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AN INFRARED EXAMINATION OF ION-EXCHANGED
MONTMORILLONITE TREATED WITH POLYETHYLENE OXIDE

By Steve W. Webb,' D. A. Stanley,? and B. J. Scheiner®

ABSTRACT

The Bureau of Mines is researching a new technology for dewatering clay
suspensions that consists of flocculation by high-molecular-weight poly=-
ethylene oxide (PEQ) polymer and subsequent removal of water from the
flocs wvia a trommel, The minimum amount of PEO required to dewater the
clays depends on the ions adsorbed on the surface of the clay particles.
Infrared studies were performed on clays with Li*, NH,*, K*, Mg2*, CaZ*,
Ba2*, or Sr?* adsorbed, with and without adsorbed PEO, to develop data to
ald in understanding the dewatering mechanism.

Hydroxyl stretching modes between 3,400 and 3,250 cm~!, associated with
water adsorbed on the «clay, showed changes in intensity proportional to
the ionic charge—to-radius ratio; that is, the ionlec potential. In addi~
tion, a water—bending vibration of adsorbed water at 1,630 cm~! showed
variations associated with water desorption. The data are consistent with
changes in adsorption of PEQ0 vresulting from variation of the acidity of
water coordinated with the exchange ions, induced by the wvariation in
field strength of the ions with the ionic potential.

1Physical scientist (now with Environmental Dynamics, Greenville, SC).
2Supervisory research chemist.

Supervisory metallurgist.

Tuscaloosa Research Center, Bureau of Mines, University, AL.




INTRODUCTION

The Bureau of Mines is developing tech-
nology to dewater a variety of clay-
containing mine wastes. This technology
involves flocculation by a high-weight
polyethylene oxide (PEO) polymer and sub-
sequent removal of water from the flocs
by mechanical deformation in a trommel,

Field studies and previous laboratory
studies proved that the ion—exchange form
of the clay affected the amount of
PEO needed for successful dewatering.
This report presents detailed infrared
studies of PE0O treated ion-exchanged
montmorillonite clays conducted to obtain
a basic understanding of how the ex-
change dion of the clay affects the de-
waterability of these waste materials.
Such an understanding could provide an

improvement in the Bureau-developed de-
watering technique.,

The study of clay—organic complexes can
be greatly facilitated with the wuse
of infrared spectroscopy. Characteristic
functional groups of both the clay and
the organic can be readily detected in
the infrared region of the spectra
between 4,000 to 200 cm~!, The infrared
spectra of control and PEQ-treated, ion-
exchanged (new ions adsorbed in place of
those originally present) montmorillonite
ware closely scrutinized for any changes
due to adsorption of the polymer. In
this manner, the nature of the interac-
tion between the clay and the organic
polymer, PEO, may be better understood.

PREVIOUS WORK

Infrared (IR) methods have been widely
utilized in the study of clay miner-
als for 40 yr. Mineral characterization
studies by Adler (1),4 Farmer (2), and
Ferraro (3), to name a few, have resulted
in the compilation of infrared data on a
wide variety of minerals and clays.

During this time, a number of infrared
studies were performed on clays of the
smectite group, which is referred to as
the montmorillonite group in the older
literature. Serratosa (i) and Jorgenson
(5) examined the dehydration behavior of
montmorillonite., The effects of isomor-
phic lattice substitution in the octahe-
dral layer of montmorillonite were
investigated by Stublcan and Roy (é),
Tettenhorst (7), and Calvet and Prost
(8). Prost (9) described the hydration
mechanism for hectorite in a number of
different ion—exchange states. The phe=-
nomenon of swelling in montmorillonite
was investigated using infrared spectros-
copy by Lerot and Low (10). These and a
number of other related works (11~15)
have added significant contributions to

4ynderlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

the current knowledge of the structure
and properties of the smectites,

One of the most useful applications of
infrared spectroscopy 1s the character-
ization of adsorption bonds formed in
clay-organic complexes. Excellent review
articles on the subject have been pre~

pared by Mortland (16) and Theng (17-18).

Basically, when an organic molecule is
adsorbed onto the surface of a clay
mineral, bonds are formed that <cause

characteristic shifts in the IR frequency
of wvarious spectral bands., The inter-
pretation of the shift of IR bands
following adsorption frequently yields
valuable insight into the mode of attach-
ment of the adsorbing molecule (16).
MacEwan studied the adsorption of a
number of organic substances on montmo-—
rillonite and concluded that the polar
groups of the organic molecules were
held to the surface of the c¢lay by a
C-H....0-type bond (19). Hydrogen bonds
formed between hydrogen of the organic
molecule and the oxygen atoms of the clay
surface have long been held by many
researchers to play an important role
in the adsorption process. Evidence was
later given that the surface oxygen atoms
of the clay (montmorillonite) are weak



electron donors and therefore capable of
forming only weak hydrogen bonds (20).

Initial studies describing the inter—
action of clay minerals and nonionic
organic molecules reported that the bond~
ing forces were nonelectrostatic in na-
ture (21). Serratosa demonstrated that
the adsorption of nonionic organics by
montmorillonite was controlled by the ex-
changeable cations (22). Farmer (20) ex-
tended this idea by describing three
major modes of adscorption of polar organ-
ic molecules by montmorillonite:

1. Direct coordination of
molecule to the exchange ion.

2. Conversion of adsorbed bases to the
protonated cationic form.

3. Indirect coordination of the organ-~
ic molecule through a water bridge (20).
The mode of adsorption of low-molecular
welght (MW = 200 to 20,000) polyethylene
glycol on montmorillonite was described

the organic

by Parfitt and Greenland as a dipole
linkage between the ether groups of the
polymer and the hydration shell of the

exchange ion (23).

EXPERIMENTAL METHODS AND MATERIALS

As mentioned earlier, infrared spec~-
troscopy 1s well suited to detecting
spectral frequency shifts induced by the

adsorption of organic materials upon the
surface of the clay. For this reason,
ion~exchanged montmorillonite  samples

were treated with a high-molecular-weight
PEQO polymer (MW = 5 million) and analyzed
with IR in the range of 4,000 to 300 cm-!
utilizing the following procedure.

Ton-exchanged clays were prepared from
a Wyoming bentonite using a method de-
scribed by Stanley and Scheiner (24).
One percent suspensions (weight of solids
to volume of water or w/v) of each ion-
exchanged montmorillonite (Li*, Nat, K*,
NH4*, Ca?%, Mg2?*, Sr2*, and Ba?t*) were
prepared and allowed to stir for a period
of 24 h, to insure adequate dispersal of
the clay particles., 1In a like fashion, a
O.1-pct polymer solution of a 5 million
MW PEO obtained from a commercial source
was prepared using ultrapure water as the
solvent.

To a 100-mL portion of each 1 pct w/v
ion—exchanged clay suspension was slowly

added 100 mL of the appropriate O0.l-pct
polymer solution, with stirring. Each
such mixture was stirred for 10 min, a

duration adequate for complete floccula-
tion, Control samples were prepared sim—
ilarly, using ultrapure water instead of
polymer solution.

Upon  addition of the  polymer and
subsequent flocculation of the divalent~
exchange clays treated with the 5 million
MW PEO, large flocs were formed that were

inappropriate for thin-film IR analysis.
These samples were therefore homogenized
in a blender for a period of 30 s to re-
duce the floes size to an acceptable
level.

Thin £f1lms of each of the control and
polymer-clay suspensions were prepared by
withdrawing 100 pL of the treated or
control sample and placing 1t wupon an
AgBr disc (20 mm diam by 2 mm). The AgBr
discs were placed in a desiccator under
atmospheric pressure and room temperature
until the water was evaporated from the

sample,
Each of the thin-film wmounts was
scanned from 4,000 to 300 cm~! wusing a

Perkin-Elmer 684 Infrared Spectrophotom-
eter,> Each of the IR scans was per-
formed using a medium slit width, a 5-min
scan time, and with the Iinstrument in
percent transmission mode.

The infrared instrument was controlled
by an “"obey"” routine generated on a
Perkin-Elmer 3600 Data Station. This
software routine provided the instrument
operator automated control of the in-
frared equipment to insure that the IR
data were accumulated under wuniform con-
ditions., The AgBr discs were automati-
cally scanned from 4,000 to 300 cm!, and

the resulting spectra were flattened
and smoothed to reduce noise and other
sources of interference.

Reference to specific products does
not imply endorsement by the Bureau of
Mines.



RESULTS AND DISCUSSION

INFRARED ANALYSES OF THE UNTREATED
ION-EXCHANGED MONTMORILLONITE SAMPLES

Spectral interpretations of the in-
frared adsorption patterns of montmoril-
lonite are numerous and extremely
detailed (4, 6, 12-13, 22, 25-29). Fig-
ure 1 shows a typical infrared scan
(4,000 to 500 cm™!) obtained from a thin-
film mount of a calcium~exchanged mont-
morillonite. The wmajor spectral band
assignments for figure 1 are described
in table 1. Note that the references for
the band assignments given are included
in table 1. The spectra of all the

ion—-exchanged clay samples analyzed in
this investi-gation, with the exception
of  ammonium—exchanged montmorillonite,
conform quite closely to the spectral
bands given in table 1.

The

infrared spectra of ammonium-

exchanged montmorillonite differ from the

other

ion-exchanged forms in that N-H

stretching vibrations at 3,040 em~! and
2,870 cm™' and N-H bending vibration at
1,430 cm™! occur as a result of the pres-

ence

of the ammonium (NH;*) ion in the

interlayer. The presence of these peaks
can be verified in figure 2.

TABLE 1. - Spectral interpretation of major montmorillonite infrared

absorption peaks

Peak ' Position, cm™' Attribute Reference
Aeesnossosenane 3,620 Structural hydroxyl stretch 6, 8, 26~27, 29, 39
(AlMgOH or ALALOH),
Bavesvesessvnns 3,395 Adsorbed water stretch (OH)....| 6, 8, 22, 27, 39
Covenessennsnns 3,250 seedO0uoresssanesssoscessennnces| b, 8, 22, 39
Devevassansnsss 1,630 Adsorbed water bend H-0-H..eooo | 6, 39
Feeennosssessnan 1,000~1,200 8i~0 stretchingecsscesceesvesas | 28
B esesensannnes 920 Al=Al~OH bendesssvesossscenesas| 7, 15, 27, 39
Gesosnssaannsce 880 Fe(II1)~Al-0H bend.eevavesoasss| 15, 27
O 840 Mg~Al~OH bendesesssesveseaseses | 15, 27
Jeaeaveonsnanne 800 Fe(II)~-Fe(I11)~0H bend or 8, 15
Mg~Mg—OH bend.
Jevnnnnssvesonne 520 Si-0-Al bend or Si-0 bendes.e..| 6~7, 25

'The letters designate the individual peaks shown in figure 1.
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In order to develop baseline conditions
for the untreated clays, spectral inter—
pretation was conducted upon the eight
ion-exchanged control samples. In this
manner, the influence of the exchangeable
cations upon the clay 1lattice could be
better evaluated. Close examination of
the IR bands of the untreated clays re-
vealed that the adsorbed interlayer re-
gion was influenced to a large extent by
the presence of the exchange ion.

The  broad peak at approximately
3,400 cm™! and the more sharply defined
peak at 1,630 em”! correspond to the hy-
droxyl stretching and water Dbending
vibrations, respectively, of adsorbed
interlayer water (4-5). Figure 34 is a
composite of the eight control samples
as they appear from 3,800 em~!'. Note
the consistency in the peak intensity for
the structural hydroxyl peaks of 3,620

em™! in relation to the broad adsorbed
water peaks of 3,400 em™!. Just as the
constancy of the 3,620—cm"I peak 1s an
indication of the unchanging character
of the structural hydroxyl groups,
the variability of the 3,400-cm~ ! peak
is an indicator of the influence exerted
on the interlayer water by the ex—
change ion. Similarly, the adsorbed
water Dbending vibration of 1,630 em” !
also varies as a function of the ex-
changed ion present, as seen in
figure 3B.

A similar conclusion was reached by
Theng and Scharpenseel (31), who demon-
strated that humic acid adsorption on
ion—-exchanged montmorillonite was con—
trolled 1largely by the dionic potential.
Tonic potential 1is defined as the ratio
of the exchange ion valence (Z) to its
ionic radius (r). 1In a later work (17),
the ionic potential (Z/r) was described
as a measure of the influence the
interlayer cation exerted over neigh-
boring molecules (i.e., hydration water
molecules).

The peak area of the 1,630—cm'1 water
bending vibration can be related to the
amount of water present in the interlayer
region (30). Because the 1,630-cm~! peak
is relatively isolated and free from
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FIGURE 3.—Composite spectra of elght lon-exchanged
montmorillonite samples. A, 3,800 to 3,000 cm~"; B, 1,800 to
1,300 cm 1.

interference, quantitative determinations
can be easily made. With the use of the
Perkin~Elmer—-supplied quantitative anal-
ysis routine, SNGLE, the relative peak
height and area for each of the control
samples at 1,630 em™! can be routinely
determined. The values obtained from the
SNGLE analysis are given in table 2.

The values of ionic radii, listed
in table 2, were taken from the work
of Nightingale (32). These data were, in
turn, used to calculate the values of
jonic potential (Z/r) for the exchange
ions also listed in table 2.




! Table 2, — Atomic radii for selected cations compared to the
peak area of the 1,630-cm~! peak for the ion—-exchanged

. montmorillonites
. Valence Tonic Ionic Relative
ﬁ Exchange ion (z) radius (r),! potential peak
; A (z/x) area
i T 1 0.60 1.67 7.223
“ Na+.l'0.0‘000..0600 l .95 1005 20692
| NHgteoesovonoannans 1 1.33 .75 3.637
;i K+QCO..0!0..ODOOCOO l 102“8 .68 3.266
H Mg2t e senesanenannes 2 .65 3.08 17.390
ﬁ Ca2+..;............ 2 -99 2o02 9&646
BaZt, i ieseesnsnnane 2 1.13 1.48 7.135
ST2% . iuieiirnnnennne 2 1.35 1.77 9.142

"Radius values taken from Nightingale (30).

thin-film mount was again prepared from
100 yL of the O0.l-pct polymer solution
evaporated upon an AgBr disc. The re~
gults of this IR scan have been summa~
rized in figure 5, and the appropriate

1 A plot of the peak areas versus ioniec
J potential, as seen in figure 4, indicates
| that these two parameters are indeed
linearly related, This is a further in-
dication that the amount of hydration
water present in the  dinterlayer is band assignments are summarized in table
| strongly influenced by the polarizing 3. The interpretation of the infrared
i effect of the exchange ion. absorption pattern of PEO has been de-
I scribed in great detail by Bailey and
§ INFRARED ANALYSIS OF PEO
' TABLE 3., — Spectral interpretation of

In order to better characterize the major PEO peaks (33)

effect of polymer adsorption wupon the
ion~exchanged clays, an infrared scan was
performed on a 0,l-pct PEO solution. A
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FIGURE 4.—Graph of relative peak area of 1,630-cm~’

hydroxyl bending vibration versus the lonle potentlal of the ex-
change catlon.
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Attribute

CH, antisymmetric
stretch,

CH, symmetric
stretch.

CHp, scissor.

CH, wag.

CH, twist.

CH, twist.

CO stretch, CH,
rock.

CO stretch.

€0, CC stretch,

CH, rock.

CH, rock, CH, twist.
CO stretch, CC
stretch, CH, rock.

(m),

strong,

medium; (8), strong;

(vs), very



20

~ 8B PEG=20,000 -
| I | [ ! |

100

80

TRANSMITTANCE

60
40

20 -
| ¢ PEO =600,000

| | | l | 1

- L D PEO= 5 million -

| | ! l | |

0
40 35 30 25 20 15 10

5 40 35 30 256 20 15 10 5

WAVENUMBER, 10% cm"!

FIGURE 5.—Reference spectra of PEG and PEO polymers of different molecular welghis.

Koleske (gg).
spectral bands in table 3 has
pared from this work.

The description of these
been pre-

INFRARED ANALYSES OF THE POLYMER-TREATED
MONTMORILLONITE SAMPLES

The ion-exchanged c¢lays treated with
the PEO polymer solution were scanned
in the IR region from 4,000 to 300 cm™!
using methods discussed. The spectra of
control samples were compared with those
of polymer~treated samples in an effort
to discern changes in the IR spectra re-
sulting from interaction between montmo-—
rillonite and polymer.

Observed Changes in Hydroxyl and C-H
Stretching Vibrations

The IR spectral region of 4,000 to
2,000 cm~1 has been previously described

(see tables 1 and 3) as the region in
which  the  structural  Thydroxyl and
interlayer-stretching wvibrations of the
montmorillonite and the C-H stretching
vibrations of the polymer occur. In
addition, it has been demonstrated that
the presence of interlayer water is coun-

trolled largely by the ionic potential of
the exchange ion, which is manifested in
this region of the spectra. 1In figures 6
and 7, the 3,800~ to 2,400~cm~! region is
depicted for both the control and PEQ-
treated samples of the monovalent and
divalent exchanged montmorillonites,
respectively.
From figures 6 and 7, as might be ex-
pected, it can be seen that the addition
of PEO has absolutely no effect on the
structural hydroxyl peak at 3,620 cm'.
However, the intensity of the interlayer-
water OH stretching vibrations at 3,400
and 3,250 cm~! was reduced for those



and Li¥  exchanged clays did not readily
give up their interlayer hydration water
upon adsorption of PEQO is totally con-
sistent with the poor dewaterability and
strong gel-forming characteristics of
these clays observed by Bureau of Mines
researchers (24, 34).

Other manifestations of clay-polymer
interactions can  be identified in
the 4,000~ to 2,000-cm~! region. For ex—
ample, the C-H stretching wvibration of
PEO found at 2,880-cm~! shifts to 2,870

cm~! upon interaction with the surface
of the clay. Rublo and Kitchener (gé)

100 T 1 | T 1
80
f‘: 60 -
¥ PEO-treated 3 PEO-treated
i 40 [~ - —
}5}
it B 1T B
. 20 |- o I —
1 o o Li+ 4 b Na+ _
y <
L L [ ! | | l l l |
i <
;f = 0
| z 100 T I T I 1 |
= ontrol:}
s 8°r < 7
'3? ‘__ d ]
3 60 |- -
| . [ J Nr/ —
s PEO~treated
40 [— —
20 —
+
= K - NH4+
0 A I | ! | [ I | | | |
38 36 34 32 30 28 26 24 38 36 34 32 30 28 26 24
WAVENUMBER, 102 cm!
! FIGURE S.Tmfrared spectra of monovalent-exchanged montmorilionite treated with PEO compared with control samples (3,800
B to 2,400 cm ),
i
3 clays exchanged with the following suggested that the ~CH,CH,—~ links of the
Y cations: K%, NH,*, Mg2?*, Ca2*, Ba?*, and PEO chain are sufficiently "hydrophobic”
Sr2+*, This phenomenon is counsistent with to lead to physical adsorption. Presum-—
the desorption of interlayer-water due to  ably, this interaction is responsible for
polymer adsorption, previously described the apparent shift of the 2,880-cm!
in the literature by Parfitt and Green— peak. 1In addition, the 2,940-cm~! peak
land (23) and Theng (17). That the Na?t denoting the antisymmetric stretch of

CH,, which occurs as a weak- to medium-

intensity shoulder in figure 7, becomes

a much more well-defined peak at 2,910
-1

em™ ',

Farmer and Russell (36) reported that
interlayer water coordinated to strongly

polarizing cations such as Mg?* and Cu?*
result formed

was more acidic and as a
stronger hydrogen bonds in water than
might ordinarily be expected. They cited

the broad intense peaks found in the
region below 3,300 cm~! as evidence of
this behavior. The exchanged clays ex-

amined in the current investigation have
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broader, more intense bands in the 3,300~
cm~! region for those exchange ions
having the higher wvalues of ionic
potential., (Refer to figures 6 and 7.)
Later studies by Mortland and Raman
(37) and Frenkel (38) have confirmed
that the surface acidity of dion-ex~
changed montmorillonite  follows  the
sequence Al3* > Mg?t > (a2t = Li* > Nat =
K*, which 1is also consistent with the
these

ionic potential for each of
cations.
Frenkel concluded that the surface

Lewis acidity of the water coordinated to
the clay exchange ion was controlled
largely by the polarizing strength of
the exchange ion (38). This is important
because the ether group of PEO can be re-
garded as a weak Lewis base. The water
bridge is a result of a bond between the

weakly acidic water coordinated to the
exchange dion and the basic polymer,
This conclusion has an extremely im—
portant impact wupon the current in-
vestigation because 1t indicates that
those clays having exchange ions of
increasing ionic  potential are much
more 1likely to participate 1in water
bridging.

Desorption of Interlayer Water Upon
Treatment of Clay With PEO

For the monimorillonite~PEO complex,
the major IR peaks for the 2,000~ to
1,100-cm~1 region (see table 1 and 3) are
the water bending vibration (1,630 cm1!)
and the CH, deformational bands (1,460
em~', 1,340 ecm~!', and 1,280 cm~'). This
region of the spectrum is illustrated in
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FIGURE 8.—Infrared spectra of monovalent-exchanged montmorllionite treated with PEO compared with control samples (2,000

to 1,100 cm—%).

figures 8 and 9 for the monovalent—- and
divalent—-exchanged clays, respectively.
As shown in the discussion concerning
figure 38, the 1,630~cm~! water bending
vibration was related to the amount of
hydration water present in the interlayer

region of the clay., Little (39) has
described this deformation band in

great detail. Little demonstrated that
upon heating, this band decreased rapidly
as interlayer water was driven off, As
in the case of the intense stretching vi-
brations of the 3,300~ to 3,600-cm~! re-
glon, the adsorption of PEO led to the
desorption of interlayer water as evi-
denced by the decrease in intensity of

the 1,630-cm~! peak. (See figures 8 and
9.)

Because the 1,630-cm~! water baund is
relatively isolated from sources of

spectral interference and background

noise, the quantitative analysis routine,
SNGLE, can be wutilized to verify the
desorption of interlayer water as a
result of PEO adsorption. The relative
peak areas of the 1,630-cm~! band were
determined for the polymer-treated clays

in the same manner as that used in table
2, The experimental values for the con-
trol and polymer treated samples have
been tabulated in table 4.

Generally, the data of table 4 confirm
the observation of polymer desorbed
water, It must therefore be concluded
that the adsorption of PEO onto mont-

morillonite involves the displacement of
interlayer water by PEO. The variation
in measured values for Na* and K* in
table 4 represents experimental error in-

herent in the data 1f it 1is assumed
that these exchanged clays experience
little or no water loss as a result of
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TABLE 4. — SNGLE analyses of 1,630-cm~! peak for eight-ion-exchanged
montmorillonite samples treated with PEQ

Exchange Relative peak height Relative peak area

Ton Control Treated Control Treated
Liteeeeusonscenconnsoassnnss 0,112 0.088 7.223 50543
Nateeoosesasansensssncosnses 044 047 2.692 3.417
] +055 .033 3.637 2.391
K+.0‘0000000‘0’0...00000‘.0h C043 0048 30266 4.021
ME2t e irnvercsceseansnsanes .225 .056 17.390 4,426
CaZF  iivrsrsaorcerasnancsonse 143 .101 9.646 7.003
Ba?t . isasosesessnsnssennsnns 121 +073 7.135 5.166
ST2% i iureoncansvennsosssoas 137 .129 9.142 9.137
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polymer treatment (as seems to be the
case).

Evidence of Hydration-Shell Bridging

Another very interesting feature of
the 1,630~cm~! band was observed only
for the magnesium—exchanged clay. Upon
treatment of the c¢lay with PEO, the
1,630~cm~1 wvibration shifted to 1,641
cm~! as a sharper, more well defined
doublet (fig. 10). Serratosa described a
similar phenomenon  encountered during
benzonitrile adsorption analyses upon
magnesium—exchanged montmorillonite (22).
In this work, the water bending vibration
was observed to have shifted from 1,637
to 1,648 cm~'., Serratosa felt that this
indicated that the water molecules of the
hydration layers were more involved in
hydrogen bonding in the benzonitrile-
treated sample than in the untreated con-
trol (21). This was taken to be evidence
of hydration shell bridging, previously
discussed.

In view of the high dionic potential
of the magnesium ion, the explanation
given by Serratosa seems very applicable
to the current data. It is curious that
the other ion-exchanged clays did not ex~
hibit similar frequency shifts of the

100
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FIGURE 10,—Apparent shift in the 1,630-cm ~ ! hydroxyl ben-
ding vibration of magnesium-exchanged montmorlllonite upon
treatment with PEO (1,800 to 1,400 cm 1),

1,630~cm~! peak. A possible explanation
for this is that the polarizability
of the magnesium ion 1s sufficiently
strong to induce an  observable peak
shift, whereas for the other exchanged
clays the exchange ion's influence is
significantly reduced so as to make the
ghift wunobservable, In any event, the
perturbation of the 1,630-cm~! peak is
an indication of a disturbing influence
acting through the hydration water of the
ion., Presumably, this is a manifestation
of the adsorbed polymer interacting
with the exchange ion through a water
bridge.

Surface Effects of Clay~Polymer
Interaction

In the earlier discussions of the
2,880-cm~! C~-H stretching vibration,
mention was wmade of the apparent shift
of this peak to 2,870 cm~! upon adsorp-
tion of the polymer to the surface of
the clay. Similarly, the CH, deforma~
tional beunding vibrations (1,500 to 1,200
cm~!) were found to have also shifted
as a result of adsorption upon the clay
surface. Figure 11 has been prepared
from the spectrum of 5 million MW PEO
given in figure 5 and the spectrum of
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FIGURE 11.—Perturbation of PEC CH, bending vibrations
upon adsorption of polymer onto calclum-exchanged clay
(1,500 to 1,200 cm ™).



calcium

the

ly, the adsorption of

the clay has resulted

the CH, bending vibrations
The shifting of the CH, bending

table 3.

montmorillonite
5 million MW PEO shown
1,500~ to 1,200~cm~! region.

treated with
in figure 9 for
Clear-

the polymer onto
in displacement of
described in

vibrations was observed for all the ex-
changed c¢lay samples and 1is presumably
indicative of surface effects bhetween

the clay and polymer,
teractions
and Kitchener (35).

These types of in-

have been described by Rubio

Examination of 1,400- to 500-cm~! Region

The final region of
trum examined for

the
the

infrared spec—
clay-polymer

13

system is 1,400 to 500 cm!', As shown
in table 1, this region of the clay spec~
trum dincludes the  bending vibrations
of the octahedral and tetrahedral layers
which compose the crystal lattice of the
clay. This region 1s dominated by the
intense Si~0 stretching vibrational bands

at 1,200 to 1,000 cm~! and the Si-0-Al
bending vibration at 520 cm!., Figures
12 and 13 are IR scans of this re-

gion for the control and polymer-treated
gsamples of the monovalent and divalent
clays, respectively. Generally, this re—
gion of the clay spectrum does mnot show
any variability as a vresult of poly-
mer adsorption. This 1s probably due
to overlap of the c¢lay Si~-0 bands at
1,200 to 1,000 c-! and the polymer C-0
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FIGURE 12.—infrared spectra of monovalent-exchanged montmorillonite treated with PEO compared with control samples

(1,400 to 400 cm~Y),
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FIGURE 13.—Infrared spectra of divalent-exchanged montmoriilonite treated with PEO compared with control samples (1,400 to

400 cm~Y).
stretching vibration at 1,100 cm~!. The
C-0 stretching band corresponds to the
ether linkage of the polymer and could

not be observed because it was completely

is presumed to be the polnt of
attachment between the clay and polymer
in a water bridge. Any perturbation of
this band upon adsorption of polymer,

linkage

masked by the intense 81-0 band. This is therefore, could not be observed.
unfortunate in the sense that the ether
CONCLUSTIONS
Infrared spectroscopy indicates that  hydration sheath, and the ether linkage
the hydration water of the montmoril- of the polymer chain., A shift in the
lonite interlayer 1s controlled largely 1,630-cm! peak of the magnesium~

ionic potential of the exchange
ion. The peak area and intensity of the
1,630~cm~! water bending vibration are
directly proportional to the ionic poten—
tial, which is evidence of the influence
exerted upon the hydration water by the
exchangeable cation.

Upon adsorption of polymer, hydration
water 1s displaced as the polymer inter-
acts with the clay through a water bridge
consisting of the interlayer cation, the

by the

exchanged montmorillonite water bending
vibration is taken to be evidence of this
type of clay-polymer interaction. Subse-
quent shifts 1in the C~H stretching and
CH, bending vibrations of the polymer
occur as a result of surface interactions
between the clay and polymer. The C~0
stretching vibration of the polymer chain
could mnot be observed at 1,100 cm!
because of the masking effect of the in-
tense Si~0 band at 1,200 to 1,000 cm ',
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