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Abst¡act. Studies of adsorption of iodine fron the vapour phase
ái?Folution can contribute to E.he understanding of coa-l
structure and coal oridation. An activated carbon clorh and
Ehree coals, fresh and oxidised, ¡¡ere used as adsorbents for che
adsorplion of iodine and waler vapours and for iodine frou
aqueous Kllfr. Extents of adsorpcion of iodine dec¡e¿sed lrith
increasing sEvericy of oxidation of the coals. Despite enhanced
adsorption of ¡¡acer vapq¡r by oxidised coals, the avai labi l i ty
to iodine decreased. Exte¡ts of iodine adsorpcion exceeded the
pore volures of the coals.

InE¡oduct ion

Adsorpcion of  iodine.  Hi l l  and Marsh (1)  scudied
tri;EoipcTon o?T6dine (Iz) fron aqueous solution
of  KI( I l )  and re lated extents of  adsorpt ion to the
free iodine concenEracion ( I2)¡¡ss for  a ser ies of
ac t i va ted  cha rcoa l s .  Juho la - (2 )  ¡ nade  s i n i l a r
studíes.  Kip l ing et  a l .  (3)  adsorbed iodine f roo
several solvents on c¿rbon blacks and recomended
the use of aqueous systeDs for assessmentg of sur-
face areas.  Pur i  ec af .  (4)  ¡nade giu i lar  observa-
Eions.  Aronson et  a l . .  (5)  asseseed, qual i tat ively,
adsorption igothñlof iodine on coal and lignité
fron measurements of vapour pressure of iodine in
equilibriun r¡ith iodine/coal uixtures. It appeared
tha¡ the isothenrs were Type III (BET classifica-
tion) r¡ith ertenaive iodine up-take at the setura-
r ion vapour pressure of  iodine (po-t .08 kPa at
343 K). Uptake of iodine by graphite and anthracite
obeyed Henryrs Law. The extensive up-cake by coals
r¡as attríbuted to conplering by the iodine possibly
v ia charge-transfer  conplex foroat ion (6) .

Srrel l ing of  coal .  Coals inbibe certa in solventg
and consequenlly swell, the volume of solvent taken-
up by the coel far exceeding the pore-volume of the
coalr¡ten assesged from mercury and helir¡m densities.
Thus rhe swel l ing eharacter is t . ics of  coal  af ford a
nethod of  examining coal  st ructure.  Nelson e!  a l .
(7) nonitored the svelling behaviour of a rlF
range of coals by nethanol, benzene and tetralin
and noted that snelling by uethanol decreased
rect i l inear ly r ich increasing coal  rank,  the suel l -
ing by benzene and tetralin showing a oaximum wi¡h
coals of  75 wt? of  C.  Pre-adsorpt ioo of  tetra l in
caueed the maximuu in svelling co be dieplaced to
85 wtl of C as a result of breakage of hydrogen
bondíng !{rtbi" the polyneric structures of coal.
Riucmfi.eüal . (8) related measured surface areas
of  coals to tbe solubi l i ty  perameters of  the

adeorbate used. Uarzec and Kis ie lor¡  (9)  expl¡ ined
snel l iog of  coals in ¡erDs of  e leccron-donor,
e lectron-acceptor character is t ics of  solvencs.
Green  e t  a l .  ( 10 ,  11 )  measu red  swe l l i ng  i n  coaLE
fron binary solven!  o i r tures.

0bj  ect ives

This paper is  concerned v i th aspects of  coal
and carbon oxidation, e.g. Ehe removal of hydrogen
and of  poeeible cross- l inkages by eiher br idges
r¡ i th in the structures.  I t  is  considered that
studies of adsorpcion of iodine and water-vapour
froo che vapour phase and of iodine frou solution
could contribute t.o ¡he underscanding of coal
structure and oxidation.

Materials Used. Three coals rere used, Gedling

Exper imenlal .  (A) Coals and Ehe carbon c loth were
;ffiii iñ-ir-air at 373, 423, 473, 523 K for knorn
periods of tiue. (B) Iodine r¡as adeorbed by dry
coals from the vapour phase (oo air) at 298 K over
a 2 r¡eek period by a gravioetric nethod. (C) Iodine
was adsorbed by coals and the carbon c loth ( f re ih

and'oxidised) fron aqu€ous KI solution and from
oethanol over a 4 seek period. (D) The snelling of
coalg ¡¡as measured directly in aqueous KI/I'
solut ion,  and by r¡aEer i tsel f .  (E) Adsorpt Íon of
CO2 at  273 K by coals was measured and surface
areas calculated.

(NCB rank 801), $or¡onwood 501 and Cvu 301, of
surface areas (ntg-t\ i  225, 140 and 160 respeccively.
An activated carbon cloth, No. 005, nanufactured by
Charcoal Cloch LEd, U.[.  Eas used, niErogen BET
su¡face area of 1300 nza-r (pore,volume of -0.45-cd
g-r) . rn conversiot 

" 
oi -oi g-l adsorbed Eo cn3g-1

of | iqir i{  adsorbate, the fol lowing nolar volumes
(cn 'oo l - r )  ¡ ¡e re  used:  l I20  18 .0 ;  12 ,  38 .1  ( re f  2 ) ;
C O 2 '  4 4 . 0 ;  N 2 '  3 4 . ó .



ResulEs.  The pr incipal  resul ts are contained in
Table 1. The adsorption of iodine from aqueous
solucion ( I2/KI)  and f roo t ¡ethanol  by f resh and
oxidised act ivaced carbon c loth showed only snal1
changes for  the oxid ised c1orh.

Analysis of  resul ts.  1.  Extents of  iodine up-take
fron the vapour decreased r¡ith increasing severity
of  oxidat ion of  the coal  unt i l  only f ract ional  cov-
erage of  coal  surface occurred (-10?) for  coals oxid.
2d at 473 K. Pore blockage by oxygen may be a
contr ibutory factor .
2.  Extents of  iodine up-take f rom sol .ut ion also
decreased s¡ i th increasing sever i ty  of  oxidat ion of
ñ;-;;T;, but always exceeded tbe pore volune of
l he  coa l s  (See  Re f .  12 ) .  Fo r  f ¡ esh  Ged l i ng  coa l ,
iodine ^adsgrpcion -  6.6 ml g-r  = 0.25 

"rJt - l  
-=

-1600 n¿g-r. Swelling of the coal must have occurred.
3. Extents of lrater vapour up-take, however, in-
creased wirh increasing sever i ty  of  oxidat ion of
t he  coa l s .
4. The tocal volune of iodine end water adsorbed
for each coal  decreaeed onLy s l ight ly  ¡ ¡ i th increa-
s ing sever icy of  oxidat ion,  the iodine dominant ly
occupying the volune of  swel l ing for  f resh coals
and the water for  oxid ised coals.  The presence of
water fací l i tates the extensive up-take of
iodine for  f resh coals f rom solut ion,  i .e.  on aver-
age -3.5 ti¡nee that of adeorption fror¡The vapour.
5. For Corconwood and Cnm coals, the isothern shape
changed f ron Type I I I  ( f re¡h)  co Type I I  (oxid ised).
The isotherns of the 1o¡r renk Gedling coal were of
Type I I .
6. Rates of iodine adsorption frm solution decrea-
sed with increasing severity of oxidation of the
coa l s .

7.  The srre l l ing indices (nor inc luded) indicace a
greeter conEribution from the iodine for fresh coals
lhan froo water.
8.  Extents of  iodine up-take by the charcoal  c loth
from methanol decreased narginally with severity of
oxidat ion ¿nd did not  exceed Ehe pore volume of  chg
charcoal  (qxigun up-take -3.0 mol  g- t  = 0.114 c¡ l r
g-r  = 730 ntg- l ) .  Extenca of  up-take f roru aqueous
solut ion increased^wich oxidat ign (naxinuur -4.5
mo l  g - r  =  0 .17  cmJg - r  =  11OO r zg - r ) .
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Tab le  I

Adsorpt ion of  Iodine f roro Vapour and Solucion and of  WaEer Vapour

Coal
TreatrenE

Oxid. in dsys (d)

Adsorption of Iodine
from Vapour
P/Po '  1 '6

mol g-1 
"r3 ,-1

Adsorpt ion of  Iodine
froo Solut ion

C /co  -  9 ' 5 '

mol g-1 .r3 g-1

Adsorption of
Water Vapour

P / e o  '  1 . 9

@ol g-1 
"r3 

g-1

Vo l .  o f  12
+

H r 0
3- -r

c m g

Gedling
F¡esh
Ox id .  ld  373 K

2d 373 K
ld  423 K
ld  473 K
2d 473 K

Corton¡¡ood
Pñ?ñ-
Ox id .  ld  373 K

2d 373 K
ld  423 K
rd  473 K
2 d  4 7 3  K

C!¡tr
lEsh
Oxid.  ld 373 K

373 K
423 K
473 K
473 K

2d
1d
1d
2d

ivated Charcoel

2 . 7
2 . 5
2 . 3
1 . 1
0 .  t 3
0 .09

1 . 4
L . 2
1 . 1
0 . 7
0 .07
0 .06

1 . 5
L . 2
t . 2
0 . 8
0 .  1 6
0 .09

0 . 1 0
0 . 1 0
0.09
0 .04
0.005
0 .003

0 .  05
0 .04
0.  04
0 .03
0 .003
0.003

0 .06
0 .  04
0 .04
0 .03
0.006
0.003

6 . ó
5 . 6
5 . 3
5 . 0
3 . 8
3 . 6

6 . 8
6 . 7
6 . 4
6 . 2
3 . 4
3 . 5

0 .  2 5
0.  2 r
0. 20
0 . 1 9
0 .  14
0 . t 4

0 .26
0 . 2 5
o . 2 4
0 . 2 3
0 .  1 3
0 .  13

0 . 1 7
0 .  1 7
0 .  15
0 .  t 4
0 . 1 3
0 .  10

0 .  15
0 .  19

4 . 6
4 . 4
3 . 9
3 . 6
3 . 3
2 . 5

3 . 8
4 . 3

6 . 3
7 . 0
6 . 8
7 . 3
8 . 4
8 . 2

0 .  1 1
0 .  13
o . r 2
0 .  13
0 .  15
0 . 1 5

0 .014
0 .020
o.o22
0.  038
0.092
0 .  115

0 .014
0 . 0 1 6
0 .  018

0 .058
0 .  081

0 . 8
1 . 1
L . 2
2 . L
5 . 1
6 . 4

0 . 8
0 . 9
1 . 0

3 . 2
4 . 5

0 . 3 6
0 .  34
0 . 3 2
0 . 3 2
0 . 2 9
0 . 2 9

o . 2 7
o . 2 7
0 . 2 6
0 . 2 7
o . 2 2
0 .  25

0 .  1 8
0 .  1 9
0 . 1 7

0 .  1 9
0 .  l 8


