
ACTIVATION AND CLARIFYING PROPERTIES 
O F  FULLER'S EARTH 

In previous parts1 the fuller's eal ths from different sources rn 
Indm as well as  from fore~gn countrres were tested for thelr 
decolorismg plopertles It was found that the pH of the extract 
obtamed by shakrng a quantrty of the earth wrth sodrum chloncle 
solution, showed close relationship with the decolorlsing power oi the 
earth the hlgher the decolorls~ng power, lower the pH of the extract 
Thls relatlonshrp held In the case of all samples of the earth whether 
raw, acld activated, electrolysed and electrodralysed or dehydrated to 
diffe~ent  extent The Inverse proportronallty between the bleachmg 
value and the pI-I was seen from the constancy of the proportionality 
factor (pH x decolo~lsrng power) The relationship also held rn the 
decolorlsation of two difleient vegetable 011s 

The observed relat~onship between the pH and the actlvlty of 
the earth is to be explained by the fact that the pH of the extract 1s 
a measure of the exchangeable hydrogen content of the earth and 
it 1s t h ~ s  hydrogen content which appears to be responsible for the 
actmty of the earth 

In a study of the removal of colouring matter by fuller's earth 
from a vegetable 011, it was found that the colour was not totally 
removed by physlcal adsorption, smce the varlous requirements of 
the Freundlrch xsotherm could not be fulfilled The nature of the 
decolorrsat~on curves showed that only a small proport~on of the 
colouring matter was removed by adsorptton and the rest by c h e m d  
reaction wlth the active element ln the earth Wlth fine gralned 
earth, clecolor~sat.~on could be expressed by a modificatron of the 
Freundlrch equatlon x/m= acn f be, where 66 accounts for the them- - 
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cal Takrng Into consrdelatlon the existenw (d h < ~ s c - c x c h a n ~ ~  

reactions usually found ~n clay malei i d s  and ihc o l ~ ~  vcd I cl.lllon- 
ship between the pH and the decolo~is~ng powel of ihc c . ~ t h ,  tllc 
chemical react~vity of the exchnngedble 01 ~colltic. llytl~ogcll 111 the 
earth wlth the colommg matte1 of the 011, bcc,mc ol~vious 

When hydlogen earths were convc~tccl mto sotlmn~, magne- 
smm, calcium or alum~nlum earths by treatment with the corresponcl- 
1119 salts the actlv~ty of the earth was cons~clei,~hly ~ c t l u c e d  The 
activlty could however be I estoied by treating thcsc car tlls wlth a 
small quantrty of hydrochloric acid The iepl,~ccmcnt of the bases 
by hydrogen could also be effected by s u b j e ~ t ~ n g  tlic c,u tll suspen- 
slon to electrolysis 01 electrodialysls, when calcium, sodiuin and 
aluminmnl could be found extracted in the w,lsll mcl the clccololismg 
power of the earth increased The elect~olytic :~c t lv~~t ion  of the 
earth could be augmented by addition of smdl  q u ~ n t d i c s  ol ncid 
which helped towards further extraction of the ha5cs The n~tlvity 
of the earth was found to have no ~elatlon with tllc cxcli~uzgenble 
calcium as postulated by Folge and 01in2 or  wltli the cnml~nlcd ,idion 
of exchangeable alumlnlum and hycliogen as sugge5ted by I-Iofniann 
and co-workers 

The activity of the earth was howevel found to depend on the 
nature of the essentml inmerological const~tuent of the e,lx th LLS found 
by I-Iofmann From the nature of the clelzyclration culves and theil 
comparison with those of well known clay nmerals, the eal ths could 
be classified with regard to their mineroIogica1 ol  gin Active cai ths 
showed high propol tlon of montmor~llonlte, wll~le xn tlic less active 
ones kaollnite predominated The lugher actlvity of the motitmo~illo- 
nlte earth 1s in agleernent with the fact that mont . lno~i l lo~~~te  1s 
chracterlsed by a lugh zeolitc exchange From the late of delzyclra- 
tlon and the m o u n t  of water loss, the two types of w.del, namely, 
adsorbed water ('planal ' and 'broken-bond' water) . ~ n d  the CI ysl'il 
laihce water derlved from the H and OH planes, ~oulcl 1~ clistmg~~ish- 
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ed A study of the acttvhes of the earth samples dehydrated to 
d~ffeient  extents showed that whde the loss of the planar ivatel 
tncreased the actlv~ty of the eat th, the loss of crystal latttce water 
affected the activtty advet sely 

These results gave an lnslght into the mechantsrn of the 
acttvatton of the eai th by the varlous processes studied 

.* 

In activatton of the earth by electrolysis and electrodtalysls 
the hydrogen derived from watet replaces the varlous bases whlch 
are extracted at the cathode In the form of hydroxides 

In activation by actds, the action of acid results 111 reducing 
the earth to the fundamental rnontinoi tllonite structw es, t eplaclng 
the bases by hydrogen and openlng the crystal channels by d~ssolvmg 
the adhertng i~npuritles Thts facilitates zeolltlc exchange of 
hydrogen when tieated with salt solut~ons 

In a c ~ d  act~vation the nature of the anlon In the acld employed 
has thus no tnfluence The difference m acttvation brought aboul 
by hydrochlor~c acid on one hand and sulphuric acld on the othel, 
IS due to the insolublltty of calclurn sulphate, the deposition of 
whtch cloggs the crystal channel and thus lessens the exchange 
capacity of the earth 

That an acttvated earth behaves as a hydrogen zeolite 1s 

further shown by the fact that the hydrogen can be progressively 
replaced by usmg higher and higher concent~attoi~s of a replacing 
catloll Accurate measurements by conducttvtty method of the 
hydrogen ion so extracted, showed that the replacement proceeds 
according to the law of mass act1011 

K =  lH la - ,  where 0-H denotes the eal th 
[ 0-H -H ] [Na -HI 

coniplex 
The low value of the equllrbriurn constant (K) found indicated 

that the hyd~ogen is tenactously held to the surface Ths observa- 

tion IS 111 conforrntly wlth the pecullar behaviour of hyclroget~ m 
hydrogen clays found by Wetgner and Jenny " 
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It has long been advo~ated by EckartQ~~nd dw by WeldsU 
that the illcreased activity of the cat th 011 d d  11 ~ ; d n l c ~ l t  15 due 
to the dissolution of alumina and ~ d l ~ r l  f ~ o m  the I?orly of 111c c,lrth 
resulting in an lnci eased poros~ty mcl X ~ W I ~ ) ~ I O ~ I  l'llc I ~ L I  c,tsed 
porosity cannot, however, explam the driect dcpcoclun~c of . i~ t iv i t~  
exclusively on the hydrogen ~eoldic  content of the ~ 1 1 1 1  In light 
of the above results the incrcasecl L ~ ~ t i ~ i t y  IS to be ;~ttr~l~utecl to 
the reinoval of most of the extraneous matlei ftuxll the earth and 
to the opening of the crystal channels, inrdtrng the exchangeable 
hydrogen available for reaction Prolonged digestton wxth acids 
lrnpairs the activ~ty because rt ~esu l t s  in the decomposition of the 
montmorillonite stiuctux es The t ewlts o b t m e d  ln the present 
paper are 111 support of thxs vlew 

Foi the manufactm e of cuAlvatccl fullerJ\ ctll 111, the followrng 
processes have becn trlecl (1) Simple loasting (~AlWllllg), (2) 
dlgestlon in ac~d solutions, or in inixture of aucl soldlons ;mcl d t s I  (3) 
digestion in all<alles, (4) subject~ng the dry e,~rths to g'lseous :tcids, and 
(5) electrolysis and electrodmlysis of aqucouc, suspt.ms~ons Thc suit- 
abihty of any of the above plocesses foi adoption on a ~omiz~eicral 
baas xs governed by the nature of the raw mder i d  So fCtr ,ts rnost 
of the common earths and particularly Incllan c,wtlzs ate  conccr ncd, 
the processes 1 ,4  and 5 ale unsuitable, 'is eithet t l ~ y  yiclcl una~ctivlttecl 
01 only weakly activated products 01 the cost of tlzeii ope1 ,itlo11 is 
forbiddrng In acld activation, mtirc, oxallc and \ulphu~ous r~cicls 'Lie 
unsu~table For Indian earths, only sulphuric and hyclr ochlor lc acid 
solutions have been found to glve pion~islng t csults c\\ thc adivating 
agents. The optimum conditions of ope1 at~on wlth regs d to each of 
the two reagenta have been deteiinincd in the pxesent mve~tig~ttlon 

Although deposits of fullel's eai t l ~  ale s p r e d  d l  over IncliL~, a 
con~inetclally workable supply is obtmuble only at a few dcposlls 
The followmg table shows the output of fuller's eLlr 111 in India f ~ o m  
1933 to 1937 
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Hyderabad (Slnd) 

Khairpur State . I 
B~kaner  . . 

Ja~salmer . , 
Jodhpur . .  I 

1933 
Tons 

-- 

1934 
Tons 

821 

4281 

2213 

18 

1168 

-- 

1935 1936 
Tons Tons 

685 879 

4201 2928 

In the present research we have ~zsed the earth from Hydera- 
bad (Smd). 

EXPERIMENTAL 
Actzvntzo~z t o z t h  hyd? ocl~los LC and sulphu? zc aczd sohltzons - 

The nlethod of actlvatlon consisted in l ~ e a t ~ n g  undei reflux a weighed 
quantity of earlh with a measured volume of a c ~ d  solutton of a known 
strength After digesi~on for about 3 hours, the m~xture was filtered 
through a buchner The earth was washed free from acld and dned 
at 110" be Io~e  testing for actlvity The volume of the a c ~ d  solution 
used was such as to suflictently cover the earth in the drgest~on flask 
The proportion of the volume of the acld solution to the quantity of 
the earth was 200 cc of acid solutlon 100 gms of earth The 
decoloxamg expenmenis were carrled out on a sample of safflowe~ 011 
the original colour of which was 9 8 yellow Lovibond ~ l t s ,  usmg 1% 
eaith The followmg table glves the ~esul ts  



XziZp?~u? zc aczd  
-- - - . - - 

I I 

Acid 
strength 

It wdl be seen that the activlty of the e,u th obt,unecl is highest 
at 5N acld strength, and drops below ;uld above t l ld strength 
The earth, however, suffers ptogressive loss in welght wiili the m d  
strength iildlcating that with higher concentration of acid solutions, 
more decomposxtioil of the earth takes place with 1055 in actlvlty 

The action of sulphu~ic acid is consistcllily of lowei older 
than that of hydrochloric acid Hele also highest activity is obta~ned 
at 5N acld concentrat~on 

Activatio~~ with mlxtures of sulpburic and hydto~hloric acds 

I N  1 1 2 0  I 7 1 

Loss of ealtll 
m activation % 

Bud 1 Loss of eai th in 
strength activation % 

Umt s 01 I,ovtl~olltl colou~ 
I cmovccl 

-- - -- -- -- - - - - - - -- 

Unlls of J J ~ ~ ~ l , ~ l l c l  colou~ 
I c~novccl 



were carrled out and the actlvrty of the product determined The 
aclds welc mlxed 1n equal proportlons to glve the su~table strengths 
The following table gwes the act~vlty of the treated ear ths 

Aced mzxt~i? es 

Total strength Un~ts  of Lov~bond . 
of the acids colour removed 

Thc activity of the product IS lower than that obtamed with 
a smgle aczd Mlxtu~es of aclds In vallous other proportlons were 
bled but all gave lower activity than the product obta~ned with 
5N sulphurrc acid 

Activation of the earth was trled w ~ t h  sulphuric acid solut~on 
to wh~ch  an equivalent amount of sodluln cldor~de was added 
The followlng lesults were obtamed 

Ac~d strength Lov~bond u n ~ l s  of 
colour removed 

Here, the actrvity obtamed IS almost the same as with the 
mixtu~ e of a c ~ d s  

D1y P~ocess.--In thls method a thlck paste was formed by 
grinding wlth the powde~ed earth a requisite volume of concentrated 
sulphur~c a c d  The paste was heated m a po~celam basm on a 
sandbath for about 2 hours at 150°C. The dry product In the basin 
was powdered and washed free flom a c d  and d r ~ e d  The following 
table glves the results, 



There was no free acid in the filtrate The results show that 
h~ghest actlvity is obtained with 20 to 30 per cent sulphuric m d  
In the wet process this acid quantlty would amount to 2N and 3N 
and gives a product the activlty of which i s  as inzrch as that obtained 
wlth 5N sulphur~c acid solutron in the wet process If the activation 
1s carrled at about 200°C the actrvdy IS found to dccrease and the 
Iron salts decompose mto ~nsoluble Iron ox& wh~cll colour llle find 
product 

H,SO, per 
100 gms. 
of earth 

It 1s Intended to try thls process on a sem-comrne~cial scale 

Equivalent 
Normality in the 

wet method 



A revlew of pxevious work of the authors on the Actlvatlon 
and Clarlfylng act~on of Fuller's Earth IS gwen 

A dry process of actlvat~on which consists of heating a mixture 
of the raw earth wlth 20 per cent of sulphurlc acld at 150°C gives a 
sat~sfacto~y product 
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