portion of the charcoal was treated with
chlorine water $o ralse the oxygen content, The total amount

of oxygen and hydrogen were evclved as ca®bcen monoxide , earbon
dioxide and water on outgaszing charcoal at 200, =00, 500, 700 &
1100°C. They stucied the effect ¢l nature of the surface of
sugar and coconut shell charceosison the adscratlen of ammonia

in solntion or in the gaseous phase. They fcund ih»t the surface
of the charcoal was altered by cutgassinz a* tomperatures bel-

Es

o} . s .
ween 200-11007C., The interscitlzn appesar: e inveive Two
dlstinct veactions, The first reacticn [ .. p=2 . tralization and

the ads-rbed NH, can te recoverad on hLydrcoilysis with hvdrochlozis
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