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ABSTRACT 

A relatively new technology for the retention and adsorption 
o f  organic pollutants involves the u s e  of,organically modified 
clays. The accessible surfaces within the crystalline structure 
of clay minerals are chemically modified with organic derivatives 
such as alkylammonium ions. This clay modification imparts an 
organophilic character to the clay. The clay surface is thus 
rendered suitable to adsorb organic molecules. 

Clays such as bentonite have been used for many years as 
pond and landfill liners because of their low permeability to 
water. The low permeability of these clays has been shown to be 
affected adversely by fluids containing organics. Organically 
modified clays allow an extension of clay barrier technology into 
organic systems. A s  a result of the affinity between organically 
modified clays and organic pollutants, applications for their use 
in waste treatment and remediation have evolved. These 
applications include: 

1) Waste stabilization - organically modified clay is mixed 
with organic wastes and then cementing agents t o  produce a 
solidified matrix, resulting i n  reduced leachability of the 
organics from the stabilized matrix. 

2 )  Water treatment - organically modified clay is used for 
treatment of ground and surface water to remove organic 
constituents within the waste stream. 

3 )  Spill control - organically modified clay can be distributed 
on water or soil surfaces to sorb organic liquids as necessary 
for spill control. 

4 )  Tank farm liners - organically modified clay can be used in 
liner systems for fuel oil storage tanks. 

5) Hazardous waste liner systems - organically modified clay 
can be used as a barrier layer component within liner systems for 
hazardous waste storage and disposal sites. 
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INTRODUCTION 

The use of organically 
modified clays i n  hazardous 
waste management applications 
offers a significant new and 
untapped potential. These 
clays may be used in the stabi- 
lization of organic wastes and 
organically contaminated soils, 
for waste water treatment, for 
oil spill control, for liner 
systems beneath fuel oil stor- 
age tanks, and as a component 
within liner systems of haz- 
ardous waste storage treatment 
and disposal facilities. 
Organically modified clays 
(organophilic clays) may be 
employed in each of these sys- 
tems to adsorb organic waste 
constituents, enhancing the 
performance of these applica- 
tions. This paper first 
describes the nature of 
organophilic clays, and then 
discusses their application i n  
each of the five areas. 

ORGANICALLY MODIFIED CLAYS 

The production of organi- 
cally modified clays begins 
with the use of a natural clay 
mineral. The clay minerals 
most commonly used in this 
process are smectites 
(montmorillonite and hectorite) 
and attapulgite (palygorskite). 
Since the structure of each of 
the base clays differs, the 
performance of the modified 
clays will likewise vary. 
Detailed descriptions of these 
clays is found elsewhere (6, 
11) 

Organic Modification of Clays 

The investigation of clay- 
organic interactions began over 
50 years ago. An early study 
reacted organic bases and their 

salts with montmorillonitic 
clays and presented evidence 
that an ion exchange reaction 
had occurred (6). Similar 
early experiments using organic 
chemicals in montmorillonitic 
clay demonstrated that the 
exchangeable inorganic cations 
could be replaced by organic 
cations, and that uncharged 
polar compounds could enter the 
inner layer region without the 

was also found that bentonite, 
after reaction with certain 
organic compounds, gains the 
properties of swelling and 
dispersing i n  organic fluids 
( 8 ) .  These studies describe 
the clay-organic interactions 
which impart the organophilic 
characteristics upon the modi- 
fied clay. Since that time, 
these interactions have proven 
to be effective and, i n  many 
cases, commercially viable in 
transforming a naturally 
hydrophilic clay into an 
organophilic clay. 

release of cations ( 1 3 ) .  It 

A number of chemical 
interactions between the clay 
and organic compound were iden- 
tified i n  the organic modifica- 
tion of clays. The primary 
reactions which occur are 
adsorption, intercalation, and 
cation exchange. Additional 
reactions include ion exchange, 
anion exchange, protonation of 
organic molecules at the clay 
surface, hemisalt formation, 
ion-dipole coordination, hydro- 
gen bonding, pi-bonding, 
entropy effects, and covalent 
bonding (10). It is beyond the 
scope of this paper to discuss 
in detail these reactions, 
which influence the organic 
modification of clays. 

To produce an organically 
modified clay, an unmodified 
clay mineral is reacted with an 
organic compound. In this 
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process, a cationic surfactant, 
such as quaternary ammonium, 
replaces the exchangeable inor- 
ganic sodium, calcium and/or 
magnesium ions on the nega- 
tively charged surface of the 
clay. I n  this reaction, the 
clay's nature is converted from 
a hydrophilic to an 
organophilic condition. Reac- 
tion of the clay with the 
appropriate organic cation will 
result i n  a modified clay which 
will swell and disperse i n  the 
presence of a variety of 
organic liquids, 

The organic compounds most 
commonly used to modify clays 
are quaternary ammonium salts. 
A quaternary ammonium salt is a 
form of an organic nitrogen 
compound i n  which the molecular 
structure includes a central 
nitrogen atom joined to four 
organic groups along with an 
acid radical, They are all 
considered cationic, surface 
active coordination compounds 
and tend to be adsorbed on sur- 
faces, thus the term surfac- 
tants. The most commonly 
employed types of quaternary 
ammonium compounds used to mod- 
ify clays are dimethyl ammo- 
nium, methyl benzyl ammonium, 
dibenzyl methyl ammonium, and 
benzyl dimethyl ammonium quats. 

In the dry process, limited 
amounts o f  water are first 
added to the unmodified clay. 
The clay is then reacted with 
the organic compound in a 
mixer, pug mill or extrusion 
device. Finally, the reacted 
material is dried and ground. 
Since centrifugation is not 
performed in the dry process, 
some impurities still exist i n  
the finished clay product. 
Additional detail regarding the 
clay manufacture can be found 
elsewhere (1, 5 ,  12). 

Ads or p t i on by Organophilic 
Clavs 

Organically modified clays 
are suitable media for the 
adsorption of soluble organic 
compounds from dilute aqueous 
solutions. This adsorption 
occurs *through electro- 
staticlhydrogen bonding forces 
at the hydrophilic sites, and 
by van der Waals forces at the 
organophilic sites o f  the 
organophilic clay. The follow- 
ing factors affect the adsorp- 
tion of organic compounds from 
dilute aqueous solutions by 
organophilic clays: a) the 
nature of the adsorption sites, 
b) the nature of the organic 
molecules to be adsorbed, c) 

thermodynamic Quantities, and 
spatial considerations, d) 

Manufacture of Organically e) solibility of the adsorbate 
Modified C1 ay s i n  the solvent ( 4 ) .  Portions 

of the organically modified 
Organically modified clays clay surface which were not 

are manufactured using either a 
dry process or a wet process. 
I n  a wet process, the unmodi- 
fied clay is mixed with water, 
forming a slurry. The result- 
ing slurry is centrifuged to 
remove inert, non-clay miner- 
als. The supernatant, which 
contains ultra-pure clay, is 
then reacted with the specified 
organic compound. The mixture 
i s  filtered, dried a n d  ground. 

modjfied during the organic 
modification process are still 
hydrophi 1 ic. As a result, 
adsorption by electro- 
staticlhydrogen bonding with 
the hydrophilic portion of the 
adsorbate molecule occurs at 
these hydrophilic clay sites. 
On the remainder of the clay 
surface, which is organophilic, 
van der Waals bonding occurs. 
Since adsorption occurs at both 
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types of sites on the clay sur- 
face, a balance between the 
organophilic and hydrophilic 
clay sites optimizes the 
adsorption capacity of the clay 
(4) 

LABORATORY TESTING PROGRAM 

The adsorption capacity of 
a number of commercially avail- 
able organically modified clays 
was quantified utilizing the 
free swell, or sedimentation, 
test. I n  each of these tests, 
5 0  milliliters (ml) of the test 
fluid were poured into a 100-ml 
graduated cylinder and 2 . 5  
grams of the clay were then 
rained into the fluid. The 
clay typically settled to the 
bottom of the graduated cylin- 
der. The free swell volume was 
recorded after 24 hours. The 
laboratory test procedure for 
this free swell test was modi- 
fied from laboratory procedures 
previously developed (7). The 
major modification from the 
original procedure was the 
reduction in the quantity of 
clay and test fluid utilized. 
These investigations parallel a 
study published earlier in 
which a single organically 
modified clay type was evalu- 
ated (8, 9). This swell volume 
is only an indicator of the 
clay's adsorption capacity, and 
may not adequately quantify the 
performance of the clay i n  the 
applications discussed herein. 

The clays and their manu- 
facturers are listed i n  Table 1 
along with pertinent informa- 
tion regarding the manufacture 
of the organophilic clays. The 
organic compounds reacted with 
the base clays are quaternary 
ammonium salts, primarily 
dimethyl di(hydrogenated tal- 
low) ammonium chlorides. Tal- 
low i s  an animal fat with each 

organic molecule containing 16 
to 1 8  carbon atoms. 

Ten test fluids were used 
i n  these studies: acetic acid, 
acetone, aniline, carbon tetra- 
chloride, deionized water, 
diesel fuel, hexane, kerosene, 
unleaded gasoline, and xylene. 
All of the fluids employed in 
the study were added in a con- 
centrated form with each of the 
clays studied. The results of 
the free swell tests conducted 
for these studies, along with 
the density of each clay, are 
summarized in Table 2. 

DISCUSSION OF LABORATORY TEST 
RESULTS 

Examination of the average 
free swell volume enables a 
comparison between the various 
organically*modified clays for 
a wide range of organic fluids. 
Viewing the data in this way, 
it is revealed that all of the 
organically modified clays have 
an average free swell volume 
between 11 and 35 ml. The wet 
process clays with the highest 
average free swell volumes are 
Baragel 3000 (34.3 m u ,  
Benathix 1-4-1 (32.1 ml) and 
Tixogel SP (31.6 ml). The dry 
process clays with the highest 
average free swell volumes are 
PC-1 (23.8 ml) and TS-55 (23.1 
ml). The two unmodified clays, 
bentonite and attapulgite, have 
the lowest average free swell 
volumes, indicating they did 
not swell appreciably i n  the 
presence of the concentrated 
organic test fluids. 

I n  summary, it is believed 
that these tests provide a use- 
ful way to rapidly and quanti- 
tatively compare the expected 
performance of organically 
modified clays. Note that clay 
cost must be evaluated in 
comparison t o  performance in 
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s e l e c t i n g  a p a r t i c u l a r  clay f o r  
a p a r t i c u l a r  application. 

A P P L I C A T I O N S  

W i t h  t h e  a b i l i t y  o f  t h e  
o r g a n i c a l l y  m o d i f i e d  c l a y s  t o  
a d s o r b  o r g a n i c s ,  a n u m b e r  o f  
a p p l i c a t i o n s  f o r  o r g a n i c a l l y  
m o d i f i e d  c l a y s  i n  p o l l u t i o n  
c o n t r o l  a n d  h a z a r d o u s  w a s t e  
s i t e  r e m e d i a t i o n  h a v e  been 
i d e n t i f i e d .  T h e s e  a p p l i c a t i o n s  
r a n g e  f r o m  t h o s e  f u l l y  d e v e l -  
o p e d  and i n  t h e  m a r k e t p l a c e  t o  
t h o s e  r e c e n t l y  proposed. T h e  
f o l l o w i n g  s e c t i o n  d i s c u s s e s  
s e v e r a l  a p p l i c a t i o n s  f o r  o r g a n -  
i c a l l y  m o d i f i e d  clays. 

W a s t e  S t a b i l i z a t i o n  

T h e  r e m e d i a t i o n  o f  o r g a n i -  
c a l l y  c o n t a m i n a t e d  s o i l s  and 
w a s t e s  e m p l o y i n g  s t a b i l i z a t i o n  
a n d  s o l i d i f i c a t i o n  t e c h n i q u e s  
h a s  b e c o m e  i n c r e a s i n g l y  
w i d e s p r e a d .  T h e  s t a b i l i z a t i o n  
p r o c e s s  is d e s i g n e d  t o  m a x i m i z e  
s h e a r  s t r e n g t h  and m i n i m i z e  t h e  
r a t e  o f  l e a c h i n g  o f  h a z a r d o u s  
c o n s t i t u e n t s  f r o m  t h e  s t a b i -  
l i z e d  m a t r i x  into t h e  e n v i r o n -  
ment. C o n v e n t i o n a l  s t a b i l i z a -  
t i o n  t e c h n i q u e s ,  s u c h  a s  c e m e n t  
a n d  f l y a s h ,  a r e  u s u a l l y  l i m i t e d  
t o  i n o r g a n i c ,  m e t a l - b e a r i n g  
wastes. F o r  o r g a n i c  w a s t e s ,  
m o d i f i e d  c l a y s  h a v e  been 
e m p l o y e d  t o  a d s o r b  o r g a n i c  con- 
stituents. P r e l i m i n a r y  l a b o r a -  
t o r y  d a t a  i n d i c a t e  t h a t  
o r g a n o p h i l i c  c l a y s  a r e  e f f e c -  
t i v e  a s  s t a b i l i z a t i o n  a g e n t s  
( 1 2 ) .  

W h e n  used i n  c o n j u n c t i o n  
w i t h  c o n v e n t i o n a l  c e m e n t - b a s e d  
o r  p o z z o l a n i c  a d d i t i v e s ,  o r g a n -  
i c a l l y  m o d i f i e d  c l a y s  a r e  
e f f e c t i v e  i n  r e d u c i n g  t h e  
m o b i l i t y  o f  o r g a n i c  con- 
s t i t u e n t s  f r o m  t h e  s t a b i l i z e d  
matrix. R e d u c t i o n s  i n  t h e  

m o b i l i t y  o f  o r g a n i c s  has been 
d e m o n s t r a t e d  a n d  i s  t h e  s u b j e c t  
o f  s e v e r a l  p a t e n t s  (2, 3). 
O r g a n i c a l l y  m o d i f i e d  c l a y s  a r e  
f i r s t  m i x e d  w i t h  t h e  w a s t e  t o  
a d s o r b  t h e  o r g a n i c  con- 
stituents. I n  t h i s  m a n n e r ,  t h e  
o r g a n i c s  a r e  c h e m i c a l l y  bound 
w i t h i n  t h e  o r g a n o c l a y ,  t h e r e b y  
r e d u c i n g  t h e  o r g a n i c  i n t e r f e r -  
e n c e  w i t h  t h e  normal c e m e n t  
r e a c t i o n s  a n d .  l a t t i c e  f o r m a -  
tion. T h e  clay, w i t h  o r g a n i c  
c o n t a m i n a n t s  bound w i t h i n  t h e  
clay s t r u c t u r e ,  is t h e n  
m a c r o e n c a p s u l a t e d  i n  a c e m e n t i -  
t i o u s  m a t r i x  f o r m e d  by a c e m e n t  
o r  pozzolan. T h i s  t e c h n i q u e ,  
w h i c h  u t i l i z e s  an o r g a n o p h i l i c  
clay i n  c o n j u n c t i o n  w i t h  a 
c e m e n t  p r o d u c t ,  is e m p l o y e d  by 
t h e  S i l i c a t e  T e c h n o l o g y  C o r p o -  
r a t i o n  o f  S c o t t s d a l e ,  A r i z o n a  
f o r  t h e  s t a b i l i z a t i o n  o f  
o r g a n i c  h a z a r d o u s  wastes. I n  
t h i s  t e c h n i q u e ,  t h e  l e a c h i n g  
p o t e n t i a l  o f  t h e  o r g a n i c  con- 
s t i t u e n t s  is d e c r e a s e d  t h r o u g h  
t h e  u s e  o f  o r g a n o p h i l i c  c l a y s  
as c o m p a r e d  t o  t e c h n i q u e s  u s i n g  
only c e m e n t  o r  p o z z o l a n  i n  t h e  
s t a b i l i z a t i o n  process. 

W a t e r  T r e a t m e n t  

O r g a n i c a l l y  m o d i f i e d  c l a y s  
a r e  used t o  t r e a t  o r g a n i c a l l y  
c o n t a m i n a t e d  w a s t e  water. In 
t h i s  p r o c e s s ,  t h e  a q u e o u s  s o l u -  
t i o n  is f i l t e r e d  t h r o u g h  o r g a n -  
i c a l l y  m o d i f i e d  clay and t h e  
o r g a n i c  c o n t a m i n a n t s  a r e  
a d s o r b e d  by t h e  clay. U n l i k e  
a c t i v a t e d  c a r b o n ,  w h i c h  a d s o r b s  
o r g a n i c  c o n t a m i n a n t s  t h r o u g h  
s u r f a c e  r e l a t e d  p h e n o m e n a ,  
o r g a n i c a l l y  m o d i f i e d  c l a y s  
s w e l l  a s  t h e  o r g a n i c  c o n t a m i -  
n a n t s  a r e  s o r b e d  i n t o  t h e  clay 
structure. T h u s ,  t h e  o r g a n i c  
m o l e c u l e s  o f  t h e  c o n t a m i n a n t  
p r e f e r a b l y  p a r t i t i o n  i n t o  t h e  
o r g a n i c  p h a s e  o f  t h e  o r g a n o c l a y  
instead o f  t h e  a q u e o u s  p h a s e  
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( 2 )  V o l a t i l e  o r g a n i c s  a r e  
p o o r l y  a d s o r b e d ,  w h e r e a s  o i l s  
a n d  g r e a s e s  a r e  r e a d i l y  
a d s o r b e d  a s  a r e s u l t  o f  t h e i r  
d i f f e r i n g  p a r t i t i o n  c o e f f i -  
c i e n t s ,  

O r g a n i c a l l y  m o d i f i e d  c l a y s  
a r e  t y p i c a l l y  u s e d  a l o n g  w i t h  
o t h e r  w a t e r  t r e a t m e n t  t e c h n o l o -  
g i e s .  F o r  e x a m p l e ,  when u s e d  
i n  a t r e a t m e n t  s y s t e m  u p s t r e a m  
o f  a c t i v a t e d  c a r b o n ,  t h e  c a r b o n  
l i f e  i s  g r e a t l y  e x t e n d e d  a s  a 
r e s u l t  o f  t h e  r e m o v a l  o f  h i g h  
m o l e c u l a r  w e i g h t  o r g a n i c s .  Two 
c o m m e r c i a l l y  a v a i l a b l e  p r o d -  
u c t s ,  C a l g o n ' s  K l e n s o r b  lOOTM 
a n d  E l e c t r u m ' s  O r g a n o s o r b ,  c o n -  
t a i n  a n  o r g a n i c a l l y  m o d i f i e d  
c l a y  t o  r e m o v e  o r g a n i c s  f r o m  a 
w a s t e  s t r e a m .  T h e  o r g a n o p h i l i c  
c l a y  i n  t h e s e  p r o d u c t s  i s  u s e d  
w i t h  a n  a n t h r a c i t e  f i l t e r  m e d i a  
t o  p r o v i d e  a n  e f f e c t i v e  c o l u m n  
f i l t r a t i o n  m e d i u m  i n  w a t e r  a n d  
w a s t e  w a t e r  t r e a t m e n t ,  T h e  
c o m b i n a t i o n  o f  t h i s  m i x e d  m e d i a  
a n d  g r a n u l a r  a c t i v a t e d  c a r b o n  
a d s o r p t i o n  f a c i l i t a t e s  t h e  
r e m o v a l  o f  a b r o a d  r a n g e  o f  
b o t h  s o l u b l e  a n d  i n s o l u b l e  com- 
p o u n d s .  Shown o n  F i g u r e  1, a r e  
t h e  i n f l u e n t  a n d  e f f l u e n t  o i l  
c o n c e n t r a t i o n s  f o r  a n  o i l y  
s t e a m  c o n d e n s a t e  f i l t e r e d  w i t h  
a m i x t u r e  o f  O r g a n o s o r b  a n d  
a n t h r a c i t e  f i l t e r  m e d i a .  T h e  
t r e a t m e n t  e f f e c t i v e n e s s  i s  
d e m o n s t r a t e d  o n  F i g u r e  1 a n d  a n  
a n n u a l  s a v i n g s  o f  a b o u t  
$150,000 p e r  y e a r  was p r o j e c t e d  
f o r  a 5 0 0  t o  6 0 0  gpm s y s t e m  
1 4 ) .  I n  a n o t h e r  a p p l i c a t i o n ,  
t h e  o r g a n i c a l l y  m o d i f i e d  c l a y  
r e m o v e s  n o n - v o l a t i l e s  p r i o r  t o  
a i r  s t r i p p i n g ,  t h e r e b y  i n c r e a s -  
i n g  t h e  e f f i c i e n c y  o f  t h e  
s y s t e m .  

S p i l l  C o n t r o l  

T h e  o r g a n o p h i l i c  n a t u r e  o f  
o r g a n i c a l l y  m o d i f i e d  c l a y s  make 

t h e m  s u i t e d  f o r  u s e  i n  s p i l l  
c o n t r o l  a p p l i c a t i o n s .  As 
d e m o n s t r a t e d  i n  t h e  l a b o r a t o r y  
s t u d i e s ,  t h e s e  c l a y s  w i l l  
e i t h e r  f l o a t  on  o r  s i n k  t o  t h e  
b o t t o m  o f  a n  a q u e o u s  s o l u t i o n ,  
d e p e n d i n g  on  t h e  n a t u r e  o f  t h e  
o r g a n i c  m o d i f i c a t i o n .  F o r  
e x a m p l e ,  a n  o i l  s p i l l  on  w a t e r  
c a n  b e  s o r b e d  b y  t h e  o r g a n o c l a y  
a n d  h e l d  w i t h i n  t h e  c l a y  c r y s -  
t a l l i n e  s t r u c t u r e  f o r  c l e a n u p  
a n d  d i s p o s a l .  F o r  a s p i l l  
w h e r e  t h e  m a t e r i a l s  s i n k ,  t h e  
c l a y s  c o u l d  1 i k e w i  s e b e  
s e l e c t e d  t o  s i n k  t h r o u g h  t h e  
w a t e r  a n d  s o r b  t h e  s p i l l e d  
f l u i d .  

T a n k  L i n e r s  

F u e l  o i l  s t o r a g e  t a n k s  a r e  
t y p i c a l l y  s u r r o u n d e d  w i t h  a 
l i n e r  a n d  b e r m  s y s t e m  t o  
c o n t a i n  t h e  * f u e l  o i l  s h o u l d  a 
l e a k  o c c u r .  A s  a r e s u l t  o f  t h e  
i m p e r v i o u s  n a t u r e  o f  t h e  l i n e r s  
u s e d  i n  t h e s e  s y s t e m s ,  t h e y  
a l s o  c o n t a i n  p r e c i p i t a t i o n .  As 
a n  a l t e r n a t i v e  t o  c o n v e n t i o n a l  
l i n e r  s y s t e m s ,  i t  i s  p r o p o s e d  
t h a t  o r g a n i c a l l y  m o d i f i e d  c l a y s  
b e  u s e d .  An o r g a n i c a l l y  m o d i -  
f i e d  c l a y  l i n e r  w o u l d  p e r m i t  
p r e c i p i t a t i o n  t o  f l o w  d o w n w a r d  
t h r o u g h  t h e  l i n e r  w i t h o u t  a c c u -  
m u l a t i n g  i n  t h e  c o n t a i n m e n t  
s y s t e m .  I n  t h e  e v e n t  o f  a t a n k  
l e a k ,  t h e  c l a y  w i l l  s w e l l  i n  
t h e  p r e s e n c e  o f  t h e  f u e l  a n d  
f o r m  a n  i m p e r v i o u s  b a r r i e r  
l a y e r .  T h i s  w o u l d  p r e v e n t  
m i g r a t i o n  o f  c o n t a m i n a n t s  i n t o  
t h e  s u b s u r f a c e .  I t  may a l s o  b e  
p o s s i b l e  t o  u s e  o r g a n i c a l l y  
m o d i f i e d  c l a y s  a s  s e c o n d a r y  
c o n t a i n m e n t  b a r r i e r s  b e -  
n e a t h / a r o u n d  u n d e r g r o u n d  s t o r -  
a g e  t a n k s  i n  a s i m i l a r  m a n n e r .  

L a n d f i l l  L i n e r s  

T h e  t e c h n o l o g y  f o r  l a n d -  
f i l l  l i n e r s  h a s  b e e n  e v o l v i n g  
i n  r e c e n t  y e a r s  t o  i n c l u d e  
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m u l t i m e d i a  b a r r i e r  l a y e r s  t o  
o p t i m i z e  t h e  e n v i r o n m e n t a l  
p r o t e c t i o n .  P r e s e n t l y ,  l i n e r  
s y s t e m s  i n c l u d e  b o t h  geomem- 
b r a n e  b a r r i e r  l a y e r s  a n d  n a t u -  
r a l  c l a y  b a r r i e r s .  T h e  
g r e a t e s t  e n v i r o n m e n t a l  c o n c e r n  
a t  p r e s e n t  i s  t h a t  b o t h  geomem- 
b r a n e s  a n d  n a t u r a l  c l a y s  may b e  
s u b j e c t  t o  d e g r a d a t i o n  i n  t h e  
p r e s e n c e  o f  o r g a n i c  c o n t a m i -  
n a n t s .  F u r t h e r ,  o r g a n i c  c o n -  
t a m i n a n t s  may m i g r a t e  t h r o u g h  
t h e s e  m a t e r i a l s  i n  r e s p o n s e  t o  
c h e m i c a l  d i f f u s i o n  g r a d i e n t s .  
I t  i s  p r o p o s e d  t h a t  t h e  l i n e r  
s y s t e m  i n c l u d e  a b a r r i e r  l a y e r  
c o m p o s e d  o f  a n  o r g a n i c a l l y  
m o d i f i e d  c l a y .  I n  t h i s  way, 
t h e  m u l t i m e d i a  l i n e r  s y s t e m  
w o u l d  h a v e  s u p e r i o r  p e r f o r m a n c e  
i n  t h e  p r e s e n c e  o f  o r g a n i c  c o n -  
t a m i n a n t s .  The s o r p t i v e  c a p a c -  
i t y  o f  t h e s e  m a t e r i a l s  w o u l d  
s i g n i f i c a n t l y  r e d u c e  t h e  r a t e  
o f  o r g a n i c  c o n t a m i n a n t  t r a n s -  
p o r t  a c r o s s  t h e  l i n e r  s y s t e m .  
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Figure 1 .  Influent and Effluent Concentrations (from Electrum, Inc.) 
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Table 1. Summary of Clay Information 



Table 2. Laboratory Test Results 

CLAY HANUFACTURER PROCESS BASE CLA" ORGANIC MODIFIER 

Attapulgite Engelhard Specialty Chemicals None Attaplgi te None - 
Bent on i t e NL Baroid None Bentonite None 
Attatone J Bentec Dry Attapulgite Dimethyl dichydrogenated tallow) amnoniun chloride 
Attatone T Bentec Dry Attapulgite Dimethyl di(hydrogenated tallow) amnoniun chloride 
BC 90 Bentec Dry Hector-ite Dimethyl di(hydrogenated tallou) amnoniun chloride 
Bondtone NL Baroid Dry Bentoni:r Ethyl benzyl di(hydrogenated tallow) amnoniun quat 
Claytone APA Southern Clay Products Vet Bentonite 
Claytone 40 Southern Clay Products Vet Bentonite Dimethyl di(hydrogenated tallow) amnoniun quat 
2HT NL Baroid Dry Bentonitc H e t x b e n z y l  di(hydrogenated tallou) amnoniun quat 
2HT Aberdeen Bentec D r Y  Ca Bentonite Dimethyl di(hydrogenated tal low) amnoniun chloride 
P- 1 Bentec Dry Bentonite Dimethyl di(hydrogenated tallou) amnoniun chloride 
P-11 Bentec Dry Bentonite Dimethyl di(hydrogenated tallou) amnoniun chloride 
P-40 Silicate Technology Corp. Dry Bentonite Dimethyl dichydrogenated tallow) amnoniun quat 
PC- 1 Bentec Dry Bentonite Dimethyl dichydrogenated tallow) amnoniun chloride 
PT-1 Bentec Dry Bentonitc Dimethyl dichydrogenated tallow) amnoniun chloride 
Suspent one NL Baroid Dry Attaplgite Dimethyl di(hydrogenated tallow) amnoniun quat 
TS-55  NL Baroid Dry Bentonite Methyl benzyl dichydrogenated tallou) amnoniun quat u/ polymer (elastar) 
Tixogel OS United Catalyst Vet Bentonite Methyl benzyl di(hydrogenated tallow) amnoniun chloride 
Tixogel €2-100 United Catalyst Vet Bentoni tr Dimethyl dichydrogenated tallow) amnoniun chloride 
Tixogel GB United Catalyst Vet/Ory Bentonite Dimethyl dichydrogenated tallou) a m i u n  chloride 
Tixogel PE United Catalyst Vet Bentonite Methyl benzyl di(hydrogenated tallou) amnoniun chloride 
Tixogel SP United Catalyst Vet 3entonite Hethyl benzyl di(hydrogenated tallou) amnoniun chloride 
Tixogel TE United Catalyst Vet Bentonite Dimethyl di(hydrogenated tallou) amnoniun chloride 
Tixogel VP United Catalyst Vet Bentonite DimethyL dichydrogenated tallou) amnoniun chloride 
Tixogel VZ United Catalyst Vet Bentonite Hethyl benzyl dichydrogenated tallow) amnoniun chloride 
Bentone 27 NL Chemicals Vet Hectorite Methyl benzyl di(hydrogenated tallou) quat 
Bentone 34 NL Chemicals Vet Bentonite Dimethyl dichydrogenated tal Lou) quat 
Bentone 38 NL Chemicals Vet Hectorite Dimethyl di(hydrogenated tallou) quat 
Baragel 3000 ~ NL Chemicals Vet Bentonit: Dimethyl di(hydrogenated tallow) quat 
Bentone SD-1 NL Chemicals Vet Bentonit: Methyl benzyl di(hydrogenated tal low) quat 
Bentone SO-2 NL Chemicals Vet Bentonitc Dimethyl benzyl (hydrogenated tallow) quat 
Bentone SO-3 NL chemicals Vet Hectorite Methyl benzyl di(hydrogenated tallou) quat 
Benathix 1-4-1 NL Chemicals Vet Bentonite Dimethyl benzyl (hydrogenated tallou) quat 

Proprietary amine _______--- ~~ ~~ 
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