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ABSTRACT

Viscosity measurements of solutions of Carboxyrh&hgnol- formaldehyde (CMPF) resins were carriagt o
1,4dioxane at 30+ 0.3°C by using Ubbelohde viscometer. CMPF resins weepared by reported method. The
viscosity data of the solution of CMPF resins diguli that the decrease in concentration of solutincreases
reduced viscosityzfeq). This suggests the CMPF resins act as polyelbtaf anionic type. Thus the viscosity of
the solution in 1,4dioxane suppressed by addingewand KBr in dioxane. Thus the viscosity measurgsnef
solution of CMPF resins in dioxane-Water-KBr(80:2®%) gives the intrinsic viscosity. Also applyingpémcal
equation
Kl
N = Z = 2] +m

is able to represent the empirical data for all tlesins. It may be stated that as the equatioruisegempirical.

Keywords: Phenol- formaldehyde resin, Polyelectrolyte, Ubhdk viscometer, reduced viscosity, empirical
relation and intrinsic viscosity.

INTRODUCTION

Polyelectrolytes are polymers consisting of monanteving groups, which may ionize in a polar solvém the
polyelectrolytes interactions become much more dempecause of charges on the chain.Polyelectragteed
opposite (+ & -) charges on their repeating units.solution they form a charged polyion surroundsdan
atmosphere of small, mobile counter ions [1, 2pllyelectrolyte solutions, factors like chain camf@tions,
orientations of the chains and entanglement betvwdfderent chains affect the flow properties of shesolutions
[3].In the polyelectrolytes the repulsive and thteagtive electrostatic interactions between these or -ve charged
species represent dominant factors influencing libbavior of polyelectrolytes in solution. The anpgdtilic
polyelectrolytes, exhibit solution properties arfsem the competition between the hydrophobic aletteostatic
interactions [4, 5].The ionization of a flexibl@diar polyelectrolyte markedly increases the vidgadi its salt-free
aqueous solution, often by several orders of magdaitThis increase in viscosity has been explaiméerms of an
unfolding of the polymer coil due to the repulsioetween the like-charges attached to the coil#6]yelectrolyte
can be effects arising from intra-chain electrastfdrces between charges presented on the chakbbae. For
example, the well-known behavior of upward bendofgreduced viscosity versus the concentration pibt
electrolyte solution in the dilute concentratiorgiom is designated to the intra-chain electrostatigulsion of
charges on the same polymer skeleton. This aleetaffo chain extension and an increase of reduisedsity upon
dilution [7, 8]. Besides the theoretical interdsith the electrostatic and hydrophobic interactiplay an important
role in biological systems as well as in technatagiand environmental applications, such as: sapsorbers in
paper industry, food industry, cosmetics, medicifien coating, flocculants, biomedical devices addug
formulations, membranes, and in waste-water managgratc [9]. These interactions are strongly seesio some
parameters, like: the chain length, the chargeitierthe polyelectrolyte concentration, the countar type, the
ionic strength, the solvent polarity, the lengtll @ontent of hydrophobic groups, etc [10, 11].
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One of the resin say, Carboxymethyl Phenol-formajde resin having versatile applications. Its cayeethyl
derivatives designated as carboxymethyl Phenol dtdehyde resin (CMPF) has been reported for agjditdike
ion-exchange resin [12, 13], tanning agents [14, 4%inder for printing ink [16] and corrosion iblor [17].As
anionic polymer, its viscometric behavior has ne¢t studied academically. Thus it was thought pdcee field of
CMPF polyelectrolytes in organic solvents. So thespnt work comprises the study of viscometric elelgtrolyte
behavior of various CMPF resins.

EXPERIMENTAL SECTION

Materials

Phenol- formaldehyde PF resins listedTiable-1 were prepared by reported method[18].1; 4Dioxaas purified
by reported method [19]. Distilled water and retaifzed KBr were used. Ubbelohde suspended typeovneter
was used for all the experiments. The viscomettr was used with maintaining temperaturé 80.3°C.

Synthesis of Carboxymethyl PF resins
All the four PF resins were treated with monochlacetic acid to afford carboxymethyl PF resin. Tirethod was
adopted as method reported for caboxymethyl cedtul@he general procedure is as follow.

Table 1: Phenol-Formaldehyderesins

Polymer sample PF resin structure
OH
1 Phenol-Formaldehyde resin CH,
n
OH
CH,
2 4 methyl- Phenol-Formaldehyde resin
n
CH;
OH
CH,
3 4 iso propyl Phenol-Formaldehyde regin
n
OH
= CH,
4 4 tert butyl Phenol-Formaldehyde resin N ‘

To a solution of PHTable-1) resins(Listed in Table-2) in acetone was added by 0.1 M Sodium methoxide

dissolved in methanol. The suspended pasty mas®itamed. To this resultant mass the solution ohathloro
acetic acid in water added stoichiometrcally. Tolkdsprecipitates of carboxymethyl PF resin wasagi®d, filtered,
washed by petroleum ether and air dried. The pisduere designated as CMPF 1 to 4. Their detadlanished
in Table-2.The detailcheme-1 is as follow.

The non-aqueous conductmetric titration of all theins measured in pyridine ageist tetra-n-butymamum
hydroxide in pyridine as titrat& he infrared spectra (FT-IR) were obtained from Kiilets in the range 4000-400
cm * with a Perkin Elmer spectrum GX spectrophotom&dkIR) instrument. The TGA of all resins were @zalr
out with a model Perkin EImer thermogravimetry gmat at a heating rate of 10min " in air.
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CH; + NaOCH,

sodium methanolate

R Acetone
PF-resin

ONa

R
Na-PF resin salt

CICH,COOH
in water

OCH,COOH

R
Scheme-1: The Synthetic route for the formation of PF-resins CMPF 1to 4, Where R= H, CHs, i-C3Hs, t-C4H1o

Table 2: Structure of CMPF resins

Polymer sample | Designation | Structureof CMPFresin | Yield
OCH,COOH
1 CMPF-1 80%
CHy-
OCH,COOH
2 CMPF-2 CHT 82%
CH,
OCH,COOH
3 CMPF-3 CHT 84%
OCH,COOH
4 CMPF-4 CHa 83%

Viscosity Measurement

The relative, specific and reduced viscosity of @PF resin solutions from the flow times of saobuts was
measure by using the Ubbelohde capillary viscomé@tke viscosity measurements were carried out@nstant
temperature of 30+ 0.3C. The temperature of solution was controlled bihermostat in a circulating bath and
monitored by the thermometer. A stopwatch with sohation of 0.1s was used to measure the flow tinB3s
plotting the reduced viscosity (dL/g) of polymerigmns against concentration (g/dL), extrapolattoginfinite
dilution and taking the intercept, the intrinsisaosity f] is determined.

RESULTSAND DISCUSSION

All the four resins i.e. CMPF 1 to 4 were in forrhamorphous power. The non-aquesconductometratitirs of
all the resins require mmoles of sodium methanofse 100g sample for neutralization. The numberaye

molecular weightMnof all the four resins is in the rage of 650 to &&pending of the nature of polymer. The IR
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spectra of all the resins are almost identicalhape and intensity of bands. Only discernible bared1720chi is
responsible to —-COOH group. This also supportethbymogravimetric analysis (TGA). The dtep degradation is
mainly due to decarboxylation [20]. All these fastgygest the structure of resins showi able-2.

Figure 1: Reduced Viscosity vs Concentration of CM PF resins using 1,4dioxane
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The reduced viscosity of the CMPF resin solutiotoithe 1,4-dioxane solvent is shownTiable-3as the function
of polymer concentration. It is seen from tRigure 1that the reduced viscosity increases with the deing
polymer concentration. This typical polyelectroljehavior like this for the reason that the carllioxgroups on
the polymer chain can ionize in the polar solvemd also the effective electrostatic repulsion matkés polymer

chain highly extended [21,22].

In this case measurement could not be performedféitiently low concentrations owing to the comgiarely low

viscosity of these solutions. The polyelectrolyither cationic or anionic polymers have speciatesty behaviour
in association with neutral polymer. Neutral polyméave the properties that reduce viscosity irs@gavith the
increase of polymer concentration. The effort wasslied to determine the viscosity in mixed formlg4-dioxane
and water (80:20) solvent system. The results laearity to neat solvent. This may cause by amdibf water the
ionization of polyelectrolyte decreases due todigdectric constant. The dielectric constant hasgaificant effect

on the strength and range of electrostatic intemas{23].
Figure 2: Reduced Viscosity vs Concentration of CM PF resins using 1,4dioxane -water-K Br (80:20:1%)
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Figure 2 shows the Reduced viscosity as a function of pelyooncentration in the presence of 1,4-dioxandemwa
KBr (80:20:1%).The mechanism of the KBr effect @ducing the polyelectrolyte effect mainly is rethte the

reduction of double layer thickness on the polyetdgte molecule. Due to high degree of ionizati&®Br reduces
the partial ionization of polyelectrolyte and elirates the polyelectrolyte effect at lower conceittra When small
molecule electrolyte is added to the polyelectelgtlution depending on the concentration, theogisg behavior

688



Bhavin C. Patel and Piyush J. Vyas J. Chem. Pharm. Res., 2015, 7(7):685-690

changes [24]. It is seen frofigure 2that there is not electrolyte effect and viscosites not increase with
decreasing polymer concentration, which is in @sttivith salt-free solution. Viscosity of a givesiugion of a rigid
polymer depends upon the interactions between tegmer chain and upon the hydrodynamic volume @& th
polymer. In the present case the solution contaipslycarboxylate ion. Because of lower shieldifighe COO
ions present in the polymer chains, the polymeinshaill keep away from each other to minimize tiepulsive
interaction. With increase in dilution, the numh#rsolvent molecules per molecules of polymer chawuld
increase. Hence number of solvent molecules sudiagreach ion on polymer chain would increase. femeilsive
interaction of polymer chain would decrease. Duagsociation of COQwith larger number of solvent molecules
the hydrodynamic volume would also increase. Wifiitrease in dilution the strength of repulsive iattion
decreases and the hydrodynamic volume increases.rédsult the viscosity functions would increasthwiecrease
in concentration of polymer solutions.

In case a circumstance is produced such thath@)iegatively charged ion is well surrounded byamnal number
of both +ve and —ve ions, the polyelectrolytic bebar will not be observed. This situation is cexhby adding a
strong electrolyte to the solvent in which the wisetry is carried out. (i) The negatively chargeds of the
polyionic species are very well solvated even incemtrated solution to the extent that, on furtikrtion there is
no additional salvation or protection. This sitoatis created by increasing the solvent power efsiivent e.g. by
using a mixture like 1,4-dioxane — water mixturesadvent in place of a pure solvent of empiricdhtien to the
data

The empirical relation is,

Kl
rlsp/C =Z= [I].] + Cc1/2

Figure 3: Reduced Viscosity vs 1/CY2 of CMPF resinsusing 1,4dioxane
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The application of the equation to the data has l@e@mined and the results are represented it ab&e 5. The
plots are shown ifrigure 3 this was indicated that the plots were linearnfrtbe plots, values of intercepf] [and

K were appraised. These constants are presentédbile 5. The above mentioned empirical equation is able to
represent the empirical data for all the polymérsmay be stated that as the equation is quite ecapi no
significance can be attached to the definitiorhefintercept which follows from the equation.

Table 3: Reduce viscosity of solution of CMPF resin using 1,4dioxane

Reduced Viscosity (nreddL /g) at concentration, (C g/dL)
Polymer Samples 3 2142 1.666 1.363 1152
CMPF-1 0.05287 0.05336 0.0541p 0.05490 0.05734
CMPEF-2 0.06469 0.06498 0.0650D 0.06547 0.06583
CMPF-3 0.04618 0.04623 0.0466p 0.04683 0.04736
CMPF-4 0.03596 0.03602 0.03607 0.03643 0.03825
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Table 4: Reduce viscosity of solution of CMPF resinusing 1, 4 dioxane-water-K Br (80:20:1%).

Polymer Reduced Viscosity (nreddL/g) at Intrinsic Viscosity | Slop of linear plot
Samples concentration, (C g/dL) [nIX102 K x 10°

3 2.142 1.666 1.363 1.152
CMPF-1 | 0.04452] 0.04352 0.04294 0.04284 0.04174 4.63 2.34
CMPF-2 | 0.05037| 0.04824 0.04862 0.04752 0.04p80 3.24 6.04
CMPF-3 | 0.04155| 0.04229 0.04162 0.04128 0.04{11 6.15 3.11
CMPF-4 | 0.03071] 0.02999 0.02956 0.02938 0.02p40 1.38 6.99

Table5: Reduce viscosity of solution of CM PF resin usingl, 4dioxane.

Polymer Reduced Viscosity (nreddL/g) vs 1/C1/2 Intrinsic Viscosity

Samples | 0577 0.683 0.774 0.856 0.931 [n]x10°

CMPF-1 | 0.05287| 0.0533¢ 0.05416 0.05490 0.05¢34 4.56

CMPF-2 | 0.06469 0.06498 0.06500 0.06547 0.06583 6.28

CMPF-3 | 0.04618 0.04628 0.04666 0.04683 0.04y36 441

CMPF-4 | 0.03596] 0.03602 0.03607 0.03643 0.03825 3.24
CONCLUSION

The intrinsic viscosity has been determined byapdtating the reduced viscosity to zero concemtnafi he effects
of solvent 1,4-dioxane, solvent-water, and solweater-KBr on viscosity have been investigated. dsvghown that
the reduced viscosity of 1,4-dioxane using solutb@MPF resins as a result of polymer chain exjgemsicreases
with decreasing polymer concentration. In fact plodymer behaves like a polyelectrolyte in salt-fee¢ution. The
effect of water on reduced viscosity was studied iamvas found that reduced viscosity decreasels thigg mixing
of water content in to the solvent. Adding of lowolecular weight electrolyte (KBr) to the polymerligmn
eliminates the polyelectrolyte effect and polymehawes like a neutral macromolecule. The viscadiiyreases
with decrease the polymer concentration, whichsiglly observed in neutral polymers.
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