
THE: SIS 

ON 

PRODUCTION OF CHF\RCORLS WlTH 
ION EXCHANGE PROPERTIES 

Presented to 

The Faculty of Science 

Ain Shams Universit) 

Cairo 

By 

TAGHREED M~~~~~ll EL AKKAD . '.0 
<t· 

For the Degree of 

Doctor of Philosophy in Chemistry 

1972 



PR'JDUCTION OF CHARCOALS WITH ION EXCHANGE 

PROPERTIES 

hesis Advisers Approved 

r. S.K. Tobia. 

r. R.Sh. 1~khail. 

r. Sh. Nashid 

P~of. S. E. Tobia. 
!IeacJ. of Chemis ·~ry Department. 

~' / i. '· 





ACKNOWLEDGEL1ENT, 

The author wishes to express her thanks to 

Prof. Dr. s. K. Tobia head of Chanistry Department for 

the facilities at his di!posal and for his interest in 

this work • 

The author also wishes to express her deepest 

gratitude to Dr. R. Sh. •'1ikhall, Prof. of Physical Chemistry, 

for suggesting the work to be described in this thesis 

and for his continuous help, criticism and valuahle 

discussions. 

The auther is also indepted to Dr • .Sh. Nashed Lssistant 

Professor of,•Fhy sic al Che.rr..istry ,. for h~.s con. ':;5.nuous he.Lp 

cri ticis111 and v alu.s.bl.e dis cuss ions. 



Pag '. 

Chapter 1: Introduc~ion and objc:ct of :;_nvestigation. 

Ll Introduction. 1 

l.2 

Chapte:::- 2: 

2.1 

2.2 

2.3 

Object of investigatio~. 

Experimental 

Adsorption measure!IBnts 

Heqt·of immersion 

J'iateria1s 

Chapter 3a Methods of assessment of both micro and 

wide pores and their specific surface 

areas. 

].1 Evaluation of the total suT:'ace area by 

BET method. 

3.2 Detection for the e~~istence o:· mj.cro awl 

wide pores and t.'leir as::>2SS,ne::;.t (V 1-t) 

22 

24-

. 30 
36 

39 

plot. 4-8 
3.3 Ac.alysis of rnicropores by the J'lP-method 51 
3.4- Effect of constrJ.ctio;,:;; 54-

Chapt.cr 4-: :,dsorption studies on non oxidized and oxidi.L:ed 

dat0 pit and easua:r2na charcoa1.s. 

4.1 Adsorption studies on non o~i15.zcld 

l·.,? I.:.csrJ:'pti.on studic:s on. no:: ·•:().cii:•,c,d 

cc:~narin'l charcoals (r;l-C4_) 



"-, 3 .\d sorption s tudico s r n oxidized d ~ te 

pit charcoals (0:!..;~ ·D4 1,) 

4.4- ,'\.dsorption studies on oYidi.z,;d casuarina 

70 

charcoals (c1 ,-c4 .) 75 
H 1J.. 

4-. 5 Adsorption studies on o~:lci.~ -,rJ. 

date pit charcoals (DlB - D4B) 

4-.6 Adsorptio!l studies on oxi.dizr;d casuarina 

79 

charcoals (ClB-c4-B) 83 

Chapter 5: Pore structure analysis of non oxidized 

and oxidized date pit and casuarina 

charcoals 

5.1' Introduction 

5.2 Pore structure ar..alysis from nltrogen 

adsorpt:Loa on DJ.,D4-
5 -, 
·~ 

Fore st:cucture analysis from nitroge;: 

adsorption on C1 ·-C4-

5.4 Pore structure nLalysi. s frGr'l ni 1:.rogell 

adsorption on Du.-Dh,-
.L • .1-l. 

5.5 Pore structure ar..al:rs~ .. .s fr o.':l 7'i trogen 

adsorption on 01,,··C4.l • 
5.6 Pore structure a:caJ.y sis from ell trog rJ;'l 

adsorption on Dl .-s, B 
!c '+ 

5.7 Porr,, structure analysis frr:::,~n :L;.i -:To [ ·~::1 

ad:;orption on Cl3-C4B 

87 

87 

92 

97 

99 

102 

lO~t-



Chapter 6: Heats of immersio~ of non oxidised and 

oxidized date pit and casuarina charcoals 

in cyalohexane, normal butanol and methanol. 

6 .1 In troduc ti on l.l.O 
6,2 Heats of immersion of non oxidized date 

pit and casuarina charcoals in different 

liquids. 119 

6.3 Heats of immersion of oxidized date pit 

and casuarina charcoals in different 

liquids. 

Chapter 71 Estimation of cation exchange capacity :md 

functional groups on oxidized charcoal 

surface. 

7.1 Introduction. 

7 .l.]_ Inorganic exchangers 

7.1.2 Ion exchange resins 

7.1.3 Application of ion exc:ha."l.[>?:·s 

7.J .• 4 Carbonaceous ion exchangers 

ry.2 Determination of fun~~ional groups on 

130 

llt-2 

143 

145 

146 

oxidized date pit and casuarina cha_ycoals. 147 
7. 2.1 !•licroanaJ.ytical n:Gthod 147 
7.2.2. Determination of base '"xchange c:apacity 

of char coals l';Cl 

C~apt2r 8 ~ su,ndary a."ld conclusion 155 

L!.terature referencus 

.~ppendix 

.~rabic su.llillary. 



::::HAPTER l 

Introduction an'.! object ~~f___1r:vesti£S~-:~_i_'2.:2_ 

1.1 _J.;_nt,rod.ucti_o;;:._;_ 

The C~dsorptive properties of ce.rbors '..rere known and 

studied long before the term "active carbon'' was coined. Hence, 

-:;he early history is covered by the li teratrr~e 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 decolo'.lrl.7.ir>.g 

product known as charcoal is obtained. Charcoals from various 

sources hava different names according to the raw materials 

used. Charcoals from coal are usually c11lled co_kes 7 e_r;,)tbsr 

type is grC'.phi te, but these t·.-ro types are not considered as 

charcoals, though they usually come under the sam3 definit::.on. 

The earliest vegetable charcoal l'D''d was \·loCld charcoal 

made by burning or distilling ·vmorl -1.'1 stc:oks. The destructi•rc 

distillation of wood was one of the majo'l:' chemical :.ll.dustries 

in m,_n_y ':O\lntries, tho principal prod•1cts arce ch?.rcCJal, acetic 

acid, acetone, m•o thyl elcohol, methyl ace to:::.3, furfur~l, 



Its ability tc taKe up odours hss b'-"m 'lppreciat·,d for 

decades, and ~t was utilized in the form of ~ood ashes. 

It has been frequently used to remove ur:.pleasa."lt smells and 

colouring matter from certain solutions. Besides its use 

as deco.'_ourising materials, charcoal is used as an adsorbent 

of gases and vapours, in manuZacturing of gun powder, and as 

an ingredient of food for domestic animals. 

Almost any waste vegetable substances can be destructiveT 

ly distilled to produce Gharcoal. Agricl.cltural waste products 

such as corn husks, corn cobs, corn stall:s, baggase, rice 

hulls, rice stalks, fruit pits and sheJ:Cs a."ld many others 

are abu,":l.d8..1."'1.t a!~d form a cheep source for cha:rcoaJ_. T~1c:: choice:; 

of a"ly particuLar agricult1.1ral \vaste for the l'reparation of 

price and the facil1ty of coU.ecti-c,_g it from farms ard factor:'.es 

and the cost of transportatio:J as well as on ':;he vel1le of the 

by-prcc'ucts accomp'l!:ying the carbonizatio:1 process. 

Agricul t1cr al ~ast e pro:lucts in Z?Y;: t are :Jroduced 
( 1: tons, -- , o:nly 

small frac:tio:1 of th<ese amOlmts is clsec; ir: ;-~~.:l'-1"'~'7 (.cJ.g. foY 



culture (e~ .g. :;attle food); but the bulk is used cl.:crectly as 

fuel. Thus tt :is interesting to fi!'ld means cf converting 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 impo('?ta>:l t. 

Some work in this direction has been done Ln this de-

partment. Thus the adsorptive and swell~"'lg pro;::>erties of cotton 

stalks and ca~uarlna, Acacia Arabia and Hulbery ·.vas studied by 

Said( 2). Also the adsorptioh of certain vapours on charcoals 

prepared from r,ice husks and r5.ce straw_,,,r2s st,cdted by HazoPk 

r.cd cc-wor'r:E''='S ( 3-· 5). T:1e adso:-pttve pT'oper ti.e s of crar~0als 

prepared from corn 

Razouk et al( 6 , 7) --- ' 

cobs and date pits were also sb:diec' hy 

in an attempt to find out the optimum conditions 

for preparing charcoals. 

waste c i.n procuc L;,_g ac~i ve char ~oal 5.s pushed further. CharcoaJ.s 

obtained by dest:'uct1.-;e distillati.o;\ at clj_f'::'2:C'E:Ilt te'!!peratures 

of CC.S'JE'rina an:i date pit vere ox:Ldizod in S()J.•_,1:.ic;:o. vd.th the 

possibl' j t;.es of using such cl~;:;:;:·co'' :.~in c0tion exc:1ai1ge processes 

as ·vJe2.l R.S jn adjusting soil a;_'-,aliJ itie3 :wve rcf;1 pc:.-.:tec ou'L 



( 8 1 
by Purl and. •:1oha,jan' .. , . More r<"cently, a number of coJlllllercic;l 

C8rbon ma~.erialc: of io:1 exchanpe properties h:we ~;een considered 

in d'cVelaping " practicabl-e a'ld economic'll ;::>rocess for desalting 

w'lter. (9) 

Surface oxidation of Char_g,oa:L: Pr§ll~_!;irJil_a!}d 

~aract~~ization 2f_£~en re~ponsive 2E~~coals: 

'lO l.l) . · Puri'et al'" ' !JOinted out that treatment 
-- (12 13) 

of activated or outgassed charcoal with oxygen at temperatures 

varying from l00-6o0°C, could fix appreciatLe amounts of nxygen 

at the charcoal surface. This oxygen comes off on degassing 

at high temperatur•a, as carbo:1 dioxide, carbon monoxide and 

water. The effect of oxygen that comes o:"f as carbo;1 dioxi.de 

could alter the s"J.rface behc;viour and ~t!:vo;: st:~face ch.,::acterist~cs, 

such as ti t~able acidity, ca taly' · · propert:ces, redox potential, 

water 
( 13 , 4 , <"'1 

isotherms and immersin:1aJ !::?&ts of wet;ting ·0 ' - ,_J, In 

puri et .::..l(l6 ) showed thc;t oxidized charcoal- covered 

vii th a l ~.yer of c!'lemisorbed oxygen, 1,;hen suspe':')de1 i'l. ·Hc;ter or 

aqhOU3 soLutions. behaves very near:i_y as a revers;_b:Le hydrogen 

ele~trode, the potenUa:L (Er!) o:f Hbich var-_cs w:.th :;,e a::tivity (aHt) 

of hydrogen 1orts acc0rding to the equati .,-1 

F;T = E:- - RT/FpH. 

'"1c,is beh·,,vtonr is due tc ~:Ce presc<:lcc of H-2co3 hec.cl at 

the surface compl-ex in the oxide layer c~ cn~rccu: .. Cu~h 



materi Bls can st :'>biliza { Fn-pH) .rel Rtt0n in aqueous solutions. 

The V?lidity of the equation was verified for charcoal fro.11 

three different sources by; 

(i) Adding measured amounts of base to the charcoal suspension 

and determining pH value w~th a glass electrode and the 

elec~rode potential (Sa) with a platinum electrode. 

(ii) >'iaking similar determinati-ons with buffer solutions treated 

with the charcoal at 180°C. The mean E0 was 407 mv. by 

method (i) and 390 mv. by method (ii) a~d the mea~ slope 

of the crurve was 50.2 and 50.7 mv./pH respectively for 

the two methods. 

(iii) Deviation from the theoretical slope of 57.7 m.v ./pH vras 

attri.butec1 to ths inaccessibi1ity of so!:'le of t'::.e surface 
·'· 

H · ion deep ,,ri thin micro-capJ llFJry pores of the acic .. .:.d 

charcoal. 

Puri et .al ( 17) (1961) preparef. two sai11ples of charcoal, 

one by the carbo:Iization of recrystallized can2 st:.(;a!' (by add'.~.g 

sul-phuric:: '1Cid, fol:Lm-.red by exhaus~ive W3Shi.i1gs) c:nd the other 

by lJu!'ni:lg smal-l pieces of coconut Ehell ol.e<Jt:::-j_c.8.lly at 350° i.n 

a l.iir-'_ted suppl-y of 8i.r. The ch8.rco"J.l sc:;nples w•o::'e well groanCi 

to kJA.Ss through (j lOO ,nesh s.i..eYa, Sugar c!vccoal~ ,,,·C~s f:.:oe fr:JcL 

:1s.'l, '.>~hile th8 'lSh co!ltent of the cocom:t shel-l cb.nrco8l ':T'l.S 



,-_, 

loWiJred tu "!bout 0, 24 ~ere en t upon ex.traction "With HF Reid. 

They studiad the surface reaction or sug''lr and coconut shell 

charcoals, before as well as after degasslng at 750° and 

1200°C, with oxygen and few oxidizing~solution.s of varying 

oxidizing ];)Otentials at ordinary temperature (e.g. potassium 

per sulphate, potassium bromate, potassium perf.odate, potassium 

n.i trate and chlorine water), They found that, the base adsorption 

capacity of original as well as degassed samples increases 

appreciably on treatment with various oxidizing solutions. 

Some of the treatments gave highly acidic charcoals with base 

adsorption capacities of over 1000 m.equiv./J.OO g, ':!;hey believe 

that the various oxid~tion treatments add a~ a~rreciable 

amount of 0xygen to cha:rcoaJ_ qs carbon dtoxi.de complex 111hich 

is the cause of the surface acidi~;y of chctrcoaL I':: ap;,ears 

highly prol'!able that the treatm'?nt of out,c:assed c.'-:carcools ,,;ith 

o:~~di:z:ing soluticms results partly jn tr.e fcrmation of the 

usual carbon dioxide complex in whi::h two oxyge!l atoms are 

assumed to be attac':leC. to a sir>£le surface snrb::m :1toEJ, 8:"-d 

c 

~~~ 
c 

+ 

c_o 
@)---I 
'<f.L,---_ , 

'-' 0 



,.-rhere the shad,,d circle represents ':he charcoal surfacE~ and 

-c and -c two carbon atoms. Such a corepJ.ex may e"'!olve carbon 

dioxide on degassing but may not react with alkalies, 
(18) 

Pnri ~ 3l- (1.964) prepared sugar a.11d coconut shell 

charcoals, the two charcoals were eva1uated as cation ex-

' changers in batch and column operati~~, and had a high 

exchange capacity impo.rted to them by the existence of 

chemisorbed layer of carbon dioxide. Hydrogen, sodium, 

calcium and barium charcoals could be easily prepared, 

Charcoals with Na + 1n excha."'lge pO.sition can be used £'or the 

1 f' c +2 .. . h remova. c_ a _rom :oolut~Gn _c;y cation 

softening hard \·later by simple column pro:::ess. ~h-e col'J.P:J. 

can be regenerated by leaching Hi.th a s01_,;:.+;i.on of NaCl. 

Charcoals with H+ L"'l the exchange position can be used for 

removing the aH:aJJ.nity from water and that with Ca +2 5.n the 

exchange position C&"'l :Je used j_!l raising tb.e calc: .'1'1 status 

of 1rrir:;o.tion wa':er by replac:.~·.g s cJR:!:'t of r;a + by 1/,' Ca +2 in 

the s0;.ution. The possibility o£' clsi.:lg ch.Ecor<l "·:·_th Ba +2 j_n 

be€'::1. 5.n~.icated • These cation exch.1::1ge :;"J.r<'ace :':::.~'"'·cttc:o 



@-co;-~ 2H+ + MoH 

I 
M may be Ca, Na, Ba •...• etc. 

The metal cation introduced in the surface in the above 

manner c~~ be exchanged by other common caticnsas L~ zeolites, 

peri!IUtites ~'ld soil by treatment with suitable electrolytes,, 

The replacing powers of the various cations were found to 

decrease in order in which they occur i::1 the lyotropic series~l9) 

Puri ~ ~~20 ) prepared two sa:nples of S'.lear and coc(mut 

shell charcoals. A portion of the l'harcoal was treated with 

chlorine water to raise the oxyge;1 con ter.':;, The total amount 

of oxygen a.'I'J.d hydrogen were evolved as ca::~bon m8no:cide, · r.'J.rbon 

di0xic.El ud water on outg~s;:;i;:g charcoaJ at 300, ~:-OOt -500, 700 & 

ll00°C. :r'hey stuc'<ied the effect o:: :1a'c'Jre of the surface of 

sugar and coconut shell charco'll_son the acs::T:J'cioE of ar::-nonia 

in solution or in the gaseous phase. They fcvnd t~~t the s~rface 

of the charcoal -,.ras aJ.tered by cutgassj_:c;; a·~ to"11pe"''3.tures bet­

o 
,,rcce:~·- 20C-ll00 C. The j_nter:ccti:::1 C~ppear-: tc i!lvo]·,-e 'Y'l 

the acl.s'rbeG NH
3 

can te recove-:ad o-c L:rdrC'lysis ,,:i_th hc'drochlo:i'i~ 


