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SUMMARY

The work descrived in this thesis concentrates on the thermodynamics of
.the process of adsorption of homopolymers and copolymers on inorganic
substrates, namely silica gel, alumina and calcium carbonate. The
homopolymers were polybutadiene (PBR), poly(methyl acrylate) (PMA),
poly(ethylacrylate) (PEA), poly(butyl acrylste](PBA) and polyacrylonitrite

(PAN}.

Copolymers of acrylonitrile-methyl acrylste (ANMAll' ANMAIZJ. acrylonitrile

ANEA and acrylonitrile - butylacrylate

~ ethylacrylate (ANEAll y 12)

{ANBA ANBAlz) chosen for the study were synthesized and characterized

11’
in the laboratory. The adsorption isotherms obtained at different

temperatures were used for computing the thermodynamic parameters of

adsorption. The thermodynamic quantities of adsorption of these polymers
0 0

from infinitely dilute solutions, free energy (Asads)' cnthalpy (Aliads)

and entropy (ASst) were computed and compared.

The homopolymers and copolymers were synthesized by solution

polymerization technique using benzoyl peroxide (1% w/w) as inttator. The

reaction conditions ({85°C, § hours, DMF solvent) were identical for all

systems. These polymers were thoroughly purified and characterized before

gsing for the adsorption studies.

The characterization was done by elemental analysis, infrared spectroscopy

13

(IR) “Cc  NMR  spectrosopy. calorimetry (DSCY,

differential  scanning
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differential thermal analysis (DTA), thermcgravimetric analysis (TGa),

conlact angle studies and viscosity.

The copolymer composition were calculated {rom the clemental analysis
(Nitrogen estimation) results. Thermal properties like glass transition
tcmporaturo, docomposlilon tomperaturc, activoation energy ol decowposition,
thermal stability were elucidated by DTA, DSC and TGA. Contacl angle
studies showed that the surfaces of these copolymers werc rcasonably
hydrophobic, with the critical surface tension wvalues (7;} ranging {rom 37
ta 21 mNm-l. For higher homologous of acrylates and their increasing
concentration }’C values were found to decrease. The intrinsic viscosity Inl

decreasod  wlth  Increcaose In temperature. Using thils dala the viscoslty

average molecular weight ﬁ\, were computed for the homopclymers and
copoclymers. Voluminosity and shape factor calculated, showed that polymer
molecules in ths chosen solvents acquired spherical conformation at all the
temperatures studied. The activation pearameters of viscous flow 1{.e.

AGT&S’ AHfris and Astis were also computed for these systems.

The adsgorption of PBR was studied on alumina at different temperatures from

(T) and three mixed solvent systems (80GC: 20T,

cyclohexane (C), toluense

50C: 50T, 20C:80T v/v). The adsorption jsotherms for all these systems

the initial increase then a

were similar. The specific adsorption showed

decrease and an increase vefore levelling off at higher concentrations. This

to the effect of polydispersity., preferential adsorption of

d PBR on adsorbent surface.

was attributed

larger molecules and spreading of the adsorbe

Specific adsorption wasg much higher from cyclohexane than from the other
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solvents. This decreased with the rise in temperature, as expected for an

exothermic process.

Thermodynamic quantities of adsorption at infinite dilution /\(:(j]l . /\llo|d
aus o awus

o
and Asads were computed from the initial linear rising part of the

. &)
adsorption isotherms. AGads for all systems were negative indicating

spontaneous adsorption process. This also signifies exothermic process of
e}
I

. O
adsorption and loss in degree of randomness on adsorption. /\Gn\ VAN .
Sk - 33613

and ASst when plotted against percentage solvent composition showed a
slipht maxima. It is known that there is unfavourahle heat of mixing of
cyclohexane and toluene, indicating that the mixture of above sclvents was
a better solvent for cis 1,4 polybutadiene, resulting in lower adsorption
from mixed solvents than from pure sclvent systems. Thus, the specific

adsorption is definitely a function of solvent power.

Thermodynamic quantities were also calculated for each system as a function

of surface coverage. The jsosteric heat (AHA) and entropy (ASA), were

negative and linearly decreased with the amount of PBR adsorbed for all

solvent systems. The AHO and ASO calculated by this method were more

of  oxtropolotion mothod,

nogative Lhon thoso cnlculated on  the  bosls

mentioned earlier. The plot of AHG and ASO against percentage composition

of nolvont mixturos showed tho similar trond rmupporting  tho onrliior

conclusion.

The adsorption isotherms of polyacrylates (PMA, PEA and PBA) on alumina

On silica gel the isotherms had

and CaLCO3 were of the usual Langmuir type.
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a small semiplateau region. The nature of the isotherms _were much different
from those obtained for the PBR systems. This was due to the difference in
the adsorbent -~ adsorbate interactions. The nature of the silica gel -
polyacrylate isctherms were explained on the bLasis of the reasonably weak
" interaction between the surface hydroxyls of silica gel and the carbonyl
group of the acrylates, which might lead to adsorption - desorption
equilibrium. Other factors contributing to this effect were the multilayer

formation and polydispersity.

The amount of polymer adsorbed decreased with the higher alkyl acrylates.
This was attributed to the effect of bulkier side chains covering up the
adsorbent sites. Alsc among the three adsorbents, specific adsorption was
more on silica gel than alumina and least on CaCO3. This was attributed to

the effect of the surface area of the adsorbents. Silica gel containing more

active sites accomodates more of the polymer. Surface areas of the alumina

and CaCO, being less, a corresponding decrease in tho amount adsorbed was

3

seen.

o o )
The thermodynamic quantities AGads‘ A H 4, 3nd Asads were negative

indlcating an exothermic process of adsorption. Thesc valucs wore much

lower for the C‘,aCO3 systems indlcating weaker interaction between this

adsorbent and the adsorbates, justifyling the low specific adsorption.

Thermodynamic parameters outained Ly the surface coverage approach also

e magnitudes, as expected were differentt

followed a similar pattern, but th
was spontaneous and

These values also showed that the adsorption process
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enthalpy dominated.

Adsorption isotherms of polyacrylonitrite on silica gel, alumina and CexCO3
were of the usual Langmuir type. Specific adsorption was much higher than
that of the polyacrylates and the copolymers. The higher molecular weight
of PAN and smaller size of the nitrile molety contrivbuted to this cfiect.
The semiplateau region was not observed for the silica gel - PAN system.
This was because the interaction of the cysno group of PAN with the
surface hydroxyls of silica gel was different than between the carbonyl
group of the acrylates and silica gel - leading to an adsorplion -~
desorption equilibrium 1n the latter case. The isotherm plateau was
obscrved at o lowor cqulllbrium concentration in comparison to polyacryloates
and copolymers showing a certain difference in the characteristics of PAN

vis a vis the other polymers.

The calculated thermodynamic quantities were higher for the PAN system
than the other homopelymers and copolymers. These. quantities were negative
indicating an oxothermic process of sdsorption. Among the threo adsorbents,
these values were highest on silica gel than on alumina and the least on

CaCOa. surface coverage approach also ylelded similar values, but differing

in magnitude.

The nature of the copolymer isotherms were similar to that obtained for the

polyacrylates. Specific adsorption was in between the PAN and polyacrylates

but nearer to that of polyacrylates. The specific adsorption decreased’ with

the rise- in temperature, increasing acrylate conc_:entration and for higher
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homologoues of acrylates.

The thermodynamic quantities also followed a similer trend. These
quantities showed that the copolymer composition had a marked influence in
the adsorption process. The presence of higher alkyl acrylates and- their
increasing concentration decreased the specific adsorption and hence the
thermodynamic quantities of adsorption {.e. (frec cnerpy, enthalpy and
ontropy. Moreover, theso quantities were wmuch higher  for the ANMAM
systems on all the three adsorbents, supporting the above contention. In
the copolymers of acrylonitrile with ethyl and butyl acrylate comonoiner,

the larger size of the side groups masked the effect of nitrile group.

The thermodynamic values obtained also support this view, where the

values of ANBA12 were more or less equal to the values of the butyl

acrylate homopolymer. The thermodynamic values obtained by the surface

coverage approach were also similar but higher in magnitude than the

extrapolation method.

All the adsorption processes were exothermic, resulting in a lower specific

. adsorpticon at higher teamperaturcs., Thermodynamic calculations showod that

the heterogenity of the surface increased with temperature for all the

systems. The adsorption process was &n outcome of varlous interactions in

the system like (1) solvent - polymer (ii) polymer - adsorbent

{iv) solvent - solvent and (v) polymer -

(1i1) adsorbent - solvent
was high on

polymer interactions. For all the systems the amount adsorbed

silica gel surface than alumina and least on Cacog. The polymer - silica

- 223 -



gel interactions wers stronger in gll the systems,

The adsorption process showed a definite existence of compensation effect.

0
The plot of AHad Vs[ksgds was linear for all the systems put together.

s
This was found true for the two different thermodynamic approaches, The

slope of the line yielded a constant temperature at which the adsorption
process would be completely independent of entropic forces and would be

govarnad by only onthnlpie forcos.

It could hence be  concluded tnat reverslible  theormodynoamics  can be

successfully applied to the adsorption of these homopolymers and

copolymers on oxlide substrates.
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